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Preface 

The three decades of 1960s, 1970s, and 1980s represent a crucial phase in India’s history of 

agricultural transformation, from a position of food shortages and imports to one of  food self 

sufficiency, food security, and food exports. The 1960s was the decade of initiation of the 

science led green revolution in India, the 1970s of its consolidation, and the 1980s of its 

spread (more crops and regions) and sustainability. While the new varieties of wheat and rice 

were the focus of the green revolution in irrigated areas, hybrid sorghum (jowar) was the 

focus for the green revolution in the rainfed drylands that occupy more than half of  the 

cultivated area in India. During 1970s and 80s, average yields of the rainfed hybrid sorghum  

could be stabilized at about 2000-2500 kg/ha against the national average of only 400-500 kg 

for the local varieties. Maximum yields of up to 7000kg/ha could be realized under optimal 

conditions. With spread of new hybrids and varieties, national average rainfed kharif 

sorghum yields doubled to over 1000 kg/ha, and its compounded annual growth rate 

exceeded that of irrigated wheat and rice during 1970s and 80s. 

Dr NGP Rao led the visionary and transformative research on sorghum as the 

National Coordinator of the All India Coordinated Sorghum Improvement Project, from its 

inception in 1961 to 1978. The first commercial sorghum hybrid (CSH-1) was released in 

1964, perhaps the shortest period ever for commercial hybrids in plant breeding history. 

Between 1965 and 1978, nine commercial sorghum hybrids (CSH 1 to CSH 9) and  eight 

high yielding varieties (CSV 1 to CSV 8R) were released with profound impacts in the 

dryland areas of the States of Maharashtra, Karnataka, Telangana, Tamil Nadu, Rajasthan, 

Madhya Pradesh, and Uttar Pradesh, covering an area of over 8-10 mha. The new hybrids and 

varieties raised dryland farmer incomes substantially. They also led to the development of a 

flourishing seed industry in India, first in the public sector and later in the private sector. 

The Trustees of the NGP Rao Foundation considered it appropriate to capture in this 

consolidated Volume, the series of research papers that bring out the scientific basis of the 

sorghum green revolution in India, and  Dr NGP Rao’s  unique philosophy and approach to 

the theory and practice of plant breeding in rainfed drylands. Such a comprehensive and 

consistent record of long term systematic research in plant breeding, and its communication 

periodically in a popular style to farmers and extension agencies through designated 

magazines, is perhaps not available over an extended period for any crop other than sorghum 

in India or elsewhere.  

The uniqueness of Dr NGP Rao’s research philosophy and approach was with regard 

to three aspects. First, till 1960's, crop improvement research in India on sorghum relied on 

crosses between only local tropical cultivars, which contributed to only marginal yield 

increases, and ‘did little to cross the environmental barrier or the yield barrier’. He introduced 

the idea that only quantum jumps in yield ‘cutting across environmental barriers have the 

potential to bring about the much needed transformation in dry land productivity’, and that 

this was feasible only through temperate (exotic) x tropical crosses. Second, was the 

development of a systematic breeding methodology to understand the genetics of temperate x 

tropical crosses of sorghum to establish the basis of genotype alteration for cultivar changes 

to achieve the objectives of high productivity and stability. As a result, sorghum yield 

improvement in both tropical and temperate regions of the world has since involved 



temperate x tropical crosses. Equally significant is the meticulous documentation of the 

systematic research in a long series of papers published in the Indian Journal of Genetics and 

Plant Breeding during 1960-1986. Third, was the emphasis on simultaneously developing 

varieties that equalled hybrids in performance, which enabled easy access to the new 

improved cultivars for small and marginal farmers. This unique approach helped to lay the 

foundation of a long term programme for sorghum improvement in India which ensured that 

significant and stable increases in the crop’s productivity are sustained across different 

regions over several decades. It also enabled simultaneous incorporation of valuable traits of 

grain quality, nutritional upgradation, multiple disease and insect resistance, and higher 

drought resistance and water use efficiency, in the new cultivars to stabilize productivities at 

higher levels, and enhance grain quality.  

In addition to research on plant breeding of tropical sorghums, Dr NGP Rao 

contributed significantly to several aspects of basic research in sorghum genetics with 

potential implications for future plant breeding. These include discovery of several diverse 

cytoplasmic sources of male sterility in sorghum and their genetic, physiological, 

biochemical and electron microscopy characterizations. He discovered the phenomenon of 

apomixis (asexual seed formation) in grain sorghums in 1968, in which plants can form seeds 

without fertilization. Apomictic technology is considered revolutionary for agriculture as it 

reduces breeding times and avoids many complications of sexual reproduction (e.g. 

incompatibility barriers), and is one of the areas of focus of crop improvement research in 

present times. 

The contents of this Volume comprise selected published research papers on sorghum 

breeding, basic genetics aspects related to it, and on apomixis in grain sorghums. Papers 1 to 

102 address sorghum breeding and related aspects. Papers 103 to 114 are on apomixis in 

sorghum and its potential implications fort plant breeding. These are presented in a separate 

section. Paper 1, the Presidential address to the Indian Society of Genetics and Plant Breeding 

in 1981, sets the stage by presenting the broad philosophy and approaches adopted by Dr 

NGP Rao and his colleagues for breeding superior hybrids and varieties of tropical sorghums. 

All other papers in this section are in their chronological order of publication. Papers 2 to 17 

document the research  in initial phases, leading towards the release of the first two high 

yielding commercial hybrids CSH-1 and CSH-2 and the variety Swarna, studies on their 

performance and stability, and the national recognitions that followed their release.  

The 18th paper is the first in the systematic series of 39 papers, titled ‘Genetic analysis 

of some exotic x Indian crosses in sorghum’ - I to XXXIX, that document the systematic 

methodology of cultivar alteration for yield and other useful traits. The series that  began in 

1970, and continued to 1986, describes the genetics of temperate x tropical crosses in 

sorghum involved in the nature of gene action in yield heterosis, gene x environment  

interactions, disease and insect resistance, nutritional quality, character associations, selection 

criteria and methods, crop ideotypes, testing procedures, adaptability analyses, etc. The 39 

papers of the series appear in clusters of 2 to 5 papers in different years. The clusters are 

interspersed by other papers that describe related basic scientific information generated for 

input to subsequent papers of the series, periodic conference papers that summarize the 

scientific research up to that time and point the way forward, and papers that present the 



scientific information up to that time in popular form to progressive farmers and extension 

agencies through ICAR’s in-house magazine (Indian Farming). The last 4 papers in this 

section (100-103) essentially present future perspectives in the context of India’s agriculture 

challenges: paper No. 100 is a chapter in ICAR’s Publication: “An Era of Self-Sufficiency in 

Food production – A Tribute to Indira Gandhi” (a commemorative volume published in 

1987); paper 101 (1989) addresses future perspectives of how plant manipulations via 

breeding can address food security and production risk concerns in the context of climate 

change; Paper 102 (1991- Second BP Pal Memorial Lecture at Indian Society of Genetics and 

Plant Breeding) points to how plant manipulations through breeding can be synergistically 

combined with environmental modifications (that is with land, soil and water technologies) 

for greater productivity and stability of dryland agriculture systems;  and paper 103 (2004) 

presents a perspective on Plant Breeding in Twenty First Century. Papers 104 to 115 are 

concerned with apomixis in grain sorghum and its potential implications for sorghum 

breeding. 

The Trustees expect that this selection of DR NGP Rao’s research papers that 

document his transformative research on sorghum breeding and genetics over a continuum of 

three decades will not only be valuable resource material for young students, teachers and 

scientists of the science of plant breeding across the world, but that it will also motivate them 

to work towards agricultural transformation in risk prone drylands.   

Selected publications on Dr NGP Rao’s research on other dryland crops - pigeon pea, 

groundnut, cotton, and castor - will be presented separately in Volume 2. 
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GENOTYPE ALTERATION : THE BASIS FOR AGRICULTURAL 
TRANSFORMATION IN TROPICAL DRYLANDS 

N. G. P. RAO 

"FARMING and particularly rainfed annual cropping is par excellence an activity 
which brings rewards to the more enterprising, the more intelligent, the more 
industrious, the man who gets up early in the morning, the better organiser and 
the businessman" (Forde). Yet, it continues to be largely traditional; a way 
of life, a compromise between hope and despair and a difference between famine 
and feast. It does draw political sympathy and charity but attracts littlejnvest-
ment since risks involved are greater than returns anticipated. Apart from 
production risks, there are reward risks and the more intelligent tend to shy away 
in pursuit of greener areas. Food aid, a short term solution, might do more harm 
in the long range. 

The first responsibility of agriculture to development is towards feeding the 
family and the nation. The green revolution itself favoured irrigated areas 
while the need for it is greater [or people living in tropical rainfed regions, which 
constitute a much larger chunk. Both at home and abroad, they are the most 
vulnerable areas. The need for agricultural transformation here is urgent and 
well beyond economics and politics, for, it influences the every day life of millions 
of people and their daily bread. 

Obstacles exist only to be overcome. My long association with sorghum 
research and development; the opportunities I had to manipulate sorghum, 
pulses and oilseeds as components of dryland cropping systems; the association 
with a large number of agencies, colleagues and students in this pursuit; the 
progress of sorghum production in some of the states of India and its potential 
to others; the conviction that geneticists and breeders have a beneficial role to 
play—these inspired me in the choice of the subject. 

Genotype alteration as the very basis for green revolution in rainfed lands 
is, therefore, the theme of my address. 

DRYLAND AGRICULTURAL SYSTEMS 

Rainfed agriculture in tropics is climate dependent. Compared to the 
temperate regions, it is the tropics and semi-tropics which are poor or very poor. 
This correlation with climate should certainly be spurious—yet, it is a fact of life. 
Climate, therfore, has been an important parameter in the evolution of tra-

Presidential address delivered on 27th June 1981 to the 41st Annual General Meeting of the Society. 
Dr. N. G. P. Rao has been formerly coordinator of the All India Sorghum Improvement Project, Professor 
of Eminence and Head of the National Research Centre for Sorghum, Rajendranagar, Hyderabad. He 
is presently Regional Sorghum Breeder, International Crops Research Institute for Semiarid Tropics 
and Visiting Professor, Institute of Agricultural Research, Ahmadu Bello University, PMB 1044 Samaru, 
Zaria, Nigeria. 
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ditional subsistence agricultural systems and will continue to be significant in the 
development of alternate strategies leading towards stable and productive 
agriculture. 

Traditional tropical cultivars across continents are generally characterized 
by tallness, lateness, photosensitivity, localized adaptation, low harvest indices, 
individual superiority at times but poor community performance, lower rates of 
fertility response and greater vulnerability for climate changes, particularly, 
rainfall. Production risks rather than price risks continue to be the cause of 
under investment. Crop diversification, through practices of mixed or inter
cropping, over centuries has been beneficial, but did not change the productivity 
status. 

Till the 1960's, research and development efforts in drylands were oriented 
towards improving yields of local or local improved cultivars through resource 
management. They involved crossing of related varieties to develop improved 
cultivars similar to locals in plant architecture and duration with some added 
attributes which generally reflected marginal superiority in yields; use of organic 
manures; lower population densities with low levels of fertilizer use; soil and water 
conservation measures such as mulching, contour bunding etc.; advocacy of rota
tions and other cultural practices. These measures contributed to some yield 
advances, but did little to cross the environmental barrier or the yield barrier. 

It is only after radical genotypic changes in dryland crops like sorghum 
and pearl millet, that perceptible yield advances have been recorded. Drawing 
primarily on my experience with sorghum, the predominant food crop of the 
semi-arid tropics, I propose to analyse the basis and role of genotype 
transformation in the development of stable and productive dry land agri-
ctural production systems. Throughout, it has been my feelling, that not small 
gains, but only quantum jumps cutting across environmental barriers have the 
potential to bring about the much needed transformation in dry land productivity. 

THE BASIS OF GENOTYPE ALTERATION 

Sorghum originated in the tropical north east Africa and moved to other 
parts of Africa, Asia and the western hemisphere. Domestication in the various 
agroclimatic regions led to diversification. The mutant forms selected and 
improved under the long day conditions of the USA, are referred to as 
temperate sorghums. While tropical yields stagnated at lower levels, the 
temperate regions saw rapid advances in sorghum productivity over a relatively 
short period but later tended to stagnate at higher levels. Yield advancement 
in both tropical and temperate regions now involves handling temperate— 
tropical crosses, which furnish the means towards radical genotype changes 
(Rao and Rana, 1978). 

Besides the development and release of superior cultivars, we attempted to 
develop a genetic basis and greater understanding leading towards cultivar 
changes. A series of papers on genetic analysis of exotic x Indian (temperate X 
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tropical) crosses in sorghum, besides others, have now been published in our 
journal. 

The duration of the normal rainy season in most parts of India influenced 
by south west monsoon is from the beginning of July to the middle or end of 
September, a period of 80-90 days. August normally represents the peak rain
fall month and October rains are uncertain. While this is so, most kharif 
sorghums of Deccan and Malwa plateaus flower towards the second week of 
October. They have only about 30% of the total dry matter accumulated in 
the ear. They are characterized by a single peak for the rates of growth coin
ciding with floweiing. If rains are low or cease prematurely, they fail to reach 
maturity. Several of the temperate sorghums, on the other hand, are characteri
zed by less of total dry matter, two peaks for rates of growth and a 50 : 50 
distribution of dry matter (Rao and Venkateswarlu, 1971; Anantharaman et al. 
1978). Superior hybrids and varieties now developed have reduced duration to 
match the rainy season and less dry matter but with a 50 : 50 distribution. The 
critical stages of seedling growth, flower initiation and grain filling coincide 
with assured periods of profile moisture; they yield well during normal and sub
normal years of rainfall exhibiting less vulnerability to rainfall fluctuations 
(Rao et al. 1975; Rao et al. 1979). 

Our studies on optimum genotype indicate that an 'intermediate optimum' 
for height and maturity with linear pattern of internode elongation would 
yield well and meet the needs of most Indian and other tropical conditions (Rao 
et al. 1973; Balarami Reddy etal. 1981). A similar change with regard to growth 
rhythms and duration enabled perceptible yield improvement in castor 
(Ankineedu et al. 1975). 

Once the basis of genotypic alteration is established, alternate methods 
could be explored to achieve the objectives of stability and productivity. 

EXPLOITATION OF HETEROSIS 

The use of commercial sorghum hybrids based on cytoplasmic-genetic 
male sterility in the USA, prompted the initiation of the accelerated hybrid 
sorghum project in India during 1961. Although I was earlier instrumental in 
identifying an improved sorghum variety D. 340 at Dharesugur in the erstwhile 
Hyderabad state (Rao et al. 1959), my close and continued association with 
sorghum began towards the end of 1961 at the Indian Agricultural Research 
Institute as sorghum botanist and associate co-ordinator. At that time, since 
Combine Kafir 60 was chosen as the female parent for hybrids, we based our 
programme on an understanding of the limitations in the choice of male parents, 
the use of off-season nurseries for crossing and initiation of multilocation testing 
all over India. The first sorghum hybrids were released in the country by 1965. 
This was essentially a common sense based programme which, perhaps in any 
plant breeding history, yielded results in the shortest possible period and stood 
the test of time (Rao and House, 1965; Swaminathan et al, 1970; Rao, 1972a). 
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Subsequent efforts in the all India co-ordinated sorghum improvement 
project led to the release of nine commercial sorghum hybrids. This involved 
development of new male steriles, greater use of tropical germplasm, more parti
cularly the alteration of African zerazeras and improved Indian cultivars like 
Aispuri, B.P. 53 etc., for the development of new male and female parents that 
went into hybrid combination (Rao et al. 1977; Rao et at. 1981). The develop
ment and release of commercial sorghum hybrids gave birth to an organised 
hybrid sorghum seed industry in public and private sectors. 

Considerable amount of basic research has been carried out on heterosis 
and combining ability and their interaction with seasons, years and locations 
(Rao, 1968; Rao, 1970 b; Singhania and Rao, 1976 a); phenotypic, genotypic 
and physiological criteria for the choice of parents (Ramachandram and Rao, 
1973; Sinha et al. 1972; Rana et al. 1974; Singhania and Rao 1975; Damodar 
et al. 1978 a, b, ; Jayamohan Rao et al. 1981; Mishra et al. 1981); the value of 
early testing procedures in selecting for heterosis and capitalization of non-
additive gene action (Mishra and Rao, 1980 a, b); these should be of consi
derable value for future improvement of hybrids. 

Alternate sources of cytoplasmic-genetic male sterility have been discovered 
(Rao, 1962) and characterized genetically, biochemically and through electron 
microscope studies (Tripathi, 1979; Tripathi et al. 1980; Tripathi et al. 1981 a, 
b, c, d, e). These studies have furnished a new dimension to our understanding of 
the basis and genetics and cytoplasmic-genetic male sterility and fertility resto
ration and should be of value in future. 

VARIETAL IMPROVEMENT 

The development of high yielding varieties in sorghum began with the 
release of Swarna (Rao et al. 1968; Rao, 1969), which is still cultivated in some 
areas of Andhra Pradesh. Besides continuing efforts on varietal improvement, 
our subsequent studies were directed towards the development of a genetic basis 
and breeding methodology for varietal improvement primarily through the use of 
temperate-tropical crosses. These included studies on nature of gene action for 
yield and yield components (Rao, 1970 c); character associations and their role 
in selection (Harinarayana et al. 1971; Rao et al. 1973); phenotypic and physio
logical criteria for selection (Subba Reddy and Rao, 1971; Ramachandram and 
Rao, 1973;RajagopaleU^. 1976; Damodar et al. 1978 a; Mishra etal. 1981 a, b); 
selection effects on yield and yield components (Tripathi et al. 1976); the growing 
conditions under which selection should be practiced (Vidyasagar Rao et al. 
1980) and selection gains under various mating systems (Seshagiri Rao, 1979). 
The studies on mating systems did not favour the breaking up of adaptive gene 
complexes indiscriminately and indicated that the gene frequencies could be 
shifted in the desired direction under controlled and specific cross combinations, 
a point which came out as early as 1972 (Rao, 1972 b). 
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Plant modifications for efficient water use received our priority attention 
and formed the very basis of genotype alteration (Rao et al. 1979). The contri
bution of the new hybrids and varieties to production advances during some of the 
most dry years encountered stand testimony to the value of the rationale behind 
their development. 

Since the exotic (temperate) germplasm used in the breeding programmes 
exhibited greater susceptibility to shoot fly and stem borer attack, considerable 
emphasis was laid on understanding the genetic basis of insect resistance in sor
ghum leading to incorporation of greater levels of resistance. Non-preference 
was observed to be the primary mechanism of resistance to most sorghum pests. 
Consequently, the genetic basis of non-perference, particularly of shoot fly, was 
established and breeding methodology for its utilisation has been developed 
(Rao et al. 1974; Balakotiah et al. 1975; Rana et al. 1975; Sharma et al. 1972; 
Singh et al. 1978). Stem borer and midge, particularly the management aspect 
of midge (Rao and Jotwani, 1974), received considerable attention. A com
prehensive account of host plant resistance to sorghum insect pests has been 
presented by us (Rao et al. 1977). 

Compared to insect resistance, incorporation of resistance to major sorghum 
diseases resulted in greater success (Rao et al. 1978). Most released hybrids and 
varieties are resistant to downy mildew, several leaf spots, grain moulds and grain 
deterioration. The nature of inheritance of rust (Rana et al. 1976), downy 
mildew (Rana et al. 1981) and grain deterioration (Rana et al. 1976 and 1978) 
has been critically analysed. Charcoal rot and striga resistance are now 
receiving greater attention. 

Our concentration, presently, is on incorporation of multiple insect and 
disease resistance in improved cultivars and to develop a genetic basis towards 
this end. 

Our work on mutational approach to varietal improvement has been 
limited. Based on induced mutation studies, we felt that the genetics of height 
and maturity in tropical sorghums and their allelism to temperate sorghums 
might need a second look (Rao et al. 1970). In fact it is the height-maturity-
yield relationships which considerably limit progress from selection in temperate-
tropical crosses. We analysed the efficiency of different mutagens and their role 
in sorghum improvement (Reddy and Rao, 1981). We observed that the total 
solar eclipse caused stimulation of seedling growth and chromosome aberrations 
in sorghum (Reddy et al. 1981). 

To date, eight high yielding varieties have been released and some more 
are under pre-release multiplication (Rao, et al. 1972; Rao et al. 1981). For 
historical reasons, the hybrid programme in India preceded varietal impro
vement. The hybrids being comparatively superior, varietal spread continues to 
be limited. There is definitely a case for varieties of approximately similar 
duration as hybrids. This is because the hybrids may not be expected to cover 
the entire area and the remaining late locals will be prone to drought and midge. 
To stabilise sorghum yields all over the country, it is necessary that we reestablish 
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the maturity equilbrium and towards this end varietal supplementation is 
essential. Seed programmes of varieties should receive same attention of 
certification etc., as hybrids so as to ensure quality standards 

Continued varietal improvement will contribute to parental improvement 
of future hybrids and is, therefore, the basis of all improvement in sorghum. 

That steps in varietal improvement similar to sorghum if initiated could 
lead to considerable yield advances in pigeonpea has been shown by us (Pankaja 
Reddy and Rao, 1980). The potentialities of somatic variation in the improve
ment of grain legumes were also brought out (Pankaja Reddy and Rao, 1975; 
Rao et al. 1977). 

ADAPTABILITY AND STABILITY 

One of the major consequences of genotype alteration is changed 
adaptation. 

Traditional cultivars are known to be highy local in their adaptation and 
consequently, breeding objectives have been oriented to the needs of several small 
areas limited by eco-geographical and agro-climatological considerations. The 
development of relatively photosensitive high yielding hybrids and varieties 
resulted in their adaptability to almost the entire kharif sorghum belt of the 
country (Rao, 1970a). The genotype X year interaction was also low. This has 
given a new dimension to the breeding approaches. With the multi-location 
testing mechanism spread all over the country, the superiority of a genotype could 
now be established even during a single year's testing. Hybrids like CSH 1, 
CSH 5, CSH 6 and CSH 9 and high yielding varieties like CSV 1, CSV 3, 
SPV 221 and SPV 245 are all high yielding and adapted all over the kharif 
areas of the country. All India releases of sorghum or pearl millet, which could 
not even be conceived of some time back, are to day fait accompli. 

At the genotypic level, our studies so far indicate the homeostatic superi
ority of hybrids over varieties although under more favourable conditions some 
superior varieties tended to yield as much or even exceed hybrid yields (Rao and 
Hainarayana, 1968). Some male parents developed from exotic X Indian 
crosses also exhibited similar behaviour (Singhania and Rao, 1976b). The 
interaction of the additive component with the environments was generally 
greater than that of the dominance component (Singhania and Rao, 1976a). 

Recent studies based on the performance of hybrids and varieties at a 
number of locations over a three year period also confirmed hybrid superiority 
(Rao et al. 1981). Technically, it appears that atleast immediately, hybrids 
have advantages in terms of yield, adaptability and superior buffering ability 
under environmental stress. 

Our present studies (Balarami Reddy and Rao, 1981) indicate that it may 
not be impossible to bridge the gap between hybrids and varieties both for yield 
and stability. At comparable heights and maturities, an increase in biomass 
without detriment to harvest index brought about favourable changes. One 
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thing appears certain that unique performance and wide adaptability are not 
uncorrelated; in fact, they are more closely correlated. This is also evident from 
our study that high yielding parents selected at one location yielded hybrids of 
wide adaptability (Mishra and Rao, 1980b). Further, utilization of apomixis 
might eventually provide the means to eombine the antagonistic demands 
of uniformity for immediate fitness and diversity for adaptability (Rao, 1972b). 

In cooperation with economists, the concept and use of risk aversion in plant 
breeding has been developed and applied to sorghum (Barah et al. 1981). 
Adaptability and stability were highly correlated. Measures of farmers' risk 
aversion were used to rank genotypes according to preferences taking into account 
both yield and stability. Preference based rankings did not differ markedly 
from yield based rankings, further confirming the validity of our breeding 
approaches. 

GENOTYPIC BASIS FOR PRODUCTION TECHNOLOGY 

Plant breeding in the past has frequently been oriented towards changing 
agronomy. In recent years, it is the genotype that influenced production 
technology involving input use and management practices. 

Genotypic differences for tissue concentration of nitrogen and phosphorus 
have been demonstrated (Rao and Venkateswarly, 1971). High yielding 
hybrids and varieties of sorghum.have returned 20-25 kg of grain per kg. of 
nitrogen at the 0-50 kg N/hect. as against 7-8 kg of grain for locals. There 
has not been any indication of the crossover of nitrogen response curves to justify 
locals for low fertilizer levels and hybrids for higher levels only (Rao, 1977, 19 79). 
Our studies on response to high and low management levels only further con
firmed this (Vidyasagar Rao et al. 1980). 

The superiority of new hybrids under increased population levels has 
amply been demonstrated. Practices like early planting with the onset of mon
soon during kharif enabled to avoid shoot fly and enbloc coverages of hybrids 
reduced midge incidence on locals (Rao, 1979). 

The genotype-input-management interactions have been spectacular with 
the rabi hybrids. Advanced plantings, fertilizer use and increased populations, 
as against the practice of late planting, no fertilizer and low populations resulted 
in substantial yield increases. However, this yield advantage was lost when 
plantings went into late October, when the local M-35-1 was superior to the 
hybrids. This has been attributed to the temperature sensitivity of present 
hybrids largely based on kharif germplasm. To get over this difficulty, we 
have initiated efforts to breed temperature insensitive parents for rabi hybrids. 

Dryland agriculture being climate dependent, the new genotypes should 
resist climatic fluctuations. Our analysis of sorghum yields during 1972, one the 
worst drought hit years encountered (Rao et al. 1975) and subsequent abnor
mal years (Rao et al. 1979) and their performance on farmers' fields on large 
scale during normal and subnormal years justify their lower vulnerability. 
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throughout, our efforts have been directed towards realization of assured single 
crop yields during all years and optimal yields during years of better rainfall. 
This led us to the design and development of transgressive and productive 
cropping systems in place of the subsistence ones. 

Based on our studies of inter and intra-species competition, genotype X 
density interactions and alternate planting patterns (Tarhalkar and Rao 1974; 
Tarhalkar et al. 1975; Rao et al. 1979), we attempted to develop productive, 
stable and profitable cropping systems. Based on all India trials, we (Rao and 
Rana, 1980) analysed the impact of such sorghum=based cropping systems and 
felt that the present sorghum acreage in India could meet the shortages of pulses 
and edible oilseeds. I do hope that the sole cropping of hybrids largely 
practiced today will yield place to the practice of new intercropping systems in 
low rainfall areas and multiple cropping in high rainfall areas. 

Ratooning hybrid sorghum has become a common practice in large areas 
of Jalgaon district in Maharashtra, some tank fed areas of Andhra Pradesh and 
under supplemental irrigation at several places. 

Economic analyses justified that the technology developed is compatible 
with the needs and capabilities of the small farmer, in fact more suited to him; 
that it is economically sound and viable and that there is no need or justification 
for the development of separate technologies for small and large farms 
(Binswanger et al. 1979; Ryan et al.\ 979). 

NUTRITIONAL QUALITY 

Even though some economists argue on the priorities of nutritional 
improvement of cereals, the fact that attributes like high lysine exist in sorghum 
(Singh and Axtell, 1973) and that its transference to a desirable grain type 
presents difficulties, is enough challenge to combine high lysine with acceptable 
yield levels and grain type. A recent FAO estimate (1980) on protein con
sumption in grams per person per day places industrial countries at 98-5 g, 
developing countries at 57-8 g, Africa at 54-9 g and Far East at 49-6 g. 

Our work on nutritional quality of sorghum began with the analysis of 
^-carotene, protein, protein fractions and all the amino acids including lysine 
and leucine, the nature of their inheritance, their interrelationships and with 
yield (Singhania etal. 1970; Austin et al. 1972; Nanda and Rao, 1974, 1975 a, b). 

In cooperation with the National Institute of Nutrition, considerable 
amount of work was done on varietal screening for lysine, leucine and isoleucine 
and their role in aminoacid antagonism (Deosthale et al. 1970). Tannins do not 
pose digestibility porblems in Indian sorghums. A more balanced aminoacid 
pattern is needed to render sorghums nutritionally superior. 

Recently, we attempted the transfer of the high lysine trait from the 
Ethiopean and P. 721 sources to agronomically desirable grain type and yield 
levels through the Ph.D. work of Jayamohan Rao (1980). We isolated high 
protein and high lysine plants in crosses which did not exhibit the known 
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negative relationship between protein and lysine. It now appears that this 
negative relationship between protein and lysine could be broken. Specific 
crosses, which did not exhibit such a relationship, are being pursued. A breeding 
methodology towards the incorporation of high lysine trait in plump, trans-
luscent seeds is now emerging. I do hope and wish that we will be able to take 
this work to its logical conclusion. 

THE BREEDING SYSTEM 

Sorghum furnishes a fascinating breeding system; it may be totally self 
pollinated, cleistogamy having been recorded; various levels of outcrossing are 
frequent; the occurrence of genetic and cytoplasmic-genetic male sterility 
promotes complete out-crossing. 

Our contribution to sorghum on this aspect has been the discovery of self-
incompatibility (Rao et al. 1971), apomixis (Rao and Narayana 1968; Rao 
and Murty, 1972; Rao et al. 1978), and cross sterility (Murty and Rao, 1980). 
The discovery of apomixis attracted considrable attention although progress on 
its exploitation is understandably slow. Present studies have certainly enhanced 
our understanding of the phenomenon. Progeny tests with crosses involving 
apomicts (Murty and Rao, 1979) and the isolation of dihaploids (Murty et al. 
1981) do provide leads towards fixation of heterozygosity. Studies in this 
direction are now in progress and we do look forward towards commercial 
fixation of heterozygosity. 

There is now a feeling, and rightly so, that future crop improvement will 
depend on findings from basic researches. The role of recombinant DNA in 
plant modification, the various asexual approaches including somatic cell 
hybridization, the genetics of metabolic efficiency and nitrogen fixation, the areas 
of environmental stresses and crop growth modelling are only a few to mention 
and there are several emerging areas with which many plant breeders, including 
myself, are less familiar. For quite some years to come, genotype alteration 
will continue to be the focus. I, therefore, feel that an interaction between 
applied and basic researches is essential and the Society should focus on 
potential areas that could influence future plant modifications. We attempted to 
organise a symposium towards this end. I fondly hope that this will materialise 
in the near future. 

The past two decades, the sixties and seventies, are a land mark in our 
agricultural history. It is the genotype alteration that provided the basis for the 
happy situation on our food front; I consider it fortunate to have been involved 
in one aspect of this most important and significant event of our history. Agri
culture is not merely business; it has been a way of life and it should certainly 
be a profitable way of life. It is Tagna; to add at least one Samidha to keep the 
eternal fire burning is our sacred duty. 

I have oriented this address towards rainfed agriculture; to us it has been 
an integrated exercise in plant breeding; to me it has been a learning process 
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and I hope it will be meaningful to the students of genetics and plant breeding. 
I am beholden to the Society for the honour; the past two decades have 

been the most rewarding and most satisfying part of my life and I thank Him for 
His kindness. I salute all colleagues, fellow geneticists and plant breeders, 
extension workers, farmers and every one to whom the cause of agriculture is 
near and dear. 
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OCCURRENCE OF CYTOPLASMIC-GENETIC MALE STERILITY IN SOME
INDIAN SORGHUMS·

N. GANGA PRASAD RAOt

PIRRCOM Regional Research Sub-Centre, Mohol

THE development of cytoplasmic-genic male steriles has made hybrid Sorghum
a commercial proposition. Stephens and Holland (1954) found that Milo cytoplasm
interacted with Kafir nuclear factors resulting in male sterility; by substituting the entire
Milo genome with that of Kafir by repeated backcrosses, a hundred per cent. male
sterile line was developed. Subsequently, a number of male steriles have also been
built up by introducing genomes of appropriate Sorghum varieties into Milo cytoplasm.

In India, out of the several male sterile stocks obtained from the U.S.A., male
sterile Kafir 60 has been accepted as most suitable and is being tested in crosses
with indigenous and exotic types from the point of view of immediate utility. It has,
however, been a general observation that these hybrids do not generally compare in
quality with most of the Indian Sorghums. Hence, attempts are also under way to
substitute the genomes of appropriate quality jowars of India in the' sterile' cytoplasm
and develop male steriles of Indian origin by the backcross method.

It is in the above context that a number of male sterile plants spotted in different
types in the maintenance plot of jowar at Mohol during 1959-60 rabi are of interest.
It was observed that in such plants, the primary heads which had been selfed did not
set seed while the secondary heads arising from the axils set seed on open pollination.
The open pollinated seed, as well as the very few seeds, if any, on selfed heads, on the
same plant, were collected separately; their progenies were raised under optimum
conditions of irrigation and manuring in the 1960-1961 rabi season and they were
tested for seed setting on selfing. The results of the study are presented in Table 1.
Fig. 1 shows male sterile and fertile earheads in the progeny of Red Jonna, which has
actually pearly white seeds.

It would be observed that in a majority of the cases, the progeny was almost wholly
sterile. If the sterility were to be due to genetic factors only, fertile plants would
be expected to be more frequent in the progenies. It would, therefore, appear that
the sterility recorded is not under gene control only. Besides, segregation for mor
phological characters such as glume colour, grain colour and panicle shape were notic
ed in the progenies, a majority of the plants resembling rabijowar types. These observa
tions suggest that the origin of male sterility in these varieties could be traced to natural
cross pollination and may be due to the interaction of cytoplasm of the variety in ques
tion and nuclear factors from unknown sources. In the case of C. 10-2, the population
raised being small, the nature of sterility could be understood only after further study.
The occurrence of a few fertile individuals in two progenies resulting from selfing
also needs further study.

All the varieties under study, with the exception of Norghum and Burma black,
are of Indian origin and it is thus seen that the cytoplasm of some of the Indian
Sorghums also reacts with certain nuclear factors resulting in cytoplasmic-genetic male
sterility, as was noted between Milo cytoplasm and Kafir nuclear factors.

*Based on a paper presented at the Second Conference of Millet Research workers held at
Kanpur (1961).

tPresent address: PIRRCOM Centre, Botany Division, IARI, New Delhi-12.
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TABLE 1

Behaviour of selftd and open pollinated progeny of male sterile individual plants detected in -some
varieties of Sorghum

258

S1. Variety in which sterile; Source of Seed*
No. were spotted and Plant

No.

1. W.E. I Selfed head
OP head

2. Biliehigan Selfed head
OP head

3. Red Jonna-l Selfed head
OP head

Red Jonna-2 Selfed head
OP head

4. Indore local-I Selfed head
OP head

Indore local-2 Selfed head
OP head

5. G.J. 103 Selfed head
OP head

6. B.D. 8 OP head
7. Burma black-l Selfed head

OP head
Burma black-3 OP head

8. Norghum-l OP head
Norghum-2 OP head

9. C. 10-2 OP head

Behaviour of Progeny

No. of
plants test- No. No.

ed by Sterile Fertile
selfing

5 5
30 30

1 1
53 43 10
33 31 2
68 65 3

3 3
37 36
8 8

37 35 2
4 3 I

53 53
2 2
8 7
3 3
3 3

35 35
63 63
39 39
28 20 8

7 2 5

*The selfed and open pollinated (OP) heads were collected from the same plant.

The rabi jowars grown in the Deccan, being pearly and white seeded, are the best
available for any quality standards and sterile forms developed out of them would be
valuable in the exploitation of heterosis. The seed collected on open pollination in
most of the male sterile progenies is of as good a quality as the rabi jowars indicating
that the natural crossing which took place was ofa complex nature; the local rabi jowars
appear to have been involved in the natural crossing, as most of the segregants tend to
revert to the local rabi jowar forms. Even in case of Norghum and Burma black, the
seed obtained on open pollination was mostly pearly white. The varieties referred to
represent sources of' sterile' cytoplasm and the appropriate genomes that could react
with them need further study to facilitate their utilisation in the development of hybrid
Sorghums.
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FIG. I. Red JOlllla fertile;
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FURTHER STUDIES I BREEDI G HYBRID SORGHUMS*

. G. P. RAO, L. R. HOUSE, D. P. MOHAN and KUMARI K. .]. AYENGAR

Division of Botan)', Indian Agricultural Research Institute, Delhi-12

(Accepted: 20-i-1966)

DEVELOPMENT of commercial hybrids has provided the most important tool
in improving yields of crop plants substantially. Utilizing the source of
cytoplasmic-genetic male sterility from Combine Kafir 60 (msCK 60), it has
been possible to develop and release the first sorghum hybrid for general
cultivation in the early and some of the medium duration kharif tracts and the
irrigated summer areas of India (Rao and House, 1966); further studies in this
direction are presented in this paper.

MATERIAL AND METHODS

Fifteen selected hybrids with msCK60 as the common female parent were
further tested in a regional trial conducted at 37 locations during the 1965
kharif season and at two centres during the summer season. The experiment
was laid out as randomized blocks replicated five times. The gross plot size was
375 sq. ft. and the net plot 300 sq. ft. Three of the five replications were
protected from pests and diseases through appropriate pest con trol measures
while the remaining two did not receive any such treatment. The hectare
yields were, however, computed from all the replications.

RESULTS

(1) HYBRIDS VS. LOCAL IMPROVED STRAINS
Out of about twenty hybrids tested extensively all over the country during

1963 and 1964, two hybrids, CSH-l and msCK60 x IS 3691, were generally
superior combining high grain yields, grain quality, plant type and adaptability.
They have been most promising in early, medium and mid-late kharif tracts
and the summer season, but their performance in some of the late kharif tracts
and during rabi season was not markedly su perior to local varieties. The
comparative performance of these two hybrids over 39 locations during 1964
is presented in Table 1.

It is seen that the hybrids have a 40 per cent. superiority over the local
improved strains with respect to grain yields. Even though the hybrids were
comparatively low yielding than the locals at 4 out of the 39 locations, the general

*Based on a paper presented at the All India Sorghum Workers' Conference, Hyderabad, 1965.
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superiority of the hybrids in increasing the genetic potential of yields in sorghum
is brought out by these extensive studies.

TABLE 1

Average performance of hybrids vs. locals in 39 locations

Hybrid/Variety

CSH-l
msCK 60 X IS 3691 *
Local improved strains

Grain yields Fodder yields

Kg/ha. Per cent of Kg/ha. Per cent of
Local Local

2617 135 6025 61
2756 142 9439 95
1942 100 9914 100

"'Since released as CSH-2

(2) PERFORMANCE OF CO-ORDINATED SORGHUM HYBRID-l
The grain and fodder yields of CSH-l in areas where this hybrid is superior

to both the local and msCK60 X IS 3691 are presented in Table 2. These results
further confirm the earlier findings (House and Rao, 1965) that CSH-l is best
suited to the early and medium duration kharif tracts and the summer season.
In most of these areas either the rainfall is low or the soils are lighter or a second
crop is taken and consequently earliness is an advantage. Further, the yields
of this hybrid are also very encouraging in some late tracts like Parbhani in
Maharashtra and Adilabad in Andhra Pradesh. The mean increase in grain
yield is 64 per cent. over the local improved strains.

(3) POTENTIALITIES OF HYBRID msCK60 X IS 3691
A comparison of CSH-l ,msCK60 X IS 3691 and the local checks revealed

that this hybrid is generally superior in the mid-late and some late tracts of
Andhra Pradesh, Mysore, Maharashtra, Madhya Pradesh, Gujarat, Uttar
Pradesh, Orissa and Bihar. The yield data are presented in Table 3 and the
locations indicate the areas of adaptation.

It is observed that msCK60 X IS 3691 has given a 67 per cent. increase
in grain yields over the local while the fodder yields are approximately equal.
In the States of Orissa and Bihar which grow essentially forage sorghum, the
hybrid offers possibilities of increasing grain yields as well.

(4) AGRONOMIC ATTRIBUTES OF HYBRIDS AND LOCALS
Some of the agronomic attributes of the two hybrids in comparison with

local are presented in Table 4.
It is to be noted that the areas of CSH-l and msCK60 X IS 3691 are not

mutually exclusive. In the kharifseason, CSH-l is particularly suitable wherever
earliI~ess is an advantage and msCK60 X IS 3691 for later areas.
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TABLE 4

A comparison of some agronomic attributes of hybrids vs locals
- ~-- -~--------~_.__._._------ ---._._-~~-

Character CSH-l msCK60 X IS 3691 Local improved
(CSH-2) strains

Days to 50 %Bloom 58-60 70-75 60-95
Plant Height (Cm.) 140-160 150-200 200-300
Lodging percentage 0-1 0-10 0-90
Grain Colour Cream, pearly Cream, pearly Yellow, white-

chalky, red,
white pearly

Fodder Quality Juicy, high pro- Juicy) high pro-
portion of leaf to portion of leaf to Juicy to pithy
stem stem

Threshability Good Good Good
Taste Satisfactory Satisfactory Good
Reaction to shootfly Susceptible Susceptible Susceptible

-----------~-_._------_._._-

DISCUSSION

An account of the attempts towards exploitation of heterosis in increasing
the yield levels of the sorghum crop in India were presented by Rao and House
(1965). The results leading towards the release of CSH-I and the implications
of some of the findings on the adaptability of hybrids and local improved strains
were reported subsequently (House and Rao, 1965).

Results of hybrid testing during 1964 further confirmed the suitability
of CSH-l to early and medium duration tracts. The acre yields of this early
hybrid were encouraging in the late sorghum tracts as well and opened up the
possibilities of double cropping even under rainfed conditions in otherwise single

.cropped lands. Some of the deep black soil areas in the States of Andhra
Pradesh, Mysore, Maharashtra, Gujarat, Madhya Pradesh and Rajasthan
represent such areas where double cropping potentialities could be explored.
In the rice deltas after the harvest of paddy crop, facilities exist for limited
supply of water and attempts are in progress to grow crops like cotton, ground
nut etc., as an off-season crop without interfering with the normal rice cultivation.
Indications are available that this hybrid did well as an off-season crop in such
paddy fallows in Andhra Pradesh and Orissa (unpublished data). It, therefore,
seems feasible that even a portion of the rice fallows could produce a substantial
requirement of the sorghum crop releasing the traditionally long duration
single cropped sorghum areas for cultivation of more profitable crops. Millet
crops, could,' perhaps, in future be grown essentially as additional off-season
crops or as short duration crops facilitating double cropping. Further studies
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in this direction are, therefore, needed to evolve suitable cropping patterns and
cultivation practices.

The promise of experimental hybrid msCK60 X IS 3691 for some of the
midlate khariftracts is well brought out by these studies. The male parent of this
hybrid is a selection from yellow endosperm hegari. It has a 77 per cent. superio
rity with respect to grain yields while the straw yields are almost on par with
locals. In States like Orissa and Bihar which grow forage sorghums, this hybird
could contribute to substantial grain yields which could be used as a better cattle
feed in addition to realizing comparable straw yields. Comparative yield data
of CSH-I and msCK60 x IS 3691 has enabled a broad demarcation of the
area of adaptability for this hybrid.

The changing of the plant type has played a significant role in increasing
sorghum yields in U.S.A. Development of shorter plants has changed the
yield status of wheat and rice. Sorghum stalks in our country are more valued
for fodder than wheat or rice. While certain amount of dwarfing of the
present day tall Indian varieties is essential, it may still be possible to combine
high yields with non-lodging hybrids of an intermediate height. The experi
mental hybrid msCK60 x IS 3691 is one such in that the height is less than
the locals and what is lost in fodder by way of plant height is made good by
increasing the number of plants per unit area. It is expected that this hybrid
will be released for general cultivation in the mid-late kharif sorghum tracts.

SUMMARY

The results achieved in the development of hybrid sorghums subsequent
to the release of CSH-l have been presented. The performance of this hybrid
is in conformity with the earlier findings and confirmed its suitability to the
early and medium duration kharif areas and the summer season. The poten
tialities of this early hybrid in converting traditionally single cropped sorghum
tracts into double cropped areas and the feasibility of growing it as an additional
off season crop were discussed.

The performance of experimental hybrid msCK60 X IS 3691 (CSH-2)
is critically reviewed and an attempt is made to demarcate the area of adapta
tion for this hybrid. With a 70 per cent. increase in grain yields and comparable
fodder yields with local improved strains, it is expected that this hybrid will be
released for general cultivation.

The general superiority of hybrids over local varieties in stepping up the
genetic potential of yields was brought out.
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T H E first commercial hybrids of Sorghum released for general cultivation in India 
had male sterile combine Kafir 60 as the female parent (Rao and House, 1965a, 
b). Since then, a number of non-restoring lines against the milo source of cyto
plasm were converted by substitution backcrosses into male steriles to provide 
a wider choice of the female parents. Such male steriles developed by Vidya-
bhushanam (1965) together with Kafir 60 were crossed with a common set of 
testers of both exotic and Indian origin; a combining ability analysis from this 
line X tester mating system is presented in this paper. 

MATERIALS AND METHODS 

Male sterile combine Kafir 60 (CK60A) and three other male steriles 
2219A, 3675A and 3676A were used as the female parents (lines). All the 
females are of the kafir type, the last three being derived kafirs with yellow endos
perm. Six tall Indian varieties, M. 35-1, Karad Local, Aispuri, B.P. 53, Nandyal, 
G.M. 1-5 and five dwarf exotics, I.S. 84 (yellow endosperm feterita and the 
pollinator parent of CSH-1 the released hybrid), I.S. 3691 (yellow endosperm 
hegari and pollinator parent of CSH-2), I.S. 2031, I.S. 2938, I.S. 3922 (kafir 
type derivatives with yellow endosperm),were used as the male parents (testers). 

The four female lines were crossed with the eleven testers and the resulting 
44 hybrids were grown in randomised blocks replicated three times. Within 
a block, the tall hybrids were randomised in one portion and the dwarfs in the 
remaining area so as to keep competition and shading effects between tails and 
dwarfs to the minimum. However, for purposes of analysis, the experiment 
was treated as a completely randomised design. The experiment was sown 
on July 8, 1966. The field was fertilised with 100 kg. N and 60 kg. P2 0 5 per 

231 
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hectare. Cultural and plant protection operations were given as and when 
necessary. Individual plant observations on six random plants were recorded 
for grain yield, days to flower and plant height. 

Combining ability analysis was based on procedures developed by 
Kempthorne (1957); the analysis of variance form is given in Table 1. 

TABLE 1 

Analysis of variance for combining ability 

Source d.f. M.S.S. Expectations of mean squares 

Replications (r~l) 
Hybrids (mf-1) 

Males (m-1) M, <7a+r[Cov. (F.S.}-2 Cov. (H.S.)] + 
[fr Cov. (H.S.)] 

Females (f-1) M2 ff2+ r[Cov. (F.S.)-2 Cov. (H.S.)] + 

[mr Cov. (H.S.)] 

MalesXFemales (m-1) (f-1) M3 a*-+ r[Cov. (F.S.)-2 Cov. (H.S.)] 

Error (r-1) (mf-1) M4 a" 

Cov. (H.S.) = (Mt-M3) + (M2-M3)/r (m+f) 
Cov. (F.S.) = (M,-M4)+(Ma-M4) + (M3-M4)/3r + 6r Cov. (H.S.)-r(f+m) 

Cov. (H.S.)/3r 
o*gca = Cov. (H.S.) 
o'sca = Cov. (F.S.)-2 Cov. (H.S.) 

The combining ability effects were estimated as follows: 
A x 
ft = —™— where x. . .=the total of all hybrids 

m.l.r 
_ x ; . . x. . . where x;. . =total of \th male parent over all females and 

g, f.r m.f.r replications. 
_ x.j. x. . • where x.j.=total of the ]th female parent over all male 

gj m.r m.f.r parents and replications. 
X(ij) . X;. . X.j. X. . . 

s;j ~ r f.r m.r m.f.r 
where x(ij). = (i])th combination totals over all replications. 

The combining ability variances and effects were based on plot totals. 

RESULTS 

(1) Hybrid analysis.-—An examination of Table 2 reveals that the hybrids 
derived from the four female parents do not differ very much with respect to 
the mean values of grain yield, days to flower and plant height when averaged 
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over the eleven tester parents. 2219A which is the shortest and earliest among 
the females tends to result in hybrids of a relatively short and early nature. 
The hybrids with Indian varieties are generally tall, later in maturity and higher 
yielding than the hybrids with dwarf exotics. 

The mean squares due to males is of a larger magnitude (Table 3) in 
comparison with those due to females or females X males indicating greater 
diversity among males. The mean squares due to females x males is of lower 

magnitude than that of both males and females indicating that the hybrids are 
more uniform. 

T A B L E 3 

Analysis of variance 

Source d.f. 
Mean Sum of Squares 

Source d.f. 
Yield Days to flower Plant height 

Blocks 2 60359-81 239-14 6099-46 

Hybrids 43 66920-01 15886-72 556609-95 

Females 3 14776-13** 10401-26** 106428-21** 

Males 10 245023-19** 61964-67** 2304691-32** 

Females x Males 30 12766-67** 1075-98** 18934-32** 

Error 86 5771-92 57-00 3908-33 

A 
a- Gca 5205-91 1560-31 52738-90 

A 
a* Sea 
Gca / Sea 

2331-58 
2-23 : 1 

359-66 
4-34 : 1 

5008-70 
10-53 : 1 

** Significant at 1 % level. 

The relative estimates of the variance due to g.c.a. and s.c.a. (Table 3) 
indicate g.c.a. to be the dominant component for all the three characters under 
study. 

(2) Combining ability effects.—The g.c.a. effects of females and males are 
presented in Table 4 and the specific combining ability effects in Table 5. 
Considering the g.c.a. effects the females do not seem to offer much choice. 
2219A can yield earlier and dwarfish hybrids or derivatives but it is not superior 
with respect to yield. All the male parents of Indian origin with the exception 
of M. 35-1 are desirable from the point of g.c.a. for yield, but the high yields 
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TABLE 4 

General combining ability effects 

235 

Grain yield Days to flower Plant height 

Females 
1. msGK 60A 10-68 -3-64* 42-81** 
2. „ 2219A -0-60 -23-58** -82-80** 
3. „ 3675A -19-23 11-96** 29-69* 
4. „ 3676A 

A 
29-31* 15-26** 10-29 

S.E. ( g , ) ± 14-25 1-41 11-72 

Males 
1. M. 35-1 -172-38** -70-76** 102-38** 
2. Karad Local 64-79** 83-44* 345-79** 
3. Aispuri 142-53** • 32-41** 579-54** 
4. B.P. 53 145-05** 51-66** 632-46** 
5. Nandyal 158-87** 67-08** 407-71** 
6. G.M. 1-5 73-64** 61-08** 10-04 
7. I.S. 84 -155-31** -75-34** -468-87** 
8. I.S. 2031 -133-66** -70-26** -482-96** 
9. I.S. 2938 -175-21** -79-42** -420-71** 

10. I.S. 3691 -135-91** 73-58** -284-04** 
11. I.S. 3922 

A 
-84-24** -73-42** -421-37** 

S.E. ( gj) ± 16-75 5T-46 11-91 

*Significant at 5 % level. **Significant at 1 % level. 

are confined to the tall and late groups. The male parent G.M. 1-5 is the only 
one which surprisingly yields a hybrid intermediate in height between parents. 

With regard to the s.c.a. effects, it is difficult to make definite statements 
since the high yielding combinations are confined to the tall and late groups 
which do not have the desirable plant type for commercial exploitation. 
However, parents like Karad Local and G.M. 1-5 may provide the basic materials 
for selecting suitable lines for specific combining ability. The hybrid 2219A X 
Karad Local is high yielding besides being relatively early, but some difficulties 
may arise in commercial production of hybrid seed since the parents differ 
very much in date of flowering and plant height. 

DISCUSSION 

Since the release of the first commercial hybrids, CSH-1 and CSH-2, 
in India which were based on CK60A, attempts have been in progress to 
develop diverse male steriles by substitution backcross programmes. Such 
male steriles were expected to provide wider choice of the female parents besides 
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added advantages with respect to grain quality and insect resistance which 
were lacking in GK60A. The choice of the non-restorers to be used in such 
backcross substitution programmes was made primarily on the breeder's fami
liarity with the material rather than pre-assessed combining ability. Most 
steriles thus developed in the past provided only limited diversity among A 
lines which was attributed to their being primarily kafirs or kafir-milo derivatives 
(King et al., 1961). Similarly, Vidyabhushanam (1965) transferred male 
sterility to a number of derived yellow endosperm kafirs since it was thought 
that hybrids based on such steriles would have superior grain quality. Three 
such steriles, 2219A, 3675A and 3676A were crossed to a set of common testers; 
the resulting hybrids did not differ widely in average yields, flowering behaviour 
or plant height except that the earliest and the shortest female parent 2219A 
tended to yield earlier and shorter hybrids. The variance due to general 
combining ability was predominant for grain yield, flowering and height. 

The Indian parents used as testers were very tall and late and had large 
sized panicles; the hybrids with such parents were also tall, late and high 
yielding in comparison with the hybrids involving dwarf, early exotic selections. 
However, the hybrids with Indian varieties lacked the plant type for cultivation 
under heavy fertilisation and population levels and were not very much 
superior to their respective pollinator parents. Besides, some of the combinations 
like msCK60 X Karad Local which were somewhat heterotic could not be consi
dered for release since their threshability was poor. The yellow endosperm steriles 
have a shorter glume and the hybrids with Indian parents are consequently free 
threshing. If a tall hybrid is to be considered for release, these appear to hold 
promise. Yet, the problem of hybrid seed production will present difficulties 
on account of the wide range in flowering and plant height between the two 
groups of parents. 

These three yellow endosperm steriles do not appear to differ very much 
with respect to their combining ability and may not provide any major in
creases in yield levels in comparison with hybrids based on CK60A. The g.c.a. 
effects of most Indian varieties are desirable, but they seem to be associated with 
the late maturity and possibly a tall habit. G. M. 1-5 is one Indian parent 
which yields hybrids of intermediate height. Specific combinations like 
2219Ax Karad Local with positive specific effects for yield and negative specific 
effects for days to flower and plant height may be of interest since they are 
also free threshing. The crosses do exhibit differences due to specific combining 
ability effects and it may be necessary to utilise varieties like Karad Local and 
G. M. 1-5 to extract semi-dwarf lines to be subsequently used in hybrid pro
grammes. Choice of female parents on prior evaluation of combining ability 
before they are used in substitute backcross programme may avoid disappoint
ments after the end of many cycles of backcrossing, particularly where major 
improvement in yield is sought. 

The general and specific combining ability effects were based on plot 
totals where the number of plants was kept constant. The dwarf and early 
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exotic hybrids are known to stand heavy populations while the tall, late hybrids 
may not be equally suitable for such plantings. The space planted conditions 
of the present experiment confer an advantage on the tall late types and the 
estimates for yield based on equal number of plants could be biassed, favouring 
the tall hybrids. Such a bias could possibly be minimised by growing the 
different plant types at their opt imum population levels and computing the data 
from such plots. 

SUMMARY 

A line X tester analysis of combining ability involving three yellow endos
perm male steriles developed in India and male sterile combine Kafir 60 as 
female parents and a set of eleven exotic and Indian varieties as male parents 
was undertaken. The newly developed male steriles did not exhibit superiority 
over combine Kafir 60 with regard to the mean yields or general combining 
abilities. They, however, yield free threshing hybrids with Indian pollinator 
parents which is not the case with CK60A. 

Some combinations involving Ind ian varieties as pollinator parents were, 
however, found to be markedly superior to the available commercial hybrids 
with respect to grain yield, but they were generally tall and late. I t is visualised 
that some of the varieties like Karad Local, Nandyal, G.M. 1-5 and B.P. 53 may 
provide the basic breeding materials to derive dwarf or semi-dwarf selections to 
provide the necessary germ plasm for the subsequent development of high 
yielding hybrids. Prior assessment of the parents for combining ability before 
initiation of backcross programmes would enable realisation of anticipated 
results. 
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C O M P A R A T I V E P E R F O R M A N C E OF HYBRIDS AND SOME I M -
PROVED VARIETIES IN GRAIN S O R G H U M

N. G. P. R A O , RAJANI VENKATRAMAN, D. P. TRIPATHI, V. K. S. RANA and

J . S. SACHAN

Division of Genetics, Indian Agricultural Research Institute, Delhi-12 

(Accepted: 25-xi-1968)

I N spite of the predominance of additive genetic variance in sorghum populations
(Kambal and Webster, 1965; Niehaus and Pickett, 1966; Beil and Atkins,
1967 and Rao, Rana and Tripathi , 1968), it has been observed that half a century
of intensive selection had failed to produce pure lines that could compete with
commercial hybrids (Allard and Hansche, 1964). Recent work on line im-
provement in sorghum resulted in the development of promising varieties, some
of which could possibly compete with commercial hybrids. Considering grain
yield and response to nitrogen as measures of fitness, the question of hybrids vs. 
varieties in grain sorghum is examined in relation to the environmental conditions
and some of the available findings on fitness of heterozygotes and homozygotes
in self-fertilized species.

MATERIALS AND METHODS

Ten improved selections, viz., 11 (I.S. 84), 46 (I.S. 511), 113 (I.S. 815),
133 (I.S. 2031), 217 (I.S. 2944), 361 (I.S. 3796), 370 (I.S. 3797), 393 (I.S.
3922), 405 (I.S. 3922) and 413 (I.S. 3924) were tested in regional trials all over
the country during the 1967 summer (January-May) and kharif (July-October)
seasons. The two commercial hybrids CSH-1 and CSH-2, their pollinator
parents, I.S. 84 and I.S. 3691, the fertile counterpart of the common female
parent, Kafir B and an improved local variety as a check were included in the
same trial. During the kharif season the trial was conducted at 48 locations
representing nine States; during summer it was conducted at 5 locations
representing the States of Madras, Andhra Pradesh and Mysore. The experi-
ment was laid out at each location as randomized blocks replicated four times.
The gross plot size was 243 sq. ft. and net plot 150 sq. ft. The summer trials
were grown under irrigated conditions and the kharif trials were rainfed. Most
of the improved selections and CSH-1 mature in 100-110 days; CSH-2 in
120-130 days and the locals are variable maturing in 120-160 days. All the
improved lines were the result of intensive selection from early generation
segregating yellow-endosperm derivatives introduced from U.S.A.

79



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

80 Indian Journal of Genetics & Plant Breeding [Vol. 29, No. 1 

RESULTS

1. VARIETAL PERFORMANCE OVER ALL THE LOCATIONS TESTED (KHARIF 1967)

The grain yields of the varieties at all locations tested is summarized in
Table 1. This includes all the 48 trials for some of which the coefficients of
variation were high and the yield levels were low. This does not take into account
the areas of adaptation. It is seen that the early hybrid CSH-1 is by far the
most consistent and superior entry. Selection 413 is next in order of superiority
and the grain yields are 93 per cent, of CSH-1. Amongst others, selections 11,
46, 361 yielded 83, 83 and 84 per cent, respectively of the grain yield of CSH-1.

2 . COMPARATIVE PERFORMANCE OF 4 1 3 * , CSH-1 AND LOCAL IN SELECTED LOCATIONS

[KHARIF AND SUMMER 1 9 6 7 )

The comparative grain yields of 413, CSH-1 and local at 25 locations
during kharif where the difference between CSH-1 and 413 are not very marked
are presented in Table 2 and the performance in summer season in Table 3.
It is seen that the average grain yields for CSH-1 and 413 are almost on par and
both of them are superior to the available improved varieties of the respective
regions. The hybrid is generally superior in locations where the yield levels
were relatively low and the environmental conditions not very conducive to
high yields.

3 . AGRONOMIC ATTRIBUTES OF 4 1 3 , CSH-1 AND LOCALS

Selection 413 has creamy, bold seeds and could be considered for general
cultivation in kharif and summer seasons where CSH-1 is presently recommended;
within this area, the assured rainfall tracts during the kharif season may be
considered more suitable for selection 413. This variety matures about a week
later than CSH-1. The plant type of this variety is also ideal in that it has semi-
erect leaves in the middle and somewhat erect leaves at the top. The stems are
thin and juicy. Prominent waxy bloom is present on the peduncle and leaf
sheaths. The glumes are red purple. Some of the agronomic attributes of 413,
CSH-1 and local are summarized in Table 4.

DISCUSSION

The phenomenon of heterosis has provided the most important genetic
tool in improving yields of self- as well as cross-fertilized species. In contrast
to the consistency of evidence of heterozygote superiority in outbreeding species,
the evidence for inbreeding species has been conflicting. Commercial exploita-
tion of heterosis in a mostly self-pollinated crop like grain sorghum through the
employment of cytoplasmic-genetic male sterility, and recent experiments with
Arabidopsis thaliana (Griffing and Landridge, 1963) and lima bean (Allard and
Workman, 1963) suggest that self- and cross-fertilized plants are essentially similar
in their heterotic response and the use of heterosis should carefully be considered

*413 has since been released under the name Swqma-
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TABLE 4 

Some agronomic attributes of S. 413, CSH-1 and Local 

85

Character S. 413 GSH-1 Local

Days to 50 % 
bloom

60-70 60-64 65-95 * 

Plant height (cm.
Lodging

percentage

.) 120-170

0-1

120-160

0-1

200-300

0-90

Fodder quality Juicy, stem rather
thick, high propor-
tion of leaf to stem

Juicy, stem relatively
thin, high propor-
tion of leaf to stem

Juicy to pithy

Grain colour Light yellow endo-
sperm, pearly

Cream, pearly White pearly, yellow,
red, white chalky

Threshability Good Good Good
Reaction to

shootfly
Susceptible Susceptible Susceptible

in all crop plants irrespective of their breeding system. Further, commercial
experience with sorghum hybrids suggests that the individual buffering commonly
associated with heterosis has substantial contribution to make in increasing and
stabilizing yields in self-pollinated species also (Allard and Hansche, 1964).

CSH-1 is the first commercial hybrid developed in India (Rao and House,
1965) and it was not only superior to several introduced commercial hybrids
tested in India, but also performed well in many African and South Asian
countries. The comparative performance of CSH-1 and 413 over 25 locations
in kharif and 5 locations in summer (Table 5) clearly indicates that the variety

TABLE 5 

Comparative performance of CSH-1 and S. 413 

Variety/Hybrid
Grain yield (kg./ha.) % of GSH-1

Variety/Hybrid
Summer Kharif

1967 1967
Summer

1967
Kharif

1967

413 (IS 3924)
GSH-1
Local

3850 3745
3864 3682
2836 2358

99-6
100-0
73-4

101-7
100-0
64-0

Summer: Average of 5 locations
Kharif: Average of 25 locations
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is almost as good, as the hybrid. A location-wise examination of grain yields,
however, revealed that the variety is superior to the hybrid, in locations where
the conditions for growth were more favourable and the yield levels were
also consequently high. The hybrid, on the other hand, is superior in locations
where the yield levels were relatively low and the environmental conditions not
very conducive to high yields. Recent studies with self-fertilized species indicated
that under optimum conditions heterozygotes and homozygotes differ little in
fitness, but under unfavourable conditions the superiority of heterozygotes is
often striking (Griffing and Langridge, 1963 and Allard and Workman, 1963).
These findings are very well substantiated in the present investigation based on
multilocation testing.

Further, the response of CSH-1 and the improved variety 413 to varying
rates of nitrogen (0, 40, 80, 120, 160 kg/ha.) was also studied in five locations
during the 1967 kharif season. The response patterns were found to be quite
similar at all locations. The pooled response functions of the hybrid and variety
are as follows:

CSH-1 : Y = 2 2 2 0 - f 2 3 - 7 N —0-060N 2

413 : Y = 2 0 5 0 + 24-2 N — 0-064N2

The yield levels conformed to the pattern of the varietal trials in that where
yields were of a higher order 413 was superior to the hybrid and where the yields
were generally low the hybrid was superior. This finding is significant in the
light of the earlier work where the tall local varieties were observed to be not
only lower in yield levels but also low in response to nitrogen in comparison with
the commercial hybrid CSH-1. The linear response averaged over six locations
was higher in the hybrids by three times as compared to locals (Murty, 1967).
The response to fertility could also be considered as a measure of fitness since
the increased yields were reflected in increased grain numbers.

The superior performance of the variety is possibly due to the diverse
parents involved in hybridization and possibly to a better plant type. I t has
somewhat erect leaves and also responded to higher populations manipulated
through different row spacings.

In India sorghums are cultivated in both kharif and rabi (October-February)
seasons primarily as rainfed crops. During the rabi season, the moisture stress
is more keenly felt as the crop thrives on residual soil moisture and practically
no rain is received during crop growth. Presently, we do not have a suitable
hybrid for the rabi season due to certain specific insect and other problems.
Varieties like 413 and a few others in various stages of development could
possibly compete with hybrids in kharif and summer seasons. Suitable hybrids
if developed may have greater scope during rabi season which represents the
stress environment. Capitalizing on the heterozygote advantage may thus
provide the means to raise the low yields of some of the rainfed sorghum tracts,
while under irrigated or assured rainfall conditions, suitable varieties if developed
could be expected to perform as well as commercial hybrids.
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SUMMARY

Considering grain yield and response to nitrogen levels as measures of
fitness, the question of hybrids vs. varieties in grain sorghum is examined in rela-
tion to the environmental conditions and some of the available findings on
fitness of heterozygotes and homozygotes in self-fertilized species. The per-
formance with respect to grain yields and response to nitrogen levels of a com-
mercial sorghum hybrid CSH-1 and an improved variety 413 indicated that
the hybrid and the variety were comparable in both respects.

Further, in more favourable environments, as reflected by higher mean
yields, the variety was superior while in locations where the yield levels are
generally low, obviously on account of moisture stress and other unfavourable
environmental conditions, the commercial hybrid CSH-1 was superior.
Capitalizing on heterozygote advantage is, therefore, expected not only to pro-
vide the genetic means to raise the low yields of some of the rainfed tracts but
could also stabilize production levels.
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GENOTYPE x ENVIRONMENT INTERACTION IN GRAIN SORGHUM
HYBRIDS

N. GANGA PRASADa RAO*

Division of Genetics, Indian Agricultural Research Institute, New Delhi

(Accepted: 1U-viii-(9)

THE best genotype is the one that has consistently high performance over
several environments. Studies on genotype-environment interaction over years
involving many crop plants (Allard and Bradshaw, 1964) have aided delimita
tion of distinct regions of adaptability, development of suitable testing procedures
and elimination of the upward bias in the estimation of genetic variances which
lead to discrepancies between expected and realised responses to selection.
Indian sorghums, in particular, have been considered to be highly localized in
their adaptation and breeding for each of the many small regions was
considered necessary (Chavan and Shengde, 1957). Such ideas were, however,
not based on any critical data. The adaptability of the two recent hybrids
over a wide area including the above regions, where approximately a hundred
varieties were hitherto cultivated, necessitated a re-examination of the existing
notions to develop suitable testing procedures.

MATERIALS AND METHODS

The experimental design was randomised complete blocks with three
replications. The gross plot size was 375 sq. ft. and the net plot size 300 sq. ft.
The experiment was laid out at seventeen locations during the years 1963 and
1964. Data on plant height and days to flower were available only from sixteen
locations while grain and fodder yields were obtained from all locations.

RESULTS

Five hybrids and a local check of the respective tract were grown at 18
locations during the kharif season of the years 1963 and 1964. The locations
were the same during both the years.

(1) MEAN PERFORMANCE OF HYBRIDS VS LOCAL CHECKS

Mean yields of grain and fodder per plot, days to 50 per cent. bloom and
average plant heights are presented in Table 1. The hybrids msCK60 X IS 84
and msCK60 X IS 3691, which have been released as CSH-1 and CSH-2
respectively, are obviously the best performers. CSH-l is an early and dwarf
hybrid, and CSH-2 is slightly later and taller. The hybrids with Indian parents

*Present address: IARI, Reg. Res. Station, Rajendranagar, Hyderabad 30 (A. P.)

75



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

76 Indian Journal of Genetics & Plant Breeding [Vol. 30, No. 1

TABLE 1

J.~ean values of the hybrids and the local checks tested over 18 locations

Grain Fodder Days Plant
Sl.No. Hybrid/Variety yield yield to 50'10 height

Kg./plot Kg.jplot Bloom (Cm.)

1. msCK60 xIS 84 (CSH-l) 8·182 16·510 59·6 141· 7
2.

"
xIS 3687 7·775 27'029 67·9 233·2

3.
"

xIS 3691 (CSH-2) 8 ·161 28·304 70·6 162·5
4.

"
xM. 35-1 5·819 28·304 62·9 241·5

5.
"

x Karad Local 7·260 36·627 74'0 222·7
6. Local Check 5·694 27 ·961 78·4 254'4

are vcry tall and do not compare with CSH-l and CSH-2 in yield performance.
Their threshability is also poor.

TABLE 2

Combined analysis ofvariance ofgrainyield,jodderyield, days to flower andplant height

Mean sum of squares

Source Days to Plant
d.f. Grain yield Fodder yield d.f: 50 %bloom height

84·00 0·02 1 224·0 115'0
4303·00 286·52 15 948·5 44697·7
3040·69 76·97 15 513·7 11612·9

4,j.·12 2·76 64 2·8 500·8
4198,60** 129,69** 5 4662,6** 203085,4**

44'60(NS) 7·49 5 183,0* 1668·6
(NS) (NS)

281,29** 18·74** 75 248,3** 3278,0**

Years 1
Locations 16
Years X Locations 16
Reps.jYearsjLocations 68
Genotypes 5
Genotypes X Years 5

Genotypes X Locations 80
Genotypes X Years X

Locations 80
Error 340

121,29**
20 ·11

6·86** 75
1·73 320

71·9** 1254·9**
2·8 271·3

**Significant at 1% level. *Significant at 5 %level. NS Not significant.

From the analysis of variance (Table 2), it will be seen that the second
order g xy x l interaction and the first order g x l interaction are significant in all
cases whereas the g xy interaction is not significant except for days to bloom.
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(2) ESTIMATES OF VARIANCE COMPONENTS

The estimates of variance components obtained from the combined analysis
are presented in Table 3.

TABLE 3

Estimates qf components qf variance for various characters from the combined analysis

Character (12g (12g1 (12gy a 2 g1y a2e

Grain yield 1·08 1'98** 0·01 I ·71 ** I . 73**
(Kg./plot) ~l::0'68 ±0·52 ±0·08 ±0·36 ~I::O ·13

Fodder yield 39·16 26·67** -1,50 33,73** 20,11**
(Kg./plot) =1::22·00 ±7·97 ±0·60 ±6·33 ±1·54

Days to 50% 44·83 29·40** 2·32 23,03** 2'80**
bloom ±25'98 :+6·96 ±2·05 ±3·86 ±0·22

Plant height (em.) 2077 ·02 337'18** 8·62 327'87** 271,30**
±1l30·82 ±94·28 ±19·05 ±67·79 ±21·38

**Significant at 1%.

The magnitudes of these components indicate the relative importance of
the corresponding sources of variation. The genotype X location interaction
for almost all the characters is of sizeable magnitude and statistically significant.
Next to this in magnitude is the second order interaction of genotype X location X

year which is also significant at both the levels. The genotype X year interactions
are of the lowest magnitude and statistically not significant.

Relative to the estimates of g, the size of the estimates of g xl, g X l xy
and e are larger for grain yield. For all other characters estimate of g is the
largest component.

The error component is always larger than g xy interaction. Except
for yields, the error estimate is only next in magnitude after genotype, g X l
and g X l xy interactions.

DISCUSSION

The relative magnitude of the first order interactions such as variety X

location and variety X year and the second order interaction variety X location X

year have frequently permitted delimitation of States into subareas for develop
ment and evaluation of varieties of crop plants. They further provided data
to decide the relative emphasis to be laid on locations, years or replications in
regional testing.

The lack of a sizeable variety X location interaction enabled Miller,
Williams and Robinson (1958) to conclude that it was not necessary to divide
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the State of North Carolina into subareas for variety evaluation. Even when
the testing was extended to Texas (Miller, Robinson and Pope, 1962). the
conclusions were more or less similar, and testing varieties over an adequate
sample of environments likely to be encountered in the breeding area would
increase precision of evaluation. The significant variety X location X year
interactions also lead to the conclusion that it was essential to test cotton varieties
over a number of different environments. In India, Gandhi, Nathawat and
Bhatnagar (1964) also recorded a large second order interaction in wheat variety
tests conducted over locations and years.

With particular reference to the breeding and testing procedures of
sorghum in India, it has been stated that the indigenous varieties which are
the outcome of prolonged natural selection represent genic combinations with
a capacity to adapt and withstand the seasonal fluctuations of a given tract and
do not normally perform well when transported into a different region (Chavan
and Shengde, 1957). Consequently, breeding for many small regions within a
state was considered necessary and resulted in the development of over hundred
improved varieties with local adaptation.

The present study involving replicated trials with five sorghum hybrids
and a varietal check was conducted at 18 locations over a two-year period.
The locations were spread all over the sorghum growing regions of India during
the kharif season. The first order interaction g X I and the second order inter
action g X I xy were highly significant whereas the g xy interaction was not
significant. The estimates of components of variance for yield also point out to
l1'gl (1'98), a'qly (1'71) and 112

0 (1'73) as the major sources of variation
affecting yield. Year flnctuations were unimportant (a2

gy =0·0 I).
The relative changes in the error component with a change in the number

of locations or years or replications will be as follows:

-------------- - - .-. - ---------- ------~~-- ~~~--------- --~----~----~

y r 112 11t" Relative l1'ee

2 17 3 ·189 ·435 100
1 17 3 ·261 ·510 117
2 17 2 ·197 ·444 102
2 10 3 ·317 ·563 178
3 10 3 ·278 ·527 121
3 10 2 ·288 <,37 123
2 20 3 . 161 ·401 92
2 20 2 ·168 ·409 94
1 20 3 ·217 ·468 108
1 20 2 ·233 ·483 I I1

-~~--~-_.- - - - ----------

The changes in the error component indicate that maximum precision
could be obtained by increasing the test locations. With an increase in the
number of locations, the number of replications could be reduced. From
recent studies on soybean tests, Schutz and Bernard (1967) suggested that
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locations may be effectively substituted for years in regional tests to permit a
rapid turnover of breeding material and this holds good to sorghum in India,
at least within a season.

The performance of the individual hybrids in these trials and 'other studies
(Rao and House, 1966 and Rao, House, Mohan and Ayengar, 1966) over
different locations in the kharij season indicated that the early hybrid CSH-I
was the best under relatively low rainfall con~itions and where traditionally early
maturing varieties were cultivated irrespective of the geographic location of the
test centre. Similarly CSH-2, the medium duration hybrid was the top entry
at all locations where better rainfall conditions prevailed and traditionally late
maturing varieties were under cultivation. The performance of the hybrids
coupled with the data on genotype-environment interaction leads us to the
conclusion that sorghum cou.ld be bred for maturity zones, which are in turn
determined by soil and climatic factors, rather than for areas limited by state
or other geographic barriers. Growing material over adequate number of
locations within a maturity zone in preference to a geographical zone would,
therefore, be appropriate in breeding and testing of sorghums. This could
eliminate the artificial barriers to adaptability a least during a season and
enable development of fewer hybrids with wider adaptability. Further work
will be needed before varieties adapted to the rabi as well as klwrif could be
developed.

SUMMARY

Genotype X location X year interactions indicated that the first order
interaction g X l and the second order interaction g X l xy are highly significant
whereas the g xy interaction was non-significant. These studies further pointed
out that sorghum could be bred for few large maturity zones rather than several
small regions limited by state and geographic barriers. The implications of
genotype-environment interactions in the development of testing procedures
have been discussed.

ACKNOWLEDGEMENTS

The author is grateful to Dr. 1:1. S. Swaminathan for encouragement and
to Dr. B. R. Murty for comments on manuscript. Thanks are due to cooperating
stations where the regional trial was conducted.

REFERENCES

Allard, R. W. and Bradshaw, A. D. (1964). Implications of genotype-environmental interactions in
applied plant breeding. Crop Sci., 4: 503-8.

Chavan, V. M., and Shendge, P. Y. (1957). Plant breeding in South Asia with reference to millets.
Indian ]. Genet., 17: 156-75.

Gandhi, S. M., Nathawat, K. S. and Bhatnagar, V. K. (1964). Variety xenvironmcnt interaction in
wheat under late sowing. Indian J. Genet., 24: 223-6.



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

80 Indian Journal oj Genetics & Plant Breeding [Vol. 30, No.1

Miller, P. A., Williams, J. C., Robinson, H. F. and Comstock, R. E. (1958). Estimates of genotypic
and environmenta.l variances and co-variances in upland cotton and their implications in
selection. Agron. J., 50: 126~31.

-----, Robinson, H. F. and Pope, O. A. (1962). Cotton variety testing: Additional information
on variety xexperiment interactions. Crop Sci., 2: 349-52.

Rao, N., Ganga Prasad and House, L. R. (1966). Production, breeding and heterosis in sorghum.
J. Post-Grad. School, I.A.R.I., 4: 158-67.

----, , -----, Mohan, D. P. and Ayengar, K. N. J. (1966). Further studies
in breeding hybrid sorghums. Indian J. Genet., 26: 37-44.

Schutz, W. M. and Bernard, R. L. (1967). Genotype X environment interactions in regional testing
of soybeans. Crop Sci., 7: 12:1-33.



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

COMPONENTS OF HETEROSIS IN TWO SORGHUM HYBRIDS

N. G. P. RAO* and B. R. MURTY
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(Accepted: 26-x-69)

THE finding that the first generation hybrids showing non-allelic interactions
were in general superior to non-interacting crosses pointed to non-allelic
interactions as a major source of heterosis. Jinks and Jones (1958) expressed
heterosis in terms of genetic parameters, d, h, i, j and l of Hayman and Mather
(1955). Evaluating data on Nicotiana rustica, they established a correlation
between the presence or absence ofheterosis and the presence or absence of non
allelic interactions. While heterosis can arise in the absence of non-allelic
interactions, it does so with a lower frequency and a lower mean expression.
Further, it was observed that non-allelic interactions play a major role in
environments which allowed a fuller expression of the heterotic potential of a
cross. Among interactors, absence of heterosis for certain characters could be

eattributed to internal cancellation of the components of heterosis. In the
present study an effort is made to examine the components of heterosis in two
commercial sorghum hybrids in terms of gene effects.

MATERIALS AND METHODS

Parents, F Il F2 and F3 generations of two released hybrids, CSH-l
(msCK60xIS 84) and CSH-2 (msCK60xIS 3691) were chosen for obtaining
the estimates of the components of heterosis from generation means. The
experiment was laid out as randomised blocks replicated three times during the
1965 kharif season. There were three rows of 15' in each plot and individual
plant observations on 15 random plants per plot were recorded for (1) days to
flower, (2) plant height, (3) ear length, (4) number of secondary branches and
(5) grain weight per panicle. Thus, each family mean was based on a total of
45 plants.

Based on the generation means, five of the six genetic parameters
m (F2 mean), d (additive), h (dominance), i (additive X additive), j additive X
dominant) and l (dominant X dominant) gene effects and their standard errors
were obtained as outlined by Hayman (1958) and Jinks and Jones (1958).
Since backcross data were not available estimates of d' =d-j component
were calculated.

*present address: I.A.R.I., R. R. S., Rajendranagar, Hyderabad-30 (A.P.)
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ANALYSIS OF FAMILY MEANS

The mean values for the different generations under study are presented
in Table 1. While none of the F3 families equal the FI's in yield, some- of the
families are superior to the corresponding FI with respect to components of
yield. The F3 family 26 has greater mean panicle length than the Fl' The
families 9 and 17 have higher number of secondary branches. From the analysis
of variance (Table 2) it is ~seen that the treatment differences are highly
significant.

TABLE 1

Mean values of parents, F I , F2 and F3 generations

Days to Plant Earhead Number of Grain weight
Family Pedigree flower height length secondaries per head
No. (Cm.) (Cm.) (Gm.)

1 Kafir B 61 108 22·2 55 35 ·1
2 IS 84 66 124 28·1 60 37·3
3. IS 3691 57 80 22·1 94 28·9
4. msCK60 xIS84 F1 61 139 29·3 66 65·0
5.

"
F2 -1 62 137 29·6 69 48·7

6.
"

F2 -2 64 133 30·5 66 51·2
7.

"
F2 -3 63 135 28·5 66 45·7

8.
"

F2 -4 63 136 28·5 64 45·6
9.

"
F3-1 64 123 25·6 73 40·7

10.
"

F3-2 64 120 28·1 66 26 ·1
11.

"
F3-3 64 96 27·0 53 18·4

12.
"

F3-5 62 96 28·3 53 32·6
13.

"
F3-7 67 120 27·0 63 31·4

14.
"

F3-9 67 127 26·7 61 31'5
15.

"
F3-11 61 102 26·9 55 14·9

16.
"

F3-12 61 96 23·6 61 28·4
17.

"
F3-13 67 115 22·5 104 30·8

18.
"

F3-14 66 114 32·3 66 23·6
19.

" F3-15 63 140 28·7 65 45·2
20. msCK60 xIS3619 F, 77 172 26·3 88 89·6
21.

"
F2 -1 75 141 24·9 92 51·0

22.
"

F2-2 77 188 25·6 80 51·9
23.

"
F2 -3 73 127 24·7 85 49·8

24.
"

F3-1 68 141 23·8 87 45·5
25.

"
F3-2 64 112 24·1 72 40·0

26.
"

F3-3 68 120 28·7 88 50·3
27.

"
F3-4 65 113 23·7 72 38'5

28.
"

F3-6 67 108 22·7 66 33·0
S. Em± 0·744 3·623 0·486 2·493 2·968

- -------_._-_._._-_._.- -"._-------
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TABLE 2

[Vol. 30, No.1

Anabsis of variance-parents, F l , F2 and Fsfor the two crosses

S.V. d.f.
Days to
flower

Plant
height

No. of Earhead
condaries length

Grain
weight

Blocks
Treatments
Blocks X treatments
Intra plot

**Significant at I %.

2
27
54

1176

223·71 192·91 15·00
1051,34** 22970,48** 8258,31**

24·93 590·62 279·63
15·12 514·63 197·96

42·65
332·79**

10·61
10·98

1264·45
10089·33**

396·47
239·39

HETEROSIS AND INBREEDING DEPRESSION

The generation means, heterosis and inbreeding depression for the two
crosses are given in Tables 3 and 4. Heterosis for yield as well as other characters
is greater than the corresponding inbreeding depression. It may be noted
here that in F2 and Fs, when steriles were come across, the next fertile plant was
taken as the random plant.

GENE EFFECTS AND INTERACTIONS

The gene effects were estimated from the generation means according
to the procedure of Hayman (1958). Since back cross generations were not
available, only d', a combined estimate of d-}, could be obtained and heterosis
was estimated from its components d', h, i, and}. The data together with their
respective standard errors are presented in Table 5.

In CSH-I, all the characters excepting flowering exhibit positive heterosis.
The negative heterosis with respect to flowering is also commercially desirable.
Heterosis for all characters except number of secondary branches is of greater
magnitude for the second cross, namely CSH-2. There is no heterosis for the
number of secondary branches in this cross.

The d' and i components together in case of CSH-l are of considerable
magnitude for grain yield, ear length and plant height. In case of CSH-2,
the components d' and i together are high for number of secondary branches
and plant height. Considerable gain for these traits may be realised in a true
breeding state by selection.

The estimates of the component h are fairly high and with the exception
of secondary branches it is many times that of d'. This is indicative of presence
of overdominance or non-allelic interaction. But it may be noted that the high
estimates of h and epistatic interactions have been found to be together.

In CSH-I excepting for days to flower, the I and h components have
opposite signs for all other characters and the magnitude of I exceeds that of h
for plant height, number of secondary branches and ear length; for grain weight



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

~ ~ '"
l

("
l

~ -<.0 '-
l

o '-
-
'

T
A

B
L

E
3

G
en

er
at

io
n

m
ea

ns
q

fp
ar

en
ts

,
F

l
,

F
2

an
d

F
g

q
ft

w
o

cr
os

se
s

~ ;:-
m

sC
K

60
X

IS
84

m
sC

K
60

X
IS

36
91

~ ""
C

h
ar

ac
te

r
~
.

K
af

ir
B

IS
84

F
I

F,
F

g
K

af
ir

B
IS

36
91

F,
F,

F
g

-. ~ ""
D

ay
s

to
fl

ow
er

61
·1

7
6

5
·8

0
6

0
·6

7
6

3
·0

7
6

4
·0

8
61

·1
7

5
7

·4
4

7
7

·0
7

7
4

·8
8

66
·3

1
<::> ~

P
la

n
t

he
ig

ht
(C

m
.)

10
7

·6
4

12
3·

91
13

9·
33

13
5·

11
11

3
·4

8
10

7
·6

1
8

0
·2

7
17

1·
62

15
2

·1
3

11
8·

67
;::

..
i:

:

N
o.

o
fs

ec
on

da
ri

es
5

5
·1

8
5

9
·4

9
6

5
'5

8
6

6
·2

6
6

5
·3

3
5

5
·1

8
9

4
·0

2
8

8
·3

6
8

5
·4

8
7

6
·6

9
;::;

P
an

ic
le

le
ng

th
(C

m
.)

22
·1

8
2

8
·1

4
2

9
·3

3
2

9
·2

9
2

6
·9

7
2

2
·1

8
22

·1
4

2
6

·2
9

2
5

·0
6

2
4

·6
0

G
ra

in
w

ei
gh

t
(G

m
.)

3
5

·1
4

37
·3

1
6

4
·9

6
4

7
·7

8
2

9
·4

0
35

·1
4

2
8

·9
4

8
9

·6
0

5
0

·8
7

4
1

·4
5

~ (.
>

0
(.

>
0



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

234 Indian Journal of Genetics & Plant Breeding [Vol. 30, No.1

TABLE 4

Heterosis and inbreeding depression in two released hybrids, CSH-1 and CSH-2

Heterosis Inbreeding depression
Character

CSH-I CSH-2 CSH-I CSH-2

1. Grain yield/plant 42·6 60·8 26·5 43·2
2. Days to flower -0,8 25·5 -4,0 2·8
3. Plant height n·7 53·2 3·0 II ·4
4. Number of secondaries 9·3 -6'4 -1,0 3·3
5. Panicle length 4·1 15·6 0·1 4·7

Heterosis = (F,-SP/F,) 100; In breeding depression = (F\-F2 /F,) 100

TABLE 5

Estimates of main genetic and interaction components based on generation means in
msCK60 X IS 84 (CSH-l) and msCK60 X IS 3691 (CSH-2)

"Character m d'=d-j h Heterosis

(h-i)-(d-j)

msCK60xIS 84 (CSH-1)

1. Grain weight 47·78 1·09 60·47** 31·73** -52'21** 27·65
1·63 3·33 12·53 II ·69

2. Days to flower 63·07 2,32** -4·29** -1,49 -1,01 -0,48
0·41 0·84 3 ·15 2·99

3. Plant height 135·11 8,14** 60·49** 36,94* -104'11** 15·41
2·39 4·89 18·38 13·92

4. No. of secondaries 66·26 2·16 2·03 -6·22 -6·77 6·09
1·48 3·03 II ·40 10·63

5. Ear length 29·29 2,98** 6,21** 2·05 -12'27** I . 18
0·35 0·71 2·68 2·50

msCK60 X IS 3691 (CS-2H)

I. Grain weight 50·87 3 '10* 50 '94** -6,62 53,04** 54·46
1 ·63 4 ·12 14·43 13·48

2. Days to flower 74·88 1·87** 24,31** 6·55** -39·87** 15·89
0·41 1·04 3·63 3·39

3. Plant height 152 ·13 13·69** 102 ·22** 24·55 -126'48** 63·98
2·39 6·05 21 ·17 19·76

4. No. of secondaries 85·48 19,42** 25,36** 11·60 -39'20** -5·66
1·48 3·75 13 ·12 12·25

5. Earlength 25·06 0·02 2,05* -2·08 0·83 4 ·11
0·35 0·88 3·09 2·88

*Significant at 5%. **Significant at 1%.
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it is almost equal to h. This indicates considerable duplicate epistasis for most
characters. In spite of this the crosses are heterotic in the kharif season. In
the second cross also hand 1have opposite signs for most characters. For grain
yield, however, they are in the same direction and are of considerable magnitude.

In case of CSH-l due to internal cancellation of hand l, the magnitude
of heterosis was not upto expectations based on these interactions, and the
effective components of heterosis in F,are d' and i which are available for
selection. Therefore, the inbreeding depression was also less in F 2 • In CSH-2,
the second cross, the magnitude of d' and i are much less than in the first and
heterosis for yield is the result of favourable gene interactions.

DISCUSSION

As pointed out earlier, mere presence or absence of heterosis does not
indicate the presence or absence of any particular type of gene action or inter
action and heterosis can result from a whole range of combinations of gene effects
(Jinks and Jones, 1958). One approach to a study of heterosis is in terms of
the additive (d), dominance (/z) and interaction (i, j and I) components which
would reveal the type of association between heterosis and these genetic
parameters. Liang and Walter (1968) estimated gene effects based on parental,
Flo F2 and backcross generations. Additive gene effects seemed to have a minor
contribution to the inheritance of grain yield, head weight and kernel weight.
However, the additive X additive interaction effects formed a major component.
The dominance X dominance gene effects were also of considerable magnitude.

Positive heterosis for yield, as well as for most components of yield, is
marked in the two released hybrids CSH-I and CSH-2, the latter being more
heterotic for yield. Heterosis is negative for the number of secondary branches
in CSH-2. The dominace component h is high in both crosses and appears to
be the major contributing factor to heterosis. The complementary interaction
component is positive and of considerable magnitude in CSH-I for most
components, while for CSH-2 such interactions are not that important. It is
also interesting to note that the interaction component dominant X dominant (l)
is of considerable magnitude in both crosses and is generally in the negative
direction. In the case of CSH-I, hand 1 are almost of the same magnitude
and are in opposite direction cancelling each other. It is the additive (d)
and additive X additive (i) interactions which effectively contribute to yield
heterosis. In CSH-2, /z and 1 are in the same direction and are of considerable
magnitude and are responsible for marked heterosis. Favourable non-allelic
interactions, therefore, play a greater role in the yield increases obtained in
CSH-2. The /z and 1 components for most characters are in opposit.e
directions and the magnitude of 1 exceeds that of h in some cases indicative of
duplicate epistasis.

Thus, the hybrids CSH-I and CSH-2 have shown considerable differences
in yield with divergent mechanisms as evident from the components of heterosis.
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This appears to have been achieved by different developmental mechanisms with
superior capacity for nitrogen accumulation and transfer of energy in one hybrid
and similar superior capacity for phosphorus ussimilation in the other (Rao,
1967).

SUMMARY

The nature of gene interactions in two heterotic hybrids CSH-l and
CSH-2 show that heterosis for yield could result from divergent mechanisms.
In CSH-l it is the additive (d') and additive x additive (i) components which
were effective in contributing to increased yields. In CSH-2 the components
h and I are in the same direction and are of considerable magnitude. The
implications of the differences in the nature of gene action in influencing
developmental mechanisms and selection procedures are discussed.
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GENETIC ANALYSIS OF SOME EXOTIC X INDIAN CROSSES IN 
SORGHUM. 1. HETEROSIS AND ITS INTERACTION WITH 

SEASONS 

N. GANGA PRASADA RAO 

All India Coordinated Sorghum Improvement Project, I.A.R.I. Regional Research Station~ 
. Hyderabad~30, A.P. 

(Accepted: 23-i-70) 

THE nature of diversity in Eu-sorghums, particularly the cytoplasmic-genic 
interactions betwteen milo and kafir groups, enabled development of cyto
plasmic-genetic male steriles and the commercial exploitation of heterosis. 
Utilising such a source of male sterility from combine kafir 60, it has been possible 
to develop and release the first grain sorghum hybrids for general cultivation in 
India (House and Rao, 1966; Rao, House, Mohan and Ayengar, 1966). 

During the initial stages of the hybrid breeding project, it was expected 
that the already well adapted Indian varieties would furnish the pollinator 
parents for the first hybrids, but the successful hybrids were only exotic X exotic 
combinations. Thus the indigenous material, in spite of providing the well 
adapted base and being genetically more diverse from the exotic female parent, 
remained unutilised. It,. therefore, became necessary to analyse the factors 
responsible for this failure to exploit the indigenous wealth of material and 
examine their potentialities as parental material for future breeding work. 

The available genetic information in sorghum is limited and pertains 
to the manifestation of heterosis (Quinby, 1963; Kambal and Webster, 1966; 
Kirby and Atkins, 1968) and studies on combining ability (Kambal and 
Webster, 1965; Niehaus and Pickett, 1966; Beil and Atkins, 1967; Malm, 1968). 
The material handled by most of these workers with the exception of Neihaus 
and Pickett and MaIm was confined to kafirs, milos, kafir-milo derivatives and 
Jeteritas grown in the U.S. summer season. Further, lack of variability among 
the female parents, which are kafirs or kafir-milo derivatives onfy, was considered 
to be a major impediment in realising further yield increases (King et al., 1961). 
Thus, the extensive germ plasm furnished by the Indian sub~continent and the 
continent of Mrica remained unutilised in the development of hybrids and in 
obtaining basic genetic data. As such, studies on heterosis and combining 
ability involving diverse sources of germ plasm are essential for the Indian work 
in particular and· the sorghum breeding work at large. 

The results of experiments conducted to evaluate Indian and exotic varieties 
as pollinator parents, with male sterile combine kafir 60 as the common female 
parent, for developing commercial sorghum hybrids in India are reported in 
this paper. 

347 
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MATERIALS AND METHODS 

Ten hybrids with male sterile combine kafir 60 (msCK60), their pollinator 
parents and kafir B, the fertile counterpart of the common female parent, 
constituted the experimental material for a preliminary study of the expression of 
heterosis in the two main seasons of India, namely khari! (July-December) and 
rabi (October-January). The hybrids furnished a representative sample of 
kafir X exotic and kafir X Indian crosses being evaluated as potential commercial 
hY,brids and combine good grain quality and yield. The particulars of the 
parents are as follows: 

IS. 532: A selection from a dwarf yellow endosperm type introduced from Nebraska. 
IS. 2930: A selection from a double dwarf yellow endosperm hegan introduced from Texas. 
IS. 2046: Another dwarf introduction from Texas. 
IS. 3574: A tall Mrican variety Zerazera classified as S. caudatum var. durum (Snowden, 1936). 
Nandyal: A tall local variety grown in the 'khanf season in the Dharwar region of Mysore State; 

described as Sorghum subglabrescens var. irunguforme by Snowden (1936). 
Improved Ramkel: An improved variety grown in the light soil areas of the Vidarbha region of 

Maharashtra State in the khanf season and described as Sorghum cernum var. orbiculatum (Snowden, 
1936). 

Aispuri: Another khanf improved variety of Maharashtra State, grown in the heavy rainfall and 
deep black cotton soil areas of Khandesh region. Panicles are more compact than Improved Ramkel. 
Snowden (loc. cit.) grouped this variety also under S. cernuum var. orbiculatum. 

M. 35-1, PJ4R, Tamn Maldandi: Varieties from the local maldandi sorghums cultivated in the rabi 
season of Maharashtra and described as Sorghum cernuum var. globosum by Snowden ~loc. cit.). 

Ktifir 60: Male sterile combine ktifir 60 was the common female parent and Its fertile counterpart 
kafir B was grown in the yield trial. 

The experiment was laid out in a randomised complete block design 
replicated three times. A single row of 750 cm. was the plot size with 90 cm. 
spacing between rows and 12·5-15 cm. between plants. The experiment was 
carried out in two seasons, kharif and rabi, in 1962-63. The khari! trial had 13 
entries while the rabi trial had 15; seven of the entries were common in both 
seasons. The same hybrids with Indian parents could not be repeated as some 
of the parents are photosensitive and do not grow in both seasons. The 
following individual plant observations were recorded on fifteen random plants 
in each replication: (I) grain weight, (2) length of panicle, (3) number of 
secondary branches, (4) mean length of secondary branches (based upon six 
branches situated in different positions), (5) mean number of tertiary branches 
per secondary branch, (6) weight of 100 seeds, (7) days to flower, and (8) plant 
height at maturity. 

RESULTS 

The choice of the pollinator parents in this study had to be limited to 
certain groups of materials like the selected yellow endosperm types, the im
proved Indian khari! and rabi varieties with white pearly seeds and the Mrican 
zerazeras, since combining white pearly grain type with high yields is a pre
requisite of the Indian hybrid breeding programme with msCK60 as the 
common female parent. Among a large number of such crosses attempted as 
part of general breeding programme, only ten hybrids and their parents 
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representing the three groups mentioned above, were chosen for a critical 
analysis of the manifestation of heterosis. 

In India, grain sorghums do not· tiller and it is essentially the main 
stalk that contributes to yield. Therefore, observations were confined to: 
(1) expression of heterosis for yield and yield components in relation to genetic 
diversity among parents and (2) genotype-environment (season) interaction of 
parents and hybrids with respect to the various components under study. 

EXPRESSION OF HETEROSIS IN RELATION TO DIVERSITY AMONG PARENTS 

The mean values and the analysis of variance for the characters under 
study are presented in Tables 1 to 4. The treatment sums of squares were 
partitioned orthogonally into s.s. due to hybrids, males, hybrids vs. males and 
female vs. rest. The s.s. due to hybrids and males was further partitioned into 
s.s. due to exotic, indigenous and exotic vs. indigenous males or hybrids. Heterosis 
(F I-SP) IS expressed as percent. of F I for the individual crosses and IS 

summarised in Table 5. The following observations may be made from the 
data presented in these tables. 

S1. 
No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

,10. 
11. 
12. 
13. 

TABLE 1 

Ana(ysis of means of parents and hybrids (kharif, 1962) 

Hybrid/Parent 

msCK60 X IS 532 
IS 532 
msCK60 X IS 2930 
IS 2930 
msCK60 X IS 2046 
IS 2046 
msCK60 X Nandyal 
Nandyal 
msCK60 X Imp. Ramkel 
Imp. Ramkel 
msCK60 X Aispuri 
Aispuri 
Kafir B 
S.Em.± 

.... 
,.Q 
bO .... 
II) 

~ 

47·4 24·6 
17·1 22·1 
45·2 26·7 
21·5 21·9 
39·6 27·1 
27·2 27·5 
58·7 25·0 
39·0 21·8 
68·4 22·9 
74·7 20·5 
55·0 21·6 

105·6 16'8 
25·9 22·4 
3·92 0·64 

63 
57 
69 
70 
59 
68 
78 
57 
82 
82 
69 
57 
54 
2·32 

6·8 
6·1 
6·8 
4·6 
8·3 
8·2 
5·9 
5·9 
5·9 
5·6 
5·3 
5·9 
6·2 
0·30 

7·9 
6·8 
7·5 
5·4 
7·1 
6·7 
6·8 
8·5 
7·0 
6·8 
6·6 
9·2 
6·9 
0·38 

3·04 
2'87 
3·05 
2·70 
2·76 
2·61 
3·47 
2·56 
3·77 
3·38 
3·69 
4·13 
2·48 
0·11 

54 
61 
53 
63 
60 
64 
86 

112 
90 
98 
76 

100 
60 

0·91 

.... 
,.Q 
bO . ... 
II) 

,.Q 

131 
114 
139 
131 
135 
138 
322 
328 
369 
329 
356 
315 
116 

7·21 
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TABLE 3 

Ana?Jsis of means of parents and hybrids (rabi, 1962-63) 

S1. 
No. Hybrid/Parent 

1. msCK60 X IS 532 
2. IS 532 
3. msCK60 X IS 2930 
4. IS 2930 
5. msCK60 X IS 2046 
6. IS 2046 
7. msCK60 X IS 3574 
8. IS 3574 
9. msCK60 X M.35-1 

10. M. 35-1 
11. msCK60 X PJ4R 
12. PJ4R 
13. msCK60 X Tamri Maldandi 
14. Tamri Maldandi 
15. Kafir B 

S.Em± 

I 

!=: 
o 
u 
v 
'" 
~~ . .... ... 
o til 
Z'"Cl 

28·6 20·9 48 
18·4 18·5 41 
28·3 24·8 52 
19·3 22·0 55 
35·1 25·2 52 
19·8 25·5 46 
31·9 18·3 39 
20·7 12·4 34 
34·8 17·8 54 
32·8 17·3 59 
43·9 20·2 68 
29·6 14·0 60 
41·5 20·0 67 
29·3 15·8 57 
26·3 21·5 49 
2·87 0·83 2·58 

5·1 
4·9 
5·8 
4·3 
6·5 
6·3 
4·7 
3 ·1 
4·7 
5·2 
4·9 
3·6 
5·3 
4·5 
5 ·1 
0·31 

6·7 2·95 
6·6 3·14 
6·4 2·58 
5·0 2·58 
6·8 2·49 
8·9 2·11 
6·1 2 ·56 
4·4 2·16 
5·8 3·49 
5·8 3·87 
6·6 3·71 
5·0 3·71 
6·6 3·44 
5·6 4·00 
6·7 2·47 
0·740·18 

351 

127 
92 

135 
98 

127 
113 
181 
124 
224 
217 
243 
225 
234 
206 
114 

4·51 

(a) The yield levels of the parents as well as hybrids are generally low in 
the rabi season in comparison to kharif. 

(b) In kharif season, the late Indian varieties have a comparatively higher 
yield level than the exotic parents. The hybrids with improved Indian varieties 
are not heterotic. On the other hand, crosses with exotic pollinator parents are 
more heterotic than hybrids with Indian parents. 

(c) During the rabi season, the hybrids with Indian varieties adapted 
for rabi are slightly more heterotic. The local pollinator parents in this group 
are also at a higher yield level but do not compare favourably with Indian 
kharif varieties. 

(d) The extent of heterosis for individual characters in both seasons was. 
substantial and in the desired direction for grain weight, seed weight and length 
of secondaries in 11, 9 and 7 of the 13 cases respectively. For length of panicle 
and number of secondary branches, heterotic response as observed in less than 
half of the hybrids under study. Least heterosis was observed for number of 
tertiary branches per secondary (Table 5). 

(e) Heterosis is negative in msCK60 X Indian variety crosses for length 
of secondary branches and mean number of tertiaries per secondary during 
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kharif season, while in the rabi season the panicle length and seed weight also 
show negative heterosis. 

TABLE 5 

Heterosis expressed as values oj (F,-superior parent) expressed as per cent. oj F, for 
some characters 

Mean 
Mean No. of 

81. Grain Pani- No. of length tertia- Wt. of 
No. Hybrid weight de 8econ- ofse- ries per 100 

length daries conda- secon- seeds 
ries dary 

---' 
I. msCK60 X IS 532 K 45·4 8·9 9·5 8·8 12·7 5·6 

" 
R 8·0 -2·9 -2·1 0·0 0·0 6·4 

2. msCK60 X IS 2930 K 42·7 16 ·1 -1·5 8·8 8·0 1l·5 

" 
R 7 ·1 11·3 -5,8 12·1 -4·7 0·0 

3. msCK60 X IS 2046 K 31·3 -1·5 -15·3 1·2 2·8 5·4 

" 
R 25'1 -1·2 5·8 3·1 -30·9 0·8 

4. msCK60 X Nandyal K 33·6 1·0 26·9 0·0 -25·0 26·2 
5. 

" 
X Imp. K -9·2 2·2 0·0 -5·1 1·4 10·3 

Ramkel 
6. 

" 
X Aispuri K -92·0 -3·7 17·4 -17,0 -39·4 -1l·9 

7. 
" 

X IS 3574 R 17·6 -17·5 -25·6 -8,5 -9·8 3·5 
8. 

" 
X M. 35-1 R 5'8 -20·8 -9·3 -10·6 -15,5 -10·9 

9. 
" 

X P.]. 4R R 32·6 -6·4 11·8 -4·1 -1·5 0·0 
10. 

" 
X Tamri R 29·4 -7,5 14·9 3·8 -1·5 -16·3 
Maldandi 

K-Kharif R-Rabi 

(f) During the kharif season, a comparison of hybrids vs. parents has 
revealed substantial differences for panicle length, length of primary axis, number 
of secondary branches, days to flower and plant height while for grain weight 
and length of secondary branches the differences were significant only at 5 per 
cent. This is in contrast to the substantial S.S. due to the female vs. rest 
comparison for all characters except panicle length and length of secondary. 
The pattern of the comparisons in the data obtained from raM season is different 
from that of kharif. During rabi, the S.S. for the comparison female vs. rest 
was negligible in relation to the S.S. due to hybrids vs. males. The differences 
between parents and hybrids in rabi are highly significant for all characters. An 
examination of the S.S. due to exotic vs. indigenous hybrids in both kharif and 
rabi seasons has indicated greater differences in kharif as compared to rabi. 

(g) The proportion of S.S. accounted for by exotic vs. indigenous is less in 
hybrids than in male parents. This is attributable to a greater stability of the 
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hybrids than the parents. The female parent msCK60 is non-photosensitive 
and the hybrids also tend to be less sensitive to photoperiod. 

(h) Further, during the kharif season, a greater proportion of the S.S. 
is accounted for by msCK60 X Indian varieties than msCK60 X exotic varieties. 
The situation is generally similar with respect to males also except for the 
flowering time. On the other hand, during the rabi season the proportion of 
S.S. accounted by msCK60 X Indian varieties is only slightly greater with respect 
to grain yield and number of secondary branches whereas for all other compo
nents a greater proportion of the S.S. is accounted by msCK60 X exotic 
combinations. 

(i) Among the two seasons, it is seen that during the kharif most 
components of yield are significant for msCK60 X Indian combinations and 
among Indian males, whereas during the rabi season the differences among the 
msCK60 X exotic varieties as well as among exotic parents, are generally 
significant. This indicates that the behaviour of exotic hybrids and parents is 
in opposite directions during the kharif and rabi seasons. 

(j) A study of the components of variance for males and hybrids 
(Table 6) indicates that the characters like the length of panicle, and number 
of tertiary branches per secondary are stable. The number of secondary 
branches is highly variable over seasons. 

INTERACTION OF PARENTS AND HYBRIDS WITH SEASONS 

Three hybrids along with their exotic parents were common III both 
kharif and rabi seasons. Table 7 presents the analysis of variance. In this 
analysis not only the treatment differences were not significant but the differences 
among the parents and among the hybrids were also not significant due to the 
large magnitude of M.S.S. for the interaction, treatment X season. This could 
be partly due to the very few hybrids that could be raised in both the seasons. 

The treatment sums of squares were partitioned into hybrids, males, 
hybrids vs. males and female vs. rest. The treatment X season interaction was 
partitioned into hybrids X seasons, males X seasons and female in seasons. 

The treatment X season interactions are significant for grain yield and 
number of secondary branches and plant height. 

Among the treatments the proportion of S.S. due to males is greater than 
hybrids vs. males for yield components such as panicle length, number of 
secondary branches, length of secondaries, number of tertiaries and seed weight. 
The S.S. due to hybrids is generally lower than the rest of the components. 

The S.S. due to hybrid X season interaction for yield and number of 
secondary branches is more than the male X season interaction while the reverse 
is true for other components. The number of secondary branches on the 
panicle is most influenced by seasons; in the rabi there is a tendency for the 
panicle to become loose and contribute to lower yields. Such interactions 
indicate that the stability of some characters is not necessarily related to 
heterozygosity. 
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An examination of the components of variance obtained from this study 
(Table 8) reveals that the t X s component for number of secondary branches 
and plant height is larger than the estimates for treatments and seasons indicating 
that these interactions are of maximum importance in influencing the yields 
either way in different seasons. Mean number of tertiaries and seed weight 
are less influenced by the season or seasonal interaction, and therefore, these may 
be considered to be stable over seasons. 

TABLE 8 

Components of variance obtained from genotype X season interaction study 

Character 

Grain yield 
Length of panicle 
No. of secondaries 
Mean length of secondaries 
Mean No. of tertiaries 
Weight of 100 seeds 
Plant height 

" (12t 

13094·6 
1253·9** 
3351·1 

212·0* 
8·0 
1 . 1 

21953·1 

" (12S 

4274·8 
412·2 

20031·9 
176·8 

2·1 * 
0·2 

6733·9 

t-treatments; s-seasons; ts-treatments X seasons 
*Significant at 5 % **Significant at 1 % 

" (12ts 

5377·7 
97·4 

2930-9 
9-2 
2-4 
0-2 

103404·0 

6068-7** 
348·9** 

3231·0** 
88-0** 

42-4** 
2-0** 

10165-9** 

The large estimate of <'1~ as compared to tJ2 for all the characters 
might have not permitted the detection of t X s interaction, There is also 
considerable magnitude of seasonal effect on varieties which is evident from a 
comparison of a~ and a~_ 

Thus, the combined analysis has revealed that the hybrids vs_ males 
comparison is not significant for anyone of the characters, while evidence of 
interaction with seasons is present to some extent_ While it is likely that the high 
residual error component could have prevented the detection of differences, the 
differential interaction of the hybrids during the two seasons cancels out the 
advantage of the hybrids_ This will lead to a spurious conclusion that the 
hybrids may not be superior to the parents_ Thus, it appears to be necessary to 
evaluate separate groups of hybrids for kharif and rabi_ 

DISCUSSION 

The most basic comparison that is of importance to plant breeders is 
that of parental vs_ hybrid performance_ On account of the adaptability and 
greater genetic diversity from the exotic female (msCK60) furnished by the 
Indian sorghums, it was expected that the msCK60 X Indian variety crosses 
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would be high yielding and of immediate value to the Indian farmer. Studies 
on inter-varietal crosses of maize also point out to a positive relationship between 
genetic diversity of parents and expression of heterosis (Moll, Salhauna and 
Robinson, 1962). Crosses of adapted and exotic varieties out-yielded crosses of 
two adapted varieties in maize indicating the potential utility of genes in exotics. 

Available results on the manifestations of heterosis in grain sorghums 
indicate that the yield advantage of the hybrids resulted mainly from an increase 
in the number of seeds per head and to a certain extent from the number of stalks 
per plant (Quinby, 1963; Kambal and Webster, 1966; Kirby and Atkins, 1968). 
Since grain sorghums under study did not tiller under Indian conditions, and 
the major contribution to yield was provided primarily by the panicle, an 
examination of the heterotic response for yield and yield components, particularly 
those concerning the panicle in msCK60 X exotic and msCK60 X Indian 
varieties, was expected to provide useful information. 

Some of the improved varieties of India which are very late maturing have 
excellent white pearly grains and in spite of their being tall, are capable of bearing 
a large ear under widely spaced conditions, whereas under thick populations 
they resemble forage sorghums and bear only small sized panicles. The Indian 
parents involved in the study are representative of such improved varieties 
grown in the kharif and rabi seasons. Under the experimental conditions, where 
wide spacing between rows as well as plants was provided, the improved Indian 
varieties (pollinator parents) were at a higher level of yield per plant in com
parison with their exotic counterparts and the resulting hybrids were definitely 
less heterotic for yield per plant in the kharif season. Lack of heterosis or negative 
heterosis was marked for mean length of the secondary branches and the 
number of tertiary branches per secondary which bear grain. 

The compact headed Indian varieties have their panicle length reduced· 
but bear longer secondaries which are adpressed and with greater number of 
tertiaries which give the panicle increased girth. On the other hand, the 
emphasis is on the length rather than the girth of the panicle in the exotic kafir. 
Since length and girth seem to have evolved in opposite directions, there seems 
to be lack of reinforcement between genes or gene complexes for length of the 
primary axis and those contributing to girth. Heterotic response seems to be 
greater for characters evolved in the same direction as observed in the kafir X 
Nandyal cross where the panicles of both exotic and Indian types are of the 
elongate type. Thus, during the kharif season, the reduced heterotic response 
of the hybrids coupled with a tall plant type and difficulties in threshability of 
the hybrids contributed to the non-desirability of hybrids with indigenous 
pollinator parents normally grown in the kharif season. But developing 
commercial hybrids with msCK60 X exotic lines was a definite possibility; these 
have since been released to farmers. 

On the other hand, during the rabi season, hybrids involving kafir 60 
and rabi varieties of India as pollinator parents are slightly more heterotic for 
yield than the hybrids with the same exotic parents studied in the kharif. But 
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during this season, due to the greater susceptibility of hybrids to shootfly and 
relatively inferior grain quality compared to the improved varieties, chances of 
development of a commercial hybrid with Indian or exotic pollinator parents 
appears to be rather limited. 

An examination of the estimates of components of variance in respect of 
parents and hybrids (Table 6), indicates that during the kharif season, the 
estimates for most such components for hybrids are smaller than the parental 
estimates and in many cases smaller than the estimates for sampling and experi
mental errors indicating that the hybrids are much more stable than the parents. 
Similar estimates during the rabi season indicate that the magnitude of the hybrid 
estimates for grain yield and number of secondary branches are almost as large 
as the male estimates and the estimates due to sampling error are even larger 
than the parental and hybrid estimates. The most stable components in both 
seasons appear to be the length of the secondary and the number of grain bearing 
tertiary branches which they bear, whereas the number of secondary branches 
is the least stable. 

That genotype-environment interactions can be a major factor in the 
expression of heterotic characters is known. Internal cancellation of the compo
nents of heterosis, can also be equally important (Jinks and Jones, 1958; Rao 
and Murty, 1970). A study of the interaction of the exotic parents and their 
hybrids and the common female parent with these two main seasons kharif and 
rabi was, therefore, undertaken. An examination of the relative sums of squares 
for treatments X seasons which were further partitioned into hybrids X seasons, 
males X season and female in seasons indicated that the S.S. due to hybrid X 
season interactions for grain yield and number of secondary branches were far in 
excess of the male X season interaction. These interactions were statistically 
significant. The expression of the heterosis in these hybrids, therefore, appears 
to be limited by the genotype-environment interaction. The exotic pollinator 
parents are heterogenous in the rabi environment, thereby indicating their inter
action with this season, but they were non-interactors in the kharif. The 
reverse is true for Indian types and the common female parent, msCK60 is a 
non-interactor in both environments. Maximum heterosis was observed when 
this non-interacting parent was crossed with types which did not interact in 
that environment. Genotype-environment interactions, therefore, seem to have 
acted in a direction opposite to that of heterosis resulting in limited or no heterosis. 
Evidence for internal cancellation of components of heterosis depending on the 
genetic background has also been obtained in this study. The first hybrids 
released in India, CSH-l and CSH-2 (Rao et at., 1966) are msCK60 X exotic 
combinations and their utility was confined to the kharif and summer seasons, 
but not the winter. The number of secondary branches is most susceptible 
to change during the rabi season. Reduction in the means for this component 
results in loosening of the panicle and a fall in the total number of spikelets 
resulting in low yields. Selection of parents stable for this character could enhance 
yields of hybrids in rabi season. 
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Thus, the acceptance of msCK60 as the common female parent for the 
first hybrids imposed a limitation on the choice of the pollinator parents. As 
has been discussed, the hybrids with the Indian parents, were characterised by 
(1) lack of marked heterosis, (2) difficulties in threshability and (3) too tall a 
habit not amenable for increasing the plant population per unit area. On the 
other hand, they undoubtedly possess a higher potentiality for yield on an 
individual plant basis, present less of pest problems and are of known adaptation 
to certain major regions of sorghum in this country. To capitalise on these 
advantages, further studies involving exotic X exotic, exotic X Indian and 
Indian X Indian varieties in a diallel mating system providing for greater diversity 
on the male as well as female sides have been taken up. 

SUMMARY 

When msCK60 was used as the common female parent, the improved 
indigenou.s sorghum varieties used as pollinator parents inspite of their adaptability 
to some agroclimatic regions of India, did not result in hybrids of commercial 
value. This could be attributed mainly due to lack of heterosis in khariJ season, an 
undesirable plant type and difficulties in threshability. During the rabi season, 
in spite of limited heterosis with both exotic and Indian parents, greater suscep
tibility of hybrids to shoot-fly and relatively inferior grain quality compared to 
the local rabi varieties did not enable the development of any commercial hybrid 
for this season. The first hybrids released for khariJ and summer seasons were, 
therefore, exotic X exotic combinations. 

An examination of the heterotic response of the components of yield 
revealed that heterosis was generally negative for the length of the secondary 
branches and the number of tertiary branches. Considering panicle morphology, 
the emphasis in compact headed Indian varieties is on girth which is due to 
relatively longer secondary branches with more number of tertiaries, while in 
exotics panicle length was generally pronounced. When such varieties were 
combined, there seems to be lack of reinforcement between genes or gene 
complexes for length of primary axis and those contributing to girth, resulting 
in limited or no heterosis for ultimate yield. Heterosis for panicle components 
seems to be maximum for characters evolved in the same direction irrespective 
of their geographic origin. 

The estimates of the components of variance for parents and hybrids 
reveal that hybrids are more stable than parents during khariJ season. During 
the rabi season the magnitude of such estimate is as large for hybrids as for males 
indicating that heterozygosity is not necessarily related to stability. The number 
of secondary branches is the least stable character, whereas the length of the 
secondary branches and the number of tertiaries are most stable. These stable 
characters are observed to be least heterotic. 

The limitations imposed by the genotype-environment (season) interactions 
on the magnitude of heterosis are well brought out. In spite of the common 
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female parent msCK60 being a non-interactor in both seasons, the hybrids 
behaved differently. While the exotic X exotic combinations were most 
heterotic in the kharif environment, genotype-environment interactions acted in 
a direction opposite to that of heterosis resulting in limited heterosis during rabi. 
It, therefore, appears necessary at least in the immediate future to develop 
different groups of hybrids for kharif and rabi seasons. Development of parental 
stocks which are stable for the number of secondary branches in both seasons 
may enable development of commercial hybrids common for both the seasons. 
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. 
THE limitations of using indigenous varieties of sorghum in the development 
of commercial hybrids with male sterile combine kafir 60 as the female parent 
were analysed earlier (Rao, 1970). Increased knowledge of the nature of gene 
action in yield heterosis provides a basis for reappraisal of breeding methods and 
aids in developing new breeding procedures. A diallel analysis of heterosis and 
combining ability in crosses involving tall, long duration Indian parents and 
dwarf, early exotics is reported in this paper. 

MATERIALS AND METHODS 

All possible crosses (without reciprocals) were made among five dwarf 
exotic parents and four tall imporved Indian varieties. Brief description of the 
parental material is given below. 

Kqfir 60: Male sterile Combine Kojir 60 is the common female paren t of first commercial hybrids in 
India; the fertile counterpart Kqfir B was grown as parent in yield trial. 

IS 84 : A selected yellow endospermfeterita and the pollinator parent of CSH-I, the first sorghum 
hybrid released in India for general cultivation. 

IS 3691: A selected yellow endosperm hegari and the pollinator parent ofCSH-2, the second sorghum 
hybrid developed and released in India. 

IS 2031 : A kqfir type, originally introduced as SA 8491-1 (D.D.) and has undergone considerable 
selection for yield improvement. The particular line used as the parent is selection 133. 

IS 3922 : Another yellow endosperm kojir which has been considerably improved at Delhi for yield. 
The line used is selection 393. 

Karad Local: A variety cultivated in southern parts of Maharashtra State in Western India. 
Aispuri : An improved variety grown in Northern Maharashtra with very big and compact 

ears. Snowden (\936) classified this variety under S. cernuum var. orbiculatum. 
Nandyal: A tall kharifvariety grown in the Dharwar region of Mysore State described as Sorghum 

subglabrascens var. irunguforme (Snowden, 1936). 
G.M. 1-5: A selection from Gidda Maldandi, a comparatively shorter variety among the Indian 

types, cultivated in parts of Mysore State. 
Since three crosses were missing in the 9 X 9 diallel-set, the data were 

analysed as two diallel experiments, one with seven parents (1, 2, 3, 4, 6, 8 and 
9) and the other involving six parents (1, 3, 5, 6, 7 and 8), so as to obtain the 
general and specific combining ability effects of all the parents involved. 
There were three replications and individual plant observations were recorded 
on five random plants in each replication. Within the blocks the tall parents 
and hybrids were randomised and kept together while the dwarfs were similarly 

362 
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randomised and kept together. This restriction on randomisation was 
resorted to avoid unequal competition between lines of widely different growth 
habits. A uniform border of kafir was provided at the end of all experimental 
plots. The experiment was planted on July 19, 1966 under high fertility condi
tions of 100 Nand 60 P 205 and necessary field operations were carried out at 
appropriate times. Combining ability analysis of the two sets of diallel experi
ments was carried out according to Griffings (1956) model II and method 2. 

One of the diallel experiments (7 X 7) was utilised for graphic analysis 
and for estimation of the components of genetic variation using the methodology 
of Hayman (1954) and Jinks (1954). 

RESULTS 

For purposes of presentation of data, the material is grouped as exotic 
parents, Indian parents, exotic X exotic, exotic X Indian and Indian X Indian 
cross combinations. The same order is maintained throughout the presentation. 

ANALYSIS OF MEANS AND EXPRESSION OF HETEROSIS 

The mean values for grain yield, days to flower and plant height are 
presented in Table 1. Heterosis (F,-SP) expressed as percentage ofF. is also 
given in the same table. It will be seen that the heterosis for yield ranged 
from 3·0 to 67·8 per cent. among exotic X exotic combinations, -3·8 to 45·0 
per cent. among exotic X Indian and from -8·9 to 20·9 per cent. among 
Indian X Indian crosses. 

TABLE 1 

Ana{Ysis oj means and expression of heterosis 

Heterosis 
Grain Days Plant 

S1. Parent/Hybrid yield to height Grain Days to Plant 
No. Gm./ flower (Cm.) 

plant yield flower height 

Parents-Exotic 
1. IS 84 47 ·1 66·6 122 
2. IS 3691 33 ·1 58·6 78 
3. IS 2031 55·8 88·1 123 
4. Kafir 60 34·8 62 ·1 104 
5. IS 3922 57 ·8 79·9 129 

Mean 45·7 71 ·1 III ·2 

Parents-Indian 
6. Karad Local 83·3 109·0 239 
7. Nandyal 78·0 107·6 284 

(Contd.) 
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TABLE 1 (Contd.) 

Heterosis 
Grain Days Plant 

Sl. yield to height Grain Days to Plant No. Parent/Hybrid Gm./ flower (Cm.) yield flower height plant 

8. G.M. 1-5 84·1 113 ·1 226 
9. Aispuri 98·8 99·5 283 

Mean 86·5 107·3 258·0 

Hybrids-Exotic X Exotic 
10. IS 84 X IS 3691 87·6 85·4 181 46·2 31·4 56·9 
11. IS 84 X IS 2031 85·5 62·4 144 34·7 6·7 15·3 
12. IS 3691 X IS 2031 102·7 87·8 161 45·7 33·3 51·6 
13. IS 3691 X IS 3922 112·8 86·7 157 48·8 32·4 50·1 
14. Kafir 60 X IS 3691 108·2 85·3 156 67·8 27·2 50·0 

(CSH-2) 
15. Kafir 60 X IS 84 (CSH-1) 63·5 63·4 133 25·8 2 ·1 21·8 
16. Kafir 60 X IS 2031 57·5 62·1 116 3·0 0·0 10·3 
17. Kafir 60 X IS 3922 67·1 62·2 140 13·9 0·2 25·4 

Mean 85·6 74·4 148·5 35·7 16·7 35·2 

Hybrids-Exotic X Indian 
18. IS 84 X Karad Local 135·7 86·1 211 38·6 22·7 42·2 
19. IS 84 X Nandya1 128·4 87·9 249 39·3 24·2 51·0 
20. IS 84 X G.M. 1-5 123·6 84·7 180 32·0 21·4 32·2 
21. IS 3691 X Karad Local 98·0 92·8 240 15·0 36·9 67·5 
22. IS 3691 X Nandyal 103·9 89·3 225 24·9 34·4 65·3 
23. IS 3691 X G.M. 1-5 102·5 88·1 222 18·0 33·5 64·9 
24. IS 3691 X Aispuri 120·8 85·4 270 18·2 31·4 85·3 
25. IS 2031 X Karad Local 141·6 87·4 234 41·2 -0·8 47·4 
26. IS 2031 X Nandyal 141·8 88·5 245 45·0 0·5 49·8 
27. IS 2031 X G.M. 1-5 96·7 89·8 184 13·0 1·9 33·2 
28. Kafir 60 X Karad Local 77·0 83·3 275 -8·2 25·5 62·2 
29. Kafir 60 X Nandya1 106·7 83·9 269 26·9 26·0 61·3 
30. Kafir 60 xG.M. 1-5 81 ·1 86·8 226 -3·8 ?9·4 45·4 
31. Kafir 60 X Aispuri 90·8 82·0 293 -8·8 24·3 64·5 
32. IS 3922 X Karad Local 149 ·1 91 ·1 241 44·1 12·3 46·5 
33. IS 3922 X Nandyal 114· 7 88·3 ?59 32·0 9·5 50·2 
34. IS 3922 X Aispuri 105·7 83·9 288 6·5 4·8 55·2 

Mean 112·8 87·0 241·8 22·0 19·9 54·3 

Hybrids-Indian X Indian 
35. Karad Local X Nandyal 103·0 108·4 297 12·4 -0·6 19·5 
36. Karad Local xG.M. 1-5 99·0 108·8 253 15 ·1 -4·0 10·7 
37. Nandya1 xG.M. 1-5 99·6 109·3 281 15·6 -3,5 19·6 
38. Aispuri X Karad Local 90·7 97·3 305 -8,9 -1·2 21·6 
39. Aispuri X Nandyal 124·9 97·5 301 20·9 -1·0 6·0 

Mean 103·4 104·3 287·4 11·0 -2,1 15·5 
S.Em± 3·94 0·60 5·39 
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The mean yields for tall and late Indian parents are at a higher level than 
for the exotic parents. Consequently, the yield levels of the exotic X Indian 
cross combinations are at a higher level even though the magnitude of heterosis 
is not greater than the exotic X exotic crosses. The Indian X Indian crosses 
exhibit least heterosis and the plant type is also not desirable. 

The hybrids with IS. 3691 X exotic parents are unique combinations in 
that two dwarf and early parents interact to give a tall and late hybrid. These 
are the most heterotic hybrids. Such a degree of complementary action is not 
found in the other crosses. If this hybrid is left out, expression of heterosis is 
of the same order in both exotic X exotic and exotic X Indian crosses. The 
Indian parent G.M. 1-5 tends to yield hybrids of an intermediate height with 
all parents. 

The analysis of variance for grain yield, flowering and plant height is 
presented in Tables 2 and 3. The treatment sums of squares for yield are 
further partitioned to provide comparisons among and between exotic and 
Indian parents as well as hybrids. Most of the comparisons are significant. 
The proportion of sums of squares accounted by the source, exotic vs. Indian 
parents is of a large magnitude indicating that they are genetically diverse. 

It is also of interest to note that several hybrids have much higher mean 
values for grain yield in comparison with the released hybrids CSH-l 

TABLE 2 

Anarysis if variance for grain yield for the two sets if diallel crosses 

Dialle! set 1 Diallel set 2 
Source 

Mean Mean 
d.f. square d.f. square 

Blocks 2 455·90 2 1342·15 
Treatments + 27 12831'52** 20 12091'60** 

Among exotic parents 3 1717·70** 2 2853·19** 
Among Indian parents 2 163·05 2 1745'01** 
Among exotic X exotic hybrids 5 6212·72** 2 9499'27** 
Among Indian X Indian hybrids 2 71·10 2 4506·31** 
Among exotic X Indian hybrids 11 7523'14** 8 6141·19** 
Exotic vs. Indian parents 1 39325'7** 1 45118'08** 
Exotic vs. Indian hybrids 1 8063'3** 1 2360'40** 
Exotic vs. Exotic X Indian hybrids 1 44533'8** 1 4393'61** 
Indian vs. Exotic X Indian hybrids 1 4237·6** 1 46·03 

Blocks X Treatments 54 232·32 40 273·62 
Sampling error 336 239·40 252 259·76 

+The break up of comparisons is not orthogonal 
**Significant at 1 % *Significant at 5 % 
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TABLE 3 

Anarysis of variance for flowering time and plant height for the two sets of diallel experiments 
------------------------------------------

Mean square (Diallel set 1) Mean square (Diallel set 2) 

Source d.f. Days to Plant d.f. Days to Plant 
flower height flower height 

Blocks 2 1·10 978·20 2 5·25 1218·85 
Treatments 27 3755'68** '57004,79** 20 2965'52** 76957'22** 
Blocks X Treat- 54 5·45 436·35 40 5·99 560 ·11 

ments 
Sampling error 336 0·77 202·23 252 1 ·18 241 ·45 

**Significant at 1 %. 

(msCK60 X IS. 84) and CSH-2 (msCK60 X IS. 3691). Crosses with the improved 
exotic lines, IS. 2031 and IS. 3922 resulted in hybrids with maximum yields. 

ANALYSIS OF COMBINING ABILITY 

The analysis of variance for combining ability for the two dialleis is 
presented in Table 4. A comparison of the variance due to general and specific 
combining ability indicates that both general and specific combining abilities 
are important for yield. For flowering and plant height, additive gene action 
is predominant. 

COMBINING ABILITY EFFECTS 

Estimates of general combining ability effects are given in Table 5 which 
reveal wide differences between exotic and indigenous parents. The magnitude 
and direction of the effects point to IS. 2031 and IS. 3922 as excellent among 
exotic parents. The differences among indigenous parents are not very marked. 

Even though the two diallel sets were created from the same experiment, 
the gca effects for Karad Local are different in the two sets. There are also 
similar differences in the estimates of standard errors, which indicate that the 
genetic background as well as cytoplasmic effects playa role in influencing the 
general as well as specific effects. 

Estimates of specific combining ability effects are presented in Table 6 
which reveal the cross msCK60 xIS. 3691 (CSH-2) to be a unique specific 
combination with maximum heterosis. All the crosses with IS. 84 which is 
the male parent of the released hybrid CSH-1, and the crosses IS. 2031 X Karad 
Local, IS. 2031 X Nandyal, IS. 3922 X Karad Local are excellent specific combiners. 

The cross IS. 2031 X G.M. 1-5 has low specific effect. The gca effects 
of the parents are also in the desired direction. Similarly the crosses IS. 3922 X 
Nandyal and IS. 3922 X Aispuri also have low specific effects and the parents are 
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TABLE 5 

Estimates rif general combining ability effects for the two sets rif diallel crosses 

Grain Days to Plant 
Parents yield flower height 

Diallel set 1 
I.S. 84 -1·43 -10·14** -30'51** 
IS. 3691 -6·92** -5'25** -30'61** 
IS. 2031 +0·67 -4'33** -31 '84** 
Kafir 60 -18'64** -11'57** -25·95** 
Karad Local +9·95** +10·18** +41'27** 
Nandya1 +12 '00** +9·93** +57,49** 
G.M.1-5 +4'37** +11,17** +20'16** 
S.E. (gi)± 1·23 0·07 1 ·13 

Diallel set 2 
IS. 3922 +1·49 -4'92** -33'50** 
IS. 3691 -5·40** -6·83** -50'88** 
Kafir 60 -16'71** -11·31** -33'75** 
Karad Local +3,92** +9'94** +28,31** 
Nandyal +7 '02** +8 ·91 ** +38'50** 
Aispuri +9 '68** +4,22** +51'50** 
S.E. (gi)± 1·34 0·09 1'30 

**Significant at 1 %. 

desirable from the point of view of gca. As such, these crosses may result in 
desirable recombinations of true breeding nature. 

GRAPHIC ANALYSIS OF DIALLEL DATA 

The Vr-Wr graphs for the three characters under study are presented in 
Figs. 1,2 and 3. The slope of the regression line is 0·7431 for grain yield, 0·8684 
for height and 0·4628 for days to flower. These data suggest gene interaction, 
and the assumption that gene action is additive is not valid. The regression 
line for yield cuts the Wr~axis below the origin indicating overdominance, 
which cannot be distinguished from non-allelic interaction at this stage. 
Dominant alleles for yield and height are present in the Indian parents while 
the exotics have recessive alleles for these characters. On the other hand, the 
situation is reversed for flowering time with the exotics having mostly dominant 
alleles. The Wr+ Vr values are the highest for grain yield for IS. 2031 which is 
a selected exotic variety for yield; for days to flower for G.M. 1-5 and for plant 
height for Kafir 60. These parents, therefore, appear to carry highest number 
of dominant genes for these characters. 
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The estimates of the components of variation with their standard errors 
are presented in Table 7. Certain other statistics computed from these 
estimates are also presented therein. The additive component for yield is of a 
comparatively low magnitude and is not statistically significant. For plant 
height and flowering, the additive component is of sizeable magnitude and 

" " statistically significant. The average degree of dominance (H,/D)o·s for yield 
is in the range of overdominance; for flowering and plant height it is partially 
dominant. 

The proportion of genes with positive and negative effects in the parents 
for yield and plant height appear to be similar since H, and H2 are of the same 

" " magnitude and H2/4H is 0·25 and o· 22 respectively. On the other hand, 
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genes for flowering are asymmetrically distributed. The proportion of dominant 
to recessive genes in the parents for yield is less than unity while for flowering 
it is much greater than unity. The distribution of dominant and recessive genes 
governing these two characters is asymmetric and in opposite directions. For 
plant height the distribution is symmetric. 

TABLE 7 

Estimates of components of variation from a 7x 7 diallel (set 1) cross 

Grain Days to Plant 
Parameter estimated yield flower height 

1\ 

D 265·74 570'46** 5929'98** 
±126·40 ±38'19 ±290'25 

" F -100 ·89 302'67* 299·82 
±303·22 ±91·62 ±696'30 

1\ 

HI 1972'04** 292 '16* 2410'99* 
±304·30 ±91·95 ±698·76 

1\ 

H2 1935 '16** 78·94 2138'62* 
±268·13 ±81'02 ±615·70 

1\ 
h2 5223'97** -2·24 5839 '12** 

±180·08 ±54·41 ±413'53 

" E 232·32** 5·45 436'35** 
±44·69 ±13·50 ±102 '63 

1\ 1\ 

(HI/D)t 2·72 0·72 0·64 
1\ 1\ 

(H2 /4H1 ) 0·25 0-07 0·22 
1\ 1\ 1\ 

(4DHI)t +_F 0·87 2·18 1·08 
1\ 1\ 1\ 

(4DHI)t -F 
1\ 1\ 

h2/H2 2·70 -0·03 2·73 
r (between Wr + Vr and Yr) -0·6217 +0,9480** -0'8316* 

*Significant at 5 % **Significant at 1 % 

1\ " The values of h 2/H2 is of the same magnitude for yield and plant height 
indicating a similarity of gene action between these characters. The value 
for flowering time is nearly equal to zero indicating that the number of genes 
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with dominance are in a very low proportion, as compared to the total number 
of loci involved for this character. 

The co-efficients of correlation (r) between parental order of dominance 
(Wr+ Vr) and the parental measurements (Yr) for yield and plant height is 
not significant but highly significant for flowering time. This is indicative that 
the negative genes are dominant for yield and height while positive genes are 
dominant for flowering. 

DISCUSSION 

Earlier studies revealed that the msCK60 X Indian combinations were 
not as heterotic as msCK60 X exotic combinations (Rao, 1970). However, the 
present study has shown that crosses involving diverse exotic females and 
Indian pollinators are as heterotic as exotic X exotic combinations. The only 
exception is the exotic xexotic (msCK60xIS. 3691) CSH-2, which is the most 
heterotic cross recorded. It is again to be noted that pollinator parents of 
Indian origin for the most heterotic crosses were furnished by Karads and 
.Nandyals which have an elongated panicle as against the compact types which 
were not as heterotic. The exotic parents involved in the study were also 
characterised by similar panicle morphology. The Indian X Indian varieties 
were relatively less heterotic. The range of yields and heterotic responses 
obtained from this study are summarized below: 

TABLE 8 

Range of yield levels and heterotic responses from diallel crosses 

Exotic x Exotic x Indian X 
Character Exotic Indian Indian 

1. Grain yield Mean 58 to 113 81 to 149 91 to 125 
(Gm./plant) Heterosis 3 to 68 -9 to 45 -9 to 21 

2. Days to Mean 62 to 88 82 to 93 97 to 109 
flower Heterosis 0 to 50 -1 to 37 -4 to -1 

3. Plant height Mean 116 to 181 180 to 298 253 to 305 
(Cm.) Heterosis 10 to 57 32 to 85 6 to 22 

What is of greater importance at a practical level than the magnitude of 
heterosis is the range of yield levels in these three groups of crosses. The highest 
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yields on individual plant basis are recorded for some of the exotic X Indian 
combinations, IS. 3922 X Karad Local, IS. 2031 X Karad Local, IS. 2031 X Nandyal, 
and IS. 84 X Karad Local. The yield levels of these crosses are one-and-half to 
two times that of the released hybrids CSH-1 and CSH-2. The answer to a 
major genetic improvement in yield performance of future hybrids lies in 
developing these known combinations into males and females and correcting 
the drawback of excessive height of the Indian parents (Rao, Rana and 
Tripathi, 1968). Since the above evidence has indicated substantial heterosis 
in some cross combinations, it will be of interest to examine its components in 
relation to combining ability for a rational choice of parents in a hybridization 
programme. 

Recent studies on diallel analysis of combining ability in yield heterosis in 
sorghum (Niehaus and Pickett, 1966; Chiang and Smith, 1967; and Liang, 
1967) are in general agreement indicating that the general combining ability 
effects are predominant for yield and yield components, such as seeds per head, 
heads per row and also days to flower. Since general combining ability is 
attributable to additive gene action and additive X additive epistasis, which is 
theoretically fixable, it appears that conventional breeding methods would be 
rewarding and should receive greater emphasis than at present. It may be 
noted here that the female parents involved in the a.bove studies were essentially 
kafirs or kafir-milo derivatives and did not provide for adequate diversity. Even 
the choice of male parents was restricted to mostly kafirs, feteritas and their 
derivatives. 

Since the nature of gene action is known to vary with the genetic archi
tecture of the parental populations involved, the diallel set of crosses involved 
in the present study were built up from kajir, hegari and jeterita types of U.S. 
and the subglabrascens and cernuum types which are cultivated in India for grain 
purposes. Results of combining ability analysis from such a mating system 
indicated that the magnitude of the variances due to general and specific com
bining ability for yield are equally important (cr2 gca=990, cr2 sca=817 in one 
case, and cr2 gca=750, cr2 sca=825 in the other) suggesting that non-additive 
genetic variances also playa significant role in yield heterosis. The results of 
MaIm (1968) involving diverse germ plasm also indicate the importance of both 
general and specific effects in yield heterosis. However, it should be noted 
that the g X e interaction was not taken into account in the present study. 
The gene action for days to flower and plant height which are major components 
of wide adaptation, was essentially additive. 

Graphic analysis and the estimates of the components of genetic variation 
are also in general agreement with the combining ability analysis. The regres
sion line for yield cuts the Wr axis below the origin indicating overdominance. 
But, this cannot be distinguished from the effect of non-allelic interactions as 
observed in the study as in maize, tobacco, flax and Galeiopsis (Jinks, 1955). 
The apparent overdominance could, therefore, be spurious and this brings to the 
fore the importance of non-allelic interactions in influencing yield. 
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An examination of the general combining ability effects reveals kafir 60 
to be a poor general combiner. This has been one of the widely used females 
in the hybrid breeding programmes and the present evidence is contrary to the 
earlier findings and the results could be attributed to the diversity of parents 
involved in the present study. Among exotics the improved selections IS. 2031 
and IS. 3922 developed recently give not only higher yields, but are also good 
general combiners. These selections are presently undergoing yield evaluation 
all over the country (Rao et al., 1969). The Indian varieties on the other hand, 
do not show such wide differences in their general combining ability. 

The specific combining ability effects for the crosses kafir 60 X IS. 3691 
(CSH-2), IS. 84xKarad Local, IS. 2031 X Nandyal, IS. 3922 X Karad Local are 
very high and they are also the highest yielders indicating that these combinations 
are eminently suited to a hybrid programme. The crosses IS. 2031 X G.M. 1-5 
and IS. 3922 X Aispuri have low specific effects while the parents are desirable 
from the point of view of general combining ability. These crosses could be 
expected to yield promising material in segregating generations combining the 
desirable features of the exotic and Indian parents. 

The graphic analysis further reveals that the distribution of dominant 
and recessive alleles governing yield and flowering is asymmetric and is in opposite 
directions. The Indian varieties possess the dominant alleles for yield and 
plant height, while the exotics have the dominant alleles for flowering. From 
a breeding point of view, it is necesary to bring together .the recessive alleles for 
height together with the dominant alleles for flowering and yield in a homozy
gous condition. The crosses which exhibited high general and low specific 
effects may provide the basic material for realising such homozygous segregates. 

SUMMARY 

An examination of the mean values and heterotic response of crosses in
volving a wide range of parents of both exotic and Indian origin from a diallel 
mating system reveal that some exotic X Indian combinations were at a higher 
yield level in spite of comparable heterosis to exotic X exotic combinations. 
This was not possible when msCK60 was used as the female parent. Combina
tions which yield one-and-half to two times the present commercial hybrids 
have been identified. The development of the parents of these known combina
tions into males and females can result in future hybrids representing marked 
increases of yield over the first hybrids. 

Results of analysis of combining ability from a diallel mating system involv
ing exotic and Indian parents indicate that both general and specific combining 
ability variances for yield are of equal magnitude, thereby indicating the 
importance of non-allelic interactions in influencing yield. The gene action 
for days to flower and plant height was essentially additive. Graphic analysis 
and estimates of components of genetic variation are also in general agreement 
with the combining ability analysis. 
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Crosses with high specific and low general and high general and low 
specific effects have been identified, which could be useful for hybrid and 
conventional breeding methods respectively. Performance of line per se 
together with its nature of combining ability is expected to furnish the guide 
line in the choice of parents. 
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L/ Newer varieties of sorghum under development 
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t "Reprinted from September 1970 issue of $Indian Farming"' v.  20 (6) p . 9- 1: - - 
SORGHUM ~ R G ~ T U M S  in India are almost ytrld lcvrls of lhri raiir-lcd crop hut 

wholly grown asrain-red cropa also hrlprng to rt,ll>~lrw t I r ~  yil,lcl 
and the viclds have rrmainrd a aam- levels In ipltc ol' flu~tunliir~ rdirir 
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DRY 
TO 
IRRIGATED 

FARM 1 #G 

N. GANGAPRASADA RAO 

&.odnator, All-lnd~s Sorghum Impro- 
vemnt Pmjsct, Rog~onel Research 

Station (I.A.R.I.), Rajcndranager. 
Hyderebad (A P.) 

ble with the fluctuating monsoons. 
Cultivation of tall, long duration 
varietiesover a vast proportion of thc 
area, the yields of which were most 
affected in years of drought, almost 
the total abwnce of the practice of 
fertilizer application and thc tradl- 
tion of growing sorghums only under 
low populations have been the major 
limiting factors in realising higher 
yields. The availability of over a 
hundred improved strains, which 
were also tall and late and were 
essentially pure line 9elections from 
local varieties, did not inliuence the 
yield levels since they suffered from 
the name genetic as well as manage- 
ment limitatiow, Thc recently 
released hybrids .BiPd high-yielding 
varieties an acting a3 catalysts not 
only in elevating the chronically low 

The role of the rccrnt dew Ifrpnrrnh 
rn rlevatlng arid *t~lirl~slng yylvlcl 
levels of sorgtnrnl untler rain-I( d 
farming ar wcll a\ urrclci irrigatton 
1, examincd 

I'he dcvrlnpmrnt and ~rlra\r of 
the fird ~orghum hybrid,, Conrdt- 
natrd Sorghum Hybrids 1 ai~tl  2 
(CSH-I and CSH-2) durrrig l')bl 
and 1965 respectivrly and thc re- 
lease of a true breeding varrrtv 
Swarna in 1968 provided the material 
basis for the high-yirlding varrrtlcb 
programme pertaining to sorghum 
With increased yirlds of the ordcr of 
60-100 per cent ovrr the available im- 
proved varieties and maximum yirldc 
of 6000-7000 kg/ha under optrrnal 
conditions of cultivation, the fitst 



hyhdr hs*Htai a gmelk tnrark- performaw of the hybrid and the renth1 rapoms to popddon 
hou$h in the yleld k h .  variety is s u m m a  below. Yields of h a m a  wcrt u+ to 

CSH-I. T ~ C  fint commercial c Q M ~ ~ T I v E  pEwOR-cE OF h f i ~ d  U* VW 
hybrid, fIBH.1 wsr released for gme- CSH-I AND SWARNA thick populntimu pnibly dut to 
hk l : ~ ~ v ~ o n  in the and medi- -- ------- - - its m ~ t o f i i k  habit, Unlike th& kp 
, dmtion kbv ( ~ ~ l ~ , a ~ b ~ )  :;z (hi % of W8I-I brida, w h a  the fmur bu a 
mrs ~d the irrigated mmmet ptocun hybrid r e d  every yew, be 

Summct f i ~ J  gu- Kharif can save seed of B- md rtsC 
Wtm (February-May) all wer 1%7 1967 1967 1967 
& k c t r y  during 1984. This again. Swama is idcal for cultiw 

& h - y ~ &  hybrid is the product BW8'na 8850 9745 99 ' tion in arras where growing c d i -  
w d i a d o n  bcn male sbrile rdH-1 $86) 9682 IW o IW o tions are favourable. 

abmbint Kdir 60 and a yellow 2(136 23% 73 4 61.0 C"I@~ seed. As a d e  it i n  
&perm $dmdm& (IS 84). The - - - - better to purehw certihd scrnl 
h y b d  is dwarf (120.140 cm), The plantaof Swarnaaremedlum every year. Particularly seeds of 
ewb, m t u r a  in 90-100 days and dwarf (120-150 cm) and mature m hybrids need to b obtained each 

m average m.M per cent 110 days. Swarna IS particularly year since genetic breakdown occtua 
ificrem itl, grain over the characteriscd by an erect leaf habit. during the second y m .  Where 
linploved local varieties. Unlike CSH-I, it exhibited a diffe- certified seed is not available, eccd 

E k n  in veara like 1965 and 1966 
when vast a rea  were drought hit, Swarnc-the h1gh.yraMlng vsrlaty that equals hybrids 
CSH-1 yielded an average yield of 
2500 &/ha. During the six year 
period CSH-1 was tried in yield 
trials, national demonstrations, far- 
men' fields nnd also in scarcity rain- 
fall areas tike the Bcllary District 
of Myrae State. In no year the 
yields averaged less than 2000 kg/ha. 
Thia n a midernble improvement 
wu the national average of only 
&bout 450-500 kg/ha. Under opti- 
mal conditions of moisture and 
fertility grain yields of the order of 
8W kg/ha were recorded. 

CSH-8. The second hybrid CSH-2 
released during 1965 is atiitable for 

mid-late a m  during the 
&@ m. CSH-2 has been deve- 
lapod by ~ ~ g i n g  male sterile Corn- 
bine Ka& 60 with a yellow endoe- 
permhrgan (IS 3691). It h a  70-90 
per cent wperiodty wlth *@ct to 
p i n  yields while the forage yithls 
rre ahwit equal to the krcrls. 
Ualilre a - I ,  this hybrid is medium 
Is* (150-200 a) md maturea in 
110-im &p. 

Slq~no. Tkis is tbc kt + 
yiddy 4Wkty tbt  eqkmla the 
C Q ~ *  ItgBfkI CSEEl in v;M 
l e v & b e b i d a ~ ~ ~ r a  
it in Mght and rmitutity. f h m k  
h . & r . r f i r d r . n d a  tdl 
bWJbar--m 
i a * ~  'Fbt 

4 



& d d  bc tFatsd with a Mfigidde. 
-, GN, Ihiram, 
&#tan, Itc. a n  aome of t& h g i -  
dda coWmnly avaiEable. T w t -  
mom of ttk wed with the th&l 
carbeAvarn (Furadan) wilt control 
dhoDt  Ay, but t k  chemicdt is not 
m n t l y  avaikbb in India. 

Sd-but  pybararion. A god seed- 
bed needs to be prepared to destroy 
weeds, conserve moisture, warm the 
mil and provide favourable soil 
conditions for germination and to 
obtain a good sand. Whateva 
may be the kquipment uscd in 
preparing the swd-bed, it is wsential 
to see that the seed-bed is finn, 
mellow and moist. 

Grain sorghum is a heavy feeder 
of nitrogen; it also responds to 
phosphatic fertilizers in many soils; 

deficitncies are rarely came 
a c m .  The following fertilizer re- 
c~nmendatioru generally hold good 
in m e a l  instances, but it is always 
better to have the recummendation 
based on soil analysis. 

M (a) Apply 100-140 kg N/h$ 
in mas of aautcd high 
rai&li (4MLs(m mm/ 
miason or more). Thlr 
should be applied one 
half sit sowing time and 
otlc half at about 'Imee- 
high' stdge ( a b u t  90 
aay3 aft& wwing). 

(b) kErpty 80 kg Nth. in low 
ninfPil arcp. Thir 
s b o d d b e ~ I l a 4 Q  
JEB N/far was. 
T k ~ 1 0 4 r n 1  
hidmrtdba- 
at 8traud '*bi# 
j9kifWVw 
cibda w sf'* 

w W k ,  apply 60 kg P,Od 
ha in Q h  rainfiH areas, and 
40 Itg P,ojh. in low rain- 
fall arenr. 

K,O Rmarch information i d ] -  
cates rhat response to potas- 
durn is wry inbequent. 
Thmfort, no potassium 
should be applied except in 
tho% soil areas known to be 
deficient in potassium. A 
soil test is a good indicator of 
potassium status of mils 

Placemsnt. When fcrtihzers are 
applied in direct contact with sot- 
gham s*&, injury to germination 
frequently occurs Tht  ba t  place- 
ment af fertilizer for aorghums is ih a 
band along the row, two incha to 
the side and at leaat two inches deep. 
Thia is k t  done with a seed cum 
fertilizer sea drill. 

DaU Pf plantthg. Joullv should be 
planted as soon as possible after the 
rains &gin usually during the first 
fortnight of July. Late khany plant- 
iaga gm~raily &r heavy ahoot fly 
attack. "h pianting dates with 
1-1 virlCtiLs in difktnt  zones 
g~hCrilUy coinoide with the shoot 
fEy free periods. A8 a rule it is 
preferable to be w d l  within these 
planting dates. Planting from late 
Stptember to early October for rabr 
and late Janwry to w i y  February 
for summer W M , ~  wuld be genera- 
lly prattled. 

Ltr d plar~tifil. M h b k  data 
ihdiute that abollt 159,000 *ts/ 
ha I ~ W  6trfRdS*t fbr rtaaimurtl yields. 
Tkir is obtained by mcing p b t s  
12 cm dpart in m whtch we 45 
cm apart. Swains m L  to 
h&& p@hdtmr tfiJh a d - 1 .  
i$,&n$ b t$w&w0. 

fader roots which arc. near the soil 
surfate. 

Irrtgation. jarbar is drought-to- 
lerant, but responds well to favour- 
able moisture conditions. With 
optimum moisture, fertility and popu- 
lation Icvcls yields of the order of 
8000-9000 kg/ha a n  obtained. For 
maximum yields, a plant should 
never show drought strew. A very 
heavy pre-planting irrigation to wet 
the sub-soil a mast uaeful. The 
plant requires moat water at boot 
b f  and headlng stages and watering 
befare these periods ir essential. 
When firtiliners are applied, it is 
necessary to irripte so that the 
nutrients are available to the young 
growing planta. After the dough 
stage, Ipplication of water is not 
necessary. Imigatlon wata is best 
applied through graded furrows. 

Shoot-fly, stem-borer and midge are 
the serious p a b  of sorghum; earhead 
bug also cause9 heavy damage in 
some years in South India. The 
following control meaavea will be 
useful. 

Shwtgy. Where shmt-fly .is a 
problem use 10 per cent phorate 
granules at 1.5 grn/matre raw 
or 5 per cent disulfoton (Thi- 
odemeton) at 3.0 gm/metre row 
in seed furrows at the time of sawing. 
If phorate and digulfoton ate not 
availabfe, ~ n n e  control may be 
obtained in early kharf reason by 
spraying the crop with carb&yl 
(50% W.P.), 2 kg or &&in (20% 
E.C.) f litre, or a mixture of endrin 
(20% E.C.) 375 cc and methyl 
derneton (25% E.C.) 250 cc in 450 
tb sbO littea of W r k r  per hectare. 
TbeabprtrwldtJe~edhvice,  
t M ~ l p i r y . 8 e r S t o 5 d a j Y o f  
eW@$iwr: af rSeaUryp and tiYe 
d 5 t o 7 d a y s & & e B n t  
spy. Addition oE a wetting agent 
In tlu rprsyll may give better results. 



in all the sorghum-growing areas, be used the quantity of ture content of sorghum should not 
normally sown crops in rabi areas water requimd will be be more than 12 percentwhen it is 
and monsoon crop in Tamil Nadu. about one-third, the quan- placed in storage. This is important 
Whcr~  two crops of sorghum are tity of insecticide added if the g a i n  is to remain in storage for 
taken in a year the damagc is likely per hectare should be the several months. Storage is not nor- 
to be heavy in both the crops. same. mally difficult.in the dry areas, but 

2. Proprr precautions should is difficult in the humid areas. The 
Stem-boret be taken in using these storage bins should be cleaned and 

(i) Uprooting the stubbles and poisonous chemicals. sprayed with a satisfactory insecti- 
burning them will reduce 

maus Control 
cide. Fumigation will also keep the 

the possibilities of infestation. 
Sad  lrcafmnt. (a) Treat seeds 

insects under check. 

(ii) Apply granules Per cent with Thiram, at 2 gm per kilogram Multipkcroppin8. Most improved lindane, 10 Per cent mala- of seed. When certified seeds are varieties of sorghum are late and 
thion, 4 Per c a r b a ~ l  obtained, the seeds are already are grown as single crops during 
or 4 per cent endosulfan treated. 
two to three tirnrs at 10 days kharif or mbi. The availability 

intcnral, starting 20 days Field spray. Diseases are not gene- of relatively early and photoin- 
oftrr cmrrgrnce of seedlings. rally serious in sorghum, but when- sensitive hybrids and varieties like 

.I.],,. ,ate of application for ever it is a problem the following CSH-l and Swarna practise 

the three treatments should control measures are available. multi~le-crO~~ing~attcrns.  
be 0, 12 and 15 kg/ha. Rice could be followed by sorghum 

(a) Spray from 45 days with in late January or early February. 
(iii) Alternatively the crop n~ay  Or at 

Sorghum hybrids and varieties also 
bc treated with spray for- I to l f  Repeat with stand ratooning. The growing of 
mulations oftheabove insecti- an of lo l5 days early hybrids in kharif could be 
tides at the same dose of twice to control leaf diseases followed by a winter crop. While 
active ingredients in 500 to like rust, leaf blight, zonate the nav hybrids and varieties are 
600 litres of water per hec- leaf spot, etc. tailored to fit into multiple cropping 
tare. Wherever mite is a (b) Wherever, sugary disease is patterns under irrigation, they could 
problem, add 2 kg ofwettable a problem, spray with ziram also enable conversion of the tradi- 
sulphur. Both the granules 0.15 Per cent (about kgIha) tional long duration kharif and rabi 
and the sprays should be at boot leaf stage, mpeating2 jowar tracts of Maharashtra, Mysore, 
directed toward the leaf to 3 times at Andhra Pradesh, Madhya Pradesh 
whorls. interval. and Gujarat and Rajasthan, etc. into 

For midge control spray the ears (c) Dust the ears just after emer- two crop areas per year. 

before flowering (about three gence with a mixture of BHC 
days after panicle emergence) with plusDDT 10 per cent (1 :1) Conc~usion. Stabilisation of yield 

carbaryl (50% W.P.) 3 kg or lindane or carbaryl (sevin) I0 per cent levels of grain sorghum, which are 

(20% E.C.) 1.25 litre or endosulfan plus sulphur at 10 to 15 kg/ha. presently at  a low level of 450-500 

(30% E.C.) 1 litre in 500 to 600 litres This will control the insect kglha, is the imminent problem. 

of water per hectare. (In case of carriers of sugary disease as With the available hybrids and 

continued infestation, repeat spray- well as control the midge, varieties and adoption of the re- 

ing after 5 to 7 days). A 10 per cent commended package of practices, 
Fidd sanitation and adjustmtnf ofsowing it is feasible to stabilisc the average carbaryl dust may also be used for 

midge control applied at the rate yields at  2000-2500 kg/ha under 

of 20 kg/ha. (a) Remove and burn all the rain-fed farming. Thia could be done 
plants showing downy mil- only if the mommended fertiliaerand 

For earhead bug and caterpillars dew infection or whole head insect control meas- are similarly 
at  the milky stage, treat the earn smut ears and also ears applied. Under irrigation, a- 
with 10 per cent carbaryl dust with showing honey dew stage. yield levels could rise up to 6000- 
sulphur (18 :2)or 1 .3  per cent lindane 
dust at 20 kglha. 

(b) Adjust sowing date so that 7000 k of grain prr hectare and 

the flowering period does not under ~ t e ~ t i o n a n ~  Bood conditions 
.NO&. I. The quantity of spray coincide with cool, moist UP to 9000 bb. K d a *  the new 

mentioned is for bucket weather. varieties would permit multiple 
cropping pttuas botb under irri- 

1s to H m t i n g  and storing. The mob gated and rein-fcd fuming, 
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GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN
SORGHUM IV. CHI-SQUARE ANALYSIS OF ASSOCIATION
BETWEEN YIELD, MATURITY AND PLANT HEIGHT IN Fa

GENERATION

G. HARINARAYANA, N. GANGAPRASADA RAO and RAJNI VENKATRAMAN1

All India Coordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad-^, A.P. 

(Accepted : 29-V-71)

UTILIZATION of dwarf and early genotypes is becoming increasingly important
in most crop breeding programmes including sorghum. The tall and late
Indian sorghums could contribute to high yields if suitable segregates are ex-
tracted from crosses involving dwarf exotics (Rao, 1970). However, response
to selection from such crosses of sorghum is frequently limited due to character
association, the association between grain yield, plant height and maturity being
of particular significance. While the genetics of plant height (Quinby and
Martin, 1954 and Quinby, 1967) and maturity have been extensively analysed
in sorghum, available information on their inter-relationships is inadequate.
The nature of association between the three characters is examined in segrega-
ting populations of crosses among three diverse sorghum varieties.

MATERIALS AND METHODS

IS. 3691 (a derived yellow endosperm kegari) and Kafir B (fertile counterpart of male-sterile combine
kafir 60) were used as dwarf and early parents in cross combinations with B.P. 53, a tall and late Indian
variety. The parents, the three possible Fr 's and Fa's furnished the material for the present study. The
experiment was grown in a randomised block design with three replications. Observations were recorded
on nine parental and nine F : plants in addition to 45 F 2 plants per replication. The differences between
replications were not significant and hence the plants from all replications were considered as a random
sample; making a total of 135 F2 plants per cross and 27 plants for each parent and F ^ Data were
collected on three characters, maturity measured as days to 50% bloom, plant height (cm.) and grain
yield per plant (gm.).

The association between pairs of characters was examined in two-way tables by total X2> the class
intervals for days to bloom (A), plant height (B) and yield per plant (C) being 5 days, 10 cm. and 10 gm.
respectively. The total X 2 w a s partitioned into X 2 ' s due to intergroup, intragroup and regression which
are respectively related to linkage, pleiotropy and physiological association (Jeswani and Murty, 1963).

The intergroup %a was obtained by forming three sub-groups under each character (At, A2, A3;
Bi, B2, B3; d , C2, C3 as the character may be) based on the ranges of the two parents and the F r for
each cross. For example, with respect to the two-way table, days to 50% bloom X plant height, there will
be nine sub-groups, namely, A,Bi, AiBj, A,B3, A2B!, AqB2, ASB3, A3BI ; A3B2 and A3B3 denoted by
the subscripts 1-1, 1-2 etc. as in Table 2. The chi-square based on these group totals is the intergroup

iPresent Address: 1. Cummings Lab, Genet. Div., IARI Delhi-12.
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The intragroup Y2 was calculated on the basis of the cell frequencies within each group. Where
overlapping occurred, new groups were formed. R, R ; and R2 in Table 2 refer to such overlapping clas-
ses between Px and P2, P x and F t , and Pa and F j , respectively. R, R , and R a occur as subscripts to A,
B or C as the character may be.

Regression Xa was calculated by the procedure described by Cochran (1954). For this purpose,
two yield and two maturity classes were formed considering less than 80 as low and more than 80 as high
in the respective cases. The limits of 80 gm. and 80 days were taken as points of demarcation since these
correspond to the mid-parent yield per plant and days to bloom.

RESULTS

The probability of no association based on all classes in the frequency
table indicated limited overall association and this was particularly true of
crosses involving B.P. 53 (Table 1). This appears to be mainly due to the lack
of strong linkage as revealed by an examination of the relationships between
pairs of characters (Tables 2 and 3).

The main conclusions are summarized in the following table:

Days to 50% bloom Days to 50% bloom Plant height
X X X 

Plant height Yield Yield

Linkage Weak Negligible Weak
Pleiotropy Strong Strong Considerable
Physiological

association Considerable Negligible Considerable

The chi-square partitioning has thus brought out the importance of
pleiotropy, and physiological association to a limited extent, in the inter-
relationships between days to 50% bloom and plant height with yield. This
is particularly true of the associations between maturity measured as days to
50% bloom with plant height and days to 50% bloom with grain yield.

DISCUSSION

Earlier studies on combining ability from a diallel mating system between
exotic and Indian parents indicated that while the nature of gene action for
flowering time and plant height was essentially additive, non-allelic interactions
appeared to be of considerable magnitude in influencing grain yields (Rao,
1970). Graphic analysis further revealed that the distribution of dominant
and recessive alleles governing yield and flowering was assymetric and in
opposite directions; the tall Indian varieties possess the dominant alleles for
yield and plant height while the dwarf exotics have the dominant alleles for
flowering, that is, earliness. Efforts to bring the recessive alleles for height
together with the dominant alleles for flowering (earliness) and yield in
homozygous condition have frequently met with difficulties and the recovery
of desired recombinants is not to the extent anticipated on account of dis-
continuous distribution of yield classes. That there is a positive relationship
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between maturity and yield in sorghum is also known (Dalton, 1967). This
necessitated an analysis of the factors limiting response to selection among which
linkage, pleiotropy and physiological association are important (Falconer, 1967).

The association observed between the pairs of characters is expected since
the maturity locus (Ma,) in the heterozygous condition increased yield and
it is also linked to the second height locus, Dw, (Quinby and Karper, 1945;
1946) which in turn influences yield and days to flower (Graham and Lessman,
1966). In addition, it is also known that the Dw3 locus alters the yield poten-
tial substantially (Casady, 1965; 1967; Hadley et al., 1965). The present
findings based on the X3 partitioning thus lend support to the earlier ones that
the three loci, Ma„ Dw8 and Dw3 are pleiotropic in their effects.

Experience has shown that highly productive lines could be obtained
from crosses of dwarf exotics with tall Indians at intermediate maturity and
height ranges rather than at the extremes. The recovery of useful recombinants
in the intermediate ranges was also confined to very few crosses even though
over a hundred such crosses were handled. In view of these findings, it appears
that a two gene dwarf (Dw2 and Dw, remaining in homozygous dominant
condition) and flowering in 75-80 days (in July plantings in India) may provide
an ideal genotype for sorghum for realising maximum yield potential. The
heterozygous condition of Ma, is an advantage which could be exploited in
hybrid programmes or through apomictic fixation in line development (Rao
and Narayana, 1968).

With the assembling of the World Sorghum Collection, there is increased
interest in the use of the tall Indian and African germ plasm in sorghum
improvement in recent years. Limited recovery of desired recombinants is
prone to influence the breeders to resort to intermating procedures to force
recombination. It therefore appears desirable to handle a large number of
crosses to identify the fruitful combinations instead of intensive manipulation
of few crosses based on information from conventional combining ability analyses.

SUMMARY

In conventional hybridisation between dwarf early and tall late types,
response to selection is frequently limited due to association of characters,
particularly plant height, maturity and grain yield. Using a chi-square method
of partitioning, an attempt is made to distinguish between linkage, pleiotropy
and physiologial association. Strong pleiotropic effects of the flowering and
height genes are indicated. Handling a large number of crosses in preference to
intensive handling of a few crosses is fruitful while bringing in recombination
from crosses involving divergent parents for height and maturity.
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GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN
SORGHUM V. CHARACTER ASSOCIATION AND RESPONSE TO

SELECTION IN ADVANCED GENERATION PROGENIES*

B. V. SUBBA REDDY and N. GANGA PRASADA RAO

All India Coordinated Sorghum Improvement Project, I.A.R.I. Regional Research 
Station, Hyderabad 30, A.P. 
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FROM a chi-square analysis, Harinarayana, Rao and Venkatraman (1971) felt
that in addition to linkage, strong pleiotropic effects of flowering and height
genes also played an important role in the association of dwarf stature and earli-
ness. A positive regression between maturity and yield is also generally indi-
cated (Dalton, 1967). Under the circumstances recovery of dwarf, early and
high yielding recombinants poses several problems to the practical plant breeder
and progress from selection is frequently limited. In the present study an
attempt is made to analyse the nature of character association and progress
from selection in a sample of F4 and F5 segregates derived from some exotic
X Indian sorghum cross combinations.

MATERIALS AND METHODS

The experimental material used in the present study consisted of advanced generation progeny of
seven crosses, their parents and Fx hybrids, as furnished below : 

The parents IS 2954, IS 84, IS 2031, IS 3687, IS 3922 and R. 78 represent dwarf, early parents
whereas B.P. 53, Karad local, M. 35—1 and Aispuri represent tall Indian parents. A detailed description of
the parents was reported earlier (Rao, 1970). The advanced generation families chosen for the study
represented a range of heights and maturities and not necessarily the most superior ones for grain yield.

Family No. Sib No. Pedigree

1. F5—13, 14, 15, 16, 17 and Fz IS 2954 x B.P. 53

2. F5—66, 67, 68, 69, 71 JJ

3. F5—127, 128, 129, 130, 131 and F : IS 84 x B.P. 53

4. F5—203, 204, 205, 206, 207 and Ft R. 78 x B.P. 53

5. F5—319, 320, 321, 322, 323 and F , IS 2031 X Karad Local

6. F5—528, 529, 530, 531, 532 IS 2031 X Karad Local

7. F5—825, 826, 827, 828, 829, and F , R. 78 x M. 35-1

8. F5—945, 946, 947, 948, 949 and F , IS 3687 X Aispuri

9. F4—1223, 1224, 1225, 1226, 1227 and F r • IS 3922 X Karad Local

10. Exotic parents: IS 2954 (Shallu), IS 84 (Yellow endosperm feterita), IS 2031 (Sel. 133),
IS 3922 (Sel. 393), IS 3687 and R. 78 {Kafir types).

11. Indian parents: B. P. 53, Karad Local, Aispuri and M . 35-1.

*Part of the M.Sc. thesis submitted by B. V. S. Reddy to the P. G. School of the Indian Agricul-
tural Research Institute, New Delhi-12.
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The material was grown in a compact family block design with three replications. Each repli-
cation was divided into 11 blocks to each of which the 11 families were randomly assigned. Within each
block, the entries were allocated randomly. Each plot was a row of 2-4 m. length with 75 cm. between
rows and 15 cm. between plants. Two to three seeds were dibbled per hill and later thinned to one plant
per hill. Within each replication, the families were separated by a row of male sterile Kafir 60._

Five plants in each row were selected at random for recording observations on (1) yield in gm. per
plant, (2) height in cm., (3) days to 50% bloom,_(4) 100 grain weight in gm., (5) panicle length in cm.
and (6) number of secondary branches per panicle.

The data were subjected to compact family block design analysis as outlined by Panse and Sukhatme
(1967). The phenotypic, genotypic and environmental correlation coefficients were calculated using
standard procedures. The direct and indirect contributions of some yield components like plant height,
days to 50% bloom, 100 grain weight, panicle length and number of secondary branches to yield were
estimated as suggested by Dewey and Lu (1959). Selection indices and expected genetic advance were
computed as suggested by Robinson, Comstock and Harvey (1951). The correlated responses were esti-
mated by the formula suggested by Johnson, Robinson and Comstock (1955). The predicted genetic effects
of selection were calculated on the assumption of additive genetic variance. Genetic advance in an un-
selected character (gi-2/<T2

p.r) x ^ w n e r e gi-2=genetic covariance between the selected (1) and
unselected (2) characters, cr2p-i=plienotypic variance of the selected character (1) and K=selection
differential at a particular selection intensity (K at 5% selection =2-06).

RESULTS

ANALYSIS OF MEANS
An examination of the family means indicated significant differences

between families for almost all the characters under study. The exotic parents
were generally dwarf, early and low yielding. The Indian parents, on the
other hand, were tall, late and high yielding. The F,'s were most vigorous
and most of them are markedly superior to the commercial hybrid CSH-1 in
respect of grain yield. The advanced generation hybrid derivatives represent
a range of variability between the parental types. The most superior families
tended to be tall and late. The family means of some of the derivatives were
equal to the commercial hybrid, but none of them approached the corresponding
Fj values with the exception of secondary branches in one family, where it
exceeded the Ft value. In general, most values tended to be intermediate
between parents, exhibiting marked superiority for yield over exotic parents
only.

While within the family differences for grain yield are significant only
for two families, the differences with regard to the components of yield
including maturity and plant height are significant in several families. This is
indicative of the fact that for these characters sufficient uniformity is not attained
by the F5 generation and further selection is necessary to reach acceptable levels
of homogeneity for commercial purposes.

PHENOTYPIC, GENOTYPIC AND ENVIRONMENTAL CORRELATION COEFFICIENTS

The phenotypic, genotypic and environmental correlation coefficients
were estimated in all the parents as one group, in F5* lines as another group
and parents and F5 combined as the third group. The data are presented in
Table 1.

*Includes one F 4 family.
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TABLE 1 

Phenotypic (P), genotypic (G) and environmental (E) correlations 

Characters
Plant Days to

height 50%
(cm.) bloom

100-grain Panicle
weight length
(gm.) (cm.)

No. of
secondary
branches

(a) Based on parents 

Yield/panicle (gm)

Plant height (cm)

Days to 50% bloom

100-grain weight (gm)

Panicle length (cm)

Yield/panicle (gm)

Plant height (cm)

Days to 50% bloom

100-grain weight (gm)

Panicle length (cm)

p •60 •66* • 81** •36 •53
G •60 •67* •83** •38 •54
E •15 •17 •09 •43 •63

P •92** •09 •69* •23
G • 92** •10 •70* •24
E -•17 -•40 •32 •42

P •21 •56 •49
G •21 •57 •51
E •15 •07 •05

P _•17 •50
G -•16 •55
E -•49 •41

P -•30
G — 34
E •58

(b) Based on F5 lines 

P •57** •66** -•19 37* . 54**
G •64** • 71** -•22 37* •58**
E -•10 •01 •05 35* •24

P •13 •32* 17 -•12
G •13 •34* 18 -•12
E -•05 •02 05 -•06

P -•36* 02 .75**

G -•38* 03 .73**
E •09 09 -•13

P _ 48** -•51**
G - 52** -•55**
E 01 -•02

P •31*
G •31*
E •32*
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TABLE 1—(Conld.)

513

Characters
Plant
height
(cm.)

Days to 100-grain
50% weight

bloom (gm.)

Panicle
length
(cm.)

No. of
secondary
branches

(c) Based on combined data of parents and F5 lines 

Yield/panicle (gm)
P
G
E

•63**
j . 0 1 * *

.43**

•68** -46**
•89** -70**
•57** -06

-•16
-4-68**

•38**

.54**
1-82**

.46**

Plant height (cm)
P
G
E

•61** -40**
1-02** -49**

•37** -10

-•36**
-3-57**
-•01

•08
1-46**
-•08

Days to 50% bloom
P
G
E

•23
.97**

-•34*

- •51**
-5•79**

•15

• 52**
1-40**

•61**

100-grain weight (gm)
P
G
E

_-29**
1-42**
-•38**

•13
4-51**
_.44**

Panicle length (cm)
P
G
E

-•17
+

•50

+ = Spurious value.

The data based on parents and F5 lines separately, indicate that the
phenotypic correlations reflect the genotypic correlations. However, when the
data for parents and F 5 are combined, some of the genotypic correlation co-
efficients assumed spuriously high values.

The correlation coefficients based on parents reveal significant positive
association between grain yield and days to 50% bloom, plant height and
flowering, yield and seed weight and a significant negative correlation between
plant height and panicle length.

The correlations based on F5 data indicate significant positive associations
between yield and height, yield and flowering, yield and panicle length, yield
and secondary branches and panicle length and secondary branches. There is
negative correlation between flowering and seed weight, seed weight and panicle
length and seed weight and secondary branches.

When the data are combined, most associations tend to assume signi-
ficance, with larger genotypic correlation coefficients.
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TABLE 2 

Genetic gain from selection based on selection indices 

SI.
No. Selection index

Genetic
gain

Relative
efficiency

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.

39.

40.

!•

•560550x1
•305356x2
•962016 x3

-6-333503x4
1-070691 x5

•482597 x6
•932470 xl
•052381 xl
•475373 xl
•515352 xl
•264995 x2
•374769x2
•283154x2 + 
•341795x2 + 
•989227 x3 4-
•950633 x3 + 
•889779x3 4-

-1-284089x4 4-
3-178169x4 + 

•622617 x5 + 
•429581 xl 4-
•805320x1 + 
•894343 xl + 
•078506 xl + 

-•162507x1 + 
•508568x1
•301039 x2
•242955 x2
•303761 x2
•370048x2
•361060x2
•336126x2 + 

1 • 105445 x3 + 
•884966 x3 + 

1-140901 x3 + 
7-126877x4 + 

•363366 xl + 
+ -5-566552x4
•19661 x l ±-198257
•910896x5
•806460x1 + -
+ --03834x5

-•090687x1 + 1 
x4 + -80629 x5

345198 x2
129419 x3

+-15-034387x4
+ -393453 x5
+ -867784x3
+ -13-716532x4

• 780092 x5
•552039x6
1-705005x4
1-020688x5
•061439 x6
1-011303x5
•527875 x6
•426803 x6
-•233151 x2 4- -849379 x3
-•267796 x2 + -7-723269 x4
•342410x2 + -305748x5
•948242 x3 + -9-777222 x4
1-323818x3 4- 1-109223x5

+ -16-676906 x4 + — 369980 x5
+ -757475 x3 + -6-108760 x4
+ -866970x3 4- -775746x5
4- -482603x3 4- -315881 x6
4- -13-228587 x4 4- -079100 x5
4- -4-613057 x4 4- -490232 x6

•162690x5 4- -536308x6
10-018502x4 4- 1-475893x5
2-698657x4 4- -102164x6
1-182181 x5 4- --163359x6
•868796x5 4-
183029 x2 4-

506277x6
•806430x3

4- 1-050931 x3 4-

265929x2 4- -7-944467x4

179654x3 4- -4-914754x4

19-84 100-00
19-82 99-89
22-58 113-81
6-59 33-20
11-57 58-32
17-85 89-98
26-63 134-22
27-72 139-74
24-62 124-10
19-64 99-01
28-29 142-62
23-10 120-97
21-49 108-31
28-35 142-93
22-64 114-11
25-13 126-66
22-63 114-06
11-63 58-62
18-08 91-12
18-96 95-60
29-98 151-11
27-46 138-43
26-80 135-11
29-29 147-66
29-69 149-64
24-84 125-22
28-82 145-25
29-48 148-58
29-24 147-38
24-01 121-02
28-63 144-31
28-40 143-17
26-49 133-52
22-76 114-71
25-39 127-97
19-85 100-07
30-36 153-03

31-17 157-13

27-47 138-45

29-92 150-84
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TABLE 2—{Contd.) 

515

SI. Genetie Reletive
No. Selection index gam efficiency

41. •195523x1 + --202002x2 + 1-061680x3
+ 5420202x4 + -940570x5

31-18 157-15

42. •246315 x2 + -858798 x3 + --453954 x4
+ -751731x5

29-48 148-59

43. •321901 x2 + -465458x3 + -4-020269x4
+ -270408x6

29-44 148-39

44. •270910x2 + -647626x3 + -569560x5
+ -180058x6

29-69 149-67

45. •363595x2 + -4-862561 x4 +- --042858x5
+ -491034x6

28-63 144-32

46. 1-199978x3 + 9-528680x4 + 1-540299x5
+ -•087662 x6

26-56 133-87

47. •276457 x2 4- -633048 x3 + — 722154 x4
+ •529875x5 + -181354x6

29-70 149-69

xl =yield per panicle (gm.) x4 = 100-grain weight (gm.)
x2=plant height (cm.) x5=panicle length (cm.)
x3=days to 50% bloom x6=number of secondary branches.

PATH ANALYSIS

The correlation coefficients were further partitioned through path analysis
for parental, F5 and combined groups, at phenotypic and genotypic levels.
The results are presented in Fig. 1.

FIG. / PATH COEFFICIENTS

PARENTS

0 PHEMQTyPIC

f j L INES

0 •PHENOTYPIC 

PARENTS AND FS LINES

0. PHENOTrP/C

&V

0*362 i I 4 . . . . . l*r -~— * 

—tJ"'"" * ^ z r ^ ~ \ )-32206 Y C T 4096 h 

'•ii—t*

b .GENOTYPIC

• 3 0 4 3 0

Y=Yield/Panicle (gm.); D - days to 50% bloom; H = P l a n t height (cm.) S = N o . of secondary branches.
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As in the case of correlation coefficients, there was general agreement
between the path coefficients at genotypic and phenotypic levels. The analysis
based on the parental group further reveals that the direct effect of plant height
on yield is considerable but the indirect effect via flowering is in the negative
direction. Similarly, the direct effect of flowering is in the negative direction,
but the indirect effect via plant height is positive and of considerable
magnitude. The direct effect of grain weight is also positive and of
considerable magnitude. While the direct effect of panicle length is positive,
plant height influences this to a considerable extent in an opposite direction.
Grain weight and plant height seem to influence indirectly the number of
secondary branches.

The situation with regard to the path coefficient estimates from F5 lines
is somewhat different. While the direct effects of plant height and flowering 
on yield are positive, the indirect effects are not pronounced. On the other
hand the direct effect of 100 grain weight is itself negligible and the indirect
effects of other components assume importance. In case of secondary branches
the indirect effect of flowering is of greater magnitude.

Path coefficients based on combined data reveal the importance of direct
as well as indirect effects of plant height and flowering on yield.

SELECTION INDEX

The predicted gain from selection based on several indices involving the
six characters under study is presented in Table 2. The indices were calculated
based on the F5 data.

TABLE 3 

Correlated response in terms of genetic advance 

Characters selected for
Response in

Characters selected for
Plant

height
(cm)

Days to 100-grain
50% weight

bloom (gm)

Panicle
length

(cm)

No. of
secondary
branches

Yield/panicle (gm)
Plant height (cm)
Days to 50% bloom
100-grain weight (gm)
Panicle length (cm)

33-40 13-77 - - 1 8
2-90 -31

- • 3 8

3-25
1-79

•28
- 4 - 7 7

17-14
-3 -97
27-53

-17-15
10-23

An examination of the relative efficiencies indicate that selection for
plant height alone is as effective as selecting for yield. Selection for flowering 
alone is superior to selecting for yield by 14%. If the selection is based on
yield and plant height or yield and flowering or flowering and plant height, the
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efficiency increases by 34%, 40% and 42% respectively. Of these three
combinations, gain is more in two combinations in which flowering is included,
rather than plant height.

Selection for grain weight, panicle length and number of secondaries by
themselves reduces the efficiency considerably. A combination of any of these
three components is also not as effective as selection for yield itself.

Selection index, based on any five of the six characters is only 6% more
effective than selection based on three characters namely, yield, plant height and
flowering.

CORRELATED RESPONSE

The influence of selecting for one character on other characters is presented
in Table 3. It will be seen that the influence of selection for yield is primarily
on plant height and flowering time. Similarly, the influence of selection for
plant height is on flowering. Selection for plant height influences negatively
secondary branches of the panicle. The influence of flowering is again on
secondary branches, yield and plant height.

Selection for grain size has generally a negative influence on all characters.
Panicle length primarily influences secondary branches and yield. Selection for
secondary branches has maximum effect on flowering, yield and panicle
length.

DISCUSSION

An examination of die phenotypic and genotypic correlations based on
the parents alone, the F5 segregates and a combination of the parents as well
as advanced generation progeny clearly indicates the importance of associations
particularly between yield and flowering, yield and plant height, plant height
and flowering and yield and secondary branches of the panicle. The correlation
coefficients based on F5 generation are particularly significant and meaningful
since the associations were maintained after five generations of visual selection.
The studies on correlated response also reflect the same situation, bringing
out the importance of flowering and height genes in influencing yield.

Partitioning of the correlation coefficients into direct and indirect effects
through path analysis throws further light on character associations. The
direct and indirect effects based on parents show that primarily the influence of
flowering on yield is via plant height, and that of plant height via flowering. 
On the other hand, the direct and indirect effects based on F5 progeny do not
show pronounced indirect effects of flowering and height genes. The direct
effects of plant height and flowering are pronounced, while the indirect effects
are not. The indirect effects of other componets assume greater importance
in F3 generation. This is significant and is obviously the result of selection
which dissipated initial indirect effects.

Thus it appears, that in base populations, flowering and plant height
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are the major components of fitness and are clearly associated in influencing
yield both directly and indirectly. Selection towards earliness and dwarfness
dissipated the indirect effects, but the direct effects still remain prominent.
In this process, the indirect effect of other components of yield assumed greater
importance.

An examination of several selection indices based on the components of
yield under study also brings forth that flowering and plant height are the most
important components of fitness. If the selection is based on yield and plant
height or yield and flowering or flowering and height, the efficiency increases
by 34, 40 and 42% respectively. Emphasis on these three characters is almost
as effective as selection based on any five of the six characters.

The lack of marked response from crosses of related sorghum varieties
and the consequent emphasis on the exploitation of exotic variability is well
recognized. The high yielding families tended towards lateness and tallness.
There is transgression of parental limits, but there is no transgression of F t

with the exception of panicle length in most cases and the number of secondary
branches in one family where the offspring exceeded the corresponding F,
hybrid. It is also interesting to note that high yielding hybrids yielded superior
progeny and hence a high mean value for F, together with other criteria like
the nature of combining ability becomes a desideratum if high yielding derivatives
are to be isolated (Rao, 1970). Further the differences within a family were
also significant in most cases indicating that homozygosity and homogeneity
are not yet attained and further response to selection is feasible.

As has been discussed, combining high yield levels with dwarf stature
and earliness has become almost inescapable in several crop breeding pro-
grammes. While the brachytic dwarfs revolutionized sorghum production in
U.S.A., a dwarf and early genotype of non-tillering grain sorghum does not
appear to provide immediately a favourable genetic background on which
further higher yields could be built up for future.

The work of Saunders (1969) on cotton reveals a reduction in recombina-
tion values for linkage groups brought about by the transfer of linkage groups
from one species to another resulting in low variability and hence low response
to selection. On the other hand the Dee-geo-woo-gen dwarf mutant in rice
and the Norin dwarfing genes in wheat provided a favourable genetic back-
ground to increase tiller number and yield levels. Efforts to identify suitable
recombinants could result in a relatively dwarf and early genetic base around
which the superstructure of high yields could be built up by various breeding
manipulations.

In an inbreeding population increasing level of inbreeding has much
the same effect on the genetic unbalance as tightening linkage (Jain and
Allard, 1965 and 1966). Where linkage counters response to selection, recom-
bination through intermating is the only means of releasing variability.
Mutation may also provide the necessary variability, sometimes so startingly,
that the gap between wild and cultivated forms is bridged as in the case of the
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nonshattering mutants of cereals or the spiral twist of seed hair that enabled
cotton to be spun (Walker, 1969).

SUMMARY

Yield performance and nature of character association in a sample of F4

and F5 segregates derived from some exotic X Indian cross combinations of
sorghum were studied in relation to the parents involved and the corresponding
Fj hybrids. The F, hybrids represented some of the high yielding exotic X 
Indian combinations. The segregating families were not the most superior
lines available, but represented a range of variation for height, maturity and
yield between the parental extremes.

1. The family means are generally superior to the dwarf, exotic parents
and sometimes to the mid parental values as well as high parents, but they were
not generally superior to the corresponding F, hybrids. There was transgres-
sion of parental limits but not transgression of the F, with the exception of
panicle length in most families and secondary branches in a few crosses. The
differences within a family were also significant indicating that sufficient
homozygosity and homogeneity were not attained and that further response to
selection is feasible. The superior progenies generally tended towards lateness
and tallness.

2. Phenotypic and genotypic correlations based pn parents, F5 segregates
and a combination of parents and F6 offspring clearly established the positive
relationships between flowering and yield, plant height and yield, flowering
and plant height, and yield and secondary branches of the panicle. The
correlation coefficients based on F5 generation are particularly significant since
the association was maintained after five generations of selection.

3. Partitioning of the correlation coefficients through path analysis
indicated that in the parental group both direct and indirect effects of plant
height and flowering were pronounced. On the other hand in the F5 progenies,
while the direct effects are pronounced, the indirect effects of flowering and
height were dissipated. The indirect effect of other components like grain
weight assumed greater importance.

4. Studies on correlated response further revealed the interrelationships
of flowering, plant height, yield and secondary branches which appear to be
the most important components of fitness. 

5. Evaluation of various selection schemes revealed that selection for
flowering and height were more effective than selecting for yield itself. Selec-
tion based on yield, flowering and plant height was as effective as selection based
on all the six components under study.
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36 ADAPTABILITY OF GRAIN S O R G H U M  
e HYBRIDS A N D  VARIETIES 1N INIIIA 

8. S. RANA, K. BAWKOTAI4H, 
1). P. TRIPATHI md N. G. 1'. RAO 
lndinn Agricuhural Rescorch Insrirure 
Rrgional Research Sforion 
Hyderahod 

That traditional lildian sorghums are highly local in their adaptation 
hu been well recognized (Chavan and Shendge, 1957), During the 
period 1%5.1970, four high yielding hybrids and an improved dwarf 
variety, Swarna were developed and relased for general cultiuution. 
While the superiority of these recent hybrids has been well established, 
the question of their adaptabil~ty to speciiic regions of the country has 
baa faqucntly raiaed. The present paper i~ an attempt to study the 
adaptability of the recell[ly developed sorghum strains. 

'Ib experimental material comprised of eight hybrids and two varie- 
th. Pwr of the hybrids, CSH-I, CSH-2, CSH.3 and PSH-2 and the 
vlrbty S'wm were released for general cultivation and the rest corn- * afslpcrimaatal hybrids and the napcctive local check, which was 
tL &st rvailrbk improved variety, at each of the test locations. The 

~lt ihh from Ih AU l n d ~ a  Co.ord~nnhd Sorghum Lnprovcrnent Project. 

S M l C  
ICRISAT LIBRARY 



I O I ~ I  IIUIII~CI ,>I' 101 l ~ ~ ~ ~ ~ ~ t i o r i s  ~ L I I I I ~ ~  tllc three )car period was82. 
I l l l i ~ ~ i ~ g I i  t i ~ t i . r l  ol ' r l i i '  C I ~ I I I ~ S  . ~ t i d  IIIC:~~~OI~S Herr common during this 
~ i c r i od .  Iherc \\crc aollie \,~ri;~tiuns f:iglit 10 ten entries were common 
.I! 54-81 Ioc;~l i . i~i\ .  

I liusc h! h ~ l i l i  and iarletie. (getio~ypcs) wcrr. grown i ~ i  a randomired 
c(i~nplc(c hlocl. dc ig r i  t,\er ~ h c  82  dlvclsc location, for  three years, 
Y O - 7  1 1  t i  I ~ I I  I ( . I u l O h r  A !let plot size of 
I . t :  . 7.5 niclcrr \\,IS ~ ~ l i ~ l ' ~ ~ r n i l !  l i ldi l l la~l led. 

Srnhil i t l  atrsl)ri< \$a \  i..lvrlcd out ovcr uncqudl number o f  c n t r i n  and 
Ioc:~riolir Vollo\\ i t~g 111% ~ ~ i c t l ~ t i J o I o ~ ~  of Ehetharr dnd Rusaell (1966). 
Tllc pl1i'nol!pic i ~ ldc \ .  I' !$,I\ c.~luul:ttcJ ar the deviation 11f the ill' variety 
1111,:11i f1.1,111 11ic ;CIIC~,II I I ~ C ~ I I .  

)\IICIS I I\ t l i ~  I "  \JIICI) t i i e , ~ ~ ~  [lie 1" '  cnwrolimrnt ; 11 is the number 
$ I (  ct i i11011r i ic r i1~ atid I I \  t l ~ c  1iu111hcr ti( ctitrics tebted. 

Ll iviru~irncnla 

(~cIII)~! pc\ 

(;cnol!po . . E~ivirni irncnts 

knvironmenta (Linear) 

t icnotypes . E t i v i r o ~ ~ n i c i i ~ \  (Linear) 

I '~ioled deviations 

Average error 

' Signllicant a1 7 5 " "  .'S~gn!fic.lnl nl I", 



'The d~ffelcncc. but\rccn IIIC yi.l~,)i\pc\ ,111~1 ~IICII i ~ i i c ~ ~ ~ c l i o i ~ h  1 \ 1 1 / 1  1112 

envi~ol i lnt~i t \  hk01l1 IIIIC;I~ ,III~ I~OII.~IIIC.L~ \ \ C I P  > I ~ I I I I ~ L ~ ~ I I ~  { I,II>Ic V. 1 1  

1 lie stiih1111! 1>:ir;lliirtcih ,II~, lprnc~ilcd 111 l,,~blc :0.2. I I! h~ ICI !I( lcl. 
are generall\ wpcrror 10 \JI.I~I.II !ii.lii* f . 1 1 ~  )ICILJ+ 01 tIlL, I~~Ic,I~,LII 
hybrlds CSt i - I ,  ( SH-!. 1'511.2 ,111ij t r \ i ~  ~ \ l ~ c r ~ ~ n c i ~ t . ~ l  li!hrld\ I l l 0  \ 
CS 3541 and 29.172 CS h39R \rr.rc i~iplrer than the I~~C.III. l l ~ c  IC \ -  

pectlve ioc.11i uerc gerier;~ll\  lie li~iri.,i III !iclding u h ~ l i ~ ) .  

:075,\ ( 5 2041 201) I 

?!I\J:\ C S  1541 349 3 

24472 CS 67Vi 74.1; 

CKhO4 D-i 17111 

CSH-I (C'KhO,\ IS 83) i lO \  

CSH-2 (CKh04 IS 3091) !S?tr 

LSH-: l!?IOA I >  I J .;5tlf 

I'SH.! ( li!!O,-\ I 3219 

.SII.~~I no ?IhiJ 

Local 21x1 

The rcgrcs,ion coellicii.~~r\ or l~ybrida \'.crc Incur I 0. I IIC ~ I C \ ~ : I ~ ! I I I ~  
from regress~on irere also 11~11 sipnlficant cscept in l l ~ e  cab; II~' t \ \ i ~  111' ~ h c  
eight hbbrids leded, AS ;i~nin,t tliis tllc local had thc h \;~lut. of' 0.70 
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:IIILI IIIC d c v i : ~ t ~ o ~ ~ \  I'IOIII rcg~c~s io t~  \\ere ~ l s o  higl~ilicant. Tliis i b  indi- 
C;I I I \~ th;~t IIIC Ih\hild.r .~ri. :t~icr.~II! nlg,re :td;~pt;ihle. The locals besides 
lo\\ !~clillng ehli~hit ~ ~ I I I \  III~IIICJ ICSPOI I *~  10 changing environments, 

I lie jwrccli1 dicir~ti i~ti ir l i  {TI tlle iocuti<lnr in dtfferent quadrants of 
I-ig 36-1 ~ i t h  c ~ i \ ~ r ~ ~ t ~ ~ i i c ~ ~ l : ~ l  illdc\ on X-axis and me;in bield un Y-axis 
I I I 1 0 I tic pc~.ecilt clistrlhution of test locations in Q, 
\\a, highcr for 311 Il!hlid\ .I\ i , o ~ t ~ p ~ r c d  10 Iocclls indicdting that the per- 
l'uri~iance of local, \\;IS 11~11 aho\c akeragc evtn in favourable environ- 
mettts. The cotnp~~ri \oi~ 111' tcbt locations in (Q, $. Q,j or (Q, f Q,) 
rc~i'als th;tt tlie liyhrid\ ~ I I I I  ahme nvcragc l i r l d  did well both under 
r i~d i  and poor envir~riinicllt~ a, CIIIIIPJSC~ to locals. 

I he relativc distlibutio~i on t c t  loc~t ivnsin the differell1 yield ranges 
101 cilcli of the entrlcs is ~p.i.s~nted il l  T,ihle 36-1. The upper as well as 
Iu\&cr limits for grain )icld ncre liiuch higher in hybrids as well as 
. \ I I L I I ~ ~  as compared to tllc inlproved local varieties used as checks. 
f';~rticularly, the hlhrid, C'SH-I and !!19A x CS 3541 d ~ d  not yield 
lers than 860 kg ha at an) of the locations. The higher yield levels of 
released hybrids and high pcrcuntage of test locatiuns in the range of 
3000 to 4500 kgih~t 2nd :~hiwi. further establish their superiority. 

I.,irlier studies on tllc \ l dh~ l~ t )  oi pcrl'urmdnce across diverse loca. 
t~ot l r  within the Ahorrl (mo~isoo~i) scason revealed that the hybrids were 
generally morc stable: that thc high lielding variety S~vurno tended to 
ouly~eld the hybrids in huperior environments and thdt the perforrnancc 
ol' lirci~l, was genernll) inferior (Kau and Harinarayana. 1969). 
Howcver. these rtudier h.~\c<I on Iiniited cnlrie\ did not indicate the 
~cp iu~ ls  ( i f  iidaptahilil) o f  tltc relcaacd lijbrids or vartztira. T'he resent 
studlrs bared on ten entries trsrcd ovcr X ?  locations during a three year 
pes~od hrther conlirm thu geticrnl aupcriority of the hbbrid, and their 
stability of performance. 

based on the irik.1 \(, superiorit> among tile hybrids, an efTort has been 
111ittIc 10 examine il' 111c relcnsd hjhrids and varieties or the experi- 
~iiertt:~l h! brids coultl hc assigned to ally definite loner or regiolls in the 
coultlr!. When the supcriorit~ of each of the entry was marked against 
ihc rc\pective local in the tcs~ locations, i t  was observed that the superi. 
uitiy \\'a$ general rather t l in~i  confined to all) specific rone or region in 
India. Thu analysis furtlie~ zoolirtns the earlier assumption (Rao, 1970) 

 ilia^ geographic barriers, ;it lc;t,~ \ritIiiti a reason, may not be of much 
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consequence in breeding sorghums for the various khori/tracts of the 
country which grow two-thirds of tlic total I8 million hectares put to  
sorghum in India. In addition to the general superiority of perfor. 
mance, desired maturity based on soil and rainfall pattern appears to  be 
the primary factor in breedills sorghums for the khori/areas. 

Summary 

Perforlnance and stability of pel.formunce of four released hybrids, a 
released variety Su~arna, four expcrlmental hybrids and local checks w e n  
aludird during the khrrrjfseason at K? localions over a three year period. 
'Tlie hybrids Here generally superior and more stable. Based on inter se 
bupcriority it nas  not possihlc fo assign the entries to any contiguou8 
rcgions or l o n o  in lndla during tliis reason. General superiority and 
111atur11y pcriod a p F a r  to be the deciding factors in determining adaptr- 
hilit) or  sorghums in India during khoril season rather than geographic 
or regional limitations. 

Ch,nan, V. h4 . and Shtndse, P. Y. 1957. 1118atr J.  Cunrr., 77, 156.175, 
Ekrhart .  S A., and Russcll, W. A.  1966. i'nv Sci.. 6, 36-40. 
Hso. N. G. P. 1070. lodiaa J. Crm,r., 30, 75-80, 
Rao. N G. P., and Harinarayana, G. 1969. Ciirr. &,I., 38, 07-98. 











































PROSPECTS 
FOR 
ENHANCED 

RABI JOWAR 
PRODUCTION I 

N vicw of thc widespread faihtrc of kharif raina, 1 ~articularly in tltc statcs ofMaluruhtra, M y a c  
and Andhra l'radcslr, whcrc tlrc b111k of jowar arca 
of the country is located, tllcrc is crnpl~aah on thc 
I)rapeccU for compensating this loss in sor~lmm produc- 
tion by d a n c e d  clforts during rabi. 'Thc proapcctr 
for suchclkrrcl are outlined in the light of the available 
rcfictrrck Wingn. 

For purpaaw of rabi, tlrc followi~ig broad nrcnl niny 
LC cor~aidcred : 
Lmts khariJ 

The Mqghi areas in the district of KhanImam, 
Warangal and Kwimnagar and the Nandyal valley of 
Kurnool Riswicf In Andhra Pradesh, thc late kharif 
areas of Tam$na(lu and the Surat District of Gujarat 
State where qc plantind cotnmencc in late August- 
early S c p t c m h  cmti tu te  thelatc liharif or mid-season 
tract. This area is wholly rainfed. 

Tradilional rabi 
Traditional rabi jowar arca is prcdorninantly conccn- 

tratcd in t11c Dccca~r plateau covcring tlic atatrs of 
Maltrradltra, Mysorc and Andllru I'ructak. Kabi 
jownr constituta nearly one-third of tlrc total jowar 
area in Ihc country, Sincc drc crop is grown in thc 
winter (mid-Srptemhr--mid-Octol~cr phrtings) and 
maturu slowly in clcar wcathcr, ~ u l ~ i  j w a n  havc n 
prcnliurn in tllc murkct and nrc alwirya priccd lri~hcr 
t1tn11 k1111rif jowmr~, '1'111- ! r i i~l i t i~)~~~i l  ritlii ,joWiirn nrc 
allnost wl~nlly rainfed nrtd cotnc 1111 with tltc rcsidual 
n~o ia t~~re  sturrrl in t11rac l11:11,k I O I I I I I I  w l i l  nrrit$, 

N. GANGA PRASADA RAO* 

TIIC irrigatcd aummcr scaaon (January-Frbrt~ary 
planting) is also c lubbd  under rsbi for ntatistical 
purposed of thc acaaonal distribution of areiu. ?his 
u-won u more analo~ous to thc d~ort-duration klia~if 
and ir predominantly distributrd in Ta~nilnncJn 

I 

Earlier work ~rndcr the acrclcrrtcd sorghnrn ~ r o j r r t  
nnd tlrc All India Co-ortlinnt~~d Sor~lrunl Inrprovr~nc~nt 
Projcct wag concentrated on klrarif jnwars. Kahi jowar 
improvcmcnt work under thc AlCSIP is of rrccnt 
origin. A brief account or the irnplirationr nf available 
research results on entrancing ral~i jowrr procjucti~n arc 
outlined. 

latr khorif 
Traditional varietin grown during this season, viz 

PJ22K in Khamnrn and Warangal, N3, N5, ctc. of 
Nandyal in Kurriool Ilistrict of Andlva Praclcrll ant1 
BP53.of Gujarat arc latr and rnaturr in 5-51 ~nolltha. 
In a situation 111.1rkrtl I)y ul~ccnvr of Jilly and Alrgust 
rains, ~hort-d\~ration 1tyl)rids nritl vnrictir~ Ilnvr n 
decided (~dvantagc. Sincc tltcuc jowars rnaturc in a 
clcar wmllwr, thrlc i~ no ~~octil~ility itt ull fix ~r i i i n  
dctcrioration nlto. 11rncc c11111Itmis Itiiq to 111- laid CIII 

cultivation of CSI1-I, C:SII-2, (3 1-3, I'SII.2 or Swir~nn 
durirqj this sraon. 1)cpclitling on the nvail~il)ility (IT 
nrcd, any of tllrur v111irti1-c I I I I I I ~ I  111. I.rkor 111) wit11 
rcco~ntncndcd k.rtil??~.r and inrcct cotitiol ~~l tedulr r .  
It is r r r o n ~ r ~ ~ l - ~ r l r ~ l  t l~at r~t~ly  I I I I ~  varirty 111: r , ~ k ~ r ~  1111 

iii ri11.11 ;LIV,I, M ~ i l ~ i ~ ~ l i ~ i ~ y  111' v,i~it.tic# i ~ t  I ~ I P  \ , ~ I I I C  
region s l ~ t ~ u l ~ l  l ~ r  11voi11cd 111 I I I P V I ~ I I I  111itl~1- i111 i111 111 I* .  

I n d r a n  F a r m i n g  



T d W b d  nbl  

(a) Yaktad impcwmnt. hlY5-I iu drc dw~t i~~an t  
m ,&c mtLe mion. 'lhi is known to be the 

nlors droylEhtraiat@ vmicty, also known fw its grain 
quality. , 

Of rka racent hybrid and vnrietia CSH-1 and 
USH-2 if/ll reawnably # provided Poot Oy wm 
controllal. la yoor &w&ctarircd by drought (br of 
monsoon Miru) the hybrids CSH-2 and CSH-S boing 
the d i m  b ~ U T S  d& thh ruron, k v c  mth- 
factory yiolih loab a~ul  we11 M35.l inned to 
rn& any grain, lrbr -le, at lklluy during tlrc 
71.M rribt rwnu, CSW-I and CSH-3 yickled 11 18 md 
I097 k g h  sapccsivdy wlm tlic locab complctcly 
liilCd. 'Ilrc cm~!mrntive filircn uadrr cn\relal: uircsw 
arc mmrmu&nl lalow : 

Of the recent varietio and hybrids tested, the 
iollowing were promising : Vmitliu : R.16, R-24, 
RCR-408; I f ybr id~ :  M31.2A X LSR.1. ?Ilc variety 
R-16 and tlw hybrid M91-2A X LSII.1 hnvc rupcriot 
grain quality. htcnrivc agronomic invatigatiotu luvc 

plnnnd uid they liave a cl~nnce of t.~Iciuc Fairly 
diortly. Sccd ~upplla  will not I)c uvaihWc duri~rg tllii 
year. 

I 

(It) A g r m y , ,  bridcrnblc aulauut or work Irm 
Lmn donc on data  of planting ol' rabi jawar, l'radi. 
tionally, mbi jowar ic pkntsd towardr the mation of 
tlrc routlr-wat matwon around October 15, Very 
fnyucntly abmcc ofmohture in tlu top soil ut sowing 
phcer a limitation of Fertilizer application whiclr k 
almost a k n t  with tlu rabl jowar h u .  

Extensive tr* hrve indicated that advancing the 
data of planting to mid-Septcmbu; and even e&I i i  
in some of the -, fncilitatu application or ferbilicen, 
mulu in improved crop am16 and the ultunate yield 
incram to the d u  of 80--100%. The itnpawcd 
variety k l b  performed particukly wcll under crsly 
Pl.ntW. 

M On F e r d l i  Tor ruW jowar (GO kg P,OI and 
m--.# kg Nllrr) lil~~rvhf lw :tl~plird Irwnlly, A trccntc 

mendation to this cifcct has been nvailablc bom the 
1971 and 1972 A11 Irrcii., C-wo~(lit~,~~~.d S t j r ~ l ~ u ~ t ~  
Improvcmcnt f'rojcct worbhopa held at Jiunnagar and 
Nagpur rwpectively. 

(c) hut and diswi contml 

S h l  Jy. Shoot fly h a  been the major p t .  It 
was oberycd that in u e u  where khurif and rabi do not 
overlap, ihe fly incidence war law in early plantingr. 
In Rgiona like Muathwada when kharif and rabi 
ovcrlnp, cnrly tdmting lian n decided @vatitage for 
yield providd altootfiy lr conhllnl. Sccd treatment 
with arhfura11 5 gm (A.I.) per 100 gtn of reed or 
pbnrntc 10% (3 in reed furraw at 1 .!I g~n/rn w '17riodc- 
I I I ( . ~ I ~ I ~  5y1 C) ill I P C ~  iurrow nt 3.0 ~ I ~ / I I I  KWC cITrctivc 
l ~ t t o ~  or dlwt fly, 

Sufiaty dirtnsr. Supry d i ~ c u r  or tlic ptu~iclc is likely 
lo lyqaw tlitri~~g wintrr ~iio~~tlra wlira tctapcrwturcr 
are cool. If occuring it could be cnntrdM with rprayr 
al'O.2"/, Zirn11 or 0.2%l'ldramat 50 per rent flowering, 
In cue ~nitigc appearr, tl~ir could 1% romtincd with 
carbnryl. 

Nearly four Ur mu of torghum are grown under 
irrigation in Tunilnadu, planting taking place in 
Februuy. Proapectn are abo bright for irrigated sum- 

-mu crop in Andhrr Praduh and Myrorc where plant- 
i n g  during the latter half of Jlaunry or early February 
are highly rewarding. 

(a) Vorirlalimpro~munl. The short-durnlion CSH-I 
aarl Swarna prrorm outstandingly well during t h i ~  sea- 
8W. Sincc maturily taka place during summer month1 
the pain ia rlcan nnd of ~ocd quality. A new hybrid 
2077A x (33541 has donc wcll during this ncaqon but 
nr:cd will not I)r avnilul)la (luring this ycnr. 

Wit11 nrlcquatc brtilisntion (GO kg PIOIlha and 80 
k~ N/l~.z), i~tncct rtmtrol rrrid 4-6 irrigations, yicldc (IT 
tlrc order of 5WNI-GU00 kg of grain per I~ectare llavc 
bccn rerliscd. 

I'otrntinlitirn for rw:l~ n q h u ~ n r  cxlnt in tl~a Nogar. 
*junasngar I1rojcct ateus, the KrirL~a, Gdavari deltas 
o i  Andhra I'rrdali and tlre Tungabhndrn Proj~ct 
area9 of Andhra Raclcri~ and Myrore. Paddy fallow# of 
these states, with facilities for 3-5 irrigations after harvest 
of paddy are also potential areas. 

(b) Infmropping rrudik. During the heat tummn 
scaron ir~tcccropping srrulies involving groundnut u 
the m j m  crop and sorghum, soyabean, 1un6ower 
and cartor (U i n t e m p  wcrc taken up. The m i m u m  
return acre ww o b t a i ~ ~ d  with groundnut-rcrghurn 
intercropping ryrtmm wltich wac attperior to purc crop 
of' grou~ultn~l. 



A new kind of 
'fertilizer' 
from Bank of *~aroda... 
Agricultural Loans for Farmers. 
*fWy h (h8 kSf ~ ~ I L u .  
U e#a flu owythlng p v  nnd to m a b  pw knd flourlap: good arrdk modorn 
Implemonto m d  qulplnrnt, bo&w lrrl@atbn aythma, rvoe hrt l l l t~tr .  
Aml H'8 muegty q ~ y  to go! tMa nrono~. 
" q M  hm Yo d0 b O o i ~  to 8mk of BHOd8 md 81h 101 M A@rkulturrl lm. 
W8 gfvr ll to you WI 8lhrcHw &mi. 
Conr o m  ml rw ur, Soon. We'd Ilb 8 cham to #how you how pood r fortlllzr 
our Agltculturrl Lorn an k. 



Kumd DqOoO ~ ~ ~ r a  Low 
L e d c a a i l m n d K C  
Cuut 

k f n h W t u y  34,Oo b jo l~  Bade Diverdon 
Scbctne 

Cbhtsr 50,000 Taab and Wetb 

Aoanlrpur 25,W Tuqahhdn l1rojrct 
- High L e d  Clnnt 

CudJlpnh tU,W Wrth 

llrllary 25,W I'utynllhulr~ l'&! 
High lrvcl h a 1  

In  at Icast rome of these a re s ,  if groundnut could 
be intcrcroppcd with an early maturing ~org l~um Iikc 
Swnrna or CSH-I in thc proportion of I/G to 1/10 to 
81 oundnut, substantial sorghum yields could be obtained. 

Ils rccd ratclof gro~~ndnuta slioultl not IIC reduced 
hut a row of sorghum ctn~ltl bc plalltcd ancr cvcry G 
to 8 row8 ol' groundnut. Vuiationr nre parihlc ax 2 
ruwr oTrorgltuln to 12 or l(i rotn ol' grountlnrtt and ro 
011. 

Croundntrt-mrghtlm int r~croppi~~g rlloltld Ix cr~tt.' 
ca~trrterl  in Jnnunry plastingr ul' ~rouncl~~t t t  sincr 
p o w t l ~  d i q l i u m  will 1% dow durir~g 1)ccrrnlwr. 

Summary nrd Ilwon~mwd.tbnr 

In vhw d tlu! failurc ol July.Augw: railw, prrti- 
culruly in cba prcdmni~kuntly jmvar-growing atata ol 
hl;thnraJlr*r, Mywrc nrtd Atulhn~ I'rad~rlr, ;I nulntrr~l- 
tial rhortfall in kbaril pruductiut~ in apcctd .  Cunse- 
qucndy, way and means for compensating this lou 
during rrbi have bceomc nccarary. The folbwing 
#deDiarr t~ bcruilrrbly modified to ruit local caadiliona, 

1'1s pr(nluct~ot~ of i<iinl(.tl r.~lri J I I U ~ I  ir always n 
(Illlt ti(111 thr .tn1tblint ,lnd I ~ ~ T I I I ~ J I I I ~ U I I  01 lainfall 
rcceivcd dultng kl~,r~lf \r.k\on (Sor~~ll-West m o ~ l r o o ~ ~ )  
~incc rulr~ jowar L ( I I I I I - ~  1111 will1 qlntcd I I I O I I ~ I I I C  ill t l~c  
[~roLrlc? t11 IIIC black ~ ~ > I I I ~ I I  \IIII? ; I I I ~  :IIIIIIJS~ IIO I ~ I I I Y  arc 
rcceivcd dur~rig L I ~ I  g~owth. In  view of tile failure 
of rains durlng July-Augur! and only one rainy month 
remaining nl~cad, the procpecu fw rainfcd rebi will be 
f iugb t  with difficulties. 

I .  '111~ lare kharir (dUaghr) areas sllould be planted 
wit11 rarly maturing llyhrids as saon as the monsoon 
IN c a b  

2. As a rule planting of traditional rabi jowan 
should bc advanced by a month. Plantirigs should 
collllnrllt r In rarly Sr11trrnl1c-r in Sholapur-Bijnpur 
h.11 IIIIII ~.ic~ly to ~ ~ t i ~ l - S r l r t t ~ ~ b c r  la purb of Andlira 
I'rndr~I~ ancl Myro~r. 'Illis would cnrtlc application 
ol ntleq~ratc. clttantiticu of C~ti l i7en at ylantingr and 
rc+~lltq ill rvtnl~l~ql~tncl~l of ~atidnctuly clop stand?. 
1kutrl1-r, ~ I I I I ~  lain tlltrll~g c<irly crop g ~ ~ w t l ~  pcrictd 
toulrl IIC rxj~ot~trd whi~I1 would IJC bbrnrliial. Such 
plnatil~g~ rn,&lll~. t l ~ r  (to11 to nlaturc brhrc the soil 
p d i l c  K I * ~ '  ~lcplrtrtl ol tnohturc. S i n ~ r  serd may br 
a lil~iiti~liot~ WII I I  I ~ y l ~ ~ i r b ,  lra~litional varietiu could 
I I ~  ~ ~ r r d  hlR1-I, C:SII.I and PS11-2 ~ottltl all Ilc uucd. 

3. If p l a r~ t i~~ lp  A I C  delayed or il Scpternkr rains 
arc also inadequiitc rcsulti~~g in early moisture strus, 
rxtremcly early hybrids like CSH-2 and CSH-3 w~l l  
give reasonable yields wl~cre the late locals arc apt ta 
fiil. Dcpcnding up011 the future rainfnll pattern, t l ~ a c  
v.arictin could Ix? capitaliscd under txtrcmc stran. 

4. Fcrtil~ratton in rabi ~~hould all bc baral and 
should give 60 kg P,O,/lm and 60-80 kg N/ha. 

5 .  SI~oot fly control may be achieved by applying 
ow of thc following trcatmeno: (a) sccd trlr!mr.l 
with carhiurnn 5 Ipn (A.1.) pcr 100 gnt or re& ui 

(11) phorrtc (Thimct) 10pcr ccnt granulca in sccd furrow 
at 1 - 5  gn Jmct~ e row or 'l 'hiden~cton 5 per ccnt gran~!: 
in sccd fttrrcrrv a t  3.0 g n ~ l ~ n c t n  row or adapting 
a l i~l~t ly  ltigltrr rrcd t;llr rrttcl tltinnil~g i~lli~cttrl rl.v>* 
~lrruc wcck.c ultcr nowtnu. 

1;. S~tgsry 111rraur of can and nlidgc if nrrl~rrir. 
IIIIIY I)r ro l~ t~o l l r~ l  I I V  0 2':4, . / ,~IRIII or ' I ' I I IIIIII  y~i*; 
~ I V I I C  tJr in I I J I I I ~ ~ I I I . I ~ I I ~ I I  tvttlt c111b~ry1 (W?, Wl') 3 ' 
111 900 (i(M) I ~ t ~ r c  ol w.rtcr 11cr I~ect.~rc. lor II.:.!;. 

canlrol at 50 11c-r rvnt Iluwrrilrg. 

W i l e  ra~nfrd rabi production ic dcpcndent - 
preceding rains, prmpccb for additional p ~ & . = : ,  
during irrigated sunrmer may be wn~idered u...n-' 



'ble ta plan kw a targettd additional prluc-  
nnd cvcrj n d r l i t ~ ~ u l  vvc eolrhl yirld 1.2 iotcr I)(' 

in. 1; in, thcrchur, auggmtd tl~at thi* s11nuM lw 
rtlckptcd ie concentrrrd aman it1 Antllsa l'roclr.tli r 
(Nqujunaug.r,  Tungabhadra, Krisl~na and Godavari 
dclw), MY& ('l'ungabl~adru ant1 I\lin,l~ rc PI t>jrt.t 
arran) and ' h n i l n d u  (wells). 

1. The euly  duration C511-I, CSti-2 and Swarna 
could he grown in pun cmp under the pmjrcts, l l t e  
paddy hllowa o&r potential scope. It is necessary to 
provide price support here since the local people ore not 
accurtomed to unsume jowar. Jowar grains from 
ULUC arm could be procurcd and taken to jowar 
consuming -. 

The fertilizer and inrcct control sclledula remain tlr 
same as dcmibed in the preceding paragraphs and 
3 4  irrigations will be nccdcd during crop growth. 
Plnntinga should be done from Jadusry 14th o i twub  
to tlu Brat weck ttf l.'ebrunry,- 

2. Ilierc is a suhtnntial area undcr irrigated 
groundnut in the r ta ta  of Andhrn Iaracicah, Myaore aad 
Tumilnadu. Groundnut plantingn commaice during 
l)eccmltcr and cxtetid into,January'Fcbruary. All areas 
where groundnut plmtityp conl~t~rncc frnn ,lanuary 
u~twrt.da I o ~ D l  l~avc a cornpotletit aC lllr rl~wt.rl~trll io~~ 

varirtirn or Itylricl, vir. Srnrnn or CSH-l w PSH.2 in 
the 1~~1l1cutit1n ol ier ruw 111 jawar to G-H row or 
pwnrinttt. Snd mtr nl' gmtmdnut rho111d ent b 
~ d s r i v l .  'I'la h r a l  d~rrhity of lcrtilircrn aliould IK 
common to both ernpa but jowar alone nuy get ridr- 
iirnrcil at Y0,40 tlry; to givc ~tldiliw~al 30-40 ku 
N/l~ir, This wcrultl add a nubatantial amount ol' lmd 
uid fodder witl~out my  major I w  in groundnut 
production. \ 

Prospects' for m y  cargctted additional pruduc- 
tion are greater during the irrigated summer in, v i m  of 
the time available for planti118 and a h  in view of 
the w u w d  irrigation. There is apparently no rhk 
involved. 

INDIAN HORTICULTURE 
an ICAR Journal 

RE(;lSTRATION AM) LICBNCE UNDER TI= 
INSECTICIDES ACC 

ATTENTION insecticide bnponm, nunufactumra, fonnu- 
Intors, sellen. ~~ockiie. oxhibiton for u l c  mad dluribulonl 

Uadcr the bmtidda Act, yw am requ~md to h a n r  
Ro@nlion OMi(krta from the RqiUntloa Cbnunltlee, 
Dcp~rtmml of &picultun.iOovunment of India, New Wlhi 
and I Lloancs from the '~ccndry Authority appointed/ 
ndilbd by lhr rryoDtlw Stata Oovommml. Olhonrim 
you an lhbb for proffullm, paonlty rad punhbmsnt and 
your product Is lkbb to be dxd and oonfintcd. 

IllJHNY UP.-'lhe Jar1 610 lor ~ubmkrlnn ol rpplkrtbnr 
fw Kyllrtrntlon/Lhoroo by rhaP who men in burlnnr on 
or bokw 14.1971 b lbuamboc 31, 1911. 

NMMLCZc-----L---'-----( 

For determination of pH end 
Estfmation of Available 

PHOSPHATES 

1 POTASSIUM 

I NITRATES 
in thr roil \\, 

I 

USE "SOIL TESTING KITS' 
(with Booklet of Inrtructionr in Faylish 

or Hind) 

1 GUNTI & CO. PVT. LTD. 
128 MMATht& GWDNI ROAD I ~ E ~ ~ A D - I I P .  

l i on  Furrning 
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GENETIC ANALYSIS OF SOME EXOTIC X INDIAN CROSSES IN
SORGHUM VI. CHARACTER ASSOCIATION UNDER SELECTION

N. G. P. RAO, G. HARINARAYANA, V. ARUNACHALAM,1 D. P. TRIPATHI and

K. BALA KOTAIAH

All India Co-ordinated Sorghum Improvement Project, Regional Research Station, IARI, 
Rajendranagar, Hyderabad-?)® 

(Revised Mss. received: 24-ix-72; Accepted: l-x-72)

IN a study of the nature of association of characters in F2 populations of exotic x 
Indian crosses of sorghum, Harinarayana, Rao and Venkatraman (1971) noticed
pleiotropic effects of height and maturity genes on yield as well as linkage.
Subsequently, Reddy and Rao (1971), in a study of F4 and F5 populations,
found that the direct effects of height and maturity on yield were still pronounced
while the indirect effects were dissipated during the process of selection. In the
present paper, the results of further studies on the nature of association
between plant height, days to half-bloom and yield in nearly homozygous F6

and F7 populations, intermediate in height and maturity are evaluated in
comparison with the parents and the hybrids from which they were derived.

MATERIALS AND METHODS

The material for the present study consisted of six groups of populations, the dwarf and early exotic
parents (DE), late and tall Indian parents (TL), the three groups of crosses (F,'s) possible among them
(DE X DE, DE x TL and TL X TL) and the productive intermediate selections (IS) derived from the
exotic X Indian (DE x TL) crosses. The material, excepting the selections, was raised in a randomised
complete block design with three replications during kharif, 1963. The selections (in F6 and F 7 generat-
ions) were raised unreplicated during kharif, 1969. Data collected on five randomly chosen plants in each
population on plant height (cm.), number of days to half—bloom and yield (gm/plant) were subjected to
statistical analysis. The phenotypic and genotypic correlation coefficients were derived based on expecta-
tions. The correlation coefficients were partitioned into path coefficients following Dewey and Lu
(1959).

•Division of Genetics, Indian Agricultural Research Institute, New Delhi 12.
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RESULTS

The differences among the parental groups, DE and TL, and among their
crosses were highly significant for all the characters including the comparisons,
DE vs. TL and parents vs. hybrids (Table 1). Significant and positive pheno-
typic and genotypic correlations were observed in the DE and DE X DE groups
for all pairs of characters except for plant height with days to half-bloom in the
DE group (Table 3). On the other hand, the correlations between these
characters though non-significant were negative in the case of TL and T L X TL
groups except the one between plant height and yield. These associations
agreed with the fact that the tall and late flowering (TL) parents were higher
yielding than the dwarf and early flowering (DE) parents (Table 2).

Both the phenotypic and genotypic correlations between days to half-
bloom and height, and days to half-bloom and yield were in opposite directions
in DE X DE and T L x T L groups whereas the correlation between height and
yield was positive in both the groups, the one in DE X DE being more than the
one in T L x T L . The same observations were true for the parental groups,
DE and TL also. But the non-significant and negative correlation between
plant height and yield in the group D E x T L indicated that dwarf cultures
isolated from this group would be capable of giving higher yields.

TABLE 1 

Analysis of variance for some characters related to fitness and yield in different groups of 
sorghum

M.S.S. -

Source DFSource DF
Days to half- Plant height Yield

bloom

Treatments 41 610-68 12428-28 2312-94
Parents 8 1453-09 19664-69 1642-30

DE 4 471-32 1279-98 394-80
TL 3 26-88 2690-78 236-50
DE vs TL 1 9658-78 144125-34 10849-66

Hybrids 32 416-16 9564-85 1449-94
D E x D E 8 438-62 1034-39 1227-31
D E x T L 18 30-38 3379-08 1221-37
T L X T L 4 199-86 1359-85 491-87

( D E X T L ) vs (TLxTL) 1 3145-95 24859-90 1089-35
Rest 1 5316-04 206677-30 11538-20

Parents vs. Hybrids 1 - 96-27 46166-06 35294-30
Error 82 10-06 86-88 67-13

All m.s.s. are significant at 1% level.



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

March, 1973] Character association under selection 3 

TABLE 2 

Yield, days to half-bloom and plant height in different groups of grain sorghum {means values) 

Character DE D E x D E D E x T L T L x T L TL IS

Yield (gm./plant) (Y)
Days to half-bloom (X)
Plant height (cm.) (Z)

45-72 86-75 112-68 103-45 86-04 101-76
70-92 73-74 87-09 104-28 107-32 83-71

111-27 148-52 241-79 287-33 258-17 164-09

TABLE 3 

Phenotypic and genotypic correlations between three important characters and the contributions 
to them through different paths of association in sorghum 

Groups rxz " x Y "x-Z-Y r*Y " z Y
p
* Z - X - Y

r Z Y " T Y

DE
P

G

0-7611

0-7971

0-5517

0-5817

0-3614

0-4403

0-9131*

1-0220**

0-4749

0-5524

0-4199

0-4636

0-8948**

1-0160**

0 0 7 1 3

-0-1557

D E x D E
P

G

0-8079**

0-8542**

0-7257

0-7875

0-0912

0-0670

0-8169**

0-8545**

0 1 1 2 9

0-0784

0-5863

0-6727

0-6992*

0-7511*

0 1 2 8 4

0-2683

D E x T L
P

G

-0-4166

-0-5157*

0-1932

0-2997

0-0384

0-0132

0-2316

0-3129

-0-0921

-0-0255

-0-0805

-0-1546

-0-1726

-0-1801

0-9394

0-9017

T L x T L
P

G

-0-6335

-0-6703

-0-6729

-0-7692

0-1334

0-1851

-0-5295

-0-5841

-0-2105

-0-2762

-0-4263

0-5156

0-2158

0-2394

0-6823

0-6169

TL
P

G

-0-8891

-1-1420**

-0-7677

0-5090

0-3620

-1-0410

-0-4057

-0-5370

-0-4072

0-9115

0-6826

-0-5813

0-2754

0-3302

0-8006

0-9699

IS P 0-36** 0-0993 0-0807 0-18 0-2243 0-0357 0-26 0-9237

P=Phenotypic; G=Genotypic; T=Residual factors; *Significant at 5% level, **Significant at
1% level.

An analysis of the direct and indirect contributions of plant height and
days to half-bloom to yield through path analysis makes the situation more
clear. The direct effects of days to half-bloom and of height were high and
opposite in direction in the DE, DE x DE and TL, T L x T L groups. In general,
the percentage contribution of direct effects of days to half-bloom to yield was
higher than that of height. On the other hand, the indirect effects of plant
height via days to half-bloom on yield were considerable and positive. The
position was reversed in the IS group.
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These results suggest that the hybrid group D E x T L has acquired useful
constellation of genes frorri both the parental groups which are markedly diver-
gent in the important characters, days to half-bloom and height influencing
fitness and yield. This statement derives further support from the observations
that (a) the means of the DE x TL crosses and their derivatives (IS) were inter-
mediate between those of DE and DE x DE on the one hand, and those of TL
and T L X TL on the other, for days to half-bloom and height and (b) the mean
yield of the DE x TL crosses was the highest followed by that of the TL X TL
crosses (Table 2).

The residual effects were found to be high only in D E x T L , T L x T L ,
TL and IS groups (Table 3). This would imply that the role of related charac-
ters other than height and days to half-bloom was negligible in the DE and
D E x D E groups. The size of the path coefficient due (Table 3) to residual
effects in the selections (IS) and the DE x TL group indicated the importance of
other characters and environmental effects which were felt more in tall parental
group (TL) than in the dwarf parental group (DE).

DISCUSSION

Prolonged natural selection in grain sorghums has resulted in the esta-
blishment of late and tall forms. The yield level of some of them is noteworthy
at the single plant rather than at the population level; hybridization and selec-
tion among them did not markedly alter this situation which would imply that
the genes for lateness and tallness were almost fixed under the continual action
of natural selection. On the other hand, artificial selection for relatively dwarf
and early forms could establish types which were superior in yield and general
performance at a population level only, especially under intensive cultivation.
Hybrids between these dwarf populations also gave attractive yields. Thus two
isolated divergent forms were produced by the forces of natural and human
selection.

In these two groups of populations, association of characters influencing
fitness is of a different nature and magnitude. Significant and positive associa-
tion between plant height, days to, half-bloom and yield was present in the
dwarf-early parents in contrast to the negative association present in the tall-late
parents. The association in the DE X DE and the TL X TL crosses were similar
to those in DE and TL. From this, one can postulate that, to obtain an ideal
combination, one should preferably deal with dwarf derivatives in which certain
degrees of lateness and of tallness are incorporated and with tall derivatives
in which certain degrees of earliness and of dwarfness are introduced. Relatively
low correlations, intermediate in nature, obtained in the D E x T L crosses and
the productive selections (IS) made from them support such a hypothesis. Such:
intermediate selections represent populations with little or no association be-
tween the characters examined.
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March, 1973] Character association under selection 5 

The results from the path coefficient analysis have emphasized the point
that the direct contribution of days to half-bloom to yield is more pronounced
than and opposite in direction to that of plant height in the DE x T L crosses,
indicating the significant role of days to half-bloom in determining the yield
potential. But the direct contributions of days to half-bloom and plant height
were positive in DE and D E x D E groups and negative in TL and T L x T L
groups, in general. It, therefore, appears that the constellation of genes for these
characters in the DE and the TL groups were altogether or at least functionally
different. Strong associations between characters in those groups would limit
recombination and hence selection advance in the crosses within the groups.
But, in the crosses between the groups, the cryptic genetic potential would be
released by recombination, thus making the selection of highly productive
populations possible, as shown by the performance of the intermediate selections
(IS), isolated from the D E x T L crosses.

The near absence of associations between important characters in the
intermediate selections is encouraging in view of the observed positive associa-
tion between maturity and yield (Dalton, 1967) and the pleiotropic and probably
limited linkage effects of the genes governing height and maturity (Harinarayana
et ah, 1971). In fact, these intermediate selctions represent 'intermediate
productive peaks'; in other words, they represent selections in the intermediate
range whose yield potential is much above that of some of the checks.

A hybridization programme involving negative assortative mating as in
the case of DE x TL appears to be most desirable to obtain promising recombi-
nants breaking the undesirable linkages which frequently limit the genetic
advance (Falconer, 1967). Such mating results in the release of cryptic genetic
variability and the redistribution of genetic variance (Murty, Arunachalam,
Doloi and Ram, 1972). In sorghum, natural and human selection has resulted in
establishing extreme forms as TL and DE. On this base, a system of negative
assortative mating as in disruptive selection could help to produce intermediate
but highly productive populations as revealed in this study.

Such intermediate populations with little or no association between most
of the yield components offer considerable scope for improvement both under
natural and artificial selection. This was demonstrated by the significant role
played by the intermediate populations between wild and cultivated forms
(disruptive selection in nature) in the evolution of cultivated sorghums (Doggett
and Majisu, 1968). Productive intermediate populations between groups of
cultivated sorghums widely differing in height and maturity could be exploited
either for direct cultivation or as bridge populations or both. Such promising
intermediate selections are, at present, in the process of release for general
cultivation.

SUMMARY

The nature of association between days to half-bloom, plant height and
yield was examined in productive advanced generation selections and compared
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with the dwarf-early and tall-late parents and their crosses. The correlations,
both phenotypic and genotypic, were considerable in the parental groups and
the within-group crosses, while they were low or negligible in intermediate
selections and in the between group crosses.

The direct and indirect contributions of days to half-bloom to yield were
more pronounced than those of the plant height. The direct effects were also
of higher magnitude in the parental groups and their within group crosses. The
vital fole played by days to half-bloom in determining the yield potential was
brought out.

Undesirable linkages and similar associations get dissipated in the
intermediate selections from crosses between extreme forms. Thus, the inter-
mediate selections, as revealed by correlations and path coefficients, have little
or no association between yield components but have good yielding potential and'
represent 'intermediate productive peaks'. Some promising selections from such
productive intermediate populations with no association between fitness com-
ponents are in the process of release for general cultivation.
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GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN
SORGHUM VII. EVALUATION OF DERIVED LINES AS MALE

PARENTS

B. S. RANA, D. P. TRIPATHI, K. BALA KOTAIAH and N. G. P. RAO

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad

FIRST commercial sorghum hybrids in India were developed from exotic X 
exotic cross combinations (Rao, 1970). Even though some of the tall and late
Indian sorghum varieties resulted in heterotic hybrids when tested against
diverse females, the height and maturity differences in comparison with dwarf
females and the agronomic limitations of taller hybrids imposed restrictions
on their commercial worth. Rao, Rana and Tripathi (1968) suggested
utilization of high yielding derived lines from the exotic x Indian crosses as
female and male parents for hybrid development. Studies with exotic X Indian
crosses have been in progress and their potentialities and limitations in develop-
ing high yielding lines have been discussed (Rao et al., 1973). The present
study attempts an analysis of changes in the magnitude of heterosis and
combining ability when the derivatives of exotic X Indian crosses were used as
restorer parents.

MATERIALS AND METHODS

The fourteen male parents used in the study were stable lines derived from exotic x Indian crosses.
Nos. 166, 222, 326 were from IS 2954 x BP 53, 513 from IS 508 X BP 53, 648 from Kafir B x BP 53,
771, 772 and 811 from IS 3922 X Aispuri, 1146, 1220, 1«27 and 1251 fromIS 3922 x Karad local, 1358
from R. 78 X M 35-1. IS 84 is an yellow endosperm feterita. 

The female parents viz., CK.60A, 648A, 2219A and 3660A, all of which are dwarf and based on
milo cytoplasm were crossed with the fourteen pollinator parents in a line X tester mating system. The
resulting 56 crosses and four released hybrids as checks were grown in kharif season in randomized complete
block design with three replications. The plot size was 3-00 X 1-35 sq. meters consisting three rows
45 cm apart. A fertilizer dose of 100 kg N, 60 kg P 2 0 5 and 60 kg K a O per hectare was given. Nitrogen
was applied in two split doses, half as basal and another half at knee high stage. Recommended plant
protection measures were adopted for the control of shoot fly and stem borer. Irrigations were given as
required. Observations were recorded on fifteen plants from central row of the three row plot. Days
to 50 per cent bloom, plant height, grain yield and 100 grain weight were recorded.

RESULTS

Mean performance of hybrids averaged over females and males is presented
in Table 1. The differences between crosses with derivatives and IS 84, the
male parent of the most widely cultivated hybrid, CSH-1 were significant
(Table 2). Partitioning of the hybrid sums of squares also revealed the poten-
tialities of kharif and rabi varieties, differing in panicle morphology, in yielding

128
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TABLE 1 

Hybrid performance averaged over males and females and group means 

129

Grain Days to Height 100-seed
Parents yield

(gm-)
flower (cm.) weight

(gm.)

A. Females
1. CK60A 62-9 72-8 205-6 2-80
2. 2219A 65-0 70-0 189-6 2-53
3. 648A 60-9 73-4 203-7 2-84
4. 3660A 65-2 73-1 240-4 3-00

B. Males
1. 166 71-2 70-8 211-7 2-65
2. 222 68-9 75-3 192-9 2-36
3. 326 71-8 72-6 220-0 2-81
4. 513 72-0 74-2 256-0 3-43
5. 648 67-0 75-8 194-2 2-67
6. 771 73-0 73-0 204-2 3-06
7. 772 65-5 70-7 220-8 3-10
8. 811 54-8 79-2 307-5 3-08
9. 1146 62-9 69-1 195-4 2-86

10. 1220 53-9 66-6 178-3 2-86
11. 1227 55-0 71-8 195-8 2-44
12. 1251 49-4 79-0 181-7 2-17
13. 1358 79-9 70-4 215-0 2-98
14. IS 84 43-7 64-6 163-8 2-58

C. Group means
Crosses with derivatives 65-0 72-9 213-3 2-81
Crosses with IS 84 (feterita) 47-7 64-6 163-7 2-58
Crosses with kharif derivatives 63-1 73-2 213-2 2-80
(BP. 53 + Aispuri + Karad local) 
Crosses with rabi derivatives 79-9 70-4 215-0 3-00
(M. 35-1)
Crosses with compact panicle 6 8 1 73-9 226-0 2-90
derivatives (BP. 53 4- Aispuri) 
Crosses with long panicle 55-3 71-6 187-8 2-60
derivatives {Karad local) 

superior male parents. The differences with respect to most characters studied
were statistically significant. The percentage increase in average hybrid
performance of male sterile lines over CK60A and that of males over IS 84
is given in Fig. 1. The female parents 2219A and 3660A showed only 3 to
4 % superiority for grain yield and 3660A showed 7 % superiority for grain weight
over average hybrid performance of CK60A. Hybrids based on newly developed
male parents from exotic X Indian crosses exhibited 13 to 83% superiority for
grain yield, 9 to 88 % for plant height and 3 to 23 % for flowering time over the
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TABLE 2 

Analysis of variance of crosses with exotic x Indian derivatives and IS 84 (feterita)

Mean sum ofsquares
Source DFSource

Grain Days to Height 100-seed
yield
(gm-)

flower (cm.) weight
(gm-)

Replications 2 585-72 296-30 792-13 0-15
Entries 59 553-49** 71-40** 5828-24** 0-52**
Hybrids 55 580-99** 71-25** 6049-60** 0-52**

Crosses with derivatives 51 522-83** 58-70** 5945-91** 0-54**
Crosses with IS 84 3 61-94 48-75** 685-42 0-10
Crosses with derivatives vs 1 5104-82** 778-58** 27430-22** 0-47*

crosses with IS 84
Crosses with kharif deri- 47 476-99** 60-21** 6241-28** 0-57**

vatives (BP. 53 + Ais-
puri + Karad local) 

Crosses with rabi deri- 3 337-81** 26-97 3288-89** 0-32*
vatives (M. 35-1)

Crosses with kharif deri- 1 2849-24** 82-92** 34-73 0-03
vatives vs rabi derivatives

Crosses with compact 31 382-24** 36-60** 6092-44** 0-49**
panicle derivatives (BP.
53 + Aispuri) 

Crosses with long panicle 15 335-91 101-82** 3864-13** 0-57**
derivatives {Karad local) 

Crosses with compact pani- 1 5913-15** 168-06** 46512-49** 2-90**
cle derivatives vs long
panicle derivatives

Checks 3 113-06 86-77** 1711-11* 0-71**
Hybrids vs checks 1 361-76 34-80** 6004-80** 0-02
Error L18 173-42' 13-71 459-87 0-10

*Significant at 5%; Significant at 1 % 

respectives averages for hybrids based on IS 84. Crosses with ten male parents
were superior for grain weight, the range being 2-5 to 33-0% over IS 84
performance in crosses.

DISCUSSION

The problem of plateauing of yields in hybrids of self- as well as cross-
pollinated crops has attracted the attention of geneticists and plant breeders.
With particular reference to sorghum the need for adequate variability in the
female parents (Rao, Rana and Tripathi, 1968), increasing variability in sub-
tropical sorghums by utilization of tropical germ plasm through a conversion
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GRAIN YIELD DAYS TO FLOWER HEIGHT IOOSEED W 

F IG . l PERCENT INCREASE IN AVERAGE HYBRID PERFORMANCE OF DERIVED MALES OVER IS 84

programme (Rosenow, 1972), the practice of modified recurrent and other
population improvement procedures (Maunder, 1972 and Gardner, 1972) have
been suggested for attaining substantial yield increases over the presently
available commercial hybrids.

Most tropical sorghums in general and Indian sorghums in particular are
tall and late and need to be corrected for height as well as maturity before they
could be utilized in hybrid development. I t may be mentioned here that while
Indian sorghum varieties like Aispuri and BP. 53 with compact panicles resulted
in non-heterotic hybrids with CK60A (Rao, 1970), derived lines involving them
as parents in an exotic X Indian crossing programme have resulted in superior
hybrids. Compared to hybrids with IS 84, a selected yellow endosperm

feterita which furnished the male parent for CSH-1, the first and most widely
grown commercial hybrid widely grown in India, several of the hybrids with
derived lines are very much superior in yield levels. Twenty three crosses
were significantly superior in grain yield to CSH-1 and five crosses over CSH-2.
However, most high yielding hybrids involving derived lines as males tend to be
taller and later than those involving IS 84 indicating the perceptible positive
effects of height and maturity genes on yield. But when compared to the
original Indian parents there is considerable amount of reduction both in
excessive height and late maturity, rendering these derivatives usable in a hybrid
programme. There is also a gain in seed weight in some crosses with derivatives
which was lacking in exotic X exotic crosses (Rao, 1970).

Amongst the kharif varieties, lines derived from compact headed types
resulted in more heterotic hybrids compared to those derived from elongated
panicle types. The derivative involving M. 35-1, a rabi variety yielded more
heterotic hybrids than hybrids involving kharif derivatives. Thus the compact
headed types and winter sorghums of India which have not been utilized in
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any hybrid programme so far offer potentialities for improving yield levels as
well as seed weights of future hybrids.

As pointed out by Eberhart (1972) progress in the improvement of hybrids
is proportional to the improvement in the breeding populations used as the sour-
ce material for parental lines. Selected male parents derived from conventional
hybridization programme involving exotic X Indian crosses have shown consi-
derable progress in attaining higher yield levels and if this is combined with
a matching improvement of the female parents, which are still low yielding
compared to the males, yield levels of future hybrids could touch new heights.

SUMMARY

Selected derivatives from exotic X Indian crosses which are relatively
dwarf and earlier in maturity when used as male parents yielded hybrids
superior in grain yield and seed weight compared to those resulting from IS 84,
the male parent of CSH-1, the first and most widely cultivated commercial
sorghum hybrid in India. Derivatives from a rabi (winter) variety and from com-
pact panicle types resulted in superior hybrids when compared to those derived
from kharif (monsoon) or elongated panicle types. Corresponding improvement
of females, which is currently in progress, is expected to result in further hybrid
improvement.
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GENETIC ANALYSIS O F SOME E X O T I C x INDIAN CROSSES IN
S O R G H U M V I I I . F, ANALYSIS O F OVIPOSITIONAL NON-

PREFERENCE UNDERLYING RESISTANCE T O S O R G H U M
S H O O T FLY

N. G. P. R A O , B. S. RANA, K. BALA KOTAIAH, D. P. TRIPATHI and

M. F. S. FAYED*

All India Co-ordinated'Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad 500030

MANIPULATION of the crop variety, which is part of the total agro-ecosystem,
constitutes an important factor in insect management (Dahms, 1972). The
primary mechanism of resistance to sorghum shoot fly [Atherigona varia soccata 
Rond.) , which has been observed to be non-preference for oviposition and
perhaps a low level of anti-biosis to the larva (Young, 1972), poses difficulties
in its transference. The dwarf exotic sorghums are generally susceptible to
shoot fly attack and the sources of resistance are mostly furnished by the tall
and late Indian sorghums. The exotic X Indian crosses are, therefore, useful
in combing resistance with desirable height, maturity and yield. Since both
commercial hybrids and true breeding varieties of sorghum constitute the
cultivars, a genetic analysis of resistance to shofghum shoot fly at the F t level
as well as in segregating generations is meaningful. An Fz analysis of shoot
fly resistance is attempted in this paper and the behaviour in subsequent
generation will be presented later.

MATERIALS AND METHODS

Seven male steriles viz., 2219A, 2947A, 36A, 418A, 648A, 1220A and 173A were crossed with eleven
male parents. The first two females are of exotic origin, and the next four are derived from exotic x 
Indian crosses and all their A lines are in tnilo cytoplasm. The seventh female is a derived line in a different
cytoplasmic source.

Eight of the male parents viz., 148, 165 ,221 ,252 ,434 , 512, R-24 and FR-493 were stable
derivatives from exotic X Indian crosses and the remaining three viz., IS 84, CS 3541 and Swarna were
pollinator parents of released hybrids and are of exotic origin.

The resulting 77 hybrids along with 18 parents and five released hybrids were grown in a randomized
complete block design replicated three times. The experiment was grown during July, 1973 (kharif). 
The field was fertilized basally with 60 kg. N and 60 kg. P 2 0 5 per hectare. The plot consisted of three
rows 5 meters long and 45 cm. apart. Soon after germination the seedlings were thinned to 15 cm.
within the rows.

The natural infestation of shoot fly was high enough to cause differential mortalities. The
damage to shoot fly was recorded as percentage of affected plants by shoot fly to the total plants in a plot

•Formerly FAO/SIDA Trainee and presently First Research Officer (Sorghum), Agricultural
Research Station, Gezieret Shandawill (Sohag), Egypt, U.A.R.
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one month after germination. The degree or resistance to shoot fly would thus be inversely proportional
to the percentage of damage.

After angular transformation of data, the male, female and their interaction effects were estimated
according to standard statistical procedures.

R E S U L T S

Mean mortality percentages are given in Table 1. The female parents
showed 61 to 93 % shoot fly damage while male parents varied from 48 to
99%. Three male parents viz-, 148, R-24 and FR-493 showed comparatively
higher degree of resistance among all the parents. Among female parents,
36A and 173A provided better choice. Hybrids showed a range of 18 to 89%
damage as compared to the average 62 • 6 % damage in released hybrids.
Crosses with 173A as female were generally superior. Similarly, crosses with
148 as male followed by 165 and R-24 showed less mortality. The average
mortality of hybrids based on these males i.e., 148, 165 and R-24 was less
compared to hybrids with IS-84 and CS 3541, the male parents of released
hybrids. Four crosses viz., 173Axl48, 173Axl65, 173AxR-24 and 36Ax
148 showed only 18-26% damage. The performance of parents is a reasonably
good indication of hybrid performance (Fig. 1).

100
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w 70
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» 50

§ 30
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0
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PARENTS (.% DAMAGE)

FIG. 1. Relationship of Shoot Fly Damage (%), in Parents and their Hybrids

Analysis of variance of parents, hybrids and different comparisons is given
in Table 2. Significant differences were observed between crosses, parents
and checks. The male parents and female parents also showed significant
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TABLE 2 

Analysis of variance for parents and hybrids for shoot fly damage 

125

Source DF MSS

Replications
Treatments

2
99

424-9
346-3**

Crosses 76 322-9**
Female effects 6 1247-8**
Male effects 10 885-9**
Female X Male 60 136-6**

Parents 17 322-8**
Male parents
Female parents
Males vs Females

10
6
1

409-7**
219-1*
246-3

Checks 4 80-7
Crosses vs Parents 1 3710-8**
Crosses + Parents vs Checks 1 47-3

Error 198 89-3

dead hearts (%)

Mean Range

Female parents
Male parents
Parents
Hybrids
Checks

73
67
69
56
62

•1 (61-1)
•2 (56-7)
•5 (58-4)
•4 (49-2)
•6 (52-8)

61-93
48-99
48-99
18-89
52-71

*Significant at 5%; "Significant at 1%; ( )Transformed values.

differences in per cent damage, but the males vs female parents comparison
was not significant. Significant differences for crosses vs parents indicated
heterosis for resistance. Hybrids were 13 % less effected by shoot fly as compared
to parents.

The female, male and female X male interaction effects were highly
significant and their contribution to total hybrid sum of squares was 30-5,
36-1 and 3 3 - 4 % respectively. Thus, female and male parents jointly contri-
buted twice of their interaction sum of squares indicating that general combining
ability may contribute approximately 6 6 % .

DISCUSSION

When exotic sorghums and Indian sorghums are planted side by side,
the former are highly preferred for oviposition averaging 8 eggs per plant with
about 90 % of the plant population infested with eggs when compared to 2 eggs
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per plant with 10 % of the plant population infested with eggs for Indian sorghums
(Soto, 1972). The ultimate seedling mortality in a field crop due to dead hearts
is a function of the intensity of insect infestation, plant growth rate and
inherent genotypic differences. Depending upon these factors mortality rates
vary in both susceptible and resistant lines, the differentials being generally
well manifested under field conditions. Under infestation in green house even
the resistant lines succumb almost totally.

While ovipositional non-preference mechanism of resistance would have
an influence on the insect population of a given variety, its cumulative effect
on the crop population as a whole will not be felt unless oviposition suppression
factor is also operative when the preferred host is removed and the insect has
no longer any choice (Dahms, 1972 and Soto, 1972). Present coverages of
hybrid sorghums in India do not exceed 10% of the total area and under condi-
tions of shoot fly build up, particularly, in late kharif and some rabi plantings
the hybrids are preferred by the shoot fly (Rao, 1972). If the hybrid reaction
is similar to the local cultivars, at least the extra damage could be avoided.
The males and females derived from exotic X Indian crosses besides being higher
yielding (Rana, Tripathi, Kotaiah and Rao, 1974) could also confer advantages
with respect to shoot fly reaction in hybrid combinations.

From the results presented, it is evident there is perceptible improvement
for shoot fly reaction in some of the males and females which are derivatives of
exotic X Indian crosses. Amongst females 173A and 36A and in males 148,
165 and R-24 are decidedly superior when compared to exotics and the rest of
the derived parents. These derivatives have in their parentage the Indian
varieties BP-53, PJ-16K, Aispuri and M. 35-1. There is also enough indication
that parental performance for shoot fly reaction is a satisfactory indication of
hybrid behaviour. In fact there is a slight improvement in hybrids obviously
on account of seedling vigour.

There has been scepticism on the practical value of non-preference in
developing resistant varieties (Blum, 1972). Developing weevil resistant
alfalfa varieties inspite of strong environmental interaction (Busbice et al., 1968)
is an example where the non-preference mechanism has been made use of.
Current evidence on performance of lines per se and comparitively low mortality
percentages of hybrids averaged over such superior males indicating prepon-
derance of additive gene action for ovipositional non-preference of sorghum
shoot fly could be advantageously capitalised in hybrid breeding as well as
line development.

SUMMARY

A genetic analysis of ovipositional non-preference underlying resistance
to sorghum shoot fly is attempted from a line X tester mating system where the
parents used were exotics as well as stable derivatives from exotic X Indian
crosses. Some of the derived males, females and hybrids involving them were



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

March, 1974] Genetic analysis in sorghum 127

superior in shoot fly reaction when compared to exotics. The inheritance of
ovipositional non-preference appears additive and the hybrids are generally
superior compared to their parents. The parental performance is a good indica-
tion of the hybrid behaviour. Operation of ovipositional suppression factor
could bring about a cumulative effect on insect population when the preferred
host is removed and the insect has no longer any choice. Till such time,
replacement of preferred types will itself be an advantage.
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SORGHUM MIDGC 
SUITABLE VARIETAL 
POLICY AND 
SURVEILLANCE ESSENTIAL 

SORGIIW~ 111icIq~- (Cotttoritlia ~or~hicolo)' wm first 
obscr \~~i l  in India as early as 1914. It was 

reportcd to I~,lr,c a*s~tmcd the status of n pcst tlurirrg the 
IL)(iO's in 11.11 I:. oTst~r1111 India wlrerc sorqlru~ns :Ire culti- 
vatrd a l ~ ~ ~ o x t  tlrrc~~rqlrout the ycar. I'e~.rrptil)l~: lovses 
to M ~ ~ ~ I I I I I I  prndrir~lon due to nridge itlcitlcncc wrre 
noticed durilrg 1116 kharifseasor~ in parts of hlal rar .~r l~t r ;~  
and Kar~l.i~.lka o \ c t  the past threc gcxrs. 'Tlriu is a 
period wllen early maturing hybrid sl)rglrurn~ ant1 late- 
nlaturit~g loc.11~ tscrc k i n g  grown in closc proximity 
in ttlese areas. llybrid sowings wrre also cxlctrtlcd 
conr~ncncing l ~ o m  Junc and lo late July rcnllting in 
continuous bloonritrg wl~ich encouraucd ~nidgc build- 
up on a largr: sc.~lc. ?'lie damage due to midg~: was 
largely co~riirrrd to the late locals in the kharif season, 
Itrc c;rrly 11)~I)ritl~ l~avirrg generally erraped dar~~age.  
Latr-pl~rricd I~ybrtds also sulfemi midgc damagc since 
iluwcril~g t l ~ A  11let e drrri~rg tlle period ol'midge build- 
up. In Ihct, it ma\* I)c raid that some ol'tlle gains made 
omr sorgl~~trr~ ~)rotlr~'.tion due to introd~~ction of hybrids 
havr I ) ~ . I ~ I I  cAlrr b\. nridge incidencc on latc loc;rlr. 

Analb.15 of tl~r. variow h c t o n  auwintcd with the 
incidence of tnidgr us-a-11s stabdizing and enhancing 
productiot~ or dq land  sorghums in thc country ia, 
therefore, thc chic1 problem. 

B w 0 g y u d I ) i d . C ~ .  

O n  current cviclence it appears that all major h w u  
of midgc arc the mcmlxn of the genus Sorghwn. Under 
livounbic conditiom midge complctcs its life-cycle 
in 14 to 16 days and hen= 9 to 12 generations are 
possible during a -son in areas when rhm m ao 
auem of trmperamm. The rate of multiplication 

. - 
1. Rsiat Coonihrnta (QadulD), UBI Rcgw l&,cwll- 

smion, Hydatad. 
r TkbaiulProjcuLedcr(lhwx&w), Mvhia d W  

edqy, ldw A g r k u t l ~  RaardJ lo*ircuc, Nnr fki& 

Midge fly end s damoged rar of wrytlum 

undcr thew c.olrditiu~a is cxtremcly r.qlid. 'I'l~c 
arc laid by fcmalea in tlrc flowrrir~g .~rtk~.lt:tr; c.ach 
female laying ;tlnut 30 to 100 egp. 1'111: i~ijc~ry b 
a11rer1 l ~ y  tl~c: I:~rvac w1tit.h fccd OII  O ~ : I I I I  c [~r~:vr~r~tiitg 
normal rccd dcvrlopnrcr~~ . 

Sttidim on the incidencc of midgc in 11ilR:rent paru 
of the country rcvcal that in north Indi:~ anrl Ucccnn, 
poik midgc breeding occurs from the rcct,nd hall of 
September to early October and it gradually rlrrlirrcs 
a# October p r o g r r a .  III mfh India, rruund (:rim- 
h to rc ,  midgc I~rzedr throughout the year. I t  m.cy hs 
aaid that thc peak breeding dme may not Ix univcnal 
but wnditional. Availability or mrghum ppulictioni 
with overlappiag flowering over a w i d  of IS to 20 



d ~ ) , ,  coupled with fatmurablc cIitn.~tic condiJuns pm- 
vide bmding ground fur n ~ ~ d g c  kSotc t l~e  da111.1st. 
arruma serious proporttons on thc Llcr flo!\*cllng 
ppulatiow. 

Tliic has h e n  reported by Jo~ttani ct ol. (IO;?) .uld 
is also illustrated from thc data obtainsd with a rrlati. 
vely photo-tnscnsitive sorghum hybrid 'C:StI-I' planted 
on tiflcrcfit d.~tesduring kl~ar~l'sc.ason (Tdblrr I .~nd  2). 

-- - -- - ---- --- --.-- . - 
iuly I ? ,  IW 570 

~ u i ;  17, lafi 052 
Iuly ?:, 111C8 I,%\ 
July Xi, I'hd 2,13'1 
.\1yyu11 I I'M :+,51? - ----- - ---- - .- - 

I :  WI r t  t11'1t ~lrc  flowcr~oy: L'loln 111id-St 1111.1111~r 111 

< I lv 1 )c tol,, I \,,is t11c I I I C J S ~  V I I I ~ I C I  i11Ir li1.11urI *111rl 1111% 

1 ,  ,1ri1t $ 1  I)\. t\vo S O W I I I ~ S  OII H I I I C I I  .1[)1~are11tIy ( I I C  
r'iidyr got I I I I I I I I ~ I I C ~ .  It niay IK. qrll~v~tlly statcd that 
, I \  i ? ~ s i \ t  r1ItLv progresses, t11c ~ ~ ~ ~ U I ~ I L ~ O I I *  ~ V I I I L I I  flotver 
rlur111r: t l ~ r  !srst I5 days tend to cwapc tnidgr datnagc 
llut ~)lvtidt ~ I I C  brceding qounil rendering the I.itt.r 
tl~vr i I ing 11. ~~lulations vulneral~lc (11 tnidgr d.~tnap;r. 

Ibr:tl,ll I'ul~cj.. In scverai of the sorg111iur-growing 
st.~tc%, tratl~aonal kharif barictics &re lalr ( i -5 f  motrtl~, 
I < ,  111.lruri1) ), 1.111 and in y c m  of low raitfall Sail due to 
tiror~ql~t. It 11as been spcctacul.~rly dc~n~onstratcti 
durrng 1972-73 d ~ o u g l ~ t  that c'trly rn.~lurir~g hybrids anti 
\ X I  1c1ir.r rol~ld yicld20 to 30ql1inl.l!s uf grain pcrhccl~rc 
tillrn late ltrcal totally Ikilcd. In I~eavy r~11dal1 ac.non5 
11kc the 1Y7; kl~arif, wl~ilc thc carlicc did rct.tin tltc ) iclti 
,rdvantage, IIIC late locals were infotcd I), nridgc and 
I'ailcd to set seed cven tl~ougli ~noismrc \+as not t l ~ c  
limittrig Lc~or.  

Ir is, tl~c~rfore, evident that early and lace rwturing 
%aritties rl~ould not be grown ride by sidc in the same 
region an adr~lt mid* will migrace from earlier f h c r i n g  
rrop ta ti# latter hering om%. I h w  i t  u essential 
that braad tnaturity zona be iclentificd in each d the 

'1 I I P  i.irn11rq arc alw vcry 11141r11 ( ~ I I I U I ~ ) I ; I  of the 
\u ln r .~ . r l~~ l~r \~  of I.ite lr)c~I\ lo ~ r n t ! ~ ~ .  .in4 .ttr tlrtmnlva 
C I > I I I I I I $  I U I ~ \ , I I I ~  !o\\ards II OI.~II!:C. to c,~rly varictier. 
'1111s I.tr111t r . I I I ~ I I I L ~ I *  S I I I I I I I ~  br I . I ~ L I I  . ~ ~ I + . I I I I . ~ ~ c  of 10 
I I I I I I ~  . ~ I ) I , u I  .I I . I ~ I ~  vltlict.iI c11.111qr \ \ * I I I ~  11 \will meet 
th, d\1.t1 11rct1, figl11111~ ~ l l ~ t r g l t t  ~ l t i l  llridge, and 
S ! . ~ i ~ ~ i l ~ . I ~ l ~ l l l  llf ~ 1 ~ 1 ~ ~ 1 1 1 1 1 1  ~ ~ l l l t ~ l l l ~ l ~ ~ ! l  , I 1  .I I l t~hcr l e d  
1111dt I ( 1 1 )  I1l~ltl < O I I ~ I I ~ I I I I ~  

1'11 ,I I I I I <  . \.111~1i>lc \ . I I ~ L I , I ~  ( I I , . ~  I ~ I I ~  I I I  11,1alion to 
I l l . l l t l l l ~ \  l:lOUj>\ ltll llll' ~ 1 1 ~ 1 1 1 1  ,i ~ ! 5 1 l 1 1  I \  JI I I I I I o w I :  

-- --- 
1 , i  i l l  l l 1 * l l l  11,.1 1 1  i l l i t \  - - 
l all ' I  VI  I l'l \ ( 4 ?ill  ard 570 
1 t l i i  1.1 l i l l  I \ I 1  I \ N  L ~ I I ~  .WNI W4 
1 11 s I,)!. o ( \ I 1  ( \ ! '> i t ,  1111 n31d W2 
\I,,l,,,,:, 7 7  t I0 I 1 1 1  I , < I  $ . ' I  - - -- 

I i I I , 1 1 1 1  I I I I I ' /  ( S I ) t i ,  Swnrns 
~ I I L I  ;;I) .1rv I I \ I \ I . ~ I I I  I U ~ V I . ~ I I I  I ) '  r l t i i t ~ t v  I I I I I I ~ C W ;  W4, 
I 1, ;  I I N !  ',I t o  ~ I I C I , , ~  ilv ~ I V I  1 i , ,  I , ,  1 1 1 ~ ~  I I C ~ I I  a p t s a n d  
 it'; t 111 t11r ~ I . I I ~ . I I I ~ I I  10111 (11 li 1 1 1 1 ~ 1 1  ( b , ~  .tltd hlaha- 
I , I ~ I I I  I $ I , I I ~ ,  c ! ~  ! t \  I ~ I I c I ~ \ ~  \ I I  ~ ~ 1 ~ ~ ~ 1 , 1 ~ ~  \,iricttc~like 
.Kl'J ~ 1 1 ~ 1  ll(1 I)c . l \ O , ~ I t l ! .  

! I ,ip.irf I I <  ( 1  ' ~ I ~ , W I I I K  \,~ricties d 
dt\rvsr in.111~1itlc.5, I:IIIIICI I ,  1111 1 1 1  j)i,tllt the name 
\ . I ~ I <  !L* 111 \ I > I ~ ! I I I ~ I ~  I ) \ (  I . 11 I 4 1 ,  I I I I I ~ I  pt:t11,(1 and this 
dlrct I I - \ I I ~ I ~  I I I  .III U I I I ~ I ~ ~ I I I I ~ ) ~ ~  $ 1  Il(~wcr~ng situation 
511111!.11 to 1111. 11111. 1 ~r',~tvd i r \  I I ~ ~ I I I I I I I K  varIr.lIr.1 or clilii. 
~r l r t  In 111111t1t j.  .\llcr 111,  . I ~ \ I . I I I  I*[ I I Y ~ J ~ I I ~ ,  there was 
.' t(.11[1t I I C ~  l t l i  111tiIo11grd ~ I ~ , I I I : I I ~  OI I  .(I C C J I I I I ~  of their 
I ,triv I ~ I  I I I I ~ I I ~  , I I I L ~  1, I~tivc t r i \ t~l t \~l t \~~y tri ~)l~otopcriods, 
S I I C ~ I  ,I 111 I C I I C C  11.1% .ILCL ntudlldl 1/11. ~)rol~lrrn of ~lioot 
11) ( $ 1 1  i~yl,r~ci< .ittd 1111: t r~ id~ l*  In,, ~ i y  1~rc.1Is and hk- 
S<I\ \ I I  l1\l)rid5. 

It 11~11 kxrn \cry t\rll ~ I : I I I ( I I I ~ I I , ~ I C ~  111,lt plantinm 
~ [ J I I P  irnrnrc11.1~c I \  I wcck I C I  t1.11 11,ry.i) ,~Rcr the break 
ol the inon'loon In k11,rrif do 111rt \IIKCC Iiorn shoot fly 
I I I I I i s  At 1)l.tntingt ,trc dtlayed 
~ I I ~ I I *  IS .r gr,~rlual tlc~linc 111 ylt'l~l i l  velg 

I t  iq, tiirrrforr, jt(-rcv,try 111.tt ~ , L I I ~ I P I \  cducatcd 
to L O I ~ I I I I I :  tlictr ~lI .~nt i~q$ [ \ , t r~ l~ l i~  , ,: 11t1%rr1 maturily 
r.tngr) to .I ~xriod nl a h l i t  Ill t o  1 > d.~yr .tftrr tlie break 
r ~ r  t i ~ r  InlItwuJn (usually I~cll~rc tlu: Ilrst wcck d July 
I I I )  In c.13.: they 21tr- l i~~~rl~lc:  11, plant within 
th19 ~ I ' . I I O ~ ,  tlluy ~Irr~r~ldLe advklc ri 111 rt~ro\.rngwrghumr 
at tll.rt \l.l#r tnny riot h prr1~11.riri~~ .wd .~itivnate crop 
llkc I~.?jr,l, Srt,trl.c, \ I I I I ~ ~ W I  r, rli t11.1) 11.. I:lore rcwat. 
dlnq. 

111 addition to nriju~ting ao\v~:q( date, ~ i l e  krrawr 
'sltoald Ix ctrongly ; I d v k l  to ~~ltn~cili;it~ ly burn a r  
plougli in 1111 iral l  .ind ptant rcuiditcs Icft ,111c.r hYvat. 
'The inrested undrv~ loped SIX& Re 111 ;III i n ~ p r  l ~ n t  s o w  



of cany-owr of the p n t  from season IO scason. As a ncccsury ;IS in thc c a x  of spray,. '1'111. ti111irig ~f the 
matkr  of fact, rhu ~hould bc made obligatory in the apl)lic~tioti ir vcru i~nportnnt. 
t n d d c  areas.  ti^ to i t  Sotnc work I~ar  Iic.cn in 111 ogrcw 
, SuMillwr. I t  is nccmsary to keep n const.llit vigil on xr:rc.rtr~l~!: for a~idgc rcsivtnncc in t l r t .  .\I]-li,tli.i Co- 

on b e  eppwrancc oltnidgelothat f a r n m c a n b  warned ordin.~tctl Sorglluni Irnprovcment 1'roirt.t. '1 11c rcsulb 
about Ulofontrol mcasurm to b r w r t c d  to bcbrc tlrc arc, Iro\vc\cr, not vcty con\irtcnt. 'I lit .  linrq IS Nos. 
damagc is done. Montaya (1965) developed a time- 1510, 3 172, 41 1.1, 5'30 and ti1 79 wl1i1 ' I  11;tvc rul~ibitcd 
snving quccze dcvicc to detect Ijn'ac on Johnson grasr S ~ I I I C  ccr~~\i\Lcnc.y It;ivc Ixcn sclcctt~d , I \  ~)roniirit~y t.wi5- 
\vl~icl~ co~lltl b mcd to predict niidgc idcstation on t.lnt 111a.r. 

' sorghum. Some research of this type will bc uwfirl. -1 \ , I I ~ I  !\, S(;Il~I.-hfI<-l was r r ~ i ~ k t c 1 1  in C;c~~q&, 
I t  is ncccssnry that a sptcm of scrmt~illancc and n~oni- US!. ,I\ I I I I ~ I I : ~ :  I L \ ~ , I . I I I I .  S ~ i d ~ o f  tlii, v.t11 lrlt\c just 

.toring ol' nridge i~icidcncc shocrld be dcvclnprd in tllc 1 ~ 1 . n  rccti\~,d ,111tl 1~rc:rding Imlgr.llllllll*s ~ ; I P  lllidgc 
wrglrum-growingstatcs ro provide thc ncccwry warning r c $ i ~ t ~ t ~ r ~  I* \vilI I)[! i~ii~i,ite(l. 
as m n  as thc miclgc build-up is cxpectcd in any nrcn. . \ ~ I / U I ~ I ~  1.t1~111its I)/' ,\fid:;r. Scvrr:iI I I \  I I I ( ~ I I ~ I ~ I ~ P ~ ~ U  

The rabi sorgl~urns arc so far free from ~rlidgc, but a insects .ut. L I I O ~ V I I  to ]).ir.t%itirc ~i~itlgr. I,(,,, ( , L / O , f  

sitriation sinlilar to kllarif could dcvclop :~ntl 11cncc h.ib ~ L C I I  ~ l n v r \ c ~ l  ~ I I  111<1i,1, L'uplntu~ ,p, ; I I I ~  , l / ) r o l l ~ .  
vigilance Jliring r.rbi ic also essential. 

' 
rtlus $1). I I I I + L ~ I ~ Y  L OUIIIIIC>.  'I'IIC p,~r,~)ili ,  . i t i , ~ ~ ~ ,  I I I , \ ~ c v ~ ~ ,  

Chmtirnl Control of hlidgr. r\decltlatc dntn arc avai- w.~c nut \ I  ry  IIC~IV)..  
lrble on clrc~lnicnl control of nlidgc f iu~n All-India Co- ~)l)\t.r\~.itioli\ r1~~0rdc11 SO far 11n\t~ ~1101\ 11 111,,t the 
ordirr~trd Ttials. Spraying of the cars bcljre Iluwering b ~ i l d - t ~ p  ()I' t11v popr~l-~tion of 7i/rn~tir/i111 1,11it < I~laco 
(at Iwut iO p;rniclc cmergcnce) wit11 cndorulfan (35:; (11titc 121r- in I I I C  U , . I ~ O I I .  I t  is frlt t1l6it I I I I I ,  ud I ~ I P  I:lctorg 
EC) onc l i t ~ r ,  ca11)aryl (50% WP) 3 kg, littdanc (209; r c \ p o ~ i s ~ l ~ l ~ ~  1;,1 ~~, t lucl i l~n in 111c mitlgr ~ I O I ~ ) I I ~ . I I ~ I , I I  ( 1 1 ~ t . i ~ ~  
EC) 1 to 2 lirrcs ill 5Wtot001itres of wdtcr per llrctarc t l~c  n~itldll. 1'1' Or ro l )~ ,~  l i 1 . 1 ~  IJC due 11) 1111: itl( I ,  J W ~  

conrrols ~nidge. Rtpctition of the spray after 4 to 6 activity I I ~  tllis I I ; I~,I \~II* 
daysi~desir,iblcp;~rrimlarly where theparirlccrnergcncc 'I'l~c prcd,rtor I I I I ~  Orilrr olhidipranii ,11111 s ~ ~ i ~ l c  I I jIave 
is not uniform. lbur  pcr cent cndosdlfitn dust or I0 alqo brim tccordctl as i~~lport,r~it ~ L , I I I I I , I \  r.~~clllic\ of 
per ccnt carbaryl dust or 10 pcr ccnt HHC du\t at  ttiidgc. .\Io~.c work on tlic parasitcr ; L I I I ~  , ~ ~ r r l : ~ ~ o ~ ~  of 
20 kgjlra i q  also rlfectivc. Two applicntions \rill bc costl\1'1 I J  I r N  I,\CL: 20 - - - - -- . 1--- . . - - -  - - _ _ _ _  I .__ 

4 A 

ASPEEBOLO I ASPEE-NAPSAK 

A ~ E R I E ~ N $ C # ~ . P & ~ ~ ~ ~ S ~ ~ R ~ ~ ~ R I Y A ~ E ~ T ~ .  T C ~ X  : ~ I I W .  

P.O. BOX NO. 1w P h a c : 6 m l ( 5 ~ )  

I MdaBollkFQld~ 
Gram : bKILLUCUSX* MJaL 

1. ASPEE BOLO MOloricoQ ID#- 
Mbtblowcc Cum Durtar uilb V H h  
mn for d d v e  lad 
q&k rppliatioa cf pesticida lo durt 
an4 liquid form. 
CODE MB 1 ViL 

2. ASPEe BmPa Sm)sr la l~li '  
atLo0 of bvlclg Praoure 
R d a t Q r  ~ ~ - ~ ~ S ~ ~  ~ l w r .  

CODE 2 SW-V 

3. ASPEE NAPSAK $wryins, 
f r m  Hi#h Dwlty Polydhclm u ~ b  
tblr f a  c p n y l q  all crop with coati. 
D U ~ W  w w n .  

CODE I SRP* 



midgc could be ofgreat IUC in formulaling the biological 
control programme for this put. 

Our greatest emphasia on midge problem hnr to k 
on avoidance. This could be acllieved by a suitable 
varietal policy along with education of the Lnner on 
confining plant~ngr IO a specified period. Surveillance 
during both kharif and rabi on midge build-up and 
forewarning of pouible outbrraka is ewntial so that 
timely control measures, more or leu on r war footing, 
could k taken up. J:ncouraging parasitcr and breeding 
for midge resistance could pacs~bly pruvldc answcts in 
due course. 
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GENE A C T I O N F O R C O N T E N T O F A M I N O ACIDS IN GRAIN

S O R G H U M *

G. S. N A N D A * * and N. G. P. R A O

Division of Genetics, Indian Agricultural Research Institute, New Delhi 
(Accepted: 15-iii-75)

T H E nutritional quality of grain sorghum can be improved through increase
in protein quantity and/or quality. Since there may be a negative correlation
between lysine and protein, mere increase in protein content may not result in
increased biological utilization. Thus, enhancement of nutritional quality in
sorghum would involve increasing the concentration of essential amino acids
particularly, lysine, threonine, methionine and cystine along with appreciable
protein levels, and a reduction in the pellagrogenic property.

Adequate information regarding the genetic architecture of these impor-
tant aspects is not available. The objective of the present study was to gather
genetic information regarding the gene action in respect of content of protein
and different amino acids in a 10-variety diallel cross of Sorghum bicolor (L.)
Moench.

MATERIALS AND METHODS

The experimental material and the aminoacid analysis have been detailed by Nanda and Rao
(1975). Statistical analysis was as suggested by Hayman (1954).

RESULTS AND DISCUSSION

Analysis of variance for content of amino acids (expressed as % of protein)
indicated that the differences were not significant in respect of serine, cystine,
histidine and arginine while significant variation existed for most of the other
amino acids in the material under study. The regression of Vr on Wr for many
amino acids was negative. Analysis was then conducted for different amino
acids expressed as mgm per gram of grain material, a more realistic basis for
assessing quality. I t may be observed (Table 1) that the differences were signi-
ficant expecting in the case of cystine, though methionine, another sulphur-
containing amino acid, had significant variability.

The magnitude of additive variance was smaller than non-additive variance
for most of the amino acids, the mean degree of dominance varying from 1 • 03

*Part of the thesis submitted by GSN for Ph.D. degree of the Indian Agricultural Research Institute,
New Delhi.

**Present address: Plant Breeding Department, Punjab Agricultural University, Ludhiana, Punjab.
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TABLE

Analysis of variance for different amino acids 

Source d.f. Protein Thr. Ser. Glu. Pro. Gys. Gly.

Replications 1 0-14 0-29 29-81 20-66 2-05 3-38 0-95

Progeneis 44 9-11** 1-25** 4-96** 66-43** 15-96** 1-14 0-46**

Parents 8 5-97** 0-28 3-76 24-69 4-59** 0-24 0-35**

Hybrids 35 9-98** 1-50** 5-38** 75-48 17-90** 1-38 0-48**

P vs. H 1 0-69 0-01 0-04 83-61* 39-24** 0-01 0-68**

Error 44 0-95 0-26 2-38 17-77 2-40 1-17 0-10

TABLE

Estimates of components of genetic variation 

Statistics Protein Thr. Ser. Glu. Pro. Gys. Gly. Ala.

A

D 2-51
±0 - 4 0

0-01
±0 - 4 6

0-69
±1 - 7 1

3-46
±6-97

1-09
±6 - 0 5

-0-47
±0-72

0-13
±0-08

0-34
±5-88

H , 5-04
±0 - 8 9

1-57
±1 - 0 2

4-70
±3-78

60-01
±15-38

22-38
±13-35

0-50
±1-60

0-55
±0 - 1 9

23-50
±12-98

H.2 2-94
• ±0 - 7 6

1-19
±0-87

4-43
±3 - 2 5

45-16
±13-22

16-63
±11-48

0-70
±1-37

0-39
±0 - 1 6

15-70
±11-60

h2 0-62
±0-51

-0 05
±0-58

-0-46
±2 - 1 8

14-84
±8 - 8 6

8-14
±7-69

-0-23
±0-92

0-13
±0 - 1 1

2-33
±7 - 4 8

F -3-76
±0-94

-0-35
±1 - 0 7

-1-02
±4 - 0 0

-25-68
±16-26

-1-88
±14-11

-0-97
±1-69

0-02
±0-20

-3-88
±13-72

E 0-47
± 0 - 1 3

0-13
±0 - 1 5

1-19
±0-54

8-89
±2-20

1-20
±1-91

0-59
±0 - 2 3

0-05
±0 - 0 3

1-23
±1 - 8 6

Mean degree of
dominance

1-12

0-15

11-56

0-19

2-67

0-24

4-17

0-19

1-03

0-19

4-53

0-35

2-09

0-18

8-32

0-17

(4DH,) °-5
(4DH,) °-5-

+ F
-F

0-31 -0-12 0-56 0-06 0-68 0-01 1-10 0-19

h*/H2 0-21 -0-04 -0-10 0-33 0-49 -0-33 0-33 0-15

r (Wr + V:r)/Yr -0-851 -0-137 -0-682 -0-940 -0-585 0-513 -0-378 -0-547

for proline to 11-56 for threonine. I t would appear that for producing a high
quality line a breeding procedure utilising non-additive gene effects would be
rewarding. There is only scanty information available on this aspect of quality
breeding in grain sorghum. However, enough information is there to show
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1

expressed as mg. per gm. of the grain material 

Ala. Val. Met. Lso. Lys. Leu. His. Tyr. Arg. Phe. Asp.

4-21 4-80 0-01 0-74 0-15 7-02 0-02 0-10 0-77 1-54 0-21

17-90** 3-14** 0-41** 2-38** 0-22 44-06** 0-44** 3-69** 1-02** 5-82** 8-71**

3-13 0-72 0-44* 0-64** 0-22 10-16** 0-34* 1-22** 0-50 2-30** 2-41

21-42** 3-77** 0-41** 2-80** 0-21 51-13** 0-48** 4-32** 1-17** 6-67** 10-38**

12-84** 0-43 0-01 1-54** 0-58* 76-35** 0-05 1-39** 0-02 4-34** 0-44

2-45 0-55 0-24 0-27 0-15 2-97 0-17 0-35 0-36 0-72 1-86

2

for protein and amino acids 

Val. • Met. Iso. Lys. Leu. His. Tyr. Arg. Phe. Asp.

0-08
±1-02

o-io
±0-04

0-19
±0-85

0-04
±0 - 0 3

3-59
±16-22

0-08
±0 - 0 5

0-44
±1-32

0-07
±0-15

0-79
±1-65

0-27
±2-70

4-80
±2-24

0-69
±0 - 0 9

3-05
±1-88

0 1 8
±0-06

58-79
±35-81

0-63
±0-34

4-55
±2-91

1-03
±0 - 3 3

5-65
±3-65

9-56
±5-95

3-07
±1-93

0-59
± 0 - 0 8

2-17
±1-62

0-14
±0-05

41-53
±30-78

0-46
±0 - 2 9

3-27
±2-50

0-76
±0 - 2 8

4-38
± 3 - 1 3

6-59
±5-11

-0-02
±1-29

-0-04
±0-05

0-29
±1 - 0 8

0-10
±0-04

16-17
±20-62

-0 02
±0-20

0-24
±1-67

-0-07
±0-19

0-70
±2-10

-0-27
±3-43

-0-07
±2-37

0-19
±0 - 0 9

-0-50
±1 - 9 9

0-01
±0-07

-8-59
±37-85

0-09
±0 - 3 6

-0-78
±3-07

-0-25
±0-35

-1-66
±3-85

-2-69
±6-29

0-28
±0-32

0-12
±0-01

0-13
±0 - 2 7

0-07
±0-01

1-49
± 5 - 1 3

0 0 9
±0 - 0 5

0-17
±• 4 2

0-18
±00-05

0-36
±0-52

0-93
±0-85

7-56 2-58 4-06 2-21 4-04 2-73 3-23 3-83 2-67 5-90

0-16 0-21 0-18 0-19 0-18 0-18 0-18 0-18 0-19 0-17

0-90 2-11 0-50 1-10 0-45 1-48 0-56 0-37 0-43 0-09

-0-01 -0-07 0-13 0-69 0-39 -0-05 0-07 -0-09 0-16 -0-04

-0-564 0-623 -0-328 0-537 -0-385 -0-576 -0-331 0-025 -0-303 -0-225

that most of the yield attributes are controlled by additive effects. For pro-
duction of better quality and high yielding varieties it would, therefore, be
necessary to take into account this type of variability along with the non-addi-
tive gene effects as has been suggested by the present study. However, quality
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traits like protein and different amino acids are very sensitive to environmental
fluctuations. More reliable estimates have to be obtained by assessing over
years/locations.

F-value is negative for most of the amino acids which indicated that re-
cessive alleles were predominant in the material under study. In respect of
glycine, methionine, lysine and histidine the reverse situation was true.
This finding is substantiated by the ratio (4DH I )° ' 5 +F/(4DH I )°- 5 -F which
was less than 1 for the amino acids where F was negative. I t may be observed
that for glycine, methionine, lysine and histidine the ratio was 1 • 10, 2* 11, 1 • 10
and 1-48 respectively. It may be concluded from these data that for glycine
and lysine there was almost equal proportion of recessives and dominants whereas
for methionine there were two dominant genes or gene groups for each recessive
gene or gene group. Similarly in respect to histidine the ratio of dominant
and recessive was 3 : 2. Correlation between ( V r + W r ) and Yr was
negative for all the amino acids except cystine, methionine, lysine and arginine,
where recessive alleles would give higher manifestation, Asymmetry of the
proportion of alleles for different aminoacids in the population was also indica-
ted by the ratio (H2/4Hr) , which was different from 0-25 in most of the cases.
The estimates of number of effective factors involved and showing dominance
relationships was low. Such estimates would always be minimal in a diallel
cross (Jinks, 1954).

SUMMARY

Aminoacid (both as per cent of protein and mg. per gram of grain) analysis
in a 9 X 9 diallel cross of sorghum indicated significant variation for most of the
amino acids. It was observed that, in general, most of the amino acids were
predominantly governed by non-additive gene effects. Degree of dominance
ranged from 1-03 for proline to 11-56 for threonine. The estimates of F and
other statistics indicated that recessives were more frequent. Correlation
coefficient between (Vr4-Wr) and Yr showed dominant genes were positive for
all the amino acids excepting cystine, methionine and lysine in which case the
situation was reverse. The breeding methodology for better quality and high
yielding varieties has been discussed.
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GENETIC ANALYSIS OF SOME E X O T I C x INDIAN CROSSES IN
S O R G H U M . IX. N U T R I T I O N A L QUALITY AND ITS

ASSOCIATION W I T H YIELD 1

G. S. NANDA2 and N. G. P. R A O

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad-500030

(Accepted: 3-i-75)

CEREAL diets can be improved substantially by use of high yielding varieties,
increase in the protein level of cereals by application of nitrogenous fertilizers,
selection of cereal varieties with a higher protein content and improved protein
quality, transfer of protein quality genes like opaque-2 and accelerated develop-
ment and selection for optimum protein composition of cereal varieties. In
recent years high lysine sorghum varieties of Ethiopean origin have been
reported (Singh and Axtell, 1973). Based on the variability available in some
exotic X Indian crosses for protein, essential aminoacids, ^-carotene and for
yield attributes, an attempt is made to study the genetic basis for the simul-
taneous improvement of nutritional quality and grain yield in sorghum.

MATERIALS AND METHODS

The material comprised six dwarf exotic varieties, IS 511, IS 859, IS 2954, IS 2031 and IS 3797
and Swarna, two Indian tall grain sorghum varieties, IS 4522 and R 168, a fodder variety A-l -14-8
with high protein content in grain, and a dwarf selection R 1661 from an exotic x Indian cross IS 3678
X Maldandi, and the 45 possible F , hybrids (without reciprocals) grown in a randomized block design with

4 replications at Delhi,. The material was grouped into tails and dwarfs in each block to avoid shading
effects and randomization was carried out within each group. The plot consisted of a single row of 3 m.
length spaced 75 cm apart with a spacing of 15 cm between plants. Observations were made on 5 
random plants within each row. AH agronomic practices were uniform.

The analysis of nitrogen and 17 amino acids was carried out at Purdue University according to
standard procedures. Nitrogen was determined by microkjeldal technique after defatting the sample.
For aminoacid composition hydrolysed samples were run on Beckman Model 121 amino acid analyser.
Tryptophan estimations were done by standard procedures at the National Institute of Nutrition,
Hyderabad. For determination of total yellow pigments and y8-carotene standard procedures were used.
The intensity of colour was read in Klett's colorimeter using 420 m/t filter and the amount of carotene and
total yellow pigments were determined from standard curve.

Combining ability analysis was carried out according to method 2, model 1 of Griffing (1956).

RESULTS

Variability for nutritional and yield attributes 
From the range of variation (Table 1) it will be seen that the hybrid values

'Part of the IARI Ph.D. thesis of the first author.
present address: Assistant Wheat Breeder, Department of Plant Breeding, Punjab Agricultural

University, Ludhiana.
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transgress parental values for almost all the characters. I t is also seen that with
the exception of lysine, there is adequate variability for essential aminoacids
to match the FAO protein standard.

There is significant variation (Table 2) among the parents only for protein,
yield attributes and glycine but not for essential aminoacids. On the other
hand amongst hybrids, besides protein and yield attributes, significant differen-
ces exist for essential aminoacids, threonine, methionine, isoleucine, leucine,
phenylalanine, tyrosine and valine. The parent vs. hybrid comparison is signi-
ficant for lysine, leucine and phenylalanine amongst essential aminoacids in
addition to yield attributes and glutamic acid, proline and glycine.

Nature of gene action 
From Table 2, it is observed that with the exception of methionine, iso-

leucine, leucine, phenylalanine, tyrosine, glutamic acid, proline, alanine
where specific combining ability (sea) is significant or predominates in magnitude
over gca, additive gene action is more important for all other attributes. The
gca is significant for protein, lysine, threonine among the essential aminoacids.

Association between yield and nutritional attributes 
Amongst the significant negative correlations are those of protein with

yield, seed size and grain hardness; lysine with isoleucine, cystine, leucine,
leucine with methionine; carotene with protein, methionine and cystine; seed
size with threonine and yield with cystine.

The following significant positive correlations are observed: yield with
seed size and grain hardness; grain hardness with seed size and lysine; methionine
and lysine; isoleucine and threonine; leucine with protein, threonine and
isoleucine; carotene with lysine, threonine, isoleucine and leucine.

DISCUSSION

Viewed against the FAO provisional protein pattern, the sorghum germ
plasm furnishes adequate variability for essential aminoacids in addition to
^-carotene all of which could be combined with high yields. The inheritance
of protein, lysine, threonine, tryptophan and carotene amongst nutritional
attributes and grain yield, seed size and grain hardness amongst yield attributes
is also additive in general. Results of inheritance studies of protein and
lysine by Collins and Pickett (1972 a, b) and (3-carotene by Singhania, Rao
and House (1970) based on diallel mating system are in general agreement
with the present investigations. Thus opportunities for recombining nutritional
attributes with yield are in the realm of realization.

An examination of the association between yield and nutritional attributes
reveals the following desirable associations: yield and grain size, yield and
grain hardness, lysine and methionine, lysine and threonine, methionine and
grain yield, leucine and lysine, leucine and methionine, p-carotene and
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threonine. These associations thus offer scope for increasing of lysine,
methionine and carotene along with grain yield. A simultaneous reduction
in leucine is also feasible.

SUMMARY * 

Variability and nature of gene action in the inheritance of nutritional
attributes, viz-, protein, 18 aminoacids, ^-carotene and yield attributes, viz-, 
yield per plant, seed size and grain hardness and the association between
nutritional and yield characters were studied in a diallel mating system involving
10 parents representing exotic, Indian and derived lines of sorghum.

Viewed against the FAO protein pattern and in the light of recent dis-
covery of high lysine sorghums, there is adequate variability for essential amino-
acids and [B-carotene in the genus sorghum. Protein, lysine, threonine, trypto-
phan and (3-carotenen, grain yield, seed size and grain hardness are predominen-
tly additive in inheritance. The positive associations of lysine, methionine and
^-carotene with grain yield offer opportunities for recombining high yields with
high nutritional quality.
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GENETIC ANALYSIS O F SOME E X O T I C x INDIAN CROSSES IN
S O R G H U M X. INHERITANCE OF RESISTANCE T O S O R G H U M

S H O O T FLY

K. BALA KOTAIAH, B. S. RANA, D. P. TRIPATHI and N. G. P. R A O

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad 500030

(Accepted: 15—ii—75)

ANALYSIS of ovipositional non-preference underlying resistance to sorghum shoot
fly indicated that some of the parents derived from exotic x Indian crosses and
hybrids involving them were superior in shoot fly reaction compared to the
susceptible exotics; the parental performance was a good indication of the hybrid
behaviour (Rao et al., 1974). The present study based on large F2 populations
derived from a diallel mating system and a cross involving F „ F2 and back-cross
generations is an attempt to analyse the nature of inheritance of resistance to
sorghum shoot fly {Atherigona varia soccata Rond.) .

MATERIALS AND METHODS

The material for the first experiment comprised eleven parents, three exotics (IS 3922, IS 2031 and
IS 3687), three Indian varieties (Aispuri, BP 53 and M. 35-1) and five derivatives from exotic X Indian
crosses (512, 148, 604, R-16 and R-24) and the 55 F 2 populations derived from all possible matings
(without reciprocal) among them. The material was grown during kharif 1973 in randomized blocks
replicated three times. Each plot had three rows of 10 m. length spaced 45 cm apart.

In a second experiment, parental, F j , F 2 , BC^ and BC2 generations of the cross 512 X IS 9985
and its reciprocal were studied; IS 9985 is a shoot-fly susceptible, bold seeded caudatum kaura from. Sudan
while 512 is a moderately resistant line derived from the exotic X Indian cross (IS 508 x BP 53). This
experiment was also laid out during kharif, 1973 in randomized blocks replicated twice. A total plant
population of 130-180 plants in case of parents, Fi's and backcrosses and 407-535 plants in F 2 were
analysed.

Basal fertilization was at the rate of 60 kg N and 60 kg P?O s per hectare. Shoot fly incidence was
high enough to cause differential mortalities. Shoot fly counts recorded 30 days after germination as
percentages and the angular transformed values were statistically analysed according to procedures of
Griffing (1956) and Hayman (1958).

RESULTS

ANALYSIS OF MEANS AND FREQUENCY DISTRIBUTION

Mortality percentages due to shoot fly damage in individual crosses and
group behaviour of parents and F2's are presented in Table 1. Analysis of
variance revealed significant differences among parents and F2 progenies
(Table 2). The parents vs progenies comparison was not significant which was
meaningful because both the parental and F2 progenies included equally
resistant or susceptible populations.

344
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The progenies of the crosses 148 X IS 3687 and R-24 X Aispuri exhibited least
mortality counts followed by those of 604xR-16 , 604 x M . 35-1 and 604x148
(Table I) .

TABLE 1 

Group comparisons of shoot fly damage in parents and F^, progenies 

Average Per cent damage
Group plantGroup plant

popula-
tion (no.)

Actual values Transformed valuespopula-
tion (no.)

Mean Range M e a n Range

Parents
Exotics 1266 64-4 33 5-88-9 54-3 35 3-70-5
Indian 1198 22-5 20-0-26-7 28-3 26-5-31-1
Derivatives 1212 22-9 25-2-51-5 34-8 30-1-45-8

F2 Progenies 
Exotic X Exotic 1350 56-3 45-5 -67-6 48-6 42-4 -55 -3
Indian X Indian 1293 23-4 16-2-27-1 28-7 23-7-31-3
Exotic X Indian 1269 37-7 2 4 -9 -5 6 -8 37-7 29-9-48-9
Exotic X Derivatives 1323 47-9 11-7-61-5 43-6 20-0-51-6
Derivatives X Indian 1257 25-0 12-2-34-4 29-8 20-4-35-9
Derivatives x Derivatives 1284 32-2 18-5-40-6 34-3 25-5-39-6

C D . 0-05 10-4

The group comparisons indicated exotics to be the most susceptible, the
Indian parents and the derivatives being the least susceptible (Table 1).
Amongst F2 progenies, exotic X exotic crosses had the highest mortality counts
followed by exotic X derivative, exotic X Indian, derived X derived, derived X 
Indian and Indian x Indian in that order.

The various mortality classes fit a normal distribution (Fig. 1) with a 
mean of 3 6 - 7 ^ 1 • 19 mortality (X 2 =9-19 , P > 7 - 0 5 ) . In the absence of com-
plete resistance to shoot fly, the progenies exhibiting mortalities less than
atleast one standard deviation from the mean are considered tolerant while
those exceeding this limit as susceptible.

COMBINING ABILITY

The mean squares and estimates of variances indicated predominance
of general combining ability, specific combining ability being non-significant
(Table 2). The gca effects of parents revealed that the exotic parent IS 3687
tolerant to shoot fly has the capacity to transmit this character. While the
Indian parents and derivatives generally exhibited negative gca effects indicating
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TABLE 2 

Analysis of variance for treatmental differences and combining ability and estimates of 
combining ability variances and effects for shoot fly damage in sorghum 

Source D.F. M.S.S.

Blocks 2 1029-89
Treatments 65 285-53**

Parents 10 602-58**
F2 progenies 54 231-27**
Parents vs progenies 1 44-88

Error 130 51-08

Gca 10 1478-85**
Sea 55 67-80

Estimates of combining ability
G1 gca 36-18*
ff2

 SCa 5-57
ff=e 17-03

Gca effects of parents
IS 3922 + 10-42**
IS 2031 + 11-96**
IS 3687 -0-22
Aispuri -6-64**
BP53 -2-46
M. 35-1 -6-10*
512 + 0-43
148 -3-70
604 -4-55
R-16 -1-07
R-24 + 1-97
S.E. (Gca) 1-86

*Significant at 5% level; **Significant at 1% level.

their resistance for shoot fly, the derivatives 148 and 604 were apparently the
best parents for transference of shoot fly resistance.

GENE EFFECTS

Studies based on parental, F : , F2, BC: and BC2 generations of the cross
512 X IS 9985 revealed that the differences due to generations were significant,
while the reciprocal differences were not. The gene effects were, therefore,
averaged over reciprocals. The relative magnitudes of the gene effects point
to additive and additive X additive interaction effects to be more important,
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FIG. 1. Frequency distribution of F„ families for shoot fly damage, shaded portion indicating the area
where selection for shoot fly resistance is effective.

TABLE 3 

Means of parents, FIt Fa and back crosses and gene effects for shoot fly damage 

Generation Per cent
damage

Gene effects

1. P, (512) 29-7 m 35-7
2. P8 (IS 9985) 50-2 d -5-6
3. F, 38-6 h -11-4
4. Fa 35-7 i -10-0
5. BC, (F, X Pr) 30-4 j 4-6
6. BC2 (F, X P2) 35-0 1 34-3

H=[h- i ] - [d - j ]
Heterosis over mid parent (%)
Inbreeding depression (%)

-8-8
-3-5

7-5

S.E. for generation means 3-02.

thus bringing out the importance of gca (Table 3). Heterosis for % dead-hearts
was in the negative direction indicating that the hybrids will be less affected
than parents.
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DISCUSSION

While the greater susceptibility of the exotic sorghums to shoot fly has
been well documented, evidence on the genetic basis of resistance has been
meagre. Blum (1969) reported that the size of the shoot fly population has
the most pronounced effect on both absolute and relative rates of oviposition
in various sorghum genotypes and suggested selection of non-preferred geno-
types under extreme infestation. Studies of Rao et al. (1974) indicated that
under field conditions, where the mortalities ranged from 20-90%, some
derivatives between exotic x Indian crosses exhibited relatively less mortality
and that the parental values could be used to predict F, hybrid performance.
This itself is an indication that resistance to shoot fly is additive in inheritance.

Present studies based on sizable F, populations confirm that ovipositional
non-prefernce is additive in inheritance, sea variance being of negligible propor-
tion. Estimates of gene effects furnished further confirmation that inheritance
of shoot fly resistance is mostly additive. Derivatives like 148 and 604 besides
being dwarfer and earlier than Aispuri from which they were derived are tolerant
to shoot fly and high yielding. Based on their performance in All-India trials,
they have been recommended for release and general cultivation in some parts
of India. They are also likely to be highly useful in future breeding programmes.

The frequency distribution of the different mortality classes closely fits
the normal curve. Since absolute resistance is lacking, selection for shoot fly
resistance may best be carried out under reasonable levels of infestation.
Selection of resistant types may be confined to families which exhibit mortali-
ties one standard derivation below the population mean.

The characteristic way in which the mortalities gradually decreased from
65 to 23% in the order exotics, exotic x exotic, exotic x derivative, exotic X 
Indian, derivative X Indian, Indian x Indian and Indian further confirms that
the resistance is due to gradual accumulation of desirable alleles rather than
due to one or two major genes.

Earlier studies inovlving parental and F t generation together with the
present study on large F2 populations and generation means provide evidence
for the genetic basis and its utility in developing sorghum genotypes combining
shoot fly resistance with other attributes.

SUMMARY

Genetic analysis of resistance to sorghum shoot fly based on large Fx popu-
lations from a diallel mating system involving exotic, Indian and derived lines
as parents and gene effects estimated from generation means revealed that
inheritance of shoot fly resistance is predominantly additive. Among derived
lines 148 and 604 which have the tall and late Indian variety Aispuri in their
parentage are tolerant to shoot fly besides being early, dwarf and high yielding.
Based on their overall performance they have been recommended for general
cultivation in parts of India.
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There is a characteristic gradation in the order of shoot fly incidence
from the susceptible exotics to the tolerant Indian varieties, the frequency
distribution closely fitting the normal curve. In the absence of total resistance
to shoot fly, selection under conditions of reasonable infestation in families where
mortality percentages are one standard deviation below the population mean
is likely to be effective.
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GENETIC ANALYSIS OF SOME E X O T I C x INDIAN CROSSES IN
S O R G H U M X L SELECTION FOR S H O O T FLY RESISTANCE

B. S. RANA, D. P. TRIPATHI, K. BALA KOTAIAH, R. DAMODAR and N. G. P. R A O

All India Co-ordinated Shorghum Improvement Project, IARI Regional Research Station, 
Hyderabad 500 030

(Accepted: 15—ii—75)

ANALYSIS of ovipositional non-preference underlying resistance to sorghum
shoot fly indicated that the hybrids were generally superior to their parents and
that parental performance was a good indication of hybrid behaviour (Rao
et al., 1974). Further studies based on large FQ populations and gene effects
revealed that the inheritance of shoot fly resistance is predominently additive
(Bala Kotaiah, Rana ,Tripathi and Rao, 1975). The present studies based
on F„ and F 3 progenies derived from them and some advanced generation
material outline the progress from selection and isolation of genotypes combining
shoot fly resistance with agronomic desirability.

MATERIALS AND METHODS

The material for first experiment consisted of : 
Parents: BP 53, M. 35-1, 148 (IS 3687 X Aispuri), 512 (IS 508 X BP 53), R-16 (IS 2950 X 

M. 35-1) and R-24 (R-78 x M . 35-1).
The F2 of the following five crosses along with the respective F 3 progenies were grown: 148 X 512,

R-16 X 512, 512 X M. 35-1, R-16 X BP 53 and R-24 X R-16. The number of F 3 progenies studied
were 18, 15, 11, 9 and 17 respectively. Only agronomically desirable F a plants and the F 3 progeny
derived from them were selected for the present study. 302, 604, Swarna, CSH-1 , CSH-3 and CSH-5,
were used as checks.

The material was grown in randomized blocks replicated 3 times during kharif, 1973. Within a 
replication randomization was done first between the four groups (parents, F2 , F 3 and checks) and later
within each group. The total population studied ranged between 500-540 plants for each F a and 160-
180 plants for each parent and F 3 progeny. The restricted randomization was necessitated on account of
the fact that non-preference is the major mechanism and would bring out generation differences.

The second experiment was designed to study the group behaviour of exotic, Indian and derived
lines from exotic X Indian crosses in advanced generations to incidence of shoot fly. A randomized block
design with 4 replications was used. Within the replications the groups were assigned at random and the
lines within the group were also randomized. Each plot had a population of 100-120 plants per
replication. The material in the different groups comprised:

Indian: IS Nos. 1054, 1082, 2123, 2146, 3962, 4283, 4646, 4664, 5030, 5469, 5480, 5490, 5566, 5615,
5642, 5826, 8315 BP 53, Aispuri, Karad local. 

Exotic: IS Nos. 84, 2031, 2954, 3687, 3922, Swarna and CS 3541.
B-lines: CK 60B, 2077B, 2219B, 2277B, 2947B, 3660B, 3691B (all based on exotics); 36B, 173B, 418B,

1146B, and 1220B (based on exotic X Indian derivatives).
Hybrids: CSH-1, GSH-2, CSH-3, CSH-4, CSH-5, 36A x 148, 648A x 148, 648 x R-24 and

2947A x 148.
Derivatives from Exotic x Indian crosses: 3, 94, 141, 148, 168, 171, 232, 269, 285, 302, 302-3, 302-6,

302-7, 303-7, 305, 311, 329, 370, 434, 461,492, 555, 561, 562, 565, 573, 604, 614, 651, 654, 655, 661, 670,
702, 713, 882, 902, 1088, 1201, C-5, R-16, R-24, (all promising in kharif): R-20, R-30, R-33, R-147,
1329, No. 40, 76, 78, 79,83, 116, 118, 168, 187, 198, FR-169, FR-173, FR-178, FR-194, FR-632, FR-645,
FR-681 and FR-681-2 (all promising in rabi). 
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The exotic and Indian groups included parental lines used in crossing programmes from which
the derived lines were obtained.

The mortality percentages were recorded 30 days after germination and statistical analysis was
carried out after angular transformation. Components of genetic variance, D and H, were estimated
following Jinks and Mather (1971).

RESULTS

BEHAVIOUR OF PARENTAL, F2 AND F3 GENERATIONS

Comparison of mortality percentages of different generations revealed that
while the means are about the same, the range of variation differed markedly
(Table 1). Analysis of variance established that while the differences for dead-

TABLE 1 

Means and ranges of shoot fly mortalities for parents, F2 and F3 progenies transformed 
{angular) values 

Generation/Cross Mean Range
(degrees) (degrees)

Parents 33-56 24-5-47-0
Fa progenies 32-41 28-5-37-7
F 3 progenies 34-56 17-2-55-6
R 16 X BP 53 F2 33-70 —

F3 33-68 27-3-52-1
512 X M35-1 F2 28-53 —

F3 28-56 15-2^43-9
148 X 512 F2 30-06 —

F3 32-35 20-3-48-2
R 16 X 512 F2 37-56 —

F3 40-56 25-5-54-3
R 24 X R 16 F2 32-36 —

F3 36-13 22-1-44-3

S.E.± 4-69

heart percentage among F2's are not significant, the differences among and
between F 3 progenies are highly significant (Table 2). The F3 generation,
therefore, offers considerable scope for selection and establishment of resistant
progenies. All the five crosses offer scope for selection of shoot fly tolerant
lines. The regression coefficient for mortalities of F 3 progenies on F2 means
is l - 3 1 9 ±0 - 2 7 0 3 .

The frequency distribution of F3 progenies (Fig. 1) for mortalities closely
fits the normal curve (X2 = 2-42, P > -05). When population mortality ranged
between 6-7-67% (15°-55°), progenies exhibiting mortality percentages
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TABLE 2 

Analysis of variance for shoot fly damage {transformed values) 

Source D.F. M.S.

Replications
Entries

2
86

172-07
215-49**

Parents 5 193-12*
Segregating progenies (F2 + F3)
Parents vs segregating pro-

74
1

188-58**
11-96

genies
F2 progenies
F3 progenies

4
69

35-07
199-25**

F3 (linear) 1 3564-27**
F3 (non-linear) 68 149-77**

Bet. F3 families 4 797-08**
Within F3 families 65 162-46**

Within R 16 x BP 53 F3 8 162 02**
Within 512 X M. 35-1 F3 10 178-44**
Within 148 X 512 F3 17 141-44**
Within R 16 x 512 F3 14 233-29**
Within R 24 x R 16 F3 16 113-07*
F2 vs F3 progenies
Checks

1
5

66-48
35-10

Residual 1 3425-29**
Error 172 21-98

*, "Significant at 5% and 1% level.

between 6 , 7 - 2 0 > 0 % (15°-26°) could be considered resistant to shoot fly. I t
could also be seen from Table 1 that while the F2 and F 3 mean mortalities are
comparable, some of the F3 progenies exhibited greater resistance.

GENETIC ADVANCE

Heritability estimates and genetic advance or gain from selection (GS)
are given in Table 3. Heritability was around 2 5 % . Selection of F3 progenies
showing less than 20% (26-7°) damage (Fig. 1) resulted in 10% selection
intensity. The selection of these 10% superior progenies would be expected to
result in nearly 10% improvement in the level of resistance in F4 generation.
A shift in selection pressure from 10% to 5 % resistance progenies would not
change expected F4 mean substantially.

GROUP COMPARISONS OF SHOOT FLY REACTION

The means, ranges and analysis of variance for the different classes of
materials studied is presented in Table 4. The between-group differences are
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24

20
>
z

UJ

> 12

OBSERVEO

-M .̂= 33-85
S E. = ±0-93
S 0 = 7-79

EXPECTED

fl:*:*:
...ils;

\ .
IS 25 35 45 55

PERCENT DAMAGE (TRANSFORMED VALUES)

FIG. 1. Frequency distribution of F 3 families for shoot fly damage, shaded portion indicating the area
where selection for shoot fly resistance is effective.

TABLE 3 

Heritability (k2) and gain from selection (GS) in F3 families for shoot fly resistance 

Method h2
i = 1 0 % i== 5%

Method h2

GS EXP F~ GS E X P F 4

I.
2.

22-57
27-00

-3-40 31-16
-2-10 32-46

-3-98
-2-45

30-58
32; 11

1. ha = 

2. h2 = 
i = 

ff'g(l) or.g(l) + ff28 + a\ 
A A A A 

D/D + H + E 
Intensity of selection

highly significant. On the other hand, the differences within Indian parents
are not statistically significant. Amongst exotics and hybrids, if IS 3687 and
36A X 148 are eliminated from their respective groups, there are no significant
within group differences. With the exception of 36B, the scope for selection
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TABLE 4 

Analysis of variance, means and ranges of different groups of parents for percent shoot fly 
damage [Transformed values) 

Source D.F. M.S. Range Mean

Replications 2 733-15
Treatments 112 378-87** — —
Bet. groups 4 5551-44** — —
Within Indian parents 19 75-09 24-96-43-19 35-09
Within Exotic parents 6 452-52** 34-96-69-74 62-36
Within B-lines 11 83-20 49-27-69-47 61-68
Within hybrids 8 175-77* 32-96-58-05 51-24
Within derivatives 64 214-67** 36-33-68-40 52-14
Error 224 62-66 — —

*, **Significant at 5% and 1% level.

amongst B-lines is not also much. The differences between derivatives are
highly significant and offer maximum scope for selection of resistant lines.

DISCUSSION

Transference of resistance to sorghum shoot fly, which is primarily due to
ovipositional non-preference, from the tall and generally late Indian varieties
to dwarf, semi-dwarf and early maturing forms is apparently feasible since
inheritance appears to be largely additive (Bala Kotaiah et al., 1975). Parental
performance is indicative of scope for recovery of resistant lines in segregating
generations (Rao et al., 1974). While F2 mortalities enable identification of
potential crosses, differences among susceptible and resistant lines become
established by the F3 generation and selection thereafter could result in further
improvement and stabilization of resistance as has been accomplished in some
of the advanced generation progenies. The significant regression of mortality
percentages of hybrids on parents (Rao et al., 1974) and F3 on F, as reported in
this paper is further proof of the genetic nature of this character. Estimates of
heritability (narrow sense) for shoot fly resistance obtained by two methods
place it at about 25%. Selection intensity below 10% may not be of
much utility. Since absolute resistance is yet to be encountered, levels of
selection of resistant lines may be confined to progenies exhibiting 6 • 7-20%,
when mortalities of segregating populations range from 6-7-55% under field
conditions. The study thus furnishes a measure for selection of resistant
progenies.

That non-preference for oviposition is a major mechanism of resistance
to sorghum shoot fly is borne out by the significant group differences now



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

November, 1975] Shoot fly resistance in sorghum 355

established. The exotic dwarfs are generally more susceptible to shoot fly 
with the exception of IS 3687. The Indian varieties are generally more tolerant;
there is little difference among the Indian varieties. The derivatives from
exotic X Indian crosses, the 'B' lines and commercial hybrids all of which are
important from plant breeding considerations exhibit significant differences
indicating that shoot fly resistance could be combined with agronomic desir-
ability. 36-B among the 'B' lines, 36-Axl48 among hybrids and 148, 168,
329, 604, R-16 among derivatives which are being recommended for general
cultivation exhibit shoot fly resistance comparable to the Indian parents.
Several other dwarf and semi-dwarf derivatives, 3, 141, 171, 311, 370, 492, 555,
562, 573, 702, 882, 1188, R-30, R-33, R-147, 1329, FR-169, FR-173 FR-632
and FR-681, which are in advanced yield trials also exhibited reasonable levels
of tolerance to shoot fly. 

SUMMARY

Differences between shoot fly susceptible and resistant progenies get esta-
blished from F3 generation. Heritability estimate for shoot fly resistance is
about 25%. Selection of progenies exhibiting 6-7-20% (15°-26°) mortality
when mortalities range between 6-7-67% (15°-55°) results in isolation of
resistant progenies. Selection intensities below 10% may not result in increased
gains.

Exotic, Indian and derived lines when grown in their respective groups
exhibit significant group differences indicating non-perference for oviposition to
be the primary mechanism for shoot fly resistance. Resistant lines of economic
worth have been isolated through selection in exotic x Indian crosses. 36A
among male steriles and its B-line, 36Ax 148 among commercial hybrids, 148,
168, 329, 604 and R-16 among the derivatives combine resistance to shoot fly 
with agronomic attributes and are being recommended for general cultivation.
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GENETIC ANALYSIS O F SOME E X O T I C x INDIAN CROSSES IN
S O R G H U M . X I I . LINE PERFORMANCE IN R E L A T I O N T O

H E T E R O S I S 1

D. L. SINGHANIA3 and N. G. P. R A O

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad

(Accepted: 5—iii—75)

T H E use of per se performance of lines as a method of screening inbred lines of
corn has been advocated (Genter and Alexander, 1962", Lonnquist and Castro,
1967). In barley, Gebrekidan and Rasmusson (1970) recommended the use of
cultivar per se performance in initial screening of potential cultivars. In
sorghum Whitehead (1962) observed gca and line per se performance may be
relatively more important for evaluating parents of hybrid sorghum. An effort
is made to relate the performance of derived males from exotic X Indian crosses
with the performance of their corresponding hybrids.

MATERIALS AND METHODS

Five females, 21 males and the resulting 105 hybrids were grown in randomised blocks replicated
three times at three locations, Parbhani, Dharwar and Yemmiganur during kharif 1970. Data from
these experiments was used to study the relationships between performance of male parents and hybrid
performance.

RESULTS

The correlation coefficients between line per se performance of males and
their corresponding hybrids are given in Table 1.

I t will be seen that there is a close relationship between male performance
and hybrid performance at all the locations. For grain yield the correlation was
not significant at Yemmiganur. This is attributable to the generally poor
performance of the males and reduced seed set at this location. In general,
the hybrid performance is positively correlated with performance of lines
per se. 

Since the female parents are few in number and the average yields of
females over males are not significantly different, correlation of female perfor-
mance with hybrid performance was not assessed.

1. Part of Ph.D. Thesis submitted to I.A.R.I. by the senior author.
2. Present Address: Department of Plant Breeding, G. B. Pant University of Agriculture and

Technology, Pantnagar, Dist. Nainital (U.P.).
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TABLE 1 

Phenotypic correlation coefficients between line per se performance and mean test cross 
performance

Correlation coefficients
CharacterCharacter

Parbhani Dharwar Yemmiga-
nur

Overall
locations

1. Mature plant height 0-9176** 0-9026** 0-8419** 0-9108**
2. Days to 5 0 % bloom 0-8411** 0-4989* 0-7904** 0-8080**
3. Panicle length 0-8626** 0-8518** 0-9021** 0-9466**
4. Grain yield per panicle 0-9033** 0-5309* 0•1749 0-4966*
5. Hundred grain weight 0-7335** 0-4284 0-5611** 0-6876**
6. Number of grains per panicle 0-4491* 0-5625** 0-4731* 0-6478*

*Significant at 5 % level; "Signif icant at 1% level.

lo so2 0 30 4 0 50 60 70
MEAN MALE Y IELD fqm/p»nlcle>

FIG. 1. Regression of test cross performance on male performance.

Test cross yields showed positive regression on male yields (Fig. 1).

DISCUSSION

Correlation studies between parental (males) performance and test cross
performance reveal significant positive association for all characters except
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grain yield at one location. Analysis of the regression of test cross yields on
parental yields (Fig. 1), also showed that the two are positively associated.

The validity of the supposition that more accurate evaluation of general
combining ability can be made among early generation inbred lines on the basis
of progeny performance than on the basis of test cross performance depends to
a large extent on the nature of gene action involved in heterosis. If, as is
generally accepted, heterosis results primarily from additive effects of dominant
genes, progeny performance of early generation inbred lines should evaluate
their general combining ability better than test crosses.

The present study is essentially an evaluation of males per se performance
and its relation to test crosses, since the females did not exhibit enough varia-
bility. The results bring out that a preliminary evaluation of lines per se would
provide an effective test of potential parents and subsequent test cross evaluation
of high X high lines could yield highest yielding hybrids as was observed in
barley (Upadhyaya and Rasmusson, 1967).

Whether parents should be tested and selected in the same environment
in which their progeny is to perform is an important question (Falconer and
Latyszewski, 1952). In the present study, the correlations are more pronounced
at Parbhani where the expression of parents was the best. The hybrids, on the
other hand, performed well at all locations. Hence, parents selected on the
basis of their performance per se under ideal conditions could yield superior
hybrids whose performance may be expected to be superior over a range of
growing conditions.

SUMMARY

Evaluation of male per se performance and its relation to test cross yields
revealed that line per se performance could profitably be utilized as an effective
preliminary test for potential parents. Subsequent evaluations could be based
on test crosses. There are indications that parents selected on the basis of their
performance under favourable conditions of a single environment could result
in hybrids of general superiority over varying environments.

ACKNOWLEDGEMENTS

The authors are grateful to Drs. A. B. Joshi, H. K. Ja in and M. S. Swaminathan, for interest and
encouragement.

REFERENCES

Falconer, D. S., and Latyszewski, M. (1952). The environment in relation to selection for size in mice.
J. Genet., 5 1 : 67-80.

Gebrekidan, B., and Rasmusson, D. C. (1970). Evaluating parental cultivars for use in hybrids and
heterosis in barley. Crop Set., 10: 500-502.

Genter, G. F., and Alexander, M. W. (1962). Comparative performance of S; progenies and test crosses
in corn. Crop Sci., 2 : 516-519.



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

390 Indian Journal of Genetics & Plant Breeding [Vol. 35, No. 3 

Lonnquist, J . H., and Castro, M. G. (1967). Relation of intra-population genetic effects to performance,
of S( lines of maize. Crop Sci., 7: 361-364.

XJpadhyaya, B. R., and Rasmusson, D. G. (1967). Heterosis and combining ability in barley. Crop 
Sci., 7: 644-647.

Whitehead, W. L. (1962). The breeding behaviour of phenotypically diverse grain sorghum varieties
in hybrid combinations. Unpub. Ph.D. Thesis. Purdue University, Microfilms, Ann Arbor,
Michigan.











   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

GENOTYPE-DENSITY-YIELD RELATIONSHIPS IN SORGHUM

P. P. TARHALKAR, S. SUBBA RAO, K. VIDYASAGAR RAO and N. G. P. RAO

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Rajendranagar, Hyderabad 

(Accepted: 22-H-75)

IT is generally known that plant density plays an important role in determining
the yield of any crop per unit area. With a view to obtain rapid preliminary
information on the response of sorghum genotypes, seventeen wide ranging
densities from 36,000 plants/ha to 717,000 plants/ha were considered and an
experiment was conducted during khrif 1971 with two varieties of sorghum
viz., Swarna and 148 and a hybrid CSH-1 in a 'Fan Design' suggested
by Bleasdale (1967). The results of the experiment are presented in this paper.

MATERIALS AND METHODS
The details of the 'Fan' layout is provided in Fig. 1. Quadratic, reciprocal quadratic and Bleas-

dale's simplified equations were fitted to the data and the optimum density determined in each case so

LENGTH .' 21 - 5 6 F t

• EXPERIMENTAL PLANT

X 6OR0ER PLANT

i— (RATE OF CHANGE OF
SPACING ) 

FIG. 1. Fan Design.
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that the range of densities so obtained will serve as a guide-line for planning a regular experiment to de-
termine not only the optimum density but also the optimum arrangement of plants in the field at a chosen
density. Care was taken to see that fertilizer and moisture did not impose any limitations on yield by
providing a uniformly high level of N, P and K and regular irrigation.

RESULTS AND DISCUSSION

The data on plant density and the corresponding yield are given in Table 1.
The yield of CSH-1 has gradually increased from 4,100 kg/ha to 12,620 kg/ha
as density increased from 36,000 to 7,17,000 plants/ha. In the case of Swarna 
also, the yield has constantly increased from 3,420 kg/ha to 10,110 kg/ha with
the increase of density from 36,000 to 7,17,000 plants/ha. The situation appears
to be different in the case of variety 148 where the yield initially increased from
3,175 kg/ha to 7,380 kg/ha with the increase in density from 36,000 to 1,96,000
plants/ha, but has fallen considerably with further increase of density.

TABLE 1 

Plant density and yield of sorghum 

Yield (kg/ha)
Plant densityPlant density
(105 plants/ha) CSH-1 Swarna 148

0-36 4100 3420 '3175
0-44 4638 3750 3475
0-53 5141 4040 3875
0-63 5512 4450 4230
0-77 6021 4830 4780
0-92 6513 5150 5130
1-11 7215 5660 5730
1-34 7812 6070 6265
1-62 8360 6420 6770
1-96 8976 6840 7380
2-36 9440 7200 7360
2-84 9770 7620 7270
3-43 10701 8010 6860
4-13 11233 8330 6940
4-89 11340 8410 6260
5-98 11960 8790 5740
7-17 12620 10110 5730

The relationships fitted together with the optimum densities, maximum
yields and the multiple correlation coefficients are presented in Table 2. The
results indicate that there is not much to choose between the three types of yield
density relationships fitted in as much as they provided equally high values of
multiple correlation coefficients. The optimum densities suggested by the three
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equations were, however, not as close as the coefficients of multiple correlation.
In a situation like this, it would be difficult to arrive at a definite conclusion on
the optimum density to be adopted. However, these preliminary results can
be utilized advantageously for planning a regular experiment covering a range
of densities including the different optimum densities indicated by the equations
fitted in a manner that standard statistical tests of significance could be applied
before deciding on not only the optimum density, but also the optimum arrange-
ment of plants between and within the rows for a chosen level of desnity.

Although, at present, a plant density of not more than 2,00,000 plants/ha
is being adopted generally, the results of this preliminary experiment indicate
that the yield of sorghum could, perhaps, be increased significantly by increasing
the plant population, at least to the level of 4,00,000 plants/ha. Although the
data indicate possibilities of obtaining higher yields with still denser population
levels, in actual practice this may be possible only under very favourable soil and
weather conditions. The results in respect of the variety 148 indicating the
optimum density between 2,60,000 to 3,90,000 plants/ha did not conform to

uprocal or y,«id / p l tis * i.ot'tt'] 

f no5
 PI , „ 4 j

FIG. 2. Yield density relationships.
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the pattern observed in the case of Swarna and CSH-1. This clearly establishes
genotypic differences for density response. The variety 148 is a dwarf line
derived from a cross between an Indian variety Aispuri and a dwarf exotic
IS 3687. Unlike the elongated panicle types like CSH-1 and Swarna, it has a 
compact earhead and the compact headed types may have a ceiling in plant
density beyond which the yields tend to fall. Fig. 2 provides a description of
the different yield density relationships fitted.

Since the optimum density for a given crop is likely to be a function of
factors such as the level of fertility, the availabe moisture in the soil, the amount
of sunlight intercepted etc., future experiments of this nature will also need to
consider the effect of variation in the growth factors on optimum density.

Although, the results obtained from the 'Fan Design' cannot be subjected
to rigorous statistical tests of significance because of the inherent limitation
owing to the lack of randomisation over the various densities under consi-
deration, they still provide rapid preliminary information on the nature of yield
density relationship at a very less expense.

SUMMARY

With a view to obtain preliminary information on the genotype-yield-
density relationships in sorghum an experiment was conducted in the 'Fan
Design' suggested by Bleasdale (1967) with 17 densities varying from 36,000 to
7,17,000 plants/ha with two varieties of sorghum viz-, Swarna and 148 and a 
hybrid CSH-1. Three types of yield density relationships viz., the quadratic,
the reciprocal quadratic and the Bleasdale's simplified equation have been
fitted. I t has been found that the three equations are equally satisfactory in
providing a good fit to the yield-density data. It has been concluded that a 
plant population of at least 4,00,000 plants/ha in the case of Swarna and CSH-1
may be desirable although a still denser population has been indicated by one
of the equations fitted. In contrast with this, it appeared that a plant
population of about 2,50,000 plants/ha may be enough to realise maximum
yields in the case of the variety 148.
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CHANGING CO'NCEPTS 
AND PRACTICES OF 
CROPPING SYSTEMS 

P.P. TARHALKAR and N. GANGA PRASADA RAO 

All-India Co-ordinrtrd Sorghum Improwmant Project, lARl 
Rwfonrl Rm8nh Station, Hydrnbrd 

rNmvPra changa, genotype-environment inter- G actions and manipulation o~f cropping system 
furnich opportunitia for: (a) risk cover if rainfal! u 
subnormal and greater profitability in case of normal 
weather; (b) biological fixation of nihogen; (c) increac- 
ed production of protein per hectare enabling upgra- 
dation of nutritional statw of cereal diets and (d) 
greater efficiency in land we and agricultural producti- 
vity. 

Intercropping systcma involve growing together two 
or more specia with the wurnption that two specia 
could aploit the environment better than one. With 
particular reference to dryland agriculture, an inter- 
cropping system n c t b  to be deigned in such a way that 
in c a ~  of unfavourable weather at lemt one crop will 
survive to return economic yielL thereby providing the 
n e c q  insurance against the unpredictable weatha: 
In case the year happens to be normal with rapect to 
rainfall, the intercropping sptem as a whole should 
prove to be more profitable than growing either of the 
crop. 

If the two specia gown together are mutually be- 
ficid, there ir co-operation. Competition drts when 
they tend to be mutually harmful and thic cornpetidon 
u for water, light, nutrimb and there u sko interaction 
among two or more competing facton. Thae rch- 
tiomhip, co-opcration and competition pre density 
dependent At low densitia there ir co-operation, 
there u a point of neutral relationship and active compe- 
tition coma into play cu denairy i w e a r a .  Compcti- 
rive ability u inherited but yield and compatibility 
could be indegendent 
With thee basic prinapla, the daign and devebp 

ment of an intcrwopping -tun in dryknb offar 
the following dternativa: choics d mps, choia d 
type within a crop and choice of planting mmgancnta. 

a(* Lfnapr d nl*& 

Depending upon tbe area d operadon, r chda d 

craps amongst cereals, oilreedr, pulsa, etc , could b e  
made. In particularly draught-prone areu, crops 
like cytor and pigcon-pen ttith a pcrcnni~l tendency and 
drfferent developmcntnl rh) tllrnt o a r  pcntcr rrsk cover. 
Cereal-legumc, oilsced-lcg~r~ne, cerr.zI.~)~lsr'd cornbi- 
nations, combinations of sl~allnw and dcep-rwtcd crop, 
etc., could be chosen. Illrr~troppinq \i>tcm could alao 
be conceived for nutritlonal 11pgr.rd.ulon of l~urnnn and 
cattle feed ratiom of dnland mu. 

Plant typa of d~ffercnt hcighu, rnnturiries, canopy 
growth habits, growth rxm, rtc , are n\~liable in most 
crop specia and could be cl~osen deper~di~ig upon the 
requirement of the st,te~n. In .fact, crop ideotypa 
suitable for A syrtern of crops could be bred. 

In the pnrcnt studies, dwarf erect-lea\ed sorghum 
like 'Swama' hac definite advantagu for intercropping 
as agaihct the traditional tall and late sorghum. 
Similarly, in pigeon-pea 'Hy3A' with no basal branching 
and concentrated heavy terminal bearing exhrbited 
decided genotypic advantaga over traditional branching 
typa like Type 21. In case of castor, genotypa like 
'157-B' with a dwarf habit and converging brancha and 
'413A' with erect petiola and long sprka are amenable 
for intercropping while the traditional tall typer are 
almost ruled out. In soybean, the short-duration deter- 
minate typa have decided advantaga over long-dura- 
tion indeterminate typa. 

The competitive effects of one crop on the other 
(Table 1) provide ~pportuni t in  for  election of l e s t  
competing mop for inclusion in the system. 

Using systematic deigns, the genotype demlty 
interactions of sorghum, castor and groundnut have 
been studied. I t  was seen that dwarf genotypa like 
'Swarm' and 'CSH-I' in cate of sorghum, '157-B' in 
case of a t o r  are more amenable for density manipulc 
tiom unlike traditional tall typa. 

Several alternative planting patterns are fesrible. 
Data on the paired venw uniform planting system in& 
cate that pairing had some advantage in some cara 
(Table 2). 

In CPK of c rop  where pairins of row has an advan. 
tap, the space between pain could be urilked for an 
additional crop. Sevual alternative planting pat- 
c o m b i i  with suitable populatioi denritia could rko 
be conceivd 

ExpaLnena on the development of d c i e n t  inter. 
aoppin# qltebv bQ)ed on combinationr d cme@B 
(rorphucn), pul# @teon-pc% royb-) 4 - 



TABLE 1 .  c o . i i P e ~ r ~ i v e  e ~ m  OF VARIOUS wER. 
CROPS ON ?He YIELD (Wha) OF lHE MAIN SORCHUhf 

AND GROUNDNUT CROP 

(8nq) 4078 a9 0 
GmuDQut (TMV-2) 3610 78.0 
Pigcon-pa (T-21) 1674 57.7 
Cutor (224) 2654 57.3 
SuDBowa (Sunrbe) I049 22.6 

Sorghum Pun crop 4631 100.00 

Soyban (EC 2597) 7918 96.6 
Grocudnut (TMV-2) 6975 92.1 
Pigcon-pa (Hy-3.4) . 6846 90.4 

Sorghum Pure crop 7571 100.0 

Soyban (Brrgl) 2640 81.5 
*hum ( S w a m )  1070 33.4 
Sunflower (EC 68114) 1075 33.6 
Cantor (419-A) 1540 48. I 

Groundnut Pure mop 32M) 100.0 

S o y k  (EC 2587) 
sorlh- (302) 
Cutor (419-A) 
Pigeon-pa (Hp3A) 

Groundnut Pure crop 

S v y k  (EC 2597) 
Groundnut ( W - 2 )  
salh- (W 
Pig-0-pa (HY-W 

TABLE 2. GRAIN YIELDS (@a) IN UNIFORM VS 
PAIRED ROW PLANTING8 

cn) u* P M r a  

aotghb" 4 . 7  47.s 

Gmuadwt* 11.7 M.8 

C b t a  . 1S.2 S.8 

* k d t b m b a r i o a r u d r k e r r u a ,  
**Lbno(woNam 

(cutor and groundnut) wcrc carried out to study their 
total productivity, economic pmfil~bility and nutritional 
efficiency. Appropriate genotype with low competi- 
tive effccu were chmcn for rirr). crop. 

(a) Sorghum a .\fain Cri~p.  In experirncnu with 
sorghum ar a main crop, thc plant density of sorghum 
was 1,48,000 planujha with .i row cpacing of 45 cm and 
hill spacing of 15 cm for tlle tintform row trc.~tmenu. 
In the paired row planting trratmcno, ttle spacing within 
a paired row of sorghum u.u 30 cm and that k w e e n  
the two paired r o w  was 60 cm. Data on grain yiel& 
ofaoghurn and the intercrops, along with the economicr 
and nutritional efficiency of ihe intercropping ryrtem 
are pmented in Tabl53. 

During both 1971 and 1973 seasons, sorghi~rn yielda 
in the paired row plantinp wwe found to be on a par with 
thoe  in uniform row plantiw. The reduction in 
yields of wrghum was not significant when it wac inter- 
cropped with toybean, groundnut and pigeon-pea. 
Compared with a n o d - a o w n  pure sorghum crop, itr 
intercropping with soybean raised the total grain 
production up to 26 per cent followed by inter. 
cropping with gtoundnut and pigton.pea. Higher 
economic returns were obtained in sorghum+soybern 
and wghum+pigeon-pea intercropping ayatemr. 

From nutritional view point alto, estimated data 
on t o d  protein yield obtained from thae syrtunr 
thowed a favowable trend aa against growing a pure 
torghum crop. Cereal-legume mixtura contain p w  
gins ofruperior nuhitive value ar they mutually ruppla 
ment the deficient amino aci& ac compared with thore 
of either cereal or legume proteiru. Intercropping of 
wrghum with aoybean, groundnut and pigeon-pea 
reaulted in the increase of lyaim yield up to 219, 77 and 
76 pu cent respectively. 
Thus, from economic iu well aa nutritional upects, 

mrghum-soybean, wrghum-pigeon-pea and loghum- 
groundnut intercropping system wen found to be 
highly profitable. 

(b )  G&r cu Main Cro). In the expcimmts 
with groundnut as a main crop, the plant density of 
groundnut war 2,22,200 plants/ha with a #pacing of 30 cm 
between ma and IS cm between hills for uniform row 
treatmenb. In the p a i d  row treatmenb, the spacing 
within a paired row groundnut was I5 em, w h u e ~ l  that 
W e e n  the two paired row, w u  45 cm. Data on the 
yield of groundnut and the intercrop along with tho 
econornia and nutritional efficiency of the intercropping 
aptem ~ l t  praented in Table 4r 

Pod yieldr of groundnut in the paired row planting 
pattern wuc on pu with rhore o b W  with d o r m  
row Thoueh r o y h  pigaon-pa did 
not duct the pod yidd to r a i i c a n i  extent, them 
w u  a si@cu1t yield reduction of grolllldnut by sm- 
ghrua Howewr,duetohi6hwfghumyMdrobtrinsd, 
tho Lor in the groundnut yisld wpl QW- 



--- 

M, 1971 - 
(1) sadrum h a  (144 4125 - 4121 US2 2132 410 9 75 

(2) Sorghum Prind Rm 4189 - 4189 U78 2178 420 10 05 

(3) %*hum 'PR' + P i p ~ ~ - p .  (T-21) S1(0 490 3870 111)? 1760 439 11 25 

(4) Sorghum 'PR' + Groundnut 
m - 2 )  44% 490 (dM 4160 2991 ' %I 14 70 

(9 Sorghum 'PR' + Soybao l&r(l) 44% A1 5215 4701 1101 772 11 12 

(2) Sorghum Paired Rar 757 1 - 7571 7571 6545 757 18.16 

(4) sorghum 'PR' + Giarndwt 
(TMV-2) 6975 I1 7157 7521 6Ob9 749 18.45 

(I) Sorghum 'PR' + Soybera @C 2587) 7518 407 7723 7 W  6612 907 28.57 

TABLE 4. GROUNDNUT-ZCONOMICd 01 INTERCROPPINO 

- - 

8- 1972 

(I) GmuDQut Rue (TMv-2) 

(2) Groundnut Rlnd m 

(3) Grourrdeut 'PR' + Soyban (Brig) 

(4) Growhut 'PR' + &rghum (Swum) 

K k f j  1975 

(I) G&ut Pure (TMV-2) 

(2) GmuDQlt: Pdred mm 

(5) Grouadwt 'PR' + Soyban (EC 2587) 

(4) GomunQut 'PR' + Sorghum (Xn) 

( 5 )  Croundeut 'PR' + PigcOwprr 
WY-W 

raulting in bighat totd production in the ayatem. groundnut crop. Simikrly, h@at net prd@ wslr 
Groundnut-rorghum and giondnut-pigccm.pa yrtanr obtrined iD thae two vtem. Droundnut pigeon-pq 
q h t d  an inclrued3.U) .idlMpacmt, nc ayatemwufoundtobsnupwiainWptsk)yidd 
pectivdy in totd grab production aver that h a  pme qwndtativdy u weU u Is pmtds qd@ (w 



RELIANCE 
MEANS 

mv 
SIF identifier 1-W Atit ma naflon'8 

/ 

CIFCOMB\ viddr-food strife tor self reliance grain8 to In f e d  rgriculturrl the milllotU 

ClF TOi 1 - . - .. - 

ClFOR constantly on bringing down the unit cod d 
c r o ~  rwotective measurer in inwcticides, 

CIFOSULPHAN paday, Wheat, Maizo, ~egetabl* 
Cotton, Graper, Sugarcane, 

CIFON 
Tobacco. Tea. Coffee and othw 

K and ash-mops to rupport the nation'r 
econamv. CIF's know-how is working 

- -. . 
tunaicider and weedicides. JowU. 

plantations are now being eff ectively 
- - - - - protected by CIF product8 everywhera with 

I r r a m  HM A ClF reliance backed by 7 me latest CIF ~ O W - ~ O W  

and other IS1 markod 
Pertrcider 

A h m r b b . d : ~ Q T r A h n w d . b r d 3 b O o m  - 
~ 1 l l * C ~ C I # 6 M d n r w o O U  



(2) Cutor,Croundnut (TMV-2) (3 :I ratio) 1154 503 1657 4394 279. 

(3) e t w  Sorghum (302) (3 .I nuo) 750 2765 $515 (840 2990 

(4) Cutor,Rgeoa-pn (Hy-3A) (¶:I ratio) 1211 a 5  1618 3815 2411 
-- -- 

* Eased on pmrrLng pnca m h e  r u a n  

)ield), followed by groundnut-soybean intercropping 
system. Thw, the cfficicnt intervopping syrtem for 
groundnut were identrfied as groundnut-sorghum, 
gmundnut-pigeon-pea and groundnut-mybean system. 

(6) Cutw at Main Crop. In fie expaimentt with 
cactor as a main crop, the plant density of cartor war 
55,500 plants/ha. Growing cartor and intercrops in alter- 
nate strip in a 3:l ratio wac found to yield more eco- 
nomic retunu than growing it in a paired row planting 
pattern. Data on the yield of cartor and the intercrop 
along with the economia of the intercropping system, 
are presented in Table 5. 

Intercropping of castor with pigeon-pea did not 
reduce the caator yields to a si@cant extent as com- 
pared to ita intercropping with sorghum.' However, 
the high yields obtained with sorghum compensated 
the lou in castor yields raulting in higher total 
productivity. Thua, cartor-sorghum system as a whole 
was found to yield high economic retuna followed by 
ator-pigeon-pea intercropping system. 

Some of the profitable intercropping systaxu for 
drylands w u e  found to &(I) Sorghum-soybean, 
(2) Sorghum-pigeon-pea, (3) Sorghumgroundnut, 
(4) Groundnut-sorghum, (5) Groundnut-pigeon-pu, 
(6) Gm~~dnut-soybean, (7) Castor-sorghum, and 
(8) Castor-pigeon-pea. 

In each system, appropriate crop ideotypa have 
been ured Computation of economia, total pro& 
produced per hectare together with an anal@ of the 
amino acid balance, the advan- of nitrogen hation 
when lcguma are rued in nuch system, or the greater 
riak cover in nub-normal y s ~  and greater profitability 
uDda normal conditiom-dl tvour the practice of 
such intercropping system. It t, however, necarny 
to view that ryrtMt diSenndy fmm trrrditional mixed 
mppiog system where a catnin proportion of one 
crop b mixed with a certain proportion of other Ira 
qwndy, unouating to growing two crop in rup&tive 
mip Tha rieni&.nt point In the p-t, systemr k 
tb.t mitable genotypa ue c w  the popdadon of 
the main aop ia not uori&cd and io y i e l b  do not 
d k r  when compared with puk: ~c.ndr andthcyiclb 
d intcrcrop are dwayl a bomn. 

R.toodng,rllaLy/Mddpl. ctoppiq 8yo01lna 
The advent of early hybnds and varietia of sorghum 

could be taken advantage of to considerably enhance 
land productivity. The predominently black mil belt 
of sorghum sustains traditional 5-6 month ull varietia. 
The substitution of a 3-month hybrid or variety enswa 
assured yieldr under m b n o d  raina and in cue of 
adequate rainfall a ratoon or a second crop like aPWowa, 
chick pea, etc., are feasible. The convenion of the 
sorghum tract to a single maturity ako eliminata h e f t  
problem Wre midge h i d a  enhancing productivity. 

Rahning. Where one or two protective irrigatiorv 
are possible or where noil moisture conditionr permit 
as some black soil a m  where monsoon u t e n b  into 
October, hybrids and high-yielding varietia of sorghum 
could be succasfully ratooned. When the sorghwn 
crop is cut to the baac and 2-3 healthy tillen am per- 
mitted to mature under good management, the ratoon 
yields AIW ru good and ~ometima better than 
the main crop. The ratoon manva about IS dayl 
earlier than the plant crop and there is raving in culd- 
vation coats. 

Smglucm-Saflow#/Swghum-Chick-pca. The 100.d.y 
sorghum hybrids or varietia ripen towarb the end of 
Septcmba or early October. k won u a ~ h o w a  ia 
received dunirg thh stage, d o w e r  could be hand- 
dibbled in between standing mrghum rw. ARer the 
harvat of the sorghum crop, the cnWower pi& up 
and the y i e h  are ratisfxtory. Such opportunitia 
d t  in long-duration mrghurn tracu of Kotah divirion 
of Rajasthan, Indore and Bhopal division a d  o t h a  
hea*black mil diitricu of Madhya Pradah, the k W  
black mil bdt  of Maharathtra and putl of A t d m  
Pradah and Karnataka, 

Similarly, o p p  unitia for planting chick-pea crop 
P R a h . r v a t o f s o ~  ~um+o&tinthinbl.cLsoilbdt 
and enabla hvo crops whw no@y r single lory- 
duration mrghuh k taken. 

G m d u t I S m .  Groundnut hu been ntiw 
rhky during khuif in black rdL. Yet IhL t pr;ral#l 
in v v a l  stata. ID one of the studia, groundnut 
mmhrvcbserrpa i fCdandtW1ceedt . r so f~~t  

0 0 ~  4# ?mB lb? 

.k 



~ g m i n ~ d d r t r d p d d y a t l 4 p a m t m o i r h u c  WOW. Alotolcconorny in thcwdfat i l i raran 
bve b&n given in Table 1 and have Jlo ken  shown be etTected by prrctking green manuring. 
& tbe ~tOBMI. -- 

oommm~ rrctY P A ~  7 
TABLE I .  GRAIN I?ELD OF PADDY (qh) 

Without nitrogen application, green manuring gave 
higher paddy yield by 50 q/ha than that after fallow 
giving 26.4 q/ha. Nitrogen raponx was found dgni- 
ficant up to 80 kg/ha. On an average, application of 
10, 80 and 120 kg N/ha increased the yield over control 
by 9.5,22.9 and 27.2 q/ha, each kilogramme of nitrogen 
producing 23.7, 28.6 and 22.7 kilogramme additional 
grains, reapectivcly. Paddy yieldc after green manuring 
without nitrogen (56.4 q/ha) and at lower dote of 40 
kg N/ha (65.1 qjha) were found slightly higher than 
after fallow even with higher dma of 80 kg N (55.6 
qlha) and 120 kg NFa (60.1 q/ha), rapectively. The 

, ~tudy indicata that the effect of &inch green manur- 
ing on paddy was qua1 to Wl kg applied nitrogen after 

QlOPPMO PRAmCgl 
w u  used. h between prin, a shortduration loybua 
h u  been grown unte mybean daa not compete vay 
much with groundnut. After h m a t  9f mybean, 
d o w e r  w u  dibbled in place of mybun while groundnut 
w u  still rtmding. ARer k a t  of groundnut, uWowa 
gmv faster thereby adding an additional crop. Such a 
lyrtcrn k both m insurance against possible groundnut 
f d u m  and provida additional income if the yur t 
normal. 

Opportunitia for incres~ed land w through variow 
cmpping syateuu ue under uKnment in the black mil 
sorghum tract under the All-India Ch-ordinatcd Sorghum 
Improvement Project and at tbe IARI Rcgiod Raurch  
Station, Hyderabad. ' I Read 'Indian Farming' I 
I for I I 'What's New in Agriculture' I 

Shriram Chemicals' equation 
for national 
progres ir... 

1 OOa/e capaclty utlliution a 
1,000,000 tonnos of Uroa produd = 
$ 100,000,000 rclvod I 

.I ( 

Tour Urea output bdala: 
wa 1.000 000 lonnes. 

0 Increased loodgratn ~roducrion todale: 
ovn 4 000 000 tonnrs. 

0 T a a l  foreqn exchange savtng lodrlo: 
om 8 100.000.000. 



CSV-3 (370), n high-yielding sorghum variety 

S O R G H U M  PRODUCTION Proro N , G A N G A p R A s A D A R A O  t Co-ordlnator (Surgt~urn)  and 

PROGRAMME 1 Hoad, IARI Rogion.!i Hesoarch Station, 
Hydcrabud 

bioscsr food crops grown under A raiiflcd conditions, sorghum 
nccl~pics t l~c  1;irgest area, 18 mnillior~ 
hcctarrs, \\hich IS morc than the total 
arc.\ und~.r wlrc.ct in thc country. This 
Llct merits scrious consideration in 
tl~c fi)~.~nulation and implcmcntation 
of produrtion programmes aimed at 
incrr:i.;ing the overall food produc- 
tion in illc conntry. Opportunities 
for c~~liancing sorghum production 
illustrate possil)ilities for elevating 
agrict~ltu~al yirlds in rainfcd areas 
which constitlrte 70 per cent of 
India's cultivated area. 

Fluctuations in coarse grain pro. 
duction continue to have an adverse 
influence on overall food position. 
11 haa bbecsr~ very well established that 
in ycars of normal as well as sub- 
normal rainfall, a varietal change 
witll moderate inputs can m l t  in 
@d levcla of 25 to 50 quintals of 

sorghum grain per hcctarc. 111 
Lict, non-monctary inputs including 
the variety, the secd costs of whicli 
arc srnall and manngenirnt practices 
cotrplcd with ,judicious usc 111 I I I ~ ~ C -  

tary inputs like iertilixt:r :und pcrti- 
cidcs could accomplisl~ tliis ol)jcctivc. 

RaiafaU P1nehutlons and Crop Yield. 

In  recent years, there 11s been 
growing interest in posviblc wcatlcr 
changes and thcir influrcncc on agri- 
cultural yields. Whilc tllc lirnits of 
the rainy reason in a given region 
could be well defincd, rainfall 
f luctuat io~ witldn the season are 
Icu predictable. In  traditional 
rainfed agriculture the c rop  
growing pcriod far cxcecds the rainy 
mason rendering auch long-duration 
c r o p  and varieties particularly 
vulnerable in yean of subnormal 
rainfall. 

Soryl~ums in 11itl1,i arc: almoqt 
wliolly grown : is  r..i~iili~~l crg+ps and 
111t:ir yicl& c11~1)1,1~11 or1 Inonsoon 
1 1 t 1 t i o n  '1'li<. IJVI.V,L~I I I W  of tall 
a~lrl k)ng-drlr.itio~i v ; t r i ~ . ~ i ~ ' s  which 
tc11t1 to cxpcrld rrio\t crl' tl~<:ir cnergy 
in tlic production ol'v~,~t.tativi: niattcr 
couplcd wit11 tlrc , I I I I I I I , ~ I  I I I I :LI  : L I J W I I C ~  
r)l'~crtilizcr appIic;t~io~l , I I ~  t11c tradi- 
tion of growing sorgl~ iurrs 11ridr:r low 
populations rent1c.r tl~i.rn low yicld- 
e n  even in norrl~;~i yc,Lrs and un- 
ccrt;iin yicldcrs in . ~ l ) ~ ~ o r r r ~ . ~ l  years. 

Kharif. In yr;irr , I T  h)w and erra- 
tic rains, as ~~xi)cricncc:d during 
1972-73 ovcr tlrc major sorghum 
belt, grain yields of ~lrc ncw lrybridr 
and varieties during the khwif 
s e w n  have beell of tire order of 
25 to 30 q/ha ag;dnst ttrc spcclre of 
near total failurc of latc locals. 
B d  on yicld data of 1972-73 from 
29 locations all over the country, an 



analysis of the various facton influen- 
cing yield revr.11 that not more than 
30 per cent of the total variation 
in yield appears to be vulnerable to 
the rilinfall fl~rctuationa while the 
remaini~~g 70 per cent is control- 
lablc throligh the usc of suitable 
hybrids iind vnrictics, optimal levels 
of fcrtilizntion, maintenance of plant 
populatioru, timely mwing, manage- 
ment and minimum of plant protec- 
tinn mrasurcs. 

h'abi. During the rabi a e w n  of 
1972-73 characterized by low profile 
moisture resulting from scanty rain- 
fall during khaiif organized p m  
grommcs based on' early maturing 
hybrids, advanced d a t a  of planting 
and all basal application of fertilizer 
brought out the potentialities of 
stabilizing rabi yicldr a t  latinfactory 
levck of 20 to 40 qlha (Table 1). 

The phyaioh~gical e5ckncy of the 
new hybridr and vnrictler when 

r - 
L O C A L  302  (CSV.2)  % 1 4 8  ( C S V . 5 )  

C S H . ~  1 3 7 0  ( C S V . 5 )  $$ 6 0 4  ( C S V . 6 )  

grown in different seasoru M reflcc- 
tcd by the distribution of dry matter 
l>ctwl.r.1 ear and stalk apcaks for 
their advantdgcs over traditional 
varit.tics in which 70 pcr crtit or t11c 
total dry matter gets accumulated 
in the stalk. Majority of tha ncw 
varierics have more than 50 per cent 
of thc dry matter accumulated in the 
ear. 1)uring rabi which rcpresenu 
a rclativcly greater stress cnviron. 
ment, the total dry matter produccd 
by hybrids h low when comparcd 
with kharif, but more than half of it 
gets accumulated in the car. The 
moisture utilization by hybrids 
during rabi in, therefore, more cfli- 
cient. 

Thw the climatic vulnerability 
of the traditional late-maturing 
varieties and the advantaga of 
rclativcly early maturing IrybriL 
and varietiec in normal aa well aa 
abnormal yeur har bcen well born 

4006 

3 0 0 0  

9 
\ 

3 2 0 0 0  

2 
F 

1 0 0 0  

out by our cxpcrit:ncc. 'I'ha consb 
tcncy of perhrni:~nc.l: 01' tllc new 
hybrids and v:~ri~:licu with a pro. 
duction potcritial of 20 10 30 q/ha 
c:\,cn in unfi~vour. '11,: yrb;lrs ntld 40 to 
60 ill favourablc \t.;irs 011 csl11.rimcn. 
tal fic:lds ;is wt:II . IS  v;r>t \trt:tches of 
f:\rmcrs' holdin#.; 1r;r.i I J ~ . C I I  well 
docun~entcd. l'lrerr~ is 110 ~jlacc or 
jt~s~ifica tion for I.*IO-I 6.i tlny vari. 
cties which still prctlt~rlri~r;itr in most 
parts of thc C I I I I I I I I ~ .  '1'11~ only 
way to elcvato :111(1 ~t ; t l~i l i~t :  g r~ in  
sorghum prtductilrn 11ntlt.r inevi. 
tnl)le and inescaj~;il)lc rliri1:itic flue. 
tuntiona u by rt.pl;il:ing tllc trarli. 
tional locals will1 t l~c  n1.w I ~ y b r i d ~  
varieties and mnlingrmcrit practicn. 
&notype al11:r;rtiotu itlvolving 
reduction of durir~ion, reduction 
of total dry m;attor , I I I ~  it5 rrlorc effi. 
cicnt distribution htwi:cn il,ilk and 
car (economic prorluct), adjurtmentr 
in timu of sowing, maintenan- of 

~ ( S W A ~ N A  (csv.~) 8 c s  3 5 4 1  ( c s v - 4 )  R 1 6  ( c s v . 7 .  RABI 1 
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optimum p l a t  popuhtions, we d 
kr t i t i i r ,  pknt  protection mearum 
and practice of suitable aystuns of 
cropping, ratooning, etc., dl of which 
are in tlrc realm of human control 
could enhance productivity leveta 
and in~p.\rt atability to production 
i n  rainfcd agriculture. During 
1972-73 sorghum yield levels in well 
managed experimcnti* and with 
several farmcn were of the order of 
25 to 30 q/ha against the national 
avcrage of 5 rl/lta in normal ycnrs 
and ne.tr tot.rl failure during 1972- 
73. 111 LLLI, wc are better prrparcd 
to face a drouglrt than a late wet 
season. 

Current farrner demands for an 
early Ityl~rid like CSH-I in prefer- 
cncc to Iatc locnls to escape dmugltt 
as wc:ll ;IS darnitge d u e  to midge 
sltould Ilc t a k c ~ ~  cognizance of and 
c;cpit;~lixc (1 upon to elevate and 
stnbili~e sorgl~um 1)toduction. Two 
I~ybritlu C:StI-I and .CSH-4 are 
prcsclttly cultiv,rtcd on a fairly largc 
scalr (1111.i1tg klt;irif. Tl~e'ncw hybrids, 
C:Sll-5 nnd (:St I-G (2219Ax CS 
3541) oll;,r considerable promise for 
k11;tril' sczrron :utd hybrid seed pro- 
duction is cntcl~ing up. For the mbi 
scnson, bcsidcs C:SH-I and CSH-4, 
tlte c s l~c .~ i~ncn t ;~ l  hybrids 3 6 A ~  148 
nittl 3lj,\ > 1'1) 3-1-1 1 exhibited consi- 
d~.l..~lrh: 1" O I I L ~ ~ C .  Thcy have now 
bccn rccort~lncttdcd for pre-relcasc 
~uultiplication. 

Ilybrid sccd production needs 
ccrt;iin skills and it ic a repetitive 
proccss since the farmer has to renew 
the sced each year. I n  view of the 
v a t  nrca to be covered, emphasic 
has bccn laid on the development of 
high-yielding vnrictiea whore multi- 
plication rate is rapid and thi  seed 
could be used ovti yean taking 
adcquatc ca re  to maintain purity 
standards. Seven such varietica with 
yicld lcvcls eon~pnrable to hybrids 
11nvc been develop4 and six of thcm 
C:S\'-2 (302j303), CSV-S (S70), 
CSV-4 (CS 3541 ), CSV-5 (1481 l a ) ,  
CSV-6 (604) nnd CSV-7R (R-16) 
wcrc rrlc:~sed oilly during last year, 
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that ia  1974. '~warira' (CSV-I) w u  
mlcacc.d during 19fd. Tl~coe 11igl1- 
yielding varietics lravc tlrc addcd 
advantages of low s n d  cost, rapid 
and easy reed multiplicity h t l ~  dur- 
ing the seaan as well a, in o ~ - s e a a o ~ ~ .  
There is also scope for 11;1tt1r,i1 
rpread. 

Suitable hybrids and varirties for 
different states a n  presented in 
Table 2. Thcy have the potential 
to yicld 25 to 30 qr~intal\/I~a undcr 
average growing cn~lditio~ts ,111d 50 
to 60 q/ha under brttrr tn.tnnyc- 
mcnt. 

Prcscnt e&)rtl i11.c iri~ncd at 
incorporating greater Irvcls of 111:'t 
and discare tolerance and grcntrr 
response to fcrtilitcn so that pro- 
duction levels are stable cvcn under 
low levcls of managcmcnt gcncrally 
encountercd will1 drylnnd crops. 

I'aritlol Spread: hfolrtri!~ Oricnla- 
tion and cnblock 7r~m.lfot.rnntion. 'l'he 
diffused spread of new varietics 
tends to enhance shoot fly attack 
on new varieties and incrensetl midge 
incidence on locals particul;~rly dur- 
ing the kharif season. Distributing 
hybrids and varietics of allproxi- 
mately same maturity in con solid;^- 

ted blocks could almost rliminate 
or mininlise the pest d;irn:~g(:. 11 

total varietal transforrnatioll based 
on diversity within a maturity group 
slrould be the first step over wl~iclr 
fi~rthcr improvements could be 
built up. 

Presently available varictnl divcr- 
sjty in relation to maturity groups 
for the kharif scaton ir givcn in 
Table 2 All the hybriciu and varic- 
ties classified aa early and flowering 
in 58 to 70 days could be treated 
as one maturity group. 

All l~ybrids and the varieties 
C S V J  (148/168), CSV-4 (CS 354 1 ) 
are resistant to downy ntiltlcw; 
CSV-G (604), CSVd (1481 168) and 
329 to shoot fly and CSVd (148. 
168) to most leaf spots and striga, 
In  the transition zone of Karnatnka 
and Maharashtra States, ant1 parts 
of Tamil Nadu downy-miltll:w-rtt~ 
ecptible varieties like C'SV.2 (302- 

303) and CSV-G (601) ahould be 
avoidcd. 

Componencw of Production 
Tinu of S O U J ~ I ~ .  S I I \ V ~ I I ~ :  with the 

o ~ a c t  of monqoolr c111tiny kl~arif cli- 
minato rlrcmc fly :rrt.itk and returnr 
11igl1 yieltls. 'I l~ir invrtlvcs no 
money but c t ) i ~ t i ~ t t ~ o ~ ~ s  c(111~~~tion to 
tltc Lrn~crs  ;~nd j~rol).ty.rtion by ex- 
tension agencicr. 

Pinnt l'opul~lio~r. IJnlikc locals, 
n\)oi~t l,80,OOiJ to 2,O~l,OOO ~ I ; I I L &  per 
1trct:trc ;\re r*.iu.t~ti.tl if WI: arc to 
rr~;iKs~: cl~c I'IIII ~ I < ~ I ~ , I I I ~ , I I  <,I' 11igh- 
yi~!llli~~& v , ~ r i ~ ~ t i ~ ~ ~  , L I I X I  l~yt~r;(lq and 
tltis c1)111d bc ;rrr,<~~l~l,li+l~r~rl I)y using 
a seetl rate of 10 to I:! kg:li;t. Seed 
costs arc rclittiwly low :ctttl in c ~ s c  
of vnrictics tt1c.y c'111lt1 1 ~ 1 :  much 
lower. A plant at cs\*cry 4' to 6' in 
rows spaced 18" .~p;irt is essential. 

J:cr/ili:cr Use. 111 ;rdtlition to use 
of compost a r ~ d  Ltrln.ynrd manure, 
30 to 40 kg N ant1 30 to 40 kg P,O, 
1'1'' I~cctarc: in rl~c fi~rrn of i~lorganic 
h,rtililcrs 10 ttlc Ili~1t-yi1:ldirlg varie- 
tics would rcturn pt:r kg or ~~itrogen 
tlirre tirncs ttlorc g ~ . ~ l i ~ t  yi(*ltt than 
1oc;rlv. In 1~l.1c.k soils ;dl nitrogen 
nntl 1',0, coulll I J ~  i11)l~lird baually 
wlic:reas in ligltt.trs~ured soils, r~itro. 
gcn sl~ould bc given in two doses, 
half I~aral and tl~c! otltcr half at 
30 to 40 days after sowing. Applying 
av:ril~blc licrtiliz(:r to I~igli-yielding 
varietics in itsclr rcst~lts in cficiency 
of fcrtilizer usc. Nirrog:~~ r c s p o ~  
are oplirnum up to 00 L I J  100 kg N/ 
per hectare and slrould I I C  applied 
when fcrtilizer s~~pplics nrc not 
limiting. 

Pert Avoidance and P e ~ t  Con lrol. Most 
sr~rgl~um pests can ba avoided. 
Plitnling wit11 t l~c  , J l l rv t  of n i o w n  
avoiil~ sh(u)t fly. I , . ~ L I J I ~ ~  I( covera- 
gc.5 and vnri1,tol I ltl~icc 11f sirnilar 
m;~ruring typcs rr',uld :~voicl midge. 
Dot11 these aspects nc,r:tl 1111ly aduca- 
tior1 and changes i l l  t l ~ e  elnphasu 
of extension cfi~rtv, If pl:ming is 
ncccr;nry durinx \Iuu~t lly bi~ild-up 
wc-tl trcirlmc'nt wr;i!~ r.;~rl)r)funn 
5.p;lrts (A.J.) I;)r 101) 1J;irtr uf reed 
gtvcs cffccuvt: collcl~ll. 

Sicin t r~rcr  rl:ltn.i:ri* C;LII l)c chc- 
c k d  by or~c or IWO .q~l~lir .ttioru of 



granules of 4 pa cent endaulfan, 
4 per ccnt carban1 o r  2 per ccnt 
lindanc in the wl~orla. 

Midgc is rfectivrly controlled by 
spraying carhcads before flowering 
(at . r h u t  50 per colt  panicle enlrr- 
gcncc) w i ~ h  endtvlulfm (35 per crnt 
EC) oric litrc, c.trbaryl (50 per cent 
WP) 3 kg, lindane (20 per c a t  EC)' 
1 to 2 litrcs in 900 to 600 lrtres of 
water pcr hectare. Wcpetition of 
the spray afivr 4-8 dayc is desiral~lc. 
I'or~t IIIT I (  I I ~  tnd~~rull . tn dust or 10 
prr  crltt ca~l)nryl drrst or 10 per ccnt 
RHC: dust at 20 kg/lta is also effective. 
Two appl~c.ttions will be necessary ' 

a5 in tfrc cn\e of sprays. 
P~c-cnirrfi( ncc a l~pl~cat ion of At- 

rnzinr 0 .  'I Lg (Al . ) , l~a  followed by a 
late w r c d ~ ~ r g  controls weeds. 

Thc ritbi jowar yields are' gene- 
rally lo\vrr conrl)nred to kharif. 
Sincc mnst rnbi j~lwars depend on 
residual soil moislt~rc and practi- 
cally no r ; l i~~s  itrc received during 
crop gnlwtll, chlir yii.lcls arc a func- 
1io11 o1'1L11:1riI'rni11s ;tnd in years wllcn 
I;IIC rn~r~rsoon r;rin\ Titil, rabi yields 

t m d  to get further reduded. 
A3 stated earlier, during 1972-'73 

rabi season, an  carlinm orientctl 
c m h  programme basal on rrrrly. 
maturing hybrids, advancing dates 
or plantlng by ;\bout 20 to 30 d:rys, 
all basal lkrtilisation and c;rrbofut.:r~i 
seed trcatmcnt paid adrqtcnci: divi- 
dends in 1119. district of Khammnrn in 
Andl~ra Pt,tdcsh and compcnri;ttcct 
for most o l t l ~ e  losses in sorglrurrr pro- 
d t~ct io l~ sulli!rcd in otllr*r tlisuic IS of 
tlrt: sti~tt-. 'Ll~tw p r i ~ l c i l ~ l r ~  I I A V ~  
I;\rgc ;tpplicnti(~~rnl \ . . ~ I I c  I ~ I I ,  tltc 
single-rr~~ppcd rabi tmctu. 

Thc clr~lninit~lt rabi ,jo\vnr vi~rirty 
h1.35-I c l ~ r s  not rcsl~orltl vets nlrlcl~ 
to ad\lrl~ccd dntcs of p1;rntilrg 
wlrrc i~s  tltc hybrids :rntl (:%\I-7K 

(R-16) crhibitrd superiority o v c ~  h1.- 
35-1. l r  khnrirrains arc low resulting 
in low profile tuoisturc rolitcnt, swic- 
ching to hybrids like C:Sll-2 mid 
CSH-3 which flower in 45 to 58 rl,tys 
in rnbi could avoid tot,tl lur~cs nnd 
rc1ut.n sntisfactory yicl1l.i. C:S\'-7K 
(R-l fi) iu dcsir;\blc ol~iy 11nt11.r 
ndv;tncrd pl;ulting binrr it1 SI I I I I '  of 
thc cliarcoal mt  cntlru~ic ;u.c.tr tl~is 
discnsc occurrcd under strc\s. 'I'llc 

experimrntal hybritl 36A x 140/1a 
tesidrs bring tolcr;tnt to slrmt fly 
t!ocs trot itdye cvrtl 1111d(.r r o n d i t i o ~  
whar l~cavy soils dcvrlol, cracks. 

Rabi pnwl~~ction progr;rtnm" 
rltould, tl~rmCirc, I:\y t.ni~~h:tsis on 
choice of v:rricti~*s ar wcll :u tn;\lla- 
gcntr,nt. Introductio~l Iisl~rirls in 
rabi roultl c~~rlft-r st;rl~ili~y to produc. 
tion. ,\ r.tl)i prodr~c~itl~t I ) I . ~ M ~ : I I I ~ I ~ ~  
sl~ould, tl~crrfi~rt., s t r ~  ..i OII:  

(:I) Arlv:i~tci~ig ( I , I I ~ Y  ~II' pI , \n t i t~~  
11y : I (  l~,;t$t 211 I I I  :$I1 ( ! ; I ) \  in 
!ill s i n ~ I ~ ~ - v r i ~ ~ q ~ r ~ l  r.111i :trl,;r%, 

(11) (:Itoict: 01' ( :Sl'.il< (l<.lG), 
( SII-I,  (<$ll..t 11r :iii,\ x 
I i t \ /  I G U  ;tntl :%Ii.\ ,: 1'1) '3- 1-1 I 
u~rtlcr ; tcI~. t1~~~1~11 tl;t~ru or 
~~I~ tn t in l :  ;\nil r.li,~ic.~* ( IT (IS1 I. 
2 or (:Sf.i-3 \vlte11 profile 
lnoistnrc i$  v1.r~ :it the 
tinr~: of ~ I ; I I I I ~ I I X ,  I\ hif t  
to Iryl~ritls ( I I I I ~ I I ~  ra11i is 
gcn"';1lly ;ul\.lllt;t~~"ri!,. 

(c) ,\ rt*rd r;tt(: of' 10 k~!l~it to 
Slirnis11 ~ I I I I  \t,t11i1$. 

((I) (:;tr1~~11'11r:tn W I , I I  t rv.tt~~~(,nt,  
(c) ,111 I J ; I S ; ~  ~ ~ , I I ~ ~ I / ; I I ~ I B I I  (40. 

?10 kg N , I I I I I  i l l  111 50 kg 
l'*o&/ll;i) 

Seqwn~ cropping of -hum followed by ufflowu unrht rainfed condition8 
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I n  intercropping studica with sor- 
ghum ;IS main crop the plant density' 
of lo~ghum wns I ,48,000 plantslha 
wit11 a row spicing of 45 cm and hill 
spacing o r  15 CIII b r  the uniform row 
treatmrnts. In the paired row plan- 
ting~, the spacing within a paired 
row of sorghum war 3 9 9 1  and that 
bctwecn the two paircd rows was 
50 rm. 

During 1971 and 1973 scasonc, 
so~ghum yields in thc pirirrd row 
plantlllgs were li~urtd to be on p.rr 
wit11 those in uniform row plant~ngs. 
Thc rrtl~rction in the yicl& of'sor- 
g h u ~ n  w a  not s~gnificant when it 
w.u intc.rcroppctl with soybcan, 
groundnut and pigconpca. Compa- 
r1.d to a ~~orn~ .~ l - sawn pure sorghum 
crop, 11s i~~ tc~cropp ing  with soy- 
bran 1.ti51.d the total grain produc- 
tion 26 pvr cent followed by 
~ntcrcropping with groundnut and 
pigco~~pc.~. l i~ghcr  cconomic rc- 
turns were ob ta i~~cd  in sorghun~+ 
so) I I I \ . I ~  :rud co~ glum +pigeonpea 
intc~c ~op l~ inq  qystcms. 

I:ron~ n~~tritlonal vicw point nlso, 
cstimatcct d.rt.r on total protein 
yields c~l~t.iinccl from these systenls 
sl~osvcd a f.ivournllc trcnd as agairut 
growing n pure sorghum crop. 
Ccrc.il-l~ngunlc ~nixturcs contain pro- 
tcrnr of superior nutritive value as 
they n~utu.rIly supplement the defi- 
cicnt amino-acids as compared to 
those of otlrcr cereal or legume pro- 
teins. Intercropping of aorghurn 
wit11 soybcan, groundnut and pigeon- 
per resulted in he increase of 
lysinc yiclds 111) to 219, 77 and 76 
pcr cent, respectively. 

Thus, from economic ac wdl aa 
nutritional aspats, 8orghum.soy- 
bean, sorghum-pigebnpca and sor- 
ghum-groundnut intcrcropping ayr- 
tems were found to be highly 
profitable. 

R.tO-biRehvlM~dp1. 

' l l~e advent or early hybrida and 
v,cricties of eorgliurn wuld be takcn 
advantage of to considerably en- 
hance land productivity. The prc- 
dominantly black loil belt of mr- 
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ghum sustains traditional 5-6 month cmp, tho safllowcr pick up and ths 
tall varieties. The stobstitution of yields arc satisl'nct~>ry. The w n -  
a 3-month hybrid or virricty cnsurcs tial precaution to fx. taken in relay 
~ u u r c d  yields und1.r subnnr~~ral planting is t h t  idler safflower is 
rains and in casc of adcq~~ntc  rain- planted in a standing crop, Mr. 
rail a ratootr or n scc~~ncl crop likc ghuln sl~ould 11nt bc allowed to 
safflower, chickpcir, ctc., is fcariblc, stand in the field for mow than a 
?'he conversion of tlrc sorghum tract wcek. Othenvistr, safilower will 
to a single maturity irlso clirninatcs rush to elnng;rtion stage witl~out the 
insect problems likc ~nidgc bcsidcs rosette stagc and if tliis happans 
enl~ancing productivity. safflower M s .  

Rntwni~rg. If onc or two protcc- Similarly o p p o r t ~ ~ n i ~ i ~ : ~  for plan-' 
tivr itrigirtions arc pnssil~lc or nnclrr ting chickpea crop after lurvcrt of 
iidcqu;~tc soil ~ ~ ~ o i s t u r e  conditions :~s sorkhutn ;ilso cxkt i ~ r  this 1,l;rrk roil 
in sol,, . black soil :ucab wlrc.rr inolr- belt ,111d cmbles two c r o p  where 
soon extends into Octol)cr, hyl~rids normnlly n uiufilr long-tlr~r~~tian ror- 
and high-yielding v.rrictics of sor- gln~tn is t:~kr*rr. 
ghurn could be succrssftrlly rntooncd. SucIt o p [ ~ ~ ~ r t r ~ i i . i  c~it,t  in long. 
Whcn the sorglu~m crop is cut to the tlu~.;rlion snrgl111111 t;.~c.t.i IIC Kotah 
base ;ind 2-3 hcaltlly tillcrs iirc 1 1 1 ~ -  ( l i \ i > ~ o ~ ~  of lL~jirt111,11r, 111(Iorc and 
mittc:d to tnaturc undcr goorl n1;itm. 1illol);rl tlivisioriu, . I I I ( [  oi111:r heavy 
gr~ncnt, the ratoon yirlrls Iravc bccn block silil distrir~s ,IT Xf.rdhya Pra- 
a.. good and snmetirn~.~ l)ct~c.r tlr;u~ dcsh, tllc k11:tril' I)l;rck soil I~clt nf 
the main crop. 'HIC ratoon matures h.lnl~:~rarhtr,l, p,rrts 111' Andhra 
about 15 days carlicr tl~nn tlic plant I ' L . ~ I ~ ~ ~ F ~ I  i111d K:~I . I I . I I ; I~ :~ .  An esti- 
crop and thcrc is saving in cultivil- I I I , I I < , ~  4 n~illio~r l~~*r,t.~rcs o11t of 18 
lion costs. million 11ect;ves 11111l1.r \~>ryhurn ir 
Sor~qkutn-S~flowcer/SorgI~utr~-Ckic~kpta ~~i>tc:trtial tloul)h~ (.ri~p ;rrtr:t under 

'flrr 100-day sorghu~n Iryi~rids or rror1t1;11 r;~i~~l:tIl it1111 rcon~~mic rc- 
varieties ripen tow,rrcis cnd of turn\ arc n.;uurctl 1i1r ,I si~islc crop 
Scptcmbcr or early 0ctoln.r. A. in ycars or subnr~r111.~1 rni~rlill.. 
soon as a shower is reccivc!d during 
tlris stagc, samower could Ilc 11:ind- 08.w8wm Seed Multlpllcatlen 

dil~blcd in bctwecn standirig sor- 'I'hc reccnt aviiil:~l~ility or equally 
ghum rows arc planted immediately high-yielding vari~:tics comparable 
after harvest of soryl~um crop. to commcrci.il hyl1rids in yield levelr 
After the harvest of the sorghum e~~ables  rapid seed rnm~ltiplication. 

TAD1.E I. RAINFA1.L FI.UCTUATIONS AWI) SORGHUM YIOLl)S, RABl 1972.75 
____ -.. . .  -- . . __.- 
SI. No. of rxpnimnl~ Cmin yirkl ( k g $ ~ )  grr trnl om 
No. Sm'di' conducftd 

--- - "d- 

I d  
CSH-I txd &.I"- - 

-. . - .-. - - .. . . . - .- . . . . . . - . . . - - 
I .  Wyra 9 s 44w ' 13iu----iG- 

3. Burgampad 2 - 4457 - - 

7. TinrmJ.y.p.lnn -- B 4 4235 1742 241 
----..-----..- -- .-- 

Mean 4239 1477 1 7  ---- -. - --- 
Cowtey : Andhrr Praderb Depanmmt d Agriculture 
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8'- retd ofmast ofthe recommend- 
ed varieties has been generated in all 
states, a pmcurunent drive in 
kharif followed by further multi- 
plication during January planting 
undcr irrigation could provide xed 
to cover at least 70 to 80 per cent of 
the jowar area in the respective 
statcs. Planning for aumrner seed 
productioh in a matter o(P to s 
yean should form an important item 
of seed programmer. 

Sorghum production propamma 
during kharif and rabi seasons should,. 
therrforc, c~nplrasise on: 

(1) hfanagemcnt inputs like 
lirne of planting, optimal 
plant populations couplcd 
with a policy of enblock 
coverage with varieties and 
hybrids of approxi~nately 
similar maturity periods and 
conlinilig thc uuc of avail,~blc 
fcrtilizcrs to liigli-yielding 
hybrids and varieties o i~ ly .  

(2) Generating adequate quan- 
tities of seed of new varieties 
and hybrids during kharif 
and off-xason (January phn- 
tings under irrigation) to 
cover at least 70 to 80 per cent 
of the area under jowar in 
the rrrpective states over a 
2 to 3 ycars period. If kharif 
harvrstcd seed is used, its 
germinability should be ssu-  
red particularly if it happcr~s 
to be caught in rain, at har- 
vest. 

(3) Practice of ratooning or mul- 
tiple and relay cropping sys- 
tems in areas of retentive 
black soils with mured rain- 
fall so as to enhance land 
use capability. 

Sorghum is almost wholly a rain- 
k d  crop and a shift from late locals 
to enrlics is a must to s t a b i l i  pro- 
duction in normal and abnormal 
yeara and also to enhance the pro- 
ductivity of sorghum lands through 
manipulation of the cropping ryr. 
on1 as a wllolc. Varietal translor- 
mtion by itsclf as the firat step will 

correct for current drawbhcks and nu.h# for Al.ior&. 
open up unlimited npportunitier A point ofsiqiilicance in planniag 
iathe rcdm of cropping systems. for rainfcd agi.ict~ltrin: cincrga h a .  

TABLE 2. VARIETAL RECO.\I.\IE&D.r)ATIONS L.OK 1X1 I'CKBN'r STATIS 

Maharub- CSH-I, PSH-4. CSV-2 (302:503), CS\'.S ($TO), 
CSrI.5, CSH-6 CSV.4 (c!S 35il(, G S V -  ( l l / l68) ,  

CSV-G (GO!), MV-I (Swuna) 

Andhra Prsdah CSFI-I, CSH.5, 
cstl-6 

Msdhya Pradah CSI.1-I, CSII-5, 
C S H I  

Rajuthan CSII-I, CSH-5, 
CSI 1-6 

CSV.3 (370). (:S\'-5 (148/168), 
CSV.4 (C'S 3i l l ) ,  CSV-I   swan^) 

CSV.3 (.1;il), (:S\'.l (CA S541), 
CSV-l (S,,.,,II.I), (:$\'a2 (302/303), 
CSV-G (1>01), 321) 

Gujarat CSI1.1, CStt-5, CSV-3 (370) ,CSV.2 (3021303), 
C:SII-6 CSV-G (b01) 

Utiar Pradnh (:SII.l, CSSI-5, CSV-2 (302.303), <:SV-3 (570), 
(Uundclkhand region) CSH-G CSV-4 (CS 3511), CSV-6 (W) 

Tamil Nndu CSH.1, CSII-5, CSH-6 CSV-4 (CS 354l), mV.5 (1481168) 

Mahararhtra SGA x 1481168, M. 35-1, CSV-7R (R-16) 
36AxPL) 3-1-11, CSH.1, (for early planting only) 
CSII-4, (CSII-2 and CSH-3 
when prollc moisture is 
v a y  low) 

IClrnntaka CSH-1, %AX 1481168, M. 35-1, CSV.7R (R.16) 
3GAxPU 9-1-11 (for urly pl~nting only) 

Andlira Pradcsb CSH-I, WAX 148/160, CSV-2 (302/3011), CSV-4 (CS IS!), 
3GAxPD3-1-11 ChV-5 (14lI/lGA) (for mashi), 

CSV-7R (R-16) 

T a i l  Nadu CSH.1, S6Ax 140/168, CSV-.( ( a  3541), CSV.5 (148/866) 
Kovilpatti tall, CSH-5, 
CSH-6, 36A xPD 3-1-1 1 

Gujarat CSH-I, 36Ax 1481168, CSV-7R (R-IG) 
36AxPD 9-1-11 

SUMMER IRRIGATED 

Tamil Nadu CSH-I, GH-3, CSlI4 CSV.1 (SN rrna), CSV.9 (1481168) 
K a m t B k a d  
b l h r r  Pndah CSII.1, CSII-5, CSIM CSV-I (Si.~rnn), CSV-5 (148/lt8) - -- 

I t  



Wbik all scienlific attemp6 to 
break the environmenult barrier to 
productivity fully rcalise that en- 
viro~unental fluctuations do exist and 
the attempted increares in  yield 
lcvrls should tra-qgrebs tlrc 'error' 
(environmental) levels to bc mcan- 
ingful, thc targetted yield incrcasw 
pliuuced more particularly for rain- 
fed agriculture, arc within chc &nits 
of cnvironmental erron. Thus, 
the planned yield inueasa arc with- 
in cnvironrncnt;rl limits and do not 
provide for the much-needed bmak- 
through. A hrcakthrough can be 

- ---.---. .- .--- -- - -.-- -- - .--.. .-.-- 
Afdyn'(t #MI@ U ~ N  low fISJrilr/t'&tics .--- - --. - -- . A .-.-- 
Early . B.60 CSH-I, CSH4, CBV-9 (970) 

Early 134-66 CS11.4, CSV-1 (Swarm), C9V.2 (302,303) 

cxpectc~i in rainred agticnl~urc only neccs+:iry ill tllc iniri.rl yv.lr s i ~ ~ c c  
by planning for liirgr quanirtrn junlps tllr IJrcsrnt ~ l e ~ i o n  I .r\  c.~..~gc*s Car nlont 
rirtller 11ian b r  slow ant1 griltlcd r.iinkvl crop\ arc. Ic-tu tlien 3 q / h ~  
nnlrrlal targrtn wliicl~ arc witllin tllc .III(! t 1 1 ~  iiv,~iI;~l>lc ~ I I I I U . I I ~ I \ \ ~  1 1 ~ 1 ~  1 1 1 ~  

realn~ of enviro~unetrtnl Ilii~ruiltions. polc~~ilial lu cl~.\,rtc. tltr rintionrtl 
'Ihis appro act^ may all tllc rnorc be avcragcs scvtr.il fill11 

/ '  , 

I SOME RECENT ICAR PUBLICATIONS I 
\ 

SOIL CONSERVATION IN INDIA (Revfscd edition) 
by M.S.V. KtlhlA KAO, Pp. xi t319  I'rirc Its 13.50, I'oarage Ks 4 

\ MILK PROTELNS 
by N.C. GANGULY, Pp. 287, Pricr Rs 1G 50, I'ostagr Rs 3.50 / 

MlCRONUTRIENT RESEARCH IN SOILS AND PLANTS 
KANWAR and N.S. KANDHAWA. 1'1). 185, Price Rs 

I THE BUSINESS MANAGER, ICAR, Krirhi  an, New Delhi 110001 
--. - - .- - -  I --.-- " " - 

\ 

1' I n d i a n  F a r m i n g  
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NEW APPROACHE S T O CLASSIFICATION , EVALUATIO N AN D 
E X P L O I T A T I O N O F W O R L D COLLECTION S O F S O R G H U M S 

AND PENNISETU M 

B. R . MURTY , N . G . P . R A O an d G . HARINARAYAN A 

Indian Agricultural Research Institute, New Delhi 

GENETIC analysi s o f nearl y 12,00 0 accession s eac h o f sorghu m an d Pennisetum 
each wa s mad e usin g variou s biometrica l method s fo r differen t plan t characters . 
Multivariate analysi s i n sorghu m indicate d tha t th e major character s influencin g 
divergence i n thi s cro p ar e flowering  tim e i n combinatio n wit h photosensitivity , 
height an d panicl e morphology . Combine d wit h regressio n analysi s and takin g 
into accoun t th e evidenc e o n th e rol e o f residua l heterozygosit y i n ne w gen e 
combinations, th e sorghum s coul d b e classifie d int o nin e complexes , th e maxi -
mum diversit y bein g betwee n S. roxburghii an d S. conspicuum, durra an d subgla-
brescas, durra an d Cernum, an d neruosum and Cernum. 

The natur e an d magnitud e o f differentiation betwee n sorghu m population s 
could b e traced , t o a  limite d extent , t o karyotypi c difference s bu t thes e wer e 
caused mor e du e t o restrictio n o f recombinatio n fro m linkag e o r pleio -
tropy an d divergenc e unde r disruptiv e selectio n i n overlappin g areas . Th e 
karyotypic difference s hav e bee n foun d mainl y betwee n para-sorghum s an d 
eu-sorghums. 

Association analyse s i n crosse s betwee n divers e group s hav e show n 
restriction o f recombination fo r height , maturit y an d panicl e shape . •  Restriction 
on recombinatio n an d gen e flow  an d tempora l isolatio n a s wel l a s selectiv e eli -
mination o f certain recombinant s appea r t o hav e playe d a  majo r rol e tha n gros s 
chromosomal differentiation ^ i n cultivate d sorghums . 

The dwarfin g gene s i n sorghu m acte d i n a n additiv e manne r no t onl y fo r 
height bu t als o for maturit y an d differen t dose s of dwarfing gene s along wit h fou r 
maturity gene s reduce d th e flowering  tim e fro m 9 0 day s t o 4 4 days . I n 
Pennisetum, on th e othe r hand , dwarfin g ha s no t bee n foun d relate d t o maturity , 
but i n thi s crop , introductio n o f dwarfin g ha s generate d diversit y fo r tillering , 
maturity, ea r siz e an d lea f number . 

Developmental trai t suc h a s synchron y i n tillering , earl y vigour , earl y 
maturity an d rapi d transfe r o f energy ar e speciall y advantageou s an d intermatin g 
for thes e character s i n earl y segregatin g generation s lead s t o th e developmen t o f 
populations havin g wide r adaptation . 

Some primitiv e forms  o f sorghu m hav e hig h protei n conten t an d it s com -
bination wit h fre e threshin g habi t ha s remaine d restricte d t o som e type s lik e 
conspicum and zera-zera. I n Pennisetum large grai n type s ar e distribute d i n severa l 
geographical regions , whil e i n sorghu m larg e seede d type s ar e adapte d onl y t o 
low moistur e areas . 
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In sorghum , yield , plan t height , numbe r o f secondarie s an d day s require d 
for 50 % bloo m ar e highl y correlated , whil e 100-grai n weigh t i s adversel y asso -
ciated wit h numbe r o f secondaries , whil e panicl e lengt h i s positivel y associate d 
with numbe r o f secondaries . However , sinc e mos t o f thes e association s ar e 
due t o linkage , i t wa s possibl e t o chang e the m throug h selectio n i n F 6 ,and F 7 
generation afte r makin g crosse s betwee n India n an d exoti c lines . 

The G.C.A . estimate s showe d a  negativ e associatio n wit h 50 % bloom , 
plant heigh t an d yiel d i n dwar f sorghums , whil e n o suc h effect s coul d b e 
associated i n Pennisetum. 

The Africa n type s ha d a  highe r geneti c loa d fo r som e recessiv e chlorophyl l 
mutations (albinos ) a s compare d t o th e India n genotypes , whil e th e India n line s 
had highe r geneti c loa d o f xanth a an d striped . 

PATTERNS O F E V O L U T I O N AN D CENTRE S O F O R I G I N O F 

ORNAMENTALS 

T. N . KHOSHO O 

National Botanical Gardens, Lucknow 

I N contras t t o th e cro p plants , som e o f which wer e domesticate d 10,00 0 year s o r 
more, th e ornamental s d o no t hav e a  histor y o f mor e tha n 50 0 year s o f domes -
tication. Thei r evolutionar y recor d ca n b e foun d an d th e gen e pool s o f thei r 
related specie s ca n b e establishe d an d analysed . 

Most o f th e cultivate d ornamenta l plant s ar e confine d t o a  singl e specie s 
and th e variabilit y i s mostl y cause d throug h mutation , a s wel l a s the difference s 
in ploid y levels . Mos t o f the polyploi d ornamental s belongin g t o a  singl e species 
are autoploid s an d preserve d b y vegetativ e reproductio n o r agamospermy . 

Some specie s o f ornamenta l plant s hav e evolve d fro m tw o o r mor e (som e 
times upt o 8  o r 10 ) differen t specie s whic h permit s extensiv e gen e exchang e 
between wide r group s an d a  larg e rang e o f genotypi c variabilit y result s b y 
recombination a s wel l a s mutations . I n th e case s o f plant s like . Bougainvillea, 
Canna, Narcissu s etc . th e parenta l type s wer e diploids , whil e amaryllis , iris , 
rose etc . evolve d a s a  resul t o f crossing betwee n diploid s an d polyploids , an d in -
tercrosses amon g polyploid s suc h a s Chrysanthemum x  morifolium, Dahlia x  varia
bilis, Viola X  wittrockiana hav e bee n possible . Th e plant s resultin g fro m thes e 
crosses ar e highl y polymorphi c an d distinguishabl e fro m thei r ancestors . 

The centre s o f origi n o f ornamenta l plant s almos t paralle l th e centre s o f 
origin o f the cultivate d plant s a s defined b y Vavilov . However , th e ornamental s 
have remaine d mor e mobil e an d no w appea r t o b e cosmopolita n an d no t indi -
genous t o an y particula r region . Th e difference s betwee n th e wil d an d culti -
vated form s ar e wel l define d an d usuall y th e cultivate d varietie s o f ornamental s 
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NITRATE REDUCTAS E I N SORGHU M I . VARIATIO N I N 
CULTIVARS DURIN G GROWT H AN D DEVELOPMEN T 

V. RAJAGOPAL , N . G . P . RA O an d S . K . SINH A 

Water Technology Centre, Indian Agricultural Research Institute, New 
Delhi-l\0 01 2 

( Accepte d 18-xl-7 5 ) 

THE importanc e o f nitrate reductase i n the nitrogen metabolis m of plants is well 
recognized (Beever s an d Hageman , 1969 ) an d it s characteristic s hav e bee n re -
ported. Mor e recently, th e importanc e of the enzyme has been demonstrate d i n 
relation t o total reduce d nitrogen , protei n content and yield in some crop plant s 
(Croy and Hageman, 1970) . Eve n in those plants in which par t o f their nitroge n 
requirement i s met through nitrogen fixation,  the role of nitrate reductase appears 
to b e important (Harper , Nichola s an d Hageman , 1972 ; Shanthakumar i an d 
Sinha, 1974) . However , som e author s hav e faile d t o demonstrat e th e occur -
rence o f appreciable N R activit y in extracts from tissue s containing nitrat e suc h 
as plant s grow n unde r shade d condition s o r matur e leave s (Hageman , Fleshe r 
and Gitter , 196 1 an d Zieserl , Rivenbar k an d Hageman , 1963) . Accordin g t o 
Sinha, Rajagopa l an d Balasubramania n (1974 ) clos e relationshi p betwee n 
total nitroge n an d photosynthesi s ma y no t hav e muc h t o d o wit h N R activity . 
One of the aims of breeding programs in cereal s and millet s is to obtain respons e 
to nitrogen application . Thi s in turn seem s to be associated with nitrat e reduc- / 
tase activit y i n maiz e (Hageman , Len g an d Dudley , 1967 ) an d whea t (Cro y 
and Hageman , 1970 ; Nai r an d Abrol , 1973) . Therefore , a n assessmen t o f 
variation i n thi s character an d it s response t o nitrogen an d other environmenta l 
factors i s essential. 

MATERIALS AND METHOD S 

Sorghum genotype s maintaine d a t th e India n Agricultura l Researc h Institute , Ne w Delh i wer e 
used. Som e of these were inbred line s which had bee n successfully used in th e productio n o f commercia l 
hybrids. Ther e wer e als o som e hybrid s an d varietie s whic h ha d bee n release d fo r cultivation . Plant s 
grown for the study of nitrate reductase during growth and development were given 10 0 kg/ha phosphorus . 
Since th e soi l wa s no t deficien t i n potassium , n o potas h wa s applied . N R activit y was determine d a t 
five different stages , namely, th e seedling , panicle differentiation, anthesis , anthesis+1 0 day s an d anthe -
sis + 2 5 days , in 197 2 and 1973 . Th e effec t o f nitrogen levels (50 , 10 0 and 20 0 kg N/ha) o n N R activit y 
was als o studied o n plant s raise d i n th e sam e soil . , 

The in vivo method o f Klepper , Fleshe r an d Hagema n (1971 ) wa s use d fo r enzym e assay . Th e 
leaves o f sorghum contai n cyanogeni c glucosides which releas e HON, an d this , in turn , adversel y affect s 
the nitrat e reductas e activity . Maranvill e (1970 ) showe d tha t th e inclusio n o f nicke l chlorid e coul d 
restore the activity o f NR i n the in vitro determinations. Similarly , w e observed tha t inclusio n of 10— * M 
nickel chlorid e helpe d i n achievin g th e maximu m enzym e activity . I t was , therefore , routinel y adde d 
in al l assays . Ther e wer e thre e determination s for eac h genotype . 

156 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0
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RESULTS AN D DISCUSSIO N 

NITRATE REDUCTAS E DURIN G GROWT H 
In mos t genotype s th e enzym e activit y i n seedlin g wa s slightl y abov e o r 

below 20 0 n  mole s NO" 2 / gm . fres h weight/hr . Th e onl y exceptio n wa s th e 
hybrid CSH- 2 wher e i t wa s 65 0 n  mole s NO~ 2/gfw/hr. Th e maximu m 
activity o f 90 0 n  mole s NO" 2/gfw/hr wa s observe d i n P D - 2 - 5 a t th e tim e o f 
panicle differentiation . O n th e basi s o f nitrat e reductas e activit y three distinc t 
groups coul d b e mad e o f th e genotypes . Th e first  grou p showe d stimulatio n i n 
enzyme activit y a t th e tim e o f panicl e differentiatio n followe d b y a  clea r fal l 
in th e activit y a t anthesi s (Fig . 1) . I n mos t genotype s i n thi s grou p th e N R 
activity wa s stimulate d onc e agai n i n th e pos t anthesi s period . Th e secon d 
group, consistin g o f G S H - 1 , CSH- 2 an d 302 , ha d it s pea k enzym e activit y a t 
anthesis (Fig . 2) . Th e thir d grou p includin g G S 354 1 an d 65 1 wa s character -
ized b y a  gradua l ris e i n enzym e activit y throughou t th e growt h period , 
reaching maximu m a t 2 5 day s afte r anthesi s (Fig . 3) . 

EFFECT O F NITROGE N APPLICATIO N O N N R ACTIVIT Y 
Since N R activit y i s closel y associate d wit h nitrat e uptak e an d reduce d 

nitrogen build-u p i n th e plan t (Beever s an d Hageman , 1969) , th e effec t o f 
different level s o f nitrogen o n N R activit y wa s studie d usin g 1 5 day old seedlings. 
Nineteen genotype s wer e grow n a t 50 , 10 0 an d 20 0 k g N/h a level s unde r field 
conditions. N o singl e an d commo n respons e t o nitroge n wa s observe d i n N R 
activity. Th e lowes t an d th e highes t N R activit y obtaine d a t 5 0 k g N/h a wer e 
180 an d 122 0 n  mole s NO" 2/gfw/hr i n th e genotype s 60 4 an d 64 8 A . Th e 
maximum N R activit y o f 205 0 n  mole s NO~ 2/gfw/hr wa s reache d i n CSH- 3 a t 
100 k g N/ha . 

The followin g group s coul d b e distinguishe d o n th e basi s of'N R activit y i n 
relation t o nitroge n supply : (i ) Showin g a n increas e i n enzym e activit y wit h 
increasing nitroge n leve l fro m 50kgN/ha to200k g N/h a (Fig . 4,) . (ii ) Showin g 
a decreas e i n enzym e activit y wit h increasin g nitroge n leve l fro m 5 0 k g N/h a 
to 20 0 kg N/h a (Fig . 5) . (iii ) Showin g a n increas e i n enzym e activit y upt o 10 0 
kg N/h a bu t followe d b y a  declin e i n enzym e activit y a t 20 0 k g N/h a (Fig . 6) . 
(iv) Showin g a n inconsisten t behaviou r (Fig . 7) . 

These ar e onl y broa d categorie s an d ma y no t b e watertigh t compartments ; 
some genotype s coul d b e place d i n anothe r group . However , th e importan t 
point i s th e occurrenc e o f various kind s o f responses . A n interestin g featur e o f 
this stud y wa s tha t th e genotype s havin g a  relativel y lo w N R activit y a t 5 0 k g 
N/ha showe d enhancemen t i n enzym e activit y wit h increasin g level s o f nitrogen . 
With th e exceptio n o f the variet y Swarna, th e lowe r th e enzym e activit y a t 5 0 k g 
N/ha highe r wa s th e respons e i n N R activit y t o highe r dose s o f nitroge n (Fig . 4 
and 6) . I f th e enzym e activit y wa s highe r a t th e lowes t leve l o f nitrogen , a s i n 
CSH-4 , 64 8 AxI D 2930-3 5 an d 670 , ther e wa s a  decreas e i n enzym e activit y a t 
100 an d 20 0 k g N/ha . Irrespectiv e o f genotyp e an d nitroge n level , apparentl y 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

158 Indian Journal of Genetics & Plant Breeding [Vol . 36 , No . 2 

jll/ M tt/'*1 i' ««•"' " 

SIS 

_u 
§ § 3 

>»/ *• j -6/ 'on 40 s*t*ut u 

m "» 60 >• 
b. * 0 j g 
s c a "a 
Wt - 0 

t> 1 0 

8 ^ 
t-H .EQ 
- OT 

c 
•M j 3 
c3 +2 

ti 

a * 
3 ' • " ^ 

•sA hO 
h 

O T 3 
cc a 

« c 
•l-« M 

>--t- cs 
CSTJ 
0 

§=> 
ft— 

•2 + 
* t •si 

+ J 

13 5 
a rt 

+ KJ ^ 
T f 

•a 

n t 
$.2 

n t 
60-g 

2P« k 

60-g 

2P« 
1 ^ 0 

•§s 
t J 

- >, g -M O 

> IS . « C3 

u "-y 
3 a o 

as
e 

ff
er

 

O - B 

•gjS 
1U O 

*"a . 
u ri w 
+2 Q, « 
tn -—- n* 

,-£CM S 

g-„ 

tttt t i £j Zen to t*!°Ul ^ 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

July, 1976] Nitrate reductase in sorghum 159 

n molts HO} /Q f. *. Itir 

n nous Ko ^ /} i «  tt„ 

% 

' *>>>>^>>>V>\^^^^ n motes HOj tQ / m In* 
f. en ^ 

o o o 
o o o 

SS*?**»?fSiSJS^SiS«S*«S^^^^ 

i^^^iSSSSS^SSS*^^ 

C3 OB I B H 

3 i I 
» » * 

^ ^ « ! % « i « « J « W ^ S i « « i S ^ 

'•. 4-7. Nitrat e reductas e activit y i n sorghu m supplie d wit h 50 , 10 0 an d 20 0 kg. N/h ; 
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1,200 n  mole s NO~ 2/gfw/hr seeme d t o b e th e uppe r limi t o f enzym e activit y wit h 
the sol e exceptio n o f CSH-3 . Onc e thi s leve l o f enzym e activit y wa s reached , 
it wa s followe d b y a  declin e i n N R activity . Coul d i t be tha t beyon d 1,20 0 n 
moles NO" 2/gfw/hr leve l th e nitrat e reductas e become s limite d b y som e othe r 
factor ?  On e o f the possibilitie s i s that th e reduce d nitroge n ma y no t b e utilize d 
with equa l efficienc y resultin g i n th e accumulatio n o f eithe r N H 4

+ o r amino -
acids. Bot h NH 4

 +  an d aminoacid s ar e know n t o repres s the synthesi s o f nitrat e 
reductase i n variou s plan t tissue s (se e Beever s an d Hageman , 1969) . Thi s 
would sugges t tha t th e repressio n limit s coul d var y i n differen t genotypes . 
Accordingly CSH- 3 woul d appea r t o hav e th e highes t limi t i n th e presen t study . 
An investigatio n involvin g genotype s belongin g t o differen t group s mentione d 
above shoul d prov e rewarding . 

The presen t stud y thu s bring s ou t som e importan t points . Ther e i s con -
siderable variatio n i n nitrat e reductas e activit y a t th e varieta l level . I t i s 
possible tha t th e highe r enzym e activit y migh t b e relate d t o nitrat e uptak e o r b e 
independent o f that . Nonetheless , th e variatio n ca n b e use d possibl y i n studie s 
on th e inheritanc e o f nitrat e reductase . Th e distinc t type s showin g stimulatio n 
in enzym e activit y a t panicl e differentiatio n an d anthesi s ca n b e examine d i n 
detail fo r determinin g relationshi p o f thi s enzym e t o panicl e developmen t an d 
grain development . A n understandin g o f th e respons e o f N R t o nitroge n ma y 
be use d i n determinin g th e quantit y o f nitrogen fertilize r give n a s spli t o r singl e 
doses. 

SUMMARY 

Nitrate reductas e activit y (NR ) wa s determine d i n eleve n genotype s o f 
sorghum a t five  stage s o f growth , namel y seedlin g stage , panicl e differentiation , 
anthesis, anthesis+1 0 day s an d anthesi s +  2 5 days . On e grou p o f genotype s 
showed highe r activit y o f th e enzym e a t panicl e differentiatio n an d a t pos t 
anthesis. I n th e secon d group , th e genotype s ha d highe r N R activit y a t 
anthesis, whil e th e thir d grou p consiste d o f genotype s whic h showe d a  conti -
nuous increas e i n N R activit y reachin g a  maximu m a t post-anthesis . 

The effec t o f nitroge n applicatio n o n N R activit y wa s studie d i n 1 9 
genotypes give n 50 , 10 0 and 20 0 k g o f N/ha. Ther e wa s differentia l respons e o f 
the genotypes , som e showin g increas e i n enzym e activit y wit h increasin g level s 
of N , other s exhibitin g th e opposit e trend . Ther e wer e als o genotype s whic h 
showed leas t enzym e activit y a t th e highes t N  level . 

ACKNOWLEDGEMENTS 

We ar e thankfu l t o Dr . C . Dakshinamurt i fo r encouragin g thes e studie s an d Dr . V . Balasubra -
manian an d Mis s P . Shanthakumar i fo r thei r hel p durin g th e experiments . 

REFERENCES 

Beevers, L . an d R . H . Hageman , (1969) . Nitrat e reductio n i n highe r plants . Annu. Rev. PL Physiol., 
20: 495-522 . 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

July, 1976 ] Nitrate reductase in sorghum 161 

Groy, L . I . an d R . H . Hageman , (1970) . Relationshi p o f nitrat e reductas e activit y t o grai n protei n 
production i n wheat . Crop Sci., 10 : 280-85 . 

Hageman, R . H. , D . Fleshe r an d A . Gitter , (1961) . Diurna l variatio n an d othe r ligh t effect s influencin g 
the activit y o f nitrat e reductas e an d nitroge n metabolis m i n corn . Crop Sci., 1 : 201-204 . 

Hageman, R . H. , E . R . Len g an d J . W . Dudle y (1967) . A  biochemica l approac h t o plan t breeding . 
Advanc. Agron., W s 45-86 . 

Harper, J . E. , J . G . Nichola s an d R . H . Hageman , (1972) . Seasona l an d canop y variatio n i n nitrat e 
reductase activit y o f soybean {Glycine max L . Merr ) varieties . Crop Sci., 12 : 382-86 . 

Klepper, L. , D . Fleshe r an d R . H . Hagema n (1971) . Generatio n o f reduce d nicotinamid e adenin e 
dinucleotide fo r nitrat e reductio n i n gree n leaves . PI. Physiol., 48 : 580—90 . 

Maranville, J. W . (1970) . Influenc e o f nicke l o n th e detctio n o f nitrat e reductas e activit y i n sorghu m 
extracts. PL Physiol., 4 5 : 591-93 . 

Nair, T . V . R . an d Y . P . Abro l (1973) . Nitrat e reductas e activit y i n developin g whea t ears . Experi-
entia, 29 : 1480-81 . 

Shanthakumari, P . an d S . K . Sinha , (1974) . Nitrat e reductas e i n relatio n t o nodulatio n i n cowpea s 
and mungbeans . Curr. Sci., 4 3 : 545-47 . 

Sinha, S . K. , V . Rajagopa l an d V . Balasubramanian , (1974) . Nitrat e reductas e i n wil d an d cultivate d 
wheats. Curr. Sci., 4 3 : 617-18 . 

Zieserl, J. F. , W . L . Rivenbar k an d R . H . Hageman , (1963) . Nitrat e reductas e activity , protei n conten t 
and yiel d o f fou r maiz e hybrid s a t varyin g plan t populations . Crop Sci., 3 : 27-32 . 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

G E N E T I C ANALYSI S O F S O M E E X O T I C x  INDIA N CROSSE S I N 
S O R G H U M X I I I . E N V I R O N M E N T A L AN D GENOTYPE-ENVI -
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A KNOWLEDG E o f th e natur e an d relativ e magnitude s o f th e variou s type s 
of genotype-environmental interaction s is important in making decisions concern-
ing breedin g methods , selectio n programme s an d testin g procedure s i n cro p 
plants (Baker , 1969) . I n recen t year s attempt s t o specify , estimat e an d correc t 
for g  x  e  interaction s hav e take n tw o directions . Th e statistica l approache s o f 
Yates an d Cochra n (1938 ) suitabl y modifie d b y Finla y an d Wilkinso n (1963 ) 
and Eberhar t an d Russel l (1966 ) provid e fo r estimate s o f stability parameters , 
the mean , th e regressio n o f yield o n environmenta l inde x an d the deviatio n mea n 
square. A  secon d approac h (Mathe r an d Jones , 1958 ; Jink s an d Stevens , 
1959; Buci o Alani s an d Hill , 1966 ) i s base d o n fittin g model s whic h specif y 
genetic, environmenta l an d g x e interaction s t o generation means and variances . 
Both type s o f analyses essentiall y lea d t o th e sam e conclusio n tha t th e magnitud e 
of g  x e  interaction s ar e a  linea r functio n o f the environmenta l effects , Perkin s 
and Jink s (1968 ) attempte d t o bridg e th e ga p betwee n th e tw o approache s an d 
extended th e analysi s t o cove r man y inbre d line s an d th e crosse s amon g them . 
The presen t stud y i s a n effor t t o understan d th e differentia l g  X  e  interaction s 
of hybrids an d thei r parent s whic h ar e o f exotic origi n o r derivative s fro m exoti c 
X India n crosses . 

MATERIALS AN D METHOD S 

The materia l fo r th e stud y comprise d five  female s (C K 60A , 2219A , 3677A , 1587 A an d 648A ) an d 
21 males , 1 9 of which ar e derive d fro m exoti c x  India n crosse s (586 , 674 , 724 , 743 , 780 , 781 , 810, 846 , 
851, 892 , 990 , 1098 , 1157 , 1302 , 1364 , 1387 , 1452 , 1635 , 1667 ) an d tw o (I S 203 1 an d I S 2954 ) ar e exoti c 
dwarfs. Th e 10 5 hybrids alon g with th e 2 1 males and th e fertile counterpart s o f five females were grow n 
in randomise d block s replicate d thre e time s a t thre e differen t locations , Parbhan i (Maharashtra) , Dhar -
war (Karnataka ) an d Yemmiganu r (Andhr a Pradesh ) durin g kfiarif, 1970. Unifor m agronomi c practice s 
were followed a t al l th e thre e locations . Ovservation s o n five  rando m plant s wer e recorde d i n eac h plo t 
in eac h of the locations. Th e model given b y Perkins and Jinks (1968 ) was used for analysi s of data . 

'Part o f Ph.D. Thesi s submitte d t o th e IAR I b y th e senio r author . 
s Present Address : Departmen t o f Plan t Breeding , G . B . Pan t Universit y o f Agriculture ' an d 

Technology, Pantnagar , Distric t Nainita l (UP) . 
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RESULTS 

The join t regressio n analysi s o f varianc e fo r parent s an d hybrid s respec -
tively i s presente d i n Tabl e 1 . I t wil l b e seen tha t al l item s excep t remainde r 
M.S. i n pa'rent s o f the regressio n analysi s ar e significan t whe n tested agains t erro r 
M.S. Th e linea r componen t (th e heterogeneit y o f regressio n M.S. ) account s 
for mor e o f th e g  x  e-interaction s tha n th e remainde r M.S . i n cas e o f parents . 
On th e othe r han d i n cas e o f th e hybrids , th e remainde r M.S . i s severa l time s 
larger than the linear component . 

TABLE 1  • 

Joint regression analysis for parents and hybrids 

Source of variation D.F . Mea n square s 

Parents 
Lines 
Environments 
G X  E  interactio n 

Heterogeneity betwee n regression s 
Remainder 

Hybrids 
h(il)'s 
Joint regressio n 
G X  E  interactio n 

Heterogeneity betwee n regression s 
Remainder 

Error 

**Significant a t 1 % level . 

The estimate s o f d ; an d [3 i fo r mal e an d femal e parent s ar e presente d i n 
Table 2 . Th e female s an d tw o exoti c mal e parent s I S 203 1 an d I S 295 4 sho w 
negatively significan t (3i . Thi s reveal s th e limite d respons e o f exoti c mal e 
parents an d al l th e femal e parent s to the improved environment . Th e positivel y 
significant p;' s ar e onl y observe d i n cas e o f derivatives of exotic x  India n crosses . 
Derived males , therefore , sho w positiv e respons e unde r improve d environmen t 
and ar e superio r t o th e exoti c male s an d females . Further , th e remainde r mea n 
squares ar e no t significan t fo r al l these parents . Hence , al l the significan t geno -
type environmen t interaction s betwee n thes e parents , wher e (3 ; values ar e signi -
ficant an d th e thre e environment s ca n b e accounte d fo r a s a  linea r regressio n o n 
the additiv e environmenta l values . Th e parent s 892 , 990 , 109 8 and 130 2 whic h 
show positiv e (3 ; values large r tha n 1  -0 may b e usefu l fo r bette r environments . 

25 136-01* * 
2 2955-42* * 

25 175-34** 
25 33-37 

104 1239-02* * 
2 7055-97* * 

104 145-12* * 
104 1093-90* * 
780 36-4 
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TABLE 2 

Estimates of the various parameters for the parents 

113 

Parents di /*> 

Females 
2219B 

648B 
CK60B 
1587B 
3677B 

Males 
586 
674 
724 
743 
780 
781 
810 
846 
851 
892 
990 

1098 
1157 
1302 
1364 
1387 
1452 
1635 
1667 

IS 203 1 
IS 295 4 

S.E. 

-8-2 -1-163** 
-11-7 -0-727** 
-5-4 -0-853** 
-3-8 -1-447** 
-5-4 -1-000** 

0-7 -0-009 
3-7 0-037 

-4-2 0-223** 
1-2 -0-079 

-6-5 0-035 
6-9- 0-631** 

-0-8 -0-233** 
-3-4 0-038 
-2-8 -0-034 

5-5 1-098** 
10-1 1-898** 
13-1 1-840** 
3-5 -0-130 

17-6 1-123** 
-2-7 0-304** 
-3-9 0-038 

0-2 0-425** 
-1-0 -0-071 

5-2 0-442** 
-3-3 -1-007** 
-5-1 -1-451** 

0-075 

**Significant a t 1 % level . 

Estimates B ^ an d h.^ fo r th e variou s hybri d combination s ar e give n i n 
Table 3 , whic h show s tha t th e distributio n o f th e significan t B (i l) value s i s no t 
entirely a t random . Th e crosse s wit h mal e parent s 586 , 743 , 781 , 892 , 1157 , 
1387, 145 2 an d 163 5 ar e havin g significan t B^ j values . 

From thes e studies , i t wil l b e see n tha t bot h parent s an d hybrid s show s 
g X  e  interactions . Th e g  X  e  interactio n i n th e cas e o f parent s ar e largel y 
linear function o f the environmenta l value s wit h regressio n slope s {(3;'s) differin g 
from paren t t o parent . 
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TABLE 4 

Correlations between the genetic and regression statistics 

Genotypes Statistic 
Correlation 
coefficient D.F. 

Parents 
Fj hybrid s 

di &  y3 i 0-7958** 
0-6900** 

24 
103 

**Significant a t 1 % level . 

On th e othe r hand , th e hybrid s als o exhibi t significan t g  X  e  interactions , 
but thes e interactions diffe r fro m thos e of the parents ; the y appea r largel y due t o 
non-linear functio n o f the environmenta l values . Her e als o the regression value s 
widely diffe r fro m hybri d t o hybrid . Th e overal l mea n value s o f th e p ( i l ) 's 
for th e F t hybrid s i s positive an d significant . 

The correlation s betwee n geneti c an d regressio n statistic s fo r parent s an d 
hybrids ar e presente d i n Tabl e 4 . Bot h th e parent s an d th e F , hybrid s sho w a 
positive correlatio n betwee n th e geneti c contro l o f performanc e an d th e valu e 
of th e regressio n slope , indicatin g tha t th e geneti c contro l o f th e performanc e 
and th e valu e o f th e regressio n slop e ar e closel y related . Th e Ft hybrid s hav e 
higher mea n performance s an d generall y highe r slope s tha n th e mea n o f thei r 
respective parents . Heterosi s i s mea n performanc e is , therefore , generall y 
associated wit h a  greate r sensitivit y t o th e environment . 

DISCUSSION 

Perkins an d Jink s (1968 ) observe d tha t th e linea r an d non-linea r compo -
nents o f the g  X e interactions are independent an d ar e presumabl y subjec t t o th e 
control o f differen t geneti c systems . Wher e (3 ; amounts fo r al l o r mos t o f th e 
g X  e  interaction, i t is a convenient measur e of the relative sensitivity of th e geno -
type t o th e environment . I n determinin g th e bes t genotypes , bot h th e geneti c 
component o f performanc e d ; an d (3 , which represents th e sensitivit y t o environ -
mental variatio n shoul d b e considered . Thes e tw o aspect s o f th e phenotyp e 
are positively correlate d bot h i n th e inbred varietie s and F, hybrids derive d fro m 
them. A  highe r d i o r h^ j i s generall y accompanie d b y greate r sensitivit y t o 
environment. Inspit e o f thes e correlations , varietie s whic h hav e a n abov e 
average mea n an d averag e regressio n slop e coul d b e identified . Bot h parent s 
and hybrid s showe d g  X  e  interaction s tha t ar e largel y linea r function s o f th e 
environmental value s wit h regressio n slope s tha t diffe r fro m on e inbre d lin e t o 
another an d fro m on e cros s t o another . 

Present studie s base d o n th e mode l o f Perkin s an d Jinks (1968 ) indicat e 
that g  X  e  interaction s ar e operativ e i n bot h parent s a s wel l a s F , generatio n 
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hybrids an d tha t a  significan t portio n o f thes e interaction s ar e accounte d fo r b y 
the linea r functio n o f th e environmenta l means . Som e o f the interaction s were , 
however, independen t o f thi s linea r component . Bot h th e linea r an d non -
linear component s o f th e g  X  e  interactio n wer e unde r th e contro l o f differen t 
gene systems . Differen t parent s showe d dominanc e fo r th e linea r an d fo r th e 
non-linear components . Interactio n betwee n th e additiv e componen t an d th e 
environments wa s greate r tha n tha t o f th e dominanc e componen t i n differen t 
environments. 

The linea r componen t o f th e g  X  e  interactio n wa s greate r i n th e parent s 
than i n th e F j hybrids , bu t bot h ar e significant . A  majo r portio n o f th e addi -
tive x  environmen t interactio n i s accounte d fo r b y a  linea r relationshi p an d a 
large portio n o f th e dominanc e X  environmen t interactio n i s non-linear . A 
number o f workers includin g Jinks an d Mathe r (1955) , Jinks and Stevens (1959) , 
Bucio Alani s an d Hil l (1966) , Buci o Alanis , Perkin s an d Jinks (1969) , Jinks an d 
Perkins (1970 ) an d Brees e (1969 ) hav e investigate d th e relativ e sensitivit y o f 
additive, dominanc e an d epistati c component s an d the y foun d situations in which 
the dominanc e componen t ha s bee n mor e sensitive , equall y sensitiv e an d les s 
sensitive tha n th e additiv e component . 

In th e cas e o f parents , th e heterogeneit y m.s . alon e i s significan t agains t 
error m.s . an d agains t remainde r m.s . Thu s i t i s possible t o predict , withi n th e 
limits o f th e samplin g error , al l th e genotype-environmenta l interaction s fo r 
each lin e fro m th e linea r regression s o n th e environmenta l value s an d th e pre -
dictions o f th e g  X  e  interaction s base d o n th e linea r regressio n wil l stil l hav e 
considerable practica l value . 

In hybrid s bot h regressio n m.s . an d th e remainde r m.s . ar e significan t 
against erro r m.s . an d thu s sho w g  X  e  interaction . Th e regressio n m.s . i s no t 
significant whe n teste d agains t th e remainde r m.s . bu t thi s doe s no t rul e ou t th e 
possibility tha t th e regressio n o f (hi , +  gn) o n E j fo r som e o f th e hybrid s take n 
individually ma y b e highl y significan t whe n teste d agains t thei r remainde r m.s . 
For thes e particula r hybrids , reliabl e prediction s ca n stil l b e mad e i n thi s study . 
In join t regressio n analysi s al l o f th e item s excep t remainde r m.s . i n parent s ar e 
significant agains t erro r m.s . Ther e are , therefore , difference s betwee n th e line s 
and betwee n th e environment s an d ther e ar e significan t genotyp e X  environ -
ment interactions . Thi s analysi s als o showe d tha t th e b ^ value s diffe r amon g 
the crosses . I t ha s frequentl y bee n observe d tha t th e environmenta l variabilit y 
of geneticall y homogeneou s genotype s ar e relate d t o thei r mea n performance . 
The parent s showe d hig h correlatio n betwee n mea n performanc e an d environ -
mental variability . 

In general , i t i s the expressio n o f the additiv e effect s o f gene s whic h i s leas t 
consistent i n bot h thei r linea r an d non-linea r respons e t o environment . 
Furthermore, suc h non-additiv e effect s a s ar e presen t appea r t o b e du e solel y 
to dominance . Th e Fl hybrid s ar e generall y characterise d b y highe r mea n 
performance an d highe r slope s tha n th e mea n o f thei r respectiv e parent s an d 
heterosis i s generall y associate d wit h a  greate r sensitivit y t o environment . 
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SUMMARY 

Studies o n th e g  X  e  interactio n o f varietie s an d hybrid s usin g th e mode l 
of Perkin s an d Jink s (1968 ) indicate d tha t th e linea r componen t o f th e g  x  e 
interaction wa s greate r i n th e parent s tha n i n the«F , hybrids . Th e F , hybrid s 
were generall y characterize d b y highe r mea n performanc e an d highe r slope s 
than th e mea n o f thei r respectiv e parent s indicatin g tha t heterosi s i s generall y 
associated wit h greate r sensitivit y t o th e environment . 
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GENETIC ANALYSI S O F SOM E E X O T I C x  INDIA N CROSSE S I N 
S O R G H U M , XIV . STABILIT Y O F HYBRID S AN D PARENTS 1 

D. L . SINGHANIA 2 an d N . GANG A PRASAD A RAC T 

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad 50003 0 

(Accepted: 25-X-75 ) 

' . . . 
A POPULATIO N o f organism s ha s immediat e fitnes s whe n it s individuals ar e mor -
phologically an d physiologicall y equippe d fo r growt h an d reproductio n i n a 
constant environment. Sinc e no environmen t i s constant , al l organism s attemp t 
to cop e wit h environmenta l heterogeneit y throug h individua l an d population , 
adaptability (Coo k an d Johnson , 1968) . I n outbreedin g species , hig h degre e 
of stabilit y i s generall y a  propert y o f heterozygote s whil e i n sel f fertilizers th e 
situation i s not a s clear. Individuak-ace s highl y resistan t t o one or more classe s 
of environmenta l stres s ma y exis t i n bot h autogamou s an d allogamou s specie s 
(Pederson, 1968) . 

Sorghums whic h hav e bee n treate d a s complet e sel f fertilizer s fo r varieta l 
development an d complet e outbreeder s for  purpose s o f developing commercia l 
hybrids, offe r uniqu e possibilitie s fo r capitalisin g th e advantage s o f bot h sel f 
and cros s breedin g systems . Th e presen t stud y i s a n effor t t o analys e th e re -
lative performanc e an d stabilit y o f line s derive d fro m exoti c X  India n crosse s 
and th e hybrid s derive d usin g the m a s mal e parents . ' 

MATERIALS AN D METHOD S 

The materia l an d th e la y ou t fo r th e presen t stud y wer e earlie r describe d b y Singhani a an d Ra o 
(1976). 

The conventiona l poole d analysi s o f varianc e an d th e regressio n analysi s o f Eberhar t an d Russel l 
(1966) wer e use d fo r analysi s an d interpretatio n o f data . 

RESULTS 

Analysis of variance: Th e analysi s o f variance for genotype x  environmen t 
interaction whe n stabilit y parameter s ar e estimate d i s presente d i n Tabl e 1 . 
The thre e locations use d in th e stud y provide d a  suffcien t rang e of environments, 
the mea n yiel d rangin g fro m 37- 9 gm . pe r panicl e a t Dharwa r t o 57- 5 gm . a t 
Parbhani. Significan t difference s amon g variet y mean s for  al l character s ar e 

'Part o f th e IAR I Ph.D . Thesi s o f the senio r author . 
"Present Addiess : Departmen t o f Plan t Breeding , G . B . Pan t Universit y o f Agricultur e an d 

Technology, Pantnagar , Dist . Nainita l (U.P.) . 
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revealed b y th e larg e varianc e rati o M, /M 3 . T h e tabl e show s tha t ther e ar e 
genetic difference s amon g varietie s fo r thei r regressio n o n environmenta l inde x 
for plan t height , grai n yiel d an d numbe r o f grain s pe r panicl e bu t n o geneti c 
differences fo r panicl e length , day s t o 50 % bloo m an d hundre d grai n weigh t 
(M a /M 3 varianc e ratio) . Mea n square s fo r poole d deviation s fro m regressio n 
are significan t fo r onl y panicl e length , plan t heigh t an d hundre d grai n weight . 

The result s als o sho w tha t al l character s displaye d considerabl e g  x  e 
interaction excep t th e day s t o 50 % bloom . Relationshi p betwee n th e per -
formance o f line s an d th e environmenta l valu e i s essentiall y linea r wit h respec t 
to plan t height , grai n yiel d an d numbe r o f grain s pe r panicle . 

Stability parameters: Th e stabilit y parameter s fo r individua l entrie s hav e 
been estimated . Th e distributio n o f th e entrie s i n th e differen t quadrant s i s 
summarised i n Tabl e 2 . I t wil l b e see n tha t fo r grai n yiel d an d severa l othe r 
characters excep t day s t o 50 % bloo m an d see d weight , mos t o f th e genotype s 
tend t o concentrat e i n Q, , wit h b i > 1  -0 an d hig h mea n valu e an d i n Q 3 wit h 
b i < 1  -0 an d th e mea n valu e belo w th e genera l mean . 

T A B L E 2 

Distribution of different genotypes in the four quadrants 

Genotype i n Percen t o f genotypes in eac h 
quadrant quadran t 

Character 
1 2 3  4  1  2  3  4 

1. Mature plan t heigh t 46 10 70 9 34-07 7-41 51-85 6-67 
2. Days to 50 % bloo m 21 50 32 32 15-56 37-04 23-70 23-70 
3. Panicle lengt h 35 24 44 32 25-93 17-78 32-59 23^70 
4. Grain yiel d pe r panicl e 51 12 57 15 37-78 8-89 42-22 11-11 
5. Hundred grai n weigh t 40 33 36 26 29-63 24-44 26-67 19-26 
6. Grain pe r panicl e 42 26- 43 24 31-11 19-26 31-85 17-78 

It i s interestin g t o not e tha t th e hybrid s involvin g th e males , 990 , 1098 , 
1302, 851, 1364 and 1667 , exhibited superiorit y over their respective male parent s 
in les s favourable environments , bu t a s the environmen t becam e mor e an d mor e 
favourable, th e mal e parent s exceede d th e correspondin g hybrid s i n yiel d levels 
(Fig. 1) . Bu t thi s i s no t universa l wit h al l th e combination s an d certain o f th e 
hybrids di d exhibi t continue d superiorit y ove r thei r mal e parent s irrespectiv e 
of the environmenta l change s (Fig . 2). Th e mos t superio r hybrids , particularl y 
those involvin g 145 2 an d 1635 , ar e characterise d b y b  value s greate r tha n 1  -0 
and thei r expressio n i s maximu m unde r mor e favourabl e conditions . Bu t a n 
overall examinatio n o f the respons e o f parents an d hybrid s (Fig . 3) indicates tha t 
suitable homozygou s line s capable o f outyielding thei r respectiv e male s coul d b e 
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GravmOfMCNTM. v*X* 
ENvnoMUCNTCL ttX ENVIRONMENT*! INDEX 

FIG. 1 . Stabilit y o f performance o f parents an d hybrid s 

m 9 CK60XI452 

rr>3 2219X1452 

MEAN Of HYBRIDS 
ms3677Xl452 
m » l 5 8 7 x l 4 5 2 
ms64e X 1452 

lt»CK60XI63S 
mslS87Xl635 
IK122I9X 1635 

MEAN Of HYBRIDS 

m»648XI635 

m» 3677X1635 

O IO 
ENVIRONMENTAL INDEX ENVIRONMENTAL INDEX 

FIG. 2 . Stabilit y o f performance o f parents an d hybrids . 

developed throug h prope r choic e of parental materia l an d selectio n procedures , 
but th e superiorit y o f suc h homozygou s line s i s bes t expresse d unde r mor e 
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120 
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FIG. 3 . Stabilit y of females, male s an d hybrids . 

favourable environments . Som e o f th e mal e parent s tende d t o ou t yiel d th e 
corresponding hybrid s indicatin g tha t homozygou s line s coul d b e superio r t o 
commercial hybrid s provide d th e growin g condition s ar e satisfactory' . 

DISCUSSION 

Populations o f most specie s diffe r i n thei r abilit y io exploi t curren t envi -
ronments an d adjus t /to environmenta l chang e an d correlativel y var y i n thei r 
probability o f survival and reproduction. Thos e which maximise this probablity 
may b e regarde d a s mos t adapted . Th e genom e ma y b e viewe d a s a  harmo -
niously co-adapte d an d integrate d gen e ensembl e whic h mediate s a  broa d an d 
complex arra y o f developmental processe s where successful completio n is essential 
for viability , vigou r an d fertility . Th e capacit y t o buffe r unde r externa l an d 
internal environmenta l change s i s conferre d b y regulator y interaction s durin g 
morphogenesis whic h ar e mediate d b y comple x fee d bac k mechanis m (Levin , 
1970). 

In contras t t o th e consistenc y o f evidenc e fo r heterozygot e superiorit y i n 
outbreeding species , th e evidenc e fo r inbreedin g specie s ha s bee n conflicting . 
Lerner (1954 ) hypothesize d tha t departur e fro m th e breedin g syste m norma l fo r 
the specie s lead s t o los s o f bufferin g powers . Smit h an d Foot e (1970 ) reporte d 
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evidence which indicated that in the self fertilized species of barley, heterozygosity 
reduced phenotypi c stability of particular character s a t some locations. Experi -
ments with lima bean an d Arabidopsis suggest that sel f and cros s fertilized species 
are essentiall y simila r i n thei r heteroti c respons e an d tha t th e us e of heterosi s 
should carefull y b e considered irrespective of their breeding system. 

There ar e indication s t o sho w tha t eve n i n self fertilised species , stabilit y 
is a  functio n o f heterozygosity fo r mos t classe s o f environmenta l stres s (Lewis , 
1955; Griffin g an d Langridge , 1963 ; Pederson , 1968 ; Ra o an d Harinarayana , 
1969). Bot h productio n an d consistenc y o f performance ove r a  numbe r o f en-
vironments should , therefore , b e use d t o compar e an d evaluat e populations . 
It shoul d als o be born e i n min d tha t th e distributio n o f the mea n yiel d o f th e 
varieties depend s o n th e particula r sampl e o f seasons an d station s ,used fo r th e 
estimation. I f th e combination s o f season s an d site s resul t i n predominantl y 
high yieldin g environment , th e varietie s wit h high regression coefficients woul d 
produce the highest yield means showing that varieties specially adapted t o hig h 
yielding environment s have been favoured (Kaltsikes , 1969) . 

Results o f th e presen t experimen t involvin g parent s an d thei r hybrid s 
developed fro m a  lin e X  tester matin g syste m revea l tha t th e advantag e o f F x 
populations ma y no t onl y b e i n th e are a o f increase d production , bu t als o i n 
terms o f greate r stabilit y i n productio n ove r a  numbe r o f environments . Th e 
hybrids a s a  grou p displaye d smalle r deviation s excep t fo r grai n yiel d an d th e 
regression coefficien t i s clos e t o 1-0 . Thus , a  collectiv e consideratio n o f th e 
parameters fo r stabilit y o f yield lead s t o th e interpretatio n o f greate r produc -
tivity an d stabilit y fo r -hybrids . 

Regarding th e behaviou r o f th e parents , th e male s an d female s reacte d 
differently t o environmenta l variations . Fo r th e female s a s a  group , th e b i 
was clos e t o 1  • 0 fo r severa l characters . Th e mal e grou p o n th e othe r han d 
exhibited belo w averag e stabilit y for al l characters excep t hundre d grai n weigh t 
and appeare d bette r adapte d t o favourable environments . Al l the parent s pu t 
together, th e parenta l populatio n exhibite d b  value s clos e t o 1  • 0 an d henc e 
greater stability . Thu s a  heterogeneou s populatio n o f homozygous individual s 
(mixture) behave d somewha t simila r t o the heterogeneou s populatio n o f hetero-
zygous individuals. Ther e seems to be no doubt abou t the superiority of hybrids 
under les s favourabl e condition s becaus e o f th e developmenta l flexibility  tha t 
heterozygosity affords . 

SUMMARY 

An analysi s o f stabilit y o f hybrid s an d parent s reveale d tha t th e F1 

populations wer e not only better in th e area of increased production but were also 
marked b y greate r stabilit y i n productio n ove r environments . Amongs t th e 
parents studied , the , females wer e mor e stable , bu t the y wer e characterite d b y 
low mea n yields . Th e male s o n th e othe r han d exhibite d belo w averag e sta -
bility bu t appea r bette r adapte d t o favourabl e environments . 
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The hybrid s wit h mal e parent s 851 , 990 , 1098 , 130 2 (I S 203 1 x  Kara d 
local), 136 4 (R-7 8 x  M . 35-1 ) an d 166 7 (I S 392 2 X  Kara d local ) exhibite d 
superiority ove r th e respectiv e mal e parent s i n les s favourable environments , bu t 
as the environmen t becam e mor e an d mor e favourable , th e mal e parent s tende d 
to outyiel d th e correspondin g hybrids . Th e overal l performanc e o f male s an d 
their hybrid s i s indicativ e tha t homozygote s (lines ) coul d perfor m bette r tha n 
their hybrid s i n bette r environment s whil e th e hybri d superiorit y unde r les s 
favourable condition s tende d t o b e universal . 
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GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN 

SORGHUM 

XV. INHERITANCE OF RESISTANCE TO SORGHUM RUST 

B. S . RANA , D . P . TRIPATH I an d N . G . P . RA O 

All India Coordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad 500 03 0 

(Accepted: 27-1-76 ) 

EFFORTS hav e bee n i n progres s t o bree d superio r genotype s throug h exoti c X 
Indian crosse s i n sorghu m an d t o understan d th e geneti c basi s o f th e variou s 
economic traits (Rao , 197 2 and Ran a et al. 1975) . Th e presen t paper i s a study 
of th e inheritanc e o f resistanc e t o sorghu m rus t (Puccinia purpurea Cke. ) an d it s 
implications i n breedin g resistan t genotypes . 

MATERIALS AN D METHOD S 

Three improve d varieties , CSV- 3 (370) , CSV- 5 (148 ) an d GSV-7 R (R-16 ) an d tw o bol d seede d 
cultivars BP-5 3 an d I S 998 5 (Sudan ) wer e crosse d i n al l possibl e combinations . ,  Th e five  parents , te n 
F, hybrid s an d 1 0 Fa' s were planted in a  randomized complet e block design with three replication s durin g 
kharif, 1975 at IAR I Regiona l Research Station , Hyderabad. O f the parents, CSV-5 (148/168 ) remaine d 
almost free fro m rus t a t Hyderabad ; CSV- 3 (370 ) wa s les s susceptible an d CSV-7 R (R-16) , BP-5 3 an d 
IS 998 5 were highly susceptible . CSV- 5 i s popularly classifie d a s a  ta n plan t type , CSV- 3 i s less tan an d 
the res t ar e non-tan . Th e 'tan ' an d 'non-tan ' o r 'pigmented ' classificatio n o f plan t type s i n sorghu m i s 
common terminolog y familia r t o sorghum breeder s but th e types o f pigments involved d o no t seem to hav e 
been characterize d a s yet . Th e ta n type s ar e characterize d b y stra w colou r o n lea f sheath s an d lea f 
margins. Th e non-ta n o r pigmente d type s develope d purpl e pigmen t o n lea f sheath , th e pigmen t bein g 
conspicuous o n lowe r sheaths . 

The parent s an d F i hybrid s wer e planted i n singl e rows of 4- 5 metres, 60 cm apar t havin g 3 0 plant s 
per row . Th e plo t siz e for eac h F a consiste d o f five  suc h rows . Rus t appeare d i n a n epidemi c form . 
Individual plant s were graded o n th e basi s ofpustule siz e and intensit y o n lamina . Th e following syste m 
was followe d fo r grading . 

Grade ,  Infectio n typ e 

0 —  N o pustules—almos t fre e fro m rust . 
1 —  Traces , isolated , ver y smal l pustule s o n fe w lowe r leaves , si x pustules/ 4 sq . cm. , pustule s 

covering 5-10 % lea f area . 
2 —  Pustule s isolated , smal l t o medium , slightl y chlorotic , som e time s surrounde d b y hyper -

sensitive necroti c areas , 1 5 pustules/4 sq . cm. , 10-25 % lea f are a covere d b y pustules . 
3 —  Pustule s slightl y bigge r i n size , 3 0 pustules/ 4 sq . cm. , fe w star t rupturin g an d coalescing , 

chlorotic area s occasionall y present , 25-40 % lea f are a covere d b y pustules . 
4 —  Pustule s larger , rupture d an d generall y coalescing , 4 5 pustules/ 4 sq . cm. , pustule s presen t 

on mos t o f th e leave s coverin g 40—75 % lea f area . 
5 —  Pustule s largest , ruptured an d coalescing , 6 0 pustules/4 sq . cm. , coverin g 75-95 % lea f area . 
In codin g the rus t grades , the basis suggested b y Browder (1971 ) ha s been kep t in view . 
All the individua l F z plant s wer e scored for rus t a s wel l a s plant type , ta n o r pigmente d (non-tan) . 

244 
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RESULTS 

The averag e score s ove r replication s fo r parent s an d F , ar e give n i n 
Table 1 . CSV- 5 (148 ) wa s resistan t an d n o pustule s wer e present . CSV- 3 
(370) showe d moderat e susceptibilit y whil e res t o f th e parent s wer e highl y 
susceptible. Th e F^ s wer e almos t a s susceptibl e a s susceptibl e parent . Sus -
ceptibility thu s showe d dominanc e ove r resistance . Eve n moderat e suscep -
tibility i n CSV- 5 X CSV-3 cros s wa s dominan t ove r resistance. Similarly , hig h 
susceptibility showe d dominanc e ove r moderat e susceptibility . Th e genotypi c 
differences an d interactio n betwee n resistance , moderat e susceptibilit y an d 
high susceptibilit y classe s reveale d existenc e o f differen t gene s causin g thes e 
differential reactions . However , I S 998 5 behave d differentl y tha n th e othe r 
two susceptible genotypes . 

The F 2 distributio n for susceptibilit y an d plan t typ e showe d tha t resistan t 
and ta n plan t type s wer e occurrin g onl y i n crosse s involvin g CSV- 5 (Tabl e 1) . 
Rest of the crosses showed moderate to high susceptibility and purple pigmentation. 

The X a test s usin g cumulativ e frequencie s ar e presente d i n Tabl e 2 . I n 
resistant (score-0 ) vs rest of the classes (score s 1-5 ) o f CSV-5 x highly susceptibl e 
crosses, goodnes s o f fi t fo r 6 3 :  1 ratio wa s satisfied . Whe n score s 0- 1 vs 2-5 * 
were compared , 3  :  1 rati o i n CSV- 5 x CSV-3 an d 1 5 :  1 rati o i n CSV- 5 x 
CSV-7R wer e fittin g closely . Amon g CSV- 5 crosses , subsequen t cumulativ e 
frequencies e.g., 0-2 vs 3-5 an d 0- 3 vs 4-5 wer e fittin g t o 1  :-1 , 3  :  1  and 1 5 : 1 
genetic ratios excep t in CSV- 5 x IS 9985 cross . 

Moderately susceptibl e plant s wer e absen t i n th e F 2 generatio n o f CSV- 3 
X CSV-7Rinspite o f CSV-3 being moderately susceptible . Bu t both moderatel y 
susceptible an d susceptibl e plant s wer e presen t i n othe r tw o crosse s o f CSV- 3 
showing a good fit to 3 :  1 ratio. Amon g highly susceptible x  highl y susceptibl e 
crosses, a  lo w frequency o f moderately susceptibl e plant s wa s observed . I t wa s 
15 :  1 in CSV-7RxBP-5 3 cros s whil e n o geneti c rati o coul d b e fitted  i n othe r 
two crosse s (CSV-7RxI S 998 5 an d BP-53xI S 9985) . 

The segregatio n fo r plan t type s (pigment ) wa s studied i n fou r ta n x purpl e 
^pigmented crosses . CSV- 5 wa s a  ta n paren t whil e othe r parent s ha d purpl e 

pigment. Ther e was 3 :1 segregation for purple and tan types in al l these crosses. 
The distributio n o f diseas e score s showe d a  distinc t patter n wit h plan t 

pigment (Tabl e 3) . Absolut e resistanc e (Score-0 ) wa s occurrin g onl y i n ta n 
pigmented plants . No t a  singl e purpl e pigmente d plan t wa s immun e t o rust . 
Thus, recombinatio n o f resistanc e wit h purpl e pigmen t wa s absen t an d wa s 
confined onl y t o ta n types . Greate r frequenc y o f parenta l type s an d lac k o f 
recombination indicate d existenc e o f linkage . Th e X a tes t reveale d stron g 
linkage betwee n diseas e scor e an d plan t pigments . 

DISCUSSION 

Rust o f sorghum cause d b y Puccinia purpurea Cke. , is a  wide sprea d diseas e 
of sorghum . I t usuall y occure s lat e whe n th e sorghu m cro p i s abou t t o 
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TABLE 3 

Joint segregation and Xs test for rust susceptibility and plant type (pigment) 

Rust s usceptibility (Grade s 0-5 ) 

1 2 3 4 

Plant Pigment s 
Tan 
Purple 
Total 

0 
28 

0 
28 

1-5 
57 

222 
279 

0 1- 5 
5 4 9 
0 19 0 
5 23 9 

0 1- 5 
5 5 1 
0 17 0 
5 22 1 

0 1- 5 
4 7 1 
0 21 7 
4 28 8 

Source D F %" Values 
Plant pigment (3:1 ) 1  1-174 7 1-071 0 0-005 8 0-073 0 
Susceptibility (63:1 ) 1  4-3172 * 0-375 6 0-620 6 0-085 7 
Linkage 1  601-7237* * 23-2754* * 21-6663* * 10-4759* * 

Total 3  607-2156* * 24-7220* * 22-2927* * 10-6346 * 

*Significant a t 5% *  ^Significant a t 1% . 1 =CSV-5 xCSV-3; 2=CSV- 5 XCSV-7R ; 
3=CSV-5 xBP 53; 4=CSV- 5 x IS 9985 

mature affectin g th e qualit y o f forage, bu t coul d b e disastrou s i f occur s durin g 
early stage s of growth. 

While Colema n an d Dea n (1961 ) observe d rus t resistanc e t o be controlle d 
by a  simpl e dominan t gene , Patil , Kulkarn i et al. (1972 ) reporte d susceptibilit y 
to b e dominan t an d tha t ther e wer e mor e tha n tw o pair s o f gene s wit h a  fe w 
modifiers governin g inheritance o f resistance to rust. The y als o inferred possibl e 
physiologic specializatio n o f th e rus t fungus . 

The presen t stud y involvin g divers e parent s indicate s tha t a t leas t thre e 
major gene s ar e involve d an d tha t susceptibilit y i s dominant . I t is , therefore , 
necessary tha t bot h parent s shoul d b e resistan t i f commercia l hybrid s ar e t o be 
resistant t o rust . Presenc e o f 1- 2 resistan t gene s confer s differen t degree s o f 
susceptibility a s indicate d b y duplicat e facto r an d monogeni c type s o f inheri -
tance i n compariso n involvin g differen t grade s (Tabl e 3) . 

The stud y als o reveal s tha t rus t resistanc e i s associate d wit h th e 'Ta n 
Plant' typ e an d a  bio-chemica l characterizatio n o f the pigment s involvin g 'tan ' 
and 'purple ' plan t type s i s a  worthwhil e study . Th e ta n plan t provide s 
phenotypic criteri a fo r selectin g resistan t genotypes . 

It i s interesting t o not e tha t th e cultiva r CSV- 5 (148/168 ) a  dwar f deriva -
tive o f th e exoti c X Indian cros s I S 3687xAispuri exhibite d resistanc e to mos t 
leaf spots, downy milde w an d als o tolerance t o striga parasite . I t also combined 
some toleranc e t o th e insec t pests , shootfl y an d ste m bore r an d i s a  usefu l 
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genotype fo r resistanc e breeding . However , CSV- 5 ha d show n trace s o f rus t 
in norther n Indi a an d thi s ma y indicat e physiologi c specializatio n o f th e rus t 
fungus. 

SUMMARY 

Resistance t o sorghu m rus t (Puccinia purpurea Gke., ) i s governe d b y thre e 
major genes , susceptibility bein g dominant . Th e 'tan ' plan t typ e and resistanc e 
are strongl y linked . Ther e i s reason t o believ e tha t ther e ma y b e physiologica l 
races o f th e rus t fungus . Th e cultiva r CSV- 5 (148/168 ) a  dwar f derivativ e o f 
the exoti c X Indian cros s I S 368 7 X Aispuri, combine s satisfactor y yield s wit h 
resistance t o mos t lea f spots , down y milde w an d toleranc e t o Striga, shootfl y 
and stem borer an d is therefore a  useful paren t for combining yield an d resistanc e 
attributes. 
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GENETIC ANALYSI S O F SOM E EXOTI C x INDIAN CROSSE S I N 
SORGHUM 

XVI. EFFECT S O F DIRECTIONAL SELECTIO N O N YIELD AND 
COMPONENT CHARACTER S 

D. P . TRIPATHI , B . S . RANA , K . BAL A KOTAIA H an d N . G . P . RA O 

All India Co-ordinated Sorghum Improvement Project, IARI Regional Research Station, 
Hyderabad 50 0 030 

(Accepted: 27-1-76) 

THERE i s growin g interes t i n evaluatin g th e effectivenes s o f variou s selectio n 
schemes an d als o th e rol e o f intermatin g befor e selectio n i n self-fertilizin g 
species. Tha t i n mos t geneti c situations , between famil y selectio n i s more effec -
tive tha n withi n famil y selection , wa s brough t ou t b y Pederso n (196 9 a , b) . 
Significant ran k correlation s betwee n F 3 lines an d means o f F 5 derived line s o f 
spring whea t wer e reporte d b y Brigg s an d Shebesk i (1971) . Mor e recently , 
Boerma an d Coope r (1975 ) an d Kno t an d Kuma r (1975 ) compare d th e effec -
tiveness o f various selectio n scheme s an d thei r analyse s indicate d som e meri t i n 
single-seed-descent (SSD ) procedure . Te e an d Qualse t (1975 ) fel t tha t unles s 
competition effect s ar e important , rando m bul k metho d i s preferabl e t o SSD 
method. Pederso n (1974 ) fel t tha t truncatio n selectio n i s usually preferabl e t o 
intermating a s a  procedur e fo r increasin g th e proportio n o f desirabl e homo -
zygotes in a population . 

In sorghum , height and maturity gene s have considerable effect s o n yields. 
Continued selectio n for relatively dwar f stature , earlie r maturit y an d high yield s 
resulted i n th e dissipatio n o f indirect effect s o f heigh t an d maturin g gene s o n 
yield, bu t thei r influenc e o n yields wa s still perceptibl e i n advance d generatio n 
progenies o f exotic X Indian crosse s (Subb a Redd y an d Rao , 1971 ; Rao et al, 
1973). Th e presen t pape r examine s th e effect s o f selectio n o n yield an d com -
ponent character s i n advance d generatio n progenie s o f som e exoti c X Indian 
crosses o f sorghum obtaine d throug h continue d pedigre e selection . 

MATERIALS AN D METHOD S 

Thirty advance d generation derivatives from eigh t exotic X  Indian crosse s observed to be promising 
in yiel d trial s and representing a rang e o f height an d maturity, the six exotic and four India n parents , 
entered into the crosses, eight corresponding Fi 's of these derivatives and six checks, 'Swarna' a high yield-
ing variet y an d five commercial hybrids, CSH-1 , CSH-2 , CSH-3 , CSH- 4 an d CSH-5 , wer e chose n for 
the study . Th e pedigrees o f the derivatives ar e presented below . 

250 
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Pedigrees o f th e selecte d derivative s 

Progeny Pedigre e 

148, 168 , 500, 550 , 900 I S 368 7 X  Aispur i 

173, 564 , 565, 604 I S 392 2 X  Aispur i 

8, 370 , 461, 475, 734, 815 I S 295 4 X  B P 5 3 

882 I S 50 8 X  B P 5 3 

221, 227 , 252, 612, 651,655 I S 203 1 X  Kara d Loca l 

285, 296 , 302 , 303 , 667, 670 I S 392 2 X  Kara d Loca l 

730 I S 50 8 X  Kara d Loca l 

713 M . 35- 1 X  I S 8 4 

The parents , F r ' s , derivative s an d check s wer e grow n i n a  randomize d complet e bloc k desig n wit h thre e 
replications durin g Kharif seaso n a t IAR I Regiona l Researc h Station , Hyderabad . Th e entrie s wer e 
randomized accordin g t o thei r heigh t t o minimis e competitio n effects . Eac h plot comprise d o f fou r row s 
of 3-6 metre s spaced 6 0 cm apart . A  fertilizer dos e of 10 0 kg N, 6 0 kg P2O5 and 6 0 kg K 2 0 pe r hectar e 
was given . Nitroge n wa s applie d i n tw o spli t doses , hal f a s basa l an d th e othe r hal f a s to p dressing . 
Recommended plan t protectio n measure s wer e adopted for th e contro l of shootfly an d ste m borer . 

Observations wer e recorde d fro m middl e tw o row s leavin g borde r plant s o n eithe r side . Th e 
characters, plant height, number of leaves, panicle length, panicle branches, 100-see d weight were recorde d 
on five  rando m plants ; day s t o 50 % flowering , panicl e weight , grai n yiel d an d dr y fodde r weigh t wer e 
recorded o n plo t basi s represented b y 2 5 contiguou s norma l plant s selecte d fro m th e tw o middl e row s o f 
the plot . Panicle , grai n an d fodde r weight s wer e subsequentl y converte d t o singl e plan t basis . Th e 
analyses o f varianc e an d regressio n wer e base d o n standar d statistica l procedures . 

RESULTS 

The mean s an d range s o f parents , F t 's, derivative s an d check s fo r th e 
various character s unde r stud y an d th e analysi s o f varianc e ar e presente d i n 
Tables 1  and 2 . 

Significant difference s wer e observe d bot h amon g parent s an d derivative s 
for al l th e character s excep t fo r panicl e branche s i n parents . Althoug h 
variability withi n exoti c an d withi n India n parent s wa s observe d fo r mos t o f 
the characters , difference s betwee n exoti c an d India n parent s wer e muc h mor e 
pronounced fo r flowering  time , height , numbe r o f leaves , panicl e lengt h an d 
dry fodde r weight . India n parent s wer e 2 3 day s lat e i n maturity , mor e tha n 
twice i n heigh t an d five  time s mor e i n fodde r weigh t a s compare d t o exoti c 
parents. 

Fj hybrid s wer e significantl y superio r t o mid-paren t value s fo r al l th e 
characters excep t 100-see d weight . Hybrid s wer e als o bette r tha n superio r 
parent fo r panicl e weight , panicl e branches , plo t yiel d an d 100-see d weight . 

Derivatives wer e significantl y differen t fro m mid-parenta l value s fo r 
flowering time , panicl e length , panicl e branches , fodde r weigh t an d 100-see d 
weight an d intermediat e betwee n exoti c an d India n parent s fo r othe r characters . 
Comparisons o f derivatives wit h exoti c an d India n parent s indicate d tha t deriva -
tives wer e significantl y differen t fro m bot h th e parent s for  al l thos e character s 
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where parenta l difference s wer e marked . Significan t reductio n i n flowering , 
height, numbe r o f leave s an d fodde r weigh t o f derivative s evidence d substantia l 
change i n plan t typ e o f derivatives a s compared t o India n parents . Compariso n 
of derivative s o f differen t crosse s reveale d significan t grou p difference s fo r al l 
characters excep t panicl e an d fodde r weight . I n additio n t o th e betwee n 
group differences , highl y significan t difference s withi n eac h grou p o f derivative s 
provided furthe r opportunit y fo r selectin g superio r genotype s fro m eac h o f th e 
groups. Som e o f th e derivative s o f Karad Local wer e early , possesse d larg e 
panicles, mor e numbe r o f panicl e branches , highe r yield s an d bette r 100-grai n 
weight. Wit h respec t t o yield , thre e earl y derivative s o f Karad Local (285 , 29 6 
and 302 ) wer e eve n bette r tha n th e highes t yieldin g hybri d whil e thre e othe r 
early maturin g derivative s 37 0 (I S 295 4 x BP 53) , 22 7 (I S 203 1 X Karad Local ) 
and 30 3 (I S 392 2 X Karad Local ) an d tw o mid-lat e derivatives , 17 3 (I S 392 2 X 
Aispuri) an d 55 0 (I S 368 7 X Aispuri) wer e o n pa r whe n compare d t o release d 
hybrids. 

Maximum numbe r o f transgressiv e segregate s wer e observe d fo r panicl e 
length, panicl e branche s an d 100-see d weight . Seve n derivative s 37 0 (I S 
2954xBP 53) , 22 7 (I S 2 0 3 I x K a r a d Local) , 71 3 (M . 35- 1 x IS 84 ) an d 285 , 
296, 30 2 an d 30 3 (I S 392 2 X Karad Local ) wer e transgressiv e segregate s 
for yield . 

Regression analysi s reveale d th e degre e o f resemblanc e o f derivative s 
with parent s an d thei r correspondin g F , (Tabl e 3) . Th e regressio n coefficien t 
of derivative s o n India n parent s wa s negativ e an d significan t fo r numbe r o f 
leaves, panicl e weigh t an d 100-see d weight . However , panicl e lengt h an d 
panicle branche s o f derivative ^ wer e determine d b y exoti c parents . Similarly , 
there wa s goo d resemblanc e betwee n derivative s an d F,' s fo r panicl e length , 
fodder yiel d an d 100-see d weight . Deviatio n fro m regressio n wa s significan t 
for al l character s excep t 100-see d weigh t indicatin g tha t derivative s wer e quit e 
dissimilar t o eithe r o f th e parent s o r th e correspondin g F , du e t o recombina -
tion an d selection . 

The relationshi p o f yiel d wit h othe r character s substantiall y change d 
in derivative s a s compare d t o parent s (Figs . 1-8) . Flowerin g time , heigh t an d 
number o f leave s showe d negativ e relationshi p wit h yiel d i n derivative s unlik e 
parents whil e panicl e weight , panicl e branche s an d see d weigh t contribute d 
positively t o yield . Selectio n fo r intermediat e maturit y an d height ; increase d 
panicle weight , panicl e branche s an d see d weigh t resulte d i n highe r yieldin g 
derivatives. 

DISCUSSION 

The parent s use d i n exoti c x India n crosse s i n sorghu m bein g investigate d 
by u s represen t tropica l an d temperat e type s wit h extrem e difference s fo r plan t 
height^ maturity , panicl e typ e an d grai n yield . Base d o n quantitativ e geneti c 
studies, Ra o (1970 ) suggeste d selectio n o f parent s base d o n performanc e o f 
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line per se togethe r wit h th e natur e o f combinin g abilit y an d emphasi s o n 
between famil y selection . Experienc e ha s als o reveale d tha t onl y a  fe w ou t o f 
several crosse s handle d yielde d superio r progen y o f commercia l worth . 

Strong associatio n o f heigh t an d maturit y gene s wit h yiel d an d possibl y • 
pleiotropic effect s impose d restriction s o n recoverin g recombinant s combinin g 
relatively dwar f stature , earl y maturit y an d hig h yield s (Subb a Redd y an d Rao , 
1971). Yet , continue d selectio n i n promisin g familie s resulte d i n isolatio n o f 
progenies o f commercia l valu e suc h a s CSV- 2 (302) , CSV- 3 (370) , CSV- 5 (168) , 
CSV-6 (604) , an d CSV-7 R (R-16 ) release d fo r genera l cultivation . Presen t 
analysis o f selectio n effect s orusuc h progenie s whe n compare d t o thei r parent s 
and correspondin g F,' s reveale d tha t ther e ha s bee n considerabl e amoun t o f 
recombination betwee n trait s suc h a s height, maturity , yiel d etc. , which i n earlie r 
studies exhibite d stron g association s thu s indicatin g th e valu e o f directiona l 
selection inspit e o f establishe d characte r associations . 

While ther e i s som e evidenc e tha t intermatin g provide s bette r sourc e 
material fo r selectio n (Mille r an d Rawlings , 1967) , th e observation s o f Pederso n 
(1974) tha t th e 'paren t stat e o f ou r knowledg e make s i t difficul t t o generalis e 
on th e possibl e merit s o f intermating , eve n fo r a  particula r characte r i n a 
particular species , bu t th e odd s ar e agains t i t bein g a  usefu l procedure ' ar e wort h 
noting. Reanalysi s o f th e result s obtaine d b y Boerm a an d Coope r (1975 ) 
and Kno t an d Kuma r (1975 ) (Subb a Reddy , unpublished ) indicate s tha t eve n 
the SS D metho d ma y no t b e superio r t o th e pedigre e metho d provide d certai n 
precautions ar e taken . Presen t studie s indicat e tha t wit h th e choic e o f suitabl e 
parents an d emphasi s o n betwee n famil y selection , directiona l selectio n usin g 
pedigree metho d coul d stil l increase frequenc y o f desirabl e homozygote s inspit e 
of stron g characte r association s a s furnishe d b y th e exoti c x India n crosse s i n 
sorghum. 

SUMMARY 

Effects o f directiona l selectio n o n yiel d an d componen t attribute s i n promi -
sing advance d generatio n progenie s o f selecte d exoti c X Indian crosse s o f sor -
ghum a s compare d t o thei r parent s an d th e correspondin g Fl hybird s wer e 
studied. Som e o f th e derive d line s combine d hig h yield s wit h simultaneou s 
reduction i n plan t heigh t an d day s t o maturit y a s compare d wit h th e India n 
parents. Som e derivative s suc h a s 30 2 (CSV-2) , 37 0 (CSV-3) , 16 8 (CSV-5) , 
604 (CSV-6 ) an d R-1 6 (CSV-7R ) hav e als o bee n release d fo r commercia l 
cultivation. I t i s indicated tha t wit h prope r choic e o f parent s an d emphasi s o n 
between famil y selection , pedigre e selectio n coul d yiel d desire d result s eve n 
when characte r association s ten d t o restric t progres s fro m selection . 
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GENETIC ANALYSIS OF EXOTIC x INDIAN CROSSES IN SORGHUM 
XVII : RESISTANCE T O  GRAIN DETERIORATION 

B. S. RANA, V,  JAYA MOHAN RAO, D. P. TRIPATHI and N. G. P. RAO 

All India Coordinated Sorghum Imprauement Project, IARI Regional Station, 
Hyderabad-500 030 (AP) 

COMPARED to several improved local varieties of kharif sorghums maturing in 
150 days, recently developed hybrids and varieties are earlier and mature in 
95-1 10 days. Besides their higher order yields, the early maturity itself confers 
greater stability in production during normal as well as subnormal years of rain- 
fall (Rao, 1976). While the advantages of early maturing hybrids and varieties 
during years of drought are very well recognised, in years when continuous rains 
are received during late September and October, the grains tend to deteriorate. 
Such grain deterioration is primarily due to soaking during grain drying stage, 
the development of moulds and the consequent loss of lustre resulting in low 
market prices. The kharif season of 1975-76, characterized by heavy and 
prolonged rains, provided an opportunity to study the problem of grain deteri- 
oration at some depth and develop criteria to select varieties which could with- 
stand deterioration inspite of being caught in rains at harvest. The results of 
these studies are presented in this paper. 

The kharif season of 1975-76 at Hyderabad and the country was characterised by heavy and 
continuous rains. Hybrids and varieties of sorghum were caught in rains during maturity resulting in 
grain deterioration. 

A large number of breeding lines exposed to intermittent rains for several days after grainmaturity 
were examined for mould development. Based on the extent of mould loading, the entries were classified 
into six grades, grade-I being most deteriorated and grade-VI least deteriorated (Fig. 1). These grades 
were represented by released or experimental hybrids/varieties: grade-I by FR-493, grade-I1 by CSH-1 
grade-I11 by CSV-3, grade-IV by CSH-5, grade-Vlby 3660A x CS 3541 and grade-VI by CSV-4 and, 
CSV-5. All the hybrids and varieties were of approximately comparable maturity and the rainfall distri- 
bution brought about maximum deterioration in all casen. Since all the seeds of a panicle in each variety 
were not deteriorated to the same extent, the seeds in each grade were further classified into relatively 
clean (A), slightly deteriorated (B) and completkly deteriorated (C) fractions. Seeds free from fungus in 
grade-I and completely deteriorated seeds in grade-VI were absent. This resulted in a total of 16 classes. 

All the 16 individual classes were examined for water absorption capacity, grain hardness (breaking 
strength), 100-seed weight and germination percentage. Two samples of 200 grains were selected from all 
the 16 classes for water absorption study. The water absorbed by 200 grains after each half-an-hour was 
determined upto six hours and finally at 24 hours. The soaked seeds were subsequently transferred to a 
soil bench for germination test. The breaking strength of uniform sample of seeds in each class was 
measured by automatic hardness tester. 

Rate of water absorption was calculated on transformed time scale (Hour0'5) to induce linearity. 
Multiple regression and multiple correlation coefficients were computed to ascertain the relationship of 
grain deterioration and germination with other characters. 
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- 

Fig. 1 .  Different grades of gram deterioration in sorghum 

1 .  Absorption of water: The six different grades exhibited variation for 
water absorption over different periods of time (Fig. 2) .  Analysis of variance 
(Table 1) reveals these differences to be significant. The differences, particularly, 
between highly deteriorated fraction (C) and rest of the fractions became signi- 
ficant even in first half-an-hour while the variation within (C) fractions showed 
significant differences only after an hour. The rest of the within and between 
fraction differences also became significant as the time of soaking increased. 
After 1.5 hours of soaking, the differences within B fractions and between (A) 
and (B) fractions became perceptible. However, differences between fractions 
(A) and (B) were highly significant only after 2 hours. Therefore, highly 
deteriorated seeds can be differentiated after half-an-hour soaking while two 
hours soaking was essential to differentiate slightly deteriorated (B) and clean 
fractions (A). 

2. Characters related to grain deterioration and their interrelationsh+s: In 
addition to water absorption, grain hardness, germination capacity and seedling 
vigour of different grades were studied and their relationships to grain 
deterioration estimated. Data on different grades are presented in Table 2 and 
3. It is evident that deteriorated seeds absorbed water more rapidly, they were 
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Hours 

Fig. 2. Absorption of water by different grades (G) of deteriorated sorghums 

Regression analysis of rate of water absorbtion (gm) ~JJ 200 grains Y=Estimated water 
' absorbed 

on 2 hr basis on 6 hr basis 
Grade - -- 

Mean b $ ( v ' ~ )  $ ( d ~ , l  hdeae"" b +(dm 

soft (low breaking strength) and their germination percentage was also low. 
The differences between fractions were significant for grain hardness, water 
absorption capacity, 100-grain weight and germination percentage (Table 4). 
Comparison of means revealed that relatively clean fraction was characterized 
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TABLE 3 

Grain deterioration and related characters 

Water absorbed (gm) at  
2 hr by 

Grade's Deteriora- Grain - - - Germina- 
tion %** hardnessi- 200 seeds 100 gm of tion %** 

seed I 

*Grade I highly deteriorated, Grade VI least deteriorated. **Transformed 
value +breaking strength (kg). 

Analysis of uariance for characters related to grain deterioration and mean values for dzrerent 
deteriorated fractions 

Water absorbed (gm.) 
Grain at 2 hr by 100 grain Germina- 

Source DF hardness weight tion 
(kg) 200 seeds 100 gm (gm) 

of' seed 
(00, 

Fractions 
Grades 
Residual 

A 
B 
C 

S.E. 

Mean squares 
2 11.7" 0.35* 228"* 
5 10.5 0 -  19" 3 2 
8 2.1 0.04 3 

Fraction means 
6 .9  0-67 11 
5 - 6  0.81 14 
3 . 5  1.18 24 
0.9 0.12 1 

"Significant at  5%, ""Significant at 1 %. 

by increased grain hardness, low water absorption capacity, higher 100-grain 
weight and germination. On the other hand, the deteriorated fraction (C) 
absorbed more water and was soft, light and poor in germination. 
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Multiple correlation coefficient (R"0-90") indicated that water absorp- 
tion capacity and grain hardness are highly related with grain deterioration and 
contributed to most of the variation. The multiple regression coefficients (b,) 
revealed that water absorption capacity (3  1 - 27 1 5.92 ; t =5 -28,) was the most 
important character which contributes to grain deterioration while grain hardness 
had a bi=(1.69&0.96; t=1.77). 

The germinability of seed was affected by grain deterioration and its 
component characters (Table 5). Among these, grain hardness and deterioration 
(%) were the most potent characters influencing germination. 

Relation between germination (%) vs. grain deterioration (%), grain hardness and water 
absorption capacity ( WA) 

Variables b SE T 

1. Deterioration (%) 
2. Grain hardness 
3. WA/200 grains 

1. Deterioration (%) 
2. WA/200 grains 

1. Grain hardness 
2. WA/200 grains 

1. Deterioration (%) 
2. Grain hardness 

A solution to the problem of grain deterioration of early maturing hybrids 
and varieties of sorghum would eliminate a major constraint limiting their wide 
scale adoption during kharif season and could bring about greater stability to 
sorghum production during normal, subnormal and excessive rainfall years. 
While hybrid CSH-1 is stable in yield levels in all years, its acceptance is greater 
in dry years than during wet years when grain deterioration reduces market 
price. 
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The problem of grain deterioration due to mould incidence has been 
investigated by various workers (Narasimhan and Rangaswamy, 1969a, b ; 
Koteswara Rao and Poornachandrudu, 197 1 and Ravindranath, 1976). 
Several genera of fungi were isolated from different varieties with quantitative 
and qualitative differences. Both saprophytic and pathogenic genera are 
known to infect the grains and cause deterioration, the more commonly reported 
fungi being, Curvularia, Fusarium, Helminthosporium, Phoma and Alternaria. In 
addition to the role of fungi in deterioration, the glurne and plant pigments and 
process of soaking and drying itself during maturity of grain add to grain 
deterioration. 

Sorghum grains of different varieties differ in their endosperm structure and 
texture and consequently their capacity to absorb water when caught in rains. 
Differences in diffusion rates of water in kernels of corn and sorghum were studied 
by Fan, Chu and Shellenberger (1963) and they found that the diffusion equation 
derived for particles with arbitrary shape was valid upto 2 hours. The present 
study, involving water absorption rates of different classes of deterioration, 
indicated that a two-hour soaking period could distinguish the most deteriorated 
from the least deteriorated classes and could provide a useful laboratory technique 
to screen for grain deterioration. 

The physical characters, water absorption and grain hardness as determined 
by breaking strength, are interrelated, the harder seeds absorbing less water. 
Among the biological factors tan plant types, which are generally resistant to 
most leaf spots, also show somewhat less development of moulds compared to 
pigmented (purple') types. Thus, the three factors, a tan plant type, low water 
absorbing capacity when soaked in water for two-hours and harder seeds 
(breaking strength> 7 kg) together provide criteria for selection of types with a 
capacity to stand grain deterioration. 

While these three criteria, namely tan plant type, low water absorption rate 
and hardness of seed may furnish general criteria for breeding mould resistant 
types, individual fungi may still cause deterioration problems. Hence the 
precise biochemical basis for mould resistance needs to be worked out. There 
is evidence that there is a positive relation betweenthe uric acid content ofsorghum 
seed and fungal deterioration and moisture could be correlated with free fatty 
acids, fungi and apparent uric acid (Parvathappa, Poornima, Raghunathan and 
Majumdar, 1970). Further studies could enable the determination of criteria 
needed to breed for total resistance to grain deterioration. Already some 
success has been achieved in breeding hybrids and varieties like CSH-5, CSH-6, 
CSV-4, CSV-5 etc., which, compared to CSH-1, withstand grain deterioration. 
A vast portion of the kharifsorghum tract from Malwa plateau to the Deccan 
receives adequate rainfall. Development ofshort duration genotypes with capa- 
city to withstand grain deterioration provides for an assured single crop even in 
subnormal years and a two clop system in years of adequate rainfall. The 
genetic basis of grain deterioration and development of further resistant types are 
in progress. 
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Grain deterioration in sorghum 

The problem of grain deterioration in kharif sorghums resulting from 
continuous rains received during maturity has been investigated. The three: 
characters tan plant type, low water absorption capacity when soaked for a 
2-hour period and harder seed as determined by breaking strength furnish 
criteria for selecting types resistant to grain deterioration under wet conditions 
prevailing during harvest time. Breeding short duration hybrids and varieties 
with a capacity to withstand grain deterioration can provide for stability of pro- 
duction in dry as well as wet years and also furnish scope for double cropping in 
years of adequate rainfall. 

The authors are grateful to Dr. A. B. Joshi and Dr. M. S. Swaminathan for their interest and 
encouragement. 
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A systematic programme of screening for resistance to the sorghum shoot-fly 
under diverse environmental conditions has been in progress for over a decade in 
India. None of the varieties screened so far vroved to be immune. However, some of the 
Indian varieties are reponed to pouess faiily high degree of resiotance (Jotwanc rr at.. 
1971 ; Soto. 1972). lnvestiaations on the mechanism of resistance indicated ovi~ositional 
non-preference to be the major factor responsible for shoot-fly resistance in sorghum 
(Blum, 1%7; Jotwani et 01.. 1971). Evidence of some degree of antibiosis (Jotwani 
and Srivastava, 1970) and recovery resistance (Doggett, 1972) is also available. 

While non-preference for ovi sition as the predominant mechanism of resis. 
tance has ban fairly well established? the genetic basis of non-preference itself is not 
fully understood. R m t  studies have menled that the distribution of resistant and 
susceptible types in segregating populations fits the normal curve and the inheritance 
is predominantly additive (Rao et 01.. 1974; Balakotaiah er 01.. 1975; Rana rt 01.. 1975). 
The examination of mis@nce mechanism and its inheritance would help in the 
transfer of resistance from the available resistant stocks to acronomicallv desirable 
lines of sorghum. The resent study is an effort to understand ;he relationihip between 
different parameters oPshoot-~y resistance and inheritance. 

MATSWN.9 AND METHODB 

Four Indian cultivars, vlz., IS 2146, 4664, 5469 and 5490, selected primarily 
on the basis of onpositional non-preference and low shoot-fly damage from the screening 
trials, and four high yieldin agronomically superior but shoot-fly su~ccpiible 
?arieties, viz., CSV-4 (cr 3541f. CSV-5 (148), CSV-6 (601) and R-147 were utilized 
m 8x8 dialkl crosses excluding reciprocals. CSV-5 and 6 and R-147 were derived from 
exotic x Indian croges whik CSV-4 was developed from an exotic x exotic cross. 
The resulting 28 F, hybrids and their F, progenies, along with eight parents were m d  
in a d o m i z e d  complete block desi during the last week of July. I973 under high 
shoot-fly infestation conditions at Indian Agricultural Research Inclitutc, New 

*Thb & W M io Pn born PL4W ( O W  NO. FG-111-469). 
tRsirml- 90tiaq WQdn NJW, HYdaaW5Om30 (A.P.L 



Delhi. There were four replications. The parent and F,'s were sown in singk row plots, 
whereas F, progenies were sown in plots of four rows of three metres. The distances 
between and within the rows were kept at 75 cm and 15 cm, respectively. A basal dose 
of fertilizers at the rate of 60 kg N. 60 kg P,O, and 40 kg K per hectare, was applied 
before sowing. Two top dressings of N. each at the rate of 30 kg per hectare. were applied 
at one month and at boot leaf stage. No chemical control of the shoot-fly was 
attempted and the material was exposed to natural infestation. 

The data were recorded for seven characters. t0i2.. dead-hearts, eggs per infested 
plant. seedling height. tillers per 100 plants. effective tillers, plant recovery, yield per 
plant, and yield per productive plant. Eggs were counted at weekly intervals up to three 
weeks on all the plants, but it was discontinued on the plants showing dead-hearts. The 
avern e number of eggs per plant ( x ) were transformed to square roots after adding 
0.5 di-i: 0.5). Dead-hearts were recorded at weekly intervals up to  four weeks 
after germination and were calculated as per cent of total plants in the plot. These 
percentages were transformed into angles as O' = Arcsin Jpercentage. 

Some of the infested plants were completely killed but others gave some yield 
through tillers. The infested plants which gave productive (effective) tillers were termed 
as 'recovered plants'. The recovery of infested plants was calculated plot-wise as per 
cent of recovered plants to total infested plants. Tillers per 100 plants were also counted. 
Etfective tillers were calculated as per cent of productive tillers to total tillers produced 
in a plot. The percentage ofeffective tillers provided an index of'rccovery resistance'. 

Grain yield per plant was calculated on the basis of total and the productive 
plants per plot. Yield per plant on total plant population basis indicates the yielding 
ability per unit area, whereas yield per productive plant reveals the maximum yield 
potential of a variety under unprotected conditions. 

Statistical analysis of diallel crosses was done according to Griffing (1956). 
Correlations and regressions were calculated by following the standard gtatistical 
procedures. 

RESULTS AND DISCUSSION 

Evaluation of parents. F, and F, progenies 

P(zrt,~~r.v : Significant differences were observed among parents for all the 
characters except for tillers per 100 plants (Table I). No variety was found to be immune. 
On the basis of relative shoot-fly damage, the Indian parents (sbowing less than 20 per 
cent dead-hearts) have been designated as resistant parents ( R ) and derivatives as 
susceptible (S). Significant variation was observed among susceptible parents for effec- 
tive tillers and yield per productive plant, while resistant parents showed significant 
variation for percentage dead-hearts and yield per plant. The comparison between 
susceptible and resistant parents showed that the two groups of parents were distinct 
from each other for eggs per infested plant, percentage dead-hearts, seedling height, 
plant recovery and yield per plant. Resistant parents showed less egg laying and higher 
plant recovery as compared to the susceptible parents. 

The newly released variety CSV-5 (148) gave maximum effective tillers and 
highest yield per productive plant. Among the resistant parents, IS 5469 and IS 5490 
were relatively high yielding and more resistant. 

F, hybrids : The variation among F, hybrids was significant for all the charac- 
ters except yield per productive plant (Table 1). R x R hybrids were superior to S x S 
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crosses for all the characters while S x R crosses were intermediate. The range of 
variation among S r R crosses was maximum which provides opportunity for selecting 
high yielding resistant crosses. 

F, pro~en;e.r : Significant variation was observed among F, progenies for 
percentage dead-hearts, seedling height, plant recovery and yield per plant (Table I). 
Large rangeofvariation was maintained amongS x R progenies for percentage dead- 
hearts, seedling height and yield per plant. These progenies were comparable to R x R 
progenies for plant height and yield per productive plant and were intermediate between 
S x S and R x R groups for percentage dead-hearts and other characters. However, 
seven of these progenies were as resistant as R x R progenies. S x S progenies were 
significantly different for yield per productive plant. Among these, CSV-5 x CSV-6, 
and CSV-4 x CSV-5 were the highest yielders. 

The frequency distribution of dead-hearts ( % ) in parents, F, and F, (Fig. 1)  shows 
the range of variation from 35.0 to 87.5 per cent with a mean of 72.3 per cent. The 14 
progenies fall within one standard deviation below the mean ( p  - I S.D.). It is evident 
that the groups showing resistance comprise resistant parents. F, and F, progenies of 
R x R crosses. The F, distribution (Fig. 2) has also followed the similar patteln 
indicating that R .r R progenies are one standard deviation below population means 
and are distinct lrom the rest. Therefore, selection for high degree of resistance in 
parents. F, or F, progenies is limited to resistant groups. The frequency distribution 
of eggs per plant (Fig. 3) showed that at least one egg was laid on all the entries and 
no absolute non-preferred entry was available. However. IS 5469. CSV-6 (601) x IS 
4664 F,. and IS 5490 b: IS 5469 F, fell one standard deviation below the mean. In F, 
distribution (Fig. 4), three progenies from susceptible x resistant and one progeny from 
resistant x resistant group had eggs one standard deviation below F, means. 

Helcrosis cmd inbreeding depression : Significant differences between parents 
and F, hybrids indicated positive heterosis for percentage dead-hearts, tillers per 100 
plants, plant recovery and yield. Significant differences between parents and F, prbgenies 
confirmed the existence of residual heterosis for percentage dead-hearts in F, generation. 
Residual heterosis was absent for rest of thecharacters. The F, hybrids were significantly 
dilferent from F, progenies for all the characters except eggs per infested plant. The 
reduction in percentage dead-hearts is desirable. 

The percentage dead-hearts in susceptible parents, S x S F, and Fa remained 
almost the same while it slightly increased in the subsequent generations of R x R 
crosses. The increased level of resistance in S x R crosses from F, to F, generation 
revealed the desirability of selecting within these crosses for the improvement of resis- 
tance and the other characters. 

Dinllel malysis and nature of gene action 

Combini~~g ability analysis : General combining ability effects in F, and Fa 
generations were significant for all the characters (Table 2). Specific combining ability 
effecti were also significant in F, for all the characters but differences diminished in Fa 
except for yield per plant. 

Estimates of variance and heritability : General combining ability* variance 
(A* gca) was larger than the estimates of specific combining ability variance (a' sca) for 
percentage dead-hearts and equal for seedline height and plant recovery in F, (Table2). 
It indicates that additive and additive x additrve gene actions arc predominant for these 
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characters. The nature of gene action in Fl for m t  of the characters was non-additive 
as indicated by low proportion of a' gca and heritability estimate. The proportion 
of gca and heritability increased in F, for all the characters except number of eggs 
per infested plant. 

Parent off-spring regression : The regression cotfficients of F, and F, general 
combining ability effects (gca) on parents were significant for all the characters except 
for effective tillers in F, (Table 3). Therefore. parental performance is reflected in F, 
and F,generations. As the regression of average hybrid ~mformance on parents provides 
the measure of heritability, significant values of regresston revealed the high proportion 
of heritable variance particularly for percentage dead-hearts, plant recovery and yield 
per plant. Significant regression cwfficients of F, gca on F, gca and F, on F, 
hybrids also revealed the high heritability and determination of F, performance by F,. 

Estimates of combining ability eflects in F, and F, : There was uniformity of 
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plant height (cm) plants ullen ( " J  recorery ('3 plant (gm) pmducnvc (%) 

pbnt (gm) 

**S~gn~ficant at I per cent 
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general combining ability effects in both the generations (Table 4). The suscrpt~bie 
parents were generally poor combiners while resistant parents were better combiners 
for percentage dead-hearts. egg laying and plant recovery. IS 5469 and IS 5490 were 
better general combiners for shoot-fly resistance. 

Correlation m a g  cbnractcrs related to resisfmce 

There was positive genotypic association between jxrcentage dead-hearts and 
egg laying (Table 5). Negative associations of percentage dead-hearts with other 
characters indicated that tall seedlings, more etiective tillers, higher plant recovery and 
higher yield per plant were phenotypically and genotypically related with low percentage 
dead-hearts. Similarly, tall seedlings, high plant recovery, high yield per plant and per 
productive plant were related to low egg laying. High plant recovery was also positively 
associated with tillers per 100 plants, etiective tillers. yield per plant and per productive 
plant. But some of these associations were liable to be influenced by the environment as 
indicated by significant environmental correlations. The general trend of correlations 
of yield per plant and yield per productive plant was similar. 

Differential egg laying by the sorghum shoot-fly when groups of heterogeneous 
varieties were planted side by side resulted in higher mortalities in some of the varieties. 
Consequently. there were significant group differences between the dwarf derivatives 
and local Indian varieties for percentage dead-hearts. Significant positive correlation 
between percentage dead-hearts and egg laying indicated that dead-heart formation 
depends on the extent of egg laying. The parameter of percentage dead-hearts is thus a 
good indication of non-preference mechanism. Recently. Rana et at. (1975) observed 
conspicuous group differences for percentage dead-hearts when groups of exotic, 
Indian, and derivatives of exotic x Indian varieties were planted side by side. The 
significantgroup differences established in their study and screening tr~als under glass 
house conditions by Soto (1972) add to the evidence that non-preference is the primary 
mechanism for sorghum shoot-fly resistance. 

Doggett (1972) and Blum (1972) have established the existence of 'recovery 
resistance' as secondary mechanism of resistance. As Indian sorghums were non- 
tillering, basal tillering was a consequence of failure of the main shoot to grow due to 
dead-heart formation. However, these tillers did not show any improvement in the 
level of resistance and were repeatedly killed in both groups of varieties. Shoot-fly 
still showed preferential egg laying between the tillers of susceptible and resistant 
varieties. It resulted in higher tiller mortality and low plant recovery in susceptiblt 
varieties or crosses while resistant varieties or their crosses still showed h~gh recovery. 
Tiller survival and plant recovery arc, therefore not independent mechanisms in deter- 
mining shoot-fly resistance. These are the functions of genotypic differences for 
ovipositional non-preference in parental varieties. 

The continuous variation in different generations and intermediate nature of 
F, conforms to the quantitative nature of inheritance. The susceptible parents when 
crossed with resistant parents resylted in F,'s which were slightly more susceptible 
than the mid-parental value and thus, susceptibility appeared to be partially dominant. 
However, Rao et at. (1974) have reported partial dominance for resistance in exotic x 
derivative and derivative x derivative crosses. Such a shift in dominance for ovi- 
positional non-preference appears due to differences in shoot-fly infestation. Blum 
(1972) also observed that non-preference for oviposition was dominant when evaluated 
under low shoot-fly population, but susceptibility was dominant with high infestation. 
indicating complex inheritance. 
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.off60 rr9SBO .dW0 rrL9S0 - .*%90 - 9 ( % ) lmld 

..Z8S'O ..U9'0 ..OEE'O *SLZ'O - rrL8E'O - d 

*rSPP'O tsO'O LWO ZOI'O 3 
~699'0 r;EZ9'0 PPZD - ..OLL'O - 9 ( % 1 wIl!l -=!WB3 
..86P'O 6EZO LWO - 91Z'O - d 

510'0 Em0 ..PIC0 . 3 . . 

EtZ'O IETO - L910 - 9 nutrld a)l/wll!L 
256'0 W O  - EW0 d 

LOOD .boovo- 3 
r.OS9'0 - **EEL0 - 9 (W) 1@!Jq a!Im 

91ZD - .r65SO - d 

801.0 - 3 
. r s m  9 lusld po=m/r083 

ma d 



Rcristaacc to A. sa'cuta (Rod.) I I 

There is pneral agreement between panntal performance and their general combin- 
ing ability effects in both the generations for percentage dead-hearts and egg hying. 
The dose effects in susceptible x susce tible, susceptible x resistant, and r l s tan t  x 
resistant progenies indicated the graduafaccumulation of resistant genes and. therefore, 
showed the additivity of effects. Components of genetic variance provided further 
evidence for the predominance of additive p n e  action for percentage dead-hearts and 
egg laying in both F, and F,. 

Among resistant parents, IS 5469 and IS 5490 have emerged as the general combi- 
ners for shoot-fly resistance but the crosses between these and similar resistant varieties 
did not provide further advantage in improving the resistance, plant type or yield 
per se. This is primarily due to excessive height and low yield potential of lndian resis- 
tant varieties. However, recently released high yielding varieties are the dwarf version 
of Indian types and a n  agronomically superior. Crosses between thew two groups of 
varieties showed significant variation for percentage dead-hearts, seedlin height and 
yield and, therefore, provide sound base for resistant breeding. Some o! the crosses 
such as CSV-5 x IS 5469, CSV-6 x 1s 2146, and R 147 crosses with IS 2146, IS 4664, 
IS 5469 and IS 5490 combine resistance, higher yield and dwarAng genes. 

The positive association of resistance with seedling height and performance 
per se of resistant varieties for other characters suggest the necessity for selecting the 
dwarf and high yielding plants from resistant families of susceptible x resistant crosses. 
Predominance of fixable genes in F, for seedling height, yield and resistance revealed 
simultaneous effectiveness of such a selection. However, selection may be more efective 
when between family differences get established for resistance. It also appears that the 
resistance may be increased gradually due to additive nature of genes as well as absence 
of major genes. It is reported that shoot-fly resistance is a threshold character (Bala- 
kotaiah et 01.. 1975; Rana et at.. 1975). Under such circumstances, where abfolute 
resistance is lacking and threshold depends on shoot-fl population, low intensity of 
selection pressure should be applied under reasonable revels of infestation (5040%). 
Selection for effective tillers or plant recovery per se seems to be unnecessary, being a 
function of dead-heart formation in the main shoot. 
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A SORGHUM 
REVOLUTION 

N. GANGA PRASADA RAO 

Project Co.ordinaror (Sorghum) b Head. All India to-ordinated Sorghum 
Improvement Project, IARl-Regional Station, Rsjendranagar-Hyderabad (AP) 

is oftrn stntcd that 111r: irnpacc 

of tllr 11~I)ritlr 11.1s not 1jca1 felt 
ovrrnll sorglrun~ l~rocl~l~t ion in 
country. ?he  n ~ ~ l l i t u d c  of 

covrr:tgc of Jlybritls, which is of tllc 
order of :t1~11t OIIC rl~illif~n I~cct:irc~, 
is not a(l,:~~a;itc cno11~11 to 11tilig 
nlmut :in inlpnct nn 11'1al ~ ~ r ~ ~ l t r c l i c r ~ ~ .  
I h c  covcragc 11a.q Lccn r:~lbcr 

sclcctivc and ronhnrd mainly to 
ccrt:tin U ~ ~ r i f  tracts in M:il~:~rasl~tra 
a l ~ d  K a r n a ~ : k ~  and m q h i  (carljr 
ral)i) arcas in Anrihra Pratlrsh. In 
111)1cr statcs 111c programme has 1,ec.n 
vr.1-y *m;ill. 

Rrsr:ir(l~ rfilrts ~ ~ n d c r  the All 
111tli.a ~ i ~ - n r ~ I i t ~ : i t c ~ l  SOI~JIUIII 111i- 
yrovcnlrrit Prljcct l~avc rcrultcd in 

!L'II~IIO/IIL~~ Out 01' 11tr ~ I I , I I  ir . ~ I P : \  

r ~ f  I:,-I I I.ik11 11cr1 LIP., 4-.5 1.tkl1 
Iicctarcs nrr rtn1lc.r 11yl~l.idu ;ilul tl~ir 
11~s tnorr 111,111 ~ l r ~ t ~ l ~ I c * l  yield lrvrlq 
d r ~ r i r ~ ~  rg7n's whrn r o r ~ ~ j ~ . ~ r c ( l  lo tllc 
pr<xl~lrtivity (Illling r'~!;o'~ I)cfi~rc 
1111- ;idvcnt of 11yl)ridq. J(vc~r in 
I;arn:icaks prograrnllle rn1~111:i5ir is 
during khnrif wl~rrr  ttlrrr is prrcrpti- 
ble irnprct wl~ilc i r ~  r a l~ i  there is no 
worthwhile production programme. 
Rabi u~rg l~~r rn ,  thcrcfilrc, reqr~irrr 
apecial attentinn to cnllance ovcrali 

Andhra Prddtrh. Jotvar j)rocluctil)n 
in Andhra P r d c d ~  wllicl~ stocxl a t  
9.67 Lkh tnnncs r!uring 1970-71 
steadily row to 15.7r Iakh tonnrs 
during "71-75 This incrcace in 
production pri~narily came fmrn the 
mbi (mqihi) nrason rathct than 
kharif. Wl~ilc thc rnbi ( m g h i )  prduc -  
tion rtrndily grew from 3.70 
to 9.00 Wth tctnncr and thc prduct i -  
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r;~in 3fh-r rrlwillg 'uld this ha11 sclnlc I,, rcl,e.,ta~,lr tlurillg c.vrr). i,llll.r 'IIIII\, ll111i11t; I M ) I I I  I]., \r,lrs tltt- 
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very p(ltrnti;tl one l i~r  rnh-~ncing t.,liOn ill sorllr arc:13 was c;,rl,l,Ld 
\ I . I I I I ~  yirl(l\ S , )~!*III I I~I  p r c ~ \ ~ ~ ~ . l i o n  

jo\var prodllctil,n and ~ ) l ~ > d u c  tivity. illl([ ll,)t moiclllrl. ~ ~ l l l ~ ~ ~ , t ~ O t i ,  
tct11noIo~y II.:?, 1111 rrIi>lr, to lii!lo\v 
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'lark good  lion of crrtninly t ~ r  hlgllrr cl~trirlg tc);5-;(; 111r11t\ to \\lit lc)r;~I I I C I I ~ ~  1\11ril1y 

Mn1uly.l Yrallesh is an :~\surcd gingle c,,lllp;irrd lo 1972-73, ~ l ~ l ~  ,jlc 
sc.~nty :tc wrll nr slirl~lllr yrars of 

crop belt filr i~\v:ir  anti n lr>trntial PI I forlILUlLr of l y  1)) brick r,iinLtIl. 
crop \'llrrc j1)w;ir Call be V . L I ~ C ~ ~ C S  was more stiibl~ during bo,ll Crop er,Omn ver ",,. 

folluwrd %it11 :L r'lbi crop. i'rodl~c- 1~1,1 )rars, [heir ,~rrfi,rnLllu.e u.Ly Pcrformnncs 
tion prok'lalllrnrs ]lave becn of a \IIRlltly bctler (lulillR tjlc yc .,r lr17,~- 
linutrtl rn:igl~itl~cic .zt~d wit]] t]le 7r, w ~ l p n  yield 1 l5 \,,,.I] gl~,l , l  b'hill: f ~ . i ~ l l t i ~ ~ ~ l ~ l  ~ a l i ~ ' [ i ( ' ~  ~ ~ I 1 l i ~ i t  
av.ril.tl)lc v.u~ctic% mcl ] ~ ~ l , l ~ t l s  atid q l l , l l i t y  s l l r~ l  slll,l,lior wi(k flu( t\l.lli~)flq in 111 l ( v ~ l ~  i n  
(he 11CCCss.1ty ilifi,rlllati,)n on plo- Coll,l),Lrrd to I(J75-7(i (~l.rl~)lr l). 

~ ~ ) l ~ ~ ~ l l l ~ ~ ~  :lll(t l l l ) l l l l * t l  Scalr*~ ~ ~ ~ ' ~ r ~ i K ' l ~  

duction t n l l ~ u ) l o g ~ ,  MncUlya Pis- ~ I ( H \ I I ,  I ~ , , I I  of r , t~ ly  i~i&!~~-yir !~I i~g 

drsh c o l ~ l ~ i  lntkc r:iIlidi strides In,t l'Al'l.1: 2 hIl.AN(~l(91N lI1.1 I ) <  (KR/ ]lyl,lic[s ;11111 v .~ l i r~ l c<  II.II(IT t11 I)r: 

only in aclvnllcillK \ulK]llunl prcdnc- Ili*) 01' l ' l ~ ( ' ~ ~ l q l ~ ( ;  ~ ' ) l ~ ~ ; ~ l l ! h f  rc ,e ,~l i ,~ l ,{  $1 11,lt i ~ i  t11r i1  $rlil 11 15. 
HYBIII1)SAUI) \'AH11.l'11:.S 

till11 bllt COllVCrt sc,rgll1lrli I.11ld irlco I)<,r$ 1]1i\ I I ~ I ~ , I I I  tl1:11 111r 1 1 ~ ~ ~  \ , . I I~~.I -  - ~ 

a two crop I)rlt. I ~ , , ,~b , , l ,  . (1i11 n,,t )!e,t I I I P  :id\ , I I I I . I K ~ .  ( 1 1  an 
19:2.73 ,915.1C chlrntlrd or I)cctrr nr l l i~oot~ ;~ll(l  111 

Olkr S/o~~+r. P~.c~!tl~ticr~ trcil& a ' '~hrrdJ~L'ar"l" 

(7.5 lots- (72 I , I ~ -  I]I ,I~ rxtr11t pr(ni11rtiv11~ of 111r lLtllil 
rtrcil as progr.1lnnlc.s in otllrr s1atc.s 

' " 1 " )  l l n n ~ i  it1 qllc. lint1 has sllfirrtl? 'I 111s 
do not rrflrct any p:trtic,ul.\r trcral 

ledd5 to ;, ttltrly of ;~~~ir.tlltllr.rl 
1)ilt thrrc is comitlrr.t\)~e scope to fhh~h 

take advantage of avrilal,Ir informa- '.'"-I 3(;02 2f161 sy\tctns. 
( SH-5 7 3658 

lion and ]aunt 11 large sc:llc pro1111c- c:cr ,j 4013 31rJG. All api(ult~lr. l l  \yrtrlllc arc ti~nc- 
tion prograrntnes. Ihr~trlrr and tl;.i~.u~~il ; (11 j.l.t11(1 

(;sv-I (%varna) 3172 2245 aRrie ~ ~ I t ~ ~ r : t l  ,yscrnl\ ,Lrc nl\o rit11~1tr- StahiUty of Production 
(:bV-3 (370) - 2517 drpe~~t i rnt .  'l 'r,ulitir,~i~l (ily!iu~d ~ U I  i -  

111c ycnts 1972-73 1975-76 CSV-4 ((.S3j,ll) 2716 22"2 ll]tl"c, cit11rt ~ I I  the fib1 I I I  Ofgll~\~illg 
probably rrpresrrlt tlic limits of s l l l ~  ( r<>p5 111ixc (i C I I ~ I C ,  ]irovi(li-5 
rainfall with rrspcct to the total l h i ~  could bc clue tr) Krc.lter wcrd fiIr a gr,-atrr sur\iv.~l v.<ll~e rnl l~rr  
prrcipitation ;u well tdua~ion of col~lp"iti"n> I r s  oppnrlrtnil!cr fir t]l:lll Tollfir a ~ l ~ ~ ~ n t . \ ~ ~ s  nf grr.tt(.r 
the ralny srason; ,972-73 wac dly  cultivation and even Ir)w sercl prc ,c l l l l . t i~ l~y.  Any nltcrna~ivc sytrrri 
rvitli a short r d r ~ y  sc:rson whcrras "righo rcsllltc% from soaking of Ills not orily to provitlc f i r  crop 
1975-76 is a rlsually wrt year with grains at harvrst d l l r i "~  1975-76 prq(lllctivity in a ctrca y n r  h u t  

an  cxtcndccl nlonwon ('I'ablc I). ln 1372-73 raI1i sramn, tr;Ulitiot~~I 310111d also takc into artollnt tile 

T h c ~ c  two "cars furnisll alnlost a v,irieties w1t11 tr;di~ional sorvir~g s)itrrn pr(nh~rti\,ity if previ~ilil)~ 
life tirne rxpcricncc a l t l  if cn,p (I.LICY Lrilcd l i ~ r  w.vlt of x l rq l~n tc  r : ~ i l ~ f ~ ~ I l  sitl~nlion p ~ ~ ~ \ i ( ~ ~ ~ ~  h r  :KIP- 
yields arc high and stable during profile mois~ure and :ulv;mcrcl sow- quatc rnois~urc. 



Ir~kr(roppirlg .yslr~i~s. Wit11 palti- 
cul,~r 1rfi.1r11c.c to tlryl.o~tl a~ric111- 
tllrc, an 1nIc1uoI)1)11lg s p t c n ~  nrmh 
to I,c tlt.cil;~~e~l in \IICII :I way th.it ill 
a c e  of n~~f.~vcn~r;il)lc \\.!:ither at 
I c ~ \ t  OIIC (rill) H I I I  survI\.c to retu111 
rc<D~~or~~ic  yicl(ls thcrri~y l ) rnv~(l i~~g 
t11r necf \\,ily ~ I I \ I I I . I I I ~ ~  .ig.ii~r\t 1 1 1 ~  

llllllrr<llct.i~il~~ \v,~,ltllcr. In <as<: t l l ~  
yc,w 11 ~ J I ~ I C . I ~ S  to IIC nt>r111,11. \vitlr 
IC<J)C(  t ti) r ,~ i~~f , r I l  !IN! ~ I I ~ C ~ C ~ * I ~ ~ I ~ I I C  

sy,t<,111 ,i\ 'L l \ ~ I l l l l ~ ~  \ll<llll~l pruvc to I)c 

I) .~ta SIIO\\YYI t11.1t ivl~ilr 111ai11tiii11- 
ing tlic yi~lcl I V V I  1, of bolr Clop r)f 
so1fil111111, , ~ ~ l ~ l i t ~ o ~ ~ . i I  yi(lJs \vit11 I ~ C  

i ~ ~ t ( r ( ~ o p p t q  11.ivc I ) C ~ I I  rcaliscd ill 
v.u iclw \)<.CCIIIS. Sin(.c .I l i d  IC)(~IIIIC 
is involved in I I I I ~ ~  1,s 111c syste~ns, 
it w~l l  I I O ~  or~ly cnh, i~~cc tlrc income 
of t11v S.LIIIII r l)ut \ V C ) I I I ~  ,rIso provide 
t l ~ c  I I U I (  h -~~rc t l cd  j~rotrin to s~~pp lc -  
Ilicrlt prc~lr~min.urtly cereal dicts of 
~ O I ~ ~ I I I T I I - L I ~ I ~ I \ I ~ ~ I I ~  population. 

Scqurncc rrobping Of t l ~ c  total area 
r111dcr \orgl~u~n,  a p p n ~ x i ~ ~ i t c l y  4-5 
n u i h ~ ~ n  11ect.rr~s ni,iy I J C  co~uidcred 
as a I)otu~tial t w - c n ~ p  Lclt. 

Hut fur t11c gc~r t~tyl~ic  rllangr, a 
two crop scqucllw is virtu#illy un- 
t l~i~tk .~blr  .mtl 11cncr grnotypic 
(I~,r~ig(.s 11a\fc to be thc fijrc-rim~~crs to 
cha~~gcs  in dryl.incl cropping sys- 
terns. r\ two c.nrp systcln is rcononu- 
tally Inolr productive and profit;lble 
t1l.111 rnanipul.rti~ig ~~rcxiuctivity of a 
si~rgle crop during a Ixttcr rainf,ill 
ycar. Similarly, the practice of 
growing mung followed by rabi 
jowar or groundnut-rabi jowar as in 
Nellorc rlis~rict of A1d11ra Pr,ldcs11 in 
otherwise single cropprd rabi bcltr 
is a useful practice both fror~i the 
point of vicw or ctdlanccd producti- 
vity as wcll as soil fertility build-up. 

Some corutrainrs in the practice 
of aud~ system are illustrated by thc 

fnlIcl\ving i~uh~n tcs .  t:SII-l' is 110 

d1111bt ~ ~ r t r h ~ c t i v c  In dry wrd \vrt 
*yr.rr\, but 111c RI..UII drtc~inr~rtion in 
wet ycars r t l l d r~>  tlrc g r i n  1111.11- 

t~ .bct~\c  and 11c ncr is of Inw I I L T ~ L C ~  
\a l i~c .  I f  it is a va~ i r ty  its gc111ii11- 
i1111Iit) ~ I I I ~ I I ~  t11c su<cr\\i\.r \C.ISIIII 
111.iy .il,o 11r lo\\,. 

I))? grllotypic ~ L I I ~  I I I , I I I . I ~ ~ I I I ~ I I ~  

IIIUI~&III!.IIIIIII<. 'I'11r t l c t , . r i~~~ . i t i o~~  
1)roblc11u s\~ith '( :Sl I-,jS, 7 :Sl I-t)' 
ant1 '( :S 3s 1 I ' ;irp 11111, 11 Ins cn111- 
p : u d  to otllrl.\. l'llt~lrc v.uirtir5 I I L I ~  

II.I\T c : ~ ~ ~ . i ~ ~ t l ~ ~ i c \  11f I I O ~  o~dyf IVIIII- 
st.rndlng drtcrlur.~tiort b11t <till rrt.iin 
~crmi~~. ibi l i ty  rvcn if r:l~lght ill I .iuls. 
AIt r r~~~t ivcIy,  oll\r.~son scctl I I I I ~ I I L -  

ti011 or r . ~ t $ ~ * n  scrd 111.ry C I I C I I I I I ~ C I I I  

t11rhe l ~ ~ o l ~ l ~ ~ ~ ~ s  ; I I ) O I I ~  which wc 
should be conc<ions. 

(:urrr!lt rl~inkir~g tr, tre:tt the 
entire country ;u 011c n1;lturlllg zone 
NLCL C O I L ~ C ~ O U L I ~  working towartl 
this would 11nt orrly n~ i~u t r~ ize  car- 
hr,id I)I.SI prol)lrnla, but cc,uld dlw 
cl~;tblr t11c practi~.e (IT two crop 
s),,tcrns i r ~  m ~ r n ~ d  yea]\ a i d  rcttlrn 
11\s11rccI single crop yields in sub- 
~~ulrn.il  yr.tr\. l 'r~duction progratrr- 
IIIC* \11nuId, tl~rrcli,r~., g~:: tu 'I 

systcn~ apl~roacll f ron~ a crop app- 
roach. 

I1resc:rt situation on varictal 
rlloicr is S'iirly clcar. 'CSli-r, ' C S I I -  
5' A I I ~  'CSli-6' among hybrids anti 
'CSV-3 (370)' and CSV-4' (CS 
35,$1') among varictica have widc 
ad,tptation during kl~arif. I h e  varic- 
tirs 'CSV-I (303)'~ 'CSV-5 (168)' 
arid 'CSV-6 (1314)' have becn re- 
corn~ncrldrd for specific situntionc. 
Yrcsc~lt varicly rccnrnmcndationr fi~r 
t l ~ c  country are given in Table 3. 

Adcquate research information 
on tirnca of sowing, lcvek and tirncs 
of Cc r t ik r  application and popuh- 
tion IweL in available. 

l'ie1111 ~ ~ ~ / J u / , I ~ I o ~ .  t'11l~Lr I t 1 1  .il< 
.\I)i>llt I ,fh,(nw I < >  2,~l~l,tUIl> pl.lllt\ ]I< r 
11t.ctart a1 c. r \ s c ~ ~ t i , ~ l  ~f w r  .Irr to 
r(. , iI~~e t111: full pt\tr~~ti.iI of 111x11- 
y1~1el111g v.irirtii-5 . I I I ~ ~  11yl~11d* . I I ~  

t h ~ \  (t1111d br a c c n ~ ~ ~ ~ r h \ l ~ ~ t l  Iny u ing 
;I S C I ~  I.rtr o!' I O  I I I  L A  k~ 11.1. S ~ I I  
costs arc rrl.rli\tly 1<1\\, .rltci 111 c.15c 
of v a ~  irtirs t l~cy cn~llcl IIC 111111 11 
Iowrr. A pl.wt nt c.vt.1~ 4" t o  0' in 
rows sl~,icrti I!J' ap,it I is r~w11ti.11. 

I:t~l~l~.rrr trrr. 111 a i l l l~t i t t~~ to I I ~ C  

of cornpn\t allel i.41 I I ~ ) . I I  11 II~ . I I I I I I  r, 
311 10 40 kg N .u111 10 to , i t )  l i ~  IJ,( ), 
prr l ~ e c t , i ~ r  In t11r fin111 of ino~g.\r~i\: 
f r ~  1ili~1.1~ to the ~ I ~ ~ I I . ; ; I ~ I ~ I I I I ~  v.krlCt- 
irs would rctllrrr per kg of ~~i t r t~a<.n  
t l~ r r c  t i~~ lc s  Il1ilrr Kl.lln y~vlcl t11,111 
ioc.rIs. 111 i)I,rik F.OII\ ,111 I I ~ I ~ ~ I ~ ~ I I  

a11c1 Pz( )& could l ~ r  ap11I1r~l IJ : IY~II IY 
WIIC~C;IS in ~ ~ ~ ~ ~ t - t r x t ~ ~ r c d  bolls, nitro- 
gcn <tror~ld Ijc givrn in turtl d~,\c.r, 
half IJ.UJI atld IIIC 0111rr 11alf .I[ to 
qo days d t c r  towing Applyi~rg 
availai)lc I'c~t~lirrr to )~igh-yir.Idl~~g 
v.uictics in itself rrs111ts 111 rlri(.ir:~(y 
of fcrtlli7cr ucc. Nitrogr~r rcqmllsrr 
are optirlru~n 111) to &I to loo kg N/II.I 
ui(l Jlol~ld be a l~l~l i r t l  w11r11 f c ~  tilircr 
sul~plics arc not 11111ilu1g. 

l'rrl avvidonrr and p111 cnnlwl. 
Most sorg11111n pcstr can be ;wordctl. 
I'l~nting with the omct of ~ n o n s n ~ n  
avcritls shootfly. I:nl>bc covrra@s 
: u ~ d  varietal rlloice of similar ~ n a t ~ l r -  
itlg t y p  would avoid midgc.  bod^ 
thcsc ;LIPCCIS nccd only education 
and changes in tllc emphasis of cx- 
tension cllorts. If pl.tnting is ncccs- 
sary during shovtfly build-up seed 
trcatrnent with carbofuran,g p r t s  
(AI)  for too parts of aced givrs 
effective control. 

Stem borcr damage can be deck-  
cd by one or two applicatioru of 
granules of 4 per ccnt endosulfan, 
4 per cent carbaryl or n per ccnt 
lindane in the whorl. 
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hllclqc IS r lTcc l~{ r l>  c ~ ~ n t r t ~ l l r d  111 
spraylnq e ir l ic uls 11, lore I~<IMI.IIII~ 
(at a l~o l l t  C l ~ ~  per c c'nt p.u11( lc cmrr- 
gcnce) \\1t11 r n c l ~ ~ s u l l . ~ ~ ~  (trl per c'nt 

I.( ) nnc IIIIC, c IIIII~,~ ( ~ ~ o  pcr ccnt 

\VI1) 1 k K ,  11111i111(' (20 1>11 Clllt 

I-( ) I In  2 IIIIC\ In  51x1 11) IM)O 1,t1t$ 

o f  M (11 r I 111 CI trc \ I <  ~III,~II uf 
t11c y)r L) 111cr !b ~1.1)~ I\ 11< ~ I I  1111,. 
I'our pcr ( I  nt  LII~~>SUII~III (11151 or 10 

prv tclit c ~I I> \ I? I  (iust or 10 ])I r crnt 

l j l I (  rlt~st 11 20 h q  11a I<.,IWI 11, 8 l i \ r  

'I \Vil 1]1[111( 111,,115 will 11, 11cc c\\ 11 \ I 7  

111 tlic. c l\r of ~)I.I\S 

PIC-~III~ rgcnrc a1111111 ~IIOII I\(- 

r ~ v l n c  e l  r, k q  ( i l l )  11 { ~uIIcI\\ (( \>\  t 

11tc \V(I cI111g , 1111110I> UI~II, 

( , I  l l ( 1  i l l \ ,  111C Ioc 11\11 l!C ~ \ l l l l ~ l t -  

e ~ l  g r c l t r l  t ~ ~ l r r ~ i ~ ~ c  I to \IIO 81fl) , OIII- 

11 1r1 (I to XOIII( f tit, III~II \I(  IIIIII~ 

11yl~11115 i 1 1 1 l \  I I I ~ ~ I ~ ,  I'ICKIII I I1 HI\  

;lrr 111 I I C ~ I I ~ I I I ~ I I I ~  1 1 i ~ l 1  )IIIII 11)- 

11r11lu .kt t p1111111111 111111. ( l \o!\ 111 : 
\\IlCll lll,l, 1, I,<) \ l l , l '~~l l~,  l l l l l l l l  t111 

I ~ ( a l r l i i r ~ ~ \  l i k ~  ( LII~~>IIII 111 S I  111 

I r r l l m o l l  11 ,  t 1111111 1 1 1 1 ~ 1 1  IIIII\ III 

~~ i c i cn l i (  .II~ i$ 01 ~IIN!< 1 t ~~I~III~I~,II$ 
01 11rst IIIIIIII 111 \,, I i r  L C  1 1 1 1 , l q  15 

r o n ~ t v n ,  (1, t11r 11, \III~II~I (I 
KII !it" 'll\,l ~'1111111ty ,111rl I Illll llt 

110111 tl1c ]lrlllll or  &I( \v o f  l l l C l  25( 

re\istanLr, nl! 11~1111ci \  .Irr sllprll,Br 

to IOC:IIS ~1111onpt \ I I I ~ I I ~ $ ,  ~IOWII~ 
n11Ic1< w rcs15t~lnt ;III~ s117rrp11blc 

varlctlts a!-r . ivallnl~lr . i l i e l  cJ1e 1s 

takrn to ~VIIII! r lrsccl)~~l>lc VJIICIIPS 

I n  elldernlc .ircaq I)~sr.ccrs h.tvr tlot 

bee n a m q o r  Corslralnl tn sorgl~rlnl 

y~clcls. Sul~cr lor varlrtles r o r n l ~ ~ ~ u ~ r g  

hlgl l  y ~ c  lcls, bettcr gr.illl r(lc.i111~ .tntl 

tnlcr:incr 10 pests antk (~I\C..LSCS arc 111 

111c nfing 

A~aa, productton and producrlv~ty of $or(lhum In M.~harashlra Karnalakfl and 
Andhra Predosh (1970 71 to 1975 76) 

11 l)lanr~l c l  r xp r l  l l nm t  w ~ ~ h  )II~;~I 1 1 , ~  11) lll.,xC~~I~nt I , ~ ~ ~ t ~  rr~c IV( 11 40 1 r rn nv :~~ l . ~ l~ l c  r v ~ ~ l r ~ ~ c e ,  i t  

and h w  nLtn.lgerncnts .is Irr.\tnlcrrts kg ,lntl 110 ,)I lnt  ~~ ro t r r t l o l ,  11 nppc.rr$ 111at w l ~ s t  Ir rlborr ~ ~ n l m r t a n t  

was lnld OII~ at fi\c loc.~tlonr (l l lr lng evltll.ll~ ~ ] ~ . ~ t  lhr JII~II-),ICI~~IIIK 19 111c ~11011 ( o f  varlctlrs I).I~c~ on 

k11:lrlf 1974 nncl 1975 ,1111 ~ I ~ I I  ~,)I)II~IS ,\ncl vnrlctlrq are st1Ixrmr 10 IIILII tnsrct ;rnd cltvcatc rcartlon nncl 

rmnagrnlrnl  rilrnprl\rci Ro ku h/  I ,  , , I  I 1 ,  1 1  I ;I~I~~II~II.L~I' dl lrdtloll 1 0  S l l l l  d glVCll 

ha and rul l  pl.u~r protect~on 'I'hc n~a~l~yetnents.  t r n ~ t  I:] khnrrf 
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Component of product~ori 

1 * ", a5 ,, , v a,, 
n l h l ,  'i It. "'"'I Y "" 

26 8 75 10 9 75 4 10 75 2L 10 75 
Dates of sowlng 

4 * .  
( & .  

" z -  

4 
4 .  

" 

Yfold of sorghum as affected by different dates of sowlng 

< CUOY DL1 %, , r , . * w  n ,r ,",. 
&; , L.tb 8 * ,a , ,,. 
2, 4 '""' 0" ",- , 3 t .  , I .-- 1 

- _--- 
- --- ?\; 
- 

i r~c r r t c ~ \ ~ i l  11111,111: 11,q) PI, ~LIII 
tllcil \ L C  I l l\ \I 1 Ill11 I 1  11 0 1  Lll llll 
l ~ l l l ~  ll,<l Ill \ ,  11, \%Ill I 1  I I t (  l l l~~ll 

S ~ l ~ l l l  I 1111~ 1111, I t i l l  y1i Ill l<.l,,[ 1 0  

K L  t f i l l 111, I rt (111, (I 

I j l~!rs  (/ / ) I  III/III~ 1 I t (  rt>ilIts 01 
. ~ t l v ~ n l  I . I~ (1 i t<  c rbl lrldnting i~.ivc 
I ~ c r n  <.~II~IIIK ( l i i r l l q  1972-7 J JS wrl l  
as 111lr4111: 10; j 7 1 1)1111i11( 10)') 
Sr pti r ~ ~ l ~ r r  pi IIIIIIIRT ir1111rle~l l r ~ a l ~ r  r 
1,rd~r VI(ICIY wlu 11.15 1111 (J~.IoIJI I- 

Novcrn\>r.r JI~.~II I I I~,  r r t i ~ rn r t l  low 
) i t  1117 1 IIC p, 11 rri1'1111 I 01 111 w 11) - 
!)r1i!9 ,LI I~  v irlc II( 5 urillcr r.11 lv 
pi llltrngs IS \ III~III~ w l l r r c~s  u111lcr 
~ l l c  ~ra(t i(~ir I ;I ~ystern 1111 l r  l l lpr- 
riurlty 13 not r~ f l cc t i  d a~rt l  urirlcr sut h 
cvr~d~tlons 'hf 35-1' rliay s t ~ l l  be t11c 
111 Sl 

I crltlrzcr app!~calion Oppc~rtuni- 

111 s fur f r r l i l l / t r  applica(~on undcr 
advanced plant~rigs nre grcatcr corn- 
pared to t r .~d~~ iona l  late towlngs 
I'Ilc useof a fcrtlllscr drill like the 
hf.lh.ir.shtra 'rnktn Yantra 011 a 
large rcalc IS worth attcrnptlng 

Populo&on kvclr Traditionally 
lower reed r a t u  have been recom- 

I n d i a n  F a r m i n g  



TAB1.E 3. VARIETAL RECOMMCN1)ATIONS FOR DIFFF.HTN1' STATTS 

(:uj + ra t  CSII-I, CSH-5 CSII G CSV-3 (1-O\ ,  ( SV.7 {30?;303), ( SV-I) 'Id't) 

Tn~z~~In.~du CSII-I, rSII-i C\If-6 CSV-l (CS3.541), CsV-5 (I4O/lbE) 

Rdl l l  

X I ~ h . ~ r m l t t r r ~  ("ill 71<. CSIf-llR,CSIl I, If. 35.1, GV.711 (R-16) (Fvr tally p l a n ~ ~ n ~  oul?)  
(:Sll-t, (CSIFI, Pr f:SII-9 whm 
p~ufilc ~noisturc I S  rc ry  low) 

Gi~jar t t  CSII-I, (.SIl-7R C:SIl-OR CSV-711 (R-16) 

'T.trn111, ~ r l t i  CVI-I, (311.5, CSH-6 CSV-I (Swrrna!, (:S\'-'1 ( 1  1.1,1168) 
K.tt11 t1 .2k1 ~ K I  U I I - I ,  LSII-5 G5l:SII-6 GSV-l (Swarna), CSV 5 (14U/IbII) 
A~1d11c.t l'r:~lrd~ 

melrrlc~l f i~r  r .~l~i .  Undrr adv;tnccd 
d ~ t c s  of p l .u~ t tn~ ,  srl d r,ttls sllo~llrl 
be allnost like kl~artl'rj-10 k p h , ~  and 
the rcslnnse of h i g h - y i r l d i ~ ~ ~  varirt- 
its is s~rpcr io~ to Ioc:rls. A pbpul;t- 
tioa levcl of rgr~,ocx~-~.~o;otx, pl,iilts/ 
ha is optimal. 

CarboJuran seed tnatnunt At least 
in the initial st,qec of rabi produc- 
tion progralnrnc wrbofuran sccd 
treatment may have an advant;y.e 
for it probidcs pn>tcction ,against 
redling pests bke scwtfly 2s well 
delfacids and helps in stand ce,t.~- 
blishment. 

Subject to operational li~nitatioru 
rabi production progr;rmmcs s l~o~r ld  

cr~iphuiz(: : 
( I )  .\dv.rncrcl t1a1r.i of pl.rnting 

1vlr11 ricw Ilybr~tls .tnil \arir t-  
ics 

(2) All l)a$al fcrt~lization 
( g )  I I l ~ h c r  p ~ p ~ l ; l t i ~ ~ l i  ~ c \ ~ c ~ s  
( 4 )  (:arbofurnn scrd ttc.ltmrtit 
(5) A preceding mung or sonic 

other short swoon legume 

Global Opportunitiu For lndto 
lorghums 

l%oligh riot in a systematic way, 
thc hybrids and varieties ofso1y11u111 
drvc.lopcd untlcr A11 Intiia CA-ordi- 
~la t r t l  Sorghum Irnprovcmrnt Pro- 
jcct Iiave been Icstcd slmralic.tlly in 
dllrcrcllt p.trtr of t l ~ c  world. 

'(,Sl1-1' rv,v; UWII  ~ I I  r i ( v  l),twcl 
cropjliii,: sy.,tr111v i ~ i  I ' I ~ I I I ~ I ~ ~ I I I ~ ~  ,t11,1 
a 11ir!( t pI; t~i t t~l  iirc l o I l ~ ~ ~ ~ ~ r ( 1  by 
'CSII-I '  a1111 i f , .  I A I I I I ~ I I ?  yirl~lctl 
mnxi~mtm food prr hc(  t.rrr p,.r ycnr. 
'1'11~ ~ ~ ~ ~ ~ f i ~ r ~ i . t r i c c  11f 'C.S11-I' !+.is 
;rim jxonii\~ng in rr\,cr.tl ~ . L ~ I S  of 
Afri~ $1 nn(1 l$,tn~I I& A.  

'CSII-2' trirtl in Ilr,rril along with 
scvtr,tl comil)cri i,tl US 1)) l~ r~ [ l s  
toplwd thc Ilst, Intt s t r l ~ ~ r q ~ ~ r ~ ~ t  
rtlidies wrrv not I . I ~ C I I  up. 

'CSI I-5' ant1 'CSI l-6' c.xI~ibitrtl 
tllcir silpci iori~y i r ~  I',rkistar~, 
Srncg.il, IJppcr \'ul~a, Plitlipl~incs 
and ot l~er  areas. 

CONTI:II'I'.I> ON PAOP. 17 

A p r i l  1 9 7 7  



ciuly July) pkr~tingr both the 

days, t11e I'crn,ilc l~cing c a y  
Scptcrnbcr planting! a sort 
verse trend is reen. \V)tilc t l~ r r c  . ;I 
witicning of gap l~cttvecn t l ~ c  parr11tb. 
by ahout 7 d a y  in 'CS11-5' the tn.11~ 
bring rarly, t11c gap is ~l:lrrowrtI 
( ~ O W I I  to 5-7 d a p  in 'CSH-6' the 
Icn~.ile continue$ to LC caly .  F ~ o n l  
Ort (~bcr  o u w ~ ~ d l  througl~out r.tt~i 
season m d  up to January pl.lnti~qs 
in 'CSII-6' t l ~ c  difi'crrnccs bctwccn 
the jxircnts arc only marginal, wliilc 
in CSII-5' rvidc di rprr~ty  in flowcr- 
ing rangirl% lion1 10-30 days has 
been observed ticpending upon thc 
location a h  wrll no t i n ~ r  of planting. 
1)11ri11g t111r cntirc pcriod (Octobcr- 
January) the male linc i~ carlicr than 
the fc~l~alc  l ~ n c  in 'CSII-5'. In  O'to- 
bcr pl, i~~tings the diffcrrr~ces usually 
r.lt1gt l~ctwccn 10-20 days and during 
the p c r i ~ d  Nuvcrr~brr-Jmuary the 
~IilTcrcnce~ arc of highcr magnitude. 

A critical analysi? of thc data on 
flowrring rrvc.11 that thc m.ilc line 
'Cis 35.i1' islfiist nffcrtcd 11y rh;uigrs 
in d.ry lcrlgtl~ ahrl tclnpcraturc. It 
ILFII:IIIY flowen in :11>o11t 70-75 days 
d ~ ~ r i n g  kl1.1rif ;ind sllnlmcr and 75- 
05  il.~ys d u r i n ~  rabi. 0 1 1  t11c ot l~cr  
I I . I I I~ ,  I I IC*  ~ C I I I . I I C  11.1rr11t 21)77,\ i v  

, rlt~itr s(.n$ilivr to \ ' .~t~ation in tenlpc- 
\a+tute. 'l'hus both i l l  winter ancl 

S I I ~ I ~ , , ~  11 ~ < , I I ( ~ F  to I11nvt.r w r y  1.ttc. 
111 j ~ ~ ~ r - S r ~ ) t r ~ ~ ~ l ) c r  ~ I , L I I ~ I I I ~ S  it 
llo\vcrs It1 7o.flv d,ty> \ \ I I I I I .  in Otto- 
Itcr-Jalruary I J I L I I I I I I ~ F  it I . I ~ C S  90- 
I 10 d.1~5 f'ur iIo\vrr~r~g, 1!11t, in I ~ ) L . A -  
tlvns w11icl1 110 1101 c d ~ ~ l t i t  witlr 
flu~tuatior~s I ~ r t ~ v c ~ n  I' 1)' J I I ~  night 
t rn i lx r .~ t~~!c  dl11 I I I ~  \vintrr :U 111 

cr).~\tal .111dl1ra I'rn(Vr,\h ant1 Chiln- 
I).itorc arl .L .inti \ \ r l~~.r?  t l ~ c  nrunrnrr 
trnlpt,r;~tllrcs Arc 1101 vel y lliKh ;iu in 
(:oir~~b.~tore a11t1 Il,~ng.ilorr xrc.:iu the 
drl,iy in f~o\verlllg 01 'n077A1 is not 
so ~ X ~ ~ I O U I I W ~ '  l . In \ \~~vrr ,  an early 
flo\\wri~~g si5tc-r linc ol' 'no77:\' xnd 
1;rtc flr~\vcri~~[: sistc'l. linc of "3 3541' 
:ire now ;~vail.Jjlc. RCPI;IL~II~ OIIC of 
thest: lincs in thc production of 

'CSII-5' is cspcctrtt to solvr: the 
nickihg prtrblc~n in thic hybrid yoon. --- - ... .. .. -. - . 
LONI1NL!I!D KltOM PACI! 9 

SORGHUM REVOLUTION 

A~nongbc vdrictir,~, 'S\\*.I~II,~' 
(CSi7-I), CSV n (3on), CSV-.i 
(CS 3541) . ~ n d  (:SV-5 (168) prr- 
lbrll~cd wrll in Upprr Vrilta, I'hi- 
li])pincs ant1 I'.tkictar~. 

Syotrrnatic s!utIicr coul~l ~c \* r .~ l  
aleas of ad:i[lt.i~~illty 1;)r 11l(Iinll %1r- 
~ h u n ~  11yI)cidg ancl varivtirs ill tl111;.- 
rtmt parts vf IIIC 1\.0rld. 

TJIILI, it is scrn t11:it IJOIII d t ~ r i i ~ g  
kl~.irit' and r.rl)i sr.uonr, thcrc is 
: ~ l r q ~ ~ a t c  rcsc:trcl~ infor~~~:ction to 

~ v > t  only support anrg1111m production 
I W C I ~ I  . ~ n m c u  l )~t t  also a ~ r ~ h ~ r ~ n - l ~ : i ~ c c l  
cropl)ing systcrm, tl~ris rnhar~ring 
land p~miuctivity of a vast ~org1111111 
hrlt. Somr of thc I~yb~i t l ,  ant1 varict- 
ic8 tlevrloped u ~ ~ d c r  the All 111tii~1 
co-ordi~~atrd sorgl~um Irnpruvernrnt 
Project also ofrrr itnmc~uc p~t'ntiali- 
tics for diKcrel~t parts of the wr~rld. 

FOR HEALTHY VEGETABLES I N  YOUR KITCHEN GARDEN 
U S E  

NSC QUALITY VEGETABLE SEEDS 

. NATIONAL SEEDS CORPORATION LIMITED 
BEEJ BIIAVAN, C. T. 0. BUILDINGS, 
PUSA COMPLEX, NEW DELliI-110012 

AND 
A D O  

FROM 

NSC'S SALES COUNTER 
KRISHI BHAWAN, NEW DELHI 

NSC SEEDS ARE SOLD IN STANDARD PACKINGS 
NSC SEEDS ARE NOT SOLD LOOSE 

WHILIS BUYING, ENSURE NSC SEAL AND TAG ARE INTACT 

PRODUCE MORE FOR PROSPERITY 
,..-. -- - - -  -I.-- 
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GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN 
SORGHUM XVIII. BREEDING FOR RESISTANCE TO GRAIN 

DETERIORATION 

B. S. RANA, V. JAYA MOHAN RAO and N. G. P. RAO 

National Research Centre for Sorghum and All India Coordinated Sorghum Improvement 
Project, IARI, Regional Station, Rajendranagar, Hyderabad, 500 030 

THE problem of grain deterioration in kharif season sorghums resulting from 
continuous rains received during maturity has been under investigation. In 
an earlier paper, Rana et al. (1977) observed that the characters tan plant type, 
low water absorption capacity and hardness of seed furnished criteria for selecting 
types resistant to grain deterioration. The present paper examines the breeding 
behaviour of crosses involving parents exhibiting diversity for the above 
characters and provides guidelines in breeding for resistance to grain 
deterioration. 

MATERIALS AND METHODS 

Two sets of experiments were conducted to estimate the nature of gene action for characters confer
ring resistance to grain deterioration. 

Experiment 1: The first experiment comprised 40 hybrids based on five male sterile lines (36A, 
296A, 2277A, 2947A and 3660A) and eight male parents (148, 168, 232, 287, 641, 887, 1324 and CS 3541). 
The male parents except CS 3541 were derived from exotic X Indian crosses and are referred to as 
derivatives. The parents, 296A, 2277A, 2947A among females and 148, 168, 641, 887 and CS 3541 
among males were ' tan' while the rest of the females and males had purple pigment on their leaves and leaf 
sheaths. This experiment was conducted during kharif, 1975. The rainfall extended upto November and 
seeds in panicle were exposed to intermittent rain for several days after maturity. The seeds of different 
entries were examined for mold development and classified into six grades, grade-I being most deteriorated 
and grade-VI, the least. Seeds from a panicle were sub-divided into relatively clean,shghtly deteriorated 
and completely deteriorated fractions to account for the within head variation. The percentage of seeds in 
I to I I I grades to total seeds in a sample was termed as per cent grain deterioration. Grain hardness in 
terms of breaking strength in kg and water absorbed by 200 grains at two hours were recorded on five 
random plants per plot. 

Experiment 2.' Two parents, CS 3541 (CSV-4) and 168 (CSV-5), from the above study were selected 
to initiate a breeding programme for resistance to grain deterioration. A set of agronomically desirable 
lines including these two varieties and four other promising high yielding, tan lines developed from the 
derivatives of exotic X Indian crosses were chosen and each of them were crossed with five exotic lines: 
IS 12573, P 721, SB 1066, ESGPC-35 and Giza 114 and U. Ch. V-2, a line developed from a composite 
population. IS 12573, SB 1066 and U. Ch. V-2 are early and tolerant to grain weathering while P-721 
is an established high lysine line from Purdue, USA, and Giza-114 is an Egyptian fast growing variety. 
This experiment consisting of 36 hybrids was grown during kharif, 1976. The rains terminated by first 
week of September ie., before maturity and it was not possible to screen for grain deterioration under 
natural conditions. Data on grain hardness and water absorption by 200 grains which correlated well 
with resistance to grain deterioration were recorded. 

Both experiments were grown in randomized complete block design with three replications. The 
plot consisted of two rows 5m long and 45 cm apart. The parents were also evaluated in separate blocks 
during both years. Parents with breaking strength more than 7 kg were regarded as hard seeded parents. 
Combining ability analysis was done following Kempthorne (1957). 

322 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
20

.2
27

.2
42

.2
20

 o
n

 d
at

ed
 1

7-
M

ay
-2

01
2

November, 1978] Resistance to grain deterioration 323 

q 3 

0% 

M"2 

CO 

CO 

o 

$ 

en 
en 

r^ 

o 

5 

to 

o 

s 

CO 

t̂  

§ 

CO 

s 
ss 

m 
to 

to 

to 

co •* 
• * 

7-1" ? ? ? -

• * 

m 

CM 

to 

O) 

m 
m 

CO 

co 
m 

r̂  

CM 

m 

in 
CM 

r̂  

r̂  
CO 

~̂  

m 
CM 

* 

O r-
•n oc 
r̂  r-
—• cc 

to CO 

r- to 

m 2 g? 

•I 

m 

to en 
to 

to 

o 
to 

en 

© 

* 
3 

r̂  

to 

CM 
to 

© 

en 

m 

en 
CO 

o 
CO 
CO 

o 
to 

I* 
1-

CO 

o 
m 

o 
1^ 

1^ 

m 
to 

o 

CO 
in 

to 

CO 

m 

in 

en 

o 
CO 

48
0 
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RESULTS 

Mean values for various characters related to grain deterioration are 
presented in Tables 1 and 2 and analysis of variance in Tables 3 and 4. 

Differences among hybrids were significant for grain deterioration (%), 
water absorption/200 grains (W.A.) and grain hardness (Tables 1 and 3). The 
hybrids of 296A, 2277A, 2947A and 3660A with tan type male parents such as 
148, 168, 641 and CS 3541 exhibited relatively less grain deterioration. Grains 
of hybrids either with 36A as female or with 232, 287 and 887 as male parents 
got highly deteriorated. Within and between group differences among tan X 
tan, purple x tan and purple X purple crosses were significant for grain 
deterioration. Significant between group differences revealed that tan X tan 
crosses were relatively tolerant to grain deterioration than other groups of crosses 
(Table 4). While tan pigment imparted resistance to grain deterioration, signi
ficant within tan X tan group variation can be attributed to the variation in other 
characters conferring resistance to grain deterioration. A comparison of means 
of hard X hard, hard X soft and soft X soft groups showed characteristic gradation 
for grain deterioration. The hard X hard crosses were least deteriorated while 
this increased proportionately to softness in hard X soft and soft X soft crosses. 

The overall differences among tan X tan crosses were not significant for 
grain hardness but these differences were significant for purple X tan and 
purple X purple crosses (Table 3). The breaking strength of hard X hard purple 
pigmented crosses was significantly higher than the hybrids involving either 
hard X soft or soft X soft seeded parents (Table 4). Hard X soft crosses were, 
however, harder than soft X soft crosses in all the three groups—tan X tan, 
purple X tan and purple x purple. There was gradation for hardness from 
purple X purple, purple x tan to tan X tan crosses, purple x purple crosses 
being hardest. Hardness contributed to resistance to grain deterioration only in 
tan (homozygous or heterozygous) background rather than in purple (homo
zygous) background. 

The purple X purple crosses absorbed more water than purple X tan 
crosses (Table 3 and 4) whereas soft x soft crosses absorbed more water than 
hard X soft crosses within purple X purple group. Significant differences among 
tan pigmented soft X hard crosses revealed that tan X tan crosses absorbing 
appreciably less water may be selected. 

The comparison of parental performance with their hybrids revealed that 
the hybrids involving less deteriorated tan parents such as 148, 168 and CS 3541 
and a hard seeded female 3660A (purple) were quite resistant to grain deterio
ration. Similarly, parents with hard seeds also contributed this character to 
hybrids. 

Hybrids between derivative X exotic parents were significantly different for 
grain hardness and water absorption (Table 2 and 3). Though the variation 
within tan X tan and purple x tan groups was significant for both the characters, 
the grains of tan x tan crosses were harder than the grains of purple X tan crosses 
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in Experiment 2- All the crosses of ESGPC-35, IS-12573 and SB-1066 were 
harder than CSV-4 (CS 3541) crosses, ESGPC-35 crosses being the hardest 
(Table 2). 

Water absorption of tan X tan crosses was significantly lower than of 
purple X purple crosses (Table 2). Significant variation for water abosrption in 
hard x hard crosses in tan X tan group provided further opportunity to select 
crosses with low water absorption and hard seeds. CSV-4 (CS 3541) hybrids 
except with Giza-114 and IS-12573 andU.Ch.V-2 hybrids with rest of the females 
were some of the crosses which absorbed less water. 

The male sterile lines used as female parents did not contribute differently 
in crosses for grain deterioration while their contribution was different for grain 
hardness and water absorption (Table 5). The male effects were significant for 
all the three characters indicating significant differences in combining ability 
effects. However, specific combining ability effects (female X male interaction) 
were not significant for any of the characters. Estimates of variance showed that 
contribution of male parents in crosses was much higher than male steriles 
(females) for grain deterioration and water absorption while additive genetic 
variance was more pronounced for grain hardness and water absorption in both 
the experiments. 

In derivative X exotic crosses, the general combining ability (gca) effects 
due to females and males were significant (Table 5). Heritability of grain 
deterioration was lower compared to other characters. Grain hardness and water 
absorption characters were, therefore, more heritable than grain deterioration 
per se. 

A comparison of combining ability effects in Experiment-1 showed that 
168 (CSV-5) and CS 3541 (CSV-4) were good general combiners for low grain 
deterioration (Table 1). Negative gca for water absorption in 168 (CSV-5) 
and positive gca for grain hardness in CS 3541 primarily contributed to grain 
deterioration resistance. Among male steriles 3660A was a general combiner for 
grain hardness and low water absorption. SB-1066 and ESGPC-35 were other 
good combiners for grain hardness (Table 2). Comparison of a2 gca (m) in 
both experiments and gca effects in derivative x exotic crosses showed that the 
contribution of exotic males in crosses was higher than the male parents consi
dered better in Experiment-1. 

DISCUSSION 

Early maturing hybrids and varieties of sorghum confer stability to 
production levels in years of subnormal rainfall and enable practice of two crop 
systems in years of adequate rainfall (Rao, 1977). While these advantages are 
substantial, they are vulnerable to late rains if received in October resulting 
in grain deterioration and consequent low market quality. The problem of 
conferring resistance to grain deterioration is, therefore, of considerable 
significance. 
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Earlier studies identified tan plant type, low water absorption rate and 
hardness of seeds (breaking strength > 7 kg) as selection criteria for breeding 
resistant types (Rana et al., 1977). Present studies which involve two sets of 
experiments revealed that significant between groups differences exist for these 
characters in crosses involving diverse parents. 

The tan X tan crosses and hard X hard crosses exhibited generally less 
deterioration and as the degree of softness of seeds increased, the degree of 
deterioration also increased. Hardness contributed to resistance primarily in 
the tan background rather than in the purple background. 

The influence of tan or purple plant type on water absorption rate is not 
significant, but the purple X purple and soft X soft crosses absorb relatively 
more water whereas tan X tan and hard X hard crosses absorb relatively less 
water. Thus, the breeding behaviour of the various groups further confirm that 
a combination of tan plant type, hard seed and low water absorption rate are 
useful in breeding types resistant to grain deterioration. 

Estimates of combining ability for these characters revealed predominance 
ofgca for grain hardness as well as rate of water absorption indicating that selection 
for these characters could be effective. 

Based on several crosses studied, crosses involving the females 22 7 7A, 
2947A and 296A, which are tan types, exhibit resistance features in all the 
attributes. The males, CS 3541 and 168 which are also tan, yielded hybrids 
resistant to grain deterioration. The exotic variety, ESGPC-35, which is an 
African zerazera characterized by tan plant, yielded hybrids with highest values 
for breaking strength of grain. Several parents with resistant as well as suscep
tible attributes have been identified and their behaviour in cross combination 
studied. This information could be valuable in breeding for resistance to grain 
deterioration. 

SUMMARY 

The problem of conferring resistance to grain deterioration in early 
maturing kharif season sorghums has been further examined. Tan plant type, 
hardness of grain and water absorption rate together furnish useful criteria for 
breeding resistant types. The inheritance of hardness of seed and rate of water 
absorption are predominantly additive and selection for these characters could be 
effective. Hard x hard crosses within tan types are likely to yield quick 
results. The male steriles 296A, 2277A and 2947A, the males GSV-4 (GS 3541) 
and CSV-5 (168) and amongst germplasm materials ESGPC-35, an African 
zerazera, are identified as most promising materials resisting grain deterioration. 
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GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN 
SORGHUM XIX. PATTERNS OF DRY MATTER AND 

NUTRIENT ACCUMULATION 

P. V. ANANTHARAMAN, K. ACHUTA RAO, S. S. KANDLIKAR and N. G. P. RAO 

National Research Centre for Sorghum and All India Coordinated Sorghum Improvement 
Project, IARI-Regional Station, Rajendranagar - Hyderabad 500 030 (A.P.) 

SINCE sorghums in India are grown essentially as rainfed crops, year to year 
changes in yield levels closely follow fluctuations in the amount and distribution 
of rainfall. Most traditional varieties being late maturing are vulnerable to 
climatic changes (Rao et ah, 1975). First steps to correct for climatic vulnera
bility should involve genotypic alteration of tropical sorghums to reduce the 
excessive dry matter production and furnish a more efficient redistribution 
between the stalk and ear together with reduced duration. The present paper 
attempts an analysis of dry matter distribution and nutrient uptake patterns in 
some exotic and Indian sorghums and their derivatives. 

MATERIALS AND METHODS 

The experimental material consisted of: CSH-1, CSH-3 and CSH-5, hybrids whose parents are of 
exotic origin, Swarm, a variety of exotic origin; Ahpuri and BP-53, traditional improved varieties of 
Indian origin and 302 (CSV-2), 604(CSV-6) and R-16 (IS-2954 x M. 35-1), derivatives from exotic x 
Indian crosses. 

The experiments were grown in replicated and randomised blocks during Kharif (July-November) 
and rabi (October-February) seasons. Periodical plant samples were taken at six physiological stages 
and analysed for dry matter production and nutrient uptake using standard laboratory procedures 
and Maldandi 35-1 an improved local. 

RESULTS 

Data on morphological and physiological attributes for kharif and rabi 
seasons are presented in Table 1. The distribution of dry matter between 
vegetative and reproductive parts is depicted in Fig. 1. 

During the kharif season, the tropical Indian varieties, which are late and 
tall are characterized by production of large amount of dry matter; uptake of 
nutrients is also the highest. On the other hand, the exotics and derivatives 
produced less of dry matter and consequently total nutrient uptake was also 
comparatively low. The dry matter distribution between vegetative and 
reproductive parts varied between 41% (vegetative) and 59% (reproductive) 
in exotics and derivatives. In the tropical Indian varieties only 33% of the total 
dry matter accumulated in the ear (Fig. 1). 

During rabi season, where rainfed sorghums grow primarily with residual 
moisture in the profile, the local M. 35-1 itself has 48% of the dry matter 

333 
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FIG. 1: Dry matter distribution in vegetative and 
reproductive parts 

accumulated in the ear while in the hybrids particularly CSH-2 upto 70% of 
the dry matter got accumulated in the ear. 

An examination of the rates of dry matter production during kharif 
(Fig. 2) reveals that in case of exotics, there are two peaks for dry matter 
production, one before flowering (approximately 45 days) and a second peak 
about 15-20 days before harvest. On the other hand, the Indian varieties have a 
single peak, coinciding with the flowering time. The derivatives of exotic X 
Indian crosses resemble the exotic parents in pattern of dry matter production. 

During rabi season (Fig. 3), both exotic and Indian varieties exhibit two 
peaks in the rate of dry matter production while the derivative R-16 seems to be 
an improvement over both. In case of R-16, rapid accumulation of dry matter 
in the ear possibly renders the stem very weak and a large proportion of the plants 
lodges and this process is further accentuated by the incidence of charcoal rot 
disease in the basal nodes of the stem. 

DISCUSSION 

Crosses between tall and late tropical sorghums and the dwarf, relatively 
early maturing temperate sorghums have now become an integral part of sorghum 
improvement in tropics as well as temperate regions. Rao et al. (1975) have 
pointed out that most kharif sorghums of Deccan have a disproportionately longer 
duration ( > 5 months) compared to the duration of monsoon (approximately 
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SORGHUM - KHARIF : Rate of dry matter production in milligrams 
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three months). They are also generally characterized by larger body weight 
and a good proportion of the dry matter accumulates in the stem. In years of 
reduced duration of monsoon or subnormal amounts of rainfall such sorghums 
fail to return economic yields or even result in crop failures. The first correction 
to minimize such risks resulting from subnormal rains lies in genotypic alterations 
leading to reduction of maturity period so that the duration of rainy season and 
crop duration are suitably matched. This together with a reduction of total dry 
matter produced by the plant but with better distribution between the stalk and 
the ear could enable the plant return economic yields inspite of fluctuations in 
rainfall. 

Earlier studies on genetic analysis of exotic X Indian (temperate X 
tropical) crosses in sorghum have revealed that the dominant genes for yield are 
present in the tropical sorghums (Rao, 1970). When there is no stress, the 
tropical sorghums are no doubt individually superior, but their community 
performance is inferior to relatively dwarf types. It was also idicated that certain 
derivatives of exotic X Indian crosses in the intermediate height and maturity 
range probably represented optimal production peaks (Rao et al., 1973). 
Breeding of superior genotypes of sorghum with stabilized levels of perfoimance 
has, therefore, to capitalize on the assets of the tropical and temperate types. 

Rao and Venkateswarlu (1971) have observed that F , hybrids of exotic X 
Indian crosses behaved like their tropical parents. Since the accumulation of 
dry matter after flowering was mostly in the stem, the advantage of hybrid 
vigour for grain yield was not felt inspite of reduced duration. Selection in 
exotic x Indian crosses, however, resulted in recombining the desirable attributes 
of both groups, although such selected recombinants represented a small 
proportion and resulted from a few selected crosses. 

As could be seen from the present study the hybrids and derivatives of 
exotic X Indian crosses have reduced duration and reduced total dry matter on per 
plant basis but a better distribution between ear and stalk (Fig. 1). Besides, the 
two peak situation in the rates of growth (Figs. 2 and 3) confer a definite advan
tage not only for higher economic yields but also enable them withstand the 
influence of inevitable seasonal fluctuation common with sorghums almost wholly 
grown as rainfed crops. Uptake of major nutrients and their distribution also 
follow the pattern for dry matter. This advantage could even be greater during 
rabi where sorghums grow only on residual moisture and they run out of soil 
moisture even by flowering time. Compared to kharif, where significant 
progress has been made, recombinant genotypes with less risk and higher levels 
of production are yet to be developed for rabi and the present studies could 
provide some guidelines. 

SUMMARY 

T h e patterns of dry matter production and distribution along with major 
nutrients N, P in some exotic (temperate) and Indian (tropical) sorghums and 
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their derivatives was studied. Hybrids and some of the recombinant derivatives 
of exotic X Indian crosses exhibit higher and stable levels of production. 
This is primarily attributable to a reduction of duration to match the duration 
of rainy season, a reduction of total dry matter but better distribution between 
stalk and ear, two peaks for rates of growth and a superior community perfor
mance. Recombinant genotypes with such attributes could be isolated from 
exotic X Indian crosses although their occurrence may be confined to a few 
selected crosses. 

ACKNOWLEDGEMENTS 

The authors are grateful to Dr. H . K. Jain, Director, I .A.R.I . , and Dr. M. S. Swaminathan, 
Director-General, I.C.A.R., for their interest and encouragement. 

REFERENCES 

Jackson, M. L. (1958). Soil Chemical Analysis. Constable & Co., London. 
Rao, N. G. P. (1970). Genetic analysis of some exotic X Indian crosses in sorghum II . Combining 

ability and components of genetic variation. Indian J. Genet. 30: 362-76. 
Rao, N. G. P. and J . Venkateswarlu. (1971). Genetic analysis of some exotic X Indian crosses in sorghum 

I I I . Heterosis in relation to dry matter production and nutrient uptake. Indian J. Genet. 
31:156-76. 

Rao, N. G. P., G. Harinarayana, V. Arunachalam, D. P. Tripathi and K. Balakotaiah. (1973). Genetic 
analysis of some exotic X Indian crosses in Sorghum VI . Character association under 
selection. Indian J. Genet., 3 3 : 1-6. 

Rao, N. G. P., S. Subba Rao and K. Vidyasagar Rao. (1975). Rainfall fluctuations and crop yields. 
Curr. Sci. 44: 694-97. 



   
   

w
w

w
.IJ

o
u

r.
n

et
   

   
   

   
M

em
b

er
s 

C
o

p
y,

 N
o

t 
fo

r 
C

o
m

m
er

ci
al

 S
al

e 
   

 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 1
0-

Ju
n

-2
02

0

GENETIC ANALYSIS OF SOME EXOTIC x INDIAN CROSSES IN 
SORGHUM XX. GENOTYPIC DIFFERENCES FOR ROOT ACTIVITY 

R. DAMODAR', I.V. SUBBA RAO2 , and N.G.P. RAO 

National Research Centre for Sorghum and All India Coordinated Sorghum 
Improvement Project IARI-Regional Station, 

Rajendranagar, Hyderabad 500 030 (AP) 

WITH particular reference to sorghum, while adequate attention has been paid 
to various components of yield as selection criteria (Rao et al. 1973 and Tripathi 
et al. 1976), the root system has received less attention. The studies so far have 
been limited to root activity distribution patterns (Nakayama and Van Bavel, 
1963), water consumption in relation to root activity in dryland sorghums 
(Kaf kafi et al. 1965) and a comparison of the root systems of corn and sorghum 
(Lavy and Eastin, 1969). With the exception of an unpublished report on the 
root activity of M. 35-1 and CSH-1, no attempt seems to have been made to 
study varietal differences for root activity. The present study attempts an 
analysis of differences for root activity in exotic and Indian sorghums and the 
derivatives obtained from their crosses. 

MATERIALS AND METHODS 

The experimental material for the present investigation comprised the following: 
(a) Exotic varieties and hybrids msCK60 (male sterile combine kafir 60, the female parent for CSH-1 

and CSH-2); CK60B (fertile counter part of msCK60); IS 84 (A selected yellow endorsperm feterita and 
male parent of the hybrid CSH-1); IS 3691 (A selec ted yellow endosperm hegari and male parent of CSH-2); 
Swarna (exotic origin, dwarf and early, high yielding variety); CSH-1 (Commercial hybrid) CSH-2 (Com
mercial hybrid). 

(b) Indian varieties Aispuri and BP-53 (Improved Indian varieties, tall and late). 
(c) Derivatives from exotic X Indian crosses 148—(IS 3687 X Aispuri, dwarf and early); 302— 

(IS 3922 x Karadlocal, dwarf and early) and 604—(IS 3922 x Aispuri, medium height and mid-late). 
The material was sown during kharif season in non-replicated blocks. The soil type was 'regur'. 

Sowings were done in rows 30 cms apart with a spacing of 15 cms between plants. The entire area was 
uniformly fertilized to give, 80 kg N and 60 kg P s 0 5 /hec t . The rainfall was adequate and no irrigations 
were provided. Cultural and other operations were uniform over all the entries. 

The radio active isotope, 32p (carrier free) was placed at 3 lateral distances (5, 10 and 20 cm) and 3 
vertical depths (10, 20 and 40 cm) in the soil at knee-high stage as per the technique described by Hall 
(1953) at the rate of 80 fie of 3ap/plant. Each treatment was replicated thrice. 

Leaf samples were collected twice; 3rd and 4th leaf from the top, were sampled one week after S2p 
application as first sample and the flag leaf at flowering stage as the second sample. After the material was 
digested with HNO3, 3*p assay wa done by standard methods described by IAEA and the total phosphorus 
in the plant sample was estimated by the Vanadomolybdate method (Jackson, 1958). Correlations for 
3 2p counts were made upto sampling time with respect to the counts obtained for each treatment. 
Based on the corrected counts and the pooled data for all combinations of depths, percent root activity at 
each depth was computed and the split plot technique was followed for statistical analysis of data. 

'Present Address: Agricultural Research Station, Adilabad (Andhra Pradesh). 
2Present Address: Andhra Pradesh Agricultural University, Rajendranagar, Hyderabad 500 030 

(Andhra Pradesh). 
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RESULTS 

ACTIVE ROOT DISTRIBUTION PATTERN AT KNEE-HIGH STAGE 

Data on per cent active root distribution of sorghum hybrids, parents 
and varieties at knee-high stage are presented in Table 1, the analysis of the 
variance in Table 2. The varietal differences for active root disribution are 
highly significant. The first order interactions E x V and L X V and the 
second order interaction E X L X V are also highly significant. The E X L 
interaction is not significant. 

It is observed from Table 1 that with the exception of 'CK 60 A' in most 
of the dwarf varieties 'Swarna', '302', '604', '148' and 'GSH-1 ' root activity is 
maximum at 10 cm depth (V,) whereas for the tall Indian variety 'Aispuri', 
the activity is the least at 10 cm depth and the highest at 40 cm depth (V3). 
Thus at 5 cm lateral distance (L,) dwarf varieties have the most active roots at 
surface level whereas for the Indian variety they are at 40 cm depth, the only 
exception among dwarf varieties being 'CK 60A', the behaviour of which will 
be discussed later. 

At 10 cm lateral distance (L2), root activity is maximum at the deeper 
layers 20 cm (Va) and 40 cm (V3) for dwarf varieties 'CK 60 B' and 'Swarna' . 
The hybrid 'CSH-1 ' and several dwarf varieties still have their active root 
system at surface. In the tall Indian variety 'Aispuri', root activity is more at 
surface (10 cm depth) as compared to 5 cm lateral distance (L,) stage. 

At 20 cm lateral distance (L3) root activity is maximum at deeper layers 
(40 cm depth V3) for dwarf varieties ' IS 3691', 'CSH-1 ' , '302' and '148'. 
For the variety 'Aispuri' maximum activity is at 20 cm depth (V2). 

Thus, an examination of the root system in diverse genotypes reveals 
distinct differences. In case of high yielding dwarf varieties root activity is 
mostly at the surface at 5 cm lateral distance (L,), and the activity is generally 
more in the deeper layers 20 cm and 40 cm depths at 10 and 20 cm lateral dis
tances respectively. The situation with the Indian variety Aispuri is almost the 
reverse. It has the most active roots deeply placed at 5 cm lateral distance 
whereas at 20 cm lateral distance the roots are relatively superficial. 

A C T I V E R O O T DitTRiBUTioN P A T T E R N A T F L O W E R I N G STAGE 

The percentage distribution of active roots at various lateral distances 
and vertical depths are also presented in Table 1 and the analysis of variance 
in Table 2 for the flowering stage. 

From the analysis of variance it is seen that the differences due to entries 
which were highly significant at knee-high stage are not significant at flowering. 
On the other hand, the differences due to vertical depths, the first order inter
actions, L X V, E X V and the second order interaction E X L X V are highly 
significant. It is thus clear that there is a similarity in the behaviour of active 
root system at knee-high and flowering stages in so far as it pertains to the 
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TABLE 2 

Analysis of variance for active distribution at knee-high and flowering stages 

Srnivrp 
U U U I Ks\~, 

Replications 
Entries (E) 
Group I 

Parents + Hybrids 
Parents (P) 
Hybrids (H) 
P w H 

Group II 
Varieties 

Group I vs Group II 
Error (a) 
Lateral distance (L) 
Vertical depths (V) 
L x V 
E x L 
E x V 
E X L x V 
Error (b) 

T)V 
-L-'.L 

2 
10 

5 
3 
1 
1 , 

4 
1 

20 
2 
2 
4 

20 
20 
40 

176 

Mean 

Knee-high stage 

0-008 
10-070** 

12-258** 
0-060 

24-790** 
36-320** 

7-075** 
11-100** 
0-156 

16-732 
5903-419** 
1794-160** 

3-831 
665-837** 
517-194** 

16-037 

squares 

Flowering stage 

0-532 
8-508 

2-258 
1-250 
6-060 
1-480 

12-317 
24-520* 

4-418 
10-260 

2979-904** 
1398-247** 

3-776 
438-766** 
446-783** 

12-533 

••Significant at 1%; *Signifkant at 5%. 

depths of root system and its interaction with varieties and lateral distances 
only. 

At 5 cm lateral distance (L,), most dwarf varieties, 'CK 60B', ' IS 84', 
' IS 3691', 'CSH-1' , 'CSH-2', 'Swarna', '302', '604' and '148' have their active 
root system still at surface. The tall Indian variety 'Aispuri' has its active root 
system both at 10 cm and 20 cm vertical depths (V, and V s ) . 

As we go away from the plant (10 cm and 20 cm lateral distances), in the 
dwarf varieties '302', '148', 'CSH-1 ' and 'Swarna', increased activity is at 
deeper layers. At 20 cm lateral distance (L3) the root system of '302', 'CSH-1 ' 
is the most active at 40 cm depth, whereas in the tall 'Aispuri' surface root 
system is still quite active. 

It may, therefore, be inferred that vaiieties '302' and hybrid 'CSH-1 ' 
could be relatively more drought tolerant since their active root system is well 
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spread in the deeper layers and away from the plant [i.e., 20 cm lateral distance). 
Hence, they have greater opportunities to extract moisture and nutrients from 
larger area and greater depths. 

PHOSPHORUS CONTENT 

Phosphorus content in the third and fourth leaves at knee-high stage and 
the flag leaf at flowering stage are presented in Table 3 and the analysis of 
variance in Table 4. 

TABLE 3 

Phosphorus content (%) at knee-high and flowering stages 

Mean total phosphorus (%) 
Entries 

Knee-high stage Flowering stage 

CK.60 A 
CK60 B 
IS 84 
IS 3691 
GSH-1 
CSH-2 
Aispuri 
Swarna 
302 
604 
148 

0-523 
0-473 
0-546 
0-496 
0-421 
0-308 
0-434 
0-203 
0-241 
0-183 
0-401 

0-397 
0-378 
0-441 
0-382 
0-446 
0-350 
0-353 
0-461 
0-445 
0-396 
0-447 

Varietal differences for leaf phosphorus are highly significant at both the 
knee-high and flowering stages. The phosphorus uptake by the plant is also 
obviously related to its placement both lateral and vertical. Differences due to 
lateral distances are highly significant both at knee-high and flowering stages. 
On the other hand the differences due to vertical depths are highly significant 
only at the knee-high stage. 

The first order interaction L X V is also significant, only at knee-high 
stage. On the other hand, the first order interactions E X L and E X V and 
second order interaction E X L X V are highly significant at both the stages. 

The pattern of phosphorus content in different entries shows distinct 
differences. In case of high yielding hybrids and varieties, 'GSH-1 ' , 'CSH-2' , 
'Swarna', '302', '604' and '148' there is an increase in leaf phosphorus content at 
flowering compared to leaf phosphorus at knee-high stage. On the other hand 
in parental material 'CK60A', 'CK60B', ' IS 84', ' IS 3691' and the tall Indian 
variety 'Aispuri' there is a drop in the leaf phosphorus content at flowering, 
compared to knee-high stage. Thus, it is clear that there is a greater 
utilization of phosphorus in the high yielding varieties, 
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TABLE 4 

Analysis of variance for total phosphorus 

Mean squares 
Soui c DF 

Knee-high stage Flowering stage 

Replications 
Entries (E) 
Group I 

Parents + • s 
Parents (Pi 
Hybrids (H) 
P M H 

Group II 
Varieties 

Group I vs Group II 
Error (a) 
Lateral distance (L) 
Vertical depths (V) 
L X V 
E x L 
E X V 
E X L x V 
Error (b) 

2 
10 

5 
3 
1 
1 

4 
1 

20 
2 
2 
4 

20 
20 
40 

176 

0-001 
11-051** 

3-686** 
o - .v : • * 
3-liO--1"* 

13-720** 

9-885** 
52-540** 

0-025 
0-257** 
0-360** 
0-114** 
0-395** 
0-230** 
0-159** 
0-0116 

0-079 
1-466** 

1-386** 
0-623** 
4-930** 
0-130** 

1-655** 
1-110** 
0-023 
0-504** 
0-118 
0-023 
0-415** 
0-201** 
0-250** 
0-043 

**Significant at 1 

DISCUSSION 

The extent of lateral and vertical root development and the consequent 
uptake of water and nutrients are vital factors influencing agricultural produc
tivity. Yet, the root system has received relatively less attention in the hands of 
geneticists and physiologists. 

GENOTYPIC DIFFERENCES FOR ROOT ACTIVITY 

Radio active tracers provide the means for non-destructive determination 
of root activity distribution in soils. Using the radio phosphorus injection 
technique, Nakayama and Van Bavel (1963) observed that 90% of the root 
activity in sorghum occurred in the region 36 inches in depth and 15 inches 
laterally from the plant. Roots grew at the rate of 0- 75 to 2-00 inches per day. 
80 to 9 0 % of the water was depleted from the surface of 3 feet of a 5 foot soil 
profile. The next attempt to study the root activity of the dryland sorghum as 
measured by radio-phosphorus uptake and water consumption was by Kafkafi, 
Karhi , Albasal and Roodick (1965) who observed 60% phosphorus uptake from 
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a radius of 25 cm at 60 and 90 cm depth, each zone contributing 30% activity. 
Comparing the effectiveness of sorghum and corn root systems with respect 

to soil depth and plant age on 3ap uptake, Lavy and Eastin (1969) observed 
that both the root systems penetrated to a depth of 152 cm and extended 
laterally to 238 cm. Sorghum at 59 days old took up more 32p than corn. 
Beyond 66 cm lateral distance, there was little activity in case of both corn and 
sorghum. 

While the genotypic differences for drought tolerance and various other 
traits are well established in sorghum, such differences with regard to the root 
system and their relationship to yield and drought tolerance do not appear to 
have been studied in the past. The genetic differences with respect to the 
differentiation of traidtional tall, late Indian sorghums and dwarf, early 
exotics with respect to distribution of genes, gene action and character association 
have been well brought out in the studies of Rao and his co-workers (Rao, 
1972). The differentiation with respect to the root system has, however, not 
been studied so far. 

A study of the active root system of some dwarf exotics, derived lines from 
exotic x Indian crosses and hybrids at knee-high and flowering stages reveals 
distinct differences. The knee-high stage has been chosen since the seedlings 
get well established by then and it is at this stage a second dose of fertilizer is 
being recommended. In case of dwarfs, root activity at the knee-high stage is 
mostly at the surface at a lateral distance of 5 cm (L,) and as we go away from 
the plant (La and L3) the activity increases at deeper layers (20-40 cm). With 
regard to the tall Indian variety 'Aispuri' the active roots are placed at 5 cm 
lateral distance whereas the activity is relatively superficial at L2 and L3 . 

As growth proceeds from knee-high to the flowering stage, the differences 
in root activity due to genotypes get insignificant indicating that genotypic 
differences are more pronounced for seedling vigour than at adult stage. 

When we examine the differences due to lateral and vertical distances and 
their interactions, at both stages it is the differences due to vertical depths which 
are highly significant and the interactions E x V, L x V and E X L X V. 
The differences due to lateral distances and the E x L interaction is not 
significant. 

Thus, in the selection of the genotypes seedling vigour for root activity, 
differences due to vertical depths and the interactions E x V, L X V and E X 
L X V should be given due consideration. 

R O O T ACTIVITY IN HIGH YIELDING HYBRIDS AND VARIETIES 

A comparison of maximum root activity for the high yielding varieties 
and hybrids is diagramatically presented in Fig. 1. 

At knee-high stage, the active root systems of 'CSH-1 ' , 'Swarna' , '148', 
'604' and '302' exhibit similar pattern with more of surface activity at 10 cm 
depth. At flowering in addition to considerable activity of roots at 10 cm 
depth for the above varieties, upto 40 cm, the varieties, '302', 'Swarna' and 
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PERCENT ACTIVE ROOT DISTRIBUTION OF HYBRIDS & VARIETIES AT 

KNEE-HIGH STAGE FLOWERING STAGE 
PERCENT ROOT ACTIVITY 

0 20 40 60 80 100 0 20 40 60 80 100 

Z Z 

CSH_I SWARNA 148 ••• C S H . 2 — — • — « 
302 AISPURI 604 

Fig. 1 

'CSH-1 ' reflect increasing root activity. The variety 302 in particular has the 
maximum root activity at deeper layers. 

During this year rainfall was more than adequate and no moisture stress 
was felt. During 1972-73 kharif season, which reflected one of the worst drought 
years, the entries '302', 'CSH-1 ' and 'Swarna' gave the highest yields in All 
India trials. The active root system of these three varieties exhibits a similar 
pattern at deeper layers and it is this activity which is apparently responsible 
for high yields during last year's drought. I t may, therefore, be inferred that 
'CSH-1 ' , 'Swarna' and '302' will do well under stress when the surface layers 
of the soil are depleted of moisture. 

PHOSPHORUS ACCUMULATION 

T h e phosphorus content in the third and fourth leaves at knee-high stage 
and in the flag leaf at flowering reveals interesting varietal differences. While 
the flag leaf P at flowering is lower compared to the third or fourth leaf, P 
content at inee-liigh stage in 'CK60A', 'CK60B' ' IS 84', ' IS 3691' and 'Aispuri', 
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the flag leaf P is more in the hybrids 'CSH-1', 'GSH-2' and the improved 
varieties 'Swarna', '302', '604' and '148'. The increased accumulation of P 
at flowering appears a characteristic common to hybrids and high yielding 
varieties and may be used as an index for selection of high yielding varieties. 

It is realised that much more information is needed on specific variation 
in root weight and activity (Loomis, Williams, and Hall, 1971) and it is in this 
context the present information on root activity which correlates well with 
verietal performance for economic yields is of significance. 

SUMMARY 

The studies reported comprised varietal differences in relation to root 
activity using radio-active tracer 3ap. 

1. Improved dwarf varieties of sorghum, which are mostly derived 
from exotic x Indian crosses, two commercial hybrids and their parents, and 
the tall Indian variety 'Aispuri' exhibited distnct patterns of root 
activity at knee-high and flowering stages. The differences were pronounced 
at the knee-high stage, the root activity of dwarfs being more at the surface at 
5 cm lateral distance (Lx) and in deeper layers at 10 cm (L2) and 20 cm (L3) 
lateral distances. In case of the tall parent, while the root activity was 
relatively deeper at L,, at L,, and L3 the activity was relatively superficial. 

At flowering the genotypic differences for root activity were not significant. 
The interactions E X V, L X V and E X L X V were highly significant at 
both stages. In the selection of genotypes, seedling vigour for root activity, 
differences due to vertical depths and the interactions E x V, L X V and 
E x L x V should be given weightage. 

2. The patterns of root activity of hybrids and high yielding varieties 
exhibited similarities in certain respects. The improved variety '302' appears 
to be most tolerant to drought followed by 'CSH-1' and 'Swarna'. The root 
activity correlated well with varietal performance in All India Trials. 

3. Phosphorus accumulation in hybrids and high yielding varieties 
followed a similar trend. While there was a decreae in leaf phosphorus in 
parents and the Indian variety 'Aispuri' at flowering, the P content in the 
flag leaf increased in the high yielding hybrids and varieties. Increasing 
accumulation of leaf P at flowering compared to knee-high stage may be used as 
a criteria for selection of high yielding varieties. 
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HETEROSIS FOR ROOT ACTIVITY IN GRAIN SORGHUMS 

R. DAMODAR1, I. V. SUBBA RAO2 and N. G. P. RAO 

National Research Centre for Sorghum and All India Coordinated Sorghum 
Improvement Project, IARI - Regional Station, Hyderabad-50Q 030 

HETEROSIS in sorghum for yield and its components has been studied fairly 
extensively (Quinby, 1963). Heterosis with respect to yield and yield 
components in exotic X exotic, exotic X Indian and Indian X Indian crosses 
has been studied by Rao (1970), but even here the root system has not received 
any attention. The present study attempts an analysis of root activity in two 
commercial hybrids, CSH-1 and CSH-2, and their parents. 

MATERIALS AND METHODS 

The material comprised of two commercial hybrids, CSH-1 and CSH-2, their common female 
parent msCK.60 and their respective male parentslS-84, a yellow endosperm feierita and IS-3691, a yellow 
endosperm hegari. 

Root activity was measured by employing radio-tracer techniques which have been described in detail 
in an earlier paper (Damodar, Subba Rao and Rao 1978). 

RESULTS 

HETEROSIS FOR PLANT CHARACTERS 

From the analysis of means pertaining to the dry weights of roots, stem, 
panicle, total dry weight and grain presented in Table 1, it will be seen that 

TABLE 1 

Analysis of means for oven dry weights (gm plant) at harvest 

Parents /Hybrids 

C K 6 0 B 
IS 84 
IS 3691 
CSH-1 
CSH-2 
S.E. 
C D . at 5% 

Root 

12-75 
16-50 
9-25 

30-75 
59-75 

2-80 
8-63 

Stem 

41-25 
51-25 
31-75 
59-25 

169-25 
6 1 3 

18-90 

Panicle 

57-25 
63-25 
37-25 
83 00 
81-75 

2-21 
6-82 

Total 
dry weight 

111-25 
131-00 
78-25 

173-00 
310-75 

9-19 
28-32 

Grain 

47-45 
51-80 
29-95 
68-00 
58-50 

2-06 
6-34 

1 Present address: Agricultural Research Station, Adilabad (A. P.). 
2 Present address: Andhra Pradesh Agricultural University, Rajendranagar, Hyderabad-500 030 

(A. P.). 
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the differences between parental values and hybrids are highly significant 
indicating considerable heterosis. Hybrids are superior over the parents for 
all the characters. 

HETEROSIS IN RELATION TO ACTIVE ROOT DISTRIBUTION 

Active root distribution of parents and hybrids at the respective lateral 
and vertical distances are presented in Table 2. It will be seen that in 

TABLE 2 

Per cent active root distribution of parents and hybrids at knee-high and flowering stages 

Vertical depth 
(cm) 

V, (10 cm) 

V2 (20 cm) 

Vs (40 cm) 

Parents/ 
hybrids 

CK60 A 
C K 6 0 B 
IS 84 
IS 3691 
CSH-1 
CSH-2 
CK60 A 
C K 6 0 B 
IS 84 
IS 3691 
CSH-1 
CSH-2 
CK60 A 
C K 6 0 B 
IS 84 
IS 3691 
CSH-1 
CSH-2 

Knee-high stage 

L, 

17-5 
42-6 
63-1 
53-6 
91-8 
40-7 
23-8 
41-2 
12-9 
24-3 
4-6 

41-8 
58-7 
16-2 
24-0 
22-1 

3-6 
17-5 

L2 

38-5 
30-1 
41-8 
46-2 
89-0 
10-7 
32-5 
42-8 
37-7 
14-5 
5-6 

74-5 
29-0 
27-1 
20-5 
39-3 
5-4 

14-8 

L3 

17-8 
56-3 
36-9 
29-5 
19-4 
46-6 
59-1 
28-9 
34-2 
29-2 
34-4 
27-0 
23-1 
14-8 
28-9 
41-3 
46-2 
26-4 

Flowering stage 

L, 

24-3 
54-0 
38-6 
45-0 
54-4 
61-6 
27-4 
37-3 
32-7 
24-6 
27-4 
25-6 
48-3 
8-7 

28-7 
30-4 
18-2 
12-8 

La 

25-4 
28 9 
71-7 
47-2 
45-8 
19-4 
36-5 
43-2 
14-7 
17-0 
27-9 
63-1 
38-1 
27-9 
13-6 
35-8 
26-3 
17-5 

L3 

29-3 
53-2 
14-9 
29-5 
20-9 
46-3 
52-7 
27-0 
27-4 
44-0 
34-6 
44-0 
18-0 
19-8 
57-7 
26-5 
44-5 

9-7 

L, = 5 cm; L 2 = 10 cm; L 3 =20 cm. 

CSH-1 there is considerable heterosis for root activity at knee-high stage. At 
5 cm lateral distance (L,) heterotic root activity is confined to the surface 
levels upto a depth of 14 cm. At 10 cm lateral distance heterotic activity is 
spread over greater area and confined to a depth of 28 cm. At 20 cm lateral 
distance there is no heterotic activity in surface layers but there is evidence 
of heterosis in the deeper layers below 32 cm. After flowering no heterotic 
root activity was observed upto a depth of 40 cm. 

It will be also seen that the patterns of root activity are somewhat different 
for CSH-1 and CSH-2. In CSH-2, at knee-high stage there is no heterosis 
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upto a depth of 14 cm at Li (5 cm away from the plant). But at a lateral 
distance of 10 cm, heterotic activity is considerable at depths of 14 cm to 36 
cm. At 20 cm lateral distance no heterotic root activity was observed. At 
flowering also heterotic root activity in CSH-2 is apparent in the surface and 
middle layers at lateral distances of 5 cm and 10 cm and almost negligible at 
20 cm lateral distance. This could obviously be due to certain amount of 
tillering which is common with CSH-2. 

R O O T ACTIVITY IN MALE STERILE AND ITS FERTILE COUNTER PART 

Active root distribution in CK 60A and CK 60B lines at both knee-high 
and flowering stages are given in Table 3. 

TABLE 3 

Per cent active root distribution of CK 60A and 605 at knee-high and flowering stages 

Vertical 
depths 

V, (10 cm) 

Va (20 cm) 

V3 (40 cm) 

Genotype 

C K 6 0 A 

C K 6 0 B 

C K 6 0 A 

C K 6 0 B 

C K 6 0 A 

C K 6 0 B 

Knee-high stage 

L, 
(5 cm) 

17-5 

42-6 

23-8 

41-2 

58-7 

16-2 

La 

(10 cm) 

38-5 

30-1 

32-5 

42-8 

29-0 

27-1 

L3 
(20 cm) 

17-8 

56-3 

59-1 

28-9 

23-1 

14-8 

Flowering stage 

L, 
(5 cm) 

24-3 

54-0 

27-4 

37-3 

48-3 

8-7 

L, 
(10 cm) 

25-4 

28-9 

36-5 

43-2 

38-1 

27-9 

L3 
(20 cm) 

29-3 

53-2 

52-7 

27-0 

18-0 

19-8 

The differences are surprisingly striking even though the nuclear 
constitution of both the lines is th,e same. 

It will be seen that at 5 cm lateral distance CK 60A has least root activity 
at 10 cm depth and the activity gradually increases, the maximum activity 
being at 20 cm depth. On the other hand in C K 60B maximum activity at 
5 cm lateral distance is in the surface and gradually increases as the depth 
increases and as we go away from the plant. 

While this trend of root activity is generally maintained at lateral 
distance of 5 cm and 20 cm for CK 60B, there is considerable change in the 
trend of activity for CK 60A. The activity for CK 60A at lateral distances 
5 cm and 20 cm is considerably more at middle depths. At flowering stage also 
the differences between C K 60A and CK 60B for root activity persist. At 
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lateral distance of 5 cm, CK 60A has maximum activity at 40 cm depth whereas 
CK 60B has maximum activity at 10 cm depth. 
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DISCUSSION 

A summary of the root activity in GSH-1 and CSH-2 in relation to their 
parents, presented in Fig. 1, reveals different patterns. 

In case of CSH-1, at knee-high stage there is increasing heterosis for root 
activity the maximum being at 10 cm depth which gradually decreases and 
beyond a depth of 18 cm there is no evidence of heterosis for root activity. 
At deeper layers, the active root system follows the pattern of the superior 
parent IS-84 which apparently contributes for drought tolerance. At flowering 
there is no evidence of heterosis for root activity, the patterns for GSH-1 and 
IS-84 being similar. Thus as far as GSH-1 is concerned, the seedling vigour 
is the result of heterosis for root activity and its capacity to stand drought later 
is apparently contributed by IS-84. It is, therefore, possible that drought 
tolerance and heterosis for root activity at later stage of growth may be 
independent. 

The pattern of root activity for CSH-2 differs from that of CSH-1. The 
male parent of CSH-2, IS-3691 has inferior root activity compared to GK 60. 
Unlike CSH-1 heterosis for root activity in CSH-2 at knee-high stage is evident 
between 12-22 cm depth and at flowering it extends even to the surface layers, 
the maximum activity being still at 14-18 cm depth. While the later surface 
activity in CSH-2 may be attributed to initiation of tillers, the persistence of 
heterotic activity at flowering is a more striking difference from that of GSH-1. 
The drought tolerance of CSH-2 may be due to heterosis for root activity at 
deeper layers. CSH-2 may suffer most if there is no moisture in the top 30 cm 
layer of the soil at flowering. 

Rao and Murty (1970) observed that in case of CSH-1 the nature of gene 
action in yield heterosis is predominantly the result of additive and additive X 
additive interactions whereas in CSH-2 the non-additive epistatic interactions 
predominate. Rao and Venkateswarlu (1971) felt that heterosis for rate of 
uptake of Pa O s in case of GSH-2 may be related to the differences in the 
nature of gene action. Similarly, whether the two types of gene action, i.e., 
predominant general combining ability in case of CSH-1 and predominance of 
specific combining ability in case of CSH-2 are attributable to seedling 
heterosis only for root activity in GSH-1 and extended heterotic activity in 
deeper layers in case of CSH-2 needs further analysis and confirmation. 

The root activity differences in CK 60A and GK 60B are strikingly diverse. 
In the A-line root activity is generally more deep seated both at knee-high and 
flowering stages when compared to the activity in the B-line. Sullivan et al. 
(1968) who studied differences in drought tolerance also observed the A line 
to be more tolerant to drought than the B-line. Since the activity studies are at 
the knee-high and flowering stages, the differences cannot be attributed to the 
differences in the filling capacity of the two types. The only difference between 
the two lines is in the cytoplasm. While the A-line has milo cytoplasm and 
kqfir nuclear factors, the B has kqfir cytoplasm and kafir nuclear factors. It is 
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rather difficult at this stage to attribute these differences in root activity to the 
cytoplasm unless further studies are carried out. 

SUMMARY 

Heterosis for root activity in sorghum hybrids exhibited different 
patterns. Heterosis for root activity in CSH-1 was marked at the knee-high 
stage. As the lateral distance increased from 5 to 20 cm, heterosis for root 
activity was deeper and deeper, being upto a depth of 14 cm at L, (5 cm), 28 
cm at La (10 cm) and 32 cm at L3 (20 cm). Maximum heterotic activity at 
knee-high stage was at 10 cm depth. At flowering no heterosis for root activity 
was observed in CSH-1. In CSH-2 heterosis persisted at flowering as well. 
Unlike in CSH-1 heterosis for root activity at knee-high stage was deeper 
between 12-22 cm depth and at flowering it extended to surface layers also. 
Possible relationship between predominantly gca for yield heterosis in CSH-1 
and sea in case of CSH-2 and the different patterns of root activity is discussed. 

The male sterile and its fertile counter part exhibited distinct differences 
in root activity. The greater drought resistance of A line correlates well with 
its pattern of root activity compared to the B line. The role of cytoplasm in 
influencing root activity needs to be investigated. 
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B r e e d i n g S o r g h u m s f o r D i s e a s e R e s i s t a n c e 
i n I n d i a 

N . G . P . R a o , R . V . V i d y a b h u s h a n a m , B . S . R a n a , 
V . J a y a M o h a n R a o , a n d M . J . V a s u d e v a R a o * 

Breeding for resistance to prevalent diseases or 
contro l t h r o u g h fung ic ide usage have not re-
ceived adequate at tent ion in a t tempts to im-
prove t rad i t iona l subsistence-level cu l ture of 
s o r g h u m s in the semi-ar id t ropics. Seed t reat-
ment t h rough Sul fur or other fung ic ides to 
contro l smuts has been, by and large, the major 
recommenda t ion . In t rans fo rm ing t rad i t iona l 
s o r g h u m cul ture to p roduc t i ve agr icu l ture and 
at ta in ing stabi l i ty at h igher levels of p roduc t i on , 
incorporat ion of disease resistance in fu tu re 
cul t ivars assumes part icular impor tance — not 
on ly in order to p rov ide resistance to known 
disease h i ther to not considered ser ious enough 
to cause economic losses, but also to avo id 
possib le occurrence of diseases in ep iphyto t ic 
p ropor t ions . As expla ined in its annual repor ts , 
comb in ing resistance to more than one disease 
in fu tu re cul t ivars has been a major ob ject ive of 
the Al l India Coord inated S o r g h u m Improve -
men t Project. S o m e of these ef for ts w i l l be 
br ief ly ou t l ined. 

H e a d M o l d s a n d 
Gra in D e t e r i o r a t i o n 

One of the major breeding efforts to avo id 
c l imat ic vu lnerab i l i ty of ra in fed s o r g h u m s has 
been to deve lop cul t ivars w h o s e dura t ion 
w o u l d match w i t h the dura t ion o f the rainy 
season, as against the d ispropor t iona te ly long 
dura t ion of 5 to 6 m o n t h s fo r t rad i t ional cul-
t ivars. Wh i l e the deve lopment o f hybr ids and 
var iet ies that ma tu re in 90 to 110 days confer 
stabi l i ty of p roduc t i on , even in years of l o w 
ra infa l l , occasional late ra ins in October cause 
gra in deter iorat ion and consequent l o w market 
pr ice. The p rob lem has been to reconci le the 

* Plant Breeders, A l l India Coord inated S o r g h u m 
Improvemen t Project, IARI Regional S ta t ion , 
Hyderabad, India. 

need for earl iness for y ie ld stabi l i ty and neces-
sity of avo id ing grain deter iora t ion w h e n rains 
arr ive before harvest (Rao 1977). This s i tuat ion 
occurs in several Af r ican countr ies as we l l . 

Gra in deter iorat ion is the result of heads 
get t ing soaked dur ing the gra in-dry ing stage, 
and/or deve lopmen t of m o l d s resul t ing in gra in 
d isco lora t ion. The p rob lem of head mo lds in 
India has been invest igated by var ious workers 
i nc lud ing N a r a s i m h a n and R a n g a s w a m y 
(1969a, 1969b); Koteswara Rao and Purnachan-
d rudu (1971), and Rav indranath and Indira 
(1979). Curvularia, Fusarium, Helminthos-
porium, Alternaria, and Phoma have been re-
por ted to be the c o m m o n genera o f f ung i 
associated w i t h head mo lds . Phoma has been 
observed to occur under h u m i d heat, part icu-
larly if harvests are de layed. In gooseneck 
types, on ly the exposed por t ion is infected by 
Phoma; t he other s ide is relat ively f ree. Experi-
ence also indicates that bagg ing prevents oc-
currence of Phoma. 

From the point of v i ew of b reed ing , i t appears 
necessary that the to ta l process of gra in de-
ter iorat ion ( invo lv ing funga l and physical as-
pects) shou ld receive a t tent ion . Screening for 
resistance to head mo lds and gra in deter iora-
t ion has ident i f ied the released var iety CSV-4 
(CS-3541) as t he best avai lable. The released 
hybr ids CSH-5 and CSH-6, w h i c h have CS-3541 
in the i r parentage, are also desirable. In fact , t he 
avai lab i l i ty of CS-3541, CSH-5, and CSH-6 — 
w h i c h corrected fo r the drawback o f gra in 
d isco lorat ion of CSH-1 — has n o w enabled 
larger coverages in states l ike Andh ra Pradesh 
and Tami l Nadu w h e r e m o l d s are ser ious. I t has 
also made pract ical t he pract ice of doub le -
c ropp ing under ra infed cond i t ions in parts of 
M a h a r a s t r a , M a d h y a P r a d e s h , a n d 
Karnataka. 

Further screening ef for ts have also ident i f ied 
CSV-5 (148/168), SPV-35, SPV-81, SPV-102, 
SPV-126, SPV-141, and SPV-249 as modera te ly 
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resistant to head mo lds . Besides, IS-3927, IS-
9327, IS-9333, and IS-9530 have been repor ted 
as resistant by ICRISAT workers , and may be 
used as genet ic stocks. 

Select ion criteria to breed for resistance to 
gra in deter iora t ion have been deve loped by 
Rana et al . (1977). The three c h a r a c t e r s — t a n 
plant t ype , l o w water absorp t ion capacity w h e n 
soaked for a per iod of 2 hr, and the breaking 
s t rength of g ra in — are the criteria used for 
select ion of types resistant to gra in deter ior-
a t ion . 

The inher i tance of hardness of seed and rate 
of water absorp t ion are p redominant l y addi t ive, 
and select ion for these characters together w i t h 
t h e t a n plant t ype is effect ive. The tan x tan and 
hard x hard crosses exh ib i ted less deter ior-
at ion. As the degree of softness increased, the 
degree of deter iorat ion also increased, and 
hard x hard crosses w i t h i n tan types are the 
best (Rana et a l . 1978). 

From the crosses invo lv ing CSV-4, CSV-5, 
SPV-81, SPV-102, etc., several advanced gener-
at ion progenies of economic w o r t h have been 
isolated and are undergo ing y ie ld tes t ing . 

D o w n y M i l d e w 

D o w n y m i l d e w c a u s e d b y Peronosclerospora 

sorghi h a s b e e n m o r e f r e q u e n t l y o b s e r v e d i n 

h u m i d a r e a s a r o u n d D h a r w a r i n K a r n a t a k a a n d 

a d j o i n i n g a r e a s o f M a h a r a s h t r a a n d p a r t s o f 

T a m i l N a d u . O c c u r r e n c e o f d o w n y m i l d e w i n 

t h e y e l l o w l o c a l s o f A n d h r a P r a d e s h w a s o b -

s e r v e d d u r i n g t h e c u r r e n t r a i n y s e a s o n . E v e n 

t h o u g h m o s t l o c a l s s h o w a s u s c e p t i b l e r e a c t i o n , 

S D M r a r e l y a s s u m e d e p i p h y t o t i c p r o p o r t i o n s 

o u t s i d e e x p e r i m e n t a l f i e l d s . E v e n s o , i t i s d e s i r -

a b l e t o a v o i d r e l e a s e o f h i g h l y s u s c e p t i b l e 

c u l t i v a r s i n v u l n e r a b l e a r e a s . 

F o r t u n a t e l y , v e r y h i g h l e v e l s o f r e s i s t a n c e 

h a v e b e e n b u i l t u p i n r e l e a s e d h y b r i d s a n d 

v a r i e t i e s . T h e f o l l o w i n g p a r e n t s / h y b r i d s / 

v a r i e t i e s a r e h i g h l y r e s i s t a n t t o S D M : 

P a r e n t s : . . 2 2 1 9 A a n d B , 2 0 7 7 A a n d B , 

3 2 3 A a n d B , C S V - 4 (CS-

3 5 4 1 ) , C S V - 5 (148 /168) 

H y b r i d s : 

( r e l e a s e d a n d 

e x p e r i m e n t a l ) . . C S H - 5 , C S H - 6 , S P H - 2 4 , 

S P H - 1 0 7 

Variet ies: 
(released and 

exper imental) .. CSV-4, CSV-5, SPV-35, 
SPV-81 (Uchv-2), SPV-104, 
SPV-105, SPV-126, and 
SPV-238 

A m o n g genetic stocks, QL-3, IS-173, and sev-
eral others have been repor ted to be highly 
resistant. 

Resistance to SDM appears quant i ta t ive in 
inher i tance. F3 progenies of resistant x suscep-
t ib le crosses presented normal d is t r ibu t ion 
(Rana et al . 1978a). However , there is a report by 
Puttarudrappa et al . (1972) indicat ing t w o c o m -
p lementary factors govern ing resistance. 

F1 hybr ids between resistant and suscept ib le 
parents indicate part ial dominance for resis-
tance, thei r infect ion percentages fa l l ing be-
tween mid-parenta l values and the resistant 
parent. A detai led genet ic analysis of inher i -
tance to d o w n y m i l d e w is present ly in progress. 
Ava i lab le evidence indicates the h igh ly herit-
able nature of resistance. Hence there shou ld be 
no prob lems in t ransference. 

Charcoa l Rot 

Charcoa l ro t caused by Macrophomina 
phaseolina becomes p rom inen t under cond i -
t ions of mo is tu re stress, usually du r ing the 
post ra iny season, and w h e n l o w soi l mo is tu re 
and high tempera tu re occur dur ing seed de-
ve lopment , as somet imes happens in ra iny 
season s i tuat ions. 

Screening of present ly avai lable cul t ivars 
ident i f ied the fo l l ow ing moderate ly to h igh ly 
resistant types: 
Highly resistant: .. CSV-5 (148/168) and 

SPV-104 
Moderate ly resistant: .. 323B, 296B, SPV-34, 

SPV-35 , S P V - 1 0 5 , 
SPV-106, SPV-126 

S o m e efforts have been made to study the 
genet ic basis of resistance to charcoal rot (Rana 
et al . 1978a), and fur ther studies are in progress. 
Hybr ids between resistant and suscept ib le 
parents s h o w in termediate react ion or tend 
towards resistant parent. The F2 range was 
w i th in parental l imi ts . In F3 , there was trans-
gressive segregat ion and the d is t r ibut ion was 
cont inuous. The relat ionships between F1 and 
F2 and between F2 and F3 were signi f icant at the 
10% level only. This l o w degree of determina-

431 



t ion indicates that her i tabi l i ty of resistance may 
be low. Since F1 hybr ids tend to approach 
resistant parents, use of modera te ly resistant 
parents (or at least one resistant parent) in a 
hybr id p rog ram may confer advantage to the 
hybr id w i t h respect to react ion to charcoal rot. 

Lea f D iseases 

Leaf diseases in India rarely cause economic 
losses. Rust usual ly appears before harvest and 
reduces forage qual i ty . Breeding for resistance 
to several of the leaf spots is genera l ly a t temp
ted . C o m m o n leaf spot diseases occurr ing in 
India inc lude zonate leaf spot (Gloeocercospora 
sorghi), grey leaf spo t (Cercospora sorghi), 
rough leaf spo t (Ascochyta sorghi), b l ight 
(He lm in thospo r ium turcicum), soo ty s t r ipe 
(Ramulispora sorghi), an thracnose (Colletot-
richum graminicola) and rust (Puccinia pu r -
purea ). 

A m o n g released and advanced genera t ion 
mater ia ls , the fo l l ow ing exh ib i t h igh degree of 
resistance to m o r e than one disease. 
Parents: .. 2219A and B, 2077A and B, 296A 

and B, 323A and B, CS 3541 and 
168/148 

Hybr ids: .. CSH-5, CSH-6, and SPH-61 
Var iet ies: .. CSV-4, CSV-5, SPV-96, SPV-104, 

SPV-105, SPV-106, SPV-192, 
SPV-220, SPV-224, SPV-232, 
SPV-257 and several o thers. 

The rust react ions of certain cul t ivars dif fer at 
Dharwar and other centers. Pati l -Kulkarni et al . 
(1972) repor ted more than t w o pairs of genes, 
suscept ib i l i ty being dominan t . A t Dharwar , 
w h e r e stocks rated as resistant to rust at other 
locat ions succumb to rust, the f o l l ow ing we re 
ident i f ied as resistant to rust: SPV-9 (SB 411), 
SPV-13 (SB 803), SPV-34, SPV-35, SPV-73 (SB 
1079), SPV-81 (Uchv-2), SPV-126, SPV-193 (SB 
905), SPV-248, SPV-257. 

The fo l l ow ing exhib i t modera te degree of 
resistance to rust: 

Parents: .. 2219B, 2077B, 296B, CS 3541 
Hybr ids: .. CSH-5, CSH-6, SPH-61 
Variet ies: .. CSV-4, SPV-96, SPV-104. 

Genetic analysis of rust resistance by Rana et 
al. (1976) indicated that suscept ib i l i ty is d o m i n -
ant and that three major genes govern resis-
tance. Rust resistance is present in the tan and 
in the purp le plant types. 

There are indicat ions that resistance to zonate 
leaf spot is governed by comp lemen ta ry genes. 
Detai led studies are in progress. 

Present ind icat ions are that leaf spots may 
not pose ser ious p rob lems, and resistance 
breeding is qui te effective. 

M u l t i p l e Res is tance 

Genetic stocks and breeding mater ia ls exhib i t -
ing resistance to more than one disease now 

T a b l e 1 . M u l t i p l e d i s e a s e - r e s i s t a n t s o r g h u m s . a 

Cult ivar 

SPV-104 (6) 

SPV-126 (6) 
SPV-178 (6) 

CSH-5 (6) 
CSV-4 (5) 

CSV-5 (5) 
SPV-193 (5) 

CSH-6 (5) 
SPH-61 (5) 
SPH-80 (5) 
SPV-70 (4) 

D M 

X 
X 
X 

X 

X 

X 
X 

X 

X 
X 

CR Rust 

X X 
X X 
X X 

X 

X X 

X 

X X 
X 

X X 
X 

X 

ZLS Cer 

X X 
X X 

X 

X X 

X X 

X X 

X X 

X X 
X X 
X X 
X 

A n 

X 

SS 

X 

X 

Helm 

X 

Asco 

X 

SD 

X 
X 

X 

X 

a. Number in parentheses indicates number of diseases to which this cultivar shows resistance; DM - Downy mildew; 
CR - Charcoal rot; ZLS - Zonate leaf spot; CER - Cercospora; AN - Anthracnose; SS - Sooty stripe; HELM -
Helminthosporium; ASCO - Ascochyta (Rough leaf spot); SD- Sugary disease. x indicates resistant. 
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enable us to breed for resistance to several of 
the prevalent diseases. 

D o w n y m i l dew, charcoal rot , and c o m p o -
nents of gra in deter iorat ion are po lygenic in 
inher i tance, wh i l e several of the leaf spot dis-
eases are governed by relat ively f e w genes. 
There is ev idence that resistance to charcoal rot, 
SDM and leaf spots is independent ly inher-
i ted. Th is m igh t ho ld g o o d for other diseases as 
wel l — wh i ch shou ld make possib le an ap-
proach to m o r e than one disease in a 
resistance-breeding p rog ram. It is also evident 
that , compared to purp le -p igmented types, 
tan-plant types general ly exhib i t greater levels 
of resistance to mos t leaf diseases, and hence 
the tan plant is an impor tan t select ion cr i ter ion. 
B iochemica l character izat ion of tan and purp le 
types w o u l d be useful . 

Keeping s o m e of these criteria in v i ew , i t has 
been possib le to deve lop commerc ia l cul t ivars, 
parents, hybr ids , and variet ies w h i c h exhib i t 
h igh levels of resistance to several diseases. A 
list of such variet ies is presented in Table 1. 

S u m m a r y 

High levels of resistance are avai lable for most 
s o r g h u m diseases. The nature of inher i tance is 
quant i ta t ive for d o w n y m i l d e w and charcoal rot , 
and qual i ta t ive w i t h respect to other diseases. 
Resis tanceto var ious diseases is independent ly 
inher i ted. Heri tabi l i ty of resistance is h igh , ex-
cept in the case of charcoal rot. Tan-p lant types 
have general ly h igher degrees of resistance to 
fol iar diseases. I t appears feasible to comb ine 
resistance to several diseases together w i t h 
higher y ie lds in breeding cul t ivars w i t h higher 
levels of product iv i ty and stabi l i ty. 
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S t a b i l i t y , P r o d u c t i v i t y , a n d P r o f i t a b i l i t y o f S o m e
I n t e r c r o p p i n g S y s t e m s i n D r y l a n d A g r i c u l t u r e

N . G . P . R a o , B . S . R a n a , a n d P . P . T a r h a l k a r *

Abstract

Keeping in view the emerging dry/and farming systems for semi-arid tropics, an attempt 

has been made to design and develop appropriate intercropping systems that reflect 

transgressive yielding, stability, and profitability. 

Studies on competition between species enabled characterization of complementary, 

aggressive, and relatively neutral species. Under competition stress sorghum was the 

most stable species followed by pigeonpea, while groundnut has been found to be most 

sensitive.

At the varietal level, it has been demonstrated that suitable varieties of pigeonpea, like 

Hy-3a with no basal branches, are more stable at an appropriate population level in 

intercropping systems. Sowbhagya castor and CSH-6 sorghum are similar examples. 

Studies on alternate planting patterns established that generally the interaction 

between intercropping systems and planting patterns was highly significant, but in 

certain specific systems based on pigeonpea and sorghum the interaction was not 

significant.

While the yields of intercropping systems generally tend to fall between the yield 

levels of component crops, transgressive yielding of the system is not ruled out. Apart 

from yield, prevailing prices also become an important factor in the choice of component 

crops. In seven of the most profitable intercropping systems identified, sorghum was a 

constant component, it is inferred that in-depth studies on factors involving t r a n s g r e s -

sive yielding ability could further enhance stability, productivity, and profitability of 

intercropping systems. 

M i x e d c r o p p i n g , a n e s t a b l i s h e d s y s t e m o f t r a d i -

t i o n a l d r y l a n d s u b s i s t e n c e a g r i c u l t u r e i n

s e m i - a r i d t r op i cs , needs d i f fe ren t o r i e n t a t i o n i n

t h e c o n t e x t o f t h e e m e r g i n g p r o d u c t i v e d r y l a n d

f a r m i n g s y s t e m s . C u l t i v a r i m p r o v e m e n t i n v o l v -

i n g g e n o t y p i c a l t e r a t i o n s r e s u l t i n g i n a r e d u c -

t i o n o f t o t a l d r y m a t t e r b u t a m o r e e f f i c i e n t

d i s t r i b u t i o n b e t w e e n s ta l k a n d ear , s h o r t e n i n g

o f d u r a t i o n t o m a t c h t h e d u r a t i o n o f r a i n y

s e a s o n , e x p l o i t a t i o n o f a d v a n t a g e s o f h y b r i d

v i g o r , i n c r e a s e d i n p u t u s e , p r a c t i c e o f i m p r o v e d

c u l t u r a l p r a c t i c e s e tc . , r e s u l t i n m i n i m i z i n g

c l ima t i c v u l n e r a b i l i t y a n d c o n f e r h i g h e r l eve l s o f

p r o d u c t i v i t y a n d s t a b i l i t y ( R a o 1977). I n s u c h a 

con tex t , i n t e r c r o p p i n g s y s t e m s have t o b e v i e w -

* N a t i o n a l R e s e a r c h C e n t r e f o r S o r g h u m ,

R e g i o n a l S t a t i o n , H y d e r a b a d 5 0 0 0 3 0 , I n d i a .

I A R I -

e d n o t o n l y f r o m t h e p o i n t o f v i e w o f f u r t he r

r isk c o v e r b u t a l s o t r a n s g r e s s i v e y i e l d i n g , s t a b i l -

i t y , a n d p r o f i t a b i l i t y .

K e e p i n g t h e s e o b j e c t i v e s i n v i e w , a se r i es o f

i n t e r c r o p p i n g e x p e r i m e n t s w e r e c o n d u c t e d a t

t h e l A R I - R e g i o n a l S t a t i o n d u r i n g 1 9 7 1 - 7 8 t o

o b t a i n i n f o r m a t i o n o n (1) c h o i c e o f c r o p s a n d

v a r i e t i e s , b a s e d o n i n te r - a n d i n t r a - s p e c i e s

c o m p e t i t i o n , (2) g e n o t y p e x d e n s i t y i n t e r a c -

t i o n s , a n d (3) a l t e r n a t e p l a n t i n g p a t t e r n s . S o r -

g h u m , p i g e o n p e a , g r o u n d n u t , c a s t o r , a n d s o y -

b e a n w e r e i n c l u d e d a s p r i n c i p a l a n d / o r c o m -

p a n i o n c r o p s . T h e resu l t s o f s o m e o f t h e e x p e r -

i m e n t s h a v e b e e n r e p o r t e d ea r l i e r ( T a r h a l k a r

a n d R a o 1975 ; 1978) . B a s e d o n s o m e o f t h e s e

i n t e r c r o p p i n g s t u d i e s , a n a t t e m p t i s m a d e t o

p r o j e c t v a r i o u s a s p e c t s p e r t a i n i n g t o s t a b i l i t y ,

p r o d u c t i v i t y , a n d p r o f i t a b i l i t y o f i n t e r c r o p p i n g

s y s t e m s .
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C o m p e t i t i o n b e t w e e n S p e c i e s
a n d S t a b i l i t y o f P e r f o r m a n c e

S t u d i e s d u r i n g 1 9 7 1 - 1 9 7 3 ( T a r h a l k a r a n d Rao

1975) i n d i c a t e d t h a t s o y b e a n , p i g e o n p e a , a n d

g r o u n d n u t a s c o m p a n i o n c r o p s d i d no t s i gn i f i -

can t l y r e d u c e g r a i n y i e l d s o f t h e p r i nc i pa l c r o p o f

s o r g h u m ; s o y b e a n a n d p i g e o n p e a a s c o m p a n -

i o n c r o p s w e r e leas t c o m p e t i t i v e t o g r o u n d n u t ,

a n d p i g e o n p e a a n d g r o u n d n u t t o t h e m a i n c r o p

o f cas to r .

A n e x a m i n a t i o n o f t h e c o m p e t i t i v e e f fec ts o f

p r i n c i p a l ( s o r g h u m ) a n d c o m p a n i o n c r o p s r e -

v e a l t h a t s o y b e a n p e r f o r m e d w e l l a s a c o m p a n -

i o n c r o p , m u n g b e a n w a s s u p p r e s s e d b y sor -

Figure 1. Species competition in sorghum-

based intercropping systems, rainy 

season 1971. 

g h u m , w h i l e p i g e o n p e a a n d c a s t o r o c c u p y i n -

t e r m e d i a t e p o s i t i o n s (F ig . 1).

F u r t h e r s t u d i e s d u r i n g 1973 a n d 1974 i n v o l v -

ing al l p o s s i b l e i n t e r c r o p p i n g s y s t e m s b a s e d o n

f o u r c r o p s (Tab le 1 ) r e v e a l e d t h a t s o r g h u m -

b a s e d i n t e r c r o p p i n g s y s t e m s a re t h e m o s t p r o -

d u c t i v e f o l l o w e d b y p i g e o n p e a , cas to r , a n d

g r o u n d n u t . T h e i n t e r a c t i o n b e t w e e n p r i n c i p a l

c r o p s a n d c o m p a n i o n c r o p s w a s h i g h l y s i g -

n i f i can t ( T a b l e 2).

A n a l y s i s o f t h e s t a b i l i t y o f t h e spec ies u n d e r

c o m p e t i t i o n s t ress u s i n g r e g r e s s i o n ap -

p r o a c h e s (Breese a n d Hi l l 1973) a g a i n p o i n t s t o

s o r g h u m a s t h e m o s t s t a b l e f o l l o w e d b y

p i g e o n p e a , cas to r , and g r o u n d n u t ; g r o u n d n u t

w a s m o s t s e n s i t i v e t o c o m p e t i t i o n (F ig . 2).

Figure 2. Regression of principal crop yield 

on intercrop yield over five planting 

patterns.
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T a b l e 1 . T o t a l y i e l d ( k g / h a ) o f I n t e r c r o p p i n g s y s t e m s a v e r a g e d o v e r f i v e p l a n t i n g p a t t e r n s , r a i n y

s e a s o n s 1 9 7 3 a n d 1 9 7 4 .

C o m p a n i o n c r o p S t a b i l i t y p a r a m e t e r s

P r i n c i p a l c r o p S o r g h u m P i g e o n p e a C a s t o r G r o u n d n u t S o y b e a n M e a n

S o r g h u m

P i g e o n p e a

C a s t o r

G r o u n d n u t

M e a n

E v n . I n d e x

5 2 8 5

3 7 6 6

3 6 2 4

3877

4 1 3 8

1048.8

5 6 8 4

2654

2165

2 3 1 5

3 2 0 5

115.8

5 2 1 6 5053 5 5 5 3

2076 2380 2675

1405 1652 1872

1654 1132 1743

2588 2 5 5 4 2961

- 5 0 1 . 2 - 5 3 5 . 2 - 1 2 8 . 2

5358

2710

2144

2144

3089

0.10 ± .22

0 . 9 6 * * ± .14

1 .33* * ± .13

1 .60** ± .18

8 1 7 8 8

31 7 5 3

29 5 9 3

54 360

** Signif icant a t the 1% level.
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F u r t h e r a n a l y s i s o f c o m p e t i t i o n a m o n g

s p e c i e s b a s e d o n d i a l l e l a p p r o a c h e s ( T a b l e 3 )

i n d i c a t e s t h a t b o t h g e n e r a l a n d spec i f i c c o m -

p e t i t i v e a b i l i t i e s a r e h i g h l y s i g n i f i c a n t . Rec ip -

roca l c o m p e t i t i v e e f f ec t s a r e a l so h i g h l y s i g -

n i f i c a n t i n d i c a t i n g t h a t i t w i l l n o t b e p o s s i b l e j u s t

t o i n t e r c h a n g e s p e c i e s i n i n t e r c r o p p i n g sys -

t e m s .

C o m p e t i t i o n w i t h i n S p e c i e s

V a r i e t a l d i f f e r e n c e s w i t h i n a spec ies a l s o ac-

c o u n t f o r d i f f e r e n c e s i n g r o w t h r h y t h m s ,

c a n o p y d i s p l a y , b r a n c h i n g h a b i t , a n d v a r i o u s

m o r p h o l o g i c a l a n d p h y s i o l o g i c a l a t t r i b u t e s . I t i s

p o s s i b l e t o m a n i p u l a t e o n e o r m o r e o f t h e s e

a t t r i b u t e s w h i c h i n t u r n i n f l u e n c e c o m p e t i t i o n .

A s a n e x a m p l e , t w o v a r i e t i e s o f p i g e o n p e a

Hy -2 w i t h basa l b r a n c h e s a n d H y - 3 A w i t h n o

basa l b r a n c h e s d i f f e r i n t h e i r c o m p e t i t i v e

a b i l i t i e s w h e n g r o w n w i t h s o r g h u m a s t h e

p r i n c i p a l c r o p . Y i e l d d a t a i n v o l v i n g t w o p o p u l a -

t i o n l eve l s f o r e a c h v a r i e t y i n a n i n t e r c r o p p i n g

s y s t e m w i t h s o r g h u m a re p r e s e n t e d i n T a b l e 4 

a n d a n a l y s i s o f v a r i a n c e i n T a b l e 5 . I t i s i n t e r e s t -

i n g t o n o t e t h a t t h e i n t e r c r o p p i n g s y s -

t e m s x p l a n t i n g p a t t e r n s i n t e r a c t i o n i s n o t s i g -

n i f i can t . S t a b i l i t y a n a l y s i s (F ig.3) r e v e a l s t h a t

H y - 3 a a t ha l f p o p u l a t i o n i s l eas t s e n s i t i v e o r

m o r e s t a b l e i n y i e l d . O n t h e o t h e r h a n d , H y - 2 i s

T a b l e 3 . A N O V A f o r c o m p e t i t i v e a b i l i t y o f s p e c i e s i n f i v e p l a n t i n g p a t t e r n s .

T o t a l Y i e l d

P l a n t i n g p a t t e r n

S o u r c e D F 1 2 3 4 5

R e p l i c a t i o n s 1 

C o m b i n a t i o n s 1 5

G e n e r a l c o m p e t i t i v e ab i l i t y 3 

S p e c i f i c c o m p e t i t i v e a b i l i t y 6 

R e c i p r o c a l c o m p e t i t i v e a b i l i t y 6 

E r r o r 15

5 571 1 2 0 * * 2 6 3 3 5 1 0 * 277 8 8 0 291 0 8 0 * *

12 143 8 0 6 * * 6 0 6 1 5 4 9 * * 3 4 1 1 9 2 9 * * 3 4 2 2 4 9 7 * *

4 5 362 6 0 0 * * 2 4 4 9 2 1 0 6 * * 1 4 190 2 8 6 * * 1 4 180 4 9 3 * *

1 4 9 1 0 5 3 * 501 9 9 0 1 172 8 1 3 * * 1 0 1 9 9 2 3 * *

6 187 1 7 9 * * 2 4 0 5 8 3 0 * * 261 8 6 6 4 4 6 0 7 0 * *

4 5 8 7 0 2 442 9 0 7 110 0 8 9 24 787

3 0 4 7 8 0 * *

3 0 9 1 6 9 3 * *

1 2 4 6 8 5 3 3 * *

1 139 6 0 3 * *

355 3 5 6 * *

1 488

* Signif icant at the 5% level; ** Signif icant at the 1% level.

T a b l e 4 . P e r f o r m a n c e o f s o r g h u m / p i g e o n p e a i n t e r c r o p p i n g s y s t e m s .

Y i e l d (kg/ha)

M o n e t a r y r e t u r n s

(Rs/ha)I n t e r c r o p p i n g s y s t e m S o r g h u m P i g e o n p e a S o r g h u m + P i g e o n p e a

M o n e t a r y r e t u r n s

(Rs/ha)

S o r g h u m (pu re )

S o r g h u m + p i g e o n p e a H y - 3 a (H)a

S o r g h u m + p i g e o n p e a H y - 3 a (F)b

S o r g h u m + p i g e o n p e a H y - 2 (H)

S o r g h u m + p i g e o n p e a H y - 2 (F)

6257

5618

5291

5337

5108

6257

1182 6 8 0 0

1279 6570

1017 6 3 5 4

1133 6 2 4 1

6257

8926

8 8 7 4

8 1 8 3

8 2 8 1

a. H = Half popula t ion — 27 500 plants/ha.
b. F = Full populat ion — 55 000 plants/ha.
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T a b l e 2 . P o o l e d A N O V A f o r t o t a l y i e l d i n i n -

t e r c r o p p i n g s y s t e m s .

S o u r c e D F M S S

C o m b i n a t i o n s

P r i n c i p a l c r o p s (P)

I n t e r c r o p s (1)

P x l

A v e r a g e e r r o r

19

3

4

12

15

2 3 578 7 8 2 * *

1 1 7 9 8 6 4 5 * *

1 6 6 7 3 9 8 4 * *

2 8 8 2 5 4 1 6 * *

159 6 9 0

* * Signif icant a t t he 1% level.



Figure 3. Stability of pigeon pea genotypes in sorghumlpigeonpea intercropping systems at two 

population levels: full (F)  = 55 000 and half (H) = 27 500 plants/ha. 

m o r e s e n s i t i v e a n d y i e l d d e c l i n e s m o r e r a p i d l y

u n d e r c o m p e t i t i v e s t ress . T h i s i l l u s t r a tes t h e

r o l e o f g e n o t y p i c m a n i p u l a t i o n s a t v a r i e t a l l eve l

t o s u i t i n t e r c r o p p i n g s y s t e m s .

S o w b h a g y a , a v a r i e t y o f c a s t o r d e v e l o p e d a t

o u r S t a t i o n ( A n k i n e e d u e t a l . 1975) — a d w a r f

a n d c o m p a c t p l a n t t y p e w i t h s h o r t e r p e t i o l e s

— is s u i t a b l e f o r i n t e r c r o p p i n g w h i l e t h e t r a d i -

t i o n a l ta l l cas to r s a re d e c i d e d l y n o t s u i t a b l e f o r

i n t e r c r o p p i n g s y s t e m s . C o m p a r e d t o t h e t r a d i -

t i o n a l ta l l a n d la te s o r g h u m s , h y b r i d s o r g h u m s

l ike C S H - 6 w i t h m e d i u m d w a r f h e i g h t a n d less

295

T a b l e 5 . A N O V A f o r y i e l d ( k g / h a ) i n s o r g h u m / p i g e o n p e a i n t e r c r o p p i n g s y s t e m .

S o u r c e DF S o r g h u m DF P i g e o n p e a DF S o r g h u m + P i g e o n p e a

C o m b i n a t i o n s

I n t e r c r o p p i n g s y s t e m s (IS)

24

4

503 2 8 6 * *

2 0 1 8 9 8 6 * *

19

3

7 7 3 8 3 * *

1 1 9 3 3 1 * *

24

4

481 5 0 2 * *

8 3 4 8 3 6 * *
P l a n t i n g p a t t e r n s (PP)

IS x PP

4

16

906 6 5 4 * *

23 5 1 9 *

4

12

224 5 0 5 * *

17 8 5 5 * *

4

16

1 293 4 7 4 * *

190 175
P o o l e d e r r o r 20 8 412 15 459 20 100 198

* Signif icant at the 5% level; ** Signif icant at the 1% level.
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f o l i a g e a r e f a v o r a b l e f o r I n t e r c r o p p i n g . T h e

c o m p e t i t i v e a d v a n t a g e s o f s u c h g e n o t y p e s

n e e d t o b e q u a n t i f i e d .

P o p u l a t i o n D e n s i t y , P l a n t i n g
P a t t e r n s , a n d S t a b i l i t y

I t h a s b e e n f a i r l y w e l l e s t a b l i s h e d t h a t a t o p t i m a l

p o p u l a t i o n l e v e l s f o r a n y c r o p , t h e r e i s c o n s i d -

e r a b l e s c o p e f o r m a n i p u l a t i n g p l a n t i n g p a t t e r n s

i n v o l v i n g b e t w e e n - a n d w i t h i n - r o w s p a c i n g s .

A d e q u a t e d a t a o n t h i s a s p e c t has b e e n p r e -

s e n t e d i n p r o g r e s s r e p o r t s o f t h e A l l I nd ia

C o o r d i n a t e d S o r g h u m I m p r o v e m e n t P ro j ec t

a n d a l s o b y T a r h a l k a r a n d R a o (1975) .

T a b l e 6 p r e s e n t s a n a l y s i s o f v a r i a n c e f o r

v a r i o u s i n t e r c r o p p i n g s y s t e m s b a s e d o n s o r -

g h u m , p i g e o n p e a , cas to r , a n d g r o u n d n u t .

W h i l e t h e i n t e r c r o p p i n g s y s t e m s a n d p l a n t i n g

p a t t e r n s s h o w s i g n i f i c a n t d i f f e r e n c e s , t h e i n -

t e r a c t i o n b e t w e e n t h e m i s n o t s i g n i f i c a n t i n

p i g e o n p e a - b a s e d s y s t e m s a n d s i g n i f i c a n t o n l y

a t 5 % f o r s o r g h u m - b a s e d s y s t e m s , i n d i c a t i n g

t h e i r g r e a t e r s t a b i l i t y .

A n a l y s i s o f s t a b i l i t y p a r a m e t e r s f o r v a r i o u s

i n t e r c r o p c o m b i n a t i o n s ( T a b l e 7 ) r e v e a l s t h a t

s o r g h u m - b a s e d s y s t e m s a re t h e m o s t p r o d u c -

t i v e a n d s t a b l e w i t h h i g h m e a n v a l u e s a n d

r e g r e s s i o n c o e f f i c i e n t s c l o s e to 1.0. T h i s i s

f o l l o w e d b y p i g e o n p e a - b a s e d s y s t e m s .

P r o d u c t i v i t y a n d P r o f i t a b i l i t y

W e h a v e p o i n t e d o u t ea r l i e r (Rao e t a l . 1975) t h a t

u n l e s s i m p r o v e m e n t s i n d r y l a n d a g r i c u l t u r e

re f l ec t a q u a n t u m j u m p a n d h a v e t h e c a p a c i t y t o
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T a b l e 7 . S t a b i l i t y p a r a m e t e r s f o r t o t a l y i e l d ( k g / h a ) i n i n t e r c r o p p i n g s y s t e m s .

P r i n c i p a l c r o p

S o r g h u m P i g e o n p e a C a s t o r

IS

G r o u n d n u t

IS M b i IS M b i IS M b i IS M b i

S + P 

s + c

S + G 

S + S B

M e a n

S.E.

5 6 8 5 0.92 N S

3957 1.00 NS

5053 0 .99 N S

5 5 5 3 1.03 NS

5 3 5 8

6 1 . 9 N S

P + S 

P + C 

P + G 

P + S B

4 0 4 3 0.81 N S

1950 0 .95 N S

2 4 2 2 0.78 N S

2 6 7 5 1.46 NS

2 2 7 3

4 2 . 6 N S

C + B 

C + P 

C + G 

C + S B

3 6 2 5 0 .92

2 1 6 5 1.14

1652 0 . 6 5 *

1872 1.28*

2 3 2 8

95 .3 0 .09

N S
»»

N S

N S

G + S 

G + P 

G + C 

G + S B

3877 2 . 1 1 * * * *

2315 0.89 N S

1654 0 . 5 1 * * * 

1734 0 . 4 9 * * * *

2 3 9 5

31 .1 0 .11

* Signif icant a t t ha 5% leve l ; * * Signif icant a t the 1% level ; N S - N o t signif icant.
S = So rghum, P - Pigeonpea, C = Castor, G = Groundnut , SB = Soybean.
IS - Intercropping system.

T a b l e 6 . A N O V A f o r t o t a l y i e l d ( k g / h a ) i n d i f f e r e n t I n t e r c r o p p i n g s y s t e m s , r a i n y s e a s o n s 1 9 7 3 a n d

1 9 7 4 .

DF

M e a n s q u a r e f o r i n t e r c r o p p i n g s y s t e m s b a s e d o n

S o u r c e DF S o r g h u m DF P i g e o n p e a C a s t o r G r o u n d n u t

C o m b i n a t i o n s

I n t e r c r o p p i n g s y s t e m s (IS)

P l a n t i n g p a t t e r n s (PP)

IS x PP

P o o l e d e r r o r

2 4

4

4

16

20

1 509 5 2 1 * *

7 9 6 6 8 0 * *

7 9 0 4 3 1 * *

8 9 0 3 2 *

38 3 6 3

19

3

4

12

15

1 4 8 8 0 5 0 * *

807 7 6 4 * *

8 3 4 2 4 8 * *

58 5 8 8

6 7 5 6 7

1 5 9 4 1 2 0 * * 2 4 9 4 9 5 0 * *

7 908 0 9 0 * * 10 6 2 8 8 0 0 * *

1 4 2 4 7 1 5 * * 2 4 2 9 4 1 9 * *

7 2 0 9 9 * * 4 3 3 3 4 * *

18 150 9 6 5 3

* Signif icant at the 5% level ; ** Signif icant at the 1% level.



T a b l e 8 . Y i e l d s a n d m o n e t a r y r e t u r n s o f s o m e i n t e r c r o p p i n g s y s t e m s o v e r f i v e p l a n t i n g p a t t e r n s ,
r a i n y s e a s o n 1 9 7 3 a n d 1 9 7 4 .

T a b l e 8 . Y i e l d s a n d m o n e t a r y r e t u r n s o f s o m e i n t e r c r o p p i n g s y s t e m s o v e r f i v e p l a n t i n g p a t t e r n s ,
r a i n y s e a s o n 1 9 7 3 a n d 1 9 7 4 .

Y i e l d (kg/ha) P r o p o r t i o n (%}

o f p r i n c i p a l c r o p

i n t h e s y s t e m

M o n e t a r y

r e t u r n s

(Rs /ha ) dI n t e r c r o p p i n g s y s t e m P 1 a P2b M 1.2C

P r o p o r t i o n (%}

o f p r i n c i p a l c r o p

i n t h e s y s t e m

M o n e t a r y

r e t u r n s

(Rs /ha ) d

S o r g h u m + g r o u n d n u t 5285 1132 5053 92.2 5378
S o r g h u m + p i g e o n p e a 5285 2654 5684 88.3 7442
S o r g h u m + c a s t o r 5285 1405 5216 79.7 5 3 6 4
G r o u n d n u t + s o r g h u m 1132 5285 3877 53.2 4 7 1 1
G r o u n d n u t + p i g e o n p e a 1132 2654 2315 85.7 5948
G r o u n d n u t + c a s t o r 1132 1405 1654 74.3 3 4 9 4
P i g e o n p e a + s o r g h u m 2654 5285 3766 61 .4 6 9 7 9
P i g e o n p e a + g r o u n d n u t 2654 1132 1380 72.0 6 5 0 1
P i g e o n p e a + c a s t o r 2654 1405 2076 54.4 5071
C a s t o r + s o r g h u m 1405 5285 3624 71.3 4 6 3 1
C a s t o r + g r o u n d n u t 1405 1132 1652 87.0 3411
C a s t o r + p i g e o n p e a 1405 2654 2165 78.1 5182

a . P1 = P r i n c i p a l c r o p y i e l d as p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

d . R a t e s / 1 0 0 k g : S o r g h u m , Rs . 100 ; g r o u n d n u t Rs. 225 ; p i g e o n p e a Rs. 280 ; cas to r Rs. 200 .

a . P1 = P r i n c i p a l c r o p y i e l d as p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

d . R a t e s / 1 0 0 k g : S o r g h u m , Rs . 100 ; g r o u n d n u t Rs. 225 ; p i g e o n p e a Rs. 280 ; cas to r Rs. 200 .

a . P1 = P r i n c i p a l c r o p y i e l d as p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

d . R a t e s / 1 0 0 k g : S o r g h u m , Rs . 100 ; g r o u n d n u t Rs. 225 ; p i g e o n p e a Rs. 280 ; cas to r Rs. 200 .

a . P1 = P r i n c i p a l c r o p y i e l d as p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

d . R a t e s / 1 0 0 k g : S o r g h u m , Rs . 100 ; g r o u n d n u t Rs. 225 ; p i g e o n p e a Rs. 280 ; cas to r Rs. 200 .

T a b l e 9 . P e r f o r m a n c e o f m o s t p r o d u c t i v e i n t e r c r o p p i n g s y s t e m s .

Y i e l d (kg/ha) M o n e t a r y

r e t u r n s

(Rs/ha)

S tab i l i t y

o v e r p l a n t i n g

p a t t e r n sI n t e r c r o p p i n g s y s t e m s P1a P2b

M 1 . 2 C

M o n e t a r y

r e t u r n s

(Rs/ha)

S tab i l i t y

o v e r p l a n t i n g

p a t t e r n s

S o r g h u m + p i g e o n p e a 4 4 6 4 1221 5685 7 0 2 2 S t a b l e

S o r g h u m + S o y b e a n 4 9 4 9 6 0 4 5553 5971 S t a b l e

S o r g h u m + g r o u n d n u t 4 7 2 6 327 5053 5400 S t a b l e

S o r g h u m + c a s t o r 4 1 0 5 7 1 2 4817 5392 L o w e s t y i e l d i n g

i n s o r g h u m - b a s e d

s y s t e m s

P i g e o n p e a + s o r g h u m 1631 2 4 1 2 4 0 4 3 6 4 4 3 S t a b l e

G r o u n d n u t + s o r g h u m 6 0 2 3275 3877 4630 U n s t a b l e

C a s t o r + s o r g h u m 1002 2623 3625 4 6 2 6 S t a b l e

a . P 1 = P r i n c i p a l c r o p y i e l d a s p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

a . P 1 = P r i n c i p a l c r o p y i e l d a s p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

a . P 1 = P r i n c i p a l c r o p y i e l d a s p u r e c r o p .

b . P2 = C o m p a n i o n c r o p y i e l d as p u r e c r o p .

c . M = T o t a l y i e l d o f i n t e r c r o p p i n g s y s t e m .

b r e a k t h e e n v i r o n m e n t a l ba r r i e r , y i e l d im -

p r o v e m e n t m a y n o t b e p e r c e p t i b l e .

Y i e l d d a t a f r o m 1973 a n d 1974 kharif ( ra iny )

s e a s o n s i n v o l v i n g a l l p o s s i b l e i n t e r c r o p p i n g

c o m b i n a t i o n s a m o n g t h e f o u r c r o p s a r e p r e -

s e n t e d i n T a b l e 8 . T h e y i e l d s o f v a r i o u s i n te r -

c r o p p i n g s y s t e m s , b y a n d l a r g e , t e n d e d t o b e

b e t w e e n t h e y i e l d l e v e l s o f c o m p o n e n t c r o p s .

S e v e r a l s u c h s i t u a t i o n s h a v e b e e n l i s ted b y

T r e n b a t h (1974b ) . H o w e v e r , t h e r e a r e t h r e e

cases w h e r e t h e y i e l d s o f t h e s y s t e m s e x c e e d e d

y i e l d s o f t h e c o m p o n e n t c r o p s ; i n al l t h e s e

cases , o n e o f t h e c o m p o n e n t s w a s a l e g u m e .

T h e s e i nc reases m a y o r m a y n o t b e g e n u i n e

cases o f t r a n s g r e s s i v e d e v i a t i o n s .

S e v e n o f t h e i n t e r c r o p c o m b i n a t i o n s w e r e

m o r e p r o f i t a b l e c o m p a r e d t o t h e i r c o m p o n e n t s

g r o w n a s so le c r o p s (Tab le 8) . A p a r t f r o m t h e

c o m p e t i t i v e e f fec ts , p r e v a i l i n g p r i c e s b e c o m e

a n a d d i t i o n a l a n d i m p o r t a n t f a c t o r i n c h o o s i n g

297



c o m p o n e n t s o f i n t e r c r o p p i n g s y s t e m s . T h e

v a l u e o f t h e s o r g h u m - b a s e d s y s t e m s w i l l b e

f u r t h e r e n h a n c e d i f t h e v a l u e o f t h e s t o v e r i s

a l s o t a k e n i n t o a c c o u n t .

B a s e d o n d a t a o b t a i n e d d u r i n g 1973 a n d

1974 , f u r t h e r s t u d i e s w e r e u n d e r t a k e n i n s u b -

s e q u e n t y e a r s t o i d e n t i f y t h e m o s t p r o f i t a b l e

i n t e r c r o p p i n g s y s t e m s b a s e d o n s o r g h u m ,

p i g e o n p e a , g r o u n d n u t , a n d cas to r . A s u m m a r y

o f t h e m o r e p r o f i t a b l e s y s t e m s o b s e r v e d i s

p r e s e n t e d i n T a b l e 9 . O u t o f t h e s e v e n p r o f i t a b l e

s y s t e m s , f o u r a r e s o r g h u m - b a s e d a n d t h e res t

a r e b a s e d o n p i g e o n p e a , g r o u n d n u t , a n d c a s t o r ,

b u t e v e n i n t h e s e cases s o r g h u m f o r m e d t h e

i n t e r c r o p c o m p o n e n t .

T h e s t u d i e s t h u s b r i n g o u t t h e i m p o r t a n t r o l e

o f s o r g h u m i n i n t e r c r o p p i n g . A s p o i n t e d o u t b y

T r e n b a t h ( 1 9 7 4 b ) , s y s t e m a t i c s t u d i e s o f s u c h

s y s t e m s t o c a p i t a l i z e o n c o m p l e m e n t a r y u s e o f

e n v i r o n m e n t a l r e s o u r c e s i n t i m e a n d s p a c e ,

n u t r i t i o n a l c o m p l e m e n t a t i o n , f a v o r a b l e c a n o p y

c o n f i g u r a t i o n s , e n h a n c e d w a t e r - u s e e f f i c i ency ,

a n d p o s s i b l e a l l e l o p a t h i c e f fec ts c o u l d l ead t o

d e v e l o p m e n t o f s t a b l e , p r o d u c t i v e , t r a n s g r e s -

s i v e y i e l d i n g , a n d p r o f i t a b l e i n t e r c r o p p i n g sys -

t e m s .

2 9 8
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EARLY TEST CROSS PROCEDURES FOR SELECTION OF SUPERIOR 
PARENTS* 

i 

S. P. MISHRA and N. G. P. RAO 

National Research Centre for Sorghum, AICSIP, IARI-Regional Station, Rajendranagar, 
Hyderabad-500 030 (AP), India 

IN the development of commercial sorghum hybrids in recent years, greater 
attention has been paid to diversification of germplasm sources as in the con
version programme of USA and utilisation of tropical X temperate crosses in 
India (Rao, 1972). The procedures for identification of parents have largely 
been through trial and error by testing experimental hybrids in yield trials. 
The statement of Lerner (1958) that "in spite of several brave attempts at for
mulating the quantitative theory of selection for heterosis, most of the infor
mation available is based on trial and error" is still largely true. A rational 
method of selection of parents leading to superior commercial hybrids in self-
pollinated crops is yet to be developed and would furnish useful guidelines to 
plant breeders. Except for studies of Singhania and Rao (1975) where per
formance of males correlated well with hybrid performance, studies specifically 
aimed at developing methodologies for selection of superior males and females 
seem to be lacking. The role of early testing as a method of identifying superior 
males does not appear to have received much attention. The present study is an 
attempt in this direction. 

MATERIALS AND METHODS 

The base populations for these studies were furnished by F 2 generation of the following ten high 
yielding crosses: 

(1) 512 x M 35-1 (6) 548 x BP 53 
(2) 393 X M 35-1 (7) R24 x R 16 
(3) 512 X Aispuri ' (8) 771 x 512 
(4) 699 x Aispuri (9) 699 x 512 
(5) R 16 x BP 53 (10) R 16 X 512 

The ten crosses were selected from an earlier diallel analysis involving 19 parents. Parents 512, 
393, 699, R 16, R 24 and 771 are derivatives from exotic x Indian crosses, while M 35-1, Aispuri and 
BP 53 are improved Indian varieties. The same crosses were advanced and selected lines were used in 
further test crosses as male parents. 

The female parents 2219A, 3660A, GK 60A, 35A were used at various stages of test crossing. 

R E S U L T S 

PERFORMANCE OF FA TEST CROSSES 

Thirty-five to sixty-four promising F2 plants in each of the crosses were 

*This contribution is the X X I part of a series on "Genetic analysis of some Exotic X Indian Crosses 
in Sorghum", 

405 
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test crossed to male sterile 2219A. The resulting crosses were grown in a 
compact family block design with all the test crosses based on the F2 being treated 
as a family. There were two replications. In each replication, the families 
were first randomised and the crosses were randomised within each family. 
The experiment was grown during kharif season. The means and ranges are 
presented in Table 1 and analysis of variance in Table 2. 

TABLE 1 

Performance ofFQ test crosses on 2219A 

512 X M35-1 (46)* 
393 X M 35-1 (55) 
512 X Aispuri (35) 
699 X Aispuri (46) 
R 16 X Aispuri (44) 
548 x BP 53 (55) 
R 24 x R 16 (58) 
771 x 512 (31) 
699 X 512 (56) 
R 16 X 512 (64) 

Yield per plant 
(g) 

Mean 

51.54 
74.77 
52.85 
58.16 
62.18 
48.80 
79.88 
62.82 
57.83 
64.64 

Range 

24-78 
42-102 
34-78 
28-86 
22-102 
12-78 
48-124 
44-82 
20-84 
22-94 

Plant height (cm) 

Mean 

271.50 
213.80 
283.58 
233.87 
253.15 
233.81 
176.00 
223.11 
205.23 
197.10 

Range 

211.5-312.5 
174.0-285.0 
242.5-318.5 
169.0-291.5 
196.0-284.0 
165.0-297.5 
115.0-221-0 
182.0-258.0 
160.5-259.0 
160.5-241.0 

Days i to 50% 
flowering 

Mean • 

64.13 
60.02 
68.61 
63.49 
65.66 
63.57 
61.19 
66.00 
62.39 
63.11 

Range 

57-72 
54-64 
68-72 
57-70 
60-72 
55-72 
57-66 
63-68 
53-70 
57-70 

*No of test crosses made. 

The data reveal that crosses R 24 x R 16 and 393 X M 35-1 yielded 
highest yielding test cross hybrids. The crosses R 16 x 512, 699 x 512 and 
R 16 x BP 53 were also superior compared to the rest and these crosses could 
possibly contribute useful male parents on further selection. 

Analysis of variance (Table 2) for grain yield reveal significant differences 
between crosses within a family for the following crosses: 

R 24 x R 16, 393 x M 35-1, R 16 x 512, R 16 x BP 53, 512 x Aispuri 
548 x BP 53 and 771 X 512. 

For other characters also, most crosses revealed significant differences. 
The test cross performance is indicative that the significantly higher 

yielding crosses (families) which also exhibited significant between-cross 
differences might be potential for selecting superior male parents. 

EVALUATION OF F 3 PROGENIES AND THEIR TEST CROSSES 

Based on F s test cross performance, progenies of the following crosses only 
were selected for further evaluation: R 16 X 512, 393 X M 35-1, R 24 x R 16 
and 771 x 512. 
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The F 3 progenies were evaluated during summer in randomised blocks 
with three replications. The performance of F3 progenies studied is summarised 
in Table 3 and analysis of variance in Table 4. Performance of progenies reveal 
highly significant differences for all characters. The progenies from the crosses 
R 24 X R 16 and R 16 X 512, were the highest yielding. 

TABLE 3 

Performance ofFz progenies 

Yield per plant (g) Plant height (cm) Days to 50% flower
ing 

Gross • • • . 
Mean 

R 2 4 x R 16 (28)* 75.7 
771 x 512 (20) 50.7 
R 1 6 X 512 (34) 73.8 
393 X M 35-1 (34) 58.2 
Checks (11) 61.2 

Range 

51 .0- 97.0 
30.6- 59.6 
51.2-103.1 
36.4-82.8 
40.4-89.2 

Mean 

117.8 
109.1 
112.6 
136.6 
110.0 

Range 

91.0-137.2 
93.8-124.8 
82.0-134.0 

105.4-165.6 
91.4-159.2 

Mean 

76.4 
65.2 
74.1 
72.1 
75.7 

Range 

68.6-80.6 
61.3-68.0 
68.3-78.0 
68.3-84.0 
69.0-85.0 

*No of F3 progenies. 

TABLE 4 

Analysis of variance 

Source 

Replications 
Progenies 
Error 

d.f. 

2 
125 
250 

Mea: 

Yield per 
plant (g) 

11685.00 
673.78** 
265.76 

a squares 

Plant Days to 50% 
height (cm) flowering 

3311.35 7.40 
779.14** 64.60** 
117.53 13.35 

F3 progenies of the crosses R 24 X R 16, 771 X 512, R 16 X 512 and 
393 X M 35-1, were test crossed to the male sterile 3660A and the resulting 
crosses were grown in randomised blocks, replicated three times during the 
following kharif (1974.) The F 3 test cross performances summarised in Table 5, 
and analysis of variance in Table 6. 

The progenies of the cross R 24 X R 16 resulted in the highest yielding 
hybrids. The between family test cross differences for yield were significant 
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only for the crosses R 24 X R 16 and R 16 X 512, indicating their promise for 
further selection. 

TABLE 5 

Performance ofF3 test crosses 

Yield per plant (g) Plant height (cm) Days to 50% 
flowering 

Gross — 

R 2 4 x R 16 
771 X 512 
R 16 X 512 
393 X M 35-1 
Checks 

Mean 

92.96 
78.04 
70.28 
72.80 
79.33 

Range 

46.8-132.8 
57.9- 94.6 
45.6-114.0 
61.6- 89.2 
72.1-115.3 

Mean 

207.06 
220.95 
218.15 
235.87 
154.66 

Range 

140.0-259.3 
200.0-236.6 
170.6-243.6 
198.3-263.3 
137.3-240.3 

Mean 

64.40 
69.70 
64.23 
63.08 
59.33 

Range 

60.0-69.3 
63.6-71.0 
61.3-72.0 
58.0-67.3 
53.0-65.0 

TABLE 6 

Analysis of variance for Fs test cross performance 

Mean squares 
Source d.f. 

Yield/plant (g) Plant height Days to 50% 
(cm) flowering 

Replications 
Hybrids 
Between families 
R 24 x R 16 
771 x 512 
R 16 x 512 
393 x M 35-1 
Checks 
Error 

2 
90 
4 

28 
7 

37 
12 
2 

180 

1577.50** 
1511.88** 
6002.87** 
2055.70** 

579.60 
1079.40** 
284.50 

3540.00** 
368.99 

20581.00** 
2116.70** 

176182.00** 
2809.80** 

544.00 
4913.70** 
1499.00** 
1803.00** 
248.90 

422.00** 
27.39* 

2929.75** 
19.03** 
3.00 

338.94** 
14.91** 

193.00** 
4.25 

PARENT-OFFSPRING REGRESSIONS 

Regression of test crosses on their corresponding parents in the respective 
generations was studied to establish the relationships between parental values 
and test cross performance. The regression coefficient between F2 plants used as 
parents during summer and their corresponding test crosses grown during the 
following kharif are presented in Table 7. 
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TABLE 7 

Regression ofFa test crosses on FK parents 

Yield per plant (g) Plant height (cm) Days to 50% 
flowering 

Gross • • 

512 x M35-1 

393 x M 35-1 

512 X Aispuri 

699 x Aispuri 

R 16 x BP53 

548 x BP 53 

R 2 4 x R 16 

771 x 512 

699 x 512 

R 16x 512 

b 

-0.1017 

0.1980 

-0.0533 

-0.1832 

-0.0814 

-0.0527 

0.2624 

0.0812 

0.0371 

-0.2911 

F value 

0.0158 

5.1300 

0.5422 

4.6400* 

0.5640 

0.3560 

9.3900** 

0.9600 

0.3517 

23.6400** 

b 

0.3685 

0.5797 

0.2609 

0.2542 

0.8018 

0.8325 

0.4586 

0.5095 

0.4427 

-0.2759 

F value 

5.8600* 

42.2300** 

3.3020 

2.7800 

417.5200** 

27.8200** 

11.4600** 

3.8700 

10.5900** 

4.4800 

b 

0.1692 

0.0871 

0.1461 

0.2329 

0.2151 

0.3958 

0.2496 

0.0388 

0.6443 

0.0024 

F value 

1.5200 

1.8900 

27.3890** 

2.0170 

0.6400 

1.8210 

0.9570 

0.1720 

11.6400** 

0.0599 

b = Regression coefficient. ** = Significant at 1% level. * = Significant at 5% 
level. 

The regression coefficients for yield are positive and significant only in the 
case of the crosses based, on F2 plants of R 24 x R 16, indicating that this may be 
the most potential cross. 

The relationship between the performance of Fa plants and its F 3 pro
genies was also studied and the data are presented in Table 8. The regression 
coefficients for yield are generally not significant except in the case o f R 1 6 X 512 
progenies, where the significance is at 5 per cent only. The same cross exhibited 
highly significant ' b ' values for plant height ond flowering as well. 

Regression coefficients for F 3 test crosses on F2 progenies and vice versa 
are also presented in Table 8. For yield, the 'b ' values are not significant. 
By and large, the 'b ' values for all characters are not significant, except for 
flowering in case of the cross R 24 X R 16 and plant height in case of 
R 16 x 512. 

The regression coefficients for F3 test crosses on F , test crosses are also 
presented in Table 8 which do not reveal any significant differences, except in 
isolated cases. 
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TABLE 8 

Parent offspring regressions 

Yield Height Days to 50% 
flowering 

Grosses • 
b F value b F value b F value 

Regression qfF3 progenies and F3 progenies 
R 24 x R 16 
771 x 512 
393 X M 35-1 
R 16 x 512 

R 2 4 X R 16 
771 X 512 
393 X M 35-1 
R 16 X 512 

R 2 4 x R 16 
771 X 512 
393 x M 35-1 
R 16 X 512 

R 2 4 x R 16 
771 x 512 
393 x M 35-1 
R 16 x 512 

-0.0772 
-0.0478 
-0.0619 

0.3042 

-0.0667 
0.0583 
0.2306 
0.1074 

-0.1666 
0.0627 
0.0676 
0.0926 

-0.1238 
0.0331 
0.0231 
0.1598 

0.0632 
0.0147 
0.0323 
7.5580* 

0.2717 
-0.7876 
-1.0733 
-0.6689 

Regression ofF3 test cross 
0.2923 
0.0220 
0.1445 
0.3613 

Regression 
0.2925 
0.0220 
0.1426 
0.3613 

Regression 
3.0510 
0.1673 
0.0457 
1.4600 

0.1357 
0.2867 
0.5935 
0.3094 

o/F3 progenies 
0.3753 
0.4375 
0.8975 
0.4757 

3.0186 
4.5924 
9.0645* 

46.8440** 
hybrids on F 

1.3952 
0.8607 
1.7200 
6.2100* 

-0.2586 
-0.1601 
-0.0376 

0.8453 
3 progenies 

1.2706 
-1.2451 

1.9638 
-0.0829 

on F3 test cross hybrids 
1.3952 
0.8607 
8.4500* 
6.2500* 

0.3442 
0.0600 
0.1258 
0.0711 

qfF3 test crosses on F3 test crosses 
-0.4164 

0.1131 
0.0719 
0.5959 

1.6210 
1.1910 
1.1930 

16.8700** 

0.4833 
-1.0112 
-0.0800 

0.6598 

3.4306 
0.4806 
0.0018 

33.5103** 

20.2079** 
0.4848 
2.9500 
0.2138 

20.2300** 
0.4900 
2.2960 
0.2136 

9.0400* 
0.5880 
0.0890 

12.1200** 

*Significant at 5% level; **Significant at 1% level. 

DISCUSSION 

Early generation testing of progenies and test crosses has been a subject of 
study in self as well as cross pollinated crops, and in recent year there is renewed 
interests in such procedures. Studies of Genter (1973) in maize indicated that 
test-cross based selection was effective in increasing frequency of genes contri
buting to yield in crosses but not in populations per se, while St selection increased 
population yield. Genter (1976) felt that selection for earlier generation 
segregates may be an advantage since they may have carried a lighter load of 
deleterious genes. 

Recognising that yield of F 3 plants is a character having low heritability 
and that it is difficult to apply selection pressure in Fa generation, Knott (1972 
attempted to study whether selection for yield among F2 plants could be made 
sufficiently efficient since this would save on time and growing large number of 
progenies in later generations. His results indicated that selection in spaced 
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F2 population under uniform growing conditions did have some effect on F 3 

progenies' yields. Extending these studies, Boerma and Cooper (1973) and 
Knolt and Kumar (1975) found that single seed descent method, where a single 
seed was taken from an F2 plant, was effective and comparable to other methods. 

In the present study, 10 high-yielding F2 crosses with marked specific 
effects were chosen as base populations and were test crossed to the male sterile 
2219A. Since the female is a homozygous line and the male parent (F, plant) 
is heterozygous, this is analogous to an 'inbred X variety' cross or top-cross. 
From each cross 34-64 plants were used to pollinate male sterile and the resulting 
hybrids were evaluated. Analysis of data established significant differences for 
yield between test crosses resulting from different F2 families and also between 
test-crosses within a family. This means, F2 test-crosses themselves enabled 
identification of superior F2 's and superior plants within particular F2 ' s ; only 
four crosses were identified for further studies, viz., R 16 X 512, R 24 X R 16, 
393 x M 35-1 and 771 x 512. 

Continuation of test cross studies with F 3 generation of these selected crosses 
led to identification of R 24 x R 16 a n d R 16 x 512 as the most potential crosses 
since their progenies had the highest mean yields and between test-cross differ
ences were also significant indicating that further selection in these crosses could 
be rewarding. The F 3 test crosses have not only made it possible to further 
reduce the material to be selected upon, but also provided information on within 
cross differences. 

Regression coefficient of F2 test cross performance on F^ parental plants 
were positive and significant only in case of the crosses R 24 x R 16 and R 16 X 
512. It is interesting to note that the potential crosses identified as a result of 
F 3 test crosses are also the same. Regression analysis during F 3 did not esta
blish any significant differences. 

It, therefore, appears that test crosses based on F2 could play a potential 
role in identifying crosses which could yield superior parents. Fa test cross 
performance together with test cross F , regression on F 2 and F 3 test cross per
formances would enable us to limit the number of progenies to be selected upon 
till homozygosity is attained to develop parents of predictable performance. 

SUMMARY 

The base populations for the study were provided by 10 high yielding FQ 

populations with marked specific effects. F2 test crosses to male sterile enabled 
identification of superior F„ families and superior plants within particular Fa 's 
leading to identification of only four crosses viz., R 1 6 x 5 1 2 , R 2 4 x R 16, 
393 X M 35-1 and 771 X 512, as promising. 

Further continuation of test crosses studied during F 3 resulted in identi
fication of only two crosses viz., R 24 x R 16 and R 16 X 512 as the most 
potential ones. Their progenies had the highest mean yields and the differences 
between test crosses were also significant indicating scope for further selection. 
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Regression of F2 test cross performance on F a plant yields also led to the 
same conclusion as F 3 test crosses resulting in identification of R 16 X 512 and 
R 24 X R 16 as most promising for isolation of superior parents. 

Therefore, test crosses based on F2 enable identification of promising crosses 
which could yield superior parents. F ? and F 3 test crosses limit the number of 
progenies to be selected and lead to isolation of lines that could yield potentially 
superior hybrids upon crossing with male steriles. 
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IMPLICATIONS O F PARENTAL SELECTION PROCEDURES O N 
HYBRID PERFORMANCE AND ADAPTABILITY 

S. P. MISHRA and N. G. P. R A O 

National Research Centre for Sorghum, AICSIP, IARI-Regional Station, Rajendranagar, 
Hyderabad-500 030 (AP) 

A QUESTION that needs to be answered is whether performance levels of hybrids 
are maintained when parents are chosen on the basis of performance at a single 
location. Liang and Walter (1966) observed that in sorghum hybrids, second 
order interactions were larger than the first order interactions and that recom
mendations based on a single year or location may be inadequate. Rao (1970) 
felt that within the kharif season, there were no geographical barriers of adapta
tion to hybrid performance and if significant superiority is established over 
diverse locations, release recommendations could be made over shorter periods 
of testing. He also observed that both first order and second order interactions 
were significant. Singhania and Rao (1976a) recorded that the linear compon
ent of G X E interaction was greater in parents than in F , hybrids and that 
heterosis was generally associated with greater sensitivity to environment. In 
the present study, the thirteen parents in F 4 generation selected on test cross 
performance (Mishra and Rao, 1980) were crossed to four male steriles and the 
resulting hybrids were evaluated at three diverse environments, two in kharif 
and one during rabi. The results are presented in this paper. 

MATERIALS AND METHODS 

Based on previous studies (Mishra and Rao, 1980), seven promising F 4 progenies from the cross 
R 24 X R 16 and six from R 16 X 512 were selected and crossed to four female parents, GK60A, 2219A, 
36A and 3660A. The hybrids were grown during kharif at two locations, Hyderabad and Parbhani, 
and during rabi at Parbhani. The experiment was laid out in randomised blocks, replicated three times. 

RESULTS 

MEANS AND ANALYSIS OF VARIANCE 

The mean performance, averaged over males and females, is presented in 
Table 1. Amongst females, CK 60A, 2219A and 3660A gave hybrids whose 
performance is almost on par, while hybrids with 36A are relatively low yielding. 
All the selected males yielded hybrids of satisfactory performance and the yield 
differences are statistically significant. Amongst males derived from the cross 

*Part XXI I of Genetic analysis of some Exotic X Indian crosses in sorghum Part X X I appeared in 
Indian J. Genet., 40: (1980). 

414 
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R 24 x R 16, 11-1, 12-1, 12-3 and amongst those derived from R 16 x 512, 
74-2 are the most superior. 

TABLE 1 

Mean performance of females averaged over males and males averaged over females {pooled 
over three environments) 

Parents 

Females CK 60A 
2219A 
36A 
3660A 
SEM 
CD 5% 

1% 

Males 4-1 (R 24 
10-2 
11-1 
12-1 
12-3 
23-5 
25-2 
65-4 (R 16 
65-6 
69-2 
69-4 
71-6 
74-2 
C D . 1% 

Ddys to 
5 0 % 

flowering 

74.95 
74.04 
81.87 
78.19 
0.247 
0.69 
0.91 

XR16) 74.67 
77.08 
76.50 
75.33 
75.61 
77.19 
78.03 

X 512) 81.03 
77.33 
77.53 
77.00 
79.47 
77.64 

1.64 

Plant 
height 
(cm) 

187.94 
176.04 
184.21 
201.75 

1.015 
2.83 
3.72 

189.09 
185.75 
196.45 
186.69 
195.41 
179.97 
199.65 
191.30 
186.94 
176.46 
177.14 
188.39 
184.18 

6.71 

Panicle 
length 
(cm) 

27.36 
28.29 
21.81 
25.66 

0.149 
0.42 
0.55 

23.95 
23.56 
24.78 
25.86 
25.36 
23.55 
25.75 
27.06 
24.85 
28.67 
28.01 
24.24 
27.50 
0.99 

Panicle 
weight 

(g) 

80.27 
82.34 
63.87 
77.27 

1.390 
3.88 
5.11 

74.16 
65.81 
79.16 
80.56 
81.17 
67.76 
68.98 
79.68 
73.93 
75.52 
74.61 
83.42 
82.40 

9.21 

100 seeds 
weight 

(g) 

3.21 
3.09 
3.22 
3.24 
0.029 
0.08 
0.11 

3.39 
3.31 
3.37 
3.18 
3.39 
3.18 
3.23 
3.12 
2.98 
3.30 
3.27 
2.94 
2.82 
0.19 

Yield 
per 

plant(g) 

55.53 
55.77 
36.62 
52.85 

1.100 
3.06 
4.03 

50.04 
44.80 
55.03 
54.31 
55.10 
44.66 
46.64 
49.15 
48.34 
48.07 
50.96 
48.78 
56.62 

7.27 

The pooled analysis of variance (Table 2) reveals highly significant 
differences for most of the characters. The magnitude of the MS for males is 
generally lower compared to females for all characters. The magnitude of the 
MS for male X environment interaction is also considerably lower compared to 
female X environment indicating that the selected male parents have conferred 
greater stability. 

ESTIMATES OF COMBINING ABILITY 

Estimates of combining ability are presented in Table 3. I t is evident that 
for grain yield, the estimates of ff2

gCa (m), o-2
gca (m) x env. and cv2

sca X en v. 
are not significant. On the other hand, the gca estimates for females and 
their interaction with environments are highly significant. This is indicative 
that selected males conferred greater stability to the hybrids derived from them. 
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T A B L E 3 

Estimates of variance components 

Component 

Gca (f) 
Gca (m) 
Gca 
Sea (f X m) 
Gca (m) X env. 
Gca(f) X env. 
Gca X env. 
Sea X env. 
Gca/crq sea 
Gca X env./(72

gCa 

Sea X env./a2 sea 

Days to 
50% 

flowering 

12.190** 
2.020** 
9.800** 
0.706** 
0.749* 
0.747** 
0 747** 
1.880** 

13.880 
0.076 

1.416 

Plant 
height 

83.850 
38.270** 
73.120** 
22.830** 

7.510 
84.630** 
66.490** 
10.720* 
3.200 
0.909 

0.469 

Panicle 
length 

7.900** 
2.550** 
6.640** 
0.512** 
0.107 
0.699** 
0.560** 

-0.082 
12.970 
0.084 

-0.160 

Panicle 
weight 

40.180 
11.870 
33.520* 
51.830** 
3.000 

67.810** 
52.550** 
12.180 
0.650 
1.568 

0.235 

100 seeds 
weight 

0.001 
0.028* 
0.007** 

-0.003 
0.002 
0.008** 
0.006** 
0.013* 

-2.330 
0.857 

-4.333 

Yield per 
plant 

68.280** 
2.890 

52.900** 
24.190** 

6.780 
36.250** 
29.320** 

7.900 
2.190 
0.554 

0.326 

* Significant at 5% level; ** Significant at 1% level. 

The proportion of gca to sea indicates that gca is generally predominant for 
most of the characters. However, the proportion of the estimates of ff2

gca and 
ca

sca indicates that a relatively sizeable portion of sea is involved for panicle 
weight and grain yield. The proportion of <r2

g0a X evn./(ra
g0ais less than 1-0 

for all characters, except panicle weight, indicating stability of additive 
component. The proportion of a2

sca X env./ or2
sca, shows stability for plant 

height, panicle weight and yield per plant of non-additive components. 

STABILITY OF F 4 TEST CROSS HYBRIDS 

Analysis of variance (Table 4) for stability across environments reveals 
that pooled deviations are not significant, except for panicle weight. The mean 
squares for hybrids (genotype) are significant for all characters. The hyb. X 
E(L) interaction was not significant for flowering, panicle weight and yield, 
indicating that these characters are relatively stable. It is, therefore, evident 
that almost all hybrids are stable in their performance and emphasis has to be on 
mean performance for which there are significant differences. 

CHARACTER ASSOCIATIONS 

Simple and multiple correlation coefficients for each of the three locations 
as well as pooled over locations have been calculated. The pooled data for 
simple correlations are presented in Table 5 and only significant relations for 
multiple correlations from pooled data as well as individual locations are 
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TABLE 4 

Analysis of variance for stability 

[Vol. 40, No. 2 

Total 
Hybrids 
E + (Hyb x E) 
E(L) 
Hyb X E (L) 
Pooled deviations 
Pooled error 
CD (M) 
CD (b) 

.D F 

155 
51 

104 
1 

51 
52 

306 

Days to 
50% 

flowering 

162.54** 
45.20** 

220.08** 
22321.30** 

8.80 
3.17 

10.76 
2.850 
0.238 

Mean squares 

Panicle 
length 
(cm) 

15.90 
27.71 
10.10 

893.20 
1.85 
1.19 

370.04 
1.752 
0.732 

Panicle 
weight 

(g) 

665.97** 
428.39** 
782.48** 

66568.70** 
126.23** 
160.96** 
80.67 
20.30 
0.982 

Yield per 
plant (g) 

435.23** 
327.42** 
488.10** 

41579.60** 
88.26 
90.02 

140.45 
15.18 
0.930 

TABLE 5 

Pooled phenotypic (P) and environmental (E) correlation coefficients 

Characters 

(1) P 
E 

(2) P 
E 

(3) P 
E 

(4) P 
E 

(5) P 
E 

(6) P 
E 

Plant 
height 

(2) 

0.1129 
-0.1018 

Panicle 
length 

(3) 

-0.5254** 
-0.0207 

-0.1402 
0.0141 

Panicle 
weight 

(4) 

-0.4164** 
-0.0701 

0.0084 
0.1686** 

0.5834** 
0.5051** 

100 seeds 
weight 

(5) 

-0.0942 
-0.3650 

0.2433** 
0.0370 

-0.1835* 
-0.0431 

-0.0366 
0.1315** 

Yield per 
plant 

• (6) 

-0.5560** 
-0.1071 

0.0186 
0.2143** 

0.6156** 
0.4520** 

0.9108** 
0.8356** 

0.0082 
0.1824** 

* Significant at 5% level; ** Significant at 1% level. (l)=Days to 50% flowering 

presented in Table 6. Simple phenotypic correlations (Table 5) reveal that in 
hybrids, high yield and earliness could be combined. The associations are also 
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positive and significant between panicle length, weight and yield. The multiple 
correlations (Table 6) also bring out more or less the same conclusion, indicating 
that early flowering and seed weight are important factors in contributing for 
yield. 

DISCUSSION 

Hybrids based on males selected at a single location performed well over 
all the three environments. It is interesting to note that the mean squares for 
males is generally lower compared to females for all characters and the male x 
environments interaction is considerably lower compared to females X environ
ments interaction indicating that selected males have conferred greater stability 
or hybrid performance. In previous studies in India, females were generally 
more stable than males; the present results indicate improvement of males for 
this attribute as well. 

Analysis of combining ability further confirms this finding. The estimates 
e'gCa (m), (72

gCa (m), X Env. and <r2sCa X Env. for yield are not statistically 
significant while crgCa (f), o-2

gCa (f) X Env. for yield are highly significant. 
While gca and sea are important in yield heterosis, the time is not far when 

we have to capitalise on sea if we are to get over plateauing of hybrid yield levels. 
While continued augmenting of genetic resources will enable to tackle us this 
problem, appropriate selection schemes and mating systems only could furnish 
pathways of utilising diversity generated. 

It has been stated that selection between populations at the very beginning 
of a programme of genetic improvement is wasteful because the additive variance 
within the groups discarded is not utilised (Lerner, 1958). While this may be so, 
absence of selection in early stages leads to unmanageable progeny numbers. 
Hence there is definitely a case for early testing procedures and rightly so, there 
has been emphasis on early selection in cross-as well as self-pollinated crops. 
Studies of Mishra and Rao (1980) brought out the value of F2 test crosses in 
selecting superior F2 for further selection of parents to the used in hybrid 
breeding. The F2 test cross on male steriles is analogous to top cross and 
initially a test for gca. 

Since promising F2 plants are selfed in subsequent generations, it may be 
difficult to initially separate the effects of selection from the effects of inbreeding. 
Since F3 and F4 lines will be moving towards homozygosity, test cross per
formance should provide for capitalisation of non-additive genetic variance also. 
Such a procedure may, therefore, lead towards performance based on both 
gca and sea. 

In the present study, with F4 test crosses, about 70 per cent of the variation 
in yield is due to gca and only 30 per cent due to sea. Thus gca continues to 
predominate yield heterosis; yet a good portion of sea is also involved and the test 
cross methodology used in this study seems to have contributed to this. 

Parameters of stability further confirm G X E analysis data. The 
regression coefficients did not significantly differ from unity for all the 52 hybrids 
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for yield and in a vast majority of cases, the deviations were also not significant. 
Pooled deviations were not significant, except for panicle weight. The hybrid X 
E(L) interaction is also not significant for flower in, panicle weights and yield 
pointing out that these characters are stable. The hybrids are more stable than 
varieties was also brought out in earlier studies (Rao and Harinarayana, 1969; 
Singhania and Rao, 1976b). Stability having been taken care, emphasis has, 
therefore, to be on levels of performance. 

Thus, selection of males based on early generation test cross performance 
has resulted in superior as well as stable performance of hybrids across 
environments. Comparative data on males and females and their interactions 
bear evidence as to the effects of selection at one location, on adaptability. 

A study of character associations based on simple and multiple correlation 
coefficients indicate as to how this has been accomplished. All high yielding 
hybrids are early maturing and the attributes, early flowering, and seed weight 
emerged as the most important factors. Obviously, seed numbers were not 
adversely effected. The selected males furnished greater diversity for seed 
size which also seem to have contributed to higher yields. 

Besides establishing the effects of seJection, this study has also enabled 
identification of superior males with desirable gca effects and specific cross com
binations of superior performance such as CK 60A X 11-1 2219A X 71-6, 
2219A x 74-2, 36A x 65-4, 36A x 65-6, 3660A x 4-1 and 3660A x 69-2. 

SUMMARY 

(1) Male parents selected at one location during summer resulted in 
hybrids of wide adaptation. The magnitude of male X environment inter
action was considerably lower than female X environment interaction 
indicating that selected males have conferred greater stability of performance 
to hybrids. 

(2) Further, estimates of aa
gea (m), aq

gCa (m) X Env. were not significant 
indicating that the gca due to males is also stable while similar interactions 
with females were highly significant indicating their sensitivity. The ff2

sCa X 
Env. interaction was also not significant indicating specific combining ability to 
be stable. 

(3) The early test cross procedure, while capitalising largely on additive 
genetic variance also seem to usilise some non-additive genetic variance. In the 
present study, where test cross procedures were used 30 per cent of genetic 
variation used was of the non-additive type, while in other studies only 10 per 
cent of the variation was due to sea. The implications of early test cross pro
cedures as breeding tools have been discussed" 

(4) Studies on character association revealed that when seed numbers are 
not adversely effected, early flowering and seed weight were the most important 
attributes influencing yield. Selected males furnished greater diversity for 
seed size. 
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Hlgh yield potantial of sorghum hybrid 'CSH-1 ' 
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NEW TECHNOLOGY FOR HIGHER 
SORGHUM PRODUCTION 

N.G P. RAO 
lARl Rcglonnl Station, Hydsrabed 

rnllw thc 11 I I I I ~ ~ O I I : I I  I I I I  $11 varirtim 
arc grow11 I I I I < ~ I - ~  111.11:i'ill.ll ror\d~liotu 
wit11 Ilni(lly nil) irrpt~tq nnd ron- 
sc.cl~~ct~tl) tit<. \ivl<lb .Ilr I,lnbr, t l~e  
notmt~al . L \ C ~ , I L ; C  I ) ( . I I I ~  0 1 1 1 ~  R I I O L I ~  
500 kgilln. 1'1.n ti1 .11l! ILO rllort war 
111~1clc 10 i r 1 < 1 ~ . , 1 v  t l ~ r .  !1rld5 of tlus 
LIOII till ~ I I C  horq1111111 111q11111enlcnt 
I'nrlc~t war \ \ . ~ ~ t c t l  in c,uly S~X~ILJ, 

'P-37'-A 111rttr y ~ a l d l n ~  borer resistant 
V d I I U l Y  .. 

with t t c  major ccntre of rcsearch at 
tlra Indian Agricul~urel R-h 
Instit~itc, New Ilclhi. 

Sm d High-Yi*ldlr# Cmldvora 
The traditional local varietis, 

t t m t ~ g h  centurin of rutut.aI decdm 
are well atl:~ptcd for strms cnvimr- 
menu of lnoisture, fertility and 
resistance to pwu and d i i .  
Hawevcr, they -also perm the un- 
drsirablt charactcr of being td 
(prone to Iwlying), latc maluriw, 
photo sen5itivc and low yielding. 

?'tie Sorglium lnlprovcrnent b- 
jcct tllerrlbre undertook the 0nUcW 
t ~ a k  of genrtically rntrucluring tho 
crop to exclude the u n d a i n b b  
rtmractcn and retain thc dairable 
artributcs so that full advantage 
could br taken of the availrble 
improved tectlnology. 

I'Iie availdbility d male rtari i '  
like 'Kafir-GO' from U.S.A., provided 
tllc opportunity to exploit hybid 
vigour and thus usher in the d 
fligh yielding hybrids in India. The 
first Sorghum hybrid 'CSH-1' WPI 



m m e n i d y  r d d  in 1964 and 
immediately gained populsrrty due 
to 10 early maturity and lugh )icld 
potenrral d 2000 to 3 W  kg/ha 
under arcrage groMinq c o n d i t i o ~  
and as lrigh su 7,000 Lg ha u n d a  
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An Intensive hybrrdization pro. 
mamma w& contrnucd in ~ l u c h  ncw 

TMLE I .  RELEASED HI'IIRIDS AND VARIETIES AND TXElR AVBM- 
YIELD PLRTORhlAhCFa 

iourccs of male sleri~itv bere used CSH (1973 )  
and also the exotic liner ucre c-ed ( 1 9 7 4 1  

with pronllsrng Indran and i\Grcan 
C.11-6 (197b) 

varrehca and &a selected dcr~\ativcs c a \ - 1  (I 'K'O) 

wcre used for evolvlng h ~ g h  )rcldrng c'"-2 
<A\-3  ( 1 9 i 4 )  hybrrrls and \arreue3 By tlrcsc 

procnm not only yield potcntlal h a  ~ s v . 5  (1974 )  
been ~mpro\ed, but wine arii urtage L\\ .G (1971) 
has b< en gained rn raper t  of a\ordirig 

R4,1 
high swceptrbilrty to i t ~ c c ~ t  and 0 1 3  7 R  ( 1 9 7 j ,  
gram moulds. From tlris co-opera- CSH-tlR (197i) 
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%7 
. 
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SI,,, , i l l 1 I ; l L '  to 1 1 1 ~ ~ ~ 1  pc\ts ( ) \ ? I  .I  

~ O , L . I I  lilwcts tlalnagr tlur r!o[> I I I I ~  
fott;;t~,itrIy t11r1c are 0111) fiwr 
I I , L I I I I ~ \  \hoot f l \ ,  stcsnl Ilovcr, ~~ii(ll:r 
alal rirlre.rtr Ijug, H I I I ~ I I  .ire rd 
r~r,~lor cronr~rrric impnrt.lnc c 

KvC.[""L: I l l  \ !en' tI1c L.1 I I I IO t I I IC  

st~tlrs of the sorghum grnurn and 
i113tq111 11 co~~d i t~ons  U I I ( I P ~  \\luch 
tl11, clop is !:lo\r-n, tllc n1.1jnr t lul~rt 
of tlrr cnto~l~ological ~ rog t .u i~~ t i e  has 
I)cg.n to du\ i,lop d~llkrent ri~t.tl~odz of 
control nit11 tllc u l t i n l ,~ l~~  D I J J C C L I L C  
of rciotntncndinq an intrpr.tfcd ron- 
trol strategy \rlr~ch slro~~ltl lbr cf11.c- 
tibe, ~ronomical, non-lra~ardo~is .lnd 

easy in application Greater atten- 
tion has been paid to n~cthodc by 
wllicl~ monctarv Inl)rtL$ can 11c 
avoided or considcr.~bly r d u c d ,  

Cultural and tntrhiltt~, nl mcfhodr. 
Dchled inbe.tlg.ittonr llnve becn 
conductrd on llia l~~olosy, habits, 
nature of darnage, alternate host 
planta, OR-sedson c.trr)-over ;rnd 
seasonal populali~m fiuctuatiom of 
the major pats Hn\cd on tlre d'lta 
on seasonal incitlrtl~r, it has llwn 
found that it1 kh.lrll crop, tlie shoot 
fly damage can I)r .r\oidcd by sowlng 
the1crop witlun I l l  11% 12 days after 
firat monsoon sho\tcr. Use of h i~he r  
seed rare of 12 kg lla follownl by 
removing and llahl~o? inji dn~nagcd 
s~dlmngs withit1 tno nreks alier 
germillation can rllcc~i\cly cl~eck 
the slimt fly pol~~llatlon build-up, 
provided the opcr.~tton is taken up 
as an organiscd campnign in Lrge 
areas. 

I t  IULC becn fotlnd that carry-ovcr 
of die stem borer horn onc seaaon to 
otller mainly occut~ tl~rntipl~ the 
stul)l)ln and S ~ C I I I .  9tt1rcJ for ltsc as 
fidder. I'rt~per tlt+~x),.il of thrtc 
aculrres 01 ~ I I ~ ( . \ I . I I I O I I  I)cfin~r the 
~lorlnal s o ~ i ~ r i :  rc, 1 ~ 1 1 1  C.III cl1rc.k [Ire 
1~ot1.r da~n.lgc ( t ~ ~ r ~ ~ ~ l c ~ a l ) l y .  

l o r  prot1~ ttvn ng.1iu.t midge 
d.1111.1ge a s u ~ ~ . ~ l ~ l r  r r~l tura l -c~~n~-  
\ f . ~ ~ r r ~ a l  atrategy 11.1) l~crn  tlrvrlopvd 
nl~tcli aitl~s at . I \ O I ~ I ~ ~  the C O I I ~ I -  

titlous and prolt~t~grd ~va~ la l )~ l t t y  of 
tlo\\,cring earllc.rilr In thc field. 'I'llir 
involvm fixing n >owing lsrlnd fir  
a particular mtir, coulllcd with 
rclrcting vrrictn.r and 11yl)rlds of 
the same maliirlty pcriud. Tile 
destruction of c.~rllead rniducs after 
thruhing, wllicli arc t l~e  tnain sourcn 
of oli-season c.lr1 y-over, the initial 
population of t l~e  niidge can be 
cowidsably reduced. 

I w t  rcsislancc In sorghum. Exten- 
sivc work h a  I~een carried out to 
identify the anllrrrs of resistance to 
major pau. Nearly 12,000 liner 
available in tlre world gcrmplwrn 
collection were weened under natu- 
ral and artificial inratation condi- 
tiona and several highly pronliving 
aourca showing rebistance to shoot 

fty and 8 t m  borer were dectcd. 
' f ie  ~ l c c t e d  linm alw exhibird 
mistance to shoot fly when tored 
in l'hailand, Uganda, h'lgeria and 
Israd. 

The suiul~lc raistant linm w u e  
incorporated in the brccdinu pro- 
gramme and the recently rcleaaed 
hybrids 'CS1i-7K' and 'CSH-BR' 
and varirtia '(:SV-9', '(:SV.4', 
'CSV-5', '(:S\'-b', '(:SV.i' and 
'CS\'.8' ptw.tns low to mnderatc 
levek of rubtmnre contributed by 
one of the rcsi~tant parcnb. A 
n u n ~ h r  of other advarlced deriva- 
tives, possessing higher levels of 
resistance nanlrly 'P-97', 'P-151', 
'E-302', '1:-303', 'E-444' arc in 
advanced stage d rating. A few 
line, poueuing muluplr raismnco 
have ulw h n  identified. 

Basic rtudia have alw been con- 
ducted lo drtrrmine the mcrhanism~ 
of mistance in shoot tly and srtm 
born. 

Ckmlral control. Under certain 
circumstances uuc of chcmicala to 
control insat  y e a  becornea un- 
avoidable. 'I'he m+jor tliruat of he 
progamtnc on [his acpwt has been 
to t o t  safe and rasily avallal~lc in- 
rcct~cidu for tl~etr elfrcacy and to 
develop tcclrnicir~n, by which h e  
cost ofappl~ratiotr can 11e subrtanti- 
ally reduced. 

The outstanding achievcment in 
t l h  field har been the development 
of 'Carbofuran s n d  treatmrnt' for 
t lu control of 111oot fly. ?'bL 
method 1- provcd to be molt 
efkctive and economical. Tile uat  
involvcd is only one-tlurd as corn- 
pared to othcr cfkt i \*c  method d 
mil application of grdnular uyrcemic 
insecticida like phurate and duul- 
foton. The n~ctllnd haa gained 
popularity in Mahararhtra and h 
WM1 in rubtantill  quanuti- u 
indicated by the data given in 
Table 2. 

In tha crue of stun borer c ~ n b d  
also, 'leaf whorl apphcation lachai- 
que' has been developed by which 
thc d o l a  of recommended inuccti- 
cida like 4 per ccnt endosulfan or 
4 p a  ccnt carbaryl w 2 p a d  

I n d i a n  F d r r i r t  



lindanc or 5 per cent ni.~latliion rll~st 
can llc reduced by almut fiity per 
cent. 

Pa'alhol :ical rtscarch. T11ougI1 a 
nurnl)er dlsecun Imvc I rcn I Z (  or- 
dcd on iorglium, nonc 1r.n so f ~ r  
p ~ o v r d  LO l)c a rn.rjor l i ln~t.~tl~rn 
afivtinq sorglrutti ) IVIJ\. SIII I IC 
oi  the tliswsa \r,hirIi 1r;ivc rlu rivrd 
atlclit io~~ t l~e  Sorgliur~r 1' ltln)lo- 
gists rln(1cr the Projnt nie downy 
rrlild~~u,, leaf rust, 7on.rtr Ir,li cpnt, 
rougl~ 1c.1f spot, grey Irs.~i\l~ot, Ac.11114 
sn~ut?, leaf bligfrt and ch.~rcr),il rot. 

A part of tlrc av.iii.~l~le rrr~rld 
gcrrnpl,ism c~~llcction 1i.u I,c*rn 
scrccncd, moicly ulltlcr natural 
field L D I I ~ I L I I I I L ~  a i d  t l ~ c  I I I I ~ \  \ l~o\$~trg  
rr.u,t.itil c linve bccn ~~lrntllicd. 
Surrcrri111 methods 11:1tc 11t.cn 
de\clopcd for crmtirrg :rrtilici~I 
ep~pll)torics nnd sick plot., in field 
and c ~ . r n d ~ r t l ~ m g  e\alil.iti<r~~ pro- 
ccdtircrs. 13s condurtiriq I.\tcti\i\'e 
sur\ r\ s data Iinve lxcli L I > I I I . L  ~t.11 on 
occurrence :ind intcrirlt) rlf <l~llr.rrlit 
dtieascs. 'I lic liot spoh ior dillcrcr~t 
cl~rcn<n have been icl~~~itiliccl inr 
iritcrr\ive screening a ~ i d  control 
tr1~11~. 

In  general, it 11u been bund tlrat 
hybrids are superior to locals in 
respect of susccptil)ility to discascs. 
h h t  o i  tlir releascd hybrids ant1 the 
varieties 'CSV-4' and 'C:S\'-5' are 
resistant to downy mildew. 'C:SV- 
5' is also resistant to most leaf spoU 
and striga. 'CSH-5', 'CSH-6' and 
'CS\'-4' have shown Jomc rdistancc 
to llwd moulh and g r i n  dcteriora- 
tion %hen caught in railu during 
grain formation. 

The I m p c t  u d  tbc Futore Stm* 

Tllcrc is no doul~t t11at tlir spread 
and conscqucntly ~ I C  ~trrpact I I ~  d ~ e  
high )icltlillg slb~gl~l~lns orr our food 
production hna h n  rather slow, 
especially wlren ron~parcd to wlrcnt 
or to sorne extent ricc. This can 
pardy be attributed to sorghum 
bang nrainly n dr)land ri4-prone 
crop and partlv due to lack of ado- 

gramme special attention u being 
paid to the following aspects: 

1. To develop cultivan having the 
yidd level of 6,00&7,000 kgb 
and paawing  rairtance to major 
pau m d  dueare. Special atten- 
tion ia to be paid to identity and 
utilue m u x u  having higher lcvrlr 
of multiple Mlutnce. 

quiite orgnni~ation.~l fi.imcwurk 
a k t i n g  tirncly rno~)~limtion of '. To -0'* for 
inpuls. fsctory poiomunce under Low 

kvelr of manapment. 
With the slow 1)rlt steady pm- 

pas, die impact can now LK clcarly 3. Improve grain quality in r a p a t  
wen from tlre nrcn .~nd prolhrction ofaize, luster, rai3tnncc to moulda 
figures givcn 1)clow: in rainy w u r h a ,  nutritional 

YCAR AND SWSON KHARII (K) RABI (I) 

The protltlct~c~tr rcnchcd dre record quality and bMri making ate% 
Icvel ol'ovcr I2 n~l l l~on tonna in buta. 
1977-'iD. 'I'lic impact is clearly 
discernible I r l  t l ~ c  birlds from the 
State of h!.il~.r~.rsl~trn where a b u t  
50 prr rr11t ~111. I i5 11ow covcrrd by 
tllc irig11-1 I C I ~ I I I I ~  IiyL1rids in kharir 
season. With tllc euprctcd increase 
in arca undcr Illfill yielding cultivam 
in tire shtcs of Madhya Pradcrh, 
Andhrs P~ai l rs l~ ,  'Tdrnilnadu and 
Karnataka and more coverage 
in rabi season, the p d u c t i o n  levd 
of mrghum is b u n d  to show coati- 
dcmble incrcnae in the near future. 
Thb may create p r o b l w  like 
adequate price support to farmers 
a d  developing diversified of 
grain for wwllicl~ planr may have to be 
preparod in advance. 
The achievemenu of the -hum 

project w i ~ r  have been highly 
rahtactory, Irowcvm, much mah 
to be done and in the current pro- 

4. Breeding early maturing hybrib 
and vu ie t i a  with a capacity to 
p d u c e  good rams crop and 
iu proper management. 

5. &t t a  hybrids and varietier for 
rabi area with appropriate pm- 
duction and promtion t e c h  
w. 

6. Further atudia on relay, multiple 
m d  intawmpping lytterm. 

7. T o  dntelop inregrate method br 
p a t  c o n d  by further invad- 
gatiom an vuiorv compmm&, 
qpsd?ly -w, c u k . d  -- 
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GENOTYPE X INPUT-MANAGEMENT INTERACTIONS IN SORGHUM* 

K. ViDYASAGAR R A O , S. SUBBA R A O and N. G. P. R A O 

National Research Centre for Sorghum, lARI-Regional Station, Hyderabad 500 030 (AP) 

IT has frequently been stated that the performance of high yielding hybrids and 
varieties is satisfactory only under optimal input and management and that their 
yields may not be satisfactory under lower levels of input and management. If 
true, this will have implications on the conditions to which the breeding material 
should be subjected during the process of selection. An attempt was, therefore, 
made to elucidate answers to these questions by growing high yielding hybrids 
and varieties of sorghums of exotic and Indian parentage under two manage
ment levels at different locadons over a three-year period. The results are 
presented in this paper. 

MATERIALS AND METHODS 

Yield trials involving hybrids and varieties were grown under two management levels at each of the 
locations, Parbhani (Maharashtra), Dharwar (Karnataka), Coimbatore (Tamilnadu), Navsari (Gujarat), 
Vallabhnagar (Rajasthan) and Indore (Madhya Pradesh). The experiments were conducted during 
kharifl97'i, 1975 and 1977. There were in all five experiments. All the experiments were in randomized 
block design with three replications with a net plot size of 7-5 m X l -8m. The high management treat
ment consisted of 80 kg N, 40 kg PaO^ and 40 kg K2O per hectare and full plant protection and good 
management. The low management consisted of 40 kg N, 30 kg P2O5 and 0-20 kg K.2O per hectare, no 
plant protection and normal management practices. The spacing adopted was 45 cm between row and 
15 cm between plants. Each year two trials were grown at each of the locations, one under high mana
gement and the other under low management. The date of planting was the same, at best with a day's 
difference, and the soil and rainfall conditions were similar since they were conducted in adjacent plots 
side by side. All the trials were grown under rainfed conditions. 

Data obtained over locations and years were subject to standard methods of statistical analysis. 
The parameters, H (Heritability relative to the test environment), and expected gain E ( A Y ) were 
computed according to the procedures developed by Allen, Gomstock and Rasmusson (1978). 

RESULTS 

The analysis of variance for' grain yields pertaining to the various trials 
conducted over locations under high and low management situations during 
different years is presented in Table 1. The mean grain yield of released hybrids 
and varieties is summarised in Table 2. 

An examination of the means reveals that hybrids are generally superior to 
varieties and among top ranking hybrids as well as varieties, the superiority is 
maintained at both levels of management (Table 2). 

*Part X X I I I of the series 'Genetic analysis of some exotic X Indian crosses in sorghum' 
Part X X I I appeared in Indian J . Genet. 40. 
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TABLE 2 

Mean yields {kglha) of some released hybrids and varieties under high and low managements 
during kharif seasons of 1974, 1975 and 1977 

Genotypes 

GSH-1 

GSH-5 

GSH-6 

SPH-1 

GSV-3 

CSV-5 

1974 

H M 

3311 
(4) 
4627 
(1) 
3906 
(3) 
3874 
(2) 

2638 
(6) 
2819 
(5) 

LM 

2012 
(4) 
3032 
(1) 
2728 
(2) 
2538 
(3) 

1772 
(6) 
1895 
(5) 

1975 

H M 

3679 
(5) 
4958 
(1) 
3883 
(4) 
4929 
(2) 

3953 
(3) 
2380 
(6) 

LM 

Hybrids 
2790 
(4) 
3902 
(1) 
3696 
(2) 
3523 
(3) 

Varieties 
2215 
(5) 
1891 
(6) 

1977 

H M 

3716 
(4) 
3957 
(3) 
4686 
(1) 
5997 
(2) 

3011 
(5) 
2667 
(6) 

LM 

2603 
(4) 
2621 
(3) 
3615 
(1) 
3032 
(2) 

1923 
(5) 
1616 
(6) 

Overall 

H M 

3569 
(4) 
4514 
(1) 
4125 
(3) 
4267 
(2) 

3200 
(5) 
2622 
(6) 

mean 

LM 

2468 
(4) 
3185 
( 2 ) • 

3346 
(1) 
3048 
(3) 

1970 
(5) 
1701 
(6) 

Figures in parentheses indicate the overall ranks. HM=High Management. 
LM=Low Management. 

From the analysis of variance, it is clear that the differences due to genotypes 
and managements are highly significant in a number of cases while the 
genotype X management interaction is significant m relatively less number of cases 
studied. Even w?ith regard to the experiments where genotype x management 
interaction is significant, the magnitude of the mean squares is much lower 
compared to mean squares pertaining to genotypes or managements indicating 
that such interactions may not be serious. Even this is attributable to the 
inclusion of a large number of unadapted genotypes. 

The overall rank correlations between high and low managements (Table 3) 
indicate very high significance. The relative ranks of the most promising released 
hybrids and varieties are quite consistent under both managements over years. 

Estimates of H, -\/ii and E (AY) are presented in Table 4. -y/H, which 
was the logical measure of the joint effect of a^ and a^ on the value of 
the test environments, showed only 4.43% grain under high management over low 
management. On the other hand, the advantage of high management over low 
management was exaggerated by the value of expected genetic gain by 33%. 
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TABLE 3 

Overall rank correlations between high and low managements 

57 

Year Trial Coefficient of rank correlation 

1974 
1975 

1977 

Variety/Hybrid 
Varietal Trial 
Hybrid Trial 
Early Trial 
Mid-duration trial 

0.9365** 
0.9085** 
0.8481** 
0.8462** 
0.8001** 

**Significant at 1 % level. 

TABLE 4 

Estimates ofH, y/fj and E {{^ f) under high and low input managements 
(Averaged over 21 locations) 

H 

VH 
E ( A Y ) (kg/ha) 

Type of 

High management 
( H M ) 

0.8445 
0.9189 

759.49 

environment 

Low management 
(LM) 

0.7742 
0.8799 

569.19 

% increase over low 
management 

9.05 
4.43 

33.43 

DISCUSSION 

The type of environment to be chosen for yield testing is not only important 
from the point of view of maximising testing efficiency, but it has also a bearing on 
environmental conditions under which selection should be practised. Examining 
this aspect at some length, Allen, Comstock and Rasmusson (1978) stated that 
if any class of environments is established as superior for testing purposes, it is 
because the correlation between Y (value of a genotype relative to a test environ
ment) and Y (value of a genotype relative to the entire population of environ
ments) is comparatively high for that class of environments. 

There has been an impression that while the performance levels of high 
yielding hybrids and varieties is satisfactory under high input and optimal 
management, the locals may be preferable under low input and poor management. 
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That this is false, is clearly established in the present study. The top ranking 
hybrids and varieties maintain their relative ranks under both levels of 
management as reflected by mean yields and rank correlations. The 
genotype X input management interaction is significant only in a few cases and 
even here the magnitude of m.s. for the interaction is much lower compared 
to the m.s. due to genotypes or managements. 

Also in this particular study, the correlation coefficient (r) between the 
values under test environment and the targeted population is close to 1 • 00. 
According to Allen et al., Y value is equal to unity in the absence of genotype x 
environment interaction. In other words, 'r' values that are variable among 
potential test environments would not occur when there was no interaction 
between genotypes and environments. 

I t is evident from the analysis of variance that the mean square due to 
genotype X management interaction is much less when compared with the 
magnitudes of the mean sum of squares due to managements and genotypes. 
Further, the rank correlation between the yields under high and low 
managements were highly significant and close to one. Observations of Jinks 
and Connolly (1973) and Smart (1978)also favour selection in good environments. 

SUMMARY 

Experiments involving hybrids and varieties were conducted each under 
high and low input-managements at six locations over a three-year period. 

The top ranking hybrids and varieties maintained their relative ranks 
under both types of inputs and managements. The rank correlations were 
highly significant. 

The genotype X input management interaction was significant only in a few 
cases. Even here, the magnitude of the m.s. for this interaction was the lowest 
compared to m.s. for genotype or management. 

1 — I 1 — I 

Estimates of H, y ' H and E (AY) also revealed the advantages of selection 
under optimal environments. 
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INTERNODAL PATTERNS AND THEIR SIGNIFICANCE IN 
SORGHUM BREEDING* 

B. BALARAMI REDDY, M. J. VASUDEVA RAO1 , B. S. RANA, V. JAYA MOHAN RAO 

AND N. G. P. RAO8 

National Research Centre for Sorghum, IARI Regional Station, Rajendranagar 
Hyderabad 500 030 

ABSTRACT 

Internodal patterns in exotic, Indian, hybrid and cross deritatives of sorghum have been investigated 
by fitting first, second and third degree polynomial curves. The behaviour of various groups and their 
comparison with high yielding hybrids indicate that the linear pattern may have an adaptive advantage. 
Besides alteration of plant type through recombination breeding for duration, dry matter production and 
distribution, the temperate-tropical crosses of sorghum also enable manipulation of internodal patterns. 

THE contribution of short statured varieties to cereal improvement is now well 
recognized. Genes influencing height frequently modify plant type resulting in 
altered canopy structure (Qualset, Fick, Constantin and Osborne 1970). The 
genetics of plant height and the use of height genes in sorghum improvement 
have received considerable attention (Quinby, 1975). The patterns of inter
nodal elongation, which in turn reflect patterns of growth and development, 
together with duration, dry matter production and distribution are important 
attributes in determining proneness to risk and productivity under fluctuating 
rains. The present study is an attempt to characterize patterns of internodal 
elongation in traditional tropical sorghums, the dwarf temperate versions, 
their cross derivatives and some commercial hybrids. 

MATERIALS AND METHODS 

The genotypes used in this study were selected to represent a diversity of eco-geographic types of 
sorghum viz., dwarf temperate (IS 2031, CK 60B, 2219B, and 2077B), tall tropical {Aispuri ixora India, 
IS 9985 from Sudan, IS 11758 and IS 11167 from Ethiopia and Giza 114 from Egypt, commercial hybrids 
(CSH-1, CSH-5, SPH-20 and SPH-61) and 50 advanced generation derivatives obtained from temperate 
X tropical crosses with higher order yield levels and diversity for plant and panicle attributes. 

The material was grown in three row plots at the National Research Centre for Sorghum during the 
1978 monsoon (July-October) season, under optimal management. Internodal lengths from three random 
plants of the middle row of each entry were measured. Internodes were assigned numbers from 1 to n 
from base upwards with 1 as the lower most internode and n as the one immediately below the peduncle. 
An examination of the association between internode number and internode length indicated three (Type 
I, I I and III) patterns. In order to characterize these patterns, first, second and third order polynomial 
regressions were fitted for each entry. A coefficient of determination (R2) of 0-75 was chosen as the 
minimum for a satisfactory curve fitting and classification of genotypes into appropriate groups. 

Present address: 'International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
ICRISAT Patancheru P.O., Andhra Pradesh 502 324, INDIA. 

international Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Institute of Agri
cultural Research, Ahmadu Bello University, PMB 1044, Zaria, Nigeria. 

*Part XXIV of Genetic analysis of some extoict Indian cross in Sorghum, Part XXI I I appeared in 
Indian J . Genet., 41. 
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RESXJLTS 

Data presented in Table 1 bring out established contrasting differences for 
height, maturity and mean internodal length between exotic (temperate) and 
Indian (tropical) groups of sorghum. The high yielding hybrid group follows 
temperate types but reflect some increase in mean internodal length. Com-
ared to the parental forms, the cross derivatives are intermediate for most 
attributes. The hybrids are the highest yielding followed by the derivatives 
selected from temperate X tropical crosses. The first, second and third degree 
polynomial curves with observed and expected values are illustrated in Fig. 1. 

TABLE 1 

Internode and yield related attributes for tropical, temperate types and their derivatives 

Group 

Temperate 
Tropical 
Hybrids 
Derivatives 

1. Type 
2. Type 
3. Type 

Mean 
SED 

I 
I I 
I I I 

(*4) 
( 5 ) 
( 5) 
(50) 
(15) 
(20) 
(15) 

Plant 
height 
(cm) 

127.8 
290.4 
175.4 

158.1 
179.8 
175.3 
178.7 

9.2 

No. of 
inter-
nodes 

11.25 
14.40 
11.40 

10.93 
11.30 
11.53 
11.51 
0.75 

Average 
internode 
length 
(cm) 

5.03 
17.56 
8.54 

8.61 
10.42 
10.53 
10.10 

1.42 

Days to 
flower 

67.25 
83.20 
67.66• 

72.41 
71.70 
73.49 
72.59 

1.30 

Grain 
yield 
(g/pl) 

30.45 
40.10 
84.88 

73.30 
84.73 
70.83 
71.93 
13.65 

*Number in parentheses indicate number of entries studied in each group. 

Data from Table 1 reveal that all temperate types and commercial hybrids follow 
a linear pattern of internodal elongation and fit the first degree curve. On the 
other hand, a third degree polynomial was required with regard to the tall tro
pical forms; IS 9985 exhibiting a second degree polvnomial was a relatively 
shorter tropical type. In case of the cross derivatives all the three types of curves 
were possible, the first degree types being relatively shorter. The parental 
extremes and the behaviour of derivatives are represented in Fig. 2 which indicate 
recombination and transmissibility of patterns of internodal elongation. 

The internodal patterns of parents and hybrids are presented in Fig. 3. 
In case of all the commercial hybrids, the male parent is common and the females 
differ-2077A, 2219A and 296A for GSH-5, GSH-6 and SPH-61 (GSH-9) 
respectively. All the female parents and hybrids fit the first degree polynomial. 
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FIG. 1. Expected and observed internodal patterns in sorghums of diverse origin. 
FIG. 2. Comparison of internodal patterns in some tropical and temperate sorghums and 

some derived types. FIG. 3. Internodal patterns of hybrids and their parents 
FIG. 4. Internodal patterns of some high yielding hybrids and varieties. 
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Third order fitting is feasible with GS 3541, the common male parent. Plant 
to plant variability was also noticed in this genotype. Tallness is usually 
dominant, but the present study furnished information on heterosis for internodal 
length as well. CSH-9, which is the highest yielding and most stable hybrid, 
recently recommended for release on all India basis, conformed to a linear pattern 
of internodal elongation, all internodes being longer compared to both parents. 

Comparative internodal patterns of three high yielding derivatives, SPV-
99, SPV-100, and SPV-314 together with CSH-5 and SPH-61 are illustrated in 
Fig. 4 and all of them conform to the linear pattern. 

DISCUSSION 

The major factors which contribute to productivity and stability of pro
duction, particularly under rainfed culture are duration of crop growth period 
and total dry matter production and its distribution (Rao et aL, 1975). Plant 
height being related to growth, is an essential component of growth analysis. 
Cassady(1967) recorded that the Dw3 mutant height gene did not influence node 
number and hence maturity, but did affect other attributes. Brooks (1967) 
and Schertz (1970) observed that elongation is not uniform at all internodes in 
isogenic mutants. What is of significance is, whether any particular pattern of 
elongation from base upwards could be of selective value. 

Longer internodes at the base in tropical sorghums do reflect a quicker rate 
of growth and consequently an advantage to stand above weeds. But the 
consequent low leaf number at the base does not provide adequate cover to 
smother weed growth. In the dwarf temperate sorghums, while the basal leaf 
number is high, their initial growth rate is slow. What is, therefore, needed is a 
recombination between the two and the commercial hybrids seem to satisfy this 
to some extent. Consequently, in handling temperate-tropical crosses, an appro
priate recombination of internode number and length could be an essential 
criterion for selection. 

The commercial hybrids conformed to the linear pattern of internodal 
elongation. Apart from the adaptive advantages of heterozygosity (Singhania 
and Rao, 1976), the linear pattern of elongation may cause a lesser set-back to 
growth under environmental stress. The derivatives of temperate X tropical 
crosses chosen in the study were all high yielding and were grown under optimal 
conditions and hence it is not possible to relate internodal pattern to yield under 
stress. But it may be inferred from experience and superior performance of 
hybrids under stress that a linear pattern of appropriate internodal .lengths may 
be advantageous. Such a pattern has to be combined with duration as well as 
optimal dry matter production and distribution. Intermediate derivatives from 
temperate tropical crosses furnish such an opportunity. That an intermediate 
plant type may furnish phenotypic optimum was put forth by Rao et aL, (1973). 
Thus, besides providing opportunities to select for altered duration, dry matter 
production and distribution (Anantharaman et aL, 1978), the temperate-tropical 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

410 Indian Journal of Genetics & Plant Breeding [Vol. 41, No. 3 

crosses enable alteration of internodal patterns which could be of further selective 
value in breeding for higher yields and stability of performance. 

ACKNOWLEDGEMENT 

The authors are grateful to Dr. V. Arunachalam for comments on the manuscript and to Dr. H . K. 
Jain for providing facilities. 

REFERENCES 

Anantharaman, P. V., K. Achuta Rao, S. S. Kandlikar and N. G. P. Rao (1978). Genetic analysis of some 
exotic X Indian crosses in sorghum. X I X patterns of dry matter and nutrient accumulation. 
Indian J. Genet., 38: 333-38. 

Brookes, J . S. (1976). Internodal lengths in height mutants of the sorghum variety wheat land, Crop Set. 
7: 676. 

Gassady, A . J . (1967). Effect of a single height (Dw3) gene of sorghum on certain culm and leaf blade 
characters, Crop Sci. 7: 595-98. 

Qualset, C. O., G. N. Fick, M. J . Constantin and T. S. Osborne (1970). Mutation in internode length 
effects wheat plant type, Science, 169: 1090-1091. 

Rao, N. G. P., G. Harinarayana, V. Arunachalam, D. P. Tripathi and K. Balakotaiah (1973). Genetic 
analysis of some exotic X Indian crosses in sorghum. VI Character association under selection, Indian J. 

Genet. 3 3 : 1-6. 
Rao, N. G. P., S. Subba Rao, and K. Vidyasagar Rao (1975). Rainfall fluctuations and crop yields, 

Curr. Sci. 44: 694-97. 
Quinby, J . R. (1975). The genetics of sorghum improvement. J. Hered. 66: 56-62. 
Schertz, K. F. (1970). Single height gene effects in double haploids of sorghum, Crop Sci. 10: 531-34. 
Singhania, D. L. and N. G. P. Rao (1976). Genetic analysis of some exotic X Indian crosses in sorghum. 

XIV. Stability of hybrids and parents. Indian J. Genet. 36: 118-24. 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

Indian J. Genet, 41(1981): 213-219 

NEW HYBRIDS AND VARIETIES OF SORGHUM AND THEIR 

PERFORMANCE1 

N. G. P. RAO% B. S. RANA, V. JAYA MOHAN RAO and B. BALARAMI REDDY 

National Research Centre for Sorghum, IARI Regional Station, Hyderabad 500 030 (AP) 

ABSTRACT 
The performance of some of the recently developed hybrids and varieties during the kkarif season in 

India over a three year period has been examined. The recently released hybrid SPH-61 (CSH-9) 
was consistently superior and the most stable in yield performance. Hybrids were generally superior 
in performance and stability compared to improved varieties, but the latter do reflect significant improve
ment over local cultivars and could supplement hybrids to accomplish greater coverage. 

SORGHUM breeding programmes in India continue to lay emphasis on the 
development of high yielding varieties and hybrids. There is also emphasis on 
similar maturity of hybrids and varieties so that earhead pest problems like midge 
resulting from growing cultivars of dissimilar maturities in a given tract are not 
accentuated (Rao and Jotwani, 1974). The present study attempts to analyse 
the three-year performance of some promising hybrids and varieties which reflect 
recent improvements in the development of hybrids and varieties. 

MATERIALS AND METHODS 

The experimental material for the present study comprised four early maturing varieties (SPV-35, 
SPV-96, SPV-99, and CSV-3) and two hybrids (CSH-1 and CSH-6) grown in the early maturity trial at 
a number of locations. A second All-India trial included medium maturity varieties (SPV-97, SPV-102, 
SPV-104, SPV-105, SPV-106 and SPV-107) and two hybrids (CSH-5 and SPH-61). Data on both trials 
was available over the three year period, 1976, 1977 and 1978. The total number of test locations over 
this period were I I I for hybrids, 113 for early maturing varieties and 118 for medium duration varieties. 
All the varieties were derived from tropical X temperate crosses. In case of CSH-1, CSH-5 and CSH-6 
there is some tropical 'blood' in the male parents while in case of SPH-61 both parents have tropical x 
temperate parentage. The early hybrids and varieties matured in 90-100 days while the medium ones 
took 105-115 days to mature. Replicated trials were grown under rainfed conditions in the different 
agroclimatic regions of the country with standard cultural practices. The net plot size was 13-5 sq. 
metres. Stability analyses were done separately for each entry following Eberhart and Russell (1966). 

RESULTS 

YIELD POTENTIAL OF IMPROVED HYBRIDS AND VARIETIES 

The comparative yields of the experimental hybrid, SPH-61 (now recom
mended for release as CSH-9), released hybrids and some of the new promising 
varieties are presented in Table 1. SPH-61 yielded 3379 kg to 4718 kg grain per 

'Part XXV of "Genetic analysis of some exotic X Indian crosses in sorghum". Part XXIV appeared 
in Indian J. Genet., 4 1 : 

aPresent address: International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Institute of Agricultural Research, Ahmadu Bello University, P.M.B. 1044, Zaria, NIERIA. 
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hectare and excelled all the released hybrids in each State. It showed an average 
superiority of 17% over CSH-5, 14% over CSH-6 and 26% over GSH-1. 

Experimental varieties SPV nos. 102, 104 and 107 produced 33 to 50% 
more grain yield than local cultivars. SPV-102 and SPV-104 were particularly 
superior in Maharashtra, Karnataka, Tamilnadu and Rajasthan States but 
SPV-107 was consistently superior in all the States. 

Early maturing varieties, CSV-3, SPV-35, SPV-96 and SPV-99 were 
27-51 % high yielding than locals. CSV-3 and SPV-35 were the highest yielders 
among them. Greater advantage of improved early and mid-late varieties was 
observed in Rajasthan followed by Karnataka and Maharashtra. However, 
only mid-late hybrids/varieties appeared to be advantageous in Gujarat and 
Madhya Pradesh. 

Environmental Index (kg/ha) 

FIG. 1. Stability of early hybrids and varieties 

Comparative yield performance of B lines (counter parts of females of 
hybrids used in the study) showed that 296B, the female parent of SPH-61 out-
yielded all the female parents of released hybrids. Averaged over the three 
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year period and over 25-27 locations, the grain yields of B lines were 296B (3074 
kg/ha), 2077B (1897 kg/ha), 2219B (2686 kg/ha), and CK60B (2757 kg/ha). 
Since the male parent of CSH-5, CSH-6 and SPH-61 was the same, grain yield 
superiority of SPH-61 was mainly attributed to high yielding potential of its 
female parent and its combining ability with CS 3541. 

STABILITY OF PERFORMANCE OF HYBRIDS AND VARIETIES 

Among the early entries, CSH-6 was the highest yielding hybrid with slope 
slightly above unity (Fig. 1). CSH-1 was the next best in stability of per
formance. CSV-3 and SPV-35 showed average stability while SPV-96 and SPV-
99 were relatively low yielding in this group but less sensitive to stress or impro
vement in environment. 

Stability anlaysis of medium duration hybrids and varieties indicated that 
SPH-61 was superior to CSH-5 and other hybrids/varieties with respect to yield 
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FIG. 2. Stability of medium duration hybrids and varieties 
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levels as well as stability both in poor and advantageous environmental conditions 
(Fig. 2). Yield of early hybrids, CSH-1 and CSH-6 was comparatively lower 
than mid-late hybrids. Deviations from linearity were particularly low in case 
of CSH-6. Among varieties, SPV-107, SPV-104, SPV-102 and SPV-101 were 
high yielding with slopes close to 1-0 (Fig. 2). Deviations from linearity were 
considerably low in case of SPV-104 and SPV-107. SPH-61 was the most widely 
adaptable hybrid. It was characterised by highest mean yield and low C.V. 
computed over all the locations during three years period (Fig. 3). CSH-5 and 
CSH-6 were the next best in their adaptability. CSV-3, CSH-1 and SPV-107 
were intermediate in yield performance but reasonably good in their adaptability. 
Improved varieties such as CSV-4, SPV-102 and SPV-104 were intermediate in 
yield potential and adaptability. The performance of locals was characterised 
by low mean and high C.V. suggesting their poor and unstable performance. 

COMPARATIVE PERFORMANCE OF HYBRIDS VS VARIETIES 
Average grain yields and stability parameters of promising varieties and 

hybrids grown in the same trials are presented in Table 2. Difference 
between yield performance of early varieties vs. hybrids was highly significant, 
hybrids being more productive than varieties and more adaptable ( b > l - l ) . 
Similarly, mid-late hybrids possessed much higher yield potential over mid-late 
varieties, however, stability parameters were similar (b = 1 • 0), 

TABLE 2 

Average grain yields [kgjha) and stability of performance of some promising hybrids and 
varieties 

VARIETY HYBRID 
Group 

Mean b Mean % over var. b 

Early 2767 0.9404 3493.5 26.12 1.1192 
Mid 2822 1.0072 3994.5 41.62 0.9677 

**Significant at 1%; M.S. (Var. X Hyb.) Early group=37.2**; Mid group 
4 1**. 

Advantage of mid-late hybrids over varieties of corresponding maturity 
was more (41-6%) than the advantage of early hybrids over early varieties. 
Comparison between the two maturity groups indicated that mid-late varieties 
were not appreciably superior in yield and stability over early varieties. Delayed 
maturity in hybrids conferred 14-3% advantage in grain yield over early duration 
hybrids. 
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DISCUSSION 

Development of high yielding hybrids and varieties of sorghum has made 
rapid strides in India during the recent past. The development of parents for 
new hybrids and vaiieties involved the use of exotic X Indian (temperate X 
tropical) crosses. 

Both male and female parents of SPH-61 (CSH-9), the recently released 
hybrid are of exotic X Indian parentage and apparently the female improvement 
was responsible for its superiority since the male parent was common to CSH-5, 
CSH-6 and CSH-9. The results also indicate that superior yields and stability 
of performance seem to go together in most cases, since SPH-61 (CSH-9) was 
not only the highest yielder but most stable among all hybrids. That hybrids 
continue to be still superior to improved varieties with respect to performance 
and stability, as observed before (Rao and Harinarayana, 1968; Singhania and 
Rao, 1976) is also borne out in the present study. Amongst the varieties, the 
performance of SPV-35 among earlies and SPV-102, SPV-104 and SPV-
107 among medium duration types is encouraging. Since their maturity is 
similar to the hybrids of the respective groups, and they are superior to locals, 
they could supplement hybrids to accomplish greater coverages and minimise 
damage due to earhead pests like midge occurring on late locals. The hybrids 
have higher yield levels and low C.V. compared to the improved varieties but 
the latter do reflect significant improvement over the local cultivars (Fig. 3). 
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SUMMARY 

Variance analysis is used to measure stability (inter-temporal) and adaptability (over space) components of 
variance with multilocation-multiyear sorghum yield data from India. Adaptability and stability were highly 
correlated. Only the stability component is relevant for farmers in their adoption decision. Measures of 
farmer’s risk aversion are used to rank genotypes according to preferences which take account both of yield 
and stability. Since yield differences were large and risk aversion moderate, preference based rankings did 
not differ markedly from yield based rankings. 

INTRODUCTION 

The Indian Sorghum Improvement Program has aimed at developing short duration, 
high yielding, and widely adapted hybrids and varieties from temperate x tropical 
varietal crosses. Such hybrids and varieties are expected to withstand location-specific 
environmental fluctuations and still give high yield at a given location since genotype 
x year interaction was observed to be smaller than genotype x location interaction. 

The question is pursued here more formally. The concept of stability is used ex- 
clusively in its temporal connotation and is the converse of low levels of risk. Adapta- 
bility is restricted to its location dimension and is defined as low fluctuations of 
(average over years) yields across location. This distinction is due to EVENSON et al. 
(1978). Stability (or conversely risk) and adaptability are measured by using a simple 
analysis of variance technique. The decision-theoretic concept of risk aversion is then 
used to establish a genotype ranking which is based on farmers preferences and takes 
account of both average yield and stability. The following questions are then pursued: 
(i) Do hybrids outperform varieties when the preference-based ranking is used rather 

than a simple yield ranking? 
(ii) Do yield and preference-based rankings deviate strongly from each other? 
(iii) Are measured adaptability and (temporal) stability highly related? 
(iv) How well can single-year data predict stability or adaptability? 

’ Present address: Central University of Hyderabad, India. 
‘Present address: Employment & Rural Development Division, The World Bank, 1818 H. Street, N.W., 
Washington, D.C. 20433, USA. 
s Present address: National Research Center for Sorghum, IARI-Regional Station, Hyderabad, India. 

451 



B.C. BARAH, H. P. BINSWANGER, B. S. RANA AND N. G. P. RAO 

MATERIALSAND METHODS 

A balanced set of five hybrids (CSH 1, CSH 2, CSH 4, CSH 5, and CSH 6) and six 
varieties (Swarna, 148,302,555,604, and local) was chosen out of a total of 103 hybrids 
and varieties tested at 82 locations in the All-India coordinated trials. Those chosen 
were tested over 18 common locations from 1971 to 1974. The trials were conducted 
during the monsoon season and virtually all were under rainfed conditions. A uniform 
fertilizer dose of 80 kg N + 40 kg P,O, and 40 kg K,O per hectare was adopted with 
minor variations at some locations. The soil type was dissimilar from region to region, 
but deep black soils were prevalent in the major sorghum-growing belt. Trials were 
conducted in a complete randomized block design, entries replicated three times with a 
net plot size of 22.5 m2. The plantings were done at a spacing of45 cm between the rows 
and 15 cm between the plants. Early sowing and other plant protection measures were 
used. 

Measures of risk and adaptability. The stability-relevant and adaptability-relevant 
components of variation are measured on the basis of the following linear model with 
random effects : 

yitt = Pi + h, + Tilt (1) 

Yil, is the yield of genotype i (i = 1,. .,V) at location &+(/ = 1,. . .,L) and in year t 
(t = I,..., T). The genotype mean is pi, h, is the effect of location& on genotype i and girt 
is the location by year interaction. For analysis of variance purposes Zi(t has to be 
further split up into ritt = uit + rhrt where uit is the year effect on genotype i andqirt is the 
residual location by year interaction. The following two subsections are a sharply 
condensed version of portions of BINSWANCER & BARAH (1980) to which the reader is 
referred for fuller details. 

Replications are neglected in the analysis, although an extension to include their 
effect is straightforward. The variance of genotype i yield then is 

0; = cJ;* + oz: lr (2) 

The ‘adaptability component’ of the variance is oz, (estimated by Sj,) while the 
‘stability component’ is &, measured by Szr. (Formally this component is again 
broken up as 02~ = ~2” + I$,.) A farmer at any given location only experiences the 
stability component o:* as his level of risk. Unlike the breeder, he is not interested in the 
(average) performance of the genotype at other locations; i.e., the adaptability com- 
ponent 02 h is irrelevant for him. 

From the mean squares (MS) of analysis of variance tables of each genotype yield 
across years and locations (and neglecting replications), these components are esti- 
mated as 

(3) 

(4) 
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For reasons explained in the next section and because of the one-to-one relationship 
of rankings based on variance and standard deviation, square roots of these com- 
ponents are used as estimates of stability- and adaptability-relevant standard 
deviations. 

Decisions under risk and a measure of risk aversion. Ranking of genotypes by average 
yield and risk, as measured here by stability-relevant standard deviation will usually 
not coincide. A unique ranking for choosing among these genotypes can only be 
established by using decision theory under risk as developed by statisticians and 
economists. For an exposition of these theories see ANDERSON et al. (1977). The 
simplest of such a framework is Expected Returns-Variance analysis (E-V analysis). 
Before proceeding, however, note the following about this choice-theoretic frame- 
work : One can neglect the issues of subjective probabilities or perceptions of farmers 
because the analysis here is prescriptive, i.e., it addresses the question of what should be 
recommended to farmers. E-V analysis also assumes that yields are normally distri- 
buted over time (which cannot be tested with only 4 years of data); if there are sharp 
divergences from normality, more complex models are required. This is because 
measuring risk by variance or standard deviation is only appropriate for normal 
distribution (see ROUMASSET, 1979 on the problems of appropriate measures of risk). 
The use of the measure of risk aversion used below, (the tradeoff between yield and 
standard deviation) has a similar requirement. Note also that E-V analysis is usually 
performed with profits rather than yields. Since, in the trial considered, the cost of 
production is the same for all genotypes and we have no information about their output 
price differences, profit or yield leads to identical rankings. Where data sets have 
different characteristics the same analysis can be done by replacing yield Yitt by profit 
Pitt where profit is computed as yield x price minus cost of production. If sufficient 
data on price variability over time is available one can then extend the model to take 
price risk into account as well. 

In E-V analysis the farmer is assumed to have a utility function which measures his 
level of satisfaction taking into account both average yield and stability, i.e. 

u = f (Pi,“Zr) (5) 
Problems associated with measuring such functions have been the focus of much 

research in economics and experimental psychology and cannot be reviewed here. 
What is important is that different combinations of expected return and stability can 
lead to the same level of satisfaction, i.e., one can solve equation (5) for iso-utility 
curves. 

Pil" = g C"2r> (6) 

Because of the one-to-one correspondence of o and 02, we can write this in the 
expected return-standard deviation space as 

Pi 1 I-J = h (oiz>. 

Such iso-utility curves are given in Fig. 1 as lines AD,BD, or CD. The steeper the lines, 
the less risk-averse is an individual. The slope of the line AS/At is the tradeoff an 
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7.. 
Fig. 1. Ranking according to risk preference. 

individual is willing to accept between expected yield and standard deviation. In- 
dividuals with a given slope of these lines will choose the genotype which lies on the line 
farthest to the right in the graph because lower standard deviation and higher yield lead 
to higher utility. 

BINSWANGER (1980) has measured the slope AS/AY of these iso-utility curves for the 
semi-arid tropical farmers in the Indian sorghum-growing belt. He finds that it lies in 
the fairly narrow range of 1.5 to 3.0 with a mean value of 2.0. This mean value will be 
used for the preference-based ranking. 

RESULTS 

The stability-relevant standard deviation S, plotted (vertical axis) against the mean 
yield of each genotype across all locations and over years (horizontal axis) shows that 
the genotypes fall into two distinct groups (Fig. 1). The hybrid groups have average 
yields ranging from 29.5 to 46.8 q/ha while the local check and the varieties have yields 
from 19 to 28.1 q/ha. Hybrids thus dominate all varieties from the yield point of view. 
However, the hybrids as a group tend to have slightly higher stability-relevant standard 
deviations than the varieties-cum-local groups. The most popular hybrids such as 
CSH-5 and CSH-6, therefore, are highest yielders, as well as higher in S,. By and large, 
higher yields must be ‘paid for’ by higher stability-relevant standard deviations. (They 
may, however, have lower coefficients of variation (CV) of yields. But CV cannot be 
used in this type of analysis because (a) no decision theoretic framework exists relating 
CV to yield or profits and (b) unlike S,, rankings by CVs of profits will not be identical 
to rankings by CVs of yields, even if output price and input levels do not differ by 
genotypes.) 

Five genotypes 555,604, 148, CSH4 and CSH-5 are stability- or risk-efficient since 
no other genotype exists which has both higher (or equal) yield and lower (or equal) 
standard deviation. No risk-averse decision maker, regardless of his level of risk 
aversion, would choose a genotype which is not stability-efficient in this sense. Even 
without knowledge of the level of risk aversion of a decision maker one can thus classify 
genotypes into two sets. (This type of analysis can be extended to nonnormally 
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Table 1. Ranking of sorghum genotypes according to different device criteria and in different years. 

Geno- 
we 

4 years Ranking Stabi- Stabi- Adapta- Adapta- Individual year ranking 
average lity lity bility bility 
yield yield risk effi- standard standard effi- 1971 1972 1973 1974 
(s/ha) prefe cient devia- devia- cient 

rence set tion tion set 

CSH 5 46.80 I 1 * 17.65 10.90 * 1* I* 1* 1* 
CSH 4 35.18 2 2 * 13.07 7.88 * 3 4 3* 2* 
CSH 6 35.16 3 3 14.64 11.27 2.2 2* 4 
CSH 1 30.29 4 4 14.95 9.96 4 3 4 10 
CSH 2 29.54 5 5 15.34 11.93 5 6 5 5 
Swarna 28.12 6 6 13.90 7.00 * 7 5* 6 3 
302 24.18 7 9 14.27 7.34 9 7 7 9 
148 23.77 8 7 * 11.40 6.08 * 6 9 8 7 
604 23.09 9 8 * 10.83 5.90 * 8* 8* 9 6 
555 21.51 IO 10 * 9.48 6.52 11 lO* lO* 8 
Local 18.52 11 11 11.74 4.95 10 11 11 11 

*The genotype is in the respective stability-efficient. adaptability-efficient, or variability-efficient set. 

distributed yields where the concept of stochastic dominance is used (ANDERSON, 
1974).) But such efficiency analysis does not lead to unique rankings. Therefore, to 
choose the ‘preferred’ genotype from the risk-efficient set requires the knowledge of the 
extent of risk aversion. 

For this particular data set and for all three levels of risk aversion (1.5, 2, 3) the 
preferred genotype is also the highest-yielding CSH 5. In fact, the ranking based on 
risk-preference divides the genotypes into the same two groups as a yield-based rank- 
ing, namely, the hybrid and the varieties groups (Table 1). This answers the first 
question in the introduction in the affirmative. Furthermore the yield-based ranking 
and the preference-based ranking not only coincide across these groups but are very 
close within each group as well. The only rank reversal is the one between 302,148, and 
604. These genotypes have very similar yields but substantially different standard 
deviations causing reversal in rankings. Where yields differ widely such reversals do 
not happen. For this data set the second question in the introduction is also answered 
negatively. 

The adaptability-relevant standard deviation is plotted against average yield in Fig. 
2. In the absence of a choice-theoretic criterion for trading off yield against adaptability 
variance (BINSWANGER & BARAH, 1980) one can only infer that a genotype’dominates 
the other in the adaptability sense if it has equal or higher yields and equal or lower 
adaptability variance (standard deviation). CSH-5 dominates CSH-2 and CSH-6; and 
CSH-4 dominates CSH-1, CSH-2, and CSH-6. Variety 148 dominates only 555. This 
dominance criterion can be used to define an adaptability-efficient set of genotypes as 
that set of genotypes which is not dominated by any other genotype in the adaptability 
sense. The adaptability-efficient set consists of 604, 148, Swarna, CSH-4 and CSH-5. 
The local check is also adaptability efficient. Since the local check differs from location 
to location, interpreting its adaptability-relevant standard deviation is not very 
meaningful. 
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Fig. 2. Adaptability efficiency. 

However, the adaptability-efficient set contains largely the same genotypes as the 
stability-efficient set (Table 1). Swarna is contained in the adaptability-efficient set but 
not in the stability-efficient one while the reverse is true of 555. In particular, CSH-5 
and CSH-4 rank highest by yield and by risk preference and are also adaptability- 
efficient. Varieties 148 and 604 are among the lowest yielding but highest in their 
stability and adaptability. 

The correlation coefficient between stability-relevant and adaptability-relevant 
standard deviation is also high at r = 0.80 which is significant at the 0.01 level of 
probability. Thus the third question in the introduction is answered affirmatively. 

With single-year multilocation data, the total SD confounds stability and adapta- 
bility variance components and is thus neither a measure of stability nor of adapta- 
bility. It is larger than either one individually. However, one can define variability- 
efficient sets just as before for stability and adaptability. A genotype is variability- 
efficient if no other genotype has both higher (or equal) yield as well as lower (or equal) 
total standard deviation. 

Comparing single-year yield rankings with the yield rankings over all 4 years and 
with the risk-preference rankings, the individual year rankings coincide fairly well with 
the overall yield and-preference rankings where ultimate yield differences are large. 
CSH-5 always occupies first rank and local is last in 3 out of 4 years. On the other hand, 
Swarna does better than some of the hybrids in 2 out of 4 years. This leads to the 
conclusion that large yield differences in a single year are good predictors of yield 
differences over several years and of risk preference based rankings, but smaller 
differences must be confirmed in several years of trials. The fourth question of the 
introduction, therefore, receives the answer ‘fairly well’. 
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Table 2. Annual yields, their standard deviations, and variability-efficient sets. 

Genotype 1971 1972 1973 1974 

CSH-5 57.76* 40.57 45.15* 43.71* 
(25.92) (16.47) (19.35) (15.38) 

CSH-4 35.30 32.15 37.17* 36.12* 
(18.18) (16.44) (15.51) ( 9.36) 

CSH-6 38.18 36.76 40.22* 25.48 
(19.99) (20.57) (16.57) (11.52) 

CSH-1 31.39 33.22 35.91 20.66 
(17.92) (19.15) (18.20) (11.63) 

CSH-2 30.28 30.15 32.34 25.41 
(19.19) (18.86) (22.25) (1‘7.58) 

Swarna 24.81 31.16* 24.48 32.02 
(18.24) (13.90) (14.13) (14.85) 

302 22.34 29.26 20.56 24.59 
(17.16) (18.58) (10. 2) (16.16) 

148 26.40 24.48 19. 25.09 
(15.19) (11.65) (12.00) (12.02) 

604 23.35* 24.74* 18.95 25.34 
(12.48) (10.48) (12.79) (13.10) 

555 21.29 22.10* 17.94* 24.74 
(12.96) ( 8.66 ( 8.65) (14.11) 

Local 21.95 18.33 17.16 16.68 
(13.43) (19.22) (16.20) (10.50) 

*Genotype is in variability-efficient set, i.e., there exists no other genotype which has equal or higher yield and 
equal or lower standard deviation. 

DISCUSSION 

It is our contention that the use of the joint regression technique of stability analysis is 
an inappropriate technique for analyzing stability in its risk connotation, although we 
do not dispute its usefulness in other contexts (YATES & COCHRAN, 1938; FINLAY & 
WILKINSON, 1963 ; EBERHART & RUSSELL, 1966; PERKINS & JINKS, 1968 ; FREEMAN, 
1973). First, the concept of stability used there coincides with stability as absence of 
risk only if it is used in a (usually nonexistent) data set for a single location over many 
years. It does not properly distinguish between a location and temporal dimension of 
variability, except in its extension by EVENSON et al. (1978). Secondly, its measures of 
stability (regression coefficients and sometimes the residual variances around re- 
gression lines) have not been related to any choice-theoretic criteria for choice under 
risk. The neglect of a proper choice-theoretic framework is in our view the major reason 
for the continuing confusion about what are proper measures of ‘stability’ of ge- 
notypes, whether the discussion revolves around risk or adaptability as defined here. 

The technique proposed here overcomes these shortcomings in the risk dimension. 
(But further work is required to develop a choice-theoretic framework of the adapta- 
bility issue.) It is simple and can be easily used with multilocation yield trials. It does 
require corresponding measures of risk aversion but such measures will increasingly 
become available for other farmer populations than the one studied here. 
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One limitation of the techniques is that the results are fairly specific to the agrocli- 
matic region within which the experiments have been conducted, a problem shared by 
the joint regression approach as well. The preference-based rankings of these 11 
genotypes may not be the same if tested in a similar way in Africa, for example. As 
discussed in BINSWANGER & BARAH (1980) or HARDWICK & WOOD (1972) such region- 
specificity can only be overcome by using regression techniques on plant-independent 
variables. 

The results of the specific application are comforting to sorghum breeders in India 
and perhaps elsewhere as well. Yield and risk-preference-based rankings are very 
closely related, although further analysis is required to see whether this is also the case 
at lower fertilizer or plant protection levels. Furthermore, adaptability and stability are 
highly related, supporting a multilocation breeding and testing approach in the pursuit 
of both low risk and high yields. 
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Amino Acids in Anthers of Milo and in Cytoplasmic Genetic Male 
Sterile Sorghums (Sorghum bico/or L. Moench) of Indian Origin 
D.P. Tripathi, S.L. Mehta and N.G.P. Rao 
Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi and National Research Centre for Sorghum, IARI-Re- 
gional Station, Hyderabad (India) 

Summary. Amino acid composition of  proteins from 
anthers of  milo and Indian origin male steriles were deter- 
mined. Comparison of  amino acid between A and B lines 
showed lower contents of  histidine, threonine, glutamic 
acid, glycine, leucine and phenylalanine and higher con- 
tents of  alanine, serine, proline and tyrosine in line A 
compared to line B. Alanine content in anthers of  A lines 
was more than two fold higher than that in the anthers 
from B lines. Marked differences in amino acid composi- 
tion of  anthers of  A and B lines are suggestive of  their in- 
volvement in male sterility. Cytoplasmic male steriles of  
Indian origin M35-1A and M31-2A showed greater simila- 
rity but differed from milo, VZM2A and B. 

Key words: Amino acid - Male sterility - Cytoplasmic 
male sterile - Sorghum bicolor L. Moench - Maintainer - 
Apomict 

Introduction 

All commercial hybrids of  sorghum developed to date are 
based on milo cytoplasmic male sterility. However, there 
is a need to identify and utilize alternate sources to safe- 
guard against possible hazards. 
Rao (1962), Hussaini and Rao (1964) and Nagur and 
Menon (1974) reported the occurrence of  cytoplasmic- 
genic male steriles from India. Compared to the milo- 
kafir system, fertility restoration in Indian steriles was 
difficult and it was, therefore, inferred that these sterility, 
inducing cytoplasm may be different. Several workers 
have studied male sterile lines and fertile lines in maize 
(Fukasawa 1954, Duvik 1965), cotton (Sarvella and Sto- 
janovic 1968) and sorghum (Brooks 1962, Atkins 1970, 
Atkins and Kern 1972) for such chemical constituents as 
amino acids, carbohydrates, etc. At both meiosis and after 
the vegetative division of  the microspores (Fukasawa 

1954) proline was present in lesser amounts in the anthers 
of  Texas cytoplasm plants than in the anthers of  normal 
cytoplasm plants. 
In cotton, Sarvella and Stojanovic (1968)observed higher 
aspartic acid arginine content in male sterile lines where 
hirsutum genomes were incorporated into anomalum and 
arboreum cytoplasm than the hirsutum type itself. Atkins 
(1970) and Atkins and Kern (1972) observed higher ami- 
no acid content in fertile lines. However, the precise dif- 
ference between different cytoplasmic genetic male ster- 
ties from Indian and that ofmilo has not yet been charac- 
terised. In the present study the amino acid composition 
o f  anther from the milo and India origin male steriles has 
been studied. 

Materials and Methods 

Diverse male steriles, their maintainers and a apomictic line were 
included in this study. Seeds of CK60B, VZM-2A, VZM-2B, 
M35-1A, M35-1B, M31-2A and R473, provided by the All India 
Coordinated Sorghum Improvement Project (AICSIP), Hyderabad, 
were grown on IARI farms. Mature anthers were collected before 
bursting and either stored in liquid nitrogen or analysed immedia- 
tely. 

Protein Hydrolysis and Amino Acid Estimation 

Weighed anthers (100 mg in B lines and 300 mg from A lines) 
were placed into hydrolysis tubes and 6 ml of 6N redistilled HC1 
was added. The tubes were then evacuated, sealed and hydroly- 
sis was carried out by keeping tubes at 110~ for 24 hours. The 
hydrolysate was filtered and then freed of acid by repeated flash 
evaporation at 40~ The residue was finally dissolved in a small 
volume 0.1 M sodium citrate buffer, pH 2.0, and amino acid 
analyses was done employing a TSM amino acid analyzer. 

Results 

The amino acid (g amino acid per 100 g protein) composi- 
tion of  proteins from anthers of  male sterile and main- 

0040/5752181/0059/0113/$1.00 
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Table 1. Amino acid composition (g amino acid/100 g protein) of protein from anthers of male sterile, maintainer and apomictic sorghum 
lines 

S. No. Amino acid CK60B VZM 2A VZM 2B N35-1A M35-1B M31-2A R473 

1. Lysine 7.25 5.90 8.00 6.70 5.90 6.70 9.20 
2. Histidine 1.70 0.90 1.70 - 2.40 1.80 1.80 
3. Argnine 6.78 4.00 4.20 5.90 6.00 6.00 7.00 
4. Aspartic acid 8.56 6.10 9.40 7.60 7.60 7.60 9.20 
5. Threonine 4.68 2.40 3.70 2.80 6.80 2.80 4.10 
6. Serine 5.02 6.90 5.40 8.40 4.80 7.20 6.00 
7. Glutamic acid 9.66 7.00 10.10 8.80 10.10 8.40 11.80 
8. Proline 10.76 13.30 11.10 13.20 11.90 13.20 11.90 
9. Glyeine 4.56 4.80 5.30 4.30 5.20 5.20 4.30 

10. Alanine 6.93 16.20 7.40 19.40 7.20 18.40 9.20 
11. Cystine Trace Trace Trace - Trace Trace - 
12. Valine 4.93 5.10 5.00 6.70 5.40 6.70 6.70 
13. Methionine 2.02 1.50 1.70 1.70 3.40 1.70 3.40 
14. Iso-leucine 4.31 4.10 4.30 4.50 4.50 4.50 6.00 
15. Leucine 6.65 5.40 7.50 6.00 7.50 7.50 9.00 
16. Tyrosine 4.53 5.90 4.20 6.20 4.20 6.20 6.20 
17. Phenylalanine 6.60 2.90 4.20 3.80 5.70 3.80 5.70 
18. Ammonia 3.41 4.30 4.30 3.00 4.50 2.40 2.80 

tainer lines is shown in Table 1. Marked differences in the 
amino.acid composition of  anthers from male sterile lines 
and their maintainers were observed. Comparison of  
amino acids between sterile and maintainer lines showed 
higher content o f  histidine, threonine, glutamic acid, 
glycine, leucine and phenylalanine and a lower content of  
serine, proline, alanine and tyrosine in the maintainer 
lines than in the male steriles. VZM-2B had higher aspartic 
acid compared to its male sterile VZM-2A while M35-1B 
had higher methionine and lower valine content than 
M35-1A anthers. All the A lines were characterized by 
very high levels of  alanine. Alanine concentration was 
more than two fold higher in sterile lines than in their 
maintainer lines. Arginine, valine, methionine, isoleucine 
and ammonia did not show many differences between 
VZM-2A and VZM-2B. Also, in the case of  M35-1A and 
M35-1B no differences were observed in the levels of  
arginine, aspartic acid and isoleucine. M35-1A had the 
highest level of  alanine while CK60B had the lowest con- 
tent. Comparison of  the amino acid content of  all sterile 
lines, i.e. VZM-2A, M35-1A, M31-2A, showed the com- 
mon features of  higher alanine, proline and serine content 
compared to their respective maintainers. Alanine and 
proline together accounted for 29-32 percent of  the total 
amino acids present in A lines while in the cases of  VZM- 
2B and M35-1B these two amino acids accounted for only 
18-19%. Anthers from M35-1A and M31-2A had similar 
contents of  lysine, arginine; aspartic acid, threonine, glu- 
tamic acid, proline, valine, methionine, isoleucine, tyro- 
sine and phenyl alanine (Table 1). These results, therefore, 
indicate that the amino acid composition of  M31-2A is 
very much similar to that found in the anthers of  M35- 
IA. The amino acid composition of  M35-1A and M31-2A 

differed from that of  VZM-2A anthers. Both M35-1A, 
M31-2A anthers had higher contents of  lysine, threonine, 
glutamic acid, alanine, valine, leucine and phenylalanine 
and lower contents of ammonia, as compared to that 
found in VZM-2A. This increased concentration of ammo- 
nia indicates the presence of  higher levels of  amides, either 
asparagine or glutamine, in VZM-2A than in M35-1A, 
M3t-2A. Amino acid composition of  anthers of  VZM-2B 
and M35-1B also differed markedly. Lysine, aspartic acid 
and serine contents were higher while histidine, arginine, 
threonine, proline, valine, methionine and phenylalanine 
contents were lower in anthers of  VZM-2B as compared to 
anthers from M35-1B. Methionine content in VZM-2B 
anthers was half that found in M35-1B anthers. Threonine 
content in VZM-2B was also nearly half that found in 
M35-1B anthers. There was not much difference in 
glycine, alanine, isoleucine, leucine, tyrosine and ammonia 
levels between M35-1B and VZM-2B anthers. The con- 
tents of  arginine, threonine, methionine, tyrosine and 
phenylalanine were higher, while that of  lysine, aspartic 
acid, serine, glutamic acid, glycine, alanine and leucine 
were lower, in anthers of  CK60B than in VZM-2B anthers. 
Lysine, arginine, aspartic acid and phenylalanine contents 
were higher and that of histidine, threonine, glutamic 
acid, proline, glycine, valine, methionine, leucine and 
ammonia were lower in CK60B anthers than in M35-1B 
anthers. The amino acid composition of  the apomictic 
line R 473 also differed from other anthers with respect 
to many amino acids. Lysine, aspartic acid, serine, gluta- 
mic acid, proline, alanine, valine, methionine, isoleucine, 
leucine were higher and threonine, phenylalanine and 
ammonia lower in R 473 anthers than in anthers of  
CK60B. Aromatic amino acid contents, including leucine 
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Table 2. Amino acid content (mg/g anther) from sorghum male steriles 
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S. No. Amino acid CK60B VZM 2A VZM 2B M35-1A M35-1B M31-2A R473 

1. Lysine 3.639 2.352 3.083 2.148 2.841 2.290 3.745 
2. Histidine 0.862 0.358 0.648 Trace 0.965 0.598 0.706 
3. Argnine 3.407 1.595 1.592 1.641 2.812 2.059 3.013 
4. Asparctic acid 4.308 2.430 3.563 2.471 3.389 2.476 3.470 
5. Threonine 2.369 0.981 1.427 1.009 1.392 0.964 1.673 
6. Serine 2.546 2.782 2.106 2.883 2.361 2.682 2.497 
7. Glutamic acid 4.875 2.778 3.924 3.136 4.644 2.740 4.549 
8. Proline 5.400 5.400 4.293 4.652 5.686 4.719 4.974 
9. Glycine 2.277 1.922 2.068 1.504 2.112 1.752 1.614 

10. Alanine 3.468 6.577 2.844 6.861 3.280 6.724 3.827 
11. Cystine Trace Trace Trace - Trace Trace - 
12. Valine 2.465 2.039 1.885 2.160 2.342 2.429 2.632 
13. Methionine 1.009 0.598 0.634 0.628 1.321 0.653 1.038 
14. lso-leucine 2.140 1.619 1.688 1.631 2.215 1.698 2.265 
15. Leucine 3.362 2.200 2.920 2.152 3.582 2.420 3.813 
16. Tyrosine 2.304 2.364 1.617 2.054 1.819 2.057 1.944 
17. Phenylalanine 3.321 1.134 1.593 1.161 1.928 1.118 1.959 
18. Ammonia 1.712 0.900 1.648 1.030 2.149 0.818 1.143 

and isoleucine, in the apomictic line were comparatively 
higher than those found in other anthers. Lysine content 
was highest in R-473 anthers. Amino acid content per unit 
weight of  anthers (mg/g anther) is shown in Table 2 for 
anthers of  male steriles, maintainers and apomictic line, 
R 473. Amino acid content per unit weight of  anther 
gives an idea of  total abundance or lack of  amino acid in 
anthers. A general comparison indicated a greater propor- 
tion of  amino acids in CK60B, M35-1B and apomictic 
line, R-473, when compared to male steriles VZM-2A, 
M35-1A, M31-2A as well as VZM-2B. A comparison of  A 
vs B lines indicated higher contents of  lysine, histidine, 
aspartic acid, threonine, glutamic acid, leucine, phenyla- 
lanine and ammonia and lower contents of  serine and ala- 
nine. Amino acid content in M35-1A had greater simila- 
rity to that found in M31-2A whereas that of  VZM-2A 
differed from that of  M35-1A and M31-2A with respect to 
proline, glycine, alanine, valine and tyrosine. CK60B also 
showed differences with the other maintainer lines VZM- 
2B, M35-1B as well as with R-473. 

Discussion 

Cytoplasmic male-sterility in Sorghum is fundamentally 
an aspect of  the problem of  gene action and nuclear cyto- 
plasmic interaction. In order to find out if the cyto- 
plasmic genetic male sterility could presumably be the 
result of  a relatively simple course involving a deficiency 
of  one or more compounds, amino acid analysis was done. 
The deficiency might reflect the known functioning of  an 
enzyme system and result in subsequent accumulation o f  
certain metabolites. 

Upon compairing amino acids (g/100 g protein) from 

anthers of  A and B lines, lower concentrations of  histi- 
dine, threonine, glutamic acid, glycine, leucine and pheny- 
lalanine and higher concentrations of  serine, proline, ala- 
nine and tyrosine were observed in A. However, proline 
and glycine did not show consistent results when amino 
acids were expressed on anther weight basis. Alanine con- 
tents in maintainer lines were less than 50% of  that pre- 
sent in sterile lines. Khoo and Stinson (1959) have also 
observed accumulation of  alanine in certain sterile lines of  
maize. Brooks (1962) also reported higher glycine levels in 
anthers o f  sorghum male steriles. However, in the present 
study male steriles had low glycine contents. The exact 
role of  alanine is not known in inducing male sterility. Be- 
cause of  the predominance of  alanine in anthers of  sterile 
lines, it would be interesting to examine the involvement 
of  either alanine or one of  its intermediates in determining 
male sterility. Consistent differences in A and B lines are 
suggestive of  changes in the pattern of  amino acid meta- 
bolism in sterile anthers, relative to that of  fertiles. In 
general, the amino acid composition of  M35-1A anthers 
had greater similarity to that found in M31-2A anthers. 
These results further support the similarity observed in 
M35-1A and M31-2A using isoenzyme pattern mapping 
(Tripathi 1979). 

The amino acid composition from anthers of  apomic- 
tic line differed considerably from that of  sterile and 
maintainer lines with respect to lysine, aspartic acid, glu- 
tamic acid, alanine, isoleucine, leucine, etc. The contents 
of  lysine, leucine, isoleucine, glutamic acid and aspartic 
acid were higher in anthers of  R-473 as compared to an- 
thers o f  A and B lines. The differences in amino acid com- 
position of  sterile and maintainer line and anthers of  dif- 
ferent cytoplasmic background are suggestive of  basic 
differences in protein quality and quantity. 
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SOLUBLE PROTEIN AND ISOENZYMES FROM ANTHERS OF 
DIVERSE MALE STERILES IN SORGHUM* 

D. P. TRIPATHI, S. L . MEHTA and N. G. P. RAO** 

Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi-l 10 012 
{India) 

FOLLOWING the vulnerability of corn hybrids to leaf blights, primarily attribut
able to the T cytopasm, great attention is being bestowed on diversification of 
cytoplasmic sources of male sterility. All commercial hybrids of sorghum 
developed so far are based on milo cytoplasmic male sterility and there is a clear 
need to identify and utilize alternate sources. Compared to the milo-kafir 
system, fertility restoration on Indian steriles was difficult and it was, therefore, 
inferred that these sterility inducing cytoplasm may be different. The precise 
differences among male steriles of Indian-origin and milo are not known. 
Theoretically, proteins which are the primary products of genes, probably pro
vide a direct measure of gene homology. Various workers (Alam and Sandal, 
1969; Schwartz, 1966; Siddiq et al, 1972) have tried to study genome relationship 
by studying soluble protein and isoenzyme patterns. In the present study, 
soluble protein and isoenzyme pattern in anthers of sorghum [Sorghum bicolor 
Moench.) strains with diverse cytoplasmic and nuclear factors have been 
studied. 

MATERIALS AND METHODS 

The seeds of six male steriles, 'Ck 60 A', 'Nagpur A', 'GIA', 'VZM 2A', 'M 35- lA' and 'M 31-2A' 
and their maintainers were grown on lARI farm. Mature but unburst anthers were collected in the 
morning hours and stored in liquid nitrogen before use. 

Soluble protein extraction: Anthers were ground in chilled pestle and mortar with 50 m M Tris-Cl 
buffer (pH 7-6) (1:2-5 W/V) containing 50 m M j8-mercaptoethanol and 5 m M EDTA for soluble protein 
and isoenzymes of esterases. For peroxidase, 50 mM Tris-Gl buffer, pH 7-6 (1 :2 -5 W/V) was used. All 
operations were carried at 4°G. The suspension was then centrifuged at 15,000 g for 30 minutes at 0°C. 
The supernatant obtained was used immediately for gel electrophoresis. 

Separation of proteins: Polyacrylamide gel electrophoresis was used to separate soluble proteins and 
various isoenzymes. Anionic system of Davis (1964) and Ornstein (1964) was adopted. Samples conta
ining 200-225 fig protein were layered above the spacer gel. Electrophoresis was conducted in cold (about 
4°G) by applying initially 2 mA and then 3 mA current per gel tube untill tracking dye (bromophenol 
blue) entered the rtmning gel. After completion of electrophoresis, which was indicated by the movement 
of trackling dye to the bottom of gels, the gels were stained for 30 minutes in 0 - 1 % amido black (in 7% 
acetic acid) and destained by diffusing out excess stain in 7% acetic acid. Esterases were detected by 
incubating gels in 50 ml phosphate buffer (0 • 05 M p H 6 • 0) containing 1 ml of 1 % »< -naphthylacetate in 
60% acetone and 25 mg fast blue RR at room temperature for 10-30 minutes. For peroxidase, the gels 
were incubated for 30 minutes in 0-5% O-dianisidane HGl 1 ml, 0-6 M sodium acetate buffer (pH 5-4) 

*Part of Ph.D. thesis submitted by D. P. Tripathi to P. G. School, lARI , Delhi in 1979. 
** National Research Centre for Sorghum, lARI, Regional Station, Hyderabad-500 030, India. 
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3 ml. and distilled water 26 ml. Then the gels were incubated in O - l M H a O a tintil the visible bands 
developed and photographed immediately. For each group of the enzymes duplicate runs were made. 

The relative migration (Rm) of each band and the similarity index values calculated as given by 
Siddiq et al. (1972). 

RESULTS 

The amount of soluble protein extracted from anthers of sterile lines was 
considerably less as compared to the anther of maintainor lines. T h e anthers 
from 'CK 60 A and' 'Nagpur A' were more or less completely devoid of soluble 
proteins as no staining appeared on gel even after loading extra amount of 
extract. 

R „ values of different bands is shown in Table 1. The soluble protein 
pattern from anthers of different lines showed characteristic differences (Fig. 1). 
Protein patterns of 'GIA ' and 'GIB ' anthers differed considerably from that 

TABLE 1 

i?ni value of soluble protein bands on polyacrylamide gel electrophoresis from anthers of 
different sorghum strains 

Rm 

0-04 
0-06 
0-08 
0-18 
0-22 
0-24 
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0-30 
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0.34 
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0-60 
0-64 
0-68 
0-70 
0-72 
0-84 
0-92 
0-96 
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of other anthers. The similarity index values, which give an idea of gene 
homology between male sterile vs maintainer lines of different cytoplasmic origin, 

I OENSITOGRAPHS OF SOLUBLE PROTEIN PATTERN FROM 
SORGHUM ANTHERS 

VZM-2A 

I I I 1 l | i n i i M iMiiii - n i I ! t.-..-..i! I i n n I T 

M35-1B 

xr PI I lllBlllii 

FIG. 1. 

are shown in Table 2. Based on these similarity index values, 'GK 60 B' had 
considerable homology only with. 'Nagpur B'. 'Nagpur B' anthers showed 
greater homology with 'VZM2A' and 'VZM2B' than with others. Even A and 
B lines of same origin did not show greater homology. 

Esterase isoenzyme: Esterase isoenzyme patterns from anthers are shown 
in Fig. 2 and the R^ values of the isoenzyme are given in Table 3. Qualitative 
and quantitative differences were noticed not only between male sterile and the 
corresponding maintainer line but also between lines of different cytoplasmic 
background. The pattern of 'Ck 60 B' had greater resemblance with 'Nagpur 
B' as compared to that of other lines. The patterns from 'GlA ' and 'GIB' were 
quite distinct compared to other sterile and maintainer lines. Intensity of 
esterase isoenzyme bands was greater in male steriles than in the corresponding 
B lines. In general, band pattern of 'M 35- lA ' and 'M 35- lB ' had great 
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TABLE 2 

173 

Similarity index for soluble protein from anthers of different male steriles and their 
maintainer 

6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

GK60B 
Nagpur B 
GI A 
Gl B 
VZM2A 
VZM2B 
M 35-lA 
M 35-lB 
M 31-2A 

60 

< 
1 — * 

O 

10 
14 

eq 
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17 
18 
0 

N 
> 

25 
47 
0 

17 

M 
(M 
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38 
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30 
13 
14 
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7 
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CO 

15 
33 
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17 
27 
13 

l-H 

1 
CO 

13 
28 
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31 
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1 

CO 

40 
11 
0 

30 
44 
14 
8 
7 

fa 

1 
CO 

13 
15 
8 

31 
13 
18 
21 
33 
14 

DENSrroGRAPHS OF ESTERASE ISOZYMES FROM SORGHUM ANTHERS 

Nagpur B 

G-l A A &I B 

VZM-2A 

1 CX 

VZ M-2 B M3I-2A M3I-2B 

FiQ. 2. 
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resemblance with respectively 'M 31-2A' and 'M 31-2B' esterase isoenzyme 
patterns. Esterase pattern from 'GIA' and 'GIB' diflfered qualitatively from 
that of 'VZM 2A' and 'VZM 2B' anthers. 

Peroxidase isoenzyme: Peroxidase isoenzyme pattern was studied due to its 
known involvement in growth and development. Peroxidase isoenzyme 
patterns obtained from anthers of diverse sorghum A and B lines are shown in 

DENSITOGRAPHS OF PEROXIDASE ISOZYMES FROM SORGHUM ANTHERS 

M35-1B 

VZM-2A V2M-2B M31-3A / M31-2B 

D CH J 1-n—Tsr 

FIG. 3. 

TABLE 4 

Rjn value of peroxidase isoenzyme bands on polyacrylamide gel electrophoresis from anthers 
of different sorghum strains 

Rm 
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Fig. 3, and the R^ values of different isoenzymes in Table 4. Peroxidase iso
enzyme bands from anthers of maintainer lines were very clear while those from 
all sterile lines except 'GIA' , were very faint. Peroxidase intensity in 'GIA' was 
greater compared to any other A Jine. The pattern of 'M 35- lB ' was similar to 
GIB' . 'VZM2A' and 'VZM2B' were also similar quantitatively but differed 
qualitatively. Peroxidase band at R^ 0-15 was common to all the maintainer 
lines while the band at R„ 0 -07 was common to 'GIA' and 'GIB' and 'VZM2A' 
and 'VZM2B' lines. The number of peroxidase bands varied markedly in the 
male stcrilcs and their maintainers. Only one band was present in 'M 31-2A' 
while a maximum of five bands were present in 'GIB ' and 'M 35- lB ' . 'M 35-1 A' 
did not show the presence of any peroxidase. 

DISCUSSION 

Comparison of anther soluble protein patterns indicated quantitative and 
qualitative differences among different cytoplasmic backgrounds. Soluble 
protein pattern from anthers of milo based steriles showed greater homology 
among themselves. Protein band pattern of 'GIB' and 'VZM 2B' differed 
considerably from anthers of other lines. Decreased number as well as decrease 
in intensity of the protein bands from anthers of sterile lines is indicative of 
reduced protein accumulation in these anthers. These results have been further 
confirmed by electron scanning microscopy where pollen from sterile lines were 
found to be devoid of much of the contents (Tripathi et al., 1981). Alam and 
Sandal (1969) reported differences in protein pattern from male sterile and fertile 
lines of sudan grass. 

Based on esterase band pattern in anthers, diverse male steriles can be 
grouped into three groups (i) Gk 60 B, Nagpur B, (ii) M 35-1A and M 31-2A, 
(iii) GIA and VZM 2A. 

The intensity of peroxidase isoenzymes from anthers was less in all male 
steriles (except GlA) than in their maintainers. Peroxidase isoenzyme pattern 
of 'M 35- lB ' and 'M 31-2B were similar. This further confirmed the obser
vation that these belong to the same group. However, peroxidase isoenzyme 
pattern could not group the diverse male steriles distinctly. 

SUMMARY 

Soluble protein, esterase and peroxidase isoenzyme pattern were studied in 
anthers of diverse sorghum male steriles and their maintainers. Soluble 
protein pattern of sterile and corresponding maintainer line showed qualitative 
and quantitative differences. Based on esterase isoenzyme pattern the diverse 
male steriles and maintainers could be classified in three groups. Peroxidase 
pattern also showed characteristic but not so clearcut differences. 
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INHERITANCE OF HOST PLANT RESISTANCE
TO THE SORGHUM SHOOTFLY
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Abstract-The behaviour of shoddy resistance is examined over the Fl, F2, F3 and advanced gener-
ations. The Fl is almost intermediate between two parents with an added heterotic advantage of a lower
'dead-heart' percentage. Resistance shows partial dominance under low to moderate shootrly infestation
but this relationship may shift under heavy infestation conditions.

The resistance is polygenic in nature and governed by additive genes. In the absence of host immunity,
gradual accumulation of favourable genes is possible by line breeding from R x I and I x I crosses by
selecting 1 SD below the population mean. Selection for multiple characters limits the genetic advance
for shootfly resistance—resulting in 0- 5% selection intensity and relatively less resistant but high yield-
ing desirable progenies. Multilocation tests enable the selection of varieties stable for shootfly resistance.

Key Words: Shoottly, resistance, inheritance, varieties, progenies, selection, crosses, generations, sus-
ceptible

INTRODUCTION

SORGHUM in the tropics being a low-input crop
necessitates a greater awareness for the development
and growing of resistant varieties to reduce the cost of
cultivation and to improve and stabilize the pro-
ductivity. The release of varieties susceptible to insect
attack may accentuate the problem. The primary
objective of sorghum breeding, therefore, involves
combining productivity, insect and disease resistance
in a suitable plant type background.

NATURE AND STABILITY OF
RESISTANCE

The primary mechanism of shootfly resistance is
reported to be ovipositional non-preference (SOTO,
1972; JOTWANI et al, 1971; RAO et al., 1978) involving
a low level of antibiosis (SOTO, 1974). Egg laying and
'dead-heart' formation are genotypically correlated,
though at least one egg per plant can be laid even on
resistant varieties and crosses between them (SHARMA
et al., 1977). Resistance to the shootfly, therefore,
appears to be the cumulative effect of non-preference,
antibiosis and some morphological factors earlier
reported by PONNAIYA (1951) and BLUM (1968).

RANA et al. (1975) examined the tropical and tem-
perate parental stocks and their derivatives. Based on
group differences, gradation among varieties and the
continuous range of variation, it was concluded that
host immunity is absent and that non-preference is a
primary mechanism of resistance which is quantitat-
ive in nature. The varieties differ in their 'dead-heart'
percentage under different levels of infestation but
non-preference appears to be a stable mechanism at
all levels of infestation over time and space (SINGH et

*Formerly with FAO Kenya Sorghum and Millet Im-
provement Project, P.O. Box 278, Busia, Kenya.

al., 1978). IS Nos 1054, 5469 and 5490 are fairly stable
varieties and furnish a dependable source of resistance
for a breeding programme.

BEHAVIOUR OF SHOOTFLY
RESISTANCE IN DIFFERENT
GENERATIONS AND THEIR

INTERRELATIONSHIP

When susceptible (S) and moderately resistant (I)
temperate tropical derivatives are involved in crosses,
the average heterosis in a series of crosses varies from
-40.2 to 8.7% (Table 1). In general, the S x I, I x I
and S x S Fls show lower 'dead-heart' percentages
than mid-parent values indicating the partial domin-
ance of resistance, with overall heterosis being
— 18.8% (Table 2). The relationship may change when
resistant (R) parents are crossed with moderately re-
sistant parents and screened under high shootfly infes-
tation. The susceptibility shows a partial dominance
in I x R crosses, heterosis being 17.2%.

The 'dead-heart' percentage increases proportion-
ately as the parental susceptibility increases in crosses
(Table 3). The linear fashion in which 'dead-heart'
percentage decreases from 56 to 23% in order of re-
sistance is due to a gradual accumulation of desirable
alleles rather than to a few major genes. The suscepti-
bility level of the S x S and S x R crosses decreased
in F2 as compared to the respective parents while for
the S x I and I x I crosses the level increased
(Table 3). The F2 mean and increase over the mid-
parent value for the 'dead-heart' percentage in F2 is
minimal for the I x R and R x R crosses. The behav-
iour of I x R crosses is desirable since gene transfer
from R parents is convenient through the derivatives
of temperate x tropical crosses in the improved gen-
etic background.

The 'dead-heart' percentage of Fl is positively as-
sociated with parental performance. Therefore, paren-
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Table 1. Average heterosis over respective parents in a series of crosses

S. No.

1
2
3
4
5
6
7
8
9

Parent

36A
173A
418A
648A

1220 A
1219A
2947A

148
165

Heterosis
(%)

-15.9
-31 .6
-40 .2
-11.4
-23 .9
-29 .2
-15.5
-24.8
-22 .6

S. No.

10
11
12
13
14
15
16
17
18

Parent

221
252
434
512

R-24
FR493
IS 84

CS3541
Swarna

Heterosis
(%)

-23 .7
-27.8

1.3
-25.3

- 5 . 1
8.7

-16 .3
-13.5
-13.7

Parents 1-7 are male sterile lines—8-18 are restorer lines.

Table 2. Heterosis for the 'dead-heart' percentage in crosses involving
resistant (R), moderately resistant (I) and susceptible (S) parents

S. No. Fl hybrid

Heterosis over
mid parent Shootfly

infestation

1
2
3
4
5

S x S
S X I
I X I
I x R

R x R

-16.9
-11.8
-34 .9

17.2
3.9

Moderate
Moderate
Moderate

High
High

Table 3. F2 performance for the 'dead-heart' percentage in relation to
parents

S. No.

1
2
3
4
5
6

Cross

S
S
S
I
I

R

x S
x I
x R
x I
x R
x R

F2

56.3
47.9
37.7
32.2
25.0
23.4

Proportioned
to R x R (F2

2.40
2.05
1.61
1.37
1.07
1.00

- n/p (%)
-12.6

24.4
-13.3

40.6
9.6
4.0

S = Susceptible, I = moderately resistant, R = resistant.

tal performance per se can be used to predict the
hybrid performance (RAO et al., 1974). Similarly, F2
and Fl performance is also positively correlated with
the 'dead-heart' percentage as well as with egg laying
per infected plant (SHARMA et al., 1977). Another
study involving parents, Fl , F2, BC1 and BC2 gener-
ations of an I x S cross revealed the dose effect in
back crosses (BALAKOTATAH et al., 1975). The recipro-
cal differences were not significant, though generation
differences were quite perceptible.

The behaviour of the parental, F2 and F3 gener-
ations of the I x R and I x I crosses was further
examined by RANA et al. (1975). The means of differ-
ent generations were almost the same. Variations
among different F2 were not significant but the differ-
ence within and between F3 progenies were highly
significant. Selection can conveniently sort out resist-
ant progenies of superior crosses in F3.

The estimates of combining ability are presented in
Table 4. The general combining ability is considerably
high in Fl and F2 generations indicating a heritable

nature for shootfly resistance. The significant positive
relationship between the Fl and parental perform-
ance, and between the Fl and F2 generations for
'dead-heart' percentage, provide further evidence that
resistance to shootfly is governed by additive genes
which are polygenic in nature. Gene effects estimated
over various generations indicate the predominance
of additive and additive x additive interactions
( B A L A K O T A I A H et al., 1975).

Table 4. Estimates of the combining ability variance for
the 'dead-heart ' percentage

S. No . Parameter
Generat ion

Fl F2*

1
2
3
4

<rgca
<T2 sea

<r2gca/CT2sca
Heritability (%)

35.68
15.77
2.26

43.93

36.18
5.57
6.50

61.55

*BALAKOTAIAH et al. (1975).
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Table 5. F2 frequencies (%) of plants surviving shootfly damage

Type

R x R
R x I

I x I

I x S

R x S

R x R
R x I

1 x I

I x S

R x S

Cross

IS 4664 x IS 2312
IS 4664 x SPV-97

r E302 x SPV-97
< E3O2 x SPV-103 dw
I SPV-97 x SPV-103 dw

i E302 x CS3541
\ SPV-97 x CS3541
I SPV-103 dw x CS3541

IS 4664 x CS3541

IS 4664 x IS 2312
IS 4664 x SPV-97

f E302 x SPV-97
<̂  E3O2 x SPV-103 dw
I SPV-97 x SPV-103 dw

( E3O2 x CS3541
<̂  SPV-97 x CS3541
I SPV-103 dw x CS3541

IS 4664 x CS3541

Survival
(%)

82
55
41
40
38
34
40
35
31

82
55
41
40
38
34
40
35
31

<20

28.0
14.6
4.7
2.7
1.9
1.3
0.7

8.0

<100

2.0
2.5
2.7
2.7
4.0
1.3

Grain yield (g/plant)

21-40

54.0
35.3
20.7
10.0
6.9

19.3
8.7
9.3

17.3

41-60

5.3
12.6
14.7
8.1
9.3

14.7
14.0
5.3

Plant height (cm)
101-150

0.7
5.3

14.4
8.0

15.3
24.0

3.3

151-200

10.7
10.0
11.3
20.6
12.0
17.3
6.0
3.3

61-80

1.3
6.7

10.0
2.7
9.3
6.0

201-250

38.0
41.3
28.7
13.3
0.6

10.7
4.7
0.7

16.0

81-100

1.3
6.0

11.2
1.3
6.7
5.3

>250

44.0
3.3
1.3
8.0

0.7

6.6

LIMITS TO SELECTION

Various F2 and F3 progenies show a continuity of
variation for the 'dead-heart' percentage (BALAKO-
TAIAH et al, 1975; RANA et al, 1975) When the fre-
quency distribution was examined, the parents and F2
progenies fit a normal distribution with a mean of
36.7 +1.19 mortality (%) and a range of variation
from 22.5 to 64.4%. The frequency distribution of F3
progenies for the 'dead-heart' percentage also closely
fits the normal curve with a population mortality
range between 6.7 and 67%. This clearly indicates the
limitation of choosing for absolute resistance. Under
such circumstances, progenies exhibiting mortality
percentages 1 SD below the mean (<20%) could be
considered resistant to the shootfly.

Selection for multiple characters imposes further re-
strictions. The F2 segregation of approximately 300
plants per R x R, R x I, R x S, I x I and I x S pro-
geny for 'dead-heart' percentage, grain yield, plant
height and rust resistance is presented in Table 5. The
surviving plants of the R x R and R x I crosses are
low yielding, tall, susceptible to leaf disease and un-
suitable for selection. On the other hand, in spite of
the high mortalities of the I x I and I x S crosses, the

surviving plants offer the opportunity for selecting the
high yielding, dwarf to medium tall plants resistant to
leaf diseases and head moulds (Table 6). The selection
intensity is fairly high, ranging from 0.7 to 5%.

BREEDING FOR SHOOTFLY
RESISTANCE

It is well established that the Indian tropical winter
varieties furnish the source of shootfly resistance in
the whole world germ plasm collection but they are in
no way immune to fly attack when the preferred host
is removed. Sources of resistance are documented by
SINGH et al (1968), YOUNG (1972) and RAO et al
(1978). Since these varieties are poor in productivity
due to a physiologically inefficient plant type, the in-
itial breeding programme should aim to transfer their
resistance to an improved agronomical background.
The Indian resistant lines do not differ in gene fre-
quencies and, therefore, the building up of an absolute
resistance through R x R crosses is not feasible.

Based on the findings that host immunity is absent
and inheritance of shootfly resistance is quantitative
(polygenic) in nature governed by additive genes, the
resistance can gradually be built up by conventional

Table 6. No. of plants selected from survivals on the basis of plant type, grain yield and disease
resistance

Type F2

Grain yield (g/plant)

41-60 61-80 81-100

Selection
Total intensity
plants (%)

I
I
I
1

X I
x S
x S
x S

SPV-97
E302

SPV-97
SPV-103 dw

x SPV103 dw
x CS3541
x CS3541
x CS3541

1
0
1
2

5
2
3
5

10
0
6
3

16
2

10
10

5.0
0.7
3.3
3.3

None of the plants were suitable for selection from the R x R, R x I and R x S crosses.
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Table 7. Shootfly reaction of some promising derivatives of temperature x tropical

Variety

Hybrid

Resistant
check

Entry

SPV-97
SPV-99
SPV-101
SPV-104
SPV-105
SPV-108
SPV-115
SPV-175
SPV-192
SPV-220
SPV-233
SPV-258
CSH-1
CSH-5
CSH-6
CSH-9
E303

IS1054
H

S.E.+

Timely
planting

28.9
26.5
30.2
28.4
31.6
28.2
24.5
29.6
31.3
29.1
27.4
30.0
41.4
48.9
38.7
43.2
24.1
23.9
35.6

1.1

'Dead-heart'
Delayed
planting

54.1
51.2
50.0
44.7
42.7
49.9
49.1
42.6
51.9
47.1
44.8
52.7
75.0
72.8
53.0
55.1
37.3
27.2
56.5

1.5

percentage

Average

41.5
38.8
40.0
36.6
37.2
39.1
36.8
36.1
41.3
38.1
36.1
41.3
58.2
60.9
45.8
49 A
30.7
25.5
46.1

1.3

Difference

25.2
24.7
19.8
16.3
11.1
21.7
24.6
13.0
20.6
18.0
17.4
22.7
33.6
23.9
14.3
11.9
13.2
3.3

20.9
0.91

*Fifty entries tested over seven locations.
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breeding methods through accumulation of desirable
alleles. The selection of 1 SD below the population
mean for the 'dead-heart' percentage in segregating
generations may alleviate the level of resistance in
resulting progenies. This procedure enables one to
identify potential crosses in F2 and differentiate
between susceptible and relatively resistant progenies
in F3 under a reasonable level of shootfly infestation.
While the resistant progenies get established by F3,
subsequent within-progeny selection could result in
further improvement and stabilization of resistance as
has been achieved in some of the advanced-generation
progenies (Fig. 1 and Table 7). Thirteen promising
varieties show a mortality of less than the population
mean under normal (35.6%) and delayed plantings
(56.5%). Hybrids are relatively more susceptible than
varieties although the average mortality under normal
planting data over various locations is positively
related (r = 0.75) to the 'dead-heart' percentage under
delayed plantings. Multilocation testing is desirable to
choose varieties stable in resistance.

Estimates of heritability and additive gene action
may vary according to the initial frequencies of resist-
ant genes in parental material, the selection intensity,
the generation and the level of shootfly infestation.
The heritability of the I x R and I x I F3 crosses is
estimated to be 25% (RANA et a\., 1975). In F3, selec-
tion of 1 SD below the population mean operates
with 10% intensity and helps to pick up progenies of
below 20% mortality. Since a further increase in the
selection pressure from 10 to 5% does not change the
expected F4 mean substantially, it is useful to operate
at the moderate level and allow the elimination of
progenies at the score of other agronomical charac-
ters.

The choice of multiple characters usually results
from a 0-5% selection intensity (Table 6) and picking
up relatively less resistant progenies rather than the
most resistant ones. Several derivatives of temperate
x tropical crosses, therefore, could combine only
moderate shootfly resistance with high yield and mul-
tiple disease resistance. CSV-5, CSV-6, CSV-7R,
CSV-8R and CSH-7R among them have been
released for general cultivation. These moderately re-
sistant varieties furnished the new set of parental
material to continue the next cycle of resistant breed-
ing programmes resulting in a new set of promising
varieties (Table 7).

The resistance is almost intermediate between two
parents with a slight heterotic advantage under low to
moderate shootfly infestation. Both male sterile and
restorer parents of a commercial hybrid should, there-
fore, be reasonably resistant to shootfly.
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CHARACTERIZATION OF DIVERSE SORGHUM MALE STERILE POLLEN 
GRAINS BY SCANNING ELECTRON MICROSCOPY* 

D.P. TRIPATHI1, S.L. MEHTA2 , NAMPRAKASH3 and N.G.P. RAO4 

Nuclear Research Laboratory and National Research Centre for Sorghum, Hyderabad, 

Indian Agriculture Research Institute, New Delhi-110 012 

ABSTRACT 

Pollen grain shape and size, exine sculpture and internal structure as revealed by scanning electron 
microscopy of pollen from diverse sorghum cytoplasmic-genetic male sterile and their maintainer 
lines showed distinct differences VZM2 pollen showed resemblence to GI pollen but differed from 
both CK 60 and M 35-1 pollen. CK60 pollen exine sculpture showed differences from that 
of M35-1 pollen. The pollen from make sterile exine lines were more or less devoid of protein and 
starch particles, The grouping of sorghum lines based on pollen structure corresonds to the grouping 
based on genetic and biochemical studies. 

All commercial hybrids of sorghum developed todate are based on milo cyto
plasmic male sterility. There is need to identify and characterize alternative sources of 
male sterility to safeguard against any possible disease hazards. Rao (1962), Hussaini 
and Rao (1964). and Nagur and Menon (1974) have reported the occurrence of 
cytoplasmic genetic male steriles from India which are different from milo-kafir system. 

Recent studies have shown characteristic differences in soluble protein and esterase 
isoenzyme patterns among different cytoplasmic-genetic male steriles of Indian origin 
(Tripathi, Mehta and Rao. 1981b,c). In addition, differences in amino acid composition 
of anther protein from diverse male steriles and their maintainers have been observed 
(Tripathi, Mehta and Rao, 1981a). 

In the present study pollen from diverse cytoplaimic genetic male sterile lines of 
sorghum have been studied by scanning electron microscopy. 

MATERIALS AND METHODS 

Seeds of four male steriles (CK 60A, VZM 2A, GIA and M35-1A) and their maintainer lines 
were grown at 1ARI, New Delhi, during 1978. Mature anthers were collected and the pollen grains 
were fixed by tearing the anthc s in 6.5% glutaldchyde solution in cacodylate butler, pH 7.2, for 24 
hours at 4°C 

To observe the internal structure of the pollen grains by SEM, the anthers were ground at 
4°C to break the pollen grains. The material was later fixed for 24 hours at 4°C. 

The samples after fixation were washed in cacodylate buffer for 15 min. and transferred in 
1% osmium tetraoxide solution at 25°C in cacodylate buffer (pH 7.2). The material was post fixed 
for 4 hours and finally washed with buffer. The samples were dehydrated by usual procedure with 
a graded series of alcohol and later mounted on SEM stubs and room dried. The material was 

* Part of Ph. D. thesis submitted by the senior author to P.G. School, IARI, New Delhi, India. 
Present address: 1. Project Directorate (Pulses), IARI Regional Station. Kalyanpur, Kanpur. 

2 & 3. NRL, IARI, New Delhi. 
4. 1CRISAT, PMB 1044, IAR/ABU Zaria, Nigeria. 
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later vacuum coated with gold in a coating unit. The mounted stubs were rotated while being 
coated. The gold coated pollen grains were examined in Cambridge Stereosean S 4-10 scanning 
electron microscope for their (i) shape and size (ii) exine ornamentation (iii) fractured pollen graio 
surface and interior, at 15-20 KV accelerating voltage in the secondary emission mode at large 
working distance-

RESULTS AND DISCUSSION 

P OLLEN SHAPE AND SIZE 

The pollen grains of M 35-1A and M 35-1B were similar and oval in shape and 
largest in size (15.Ox8.6ft). The pollen grains of GIA and GIB were the smallest and 
spheroidal in shape. On comparing A vs. B lines B pollen were larger in size (13.4(*x 
8.9 ji) than A pollen (11.1 nxSAn) in GI. The pollen of VZM2 A and VZM2 B were 
also almost identical to GI A in their shape and size. CK 60 B pollen was intermediate 
in size (12.7 n X 8.8^) between M35-1 and GI. In VZM2 A, pollen were polyhedral and 
shrunken in shape (Fig. 1 E). 

EXINE SCULPTURE 

The exine organization of sorghum pollen grains are shown in Fig. 2. In CK 60A 
the exine distribution was completely irregular and a symmetrical but its maintainer 
line CK 60B showed very clear grouping in the exine. It had on an average 10.66 
processes per aggregation (Table 1). The exine organisation in M 35-1A and M35-1B 
showed more or less uniform distribution. There was less aggregation of exines in M35-
1A line than M35-1B. The density of exine processes was much more in VZM2 A as 
compared witn VZM2 B. In GI B line the grouping processes were having on an 
average 2.84 processes per aggregation. The aggregations were distinctly separate in 
CK 60B as compared to GIB. 

INTERNAL STRUCTURE 

In order to get information about the cytoplasmic material, apparently the starch 
granules and protein matrix in pollen grains, the broken fragment of the crushed pollen 
were studied. Internal structure of pollen from different lines is shown in Fig. 3. CK 
60A pollen showed many cavities with more protein matrix and little amount of starch 
granules embeded in it. In CK 60B the cavities were few and large with very small 
protein material but much more aggregated starch granules which were spherical to oval 
in shape (Fig.3B). The GIA and GIB pollen showed almost similar structure with 
much more protein matrix inside them. The amorphous protein material was covering 
the starch granules which appeared much smaller in size, than in CK 60B and M35-1B 
pollen. In M35-1A line the cavities were larger thanin CK 60A, but in M35-1B line there 
was no cavity and it was densly packed. The starch granules were more in number in 
M35-1B pollen as compared with all other pollens and were of bean and capsule shape. 
The protein material was less in it. 

http://15.Ox8.6ft
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Fig. 1 Scanning election micrograph showing pollen size and shape : 
A. CK.60I- 5885) B. GIB (-5885) C. V Z M 2 B ( x 5 8 8 5 ) 
D. M?5-1B( .5491) E. VZM2A (. 4634) F. M35-1A (X5512) 
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C A3 IH ' 

• • • « : • * 

Fig. 2 Scanning electron micrograph showing exine sculpture: 
A- CKGOAfx 275841 B. CK60B ( " 31264) C. V2M2A(x 28391) 
D. V2M2B(.- 27770) E. M35-1A( / 33862) F. M35-1B ( x 31264) 
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Fig. 3 Scanning electron micrograph showing internal structure of pollen grains : 
A. CK60AC/ 14130) B. CK60B ( \ L6805) C. G l A ( x 17064) 
D. GIB ( x 14851) E. M35-1A ( 18966) F. M35-1B ( x 16414* 
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BAStS FOR FURTHER IMPROVEMENT OF PARENTAL LINES OF 
SORGHUM HYBRIDS1 

V. JAYA MOHAN RAO, B. BALARAMI REDDY. K.G. EKLADIOUS*, B.S. RANA, 

and N. G. P. RAO 

National Research Centre for Sorghum, lARI-Regional Station, 
Hyderabad-500 030 A. 

A B S T R A C T 

An attempt has been made to develop a basis for further improvement of male and female parents 
for future commercial sorgeum hybrides. With respect to female improvement, compared to B x B 
crosses, B x R crosses offered greater scope for improving yield, grain quality and resistance ot stem 
borer. The B x R and R x R crosses have been found to be generally superior to B x R indicating 
limited B variability among B lines. 

Improvement of hybrid and varietal yield levels is a continuous process. While 
the first commercial hybrids of sorghum released in India were exotic x exotic 
combinations (Rao, 1972), subsequently developed hybrids as well as varieties were 
derived from temperate (exotic) x tropical (Indian/African) cross combinations (Rao, 
Rana, Rao and Reddy 1981), The grain yield level of the presently released hybrids 
is high and future attempts at further elevating yield levels need a rational and 
scientific basis. The present paper is an attempt in this direction, with particular 
emphasis on development of female parents. 

MATERIALS AND METHODS 

Five restorer (R) lines derived from temperate x tropical crosses (CSV-4, CSV-5 SPV-104 
SPV-232 and SPV-290) and four maintainer (B) lines (296B, 323B, 2077B and 2219B) were crossed 
in all possible combinations. The 9 parents and 36 Fj hybrids were planted in single row plots of 
3 metre during khan}, 1979 at National Research Centre for Sorghum, Hyderabad. Row to row 
distance was 60 cm. and plant to plant distance was 15 cm. A fertilizer dose of 80 kg. N, 40 kg. 
P2Os and 40 kg. K20 per hectare was applied. Half of nitrogen and whole quantity of other fertilizers 
was given as basal before phnting. Another 40 kg. N was given as top dressing at a month of crop 
growth. Two irrigations were given, one at grand growth stage and second after flowering, since 
rainfall was scanty during crop growth period. 

Data were recorded on five random plants per plot on six characters.e .g., days to 50% 
flowering, plant height, panicle length, panicle weight, grain yield and percentage of stem borer 
tunnelling. Tunnelling was measured after vertically splitting the stalk and was expressed as percent 
of total plant height. Percentages were transformed to angles for computation. Statistical analysis 
was done according to fixed effects model of Griffing (1956), Method II Model I. 

•Formerly FAO/SIDA Trainee; presently First Research Officer (Sorghum), Shandawell Agri
cultural Research Station, Gazieret Shandawell (Sohag), Egypt, UAR. 

1 Part XXVI of Genetic analysis of some exotic Xlndhn crosses in sorghum. Part XXV was 
published in Indian J. Genet. 41 (1981). 
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RESULTS 

A summary of the means is presented in Table 1 and analysis of variance in 
Table 2. For grain yield, the restorer parents as a group were superior to the 
maintainers and B x R crosses were the highest yjelders followed by the R x R . The 
B x B combinations were the lowest yielding. Stem borer tunnelling was the highest 
in B x B combinations. Generally, the B x R and RXR combinations were superior 
for most economic attributes. Heterosis for grain yield in B X R combinations was 
highest compared to R x R combinations. The B X B group, which yielded less, 
exhibited high degree of heterosis. Analysis of variance also showed that for grain 
yield the differences within R x R and B X R combinations was more significant while 
the differences within B x B crosses were not statistically significant. The within group 
differences in B x R combinations were also significant for all characters except for 
stem borer tunnelling. 

TABLE ] . 

Group means and average heterosis (%) over mid-parent 

Parents 
Restorers 
Maintainers 

Hybrids 
R x R 
B x B 
B x R 

Average Heterosis (%) 
Heterosis (%) in 
Heterosis (%) in 
Heterosis (%) in 

R x R 
B x B 
R x B 

Days to 
50% 
flowering 

76.0 
76.5 
75.4 
75.9 
76.9 

74.2 
75.8 

—0.17 
0.6 

—1.5 
—0.2 

Plant 
height 
(cm) 

154.3 
155.0 
153.3 
192.6 
175.7 
179.4 
204.9 

24.8 
13.3 
17.5 
32.8 

Panicle 
length 
(cm) 

25.8 
23.3 
28.8 
29.9 
25.7 
33.2 
30.5 
15.8 
14.4 
15.2 
18.4 

Panicle 
weight 

te) 
50.1 
53.7 
45.6 
96.1 
94.2 
92.6 
98.1 
91.8 
75.4 

102.9 
95.7 

Grain 
yield 
(g/pl) ' 

30.2 
33.7 
25.9 
63.4 
62.2 
58.8 
65.4 
109.9 
84.4 

127.2 
116.3 

% tunnelling 
(Angular 

rrans. values) 

32.1 
30.9 
33.6 
27.8 
27.8 
31.1 
26.7 

— 13.4 
— 10.1 
— 7.5 
—16.9 

Analysis of variance for combining ability revealed that the mean squares for 
gca and sea effects for yield are significant and of nearly equal magnitude; the estimates 
of variances establish that sea predominates over gca fcr several attributes. Only for 
days to flowering and panicle length, the estimates were of nearly equal magnitude. 

The general combining ability effects (Table 2) established the superiority of SPV-
104 in breeding for higher yields. This particular line combines resistance to several of 
sorghum insect pests and diseases with the exception of head moulds. SPV-232 and 
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TABLE 2 

General Combining Ability Effects 

Days to Plant Panicle Panicle Grain 
Parents 50% height length weight yield % tunnelling 

flowering (cm) (cm) (g) (g) (Angular values) 

SPV-290 
CSV-4 
CSV-5 
SPV 104 
SPV-232 

323B 
296 B 
2219B 
2077B 

—0.23 
0.15 
0.55 
0.52 
0.34 

0.85* 
0.74* 

—2.51** 
—1.41** 

** Significant at 1% ; 

Restorers 
— 2.57 
— 8.85** 
— 13.62** 

19.78** 
— 2.19 

9.15** 
1.52** 

—2.95** 
—2.58** 

—2.46** 
Maintainers 

21.61** 
— 2.04 
— 16.73** 

4.61 

— 0.16 
2.41** 
] .24"* 
3.43** 

•Significant at 5%. 

1.15 
0.52 

—8.47** 
1.60** 

1.66 

—3.03 
5.88* 

—7.28** 
0.97 

1.00 
1.85 

—7.27* 
10.65** 

2.06 

—3.41 
3.20 

—5.13* 
0.75 

- 0 . 8 0 
0.35 

—0.86 
—1.83 

0.94 

—2.35* 
2.64 
0.15 
2.47* 

296B are also desirable parents from the point of view of grain yields. The parent, 
323B, contributed maximum for stem borer resistance. 2219B is particularly desirable 
for earliness and dwarfing. 

DISCUSSION 

Rao (1970) indicated that further improvement over the first commercial hybrids 
of sorghum, which were exotic x exotic combinations were likely to come from the 
utilization of tropical germplasm. The recently developed hybrids and varieties, which 
reflect marked improvement for yield and quality over first releases, resulted from the 
utilization of tropical (Indian and African) germplasm (Rao et ah, 1981). In the 
development of commercial hybrids, lack of adequate variability among the milo 
cytoplasmic steriles was brought out by Rana, Tripathi, Balakotiah and Rao<1974). The 
development of 296A, the female parent of CSH-9, derived form the exotic X Indian 
cross, IS 3922 X Karad Local, contributed substantially to yield improvement over 
CSH-5. 

Most efforts at female improvement have been through development of B X B 
populations from which selections were made. The present analysis clearly establishes 
that the B X R crosses are of greater potential than B X B crosses for female improve
ment as well. In the present study, all the restorer lines are from temperate X Indian 
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combinations and CS 3541 from temperate X African combination. Amongst B lines, 
296 and 323 are from exotic x Indian cross combinations while the rest are of temperate 
origin but developed in India. This study has also established that for further yield 
improvement, lines derived from exotic X Indian crosses such as SPV-104, SPV-232, 
among restorer lines and 296 B among females are most desirable. 2219B of temperate 
origin is still the earliest and shortest. Apart from yield several of the derived lines are 
superior with respect to grain quality as well as for attributes conferring greater levels 
of insect and disease resistance. Thus, further improvement of females in particular 
and line improvement in general is likely to come from the use of derived lines from the 
original tropical X temperate crosses. Such derived lines have already been corrected 
or excessive height and maturity of their tropical progenitors. 
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BRIDGING THE GAP BETWEEN HYBRID AND VARIETAL PERFORMANCE 
IN SORGHUM1 

B. B. REDDY and N. G. P. RAO 

National Research Centre for Sorghum, IARI-Regional Station, Hyderabad-500 030 

ABSTRACT 

Growth analysis of several sorghum hybrids and improved cultivars was carried out to assess the 
progress made in varietal improvement. Compared to CSH-1, the first commercial hybrid, the 
performance of improved varieties like SPV-22J and SPV-3J4 was superior, but much headway 
needs to be made before attaining performance levels of CHS-5 or CSH-9. At comparable heights 
and maturities, improvement in total biomass production with out detriment to harvest index leads to 
higher order yields. There are indications that marked yield superiority and stability of performance 
may be positively related but more critical studies are needd to establish this. 

The general superiority of the hybrids over varieties with respect to performance 
levels as well as stability has been demonstrated (Rao, Rana, Rao and Reddy, 1981). 
Yet, there have been instances where a few true breeding varieties were comparable in 
yield to hybrids under favourable environmental conditions (Rao and Harinarayana, 
1969; Singhania and Rao, 1976). Whether sorghum varieties similar to hybrids in dura
tion, dry matter production and performance levels together with stability and adapta
bility could be developed poses a challenging problem. This paper is an effort to 
compare some recently developed hybrids and varieties at different stages of growth so 
as to identify gaps in varietal improvement. 

MATERIALS AND METHODS 

Four released hybrids and sixteen recently developed varieties from tropical x temperate 
crosses were studied in a randomised complete block design with three replications. The material 
was sown on July 2, 1979 at the National Research Centre for Sorghum, Hyderabad. Normal doses 
of fertilizer and irrigation practices were followed. Five random plants per plot were cut to ground 
level and data recorded at five stages of growth, viz., (1) 23 days, (2) 45 days, (3) flag leaf emergence, 
(4) 50% flowering and (5) maturity/harvest. The characters plant height, number of leaves, total 
dry matter, grain yield, harvest index, days to 50% flowering and stem girth were recorded. 

RESULTS 

Data on seven characters during different stages of growth are presented in 
Table 1. With the exception of Aispuri, a tall late local variety, most improved 
varieties are comparable to CSH-5 with respect to duration and plant height. 

'Part XXVII of Genetic analysis of some exotic x Indian crosses, in sorghum- Part XXVI 
appears in this issue. 
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Yield-wise, SPV-314 and SPV-221 were the heighest yielding varieties, but their 
grain yields per plant are less compared to the hybrid, CSH-5. The growth attributes of 
these varieties in comparison with CSH-1 and CSH-5 are presented in Figs. 1 to 4. 
These improved varieties do reflect superiority over CSH-1 but not over CSH-5. Grain 
yield as well as harvest index of SPV-314 is particularly noteworthy. Plant height of 
SPV-221 is higher compared to CSH-1 but that of SPV-314 is comparable. Lea 
number of both varieties is less than that of CSH-1. SPV-314 remains green till harvest 
and hence the final leaf number approaches that of CSH-1. With respect to total dry 
matter also, the varieties are superior to CSH-1 but CSH-5 tops with respect to all the 
attributes studied. 

Amongst the rest of the varieties under study, SPV-310 and SPV-315 are also 
superior to CSH-1. 

DISCUSSION 

That the superiority of recently developed hybrids and varieties was attributap 
to changes in duration, growth rhythms, dry matter production and distribution was 
brought out in the studies of Rao and Venkateswarlu (1971) and Anantharaman, Rao, 
Kandlikar and Rao (1978). Yet under environmental stress, the superiority of the 
hybrids over improved varieties was maintained (Rao and Harinarayaha, 1969 and 
Singhania and Rao, 1976). The problem of further improving the varieties with respect 
to both yield and stability has been receiving attention. The present study which is in 
this direction clearly establishes that compared to the first commercial hybrid CSH-1, 
yield levels of improved varieties like SPV-221 and SPV-314 were certainly higher 
reflecting marked improvement. The superiority of SPV-221 with respect to yield levels 
and adaptability was further confirmed in All-India multilocation trails over a two year 
period (AICSIP Annual Reports, 1979 and 1980). Thus, varietal improvement todate 
has made rapid strides although yield levels of CSH-5 or CSH-9 are yet to be attained 
at varietal level, 

We, therefore, attempted to study the growth behaviour of recent commercial 
hybrids and improved varieties. CSH-5 was superior at all stages of growth for dry 
matter production, plant height as well as number of leaves. The total dry matter of 
SPV-221 and SPV-314 was superior to that of CSH-1 at all stages of growth. 
SPV-314 tends to remain green at harvest as indicated by its leaf number. 
Although SPV-314 is slightly shorter than CSH-1, its dry weight and grain yield are 
higher. This is indicative that at comparable heights and maturities, yield increases are 
likely to come from an increase in the production of biomass without concommitant 
detrimental changes in the harvest index. That yield superiority and stability may go 
together is revealed by the performance of SPV-221 and SPV-314, two improved 
varieties, in all India trials. Further planned studies are needed to establish changes in 
adaptability of varieties brought about by genotypic improvement and to realise grain 
yields comparable to CSH-5 or CSH-9. 
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I N H E R I T A N C E O F FIELD RESISTANCE TO S O R G H U M D O W N Y 

M I L D E W * 

B.S. RANA, K.H. ANAHOSUR 1 . M. J. VASUDEVA R A O 2 , V.JAYA M O H A N R A O , 

R. PARAMESHWARAPPA1 and N . G A N G A PRASADA R A O 2 

National Research Centre for Sorghum, Rajendranagar, Hyderabad 500030 

ABSTRACT 

Inheritance of SDM resistance was studied in a set of resistant x susceptible crosses using both 
quantitative and quantitative genetic analysis techninues. Segregatiod ratios in the (R x S) crosses 
clearly indicated the presence of three gene pairs which exhibited both complementary and dupli
ca tor types of gene interaction among them. Quantitive genetic analysis of this character 
indicated similar results. SDM resistance was observed to be quantitive threshold character. 

Incidence of sorghum downy mildew (SDM), caused by Perenosclerospora sorghi 
(Weston and Uppal) Shaw, is frequent in the humid areas of Karnataka, Maharashtra 
and Tamil Nadu. The level of incidence varies from year to year. The local cultivars of 
sorghum are more susceptible compared to the recently released hybrids and varieties. 
Although considerable progress has been made in breeding resistant hybrids and 
varieties, the nature of inheritance of SDM resistance is yet to be fully understood. 
The present study is an attempt in this direction. 

MATERIAL AND METHODS 

Two released varieties, CS-3541 and 148 (CSV-5), known for SDM resistance (R) were 
crossed to 296 and 303, two susceptible (S) but otherwise desirable varieties resulting in four R x S 
crosses. Another cross was also made between the two resistant parents. Subsequently, back-
crosses to both parents were attempted in all the five crosses. The five sets of parents, Fi's, back -
crosses, Fa's and some F3 progenies of each cross were raised in randomized complete block design 
with two replications at AICSIP, Regional Research Station, Dharwar during kharif, 1976 in a SDM 
sick-plot. 

Data on systemically infected sorghum plants were recorded on 96 to 204 plants in parents, 
Fi's and individual F3 progenies and on 435 to 633 plants in different Fj populations. There were 
12 to 40 different progenies in F3 in different crosses. SDM susceptibility was expressed as the 
number of systemically infected plants and also as percent of total number of plants. Percentages 
so obtained were transformed to angles for statistical analysis. 

Proportions of resistant and susceptible plants in a population allowed the study of SDM 
resistance in the form of a qualitative character. The frequency of SDM susceptible plants expressed 
as percentages of population, were used to study this trait as a quantitative character. 

* Part XXVIII of Genetic analysis of some exotic x Indian crosses in sorghum. Part XXVII appears 
in this issue. 

Present addresses : 1. UAS, Regional Research Station, Dharwad 580005. 2. ICRISAT, Patancheru, 
Hyderabad 502324. 
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RESULTS 

QUALITATIVE GENETICS OF SDM RESISTANCE 

The resistant (R) parents were corapeletely free from infection while susceptible (S) 
parents showed different levels of infection (Table 1). The infection levels in Fi's 
indicated that there was dominance of resistance over susceptibility in all the four 
crosses, though the levels of infection reached was not as much as the resistant parents. 
The F2 ratios indicated that the two crosses involving 296 as one parent segregated 
into a 15 : 1 ratio of resistant and susceptible plants. In the other two crosses involving 
303 as one parent, a segregation ratio of 57 : 7 was observed. It was interesting to 
note that the F2 of the cross between the two resistant parents gave two susceptible 
plants out of 494 F2 plants. 

TABLE 1 

Frequency of resistant (R) and susceptible (S) plants in different generations 

Cross 
Genera- Disease 

tion 

Pj 

Pa 

F» 

F, 

Reaction CS-3541 x 296 

R 
S 
R 
S 
R 
S 
R 
S 

ER 
X2 
P .20-

153 
0 

145 
34 

148 

5 
414 

21 
15:1 
1.50 

- . 25 

148 

.80-

1x296 

184 
0 

145 
34 

105 

7 
563 

39 
15:1 
0.05 

- .90 

CS-3541 x 303 

.50 

153 
0 

96 
65 
— 
— 

528 
60 

57:7 
0.33 

- . 7 0 

148x303 

.70 

184 
0 

96 
65 
99 

6 
566 

67 
57:7 
0.08 

- . 8 0 

CS-3541 x 

184 
0 

153 
0 

88 

0 
492 

2 
a:0 

0.016 
.90—.95 

ER=Expected ratio 

A 15 : 1 ratio observed in crosses with 296 indicated that two gene pairs which 
are duplicatory in action are controlling SDM resistance. However, the other two 
crosses involving 303 as a common parent exhibited a 57 : 7 ratio which is possible in 
a 3-gene control of SDM resistance in which the first two loci are segregating in a 
9 : 7 complementary ratio, i. e., two genes are involved in conferring resistance. 
Presence of both together in dominant state conferred resistance while absence of either 
resulted in susceptibility. The third gene in this system was more powerful which alone 
can give resistance in dominant condition. Thus, this gene segregated in a 3 : 1 ratio. 
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Hence, together the three genes resulted in a 57 : 7 trigenic ratio. It is possible to show 
that the third gene can give a 14 : 2 ratio with one of the two complementary genes, 
which was very close to the 15:1 ratio obtained in the other two crosses involving 296. 
The two susceptible plants observed in the F2 of the cross involving two resistant 
parents, CS-3541 x 148, could be a chance occurrence, thoughsegregation of some 
genes with minute modifying effects which were not in a homozygous conditions in the 
parents could not be ruled out. 

QUANTITATIVE GENETIC ANALYSIS 

A perusal of the means of various generations in different crosses (Tables 2) 
suggested that resistance to SDM was a quantitative threshold character. The 
differences between the resistant and susceptible parents, Fi's F2's and F3's were 
significant. Higher susceptibility of F2's involving 303 as a susceptible parent indicated 
that 303 contributed more genes for susceptibility to its progenies. The Fi hybrid 
between resistant parents was absolutely resistant while the (R x S) hybrids showed 
partial dominance of resistance over susceptibility. However, there was no significant 
difference between F2 and F3 generations. 

TABLE 2 

Downy mildew susceptibility (%) in different generations of five crosses 

Generation 

Parents 

F* 

F4 

Back Crosses 

F3 
(CS-3541X296). 
(148x296) 
(CS-3541 x303) 
(148x303) 
(148XCS-3541) 

Resistance 
reaction of 
parents 

R 
S 
R x R 
R x S 
R x R 
R x S 
(RxR)xR 
(RxR)xS 
(RxS)xS 
RxS 
RxS 
RXS 
R x S 
R x R 

No. of 
crosses/ 
parents 

2 
2 
1 
3 
1 
4 
2 
3 
4 

14 
12 
18 
37 
40 

Average 
SDM suscep
tibility (%) 

0.00 
28.43 
0.00 
4.97 
0.56 
7.95 
3.33 
3.23 

18.00 
5.71 
8.12 
7.25 
7.26 
0.75 
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The F2 generation of R X R cross showed less than one percent susceptibility. F3 

progenies of this cross showed a narrow range of susceptibility. The F2 variation for 
usceptibility in R x S crosses ranged from 4 to 10 per cent, while F3 differences were 
significant in R x S crosses and this provided an opportunity to select cross per se as 
well as selection of resistant progenies within the crosses. 

Gene effects were estimated in two (R x S) crosses, viz., 148x296 and 148x303 
(Table 3 and 4). In the cross (148x296), resistance was governed by additive factors. 
The interaction effects varied in their magnitude as well as direction. Apart from 
additive gene effects, epistasis of duplicate nature was also involved the resistance. In 

TABLE 3 

Mean values {sin'1 %) of the six generations of two crosses 

Generation 148x296 148x303 

Pi (Res.) 
P2 (Susc.) 
Fi 
F2 

BC-1 
BC-2 
F3 
MP 
Heterosis 

TABLE 4 

Estimates of gene effects for SDM resistance in two crosses 

Parameter 148 x 296 148 x 303 

m 
d 
h 
i 

J 
1 
Epistasis type 

H=( | h-i | - | d-if I ) 
Inbreeding depression (%) 

1.000 
4.075 
2.595 
2.670 
1.905 
5.670 
8.125 
2.537 
2.270 

1.000 
6.345 
2.415 
3.315 
2.335 
3.240 
7.257 
3.672 

—34.24 

2.670 
—3.765 

4.527 
4.470 

—8.840 
—9.355 

Duplicate 

-0.597 
2.89 

3.315 
—0.905 
—3.367 
—2.110 
—9.155 

3.135 
Duplicate 

—2.415 
37.27 
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the other cross, both heterosis and inbreeding depression were quite large and gene 
interaction of dominance X dominance type increased the susceptibility. The epistasis 
in this cross was also of duplicate type. The R2 values were high indicating high 
heritability of SDM resistance. 

DISCUSSION 

While extremely susceptible varieties of sorghum like DMS 652 may show near 
total incidence of downy mildew, several agronomically desirable varieties also show 
high levels of downy mildew susceptibility. In the present study the incidence of downy 
mildew in 296 was about 24 per cent while in 303 it was 66 per cent. Under such 
situations, classification into discrete classes of resistant and susceptible is possible as is 
frequently done, but it also presents problems. Strickberger (1968) states that 
"although lacking a continuous distribution with intermediate values, such characters 
may nevertheless be influenced by numerous polygenes. The relationship between poly
genes and expression of discontinuous characters comes about through the establish
ment of 'thresholds'. That is, those polygenically determined genotypes which have 
values below the threshold show no expression of the character. Expression occurs only 
when the genotypes have values above this threshold". Since SDM appears to be
have as a threshold character, both qualitative and quantitative analysis were attempted 
and attempts made to reconcile the findings. 

Miller (1966) and Puttarudrappa, Kulkarni, KafTari and Goud (1972) 
indicated qualitative inheritance with not more than two genes involved. It 
was clear in this study that there were three genes with major effects influencing 
SDM resistance in the parental material. When 296 was involved in crossing, only 
two of the three genes segregated giving a 15 : 1 duplicate dihybrid F2 ratio; 
when 303 was involved, a 57 : 7 F2 ratio was obtained indicating that two of 
the genes segregated in a 9 : 7 ratio and the third gene in a 3 : 1 ratio. Hence, SDM 
resistance in the crosses studied was controlled genetically by three pairs of genes with 
both complementary and duplicatory types of interactions involved in their genetics. 
Quantitative genetic analyss of this trait as threshold character corraborated the results 
of the qualitative genetic analysis. Resistance was governed by additive factors. Among 
the interaction types in the (Rx S) crosses, duplicatory interactions were predominant. 
Similar duplicatory gene interactions were noticed in the segregation ratios. Presence 
of modifying genes was suggested by the appearance of few susceptible segregates in 
the (R x R) cross. 

REFERENCES 

Hayman, B.I. (1958). The separation of epistatic from additive and dominance variation in 
generation means. Heredity, 12 : 371-90 

Miller, F.R. (1966). Reaction of various sorghums to downy mildew. Sorghum Newsletter. 9 : 64. 
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FURTHER STUDIES ON THE INCIDENCE AND GENETICS OF 
RUST RESISTANCE IN SORGHUM 

S. INDIRA, B.S. RANA and N.G.P. RAO 

National Reearch Centre for Sorghum, IARIRegional Station 
Rajendranagar—Hyderabad 500 030 

ABSTRACT 

The incidence of rust is higher under humid condition of Dharwad consequently increasing the 
susceptibility of the hypersensitive parents and frequency of susceptibles in F2. There is no evidence 
for the existence of more than three genes even at Dharwad leading to the conclusion that the 
differential behaviovr is due to the increased inoculum attributable to favourable environment 
rather than the occurrence of different physiological races of the fungus The segregation pattern in 
tan x tan, tan xpurple and purple x purple crosses is similar Rust resistance is confirmed to be 
trigenic recessive of the rir^r.rars genetic constitution. Modifying factors appear to push a hy
persensitive reaction towards susceptibility under more favourable conditions for disease develop
ment. SPV-34 and CS 3541 are better sources of resistance. 

An earlier study on inheritance of rust resistance in sorghum suggested a trigenic 
basis, susceptibility being dominant iRana, Tripathi and Rao, 1976). It was, however, 
found that some of the varieties which exhibited a hypersensitive reaction at Hyderabad 
become susceptible at Dharwad which has a more humid environment. A study was, 
therefore, taken up to examine the environmental influences on and the genetics of 
rust resistance. 

MATERIALS AND METHODS 

Four tan pigmented (SPV-34, CS 3541, SPV-104 and 168) and three purple pigmented 
varieties (SPV-35, SPV-86 and R-16) were selected on the basis of rust resistance, hyper-sensitive 
and susceptible reactions in endemic areas over several years. Among tan pigmented parents, 
SPV-34 (mutant derivative of GM 1-5) and CS 3541 (CSV-4) were highly resistant (R). Few pustules 
were observed on CS 3541 in Dharwad. SPV-104 and 168 (CSV-5) showed hypersensitive (H) 
reaction. The purple pigmented varieties were susceptible (S). All possible crosses among them 
were developed. Parents and F2 of all the crosses except SPV-34 xR-16 were tested for rust 
incidence during kharif 1979 at Dharwad which is an endemic site. Fi and F2 of six crosses 
representing RxS. R>'H and HxS reaction were grown at Hyderabad during the same season. 

Fiveother tanxtan crosses viz., CS3541 xl48,CS 3541 x303, 303x148, (148 XCS3541) 
xCS 3541, (148 xCS 3541) x 148 were earlier tested during kharif, 1976 at Dharwad. The rust 
infection on individual plants was scored on the basis of pustule intensity and size on a 0 (com
pletely resistant) to 5 (highly susceptible) scale as earlier described by Rana, Tripathi and Rao 
(1976). 

* Part XXIX of Genetic analysis of some exoticxlndian crosses in sorghum. Part XXVIII 
appears in this issue. 
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RESULTS 

The parental and F I scores based on 60 plants each are presented in Table 1. 
SPV-34 (mutant derivative of GM 1-5) was highly resistant at both the locations. 
CS 3541 (CSV-4) showed complete resistance at Hyderabad and moderate resistance 
at Dharwad. Both 168 (CSV-5) and SPV-104 were moderately susceptible on the 
basis of puslule intensity but hypersensitive (H) in reaction. SPV-35, SPV-86 (CSV-
8R) and R-16 (CSV-7R) were highly susceptible (score 4) at Dharwad, though SPV-86 
was only moderately susceptible at Hyderabad. Susceptibility was intermediate in 
CS 3541X SPV-86 and recessive in SPV-34 x SPV-104; in rest of the crosses suscepti
bility was dominant. 

The infection was markedly high at Dharwad. The frequency of resistant plants 
was low at Dharwad as compared to Hyderabad. Among tan xpurple crosses, the 
resistant plants occurred in larger frequencies in SPV 34 crosses (Table 1). The 
segregation pattern of two tanx purple crosses, SPV-34xSPV-86 and CS 3541 x 
SPV-86 showed that resistant (score '0') plants segregated in 1 R : 63S trigenic ratio 
(Table 2). Resistance was, therefore, governed by triple recessive genes in these 
crosses. The other tan x purple crosses segregated into moderately resistant to 
susceptible plants conforming to the 1R : 15S and 1R : 63S ratios. SPV-34 
differed in two genes from SPV-35 and in three genes from CSV-4, CSV-5, (168), 
SPV-104 and SPV-86. Segregation among other tan x tan crosses established 2-3 genes 
difference. SPV-34xCS 3541, SPV-34xl68. SPV-34 x SPV-104, and CS 3541 X 
SPV-104 segregated into 1R:63S ratio, resistance being governed by triple recessive 
genes. The observed frequencies of CS 3541 x 168, 168 x SPV-104 (score : 2 vj 3-5) 
crosses fitted to 1 : 15 duplicate genetic ratio. Double recessiveness conditioned 
complete resistance in CS 3541 x 168 and moderate resistance in 168 x SPV-104. 

Under moderate infection at Hyderabad, the genetic behaviour of tan x tan 
crosses was different than at Dharwad. SPV-34 xCS 3541, SPV-34 x SPV-104 and 
CS 3541 x 168 segregated into 45 : 19 ratio indicating that under low infection and 
tan background a dominant gene conditioned resistance even in the presence of two 
dominant susceptibility genes (Ri and R2). It must be modifying gene which 
imparts resistance under low disease infection. CS 3541x148 and CS 3541x303 
segregated into 1 R : 3 S ratio indicating single gene difference. CS 3541 increased 
the frequency of resistant plants in backcross while 148 enhanced susceptibility in 
backcross. It confirmed the additional resistance gene in CS 3541 as compared to 
148 (CSV-5) and 303 (CSV-2). 

There was a 2-3 minor gene difference among purple x purple crosses but none 
of them segregated out resistant plants (Table 2). These were confined to moderately 
resistant to highly susceptible classes. The frequency of resistant plants was reasonably 
high in SPV-34xCS 3541, SPV-34 xSPV-104,CS 3541 X 168 and CS 3541 x 303 F ' s 
(Tables 1 and 2). All were tan x tan crosses, 
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DISCUSSION 

The general pattern of segregation in tan X tan, tan X purple and purple X purple 
crosses is similar and confirms that the inheritance of rust resistance is governed by 
a maximum of three recessive genes. However, the frequency of resistant plants in tan 
X tan crosses is highest followed by tan X purple crosses. The purple X purple crosses 
egregated into moderately resistant to susceptible plants. Obviously, the choice to 
develop resistant progenies in either plant type should be confined to tan x tan and 
tan X purple crosses only. 

The hypersensitive reaction appears to be a weaker system than resistance per se. 
Some of the tan pigmented varieties show hypersensitive reaction at Hyderabad and 
prove unstable under the more humid conditions at Dharwad. Examination of the 
segregation at both locations reveals that crosses which segregate in 1 R : 15 S at 
Hyderabad tend to segregate in 1R : 63S ratio at Dharwad. The susceptibles are 
more at Dharwad. The basic question is whether the increased susceptibility at 
Dharwad is due to different physiological races of rust or due to environmental 
influences only. There is no evidence for the existence of more than three genes even 
at Dharwad. It, therefore, appears that the differential behaviour may be attributable 
to environmental influences. Modifying factors might be playing a major role, parti
cularly in pushing a hypersensitive reaction towards the susceptibility under more 
favourable conditions for the disease. 

Tan types are generally more resistant to rust compared to purple pigmented 
types although resistance in purple types may not be ruled out. Strengthening of 
esistance in tan background is, therefore, necessary to provide stability of reaction 
under endemic conditions. R x R and R x H crosses such as SPV-34XCS 3541, 
SPV-34 X 168, SPV-34XSPV-104, CS 3541x168, CS 3541x303 involving tan parents 
provide good choice. Among purple pigmented varieties, SPV-86 combines better than 
others in tan x purple crosses. 

Plant pigment and level of resistance in parental material determine the degree 
of dominance in Fi. Susceptibility is dominant over resistance as observed earlier 
by Rana, Tripathi and Rao (1976) and Patil et al. (1972). Miller and Cruzado (1969; 
observed different allelic interactions with rust at Pu locus and heterozygote suscepti
bility in some instances. As an interaction with tan plant type, dominance of resistanc 
was observed in one of the tantan cross (SPV-34 xSPV-104) only. Bergquist (1971) 
also made such observation of dominance of resistance. 

A triple recessive genetic constitution riri/y2r3r3 governing rust resistance in 
rghum is suggested. The different degrees of resistance is determined by the presence 
of one or more homozygous recessive genes. 
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INHERITANCE OF FIELD RESISTANCE TO SORGHUM CHARCOAL 
ROT AND SELECTION FOR MULTIPLE DISEASE RESISTANCE* 

B.S. RANA, K.H. ANAHOSUR1, V. JAYA MOHAN RAO, 

R. PARAMESHWARAPPA1 AND N.G.P. RAO2 

National Research Centre for Sorghum, All India Coordinated Sorghum Improvement 
Project, IARl Regional Station, Rajendranagar, Hyderabad, 500 030, India 

ABSTRACT 

Six segregating and nonsegregating generations of three R x S and two S x S crosses were 
studied for charcoal rot resistance under epiphytotic conditions. CSV-5 (148/168) was compa
ratively the most resistant parent. The Fi showed partial dominance of resistance. 

The resistance appears to be a polygenic threshold character governed by duplicate epistasis 
with low heritability (38%). The F3 progenies transgress the parental limits. In absence of absolute 
resistance for charcoal rot, selection 2 S.D. below population mean (S.I. •= 1%) results in selecting 
resistant transgressive segregates. 

Charcoal rot, SDM and leaf rust inherit independently. It is possible to combine these 
characters through simultaneous selection by choosing rust resistant plants from the segregating F3 

progenies possessing < 1 % SDM and <10% charcoal rot susceptibility. 

Sorghum charcoal rot [Macrophomina phaseolina (Tassi) Goid.] has shown signs 
of being a potential danger in India in rainy and postrainy seasons during the recent 
years. Though the disease was reported long back in India (Uppal, Kolhatkar and 
Patel, 1936), its role in causing economic loss has been appreciated only recently. 
The disease is favoured by moisture stress (<25% available soil moisture) and high soil 
temperatures (35°C) at the time of grain filling in the susceptible varieties (Edmunds, 
1962). Plant senescence is associated with charcoal rot (Rosenow, Johnson, 
Fredeiksen and Miller, 1977). Any destruction in the actively photosynthesizing leaf 
tissue reducing the amount of carbohydrate availability to the plant for cell 
maintenance can also be instrumental for predisposition (o stalk rot (Dodd, 1978). 

Sorghum downy mildew (SDM) and leaf rust are major diseases which can 
destroy leaf area and stimulate stalk rot. The inheritance of stalk rot resistance and 
simultaneous selection for SDM and leaf rust resistance in conjugation with stalk rot 
resistance are discussed here. 

MATERIALS AND METHODS 

Five parents, 'CS 3541 (CSV 4)', '148 (CSV 5)', '296', '303' and '168' were selected for the 
present study. Five crosses among first four parents were attempted and subsequently advanced 

* This contribution is part XXX of a series on "Genetic analysis of some Exotic x Indian crosses 
in sorghum". Part XXIX appeared in Indian J, Gene: 42. 
Present Address : 'U. A S., Regional Research Station, Dharwar 580 005. 

2ICR1SAT, PMB 1044, IAR'ABU, Samaru-Zaria, Nigeria, West Africa. 
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to F2 and F». The '296 x 303' cross was dropped due to its susceptibility to SDM. Fts were 
crossed to both the parents and designated as BC-1 and BC-2. Nine such BCs were developed. 
There wfcre 12 to 40 F s progenies in each cross. 

The experiment was grown in randomized complete block design with two replications at 
U.A.S. Regional Station, Dharwar during kharif 1976, in a SDM sick plot. A large F2 popu
lation of 435-532 plants was studied in different crosses. Forty plants per parent, 42-135 plants 
per Fi, 28-79 plants per BC and 100-150 plants per F3 progeny (about 14000 total F3 plants) were 
studied. The drought leading to moisture stress during September which coincided with grain 
filling resulted in epiphytotic of charcoal rot. The affected plants were assessed on the basis of 
hollow stem due to disintegration of pith by the fungus. Leaf rust was also endemic. 

The anguler transformed susceptibility % data were used for analysis. The gene effects were 
estimated according to Hayman (1958) Standard statistical procedures were adopted to fit the 
normal curve and to compute regression and correlation coefficients. 

RESULTS 

INHERITANCE OF RESISTANCE TO CHARCOAL ROT 

The susceptibility in parents varied from 15.6% to 40.3% (Tables 1 and 2). 
Among them '148' with 15.6% susceptibility was the relatively more resistant parent 
(LSD = 12.9%). The range of variation among Fi was from 13.7 to 35.8%. The 
resistant X susceptible (R X S) Fi's, i.e., '148 X 303', '148 x CS 3541' and '148 x 
296' were relatively more resistant than S X S Fis. The R x S Fi's were close to the 
resistant parent for resistance indicating the partial dominance of resistance. 
Susceptibility in F2 varied from 22.3 to 34.9%. R x S F2's were relatively more tole
rant than S X S. In general, F2 performance was quite close to mid-parent value 
with only 12.5% decrease in susceptibility. The F2 showed 22.5% inbreeding depres
sion for resistance. 

The susceptibility decreased with an extra dose of resistant parent in (148 X 
303) X 148 BC indicating clear cut dose effect of resistance genes. The dose effect in 
other BCs was inconsistent. 

The actual F3 mean (27.5%) was close to F2 mean (27.9%). However, between 
and within F8, differences were highly significant (a2F3 = 11Q0.97, a2e=42.96), '148 X 
296' and '148 X CS 3541 F3 being lowest in susceptibility <Table 2). There were 5% 
F3 progenies with < 10% susceptibility and 22% progenies with <20% susceptibility. 
None of the F3 progeny was completely resistant. Frequency distribution of Fa pro
geny means showed a close fit of observed frequencies to expected frequencies with 
mean=26.69 and S.D. = 10.44 (Fig. 1). The alternative test to detect skewness as a 
supplement to X2 test confirmed the normality of distribution, Pi being approximately 
zero. In the absence of absolute resistance, a selection pressure of 2 S.D. below 
population mean was considerably high resulting in 0.85% selection intensity. However, 
11% progenies with <; 16.25% susceptibility could be selected when selection pressure 
was relaxed to 1 S.D. below the population mean. 

i 
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TABLE 2 

Charcoal rot susceptibility (%) in different generations. 

Midclass values/frequencies 
Generation 

5 15 25 35 45 55 Total Mean Range MS 

Parents 1 3 4 31.90 15.59—40.33 * 
(23.26—39.41) 

Fi 2 1 1 4 22.78 13.70—35.84 * 

(21.70-36.75) 

BCs 2 2 1 2 2 9 35.99 12.30—57.05 ** 

(20.50—49.02) 

F2 3 2 5 27.90 22.81—34.91 

(28.10—36.21) 

F8_! 2 5 5 2 14 30.00 12.43—45.97 

(20.62-42.65) 

F3_j 2 3 4 3 12 21.66 9.35—40.44 

(17.76-39.47) 

Angular transformed values are in parenthesis. 

F2_! CS 3541 X 296, F3_a 148 X 296, F3_3 CS 3541 X 303, F3_4 148 X 303, 

F,_6 148 x CS 3541. 

* SignificaHt at 5%, ** Significant at 1%. 

** 

** 

Fa_j 1 3 8 5 1 18 35.55 9.13—52.11 ** 

(17.46—46.20) 

F3_4 7 14 12 1 34 28.51 13.24—46.25 ** 

(21.22—42.90) 

F3_8 3 14 13 9 1 40 23.95 3.60—44.99 ** 

(10 94—42.13) 
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N = 

X = 

<T = 

Pr-
p>* 
x'= 

— Observed 

118 

26-69 
10- U 

0'0008 

2-60 

1-52 

P["80 . 9 0 ] 

10 15 40 20 25X 30 35 

Susceptibility (%] 

Fig. 1. Freqjency distribution of F8 progeny means. 

The conclusion on gene effects was drawn on the basis of relative magnitude 
(Table 3). In '148 X 303', additive effect (d) was negative and responsible to reduce 
the susceptibility. Negative additive x dominance (j) and dominance X dominance (1) 
interaction effects were also quite pronounced in this cross. Additive X - dominance 
effects were negative and largest in '148 X 296' and 'CS 3541 X 296' crosses. 
Heterotic (h) and dominance X dominance effects were opposite in direction. Epistasis 
governing resistance in all the crosses were, therefore, due to duplicate genes. 
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TABLE 3 

Gene effects {based on angular values) for charcoal rot susceptibility (%). 

Gene effect 

A 

m 
A 

d 
A 

h 
A 

1 
A 

j 
A 

1 
Epistasis type 
H = [ ( h - i ) - ( d -
Inbreeding depres

sion (%) 

148 x 303 

32.10 

—27.85 

37.05 

41.30 

—115.20 

— 68.50 
Duplicate 

-ij)] - 25.50 

25.88 

148 X CS 3541 

28.15 

16.70 

33.65 

53.20 

—49.10 

—93.10 
Duplicate 
—21.70 

29.72 

148 x 296 

28.45 

8.20 

— 7.55 

— 1-00 

—46.20 

0.30 
Duplicate 
—24.75 

14.95 

CS 3541 X 296 

36.20 

6.45 

- 0.75 

0.30 

—88.40 

3.50 
Duplicate 
—36.70 

— 1.36 

The offspring-parent regression of F2 on F\ and F3 on F2 had low significance 
(P <0.10). The correlation coeffcients were 0.63* and 0.54* respectively (Table 4). 
The degree of determination of F2 by Fi was 40% and F3 by F2 30%. The 
heritability estimated by variance component method using estimates of between and 
within F3 variance was 37.67%. 

TABLE 4 

Regression analysis for charcoal rot resistance 

Regression 
Deviation 

Correlation coefficient 
R2 
Regression coefficient 

DF 

1 
6 

F2 on Fi 

MSS 

89.63* 
22.21 

0.6341* 
0.4021 
0.527*±0.262 

D F 

1 
8 

F3 on Fa 

MSS 

60.50* 
17.73 

0.5467* 
0.2989 
5.504* ±0.272 

Significant at 1%; Heritability ( a2
 B.F8/CJ2 B.F3 + a2 W.F3 + o2e)=37.67. 
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SELECTION FOR MULTIPLE DISEASE RESISTANCE 

The correlations (n2=0.07, n3=0.13, r21=— 0.01) among SDM, charcoal rot 
and leaf rust in F3 were not significant. Resistance to these three major diseases was 
therefore independent of each other. 

These characters can be accumulated in single progeny by adopting a suitable 
simultaneous selection procedure. Data in Table 5 show than when SDM, charcoal 
rot and leaf rust segregate independently, it could be possible to select F3 progeny 
No. 98 of '148 x 296' cross and progeny No. 106 of '148 x CS 3541' cross with 1% 
SDM and 10% charcoal rot incidence. Similarly, other progenies such as 42 and 97 
could be selected with 2% SDM and 10% charcoal rot incidence. All these progenies 
segregated into rust resistant and susceptibl e plants. It is, therefore, possible to select 
rust resistant plants from the progenies showing a reasonably high level of resistance 
to SDM and charcoal rot. 

TABLE 5 

Simultaneous selection for resistance to SDM, charcoal rot and rust. 

Charcoal rot % 
0—10 

SDM % 
P. No. 

98 
106 

No. of rust resistant plants 
0— 1 

R . S 

39:50 
12 : 38 

1.1 
P. No. 

42 
97 

— 2 
R : S 

12 : 53 
12:69 

P. No.—F3 progeny number 42 — 148 X 296, 
97, 98, 106 — 148 X CS 3541. 

R—Resistant, S—Susceptible. 

DISCUSSION 

Macrophomina phaseolina is not an aggressive pathogen capable of attacking 
vigorous plant tissue but can overcome senescing tissue at grain-filling stage under soil 
moisture stress and high temperature causing a serious damage to susceptible varieties. 
The incidence of sorghum charcoal rot is therefore governed by environment-host-
pathogen interactions and mainly depends on photosynthetic stress—translocation 
balance (Dodd, 1978). Host plants show variability for resistance (Frederiksen and 
Rosenow, 1971; Rosenow, 1978; Rao et al, 1978) but absolutely resistant variety is 
not known. However, multilocation testing in AICSIP has helped to identify stable 
sources of resistance. CSV 5 (148/168) is one such variety with 16% susceptibility and 
significantly high resistance as compared to other parents under disease epiphytotic 
conditions. 

Study of different segregating and non-segregating generations elucidates 
continuous variation indicating the quantitative nature of resistance. The distinct 
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gradation of parents and Fis may be due to different thresholds since those polyge-
nically determined genotypes which have values below the threshold show no expression 
of the character and the expression occurs only when the genotypes have values above 
this threshold (Strickberger, 1968). R x S hybrids tend towards resistant parent due 
to partial dominance of resistance. The use of at least one highly resistant parent in 
hybrid programme would thus confer advantage to hybrids. Rosenow (1978) also 
observed less charcoal rot incidence in some hybrids with one or more resistant parents 
and indicated excellent progress from selection. 

The degree of determination of F2 by Fj (40%), F3 by F2 (30%) and low herit-
ability (38%) is expected due to duplicate type of epistasis and high genotype x 
environmental interactions predisposing to charcoat rot. However, F3 progenies show 
normal distribution (truncated towards zero) and surpass the parental limits enabling 
one to choose the transgressive resistant progenies. In the absence of absolute resistance, 
selection of F3 progenies 2 S.D. below mean results in approximately 1% selection 
intensity (S.I.) and <6% susceptibility. 

Leaf rust, SDM and charcoal rot resistance are inherited independently. It is 
possible to select rust resistant plants from R X S and R X R F3 progenies with 1 % SDM 
and 10% charcoal rot susceptibility. Rust resistance being a trigenic recessive character 
(Rana et ah, 1976; Indira et al, 1982), selected rust resistant plants will breed true 
in F4 but segregate for SDM and charcoal rot resistance. Further selection for SDM 
resistance and transgressive charcoal rot resistant segregants under epiphytotic condi
tions will stabilize the resistant progenies. The progress from selection for SDM is 
expected to be fairly rapid due to possible involvement of few major genes (Rana et. 
al., 1982) but slow for charcoal rot due to low heritability and higher genotype x 
environmental interactions. 'CSV 5', 'SPV 104', 'SPV 126', 'SPV 178', 'SPV 193' and 
'SPV 488' are some of the recently developed varieties which incorporate multiple 
resistance to these diseases. 
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Transforming Traditional Sorghums in India

N.G.P. Rao*

Viewed against the background of the agricultural
history of India, changes that influenced Indian
agriculture during the 1960s and 1970s are
perhaps the most significant. The rapid impact of
these changes and the potential created do give
us confidence that India could successfully meet
its current and future needs of the most needed
agricultural commodities. We have certainly been
fortunate to be participants and witnesses to this
great transformation.

Mixed cropping, crop rotations, cultural prac
tices, organic manures, chemical fertilizers and
plant protection chemicals no doubt influenced
traditional agriculture, but it is the major genotypic
changes brought about during the 1960s that
triggered cultivar-input-management-interactions;
resulted in quantum jumps in productivity; im
parted stability to production and enabled practice
of new cropping systems leading towards more
efficient land and water use.

The transformation that began with irrigated
wheat and rice soon pervaded dryland food crops
like sorghum and pearl millet, commercial crops,
fruits and vegetables. Changes leading towards
the transformation of sorghum in India is the
subject of my presentation.

Agricultural Systems of
Semi-Arid Tropics: Improvement
or Transformation?

Agricultural systems of the semi-arid tropics (SAT)
by and large, continue to be subsistence systems
and reflect the highest degree of crop diversifica
tion. Analyzing the role of risk in dryland agricul
ture in India, Binswanger et al. (1980) concluded

Regional Sorghum Breeder, ICRISAT, and Visiting

Professor, Institute of Agriculture Research, Ahmadu

Bello University, Samaru, Zaria, Nigeria.

that income risk, measured as the variance of
income over time, is high. Variability in production
is the major source of this income risk rather than
price variability. For risk averse farmers they
contend that such income variability leads to
underinvestment. This is true of all subsistence
agricultural production systems. Consequently,
mixed or intercropping became an important fea
ture of traditional agriculture and its superiority in
terms of insurance from risk, higher returns and
better labor use has been well documented (Abalu
and D'Silva 1980, Jodha 1980).

It may, then be pertinent to examine the
essential components of traditional agricultural
systems. There is a striking parallelism in the
evolution of tropical cultivars across continents.
They are tall; late maturing, the growing period
being considerably longer than the length of the
rainy season; generally photosensitive; and char
acterized by localized adaptation and low harvest
indices. Such tropical cultivars are generally
adapted to low population levels and generally
exhibit lower rates of fertilizer response. Under
adequate moisture and low populations they do
produce large earheads reflecting their individual
superiority, but their community performance is
poor even when there is no stress. Since flower
ing generally takes place after the cessation of the
rainy season, rainfall fluctuations render them
highly vulnerable, and crop losses approach total
failure in years of low and erratic rains. Depending
on the components of the cropping systems, the
degree of damage may vary and one of them
might provide some insurance. Yet, sole and
mixed crops in traditional systems are low yielding
and climate-vulnerable. This is generally so with
sorghum and applicable with some modifications
to other dryland crops and cropping systems.

This being the case, a pertinent question is
whether research efforts should be directed to
improve existing systems or should they be
directed towards transformation of existing sys-

International Crops Research Institute for the Semi-Arid Tropics 1982 Sorghum in the Eighties: Proceedings of the International
Symposium on Sorghum. 2-7 Nov 81, Patancheru, A.P., India. Patancheru. A.P. India: ICRISAT.
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terns. All researches in India till the 1960s and in
most African countries till today have been
directed towards improvement of existing agricul
tural systems. They generally involved crosses
between related varieties for cultivar improve
ment, fertilizer and population studies, practices
aimed at better soil and water management and
modifications to existing cropping systems. These
efforts were based on local or improved local
cultivars and did reflect increased yields under
experiment station conditions. The recommenda
tions that emerged from such researches were
aimed at marginal increases and frequently in
volved change of cultivars, but similar in plant
architecture to locals, use of organic manures, low
levels of fertilizer and low plant populations and
with some soil and water conservation measures
such as mulching, contour bunding, etc. The
recommendations that emerged from the dry
farming research stations of the Deccan rabi 

furnish examples in this direction. They were
somewhat "survival-oriented" rather than "pro
ductivity-oriented" and did contribute to some
yield advances but could do little to cross the
environmental barrier or the yield barrier.

Analyzing crop yields in relation to rainfall
fluctuations, Rao et al. (1975) emphasized the
need for transgressing environmental limits and
aiming at quantum jumps in yield levels to
enhance the productivity of rainfed crops. A 
breakthrough in rainfed agriculture can, therefore,
be expected by planning for large quantum jumps
rather than for slow and graded increases which
are within the limits of environmental fluctuations.
Illustrating from data on sorghum obtained during
1972/73, which was one of the most difficult
years encountered with respect to rainfall, we
(Rao et al. 1975) preferred the transformational
approach to that of an improvement approach. It is
this approach that has yielded results in the Indian
context. I consider it meaningful to the rest of the
SAT.

Considering the policy implications of their risk
analysis in SAT India, Binswanger et al. (1980)
concluded that there is no need for advocating
development of risk graded technologies so that
small farmers may adopt the low yield low risk
ones and the large farmers the high yield high
risk ones. I fully agree with them and the trans
formational approach cutting across environmen
tal limitations is the answer and I therefore,
propose to further deliberate and elaborate
on this.

Genotype Alteration:
Performance, Adaptation,
and Stability

The attributes of tropical cultivars have been
listed: tallness, lateness, photosensitivity, low
harvest indices, poor community performance,
etc. In traditional agriculture, the timing of the
main stages in the reproductive cycles of plants is
optimized in relation to seasonal conditions
through control mechanisms that are extremely
sensitive to daylength and temperature (Evans
1980). If this is so in traditional agriculture, the
design and development of productive and stable
agriculture requires re-optimization of the cycles
of growth and reproduction in such a way that the
emphasis is on the economic product rather than
on total dry matter and that the more critical
phases of growth coincide with favorable periods
of climate.

Water use efficiency refers to the yield of dry
matter produced per unit of water consumed and
drought resistance is the ability to survive, endure
and compensate for or escape damage from
wilting (Reitz 1974). Sorghum is no doubt efficient
in water use requiring about 322g of water per g 
of dry matter (Briggs and Shantz 1914), but if the
production of total dry matter of the plant extends
beyond a limit, it will then limit water use
efficiency. Severe stress during seedling, flower
primordial and grain filling stages is generally
critical and it is desirable that the probability of
these stages coinciding with assured periods of
rainfall or profile moisture be maximized.

Most traditional kharif sorghums of the Deccan
and the central Indian plateau require 140 days or
more to mature, while the duration of a normal
rainy season is from the beginning of July to mid
or late September. August usually represents the
peak rainfall month. Such sorghums usually re
main in the vegetative stage till the second week
of October, and if rains cease earlier, yield losses
are heavy. The total dry matter produced in normal
circumstances may be as high as 450 g per plant,
and nearly 70% of this is accumulated in the stalk
(Rao and Venkateswarlu 1971). They are characte
rized by a single peak for the rates of growth
coinciding with flowering. The behavior of several
African sorghums is similar (Goldsworthy 1970).
The temperate sorghums on the other hand
produce less dry matter per plant, exhibit two
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peaks for growth rates coinciding with preflower-
ing and grain-fitling stages resulting in a 50 : 50 dry
matter distribution (Anantharaman et al. 1978).
This is illustrated in Figure 1.

Superior sorghum hybrids and varieties de
veloped from temperate-tropical crosses have
reduced maturity duration (100-110 days) and
consistently yield well (Table 1). The critical stages
of growth—seedling, flower primordia, and grain
filling—coincide with periods of assured rainfall or
satisfactory profile moisture status. Thus, in
breeding for efficient water use for grain produc
tion such corrections for duration, dry matter
production and differentiation at optimal times of
the season are essential and should constitute the
first steps in modifying traditional tropical sor
ghums.

Yet arguments are still advanced that in heavy
rainfall areas the duration of the traditional sor
ghums still represents the optimum and that
improved cultivars should match the duration of
locals. Efforts in Africa (Andrews 1975) to develop
long-season dwarfs are yet to yield useful results.
Earlier studies by Rao et al. (1973) reveal that
highest yields are obtained at intermediate

heights and maturities and that an "intermediate
optimum" satisfies several requirements includ
ing grain, stover, input responses etc., in tropical
countries. If there is an extended season, it is
better to capitalize on it through practice of
suitable cropping systems rather than through

Table 1. All India performance of sorghum hybrids

and varieties (kharif).

Grain yield (kg/ha)

Hybrid/ — 
Variety 1978 1979 1980 Av, %CSH-1

Hybrids

CSH-1

CSH-5
CSH-6

CSH-9

SPV-221

SPV-245

3582

4307

4265

5036

3198

3868

3522 3034

3808 3437

3648 3480

4353 3836

3379

3851
3798

4408

Varieties

3303 3160

3564 3237

3220

3556

100
114

112

130

95
105

Figure 1. Rates of growth and dry-matter distribution of tropical and temperate sorghums. 
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growing very late cultivars. Extremely late
varieties have no yield advantage.

Once, the major corrections for duration and dry
matter in relation to rainfall probabilities are
accomplished, we could capitalize on incorporat
ing attributes like varietal differences for photo
synthesis under moisture stress, root systems
and various attributes associated with drought
resistance. We have discussed these aspects
earlier (Rao et al.1979) and I shall not go into them
presently since other speakers may be consider
ing them at length.

While the impact of altered genotypes of
sorghum has been spectacular in some parts of
India during kharif, attempts of altering rabi 

sorghums have met with partial success. The
planting of rabi sorghums grown under residual
moisture in black soil areas generally starts
towards late September and may extend up to
late October. Mid-October plantings are common.
By November the temperatures begin to drop.
Depending on the moisture status of the profile.
the black soils begin to develop deep cracks either
at flowering time or later. This results not only in
moisture stress during the postflowering period,
but it causes heavy lodging.

The variety M35-1 predominates in the rabi 

belt and we (Rao and Murty 1963) analyzed the
reasons for its wider adaptation. Compared with
compact headed types, it is earlier in maturity, has
a better root system, and had optimum dry matter
production. It is also the most drought resistant
variety (Sullivan 1972).

The problems of varietal improvement during
rabi are somewhat different. In years of stress,
extreme earliness as exhibited by photosensitive
hybrid CSH-2 enables it to escape drought effects
and produce yield, but the yields are low and not
comparable with M35-1 in normal years. In fact,
we considered the use of such hybrids in ex
tremely drought prone areas. The late kharif 

sorghums are also highly sensitive and become
extremely dwarf, early, and low yielding during
rabi.

The total dry matter produced by traditional
winter types like M35-1 is not high like kharif 

sorghums and they do exhibit two peaks for rates
of growth and a favorable dry matter distribution
pattern. Efforts to further influence harvest index
in favor of grain rendered types like R16 more
susceptible to charcoal rot. This means, unlike
kharif. the options for influencing duration and dry
matter are limited during rabi. 

Yet some progress has been made and hybrids
like CSH-7R and CSH-8R and an improved variety
SPV-86 did exhibit constant yield superiority over
M35-1, even though the margin of increases
were not as high as those obtained during kharif 

(Table 2). But, when the new hybrids were grown
under a new set of agronomic conditions, i.e.
advanced dates of plantings, fertilizer use, and
optimal populations, yield differences over M35
-1 were substantial (Fig. 2). But as plantings
became delayed, the yield advantage over M35-1
declined, and after a point in November they were
inferior to M35-1 . The parents of the hybrids had
more kharif parentage in them, and as the
plantings were delayed, apart from moisture
stress, temperature sensitivity came into opera
tion. The variety M35-1 is also less sensitive to
low temperature. Therefore, I feel that develop
ment of temperature-insensitive males and
females with rabi adaptation could lead to the
development of superior rabi hybrids.

The rabi situation is difficult but is more
predictable, since very little rain is received during
crop growth. I believe that the limits of the
moisture status and its progressive decline in rabi 

soil profiles under extreme stress, optimal, and
suboptimal conditions have been quantified. It is
then possible to decide on the limits of dry matter
that such profiles could sustain to maturity. If
these limits are known and with the present
understanding of drought resistance and tempera
ture sensitivity of genotypes, it should be possible
to develop more efficient genotypes for the
future.

That tropical cultivars are highly photosensitive
and local in their adaptation has been well
recognized. The virtues of photosensitivity in
tropical situations have also been frequently
overemphasized. While photosensitive varieties
do tend to flower about the same time when
plantings are scattered within a season, the yield
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Table 2. All India average performance of rabi 

hybrids and varieties.

Hybrid/Variety

CSH-8R (Hybrid)

CSV-8R (SPV 86) (Imp. Variety)

M 35-1 (Local)

Grain yield

(kg/ha)

3313

3299

2881



reduction on late plantings is drastic. Such culti-

vars, which by themselves are low-yielding and

subject to climatic fluctuations in their own

environments, could not be expected to adapt and

perform in an altered environment.

Wide adaptation, therefore, involves genotype

alterations to suit growing conditions, superiority

in performance per se, and less sensitivity to

daylength and temperature in some situations.

Once these changes have been incorporated in

altered genotypes, the entire kharif sorghum belt

of India could be treated as one zone (Fig. 3) in

place of the several small agroclimatic regions

towards which breeding efforts were directed in

the past (Rao 1970). This is a major conceptual

change that furthered sorghum improvement

efforts in the country.

The statement of Evans (1980) that high-

yielding crops are neither more nor less suscepti

ble to annual variation must be viewed with

caution since the precise purpose of genotype

alteration for dryland agriculture is to minimize

such variation. An analysis based on over 300

experiments over several years (Rao and Rana

1980) furnished data on changes brought forth in

improved cultivars developed early in the project

with respect to average yield levels and coeffi

cients of variability (Fig. 4). This is a very signifi

cant change that reflected on sorghum production

over vast areas in Maharashtra and Karnataka

States.

Our studies to date have also established that,

compared with improved varieties, hybrids do

exhibit homeostatic advantages particularly under

moisture stress (Rao and Harinarayana 1968;

Singhania and Rao 1976). A more recent analysis

of 3 years data from All India experiments by Rao

et al. (1982) further established that the hybrids

CSH-9, CSH-6, CSH-5, and CSH-1 were the

highest yielders in the kharif tracts of the entire

country and were the most widely adapted. The

improved varieties were no doubt superior to

locals in yield and adaptability but were not

comparable with hybrids. The locals were char

acterized by low means and high coefficients of

variability We are now examining the possibilities

for raising the yield of improved varieties to the

level of hybrids (Balaramireddy and Rao 1981).

Further efforts to use risk aversion in plant

breeding (Barah et al. 1981) point out that yield

and risk preference based rankings are closely

related. Also correlated are adaptability and stabil

ity lending support to our past breeding efforts

towards genotype alteration and multilocational

testing in the pursuit of low risk and high yields

(Fig. 5).

We are now concerned with the task of

incorporating greater levels of resistance to insect

pests (Rao et al. 1977) and diseases (Rao et al.

1980) against the altered genetic background so

as to confer greater levels of stability in perform

ance besides reducing or even eliminating use of

pesticides. Our emphasis now is on understand

ing and incorporating resistance to several of the

insect pests and diseases together in altered

genotypes (Rao 1981).

Adaptation to Soil
and Climate

Soil, water (rainfall) and solar energy constitute

the natural resources of semi-arid crop production

systems with a well established relationship of

subsistence adaptation. It has been the past
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experience that resource management by itself
did not yield perceptible results until a relationship
of productive adaptation has been established.

The SAT regions have an arid season of 5-10
months when potential evapotranspiration (PET)
exceeds precipitation. Since PET is dependent on
rainfall, temperature, and crop cover, crop adapta
tion to soil and climatological factors is of primary

concern. We will now consider genotype adapta
tion to soil and climatic factors.

Agriculture in the tropics is said to have first
developed in areas where the soils are of high
base status—Vertisols, Alfisols, Mollisols, and
certain Entisols and Inceptisols—which are also
the centers of population density. The impact of
the green revolution has also been largely con-

Figure 3. Hybrid and varietal performance in India (1978-80 kharif).
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fined to areas of high base status (Sanchez and
Buol 1975).

Sorghums in India are predominantly cultivated
in Vertisols and to a limited extent in Alfisols and
both have not posed any serious problems. The
major point of concern is the ability of the soil
profile to store water for crop use. Depending on
the soil type, this may vary from less than
100 mm to over 250 mm. The storage ability
partially mitigates the effects of irregular rainfall.
Encrustation problems may be encountered,
more particularly in the red soil areas, if heavy
rains after sowings are followed by a hot and dry
spell, but this problem has not been serious.

If water does not limit vegetative growth, total
dry matter production is related to solar radiation
and can be predicted. But frequently water stress
does limit the rate of dry matter production.
Fluctuations in rainfall, which are changes repe-
ated over time, are a rule rather than an exception.
Predictions of the amount and distribution of
rainfall are difficult. Based on early rainfall in a 
season, some predictions of the behavior of rains
may be possible. Studies by the Indian Meteorolo-
gical Department estimated that climatic varia
tions resulting in droughts, floods, etc., may

account for more than half the variation in crop
yields.

In recent years there has been growing interest
in climate changes.and climate-food output re
lationships. It is believed that good or bad weather
in one part of the world may have a similar
influence in other parts (USDA 1975). Unfavorable
weather conditions during 1964-66 and 1972-74
were responsible for a decline in global food
production. Weather variability is considered to be
a much more important consideration than a 
global cooling or warming trend (Thompson 1975).
Averages of the preceding 30 years are stated to
provide better guidelines for development of
strategies compatible with the laws of nature to
mitigate effects of climatic fluctuations on produc
tion.

The SAT region of India, excluding the coastal
areas of Andhra Pradesh and Tamil Nadu, parts of
southern Karnataka, eastern Uttar Pradesh, east
ern Madhya Pradesh, northeastern Rajasthan,
Haryana, and Punjab represents the major grain
sorghum belt. Even these excluded areas grow
forage sorghums. The areas prone to moderate
and severe drought are depicted in Fig. 6. Of the
16-18 million hectares grown under sorghum,
approximately 2/3 of the area is cultivated during
the rainy season (kharif) and 1 /3 during winter
(rabi) primarily in the Deccan Plateau covering
near continuous areas in Maharashtra, Karnataka.
and Andhra Pradesh.

The limits of the rainy season in most regions
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1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

Coasta l Andhra Pradesh

Telangana
Rayalaseema
Tami l Nadu
I n t e r i o r Karnataka Nor th
I n t e r i o r Karnataka South
Cen t ra l Maharasht ra
Marathwada
Vidarbha
Gujara t
Saurashtra & Kutch

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

U t t a r Pradesh East
U t t a r Pradesh West
Punjab & Haryana
Rajasthan East
Rajasthan West
Bihar P la i ns
Bihar P la teau
Madhya Pradesh East
Madhya Pradesh West
Or issa
Gangetic West Bengal

Figure 6. Major sorghum areas prone to drought. 
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are fairly well known. The southwest monsoon,
which influences most of the sorghum belt with
the exception of Tamil Nadu and a small portion of
Andhra Pradesh, usually establishes towards the
end of June and terminates before the end of
September. The probable date of commencement
of sowing rains, the months and weeks when
rainfall probabilities are high and low, and the
likely inter-spell duration between rains have been
computed (Raman 1975). July is the least drought-
prone month and October the most (George et al.
1973). Premature cessation of the monsoon by
the beginning of September is not uncommon,
and October rains are uncertain. Consequently
traditional kharif sorghums may run out of mois
ture before flowering. The moisture status of the
rabi soils, where sorghums are grown under
residual moisture, is frequently unsatisfactory
during the grain-filling period, resulting in serious
yield losses. The deccan rabi used to be famine
prone.

It is, then, the water balance that limits the
length of the growing season. The mean duration
of the crop-growing season for some sorghum-

growing areas computed by Krishnan (1974) is
summarized in Table 3. The justification for
long-season sorghum seem to arise from such
exercises.

A closer look at the present-day situation in
areas represented by Jalgaon, Akola, and Amrava-
ti in Maharashtra, and Neemuch, Khandwa. and
Indore in Madhya Pradesh, which are all in the
drought-prone black soil belt, reveals that 100
-110-day hybrids with some built-in ability to
stand grain deterioration when rains occur late
have taken firm root, providing for assured single-
crop sorghum and a possible second crop of
safflower or chickpea. Areas with supplemental
irrigation took to a sorghum-wheat rotation that
was not possible with traditional cultivars.

Thus computed, crop-growing seasons at best
indicate the longest possible growing period, and
strategies to avoid failures should take into
account the effective rainfall period with its
attendant aberrations. One has to plan for assured
single-crop yields within sole and intercropping
systems in low rainfall areas, and two-crop sequ-
ences in high rainfall areas.

Table 3. Crop growing season

Location

Kurnool

Cuddpah

Hyderabad
Raichur

Gulbarga

Poona
Sholapur

Ahmednagar
Aurangabad

Akola
Amravati

Jalgaon

Khandwa

Neemuch

Hanamkonda

Bidar

Indore

State

Andhra Pradesh

Karnataka

"

Maharashtra

"
"

Maharashtra

"
"

Madhya Pradesh

"

Andhra Pradesh

Karnataka
Madhya Pradesh

in soma sorghum growing araas (Krishnan 1974).

Av. annual

rainfall

(mm)

674

743

743
717

753

715

742
677

792

877

975

840

961

895

945

977

1053

Av annual

PET

(mm)

1827

1834

1834

1951

1913

1474

1802

1605
1774

1730

1769

1912

1729

1601

1787

1754

1813

Crop growing

Actual duration

Jun

Jun

Jun

Jun

Jun

Jun

Jun

Jun

Jun

Jun

Jun

Jun

Jun
Jun

Jun

Jun

Jun

17-Oct 26

14-Nov 30

14-Nov 30

12-Oct 28

9 -Oct 21

4 -Nov 21

8 -Nov 2 

2 -Nov 8 

5 -Nov 20

5 -Dec 4 
4 -Dec 22

9 -Nov 21

7 -Dec 30

14-Jan 15

4 -Dec 8 

1 -Dec 13

5 -Dec 27

season

No. of
days

132

170

130

139

135

171

148

160

169

183

202
166

207

216

188

196
206

Remarks

Alfisol-Kharif and
Vertisol-Rabi

"
Mostly Vertisol-

Rabi

"

"
"

(Some Kharif) 

Mostly Vertisol-

Kharif

"

"

Alfisol- Kharif and

Vertisol-Rabi
Alfisol -Kharif 

Vertisol-Kharif
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Statistical probabilities of the occurrence of
drought have limitations, and the farmer's interest
being always in the "current year," knowledge of
soil and climate together with actual performance
in normal, above-normal, below-normal, and aber
rant years of rainfall would furnish a rational basis
for decision making in the development of crop
production strategies that would stand the test of
time. Such years were encountered during 1964
-66, 1972-74, 1975-76, 1976-77. 1980-81.
etc., and both rainfall and yield data for diverse
cultivars are available for analysis. This transitional
period in Indian sorghums has thus furnished a 
valuable opportunity to assess the potentialities
and limitations of alternate crop production strate
gies and arrive at rational conclusions. Such a 
strategy based on actual situations encountered
seems to be the best suited to minimize climatic
vulnerability and to maximize productivity when
encountered with more favorable situations
(Tables 4 and 5).

Genotype alterations coupled with manage
ment practices, alternate cropping systems, and
contingency plans such as crop substitution under
aberrant situations, furnish the means to meet
adverse and favorable conditions. This leads us to
a consideration of resource utilization through
genotype-input-management interactions.

Genotype-Input-
Management Relations

That selection must be oriented towards changing
agronomic practices has frequently been empha-

Table 4. Rainfall attributes over test locations.

Year

Rainfall attributes 1972/73

1. Total rainfall (mm) 634

(29)

2. Number of rainy days 42

(29)
3. CV (%) of monthly 153

rainfall (29)

1975/76

989

(25)

69

(25)

136

(25)

1976/77

917

(36)

59

(36)

142

(36)

Table S.

Hybrids

CSH-1

CSH-5

CSH-6

Note: Figures

All India average yields (kg/ha) of re-

leased hybrids.

res in

which the

1972/73

3602
(35)

3925

(35)

4013

(35)

parentheses indicate

Year

1975/76

2869

(32)

3658

(32)

3466

(32)

1976/77

3138

(32)

3568

(32)

3090

(32)

number of locations or

averages were based

Note: Figures in parentheses indicate number of locations on
which the averages were based.

sized. That plant breeders have more frequently
selected for higher potential under favorable
conditions associated with rapid rise in the use of
agronomic inputs and that this may be an undesir
able road to follow, more particularly, in the
context of the need for increasing food production
in developing countries and the limited resources
of the small farmer has also been pointed out
(Evans 1976, 1980). Since tropical sorghums
involve developing countries and small farmers,
the issues need examination.

While there have been attempts to orient
breeding towards changes in agronomy such as
mechanized agriculture, it is now the genotype
change that initiated changes in agronomic prac
tices, eventually resulting in production advances.
This has been the case with cereals like wheat,
rice, sorghum, etc., and is now beginning to
reflect in grain legumes. I will examine the case of
sorghum at some length.

Traditional technology emphasized "local im
proved" varieties, somewhat delayed plantings
possibly to limit excessive vegetative growth, low
seed rates, periodic application of organic manu
res, and limited use or absence of fertilizer
application. This had no doubt a survival value, but
its impact on productivity or stability of production
has not been perceptible. On the other hand, the
effect of an altered genotype in relation to input
application and management has been more
conspicuous, and this has been illustrated with
rabi sorghums earlier.

Nutritional adaptation is widespread in nature
and there are distinct genotypic differences for
response patterns to nutritional elements, and
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toxicities as well. At an application level up to 50
kg N/ha, sorghum hybrids and some improved
varieties have returned 15-28 kg of grain per kg
of nitrogen against 6-8 kg for traditional locals.
Further, in hundreds of nitrogen response trials
conducted all over India during several years, we
never observed crossing over of response curves
to indicate that certain genotypes (including loc
als) were higher yielding at lower levels of
nitrogen application or, conversely, where any
hybrids were yielding less than others at lower
levels but outyielded them beyond a point of
fertilizer dosage.

Similarly, several studies on genotype re
sponses to population levels in All India trials
established the superiority of altered genotypes
for community performance compared with the
improved local cultivars. Population levels of
180 000 to 200 000 plants per hectare were
optimal at the field level.

The response of the altered genotypes to
fertilizer and population levels are more specta

cular and coupled with their lower susceptibility to
climatic variables, notably rainfall, their adoption
rate is on the increase, although the level of
fertilizer used on commercial sorghum fields is
still low. The response patterns during kharif and
rabi are illustrated in Figures 7 and 8.

Considering all agronomic inputs, including use
of fertilizer, pesticides, etc., it has been stated
frequently that the performance of high-yielding
hybrids and varieties remains satisfactory only
under optimal inputs (including irrigation water)
and management, and that their yields will not be
satisfactory under absence or lower levels of such
inputs and management. Consequently, "high
yield agriculture" is associated with "high input
agriculture" and it is questionable whether this is
applicable to the small farmers in developing
countries. This aspect has been examined in a 
multilocation experiment conducted over 3 years
(Vidyasagar Rao et al. 1980). The top-ranking
hybrids and varieties maintained their relative
ranks under both types of input-management

Figure 7. Components of production (kharif).
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levels (Table 6). The rank correlations were highly
significant (Table 7). The yield levels were no

doubt different at different levels of management.
The genotype x input-management interactions
were significant only in a few cases, and even
there the magnitude of the interaction m.s.s. was
the lowest compared to the m.s.s for genotypes
or managements.

These and various other studies indicate that
agriculture based on altered genotypes is not
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Table 6.

Hybrids

CSH-1
CSH-5

CSH-6

Varieties

CSV-3
CSV-5

Mean yields and ranks of some hybrids

and varieties under high and low man

agement during kharif seasons of 1974,

1975, and 1977.

High management

Yield

(kg/ha)

3569
4514

4125

3200

2622

Rank

4

1

3

5

6

Low management

Yield

(kg/ha)

2468
3185

3346

1970

1701

Rank

4

2

1

5

6

Table 7. Rank correlations between high and low

managements.

Year Trial

1974 Variety Trial

Variety/Hybrid Trial

1975 Hybrid Trial

1977 Early Duration Trial

Mid Duration Trial

*• Significant at 1%.

Coefficient

0.91**

0.94**

0.85* * 

0.85**

0.80**



incompatible with lower input levels, and the
actual level and use of inputs gets into the realm
of availability, supply, credit, and related matters
rather than technology-imposed limitations. While
the yield levels may vary depending on input use,
altered genotypes did confer greater levels of
stability and productivity. In some years and areas,
the difference has been of the order of economic
yields against total failure.

Traditional kharif sorghums in the Deccan used
to be planted during mid-July. Sorghum hybrids
based on temperate materials showed increased
susceptibility to shoot fly under late plantings (Fig.
9a). The dominant mechanism of resistance to
shoot fly is nonpreference for oviposition, and at
times of shoot fly buildup, the hybrids were
preferentially attacked. But once the advantages
of planting with the onset of the monsoon for
higher yields and avoidance of shoot fly were
demonstrated, the practice caught on and virtually
no insecticide is used for shoot fly control on
commercial kharif hybrid sorghums. This is a 
management change leading .towards pest avoi
dance. At the same time, shoot fly control through
carbofuran seed treatment, application of gra
nules, etc., have been recommended and prac
ticed under early rabi plantings in some areas and
in seed production plots sown at altered timings
(Rao 1979).

Similarly, the advent of early-sorghum hybrids
and the consequent growing of early and late
cultivars in the same area during initial years of
hybrid spread resulted in extended periods of
flowering conducive to rapid multiplication of
sorghum midge (Fig. 9b), causing damage on late
locals. The gains in hybrid yields were offset by
reduced yields of local cultivars. A judicious policy
of en-block coverage of hybrids of approximately
similar maturities, in preference to a dissipated
spread, resulted in the elimination of the causative
factor of extended flowering and contained midge
(Rao and Jotwani 1974). This is another example
of a management change consequent to a genoty
pe change. In fact, it may be said that the
incidence of midge promoted hybrids in some
areas.

Another example of a transitional problem is
grain deterioration (Fig. 9c). Traditional cultivars
normally maturing in December have clean grains.
The reduction of duration to minimize climatic
vulnerability caused them to ripen during mid or
late October, with a low probability of occurrence
of rains. Farmer reaction to the first hybrid was

Figure 9. Problems encountered during the 

transition period from vulnerable to 

stable agriculture. 
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excellent in dry and low-rainfall years, since both
yield and grain quality were good; but in years of
extended rainfall poorer grain quality resulted and
consequently the price received a setback. The
demands of dry and wet years are apparently
antagonistic and one has to find a satisfactory
compromise. A clearer understanding of the
problem of grain deterioration (Rana et al. 1978)
and the development of hybrids like CSH-5,
CSH-6, and CSH-9 not only reduced the magni
tude of the problem of grain deterioration, but
acted as an incentive to stay with early-maturing
hybrids and increase yields further through the
practice of sequence cropping in areas of assured
rainfall.

Thus, during the period of transition from
vulnerable to stable agriculture, such problems of
transformation (Fig. 9a, b, c) are not uncommon,
and one has to find ways and means to get over
them till we move from a subsistence inequilib-
rium to a stable and productive equilibrium.

I will now turn to the effects of genotype
modification on cropping systems. The role of
mixed or intercropping in traditional agriculture
has been idealized. In the African context, Abalu
and D'Silva (1980) stated that while traditional
intercropping systems have a socioeconomic
rationale, most efforts at improvement have been
towards sole crops, which have apparently not
yielded anticipated results on farmer holdings.
Furthermore, single crop technologies should be
discouraged and in their place an approach that
accounts for all crops of the farming system
should be evolved. Jodha (1980) felt that the
difficulties of incorporating high yielding varieties
into intercropping systems may be one of the
factors responsible for their limited spread. This
raises questions whether sole crop technologies
are at variance with intercrop technologies and
whether different approaches are necessary.

One has to first realize that the component
cultivars of the traditional intercropping systems
are themselves the products of climate vulnerable
subsistence agriculture. But for the spread of risk
cover over species, they are essentially replace
ment systems characterized by low yields. Unless
the components themselves undergo radical alter
ation, the system will not alter. Rao and Rana
(1980) demonstrated that sole crop stability and
productivity is a prerequisite for productive inter
cropping systems. Further, based on studies
involving inter- and intra-species competition,
genotype x density interactions and alternate
planting patterns, Rao et al. (1981a) examined the
design and practice of stable, productive and
profitable intercropping systems. Summarizing
data from several All India trials, Rao and Rana
(1980) furnished evidence of such systems which
involved sorghum as the principal crop with
90-95% of the sole crop yield and pigeonpea,
soybean and groundnut as intercrops (Table 8).
New and more remunerative crops like onion,
garlic, etc., are now being experimented to
enhance returns. Traditional intercropping sys
tems which have given place to sole crops of
hybrid sorghum have now been oriented towards
more profitable intercropping (Rao and Rana
1980).

While such intercropping systems are advan
tageous in areas of relatively low rainfall, multiple
cropping is more profitable in high rainfall areas
with moisture retentive soils. A vast portion of the
black soil belt of the Deccan and central Indian
plateaus with 800 mm of annual rainfall which
sustained 5-6 months' crops of traditional sor
ghums, can now take an assured crop of short-
season hybrid in all years and a following crop of
safflower or chickpea in normal and above normal
years of rainfall (Fig. 10). Rao and Rana (1980) felt
that the present shortages of grain legumes and
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Table 8. Yields in sorghum based intercropping systems averaged

Intercropping

system

(monocrop/

intercrop)

Sorghum/pigeonpea
Sorghum/soybean
Sorghum/groundnut

Sorghum

(sole crop)

35.811.9
33.0±1.9
33.612.7

over several experiments.

Average yield (q/ha)

Sorghum

(intercrop

ping system)

32.4+1.4

32.211.8

33.1+1.8

Intercrop

(sole crop)

16.5+0.9
13.9+0.7
10.411.4

Intercrop
(intercrop

ping system)

9.410.4

5.510.3

4.810.5



Figure W. Sorghum-growing districts for potential double cropping under rainfed conditions in India. 

edible oilseeds could be met by the practice of
sorghum based inter- and sequence cropping on
existing sorghum acreages.

That productivity per year in the tropics will
probably be achieved by attempts to maximize the
number of crops rather than yield of each crop

(Evans 1980) is relevant for areas where tradition
ally long season sorghums have been under
cultivation in India and Africa. Emphasis on the
manipulation of the cropping system based on
modified cultivars will be more fruitful, as demon
strated in India, than attempts to breed improved
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cultivars comparable to late locals in maturity.
Ratooning hybrid sorghum has become a com

mon practice in large areas of the Jalgaon district
of Maharashtra, in some tank-fed areas of Andhra
Pradesh, particularly when water is not adequate
for rice cultivation, and under supplemental irriga
tion in several situations.

The advent of hybrid sorghums gave birth to an
organized hybrid seed industry in the public and
private sectors.

Some Case Studies

Any crop improvement strategy for rainfed lands
should provide for assured yields even when
unfavorable weather conditions are encountered.
It should also furnish the means to maximize
output if rainfall is normal or optimal. As discus
sed, genotype alterations coupled with manage
ment practices, alternate cropping systems and
contingency plans provide ways and means to
meet adverse as well as favorable conditions. This
will be illustrated with a few examples.

All India national demonstrations of sorghum
conducted in previous years on 1-ha plots re
vealed that in none of the years were average
yields less than 2500/kg/ha, and maximum yields
recorded were quite high (Fig. 11). In the initial
years of hybrid spread during the kharif in the
States of Maharashtra and Karnataka and their
impact on overall kharif yields, projections were
made on the possible impact of the total coverage
on yields which turned out to be 2500 kg/ha. This
indicates that the present average yields of kharif 

could be elevated to 2500 kg/ha. Higher order
yields recorded are comparable to those obtained
elsewhere in the world.

Another example is the performance of CSH-1
during the early years of its spread in the
Harpanhalli taluq of Bellary district in Karnataka
State. In one of the most difficult drought situa
tions encountered, hybrid yields on an area basis
were spectacular (Fig. 12).

The 1972/73 crop year witnessed widespread
drought in many parts of the world including India.
The yields of improved cultivars at 29 experimen
tal sites all over India ranged from 2500 to
4000 kg/ha, against the near total failure of some
late locals. Analyzing rainfall-yield relationships
during this year, Rao et al. (1975) observed that
the amount of variation in yield ascribable to
rainfall was mostly determined by the number of

rainy days and the coefficient of variation in
monthly rainfall. The variation accounted by rain
fall characteristics did not exceed 40% with any of
the improved cultivars and it was only 15-20%
with the hybrids CSH-1 and CSH-5. Early maturity
coupled with hybridity conferred homeostatic
advantages. The performance of CSH-1 during
rabi in Andhra Pradesh is summarized in Table 9.
This is based on early planting and fertilizer use in
a year when rainfall was low.

The 1976/77 crop year was a case where rains
were well distributed during July and August, but
ceased abruptly by the first week of September in
the Deccan and Malwa plateaus. The late locals
suffered, but in Maharashtra State, where hybrids
covered 52% of the kharif area, kharif sorghum
production touched a record 2.96 million metric
tons. The compensation of hybrids for failure of
locals has been tremendous.

Assessing the results in the pilot project area of
Indore in Madhya Pradesh, Choudhary (1980)
reported that CSH-5 recorded the highest average
yield among the various crops tried. Most farmers
adopted only two practices—improved high yield
ing seeds and fertilizer. The technology was
particularly beneficial to the small farmer. Kharif 

sorghum accounted for most of the cropping in
otherwise kharif fallows, which would normally be
cropped by rainfed wheat during rabi. 

The minimum yield guarantee schemes of the
Governments of Maharashtra and Andhra Pradesh
with rainfed sorghums have been a phenomenal
success. Data from Maharashtra are summarized
in Table 10.

The best proof is on the impact of the hybrid
coverage on kharif sorghum production in the
States of Maharashtra and Karnataka (Table 11)
where the coverages have been substantial.
Other states could emulate this example.

So far, we have considered sole crop examples.
The possible impact of productive inter- and
sequence-cropping systems have been examined
by Rao et al. (1979) and Rao and Rana (1980).

Economic Analysis

I want to conclude with a brief reference to some
economic analyses.

Jodha (1980) stated that "the scope for dyna
mizing SAT agriculture is limited for want of viable
technological options." As a solution, he com-
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Figure 11. Yields obtained in All India national demonstrations with sorghum. 

mends the resource centered approach, with the
watershed as the unit, and involving land smoo
thing, semipermanent graded broadbeds and fur
rows, grassed waterways, small dams or tanks to

collect runoff water for supplemental irrigation,
together with agronomic inputs. It is apparent that
this package is cost intensive. That risk graded
technologies are irrelevant to SAT agriculture has
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Figure 12. Performance of CSH-1 under ex

treme moisture stress in Harpanhalli 

taluq, Bellary district, Karnataka, In-

dia, kharif 1968 (rainfall received and 

average yield obtained over 10 000 

acres).

been borne out by the studies of Binswanger et al.
(1980) and Vidyasagar Rao et al. (1981).

At the sorghum production workshop held at
Udaipur. various questions were raised on the
relevance and profitability of the sorghum produc
tion technology developed under the All India
Sorghum Project (Rao 1979). The additional in
vestment is primarily on seed and the level of
fertilizers used. Since the technology was
oriented towards quantum increases cutting
through environmental limitations, its profitability
was high. Its orientation towards system changes
makes it more versatile. Approaches of en-block

Table 9.

Samathi

Number of crop experiments and mean

grain yield in different Samathies of

Khammam District, and Andhra Pradesh,

rabi 1972/73.

Wyra

Khammam

Burgampad

Kothagudem

Yellandu

Bhadrachalam

Tirumalayapalem

Mean

Table 10.

Year

1976/77

1977/78

1978/79

1979/80

No of Experi-

ments con- Grain yield

ducted (kg/ha)

CSH 1 

3

3

2

6

5

1

8

Local CSH-1 Local Local

3 4490 1318 340

3 4983 2109 236

_ 4457 — — 

6 4915 1233 398

4 2683 1297 207

1 4571 1186 385

4 4235 1742 243

4239 1477 287

Grain yields from pilot project blocks on

hybrid sorghum in Maharashtra State

(rainy season).

Coverage
(ha)

75 063

73 386

35 539

20 832

No of Average

experi- yield

ments (q/ha)

5 579 27 40

3 333 27. 30

959 22 80

805 22 70

transformation enhanced its acceptance. Its rele
vance was more to the small farmer.

The quantitative analysis of Ryan et al. (1980)
termed "Steps In Improved Technology" analysis
(SIIT) furnishes a sound basis for technological
options. The Lll (local improved variety, fertilizer
use and improved soil and crop management)
represents the improvement approach. The III
(altered variety, fertilizer use and improved soil
and crop management) represents the transfor
mation approach for sole crops on drylands. There
were various other treatments. Comparing all
treatment in Alfisols and Vertisols, they concluded
that both from the risk and profit point of view, the
III technology (transformation approach) is benefi
cial. An investment of Rs. 100 in Vertisols on this
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Table 11. Progress of kharif sorghum in Maharashtra.

Year

1970/71

1971/72

1972/73

1973/74

1974/75

1975/76

1976/77

1977/78

Area

('000 ha)

2537

2283

2494

2763

2606

2795

3094

3210

Production

('000 tonnes!

888
1080

907
1289

2118

2224

2958

3487

Average yield

(kg/ha)

350
473
364
467
813
795
956

1085

Area covered under HYV

('000 ha)

487
320
330
508
433
754

1386

1724

approach could generate additional Rs. 1700 in
net benefits (Fig. 13).

In the Hyderabad Alfisols also, the III approach
was the best, the improvement approach also
being profit-risk efficient. But here, the locals are

Figure 13. Average net benefits and variable 

costs per ha in steps-in-improved-

technology experiment, (based on 

Ryan et al. 1980). 

of the same duration as the hybrids, whereas in
most of the sorghum growing-areas the locals are
very late and prone to climatic risk, and in bad
years, input investments may be totally lost.

The advantages of Vertisol watersheds was
much less compared to the SIIT experiments.

Permit me to be somewhat personal. I worked
in the Indian Sorghum Program from the end of
1961 until the beginning of the 1980s. I have been
deeply committed and involved in this venture.
Apart from carrying out the improvement work,
my colleagues and I analyzed each and every step
of the technological aspects and tried to develop a 
rationale. Whatever I have spoken today comes
from this experience. I sincerely feel that viable
technological options are available for the ame
lioration of sorghum and that such a transforma
tional approach is relevant to tropical drylands and
could yield results, not only in other parts of India
but also in the African context.
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Selection in Temperate-Tronical Crosses

While most tropical areas of the world are less
developed, the utility of tropical germplasm for
crop improvement is universal; this is particularly
true of sorghum. Earlier attempts at exploiting
"tropical-tropical" crosses in India and Africa
having proved to be of limited utility and the
"temperate-temperate" crosses in USA having
led to plateauing of hybrid yields, "temperate-
tropical" crosses have become an integral part of
all sorghum breeding programs, the conversion
approaches having received particular emphasis in
the USA and the more conventional approaches in
India. During the past decade we have been
involved in analyzing the breeding behavior of
"temperate-tropical" crosses to enable us to
incorporate attributes of economic worth into
genetic backgrounds of higher levels of yield and
yield stability. This paper attempts to project the
potentialities of such crosses for sorghum im
provement.

"Temperate*
Sorghums

and "Tropical''

All sorghums are of tropical origin. Their introduc
tion ahd adaptation to the long-day conditions of
the western hemisphere, more particularly the
USA, has led to the designation of this group as
"temperate" sorghums.

According to Quinby (1968). the process of

*Project Coordinator; and Senior Sorghum Breeder.
National Research Centre for Sorghum, AICSIP, IARI
Regional Station, Hyderabad 500 030, A.P., India. (Dr.
Rao is presently Regional Sorghum Breeder, ICRISAT,
and Visiting Professor. Institute of Agricultural Re
search, Ahmadu Bello University, Samaru, Zaria,
Nigeria.)

temperate adaptation essentially involved the
mutation of the dominant Ma, Ma1 locus to its
recessive ma, ma, so as to enable flowering under
long-day conditions. In most "temperate-tropical"
crosses, earliness is dominant when plants are
grown under tropical conditions. For purposes of
mechanical harvesting, U.S. workers selected the
dwarf mutants. Consequently sorghums termed
as "temperate"involve mutations for maturity and
height and are generally characterized by earliness
and dwarfness.

In this connection, it should be recognized that
the mutations for height and maturity did take
place in the tropics and are not consequent to their
introduction in temperate regions. Dwarf (brachy-
tic) and earlier versions of sorghums are encoun
tered in farmer fields of Sudan, possibly Ethiopia,
west and southern Africa, and other regions.
Yellow endosperm safra and white or colored
seeded feterita fields of different heights and
maturities are common in Sudan even today. But
at the same time, it has to be recognized that
emphasis on selection, purification, improvement
and perpetuation of dwarf and early forms was in
the U.S. because of daylength and agronomic
requirements. Thus, the so-called temperate sor
ghums are essentially mutations for height and
maturity, which took place in the tropics. What is
of greater consequence is the transference of
attributes between the shorter and earlier ver
sions and their taller and sometimes later matur
ing progenitors.

In one of our inconclusive studies on induced
mutations in tropical sorghums (Rao et al. 1970).
we postulated that a rare mutational event in
tropical sorghums with partially exposed inter-
nodes altered them to forms with enclosed
internodes and that such a change possibly
disrupted the entire genotype leading to changes
in growth rhythms, heights, panicle morphology.

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International
Symposium on Sorghum. 2-7 Nov 81. Patancheru, A.P.. India. Patancheru. A.P. India: ICRISAT.
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nsect reaction, etc. We also felt that the genetics
of height and maturity, as elegantly analyzed by
Quinby, apply to forms that have undergone such
an a priori change, and that the allelism of height
and maturity genes between forms with exposed
and enclosed intemodes needs further analysis.

From the point of view of adaptation, while
some of the late tropical forms do not flower
under long-day conditions, all "temperate" sor
ghums do flower and yield in the tropics although
they may understandably be different for insect
and disease reaction, yield levels, etc. Thus, the
so-called temperate sorghums, which are of
tropical origin, differ from their tropical progenitors
because of a complexity of physiological and
genetical changes associated with internodal
elongation and maturity. It is these associated
changes that differentiate the two groups of
cultivated sorghums [Sorghum bicolor [L.J
Moench) that are significant in gene transfer. Our
efforts (Rao and Rana 1978) to characterize
"tropical and temperate" sorghums and their
utilization established that the two groups exhibit
considerable divergence both physiologically and
genetically and that recombination of attributes
from the two groups is difficult but accomplish
able. It is felt that the two groups need a distinct
varietal or subspecific status and a better termi
nology to which taxonomists should give con
sideration. These associated changes, their breed
ing behavior and their consequences for sorghum
improvement are discussed below.

Physiological and Genetical
Differentiation:
The Optimum Phenotype

Traditional tropical sorghums are generally tall and
late and are characterized by higher biological
yields and low economic yields. Compared with
the early maturing dwarfs, the total dry matter
produced per plant in the tropical sorghums is
much higher and its distribution is 70:30 be
tween stalk and ear. This is consequent to a single
peak for the rates of growth coinciding with
flowering whereas the more productive sorghums
have two peaks for rates of growth and a 50 : 50
dry matter distribution (Goldsworthy 1970; Rao
and Venkateswarlu 1971; Anantharaman et al.
1978). Such tropical sorghums are generally
photosensitive, usually flowering after the cessa

tion of rains. They are highly localized in their
adaptation.

The pattern of internodal elongation, to some
extent, reflects the pattern of growth. Our analy
sis of the patterns of internodal elongation in
different groups of sorghums (Balarami Reddy et
al. 1981b) revealed that several "temperate"
types and hybrids were generally characterized by
a linear pattern, whereas a third degree polyno
mial curve was required for some of the cross
derivatives and relatively shorter tropical forms
(Fig. 1).

The two groups of sorghums also exhibit
differences with respect to tissue concentration
of nitrogen, phosphous and potash, their uptake
patterns (Rao and Venkateswarlu 1971) and re
sponse to fertility and population levels (Rao
1979).

The agricultural consequences of such physiolo
gical characteristics of tropical sorghums are
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restricted adaptation, their vulnerability to rainfall
fluctuations (Rao et al. 1975), adaptability to low
populations, and lower rates of response to
fertilizer use and low economic yields which
together constitute subsistence agriculture (Rao
1981b.)

Genetically, the distribution of dominant and
recessive alleles for grain yield, plant height and
flowering is asymmetric and in opposite directions
in the two groups; the "tropical" group with
dominant alleles for yield and plant height and the
"temperate" group with dominant alleles for
earliness (Rao 1970b; Rao and Rana 1978).
Consequently the associations between yield,
plant height and maturity are strong, rendering
recombination difficult (Harinarayana et al. 1971;
Subba Reddy and Rao 1971). Gene distribution for
resistance attributes (Table 1) such as shoot fly
(Rana et al. 1975; Balakotaiah et al. 1975), and
quality characters such as protein and lysine (Kang
1969) also exhibit group differences and present
problems for gene transfer.

Attempts have been made at incorporation of
the attributes of economic worth across groups.
While the converted sorghums of the USA may be
considered more "temperate", the derived sor
ghums reflected varying levels of recombination.
Selections which represented productive peaks
were at heights and maturities intermediate be
tween the two groups (Rao et al. 1973) and
recovery of such productive intermediates was
limited and could be accomplished through emph
asis on between-family selection (Tripathi et al.
1976). A majority of crosses between groups
failed to yield balanced recombinants of economic
worth and it was only an occasional cross where

there was satisfactory recovery. Such productive
crosses represent unique combinations and there
is yet no predictable method of detecting them
except by actual trial. Conventional estimates of
combining ability do not generally lead to predict
able results.

Based on some of the more productive deriva
tives and their parents across a range of heights
and maturities, we have recently undertaken a 
computer exercise to determine the most produc
tive lines in relation to height and maturity. We
arrived at the conclusion that productive prog
enies, were obtained at heights of 175-180 cm,
flowering at 68-70 days and with reduced leaf
numbers. Such intermediate progenies derived
from crosses between the two groups of sor
ghums, satisfied the needs of food and fodder and
insect and disease resistance. They also com
bined the individual superiority of the tails and the
community performance of the dwarfs besides
conferring wide adaptability. Thus, the phenotypic
optimum is an 'intermediate optimum' (Fig. 2).
Although the recovery of such optimal types is
low from direct "temperate-tropical" crosses,
there are indications that a second cycle of
crosses involving desirable derivatives would fur
nish greater opportunities since the height and
maturity effects will then be minimal. Such
intermediate types with optimal dry matter pro
duction and distribution, the critical stages of
growth coinciding with periods of favorable
weather, a linear pattern of internodal elongation
and exhibiting resistance or tolerance to the
prevalent pests and diseases would represent the
optimum phenotype to strive for, and the vehicle
is the "temperate-tropical" crosses to begin with
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Table 1. Shoot fly damage In temperate and tropical sorghums and their derivatives.

Group

Temperate (exotics)

Tropical (Indian)

Temperate x Tropical
(derivatives)
SE

* Average number of plants ranged from 1198 to 1266;

No. of
lines

3*
19

3*
20

5*
64

SE = 4.13

Percent

Mean

54.3
61.9
283
35.1
34.8
52 1 
4.57

damage (transformed values)

Range

35.3-70.5
49.3-69.7
265-31.1
25.0-43.2
30.1-45.8
36.3-68.4



and crosses among derived lines at a later stage.
Such genotype alterations reflecting changes in
dry matter production and distribution and growth
rhythms result in efficient water use and form the
very basis of improving dryland sorghums for yield
and stability (Rao et al. 1979).

Hybrid Improvement:
Selection of Parents

The potentialities of "temperate-tropical"crosses
in hybrid breeding can be seen from Table 2.

The first commercial sorghum hybrids de
veloped in India based on male-sterile Combine
Kafir (msCK 60) did not have Indian varieties as
male parents as was generally expected; they
were exotic x exotic combinations. In the case of 
the msCK 60 x Indian variety combinations, apart

from differences for height and flowering, accu
mulation of dry matter in the stem after flowering
did not result in heterotic advantage for grain
yield. The behavior of msCK 60 x Indian combina
tions and temperate x Indian crosses in general
has been analyzed in detail (Rao 1970b, c; Rao
and Venkateswarlu 1971; Rao 1972a). It should
also be noted that the first sorghum hybrids,
CSH-1 and CSH-2, did have some tropical paren
tage in that the male parents selected were from
yellow endosperm feterita (IS 84) and yellow
endosperm begari (IS 3691) respectively.

Subsequently the females developed in India
like 2077A and 2219A, which furnished female
parents for CSH-5 and CSH-6 respectively are also
largely "temperate". Male improvement through
selection in "temperate-tropical" crosses resulted
in the development of CS 3541, 148/168, and
PD3-1-11 which furnished male parents for
commercial hybrids. CS 3541 has been derived
from a cross between IS 3541 (African Zera Zera)
x IS 3675 and furnished the male parent for the
commercial hybrids CSH-5, CSH-6 and CSH-9. CS
3541 is relatively short and less photosensitive
compared with its tall and sensitive progenitor IS 
3541. Similarly, the male parent of the rabi 

(winter) hybrid CSH-7R was 148/168, derived
from the cross IS 3687 x Aispurian Indian variety;
PD3-1-11, the male parent of CSH-8R, was
derived from the cross IS 84 x BP 53.

Amongst female parents that entered commer
cial hybrid combinations, 36A, derived from
CK60B x PJ36K, and 296A, from IS 3922 x karad 

local, are also based on "temperate-tropical"
combinations. While male improvement contri
buted substantially for most hybrids, it was
female improvement that was responsible for the
consistent superiority of CSH-9 (Rao et al. 1982).

While the first commercial hybrids of India were

Table 2.

Cross

Temperate

Tropical x 

Temperate
SE

Mean performance (X) and heterosis % (H) in temperate x < 

temperate x 

x Temperate

Tropical

x Tropical

tropical crosses.

No of

Crosses

6

3

12

Grain yield/
plant(g)

X

85 6 
103.4

112.8

2.31

H

87.2

20.2

773

X

74.4

104.3

87.0

0.14

temperate.

Days to

flower

H

464

-2.80

-0.20

tropical x 

X

148

287

242

2.12

: tropical, and

Plant

height

H

33.5

11.4

370
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Figure 2. Optimum phenotype as related to 

plant height and flowering time. 



largely "temperate", parents of recent hybrids are
the result of selection in "temperate-tropical"
crosses. Thus, in recent years, greater attention
has been bestowed on diversification of germ-
plasm resources, as in the conversion program of
the USA. and "temperate-tropical" crosses in
India for deriving parents for commercial hybrids.
But the actual identification of the parents that
entered into commercial hybrid combination has
largely been through actual evaluation of ex
perimental hybrids in yield trials. In spite of several
attempts at formulating a quantitative theory of
selection for heterosis most of the information
available is based on trial and error.

Most studies on heterotic responses point to
the importance of seed number. Earlier studies
based on crosses with msCK60 revealed that
heterosis was maximum for panicle components
evolved in the same direction and that consider
able recombination breeding would be necessary
before the compact-panicle types with reduced
length of primary axis could be combined with
elongated-panicle types like the kafirs (Rao 1970
b,c). Further studies on character associations in
hybrids indicated that as long as seed numbers
are not adversely affected, seed weight is impor
tant and that late maturity is not necessary to
attain high yields. In fact, highest yields may be
possible in hybrids flowering in 65-70 days.
Heterosis for root activity also revealed distinct
patterns. While heterosis up to knee-high stage
and seedling vigor are common, there are cases
like CSH-2 where heterosis for root activity
persisted up to flowering and may be worthwhile
to exploit (Damodar et al. 1978b).

Based on heterosis and combining ability stu
dies, Rao et al. (1968) suggested using high
yielding derived lines from "temperate-tropical"
crosses as parental material, and this has been
discussed. A subsequent study (Rana et al. 1974)
furnished proof that selected derivatives used as
males yielded hybrids of superior grain yields and
seed weight compared with those resulting from
the use of IS 84, the male parent of CSH-1.

Evaluation of male per se performance and its
relation to test cross yields indicated that line
performance could be used to screen potential
parents (Fig. 3) and that subsequent evaluation
may be based on test crosses (Singhania and Rao
1975). A parental yield trial was therefore made
part of the coordinated trial program to obtain data
on parental yields and flowering behavior.

The use of early testing as a method of

identifying superior males (Mishra and Rao 1980a)
revealed that test crosses based on F2 enable
identification of crosses that could yield superior
parents, and that using this information together
with F3 test crosses, one could limit the number
of progenies to be tested for isolating lines that
could yield superior hybrids (Tables 3 and 4).
While early test cross procedures also capitalized
largely on additive genetic variance, there was an
indication of greater use of sca compared with
conventional methods (Mishra and Rao 1980b).
Some male parents selected on the basis of their
performance under favorable conditions at a 
single location resulted in hybrids of wider adapta
bility (Singhania and Rao 1975; Mishra and Rao
1980b).

It has now become a practice to develop
populations among B and R lines respectively for
selection of future parents. Studies involving BxB.
BxR and RxR cross combinations revealed that
BxR and RxR crosses could be preferred over BxB
crosses due to their higher diversity for yield
components, insect resistance (Table 5), and
better grain quality ensuring higher germination
(Rana et al. 1978). Hence, even for female
improvement, BxR crosses with superimposition
of early test cross procedures to identify maintain
ors could be a useful procedure (Jaya Mohan Rao

et al. 1982).
Although allelic and nonallelic interactions

may be the major source of heterosis, several
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Table 3. Test cross performance in early generation testing in some crosses.

Cross

R24 x CSV-7R

IS 3922
CSV-7R

CSV-6 x 

SE

x M35-1

x 512

512

a H = No. of progenies
b X = Mean.

Table 4.

F2 test cross

N*

58

55
64

31

X6

79.S

74.8

64.6

626

2.9

Mean grain yield/plant (g)

F3 test

N

29

12

38

8

cross
X

92.9

72.8

70.3

780
4 9

F.

N

28
34

34

20

, progenies

X

75.7

58.2

73.8

50.7

4 2

Estimate of general (g) and specific (s) combining ability variance for grain yield.

Estimate

=
=
=
=
=

68.3**
2.9

52.9**

24.2**

2.2:1

•• Significant at 1%; • Significant at

Table 5.

Hybrid

RxR

BxR

BxB

RxR

BxR

BxB

Between

Error (88)

RxR,

group

5%

BxR and BxB hybrids.

No of

crosses

10

20

6

10

20

6

mss (2)

•* Significant at 1%.

Days to
50%

flowering

77

76

74

Env.

Group

interaction

x e = 
x e = 

x e = 

x e = 

Plant

height

(cm)

means

176

205

179

Average heterosis (% over

0.6

- 1.5

- 0.2

42.5**

5.6
10 369*

Numbers in parentheses indicate degrees of freedom

321

13.3

17.5

32.8

•

36 3**

6.7

29 3**

7.9

midparent)

331
209

Grain

yield/plant

(g)

62

65

59

84.4

127.2

116.3

Stability

%

Low

High

Low

High

Stem borer

tunnelling

(angles)

28
27

31

- 10.1

- 7.5

- 16.9

136**

39

reports indicate that the nature of gene action

in yield heterosis involved predominantly gca. 

There are indications that the nature of gene

action in different hybrids could be different (Rao

and Murthy 1970). But the basic question is about

the methodology to capitalize on sca. While

selection based on morphological criteria seems

largely to use additive genetic variance, the nature
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of gene action involved for enzymatic criteria like
nitrate reductase and amylase activities seems to
involve predominantly sea (Mishra and Rao 1981
a,b). If the value of such criteria leading to
metabolic efficiency is conclusively established,
they might then furnish the means to utilize sea. 

All commercial hybrids developed todate are
based on milo cytoplasm. Alternate sources of
cytoplasmic-genetic male sterility have now been
identified (Table 6) and characterized genetically,
biochemically and through electron microscope
studies (Rao 1962; Schertz 1977; Tripathi 1979;
Tripathi et al. 1981 a,b,c,d,). It is hoped that their
utility will be established in the near future.

Breeding Superior Varieties:
Selection for Yield Improvement

The potentialities and limitations of "temperate-
tropical" crosses for yield improvement have
been considered earlier (Rao and Harinarayana
1968; Rao 1972 b). While such crosses do furnish
opportunities for handling adequate genetic varia
bility, strong character associations tend to res
trict recombination. Estimates of combining ability
do not provide reliable predictions of selection
gains. Only certain "unique cross-combina
tions" yield recombinants of economic worth. A 
satisfactory basis for selection has yet to emerge.

Conventional pedigree, bulk and backcross
methods have been extensively employed, but
their limitations on exploitation of a limited gene
pool, low genetic recombination and quick fixation
of linkage blocks due to continuous inbreeding
have often been spelt out. Population breeding
procedures have been suggested to force recom

bination among large number of varieties. Though
intermating is effective to break initial linkage
blocks, its utility in self-pollinating species has
been questioned since the extent to which it
disintegrates the natural adaptive gene com
plexes, characteristic of self-pollinating species, is
not known precisely (Bos 1977). Besides, crosses
involving several parents also pose problems of
population size, particularly when selection is
aimed at improving quantitative characters like
yield (Sneep 1977). These problems are very
relevant to handling such diverse crosses involv
ing the "temperate-tropical" sorghums. The
breeding system in cultivated sorghum is unique
in that it ranges from complete self-pollination to
total outcrossing by virtue of its floral biology and
known mechanisms of cleistogamy, genetic and
cytoplasmic-genetic male steri l i ty, self-
incompatibility and apomixis which would permit
use of diverse breeding systems (Rao and
Narayana 1968; Rao 1972b; Murthy et al. 1980).

Prediction of the unique combinations where
selection would yield fruitful results is no doubt
difficult, yet the initial choice of parents has to be
between the tropical and temperate groups.
Presence of desired genes, diversity among
genotypes, parental performance per se and the
nature of combining ability are still the best
criteria. In spite of the fact that most of the
tropical cultivars are excessively tall, late, and low
in productivity due to excessive dry matter pro
duction and inefficient translocation, the dominant
genes for yield are present in tropical cultivars.
"Temperate" sorghums present different gene
constellations and furnish genes for dwarfing,
earliness and population performance. Hybridiza
tion between the two groups, therefore, forms

Table 6. Cytoplasmic-genetic Interaction for seed sat in F1.

ms lines

CK60A

Nagpur-A

Maldandi-A

M31-2A

VZM2A

G1A

* Fertile in summer. S 

CK60B

S

s
s
s
S

S

= sterile; F = 

B-li

NAG-B MAL-B

S

S

S

S

S

S

F

F

S

S

S

S

fertile.

nes

M31-2B VZM2B

F

F

S

S

S

S

F

F

S

S

S

S

G1B GM1-5

F

F

S*

F

S

S

F

F

F

F

S

S

Restorers

K-Local

F

F

F

F

S

S

Nandyal

F

F

F

F
S

s
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the basis of yield improvement in both tropical and
temperate regions. There is evidence that selec
tion of crosses for higher F1 and F2 mean
performance results in a large number of promis
ing progenies in further generations. At least one
of the parent in such crosses is always a good
general combiner (Seshagiri Rao 1979).

While the generally positive relationship of yield
with maturity and height has been established,
continued selection for short stature, earlier
maturity and high yields resulted in the dissipation
of such effects; optimal yields are obtained at
intermediate heights and maturities (Rao et al.
1973). Our studies (Tripathi et al. 1976) indicated
that with choice of suitable parents and emphasis
on selection between families, directional selec
tion using pedigree method could result in isola
tion of desirable homozygotes in spite of the
strong character associations. Subsequent use of
such derivatives in cross combinations would
result in rapid progress since the height and
maturity effects will be minimal.

The recombination patterns in single, back-
cross, three-way and double crosses involving
"tropical and temperate" parents and their cros
ses derivatives have been investigated by Sesha
giri Rao (1979). The probability of obtaining high
yielding plants was high in dwarf (D) x tall (T) and
DxD combinations; in the (DxT) D three-way
crosses, the choice of the third parent was critical.
The use of a tall parent in the grandparentage was
useful and gains from DxT crosses could be
improved if the effects of height genes were
rapidly minimized by an extra dose of dwarfing
genes. Backcrosses and three-way crosses in
specific combinations resulted in isolation of
high-yielding dwarfs and mid-tails in greater prob

abilities. Reciprocals of good backcrosses. ran
dom three-way crosses, and double crosses failed
to accomplish this goal. These studies on mating
systems (Table 7, Fig. 4 and 5) are thus indicative
that gene frequencies could be shifted in the
desired direction only under controlled and speci
fic cross combinations. The results did not favor
the breaking up of adaptive gene complexes
indiscriminately in diverse crosses. It strengthens
the view of adaption of specific cross combina
tions. Yet. there is some evidence from the USA
that population approaches could result in selec
tion gains. The base populations used in the USA
did not provide the variability for height and
maturity encountered in "temperate-tropical"
crosses. After correction for height and maturity,
and obtaining high yielding derivatives, limited
intermating between such derivatives may be
useful.

The criteria for selection in yield improvement
need some consideration. Selection based on
phenotypic criteria such as yield components and
index approaches have been considered, but they
are of limited utility (Subba Reddy and Rao 1971).
Hence selection based on yield per se providing
for proper accounting of environmental variability
has been more frequently employed. Yet, selec
tion criteria unrelated to height and maturity could
be useful. Genotype differences for tissue con
centration and response patterns of major nut
rients have been demonstrated (Rao and Venk-
ateswarlu 1971; Ramachandran and Rao 1973).
The tissue concentration of nitrogen seems to be
positively correlated with yield and could furnish a 
useful criterion (Fig. 6). Genotypic differences for
root activity have also been demonstrated and
might be useful (Damodar et al. 1978a). Nitrate

Table 7.

Yield/Plant

(g)

> 60
> 70
> 80
> 90
>100

SC * single

Cumulativa probabilrtias (%) of selection for grain yield in single, back, thraa way,
croaaaa in sorghum.

t

cross;

SC BC TWC

DxD DxT (DxD)xD(DxT)xD(DxD)xD(DxD)xT(DxT)xD (DxD)x(DxT)

9.1 5.2 3.6 9.9
2.4 1.6 0.7 4.1
0.2 0.4 0.5 1.6
— 0.1 — 0.5
— — — 0.1

BC = backcross; TWC = three-way

4.7

1.0

0.1

3.3 16.7 1.9

0.7 7.7 0.3
0.1 3.1 — 
— 1.0 — 
— 0.3 — 

cross; DC - double cross. D = Dwarf, T = Tall.

DC

(Dx

and double 

:D)x(DxD)

1.8
0.3
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Figure 5. Average yield performance in different mating systems in F2. 
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Figure 4. Mean and variability in F2 generation under different mating systems. 



reductase activity at the vegetative stage appears 
to be phenotypically correlated (r = 0.68*) with 
yield and might yet be another physiological 
criterion (Mishra et al. 1981a). Nutritional con
siderations in selection, particularly the incorpora
tion of the high lysine trait, have been a subject of 
discussion (Nanda and Rao 1975). Our efforts 
(Jaya Mohan Rao 1980) to transfer high lysine to 
agronomically desirable grain types of acceptable 
yield levels indicate possibilities of dissipating the 
generally known negative relationship between 
protein and lysine and that the incorporation of 
this trait is not an impossible task. Efforts in this 
direction should continue. 

It has been frequently stated that the perform
ance of high yielding hybrids and varieties is 
satisfactory only under optimal input and manage
ment, but with sorghum being a crop of tropical 
drylands, selection should be practiced under 
suboptimal conditions. Consequently, it was not 
uncommon to select and test under two different 
sets of growing conditions. Our studies (Vidyasa-
gar Rao et al 1981) have established that selec
tion under optimal conditions is advantageous 
(Table 8). Yield based rankings and rankings based 
on risk aversion criteria did not differ markedly, 
indicating the validity of our selection under 
optimal conditions in combining yield with stability 
under varying management and climatological 
conditions (Barah et al. 1981). 

Parameter 

H 
V H 
E(A y) kg/ha 

High 
management 

(H) 

0.84 
092 
759 

Low 
management 

(L) 

0.77 
0.88 
569 

VH—Logical measure of joint effect of d2e and d2g < 
of the test environments 

E(A v)—Expected genetic gain 

H/L(%) 

109.1 
104.4 
133.4 

on the value 

To date, nine high yielding varieties (CSV-1 to 9) 
have been released and more are under prere
lease multiplication. The relative Derformance of 
hybrids and varieties established hybrid superior
ity, but the derived varieties are superior to locals 
(Rao et al. 1981). Improved varieties like SPV 221 
and SPV 245 and several others are superior to 
CSH-1, the first hybrid, in yield levels. We are 
presently in the process of approaching CSH-5 in 
yields at the varietal level. Varietal improvement is 
a continuous process which will contribute both 
directly and as parental material for hybrid im
provement. There is a case for superior varieties 
of approximately similar maturity as the hybrids. 
Since hybrid seed production is a repetitive 
process and might not cover the entire production 
area, varietal supplementation will minimize the 
losses due to the vulnerability of late locals to 
drought and midge. It is necessary to reestablish 
the maturity equilibrium of sorghum to match the 
duration of the rainy season. 

The shifts in flowering, height, and yield accom
plished with "temperate x tropical" crosses are 
depicted in Figure 7. 

Selection and Adaptation 

Hybridization of "temperate and tropical" sources 

of germplasm provides for opportunities as well 
as problems related to adaptation and adaptability. 
One of the major consequences of genotype 
alteration is changed adaptation. 

Since traditional cultivars are known to be highly 
local in their adaptation, past breeding efforts 
have been oriented towards the needs of several 
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Figure 6. Relation between grain yield and leaf 

nitrogen (%). 

Table 8. Estimates of H, H and E(∆ y) under 
high and low input management environ
ment (total locations = 20). 



Figure 8. Yield performance of hybrids over 63 to 100 locations (Kharif 1978-1980).

Figure 7. Days to flower, plant height, and grain yield characteristics of temperate, tropical, and 

temperate x tropical derivatives. 



pockets limited by eco-geographical and agrocli-
matic considerations. The development and re
lease of new hybrids and varieties of sorghum,
less sensitive to photoperiod. have resulted in
cutting across traditional barriers (Rana et al.
1971). Their adaptability over vast areas covering
almost the entire kharif (monsoon) sorghum tract
of the country (Fig. 8) covering low and high
rainfall areas, has been established (Rao 1970a;
Rao et al. 1975; Rao et al. 1981). They have
performed well in several other countries as well.
The genotype x year interaction is low and with
the multilocational testing mechanism spread all
over the country, the superiority of a genotype
could now be established in a single year's
testing. All India releases which could not be
conceived earlier are today fait accompli. While
the homeostatic advantages of hybrids are more
pronounced (Rao and Harinarayana 1968; Singha-
nia and Rao 1976a. b; Rao et al. 1981). efforts to
bridge this gap between hybrids and varieties are
currently in progress (Balarami Reddy and Rao
1981). A more detailed consideration of adapta
tion of sorghums in relation to soil and climatic
considerations has been discussed in the paper
"Transforming Traditional Sorghums in India"
(Rao 1982), in this symposium.

Consequent to the changes in the genetic
background, adaptational problems in relation to
pest and disease occurrence need particular
consideration in selecting new genotypes.

"Temperate" sorghums, when introduced into
tropics, tend to exhibit greater susceptibility than
"tropical" types to shoot fly (Atherigona varia 

soccata Rond.) and stem borers, while midge
incidence is generally similar in the two groups. A 
comprehensive account of insect resistance in
sorghum covering sources and mechanisms of
resistance and breeding aspects has been pre
sented by us earlier (Rao et al. 1977). Sources of
resistance to shoot fly and stalk borers (Chilo 

partellus, Busseola fusca and Sesamia inferens) 

are mostly of tropical origin (Rao and Rana 1978).
Several of the sources also exhibit resistance to
both shoot fly and stem borer, and it has been
possible to combine tolerance to both pests in
some of the derivatives from "temperate-
tropical" crosses. Nonpreference is the primary
mechanism of resistance to shoot fly, stem borer
and midge although some evidence of antibiosis
is available. The genetic basis of nonpreference,
particularly, with shoot fly has been analyzed in
detail and a breeding methodology outlined (Rao

et al. 1974; Balakotaiah et al. 1975; Rana et al.
1975; Sharma et al. 1977; Singh et al. 1978).
Inheritance of shoot fly resistance is quantitative
(Fig. 9) and recent selections are intermediate in
their reaction to shoot fly. Efforts are in progress
to incorporate higher levels of resistance. Recent
selections also exhibit higher levels of resistance
to stem borers compared with their temperate
progenitors. Resistance to midge is available from
both tropical and temperate sources and some of
the midge resistant lines like IS 12660C and IS
2508C reported from USA are from the conver
sion program. Earhead bugs are common in
several parts of Africa and India, and there is some
evidence that resistance to midge and head bugs
could be incorporated simultaneously. Present
emphasis is on incorporating resistance to several
of the common pests of tropical sorghums in
potential lines of agronomic worth being derived
from the "temperate-tropical" crosses.

Compared with insect resistance, incorporation
of resistance to major sorghum diseases has
resulted in greater success (Rao et al. 1978).
Consequent to the development of early maturing
cultivars, the probability of such sorghums being
caught in late October rains during some years
does exist and breeding for resistance to grain
deterioration in early maturing types assumes
importance. The total process of grain deteriora
tion, including the physical and fungal aspects,
received our attention (Rana et al. 1777; 1978).
Sources of resistance have been identified, the
genetic basis of resistance and selection criteria
have been established and agronomically desir
able hybrids and varieties with satisfactory levels
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of resistance to grain deterioration have been
released. The hybrids CSH-5, CSH-6 and CSH-9,
and CSV4, CSV5, SPV126 and SPV245 among
varieties are some such examples. Several male
steriles like 2219A, 2077A, 323A, and male
parents like CSV4(CS 3541), CSV 5(148/168) and
several of the released hybrids and varieties have
high levels of resistance to downy mildew.

The genetic basis of downy mildew resistance
has been established (Rana et al. 1982). Several
released hybrids and varieties also combine resist
ance to leaf spots and rust (Rana et al. 1976).
Resistance to charcoai rot is presently receiving
increased attention. Current emphasis is on incor
poration of multiple resistance in agronomically
desirable backgrounds and commercial varieties
and hybrids (Rao et al. 1978).

There has been progress in identifying sources
of resistance to the Asiatic and African species of
Striga. The cultivar N13 of Nandyal in Andhra
Pradesh, in particular, exhibited resistance to both
S. asiatica and S. hermonthica. Striga resistance
also seems to come from tropical sources and
several progenies derived from crosses between
groups are presently under evaluation.

From the point of view of adaptation to insect
pests and diseases in the tropics, shoot fly, stem
borer, midge and head bugs among insect pests,
grain deterioration, downy mildew, grey leaf spot
(Cercospora sorghi) and sooty stripe {Ramulispora 

sorght) among diseases, and the two species of
Striga need particular attention in selecting altered
genotypes of sorghum with wide adaptation. On
present evidence, it is not difficult to incorporate
satisfactory levels of resistance to these pests
and diseases in cultivars of commercial value.

Food habits and various food preparations of
sorghum across the tropics at first sight seem to
impose limitations on acceptability of new genoty
pes. Recent studies from ICRISAT reveal that
hybrids like CSH-5 and the M35-1 variety satisfy
the culinary requirements of a range of food
preparations in Asia and Africa. As such, food
preferences need not present adaptability barriers
in developing newer genotypes of wide adapta
bility.

Thus, selection for adaptation involves the

agricultural system in its entirety. In our efforts to

transform the traditional subsistence system to a 

more productive and stable alternative, genotype

alterations through "tropical-temperate" crosses

have played a major role and furnished the very

basis of such a change (Rao 1981a). Adaptation,

therefore, involves not only higher levels of yield
and stability accomplished through genotypic
changes for dry matter production and distribu
tion, duration, growth rhythms, insect and disease
resistance, food preference, etc., but also adapta
tion to a new agricultural system involving
changes in agronomic practices and cropping
systems (Fig. 10). Response to improved popula
tions, fertilizer use, suitability to sole-, inter-, and
multiple-cropping systems (Table 9) and ratoona-
bility—all formed part of the selection process. Its
success in enhancing stability, productivity and
profitability in sole-, inter- and multiple-cropping
systems have been illustrated (Tarhalkar and Rao
1974; Rao and Rana 1980; Raoetal. 1979). While
plant breeding in the past was oriented towards
changing agronomy, it is the altered genotypes
that ushered in changes in agronomic practices
and cropping systems in recent years.

Outlook

"Temperate-tropical" crosses of sorghum pro
vided the major means of genotype alteration in
the seventies. Their contribution towards the
movement from the climate-vulnerable subsist
ence farming of narrow adaptation to a more
stable and productive alternative of wider adapta
tion, particularly in the Indian subcontinent, is a 
significant event. It involved a significant concep
tual change. In depth research of a basic nature
during the eighties should open up new vistas in
sorghum improvement. Manipulation of diverse
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Table 9. StabilKy parameters for total yield (kg/ha) in intarcropping systams.

IS

S + P 

s + c 
S + G 

S + SB

Mean

S.E.

X

5685

3957

5053

5553

5358

61.9

* Significant at 5%; ** Significant
S = Sorghum, P = pigeonpea, C = 
IS = Intercropping system.

Sorghum

092
1.00
0.99
1.03

at 1%; NS
castor, G = 

IS

NS G + S 

NS G + P 

NS G + C 

NS G + SB

= Not significant
groundnut, SB = soybean

X

3877

2315

1654

1734

2395

31.1

Groundnut

2.11**

0.89

0.51**

0.49**

0.11

NS
*

ft*

cytoplasmic sources, apomixis, nutritional quality,
metabolic efficiency, multiple resistance to insect
pests, diseases and Striga should reinforce the
foundations laid during the seventies. Rabi sor
ghum improvement in India, for which better
guidelines are presently available, will be a priority
item during the eighties.

While genotype alteration will continue to pro
vide the focus, genotype adaptation to African
agricultural systems might provide for a concep
tual change and transformation of traditional
African sorghums. Unique performance and wide
adaptability are not uncorrected; they are in fact
closely correlated. Improvements based on "tem
perate-tropical" crosses already accomplished will
have value for countries in Africa. Traditional
African agricultural systems with inherent relay
plantings, wide spacings and late cultivars offer
unlimited opportunities for system manipulation
towards better utilization of the natural resources.
Only altered genotypes could open up new
opportunities (Rao 1981a). Together with local
breeding efforts, adaptation of altered genotypes
to African agricultural systems should furnish the
major event for sorghums in Africa during the
eighties.

The fascinating breeding system in sorghum
ranging all the way from complete self-pollination
to total outcrossing with known mechanisms of
cliestogamy, genetic and cytoplasmic-genetic
male sterility, self-incompatibility, cross sterility,
apomixis, etc., has several secrets that are yet to
be unraveled.
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NUTRITIONAL QUALITY IN GRAIN SORGHUMS : VARIABILITY 
FOR PROTEIN, LYSINE AND LEUCINE* 

V. JAYA MOHAN RAO, Y. G. DEOSTHALE1, K. VIDYASAGAR RAO and N. G. P. RAO 2 

National Research Centre for Sorghum, All India Coordinated Sorghum Improvement 
Project, IARI Regional Station, Rajendranagar, Hyderabad 500 030 

ABSTRACT 

A study of vaiiability for protein, lysine and leucine in representative germplasm collections, 
hybrids and cross derivatives revealed that the opaque types of fractions were marginally superior over 
tianslucent endosperm forms. The generally negative relationship between protein per cent and lysine 
per cent was confirmed in all plump endosperm types examined. None of them were comparable in 
lysine content to the shrivelled Ethiopian lines. The plump seeded types, dwarf white milo and saffra, 
seem to combine moderately high levels of protein and lysine with desired leucine: lysine ratio. Dwarf 
white milo is comparable or even slightly superior to 'P 721' and deserves further attention. 

T H E variability for protein and lysine in sorghum has been under investigation 
and from time to time a number of lines have been reported to be of superior 
protein qualily. With the exception of ' IS 11758' and 'IS 11167', the shrivelled 
seeded Ethiopian types, data on procein and lysine have been rather inconsistent. 
The present study is an attempt to study the variability for protein, lysine and 
leucine in some land races of India and Africa, some cross derivatives and hybrids. 
The locational and seasonal influences on. protein quantity and quality have also 
been studied. 

MATERIALS AND METHODS 

Several land laces, cross derivatives and hybrids of sorghum were grown over locations and seasons. 
The opaque and translucent endosperm fractions were separated under a light box. Protein was esti
mated by microkjeldalh's method and lysine and leucine by microbiological assays (Steele et at., 1949) 
at the National Institute of Nutrition. Standatd statistical procedures were used for analysis of data. 

RESULTS 

The variability for protein, lysine and leucine was studied in 40 Indian, 
24 African land races, 19 cross derivatives and 17 hybrids. Even though some of 
the lines, viz., 'BP 53', 'IS 1216', 'IS 955', 'Jowar No. 98-2, CC 53', 'IS 4906', 
etc., exhibited higher levels of lysine at low protein levels, retesting revealed that 
protein per cent increased with concurrent decline in lysine content. Data on 
the promising lines only is summarised in Table 1. 

*This contribution is the XXXI part of the series on "Genetic analysis of some exotic X Indian 
ciosses in Sorghum". 

•Present addiess: National Institute of Nutrition, Hyderabad 500 007, India. 
^Present address: Vice-Chancellor, Marathwada Agricultural University, Parbhani-431 402 

(India). 
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TABLE 1 

Nutritional attributes of some promising varieties 

SI. 
No. 

1. 
2. 
3. 
4. 
5. 

Variety 

Saffra 
D. W. Milo 
P-721 
IS 11758 
IS 11167 

Protein (g %) 

11.61 
13.12 
12.36 
13.34 
13.16 

Ly: sine (g/lOOg 
protein) 

2.91 
3.02 
2.28 
3.06 

3.51 

Seed type 

Plump 
Plump 
Plump 
Shrivelled 
Shrivelled 

Twenty seven of the Indian types exhibited variation for the opaque and 
translucent endosperm character and hence the fractions were separated under 
a light box and analysed separately. The means for the two classes are presented 
in Table 2. The opaque fraction is marginally low for protein and high for 
lysine. 

TABLE 2 

Mean protein, lysine and leucine in different seed types of some Indian local varieties 

Lysine (g/100 g Leucine (g/100 g 
Protein (g %) protein) protein) 

PO PT PO PT PO PT 

Mean 
S.Em ± 

9 
0. 

.27 

.58 
9 
0 

.49 

.46 
2 
0 

.38 

.08 
2 
0. 

.20 

.09 
11 
0 

.4 

.51 
11 
0 

.7 

.28 

PO=plump opaque; PT=plump translucent. 

Thirteen promising types were grown over two seasons and analysed. 
The analysis of variance indicates significant seasonal difference but not for 
varieties X seasons interaction. Nineteen varieties derived from exotic X 
Indian crosses were grown at 3 locations (Indore, Parbhani and Dharwad); 
combined analysis of variance showed the locational differences for protein and 
leucine were significant. The interaction was not significant. Similarly, 
17 hybrids were also grown at the same three locations. The differences were 
not significant indicating that the hybrids are relatively more stable for nutri
tional attributes. 
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DISCUSSION 

There have been quite a few studies on the variability for protein, lysine 
and leucine in sorghum germplasm collections. With the exception of 'IS 
11758' and 'IS 11167' of Ethiopian origin (Singh and Axtell, 1973), which have 
high protein and lysine values against shrivelled endosperm, data on consistent 
superiority for protein and lysine in plump types has not been forthcoming. 
Virupaksha and Sastry (1968), Deosthale, Mohan and Rao (1970), Deosthale 
(1972) and Austin, Singh, Hanslas and Rao (1972) studied the variability for 
lysine and leucine and classified the genotypes into appropriate groups. Based 
on such studies, Deosthale et al. (1970) recommended 'IS 5262', 'IS 5928', 'IS 
5478' and 'IS 3950' as having moderately high protein, lysine and low leucine: 
lysine ratio and hence as good breeding materials. Austin et al. (1972) observed 
'IS 4532' and 'IS 4952' to be superior in both protein and lysine. 

In the present study, most Indian cultivars exhibited variability within 
the same variety for opaque and translucent characters. The opaque fraction 
was slightly superior in lysine compared to the translucent fraction buc even here, 
the negative relationship between protein and lysine seem to operate. Cultivars 
like 'Jowar No. 98-2' , 'C 43' and 'B. P. 53'—all from Gujarat, 'IS 1216' and 
'IS 4906' yielded high lysine and low protein values. But retestirg revealed that 
per cent protein increased and per cent lysine decreased further establishing 
the ncgaiive relationship. Three lines, TS 4570', 'IS 4840' and 'IS 15075' 
seemed to maiiHain moderately high protein and lysine levels. Even 'P 721', 
an induced mutant reported by Mohan (1975) was inconsistent for protein and 
lysine. Among the introduced varieties, 'Dwarf white Milo' from Sudan has 
reasonably high protein and lysine values. 'Saffra', another yellow endosperm 
variety from Sudan was reasonably good. However, these varieties need further 
testir.g and confirmation. 

ACKNOWLEDGEMENT 

The authois arc grateful to Dr. H . K. Jain, Director, IARI, New Delhi for his keen interest and 
encouragement and to National Institute of Nutrition for providing analytical facilities. 

REFERENCES 

Austin, A., H. D. Singh, V .K. Hanslas and N. G. P. Rao (1972). Vaiiation in protein and lysine 
content in Soighum vulgare. Acta Agronomica Academiae Scientiarum, Hungaricae. 2 1 : 81-88. 

Deosthale, Y. G. (1972). Protein quality of grain sorghum and its significance in human nutrition. 
In "Sorghum in Seventies" (ed. N. G. P. Rao L. R. House). Oxford & IBH, New Delhi, 
pp. 575-581. 

Deosthale, Y. G., V. S. Mohan and V. Rao. (1970). Varietal differences in protein, lysine and leucine 
content of grain soighum. J. agric. Food Chem. 18(4): 644-64G. 

Singh, R. and J . D. Axtell.(1973). High lysine mutant gene (hi) that improves protein quality and bio
logical value of grain sorghum. Crop Sci. 13: 535. 

Steele, B. F., H. E. Sauberlich, M. S. Raynolds, C. A. Baumann. (1949). Media for Leuconostoc mesentao-
idesp-60 and Leuconstoc Citronorum 8081. J. Biol. Chem. 117: 533. 

Virupaksha, T. K. and L. V. S. Sastry. (1968). Studies on the protein content and amino acid compo
sition of some varieties of grain sorghum. J. Agii. Food Chem. 16: 199-203. 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

Indian J. Genet., 43 : 383-394 (1983) 

N U T R I T I O N A L QUALITY IN GRAIN S O R G H U M - B E H A V I O U R OF 
CROSSES BETWEEN H I G H LYSINE S O R G H U M AND 

AGRONOMICALLY SUPERIOR TYPES* 

V. J AY A MOHAN RAO, Y. G. DEOSTHALE1, B. S. RANA, K. VIDYASAGAR RAO and 

N. G. P. RAO 2 

National Research Centre for Sorghum, All India Coordinated Sorghum Improvement 
Project, IARI Regional Station, Rajendramgar, Hyderabad 500 030, A. P., India 

ABSTRACT 

The genetic behaviour of protein, lysine and leucine was examined from Fi to Fs generations in 
crosses involving shrivelled high lysine Ethiopian sorghums and some agronomically desirable types. In 
Fi, the plump opaque fraction was marginally superior to the plump translucent fraction for lysine; the 
shiivelled opaque was, of course, the most superior. There was very low level of recombination between 
plump and shrivelled fractions of the same ear head in the segregating generations. The shrivelled types 
exhibited superiority over plumps with respect to both protein and lysine in Fi as well as in advanced 
generations. The lack of association between protein and lysine content in shrivelled seed indicates the 
possibilities of recovering high lysine with high protein. 

Selection in crosses resulted in the isolation of dwarf photo-insensitive agronomically desirable 
shrivelled types like N 82, N 93 and N 94 with high protein (13-6%) and high lysine (2-73%). Among 
plump selections, N 49, N 55 and N 59 have moderately high lysine at normal protein level. Their 
progenies do throw plants with more than 3 percent lysine. The frequency of occurrence of high lysine 
plants in F6-F8 generations indicated greater possibility of stabilising lysine between 2 • 5 to 2 • 8 percent 
in plump back ground. 

T H E discovery of high lysine Ethiopian sorghums by Singh and Axtell (1973) 
raised hopes of breeding nutritionally superior sorghums; in actual practice, the 
transference of the high lysine trait from the shrivelled to plump grains could 
not be accomplished so far. The present study was taken up to study the genetic 
behaviour of protein, lysine and leucine in crosses involving high lysine Ethiopian 
sorghums and their inter-relationships with seed type and yield attributes. 

MATERIALS AND METHODS 

The high lysine Ethiopian soighums IS 11167 and IS 11758 were crossed with agronomically 
desiiable 148 and 370 and several othei parents with the object of recovering dwarf and photo-insensitive 
varieties of plump as well as shrivelled backgrounds with high lysine. The segregating generations of the 
crosses were grown over years under optimal growing conditions. In some of the generations, the plump 
and shrivelled fractions on segregating earheads were separated and analysed. Nutritional analysis of the 
grains for protein, lysine and leucine was earned out at the National Institute of Nutrition, Hyderabad 
using standard analytical procedures. Microbiological assays were done for the estimation of lysine and 
leucine (Steele, Sauberlich, Raynolds and Baurnann, 1949). Established statistical procedures were used 
for analysis and interpretation of data. 

*This contribution is the X X X I I pait of the series on "Genetic analysis of some exotic X Indian 
crosses in Sorghum". 

'Present address: National Institute of Nutrition, Hyderabad 500 007, India. 
^Present address: Vice-Chancellor, Maralhawada Agricultural University, Parbhani-431 402 (India) 
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RESULTS 

Twenty seven crosses, 9 single and 18 three-way combinations, were built up 
with the Ethiopian high lysine sorghums as one of the parents to explore the 
possibilities of deriving plump and agronomically desirable types with high lysine. 
Means and character associations were studied from F, to F3 generations. 

( 1) MEAN VALUES 

Mean nutritional status of different seed types is presented in Table 1. 
The shrivelled types are superior to plump for protein, lysine and leucine : lysine 
ratio. Available analytical data based on seed fractiors, plump or shrivelled, is 
presented in Table 2. The plump fraction has slight superiority over plump 
and the shrivelled fraction is inferior to the shrivelled, indicating low level of 
recombination. This is a significant point indicating that recombination for 
nutritional attributes between plump and shrivelled types does take place 
although at a very low level. 

TABLE 2 

Summary of nutritional analysis involving various seed types 

Generation 

F2 F4 F5 Mean 

Protein [g %) 
Plump 
Plump fraction 
Shrivelled fraction 
Shrivelled 

Plump 
Plump fraction 
Shrivelled fraction 
Shrivelled 

Plump 
Plump fraction 
Shrivelled fraction 
Shrivelled 

Plump 
Plump fraction 
Shrivelled fraction 
Shrivelled 

11.4 
11.5 
13.5 

1.8 
1.8 
2.8 
— 

13.0 
12.5 
10.9 
— 

10.5 
10.7 
12.5 
14.2 

Lysine (gjlOO 
2.3 
2.2 
2.2 
2.8 

10.9 
13.6 
13.2 
15.5 

g protein) 
2.2 
2.3 
2.6 
3.9 

Leucine (gjlOO g protein) 
10.7 
10.5 
10.2 
10.9 

Leucine 1 lysine ratio 
7.2 
7.0 
4.0 
— 

4.9 
4.9 
4.8 
4.1 

12.2 
13.9 
11.8 
11.5 

5.8 
5.2 
3.7 
4.6 

10.9 
11.9 
13.1 
14.9 

2.1 
2.1 
2.5 
2.9 

12.0 
12.0 
11.0 
11.2 

6.0 
5.7 
4.1 
4.3 
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(2) CHARACTER ASSOCIATIONS 

The correlation coefficients of protein per cent with lysine per cent and 
leucine: lysine ratio for various generations are summarised in Table 3. 

In the F, generation, the superiority of the plump opaque over plump 
translucent is reflected in that the correlation coefficients between protein per 
cent and lysine per cent is significant only at 5 per cent level in plump opaque, 
where as it is significant at 1 per cent in plump translucent. The correlation 
between protein and leucine : lysine ratio is significant at 5 per cent in plump 
whereas it is not significant in plump opaque or shrivelled opaque classes. 

In the F2 generation, where the associations were worked out for the various 
fractions, the advantage of the plump fraction over plumps is brought out in that 
the negative relation between protein percent and lysine percent is significant 
at 1 percent in the plump group and 5 percent in the plump fraction. This 
again confirms that there has been some recombination in the plump fraction. 

TABLE 3 

Correlation of protein (g %) with lysine {gj'100 g protein) and leucine : lysine ratio 

Generation 

F, 

F2 

F7 

F8 

Seed type 

Plump translucent 
Plump opaque 
Shrivelled opaque 
Plump 
Plump fraction 
Shrivelled fraction 
Plump 
Shrivelled 
Plump 
Shrivelled 

Correlation coefficients between 
protein (g %) and 

Ly sine (g/100 
protein) 

-0.67** 
-0.48* 
-0.46* 
-0.53** 
-0.39* 
-0.05 
-0.37** 
0.51** 

-0.23** 
-0.08 

g Leucine : lysine 
ratio 

0.44* 
0.30 
0.08 

-0.08 
0.31 

-0.36 
0.08 

-0.64** 
-0.17 
-0.26** 

The associations in the F4 to F6 reflect the sample behaviour. In the 
advanced generations of F ? and F8 , the negative associations between protein 
and lysine are maintained in the plump group, but the association is significant 
at 1 percent in F, and 5 percent in F8. By F7 , the shrivelled types became 
high lysine types and got stabilised by F8 as reflected by no association between 
protein percent and lysine percent in the shrivelled group. In the shrivelled, 
the association between protein percent and leucine: lysine ratio is negative and 
highly significant which is also desirable. 
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(3) RELATION BETWEEN YIELD AND NUTRITIONAL ATTRIBUTES IN ADVANCED 

GENERATION 

Two hundred and nineteen single plants in tlic plump group and 139 in the 
shrivelled group, all derived from single and three way crosses in the F8 gene
ration, were taken up for analysis (Table 4). The protein in the plump group 
ranged from 7-91 to 13-65 per cent with an average of 10-27. In the shrivelled, 
the range for protein was 12-07-17-09 percent with an average of 14-63 percent. 
For lysine, the range in the plump was from 1 • 35 to 3 • 16 percent in the plump 
and 1-74 to 3-59 percent in the shrivelled. In the plump group also, plants 
do occur with high lysine content even though with a low frequency. 

The analysis of variance (Table 4) for nutritional and yield attributes 
reveals that the shrivelled group is not only superior to the plump group for 
nutiitional attributes, but the differences between crosses are also more pro
nounced in this group. 

Howevei, in the plump and shrivelled groups, some of the single plants 
derived from the 148 X IS 11167 cross are decidedly superior although the 
progeny as a whole, the plump ones yet do not exhibit marked superiority. The 
plumps are decidedly superior in yield. 

The associations between nutritional attributes and yield attributes in the 
plump and shrivelled categories are presented in Tables 5 and 6. In the plump 
group, the relationship between protein and lysine is still negative, although the 
coefficient is low and significant at the 5 percent level in the shrivelled group 
this relationship is not significant. The leucine: lysine ratio and lysine are also 
negatively and significantly related. The seed weight and grain hardness are 
positively related to yield in both plump and shrivelled categories. There is 
apparently no correlation between yield attributes and nutritional attributes. 

The shrivelled types besides being dwarf and early, are relatively photo-
insensitive and could be grown in all seasons. The lysine (percent) is high and 
stable. They all have good white/creamy seeds and the yield levels are also 
reasonably high. 

The plump types are agronomically desirable, dwarf, early, relatively 
photoinsensitive, but they are not stable for lysine. However, they do throw 
plants with high lysine and the average lysine content is reasonably high com
pared to normally grown commercial sorghums. 

Regression analysis (Tables 5 and 6) reveals significant differences, the 
partial regression coefficients, b , (protein), b2(absolute lysine) and b5(leucine: 
lysine ratio) being significant in both groups and b3 (leucine) only in the plump 
category. 

(4) SELECTION EFFECTS 

An index approach to selection towards improvement of lysine reveals 
that the scope, in fact, is greater in the plump group (18-5 vs. 6-4 in shrivelled) 
although there are hurdles in accomplishing the objective. 
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As a result of selection in crosses involving Ethiopian high lysine sorghums 
with desirable lines, promising agronomically desirable and nutritionally 
superior derivatives have been obtained. Their nutritional attributes are 
presented in Table 7. 

DISCUSSION 

(1) BEHAVIOUR OF PROTEIN, LYSINE AND LEUCINE IN SEGREGATING GENERATIONS 

INVOLVING ETHIOPIAN PARENTS 

In plump X plump crosses of sorghum Liang, Heyne, Chung and Koh 
(1968) observed that inheritance of protein was conditioned by partial dominance. 
They estimated two gene groups and low heritability for protein content. From 
another study of plump X plump crosses, Nanda and Rao (1975) recorded that 
the inheritance of protein, lysine, threonine and tryptophan was predominantly 
additive. 

Even though Singh and Axtell (1973) postulated a single hi gene governing 
high lysine content in shrivelled seeded Ethiopian sorghums, its transference to 
plump seeded types through breeding methods became a near impossibility and 
the single gene hypothesis needs further examination. A simply inherited par
tially dominant single gene is reported to govern the inheritance of lysine in 
'P 721' opaque mutant with plump seeds which is expected to be more useful in 
breeding programmes. 

In literature, there is no evidence on the behaviour of the h\ gene in crosses 
with plump seeded types except that the anticipated transfer has not been 
achieved. The present study analyses the behaviour of nutritional attributes 
from F, to F8 generations in crosses between shrivelled seeded, high lysine 
Ethiopian and agronomically desirable sorghums. 

In the F, generation, protein and lysine were the highest in shrivelled 
opaque followed by plump opaque, plump translucent having the lowest values. 
Differences for leucine content were not pronounced in the different categories, 
but the leucine : lysine ratio followed the same order as lysine. Absolute lysine 
was the highest in the plump opaque category. 

From F2 and F5, most plants exhibited segregation for seed type within 
the head and the segregating fractions were separately analysed. In F2, the 
shrivelled fraction was the most superior and the differences between plump and 
plump fraction were not pronounced for all the attributes. The superiority of 
shrivelled types for protein, lysine and leucine : lysine ratio was maintained 
throughout the segregating generations upto the advanced F8 generation. 

Association between increase in protein content and prolamine fraction and 
the consequent negative relationship between protein per cent and lysine per 
cent is well established (Naik, 1968; Virupaksha and Sastry, 1968; Pickett, 1968; 
Mertz, 1976). However, evidence that the relationship between protein and 
lysine need not always be negative is also available from the studies of Piva 
(1964) and Robinson and Sageman (1968) in maize and from Johnson, Mattern, 
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whited and Schmidt (1969) in wheat. Nanda and Rao (1975) observed, even 
though the relationship between protein and lysine was negative, lysine and 
methionine were positively correlated with yield which could be advantageous. 

Based on the advanced generation material of the present study an index 
approach was attempted which indicates that progress is possible for simulta
neous improvement of protein and lysine although the process is beset with 
difficulties. 

(2) SELECTION IN CROSSES INVOLVING SHRIVELLED ETHIOPIAN PARENTS 

The results of selection for combining higher levels of lysine content with 
moderate protein levels against a plump seeded background have not been very 
encouraging and the negative association between protein and lysine has been 
maintained throughout. However, individual plants with higher levels of lysine 
do occur in advanced generations. Their frequencies are depicted below: 

Frequency of high lysine plants in advanced generation [within plump category only) 

% plants with lysine content of 
Generation • •—• • 

2-51 to 2-80 % > 2 - 8 % 

F6 7-14 21-43 

F7 6-16 6-16 

F8 12-78 3-66 

From the results, it appears that it is possible to stabilise lysine against 
good plump seed between 2-5 per cent to 2-8 percent lysine. Selectionfor 
lysine content above 2-8 per cent seem to reduce their frequency. 

Selection for high lysine against a shrivelled background is not difficult. 
The gains of selection for plump and shrivelled seeded types in crosses involving 
Ethiopian lines may be summarised as follows (Table 7). (a) I t has been 
possible to derive dwarf, early and relatively photoinsensitive types with high 
levels of protein and lysine with reasonable yield levels. Such types like N 82, 
N 93 and N 94 are shrivelled seeded but do not suffer from the agronomic 
disadvantages of the tall, iate, photosensitive Ethiopian lines. If desired, they 
could be grown and used directly for preparation of special foods for weaning 
children and other vulnerable groups, (b) The plump types like N 49, N 55 
and N 59 arc agronomically desirable, photoinsensitive and do throw plants 
with high levels of lysine. The average lysine, however, is around 2-5 percent. 
They may pro\e to be good breeding materials for further improvement. 
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BREEDING FOR SUPERIOR QUALITY STORAGE PROTEINS IN 
GRAIN SORGHUM* 

V. JAYA MOHAN R A O , B. B. REDDY, B. S. RANA and N. G. P. R A O ' 

National Research Centre for Sorghum, All India Coordinated Sorghum Improvement Project, 
IARI Regional Station, Rajendranagar Hyderabad-500 030, A. P., India 

ABSTRACT 

A diallel set of crosses among recently developed high lysine and agronomically desirable plump 
and shrivelled parents was examined together with the corresponding F2 and back cross generations for 
protein and lysine content. The shrivelled X plump crossed seed become plump exhibiting xenia effect. 
The reciprocal differences were also significant. Non-additive gene action was predominant for protein 
as well as lysine. The shrivelled-seeded parents were better general combiners than the plump types. 
'P 721' was found a better parent for transference of protein and lysine together compared to the rest of 
the plump parents. 'P 721' as a female parent improves protein while as a male tends to increase lysine 
in crosses particularly with shrivelled parents. Compared to the F2, the back crosses generally tended 
to increase protein percent with concurrent decrease in lysine. Some plump seeded segregants 
combining 10 to 16 percent protein and 2-7 to 3-9 percent esimated lysine values have been isolated. 

T H E behaviour of crosses involving Ethiopian high lysine sorghums and promis
ing agronomically desirable types has been presented earlier (Jaya Mohan Rao, 
Deosthale, Rana, Vidyasagar Rao and Rao, 1983). An induced mutant, 
P 721, with relatively higher levels of lysine (Mohan, 1975) is reported to be 
unstable (Riley, 1980) and its transference to a corneous endosperm type is yet 
to be achieved. The present study explores the possibilities of developing agro
nomically desirable plump seeded types with higher levels of lysine (2-50-2-80 
g/100 g protein) at normal protein levels (10-00-14-00 g %) using cross 
combinations of derivatives from Ethiopian X Indian crosses and the P 721 
mutant. 

" "_-••' MATERIALS AND METHODS 

A diallel set of crosses was built up using N 49, N 55, N 59 and P 721 as plump types and N 82, 
N 9 3 and N 94 as shrivelled high lysine ( > 3 00g/100 g protein) parents. N 49, N55 and N59 are plump 
derivatives from the cross 148 X IS 11167 with reasonable levels of protein (10-00-14-00 g %) and lysine 
(2 • 50-2 • 80 g/100 g protein). All the three lines are dwarf, relatively insensitive to photo-period and with 
plump corneous seed and agronomically desirable. P 721 is a Purdue mutant with reasonably high lysine 
content and with floury endosperm. N 82 is a derivative from the cross IS 11758 X 370, whereas N 93 
and N 94 are derived from the cross 148 x IS 11167. N 82, N 93 and N 94 are dwarf derivatives with 
shrivelled and corneous endosperm with high lysine comparable to the Ethiopian parents. The Fis 

•This contribution is the X X X I I I part of the series on "Genetic analysis of some exotic X Indian 
crosses in sorghum". 

'Present address: Vice-Chancellor, Marathwada Agricultural University, Parbhani-431 402 
(India) 
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were utilised to build up the back crosses with both parents resulting in 84 crosses. This study included 
7 parents, 42 Fis, 42 F2s and 84 back crosses. 

The experiment was laid out in randomised complete block design at IARI-Regional Station, 
Hyderabad, during summer 1979 season with four replications. One row of Fis, 10 rows of each Fa and 
one row of each back cross per replication were planted. The crop was grown under optimal conditions. 

Five competitive plants of parents, Fis, BCs and 50 plants in F2S were selected in each plot for 
recording observations. All the BG Fis where P 721 was one of the parents were advanced to BC F2S 
and 20-25 plants were selected for observations. All these samples were analysed for protein by colori-
metric procedure using the technicon auto-analyser method and for lysine using a modified procedure of 
Udy (1971) as reported by Jambunathan (1980). Even though the entire diallel in various generations 
was grown together, protein and lysine analysis through dye-binding was confined to all Fis and segre
gating generations involving P 721, because the analytical facility was limited. The number of samples 
analysed for protein (g %) and lysine values (g/100 g protein) in different generations are 45, 208, 555' 
402 and 471 in parents, Fi, F2, BC Fi and BC F2, respectively. The crossed seed (Fo) was also analysed 
for protein and lysine. Combining ability analysis was done using Method 1, Model 1 of Griffing 
(1956). 

RESULTS 

THE CROSSED SEED ( F 0 ) 

When the shrivelled type is used as the female parent, the crossed seed 
became plump exhibiting xenia effect (Fig. 1). Such crossed seed also went 
down in lysine (%) indicating that a plump seed on the same maternal back
ground tends to result in reduction of lysine. The plumpness per se, therefore, 
was responsible, for the generally low lysine percentages recorded on such seed 
types and that transferance of high lysine to plump seeds is, therefore, beset with 
difficulties. The reciprocal means and effects on protein, lysine and leucine, 
indicated that they were not significant. However, examination of reciprocal 
means of individual crosses did reveal significant differences. The combining 
ability analysis of variance and gca effects did not reveal any significant 
differences; the sea effects were also not significant. 

FIG. 1 ". Xenia effect in crosses involving shrivelled high lysine sorghums (£) with plump 
((J) parents. 
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THE F , GENERATION 

The differences for means of protein and lysine were significant. The 
reciprocal effects (Table 1) were also significant. The variance due to gca, 
sea and reciprocal effects are highly significant. The gca effects for protein and 
lysine are generally negative and significant with plump types and positive with 
shrivelled types (Table 2). With P 721, the gca effects are positive and signi
ficant for protein, while it is negative but not significant for lysine. Obviously, 
the gene distribution for protein and lysine in plump and shrivelled types is in 
opposite directions, but in P 721, some improvement has taken place for lysine. 
The sea effects for lysine are positive and significant for the plump x plump 

TABLE 1 

Reciprocal effects (F, generation) 

Pedigree 

N 49 x N 55 
N 49 x N 59 
N 49 x N 82 
N 49 x N 93 
N 49 x N 94 
N 49 x P 721 

N 55 x N 59 
N 55 x N 82 
N 55 x N 93 
N 55 x N 94 
N 55 x P 721 

N 59 x N 82 
N 59 x N 93 
N 59 x N 94 
N 59 x P 721 

N 82 x N 93 
N 82 x N 94 
N 82 x P 721 

N 93 x N 94 
N 9 3 x P721 

N 9 4 x P 721 

S.E.R(i,j) 
C D . (5%) 

Protein 

0.87* 
0.12 
1.17** 

-0.29 
0.73 

-0.30 

0.65 
-0.23 

1.45** 
-0.95* 

1.37** 

-1.23** 
0.24 
0.36 

-0.93* 

0.95* 
-1.86** 
-0.05 

-0.28 
0.07 

-1.70** 

0.39 
0.78 

Lysine 

-0.07 
-0.06 
-0.11 
0.04 

-0.10 
-0.01 

-0.02 
-0.02 
-0.01 
-0.05 
-0.02 

0.08 
-0.06 
-0.15* 
-0.01 

-0.17* 
0.00 
0.83 

0.14* 
0.00 

0.01 

0.07 
0.14 

•Significant at 5 percent; **Significant at 1 percent. 
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crosses, N 49 x N 55 and N 55 X N 59. Amongst plump x shrivelled crosses, 
N 82 X P 721 is a desirable cross. This same cross also exhibited significant 
reciprocal differences for lysine (%). 

TABLE 2 

General combining ability effects (F, generation) 

Parent Protein Lysine 

N49 

N55 

N 59 

N82 

N93 

N94 

P721 

**Significant at 1 per cent. 

-0.901** 

-0.695** 

-1.240** 

0.553** 

1.275** 

0.521** 

0.486** 

THE GENERATION MEANS 

The back crosses involving one of die plump seed parents other than P 721 
do not indicate any particular trend. However, (N 82 X N 55) N 82, (N 59 X 
N 93) N 93 and (N 94 x N 59) N 94 crosses exhibited 9 to 11 percent protein 
and 2-6 to 3-1 percent lysine appear to be promising. 

In crosses involving P 721 (Tables 3 and 4) the lysine values in F, , F2 and 
BC,F, are satisfactory for the cross P 721 X N 55, but the values of protein are 
low. This cross seems to exhibit reciprocal differences for protein as well as 
lysine, since its reciprocal has higher protein values and relatively low lysine. 
Amongst promising crosses for selection of high lysine include (N 59 X P 721) 
P 721; (N 82 X P 721) N 82; (N 93 X P 721) P 721. The reciprocal effects 
of P 721 for protein are more pronounced in crosses with shrivelled types than 
crosses with plump types. In such crosses P 721 as female improves protein. 
For lysine, the change is not perceptible. As such, combinations of P 721 when 
used as female, may be desirable for improving protein. But for lysine 
improvement, it is better used as a male. 

-0.233** 

-0.256** 

-0.200** 

0.328** 

0.274** 

0.116** 

-0.021 
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TABLE 3 

Generation means for proteins (g %) in crosses involving P 721 

399 

/ - I 

\ j l O J 

N 4 9 x 
P 7 2 1 x 
N 5 5 X 
P 7 2 1 X 
N 5 9 X 
P 7 2 1 X 
Mean 

P 7 2 1 X 
N 9 3 x 
P 7 2 1 x 
N 9 4 X 
P 7 2 1 X 
Mean 

P 7 2 1 
N 4 9 
P 7 2 1 
N 5 5 
P 7 2 1 
N 5 9 

N 8 2 
P 721 
N 9 3 
P 7 2 1 
N 9 4 

P 721 as male 
P 721 as 

P 721 as 
P 7 2 1 as 

female 

male 
female 

F , 

8.54 
9.14 

10.60 
7.86 
8.84 

10.70 
9.28 

11.76 
13.42 
13.28 

7.78 
11.18 
11.48 

9.33 
9.23 

10.60 
12.07 

F 2 

Plump X 

9.87 
8.98 
9.96 
9.57 
7.96 

10.07 
9.40 

Shrivelled 

10.80 
10.19 
10.84 
8.39 

10.29 
10.10 

Plump X 

9.26 
9.54 

Plump X 

9.28 
10.64 

Genei 

BG,F, 

ration 

BC,F2 

plump and reciprocals 

9.70 
9.76 

10.20 
8.54 
9.95 

10.34 
9.75 

X plump and 

9.14 
9.32 

11.80 
8.22 

13.70 
10.44 

plump 
9.95 
9.55 

shrivelled 

8.77 
11.54 

11.76 
10.72 
10.53 
9.98 

10.15 
10.00 
10.03 

reciprocals 

13.24 
9.86 

10.25 
10.64 
10.74 
10.95 

10.81 
10.23 

10.25 
11.41 

BC a F r 

11.66 
9.42 
9.86 
7.50 

10.26 
7.82 
9.42 

9.72 
12.72 
11.24 
8.96 

10.44 
10.62 

10.59 
8.85 

10.84 
10.47 

BC 2F a 

10.27 
11.20 
9.75 

10.35 
10.01 
10.30 
10.31 

11.10 
9.66 
9.48 

10.18 
10.31 
10.14 

10.01 
10.62 

9.92 
10.29 

BC,=Back cross with $ parents; BCa=Back cross with <J parents. 

FREQUENCY DISTRIBUTION 

The frequency distribution of plants for protein and lysine levels in overall 
F2s and back crosses and reciprocal differences in P 721 crosses is given in Fig. 2. 
Straight and back cross F2s reveal that compared to straight F2s, back crossing 
has increased protein (%) and reduced lysine content. 

P 721 as a female in P 721 X plump crosses tended to yield more plants 
with high protein and as male, it is desirable for lysine. It could be used to 
combine high lysine with moderately high protein levels. In combination with 
shrivelled high lysine parents, P 721 as female increases protein and definitely 
lowers lysine. In such combinations, it is desirable to use it as a male parent. 
Thus, the direction of cross seems to become more important in plump X shri
velled crosses than in plump X plump crosses. Under the circumstances, it 
appears desirable to concentrate for lysine and protein in selected crosses. 

file:///jlOJ
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TABLE 4 

Generation means for lysine (g/WO g protein) in crosses involving P 721 

Generation 
Cross • • 

F, F2 BC.F, BC,F2 BG2F, BC2F2 

Plump X plump and reciprocals 
N49 x P721 
P721 X N49 
N55 x P721 
P 721 x N 55 
N59 x P721 
P 721 x N 59 
Mean 

P 721 X N 82 
N93 x P721 
P 721 x N 93 
N94 x P721 
P721 x N 9 4 
Mean 

P 721 as male 
P 721 as female 

P 721 as male 
P 721 as female 

2.38 
2.40 
2.14 
2.46 
2.24 
2.26 
2.31 

3.82 
2.48 
2.48 
2.24 
2.26 
2.66 

2.25 
2.37 

2.36 
2.85 

2.33 
2.76 
2.38 
2.48 
2.27 
2.15 
2.39 

Shrivelled 
2.35 
2.35 
2.23 
2.31 
2.00 
2.25 

Plump X 
2.33 
2.46 

Plump X 
2.33 
2.19 

2.06 
2.48 
2.26 
2.56 
2.16 
2.54 
2.34 

X plump and 
2.36 
2.28 
1.90 
2.24 
2.30 
2.22 

plump 
2.16 
2.53 

shrivelled 
2.36 
2.19 

1.97 
2.29 
2.05 
2.32 
2.01 
2.33 
2.16 

reciprocals 
2.30 
2.29 
1.96 
1.99 
2.17 
2.14 

2.01 
2.31 

2.14 
2.14 

2.52 
2.28 
2.38 
2.36 
2.40 
2.48 
2.40 

2.22 
2.48 
2.04 
2.30 
2.24 
2.26 

2.43 
2.37 

2.39 
2.17 

2.03 
1.86 
2.26 
2.10 
2.06 
2.03 
2.06 

2.07 
2.24 
2.02 
2.21 
2.04 
2.12 

2.12 
2.00 

2.23 
2.04 

BG,=Back cross with ^ parents; BG2=Back cross with $ parents. 

MOST PROMISING PLANTS FOR PROTEIN AND LYSINE 

Maximum number of promising plants for high protein and lysine with 
plump seeds occurred in the Fa of the crosses P 721 X N 93 and P 721 X N 82 
which are plump shrivelled combinations. Some of the plump X plump 
combinations like N 49 X P 721, N 55 X P 721 and their reciprocals have also 
combined high protein and high lysine. It is on such plants, future improvement 
programmes should be based. 

DISCUSSION 

Available literature does not furnish any guidelines to plant breeders 
interested in improving quality of storage proteins of sorghum. A diallel mating 
system involving plump and shrivelled high lysine types together with the F2 

and back cross generations provided some basis for high lysine breeding of 
sorghums. The salient features of this study are: 
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Fig. 2. Frequency distribution of protein (g%) and Lysine (g/100g Protein) m over all Fa's 
and BG's and Reciprocal differences in P 721 crosses. 

(i) In shrivelled X plump crosses, the crossed seed itself becomes plump 
exhibiting xaenia effect. The protein content of such crossed seed is comparable 
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to the shrivelled parent, but the lysine content gets reduced. This means, the 
genetic back ground remaining the same, the plumpness per se has resulted in the 
reduction of lysine content but not of protein. In view of this behaviour, the 
gca, sea and reciprocal effects for these nutritional attributes were calculated 
on F0 seed but were found not significant. 

(ii) Unlike FOJ in F, , the means, gca, sea variance and reciprocal effects 
were highly significant. However, the sea is greater than gca for both protein 
and lysine indicating the greater importance of non-additive genetic variances. 

The three plump parents N 49, N 55 and N 59 had negative gca effects, 
while the shrivelled parents N 82, N 93 and N 94 had positive gca effects. For 
P 721, the gca effects for protein is positive while for lysine, it is not significant. 
P 721 is, therefore, a better parent for transference of protein and lysine compared 
to other plump parents. 

The sea effects reveal that the crosses N 49 X N 55, N 49 X N 59, N 55 x 
N 59 and N 82 X P 721 may be desirable combinations for combining protein 
and lysine in plump seeds, but the nature of gene action will play a major role 
in determining the transmissibility of high lysine. 

(iii) A study of generation means in Fa and back cross generations enabled 
identification of the following as promising cross combinations. 
(N 49 x N 55) x N 49; (N 59 x N 49) x N 49; (N 59 x N 55) x N 59; 
(N 93 x N 49) x N 93; (N 93 x N 49) x N 49; (N82 X N 55) x N 82; 
(N59 x N 82) X N 82; (N 59 x N 93) x N 93 ; (N 59 x N 94) x N 94; 
(N94 x N59) x N 9 4 ; (N 59 x P 721) x P 7 2 1 ; (N 82 x P 721) x N 82; 
( N 9 3 x P 7 2 1 ) X P 721. 
These crosses result in segregates combining moderate levels of protein and lysine. 

(iv) The direction of the cross or die choice of the male or female parent, 
particularly when P 721 is used as one of the parents appears important. This 
appears particularly so when P 721 is used in combination with shrivelled high 
lysine types. In such crosses, P 721 used as female improves protein and as male 
influences lysine in the positive direction. 

(v) Compared to F2, back crosses generally tended to increase protein 
percent with a concurrent decrease in lysine. In crosses involving P 721 with 
plump parents, when used as female parent segregation for protein percent is 
comparable to F2, but as male, the frequency of plants with low protein percent 
are relatively more. For lysine, P 721 is desirable as male, but the differences 
between reciprocals are not that pronounced. 

On the other hand, when P 721 is used as female parent in combination 
with high lysine shrivelled parents, there is a marked increase of plants with 
high protein. As such, there is a marked and consistent improvement for lysine. 
This is a significant guideline for plant breeding practice. The production of 
proteins is regulated by the allelic dosage present in triploid endosperm. 
Alleles that require single, double and triple doses to manifest themselves were 
distinguished in barley. This indicates reciprocal differences depending on the 
constitution of the female. 
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overall, the crosses N 93 x P 721, N 4 9 X P 721 a n d N 55 x P 721 were 
the best to combine high levels of protein and lysine. These crosses should be 
vigorously pursued. 

From the point of view of overall superiority for protein and lysine, straight 
Fas seem to have advantage over back cross procedures and in all crosses, P 721 
happened to be the male parent lending credibilty to the overall hypothesis. 

(vi) The plump opaque seed types was generally superior to plump 
translucent type for lysine. 

Out of 44 most promising segregants only 11 segregants are from straight 
crosses. The cross N 93 x P 721 and P 721 X N 93 yielded maximum segre
gates combining both proetin and lysine. Other promising crosses include 
those involving P 721 with N 49, N 55 and N 82. 

In these segregants, the protein content ranged from 10 to 16 per cent 
and lysine 2-7 to 3-9 per cent. This is a significant improvement, but these 
plants will be expected to segregate. Yet, since they have been identified with a 
high protein, the effect of negative relationships between protein percent and 
lysine percent is expected to be minimum. All these segregates turned out to 
be opaque plump, indicating that when selected for high lysine and protein, 
opaque type was favoured. The endosperm of several of these opaques is 
corneous. 

In the light of the nature of gene action for protein and lysine, suitable 
breeding procedures need to be developed for capitalising the use of such segre
gates in developing stable lines combining high protein and lysine. 
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GENETICS O F HOST PLANT RESISTANCE T O CHARCOAL R O T 

IN S O R G H U M 

S. INDIRA, B. S. RANA and N. G. P. R A O 

All India Coordinated Sorghum Improvement Project IARI-Regional Station Rajendranagar, 
Hyderabad 500 030 India 

ABSTRACT 

Two sets of Fa and F3 diallel progenies among seven parents were evaluated for charcoal rot 
resistance under artificial epiphytotic conditions during post-rainy season without any supplementary 
irrigation. Progenies in F 3 were relatively more susceptible than in Fa. Reduction in F3 resistance 
due to inbreeding was 24%, 64% and 74% respectively for susceptibility index (SI), % infection and 
number of nodes crossed by charcoal rot. These resistance parameters in F3 were positively and signi
ficantly correlated among themselves. 

General combining ability effects of parents showed significant differences in both generations. 
'SPV 34' was most effective parent to transmit resistance in crosses. Resistance is mainly governed by 
non-additive genetic variance, with high degree of dominance. Heritability varied from 10-28% and 
was low for different resistant parameters. Though F3 mode pertains to 0-4% class interval of disease 
infection, the genetic advance is expected to be low. Thus, resistance to charcoal rot can only be built 
up gradually in the newly developed tropical varieties of sorghum. 

CHARCOAL rot [Macrophomina phaseolina (Tassi) Goid] is particularly serious 
under high temperature and moisture stress during grain-filling scage in both 
monsoon (July-Oct.) and postmonsoon (Oct.-Feb.) seasons in India. The 
disease occurrence pattern has particularly shifted after the introduction of high 
yielding hybrids and varieties with high harvest index. New tropica] adapted 
varieties and hybrids should therefore be impioved for disease resistance. 
Indira, Rana, Reddy and Rao (1982) documented the stability of charcoal rot 
resistance in sorghum. Subsequently, the behaviour of varietal crosses in F, 
generation was studied and the partial dominance of resistance for % infection 
and susceptibility index reported (Indira and Rana, 1982). While this infor
mation was valuable to exploit F, heterosis, information on inheritance in 
subsequent generations is necessary to transfer the resistance into homozygous 
varieties and parental lines of hybrids. The present investigation is aimed to 
study the components of genetic variance in early segregating generations to 
understand the inheritance pattern of disease resistance. 

MATERIALS AND METHODS 

Two sets of diallel in F 2 and F 3 generations including seven common parents (p) and p (p-l)/2 
crosses were evaluated for charcoal rot resistance under epiphytotic condition. The experiments were 
planted during post-monsoon (Oct-Feb.) seasonin vertisol soil underreceding moisture condition without 
any supplementary irrigation or precipitation. F2 's and F3 's were sown in 4 row plots each of 3m length 
The spacing of 60 X 15 cm between rows and plants and a fertilizer dose of 80 kg N and 30 kg P a 0 5 

XXXIV part of'Genetic Analysis of some Exotic X Indian crosses of sorghum'. 
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were uniformly adopted for both the experiments. AU the experiments had 3 replications. The single 
plants were artificially inoculated by toothpick method after a week of flowering. 

Ten random plants of parents and 20 plants from two middle rows of F a and F3 were selected for 
observations. Data were recorded on number of nodes crossed by the charcoal rot, % infection in terms 
of disease spread in the stem and susceptibility index. The susceptibility index was calculated as the 
square root of proportion diseased plants X disease intensity grade (1-resistant, 5-susceptible). The 
observations were recorded at crop maturity, Diallels were analysed following Method 2 Model 1 of 
GrifKng (1956). 

^ F ; , 

0 1 8 12 16 20 24 26 32 0 u g 1 2 u j 0 2 ; 2 B 3 2 

% INFECTION % INFECTION 

' 0 - 4 -8 1.2 V6 2-0 2-4 2-8 3-2 0 .4 -8 12 ib 2-0 2*4 2*3 3.; 
12 RTT N0 .0F NODES CROSSED 1 2 f N0.0F NODES CROSSED 

' 0 .4 -8 1-2 1-5 2-0 2-4 2-8 3-2 
SUSCEPTIBILITY INDEX 

0 -4 -8 V2 1-6 2-0 2-4 2.8 3-2 
SUSCEPTIBILITY INDEX 

FIO 1-VARIABILITY AMONG PARENTS. F 2 s AND F 3 s PROGENIES 

FOR CHARCOAL ROT RESISTANCE. 

RESULTS 

1. VARIABILITY AMONG F 3 AND F 3 GENERATIONS 

The F2 variability was continuous, positively skewed and limited to 
parental range (Figure 1) but the F3 progenies exceeded both parental and Fa 
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limits towards susceptibility classes. The parental and F3 variation was 
discrete and bimodal. However, the modal classes in P, F2 and F 3 generations 
were same. The highest frequencies were limited to 0-4% class interval of 
disease infection, 0-4 node crossed and SI in all the three generations. 

The mean susceptibility of parents and Fa progenies in terms of % 
infection, number of nodes crossed and SI was also less than F3 progenies 
(Table 1). The phenotypic variability in F 3 was equal to F2 for % infection 
but 27% higher for number of nodes crossed and 1 1 % higher for SI. The 
inbreeding depression in F 3 varied from 24-4 to 73-5%. The positive value 
indicated depression of resistance in F3 . The maximum depression was in case 
of nodes crossed (73-5%) followed by % infection (64%). 

TABLE 1 

Susceptibility in different generations 

% disease infection No. of nodes crossed Susceptibility index 
Generation 

Mean % P Mean % P Mean % P 

Parent (P) 6.72 100 0.57 100 0.83 100 
F2 6.39 95 0.68 119 0.82 99 
F3 10.48 156 1.18 207 1.02 123 
PCV%(F 2 ) 44.0 70.5 78.1 
PCV % (F3) 44.5 97.0 89.3 
I.D. 64.0 73.5 24.4 

PCV—Phenotypic coefficient of variability. 
I.D.—Inbreeding depression in F3 over F». 

Among released varieties, 'CSV 8R' showed better field tolerance than 
'CSV 4' and 'CSV 7R' while 'CSV 5' was moderately resistant. Among the 
experimental varieties, 'SPV 34' was highly resistant (R) and 'SPV 104' 
moderately resistant. Examination cf means over generations revealed that 
seven crosses, (SPV 104 x SPV 34, CSV 5 x SPV 34, CSV 8R X CSV 5, 
CSV 8R x SPV 104, CSV 7R x SPV 34, SPV 35 x SPV 34, SPV 35 x SPV 
104) were highly resistant in F a and F3 generations and 'CSV 8R X SPV 34', 
'CSV 4 x CSV 5' and 'CSV 4 X SPV 104' were moderately resistant. Among 
them, 'SPV 34 X SPV 104' and 'SPV 34 X CSV 5' represent R x R crosses and 
rest S x R crosses. None of the S X S crosses were found resistant. 

The % infection was positively and significantly correlated with number 
of nodes crossed and SI in F 3 but not in F2 generation (Table 2). However, 
number of nodes crossed was significantly and positively correlated with SI in 
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both generations. Correlations observed in F3 generations were highly 
significant. 

TABLE 2 

Correlation among different resistance parameters 

% Nodes Susc. 
Parameter Generation Infection Crossed Index 

% Infection F2 1.000 0.193 0.358 
F3 1.000 0.944** 0.904** 

Nodes crossed F2 1.000 0.558** 
F3 1.000 0.945** 

Susceptibility index F2 1.000 
F3 1.000 

**Significant at 1%. 

2 . COMBINING ABILITY ANALYSIS 

There was significant variation among Fa and F 3 crosses. While general 
combining ability (g c a) effects were significantly different in both the genera
tions, specific combining ability (s c a) effects were significant only in F3 . The 
variance estimates revealed that <ra g c a both in F s and F 3 were considerably 
lower than s ' s c a for all the three resistant parameters. Degree of dominance 
varied from 0-9 to 2-8 for various characters. Low degree of dominance (-9) 
for SI in Fa indicated slightly higher proportion of additive genetic variance as 
compared to non-additive genetic variance. Degree of dominance in F2 was less 
than in F3 . Heritability estimates (h2) varied from -10 to -28 and were uni
formly low for all the three parameters. 

Negative general combining ability effects (g c a) were desirable (Table 3). 
Among all the parents, 'SPV 34' showed significant and negative g c a effects for 
all the parameters in both the generations. 'CSV 7R', on the other hand, 
transmitted susceptibility to its crosses, as shown by positive g c a effects. General 
combining ability effects of 'CSV 4' and 'CSV 5' were negative but not 
significant. 'CSV 8R' was poor general combiner for % infection. 

DISCUSSION 

The evolution of disease resistance and pathogenity is a simultaneous 
system in nature due to an ecological balance between host and pathogen. As 
the new genotypes are introduced for cultivation to replace the land races, a new 
balance arises between host and pathogen. Even a minor disease sometimes 
assumes an epiphytotic proportion, e.g., appearance of charcoal rot (Macro-
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phomina phaseolina) on CSV 7R variety of sorghum. Thus "management system 
for resistance genes" should be understood which leads to cultivars of crop plants 
that are uniformly resistant (Frey et al. 1977). Macrophomina phaseolina is a non-
obligate parasite on sorghum and variability of races cannot be ruled out. 
Inspite of that, some of the sorghum varieties such as 'SPV 34', 'SPV 104' and 
'CSV 5', the tropical adapted derivatives of temperate X tropical crosses, possess 
diversity of resistance. Some of the R x R and S x R crosses e.g. 'CSV 8R X 
CSV 5', 'CSV 8R x SPV 104, 'CSV 7R X SPV 34' and 'CSV 4 x SPV 104' 
also exhibit high degree of resistance consistently over Fa and F 3 generations. 

TABLE 3 

Combining ability effects for different resistance parameters 

Parent 

SPV 34 
SPV 35 
SPV 104 
CSV 4 
CSV 5 
CSV7R 
CSV8R 

S.E. (&) 

S.E. (g,-gj) 

% Disease infection 

F2 

-3.28** 
-1.20 
0.75 

-0.93 
-1.36 

3.85** 
2.17** 
0.81 

0.85 

F3 

-3.17** 
1.22 

-1.02 
-0.42 
-1.73 

3.03** 
1.88 
1.15 
1.73 

No. of nodes crossed 

F2 

-0.42** 
0.00 
0.06 

-0.14 
-0.10 

0.36* 
0.25 
0.14 

0.16 

F 3 

-0.52 
0.63 
0.04 

-0.20 
-0.30 
0.05 
0.31 
0.26 
0.30 

Susceptibilty index 

Fa 

-0.42* 
0.00 
0.03 

-0.14 
-0.10 
0.36 
0.26 
0.19 
0.22 

F 3 

-0.84** 
0.85** 
0.26 

-0.39 
-0.50 

0.00 
0.63* 
0.32 
0.37 

•Significant at 5%, **Significant at 1%. 

Resistance to charcoal rot in sorghum shows continuous variation in Fa 

but not in parents and F3 . This may be due to differential quantitative thre
sholds as earlier reported by Rana et al. (1981) and high degree of genotype X 
environmental interactions (Indira et al. 1982). The absence of absolute resis
tance and range of variation warrant handling of this character as a horizontal 
resistance system in recombination breeding programme to ensure a greater 
tropical adaptation into the new crop genotypes. The recombination variability 
in F2 and F 3 varietal crosses involving resistant sources and susceptible high 
yielding rabi varieties elucidates that the range of susceptibility in segregating F 3 

progenies is greater than the parental varieties and Fas but the phenotypic coeffi
cient of variability for % infection remains almost similar. Inspite of this, the 
F 3 modal value pertains to 0-4% class interval of disease infection. Thus, the 
probability of occurring resistant progenies remains fairly high in F 3 as observed 
in Fa . 

The resistance parameters are positively correlated among themselves in 
F 3 and governed by high degree of dominance and low heritability. The 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
83

.8
3.

90
.6

0 
o

n
 d

at
ed

 6
-J

u
n

-2
02

0

November, 1983] Charcoal rot in sorghum 477 

magnitude of non-additive genetic variance is relatively higher in F 3 as compared 
to F a but this cannot be utilized under constant inbreeding in pedigree breeding 
programme. Inspite of breaking original linkage blocks and evolution cf new 
variability due to recombinations, the heritability in F2 and F 3 remains low as 
earlier observed in F, (Indira and Rana, 1982) and for soft stalk in F 3 (Rana 
et al., 1982). The genetic advance for resistance after a cycle of selection in F 3 

is expected to be lower than observed in F 2 . 
The significant variability among parents for their general combining 

ability shows that some parents are superior than others in transmitting the 
resistance to their progenies. 'SPV 34' has the best breeding value followed by 
the average combining ability of 'CSV 5'. The per se performance of these 
parents is reflected in their crosses. Since, 'SPV 104' contains 'CSV 5' in its 
parentage, only 'SPV 34' provides diversity of alleles. The nature of inheritance 
suggests that the resistance in R x R and S X R progenies to Macrophomina phaseo-
lina can be built up by regular screening under epiphytotic condition but the 
progress from selection in segregacing generations is expected to be fairly low. 
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HOST PLANT RESISTANCE TO RUST IN SORGHUM 

S. INDIRA, B. S. RANA, V. JAYA MOHAN RAO and N. G. P. RAO 

National Research Centre for Sorghum, AICSIP, IARI, Regional Station, 
Hyderabad 500 030 {India) 

ABSTRACT 

Four experiments were conducted to determine the stability of varietal resistance and dominance 
of rust reaction in F t hybrids under different genetic (plant pigment) and cytoplasmic backgrounds. 
All the tan pigmented varieties and hybrids were not resistant to rust. GSV-4 and SPV-312 were 
tan (T) parents highly resistant and stable in rust reaction over environments. Male sterile and B-
lines were moderately susceptible. 

Purple (P) pigmented parents transmitted susceptibility as dominant character. Incomplete 
dominance of resistance was observed in some of the T x T crosses where one of the parent was highly 
resistant. The T X T hybrids were relatively more resistant than T X P or P X P crosses. Partial 
dominance mechanism of resistance observed in some T X T crosses cculd be useful to develop com
mercial hybrids. 

OCCURRENCE of sorghum rust (Puccinia purpurea Cke.) leading to deterioration of 
forage quality and yield losses is not uncommon. The estimated loss in sus
ceptible variety is reported to the extent of 50% at Indore (Sharma, 1978). 
Though available systemic fungicides are potential to control rust, host plant 
resistance is a most economical means for its control. The genetic basis of rust 
resistance was studied by Coleman and Dean (1961) and Bergquist (1971), who 
showed rust resistance to be inherited as a monogenic dominant trait. In India, 
Patil-Kulkarni et al., (1972) and Rana et al., (1976) reported that susceptibility 
was dominant in varietal crosses.' The hybrids are commercially utilised in 
sorghum and thus F, reaction to diseases is major decessive factor along with 
yield for its acceptability. Recently some high lysine dwarf varieties are also 
developed which may be potential parents for the development of hybrids of high 
nutritive value (Jaya Mohan Rao et, al., 1981). Therefore, the rust reaction of 
some parental lines in crosses has been studied under different genetic and cytop
lasmic backgrounds to provide the guide line for hybrid programme. 

MATERIALS AND METHODS 

The host plant resistance was tested in two sets of parents. The first set included 13 high yielding 
but low lysine parents and the second set included nine high lysine derivatives and donor lines. The 
13 parents of the first set were represented by 10 best restorers developed in the project and three B-
lines. These parents were screened at Hyderabad and Dharwad in total four environments each 
grown in randomized block design (RBD) with three replications to examine the stability of resistance 
and superiority over CSV-4, the donor parent for rust and other leaf spot diseases. Both these locations 
are endemic for rust incidence. 

Two sets of crosses were generated from these parents. In first set of crosses, nine of the parents 
were crossed in diallel fashion to generate hybrids among restorer and maintainer lines. Among them, 
CSV-4 and CSV-5 were released dwarf varieties and restorer parents of commercial hybrids; SPV-104-' 
SPV-232 and SPV-290 were recently bred high yielding restorers and 296 B, 2077 B and 2219 B were 
maintainer counter parts of male sterile (A) utilised in commercial hybrids. 

193 
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The additional maintainer line 323 B was bred at Dharwad under high disease pressure. The parents 
and resulting hybrids were grown in RBD with three replications. In second set of crosses, the B-lines 
were replaced by male sterile (A) counter parts. Ten of the restorer lines and six new lines were 
crossed with three male steriles in line X tester mating system to enable evaluation of hybrids in 
different cytoplasmic backgrounds. Among the new parents, SPV-126 is the tall mutant of CSV-4; 
SPV-226 and SPV-228 are the sister lines of SPV-225 and PD 3-1-11 is the restorer line of CSH-8 R. 
All the parents had tan pigment except PD 3-1-11. The 19 parents and 48 hybrids were grown in 
a three row plot of 3 m. long in RBD. The observations were recorded on the middle row of the plots. 

The second set of parents which involved five tan pigmented parents (N-49, N-55, N-59 and 
N-94) and four purple pigmented parents (N-82, P-721, IS 11167 and IS 11758) was used to generate 
9 X 9 full diallel. N-49, N-55, N-59 and N-94 were derived from the cross of CSV-5 X IS-1I167 
and N-82 from IS 11758 x CSV-3. All these lines possess moderate to high lysine. The parents and 
resulting 72 hybrids were evaluated during kharif, 1978 to examine the reciprocal differences. The 
experiment was grown in RBD with two replications. 

The intra- and inter-row spacing of 60 X 15 cm and fertilizer dose of 80 kg N + 40 kg PaOs/ha 
were uniformly followed for all the trials. The rust infection was endemic every year. The data were 
recorded on five random plants in each row following the scores described by Rana et al. (1976). 
Score '0' indicates no rust pustule at all. The scoring system differed from Miller and Cruzado (1975), 
who classified as susceptible if 5% or more leaf area surface was covered with ruptureduredia. 

RESULTS 

The varietal reaction to rust over four environments showed that SPV-290, 
SPV-291, SPV-311, SPV-312 and CSV-4 were highly resistant parents (Table 1). 
B-lines were moderately susceptible. According to risk aversion technique of 
stability analysis which is based on x a i ld CV (Barah et al., 1981), only SPV-312 
was highly stable for rust resistance followed by CSV-4. Among B-lines 32 3B 
was fair. SPV-104, SPV-232 and CSV-5 which showed the hypersensitivity and 
moderate susceptibility at Hyderabad become more susceptible to rust at 
Dharwad. 

TABLE 1 

Mean rust reaction (Score O-Resistant, 5-Susceptible) of some promising varieties and 
maintainer B-lines 

Variptip^ V U A I V k i V k l 

SPV-104 
SPV-225 
SPV-232 
SPV-257 
SPV-290 
SPV-291 
SPV-311 
SPV-312 
CSV-4 
CSV-5 
323 B 
2077 B 
2219 B 

Mean 
C. D. (.05) 

1978 

1.60 
3.50 
2.00 
2.00 
0.90 
1.40 
0.00 
1.00 
1.60 
2.80 
1.80 
2.40 
2.80 

1.83 
0.78 

Hyderabad 

1979 a 

0.33 
1.60 
1.00 
1.00 
1.00 
0.50 
0.33 
0.33 
1.00 
1.60 
1.00 
1.00 
1.00 

0.89 
0.36 

1979 b 

2.50 
2.60 
2.30 
2.60 
0.00 
0.00 
2.00 
0.60 
0.50 
2.30 
2.60 
2.30 
3.30 

1.81 
0.65 

Dhaiwad 

1979 

2.00 
4.00 
4.00 
1.60 
1.00 
1.00 
1.00 
1.00 
1.00 
4.00 
2.00 
3.30 
3.00 

2.22 
1.08 

Mean 

1.60 
2.92 
2.32 
1.50 
0.72 
0.72 
0.83 
0.73 
1.02 
2.67 
1.85 
2.25 
2.25 

C. V. (», 

34.36 
36.11 
53.64 
38.49 
66.98 
83.80 

106.07 
44.80 
43.99 
37.80 
35.72 
42.08 
61.53 
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Rust reaction of hybrids involving resistant and moderately susceptible 
tan pigmented parents is presented in Table 2. SPV-290 and CSV-4 were 
highly resistant while 296 B and 2219 B were moderately susceptible parents. 
Hybrids tended to range between highly resistant (0-31) to moderately suscep
tible (3-3). The mean rust score of CSV-4 x SPV-104, CSV-5 x SPV-104, 
CSV-5 x 323B, CSV-5 X 2077B, SPV-104 x SPV-232, SPV-104 x 296 B and 
SPV-104 x 2077 B, crosses was less than either of the parents. CSV-4 X SPV-
290, SPV-104 x SPV-290, SPV-232 X SPV-290, SPV-290 x 296B and SPV-
290 X 2077 B were some of the crosses intermediate in reaction to rust. The 
resistance was incompletely dominant in these crosses and recessive in the rest. 

TABLE 2 

Rust reaction of parents and hybrids in R X B diallel 

Parent 

CSV-4 
CSV-5 
SPV-104 
SPV-232 
SPV-290 
296 B 
323 B 
2077 B 
2219 B 

CSV 
4 

1.0 

CSV 
5 

1.3 
2.3 

Score 

SPV 
104 

0.6 
1.0 
2.0 

0—Highly resistant, 5—Susceptible 

SPV SPV 
232 290 

2.0 0.3 
2.3 — 
1.0 0.6 
2.0 1.0 

0.7 

296 B 

2.3 
3.3 
1.0 
2.6 
1.0 
3.3 

323 B 2077 B 2219 B 

2.0 
1.0 
1.0 
2.5 
1.3 
2.0 
2.6 

1.3 
1.3 
1.3 
2.3 
1.0 
2.3 
3.0 
2.0 

3.0 
3.0 
2.3 
3.0 
2.6 
3.0 
3.0 
3.3 
3.3 

Mean over 
hybrids 
C. V. % 

1.6 

55.6 

1 

51 

.88 

.6 

1.09 

48.2 

2.08 

35.1 

1, 

65, 

.11 

.7 

2.18 

38.5 

1 

41 

.98 

.4 

1 

43 

.98 

.9 

2.90 

10.6 

The rust reaction studied in different cytoplasmic back ground using male 
sterile X restorer crosses is presented in Table 3. The male sterile ($) parents 
were moderately susceptible while restorer parents varied from highly resistant 
to susceptible, SPV-290, SPV-291, SPV-312 and CSV-4 were highly resistant 
restorer parents while SPV-126, SPV-257 and SPV-307 also showed high toler
ance to rust (score 1-0-1-3). 

The susceptibility was dominant in the crosses of high resistant parents 
SPV-290 and SPV-291, when male sterile was one of the parent. The hybrids 
of other resistant parents such as SPV-126, SPV-257, SPV-307, SPV-312 and 
CSV-4 with 296A and 323A were intermediate in rust reaction. All the hybrids 
involving 2077A were relatively susceptible than the hybrids based on other 
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females. About 43-7% T X T hybrids showed rust incidence equal (incom
plete dominance) or less than mid-parental value (partial dominance). Some 
of the hybrids such as 296 A x SPV-104, 323A x SPV-228 and 323 A x SPV-
265 were more resistant than either of the parents. The four hybrids, 323 A X 
SPV-312, 296 A x SPV-307, 296A x SPV-312 and 296 A x CSV-4 were 
intermediate in rust reaction. Resistance showed incomplete dominance in 
some of these crosses under tan genetic background. 

TABLE 3 

Rust reaction of parents and A X R hybrids 

Parents (R) 

SPV-104 
SPV-126 
SPV-225 
SPV-226 
SPV-228 
SPV-232 
SPV-257 
SPV-265 
SPV-290 
SPV-291 
SPV-307 
SPV-311 
SPV-312 
CSV-4 
CSV-5 
PD 3-1-11 

Pigment 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
P 

Mean of hybrids over 
Male parents 
Female parents (A) 

Male 
parent 

2.5 
1.0 
2.6 
5.0 
2.6 
2.3 
1.3 
2.3 
0.0 
0.0 
1.0 
2.0 
0.6 
0.5 
2.3 
3.0 

Rust 

296 A 

1.6 
2.0 
3.3 
3.6 
2.3 
3.3 
2.6 
3.3 
3.0 
2.0 
1.6 
2.0 
1.0 
1.6 
4.0 
2.0 

2.45 
3.34 

score of hybiids 

323 A 

2.3 
1.0 
4.0 
3.6 
1.0 
2.6 
2.0 
1.3 
2.3 
3.0 
1.6 
2.3 
1.3 
2.0 
2.6 
3.3 

2.26 
2.6 

2077 A 

3.0 
2.0 
3.0 
3.6 
3.0 
4.0 
3.3 
3.0 
3.0 
3.0 
2.6 
3.3 
2.6 
1.6 
3.0 
4.0 

3.04 
2.3 

Mean of 
hybrids 
over 
females 

2.3 
1.9 
3.4 
3.6 
2.1 
3.1 
2.6 
2.5 
2.8 
2.6 
1.9 
2.5 
1.6 
1.7 
3.2 
3.1 

The rust reaction of high lysine parents and their all possible hybrids is 
presented in Table 4. The tan pigmented (T) parents ranged from moderately 
resistant to susceptible (score 2-67-3-50) while the purple pigmented (P) parents 
were highly susceptible (score 4-5-5-0). The hybrids varied from moderately 
resistant to highly susceptible. Among them, T X T hybrids were least ^sus
ceptible (x=2-88) as compared to T x P (X=4-51) or P X P crosses ( x = 
4-97). T x P crosses were as susceptible as P x P crosses. The coefficient of 
variability (CV) among T X T crosses was highest (CV=25-4%) and moderate 
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among T X P crosses (mean C V = 5 - 8 % ) . The variability among hybrids was 
least when susceptible variety was one of the parent. This would happen when 
susceptibility is dominant. N-93 X N- 94, N -59 X N-94, N-59 X N-93, N-49 X 
N-93 and N-49 X N-94 were some of the reasonably tolerant hybrids. 

The reciprocal differences in T X T crosses were marginal as indicated by 
overall mean ( x , = 3 - 1 3 , X a = 2 - 6 3 ) and coefficient of variability ( C V , = 
31-6%, CVa = 1 9 - l % ) . Among T X T crosses N-55 X N-49, N-49 X N-59 
and N-94 x N-55; among T X P crosses N-59 x P-721 and N-93 x P-721 were 
some of the specific crosses which showed reciprocal differences of rust reaction. 

DISCUSSION 

The present emphasis on the development of leaf diseases resistant hybrids 
has lead to choose the tan (T) pigmented male sterile and restorer parents since 
the tan pigment imparts resistance to most of the leaf spot diseases (Rao et al., 
1978). However, in the present studies, tan varieties showed variability for rust 
reaction. Although, CSV-4 (CS 3541), its derivatives such as SPV-290, SPV-
291, SPV-307, SPV-311, SPV-312 and mutant SPV-126 are fairly resistanc to 
rust, CSV-4 and SPV-312 are only stable for resistance over locations. The 
male sterile lines (A) are also tan pigmented but show relatively more suscep
tibility. CSV-5, SPV-104 and SPV-232 in particular are hypersensitive in 
reaction and unstable at Dharwad where the environment is conducive to rapid 
fungal growth and inoculum load is high as earlier observed by (Indira et al., 
1982). 

Purple pigmented (P) parents are susceptible and transmit susceptibility 
as a dominant character in direct and reciprocal T X P or P X P crosses. The 
variability among these crosses is low and mean rust score is as high as of sus
ceptible parent indicating the complete dominance of susceptibility. Under 
variable genetic and cytoplasmic backgrounds, T X T crosses show different 
types of rust reaction in F , . Earlier, (Rana et al., 1976) have reported that the 
degree of susceptibility depends on the presence of one or two recessive genes, 
the inheritance being trigenic recessive character. However, CSV-4 X SPV-
290, SPV-104 x SPV-290, SPV-232 x SPV-290, SPV-290 x 296B and SPV-
290 x 2077B are some of the T X T crosses which are intermediate in rust 
reaction indicating incomplete dominance of susceptibility. Here one of the 
parent is highly resistant. Whereas CSV-4 X SPV-104, CSV-5 X SPV-104, 
CSV-5 x 323B, CSV-5 x 2077B, SPV-104 X SPV-232, SPV-104 x 296B, 
SPV-104 x 323B and SPV-104 X 2077 B are more tolerant than eidter of the 
parents. Both the parents are moderately susceptible here and at least one of 
the parent is hypersensitive in reaction. The increased resistance in these crosses 
appears due to complementary effect of rust resistance and hypersensitivity. 

In T x T crosses based on maJe sterile (A), the susceptibility was dominant 
in some and partial dominance in others. Since cytoplasm of a male sterile is 
different than male parent (R) and B-line, there is possibility of cytoplasmic 
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influence on rust reaction. This is further supported by the reciprocal differences 
observed in some of the T X T crosses. 

Dominance of susceptibility (Patil-Kulkarni, 1972; Rana et al., 1976) and 
dominance of resistance (Coleman and Dean, 1961; Bergquist, 1971) are earlier 
reported. Miller and Cruzado (1969) observed both situations of monogenic 
dominance of susceptibility in B-406 X PI-267474 cross and dominance of re
sistance in Combine Shallu X PI-267474 cross following a different scale of 
scoring. The present study elucidates incomplete to partial dominance of 
resistance in T X T crosses where one of the parent is highly resistant and super
iority of F, where both the parents are tan and at least one of them is hyper
sensitive in rust reaction. Since T X T F, hybrids based on male steriles are 
variable in rust reaction, emphasis should be given to select hybrids with partial 
dominance of resistance. This can only be achieved in T X T crosses since tan 
pigment is monogenic recessive (Rana et al., 1976). There is further need to 
develop resistant male steriles, so that both the parents of a hybrid are resistant 
to rust. The probability of recovery of rust resistance is higher in tan plant 
background as compared to purple type which confirms the earlier report by 
Rana et al. (1976). However, caution must be exercised while using the tan pig
mented varieties since they show susceptibility to leaf blight elsewhere (Rana 
et al, 1980). 

ACKNOWLEDGEMENT 

The authors are grateful to Dr. H . K. Jain for his interest and encouragement. 

REFERENCES 

Barch, B. C , H . P. Binswanger, B. S. Rana and N. G. P. Rao. (1981). The use of risk aversion in plant 
breeding : Concept and application. Euphytica 30: 451-8 

Bergquist, R. R . (1971). Sources of resistance in Sorghum bicolor L. to Puccinia purpurea in Hawaii. PL 
Dis. Rep. 55: 941-945. 

Coleman, O. H . and J . L. Dean. (1961). The inheritance of resistance to rust in sorghum. Crop Sci., 
Is 152-154. 

Indira, S., B. S. Rana and N. G. P. Rao. (1982). Genetic analysis of some exotic X Indian crosses in 
Sorghum. XXIX. Further studies on the incidence and genetics of rust resistance in 
sorghum. Indian J. Genet. 42: 106-13. 

Jaya Mohan Rao, B. S. Rana, B. B. Reddy and N. G. P. Rao (1982). Genetic upgrading of protein 
quality in Sorghum Proc. Symp. "Nutritional and processing quality of Sorghum." 
MPAU, Pune. 

Miller, F. R. and H . J . Cruzado. (1969). Allelic interactions at the pu locus in Sorghum bicolor L. Crop Sci., 
9: 336-338. 

Patil Kulkarni, B. G., A. Puttarudrappa, N. B. Kajjari and J . V. Goud. (1972). Breeding for rust resis
tance in sorghum. Indian Phytopath. 3 5 : 166. 

Rana, B. S., H . J . Enserink, J . K. Rutto and N. Ochanda. (1980). Progress Report 1980. LR Kenya 
Sorghum and Millet Development Project, Ministry of Agriculture, UNDP/FAO, Nairobi, 
pp. 1-136. 

Rana, B. S., D. P. Tripathi and N. G. P. Rao. (1976). Genetic analysis of some exotic X Indian crosses in 
Sorghum. XV. Inheritance of reistance to sorghum rust. Indian J. Genet. 36: 244-249. 

Rao, N. G. P., R. V. Vidyabhushanam, B. S. Rana, V. Jaya Mohan Rao and M. J . Vasudeva Rao. 
(1978). Breeding sorghums for disease resistance in India. In Sorghum Disease—A World 
Review, ICRISAT, Hyderabad, pp. 430-433. 

Sharma, H. C. (1978). Screening of sorghum for leaf disease resistance in India. In "Sorghum Disease— 
A World Review", ICRISAT, Hyderabad, pp. 249-264. 



Insect Sci. Application Vol. 4, No. 4, pp. 407-413, 1983
Printed in Great Britain

0191-9040/83S3.00 + 0.00
Pergamon Press Ltd

HOST PLANT RESISTANCE TO STALK-BORER,
CHILO PARTELLUS SWIN., IN SORGHUM
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Abstract—Seventy cultivars of sorghum representing recently released varieties, hybrids, experimental
varieties, lines bred for stalk-borer resistance and local resistant stocks were tested for stalk-borer
resistance under artificial infestation during monsoon (July-October) season. There were significant
differences among varieties for leaf-feeding injury, per cent 'dead hearts', number of holes and tunnels
and per cent tunnelling. Released hybrids and local varieties were susceptible for different parameters.
Thirteen varieties viz., SPV Nos. 35, 103, 107, 110, 135, 140, 192, 229, E 302, E 304, P 37, R 133 and
CSV-8R were at par with resistant varieties for per cent tunnelling per plant. Long peduncle varieties were
relatively susceptible.

Leaf-feeding injury, per cent 'dead hearts' and tunnelling parameters were not significantly correlated
and independent of each and none of them could be related to grain yield. Number of holes, number of
tunnels and per cent tunnelling were positively correlated. Thus, number of holes per plant or internode
may be a good indicator of per cent tunnelling and can conveniently be used as a criterion for evaluating
germplasm to stalk-borer (Chilo partellus Swin.) resistance. The varieties CSV-8R, SPV-35, SPV-103,
SPV-140 and SPV-192 were identified as promising sources of resistance to stalk-borer.

Key Words: Stalk-borer, Chilo partellus Swin., sorghum, resistance parameters, host plant resistance

INTRODUCTION

THE SPOTTED stalk-borer, Chilo partellus Swin., is a
pest of major economic importance in India and East
Africa. The young larvae after feeding on leaf-lamina
move into the whorl where they cause extensive
leaf-feeding injury and can attack the growing tips
causing 'dead hearts'. As the larvae grow older they
burrow into the stem and cause extensive damage due
to tunnelling.

The existence of resistance in sorghum to Chilo was
first reported by Trehan and Butani (1949). System-
atic screening of sorghum varieties from the World
Germplasm Collection for Stem-borer Resistance was
attempted by Singh et al. (1968) and Jotwani et al.
(1971), under natural infestation conditions. By uti-
lizing these sources, several varieties and hybrids of
commercial value were bred which have better plant
type compared to basic resistance stocks. There has
been some ambiguity concerning the parameters for
assessing borer resistance. Singh et al. (1968) evalu-
ated the lines on the basis of 'dead hearts' caused by
borer larvae. Jotwani et al. (1971) evaluated the
varieties on the basis of leaf-feeding injury and stem
tunnelling. There is some evidence to show that
temperate and tropical varieties behave differently for
these parameters (Rana and Murty, 1971).

In the present investigation, an attempt is made to
ascertain the level of resistance in recently developed
high yielding varieties and hybrids under artificial

'Present Address: Regional Sorghum Breeder, ICRISAT,
Institute for Agricultural Research, Ahmadu Bello Uni-
versity, PMB 1044, Zaria, Nigeria.

infestation conditions and to correlate the different
resistant parameters with grain yield to find out the
suitable criteria for assessing borer resistance.

MATERIALS AND METHODS

Seventy cultivars included in these studies repre-
sented seven recently released varieties (CSV Nos. 1,
2, 3, 4, 5, 6 and 8R), four released hybrids (CSH Nos.
1, 5, 6 and 9), eight varieties bred for stalk-borer
resistance (E 302, E 303, E 304, E 701, P 37, P 151,
D 124 and R 133), two resistant stocks (IS 2312 and
Aispuri), two local varieties (IS 4664 and PJ 8K) and
the rest of the 47 experimental varieties (SPV Nos. 35,
59, 96, 97, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 126, 135, 140, 141, 192, 220, 221, 223,
224, 225, 227, 229, 230, 232, 257, 289, 290, 291, 292,
304, 305, 306, 308, 309, 310, 311, 312, 313, 314, 315
and 316). The resistant stocks are also Indian local
varieties grown in other provinces.

The cultivars were sown in two-row plots in a
randomized complete block design with three repli-
cations. Sowing was done at 60 x 15 cm spacing with
a row length of 2.4 m. A fertilizer dose of 40 kg
N + 40 kg P2O5 per hectare as basal and 40 kg N as
top-dressing was applied after 30 days of planting.

Cultures of Chilo partellus larvae were collected
from the field and reared on the leaf-whorl pieces of
the susceptible hybrid, CSH-1 under laboratory con-
ditions at 25 + 2°C and 65 ± 5% r.h.

Egg-masses at black-head stage were kept in small
specimen tubes (7.5 x 2.5 cm) with a moistened cot-
ton swab placed as a lid. Soon after the egg hatch, the
larvae migrate towards the moistened cotton swab.
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This promotes easy transferring of the larvae with
camel hair brush to infest the test plants.

Thirty plants in a plot were artificially infested. Ten
freshly hatched first instar larvae were infested on
each plant in two applications i.e., five at the leaf-
whorl stage (25th day) and five at the boot-leaf stage
(55th day) of plant development. The resistance
parameters studied were leaf-feeding injury, per cent
'dead hearts', number of holes, tunnels and per cent
tunnelling. The latter three parameters were studied
separately in the stalk, peduncle and whole plant. Per
cent 'dead heart' was calculated as number of plants
with 'dead hearts' H- total number of infested plants
per plot x 100. Since all the plants in a plot were
infested, the rest of the parameters were recorded on
five random surviving plants.

The observations for lead-feeding injury were
recorded on individual plants in each row with a
rating scale of 0 (no damage) to 5 (severe damage)
and the averages for each variety were calculated.
The 'dead hearts' were counted after 15 days of
artificial infestation. The number of holes in the stalk
and peduncle were separately counted on five random
plants at the time of harvest after completely re-
moving the leaf-sheaths. The number of holes per
internode was derived by dividing the total number
of holes by total number of internodes per plant. The
selected plants were split open from the base to
earhead to count and measure the length of tunnels.
Per cent tunnelling was calculated by dividing the
length of tunnels by corresponding heights of stalk,
peduncle or whole plant and was transformed in
angle for statistical analysis.

In addition to resistant parameters, five varietal
characters i.e., plant height, peduncle length, number
of internodes, grain yield per plant and 100-seed
weight were also studied on the same five plants. The
mean values calculated for each observation were
used in statistical analysis. Correlation coefficients
were estimated among resistance and yield con-
tributing characters.

The varieties were classified according to peduncle
length into short (<35cm), medium (35-70 cm) and
long (>70cm) types. Nine varieties i.e., SPV-35,
CSV-8R, SPV-140, SPV-141, IS 2312, IS4664, Ai-
spuri and PJ 8K had short peduncles, nine varieties
i.e., SPV-59, SPV-223, SPV-224, SPV-304, CSV-1,
CSV-3, CSH-1, CSH-5 and CSH-6 had long pedun-
cles and the rest of the 52 varieties had medium
peduncle types.

RESULTS

Significant differences were observed among 70
varieties and hybrids tested under artificial infestation
for leaf-feeding injury, per cent 'dead hearts', number
of holes, tunnels and per cent tunnelling recorded in
stalk, peduncle and plant. Between group differ-
ences for resistance parameters were highly signifi-
cant among short, medium and long peduncle type
varieties. The comparison of group means indicated
that the long peduncle group was relatively more
susceptible than short and medium peduncle groups
for all the parameters except leaf-feeding injury and
number of holes per stalk (Table 1).
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Host plant resistance to stalk-borer 409

Means of released varieties, hybrids, selected ex-
perimental varieties, resistant and local checks are
given in Table 2. The mean leaf-feeding injury rating
was 0.21 with a range of 0-1.67. The leaf-feeding
injury on E302, E3O3, E 304, E701 and SPV-105
was absent. It was also low on all the released
hybrids. Varieties except CSV-5, CSV-6, the resistant
check, Aispuri, and the local check, PJ 8K, SPV Nos.
100, 109, 141, 227, 292 and IS 4664 showed signifi-
cantly more leaf-feeding injury than the local variety,
PJ 8K.

Mean per cent 'dead heart' was 19.57 with a range
of 2.38 to 76.67. No variety was free from 'dead
heart' formation. The per cent 'dead heart' of local
checks was 14.42 and 13.82. The varieties bred for
resistance, released varieties, except CSV-4 and three
released hybrids, CSH-1, CSH-6 and CSH-9 were at
par with Aispuri, which showed least percentage
'dead heart'. SPV Nos. 105, 192, 223, 229, 305,
306, CSV-4 and CSH-5 were more susceptible than
Aispuri for per cent 'dead hearts'.

Mean number of holes per stalk and peduncle were
5.60 and 5.50 with the ranges of 0-14.00 and 0-15.33
respectively. Significantly lower (2.3) number of holes
per stalk than Aispuri were observed in CSV-8R,
SPV-110, SPV-232, E303, E 304, E701 and P37.
Forty one other varieties viz., SPV Nos. 35, 100, 101,
103, 106, 107, 192, 225, 227, 229, 230, 257, 289, 291,
292, 304, 305, 306, 308, 309, 310, 311, 312, 313, 314,
315, 316, E 302, P 151, D 124, R 133, CSV Nos. 1, 2,
3, 4, 5, 6, CSH Nos. 1, 5, 6 and 9 were at par with
Aispuri. The number of holes per peduncle were
absent in the resistant check, IS 2312. Twenty-two
varieties which were at par with IS 2312 for number
of holes per peduncle are SPV Nos. 35, 100, 106, 107,
110, 135, 140, 141, 192, 229, 232, 257, 289, E 302,
E 303, P 37, P 151, R 133, CSV-5, CSV-6, IS 4664 and
Aispuri.

Mean number of holes per plant were 11.05 with
a range of 1.40-20.20. The resistant checks (IS 2312
and Aispuri) exhibited 14.00 and 9.20 holes per plant
respectively. Four varieties viz., CSV-8R, SPV-110,
E3O3, and R 133 with less than 2.9 holes per plant
were significantly superior than Aispuri but two ear-
liest maturing varieties, CSV-3 and CSH-6, showed
significantly more damage than Aispuri. Mean num-
ber of holes per internode was 0.94. The range was
from 0.18 to 2.08 The lowest number of holes per
internode were observed in SPV-110 which is at par
with 19 varieties viz., SPV Nos. 35, 100, 101, 192, 229,
232, 289, 291, 316, E 303, E 304, E701, P37, P 151,
R 133, CSV-5, CSV-6, CSV-8R and Aispuri. Three
released varieties (CSV-1, CSV-2, CSV-3), all released
hybrids and the local check, PJ 8K. were significantly
more susceptible than SPV-110 and Aispuri for num-
ber of holes per internode.

Number of tunnels per stalk ranged from 0.27 to
5.87 with a mean of 1.86. Both the local checks, IS
4664 and PJ 8K showed 4.00 and 5.86 tunnels per
stalk respectively which were significantly higher than
resistant checks. The released varieties particularly
CSV No. 3, 4, 5, 6 and 8R and six varieties bred for
resistance (E 303, E 304, E701, P 37, P151 and
R 133) were at par with resistant checks but CSV-2
and the released hybrids (CSH-5, CSH-6 and CSH-9)
exhibited significantly more numbers of tunnels per

stalk. The other 25 varieties which were at par with
resistant checks for tunnels per stalk are SPV Nos. 35,
59, 99, 100, 101, 104, 105, 107, 110, 140, 192, 225,
227, 229, 232, 289, 290, 291, 305, 306, 309, 311, 312,
315 and 316. The number of tunnels was lowest in
SPV-35 and SPV-110. The range of number of tun-
nels per peduncle was 0-1.40 with a mean of 0.66.
There were no tunnels in the peduncle of IS 2312, but
Aispuri showed 0.33 tunnel per peduncle. Local
check, PJ 8K and released hybrids, CSH-5, CSH-6
and CSH-9 had significantly higher number of tun-
nels per peduncle as compared to resistant checks.
Even the varieties bred for resistance exhibited
significantly more number of tunnels per peduncle as
compared to IS 2312. Only 10 varieties viz., SPV Nos.
35, 107, 110, 140, 192, 229, 309, R133, CSV-1 and
CSV-8R were at par with IS 2312 for number of
tunnels per peduncle. The total number of tunnels per
plant ranged from 0.33 to 7.27 with a mean of 2.53.
The local check (PJ 8K) had a maximum number of
tunnels per plant. CSV Nos. 4, 6 and 8R, E 303,
E 304, E 701, P 37, P 151, R 133, SPV Nos. 35, 101,
105, 110, 140, 192, 225, 289, 309 and Aispuri were at
par with IS 2312 for this parameter.

Per cent tunnelling (angles) per stalk ranged from
5.15 to 33.13 with a mean of 18.53. PJ 8K was
significantly more susceptible for per cent tunnelling
per stalk but SPV Nos. 35, 101, 103, 105, 108, 110,
140, 192, 225, 229, 289, E 302, E 303, E 304, E701,
P37, P 151, D124, R133, CSV-4, CSV-6, CSV-8R
and Aispuri were at par with IS 2312. Per cent
tunnelling (angles) per peduncle varied from 0 to
37.08 with a mean of 21.14. There was no tunnelling
in the peduncle of IS 2312. Only seven varieties i.e.,
SPV Nos. 35, 103, 107, 140, 192, R 133 and CSV-8R
were at par with IS 2312 for this parameter. Per cent
tunnelling per plant ranged from 5.60 to 31.68 with
a mean value of 20.21. The resistant checks, IS 2312
and Aispuri showed 8.71 and 9.33 per cent tunnelling
per plant respectively. Thirteen varieties viz., SPV
Nos. 35, 103, 107, 110, 135, 140, 192, 229, E 302,
E304, P37, R133 and CSV-8R were at par with
resistant varieties for per cent tunnelling per plant.

The correlation among resistance parameters are
presented in Table 3. Leaf-feeding injury rating was
positively correlated with number of tunnels per stalk
but not with other resistant parameters. Per cent
'dead hearts' was also not significantly correlated
with any resistant parameters. On the other hand,
number of holes per peduncle or plant or internode
were significantly and positively correlated with num-
ber of tunnels and per cent tunnelling per stalk,
peduncle and plant and among themselves except
number of holes per peduncle with number of holes
per stalk. Positive and significant correlations of
number of holes per stalk with number of tunnels per
plant and stalk were also observed. However, number
of holes per stalk were not significantly correlated
with per cent tunnelling parameters. In addition to
positive correlations among number of tunnel par-
ameters themselves, they were also positively and
significantly correlated with per cent tunnelling
parameters, except the correlation between number
of tunnels per stalk and per cent tunnelling per
peduncle. Per cent tunnelling parameters were also
positively correlated among themselves.
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The correlation among resistant parameters and
yield components are presented in Table 4. Leaf-
feeding injury rating was negatively and significantly
correlated with peduncle length and positively cor-
related with number of internodes per plant and
100-seed weight. Per cent 'dead heart' did not show
any significant correlation with yield components.
Per cent tunnelling per plant, number of holes and
tunnels per stalk and plant, were positively cor-
related with plant height, but per cent tunnelling per
peduncle was negatively correlated with plant height.
The positive and significant correlations of number of
holes per peduncle and internode, number of tunnels
per peduncle and all the three parameters of per cent
tunnelling with peduncle length were observed. Num-
ber of holes and tunnels per stalk were positively and
significantly correlated with number of internodes per
plant, while all the three resistance parameters of
peduncle were negatively and significantly correlated
with number of internodes per plant. None of the
resistant parameters concerning the stalk, peduncle
or plant were significantly correlated with grain yield
and 100-seed weight.

DISCUSSION

There was wide variability in host plant reaction of
hybrids, improved and indigenous varieties for vari-
ous resistance parameters to stalk-borer. Two of the
four indigenous varieties, IS 2312 and Aispuri were
found more resistant than the other two varieties. In
fact, local variety, PJ 8K and released hybrids were
more susceptible than some of the improved high
yielding varieties for various parameters. Per cent
'dead heart' showed a continuous variation from 2.38
to 76.67 indicating that stalk-borer can cause serious
damage in susceptible varieties at seedling stage. A
number of improved varieties showed resistance for
leaf-feeding injury rating and per cent 'dead hearts'
and are at par with Aispuri, but when these par-
ameters were considered together, only E 302, E 304
and E701 showed resistance for both.

Number of holes, tunnels and per cent tunnelling
which can be estimated on surviving plants are
related parameters (Table 3). The varieties which
show least damage for these parameters in both stalk
and peduncle can be considered resistant. SPV Nos.
35, 107, 110, 229, 309, R 133 and CSV-8R show less
number of holes, tunnels and per cent tunnelling per
stalk as compared to resistant checks. SPV-101,
SPV-225 and SPV-209 were at par with resistant
checks for these stalk parameters. When peduncle
parameters were considered together SPV Nos. 35,
107, 140, 192, R133 and CSV-8R showed least
damage as compared to resistant checks. However,
no variety was immune to per cent tunnelling per
plant. Even the resistant checks exhibited 8.71 to 9.33
per cent tunnelling per plant. Nine improved varieties
such as SPV Nos. 35, 103, 107, 110, 135, 140, 192,
229, and CSV-8R and four varieties bred for re-
sistance viz., E302, E304, P 37 and R 133 were
comparable to resistant check for per cent tunnelling
per plant.

Singh et al. (1968) screened germplasm on the basis
of per cent 'dead hearts', while Jotwani et al. (1971)
and Singh et al. (1980) screened on the basis of
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leaf-damage and per cent stem tunnelling. The
present study which included all these parameters,
estimated the tunnelling parameters and number of
holes elaborately in stalk, peduncle and whole plant.
It is observed that when tunnelling parameters for
stalk and peduncle were considered, only a few
varieties viz., SPV-35, SPV-140, SPV-192 and CSV-
8R qualified for resistance. The damage due to
tunnelling in peduncle which results in breakage and
premature drying of grain is more serious than the
tunnelling damage in the stalk. Holes in the peduncle
also cause mechanical damage and weaken the pe-
duncle which often fails to sustain the weight of
heavy heads of high-yielding hybrids and varieties.
Therefore, estimation of tunnelling parameters on
peduncle becomes more important.

The leaf-feeding injury rating and per cent 'dead
hearts' were neither related among themselves nor
with any of the stem tunnelling parameters. It shows
that these parameters are independent. Based on a
study of Indian tropical varieities, Jotwani et al.
(1971) observed significant correlation between leaf
damage and stem length tunnelled. The change in this
relationship can be attributed to the greater genetic
variability among varieties included in this study.
These varieties were developed from temperate x
tropical crosses (Rao and Rana, 1981) in which
temperate varieties were more susceptible to peduncle
or stalk tunnelling (secondary damage), while tropi-
cal varieties were more susceptible to leaf-feeding
injury (primary damage) as earlier reported by Rana
and Murty (1971). Due to the absence of correlation,
it is however possible to choose certain varieties such
as CSV-8R, SPV-35 and E 302 which have low
stem-tunnelling and leaf-feeding injury.

Number of holes per plant is positively related with
tunnelling parameters. Therefore, the higher the
number of holes in a plant or peduncle, the more and
longer will be the tunnels. Number of holes per
internode also indicated a similar trend. Thus, num-
ber of holes per plant or internode was a good
indicator of tunnelling parameters which can con-
veniently be used in screening programmes.

Neither the leaf-feeding injury, per cent stem-
tunnelling nor number of holes could be related to
grain yield in the present study. Starks and Doggett
(1970) also found that leaf-feeding injury rating was
a poor indicator of expected grain yield and the
highest yielder consistently had the highest leaf-
feeding injury rating. The lack of significant cor-
relations between resistance parameters and grain
yield indicates that, in spite of various degrees of
damage, the recently bred varieties or hybrids are
capable of yielding more due to their genetic poten-
tial. Starks and Doggett (1970) also observed that the
hybrid showed less suppression of yield in the pres-
ence of the borer. In spite of this, there is a necessity
to incorporate resistance in high yielding hybrids for
stability of production.

The leaf-feeding injury was negatively correlated
with peduncle length. Thus, varieties with longer
peduncle will have low leaf-feeding injury rating. The
positive correlations of peduncle length with number
of holes per peduncle or internode, number of tunnels
per peduncle and per cent tunnelling showed that the
longer the peduncle, the higher will be the sus-
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ceptibility. Correlation with plant height indicated
that dwarf varieties have long but few tunnels. The
identified resistant varieties in this study are better
sources due to improved genetic background and can
be used in breeding programmes.
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SOLUBLE PROTEIN PATTERNS AND ESTERASE ISOENZYME 
PATTERNS IN HIGH LYSINE S O R G H U M S AND T H E I R CROSSES 

V. JAVA MOHAN RAO, I. M. SANTHA1, S. L. MEHTA 1 andN. G. P. R A O 2 

National Research Centre forSorg/tum, AICSIP, IARI-Regional Station, Rajendranagar, 
Hyderabad-500 030 {A. P.), India 

ABSTRACT 

Soluble protein pattern from parents (N 49 and P-721) differed quantitatively and qualitatively 
from back crosses. However, the crosses had gi cater homology with P-721. The soluble protein pattern 
of crosses indicated greater recombination. 

Study of esterase isoenzyme pattern in patents and their ciosses fuither confirmed the inheritance of 
major components with P-721, since the cross showed gi eater homology with P-721. Most of the crosses 
with high protein and high lysine had common features with irspect to esterase isoenzymes. The distinct 
esterase isoenzyme pattern under high protein background would make it possible to use the pattern as 
markers in any future breeding programme. 

SOLUBLE proteins are physiologically active proteins which constitute the bulk 
of enzymes involved in growth, development and differentiation. Several 
workers have used the soluble protein pattern and isoenzyme pattern to under
stand the genome relationships (Alam and Sandal, 1969; Schwartz, 1966; 
Siddiq, Nerker and Mehta, 1972). Tripathi, Mehta and Rao (1981) have 
characterised various cytoplasms on the basis of protein and isoenzyme patterns. 
The cytoplasmic and nuclear inheritance effects have also been observed in 
esterase isoenzyme patterns (Tripathi, Dongre, Mehta and Rao, 1981) and study 
of variation with respect to isoenzymes can help in identification and classification 
of cytoplasms. Dongre, Johari and Mehta (1979) have reported differences in 
soluble proteins and esterase isoenzyme pattern of esterase and peroxidase in the 
mature grains of CSV-5 and high lysine sorghum IS 11758, both by gelelectro-
phoresis and isoelectric focussing. Paulis and Wall (1979) observed distinct 
differences in the electrophoretic patterns and amino acid composition of alcohol 
soluble proteins from normal and high lysine sorghums. A fundamental kno
wledge of isoenzyme pattern in seeds of diverse genetic background and cyto
plasmic characterisation would provide a. better understanding of not only species 
relation, but also of any species characterisation with them. Therefore, the 
present studies of soluble protein and esterase enzyme patterns in parents having 
high protein content or high protein quality and in seeds derived from crosses of 
high lysine parents was taken up. 

1 Present address: Nuclear Research Laboratory, Indian Agricultural Research Institute, 
NewDelhi-110 012, India. 

2 Present address: Vice-Chancellor, Marathawada Agricultural University, Parbhani-431 402 (India) 
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MATERIALS AND METHODS 

Two plump parents (N 49 and P-721), three shrivelled parents (N 82, N 93 and N 94), one Fi, one 
Fi» and five back crosses made with the parents under study were taken for the study of soluble protein 
pattern and esterase isoenzyme pattern. N 49, N 93 and N 94 are the high lysine derivatives derived 
from the cross 148 X IS 11167, whereas N 82 was a derivative of IS 11758x370. P-721 is a pardue high 
lysine opaque mutant. The plump lines are moderately high in protein and lysine and the shrivelled lines 
are high both in protein and lysine. All the parents are photoinsensitive and agronomically desirable. 

(a) Soluble Protein Extraction: Seeds were ground in chilled pestle morter with 50 m Mtris-cl 
buffer (pH 7-6) (1:2-5 VV/V) containing 10 mm mercaptoethanol. All operations unless otherwise 
stated, were carried out at 4°C. The cell paste suspension was then centrifuged at 15,000 X g for 30 
minutes at 0°C. The supernatant obtained was used immediately for soluble proteins and esterase 
isoenzyme studied. 

(b) Slab gel isoelectric focussing: Analytical isoelectric focussing in thin layer of polyacrylamide gel 
for soluble protein and isoenzymes of esterase was carried out in 5 per cent acrylamide gel containing 
2-3 per cent carrier ampholyte (pH 3- 5—10-0) (W/V) using LKB Multiphor Unit. 1 M phosphoric acid 
and 1 M NaOH were respectively used as anodic and cathodic solutions. Samples were applied by 
soaking uniform rectangular filter paper (10 X 5 X 1 mm) pieces in soluble protein extracts. Run was 
carried out for 4 hours at 400 Volts 10 mA current. Water at 10°G was circulated for cooling of the 
plate during the run. 

(c) Detection of esterase isoenzyme: The gel slab was incubated in 50 ml or 0 • 05 M phosphate buffer 
(pH 6-0) containing 1 ml of 1 per cent o< -naphthyl acetate in 60 per cent acetone and 25 mg fast blue 
RR at room temperature till the bands developed. 

(d) Staining of gels for protein pattern: At the end of the run, the plate was removed and fixed in 
sulphosalicylic acid (3-46%) in 10-5 per cent TCA for one hour. Thereafter, the proteins were stained 
in 1 • 15 per cent coomassie brilliant blue in 25% ethanol and 8% acetic acid solution. Excess of stain was 
removed by washing in 50% ethanol and 8% acitic acid. After development of bands gel were photo
graphed. pH gradient was determined by cutting the blank gel after run in 2 mm pieces and extracting 
in 2 ml of distilled water. pH was measured by expanded scale p H meter. 

>I + I 2 3 L 5 6 7 8 9 10 11 1? 

|3-8H 

4-7 

5-6 

6-5-

74-

83-

92 

^ g=3 Faint band 

E--V4 • 

yrrm * * 
i l l BJEJ * * * 

• • • • • • 

FIG_1 . SOLUBLE P R O T E I N PATTERN. 
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RESULTS 

(A) SOLUBLE PROTEIN PATTERN BY ISOELECTRIC FOCUSSING 

Soluble protein patterns obtained in isoelectric focussing from, seeds of 
parents F, , F2 , BCF, and BCF2 are illustrated in Figure 1. The isoelectric 
point (pi) of the bands along with their intensities are shown in Table 1. Both 
quantitative and qualitative differences were obtained in soluble protein pattern 
of parents and back crosses. Total number of bands ranged from 16 to 24. Maximum 
number of 24 bands were present in the parent N 93 and in the F, cross of N 82 
X P-721. The back cross F2 of (N 82 X P-721) X P-721 had 22 bands. An 

extra three bands were observed in the progeny of (he back cross (N 82 X P-721) 
X P-721 (BCF/), against its BC2F, (N 82 X P-721) X P-721 and one against 

its second BG, F,, where the number of bands were 19 and 21 respectively. 
When the F, pattern was compared with both of its back crosses, the number of 
bands were lesser, a sF , had 24 bands and in the BCF,s, there were 21 and 19. This 
may be due to increase in homogenity in the BCF, stage and due to further 
segregation and recombination in its BCF;,. Other back crosses ( N 82 X P-721) 
X P-721, (N 93 X P-721) X P-721 and (P-721 X N 94) x P-721, had equal 

number of 19 bands. N 49 had the lowest number of bands; however, its back 
cross with P-721 had more bands i.e., 20 against 16 in N 49 and 19 in P-721. 
Similar changes in other back cross (N 82 >' P-721) X P-721 and its F2 were 
observed where the number of bands were more. It is thus clear that by using 
P-721 as a parent, there is a possibility of improving protein. 

The bands at p i 4-45, 4*46 and 5 -30 were not only common to most of the 
parents and their crosses, but also had similar intensity. However, at p i 5-30, 
there was no band in the back cross of (N 82 X P-721) X N 82. Two bands at 
p i 4-45 and 4-46 were present in all the parents, F , , BCF, and BCFa . It was 
also interesting to note that both the bands had more or less similar intensity, 
the latter having more intensity. The band at p i 5-80 absent in the parents 
and in the BCF2 was present in BCF,. This shift understandably may be due 
to the gene interactions and recombination effects. At p i 6-45 and 9-80, none 
of the parents had any band, but all F , and BCF.s had prominent bands with 
similar intensity. The band at p i 9-80 was absent in BCF2. Band at p i 9-85 
and 9 -95 present in all the parents had varied intensity. The band is alsopresent 
in the BCF2. Back crosses with P-721 had more similarities in the total distri
bution of bands indicating the utility value of P-721 in breeding programme. 

Soluble protein pattern, when compared in the two plump lines N 49 and 
P-721 which are having a total number of 16 bands and 19 bands respectively 
revealed more similarities. The bands at p i 4-40, 4-45, 4-46, 4-90, 5-15, 
5-30, 5-80, 7-05, 7-15, 9-85 and 9-95 were found to be common with more or 
less same intensity. P-721 had three extra bands. On comparison of the shri
velled parents N 82, N 93 and N 94, a similar trend of 11 common bands found 
at p i 3-65, 4-45, 4-46, 4-90, 4-95, 5-30, 5-50, 5-80, 9-85 and 9-95. However, 
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the intensity among the bands differed. N 93 had the highest number of 24 
bands followed by N 94 with 17 and N 82 with 16 bands respectively. 

When the plump and shrivelled parents were compared together, 7 bands 
at p i 4-45, 4-46, 4-90, 5-30, 5-80, 9-85 and 9 -95 were found to be common. 
The range of total bands varied from 16 to 24, N 93 with 24 and N 49 with 16 
being the highest and lowest. 

N-82 X P-721 F „ when compared to its parental bands, six bands at 
p i 4-45, 4-65, 4-70, 5-15, 5-30 and 6-25 were found to be common. The bands 
at p i 4-40, 4-45, 4-65, 4-70, 5-15, 5-30, 6-25, 6-35, 6-50, 6-70, 6-85, 7-15 
and 7-25 in case of P-721 and at p i 3-65, 4-45, 4-65, 4-70, 5.15, 5-30 and 6-25 
were found to be common. This shows that the F , is more comparable with 
P-721, since there were 13 common bands as against 7 in N 82. The dissimilar 
bands (26) are more when compared to N 82 than P-721 (17). This could be 
attributed to the dominance and greater combining ability of P-721 which is of 
immense value. 

The BCF.s and BCF_, compared to F, showed that there were eight com
mon bands present at p i 4-45, 4-65, 5-00, 5-85, 6-45, 7.15, 7-45 and 9-80. 
Three additional common bandswere found both in F, andits BCF.s at p i 6-35, 
7-25 and 7-30. The BGF2 showed that at p i values 4-70 and 5-30, two more 
bands were common at all three stages (F„ BCF, and BCFJ when both the 
back crosses were compared together, there were similarities and dissimilarities. 
Twelve bands at p i 4-45, 4-65, 5-00, 5-85, 5-35, 6-45, 7-05, 7 • 15, 7-25,7-30, 
7-45 and 9-80 were common. However, the number of dissimilar bands were 
more. The BCF, of (N 82 X P-721) X N 82, when compared to its F, bands 
at p i 4-45, 4-65, 5-U0, 5-85, 5-95, 6-25, 6-35, 6-45, 6-85, 7-15, 7-25, 7-30, 
7-45 and 9-80 were common. On comparison with P-721 at p i 4-45, 4-65, 
6-25, 6-35, 6-85, 7-05, 7-15 and 7-25, the bands were common. With N 82, 
only four bands at p i 4-45, 4-65, 4-95 and 6-25 were common. This again 
shows diat P-721 had a greater contribution in the breeding programme. The 
BCF, of (N 82 X P-721) X P-721 had 11 common bands at p i 4-45, 4-65, 
4-70, 5-15, 5-30, 5-80, 6-35, 6-70, 7-05, 7-15 and 7-25 with P-721 as against 
six common bands with N 82 at p i 4-45, 4-65, 4-70, 5-15, 5-30 and 5-80. This 
further confirmed that P-721 had a better combining capacity. 

When the BC, F, was compared to its F, , at p i 4-45, 4-65, 5-00, 5-85, 
5-95, 6-25, 6-35, 6-45, 6-85, 7-15, 7-25, 7-30, 7-45 and 9-80 the bands were 
common. BCaF, showed at p i 4-45, 4-65, 4-70, 5-00,5-15, 5-30,5-45, 5-85, 
6-35, 6-45, 6-70, 7-15, 7-25, 7-30, 7-45 and 9-80 bandswere common. Extra 
three bands gained when the F, was back crossed with P-721. 

The comparison of plump X plump back cross (P-721 X N 49) X P-721 
showed that the number of similar bands were common with both the parents. 
The bands at p i 4-45, 4-65, 4-90, 5-15, 5-30, 5-80, 5-85, 5-95, and 6-40 and 
at p i 4-45, 4-65, 4-70, 4-90, 5-15, 5-30, 5-80, 6-70 and 6-85 with N 49 and 
P-721 were found to be common respectively. Bands at p i 4-45, 4-65, 4-90, 
5-15,5-30 and 5 • 80 were found to be common in both parents (N 49 and P-721) 
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and in the back cross. There were three extra dissimilar bands found with P-721 
when compared to N 49, which gives an idea that P-721 had greater ability of 
creating more recombinations under plump background. 

(N 93 X P-721) X P-721 when compared to P-721 showed at pi 4-40, 
4-45, 4-65, 4-90, 5-15, 5-30, 5-80, 6-25, 6-35 and 6-85 and with N 93 at pi 
4-45, 4-65, 4-90, 5-30, 5-50, 5-80 and 6-35 similar bands. One extra band 
was observed when compared to P-721. The bands at pi 4-45, 4-65, 4-90, 
5-30 and 5 -80 were found to be common in both the parents as well as in BCF,. 
The number of dissimilar bands in both the parents and BCF, was the same. 

The other back cross (P-721 X N 94) X P-721 showed equal number of 
similar bands at pi 4-45, 4-65, 5-30, 6-25, 6-35, 6-70, 6-85, 7-05 and 7-25 
with P-721 and at pi 4-45, 4-65,4-95, 5-00, 5-20, 5-30, 5-35, 5-85 and 6-35 
were found to be common. Bands at pi 4-45, 4*65, 5-30 were common in both 
the parents and back cross. The number of dissimilar bands were more when 
compared to P-721 than N 94. This reconfirmed the earlier part of the results 
indicating that P-721 can give more recombinations. 
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FIG.2 . E5TERASE ISOENZYME PATTERN. 

The total intensity of the bands in samples 6, 7, 8, 9 and 10 was greater 
the parents. This indicates higher soluble protein concentration since 
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equal amount of extracts was loaded. These results further indicated that by 
back cross programme, it is possible to improve protein concentrations. One 
of the characteristic feature of back cross programme is the presence of additional 
bands at pi 6-45 and 9-80 which are absent in the parents used in this study. 
Not only these protein bands were additional, but these bands had higher 
intensity indicating thereby a major swift in gene expression at certain loci under 
back cross programme. 

(B) ESTERASE ISOENZYME PATTERN BY ISOELECTRIC FOCUSSING 

Esterase isoenzyme patterns by isoelectric focussing in the same set of 
parents and crosses was examined and the p i values indicated in Figures 2 and 
the isoelectric point (pi) of the bands along with their intensities are shown in 
Table 2. Similarly, index values are given in Table 3. Esterase isoenzyme 
pattern of N 93 and N 94 was found to be similar. Esterase isoenzyme pattern 
of N 49 and P-721, the two plump lines differed and similar trend was observed 
in N 82 when compared with the other two shrivelled lines (N 93 and N 94). 
When the plump parents were compared with shrivelled parents, they differed 
significantly both in the number of bands as well as in their position. The 
two plump parents differed by a single extra band in P-721 and the number of 
total bands was same in all the three shrivelled parents. Maximum number 
of bands of 12 was found in the three shrivelled parents, whereas the plump 
P-721 and N 49 had 8 and 7 respectively. 

PARENTS VS. CROSSES 

The number of isoenzymes in F, , BCF,s and BCFa was similar (10 bands); 
however, it was lesser than the isoenzymes in shrivelled parents (12 bands) 
and more than plump parents N 49 and P-721 which only had 7 and 8 isoenzymes 
respectively. This showed a recombination effect and stability in the number 
of bands in the back cross programme which is of definite breeding value. When 
the F, of N 82 X P-721 was compared with P-721, seven bands at p i values 
4-20, 4-30, 4-90, 6-80, 7-10, 7-30 and 7-45 were found to be similar in inten
sity and at p i values 5-08, 5-38, 5-45 and 5-90, they were dissimilar. When 
compared with the other parents N 82, a similar number of seven bands were 
found, but they were at different p i values of 5-08, 5-45, 5-90, 6-80, 7-10, 
7-30 and 7-45. In this case, the number of dissimilar bands is more when 
compared to P-721. This shows the dominance of N 82 in the cross. When 
only plump X plump X plump back cross was compared with the parent N 49, 
there were more number of dissimilar bands than the number of similar bands 
which are same when compared with P-721. At p i values 4-90, 5-08, 7-10, 
7-30 and 7-45, the bands are common with N 49 and at p i values 4-30, 4-90, 
6-80, 7-10, 7-30 and 7-45 with P-721 respectively. Similarly, when compared 
with N 49, the bands differed at p i values 4-10, 4-20, 4-47, 5-38, 5-45, 5-90 
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and 6-80 and when compared with P-721, they differed at p i values 4-10, 4-47, 
5-38, 5-45, 5-90 and 6-80. 

The individual back crosses differed with their parents in isoenzyme band 
pattern. In back cross (N 82 X P-721) X N 82, the bands at p i values 4.20, 
4-30, 4-90, 6-80, 7-10, 7-30 and 7-45 with P-721 and with N 82 at 5-08, 5.45, 
5-90, 6-80, 7-10, 7-30 and 7-45 were found to be similar. At p i values 5.08, 
5.38, 5-45 and 5-90 with P-721 and at p i values3-65,4-20,4-25, 4-30, 4.35, 4-90, 
5-00 and 6-10 with N 82, the bands were found to be dissimilar. The patterns 
from F, and both BCF, and BCF2 were similar in this particular cross, but these 
differed with the parents. In another back cross (N 93 X P-721) X P-721, 
there was similarity with (N 82 X P-721) X N 82 and with (N 82 X P-721) X 
P-721, except the intensity of band at p i value 4-20. However, it differed with 
N 93 at p i values 3-65 and 6-10, where there were two extra bands in N 93 and 
at p i values 5-08, 5-38, 5-45 and 5-90, it differed with P-721. Rest of the 
isoenzyme bands were similar. The back cross (P-721 X N 94) X P-721 showed 
more isoenzymes than P-721 and less than N 94. The back cross showed similar 
bands when compared to both the parents at p i values 4-20, 4-30, 4-90, 6*80, 
7-10, 7-30 and 7-45. In addition, bands with p i values 5-08 and 5-45 were 
similar in N 94. The bands at 4-47, 5-08, 5-38 and 5 -45 in case of P-721 and 
at 3-65, 4-47, 5-90 and 6-10 were noc similar with (P-721 X N 94) X P-721 
back cross. The pattern in BCF, was almost similar with its F2 and both back 
crosses with respect to the number of bands and pi values. However, the 
intensity of the band at p i 4-20, 4-30, 7-10, 7-30 and 7-45 differed with its F, 
and BCF,s. When the BCF2 is compared with P-721, the isoenzyme at values 
at 4.20, 4.30, 4.90, 6.80, 7.10, 7.30, and 7.45 were similar and at p i values 
5-08, 5-38, 5-45 and 5-90, the bands were not similar. N 82 showed less 
similarity with BCFa. 

It is interesting to note here that most of the back crosses showed greater 
similarity in the number and intensity of isoenzymes except in back cross (P-721 
X N 94) X P-721, where there was a slight change in the position of two bands. 
All the parents, F, , BCF,s and BCF, had a common set of bands with more or 
less same intensity at p i values 4-90, 7-10, 7-30 and 7-45. Similarly, except in 
N 49 and P-721, almost similar intensity band was present at p i value 5-45. 

The above results show similarities and dissimilarities and reconfirm the 
earlier part of the results with sustained breeding effort, it will be possible to get 
recombinations with high nutritional quality under better endosperm background. 

DISCUSSION 

In any breeding programme, it is important to use certain markers which 
could be associated with desirable character. Soluble proteins are physiological
ly active proteins which constitute the bulk of enzymes involved in growth, 
development and differentiation. Proteins which are the primary products of 
genes (Yanofsky and Lawrence, 1960) indicate direct measure of gene homology. 
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Based on this promise, various workers (Alam and Sandal, 1969; Schwartz, 
1966; Siddiq et al, 1972; Tripathi, 1979) tried to understand genome relation
ships using electrophoretic patterns of proteins and isoenzymes. On the basis 
of isoesterase pattern, nuclear inheritance effects have been observed in sorghum. 
Paulis and Wall (1979) compared the electrophoretic patterns and amino acid 
composition of alcohol soluble proteins from normal and high lysine sorghums 
and observed distinct differences. 

In the present study, soluble proteins and esterase isoenzymes of parents 
with high lysine, F, , F2 , BCF,, BCF2 having improved protein content have 
been examined. The soluble protein pattern showed qualitative and quanti
tative differences between not only parents, but also between F,, BCF,s and 
BCFe. However, the soluble pattern from back crosses involving P-721 showed 
greater homology with P-721. Most of the bands in crosses could be traced to 
either of the parents, but the presence of a few prominant bands in crosses not 
found in parents indicate recombination. The predominance of protein band 
with p i 9-80 in most of the crosses is a result of such recombination. Greater 
homology between the crosses and parent P-721 indicate either a better combining 
ability or expression of genetic component derived from P-721 resulting in the 
crosses. In back crosses involving a second dose of P-721, the homology 
was even greater. The similarity index values of P-721-are higher for 
all crosses. 

The esterase isoenzyme band pattern of high lysine plump seeds in the 
crosses was strikingly more or less similar. The shrivelled seeds showed the 
presence of an esterase isoenzyme band at p i 6 • 10. In all the crosses, most of the 
isoenzymes were similar to the pattern of P-721. The additional bands as com
pared to P-721 were restricted to one to two bands. These results further 
indicate better combining ability of P-721. On comparing the esterase isoen
zyme pattern of high lysine sorghum strains and crosses (Jaya Mohan Rao, 1980) 
with isosterile sorghums (Tripathi, 1979), major differences were noticed. The 
majority of the bands in isosterile sorghums were found to be between p i 5-54 
and 8-42 most of the bands had an isoelectric point higher than p i 5-78, while 
in high lysine sorghums, we find a much wider variation with isoelectric point of 
esterase isoenzymes. The increased intensity of isoenzyme on further crossing 
may indicate either additive effects or increased synthesis of particular enzyme. 
Conversely, the decrease in intensity of esterase band indicate decreased syn
thesis of enzymes. It is therefore, interesting to see the different biogenetic 
behaviour of high lysine strains. Siddiq et al. (1972) studied soluble protein 
pattern of Oryza sativa and found marked variability in soluble protein pattern 
between and within varietal groups. Protein and isoenzyme variations are 
known to provide an additional clue to an understanding of phylogenetic 
relationships in plants. The characteristic soluble protein and esterase isoenzyme 
pattern from seeds of sorghum strains with different degrees of plumpness 
and protein quality thus may help in monitoring inheritance of specific 
genetic traits and gene homology between crosses and parents. 
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Summary. A comparison of soluble protein, esterase, 
G D H  and ADH isoenzyme patterns in seeds of dif- 
ferent steriles, maintainers and restorer lines exhibited 
similarities as well as differences. Soluble protein pat- 
terns from sterile and maintainer lines differed both 
qualitatively and quantitatively. Based on the esterase 
patterns, male steriles with different cytoplasms could 
be separated into three groups (i) Ck60A and B; 
Nagpur A and B, (ii) M 35-1A and 1 B, M 3 1 - 2 A  and 
2B, (iii) G1A and B, VZM2A and 2B. Each group 
could further be differentiated on the basis of minor 
differences in esterase isoenzyme patterns within each 
group. ADH and G D H  patterns in general were similar 
in both sterile and maintainer lines. 

Key words: Isoenzyme - Male sterile (A) - Maintainer 
(B) - Restorer (R) - Apomict - Sorghum bicolor (L.) 
Moench - Gel electrophoresis 

Abbreviations 

ADH 
GDH 
NAD 

Alcohol dehydrogenase 
Glutamate dehydrogenase 
Nicotinamide adenine dinucleotide 

Introduction 

Soluble proteins are the physiologically active fractions 
which constitute the major bulk of enzymes involved in 
plant metabolism. Yanofsky and Lawrence (1960) report- 
ed the existence of a direct relationship between genes 
and enzymes. In studying evolutionary mechanisms and 
species relationships it has been felt that conventional 
methods such as morphological variations, chromo- 
some behaviour, etc., are not discriminatory enough. 
Theoretically, proteins which are the primary product 
of genes probably provide a direct measure of  gene 

homology. Based on this premise attempts have been 
made by many workers to understand genome relation- 
ships using the electrophoretic patterns of proteins and 
isoenzymes (Alam and Sandal 1969, Schwartz 1966, 
Siddiq et al. 1972). Payne and Koszykovski (1978) used 
esterase differences as an aid in identifying soybean 
cultivars. 

In the present study soluble protein and isoenzyme 
patterns in seeds of  sorghum male steriles with different 
cytoplasms and their maintainer lines have been 
studied. 

Materials and Methods 

Mature seeds of six male steriles (Ck 60A, Nagpur A (both 
milo), G1A, VZM 2A, M 35-1A, M 31-2A), their maintainers (B 
lines), three fertility restorer lines (Nandyal, GM1-5, K.Local) 
and two apomictic lines (R 473, 302) were used for analysing 
soluble protein and isoenzymes patterns. 

Soluble Protein Extraction 

Seeds were ground in chilled pestle mortars with 50 mM Tris- 
C1 buffer (pH 7.6; 1 : 2.5 w/v) containing 5 mM/3-mercapto- 
ethanol and 5 mM EDTA lbr solubilizing protein and iso- 
enzymes of alcohol dehydrogenase (ADH), glutamate dehy- 
drogenase (GDH) and esterases. All operations were carried 
out at 4 ~ The cell paste suspension was then centrifuged at 
15,000• for 30 rain at 0~ The supernatant obtained was 
used immediately in gel electrophoresis. 

Separation of Proteins 

Polyacrylamide gel electrophoresis was used to separate 
soluble proteins and various isoenzymes. The anionic system 
of Davis (1964) and Ornstein (1964) was adopted for separa- 
tion of proteins and isoenzymes. Samples containing 200- 
225 p.g protein were layered above the spacer gel. Electro- 
phoresis was conducted in the cold (about 4~ Initially 
2 mA were applied (for 15 min); this was increased to 3 mA 
current per gel tube until the tracking dye (bromophenol blue) 
entered into the running gel tube. After the completion of 
electrophoresis, which was indicated by the movement of 
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tracking dye to the bottom of gels, the gels were stained for 
30 rain in 0.1% amido black (in 7% acetic acid) and destained 
by diffusing out excess stain in 7% acetic acid. 

Esterase and A DH Isoenzyme Detection 

Esterases were detected by incubating gels in 50 ml phosphate 
buffer (0.05 M; pH 6.0), containing 1 ml of 1% a-naphthyl- 
acetate in 60% acetone and 25 mg Fast Blue RR, at room tem- 
perature for 10-30 min. ADH gels were incubated at 37 ~ for 
20min in a reaction mixture containing Tris-C1, 0.05 M; 
EtOH, 0.05 ml; phenazine methosulphate (PMS), 1.0rag; 
Nitro-bluetetrazolium (NBT), 10.0 rag; NAD, 40 rag; NaCN, 
0,002 M, 2.0 ml, with a final volume of 20 ml at pH 8.0. 

GDH Isoenzyme Detection 

For GDH detection, gels were incubated at 37 ~ until visible 
bands developed in the reaction mixture containing sodium 
glutamate, 100 mg; nicotinamide adenine dinucleotide 
(NAD), 12.0 mg; NBT, 10.0 rag; PMS, 1.0 rag; MgC12, 8.0 mg, 
0.05 M phosphate buffer to a final volume of 20 ml; pH 6.7. 

As a control, a blank gel for each enzyme was incubated 
in the mixture. For dehydrogenases, two control gels were 
incubated, one in a reaction mixture not containing NAD; the 
second was a blank gel. In such controls no bands were 
observed. At least two independent extractions were made for 
all the material examined. For each group of enzymes, 
triplicate runs were made. The relative migration (Rm) of 
each band with respect to the front formed by the tracking dye 
was calculated. Densitometer tracings of the gels were ob- 
tained on a Joyce-Loebl chromoscan. 

Results 

The soluble protein patterns obtained from different 
male steriles along with maintainers, restorers and two 
apomictic lines are shown in Fig. 1. The Rm values for 
protein bands are given in Table 1. The comparison of 
protein patterns indicate that patterns in milo Ck 60A, 
Ck 60B, Nagpur A and Nagpur B, are different quali- 
tatively from those of  G1A, VZ M-2A, M 35-1A and 
M 31-2A. In general, the soluble protein pattern of the 
M35-1A and M35-1B lines were similar to those of 
M 31-2A and M 31-2B. The protein pattern of restorer 
and apomictic lines differed considerably from other 
sterile lines and those of maintainer lines. The protein 
patterns of GM1-5 and K.Local showed considerable 
similarities. A maximum number of bands were found 
in Nagpur A while a minimum number were found in 
GM1-5. In general, restorers and apomictic lines had a 
fewer number of bands than the A and B lines. 
NagpurA, G1A and VZM2A had more bands com- 
pared to their maintainers, whereas the maintainers 
Ck 60B and M 35-1B had more bands when compared 
to respective male sterile lines. Bands with Rm 0.01, 
0.19, 0.41, 0.45 were common to all male steriles and 
their maintainers. Bands with Rm 0.29 and 0.57 were 
common to all except that the former band did not 

appear in G1 B and the latter did not appear in 
M31-2B. Bands with Rm0.71 were common to only 
milo and were absent in other male steriles. Bands with 
Rm 0.73 were absent in milo and present in other male 
steriles, as well as in their maintainers. 

Characteristic differences were evident between 
lines of different cytoplasmic origin with respect to 
protein bands with low electrophoretic mobility. Bands 
with Rm0.04 and 0.33 were present in the M 35-1B 
and M 31-2B lines but absent in other A and R lines 
with milo, G1A and VZM2A. These protein bands 
appear to be characteristic of this group (M 35-1B and 
M 31-2B). Bands with Rm 0.41 and 0.46 were not only 
common to all male sterile A and B lines but also 
showed greater intensities in all. Intensity of protein 
bands with low electrophoretic mobility was greater in 
Ck 60B, G1B, M 35-1B and M 31-2B. 

A Versus B Lines 

Comparing protein patterns of Ck 60A with Ck 60B, it 
was found that bands at Rm 0.25, 0.31, 0.61 and 0.83 
were present only in "Ck 60B, while bands with Rm 0.11 
and 0.51 were present in Ck 60A but absent in Ck 60B. 
The remainder of the bands were common for both 
lines. Bands with Rm0.07, 0.11, 0.13, 0.53 and 0.81, 
present in Nagpur A, were absent in Nagpur B, and the 
remainder of the bands were common to both. Protein 
bands with Rm 0.17 and 0.29 were additional bands in 
G1A compared to G1B. Most bands are common, 
except for Rm 0.25 and 0.37 present only in VZM 2A, 
and Rm 0.63, present in VZM 2B. In the cases of M 35- 
1A and B, bands with Rm 0.11 and 0.25 were present 
only in M 35-1A and protein bands with Rm 0.13, 0.15 
and 0.27 were present in M 35-1B. Protein patterns 
from M31-2A and B differed from each other with 
respect to protein bands with Rm 0.01, 0.09, 0.15, 0.53, 
0.57 and 0.67, present in M31-2A and absent in M31- 
2B. Instead new protein bands with Rm 0.17, 0.51, 0.59, 
0.63, and 0.65 were present in M31-2B. 

Esterase Isoenzyme 

Esterase isoenzyme patterns from the seeds of A, B, R 
and apomictic lines are shown in Fig. 2; Rm values are 
given in Table 2. Three distinct patterns were evident 
between A and B lines. The patterns of Ck 60A and B 
were in general similar to Nagpur A and B. Patterns in 
G1A and B were similar and resembled closely the iso- 
enzyme patterns found in VZM 2A and B. The patterns 
of M 35-1A and B showed greater resemblance to iso- 
enzymes in M 31-2A and B. 

The comparison of A and B lines indicated some 
differences in the relative intensity of bands. In the case 
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Fig. 1. Densitographs of soluble 
protein patterns in sorghum seeds 



328  T h e o r .  A p p l .  G e n e t .  6 4  ( 1 9 8 3 )  

T a b l e  1. R m  v a l u e s  o f  s o l u b l e  p r o t e i n  b a n d s  f o u n d  o n  p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  f r o m  s e e d s  o f  d i f f e r e n t  s o r g h u m  s t r a i n s  

R m  

0.01 + + + + + + + + + + + . . . . . .  
0 .03  . . . . . . . . . . . . . . . . .  
0 .04  . . . . . . . .  + + + + - - + - + 

0 .07  + + + - + + + + - - + + + + + + + 

0 .09  - - + + . . . .  + + + - - + - - F 
0.11 F - + - + + + + + . . . . . . .  F 

0 .13  + + + - + + + + - + + + . . . . .  
0 .15 - - + + + + + + - + + . . . . .  + 
0 .17  F + - - + - - - + + - + + . . . .  
0 .19  + + + + + + + + + + + + . . . . .  
0.21 . . . . . . . . . . . . . . .  + + 
0 .25  - + + + + + + - F . . . . .  + + + 
0 .27  . . . . . . . . .  + - - - + - - + 

0 .29  + + + + + - + + + + + + - - - + - 
0.31 - + + + + + + + . . . . . . . .  F 

0 .33  . . . . . . . .  + + + + - - + - + 
0 .35 . . . . . . . . . .  + F . . . . .  
0 .37  + + + + F + + . . . . .  + + + - - 

0 .39  . . . . . . . . . . . . . . .  + + 
0.41 + + + + + + + + + + + + . . . . .  
0 .43  . . . . . . . . . . . .  + + + - - 

0 .46  + + + + + + + + + + + + - - - + F 
0 .49  . . . . . . . . . . . .  + + + - - 

0 . 5 1  + . . . . . . . . . .  + - - - + - 
0 .53  + - + - + + F + + + + . . . . . .  
0 .55 . . . . . . . . . . .  + . . . . .  
0 .57  + + + + + + F + + + + - + + - - - 
0 .59  . . . . . . . . . . .  F . . . .  F 

0.61 - + . . . . . . .  + . . . . .  + - 
0 .63  + + . . . . .  + - - - + . . . . .  
0 .65 - - + + + + + + + + - + + . . . .  
0 .67  . . . . . . . . . .  + - + . . . .  
0 .71 + + + + . . . . . . . . . .  + - - 
0 .73  . . . .  + + + + F + + + . . . . .  
0 .79  F F . . . . . . . . . . . . . . .  
0 .81 - - F . . . . . . . . . . . . . .  
0 .83 - F . . . . . . . . . . . . . . .  

T o t a l  16 17 18 13 17 15 16 15 15 17 16 16 8 7 8 8 13 

+ - b a n d  p r e s e n t ;  - b a n d  a b s e n t ;  F - f a i n t  b a n d ;  N a g  - N a g p u r ;  N a n d  - N a n d y a l ;  K .1  - K . l o c a l  

o f  milo c y t o p l a s m  b a n d s  i n  s t e r i l e  l i n e s  h a d  g r e a t e r  

i n t e n s i t i e s  c o m p a r e d  t o  t h e  c o r r e s p o n d i n g  b a n d s  i n  

t h e i r  B l i n e s .  T h e  p a t t e r n s  i n  G 1 A  a n d  B w e r e  s i m i l a r  

b u t  t h e  i n t e n s i t y  o f  b a n d s  i n  G 1 B  w a s  s l i g h t l y  l e s s  

c o m p a r e d  t o  t h o s e  o f  G 1 A .  T h r e e  b a n d s  a t  R m  0 . 5 6 ,  

0 . 5 9  a n d  0 . 6 1 ,  p r e s e n t  i n  G 1 A  a n d  B ,  w e r e  s i m i l a r  t o  

b a n d s  p r e s e n t  i n  V Z M 2 A  a n d  B.  M 3 5 - 1 A ,  B a n d  

M 3 1 - 2 A ,  B s h o w e d  m o r e  i s o e n z y m e s  t h a n  t h e  milo, 
V Z M  2 a n d  G 1  l i n e s .  

T h e  e s t e r a s e  p a t t e r n s  o f  r e s t o r e r  l i n e s  w e r e  f o u n d  t o  

b e  d i f f e r e n t  f r o m  t h o s e  o f  t h e  A a n d  B l i n e s .  T h e  

p a t t e r n  i n  N a n d y a l  w a s  s i m i l a r  t o  t h a t  o f  K . L o c a l  b u t  

d i f f e r e d  f r o m  t h a t  o f  G M 1 - 5 .  A p o m i c t i c  l i n e s  a l s o  

s h o w e d  c h a r a c t e r i s t i c  a n d  d i s t i n c t  i s o e n z y m e  p a t t e r n s  

w h i c h  w e r e  d i f f e r e n t  f r o m  t h e  p a t t e r n s  i n  R ,  A a n d  B 

l i n e s .  

E s t e r a s e  i s o e n z y m e  w i t h  a R m  0 . 5 6  i n  C k  6 0 B  h a d  a 

g r e a t e r  i n t e n s i t y  t h a n  t h e  o t h e r  l i n e s .  B a n d s  w i t h  

R m  0 . 5 9  a n d  0 . 6 1  w e r e  e x c l u s i v e l y  p r e s e n t  i n  G 1 A  a n d  

B,  V Z M  2 A  a n d  B l i n e s .  B a n d s  w i t h  R m  0 . 1 3 ,  0 . 2 8 ,  0 . 4 3  

a n d  0 . 4 9  w e r e  p r e s e n t  i n  M 3 5 - 1 A  a n d  B a n d  M 3 1 - 2 A  

a n d  B.  B a n d s  a t  R m 0 . 6 0  w e r e  c o m m o n  t o  M 3 5 - 1 A  

a n d  B ,  M 3 1 - 2 A  a n d  B ,  N a n d y a l ,  G M 1 - 5 ,  K . L o c a l  a n d  

R . 4 7 3 .  T h e  b a n d  a t  R m 0 . 4 9  i n  M 3 5 - 1 A  a n d  B a n d  

M 3 1 - 2 A  a n d  B h a d  a g r e a t e r  i n t e n s i t y  t h a n  a n y  o t h e r  

b a n d .  
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Fig. 2. Esterase isoenzyme from sorghum seeds. 1 Ck 60A; 2 Ck 60B; 3 Nagpur A; 4 Nagpur B; 5 G1A; 6 G1B; 7 VZM 2A; 8 
VZM2B; 9 M35-1A; 10 M 35-1B; 11 M 31-2A; 12 M 31-2B 

GDH Isoenzyme 

Two GDH isoenzymes (Rm 0.14 and 0.26) were present 
in male steriles of Indian origin (M35-1A&B, 
M31-2A and B, VZM2A and B and G1A and B) 
whereas one band at Rm 0.16 was detected in Ck 60B 
and Nagpur A and B. Ck 60A also had major band at 
Rm 0.16 in addition to a faint band at Rm 0.30. 

A D H  Isoenzyme 

Three ADH isoenzymes were present in all A and B 
lines. Bands in all A and B lines, except for M 35-1A 
and B, had similar enzyme patterns with Rm values of 
0.27, 0.29, and 0.31. In M 35-1A and B, the Rm of the 
isoenzymes was 0.25, 0.27 and 0.29. The intensity of 
ADH isoenzymes was greater in Ck 60A, Nagpur A 
and M 31-2A in comparison to their maintainer lines. 
Isoenzymes in remaining strains showed similar in- 
tensities. The R lines Nandyal, GM1-5, K.Local and 
apomictic line R 473 also showed an ADH isoenzyme 
pattern similar to that of the milo lines. 

Discussion 

Proteins which are the primary product of genes 
(Yanofsky et al. 1960) are a direct measure of gene 
homology. Based on this premise, various workers 
(Alam and Sandal 1969; Schwartz 1966; Siddiq et al. 
1972) haved tried to understand genome relationships 
by using electrophoretic patterns of proteins and iso- 
enzymes. In the present study biochemical differences 

among sorghum strains with diverse cytoplasmic and 
nuclear factors have been studied by examining soluble 
protein and isoenzyme patterns of esterase, ADH and 
GDH from seeds, employing the gel electrophoresis 
technique. Soluble protein patterns from diverse cyto- 
plasmic sources differed qualitatively and quantita- 
tively. General comparisons of protein patterns show 
some basic similarities and differences among male 
sterile lines. The milo cytoplasmic steriles CK 60A and 
B and Nagpur A and B pattern differed qualitatively 
from that ofG1A, VZM 2A, M 35-1A and M 31-2A. In 
general, a similarity in soluble protein pattern of 
M 35-1A and B to that M 31-2A and B indicates some 
common genomic relationship between these groups. A 
protein band with Rm0.71 was present only in milo 
and absent in other male steriles, whereas a protein 
band with Rm 0.73 was absent in milo and present in 
other male steriles as well as their maintainers. Protein 
bands with Rm 0.04 and 0.33 were present only in 
M 35-1B and M 31-2B. 

No major differences were observed in the ADH 
and GDH isoenzyme patterns of seeds from A, B and R 
lines. The esterase isoenzyme pattern from sorghum 
seeds with different cytoplasm showed characteristic 
and distinct differences among milo steriles, G1A and 
B, VZM 2A and B, M 35-1A and B. Nagpur A and B 
had greater homology with Ck 60A and B while the 
G1A and B esterase patterns resembled more closely 
those of VZM 2A and B. M 35-A and B patterns also 
resembled closely that of M 31-2A and B. Esterase pat- 
terns not only showed differences with different cyto- 
plasmic background but also showed minor but con- 
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sistent differences between A and B lines. In general, 
intensity of esterase isoenzymes in B lines was less 
when compared to A lines in milo steriles. VZM 2A 
and B differed from G1A and B with respect to low 
and medium electrophoretic mobility (Rm 0.17, 0.33) 
bands. Similarly, M 31-2A and B esterase isoenzymes 
with low electrophoretic mobility had lesser intensities 
than corresponding bands in M 35-1A and B. Based on 
esterase isoenzyme patterns, the different sorghum lines 
studied could be classified into three major groups: first, 
represented by Ck60A and B, NagpurA and B; 
second, represented by G1A and B, VZM2A and B, 
and third, represented by M 35-1A and B, M 31-2A and 
B. These individual classes could further be sub- 
divided into two classes, each representing A and B 
lines, by comparing intensities and minor isoenzyme 
band patterns. Esterase isoenzyme band patterns from 
Nandyal and K.Local were similar while that of GMI-5 
and two apomictic lines differed. The esterase pat- 
terns are clearly distinguishable in different cytoplasms. 
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ABSTRACT 

A 17x17 Fl diallel was evalutated for stem borer resistance under artificial infested 
conditions. Number of holes per internode and peduncle showed 36.6 and 44.2% heritability 
respectively. Tunneling parameters were poorly heritable (6.4-16%). Correlated response of 
number of holes per peduncle and per stalk were relatively higher. Selection for number of 
holes can therefore improve other resistance parameters. Derived resistant lines, E 302 
and Spy 135 were better general combiners than the basic resistant stocks for % tunneling 
per stalk. IS 2312 and CSV 8R were good general combiner for resistance parameters of 
peduncle. Among high yielding derivatives, Spy H>4 was best ~ombiner while SPY Nos. 103, 
105,140 and CSV 4 were average combiners. 

cc. 

Temperate and tropical varieties, which represent the diversity of genes 
for plant type and resistance, form the essential part of breeding pr_ogramme in 
India and elsewhere (Rao and Rana, 1982). The tropical v~rieties particularly 
from Indian sub-continent furnish the source of stem borer· and shoot fly 
resistance in whole germplasm collection (Rao, Rana and Jotwani, 1978). By 
utilizing the basic genetic stocks apd temperate varieties, a number of high
yielding varieties for kharif and rabi seasons and improved sources of resistance 
were developed. Earlier, Rana et al. (1975) reported heritability and selection 
procedure for shoot fly resistance. The inheritance of stem borer resistance is 
studied in the present investigation. 

MATERIALS AND METHODS 

Seventeen varieties comprising two basic resistant stocks (IS 2312 and IS 4664), three 
improved resistant sources (E 302, R 133 and SPY 135), three high-yielding rabi varieties (CSV 
8R, Spy 140 and Spy 141) and rest of the nine high-yielding kharifvarieties were selected for 
a diallel without reciprocal crosses. All the varieties except basic resistant stocks were deve
loped from temperate x tropical crosses. The resulting 136 hybrids along with 17 parents were 

Part XXXV of Genetic Analysis of some Exotic x Indian crosses in sorghum. 

*Present address: Vice-Chancellor, Marathwada Agricultural University, Parbhani-431 402. 
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planted in 3 metre r.ows in RCDD with three replications during khaTi!season. The row to row 
and plant to plant distance were 'Oem and lScm respectively. The recommended dose of ferti
lizer was given. -t 

• The screening for stem borer resistance was done under artificial infestation. The I 
Idata on number of holes, number of tUnnels and % tunneling were recorded separately , 

in stalk, peduncle and whole plant. The larvae and pupae per plant were also counted. The t,
number of holes per intel1lode were computed. 1 

DiaUel analysis was done following Griffing (1956) Model I Method 2. The correlated 
response of a character Y when X is selected was computed as CRy=K.rYh"I.,,·Ay where K= 
selection differential (2.06 at 5% selection intensity), r=correlation between X and Y charac
ters, h,,'=heritability of character X and ,,3Ay=Additive genetic variance of character Y. 

RESULTS 

Nature of gene action: Mean squares of general (gea) and specific (sea) 
combining ability effects were significant for all the resistance parameters except 
number of tunnels and % tunneling per peduncle. The o-ll geal0-2 sea ratios 
varied from 0.1 to 1.0 (Table I). The 0-2 gcalo-I sea ratios of peduncle parameters 
for number of tunnels and % tunneling were higher than the parameters of stalk 
or plant. The degree of dominance varied from 1.5 to 2.45 for whole plant 
parameters, 1.08 to 1.64 for stalk parameters and 0.71 to 1.16 for peduncle 
parameters indicating that the additive genetic variance was slightly more for 
the resistance parameters of peduncle and equal or moderately low for stalk 
and whole plant parameters. 

Estimates of heritability (hll) varied from 11.6 to 44.2% for 
number of holes, 13 to 16% for number of tunnels and 6.4 to 14.7% for 
tunneling. Heritability for number of holes was higher than other parameters. 
Number of tunnels, % tunneling and number of larvae+pupae per plant were 
low heritable (6.4-16%) characters and mainly governed by non-additive 
genes. 

General combining ability effects: The negative gca effects were desirable 
(Table 2). The pattern of parental gca effects for number of holes, 
number of tunnels and % tunneling per stalk. was different from peduncle. 
However, Spy Nos. 103, 104, 105 and 135 showed negative gea effects for 
number of holes per stalk and peduncle. Both the basic stocks, IS 2312 and IS 
4664, were better general combiners for number of holes per peducle than the 
derived resistant lines. E 302 and R 133. The rabi varieties, CSV 8R and SPY 
140. were good combiners for holes per peduncle but not for holes per stalk. 
gca effects of SPY 105 and SPY 135 were negative for number of tunnels per 
peduncle, stalk and plant. 
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11 March, 1984] Stem Borer Resistance in Sorghum 

The derived resistant linea, E 302 and SPY 135, were better general com
biners . for % tunneling per stalk than the basic stocks. IS 2312 and IS 4664. 
But IS 2312 andCSV SR were good combiners for peduncle resistance. Among 
high yielding varieties. SPV 103 and Spy 104 were good general combiners for 
% tunneling per stalk and number of larvae and pupae per plant. E 302 was 
also a good combiner for latter character~ 

Direct and correlated responses: The response due to direct and indirect 
selections of resistance parameters of peduncle is given in Table 3. Response 
to direct selection of holes per peduncle was higher than the correlated response 
through number of tunnels or % tunneling per peduncle. On the other hand, 
direc't response of number of tunnels per se or. %tunneling per se was less than 
the response due to indirect selection of number of holes per peduncle. 

TABLE 3 

Direct (diagonall'alues) and correlated response/or resistance 
parameters 0/peduncle 

Correlated response of Y 
Character under Number of % tunneling 

Selection (X) boles tunnels 

No. of boles 0.920 0.018 0834 

No. of tunnels 0.234 0.014 0.834 

% tunneling 0.172 0.016 0.374 

The direct and indirect responses to the resistance parameters of stalk 
are given in Table 4. In general, correlated responses were higher than the res
ponse due to direct selection. However, ~orrelated responses due to indirect 
selection of' number of holes per stalk were higher than the response due to 
direct selection of tunnels per stalk, % tunneling per stalk or larvae+pupae per 
plant. Therefore, selection for least number of holes could be more effective 
to improve the overall resistance to stem borer. 

DISCUSSION 

The resistance to stem borer in sorghum involves antixenosis, tolerance 
and antibiosis mechanisms (Singh and Rana, 1984). While antixenosis is deter
mined by ovipositional non-preference, tolerance and antibiosis depend on the 
capability of host plant to affect the biology and insect growth. Ovipositional 
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TABLE 4 

Direct (diagonal values) and correlated response for resistance 
parameterll ofstalk 

Cbaracter under Correlated response of Y 

sel~tioD (X) No. of boles No. of % tunneling Larvae &: 
tunnels pupae 

No. of holes 0.369 -0.162 1.047 0.079 

No. of tunnels 

%tunneling 

-0.374. 
0.385 

0.065 

0.124 

0.392 

0.495 

0.033 

0.057 

Larvae &: pupae 0.278 0096 0.543 0.029 

Correlated responseS of peduncle parameters to these characters were negligible and tbus 
not presented 

. antixenosis does not operate under artificial infestation. The extent of damage 
estimated in terms of number of tunnels, % tunneling. number of exit holes and 
larvae+pupae per plant, depends on the interaction between host plant and 
insect. (Singh etal., 1983). This furnishes a measure of antibiosis and tolerance 
mechanisms only. 

Differences due to gca and sea effects were significant for all the resis
tance parameters of stalk and peduncle except specific combining abili ty effects 
for number and % tunneling per peduncle indicatin~ that the genetic control of 
resistance in stalk and peduncle differ for tunneling parameters. White non
additive gene action was more prominent than additive gene action for resistance 
parameters of stalk. both additive and non-additive gene actions were impor- . 
tant for peduncle parameters. The heritability of tunneling parameters of stalk 
and peduncle were very low (10-15%). The advance from selection for tunnel
ing parameters in particular will therefore be fairly low. The proportion of 
genetic variances were not reflected by heritability estimates for number of 
tunnels and % tunneling per peduncle obviously due to higher environmental 
variability for peduncle components. Heritabilty of number of holes per pedun
cle (44.2%) was moderately high and greater than holes per stalk (235%). 
These data confirm to earlier observations of Rana and Murty (1971) that both 
additive and non-additive gene actions are important for secondary damage in 
sorghum. The genetic basis of resistance to borer in maize is also not simple 
and both gca and Sca are significant for second brood resistance (Jennings, 
Russell and Guthrie. 1974) as observed in sorghum, though other reports in 
maize indicates predominance of additive gene action in conditioning resistance 
(Scott, Guthrie and Pesho, 1967; Jennings et al., 1914). 
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13 March, 19841 Stem Borer Resistance in Sorghum 

The improved high yielding varieties such as SVP Nos. 103. 104, 105. 
135 and E 302 provide a better choice of parental material for resistance para
meters than the basic genetic stocks. The resistance breeding for shoot fly 
(Rana et al., 1975; 1981) elucidates the effectiveness of pedigree breeding method 
under reasonable level of infestation. As an alternate. backcross method was 
not successful in transferring resistance to 'Susceptible inbred lines in maize 
(Brindley et al .• 1975). These data showed that desired genotypes could not be 
identified in the segregating generations; when more than two backcrosses were 
used, the needed level of resistance was lost. 

The selection for a large number of paramete~s at a time is difficult and 
thelefore minimum number of effective characters can be chosen to realize 
correlated response in related parameters. Indirect selection can be expected, 
superior to direct selection when secondary character has a substantially higher 
heritability than the desired character and genetic correlation between two is 
high. Threshold characters are likely to repay a search for a suitable correlated 
character (Falconer, 1960) as in case of stem borer resistance. Based on the 
heritability and correlated response, number of holes both in stalk and peducle 
provide the selection criteria for resistance breeding. 
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ABSTRACT 

A set of 107 varieties representing a wide range of variation for plant height and 
maturity were classified into 16 possible combinations of 4 height and 4 maturity groups. 
Increased plant height and days to fiower contributed positively to the fodder yield. Increased 
vegetative growth in terms of leafiness and height was desirable only in early genotypd. Days 
to flower accounted for 72% of the variation in grain yield and 82% of the variation in leaf 
number. Early flowering and low leaf number was correlated with higher yield. The 
relatiouhips among plant height, flowering, time and grain yield were non-linear. The opti
mum plant type is quantified to be combining 68 days to flower and 17S em plant height 
assuming fixed number of leaves and panicle branches. The model imposes restriction on the 
vegetative phase by controUing plant height and time to flower and consequently improves the 
grain-straw ratio. The model also permits prediction of new character combinations. 

ldeotype approach to crop breeding has generated considerable interest 
in models and model characters (Donald, 1968; Mock and Pearce, 1975; Hodges 
et al., 1979). Sorghums (Sorghum bicolor L.) are ancient to tropics. FollOWing 
selection of dwarf forms and exploitation of heterosis. their agronomic advance
ment has been more rapid in the temperate regions, where sorghums were later 
introduced. The characterization of tropical and temperate Sorghums with 
respect to flowering behaviour, plant height, dry matter distribution, adaptation 
responses, insect pest and disease reactions etc., has been attempted by Rao 
and Rana (I978, 1982). The use of diverse tropical X temperate crosses is now 
more or less universal in all sorghum improvement programmes. The handling 
of such crosses provides opportunities for considerations of optima with respect 
to plant type. This paper is an attempt to quantify optimum plant type in 

I 

sorghum and to provide for predictions with changes in selection crheria. 

* 	 This contribution is part XXXVI of a series on "Genetic analysis of some Exotic X 

Indian crosses in Sorghum" Part XXXV appeared in Indian J. Gllnllt •• 44. 
1. 	 Central University of Hyderabad, Ryderabad-SOOOOI. 
2. 	 Employment & Ruritl Development Division, The World Bank, 1818 H. Street, N.W. 

Washington D.C. 20433. USA. 
3. Marathawada Agric. University, Parbhani (Maharashtra). 
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(\MATERIALS AND METHODS 

Temperate· sorghums are generally early maturing and short statured while tropical 
Indian cultivars are late maturing and tall. Advanced generation progenies were developed 
from crosses involving temperate and tropical parents. The seventy nine most productive 
advance generation derivatives in different height and maturity combinations together with 
their twenty eight parents (nine temperate, 11 tropicals, two commercial hybrids and six 
released varieties furnished material for the present study. 

Four height categories (H1 to H&) were delimited on the basis of group means. Height 
group H1 included dwarf material shorter than ISO cm. The rest of the classes were delineated 
with a class interval of 53 em (4a). Simultaneously for maturity groups (M1 to M&) were formed. 
Maturity group Ml included the earliest flowering entries «66 days). The class interval 
between different maturity groupe,was 10 days (4a = 9,52 days). 

The 107 entries were plani'1'i in a randomized complete block design with three replica
tions, The plot size was 9 mt consisting of 4 rows, 45 cm apart, 15 distance between plants, 
resulting in a plant density of 148;000 plants/ha. The experiment was grown during the rainly 
season (July-Nov.) at high fertility level of 100 kg N, 60 kg P.O. and 40 kg KaO per hectare. 
Plant protection and irrigation as and when required were furnished to ensure full phenotypic 
expression. 

Data on days to 50% flowering, plant height, number of leaves, panicle branches, grain 
yield, 100 seed w~ight and dry fodder weight were recorded on 2S contiguous plants sampled 
from the middle two rows to represent entry performance. The numb~r of leaves was recorded 
at harvest and this must have resulted in neglection of seminal and early formed leaves. 
Days to SO",k flowering were recorded on a plot basis. 

The following mUltiple regression model containing all the interaction terms was 
adopted. 

n n 
YJ = Po + 1: PiXJJ + 1: PUX1J2 1: ~lk X1J XkJ + eJ 

i=l i=l i<k 
Where Y stands for dependent variable (grain yield) and X1 for independent variables 
(i=l...n). The subscript- j==1......v. v denotes the number of varieties. The term ej is the 
error associated with th observation. For the final regression all the linear and interaction 
terms whose t-statistic was greater than 1 were retained. Such a low value of Ct' was selected 
to avoid erroneous deletion of linear or interaction terms. All quadratic terms corresponding 
to linear terms were also included in the final regression. Numerical methods are used to 
evaluate optimal plant types. Standard methods were adopted for computing all other 
statistics. 

RESULTS 

Comparison of group means : The null hypotheSIs of equivalence of fue 
107 vari~Jies had to be rejected for all the characters (Table 1). When these 
varieties were grouped into height and maturity classes, between group variation 
was larger than within group variation for all the characters except panicle 
branches. The effect of days to flower on yield within each height group was 
notable. ) As maturity was delayed within each: of the height groups, the yield 
sharply declined. The high yielding groups were HaMI follow~ by HsMb 
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H"MI1 HIMs and H 2M:. Very early and dwarf genotypes (HIMl)~the 
height groups of Ma and M, were low yielding. The highest yiel iog gr up 
possessed 13 leaves, 70 panicle branches and high grain: straw rati. Group 
H,M. was lowest yielding but highe~t in dry fodder yield. 

Variation associated with the height and maturity classes was significant 
for number of leaves, grain yield, fodder weight and 100 seed weight (Table 2). 
The height x maturity interactions were not significant for any of the characters. 
Grain yields of Ha, MI and Mi groups . were high. Delay in maturity was 
associated with gradual decrease in grain yield and an increase for number of 
leaves. The variation in maturity alone accounted for 72% of the variation in 
grain yield and for 82% :of the variation in leaf numbe'r. The contribution of 
increased height towards fodder yield and 100 seed weight was greater than 
towards grain yield. 

Relationship among yield and other characters in different height and mat
urity groups: Table 3 shows the degree of linear relationships of seven characters 
to yield within each height and maturity groups. The number of days to 50% 
flowering was negatively correlated with yield in different height groups. Rela
tively early genotypes were more productive in all the height groups. Plant 
height was positively associated with grain yield in the early maturing group 
(MI). This relationship was negative in other groups indicating that relatively 
dwarf genotypes were more productive in the MI and the Ma groups. The 
correlation between leaf number and grain yield was negative except in dwarf 
genotypes ( < 150 cm). 

The genotypic correlations between panicle length and grain yield were 
positive in different maturity groups but the magnitude decreased with delay in 
the maturity. Grain and fodder yields were generally negatively correlated 
except in dwarf and early groups as well as for M,. These negative correlations 
were more pronounced in height groups compared to maturity groups .. 

Figure I and: Table 4 show the relationships of individual characters with 
yield. They are significant and curvilinear for days to 50% flowering, plant 
height and number of leaves and fodder weight. Variation in flowering date. 
and leaf number contributed most to variation in grain yield, as indicated by the 
high values of R, the multiple correlation coefficient. 

The multiple regression : The multiple regression analysis showed that 
among all the characters initially regressed against grain yield. days to flowering 
(Xl), plant height (X2), number of leaves (Xs) and panicle branches (N) had 
t-value greater than 1.0 (Table 5). The linear coefficients of days to 50% flowe
ring and plant height were significant but not those of Xa and N. The quadratic 
term of days to flower (X2

1) and the interaction terms Xl~X2,Xl,X3 and X!.X~ 
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TABLE 5 

Multiple regression analysis for grain yield 

Variable Regression coemcient (Yield) t-value 

50% tlowering (Xl) 4.17)3" 2.90 
Plant height (XI) 0.2525" 2.01 
Number of leaves (XI> -5.5699 I.JJ 
Panicle branches (X~) ~0.6074 . 1.00 
Xl! "0.0543 .... 4.10 
X.I -0.0002 1.13 
X.I -0.0564 0.27 
X·~ 0.00437 1.09 
Xl.x. 0.00468" 2.18 
Xl,XI 0.1625" 3.74 
XI·X. -0.0323" 2.01 

Intercept -29.3683 
S.I:!. (Y) 13.43 
Regression M.S. 2751.6 .... (11 d.f.) 

Residual M.S. 180.4 (309 d.f.) 

R. 0.5931 

"Significant at 5%: .... Significant at 1 % 

were also significant. While the linear terms of days to 50% flowering and of 
plant height were positive, their quadratic terms were negative. Hence the 
positive liner contributions o( later flowering and greater plant height to grain 
yield were progressively neutralized by their negative quadratic terms. The 
magnitudes of the linear and quadratic terms of height imply that height contri~ 
butes moderately to yield through out the sampled range. However, both 
linear and quadratic terms of number of leaves were negative indicating that 
reduction of leaf number enhances grain yield within the entire range of sample 
values. The negative coefficient of the X!.Xa interaction term revealed that 
simultaneous increase in plant height and leaf number reduces grain yield. 

As~hown in Fig. 1, height and days to 50% flowering are strongly rela
ted. It will be difficult to vary them independently. Fig. 2 therefore, shows 
predictions for joint variation of height and days to 50% flowering. It also 
shows the interval of two standard deviations around the prediction. At a leaf 
number of 15 and panicle branches of 105, the optimum lies at 68 days of flowe
ring and 175 cm plant height, when linear, quadratic and interaction terms were 
considered together. Recently developed hybrid, CSH 5, may possess 105 
panicle branches and thus such high value used in the equation. 
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Fig. J . 	 Relationships among grain yield (Y), flowering (X,) and plant height 
(X.) in sorghum. 

Expected yields: Table 6 shows expected yields for various combinations 
of height, maturity and leaf numbers assuming 90 panicle branches. Because a 
higher number of panicle branches always leads to higher yield we hold panicle 

branches at the value of 105 of the highest yielding genotype, CSH 5 and present 
predicted yields in Fig. 3. 

Table 6 shows various interesting breeding options. It shows that 
regardless of height and leaf number the highest yields are expected in the 60 to 
70 days range. Beyond the optimum number of days to flowering, yield declines 
sharply. Fig. 3 and Table 6 show that at the lowest plant height of 75 em, yield 
decline with number of days to flowering is the sharpest. This means that late 
dwarfs are lowest yielding and therefore offer an unattractive breeding option. In 
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. 
,

20 
- - .:: 

0 
50 60 70 eo 90 

Days to 50 % flowering 
60 120 180 240 300 
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Fig. 2. Optimum phenotype as related to plant height and days to 


flowering. 


early 'genotypes a smaller leaf number contributes higher grain yield. But the 
opposite is the case for the late genotypes , Therefore , a high leaf number is a 

.disadvantage in early tall varieties. 

Fig. 3 shows that the development of high yielding genotypes with 75 em 

height and 54-64 days to flowering; 125 em height and 56-66 days to flowering; 
mid-tall 225 em height and 60-71 days to flowering and 275 em height and 62-73 
days flowering is feasible by manipulating the character leaf number in different 
height groups. 
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TABLE 6 

Expected grain yield (g) for different combinations of height, leaf number 
and maturity (panicle branches number 90) 

Plant height Number of Days to 50% flowering 

(em) leaves) SO 60 70 80 
 90 

75 8 57.0· 55.5 43.1 19.9 -14.2 
75 10 55.2 57.0· 47.9 27.7 - 3.0 
75 12 53.0 58.0· 52.1 35.4 7.8 
75 IS 48.8 58.7* 57.7 45.9 23.2 

125 8 664 67.2* 57.2 36.3 4.6 
125 10 61.4 65.5* 58.7 41.1 12.6 
125 12 56.0 63.3* 59.8 45.4 20.1 
125 15 46.9 59.1 60.5* 51.0 30.6 

175 8 74.8 78.0* 70.3 51.7 22.3 
175 10 66.6 73.0* 68.9 53.3 27.1 
175 12 57.9 67.6* 66.4 54.3 31.4 
175 15 44.0 58.6 62.3* 55.1 37.1 

225 S 82.2 87.7* 82.4 66.2 39.1 
225 10 70.8 79.5* 77.4 64.5 40.6 
225 12 58.8 70.9 72.0* 62.3 41.7 
225 15 40.1 57.0 63.1* 58.2 42.5 

275 8 8S.6 96.5* 93.5 79.6 54.9 
275 10 73.9 85.0 S5.3* 74.7 53.2 
275 12 58.8 73.1 76.6* 69.3 51.0 
275 15 35.2 54.5 62.S· 60.3 47.0 

325 8 94.0 104.2* 103.5 92.0 69.6 
325 10 76.1 89.5 92.1 83.9 64.7 
325 12 57.7 74.4 80.3· 75.2 59.3 
325 15 29.3 50.9 61.6* 61.5 50.5 

375 8 98.4 111.0 112.60* 103.4 83.4 
375 10 77.3 93.1 98.0* 92.0 75.2 
375 12 55.7 74.7 82.9* 80.2 66.7 
375 15 22.4 46.3 59.4 61.6* 52.9 

425 8 101.8 116.7 120.7* 113.9 96.2 
425 10 77.5 95.6 102.8* ' 99.2 84.8 
425 12 52.6 74.0 84.5* 84.2 73.0 

425 l!l 14.5 40.8 56.2 60.7* 54.4 

*Higbest yield in a row 
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Fig. 3. Expected grain yield in relation to leaf number in different height groups . 

DISCUSSION 

Examination of the degree of linear relationships in different height and 
maturity groups show that increase in height was advantageous only in the Ml 
maturity group but not in the other maturity groups. Excessive vegetative 
growth in terms of leafiness and fodder weight was in general disadvantageous 
for grain yield. It is however the flowering period which accounted most for 
the variation in grain yield (72%) and in the number of leaves (82%). Earliness 
and low leaf number were related to higher grain yield. The contribution of 
plant height was more towards fodder and 100 grain weight. The highest yiel -ding group possessed 13 leaves, 70 panicle branches and a high grain straw 
ratio. 

The relationships among height, maturity and grain yield are actually 
nonlinear. Thus some of the specific combinations such as H lM2, H2Mh H zM2 • 

H3Mb and H4Ml are more productive than others. These combinations do not 
represent either temperate (HlMl) or tropical (H,M4) parental groups but 
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represent the recombination between the two extremes. Since increase in height 
and maturity contribute mainly to the fodder yield, the first genotypic correction 
to be made in tropical sorghums is to rectify their excessive height and maturity 
to find an optimum. 

Donald (1968) used the term ideotype to 9~scribe an optimupl. plant type 
and defined ideotype as a plant with model characteristics known to influence 
photosynthesis, growth" and grain "yield in cereals. To obtain an ideal combination 
in sorghum Rao et al. (1973) postulated that one should preferably deal with 
dwarf derivatives in which a certain degree of lateness and of ta\lne~s are incor
po~ated. with tall deri vatives in which a certain degree {'f earliness and of 
dw~ess are introduced. They further observed that such intermediate selec
tions represent "intermediate productive peaks" and possess yield potential 
much above that of the checks. The present study specifies the combination of 
desirable attributes and quantifies the optimum. The optimum plant type is 
characterized by 68 days to flowering and 175cm plant height (Fig.2). Such a 
plant type is expected to be of high efficiency relative to its environmental res
ources (Rao et al. 1982). 

The model imposes restriction on the vegetati ve phase by controlling 
height and flowering date and consequently enhancing the grain-straw ratio. 
Control of plant size and leaf number by maturity genes was also reported by 
Quinby (1972). Harvest indices of height groups (0.23, 0.19,0.16,0.13. for 
HI to IL respectively) systematically get reduced as height and fodder weight 
increased. This shows negative relationship of the harvest index with p!ant 
height and fodder weight. 

The present model can be utilized for calculating the expected yield of 
new combinations of flowering time, plant height, number of leaves and panicle 
branches. Calculations based on leaf number show that reduction to 8-10 leaves 
contributes to higher grain yield in early genotypes. Of the sorghum grain 
yield, 93% is due to assimilation by the panicle and upper four leaves, the flag 
leaf being the most efficient contributor per unit area (Fischer and Wilson, 1971). 
The leaf number of tropical varieties can therefore be substantially reduced 
without sacrificing grain yield. 
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ABSTRACT 

PI studies on pollen sterility, pollen shedding and seed set enabled the classification 
ofthe cytoplasmic sources into three groups: (I) CK60A and Nagpur-.A based on milo-AI; 
(2)M 35-1A and M31-2A-At (Tentative); (3) VZM2A and GIA - As (Tentative). The corres
pondence of the A. with A. steriles reported from USA is yet to be established. These studies 
provided evidence for the seasonal (temperature) interaction for pollen fertility and seed set, 
the M35-1Aand M31-2A steriles, exhibiting greater levels of fertility during summer season. 
In some crosses, evidence for the operation of self-incompatibility was available. 

A dianel set of crosses including reciprocals with nine parents (six B lines and 
three R lines) enabled cytoplasmic characterisation of the Band R lines. Reciprocal 
differences for pollen sterility and seed set were significant. The cytoplasms of GIB and 
Nandyal tended to exhibit greater levels of polleil sterility while those of CK.60 Band Karad 
local tended to promote greater levels of male fertility. Based on these studies, three cyto
plasmic groups have been characterized: (1) CK 60 Band Karad local-B1 ; (2) MH-. and 
VZM2B-B1 : (3) GIB and Nandyal·B.. 'B/ is the most fertility inducing, whereas 'Ba' induces 
greater levels of sterility. The cytoplasmic and nuclear effects in A and B lines are in opposite 
directions. 

The present status of diverse cytoplasmic-genetic male sterility systems 
in sorghum has been reviewed by Schertz and Pring (I982). Quinby (1982) 
analysed the role of gene-cytoplasm interactions in sex-expression. The sterili
ty inducing cytoplasms (A) have generally received greater attention compared 
to the fertility inducing (B) systems. In the present study, we attempt a genetic 
analysis and characterization of diverse cytoplasmic systems in sorghum. 

MATERIALS AND METHODS 

Six male steriles, their maintainers (B-lines) and three' fertility restorer lines were 
chosen for characterization of the cytoplasm, to study the genetics of fertility restoration 
and combining ability of diverse cytoplasmic male steriles. The description of the parents is 
given below: 

\ 
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Description of male steriles and restorers used in the study 

S. Parent 
No. 

Male steriles. 

1. 	 CK60A 

2. 	 Nagpur-A 

3. 	 GIA 

4. 	 VZM2A 

S. 	 M3S-1A 

6. 	 M31-2A 

Origin 

Texas 
(USA) 

Maharashtra· 
(India) 

Andhra Pradesh 
(India) 

Andhra Pradesh 
(India) 

Maharashtra 
(India) 

Raichur 
(India) 

Distinguishing characters 

Dwarf and early, chalky grain," purple 
glumes, semi compact elongated head 

Semi·dwllrf, midlate, creamy-wh ite, 
bold seed compact head, derived from 
Kafir x Indian variety cross. 

TaU midlate, thin stem, narrow leaves, 
sman seed with yellow pericarp, 
glumes yellow, semi-lax round panicle. 

Tall, late, big panicle, pearly white and \ 
.bold grain, straw colour glumes. 

Tan, late, pearJy white,bold 	grain, 
straw glume with tip, rab; variety. 

Tall, verY late, rab; variety, pearJy 
white, bold seed. straw colour. 

*The counterparts of male steriles (B-lines) were used for crosses where needed. 

Fertility restorers 

7. 	 Nandyal Karoataka 
(India) 

8. 	 GMI-S Karnataka 
(India) 

9. 	 Karad Maharashtra 
loeaJ Undia) 

Tall Kharifvariety with pearly 
white small but hard seed. 

Comparatively shorter variety among 
Indian types. Cultivated in parts of 
Karnataka. 

Tall, late kharilvariety, long panicle, 
pearJy white SliIall seed. Cultivated in 
Southern parts of Maharashtra. 

The three restorers restore fertility not only on milo based steriles but also 
on some of the other cytoplasmic sour~es of sterility where fertility restoration 
is relatively difficult. 

All the six male sterile lines were crossed with all 'B' and restorer lines 
resulting in 54 crosses. A set of all possible crosses among the six B lines and 
the three restorer parents resulting in 72 crosses were also made. 

The experiments were laid out in randomized complete block design at 
IARI Regional Station, Hyderabad, during rabi with four replications. The 
line X tester experiment was replicated four times and the diallel three times. 
Three rows in line X tester, one row in Fl diallel per replication were planted. 
Five metre row length was uniformly maintained at 60 cm distance. Plant to 
plant distance was 15 cm. A fertilizer dose of 100 kg N, 60 kg P20S and 60 kg 
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KgO per hectare was given. Nitrogen was applied in two split doses, half as basal 
and another half at knee-high stage. Recommended plant protection measures 
were adopted for the control of shootfly and stem borer. Irrigation and other 
cultural operations were done as and when required. 

All plants were carefully selfed with paper bags. Following characters 
pertaining to male sterility were studied: 
Pollen shedding : Presence or absence of pollen shedding was examined in the 
field by tapping the earhead. Plants were classified into shedders or non
shedders accordingly. 
Pollen sterility (%) : Matur~ pollen grains were collected and stained with 2% 
iodine solution to distinguish sterile and fertile pollen grains unoer microscope. 
Completely stained pollen irains were classified as fertiles and the pollen grains 
stained brownish, half-stained or with stained outer wall only were c1assified as 
sterile. Number of sterile and fertile pollen grains out of a sample of two hund
red pollen grains were counted and sterility per cent was calculated. Pollen 
steritity counts were taken on individual plants of FI's and parents. Three to four 
branches from different parts of each panic1e' were sampled and dusted on a 
single slide. Counts were taken after mounting the slide with coverslip. 

Selfed earheads were observed for seed set at the time of maturity. Clear
cut cases of fertile (full seed set) and sterile (no seed set) heads were counted. 
Partial1y fertile earheads towards fertility and towards sterility were separately 
counted. 

RESULTS 

CYTOPLASMIC-GENIC INTERACTIONS IN A X B AND A X R CROSSES : 

(a) Pollen fertility : Band R lines were fertile, with the percentage of fertility 
ranging from 76-94%. Pollen development in females was variable. Anthers·of 
CK60A and Nagpur-A were abortive and few sterile pollen grains were produced. 
Pollen production in other ms lines was normal but pollen grains were completely 
sterile. Pollen grains of crosses among A-B lines of each cytoplasmic group were 
sterile (Table I). 

All other B lines and R lines restored pollen. ferdlity on CK60A and 
Nagpur-A. Percentage of fertile pollen grains in crosses of Nagpur-A with 
VZM2BI, GlB and restorer lines was lower compared to CK60A. 

M35-1 B, M31-2B and VZM2B did not restore pollen fertility on M35-1 A 
and M31-2A. CK60B and Nagpur-B restored slight (6-12%) fertility on M35-IA 
and 42-19% fertility on M31-2A. But in spite of the fact there was 42-79% 
pollen fertility with CK60B, there was no seed set on M31-2A. Thus, per cent 
fertile pollen grains on crosses with restorers was lower on M35-IA compared to 
M31-2A. 

Novelnbclll 

Female 
parents 

(ms) 

CK60A 

Nagpur-A 


M35-1A 
M31-2A 

VZM2A 
GIA 

Parents 

Female 

parents 

(ms) 

CK.60A 
Nagpw-A 

M35-1A 
M31-lA 

VZMlA 
GIA 
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TABLE 1 

Cytoplasmic-genie interaction for pollen fertility (%) in AxB 
and A X R croSses (F1) 

Female Male parents 

parents Maintainer lines (B) Restorer lines (R) 

(ms) CK60B Nagpur B M35-IB M31-2B VZM2B GIB Nandyal GM2-5 K. local 

CK.60A NP a 98 99 86 74 91 86 76 
Nagpur-A a NP 62 100 49 60 S2 S4 64---- -0--0M35-IA 6 ]2 0 # S5 47 ~ 
M31·2A 79* 42* 0 0 0 67 68 72 73---- -0----0VZM2A 3 I 1 6 21* 21* 53* 
GIA 0 3 0 0 0 0 6 0 1 

as 
Parents 94 90 91 92 87 76 80 94 

NP=No pollen formation-empty anther sacs; #=FertiJe in summer; *=No seed set 
inspite of pollen fertility; a=Abortive anthers 

TABLE 2 

Cytoplasmic-genic interactions for pollen shedding in A XB and A XR crosses (F1) 

Female Male parents 

parents Maintainer lines (8) Restorer lines (R) 

ems) CK60B Nagpur B M3S-1B M31·2B VZM2B GIB Nandyal GMI-5 K.local 

CK60A + + + + + + + 
Nagpur-A + + + + + + + 

M35-1A +* + + + 

M31-2A F F + + + + 
VZM2A # + + + 
GIA 

Parents B/R + + + + + + + + + 
-=Nonshedding; +=Shedding of fertile pollen; #=SteriIe pollen dust; * = Pollen 
shedding in summer season only; F=Pollen fertile but no shedding 

Pollen fertility restoration on VZM2A and GIA by any of lines was 
negligible (1-6%) or absent. Interactions ofVZM2A and GIA cytoplasms were, 
therefore, alike with respect to B-lines reaction. Crosses of VZM2A With 
restores exhibited some pollen fertility (21-53%) but without seed set whereas 
crosses with GIA were nearly sterile. 
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Differential fertility restoration on M35-IA and M3l-2A lines by CK60B 
and Nagpur-B and differential reaction of VZM2A and OIA with R lines 
indicated that tb(:re were some· genetic differences for restoration between 
M35-IA and M31-2A as well asbetween VZM2A and OIA. The sterility system 
of M35-1A as compared to M31-2A and OIA as compared to VZM2A were 
relatively stronger. 

It was interesting that inspite of 79% pollen fertility in M3J-2A X 

CK60B and 42% pollen fertility in M31-2A x Nagpur-B and 21-53% fertility 
in VZM2A X R line crosses, seed set was completely absent. Failure of seed 
set inspite of pollen fertiJity in M31-2A xCK60B and M31-2A X Nagpur-B 
was due to non-dehiscenCfe of fertile pollen while failure of seed set inspite of 
some pollen fertility in VZM2A crosses with R lines may be attributed to 
incompatibility: 

(b) Pollen shedding In Band R lines, pollen shedding was normal (Table-2). 
Pollen shedding in ms lines Was completely absent in winter season inspite of 
the fact that M35-IA, M3l-2A, VZM2A and OIA produced sterile pollen grains. 
Seasonal interaction was observed in case of VZM2A and OIA which shed 
sterile pollen dust during summer season. 

Pollen shedding was absent in all the ClOsses of OIA whileVZM2A cros
ses with OIB and R-lines shed pollen. However, pollen shedding behaviour of 
VZM2A in crosses appeared to be similar to the maldandi group. Pollen of 
VZM2A X OIB was sterile while OIB produced fertile pollen in M35-IA and 

D 
given in~ 

Cytoplt;, 

Female 

parents 

(ms) 1 -------.., 
CK60A ;. 

M3l-2A crosses. VZM2A reaction with OIB was, therefore, different from 
M35-1A and M31-2A lines. 

(c) Seed set: The data on seed set are presented in Table 3. Band R parents 
were completely fertile. All the four crosses of CK60A and Nagpur-A with 
their 'B' lines were sterile. CK60B and Nagpur-B, therefore, maintained sterility 
on each other and the rest of the male steriles. Other B lines and all the resto
rer lines produced fertile or partial fertile FIs on CK60A and Nagpur-A. Thus, 
while the sterility system of CK60A and Nagpur-A is the same, their cytoplasm 
differs from the rest of the male steriles. 

M35-IA and M31-2A formed another distinct group since all the B-lines 
except OIB maintained sterility. Fertility restoration of M35-IA with OIB is 
influenced by the environment as revealed from seed set during summer and 
lack of it during winter. All the R-lines restored fertility. 

None of the B-lines or R-lines restored fertility on VZM2A and OIA 
steriles inspite of the fact that 0 IBand R-lines restored fertility on other 
cytoplasms. Non-restoration by any of the B or R-lines basically differentiated 
the OIA and VZM2A cytoplasms from other cytoplasmic sources. 

NaIlPur-A· 

M35-1A 
M31-2A. 
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The range' of pollen fertility and seeds~t of hybrids 'segregating!:in Fl is 
given in· Table 4. The seed set was not proportionate to' pollen fertility: It is 

TAB.LE 3 

Cytoplasmic-genic interactions for seed set in A X B and A XR crosses (F~) 

Female 

parents 

(ms) 

CK60A 
Nagp,ur-A 

M35-IA 
M31-2A 

VZM-2A 
GlA 

Male parents 

Maintainer lines B . Restoter lines (R) 

CK60B Nagpur-B Ml5-1B M31-2B VZM-2B GIB Nandyal GMl-5 K. local 

S S F F F F/PF F F/PF F/PF/S 
S S F F F/PF/S PFjS F F PFjS 

S S S S S S* F F F 
S S S S S F F F F 

S S S S S S S S S 
S S S S S S S S S 

Parents B/R F F F F F F F F F 

S=Sterile (no seed set); F=Fertile (full seed set); PF=Partial fertile 
*=Fertile in summer 

TABLE 4 

Range and mean for pollen sterility and seed set in F1s 

Crosses (Pi) 

CK60AxGlB 
CK60 AxGMl-5 
CK60 A x K. local 
Nagpur-AxGIB 
Nagpur-A x VZM2B 
Nagpur-AxK.local 
M35-1AxGMI-5 
M35-1AxK.local 
M35·1A x Nandyal 

Pollen sterility c%) Pollen fertility (%) Seed set (%) 

Range Mean Range Mean Range Mean 

11-59 30.00 41-89 70.00 5-100 78.10 
5-10 18.20 70-95 81.80 25-100 75.SO 
1-32 2O.SO 68-43 79.50 0-100 26.70 

36-95 63.60 5-64 3640 O-SO 23.00 
32-75 53.20 25-68 46.80 5-100 49.20 
22-64 41.70 36-78 58.30 0-100 19.50 
17-61 42.25 39-83 57.15 60-100 91.00 
8-52 37.70 48-92 62.30 100 100.00 

10-87 39.90 13-90 60.10 10-100 95.50 

c1ear that inspite of minimum 36% pollen fertility, seed set iU CK60A X GIB, 
CK60A X K. local and Nagpur-A X K.local was quite low. Such interactions 
in K. local crosses were higher than other parents. 

Based on the three characteristic cytoplasmic-genetic interactions for 
seed set, pollen fertility and pollen shedding behaviour. it is concluded that 

.. 
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Nagpur-B 

M35-1B 

VZM2B 

GIB 

NandYal 

GMI·S 

K. local 

Mean 

SE±2.30 

37.9 21.3 37.6 42.3 46.2 35.2 39.0 33.0 

24.6 39.6 13.3 13.9 34.6 12.7 10.8 12.7 

14.6 38.8 16.4 12.7 37.5 11.9 13.9 14.7 

40.4 66.4 52.4 46.7 22.0 44.0 5S.7 SI.4 

28.5 43.9 14.2 14.2 39.4 29.8 33.1 10.S 

IS.6 39.2 11.5 14.9 43.9 10.8 23.0 46.3 

12.8 40.7 14'4 11.0 41.1 13.3 IS.S Is.7 

24.3 41.0 21.8 21.1 37.1 21.6 26.3 25.0 

CD (S%)=6.38 CD (1%)=8.38 
Parental values underlined. 

36.5 

20.3 
20.1 

47.4 

26.7 

2S.7 

20.6 

27.3 

Novemlli. 

Females 

CK:60BN 
il5Il 

___ 

GID 
NandJal 
GMI-S 

K.loc:d 

Mean 

H.G.P. Roo et 01. [Vol. 44, No.3486 

these six male steriles represent three distinct cytoplasmic groups. Cytoplasmic 
source-l (milo) included CK60A and Nagpur-A; cytoplasmic source-2 included 
M35-IA and M31-2A and cytoplasmic source-3 included VZM2A and OIA. 

Restorer lines interacted differently with different sources of cytoplasttL 
and hence may differ from the sterile cytoplasmic sources. This will be exami
ned later. 

CYTOPLASMIC-GENIC INTERACTIONS IN B X B, B X RAND R X R CROSSES : 

(a) Pollen shedding and seed set: Pollen shedding and seed set was normal in all 
the Band restoreri lnes.. Normal pollen shedding and full seed set were alro 
observed in all possible B:X; B, B x Rand R x R crosses. 

(b) Pollen sterility: Parents exhibited 12.6-29.8% pollen sterility. VZM2B, 
M35-IB and Karad local showed minimum sterility (12.6-15.66%) while the 
highest sterility was observed in case of Nandyal. In general, several hybrids 
showed higher sterility as compared to parents. It was quite high (47.4%) in 
OIB crosses when OIB was used as female, Similarly, mean sterility (41 %) for 
the crosses involving Nagpur-B as male parent was the highest. 

Among B x B crosses, OIB X Nagpur-B showed highest sterility (66%) 
followed by OIB x M35-IB (52%). Sterility in CK60B x Nagpur-B and 

TABLE 5 

Mean pollen sterility % (transformed values) ofparents and 
reciprocal crosses (F1) 

Male parents 
Female 

parents CK60B 

Maintainers (B) 

Nagpur M 35
B 

VZM2B 
IB 

GIB Nandyal 

Restorers (R.) 

GMl-5 K. local Mean 

CK60B 20.5 
.....0--

38.2 14.5 13.2 32.3 15.1 19.2 15.5 21.1 

http:12.6-15.66
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GIB x VZM2B was significantly higher than their respective parents. Sterility 
in CK60B, VZM2B and M35-1B crosses with all the B-lines except Nagpur-B 
and GIB was reasonably low (10.7-19.2%).· 

Among RxR crosses, pollen sterility was quite high in Nandyal X GMI
5 (33.0%) and GMI-5 xK. local (46.3%) crosses. In other crosses, sterility was 
lower than parental sterility. 

(c) Grain yield: Parental yield varied from 23 g/plant to 56.6 g (Table 6). Yields 

ofVZM2B, Nandyal and GMl-5 were highest among parents. Some ofB-lines 
~rosses (CK60B X VZM2B, CK60B X M31-2B, VZM2B X M35-1B) and 
M35~lB X M31-2B crosses were higher yielding than their respective parents. 
In ge'neral, M31-2A, VZM2B and K. local crosses were high yielding when they 
were used as females. 

TABLE 6 

Mean grain yield (g/plant) ofparents and reciprocal crosses (F1) 

Maintainers (B) 
Male parents 

Restorers (R) 

Females CK60B Nagpur M35
B IB 

M31-2B VZM
2B 

GlB Nandyal GMl-5 K. 
local 

Mean 

CK60B 27.3 31.7 45.9 87.7 64.7 47.7 484 63.0 53.6 52.2 

Nagpur-B 27.1 23.1 43.1 48.3 50.5 18.5 42.9 67.0 30.7 39.0 

M35-1B 39.7 27.1 44.9 70.7 66.5 39.3 67.4 50.9 74.9 53.5 

M31-2B 85.7 55.0 59.3 51.0 48.3 30.7 80.0 94.3 59.0 62.6 

VZM2a 71.1 67.8 61.3 49.9 566 408 85.4 49.2 65.3 60.8 

GlB 69.6 15.2 18.1 13.0 35.3 33.2 31.3 15.1 21.7 28.1 

Nandyal ]2.2 20.9 69.9 64.3 67.9 348 54.0 26.4 71.3 47.0 

GMl-5 41.1 66.5 56.5 723 58.] 30.0 60.7 506 34.8 52.3 

K.local 58.0 46.5 65.3 68.0 69.6 38.1 69.5 66.1 41.3 58.0 

Mean 48.0 39.3 51.6 58.4 57.5 34.7 60.0 53.6 50.4 50.4 

20.3 S8±7.16 CD (5%)~19.83 CD (1%)=26.06 
20.1 Parental values underlined. 

47.4 

26.7 The cross Nagpur-B x GlB (reciprocals) is generally low yielding. The 
25.7 reciprocal differences with regard to the crosses Nandyal X CK60B and Nandyal 
20.6 X Nagpur-B were significant. It, therefore, appears that the cytoplasm of 
27.3 Nandyal reduced yield levels in these two crosses. 

Among RxR crosses grain yield of Nandyal x GMI-5 and GMI-5 xK. 
local crosses was also lower than parents as well as reciprocal crosses. 

http:1%)=26.06
http:5%)~19.83
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9YTOPLASMIC EFfECTS 

(a) Analysis of means: ANOVA for within and betweenBxB, RXR and BxR 
crosses was done to determine the cytoplasmic differences among Band R lines 
(Tables' 7 and8):Since within group differences among all possible crosses 
involving reciprocals could be attributed to both genic and cytoplasmic differen
ces, total effects were partitioned in (Bl X BJ) and (Bl x Bl) genotypic effect~ 

rj;
, u 
- C TABLE 7 

I' 

I; qroup means of B-R crosses, I 
' ;i 

I 
I 
! Pollen Grain Panicle Panicle No. of lOO-grain Plant 50% bloom 

Group sterility yield weight length primary weight height (days) 
(Angle) (g/pl) (g) (cm) branches (g) (cm) 

BlxBj 33.9 45.7 64.1 ]7.8 65.2 4.3 .200.2 82.8 

Bj >(81 , _.~ , 34.8 49.5 66.8 18.8 62.7 4.0 197.2 84.0 
RjxR j 30.0 44.5' 62.1 20.2 69.0 3.4" ~191.6 "82.9 
RjxRj 13.2 65;4 86.1 21.4 76.1 2.9 166.8 87.1 
BxR 25.7 55.6 77.3 10.4 72.5 2.6 188.8 84.5 
RxB 25.7 52.2 74.6 19.6 73.8 3.5 188.4 86.5 

B=Maintainer line, R=Restorer line 
NB=First parent represents female, second parent as male in a cross and i, j represent 

parental sequence in crosses. 

and (Bl X BJ) vs (Bl X BI) reciprocal effects which arise due to cytoplasmic 
differences. Similar partitioni"ng was done for R X Rand B X R crosses. 

Significant diffe~nces were observed for all the characters within B X B 
crosses. ,I These differences were mainly accounted for by genotypic differences 
within Bl X BJ and BJ X Bl crosses. Reciprocal effects were also significant for 
panicle length and IOO-grain weight. 

Within group differences in R X R crosses were significant for all the 
characters. When further partitioned, Rl X RJ crosses exhibited differences for 
all the characters but when sequence of parent was changed in crosses, differan
ces for pollen sterility, grain yield, panicle weight, number of primary branches 
and 50% bloom disappeared in RJ X Rt crosses. This shift was due to the 

"change in. cytoplasm in crosses and, therefore, reflected the cytoplasmic-genic 
interactions. Reciprocal effects in R X R crosses were significant for all the 
characters except panicle length and number of primary branches. Cytoplasm, 
therefore, contributed for the determination of all these characters. Change 

Novembelj 
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from Rt X RJ to Rt X Rt crosses resulted in reduction of poll~n sterility. 100
grain weight, plant height and increase in yield. panicle weight and flowering 
time. 

Differences were significant among B X Rand R X B crosses for all the 
characters. Reciprocal crosses were significant only for 50% bloom. Cytoplas
mic difference due to change in sequence of parental combination delayed 
blooming by two days. 

(b) '. Reciprocal differences: Reciprocal differences in g.c.a. effects are presented 
in Table 9. CK60B cytoplasm (Kafir) induced earliness by two days, and 
enhanced pollen ferti~ity (3%), panicle weight, number of primary branches and 
lQO-gr.ain weight while Nagpur-B cytoplasm contrihuted to lOO-grain weight and 
reduced pollen sterility. 

G lB cytoplasm promoted pollen sterility and reduced grain yield, panicle 
weight and l00-grain weight; cytoplasmic effects of Nandyal were similar to 
G IB for pollen sterility. grain yield and panicle weight, Karad local'cytoplasm 
increased grain yield and panicle weight but reduced pollen sterility and plant 
height. 

Cytoplasmic differences of CK60B and Nagpur-B; GIB and VZM2B; M35
IB and M31-2B were dissimilar for different characters. Cytoplasmic effects of 
GIB and Nandyal, VZM2B and M35-IB and CK60B and Karad local were 
similar. 
(c) Reciprocal effects of individual crosses: Differences for pollen sterility were 
significant in reciprocal crosses of GIB X Nagpur-B; GJ B X VZM2B; GIB X 
M35-1.9, GIB X .GMI-5; GIB x K.local, Nand:ral X GMI-5 and GMI-5 X K. 
local indicating the presence of cytoplasmic-genetic interactions (Table 10). 

TABLE 10 

Reciprocal effects for pollen sterility (angular transformed values) 

Female/Male CK60B Nagpur-B M35-1B VZM2BGIB Nandyal GMI-5 K. local 

CK60B 0.00 0.15 -5.04* -0.70 -4.04 --6.69* 1.80 1.34 
Nagpur-B -015 0.00 -1.00 -1.71 -10.11** -4.30 -0.12 -387 
M35-lB 5.04* 1.00 0.00 -1.25 -8.89** ----0.70 -0.37 -0.84 
VZM2B 0.70 -1.72 1.24 0.00 -4.63* -1.14 ----0.51 1.86 
GlB 4.04 10.11** 8.89** 4.63 0.00 2.33 5.91** 5.13'" 
Nandyal 6.66** 4.30 0.70 1.14 -2.33 0.00 -11.16** 1.42 
GMI-5 -1.80 0.12 038 0.51 -5.91** -11.16** 0.00 15.44"'* 
K.local -1.34 3.87 0.84 -0.86 -5.13* 1.42 -15.44** 0.00 

**Significant at 1%, *Significant at 5%. 

.- > 
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Even GIB X CK60B effect was sufficiently large but significant only at 10% 
level. Cytoplasm of GIB promoted maximum sterility and appeared to be 
different from all the B-line and R-line cytoplasms. Reciprocal effects of 
CK60B x M35-1B and CK60B X Nandyal crosses were also significant indica
ting that cytoplasms of M35-lB and Nandyal were different from the cytoplasm 
of CK60B and, therefore, non-kafir type. It was already stated that G 1B cyto
plasm was different from CK60B and other Band R lines. 

Reciprocal differences for grain yield among B X B crosses were absent 
(Table 11). CK60B X Nandyal cross was significant indicating that yield was 
reduced when Nandyal was used as female parent. Nandyal cytoplasm, there
fore, modified the genotypic effect of CK60B. 

Reciprocal effects among R X R crosses, viz., GMI-5 X Nandyal and 
G:MI-5 X K. local were significant and quite pronounced confirming cytoplas
mic differences between GMI~5 and Nandyal. While Nandyal increased the 
yield in GMI-5 cytoplasm, K. local decreased the yield. 

DISCUSSION 

CHARACTERIZATION OF "STERILE" (A) CYTOPLASMIC SOURCES 

Observations on seed set, pollen fertility and pollen dehiscence in A X B 
and A X R crosses clearly estabHshed three different types of reactions. [n the 
milo kafir group represented by CK60B and Nagpur-A there is restoration of 
fertility for pollen and seed set with the B lines M35-lB, M31-2B, VZM2B and 
GIB. [n case of the maldandi group while VZM2B fails to restore fertility, 
G 1B restores fertility in summer season on M35-IA and in both seasons on M31
2A. The three lines Nandyal, GMI-5 and K. local restore fertility on the two 
steriles of this group. With VZM2A and G lA none of the B lines nor R lines 
restore seed set. Thus, the three group viz., CK60A and Nagpur-A represent the 
milo cytoplasm; M35-IA and M31-2A represent as second group and VZM2A 
and GIA a third group. 

However, there are differences for environmental interaction for po11en 
fertility and pollen shedding. Pollen dehiscence is influenced by temperature 
in case of M31-2A. Hybrids of VZM2A with R lines shed fertile pollen but 
there is no seed set indicating the opration of self-incompatibility. The milo 
(A J) X R crosses and VZM2A X R crosses also appear to be confounded by 
self.incompatibility in addition to male sterility. 

Quinby (1982) felt that M35-IA might represent A2 cytoplasm, but the 
absence of a known parent representing the A2 source of cytoplasm (Schertz 
and Ritchey, 1978) in this study, correspondence between A2 and any of these 
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sources has to wait. But our studies clearly establish existence of at least three 
diverse sources of cyto-genetic sterility. This is further confirmed by amino 
acid composition, soluble protein patterns, isoenzymes, differences in pollen grain 
shape, size, exine sculpture and internal structure (Tripathi et al., ]98]a~ 

1981b, 1982a, 1982b, 1983). 

CHARACTERIZATION OF BAND R CYTOPLASMS 

Quinby (1982) assumes the presence of female-inducing (AI and A2) and 
male-inducing (B1 and B2) cytoplasms. The kafir B type of cytoplasm is 
designated as BI and studi!!s on cytoplasmic characterization of other Band R 
lines still needs critical analxsis. 

In this study, some of the B X Band R X R crosses exhibited high levels of 
pollen sterility compared to their parents. The B xU crosses, G lB x Nagpur-B, 
G4BxM35-IB, CK60BxNag-B and GIBxVZM2B exhibited significantly higher 
levels of sterility compared to their parents. Amongst the R x R crosses, the 
NandyalxGMI-5 cross exhibited significantly higher levels of sterility (Table 5). 

The analysis of variance revealed that overall reciprocal differences were 
more prominent between the R X R crosses compared to B x B or B x R crosses. 
Individual crosses, however, in each group did show significant reciprocal diffe
rences. Based on reciprocal differences for general combining ability effects, it 
gets established that the cytoplasmic effects can broadly be classified into the 
negative and positive categories. The cytoplasms of GIB and Nandyal tend to 
induce sterility and also reduce grain yield. Further, association analysis 
between reciprocal effect for pollen sterility and yield indicates G 1B as the 
extreme sterile inducing type followed by Nandyal. On the other hand, Karad 
Local and CK60B represent the most 'fertility inducing' type cytoplasms, while 
Nagpur-B and GMI-5 tend to induce some sterility. The differences amongst 
them are significant. 

It thus appears thatthere are c1earcut cytoplasmic differences for induc
tion of sterility or fertility. Based on the analysis, the following categories may 
be recognised: 

Cytoplasmic type Example 

1. High male sterility inducing GlB and Nandyal 
2. Male sterility inducing Nagpur-B and GMl-5 
3. Male fertility inducing VZM2B and M35-IB 
4. High male fertility inducing Karad Local and CK60B 
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A question that arises is that even if certain amount of pollen sterility is 
induced due to cytoplasmic differences, reciprocal yield differences should not be 
significant since there is adequate pollen available for fertilizing all stigmas 
within a head under the bag. Inspite of this, there is a corresponding fall in 
yield levels also which needs explanation. 

Rao et al. (1971) reported the existence of self-incompatibility in sor
ghums. Crosses on CK60A and Nagpur-A with Karad local have high per cent 
of pollen fertility but seed sets were only partial. Similarly, VZM2A crosseS 
with the R lines like GMI-5, K. local and Nandyal had 20-50% fertile pollen, 
but. seed set was absent. Both these cases, may be explained only on the basis 
of partial to complete self-incompatibility. Like cytoplasmic-genetic male 
sterility, the origin of self-incompatibility may also have a cytoplasmic genetic 
basis. It will, therefore, be necessary to establish the precise relationships 
between these two phenomena. There is need to re-examine these crosses so 
that a precise characterization becomes feasible. 

The present studies c1ear1y establish cytoplasmic differences among 
normally fertile lines represented by Band R categories which may be classified 
into 2 or 3 groups as follows: 

Cytoplasmic effects of A, Band R lines 

A lines B/R lines 
increasing I CK60A GIB, Nandyal t increasing 
sterility I M 35-1A Nag B, GMI-5 I sterility

i VZM2A M35-1, VZM2B I 
t GIA CK60B, Karad local I 

In A lines, the degree of sterility increases from Al > A2 > A3 and 
(;onsequently fertility restoration also becomes increasingly difficult in the same 
.order. 

Similarly in B/R lines also, the cyt.oplasms do exhibit similar differences. 
::But what is of significance is the milo cytoplasm of Kafir A (Al) induces 
sterility whereas the Kafir B cytoplasm (B1) is most fertility promoting, while B2 
.and B3 types tend to induce increasing levels of sterility. Cytoplasmic factors in 
A and B lines appear to be in opposite directions. 
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BREEDING SORGHUMS FOR HIGH PROTEIN CONTENT 

AND QUALITY 
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Rajendranagar, Hyderabad-500 030 
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ABSTRACT 

Considerable variability exists in sorghum for protein content (%), lOO-seed weight. 
DBC values. tiBC/Protein and protein per grain. Interesting cross combinations were 
observed where simultanous improvement in protein quantity and quality traits could be 
achieved. In breeding programmes aimed at protein improvement, it is essential to select 
parents with high protein synthesizing ability instead of choosing parents solely on protein 
pereentage. The methodology of DBC per unit protein used in the present investigation is 
likely to be useful in identifying liigh lysine lines. 

The nutritionally superior sorghums of Ethiopian origin IS 11758 and IS 
11167 (Singh and Axtell, 1973) have shrivelled grains and in practice the trans
ference of the high lysine trait from shrivelled to plump grains could not be 
accomplished so far. The P-721 opaque sorghum mutant (Mohan. 1975) even 
though plump is reported to be unstable (Riley. 1980) and its transference to a 
corneous endosperm type is yet to be achieved. The main reason for a lower 
yield in high lysine genotypes has been the reduction in grain weight (Mehta. 
Dongra, Johari. Lodha and Naik, 1978; Bansal, Shrivastava. Eggum and Mehta, 
1977). The results presented in this study indicate the possibility of combining 
high protein and high lysine against plump seeded background in grain sorghum. 

MATBltIALS AND METHODS 

The experimental material comprised two released varieties; two high lysine Ethi
opian lines and one high lysine Purdue mutant; three plump and three shrivelled seeded deriva
tives from cross combinations of Ethiopian high lysine sorghums; FI's. pt's. BC Ft's and 
BCF.'s of crosses with P-721 mutant. One gram of wholegrain meal from each of the materials. 
ground in Udy Cyclotec Mill. was used for protein estimations (Nx6.25) by the macrokje1dahl 
method on the Tecator Kjeltec system II. DBC (mg dye bound/g sample) analysis were done 
on the ground samples using the Udy protein analyser according to Mossberg (1969). Standard 
statistical procedures were followed for analysis of the data. 

• Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi-110 012• 
•• Marathwada Agricultural University 431402. Parbhani·431402. 
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RESULTS 

The seeds of F l , Flb BC FI and BC F2 as well as parents were analyzed 
for protein and DBC. The mean and range is presented in Table I. The 
parents. CSV-3, CSV-5, N 49, N 55 and N 59 had plump seed and IS 11758. IS 
11167, N 82, N 93 and N 94 had shrivelled seeds. The l()().seed Weight was the 
highest for N 55 and the lowest for the high lysine parent. N 82. Protein (%) 
varied among parents. The parents. P-721. IS 11758, IS 11167. N 82. N 93 and 
N 94 had more than 10 percent protein, while CSV-5 and CSV-3. N 49, N 55 
and N 59 had less than 10 percent protein. The protein content on percent 

.. 	 basis was quite high in .IS 11758. N 82 and N 93. On comparing the protein 
content per grain, a different pattern Was obtained. IS 11758 had the highest 
protein content of 4.17 mg protein per grain. while the protein content per grain 
of N 82 Was much lower even though protein expressed as percentage was very 
high. Parent, N 55 had about 4 mg protein per grain. Protein content was lower 
in N 93. N 49 and P 721 than the rest. The higher protein percentage in parents. 
N 82 and N 93 with shrivelled seeds was mainly due to a reductIon in starch 
since protein content per grain was lower as compared with many plump seeded 
varieties. 

The DBC value furnishes an estimate of protein content and basic 
amino acids which were higher in parents, IS 11.758, IS 11167. N 82, N 93 and 

. N 94 and lower in CSV-5, CSV-3. N 49. N 55, N 59 and P-721. DBC per protein 
unit indicates protein quality and was found to be higher in CSV-5, N 49. N 55, 
IS 11758. IS 11167 and N 94. CSV·5 and N 49 had less DBC/g flour but on 
per unit protein basis the values were much higher indicating better protein 
quality in seeds with plump background. 

On comparison. the protein percentage in FI> BC FI and BC Fi exhibited 
Wide variation in protein content as well as seed weight. In F I , protein varied 
from 8.23 to 9.45%; in Fz from 8.75 to 9.80%; in BCF1 from 7.14 to 16.46% 
and in BCF! from 8.16 to 13.13%. There Was consistent improvement in 
protein percentage in backcrosses. The scatter diagram (Fig. 1) shows the 
relationship between seed weight and protein per gram. Distinct improvement 
in protein content over parent Was observed. Figure 2 shows the relationship 
between protein percent and DBC value. A linear relationship was noticed 
but there were certain deviates which had higher DBC at the same protein level 
and these were the strains which shows improvement in protein quality. 

The DBC values of FI seeds ranged from 24:80 to 27.90; for Fz from 
27.15 to 27.90 and for BCFI from 23.35 to 44.10. The DBC per unit protein 
also varied between Fh Fl' BCF1 and BCF!. The mean DBC/g protein for 
BCF2 was higher than parental mean. However, in BCF~b certain strains 
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which had high protein showed low DBC values there by indicating lower In F:- :: 
basic amino acid content in those strains. Protein content per grain also varied to ::
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in Fit F2, BC Fl and BC Fl!' In Fl. itranged from 2'46 to 3.30111g; in Fl! from 2.42 
to 3.54 mg; in BCFI from 1.92 to 4.45 mg and in BC FII from 2.57 to 4.32 mg. 
Compared to the mean protein percentage and the protein per grain of parents, 
the FI's have shown a decrease. There was improvement in DBC/g of protein 
in Fa and BCFlI seeds which was indicative of protein quality improvement. 

The variation in DBC per unit protein was quite marked. The results 
indicate major differences with respect to protein quality. Some of the BC FI's 
such as (N 49xP-721) X N 49 and (P-721 xN 55) X N 55 in a plump back
ground had high DBC/unit protein indicating higher lysine/basic amino acid 
content. It has been earlier observed that DBC/protein is positively correlated 
with lysine content. Therefore, higher DBC value per unit protein in some of 
these crosses was indicative of the improvement in protein quality in sorghum. 
Out ofthe 20 BC Fs's (P-721 xN 93) X N 93. (P-721 xN 49) X P-721, (N 93x 
P 721) X P 721 and (N 49xP-721) x P-721 had high DBC per unit protein and 

hence better protein quality (Table 2). The relationship of protein (%) with 
DBC/protein is shown in Fig. 3 and of the seed weight with DBC in Fig. 4. In 
general. with increasing protein % there has been a decrease in DBC/protein. 
However, there are many deviates where at some protein level DBC/protein has 
registered increase. 

DISCUSSION 

Protein content in cereal grains has been shown to be negatively associated 
with grain yield. Cereal grains are nutritionally poor mainly on account of 

deficiency of lysine. In several laboratories, efforts are being made to combine 
high yields with increased protein content and quality (Bansal and Bhaskaran. 
1976; Bhatia, Desai and Suseelan. 1978; Johnson, Mattern, Wilhelm and Kuhr. 
1978; Bansal, Singh, Bhaskaran, Santha and Murty, 1980; Jaya Mohan Rao, 
1980; Jaya Mohan Rao and Rao. 1981; Jaya Mohan Rao, Deosthale, Vidyasagar 
Rao and Rao, 1983; Jaya Mohan Rao, Deosthale. Rana, Vidyasagar Rao and 
Rao. 1983; Jaya Mohan Rao. Reddy. Rana and Rao. 1983; Jaya Mohan Rao. 
Rana, Reddy. and Rao, 1983; Jaya Mohan Rao, Santha, Mehta and Rao, 1983. 
Among cereals, the nutritional quality of sorghum is the least and people subsis
ting on sorghum diet develop pellagra mainly on account of high leucine/isoleu
cine ratio (Gopalan and Srlkantia, 1960), The poor nutritional quality in these 
grains is mainly due to the predominance of prolamine which is known to be 
extremely low in lysine and rich·in leucine. The development of high lysine strains 
like IS 11758 and IS 11167 (Singh and Axtell, 1973) and P-721 Opaque (Mohan, 
1975) in sorghum, Hiproly, Notch-2, Riso 1508 in barley and Opaque-2 in maize 
(Mertz, Bates and Nelson, 1964) raised hopes of combining nut tritional quality 
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with yield. This has not been possible mainly because of reduction of starch con
tent in the grain (Mehta et 01., 1978; Bansal et al., 1977; Sen and Mehta, 198]; 
Batra, Bansal and Mehta, 1981). Grain weight, being an important yield attribute, 
has been encountered to be a constraint in breeding barley for improved nutri
tional quality and productivity (Doll and Koie, 1978; Weish, 1978). ]n sorghum 
also, the high lysine strains of Ethiopian source have shrivelled and dented seeds. 
It has been suggested that some high protein or high lysine genes may be linked 
to factors that impair endosperm development (Bhatia and Robson, 1976; Doll 
and Koie, 1978). In addition, high lysine lines, IS 11758 and IS 11167 are 
photosensitive and are of long duration. 

In the present study, utilizing parents with improved quality, it has been 
possible to incorporate high protein and high lysine characters in plump seeds 
in some segregants. It has also been possible to get seed weights to the extent 
of ,\05 g. In BC Fl and BC FI, the improvement in the protein content was 
accompanied with an improvement in protein quality in some of the lines. The 
improvement in the protein quality is reflected in higher mean DBC value per 
unit protein in BC FI's as compared to the parents. Some of the segregants 
had much higher DBC value per unit protein than the respective parents used 
in the crosses. This indicates that it is possible to combine and get additive 
effects both in protein .quantity and quality by following a suitable breeding 
programme. Although in many of the segregants such as (N 82 x P721) X N 82 
and (N 82 X P-72l) x P-721 protein percent obtained was high but on compa
ring the absolute level of protein these segregants had much lower protein 
content per grain. In other words, the higher protein per cent observed in such 
segregants was not due to high protein content in the grains as their seeds were 
shrivelled. Thus, in a plant breeding programme aimed at protein improvement, 
it is absolutely necessary to select parents on the basis of their absolute protein 
synthesizing ability rather than solely on protein percentage basis. 

In barley, Bansal et al. (1977) and in wheat. Jain, Singhal and Austin 
(1976) demonstrated that for breeding purposes protein per grain or protein yield 
per unit area should be taken into consideration for selecting high protein types. 
The present study brings out very clearly that improvement in both seed weight 
and protein content could be obtained by using parents with improved protein 
and lysine content. The material raised in this study is being further used in 
breeding programme, so that improved protein quantity and quality traits can be 
stabilized under high yield potential. 
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ABSTRACT 

Endosper m structure in high lysine sorghums and their crosses was examined by 
scanning electron microscopy. The high lysine trait was associated with adherence of protein 
to large starch granules, surface granularity of the starch granules and the number of smaller 
starch granules present. 

High lysine sorghums identified or induced so far have improved nutri
tional quality but the yields are lower as compared with commercial varieties 
(Singh and Axtell. 1973; Mohan, 1975). Studies conducted so far indicated 
that improvement in protein quality has been mainly due to a decrease in proIa. 
mine (Jambunathan, Mertz and Axtell, 1975; Guiragossian, Chibber. Van 
Scoyoc, Jambunathan, Mertz and Axtell, 1978). It has also been suggested that 
tbe protein bodies which predominantly contain prolamine are smaller and fewer 
in high lysine sorghums than In normal sorghums (Rooney and Sullins, 1976). 
In high lysine barley and maize genotypes, yield reduction has been mainly on 
account of decrease in starch (Mehta, Dongre, Johari, Lodha and Naik, 1979; 
Sen and Mehta. 1980). In the high lysine barley mutant Notch-2. scanning 
electron microscopy indicated changes in size and morphology of starch granules. 
Yield reduction was partly contributed by the smaller size of the starch granules 
(Sood, 1982). Electron microscopic investigations of starch and protein grains 
of endosperm of bigh lysine sorghums and their derivatives were undertaken to 
provide guide lines on the selection of nutritionally superior genotypes. 

MATERIALS AND METHODS 

Large number of crosses were made using the high lysine sorchum lines. IS 11167 and 
IS 11758, both as male and female parents. During the course of selection, only three plump 

• Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi-110 012. 
•• Marathwada Agricultural University, Parbhani-431 402. 
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(N 49, N 55 and N 59) and three shrivelled (N 82, N 93 and N 94) derivatives were selected and 
were used in subsequent crossing programme along with P 721, the Purdue high lysine opaque 
mutant. N 49, N 55, N 59, N 93 and N 94 were derived from the cross 148CSV-5 x IS 11167, 
whereas N 82 was a derivative of IS 11758 x CSV-3 370. The plump lines are moderatelyhigh in 
protein and lysine whereas the shrivelled lines were high both in protein and lysine. All the 
parents were photoinsensitive and agronomically desirable. 

The experimental material was grown during summer, 1980 at the National Research 
Centre for Sorghum, Hyderabad under normal (about 60-80 kg N/ha) fertility. Based on 
amino acid and electrophoretic studies out of a total 72 samples in parents, FI , RCFI and RCFs . 

generations (Jaya Mohan Rao, Mehta and Rao, 19831, only 7 parents, one PI and 5RCFI ' s 
and one RCF, (Table 1) were. selected for scanning electron microscopy. Seeds at maturity 
were taken for scanning electron microscopy. Single seeds were cut by rajor blade at room 
temperature and the sections after mounting on the stubs witb a colloidal silver solution were 
coated with a thin carbon film in a vacuum coating unit and were later coated with gold. The 
mounted stubs were rotated while being coated. The sections were -examined in Cambridge 
Stereoscan S 4-10 scanning electron microscope for their endosperm structure at 10 KV and 
photographs taken. The seeds were not fixed because there was no problem of moisture 
removal. 

RESULTS 

PROTEIN CONTENT AND QUALITY 

Protein content, 100 seed weight and lysine content of parents and crosses 
are given in Table 1. The seed weigbt of parent, N 49 was the highest and of 
N 82 the lowest while seeds of different crosses had seed weights varying from 
1.20 to 2.38 g. Crosses involving parent, N 82 had lesser seed weight than those 
derived from N 94 or N 49. Protein content expressed as percentage was higher 
in IS 11758 and N 82 among parents and in crosses (P 721 xN 49) x P 721, 
(N 93xP 721) x P 721, (P 721 x N 94) x P 721 BCFl

t s than others. How
ever, protein content per grain which is a better index of protein synthesizing 
ability was higher in IS 11758 and IS 11167 than other parents. On comparing 
the protein content per grain of crosses with that of parents both parental 
performance and interactions were observed. One of the parents. P 721 had 
less pro(ein and yet its crosses with N 49 had higber protein in BCFl • This 
indicates interaction effects since both the parents had lower protein per grain 
than the cross (P 721 xN 94) x P 721 while the cross of P 721 witb N 82 in all 
cases resulted in a decrease in protein content· In cross (P 721 x N 94) x P 721 
BCFl , the protein followed its parent N 94. Lysine content in most crosses N 
82xP 721, (P 721 xN 49) x P 721 BCF1, (N 82xP 721) x N 82 and (N 82xP 
721) x P 721 was higher than other crosses. In BCF1 (P 721 x N 49) X P 721 
higb lysine was achieved with high protein content per grain and high protein 
percentage. The decreased grain weight in this cross derivative is, therefore. 
mainly due to reduced synthesis of starch. 

July. 

IS 11167 
IS 11751 
P 721 
N 4, 
N ~2 
N 93 
N 94 
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and TABLE 1 

Protein and lysine content in high lysine sorghum grains 

Seed 100 Seed Protein Lysine Protein 
Parent/Cross type weight (g",{,) 81100 g (mg, 

(g) protein grain) 

IS 11167 S 2.88 12.78 3.51 3.68 
IS 11758 S 2.84 14'70 3.06 4.17 
P 721 P 2."0 11.38 2.59 2.73 
N 4, P 3.23 8.40 2.44 2.71 
N ~2 S un 14.18 3.00 3.43 
N 93 S 2.42 11.55 3.26 2.70 
N 94 S 2.34 . 11.42 3.15 3.35 
N 82xP 721 Fi> S 1.65 11.73 3.90 1.93 
(P 721 xN 49). x P 721 DCF1 P 2.04 16.46 3.10 3.35 
(N 82.xP 721) x·N 82 BCF1 S 1.71 9.97 3.sS 1.10 
(N 8i x p 721) x P' 121 DeFl S 1.75 11.09 3.55 1.94 
(N 93xP 721) x P721 DeFl Seg. P 1.9S 14.04 3.40 2.73 
(N 721 xN94) x P721 DCF1 Seg. P 2.38 14.53 2.90 3.45 
(N 82xP 721) x P 121 DCF. P 1.20 J3.19 2.10 1.65 

S=Shrivelled; P ..Plump: Seg. P=Segregating on the panicle but only plump seed 
taken for analysis 

SCANNING ELECTRON MICROSCOPY 

(a) Pa~ents : Plate 1 shows the, internal endosperm structure of parents and 
cross derivatives. ,Starch granules of IS 11167 were bigger as compared to IS 
11758 (I-A and B). ·The size ranged in the former from 0.10 I' to 0.25 I' and in 
the latter 0.09 I' to,.0.20 1'. The starch grains showed small surface granularities 
in both these parents. The granularity was more prominent in IS 11167 which 
had higher lysine content. 

The starch granules in the plump high lysine mutant, P 721 were the 
biggest ranging from 0.201' to 0.291'. The surface granularities on the granules 
is quiet prominent (I-C). The starch granules were sandwitched with amor
phous material. In the moderately high lysine derivative. N 49 the starch grains 
were smooth, the size ranging from 0.14 I' to 0 . .27 I' (I-D). More amorphous 
material was present in this case. The average number of bigger granules was 
84% in P 721 and 87% in N 49 compared to 57% in IS 11167 and 67% in IS 
11753. 

In the high lysine shrivelled derivatives (I-E and F) the size of thegranu
les ranged from 0.18 I' to 0.36 I' in case ofN 93 and from 0.09 I'to 0.30 I' in N 

http:to,.0.20
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Fig,!. 	 Scanning electron micrograph showing central endosperm 
parents and cross derivatives. 
A , IS 11167 ( x 1200) B, IS 11758 ( x 1200) 
D. N49( x I150) E.N82 ( x 1200) 
G. N 	 82 x P 721 F, (x 1300) 
H. (P 721 X N 49) x P 721 RCF, ( x 1200) 
J. (N 93 x P 721) x P 72T RCF, ( X 1200) 
J, (P 721 X N 94) x P 721 BCF, ( x 120D) 
K. (N 	 82 x P n1) x P' 721 BCF, ( X 1250) 
L. (N 	 82 x P 721) x P 721, BCF2 ( X 1200) 

in high 	 lysine sorghum

C. P 721 ( x 1250) 
F.N93 ( X 1200), 

July, 

94. H .:: 
gran ule;. 
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94. However, it was not possible in case of N 82 to measure the siz~ of the 
granules since it had more amorphous deposits (I-E). The surface granularity 
is very clearly seen in both the cases. The number of granules and their -distri
bu.ion in' N 93 and N 94 resembles the Ethiopian parents, IS 11167 and IS 
11758. The granules were loosely packed with more number of intracellular 
gaps. 
(b) Cross derivatives: Plate I-G to L shows the internal endosperm structure 
of the cross derivatives. The starch granules in the crossN 82xP 721 with 
high protein and ly sine showed resemblance to both the parents (I-G). The 
bigger starch granules resembled P 721 while smaller starch granules to IS 
11758, which is one of the parent of N 82.. The starch granules were not tightly 
packed and intracellular gaps ware evident. The starch granules were iandwit
ched with amorphous material, a character derived from P 721. The starch 
granules of the backcross (P 721 xN 49) X P 721 were oval and re1\embled its 
parent, P 721 (I-H). The amorphous material deposition also followed its parent 
P 721. Smaller size granules were not seen. Majority of the granules were of 
the size of 0.25 II- (Table 2). 

The backcrosses (N 93XP 721) xP 721 and (P721xN94)xP 721 
showed oval shaped starch granules with some size variation in both i.e., 0.20 II

TABLE 2 

Size distribution of starch grains in high lysine sorghum grains 

Length Breadth Smaller .Bigger Distri-
Parent Cross Mini- Maxi- Mini- MaXI- Particles parti butioll 

mum mum mum mnm cles 

IS 11167 0.111 0.277 0.111 0222 43 57 Uniform 
IS 11758 0.I11 0.222 0.083 0.166 33 67 Uniform 
P721 0.250 0.361 0.166 0.222 . 16 84 Uniform 
N 49 0.174 0.284 0.116 0.261 13 87 Uniform 
N 82 50 50 Uniform 
N 93 0.222 0416 0.138 0.305 45 55 SL 

N94 0.111 0.333 0.077 0.250 55 45 Uniform 

N82xP721 Fl 0.111 0277 0.071 0205 48 52 Uniform 
(P 721 x N 49) x P 721 BCFl 0.271 0.305 0.014 0.194 20 80 SL 
(N 82xP 721) x N 82 BCF. 0.083 0.264 0.042 0.1£6 35 65 SL 

(N 82x P 72l)x P 721 BCFl 0.240 0.346 0.133 0.186 33 67 SL 

(N 93 x P 721) x P 721 BeFl 0.277 0.500 0.166 0.277 20 80 Localized 
(P 721 x N 94) x P 721 BCFl 0.287 0.459 0.229 0.345 35 65 Localized 

(N 82x P 721) x P 721 BCF t 0.305 0.472 0.222 0.306 26 74 Localized 
--~"..-.-.. 

SL=SUshtly localjzed 
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to 0.45 p.. Majority of the starch grains were of bigger type (I-I and J). The 
endosperm showed large amount of amorphous protein between the starch 
grains. The surface of the starch granules was smooth in (P 721 x N 94) x P 
721 while that of (N 93 xP 721) X P 721 was slightly granular, since starch 
grains could easily be cut into two halfs in the former. The (N 82xP 721) X 
P 721 backcross had oval shaped starch granules with size from 0.19 I' to 0.271'. 
and the second backcross with N 82 shows oval shaped grains of smaller size 
(l-K). The surface of the bigger grains in both the cases were more or less 
smooth. Amorphous protein was less in the DCFt of (N 82 XP 721) X N 82 
than its DCFs (l-L). This DCFl! showed plump character whose starch grains 
were slightly bigger th'an its DCFt -generation and were equal to the BCF,'s of 
other backcrosses. The starch grains were very smooth at their surfaces and 
the smaller grains were about 35% of the larger particles. The amorphous 
protein was high and was seen covering these starch grains. 

DISCUSSION 

Cereal grain proteins have poor nutritional quality mainly on account of 
deficiency of lysine. In addition, in sorghum and maize the imbalance in 

, leucine and isoleucine ratio had been shows to develop pellagra in populations 
subsisting on these diets (Gopalan, 1968, 1972: Gopalan and Srikantia, 1960; 
Gopalan, Belavady and Krishnamurty, 1969). In maize and barley, high lysine 
mutants were induced or identified (Mertz, Bates and Nelson, 1964; Nelson, 
Mertz and Bates, 1965; Munck, Karlsson, Hagberg and Eggum. 1970; Bansal. 
1974). Similarly in sorghum also high lysine types, IS 11167, IS 11758 and P 
721 were identified (Singh and Axtell, 1973; Mohan, 1975). The high lysine 
lines IS 11167 and IS 11758 are shrivelled types and have lower yield, The 
plump opaque mutant P 721 is also low yielding compared with commercial 
cultivars. 

Scanning electron microscopy of high lysine barley mutant Notch-2 
showed that yield reduction is mainly due to the reduction in starch granules 
coupled with intracellular spaces within the endosperm (Sood, 1982). 

The starch grains in all high lysine strains are smaller than the size of the 
grains reported for normal sorghums and barley. However, the surface of the 
bigger starch granules of all high lysine parents specially in IS 11167 and IS 
11758, N 93 and N 94 showed ( +) rough granularity on the surface which was 
maximum in the 'Ethiopian parents but decreased in the derived parents. This 
feature has a direct positive correlation with the lysine content and seed type. 
All the plump seeded lines are having more or less smoother surfaces on the 
larger grains. 
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The P 721 plump opaque mutant is moderate in lysine content with inter 
mediate surface granularity structure on the surface of larger grains thus indica
ting that it may be related to lysine. In all such starch granules with surface 
granularity, protein was adhering to them. Such adhering character has been 
reported by Munck (1970) in high lysine barley. This indicates that there may 
be association of protein containing high lysine with starch. 

In the crosses with P 721, plump seeded character was selected. In the 
Fl of N 82 xP 721 which is a high lysine cross the number of smaller granules 
are more resulting in seed shrivelledness. The surface of the bigger starch gra
nules was intermediate in surface granularity. Both the backcrosses showed high 
lysine'with a decrease in the number of smaller starch granules. However, the 
surface of the bigger starch granules remained intermediate in the granularity. 
The other backcrosses (P 721 X N 94) x P 721, (N 93 X P 72 I) X P 721 and 
(N 94XP 721) X P 721 showed more resemblances with P 721 and the plump 
character was retained with increased lysine content. Electron microscopy 
studies on parents and cross derivatives indicate that high lysine character is 
associated with the adherence of protein to the larger sized starch granules, the 
surface granularity of the starch granules and the percentage of smaller granules 
present. 
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Breeding for Shoot Fly and Stem Borer Resistance 
in Sorghum 

B.S. Rana, B.U. Singh, and N.G.P. Rao* 

Abstract 

The information on stable resistance sources, mechanisms, genetics, character associations, and 
breeding for resistance is reviewed, and progress made in breeding for multiple resistance to shoot 
fly and stem borer is documented. Resistance to these pests is found in some traditional Indian 
varieties which are agronomically inferior. Nonpreference for oviposition is a major mechanism of 
resistance to shoot fly, but antibiosis seems also to be present. For stem-borer resistance, antibiotic 
characters are more important than ovipositional nonpreference. 

Heritability of shoot-fly resistance is fairly high, but that of stem-borer resistance is low. In the 
absence of sources of immunity, selection at one standard deviation (SD) below the population 
mean for pest damage can help to increase the resistance level gradually. A moderate level of 
multiple resistance (shoot fly and stem borer) has been built into a high-yielding background. 

Plant resistance should play a particularly impor-
tant role in pest management programs in dryland 
crops. Landraces of cultivated sorghums from the 
plateaus of southern India survived under insect 
pressure and developed a high degree of resis-
tance to shoot fly (Atherigona soccata Rond.) and 
stem borer (Chilo partellus Swin.). They are, how-
ever, low in productivity and are vulnerable to cli-
matic fluctuations. 

A systematic program of transforming these 
tropical sorghums into higher yielding genotypes in 
India commenced in the 1960s, utilizing early and 
dwarf temperate germplasm (Rao 1982; Rao and 
Rana 1982). The temperate x tropical crosses of 
sorghums provided the basis for combining resis-
tance with more productive backgrounds. This 
paper analyzes the information on sources, mech-
anisms, and stability of resistance; genetics; selec-

* All India Coordinated Sorghum Improvement Project, IARI Regional Station, Rajendranagar, Hyderabad, India. 

International Crops Research Institute for the Semi-Ar id Tropics. 1985. Proceedings of the International 
Sorghum Entomology Workshop, 15-21 July 1984, Texas A & M University, Col lege Stat ion, TX, USA. Patan-
cheru, A.P. 502324, India: ICRISAT. 
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tion criteria; and advances from selection in 
breeding for shoot fly and stem borer resistance in 
sorghum. 

Shoot Fly 

Sources and Stability of Resistance 

The genetic differences of resistance to shoot fly 
were first established by Ponnaiya (1951). Most of 
the resistant lines were from peninsular India. Sub-
sequently, however, more than 10000 varieties 
from the world collection were systematically 
screened at different locations (Singh et al. 1968). 
Deadheart in the main shoot was taken as the 
parameter for evaluating resistance. A number of 
varieties showed consistently little damage, but 
none of them was found immune to shoot fly attack. 
Young (1972) has listed the following cultivars as 
promising sources: IS nos. 1034, 1054, 1061, 1082, 
2122, 2123, 2146, 2265, 2269, 3969, 4507, 4522, 
4545, 4553, 4567, 4646, 4664, 4776, 5251, 5285, 
5383, 5469, 5470, 5480, 5483, 5490, 5566, 5604, 
5613, 5615, 5622, 5633, 5636, 5658, and 5801. 

Subsequent screening in the All India Coordi-
nated Sorghum Improvement Project (AICSIP) has 
identified the following resistant lines: IS nos. 2312, 
5511, 5641, 8315, 15551, 18557, and 22133. 

Identified resistant lines mostly come from the 
maldandi (semicompact head type) or dagadi 
(compact-head type) grown in the rabi (postrainy) 
season. Insect populations vary from location to 
location and season to season, causing varying 
degrees of damage. In the absence of high levels of 
resistance, persistence or stability of even a low 
level of resistance is of considerable value. Identifi-
cation of varieties with such inherent genetic char-
acteristics is useful for a resistance breeding 
program. 

We modified the method of analysis for stability 
of performance developed by Eberhart and Russell 
(1966), and used a susceptibility index in place of 
their environmental index (Singh et al. 1978). The 
susceptibility index is defined as mean deviations 
from a known susceptible variety. A variety with low 
susceptibility and repeatable rate of change resis-
tance performance over environments is consid-
ered to be stable. The absolutely stable variety is 
one with zero insect damage ( = 0), zero rate of 
change (b=0), and lowest deviations ( 2), whereas 
a susceptible variety shows a higher degree of 
damage and high regression coefficient and devia-

tions. Using this modified analysis, Singh et al. 
(1978) established genotypic differences for stabil-
ity of resistance over different environments. Such 
changes in resistance over environments were 
additive in effect and could be predicted. Based on 
means and regression coefficients, the varieties 
were classified into homogeneous groups. The var-
ieties IS 1054, IS 5469, and IS 5490, constituted a 
single group and provided the most stable sources 
of resistance. 

Recently 23 germplasm and 13 breeders' lines 
were tested for stability of resistance (AICSIP 
1983). Among them IS 1082, IS 2146, IS 4664, IS 
5470, IS 5566, and IS 22121, and a breeders line, 
SPV 491, showed mean deadheart percentages 
slightly less, though not significantly so, than that 
for IS 1054 (Table 1). Their regression coefficients 
and deviations were lower than those for IS 1054, 
indicating better stability of resistance. 

Mechanisms of Resistance 

There is consistently less oviposition on resistant 
varieties than on susceptible ones. Jotwani et al. 
(1971), Sharma et al. (1977), and Singh and Jot-
wani (1980a) demonstrated ovipositional nonpref-
erence to be the major mechanism of resistance. 
Screening of 20 resistant and 2 susceptible varie-
ties over 3 years under late planting revealed 0.38 
to 0.71 eggs per plant on resistant varieties versus 
1.37 to 1.70 eggs per plant on susceptible controls 
(Sharma and Rana 1983). Nonpreference appears 
to be a relative term, as there is no resistant variety 
showing zero oviposition. Relative nonpreference 
operates at all levels of infestation, over different 
environments. However, when a preferred host is 
absent and the shoot fly does not have a choice, 
the nonpreference mechanism is suppressed 
under heavy infestations. 

Low larval survival on resistant varieties, how-
ever, showed the presence of antibiosis (Soto 
1974). Retardation of growth and development, 
prolonged larval and pupal periods, and poor emer-
gence of adults on resistant varieties also provided 
direct evidence of antibiosis (Singh and Jotwani 
1980b). 

Ovipositional nonpreference and deadheart for-
mation are related phenomena in the sense that 
less egg laying results in less deadhearts (Sharma 
et al. 1977). This relationship holds good in parental 
varieties as well as in their F1 and F2 generations. 
Deadheart formation as a consequence of the 
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Tab le 1 . S tab i l i t y p a r a m e t e r s o f s o m e p r o m i s i n g s h o o t f l y res i s tan t s o r g h u m g e r m p l a s m a n d 
b r e e d i n g l ines, ra iny s e a s o n 1 9 8 3 (No. o f l oca t i ons = 9). 

Entry 

Germplasm line 

IS 1054 
IS 1082 
IS 2 1 4 6 
IS 4 6 6 3 
IS 4 6 6 4 
IS 5 4 7 0 
IS 5 5 6 6 
IS 5 5 8 5 
IS 2 2 1 2 1 

Breeding line 
SPV 4 9 1 
R 1207 
Local (control) 

SE 

24.5 
22.8 
19.0 
25.1 
23.5 
20.6 
21.4 
25.1 
24.2 

20.7 
24.9 
36.9 

± 2 . 7 3 

Shoot f ly deadhearts (%) 

b 

0.68** 
0.51** 
0 . 5 1 * * 
0.76** 
0 . 4 1 * * 
0 .43** 
0 . 5 1 * * 
0 . 5 1 * * 
0.54** 

0 .53** 
0 .70** 
0 .78* 

± 0 . 1 1 

144.8 
357.2 
242.6 
151.4 
259.5 
160.4 
276.7 
385 .9* 
431 .5 * 

172.9 
231.9 
499 .6 * 

Source: AICSIP (1983). 
* Significant at 5%; ** significant at 1%. 
i = variety; j = environment. 

death of the main shoot and main shoot survival 
depend on the level of primary resistance (Sharma 
et al. 1977). Recovery resistance does not operate 
under Indian conditions. 

Some morphological factors, such as toughness 
of leaf sheath (Singh and Jotwani 1980d), presence 
of trichomes (Gibson and Maiti 1983), glossiness of 
leaves, presence of irregularly shaped silica bodies 
in the fourth to seventh leaves (Ponnaiya 1951), 
and lignification and thickness of cell walls enclos-
ing the vascular bundles (Blum 1967) also contrib-
ute to resistance. 

Information on the chemical basis of resistance 
is limited. Low nitrogen content, reducing sugars, 
total sugars, moisture, and chlorophyll content of 
leaf, and, especially, low lysine content of the leaf 
sheath are related to resistance (Singh and Jotwani 
1980c). 

Seedling height and plant recovery are charac-
ters negatively correlated with oviposition and per-
cent deadhearts (Sharma et al. 1977). These 
relationships indicate that tall seedlings and high 
plant recovery are characteristics of resistant var-
ieties. Tiller development consequent to deadhead 
formation in the main shoot and subsequent survi-
val and recovery of the plant depend on the level of 

primary resistance. Varieties with better recovery 
resistance appear to yield more under moderate 
shoot fly infestation (Fig. 1). 

Genetics of Resistance 

The Ft hybrid shows an increase over the midpar-
ent value under low shoot fly infestation, but this 
relationship is reversed under high infestation. Re-
sistance exhibits partial dominance under low 
infestation but appears to be partially recessive 
under high infestation (Rana et al. 1981; Borikar 
and Chopde 1980). Heterosis in S x S and R x R F1 s 
for percent deadhearts was 1.9% and 3.9% respec-
tively and therefore negligible. Heterosis in S x R 
F1s however, was 17.2% (Sharma and Rana 1983). 
Inbreeding depression in the latter crosses was 
6.7% and relatively higher than S x S and R x R 
groups. Parent versus F1 and F1 versus F2 differen-
ces were nonsignificant for oviposition, indicating 
absence of heterosis as well as the presence of 
inbreeding depression for oviposition. 

Parental performance is a good indicator of 
hybrid behavior (Sharma et al. 1977; Rao et al. 
1978). Regression of F2 on F1 was also significant 
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for eggs per plant (b = 0.321**) and deadheart 
percent (b = 0.563**). Thus the resistant F1 is 
expected to produce a resistant F2 (Fig. 2). 

Shoot fly resistance in terms of deadheart per-
centage is a quantitative character, which is pre-
dominantly governed by additive genes in the F1 
and F2 generations (Rao et al. 1974; Balakotaiah et 
al. 1975). Under heavy infestation, Sharma et al. 
(1977) reported 49.7% and 82.1% heritability for 
percent deadhearts in the F1 and F2 generations, 
respectively. 

Borikar and Chopde (1980) evaluated a diallel 
under three different dates of planting to ensure 
various levels of infestation. In general, the propor-
tion of additive:dominance variance increased with 
the increase in shoot fly infestation. Heritability in 
their studies was 48 to 86% for percent deadhearts 
and 77 to 93% for eggs per plant. Under selection, 
heritability of deadhearts in the F3 was about 25% 
(Rana et al. 1975). 

Single plants of 16 F2 progenies from crosses 
between susceptible x resistant parents were eval-
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F1 F2 F1 F2 F1 F2 
P F1 F2 

Figure 1. Recovery resistance to shoot fly and yield in dif ferent crosses be tween suscept ible h igh -
yie lding (S) a n d resistant (R) s o r g h u m varieties. 
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* * S i g n i f i c a n t a t 0.01% l e v e l o f p r o b a b i l i t y 

Figure 2. Regression of F2 a n d F1 hybrids in 
sorghum for shoot fly deadhear ts (%). 

uated for oviposition and deadhead formation. F2 
frequencies of resistant plants with and without 
eggs fit a 3:1, while deadhead resistant plants ver-
sus susceptibles fit a 15:1 Mendelian ratio (Table 
2). These studies revealed that a single recessive 
gene governs nonpreference for oviposition and 
two duplicate recessive genes govern the resis-
tance to deadhead formation (Rana and Sharma 
1983). The double recessive genotype, npo npo is 
responsible for nonpreference for oviposition and 
the dh1 dh1 dh2 dh2 double recessive genotype gov-
erns the resistance to deadhead formation. 

The presence of trichomes on the abaxial sur-
face of the leaf is controlled by a single recessive 
gene (Gibson and Maiti 1983) and appears to be a 
highly heritable (h2 = 0.9) trait (Omari, unpublished). 

Glossy leaves, another character associated with 
resistance, are also governed by a single recessive 
gene (Tarumoto 1980). 

Breeding for Resistance 

Shoot fly resistance showed a systematic grada-
tion in a series of crosses among susceptible (tem-
perate), intermediate, and resistant varieties (Fig. 
3). The F2 and F3 distributions conform to a normal 
distribution, immunity being absent (Balakotaiah et 
al. 1975). While F2 modalities enable identification 
of potential crosses, differences among resistant 
and susceptible progenies are established by the 
F3 generation. With such a situation, it is possible to 
select one standard deviation below the population 
mean in the F2 and F3 generations (Rana et al. 
1975). The significant regression of the F1 on the 
parent (Rao et al. 1974) and the F3 on the F2 indi-
cate that pedormance of selected progenies would 
be reflected in the next generation. 

Although resistance in the F1 and F2 generations 
is highly additive, the heritability in F3 is reduced to 
25%. Ten percent of the total F3 progenies tested 
for shoot fly resistance were selected under mod-
erate fly pressure as less susceptible by consider-
ing only progenies with less than 20% deadhearts, 
which provides enough flexibility to operate selec-
tion within and between progenies. Selection in 
subsequent generations should be carried out 
under heavy shoot fly infestation. By adopting this 
selection procedure, it has been possible to 
develop agronomically desirable genotypes, such 
as CSV nos. 5,6, 7(R), and 8(R), and SPV nos. 102, 
104, 107, 221, 292, 315, 491, 502, and 504, from 
temperate x tropical crosses with satisfactory lev-
els of resistance. 

Tab le 2 . Gene t i c s o f s h o o t f l y o v i p o s i t i o n a n d deadhear t f o r m a t i o n i n s o r g h u m . 

Class F2 frequency 

(A) Oviposit ion 

No. of plants w i th egg laying 211 
No. of plants wi thout egg laying 87 
X 2 = 2.79 

(B) Deadheart format ion 

Deadheart format ion (Susceptible) 3 0 7 6 
No. deadheart format ion (Resistant) 211 
X 2 = 0.16 

Genetic ratio 

3 
1 

(P 0 . 1 0 - 0 . 2 5 ) 

15 
1 

(P 0.50 - 0 . 7 5 ) 
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Figure 3. Shoot f ly resistance (%) among re-
sistant (R), intermediate (I), and susceptible (S) 
varietal crosses of sorghum. 

Further selection in some high-yielding varieties 
was carried out under high infestation. Table 3 
shows that the selected lines such as E 404, E 406, 
E 409, E 416, and E 426 possessed stable resis-
tance to shoot fly (Prem Kishore and B.S. Rana 
1984, Selection for shoot fly [Atherigona soccata 
Rond.] resistance in high-yielding varieties of 
sorghum, unpublished). 

Selection for shoot fly resistance in segregating 
generations of temperate x tropical crosses has 
resulted in some highly resistant lines: E nos.103, 
108, 109, 112, 115, 119, 124, 302, 303, and P 151. 
Some of the resistant breeding lines evolved at 
ICRISAT were also tested in AICSIP trials during 
the rainy season, 1982. Deadheads ranged from 23 
to 39% against 58% in CSH 1. Five lines—PS nos. 
14454, 18257, 18527-2, 18601-3, and 2 1 1 1 3 -
showed less than 30% deadhearts. Agrawal and 

House (1982) reported 24 promising shoot fly re-
sistant lines that showed only 27.7 to 60.0% dead-
heart formation at ICRISAT Center in Patancheru, 
against 100% deadheart formation in the suscepti-
ble control. The six most promising lines were: (IS 
2816 C x 5D x Bulk)-2-2-1 - 1 , (UChV2 x IS 3962)-6-
1-1-1, (ESGPC x IS 12573 Q-3-1-1-3, (ESGPC x 
IS 12573 C)-3-2-3-1, (IS 2816 C x 5D x Bulk)-2-1 -
1-1, and (SPV 29 x IS 3962)-1-2-1. 

S t e m B o r e r (Chilo partellus S w i n . ) 

S o u r c e s a n d S tab i l i t y o f Res i s tance 

The existence of resistance to stem borer in 
sorghum was reported by Trehan and Butani 
(1949) and Pant et al. (1961). Subsequently, Singh 
et al. (1968) screened 3953 germplasm lines from 
the world collection. Systematic screening was 
continued by Jotwani and his colleagues, who 
screened an additional 6243 germplasm lines. 
Twenty-four lines found consistently less damaged 
under repeated hatural and artificial infestation 
were: IS nos. 1044, 1056, 1155, 3096, 4424, 4552, 
4651, 4689, 4707, 4764, 4776, 4782, 4827, 4841, 
4875, 4934, 4994, 5030, 5031, 5470, 5837, 6041, 
8314, and 9136. A further multilocation screening 
program enabled us to identify the following lines: 
IS nos. 2122, 2205, 4329, 4829, 4839, 4863, 4866, 
5469, 5490, 6046, 6101, 6119, 10676, 10711, 
10795, 12448, 17934, 18463, 18574, 18578, VZM 
2B, BP 53, and DJ 6514. 

Thirteen germplasm lines were tested over 
seven AICSIP locations during the rainy season, 
1983; IS 5538, IS 18551, and IS 18584 were the 
most stable for resistance in terms of percent 

Tab le 3 . S h o o t f l y r es i s t ance i n s o m e s o r g h u m s e l e c t i o n s o v e r a 3 - y e a r pe r i od . 

Selection 
No. 

E 4 0 4 
E 4 0 6 
E 4 0 9 
E 4 1 6 
E 4 2 6 

Control 

SE 

Origin 

CSV 6 
SPV 8 
SPV 13 
SPV 29 
SPV 7 0 

CSH 1 

Year 1 

32.4 
29.1 
29.7 
31.1 
32.5 

71.1 

± 0 . 9 1 

Deadheart (%) 

Year 2 

28.7 
27.6 
29.0 
28.5 
32.8 

90 .0 

± 0 . 8 9 

Year 3 

29.8 
28.1 
28.3 
29.4 
30.7 

90.0 

± 0 . 8 7 

Average 

30.3 
28.3 
29.0 
29.7 
32.0 

83.4 

± 2 . 9 7 
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T a b l e 4 . S tab i l i t y p a r a m e t e r s o f s o m e p r o m i s i n g s o r g h u m g e r m p l a s m l ines f o r s t e m b o r e r 
res i s tance . 

Entry 

IS 5 5 3 8 
IS 18551 
IS 18577 
IS 18578 
IS 1 8 5 8 4 
PB 8 2 7 2 
PB 8 3 1 3 
PS 2 1 2 0 6 
Local 

SE 

Deadheart (%) 

Mean 

4.8 
4.1 
8.1 
5.9 
3.7 
5.3 
4.3 
8.3 

10.4 

± 3 . 2 

b 

0 .19** 
0 .17** 
0 .38** 
0 .26** 
0.13** 
0 .33** 
0.15** 
0 .14** 
0 .25** 

± 0 . 1 2 

6.44 
0.56 

18.90 
11.47 
9.13 
1.01 
2.30 

11.48 
36.75 

Mean 

6.4 
3.5 
4.0 
4.9 
3.0 
2.7 
3.3 
2.3 
4.0 

± 1 . 7 

Tunneling (%) 

b 

- 0 . 2 4 * 
- 0 . 1 1 * * 
- 0 . 2 9 * 
- 0 . 5 0 
- 0 . 0 7 * * 

0.37 
- 0 . 0 1 * * 
- 0 . 0 6 * * 

0 .17** 

± 0 . 3 3 

0.68 
4.77 
6.78 
4.65 
3.22 
2.81 
3.38 
3.62 
8.03 

Source : AICSIP (1983), Unpublished data. 
* Significant at 5%; ** significant at 1%. 
i = variety ; j = environment. 

deadhearts and percent stem tunneling (Table 4). 
IS 18577 and IS 18578 and some ICRISAT breed-
ing lines, such as PB 8272, PB 8313, and PS 21206, 
were stable for resistance to stem tunneling (AIC-
SIP 1983). 

Resistance Parameters 

Stem borer attacks both seedling and adult plants. 
Emerging larvae start feeding on leaf-whorls of 
seedlings and the leaf-feeding lesions appear after 
20 days of crop growth. When stem borer infesta-
tion is heavy, feeding in the leaf-whorls results in 
deadheart formation. The second cycle of borers 

establishes on the adult plant by making holes in 
the stalk and peduncle. Thus, borer attack can be 
measured in terms of leaf-feeding injury; deadheart 
formation; and tunneling parameters such as 
number of holes, number of tunnels, and percent 
tunneling separately in stalk and peduncle. 

Relationship among Resistance Parameters 

Leaf-feeding injury rating, deadhearts, and tunnel-
ing percentages are not correlated and are inher-
ited independently (Singh et al. 1983). However, 
tunneling parameters per plant are significantly 
correlated among themselves (Table 5). Number of 

Tab le 5 . Co r re l a t i on b e t w e e n s ta l k a n d p e d u n c l e res i s tance p a r a m e t e r s ( D F = 151 ) . 

Parameter 

Stalk 
1. No. of holes 
2. No. of tunnels 
3. Tunneling (%) 

Peduncle 
4. No. of holes 
5. No. of tunnels 
6. Tunneling (%) 

1 

1.00 

2 

0 .66** 
1.00 

Correlation coefficient 

3 

0 .64** 
0 .64** 
1.00 

4 

0.19 
-0 .01 

0.08 

1.00 

5 

0.07 
0.03 

- 0 .05 

0 .29** 
1.00 

6 

0.06 
- 0 . 1 3 
- 0 . 0 4 

0 .32** 
0 .55** 
1.00 

** Significant at 1 % 
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holes, tunnels, and percent tunneling per plant, 
therefore, depend on one another. When these 
parameters were measured in stalk and peduncle 
separately, they were positively and significantly 
correlated. Stalk parameters were not significantly 
correlated with peduncle parameters, indicating 
possible independence of stem borer resistance in 
stalk and peduncle. 

Correlation among Growth Parameters 
of Borer 

Oviposition, larval duration, larval mortality, and 
pupal weights were studied separately on leaf-
whorls and stalks of 70 sorghum varieties (Singh 
and Rana 1984). Number of eggs per plant was 
negatively correlated with larval duration and mor-
tality and positively with pupal weights on leaf-
whorl tissue. Thus, preference for oviposition is 
related to shorter larval duration, low larval mortal-
ity, and increase in pupal weights. In other words, 
these relationships indicate that nonpreference 
and antibiosis in the leaf are related characters. 
Longer larval duration associated with high larval 
mortality and low pupal weight was observed when 
the larvae fed on either the leaf-whorl or the stem 
tissue. The growth parameters of the borer on the 
leaf-whorl were not significantly related to corres-
ponding or other parameters on the stem. Hence, 
the factors affecting borer biology in the leaf-whorl 
are different from those in the stalk. 

Correlation between Oviposition, Larval 
Development, and Field Resistance 
Parameters 

Oviposition and larval development in relation to 
field resistance under artificial infestation were 
simultaneously studied on released hybrids and 
varieties, experimental varieties, and two resistant 
controls (Singh and Rana 1984). The leaf-feeding 
injury rating was not related to oviposition or larval 
development parameters either in the leaf-whorl or 
on the stalk. The varieties preferred for oviposition 
showed higher deadheart and tunneling percen-
tages. Low deadheart formation was significantly 
related to prolonged larval duration, higher larval 
mortality, and lower pupal weights on the leaf-whorl 
but not when larvae were raised on the stalk (Table 
6). Tunneling percentage per plant showed a sim-
ilar relationship to larval development parameters 
when larvae were fed only on stalk tissue. Antibio-
sis present in leaves thus hinders deadheart forma-
tion, while in the stalk it affects the larval growth and 
reduces tunneling percentage. 

Mechanisms of Resistance 

An experiment with one susceptible (Swarna) and 
one resistant (P 37) variety was laid out to study the 
mechanisms of resistance (Table 7). On both sides 
of these test varieties, three rows of another sus-
ceptible (CS 3541) variety were planted in a first, 

Tab le 6 . Co r re l a t i on b e t w e e n s t e m bo re r b i o l o g y a n d f i e l d res i s tance p a r a m e t e r s o f 7 0 s o r g h u m 
var ie t ies . 

Parameter 

No. of eggs/plant 

Leaf-whor l 
Larval duration 
Larval mortal i ty 
Pupal weight 

Stem 
Larval duration 
Larval mortal i ty 
Pupal weight 

Leaf-feeding 
injury 

0.10 

-0 .01 
- 0 . 1 2 
- 0 . 0 5 

0.09 
0.02 
0.01 

Deadheart (%) 

0 .92** 

- 0 . 8 1 * * 
- 0 . 0 6 
- 0 . 6 9 * * 

0.21 
0 .64** 
0.17 

No. of holes 

0 .32** 

- 0 . 2 1 
0 .40** 

- 0 . 2 0 

0 .50** 
0.11 
0.06 

Tunneling (%) 

0 .24* 

- 0 . 2 7 * 
- 0 . 8 1 * * 

0.18 

- 0 . 8 3 * * 
0.12 
0 .50** 

Grain yield 

-0 .21 

0.11 
0.01 

- 0 . 0 8 

0.02 
0.05 

- 0 . 0 7 

* Significant at 5%; ** significant at 1 %. 
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Tab le 7 . Re la t ive s t e m bo re r res i s tance in res i s tan t (R) vs . s u s c e p t i b l e (S) s o r g h u m var ie t ies , u n d e r 
a r t i f i c ia l i n f e s t a t i o n (1). 

Border 
variety 

S 
S 
R 
S 
S 
R 

SE 

Experimental design 

Test 
variety 

S 
S1 

s1 

R 
R 
R 

Border 
variety 

S 
R 
R 
S 
R 
R 

Pupae/ 
plant 

2.4 
3.1 
3.3 
0.1 
0.1 
0.0 

± 0 . 1 6 

Tunneling (%) 

Stalk 

16.2 
13.5 
13.8 
7.9 
7.4 
6.9 

± 0 . 7 3 

Peduncle 

13.9 
11.8 
12.6 
7.0 
6.7 
6.9 

± 0 . 7 5 

Grain yield 
(g/plant) 

35 
39 
31 
33 
31 
31 

± 2 . 3 

and three rows of a resistant (E 302) variety in a 
second, set of plots. In a third set, one side of the 
three test rows was planted with a resistant variety 
and the other side with a susceptible variety. The 
test varieties were infested with freshly emerged 
larvae at the leaf-whorl and boot-leaf stages of 
plant growth. The susceptible test variety when 
compared with the resistant one, showed a clear 
trend in having more pupae per plant and a higher 
percentage of tunneling. 

Field-resistant sorghum varieties, when tested in 
the laboratory, were nonpreferred by the stem 
borer for oviposition and also slowed down larval 
development compared with the susceptible varie-
ties (Singh and Rana 1984). Hence, both nonpref-
erence and antibiosis mechanisms act together to 
determine the degree of resistance. The varieties 
that induced the most larval mortality on both the 
leaf-whorl and the stem were: CSV 8(R) and SPV 
35; on the leaf-whorl alone: E 302, CSV 3, CSV 6, 
and SPV nos. 101, 292, 305, and 311; on the stem 
alone: SPV 103, SPV 104, P 37, P 151, R 133, IS 
2312, and Aispuri. Thus genotypes exist with leaf-
feeding and stem-feeding resistance expressed 
independently but the coexistence of both resist-
ance characters in one genotype is also possible. 

Deadhead formation was possibly reduced in 
those varieties where larval duration and mortality 
on the leaf-whorl was high (Fig. 4). The number of 
holes, number of tunnels, and tunneling percen-
tages were negatively and significantly correlated 
with larval duration and mortality on the stem (Fig. 
5). Thus, factors present in the stem that influence 
larval development also affect the tunneling 
parameters. The varieties relatively more resistant 
in the field were found to adversely influence larval 

development on both the leaf-whorl and stem. The 
magnitude of correlations of larval duration and 
mortality with tunneling parameters was higher 
than that of number of eggs per plant; i.e., oviposi-
tion (Table 6). Thus, the influence of antibiosis on 
field resistance is much greater than that of ovipo-
sitional nonpreference. 

Earlier, Kalode and Pant (1967) and Jotwani et al. 
(1978) had provided evidence of antibiosis. Gir-
dharilal and Pant (1980) also observed low larval 
survival on resistant sorghum varieties and 
expected it to be due to the presence of antibiosis 
factors. 

L Y=32.8- .343X 
S Y=24.6-.143X 
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Figure 4. Relat ionship between deadhear ts 
(%) a n d larval mortal i ty of stem borer feed ing in 
the leaf whor l (L) and on the s tem (S) of 
s o r g h u m . 
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Figure 5. Relat ionship be tween stem tunnel -
ing (%) and larval mortal i ty of s tem borer feed-
ing in the leaf whor l (L) and on the s tem (S) of 
s o r g h u m . 

Genetics of Resistance 

Rana and Murty (1971) had reported the quantita-
tive nature of resistance. Male-sterile lines were 
not significantly different for secondary damage 
but male parents provided significant variability. 
These authors found that general combining ability 
was predominant for primary damage (leaf injury), 
while specific combining ability was 1.5 times more 
for secondary damage (percent tunneling). 

Seventeen parental varieties and the 136 possi-
ble F1 hybrids among them were evaluated under 
artificial infestation. Compared with midparental 
values, the F1 hybrids were more susceptible for 
number of holes per stalk and tunneling percent per 
stalk and peduncle (Rana et al. 1984). Heterosis for 
these parameters was 94.5, 22.8, and 15.8%, 
respectively (Table 8). This reveals almost com-

Tab le 8 . He te ros i s f o r r es i s tance p a r a m e t e r s i n 
1 7 x 1 7 d ia l le l c r o s s e s i n 

Parameter 

No. of holes/stalk 

No. of holes/peduncle 

No. of tunnels/stalk 

Tunneling (%)/stalk 

Tunneling (%)/peduncle 

s o r g h u m 

Heterosis 
(%) 

94.5 

6.3 

16.4 

22.8 

15.8 

plete dominance of susceptibility for number of 
holes per stalk and partial dominance for the other 
characters. 

Combining ability analysis in a 17 x 17 diallel 
involving high yielding and resistant varieties was 
carried out by Rana et al. (1984). They reported 

2 gca almost half sca for number of holes per 
stalk and per peduncle and equal for number of 
tunnels per peduncle. Heritability was 44% for 
number of holes per peduncle and fairly low (10-
15%) for tunneling parameters both in the stalk and 
peduncle. 

Subsequent studies of a subset of this diallel (7 x 
7) in the F1, F2, and F3 generations indicated that 
heritability increased 14 to 34% for number of 
holes, and remained constant (20 to 21 %) for per-
cent tunneling (Table 9). Heritability of resistance, 
especially in terms of percent tunneling per plant, 
was therefore fairly low. 

Breeding for Resistance 

Response to directional selection as well as corre-
lated response in tolerant x resistant varietal 
crosses revealed that directional selection for 

Tab le 9 . E s t i m a t e s o f a d d i t i v e ( A2 ) a n d n o n a d d i t i v e ( D2) g e n e t i c va r i ance f o r s t e m bo re r r es i s tance 
i n s o r g h u m . 

Estimate 

Heritability (%) 

F1 

0.38 
1.20 
1.78 

14 

No. of holes 

F2 F3 

1.3 5.2 
6.0 6.2 
2.2 1.1 

17 34 

Tunneling (%) 

F F 
1 2 

5.3 0.32 
13.5 1.20 

1.6 1.94 
21 21 

F 
3 

9.9 
29.0 

1.7 
2 0 
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number of holes was 0.369 and for percent tunnel-
ing in the stalk, 0.495 (Rana et al. 1984). Direct 
response for number of tunnels was very poor. 
Correlated response for percent tunneling due to 
number oi holes was very high. Thus, selection 
based on few holes would be helpful in selection for 
tunneling resistance in the stalk. 

Selection based on low leaf-feeding injury rating 
and stem tunneling was practiced in the F3 to F6 

generations of six crosses originally selected for 
agronomic traits and shoot fly resistance in the F2 
generation (Kishore et al. 1984). A selected bulk of 
each cross was advanced. The progenies of CSV 5 
x IS 4664, and R 147 x IS 4664 responded to selec-
tion (Fig. 6). 

Singh et al. (1980) made selections in 17 
advanced-generation derivatives of two temperate 
x tropical crosses, IS 2954 x BP 53 and IS 3922 x 
Aispuri. In spite of low heritability of resistance, it 
was possible to develop the resistant derivatives D 
168, D 172, D 259, D 358, D 367, and D 369. By 

R 147 x IS 4664 

CSV 5 x IS 4664 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

0 

F3 F4 F5 F6 

Generat ion 

Figure 6. Effect of select ion on stem tunne l ing 
(%) in two s o r g h u m crosses. 

continuous selection in segregating generations of 
other temperate x tropical crosses, 12 varieties— 
SPV nos. 35, 103, 107, 110, 135, 140, 192, and 229, 
and E 302, E 304, P 37, and R 133—were devel-
oped, which were at par with resistant varieties for 
percent tunneling per plant (Singh et al. 1983). 

Breeding for Multiple Resistance to 
Shoot Fly and Stem Borer 

Resistance to more than one pest can gradually be 
built up in the high-yielding background by using 
suitable parents, mating system, screening tech-
nique, and selection procedure. Tropical germ-
plasm, particularly from India, furnishes the source 
of resistance to sorghum shoot pests. Generally, 
local cultivars resistant to shoot fly also show some 
degree of tolerance to stem borer. Some of these 
stocks, such as IS nos. 5538, 5566, 19551, 18577, 
18578, and 18584, have been reported (AICSIP 
1983). These sources are in no way immune to 
either pest. Ovipositional nonpreference and anti-
biosis are common resistance mechanisms but the 
factors controlling resistance are different for shoot 
fly and stem borer. 

Derivatives of temperate x tropical crosses 
which combine a high degree of tolerance to both 
the pests in a desirable agronomic background 
furnish good parents for crossing (Rana et al. 
1981). A selective mating system involving deriva-
tives, resistant germplasm, and other varieties for 
diversity of alleles has been shown to be useful 
(Seshagiri Rao 1979). Testing the F3 segregating 
material in locations where the pests are endemic 
and rotating the selected progenies in those loca-
tions can enable selection for multiple resistance. 

In the absence of absolute resistance, an 
approach outlined by Rana et al. (1975) for breed-
ing shoot fly resistance can be adopted for other 
pests also. When selection for yield and resistance 
is simultaneously done, the genetic advance for 
resistance is fairly slow (Rana et al. 1981). A mod-
erate degree of resistance could be combined in 
improved varieties with satisfactory yield levels 
(Table 10). Due to the high heritability of shoot fly 
resistance, it is possible to recover a high degree of 
resistance under high selection pressure, but this is 
not necessarily possible for stem borer resistance. 
Thus combining multiple insect resistance in a 
good agronomic background appears to be a slow 
process and requires several cycles of crossing. 
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Tab l e 1 0 . S h o o t f l y a n d s t e m bo re r r es i s tance o f s o m e recen t l y b r e d h i g h - y i e l d i n g va r ie t i es o f 
s o r g h u m . (No. of l o c a t i o n s = 9). 

Variety 

SPV 96 
SPV 97 
SPV 102 
SPV 104 
SPV 105 
SPV 106 
SPV 107 
SPV 108 
SPV 221 
SPV 225 
SPV 247 

Resistant control 
IS 5 - 9 0 
E 302 

Susceptible control 
CSH 1 

SE 

Yield 
(kg/ha) 

2 5 3 0 
2 6 1 0 
3 0 2 0 
3 3 9 0 
2 7 3 0 
2 7 8 0 
2 4 7 0 
2 8 9 0 
2 9 0 0 
2 7 5 0 
2 4 7 0 

1200 
2 0 0 0 

2 7 3 0 

± 1 . 3 7 

Av.% shoot fly deadhearts 

Normal sowing 1 

8.6 
6.9 

10.2 
7.5 
8.2 

12.8 
4.9 
8.1 
5.5 

10.4 
6.3 

2.8 
7.2 

33.8 

± 1 . 9 8 

Late sowing 1 

45.9 
45.1 
40.9 
40.8 
55.7 
48.7 
42.3 
46.5 
40.0 
50.2 
42.0 

28.7 
41.3 

67.3 

± 2 . 3 6 

Stem borer damage 

Leaf injury 
rat ing2 

1.8 
2.5 
1.7 
1.4 
1.3 
1.8 
1.7 
1.2 
2.0 
2.7 
1.8 

1.7 
1.6 

3.3 

± 0 . 0 5 

Stem tunnelina 
(%) 

10.4 
13.1 
11.3 
9.4 

10.7 
12.8 
11.5 
9.7 

12.9 
11.6 

9.2 

18.1 
15.9 

25.6 

± 1 . 1 7 

1. Normal sowing is done at onset of monsoon; late sowing, 15 days later. 
2. Rating : 1 = resistant; 5 = susceptible. 

Future Research Needs 

Additional information on the biology, bionomics, 
economic injury levels, and reliable screening 
techniques, particularly for stem borer, is essential 
to effective work on host-plant resistance. Some of 
the stable sources of resistance to shoot fly and 
borer have been identified but these are in no way 
immune to the pests. A search for durable multiple 
resistance donors in better agronomic and disease 
resistance backgrounds should be continued. 

Major genes governing resistance should be 
identified to enable easy transference and accum-
ulation of resistance to more than one pest. With 
the biotechnological knowledge now available, the 
feasibility of transferring resistance to insect pests 
from wild genera to cultivated forms has also 
increased. A moderate level of multiple resistance 
to shoot pests in high-yielding backgrounds has 
been achieved. Efforts to transfer a high degree of 
resistance against both shoot and earhead pests in 
a suitable agronomic background will continue. 
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Sorghum Production in Relation 
to Cropping Systems 

N.G.P. Rao* 

Abstract 

Efforts to enhance agricultural production and productivity involve changes in the 
components of agricultural systems. Genotype and management changes leading towards higher 
levels of crop productivity and stability in turn enable design and development of stable and 
profitable cropping systems. During the period of transition, the genotype and system changes may 
present different insect and disease problems that need to be tackled by cultural methods and other 
means. Since the temperate * tropical crosses are being used both in the tropics and in temperate 
regions, resistance to a range of pests could be incorporated during the breeding process. The 
Indian experience in developing new hybrids and their influence on cropping systems is described. 
In the light of the West African experience, the scope for alteration of traditional African cultivars 
and cropping systems to enhance production and impart stability to African dryland agriculture in 
the different rainfall zones is presented. 

Resume 

La production de sorgho dans le cadre des systemes d'exploitation agricole: L 'augmentation de la 
production et de la productivite en agriculture suppose un changement des differents composants 
des systemes agricoles. La modification des genotypes et de I'amenagement cultural augmente la 
productivite et la stabilite des recoltes, ce qui permet d'etudier et d'elaborer des systemes d'exploi-
tation stables et rentables. Cependant, ces changements peuvent entrainer, pendant la periode de 
transition, des problemes de ravageurs et de maladies qu'il faudrait surmonter par les pratiques 
culturales ou par d'autres moyens. Etant donne que les croisements de types temperes x tropicaux 
sont mis en culture a la fois dans les zones tempere'es et tropicales, on peut envisager d'incorporer 
la resistance a de nombreux insectes nuisibles au cours de la selection. Cette communication 
presente I'experience faite en Inde dans la creation de nouveaux hybrides et leur influence sur les 
systemes d'exploitation. L'auteur decrit egalement les possibilities de modification des cultivars 
traditionnels africains et des systemes d'exploitation en vue d'une production superieure et stable 
dans le cadre de I'aridoculture des differentes zones pluviome'triques en Afrique de I'Ouest. 

Traditional tropical agricultural systems generally 
contain a large number of species planted in space 
and time. Such systems have a structure close to 
natural ecosystems. In our quest to enhance agri-
cultural production and productivity to meet the 
demand of growing populations, we have brought 
about changes in the components of the agricultur-
al systems leading towards changes in land-use 
patterns. Such changes, involving drastic altera-
tions in genotypes and management practices led 

to the introduction of specialized farming systems 
with optimal resource use and productivity, which 
are evident in developed agriculture. The shift from 
natural to specialized agricultural systems does 
disturb the ecological balance and creates prob-
lems in regard to insect pests and diseases which 
need to be tackled, particularly, during the period of 
transition from subsistence to productive systems. 
I shall attempt to analyze some of these aspects in 
relation to sorghum-based cropping systems. 

* Marathwada Agricultural University, Parbhani, Maharashtra, India. 

International Crops Research Institute for the Semi-Ar id Trop ics . 1985. Proceedings of the International 
Sorghum Entomology Workshop, 15-21 July 1984, Texas A & M University, Col lege Stat ion, TX, USA. Patan-
cheru , A.P. 502324, India: ICRISAT. 
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The Indian Experience 

The Indian experience of transforming traditional 
sorghums to more productive forms has been criti-
cally analyzed and documented (Rao 1982) and I 
do not propose to restate this. But I would like to 
state that the n e w hybrids, w h i c h are of m u c h short-
er duration than the traditional sorghums, have 
had a significant impact on the overall sorghum 
production in India. In spite of the fact that the 
hybrid coverage has been confined to the rainy 
season in some districts, primarily in the states of 
Maharashtra and Karnataka, even this limited 
spread had an overall impact on sorghum produc-
tion as shown in Table 1. The impression that the 
"green revolution" is confined only to irrigated 
crops such as wheat and rice is erroneous, and 
sorghum is an example that shows it could e n c o m -
pass rainfed areas as well. 

The change began with the introduction in 1965-
66 of an early-maturing (95-100 days) hybrid 
CSH 1 in the black soil areas of the Deccan, where 
the traditional sorghums cultivated were of 5 to 5.5 
months' duration. CSH 1 is known to be susceptible 
to shoot fly, s t e m borer, leaf spots, grain molds, a n d 
Striga, and is currently being used as a control in 
most insect- and disease-resistance studies. 
Although, superior hybrids such as CSH 5, CSH 6, 
and CSH 9, with slightly better resistance and bet-
ter grain quality have been developed and propa-
gated, CSH 1 is still being cultivated on a large 
s c a l e a n d has stood t h e test of time. T h e significant 
point is that hybrids like CSH 1, CSH 5, CSH 6, and 
CSH 9 represent altered and optimal plant types 
whose critical growth phases coincide with periods 
of optimal soil moisture and yield well in years of 

Table 1 . All-India compound growth rates (%) 
of area under cereal crops, agricultural produc-
t ion, and yield during 1967/68 to 1978 /79 . 

Crop 

Sorghum 
Wheat 
Rice 
Pearl Millet 
Maize 

Compound growth rate, 
1967/68-1978/79 

Total Total Yield 
area production (kg/ha) 

1.49 2.07 3.62 
3.16 6.02 2.76 
0.82 2.64 1.80 

-1.26 0.28 1.53 
0.05 -0.04 -0.07 

normal, subnormal, excessive, and aberrant rain
fall. This conferred considerable stability on rainfed 
sorghum production. By adopting suitable man
agement practices like timely planting, the insect 
pest problems have been well contained. Using 
these altered genotypes as the basis, both hybrid 
and varietal improvement programs are presently 
oriented towards incorporation of greater levels of 
resistance against the prevalent insect pests and 
diseases to further enhance the level of stability. 

Initially, high-yielding hybrids were grown as sole 
crops in place of traditional intercropping and an 
impression was created that they may not be suit
able for intercropping (Jodha 1980). It was demon
strated (Rao and Rana 1980) that sole-crop 
production and stability are essential for develop
ing suitable intercropping systems. Studies carried 
out by Rao et al. (1981) on inter- and intra-species 
competition, spatial arrangements, and interac
tions demonstrated the design and development of 
productive and stable intercropping systems that 
are different from the traditional subsistence inter
cropping systems. 

A large number of intercropping experiments 
were conducted in India under the All India Coordi
nated Sorghum Improvement Project (AICSIP), the 
All India Coordinated Project for Research on Dry
land Agriculture (AICPRDA), and ICRISAT, and a 
wealth of information is now available (Table 2). 
The significant point is that all these later studies 
were based on altered cultivars of sorghum. If the 
studies had been carried out with traditional culti-
vars, the results would have been different. Inter
cropping of sorghum with grain legumes and edible 
oilseeds is now an established practice, and the 
Government of Maharashtra consciously pro
motes intercropping of hybrid sorghums. 

The short-season hybrids, besides increasing 
stability of production under low and erratic rainfall 
conditions, opened up opportunities for two crops 
per rainy season in better rainfall areas. Growing a 
following crop of safflower, chickpea, linseed, etc., 
under rainfed conditions is now feasible after kharif 
(rainy-season) grown hybrid sorghum. The 
sequence crop yields have been about 300 to 600 
kg/ha. 

In the rabi (postrainy-season) sorghum areas, 
the kharif fallows are now planted to short-season 
mung bean or urd bean, and soybean is a potential 
crop for this purpose. Where such a practice was 
followed in Marathwada, the grain legume produc
tion increased from 227 900 metric tons (tonnes) to 
330600 tonnes. A portion of this increase is from 
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Table 2 . Yields in sorghum-based intercropping systems, averaged over several experiments. 

Intercropping system 

Sorghum/pigeonpea 

Sorghum/soybean 

Sorghum/groundnut 

Sorghum 
as sole 

crop 

3580 ± 190 

3300 ± 190 

3360 ± 270 

Average yield (kg/ha) 

Sorghum in 
inter-

cropping 
system 

3240 ± 140 

3220 ± 180 

3310 ± 180 

Intercrop 
Intercrop component 

component in inter-
as sole cropping 
crop system 

1650 ± 90 940 ± 40 

1390 ± 70 550 ± 40 

1040 ± 140 480 ± 50 

the legume preceding rabi sorghum, where legume 
yields range from 400 to 600 kg/ha. 

The potential for ratooning of sorghums and 
management of ratoons has been studied, and in 
Jalgaon district of Maharashtra, vast areas of 
hybrid sorghums are ratooned even under rainfed 
conditions. The potential is even greater under 
irrigation. 

Under irrigation, both in the Deccan and Malwa 
plateaus, a rainfed hybrid sorghum followed by irri
gated wheat is one of the most productive systems 
in terms of water-use efficiency and productivity 
(Table 3). 

Cropping systems in sorghum are now taking a 
different direction. There is a limit to the consump
tion of coarse grains like sorghum. There are also 
limits to interstate grain movement, and Maharash
tra now being self-sufficient in sorghum, the ques
tion of demand and supply and fall in prices tends to 
limit sorghum production. It is therefore necessary 
to explore alternative uses for sorghum and one of 
these would be to utilize sorghum land for grain 
legumes and edible oilseeds, which are in short 
supply in India. Consequently, the potential of 
sorghum-based cropping systems to meet the 

shortages of grain legumes and edible oilseeds has 
been examined and demonstrated (Rao and Rana 
1980). 

The intercropping studies in the sorghum project 
are now taking a different direction. Earlier we 
maintained the full population recommended for a 
sole crop of sorghum in the intercropping system to 
maintain sorghum yields at the sole-crop level, and 
the intercrop yield was a bonus. In view of the 
demand-supply position for sorghum and the need 
for pulses and oilseeds, we are now trying to 
reduce the sorghum component and increase the 
intercrop pulse or oilseed component to enhance 
the profitability of the system and to meet national 
needs. Sorghum is still the most productive crop 
during the rainy season in the black soil belt under 
rainfed conditions. It is therefore necessary to 
redesign cropping systems around sorghum. 

T h e West African Situation 

Most African farms are small and the prevalent 
mixed-cropping systems are essentially replace
ment systems in time and space and are aimed 
mainly at meeting the farmer's family needs. The 

Table 3 . Comparative yields of some crop sequences under irrigation in national demonstrations in 
the Marathwada region, Maharashtra, India. 

No. of 
Crop sequence demonstrations 

Sorghum-wheat 95 

Rice-wheat 30 

Groundnut-wheat 12 

Mean 

7941 

6952 

5341 

Total yield (kg/ha) 

Highest 

9543 

8031 

5252 

Lowest 

5615 

5971 

4902 
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risk is distributed over time, space, and species. 
The agricultural systems have experienced little 
change—the traditional sorghum cultivars are low 
yieiders, tall, and late compared with the duration of 
the rainy season; plant populations are low; and 
fertilizer is hardly used. By developing alternative 
agricultural systems, the components of the crop
ping systems could be readjusted in such a way 
that the systems become more stable, productive, 
and profitable. I shall examine this in the light of my 
West African experience. 

Environmental Resources—Rainfall and 
Crop-growing Season 

The potential crop-growing season in various parts 
of West Africa varies from 70 to 260 days. The 

annual rainfall in the sorghum-growing regions 
ranges from 500 to over 1500 mm. Figure 1 shows 
the rainfall distribution in the 500 to 700 mm, 700 to 
1000 mm, and 1000 to 1300 mm zones and the 
potential evapotranspiration. Except for the amount 
of precipitation, the pattern is unimodal and remark
ably similar, with the exception of two peak situa
tions in the Guinea savanna. 

While crop productivity and stability of a simul
taneously planted intercropping system should be 
the major objective in low-rainfall areas, the longer 
growing season in higher rainfall areas provides 
greater opportunities for sequence cropping. With 
appropriate genotypes and management, there is 
no reason why higher yields comparable to those 
obtained elsewhere in the world could not be 
obtained in West Africa. 

I = 500- 700 mrm 
II = 700-1000 mm 

II I = 1000-1300 mm 

Rainfall 

-PET 

350-

300-

250-

200 

150 

100 

50 

0 
J F |M A M J J A S 0 N D 

Month 
Figure 1. Rainfall distribution and potential evapotranspiration (PET) in three rainfall zones of West 
Africa. 
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Sole-crop Productivity and Stability 

Breeding efforts in the region have attempted the 
introduction of short-duration types including 
hybrids with a duration of 3 to 4 months. In addition, 
selections were made from crosses between tradi
tional and dwarf cultivars leading to photosensitive 
high-yielding dwarf varieties with durations similar 
to local varieties (Andrews 1975). 

Some success with respect to yield levels was 
obtained with short-season varieties, but probably 
ecological limitations did not favor their spread. 
The situation on farmers' fields has not changed, 
and current efforts of most programs are aimed 
towards breeding improved varieties similar to 
locals in maturity in the respective agroclimatic 
zones. 

Goldsworthy (1970a) had shown that dry-weight 
gain after heading in the tall late-maturing Nigerian 
Farafara took place in the stem. On the other hand, 
in an early-maturing hybrid, NK 300, over 70% of 
the dry matter formed after heading was stored in 
the grain. Comparative yield levels of early-planted 
Farafara and late-planted NK 300 were 2160 and 
4690 kg/ha, respectively. A similar situation 
existed with Indian cultivars and hybrids (Rao 
1982). Goldsworthy (1970b) further demonstrated 
that, unlike hybrids, the Nigerian locals do not 
respond to increasing population levels. The situa
tion is similar with Indian local varieties. Yet, unlike 
the situation in India, the advantages of short-
season hybrids have not been utilized in Africa until 
now. 

Genotypic alterations of traditional tropical 
sorghums are a prerequisite for sole-crop perfor
mance as well as cropping system performance. 
Such modifications do furnish greater resilience to 
system alterations, and I studied this aspect in 
West Africa during 1981 -83. 

Cultivar Alteration for Changing 
Cropping Systems 

Prevalent intercropping systems like the gicci sys
tem of Nigeria, based on traditional cultivars, are 
largely of the relay type. The number of compo
nents that enter into the system and their popula
tions vary. There is continuous interplanting, 
sometimes starting early in May and continuing to 
August. The features and advantages of these sys
tems have been listed by Okigbo (1978), and modi
fications for improvement have been suggested by 

Baker (1979). 
What is particularly striking is that the prevailing 

soil and rainfall conditions do permit continuous 
relay planting. Modifications and readjustments of 
the components of the system could enable us to 
develop an alternative that makes the most effi-
cient use of available environmental resources. I 
will attempt to elaborate on this, based on my brief 
experience in Nigeria under the ICRISAT-
SAFGRAD project. 

Alternative production systems for sole and 
mixed crops based on altered cultivars, if con
ceived and implemented properly, could result in 
much-needed improvements in productivity and 
stability. Suitable short-season cultivars with built-
in resistances and flexibility for planting across a 
range of environments and planting dates could be 
useful in the drier areas of the north, the moderately 
heavy rainfall north Guinean zone, and as a late-
sown crop in the long-season heavy-rainfall south 
Guinean zone. 

Superior short-season cultivars are known for 
their better harvest index and better response to 
increased populations and fertility levels. They are 
also less competitive and more suitable for the 
development of stable and productive cropping 
systems in place of the traditional ones. Such cul-
tivars could be of immediate use and also provide 
the basis for future improvement. 

In other words, the need is for an alternative base 
with wide adaptation as has been developed with 
wheat and rice on a global basis and with sorghum 
on a limited scale. The use of short-season sor
ghums in place of 6- to 8-month cultivars could 
lead towards better resource utilization of time, 
space, and inputs. 

To meet this goal, a large number of improved 
tropical sorghum genotypes (available from ICRI-
SAT, AICSIP, Ethiopia, Sudan, Mali, Burkina Faso, 
etc.) were screened for insect and disease reac
tions and adaptation across West Africa. Although 
a number of breeding lines had to be eliminated, 
1982 data from Maroua in Cameroon (dry zone), 
Samaru (moderately wet), and Mokwa (heavy rain
fall, long season), supplemented by visual observa
tions at Kano, Kadawa, and Yandev, lead to useful 
conclusions. The practice of testing across lati
tudes and planting dates without plant protection 
measures ensures, to a reasonable extent, the 
selection of high-yielding and resistant cultivars 
which can then be used in a breeding program. 
Some of the problems encountered during such a 
process are described. 
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Seedling Deadheads 

Both stem borers and shoot flies cause seedling 
deadhearts. During normal season plantings, 
deadheads result primarily from stem borers (Bus-
seola fusca mainly), with shoot flies occasionally 
attacking late plantings. In off-season plantings, 
Sesamia sp predominates and can cause heavy 
stand loss. 

Studies during 1981 at Kano and Samaru 
revealed significant varietal differences related to 
seedling deadhearts, mainly from stem borers. 
Increasing applied nitrogen increased deadhead 
percentages, which were high under low popula
tions at both Kano and Samaru. Both nitrogen x 

cultivar and population x cultivar studies indicated 
that borers prefer vigorous plants but shoot flies 
prefer weak ones. The interactions indicated scope 
for selecting vigorous seedlings that resist stem 
borer attack. 

Forty days after planting sorghum in 1982, seed
ling deadhearts (primarily from stem borer) were 
studied at Samaru, Kadawa, Mokwa, and Yandev. 
At Samaru, deadhead percentages in a late-July 
planting under serious shoot fly attack were also 
recorded. All the trials were replicated. The varietal 
differences resulting from 48 entries were statisti
cally significant. Entries that showed lowest dead-
heart percentages were S36, S40, and S2. We 
have analyzed shoot fly resistance from five envir
onments. The most stable varieties were S 40, S 36, 
S35, and S2. The stability for seedling deadheads 
is reflected in Figure 2. 

Stem Tunnel ing 

During 1981 , stem borer tunneling was heavier 
than in 1982. Our studies indicated that stem tun
neling did not result in heavy yield loss but stem 

S40 (Y=15.6+0.72x) 

S36 (Y=21.8+0.85x) 

S2 (Y=22.5+1.01x) 

S35 (Y=26.2+0.90x) 

Local Farafara (Y=35.4+0.7x) 

60 

50 

40 

30 

20 

10 

0 
-28 -24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24 28 32 36 

Environmental index 
Figure 2. Stability of shoot-fly resistance in five sorghum entries as reflected by seedling dead head 
(%). 
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breakage due to heavy tunneling did. Therefore, we 
shook the plants vigorously at harvest time and 
estimated percentages of plants that did not break. 
We identified entries that did not break easily. 
Apparently, selected entries have reasonable tol-
erance. During the off-season plantings, screening 
for Sesamia species resistance was possible and a 
number of highly susceptible lines could be 
eliminated. 

Disease Resistance 

During 1981, lines highly tolerant to grey leaf spot 
(Cercospora sorghi), anthracnose (Colletotrichum 
graminicola) and sooty stripe (Ramulispora sorghi) 
were identified. Leaf disease incidence w a s lower 
in 1982 than 1981, but the resistance pattern 
remained the same as in 1981. Late October rains 
in 1982 caused molds; we used these for mold 
resistance screening. Eighteen entries with better 
agronomic traits and less mold incidence were 
selected. 

By screening breeding material in dry and wet 
locations under various planting dates, it w a s pos-
sible to identify lines less affected by potential 
pests and diseases but the results have to be 
confirmed. 

Selection of Tropical Cultivars 

Fifty lines were selected during the 1981 / 82 rainy 
season and off-season and replanted for further 
yield evaluation in 1982 at Kano and Maroua in 
Cameroon (dry zones), Samaru (moderately wet 
north Guinean zone), and Mokwa and 
Yandev (long-season south Guinean zone). 

The trials clearly separated high-yielding from 
low-yielding lines. We also recorded their reactions 
to insects and diseases under a range of planting 
dates. The plant density was kept at 50 000 to 
55 000 plants/ha, the optimum recommended for 
local Farafara. Plant populations of short a n d early-
maturing varieties could go up to 150 000/ha. 

Lines S 40, S 35, S 36, S 19/20, and K 4 were 
promising under August plantings and a range of 
planting dates. They were less attacked by the 
prevalent insect pests and diseases, and showed 
less grain deterioration. 

In spite of low rainfall, S 34 at Samaru in the 
Guinean zone and S 35 at Kano and Maroua in the 
Sudanian zone gave reasonable yields. During 
adaptational studies, lines like S 34, S 35, S 36 a n d 

K 4 were identified, which are high-yielding and 
could be used in cropping system studies over a 
range of West African latitudes. 

S.V.R. Shetty used some of these selections 
together with locals in population and fertility inter-
action studies to develop more productive crop-
ping systems. His first studies during 1983 were 
encouraging. 

I n s e c t P r o b l e m s i n R e l a t i o n 

t o G e n o t y p e a n d C r o p p i n g 

S y s t e m C h a n g e s 

I have stated before that for tropical agricultural 
systems to become more productive and stable, 
radical genotypic changes are a must (Rao 1982). 
For various reasons, both in temperate and tropical 
regions, the temperate x tropical crosses have 
been exploited through the conversion approach in 
the USA and more conventional approaches in 
India. Thus the breeding materials handled in both 
cases have been similar if not the same. The utility 
and consequences of temperate x tropical crosses 
have been critically analyzed (Rao and Rana 
1982). 

With particular reference to the major insect 
problems, shoot fly and stem borers may be more 
serious in the tropics and therefore temperate, less 
adapted sorghums may be more susceptible in this 
region of the world. Midge is common both in the 
tropics and in temperate regions. 

The levels of resistance available for shoot fly 
and stem borers are not very high. Fortunately, the 
incidence of shoot fly and stem borer in the tropics 
can be managed to a considerable extent through 
cultural practices and this is a positive feature. The 
temperate x tropical crosses could be used for 
breeding optimum plant types, provided the high 
susceptibility of the temperate genetic back-
grounds to shoot fly and stem borer is reduced. If 
this can be done, the resulting altered cultivars will 
have great potential as sole crops and in cropping 
systems. The Indian program is presently trying to 
follow this approach. 

When changes in genotypes and cropping sys-
tems in a country occur, the pest complex and the 
relative importance of individual pests may also 
change. Even new pests not known so far and new 
biotypes may show up. A good example is the 
midge fly, which gained economic importance only 
after the introduction of new high-yielding hybrids. 
Late local cultivars suffered especially because of 
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the early generation buildup of midge flies on short-
duration hybrids not resistant to this pest. 

Since the temperate x tropical crosses are pres-
ently being exploited in the USA and the tropics, it 
should be possible to evolve a mechanism through 
which resistances to both temperate and tropical 
insect and disease problems could be synthesized 
in common cultivars, which in the long run should 
lead towards the goal of multiple and durable 
resistance. 

A n a l y s i s a n d C o n c l u s i o n s 

If the productivity of traditional tropical sorghums is 
to be enhanced and stabilized, major genotypic 
alterations are necessary, and the major route is 
the exploitation of temperate x tropical crosses, 
irrespective of whether the end product is a hybrid 
or an improved variety. Agriculture based on such 
altered genotypes is not incompatible with lower 
levels of inputs. During the process of transition 
from traditional to more productive genotypes and 
agricultural systems, insect and disease problems 
will have to be encountered and managed until a 
productive equilibrium is re-established. To 
enhance this process, resistance breeding will be 
an important factor in genotype alterations. 

In the Indian context, this has been proved 
beyond doubt in the rainy season, and the altered 
genotypes that represent intermediate optima fur-
nished the basis for higher levels of productivity 
and stability in sole crops as well as cropping sys-
tems. No doubt further improvement will come over 
time. If in the near future, there is a shift towards tall 
sorghums, it will be for a different objective— 
biomass and energy. 

The stagnant African situation needs analysis. In 
a recent analysis of the African drought, the Chris-
tian Science Monitor rightly stated, "It was in the 
African savanna that man evolved and learned to 
make fire, talk and shape tools of flint. Today, 
almost 40 000 years later, man has applied science 
and technology to set off a quiet agricultural revolu-
tion all over the planet—except in Africa. Africa, 
where man began, now needs his most advanced 
scientific techniques." 

In the same article, some of the scientists work-
ing in Africa reflected their opinion, "We must 
respect what exists, otherwise we can destroy. 
Real progress comes hard and from slogging away. 
You have to advance step by step and carefully." 
"In places where draft animals and the plough were 

introduced not more than 20 years ago, there is 
already rapid degradation of soil." They tend to 
plead for existing cultivars, existing maturities, and 
preservation of existing systems with minor addi-
tions and changes. This is what has been done all 
these years, with no visible effect. 

The report on African agricultural research 
assembled by the members of a committee of con-
sultants for this purpose has been documented by 
the U.S. National Academy of Sciences (1974). The 
new role of agriculture in Africa according to them 
will require "an expanding and changing base of 
knowledge including the knowledge of the 
environment—the organisms that live in it, the sys-
tems in and by which these organisms can be 
changed—and the economic and social facts of 
life in the rapidly changing African societies."The 
committee emphasized "more, different and if pos-
sible better agricultural research. "Kowal and Kas-
sam (1978) stated that blueprints of innovations 
and changes in the farming methods are not pres-
ently available for West Africa. 

In the African context, we still seem to have a 
quarrel with our goals, some pleading largely for the 
preservation of the existing systems with minor 
changes and others for radical genotype and sys-
tem changes. The choice, therefore, is between the 
evolutionary and revolutionary approaches. 

To me there is no choice. Based on my long 
involvement in the Indian program and my brief 
West African experience, I feel that unless we bring 
about genotypic and cropping system changes of a 
far-reaching and revolutionary nature, we may not 
witness a rapid change in productivity of African 
agriculture. 

I am of the opinion that the system has to change, 
but the values have to be preserved. 
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ABSTRACT 

The genetics of fertility restoration was studied in A x B,A x R, B X Band Bx R 
crosses. Based on Ilear complete agreement of segregation patterns in various crosses, a four 
gene modeJ has been suggested. It may be necessary to account for a fifth gene for fertility 
restoration on VZM. and OJ steriles. The genetics offertility restoration may be complete 
only then and it is, therefore necessary to identify a genotype that could restore fertility on 
these two steriles. 

Index words: Sorghum hie%r, sorghum, fertility restoration, genetics. 

A comprehensive analysis of the cytoplasmic systems in sorghum was 
presented by us earlier (Rao, Tripathi and Rana, 1984). The present study, based 
O'n the diverse male steriles, their maintainers and restorers, presents the genetics 
of fertility restoration. 

MATERIALS AND METHODS 

The materials and methods have been described earlier by Rao, Tripathi and Rana, 
(1984). 

RESULTS 

(1) A XB and A XR crosses: Restoration were worked out in F2 and BC 
generations using test of goodness of fit of Mendelion ratios (Table 1). The Fh 
BCI and BC2 of Ax B crosses of CK60A and Nagpur-A among themselves were 
sterile and therefore, there was no difference of maintainer gene(s) between 
these two male steriIes. This indicates that cytoplasms and maintainer system 
of CK60A and Nagpur-A were similar. 

Rest of the B-lines and R-lines restored fertility On CK60A .and Nagpur
A, while some FI's were totally sterile or fertile, certain others exhibited'segrega
tion' for fertility in the FI generation itself (Table O. 
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Fa generation segregated in fertile (F) sterile (s) and partial fertile plants 
which were classified as 'towards fertile' (> 70% seed set) or 'Towards sterile' 
« 30% seed set). Since frequencies of sterile individuals (recessive) were 
fairly large as compared to partial fertiles and no genetic ratio with three or 
four phenotypic classes could be fitted, partial fertile classes were merged into 
fertile class for fitting of Mendelian ratios. First ratio in Table-l was computed 
by merging all partial fertiles in fertile class (Grouping-I) and second ratio by 
merging partial fertile predominantly sterile in sterile class (Grouping-II). BCI 

was designated when FI was crossed to first parent (female) and BCs when FI 
was crossed to second p~ent (male). 

Four Fs's viz., CK60AxM35-1; CK60AxGIB, CK60AxVZM2B and 
CK60A X Nandyal segregated in 54F : lOS ratios while their back-crosses with B 
counterpart of ms lines (BCI ) segregated in 5F: 3S, 3F : IS, IF: IS ratios, 
respectively. 54F: 108 trigenic ratio can be explained that combination of two 
or three dominant genes restored fertility but double or triple recessive combina
tion could not. BC1 in this case would show IF : 18 ratio as observed in case 
ofCK60AXVZM2B and CK60AxNandyal crosses but BCs would be fertile as 
observed in above crosses. Deviation from normal BCI ratio such as 5F : 38 
and.3F : 18 indicated major effect of one of the three genes, converting eight 
phenotypic classes of segregation into 5F : 3S. When two genes showed con
spicuous effect, the ratio changed to 6F : 2S ie., 3F: IS. 

When grouping-II was followed, F2 ratios of above four crosses showed 
3F : 18 ratio indicating that there was one gene difference between parents for 
restoration. The change from 54F: lOS trigenic ratios to monogenic 3F : 18 
ratios by merging predominantly sterile (partial fertile) plants into sterile class 
indicates that while one gene primarily governs fertility. two other genes are 
responsible for partial fertility. 

Two other CK60A crosses showed different ratios. According to grou
ping-I, CK60AxGMI-5 segregated in 3F: IS ratio and CK60AxK.locaI in 
4SF: 19S ratio indicating that GMI-5 carried one major fertility restorer gene. 
K;local carried three genes while two genes restored fertility in presence of third 
gene but do not restore fertility while alone. In other words, two genes indepen
dently or in combination intensify the effect of major gene but do not restore 
fertility themselves. 

According to grouping-II, 3F: 18 ratio of CK60AxGMI-5 changed to 
45F: 198 trigenic ratio and CK60AxK.IocaI F245F : 19S ratio into 37F : 27S 
trigenic complementary ratio. BCI ratio of CK60AXGMI-5 cross also changed 
similar to its F2. It indicates that GMl-5 possessed three modifiers apart from 

, , 
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one major fertility restorer gene. Fertility restorer gene of GMl-S appears to 
have much stronger effect on restoration and less influenced by modifiers in 
contrast of major gene system of B-lines restoring fertility on CK60A. Change. 
of CK60A X K.local F2 ratio revealed trigenic system where two-three genes 
interacted and modified' fertility gene reaction. 

Nagpur-A crosses with M3S-1B. VZM2B and GMI-5 showed 3F: 18 F2 
ratio and IF : 18 BCl ratio conforming to one major gene difference between 
parental lines when grouping-I was considered:- These F2 ratios showed shift to 
45F.: 19S ratio when grouping-II was followed. It confirmed the presence of 
one. major plus two genes with minor effect in M3S-1B. VZM2B and GM1-S as 
observed earlier in CK60A crosses. However. their operation changed with tho 
change in the cytoplasmic and genetic background of female parent. 

Nagpur-AxG1B and Nagpur-AxNandyal showed 54F: lOS ratio in Fl 
as earlier observed in CK60A crosses. This shows three gene system operating 
to restore partial to full ferdlity. These ratios changed to 3F :·lS monogenic 
ratios when grouping-II was followed. It reveals that two out of three genes 
are minor. 

A duplicate digenic ratio lSF: IS was observed in M3S-IAXNandyal 
and M35-1xGMl-S Fzs indicating that Nandyal and GMl-5 carried two major 
genes restoring partial to fun fertiHty independently. The DCl ratio which 
should be3F : IS was not as expected. In M3S-IAXNandyal, all plants became 
sterile while in M35-IAXGMI-S. IF: 3S ratio was observed. It indicates that 
one of the genes carried by M3S-1B inhibits major gene effect of fertility restora
tion. When grouping-II was used for fitting the genetic ratios, digenic duplicate 
ratios changed to trigenic modified ratios. M3S-1AxK.1ocal F. ratio (S7F : 78) 
showed that while one major gene independently governs the fertility other two 
genes interact among themselves and segregate in digenic complementary ratio. 

Three F2's involving M31-2A were studied for segregation in summer 
season. M31-2A xGIB segregated in lSF: 18 ratio while M31-2A XGM1-S'aitd 
M31-2AxK.local segregated in 63F: ]8 ratio. It indicates that two'euplicate 
genes in M31-2AXGIB and three genes in M31-2AX GMI-S and'MJ'L2i4X 
K.local crosses govern the fertility restoration system. 

Seasonal interactions for seed set are presented in Table 2. CK60A x 
K.local interacted in summer season but F2 and backcrosS ratios showed normal 
monogenic inheritance while in rabi. 4SF: 19S/3F : 18 ,ratio was observed. 
Fertility restoration system ofCK60AxK.Iocal and Nagpnr-AXG1B was fairly 
unstable over seasons and governed by one dominant gene in summer. 
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TABLE 2: Variation in cytoplasmic-genic interaction for seed set in different 

seasons 

Genetic ratio 

F1 DC1 BC2 

Cross Rabi Summer B.abi Summer Summer Seasonal interaction 

F:S F:S F:S F:S 

CK60AxM35-1B 
CK60A X K.local 
Nag. AxGIB 
M3S-1AxGIB 
M31-2A xCK60B 

M31-2AxGIB 
M31-2AxGMl-S 
M31-ZA X K.local 
VZM2AxGIB 

54; 10 
45: 19 
3: .1 

S 
S 

S 
F 
F 
S 

3: I 
3: 1 
3: 1 

57: 7 
15: 1 

15: 1 
63: 1 
63: 1 
57: 7· 

1 : 1 
39; 25 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

I : 1 
1 : I 
1 : 1 

S 
S 

NA 
NA 
NA 
NA 

F 
F 
F 

1 : 1 

NA 
F 
F 
NA 

Interaction 
Interaction 
Interaction 

NA 
Interaction due to 
nonshedding in rob; 

NA 
NA 
NA 

Interaction 

F-Fertile; S-Sterile: NA=Data not available; ·=Partial; NB : All ratios fit well. 

M35-IAXGIB Fl was sterile in rabi but sterility broke in summer season. 
F.2 segregation stndied in summer, showed that fertility was governed by three 
genes, two functioning as complementafY factors (9:7) and one segregating 
normally giving 57F : 78 ratio. 

Pollen shedding was absent in M31-2AxCK60B which showed seasonal 
interaction and shed fertile polJen in summer. Due to breaking of mechanical 
barrier of sterility, this cross segregated in 15F: IS ratio in Fl generation. Two 
gents were responsible for fertility restoration and acted as duplicate factors. 
However, BC ratios observed did not confirm it. 

VZM2BxGIB Fl shed sterile pollen in rabi -but higher temperature 
~uced pollen fertility in summer. The Fl of this cross showed segregation for 
.~~ 7PF. No sterile plant was observed. 

,J.~'iI':.Major conclusions which arose from different segregating patterns and 
~ in genetic ratios by shifting the grouping pattern are : 

(a) 	 There are three fertility restorer ge~es; one of them shows major 
effect. 

(b) 	 Action of the genes changed with the cytop1asmie-genetic background 
of male sterile line eg., one major gene of GMI-5 was apparent when 
crossed to CK60A and Nagpur-A but the second gene effect was more 
pronounced when GMl-S was crossed to M3S-1A. 
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(c) 	 G 1B and Naridyal restoration system was consistent in CK60A and 
Nagpur-A cytoplasm. M35-IB and VZM2B fertility restoration system 
on CK60A and Nagpur-A also shows similarity. 

(d) 	 Karad local fertility restoration system appears to be different from 
other restorer parents since two out of three genes show complemen
tary interaction in milo cytoplasm. 

(e) 	 Nandyal. GMI-5 and Karad Local's restoration system is different 
from M35-IB and VZM2B. 

(f) 	 VZM2B and GIB also differ in restoration system. GIB restoration 
system appears to be more stronger since it restores fertility on M35
IA and M31-2A in summer and VZM2B does not. 

(g) 	 All the Fl and backcrosses of VZM2A and G I A were sterile. Even 
three Indian restorer lines which restored fertility on CK60A, Nagpur
A. M35-IA and ~31-2A cYJoplasms could not restore fertility in 

.VZM2Aand GIA cytoplasm. The restoration system of these two ms 
lines was, therefore. governed by some other genes not present in 
either of restorer lines used here. 

(h) 	 Sterility maintenance system of CK60A and Nagpur was similar in· 
respect of each other. 

li) 	 Seasonal interactions for fertility restoration were present. Major 
gene effect was more pronounced in summer. 

(2) Bx Band Bx R crosses: .All possible Fl'S among sixB-lines and 
three R-lines were tested forpoI1en sterility and seed set to judge their reproduc
tive status in reciprocal crosses. All the Fls were perfectly fertile. However, 
in F2 generation, five crosses segregated in different ratios as given in Table 3. 

Fertility status was classified as fertile (F). towards fertile' (TF), towards 
sterile (TS) and Sterile (S). 'Towards fertile' meant that the individual was 
almost fertile with <30% sterile spikelets. Similarly 'TS' meant that individual 
was partially fertile «30%). Since, no genetic ratio could be fitted to three 
classes or four classes segregation pattern, all the individuals showing partial 
fertility were clubbed alongwith fertiles. Two class ratios showed good fit 
(Table 3). 

M35-IBxCK60B and M35-IBxNagpur-B segregated in 54F: lOS ratio 
indicating three genes system where fertility was controlled by two or three genes 
interactions. Single dominant gene or triple recessive individuals were sterile. 
Sterility in these crosses arose due to segregation ofgenes and interaction with 
M35-JB cytoplasm. Trigenic additive ratio (27 , 21 : 9 : 1) could not fit and 
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TABLE 3 : Genetics of fertility restoration infive BxB and BxR crosses 

SI. 	 Fs segregation Genetic ratio 
No. Cross PI x· Probability 

F TF 1'8 S (P+TF+TS): S 

1. M3S-IBxCK60B F 97 3 15 54: 10 0.582 .30-.50 
2. M3S-1B X Nagpur B F 72 11 16 54: 10 00S62 .3()-.SO 
3. VZM2B X Nagpur B F 83 14 3 63: 1 1.350 .20-.30 
4. GIB xCK60B F 71 8 28 3 63: 1 0.795 .30-.50 
5. Nandyal X CK60B F. 76 14 4 35 45: 19 0.404 .50-.70 

3 : 1 0.313 .50-.70 

P ... Pertile; S-Sterile; TF-Towards Fertile «3CJOk sterile spikelets) 
1'8-Towards Sterile «3()Ok fertile spitelets) 

hence. fertility reaction in these crosses was not governed by additive effect of 
genes. 

The crosses VZM2BXNagpur-B and OIBxCK60B segregated in 63F: IS 
genetic ratios in F" Either of three dominant genes or iu combination governed 
fertility. Individuals recessive at all the three loci in OIB or VZM2 cytoplasm 
were sterile. Since different classes of fertility (T, TF. TS) appeared in F2, the 
effects of different dominant genes were unequal. 

DISCUSSION 

0) 	IllS CKfiO and Nag A (milo source of cyto,laSDI) crossed witb M3S-1. 
GIB, VZM1B, Nandyal, GMI-S and Karad Local 

The Fa and backcross ratios fit a 54 : 20 ratio which is a modified trigenic 
ratio. If'towards fertile' category is merged with fertile and toward sterile 
with sterile class, then they all fit a monogenic 3 : 1 ratio. In case of OMI-5 
and Karad Local crosses the ratios fit trigenic interaction with fertile class more 
predominent than S4 : 10. This means, there is a major gene (msel) whcih 
interacts with milo cytoplasm and two other genes which may be interacting 
genes. They may probably correspond to ,flo ,fa genes described by Miller and 
Pickett (1964). Thus the observed genetic ratio for fertility restoration conforms 
to the previous findings. . 

(2) 	 M35-IA and M3I-lA crossed to Nandyal, GMI-S and bra' Local 

In aU these cases, the Fa and backcross segregation ratios conform to a 
~genic or digenic ratios of 63: I and 15:1. In case of M35-IA ClOSseS, the ratio 
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ProDability 

.30-.50 
.30-.50 
..28-.30 
.31-.50 
.50-.70 
.50-.10 
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is IS:1 while in case of M31-2A crosses, it is 63:1 during summer. This clearly 
establishes a two to three genes effect for fertility restoration, but sterility will 
be expressed, only under double recessive or triple recessive condition. One of 
the genes interacts with temperature. 

While M3S-1B and M31-2B restore fertility on milo cytoplasm, they are 
maintainers on other cytoplasmic sources. Obviously the dominant gene MSC1 

is unable to restore fertility. Therefore, there has to be an additional non-allelic 
gene (s) in the restorer lines like Nandyal, GMI-S and Karad Local. Crosses of 
Maldandi sterites with such restorers segregate in 15:1 or 63:1 ratio. The IS:l 
ratios are confined to crosses M3S-lAxNandyal, M3S-lAXGM1-S, M3S-IAx 
Karad Local and M31-2AxGIB indicating two dominant genes. The IS:l ratio 
fits well but there are also some partial fertile cases. Since sterility is expressed 
under a double recessive condition and the existance of additional genes is 
demonstrated, it may be stated that the . other two genes are possibly MSC2 and 
MSCa. Since complete sterility is expressed only under double or triple recessive 
condition, the MSC2 is also a major gene and may act as a major or modifier 
gene in Maitland; type of cytoplasm. 

In VZM-A and GlA none of the R lines restore fertility. This means 
MSCb MSC2 and MSCa together could not restore fertility. As such the 
existence of an additional gene may have to be explored. 

(3) BxB and B xR crosses 

Some of the B X Band B X R crosses though fertile in FI segregated for 
fertility and sterility in Fl. Only seed set was studied and pollen fertility was 
not scored. All the RxR crosses were fertile in FI and did not segrepte in F2. 

Amongst BxB and BxR crosses M35-IBXCK60B. M3S-IBxNag-B. 
VZM2BxNag-B GIBxCK60B and NandyalxCK60B segregated for fertility 
and sterility. Their reciprocals did not exhibit such segregation. Hence, the 
segregation is only for the interacting gene in non-milo cytoplasm. 

The crosses M3S-1BxCK60B and M3S-IBxNag-B segregated in Fl in 
the ratio of 54:10 which is a modified trigenic ratio. The fertility restoration 
genes in M35-1 have to be MSCI MSCI, MSC. MSC2, MSC3 MSC3, Interac
tions amongst these three genes with three of Kafir could ~esult in the modified 
54:10 ratio. Thus, the restoration system in Maldandis is a three gene system. 

The crosses GIBxCK60B segregate in 63:1 ratio confirming a three gene 
restoration system. Thus most of the segregating B X B or B x R crosses also 
conform to a three gene system. 
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(4) Genetics 

Schertz and Stephens (1966, assigned the symbols msc1 and mSC2 to the 
genes interacting with milo cytoplasm to result in male sterility. They did not 
take cognisence of mscs gene reported by Erichsen and Ross (1963). There have 
been reports about the operation of a three gene system governing cytoplasmic 
genetic male sterility (Joglekar and Deshmukh, 1961; Cragmiles, 1962; Patil and 
Rane, 1968). ~iIIer and Pickett (1964) reported the operation of pi1 and p/2 
genes governing partial fertility. Thus, the reports on genetics of fertility. 
restoration in cytoplasmic genetic male steriles to date hypothesize the presence 
of a single dominant gene or 2-3 interacting genes. 

The present studies clearly establish the presence of three interacting 
genes as far as restorating on milo (AI) cytoplasm is concerned .. But when the 
maldandi cytoplasm (All) is involved, unless a non-aJlelic gene is present in 
addition to the three genes, fertility restoration cannot be explained. But even 
then it is only three gene interactions which restores fertility. 

The f(Jur gene system ,is still inadequate to bring about fertility restoration 
on VZM or Gl steriles. A genotype homozygous at all the four dominant MSC 
loci (Jr an addtional MSC3 locns may only restore fertility on Gl and VZM 
steriles. Till such a genotype is available, the full genetics of restoration has 
to wait. 

In literature a total of six (ms1 to mS2) genes causing genetic male sterility 
have been reported. It is likely that it is these very genes which interact with 
appropriate cytoplasmic sources. This point needs to be confirmed. 

Based on the genetics of Ax B/R, B X Band B X R crosses, the following 
genetic constitution is assigned to various lines under study. They satisfy most 
of the observed ratios. The seasonal interactions and possible self-incompa
tibility might bring in some descrepancies only in few cases. 

Kafir mSCl msc1 mSC2 mSC2 mSC3 mSC3 mSC4 mSC4 

~~r~~] MSC1·MSC1 MSC2 MSC2 MSC3 MSC3 mSC4 mSC4 
VZM2 
G1 

Nandyal : mscl msc1 MSC2 MSC2 MSC3 MSC3 MSC-J MSC4 

GMI-5 
K. Local 

MSC1 and MSC, are major genes. MSCI and MSC2 interact with MSCI. 
MSC1 and MSC2 may be same as pfl and pf2 genes. MSC3 may be sCIlsitive to 
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temperature and hence shows seasonal interaction. This MSC3 or some other 
factor may be responsib1e for some incompatibiHty. A fifth major gene needs 
to. be explored for ferti1ity restoration on VZM and G1 steriles. 
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ABSTRACT 

The paper attempts an analysis of the present status of improvement of varieties and 
hybrids of sorghum in India during the kharifseason. Improved varieties like SPV-462 and 
SPV-475 are superior to the hybrid CSH-I for yield as well as stability of performance and 
approach the commercial hybrid CSH-5. This is significant. The improved varieties 
are less sensitive t!) years and more sensitive to locations whereas the hybrids are less sensitive 
to both years and locations as revealed by the interactions. The commercial hybrids are yet to 
show significant advance over CSH-9 in yield. The trial differentiation index as developed by 
FasouJas (1983) is a useful tool for evaluating test locations in coordinated crop improvement 
programmes. Based on the'resuits. guideJines for future improvement of hybrids and varieties 
of sorghum during kharif in India have been furnished. 

Index words: 	 Sorghum, kharif, yield performance, stability, cultivar performance index, trial 
differentiation index. 

Two-thirds of the area under sorghum in India is in the kharif season. 
Analysis of the performance of commercial hybrids and varieties of sorghum has 
generally proved that hybrids were superior to the varieties with respect to yield 
levels and stability of performance (Rao et af .• 1981). Varietal improvement has 
now made rapid strides and the present-day improved varieties are superior to 
the earlier hybrids in yield levels and they tend to approach current hybrids. 
Research efforts have been towards development of varieties that equal commer
cial hybrids with respect to yield levels and stability (Reddy and Rao, 1982). 
The present study analyses the relative perrormance of currently available hybrids 
and varieties of sorghum, using conventional statistical methods and a method 
developed by Fasoulas (1983). 

MATERIALS AND METHODS 

The experimental m:lterial for this study consisted of four experimental hybrids (SPH
196. SPH·22I, SPH·225 and SPH-232) and three released hybrids (CSH-5, CSH-6 and CSH-9) 
as checks. Similarly, nine promising varieties (SPV-126. SPV-24S. SPV-346, SPV-3S1. SPV-386, 

.Present address: Vice Chancellor. Marathwada Agricultural University. Parbhani-431402. 

Part XXXVIII of Genetic analysis of some exotic Indian crosses in sorghum. 
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SPV-459, SPV-462, SPV-472 and SPV-475) with two hybrid checks (eSH-l and CSH-5) and 
local were compared. Data on both trials were available over a two-year period, 1912 and 
1983, over 25 common locations distributed over tbe sorghum growing tracts in India dUring 
the kharif season under rainfed conditiom in different agroclimatic regions of the country. 
The net plot size was 13.5 ml, Stability analysis was done separately for each entry following 
Eberhart and Russell (1966). CuItivar performance index and trial differentiation index were 
calculated according to Fasoulas (1983). . 

RESULTS 

PERFORMANCE FOR YIELD AND OTHER A ITRIBUTES 

The mean performance of the varieties and hybrids is presented in Table 1. 
The improved varieties. SPV-346. SPV-351, SPV-462, SPV-472 and SPV-47S, 
are significantly superior to CSH-l. They tend to approach the yield levels of 
CSH-5. The varieties SPV-462 and SPV-475 are statistically on par with CSH-5 
for giain yield: They are comparable to CSH-5 for plant height and maturity, 
indicating that varietal improvement for yield has made significant strides. 
Improvement in fodder yields is reflected in several varieties which is an 
advantage. 

None of the experimental hybrids are superior to CSH-9, the most pro
mising amongst released hybrids; SPH-196 followed by SPH-2251 have advantage 
for fodder yield. For resistance to charcoal rot, SPH-196 is the best available 
hybrid. 

COMBINED ANALYSIS OVER YEARS AND LOCATIONS AND STABILITY OF PERFORMANCE 

The combined analysis of variance for varieties and hybrids is presented 
in Table 2. The variety x years interaction is not significant, indicating that 
improved varieties are relatively stable across the years. The variety X location 
interaction and the variety x location x years interaction is significant, indicating 
varietal sensi tivity, 

With regard to hybrids, not only the hybrid X years but also the hybrid x 
location interaction is not statistically significant .. This indicates that hybrids 
are stable across the years and locations revealing their general superiority over 
varieties with respect to performance as well as stability of performance. 

The estimates of components of variance (Table 3) reveal that while 
the magnitude of the error component is about the same, the magnitUde of the 
genotypic and interaction components for varieties are larger than the hybrid 
values, further indicating greater stability of hybrids. 
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TABLE 1 : 	 Performance of sorghum varieties and hybrids tested over a two·year 
period (kharif 1982 and 1983) 

Entry Grain yield Fodder yield Plant height Days to 
(q/ha) (qfba) (em) flower 

Parilllies : 

SPV-I26. 31.69 155 207 71 

SPY-245 3S.22 122 17S 72 

SPV-346 37.16 147 206 71 

SPY-3S1 37.12 126 181 69 

SPV-3~6 36.38 139 229 70 

SPY459 36.42 147 216 70 

SPV462 39.08 131 225 69 

SPV472 36.85 159 229 70 

SPV-47S 3'>.47 125 181 72 

CSH·l 34.46 91 148 60 

CSH-S 41.18 117 187 69 

Lcx:al 23.62 169 262 81 

MeaD 35.78 136 204 70 

S.Em 0.8S 3.61 

CDS% 2.36 10.00 

Hybrids: 

SPH-l96 44.28 168 262 67 

SPH~221 46.38 114 194 67 

SPH-22S 4S.30 129 206 67 

SPH-232 42.82 110 180 66 

CSH-S 39.19 112 184 68 

CSH-(i 37.47 99 167 60 

CSH-9 46.13 120 189 66 

Mean 43.08 122 197 66 

S.Em 0.79 2.82 
CDS'%, 2.19 7.84 
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TABLE 3: Estimates of components of variance for grain and fodder yield of 
khar;! sorghum varieties and hybrids 

Grain yield Fodder yield 


varieties hybrids varieties hybrids 


~g 20.03 1t.22 422.42 487.35 

A 
a'gl 10.45 4.25 242.71 59.97 

A
algy -0.83 0.40 19.61 -5.32 

~lglY 27.57 21.30 503.02 255.03 

A
ale 8.36 9.57 120.24 128.74 

Studies on stability of performance based on Eberhart and Russell (1966) 
are presented in Fig. 1 and 2. CSH-9 and SPH-221 are the most stable hybrids. 

r 
; 

,,600 !""" 
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Ii SCOO I
... vl) c- I 
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Fig 1 :' Stabilty of performance of kharif Fig 2: Stability of perfomance of kharif 

hybrids. varieties. 
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The improved varieties SPV-462 and SPV-475 are inferior to CSH-9. but superior 
to CSH-l in yield as well as stability. The deviation mean squares were, however, 
significant in all cases. 

~ULTIVAR PERFORMANCE INDEX 

The cultivar performance index based on the methodology of Fasoulas 
/ 	

(l983) is presented in Table 4 with respect to grain and fodder yields. The 
im~roved varieties SPV-462 and SPV-475 approach the commercial hybrid 
CSH-5, confirming the results obtained from combined analysis of variance. 
Lo~al is best for fodder yield. but improved varieties like SPV-346, SPV-386, 
SPV-462 and SPV-472 combine high grain yields with reasonably high fodder 
yield. 

Similarly, the cultivar performance index for hybrids reveals SPH-221, 
CSH-9 and SPIt-196 to be superior. 

TRIAL DIFFERENTIATION INDEX 

The trial differentiation index values according to Fasoulas (1983) range 
from 0 to 100 for the respective locations, the locations with higher scores 
reflecting the efficiency of the trial. The data are presented in Table 5. 

Amaravati in Maharashtra is found to be the most efficient location 
with respect to hybrids as well as variety testing. It is further seen that the 
locations Amaravati, Dhule. Parbhani, Karad and Jalgaon, all in Maharasbtra, 
were more effective locations. Palem (A.P.), Chindwara (Madhya Pradesh), 
BaiIhongal (Kamataka) etc. arc consistently poor. 

DISCUSSION 

The superiority of commercial sorghum hybrids over varieties with 
respect to yield and stability was brought over in several studies (Rao and 
Harinarayana, 1968; Singhania and Rao, 1976 and Rao et 01., 1981). Reddy 
and Rao (1981) pointed out that improvement in biomass without disturbing 
the harvest index could result in:cultivars of higher yields and also indicated 
possibilities of developing varieties approaching commercial hybrids for yield 
and stability. 

Varietal improvement since then has made rapid strides. The present study 
reveals that varieties like SPV-462 and SPV-475 are superior to the hybrid CSH-I 
with respect to both aspects, namely, grain yield and stability and approach the 
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TABLE 4: Rating ofkharif sorghum varieties and hybrids for grain and fodder 
according to cultivar performance index 

Grain Fodder 

over years over years 
Entry aDd sites raDk and sites rank 

(pys) (pys) 

Varieties: 

SPV-126 10.00 11 48.11 3 

SPV-245 15.80 10 16.67 8 

SPV-34'6 22.50 S 35.61 5 

SPV-351 22.20 6 15.91 10 

SPV-386 22.70 4 26.89 6 

SPV-459 16.70 9 36.17 4 

SPV-462 30.00 21.40 7 

SPV-472 20.00 7 48.86 2 

SPV-475 28.50 3 16.10 9 

eSH-! 18.00 8 2.46 12 

CSH-5 29.50 2 12.31 11 

Local 5.50 12 59.85 1 

Hybrids: 

SPH-l96 24.33 3 84.72 

SPH-22 I 27.33 15.28 5 

SPH-225 23.33 4 37.85 2 

SPH-232 17.67 S 13.19 6 

eSH-S 8.33 6 15.63 4 

CSH-6 6.67 7 5.21 7 

CSH-9 26.33 2 24.31 3 
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'l'ABLB 5: 	 Trial differentiation index (D) for kharif sorghum varietal and hybrid 
trials for grain and fodder over years and locations 

Varieties . Hybrids 
Location --...... 

grain fodder grain fodder 

rant mean rank: mean ranlt mean rank mean rank 

3 

I 

5 

10 

(j 

4 

7 

2 

9 

12 

11 

I 

I 

5 

2 

6 

4 

7 

3 

Am/lravati 


Dbule 


Jalgaon 


Karad 


Yavatmal 

Parbbani 

Somnathpur 

auldana 

Rahuri 

Nanded 

Akola 

Nagpur 


Digraj 


Surat 


'Deesa 

Pantnagar 

Dharwad 

Bailbongal 

Coimbatore 

Bhavanisagar . 

Udaipur 

Indore 

ChiDdwara 

ICRISAT 

Palem 

84 42 19 86 1 69 6 

69 3 70 7 79 2 62 9 

65 4 78 3 57 5 57 11 

55 6 46 16 60 4 79 3 

79 2 68 9 48 7 71 5 

51 9 80 2 69 3 60 10 

44 16 59 11 50 6 50 13 

40 13 44 18 26 19 36 15 

35 14 63 10 14 23 40 14 

40 17 58 12 17 22 64 8 

29 18 72 5 31 13 55 12 

28 18 69 8 31 12 69 6 

l' 22' 77 4 38 11 67 7 

53 8 36 20 40 10 81 2 

58 5 44 18 0 25 57 11 

54 7 47 15 43 15 74 4 

50 10 71 6 43 9 55 12 

16 24. .85 29 18 90 1 

41 12 .33 21 38 16 2 18 

44 ·U 45 17 31 17 29 17 

30 . 15 42 19 19 20 55 12 

23 20 56 • 13 31 14 31 16 

18 '23 NK NA 17 21 NA NA 

22 21 52 14 48 8 62 9 

10 25 19 22 14 24 31 16 

NA : Data not available. 
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commercial hybrid CSH-5 in both respects.· This is a very significant aspect in 
varietal improvement. 

Multilocation analysis over years revealed that improved varieties arc more 
sensitive to locations and less sensitive to years as revealed by the interactions. 
On the other hand. the hybrid interactions with years and locations are not 
significant, indicating their greater stability of performance. The magnitude 

--of the estimate of components of variance for hybrids is also smaller 
compared to the varieties. Thus. the hybrid superiority is still clearly 
felt. Further studies are needed to understand the causes of hybrid stability so 
as ~o manipulate the varieties in a suitable manner. The studies reveal that 
after the release of CSH-9 during 1981. yield levels of experimental hybrids have 
not advanced to any significant extent and future programmes should address to 
this problem . 

. The cultivar performance index, as developed by Fasoulas (1983). con
firms the results obtained by the traditional methods of analysis. The advantage 
of Fasoulas (1983) methodology is the trial differentiation index which attempts 
to measure the efficiency of test locations. This is certainly a useful tool for 
crop coordinated programmes in evaluating the performance of test locations 
over years. 
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PROGRESS IN GENETIC IMPROVEMENT OF 

RABI SORGHUMS IN INDIA 
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All India Coordinated Sorghum lmprovement Project, 
IARI-Regional Station, RaJendranagar. 

Hyderabad 500 030 

(Received: November 14, 1985; accepted: May 26, 1986) 

ABSTRACT 

Genetic improvement of rabi sorghums has not kept pace with kharif 
sorghums. The 'variety-hybrid difl'erences'are not conspicuous. Improvements 
obtained through the development of CSH-8R (hybrid) and CSV-8R (variety) are 
not reflected on a field scale. Subsequent progress to-date is also marginal. 
There are indications that hybrids could be more stable than varieties during rabi. 
Yield superiority needs to be built into them. Present female l)8rents with kharif 
parentage seems to impart temperature sepsitivity to hybrids. Efforts are outlined 
to develop superior rabi hybrids that combine yield advantage and stability 
of performance. 

Key words: Sorghum, rabi, yield performance, stability, cultivar performance index, 
trial differentiation index. 

Approximately one-third of the sorghum area in India is during the post 
rainy (rab:) season in the black soil belt of the Deccan plateau. Rabi sorgbum 
improvement has not kept pace with progress achieved during the kharif. Rabi 
sorghums depend largely on the stored moisture in the black soil profile~ since 
very little rain is received dnring crop growth. The problem of improving rabi 
sorghums poses greater challenge. The present paper analyses the state of arts 
and attempts to provide guidelines for improvement. 

MATERIALS AND METHODS 

Two sets of materials comprising six promising lJybrids (SPH-200, SPH
201, SPH ..203, SPH-204. SPH-218 and SPH~248) and eight promising varieties 
(SPV-422, SPV-440, SPV-489, SPV-49 I , SPV-504, SPV-511, SPV-513 and 
SPV-SI8) with CSH-SR and CSV-8R (SPV-86)-the released hybrid and variety 
-along with local, as checks were taken for comparison in two trials. Data on 

*Present address: Vice-Chancellor. Marathwada AgricultUral University. Parbhani 431 402, 
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both trials were available over a two-year period, t 982-1983 and 1983-1984, over 
cleven common locations representing the typical rabi sorghum tract. Replicated 
trials were grown with the recommended cultural practices for rabi under 
rainfed conditions. The net plot size was 13.Sml. Stability anatysi. was done 
following [I]. The cuttivar performance index and trial differentiation index 
were obtained according to [2).. 

RESULTS 

Data for yield and other attributes arc presented in Table 1. The released 
hybtid CSH-8R and the released variety CSV-SR are On par for grain yield. 

Table 1. Performance of sorghum varieties and hybrids tested over a two-year 
period (rabi 1982-83 and 1983-84) 

Grain Fodder Plant DaYlto 
yield yield height flower 
(q/ba) (qJha) (em) 

Yarietie.r: 
SPV-422 23.21 53 182 74 
SPV-440 22.72 63 209 71 
SPV-489 26.80 56 193 71 
SPV-491 25.50 57 206 73 
SPV-504 27.78 57 192 74 
SPV·511 26.19 53 165 74 
SPV·513 24.99 44 157 73 
SPV-518 2S.H 45 159 69 
CSV·8R 27.82 49 175 73 
CSH-IR 28.54 39 142 69 
Local 23.87 64 189 72 
Mean 25.68 53 179 72 
SE 0.69 1.47 
CD. 5% L92 4.09 

Hybrids: 
SPH-200 26.63 45 168 68 
SPH.201 25.28 38 145 "SPH·203 26.60 . 38 lSi 63 
SPH-204 24.88 40 149 62 
SPH-218 25.24 64 224 69 

SPH-248 25.14 46 169 63 

CSV·8R 23.51 51 176 73 

CSH-IR 25.45 37 140 69 
Local 21.SO 63 186 71 

Mean 24.99 47 168 67 
SB O.SO 1.03 
CD. 5% 1.40 2.87 
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None of the experimental varieties exhibit any superiority for grain yield. There 
is lome improvement for fodder yield over CSV-8R. Similarly. nooe of the 
experimental hybrids reflect superiority over CSH-8R for grain yield. The 
hybrid SPH-218 is superior for fodder yield. 

Table 2 contains data on combined analysis of variance. Varietal differen
ces for grain yield are significant only at 5% level, whereas they are highly 
significant for hybrids. The variety X year and variety X location interactions 
ar~ generally nonsignificant for both hybrids and varieties for grain as well as 
fo~der yields. 

Table 2. 	 Combined analysis of variance for grain and fedder yields of rabi 
sorghum varieties 

Varieties 	 Hybrids 

mean squares 	 mean squares 

grain fodder grain fodder 
d.f. yield d.f. yield d.f. yield d.f. yield 

I 112.55 1 15040.00** 0.02 1 3274.15** 

Locations 10 2232.60** 9 5783.33** 10 403.89* 9 3252.00** 

Years x locations 10 768.07** 9 4912.22** 10 467.30* 9 3244.55** 

Replications X 44 47.83 40 75.79 44 24.69 40 47.27 
years x locations 

Varieties/hybrids 10 82.80* 10 1216.40** 8 S7.02n 8 2241.87** 

Varieties/hybrids X 10 32.56 10 66.10 8 6.15 8 158.15** 
years 

Varieties/hYbrids X 100 25.34 90 119.39 80 12.11 72 105.47 
locations 

Varieties/hybrids x 100 23.55** 90 92.32** 80 12.08** 72 16.18*· 
locations X years 

Pooled error 440 10.46 400 43.12 352 5.57 320 21.20 

* and ** significant at 5% and 1%. respectively. 

The estimates of components of variance-for grain and fodder yields are 
presented in Table 3. As far as gIain yield is concerned. the magnitude of geno
typic interactions and error components are larger for varieties compared to 
hybrids. The same is not true for fodder yields, the hybrids being more 
sensitive. 
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There Table 3. Estimates of components of var iance for gra in yield and fodd er yield 
of the of sorghum varieties and hybrids 

The 

Grain yield F odd er yi eld 

.:. 'fferen varie t ies hybrids va rieties hyb rids 
-~ ighly 

li ons 
1\ 
cr ' g 2.64 2.05 55.62 10737 

\ e 11 as 1\ 

aZg ~ 0.90 0 . 10 13 .53 14.65 
1\ 
a'g y 0 82 -0.54 -2 .56 8. 26 
1\ 

:rrabi cr'g ly 13.09 6.51 49 .30 54.98 
1\ 
cr~ e 10.46 5.S7 43.1 2 21.20 

:'c dd er 

} ield 

::- .! . S** 
~ :: ~ 00·· 

- .20 

~.:is are 
- geno

::l~ e d to 

more 

Data on stability of p erforman ce a re presented in Fig. 1 and 2. None of 
the experimental va riet ies are superior to CSV-8R (SPV-8 6). The hybrid SPH-200 

is so mewhat superior to CSH-8R . 

3<00 

) I. O?3 2 00 

SP H 200 
~ : .... J 

3000 
a CSH ~ R .c SP~ tol~ SPH 1 48 

.><'" 1800 
3000 

<> 
~ 

- 2800 csv 8 R " .. ~ 

LOCA,~ 1600 ~ ~ 

1600 c 
·0 
.:;2 40 0 I 

2400 

noo,,:J / 	 ..~ 
~OOO 

~crn-3QO : .~.) . SOO · 300 ·, 00 100 300 SIlO 

En .... lronmen tal In d ~ x ( j.: ('o ":'In I 	 En .... !ornl'T1en t o\ in d.x I kg / ha I 

F ig . l. 	 Sta bili ty of per fo rm ance of R ab i Fi g. 2. Slab ili ty of pe rfo rm a nce of R a bi 

varieties. hybr id s . 

The cultivar performance index (Table 4) ind icates SPV-504, CSV-8R and 

CSH-8R to be superior. Amongst h ybrids SPH-200, SPH-20 I and SPH-203 are 
somewha t superior for grain yield . For fodder yield, SPH-2 18 is compa rable to 

local followed by CSV-8R. 
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Table 4. Rating of rabi sorghum varieties and hybrids for grain and fodder 
according to cultivar performance index 

Entry over years 

Grain Fodder._------
over years 

and sites rank and sites rank 
(pya) (pya) 

Varieties: 

SPV-422 13.33 9 16.25 6 

SPV-440 11.67 11 33.75 2 

SPV-489 17.78 4 26.88 5 

SPV-491 16.67 5 31.88 3 

SPV-504 26.11 1 30.00 4 

SPV.Sll 16.11 6 ]2.50 8 

SPV-513 13.90 7 4.38 9 

SPV-S]8 JU9 8 1.88 11 

CSV-8R 23.33 2 15.63 7 

CSH-8R 22.78 3 2.50 10 

Local 12.78 10 4].88 

Hybrids: 

SPH-200 19.44 15.87 5 

SPH-201 16.67 3 7.14 7 

SPH-203 18.06 2 7.94 6 

SP8-204 15.97 4 .5.56 8 

SPH·218 11.81 6 52.78 2 

SPH-248 10.42 7 18.25 4 

CSV-8R 9.72 8 43.65 3 

CSH-8R 13.89 5 0.79 9 

Local 2.78 9 64.29 1 

Regarding locations (Table S) with the exception of Mohol and Parbhani 
in Maharashtra, the test locations were neither effective not consistent. Data 
from Bijapur (Karnataka State) was consistently poor. 
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Table 5. Trial differentiation index (D) for rabi sorghum varietal and hybrid 
trials for grain and fodder over years and locations 

Varieties 
-----------

Hybrids ---
Location grain fodder grain 

-----
fodder 

-----
mean rank: mean raDk mean rank mean raDk 

Mohol 63 1 60 58 2 62 2 

PlIrbbani S5 2 58 2 76 1 - 64 

H.aburi 25 7 19 10 13 8 29 9 

Sholapur 15 10 44 5 7 9 44 6 

Ekaduna 37 4 28 8 21 6 43 7 

Nandyal 38 3 57 3 33 4 44 5 

ICH.ISAT 25 8 NA NA 7 to NA NA 

Tancba 34 6 23 9 39 3 32 10 

Dharwad 35 5 30 6 32 S S4 3 

Annigiri 20 9 SO 4 17 7 35 8 

Bijapur 15 II 29 7 4 11 50 4 

NA : Data not available. 

DISCUSSION 

The spread of commercial sorghum hybrids during kharif had a percep
tible production impact. This is not so with rabi season where M. 35-1 is the 
predominant improved local variety under cultivation. A rabi hybrid, CSH-SR 
w~s released in ]977 and an improved variety CSV-SR (SPV·S6) in 1979. These 
two cultivars do reflect some improvement over M.35-l and other locals, but 
their production impact is yet to be felt on a field scale. Obviously, thore are 
limitations to CSH-SR as well as CSV-SR. Subsequent improvement work has 
not also reflected any significant advance for grain yield even at the experimental 
level which is certainly not encouraging. What are the reasons for this and how 
could we get over the stagnating tendency during rabi? 

The yield differences between hybrids and varieties as seen during kharif 
arc not perceptible during rabi. Both CSH-SR and CSV·SR exhibit similar expe
rimental yield levels. The recently released variety SPV.504 and hybrids SPH
201 and SP" 218 are only marginally superior for grain yield under rainfed 
conditions. So, the problem of yield plateaus persists even at the experimental 
]evel. 
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Combined analysis of variance indicates that while the yield levels are not 
superior. the magnitude of the components of variance in hybrids is somewhat 
smaller for grain yield but not for fodder yield. At least there is some indication 
that if superior yielding hybrids are developed, they might perhaps be expected to 
reflect greater stability for performance compared to the varieties. 

How do we then develop such superior hybrids? An analysis of this was 
- attempted by Rao [3]. The presently developed rabi hybrids have female parents 

of kharif type which exhibit greater temperature sensitivity. If this is eliminated, 
greater success may be anticipated. and efforts are in 'progress in thi~ direction 
and should be pursued~ Even onthe male parent side, temperature insensitive 
rabi material should receive greater attention. From the behaviour of kharifx 
rabi crosses, temperature sensitivity seems to dominate. Hence both parents 
sbould be relatively insensitive and diverse. This is a difficult task but needs to 
be attempted. Efforts may also be made to capitalize on interacting genes as in 
case of Katir x Hegari combinations, but within a rabi background. 

The rabi environment is harsh on moisture. Hence manipUlation of the 
soil physical environment to promote moisture conservation and fertilizer use are 
a necessary adjuant for the genetic efforts and then only results could become 
~erceptible as in kharif. Rabi jowar timprovement for the rain fed lands is the 
cballenge. 
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DWARFING GENES OF SORGHUM IN RETROSPECT 

N. G. P. RAO 

Vice Chancel/or, Marathwada Agricultural University, 
Parbhani, Maharashtra 

The era of high yielding varieties in India, the sixties and seventies in 
particular, is the era of manipulation of plant height and maturity genes in the 
development of new culti vars and modified production technologies. In cases 
like sorghum. this approach was coupled with exploitation of heterosis. These 
manipUlations had brought about changes in harvest indices, extended the range 
of adaptation, conferred resistance to lodging and superior fertilizer response 
and enabled higher plant populations per hectare. The physiOlogical responses 
of the sorghum populations were thus modified. Based on our studies with 
sorghum in India, I shall attempt to summarise the results reflecting the .role of 
dwarfing genes. the interrelationships between height, maturity, yield and 
related chaTacters and how the altered plant types could contribute to produc
tivity advances, particularly in rainfed kharif sorghums.. 

THE HEIGHT AND MATURITY GENES 

Traditional tropical sorghums are of African origin. They are generally 
tall and late and are characterised by higher biological and low economic yields. 
The mutations for height and maturity seem to have occurred in Africa itself. 
After introduction into the long-day conditions of the Uuited States of America, 
selection was directed towards early maturing forms and dwarfer mutants to suit 
mechanical cultivation. Commercial exploitation of heterosis using cytoplasmic
genetic male steriles gave a further boost to sorghum production. Thus, the 
mutations for maturity and height euhanced the range of adaptation of 
sorghums into the temperate regions and exploitation of heterosis rendered them 
more productive. 

Brachytic dwarfs of sorghum arose from the tall forms as mutations. 
Internodal elongation is controlled by genes at four loci with allelic series at 
each locus. These genes have been designated as the height genes. Quinby and 
Karper (1954) identified four independently inherited height genes and a modify
ing complex that influenced elong!ltion of internodes. These genes were 
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designated DWl, Dw", Dws and DW4. Genotypes recessive for one, two, three 
and four genes were termed I-dwarf, 2-dwarf,3-dwarf, and 4-dwarf, respectively. 
One of the four genes (Dws) is unstable and reverts to tallness frequently. 

Studies based on isogenic lines and tall mutations on the effect of height 
genes on yield and other quantitative characters in both homozygous and hetero
zygous backgrounds revealed that the tails were generally superior and that the 
Dw and dw genes themselves accounted for a major portion of the observed 
differences in yield (Cassady, 1965; Hadley et aI., 1965). 

For maturity, four loci have been identified, Mal, Mal, Mas and M04, 
with . several alleles at each locus. The process of temperate adaptation in 
sorghum essentially involved the mutation of dominant Mal gene to its recessive 
mal. The maturity gene mal and the height gene dW I are closely linked (Quinby, 
1974). The maturity period in sorghum is determined by the interaction between 
genotype, photoperiod and temperature. 

Based on induced mutation studies in Indian tall sorghums with partly 
exposed internodes, Rao et a1. (1970) felt that the allelism of height and 
maturity genes between forms with exposed and enclosed internodes needed 
further analysis. A rare mutational event in taIls with exposed internodes 
probably altered them to forms with enclosed internodes which concurrently 
brought about changes in a range of characters including height, panicle mor
phology, insect reaction etc., and the height genes designated by Quinby operate 
after such an a priori change. Segregation patterns in crosses between Indian 
tails and temperate dwarfs do not seem to fit into the expected patterns and 
hence the question about allelism may need further analysis. Till then the above 
observation should be treated as speculative. 

THE ANALYSIS OF GRowm 

In some of the tall Indian sorghums, the total dry matter produced under 
normal growing conditions could be as high as 450 g per plant of which 30-35% 
gets accumulated in the earhead. Some of the dwarf hybrids and high yielding 
varieties are of much less dry weight, 200-300 g/plant, of which 45-55% 
accumulates in the earhead. 

The tall sorghums were characterised by a single peak for the rate of 
growth coinciding with Dowering, whereas in the productive dwarfs there were 
two peaks for growth rate, one coinciding with flowering and the other with 
grain filling (Rao and Venkateswarlu, 1971; Anantaraman et a1., 1978). 
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The pattern of internodal elongation reflects the pattern of growth. When 
the patterns of internodal elongotion were characterised in different groups of 
sorghums (Balarami Reddy et aI., 198 I), several of the dwarf varieties and 
hybrids generally exhibited a linear pattern of elongation, whereas a third degree 
polynomial curve was required for some of the tall and late Indian sorghums. 

In traditional rainfed agriculture, the flowering period of the taIls usually 
coincided with cessation of rains and if rains stopped earlier. which was not 
uncommon. crop failures resulted. In the modified dwarfer and earlier maturing 
cultivars, the flowering time coincided with the periods of high soil moisture 
and . even when conditions turned out to be subnormal. satisfactory grain yields 
could be obtained. This has enabled planting of higher popUlation levels, 
180,000 plants/ha as against the traditional population levels of less than 100,000 
plants/ha (Rao, 1981, 1982). 

NUTRITIONAL RESPONSES 

Compared to the brachytic dwarfs, the tissue concentration of nitrogen 
in leaves is lower in the traditional Indian talls (Rao and Venkateswarlu, 1971). 
The response to nitrogen fertilization of the derived dwarf hybrids and varieties 
was three times greater than with the traditional talls. In the range of 040 kg 
N/ha, the response was 21 kg grain/kg N in the modified cultivars compared to 
only about 7-8 kg in the traditional types (Rao. 1972). 

INSECT AND DISEASE REACTION 

The introduced dwarfs were more susceptible to sorghum shootfly and 
stem borers, whereas the traditional taIls were more tolerant. This could be 
attributed partly to growth habits and partly to inherent differences (Balakotaiah 
et aI., 1975; Singh et aI., 1983). It, therefore, became necessary to pay greater 
attention to insect management primarily through optimal planting times and 
through incorporation of resistance to. these two pests. 

While the earliness together with growth patterns did confer greater 
stability to production, late rains, if occuring at harvest, affected grain quality. 
Manipulation of plant pigments by developing tan plant types and incorporation 
of resistance to grain deteriotation due to grain moulds and other factors became 
necessary to maintain grain quality and this has been accomplished to a 
.considerable extent (Rana et aI., ]978). 
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HETEROSIS 

In dwarf X tall Indian crosses, the accumulation of dry matter was mostly 
in the stem and, consequently, the hybrid advantage for grain yield could not 
be realised. On the other hand, in some of the dwarf X dwarf combinations, 
there was considerable heterosis for grain yield (Rao, ]9708; Rao and Venkates
warlu, 1971). Combinations involving different height groups revealed that 
3-dwarf X 3-dwarf h:ybrids were superior to 3d X 4d or 4d X 4d hybrids (Maunder 
and Weddige. 1966). 

CHARACTER ASSOCIATIONS, RECOMBINATION BREEDING AND THE 

"INTERMEDIATE OPTIMUM PLANT TYPE" 

The agricu!tural consequences of such genetica1-physiological character 
associations are that the tropical tails were characterised by restricted adapta
tion, c1imatic vulnerability and greater risk, lack of adequate response to 
increased populations and fertilizer levels and low economic yields. The dwarfer 
forms, on the other hand, had greater susceptibility to certain tropical pests and 
diseases and carefully planned breeding programmes could achieve the required 
recombination (Rao, 1982). 

The distribution of dominant and recessive alleles for grain yield, plant 
height and flowering was asymmetrical and in opposite directions in the two 
groups, namely. dwarf early and talllates (Rao, 1970b). 

The estimates of general combining ability from crosses involving the two 
groups of sorghums (Table 1) reveal distinct differences between dwarf and taU 
parents and were also in opposite directions (Rao, 1972). 

Character associations tend to restrict progress from selection for yield 
and related attributes. Positive relationships between height, maturity and yield 
were reported by several workers (Dalton, 1967; Subba Reddy and Rao, 1971). 
Our studies (Rao et aI., 1973) on such character associations based on different 
height and maturity groups of sorghums in both homozygous and heterozygous 
backgrounds revealed interesting findings. While the correlations were positive 
and significant in the dwarf early group, they tended to be negative in the tall 
late group (Table 2). 

The dynamics of association between grain yield, maturity and plant 
height in crosses involving the two groups reveal that productive intermediate 
populations could be established (Rao et at., 1973). 
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TABLE 1 

Estimates ofgeneral combining ability (Rao, 1972) 

Parents Grain Days to 50% Plant Nitrogen 
yield bloom height uptake 

Dwarf Exotic 
Katir B -33.1S·· -7.63·· -51.14·· -0.47·· 

'IS 3691 -1.77 -5.53·· -55.42·· -0.18 
·Swarna -4.16· , -2.S3" -17.02·· -0.24 

Tall Indian 
R.173 +12.46·· +5.7S·· +~6.03·· 4·0.30 
R.170 +9.46·· +5.84·· +41.22·· +0.43· 
R.I60 +2.52 +3.5~· +29.~· +0.14 
R.I68 +14.57·· +2.77·... +47.36·· +0.36 

S.E. (gi) ~2.27 ~O•.2S ~O.SS ±0.23 

·Significant at 5% (.) and 1 % (*.) levels. 

We (Rana et aI., 1984) attempted to arrive at an optimum plant type 
using plant height, maturity, number of leaves, panicle branches, yield, lOO-seed 
weight, and fodder yield, adopting a mUltiple regression model containing all the 
interaction terms. The studies revealed that the relationships between plant 
height, flowering, and grain yield were nonlinear. The optimum plant type was 
quantified to be combining 68 days to flower and 175 cm plant height (Fig. O. 

TABLE 2 

Phenotypic correlation coefficients between flowering (x), height (z) and 
yield (y) (Rao et al., 1973) 

Group 	 T., r .. Tn 

DE 0.91· 0.90** 0.76 
DEx DE 0.82·· 0.7~ 0.81·· 
TL -0.41 0.28 -0.89 
TL X TL -0.53 0.22 -0.67 
DE X TL 0.23 -0.17 -0.42 

DE = dwarf early. TL=talJ latc 
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Fig . 1. Optimum phenotype as re lated to plant height and flowering time. 

Excessive vegetative growth in terms of leafiness and fodder yield was disadvan
tageou s for grain yield . The optimum plant fype is an 'intermediate optimum' 
and generally meets the needs of food, fodder and security from generally 
prevailing southwest mon soon climate in the country with its fluctuations. 

TABLE 3 

Compound growth rates of sorghum compared to other cereals on 01/ India basis 
(1968-69 to 1980-81) 

Crop Area , Production, Yield, 

% % % 

R ice 0.73 2.20 1.45 
Wheat 2.92 5.65 2.64 
Sorghum -1.18 2.06 3.28 
Pearl Mill e t - 1.16 -0.34 0.79 
Maize N eg ligible -0.05 0.03 
Cerea ls 0'36 2.69 1.80 
Food Grains 0.35 2.39 1.56 

.- = --
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It has also been possible to recombine the required insect and disease 
resistance in such plant types at homozygous and heterozygous (hybrid) levels. 
However, the required levels of shootfly resistance could not be transferred so 
far although partial success was achieved (Rao and Rana, 1982). 

The total sorghum production in the country, which was around 8 million 
tonnes in the mid-sixties, has now reached 11-12 million tonnes together with a 
reduction in area of about 2 million ha. The comparative growth rates of 
sorghum compared to other cereals after the advent of dwarf and medium 
statured and relatively early maturing hybrids are presented in Table

v 
3. 

Rainfed sorghum yields are, no doubt, low, but the growth rate is 
comparable to those of highly irrigated wheat and rice crops. 
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Yield stability of sorghum 
and millet across climates 
N. G. P. Rao, G. R. K. Rao, and H. S. Acharya 

Seventy percent of the world’s area under sorghum and millet, about 70 
million ha concentrated in the less developed economies of Asia and 
sub-Saharan Africa, is climate dependent. In India, technological 
innovations involving genetical alterations coupled with input management 
practices and a better understanding of the process of adaptation have 
resulted in moderate advances in the productivity and stability of sorghum 
and pearl millet cultivated during the rainy season. Such a change has yet 
to be accomplished in sub-Saharan Africa or in postrainy season sorghum 
in India. This paper uses the rainy season sorghum of India as a case study 
to analyze the climatic limits and limitations to production and demon- 
strates how manipulations of genotype and environment have resulted in 
accelerated growth rates and stability in production despite rainfall 
fluctuations. A similar analysis of the sub-Saharan situation analyzes the 
technological potential for a change in productivity and stability there. An 
analysis of the stagnant postrainy sorghum situation in India is attempted. 
Brief reference is made to such factors as resource limitations, demand 
and supply, pricing, and alternative uses for sorghum and millet, which 
have a bearing on promoting production. 

Treatises on the green revolution seldom make a positive reference to dryland 
agriculture. The lack of progress in dryland production has been analyzed in terms 
of the nature and significance of risk imposed by environmental factors, the design of 
appropriate technologies, socioeconomic constraints, and policy implications. 
When references are made to small and marginal farms and resource-poor farmers, 
sometimes the so-called livelihood technologies also are mentioned. It appears we 
are still largely at an analytical and experimental stage in this sector of agriculture. 

Stagnation or slow growth in the production of coarse cereals, pulses, and 
oilseeds in predominantly rainfed agriculture has become a serious concern for 
planners and policymakers. The poor performance of these commodities has been 
attributed to their low value, adaptation to poor habitats, and production and 
consumption by the poorer sections of the society (Jodha and Singh 1982). Are these 
factors responsible for low production, despite the availability of technology, 
political will, and effort? Is viable technology available to accomplish better growth 
rates in the same habitats? Is the market demand and price situation for coarse grains 
a constraint? Currently, there is talk of spreading the green revolution to rainfed 
agriculture in India and of an Indian-type revolution in Africa’s mostly rainfed 
agriculture. 
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A significant and sustained productivity change has taken place in a portion of 
the rainy season (kharif) sorghum belt in India. This transformation of rainfed 
kharif sorghum is relevant to the climate-dependent agriculture of semiarid regions. 

As much as 70% of the world’s sorghum and millet area, about 70 million ha, is 
situated in the less developed economies of the semiarid tropics of Asia and 
sub-Saharan Africa. The coarse grains are cultivated primarily as rainfed crops. 
Grain yields are low and climatically vulnerable. Sub-Saharan Africa, West, Asia, 
and the millet and postrainy season sorghum areas of India are the probable regions 
of future coarse grain deficits (Ryan and Von Oppen 1984). Can yield levels of 
sorghum and millet in those areas be statbilized despite climatic anomalies? The 
following analysis is based on results achieved in India and on some limited 
experience in Africa. 

The India case study 
State and country level 
Of the more than 16 million ha currently under sorghum in India, 60% is grown 
during the rainy season and the rest during the postrainy season (rabi). Black soil 
dominates the sorghum belt, with a limited extent of Alfisols. The black soils may be 
shallow, medium, or deep; medium deep soils form the largest segment. A large 
portion of the sorghum belt is situated between 700 and 1,000 mm isohyets. 

Maharashtra is the most important sorghum state, with 6.3 million ha; about 3 
million ha are planted to sorghum during the monsoon and the rest during the 
postrainy season. Sorghum hybrids became available after 1965-66 and their 
adoption was spreading at a slow pace until their performance during the 1972-73 
drought gave impetus to hybrid sorghum cultivation during kharif, and brought 
about a productivity change. 

Using the method of monotonic approximations (Acharya and Kulkarni 1986), 
trends in productivity of rainy season sorghum have been analyzed (Fig. 1). After 
1973-74, a quantum jump in productivity continued to 1978-79, then leveled off. 
While the trends for sorghum and pearl millet are similar, the productivity increases 
in sorghum are more marked. The mean yields and coefficients of variation for the 
two periods are presented in Table 1. After 1973-74, sorghum yields almost doubled 
and variability was reduced. The trend was similar for pearl millet, but the 
magnitude of change was lower. 

A comparative analysis of the growth and stability of kharif and rabi sorghums 
in Maharashtra for the periods 1961-62 to 1972-73 and 1973-74 to 1983-84 shows 
advances in productivity during the rainy season but nearly stagnant production in 
the postrainy season. The advances during the rainy season were the result of hybrid 
cultivation. 

The overall impact of the sorghum hybrids, whose coverage in India varies from 
25 to 38% of the area in different states, compared with the progress made with other 
cereals like irrigated wheat and rice (Narain et a1 1984), is presented in Table 2. The 
growth rates of sorghum production after the development of high-yielding dryland 
varieties are comparable to those of irrigated wheat and rice, although the yield 
levels are still low. 
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1. Trends in productivity of rainy season sorghum and pearl millet in Maharashtra. 

Table 1. Area, production, and productivity of kharif sorghum and pearl millet in 
Maharashtra during the periods 1956–73 and 1974–84. 

1956–73 1974–84 

Mean CV (%) Mean CV (%) 

Area (thousand ha) 
Production (thousand t) 
Productivity (kg/ha) 

Area (thousand ha) 
Production (thousand t) 
Productivity (kg/ha) 

2531 3.86 
1496 24.17 
589 23.50 

Sorghum 

Pearl millet 
1823 11.41 

50 1 30.6 1 
268 23.17 

2958 
3048 
1029 

1663 
644 
386 

3.33 
11.50 
9.64 

8.98 
21.09 
16.89 

Table 2. Compound growth rates of different crops – All India (1968–69 to 1978– 
79). 

Crop Area Productivity Production 

Sorghum 
Pearl millet 
Maize 
Rice 
Wheat 
Pulses 
Total food grains 

–1.458* 
–1.291 

0.132 
0.777 
2.853 
0.991 
0.481 

4.491** 
1.670 
0.504 
1.790 
2.355* 

2.259* 
–0.053 

2.958* 
0.353 
0.637 
2.584* 
5.281** 
0.939 
2.750** 

*Significant at 5% level, **significant at 2% level. 
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After the advent of hybrids, an increase in productivity together with some 
stability (reflected by reduced coefficients of variation) has been accomplished on an 
area basis. During these years, both normal and aberrant years of rainfall occurred. 

Experimental level 
Since 1963, experimental hybrids and varieties have been tested in annual replicated 
field trials in 35-50 sites spread all over the kharif area. All India average yields of 
released hybrids CSH-1, CSH-5, CSH-6, and CSH-9 varied between 2.5 and 4.0 
t/ ha; higher order yields ranged between 5.0 and 6.0 t/ ha. 

Several analyses (Rao 1970; Rao and Harinariyana 1968; Rao et al 1982, 1986) 
clearly showed the yield superiority and stable performance of hybrids over local 
varieties. Hybrids also were superior to improved varieties, particularly under 
drought stress. The performance of CSH-1 compared to traditional local varieties 
across about 300 experiments over several years is presented in Figure 2. 

Because risk aversion is an important criterion in rainfed agriculture, farmers’ 
risk aversion (which considers both yield and stability) was used as a criterion to 

2. Stability of sorghum hybrids and traditional local varieties. 

3. Adaptability efficiency of some selected hybrids and local varieties. 
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rank genotypes (Fig. 3). Preference-based rankings did not differ markedly from 
yield-based rankings (Barah et al 1981). Further, there was no rank reversal of top 
yielders grown under low and high management conditions (Vidyasagar Rao et al 
1981). The transformation from risk-prone traditional sorghums to high-yielding 
stable performers has been analyzed in detail by Rao (1982). 

The yield gap 
Average yields of kharif sorghum in Maharashtra State are still less than 1.0 t/ha, 
while experimental averages in all years are more than 2.5 t/ha and higher order 
yields more than 5.0 t/ha. Similar results have been obtained in several other states. 
This gap is certainly not a technological gap. At the same site and under similar 
climatic conditions, one farmer may harvest 2.5-4.0 t/ha, while his neighbor obtains 
only marginal yields. The factors responsible are such things as lack of resources, 
timing, prevailing prices, near absence of interstate or external marketing, and 
negligence. 

Immediate efforts to enhance production will have to be in bridging the farmer- 
to-farmer gap in a given region, rather than in reducing the gap between 
experimental yields and farmer yields. Further technological research in areas where 
constraints have been identified is needed. 

However, if the production and productivity of sorghum in India are to go up, 
demand will have to increase. At present, we seem to be self-sufficient as far as the 
food requirement is concerned. Exploitation of alternative uses of sorghum for 
animal feed, starch, malting, and energy might generate additional demand. 

Climatic limitations and opportunities 
Of the climatic elements, rainfall is the most potent influence on crop growth in the 
semiarid tropics. High temperatures at sowing in the Sahel of West Africa and low 
temperatures in the rabi sorghum belt of India are also significant, together with soil 
type, crop duration in relation to rainy season duration, and management practices. 
Rainfall aberrations include 1) delayed onset of monsoon, 2) premature cessation of 
rains, 3) alternate dry and wet spells during crop growth, and 4) years of lower or 
higher precipitation than normal. 

A single location example 
Parbhani in Maharashtra receives an average seasonal rainfall of 824 mm between 
15 Jun and 15 Oct. Soils are deep to medium Vertisols. The area is considered to be 
in the assured rainfall zone. Sorghum is grown during both the rainy season and the 
postrainy season. A polynomial curve of the normal rainfall, with deviations on both 
sides, for the years 1944-86 is depicted in Figure 4. 

Distribution of rainfall during some aberrant years is depicted in Figure 5. The 
years 1975 and 1983 were high rainfall years and 1972,1984,1985, and 1986 were low 
rainfall years at Parbhani and in the country as a whole (Kulkarni 1986). The range 
of rainfall was from 443 mm to 1,436 mm. Spread over time, this pattern could 
represent the rainfall situations likely to be encountered in sorghum-growing areas. 
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4. Monthly rainfall distribution with deviations (Parbhani, Maharashtra, 1944-86). 

5. Monthly rainfall distribution during some aberrant years (Parbhani, Maharashtra). 
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Table 3. Water budgeting (mm) through field measurements during rainy season, 
meteorological weeks 22-44 at Parbhani. 

Parameter 1972 1983 1985 1986 

Rainfall 
Potential evapo- 

transpiration 
Evapotranspiration 
Runoff 
Percolation beyond 

root zone 
Soil water storage 

at end of period 
Soil water recharge 

442.7 
852.9 

398.7 
0 
0 

44.0 

255.0 

1399.0 
697.6 

545.0 
295.0 
300.0 

259.0 

577.6 

508.3 
788.0 

465.6 
10.3 

0 

32.4 

210.6 

578.4 
738.2 

454.2 
26.0 

2.0 

96.2 

295.9 

Table 4, Rainfall limits in sorghum- and pearl millet-growing regions of India. 

Potential evapotranspiration 
Rainfall (mm) (mm) 

Crop 
Mean Range 0.5 SD Mean Range 0.5 SD 

Kharif 
sorghum 

Rabi 
sorghum 

Pearl 
millet 

915 

764 

521 

805-1024 

674-855 

433-610 

109.6 

90.8 

88.6 

1682 

1771 

1687 

1500-1864 

1582-1880 

1402-1892 

182.0 

108.7 

204.9 

Data on weekly water budgeting during the growing season of kharif sorghum 
for the years 1983 (high rainfall), 1986 (moderate drought), and 1972 and 1985 
(severe drought) were obtained from studies in runoff plots, percolation tanks, and 
lysimeters (Table 3). Water consumption for 110-d sorghum in the rainy season is 
386 mm and in the postrainy season, 295 mm (G.R.K. Rao 1981). During the rainy 
season, this requirement is met even during years of severe stress when 150-d 
traditional local varieties would fail. 

Multisite testing in India 
A similar analysis was carried out for 34 sites in the kharif sorghum area, 16 in the 
rabi area, and 19 in the pearl millet-growing area (Table 4). 

Rainfall over the kharif area (Fig. 6) more or less resembles the single-location 
analysis. Rainfall deviations are within 0.5 SD. This means the area as a whole is 
reasonably safe for cultivars of 100- to 110-d duration. Rainfall during the postrainy 
season is less, but has two peaks during July and September, and relatively more 
rainfall is recorded during October. Rainfall in the pearl millet belt is less than in the 
rabi sorghum belt, with a single peak during July. 

The potential evapotranspiration (PET) of rabi and pearl millet areas is higher 
than kharif sorghum (Fig. 7). Both pearl millet and rabi sorghum are cultivated in 
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6. Rainfall distribution in rabi sorghum, kharif sorghum, and pearl millet areas in India. 

7. Potential evapotranspiration (PET) in rabi sorghum, kharif sorghum, and pearl millet areas in India. 

the shallow black soils of Maharashtra, and both tend to become risky, with rabi 
sorghum more vulnerable. Short-season hybrids of pearl millet tend to be 
reasonably safe over most of the area. 

The distribution zones of sorghum and pearl millet are reasonably distinct. 
Kharif sorghum is confined to better rainfall black soil areas, rabi sorghum to low 
rainfall medium and deep black soils, and pearl millet to low rainfall light soils. 

During the postrainy season, minimum temperatures drop rapidly after 1 Nov 
(Fig. 8); this is not conducive to crop growth. Between 15 Nov and 21 Dec, the lowest 
minimum temperature ranges from 5 to 8 °C. Unless the crop is sown by mid- 
September in single-crop rabi areas and by 10 Oct in deep Vertisols where both 
kharif and rabi cropping are practiced, there will not be adequate time for initial 
rapid growth. Delayed plantings also will result in delayed maturity and greater 
drought stress. Depending on the progress of monsoon rains, the soil moisture 
profile, and soil workability, sowing dates need to be advanced. 
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8. Weekly minimum temperature distribution with deviations (Parbhani, Maharashtra). 

West African multisite analysis 
Rainfall distribution at 75 West African sites representing rainfall regimes ranging 
from 300 to 1,800 mm is shown in Figure 9. The curves conform to the single and 
multisite analyses of India except for the spread of the rainy season. West Africa has 
a single peak in August. PET rates are higher than in India (Fig. 10). Another 
difference is that West African soils are lighter and are described as tropical 
ferruginous. Sudanese soils are similar to the black soils of Deccan. There is a typical 
south-north orientation of rainfall, with a time lag between the start of rains in the 
south and the north of as much as 3 mo. The end of the rainy season is sharp, and 
occurs approximately 1.5 mo earlier in the north than in the south. 

Millet is concentrated in the 400-700 mm rainfall zone, with sorghum where 
rainfall is 700-1,300 mm and higher (up to 1,600 mm). Both sorghum and millet also 
coexist in a relay intercropping system. By and large, the duration of the sorghum 
crop is 30-40 d longer than the duration of the rainy season. If the rains cease 
prematurely, yields in all zones are affected. 

The climatic trends for tropical Africa have been analyzed by Farmer and 
Wigley (1985). They believe that for West Africa, Sudan, and Ethiopia, continuation 
of the low levels of rainfall of the 1970s and 1980s is more likely than a return to 
earlier wet spells. Because most rainfall in tropical Africa comes from convective 
clouds, rainfall tends to be highly variable in both time and space. 

Relationship of rain to crop performance 
Start of rains and sowing time 
In India, after the onset of the southwest monsoon, the date by which an 
accumulated rainfall of 75 mm is received is considered the date of sowing. At 
Parbhani, this amount is normally received by 20 Jun, the earliest by 13 Jun, and the 
latest by 4 Jul (Fig. 11). 
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9. Rainfall distribution for different regions of West Africa. 

10. Potential evapotranspiration distribution for different regions of West Africa. 
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11. Weekly rainfall distribution with deviations in commencement, and cessation (Parbhani, 
Maharashtra). 

12. Relationship between sowing time and yield of kharif sorghum. 

If sowing rains are received but sowing is delayed, there is a progressive yield 
decline (Fig. 12). The reasons are both genotypic and due to the buildup of shootfly 
( Atherigona soccuta Rond ), a serious seedling pest of sorghum. In a given area, if 
some farmers plant on time and others late, the latecomers have to face an 
aggravated pest situation. In high-rainfall years, incidence is high and the rate of 
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13. Relationship between sowing time and yield of pearl millet. 

buildup fast. If the start of the rain is delayed, the pest buildup is also delayed. 
Depending on the arrival of rains, sorghum can be sown up to 7 Jul. Beyond that, it 
is not advisable and, if done, should be under plant protection. Genetic resistance to 
shootfly would help in all situations, but currently is available only at moderate 
levels. Indian farmers largely avoid shootfly by early sowing. 

In pearl millet, yields also decline with progressive delays in sowing, but the rate 
of decline is slower than in sorghum (Fig. 13). Unlike sorghum, seedling pest 
problems are not serious, and pearl millet can stand relatively later sowings. If 
sorghum sowings are delayed, pearl millet would be a good alternate crop. 

Premature cessation of rains 
At Parbhani, the rains normally cease by the end of September, although small 
amounts of rain may fall during the first half of October. In aberrant years, the rains 
may be over by mid-September (Fig. 11). 

When rains stop early, longduration sorghum fails to make grain, but 90- to 
110-d sorghum will yield satisfactorily. For rabi crops, it has been estimated that 
150 mm of rainfall received after sowing and stored moisture will return satisfactory 
yields. Depending on progress of the rainy season, the optimal time of sowing for 
rabi sorghums is from mid-September to 10 Oct. In the single-cropped rabi sorghum 
belt with medium black soils, mid-September sowings are preferable because pest 
problems are not serious. In deep Vertisols and where kharif and rabi sorghums are 
grown in the same region, a certain delay is needed to permit soil cultivation and to 
avoid heavy shootfly periods. Under all circumstances, delay beyond 10 Oct results 
in reduced yields. 

Continuous dry and wet spells during crop growth 
At Parbhani, hybrid sorghums normally are grown from 11 Jun to 21 Oct. During 
drought years, continuous rainless periods ranging from 12 to 32 d have been 
encountered during different growth stages (Table 5). 

Despite several weeks of drought stress during the severe dry years, 90- to 110-d 
hybrids did not fail. However, crops of local cultivars of 150-d duration and longer 
failed. Alfisols are relatively more vulnerable, but in general, total crop failures have 
been avoided. The situation may vary in African climates. 
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Table 5. Severe dry spells at Parbhani, India. 

Year Date Duration (d) 

1972 

1984 

1986 

17 Jul-4 Aug 
25 Aug-4 Sep 
16 Sep-15 Oct 

17-29 Jun 
10 Aug-10 Sep 
27 Sep-8 Oct 
16 Aug-11 Sep 

26 Jun-13 JuI 
16-31 Aug 

29 Sep-16 Oct 

19 
12 
31 

13 
32 
13 
27 

19 
16 
18 

Tabla 6. Rainfall regimen at Parbhani, 1944-86. (Normal rainfall between June 
and October: 824 mm) 

Below normal Above normal 

Normal 
mean ± 0.5 SD 

Moderately 
low/high 
mean ± (0.5-1 SD) 

Severe - low/high 
mean ±f >1 SD 

Range 
Years 

Range 
Years 

Range 
Years 

686-824 mm 
1947,1950,1952,1960, 
1962,1964,1965,1976, 
1981 

547 mm - 686 mm 
1945, 1952, 1954, 1966, 
1967, 1968, 1971, 1974, 
1977, 1978, 1982, 1984, 
1985 

<547 mm 
1946,1972,1986 

824-963 mm 
1944,1948,1953,1956, 
1958, 1959, 1969 

963 - 1,102 mm 
1949, 1957, 1970, 1973, 
1979, 1980 

>1,102 mm 
1955,1961,1963,1975, 
1983 

Heavy and continuous rains in Vertisol areas have done more damage to 
sorghum than dry spells. Yield levels during 1975 and 1983, which were heavy- 
rainfall years, were lower than during 1984 and 1985, which were characterized by 
moderate drought. This is due to impeded drainage, leading to nutrient loss and 
associated factors. 

Low- and high-rainfall years 
In Parbhani, rainfall during crop growth may be classified as normal (Mean ± 1/2 
SD), moderately low or moderately high (mean ± SD), and very low or very high 
(when rainfall is below or above 1 SD) (Table 6). All such years have occurred during 
the 1980s. Classification of years by rainfall indices in India (Kulkarni 1986) is close 
to this. 

Apart from the effects of drought or impeded drainage, dry and wet years are 
generally characterized by the occurrence or absence of certain insect pests and 
diseases, although the trends can vary. Shootfly incidence and buildup are generally 
higher in high-rainfall years. The peak period of shootfly infestation in all years is 
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August-September. Earhead pests tend to be aggravated during wet years. Midge 
incidence was high during high-rainfall years 1975 and 1983. Because the occurrence 
of midge is usually severe after 15 Sep, late-flowering genotypes are affected. When 
the flowering in an area is prolonged because of early hybrids and late locals planted 
side by side, the problem is aggravated. Midge has been avoided by planting hybrids 
on an area-wide basis, rather than by mixing them in with local late-maturing 
cultivars. 

Charcoal rot disease has appeared in both dry and wet years, more severely 
during dry years. Charcoal rot aggravates lodging. Good resistance to charcoal rot is 
available in varieties such as E 36-1 and SPV 511. Reasonable levels of resistance are 
being incorporated into commercial hybrids and varieties. 

Grain molds and grain deterioration also are important problems in wet years. 
These conditions become acute with cloudy and wet spells during harvest. While 
CSH-1 is highly susceptible to grain molds, hybrids like CSH-5 and CSH-9 have 
good tolerance. If harvests are not delayed, the mold problem can be contained. 
Good levels of resistance to downy mildew and leaf spots have now been 
incorporated into cultivars. In normal years, wet years, or years of late rainfall, a 
second crop of safflower or chickpea is possible after sorghum in Vertisols. 

In pearl millet, downy mildew in particular and ergot became setbacks in India 
and early advances in productivity were slowed. Currently available pearl millet 
hybrids have good resistance to downy mildew. 

Net effects of climate-imposed limitations 
Grain yield data for Parbhani and Maharashtra during 1951-85 were related to six 
rainfall regimes. Using the method of monotonic trends (Acharya and Kulkarni 
1986), time series data were split into a technological trend and deviation from the 
trend, largely attributable to climatic factors. 

In the deviations from the trend, mean squares between groups were significantly 
larger than mean squares within groups. The means are diagrammatically presented 
in Figure 14. The deviations are large in both very low- and very high-rainfall years. 
There is indication that the advent of hybrids is helping bridge this gap. 

Genotype-environment-input manipulations 

For practical purposes, climate and weather are uncontrollable while the soil and the 
plant can be manipulated. Our understanding of climatic fluctuations, extreme 
weather events, and possible climate change is increasing. By manipulating and 
modifying the genotype-environment-input relations and interactions, we can 
minimize crop vulnerability across a range of climatic events. 

Genotype alteration 
Genotype alteration as the basis of agricultural transformation in tropical drylands 
has been analyzed in detail by N.G.P. Rao (1981). The attributes of traditional 
tropical cultivars have been tallness, long duration, photoperiod sensitivity, low 
harvest indices, and poor community performance. The timing of the main stages in 



Yield stability of sorghum and millet 179 

14. Deviations from the trend in sorghum yield in years of different rainfall patterns. 

the growth cycles is optimized in relation to seasonal conditions through control 
mechanisms that are extremely sensitive to daylength and temperature. The design 
and development of productive and stable agriculture require changing the cycles of 
growth and reproduction in such a way that the emphasis is on the economic product 
rather than on total dry matter, with the more critical phases of growth coinciding 
with favorable periods of climate. 

Duration, dry matter production, and distribution. Most traditional kharif 
sorghum of the Deccan and central Indian plateaus matures in 140 d or longer. 
Duration of a normal rainy season is from mid-June to late September, with July the 
peak rainfall month. Sorghum is usually in the vegetative stage until the 1st or 2d 
week of October. If the rains cease early, yield losses are heavy. Total dry matter 
produced may be as high as 450 g/plant, nearly 70% of it accumulated in the stalk 
before flowering. The new hybrids and high-yielding varieties produce less dry 
matter per plant with greater accumulation in the earhead, resulting in better harvest 
indices, as high as a ratio of 50:50. 

Superior sorghum hybrids and varieties (CSH-1, CSH-5, CSH-6, and CSH-9) 
with shorter growth durations (100-110 d) consistently yield well. Average yields 
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15. Optimum phenotype, related to plant height and days to flowering. 

under rainfed conditions ranged from 2 to 4 t/h, with more than 6 t/ha under 
favorable rainfall. The critical growth stages—seedling, flower primordia, and grain 
filling—coincide with periods of assured rainfall or satisfactory soil profile moisture. 
In breeding for efficient water use in grain production, corrections for duration, dry 
matter production, and differentiation at optimal times of the season should 
constitute the first steps in modifying traditional tropical sorghums (N.G.P. Rao 
1981; Rao 1972, 1982; and Rana 1982). 

Optimum plant type. On the basis of studies of a wide range of variation for plant 
height, maturity, and yield, Rana et al (1984) established that an optimum plant type 
for high yields was one with 68 d to flowering and 175 cm plant height (Fig. 15). The 
current high-yielding and widely adapted rainy season hybrids in India are 
intermediate in height (170-200 mm) and days to flowering (67-75 d) and are 
described as intermediate optima. The cultivars found promising in other parts of 
the world also vary around this optimum. Tall, late types have no yield advantage. 

In the postrainy season, modified cultivars with resistance to shootfly that can 
tolerate low temperatures under delayed planting are yet to become available. 
Currently available hybrids such as CSH-8R exhibit superiority under controlled 
early planting but lose their advantage if planting is delayed. Rabi planting cannot 
take place before mid-September. Hybrids and varieties that exhibit general 
superiority over the prevalent cultivar M35-1 have not yet been developed. 

Hybrid homeostasis and adaptability. Our studies also have established that 
hybrids have homeostatic advantages over improved varieties, particularly under 
moisture stress. The hybrids CSH-9, CSH-6, CSH-5, and CSH-1 yielded the highest 
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in kharif areas of India and were the most widely adapted. Improved varieties were 
superior to local varieties in yield and adaptability but were not comparable to 
hybrids. Local varieties were characterized by low yields and high coefficients of 
variability. 

Yield- and risk-preference-based rankings of the hybrids are closely related. 
Adaptability and stability also are correlated, lending support to breeding toward 
genotype alteration and multisite testing in pursuit of low risk and high yields (Barah 
et al 1981; Rao et al 1975, 1982, 1986). 

Genotype-input management relations 
Nutritional adaptation is widespread in nature, with distinct genotypic differences in 
responses to nutritional elements as well as to toxicities. The response of altered 
genotypes to fertilizer and population levels is spectacular and, coupled with their 
lower susceptibility to climatic variables, notably rainfall (Rao et al 1975), their 
adoption is on the increase, although fertilizer use on commercial sorghum fields is 
still low. 

Considering all agronomic inputs, including use of fertilizer and pesticides, the 
performance of high-yielding hybrids and varieties remains satisfactory only under 
optimal inputs (including irrigation water) and management. Consequently, “high 
yield agriculture” is associated with “high input agriculture.” Whether this 
technology is applicable to the small farmers in developing countries has been 
questioned. Vidyasagar Rao et al (1981) examined this aspect in multisite 
experiments over several years. The top ranking hybrids and varieties maintained 
their relative ranks under both high and low levels of inputs and management. Other 
studies indicate that agriculture based on altered genotypes is not incompatible with 
lower inputs. The use and level of inputs are related more to availability, supply, and 
credit than to limitations imposed by technology. 

Sorghum-based cropping systems 
The component cultivars of traditional intercropping systems are themselves 
products of climate-vulnerable subsistence agriculture. Except for the spread of risk 
over species, they are essentially replacement systems characterized by low yields. 
Unless the components themselves undergo radical alteration, the system will not 
change. 

Rao and Rana (1980) demonstrated that single crop stability and productivity 
are prerequisites for productive intercropping systems. Several All India inter- 
cropping trials with pigeonpea, soybean, and peanut as intercrops showed that 
sorghum was the primary crop; it yielded 90-95% of its single crop yield. New and 
more profitable crops like onion and garlic are now being tested. Traditional 
intercropping systems which had been replaced by single crops of hybrid sorghum 
are now being oriented toward more profitable intercropping. 

While such intercropping systems are advantageous in areas of relatively low 
rainfall, multiple cropping is more profitable in high-rainfall areas with moisture 
retentive soils. A vast portion of the black soil belt of the Deccan and central Indian 
plateaus where 800 mm annual rainfall sustained 5- to 6-mo crops of traditional 



182 Rao et al 

sorghum can now produce an assured crop of a short-season hybrid in all years and a 
following crop of safflower or chickpea in normal and above-normal rainfall years. 
Kharif sorghum followed by safflower and mungbean followed by rabi sorghum 
have proven to be the most feasible and profitable cropping sequence in Vertisols. 

Rao (1985) and Rao and Rana (1980) demonstrated that present shortages of 
grain legumes and edible oilseeds could be met by sorghum-based intercropping and 
sequence cropping in existing sorghum areas. That productivity will probably be 
achieved by maximizing the number of crops rather than by increasing the yield of 
each crop in areas in India and Africa where long season sorghums have 
traditionally been cultivated. Emphasis on manipulating the cropping system with 
modified cultivars will be more fruitful, as was demonstrated in India, than attempts 
to breed improved cultivars comparable to long-duration local cultivars. 

Soil and water conservation measures 
Resource conservation and effective utilization of all components of production are 
now being emphasized in watershed-based dryland farming in both black and red 
soils. These measures will provide a long-term base for reaping sustained benefits 
from modified cultivars, cropping systems, and production practices. 

Analysis and conclusions 
Vulnerability has been defined as the capacity to suffer from harm or to react to 
adversity (Timmerman 1981). In considering the vulnerability of crops to climatic 
elements, surface hydrology, soil processes, and systems of exchange between the 
atmosphere and biota also need to be considered. An approach that will obtain 
reasonably good yields under adversity and optimum yields if favorable conditions 
prevail is probably best. A production system using modified cultivars, cropping 
systems, and management practices has conferred considerable stability to the 
productivity of kharif sorghums across a range of geographic areas and climatic 
regimes in India. 

Relevance of the case study to semiarid tropics 
Components responsible for a change in the productivity of kharif sorghum in India 
include 

• Development of hybrids with wide adaptation and stability, reflecting a 
quantum jump in yield level across a range of geographical areas and climatic 
regimes. Plants with intermediate height and growth duration met the demand 
for food and fodder and performed well in good and bad years. 

• Production technology with emphasis on time of planting to avoid shootfly 
damage, moderate use of fertilizer, enhanced plant populations, and a block 
approach to hybrid coverage to avoid earhead pests like midge and head bugs. 

• Improvements in grain quality, fodder yield, and tolerance for pests and 
diseases. 

• Development of hybrid sorghum-based intercropping and sequence cropping 
systems that incorporate grain legumes and edible oilseeds. 
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The question has been raised, whether such a program is relevant and feasible in 
the rest of the semiarid tropics. One argument from West Africa has been that most 
technologies have been oriented toward improving single crops rather than complete 
farming systems, and that single crop technologies have not been compatible with 
the socioeconomic rationale of practices developed by the farmers (Abalu and 
D'Silva 1980). 

Common features of several African agricultural systems are planting in wide 
rows; using long-duration, tall cultivars; cultivating low plant populations, not using 
fertilizer, cultivating predominantly with hand tools, and mixing several crops in 
space and time. The traditional component crops and practices themselves have 
been vulnerable to climatic fluctuations and have not provided the necessary yield 
increase or risk avoidance. Crop components must be altered in such a way that they 
have the capacity to yield well across varying conditions. Once single crop 
performance and stability are accomplished, the new components can be integrated 
into the cropping systems. Cultivar alteration must occur before farming system 
alteration (Rao 1980). 

Another argument is that sorghum work in India may not have relevance to 
Africa. Rao (1977) studied the sorghum situation in Sudan, Somalia, and South and 
North Yemen. The Sudan situation is similar to the Deccan Vertisol conditions of 
India. He found no serious barriers to adaptation per se. Hybrid materials developed 
at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 
were found promising, and a hybrid sorghum was released. Yield performance of a 
number of introduced varieties did not indicate any special barriers. In Somalia and 
the Yemen, introduced materials did well, although no serious efforts were made for 
large-scale adaptation. 

A large number of advanced breeding material developed in India, at ICRISAT 
and various programs, were screened in West Africa for yield, pest complex, and 
grain quality over 3 yr. Selections S-34 and S-35 were released for general cultivation 
in Cameroon. S-35 performed well in Nigeria, Niger, and other countries. The trials 
also demonstrated that the long growing seasons of the Sudan and the northern and 
southern Guinean zones are amenable to more efficient cropping sequences over a 
single 6- to 7-mo sorghum crop. 

In the southern African countries Zimbabwe and Zambia, breeding material 
developed at ICRISAT in Hyderabad, India, show promise and could be made 
available to farmers after production technology is developed. In East African 
countries with long and short rains, short-duration sorghum could be adapted to fit 
into the cropping systems. 

In the dryland cereal areas of Africa, maize has made inroads into sorghum 
areas. It is vulnerable to climatic fluctuations. To stabilize cereal production, 
marginal areas of maize should be returned to sorghum or millet. 

It is necessary to aim at quantum increases in yield levels rather than at marginal 
increases. Components of the cropping system need to be altered, then fitted into 
properly designed inter- and multiple-cropping systems with moderate fertilizer use. 
Only revolutionary changes, rather than evolutionary changes, can bring about the 
needed productivity and stability. 
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The resource-poor farmer 
By and large, farmers who grow coarse grains, pulses, and oilseeds in mixed or sole 
cropping systems are in general resource poor. The coarse grains often are referred to 
as “poor man’s cereals.” Holdings of these farmers are marginal (less than 1 ha). In 
India, the net cultivated area of an average holding was 1.8 ha in 1976-77. Marginal 
holdings account for 55% of all holdings. Food crops predominate, with 80-90% 
coarse grains and mixed cropping in smaller holdings (Sarao 1983). In West Africa, 
most farms are small. In Mali, the number of hectares cultivated per resident ranges 
from 0.5 to 1.l; in Niger, it is 0.6 to 1.7. In Sudan, there are some large mechanized 
farms. In some southern African countries, both commercial large-size farms and 
small communal farms exist. Argentina has some large farms. 

Analysis of technology option patterns in irrigated and rainfed areas of India shows 
that the operators of small- and medium-size farms have led in adopting new 
technology. Studies of kharif sorghum and dryland crops at Indore (Chaudhari 1980) 
and other areas showed that labor-intensive technology favored small farmers than 
large farmers. 

The demand-price situation 
Food crops, which occupy 80-90% of the small and marginal farms, are first for 
home consumption, then for the market. Prices of coarse grains in general are lower 
than those of grain legumes, edible oilseeds, or other commercial crops. The analysis 
of Binswanger et al (1980) indicated that variability in production is the major source 
of income risk, rather than price variability. The first priority has to be improved and 
stabilized production. While prices of legumes and oilseeds increased several fold, 
food grain prices, particularly those of coarse grains, were almost constant. Hence, 
there is a tendency to shift to other crops. In India, when sorghum production 
dropped below 8 million tons, imports were needed. But now, production of 11-12 
million tons of sorghum per year meets the national demand. If that yield is 
exceeded, prices fall and farmers have no motivation to increase production. 

Our approach in India has been to manipulate both intercropping and sequence 
cropping in such a way that net returns are maximized while meeting the need for 
coarse grains and fodder. We are trying to introduce high-value crops into the 
system. We also are attempting to diversify the use of sorghum into animal feeds and 
other areas, such as malt, starch, and energy production, to move in the direction of 
whole plant utilization. Our experience with the low-value crops has been that first, 
production has to increase and stabilize to meet national requirements. Then 
attention can be paid to income enhancement through manipulation of cropping 
systems and diversification of commodity uses. 

Per capita consumption of coarse grain in general has decreased. In West Africa, 
there is evidence that pricing policies have contributed to shifts in consumption, 
from domestically produced coarse grains to imported staples. 

A generalized approach 
The vulnerability of most tropical sorghums stems from their growth duration 
relative to the rainy season, their pattern of dry matter production and distribution, 
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and their highly localized adaptation. To develop better approaches to crop 
improvement, several agroclimatic regions have been defined and the duration of 
crop growing seasons computed. According to Krishnan (1974), the crop growing 
season in the sorghum belt of India varies between 130 and 206 d. In similar 
estimates in Africa, a season of up to 240-260 d has been computed. 

One question is, when 90- to 110-d sorghum can yield better than traditional 
sorghum of 150-210 d, why should we grow excessively long-duration sorghum. 
Today, the adaptability barriers have been broken. In India, in place of a multitude 
of agroclimatic regions for the kharif season, we treat it as 1 zone and grow 90- to 
110-d duration sorghum. Modified sorghum cultivars developed in India and 
screened for adaptation to the soil and climatic conditions of Africa have proved 
promising. The heterozygote advantage established with hybrids is being gradually 
built into inbred varieties. Coordinated international/national programs for 
screening, selection, and testing can identify cultivars that are more stable and 
resistant to prevalent and potential insect pests and diseases, with adaptability for a 
range of situations. 

Despite experience with sorghum, wheat, and rice, some still tend to discourage a 
generalized approach and to create restrictions. The concept of site-specific research 
is being extended too far. In Africa, we still seem to quarrel with our goals, some 
pleading largely for preservation of existing systems, with only minor changes, and 
others for radical genotype and system changes (Rao 1985). Our choice is for the 
latter. 

To us, the rainy season sorghum belt of the tropics is a coherent region. When 
90-to 110-d sorghum yields as much as sorghum with double that duration, it is 
wasting the energies of the plant and ourselves to breed sorghum comparable in 
maturity to the traditional cultivars of different regions. The climatic resources in 
long-season areas could be better exploited by developing more efficient cropping 
sequences based on modified cultivars. Globally coordinated programs in 
cooperation with regional and national networks could bring about near elimination 
of the climatic vulnerability of sorghum. 

The same approach may hold for millet. Breeding broad-based cultivars could 
provide the basis for refinements, with agronomic adjustment at the regional level. 
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ADVANCING DRYLAND AGRICULTURE: PLANT BREEDING..
ACCOMPLISHMENTS AND PERSPECTIVE

N. G. P. RAO

Chairman, Agricultural Scientists Recruitment Board, Pusa Campus, New Delhi 110012

INTRODUCTION

At the very outset, let us pay our homage to the memory of the founder of our Society,
Dr. Benjamin Peary Pal, who left us for the heavenly abode on September 14,1989. Genetics
is a creative science and plant breeding creates superior forms. Be it wheat breeding,
enhancing the beauty of the roses, nurturing agricultural and environmental sciences,
refreshing the human environment with his ever fresh sense of dignified humour,
combining science and statesmanshi~reativityhad been the hallmark of Dr. Pal. Let us
pay our reverence to his foresight and extraordinary creative abilities. Wheat and Pal are
synonyms in India.

While wheat furnished the leadership for irrigated agriculture, rainfed agriculture
lagged behind. Let us, on this occasion, address ourselves to this risky endeavour of rainfed
agriculture covering nearly 70% of the Indian agricultural canvas.

Agricultural systems represent induced changes in the natural balance. That such
induced changes have not made a significant impact in improving the productivity and
sustainability in dryland agriculture of the arid and semiarid tropical environments; that
India's Green Revolution largely bypassed nearly 70% of its rainfed lands where
productivity is low and risk-prone; that it continues to be near static and needs a change for
promotingoverall agricultural growth and equity; that without investments matching those
in irrigated sector to modify its resource base, dryland agriculture would not advance are
some of the statements frequently made by scientists and science administrators.

We continue to look at dryland agriculture as prone to yield risks, price risks, and
resource risks. The weak resources of the farmer, the low value crops predominating
dryland systems, the lack of multiple productivity options and institutional support have
been frequently cited as constraints in the way of progress. Technological changes and their
interactions with ecological situations, economic and social factors largely determine the
magnitude of change in the dryland agricultural production systems. Plant manipulations

,
·Second B. P. Pal Memorial lecture delivered at New Delhi on Fcbr4ary 12, 1991.
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are more potential and permanent compared to environmental modifications and together
they could lead towards stability. It shall be my endeavour to analyse the present status of
dryland agriculture and develop a perspective for its future in India.

AGRICULTURAL RESEARCH IN DRYLANDS: BRIEF HISTORY AND ANALYSIS

India's cultivated land varies between 141-143 million ha, of which 68% (95-96 million
ha) is under rainfed agriculture. Compared to the significant changes in production and
productivity of irrigated wheat and rice during the Green Revolution era, productivity
changes in the vast rainfed belt are of a lesser magnitude. Nevertheless, the changes
witnessed have been in the positive direction. The pace of agricultural advancement of this
region needs acceleration and is vital to the overall agricultural growth and development.
The history of dryfarming research may be considered in four phases, the salient features
of which are briefly summarized:

(1) Bombay dryfanning research (1930): Soil erosion control and moisture conservation
through contour bunding and crop cover supplemented by agronomic practices
(periodical deep ploughing, shallow preparatory tillage, interculturing, low seed
rates, wide spacing etc).

(2) Soil conservation research (954): Understanding runoff patterns; matching crop
varieties with farmers' resources etc; establishing soil conservation research centres.

(3) High yielding varieties programme (1964): Growth rates of rainfed kharif sorghum
matched those of irrigated wheat and rice due to development and spread of
hybrids; advances and subsequent setback in the spread of pearl millet; limited
success with pulses and oilseeds.

(4) Establishment of All-India Coordinated Research Project on Dryland Agriculture
(AICRPDA) (1970) and ICRISAT (972): Their studies emphasize greater integration
of resource and crop based technologies.

The watershed approach is being projected as the main plank for overall improvement
of dryland agriculture in India in the years to corne; the observations of Walker and Ryan
[1] on watershed studies are briefly summarised below:

(1) The cost benefit ratios of water harvesting and supplemental irrigation were not
attractive.

(2) The benefit of groundwater recharge are difficult to quantify.

(3) Frequently, water present in the pond when not needed, and absent when needed.
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(4) Irrigating low value crops during the season had no justification.

(5) Available sealants were not cost effective in controlling seepages.
,

(6) The more beneficial watersheds were in the assured rainfall vertisol regions where
once in three years, following soybean, water was available for wetting seed bed of
wheat crop.

(7) Of the components of the watershed technology package, e.g. broad based furrows,
field and main drainage channels, improved varieties and cropping systems, modest
doses of fertilizers, dry seeding before onset of monsoon, placement of seeds and
fertilizers and plant protection, only selective components such as plant protection
in case of some crops, adoption of hybrids of sorghum and new crops like soybean
have only been accepted.

Walker and Ryan [l] remarked, "it is hard to see how the marriage of technically optimal
land and water management to biological technology is going to alter these perceptions."

Amongst these four stages, the high yielding varieties programme (HYV) had selective
impact on productivity of drylands, especially with kharif sorghum, pearl millet, and spread
of some superior varieties of pulses and oilseeds.

The observations of Walker and Ryan [1] on technology design for drylands may be
summarized as follows:

(1) Land improvements, central to watershed approach, have several limitations and
do not compare favourably with investment in well irrigation.

(2) Technology targetting towards vulnerable groups is ubiquitous; gradient approach
to identify and promote practices compatible with local circumstances are more
meaningful.

(3) Direct employment consequences of technology change in drylands are nearly
absent.

(4) Productivity gains and increasing commodity supply will have a better impact on
nutritional status than genetic improvements in nutritional quality.

(5) Reduction of variance for a given level of yield would not reduce fluctuating
household incomes.

(6) Mean yield and profitability should remain front and centre on the agenda of the
objectives.
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THE APPROACH

It is against this background that future dryland research needs to be designed.
. Alternative research tools and models are being developed keeping in view the concept of
I sustainability together with productivity. Sustainability is a somewhat elusive concept, and

different definitions are available. The FAO and University of Nebraska definitions are
reproduced:

"Sustainable agriculture should involve the successful management of resources for
agriculture to satisfy changing needs while maintaining or enhancing the quality of
the environment and conserving natural resources" (FAO/TAC).

itA management strategy which helps the producer to select hybrids and varieties,
cultural practices, soil fertility progress and pest management approaches which
reduce costs of purchased inputs, minimize the impact of the system on the
immediate and off-farm environment, and provide a sustained level of production
and profit from farming" (University of Nebraska).

I
I
I
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FIg. 1. Schematic diagram of analytical elements in the methodological approach of Ereshko et al.
Source: Parikh, 1988, p. 41 (reproduced from IIASA publication).
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With the Nebraska definition in view, one of the models developed by the International
Institute of Applied Systems Analysis is reproduced in Fig. 1. Considering 1990 as the end
of the period t, and with a critical analysis and understanding of the effect of our
interventions in dry land agriculture on the resources and theoutput, which to a large extent
has been elegantly analysed by Walker and Ryan [1], we could use this crop and
environment model for the period t+1, may be about 10 years hence, to pursue the goal that
"mean yield and profitability should remain front and centre on the agenda". It is with this
objective and the current status of dryland agriculture in its totality that I approach the
problem of advancing dryland agricultural production and productivity.

THE RAINFED BELT AND ITS SOILS

The distribution of the vast rainfed belt across the various states of the Indian Union is
presented in Table 1.

Table 1. Major rainfed areas of India in 1984-85, million ha

States Net area Net Rainfed Irrigated
sown irrigated area area (%)

area

(i) Madhya Pradesh 19.205 3.010 16.195 13.9
Maharashtra 18.047 1.964 16.083 13.1
Kamatalca 10.549 1.693 8.856 18.0
Andhra Pradesh 10.486 3.522 6.964 36.6
Rajasthan 15.215 3.204 12.011 22.2
Gujarat 9.583 2.240 7.343 25.5
Total 83.085 15.633 67.452

(ii) Uttar Pradesh 17.248 9.879 7.369 48.4
Bihar 7.643 2.795 4.848 36.7
Orissa 6.288 1.466 4.822 23.1
West Bengal 5.341 1.980 3.361 26.1
Assam 2.696 0.572 2.124 15.4
Total 39.216 16.692 22.524

(iii) Tamilnadu 5.788 2.640 3.148 49.5
Kerala ~84 0.271 1.913 14.7
Total 7.72 2.911 5.061

(jv) Punjab 4.189 3.621 0.568 90.5
Haryana 3.616 2.189 1.427 63.6
Himachal Pradesh 0.580 0.095 0.485 17.1
Jammu &: Kashmir 0.735 0.309 0.426 40.5
Total 9.120 6.214 2.906

(v) N-EStates 1.03 0.240 0.783 23.4
Others 0.299 0.089 0.210
Total for India 140.715 41.779 98.936 30.7
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States in category (i) represent the largest drylarwj belt of India's arid and semiarid
tropics. The Northwestern arid zone with aridisols an.d low rainfall is a more fluctuating
and risk prone environment for arable crops. The ver'tisol rabi sorghum belt of Deccan is
also vulnerable. The vast vertisol belt of these states t(lgether with the Bundelkhand region
of Uttar Pradesh receiving moderate to heavy rainUlll and predominant kharif cropping
(cotton-kharif sorghum) is the most potential belt for advancing crop production. The
distribution of the assured and vulnerable portions of the vertisol belt ofIndia under
different rainfall regions is presented in Table 2.

Table 2. Disll'ibution of vertisol in different rainfall zones
(area in million hal

The eastern and northeastern
states in category (ii) have
mostTof the lowland rice for
which special rice production
programmes have been
developed. Under irrigation,
sugarcane, wheat and rice-wheat
systems are practiced. The
productivity of rainfed kharif
areas and kharif fallows of
irrigated wheat belt has not
witnessed any major change.

State

Maharashlra

Madhya Pradesh

Gujarat

Andhra Pradesh

Karnataka

Total

Area in different rainfall zones
500-750 750-1150 1150 total

mm mm mm

10.00 11.22 3.35 24.57

0.16 8.51 7.85 16.52

2.40 1.81 2.28 6.49

1.96 2.66 2.35 6.97

5.97 0.76 0.11 6.84

20.49 24.96 15.94 61.39

Under category (HO, dryland
areas of Tamil Nadu served by the
northeastern monsoon, are vulnerable.

States in category (iv) are largely irrigated. Himachal Pradesh, and Jammu and Kashmir
are somewhat temperate. Category (v) repmsents the high rainfaIl regions of Northeastern
India with specialized hill agriculture.

An analysis of the growth rates of these states for food production (Table 3) reveals that
Maharashtra, in spite of being predominaJ,'litly rainfed, has made good progress and serves
as an example that rainfed nature by itself need not be a deterrent to agricultural progress.
The black soil rainfed areas of Madhya Pradesh, Karnataka, Gujarat and Andhra Pradesh
are showing signs of progress.

THE CLIMATIC DIMENSION

The major concern of the rainfed belt is its low productivity and sensitivity to climatic
fluctuations, aberrations, catastrophies and possible climatic changes. India is divided into
34 meteorological subdivisions, 10 of wh:idrcover the black soil belt.

Rainfall is the most important parameter inAuencingcrop yields. Adeficiency of 26-50%



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 6
1.

24
7.

22
8.

21
7 

o
n

 d
at

ed
 2

7-
Ju

n
-2

01
7

May, 1991) Plant Breeding for Dryland Agriculture 151

Table 3. Classification of Indian states by weather-adjusted rates of growth in food grains
production and growth in total population: 1970-71 to 1984-85

Positive growth in
production > population
growth

Maharashtra (6.23, 2.22)

Punjab (5.92, 2.15)
Uttar Pradesh (4.32, 2.26)
Haryana (3.90, 2.65)
Andhra Pradesh (3.16,2.06)
All India (2.70, 2.24)

Positive growth in
production < population
growth

Jammu & Kashmir
(2.31,2.54)

Gujarat (2.07, 2.37)
Madhya Pradesh (1.95, 2.27)
Assam (1.90, 2.76)
Orissa (1.59, 2.18)
Bihar (1.25, 2.18)
Rajasthan (1.07, 2.87)
Kamataka (1.03, 2.35)
Himachal Pradesh (0.80, 2.10)
West Bengal (0.54, 2.09)

Negative growth in
production;
population growth positive

Kerala(--D.38,1.80)

Tamil Nadu (--D.64, 1.65)

Note. The figures in parentheses refer to growth rates (in %) of food grain production and population growth,
respectively. Population (rural and urban) growth is estimated from the 1971 census and Registrar
General's estimates for 1985.

from the mean precipitation of a subdivision is considered a moderate drought and that
over 50% as severe drought. Similarly, an excess precipitation of 26-50% over the mean is
flood and more than 50% severe flood. The probability of the frequency of occurrence of
droughts and floods in the vertisol semiarid regions (Table 4) was nearly equal during the

Table 4. Droughts and floods (1871-1984) in the meteorological subdivisions of
the predominantly vertisol belt

Subdivision/region Area Droughts Floods
with No. (km2) No. of probabi- No. of No. of probability No. of

drought lityof years of flood years
years drought severe years of severe

drought flood

18. East Rajasthan 147,128 19 0.167 6 18 0.158 2

19. West Madhya Pradesh 232,315 11 0.097 10 0.088

21. Gujarat 86,034 23 0.202 9 24 0.210 3

22. Saurashtra & Kutch 109,950 34 0.298 11 30 0.263 14

24. Madhya-Maharashtra 115,309 13 0.114 2 11 0.097 1

25. Marathwada 64.525 20 0.175 5 23 0.202 4

26. Vidarbha 97,537 12 0.105 1 12 0.105 1

28. Telegana 114,726 17 0.149 18 0.158 3

29. Rayalseema 69,043 22 0.193 4 20 0.175 6

32. North Kamataka 79,895 12 0.105 13 0.114 1

Source. Parthasarathy et al. [2).
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ACTUAL
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Monthly rainfall distribution with deviations (Parbhani,
Maharashtra,1944-1986).

3 ~3 6 2
m=~233+138.2t x 1.59t ~0'53xtO t (R = 0.570)
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Rainfall fluctuations
within 0.5 SD on either side of
the mean are manageable
without yield losses;
fluctuations over this,
particularly on the heavy
rainfall side have been more
damaging to cotton and
sorghum and need further
technological attention (Fig.
2). In case of cotton, square,
bud flower, and boll shedding F' 2Ig..
during rains and increased
boll worm attack, and with
sorghum, grain moulds and deterioration resulting in low quality grain are the
consequences. These problems need further research attention.

period of study 1871-1984 [2].
While the damage resulting
from droughts received
considerable attention,
damage due to excess rains,
more particularly late
(October) rains, did not attract
similar scientific or political
attention. In the black soil belt
excess rains could be more
damaging than moderate
drought.

Figures 3 and 4 reveal the greater vulnerability of the rabi sorghum and bajra belts. The
bajra belt is characterized by low rainfall and high evapotranspiration. The vulnerability of
the rabi sorghum belt at Bellary and to a lesser extent at Sholapur is reflected in the water
balance studies (Fig. 5). Fig. 6 shows the aberrations of rainfall, the commencement of
cessation of monsoon. Continuous rainless days up to 31 days have been encountered
during the monsoon season. These have been taken into consideration in developing the
breeding philosophies for the hybrids and improved varieties of sorghum which have not
failed under the worst droughts encountered. They were at a disadvantage if late and
continuous rains were received in October.
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Fig. 3. Rainfall distribution in rabi sorghum, kharf sorghum and pearl millet tracts in India.

The effects of delayed monsoon and late sowings on yield of sorghum and pearl millet
are depicted in Figs. 7 and 8. Sorghum is more vulnerable to delayed sowing and
incorporation of shoot fly resistance will mitigate this to some extent. Consequent to the
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Fig. 4. Potential evapotranspiration in rabi sorghum, kharif sorghum and pearl millet tracts in India.
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Fig.S. Climatic: water balance for low, medium and high rainfall zones in black soils (based on long-term
meteorologic:al monthly means, all measurements in mm).

crop modifications and improved practices with the HYVs, the effects ofdrought have been
considerably mitigated and the Indian agriculture acquired resillience to subnonnal
monsoons (Table 5).

Decadal variability of rainfall in this century (Fig. 9) indicated that since 1940 there has

Table 5. Change in rainfall and foodgrain output

Year Change in Fall in CRI Fall in output Total
CRlfrom with previous over the prcvious ycar, 0/0 Foodgrain

normal (0/0) year as base, kharif rabi total output
(0/0) (million tons)

1964--65 +6.0 - - - - 89.0

1%~ -18.7 -23.3 -18.7 -17.7 -18.4 72.3

1978-79 +10.0 - - - - 131.9

1979-80 -20.0 -27.3 -19.0 -13.7 -17.0 109.7

1981--82 +0.2 - - - - 133.3

1982-83 -13.2 -13.4 -12.5 +9.2 -2.9 129.5

1985-86 -4.0 - - - - 150.5

1986--87 -13.8 -10.2 4.3 -4.0 -4.3 144.0

1987-88 -27.5 -13.7 -8.8 +0.0 -4.9 138.4

Source. NCAER.
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Fig. 6. Weekly rain fall distribution with deviations, com mencement and cessation (Parbhani, Maharashtral.

Table 6. Progress of production of some agricultural commodities in India (million tons)

Crop/ commodity 1950-51 60-61 70-71 80-81 88-89

Foodgrains 50.82 82.02 108.42 129.59 170.25

Rice 20.58 34.58 42.22 53.63 70.67

Wheat 6.46 11.00 23.83 36.31 53.99

Coarse cereals 15.38 23.74 30.55 29.02 31.89

Grain legumes 8.41 12.70 11.82 10.93 13.70

Oilseeds 5.16 6.98 9.63 9.37 17.89

Cotton (m. bales) 3.04 5.60 4.76 7.01 8.69

Jute (m. bales) 3.31 5.26 6.19 8.16 7.70

Sugarcane 57.05 110.00 126.37 154.25 204.63

Potato 1.66 2.72 4.81 9.67 14.89

Tobacco 0.26 0.31 0.36 0.48 0.49

Coconut (m. nuts) 35.82 46.39 60.75 57.20 81.61
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Fig. 7. Relationship between sowing time and yield of kharifsorghum.

-4 2 2
POOLED YIELD =10'S7cKp (.I·35KIO K ) (R =0'331)

POOLED YIELD =44·6 cxp( -0.002 )
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In the last 100 years,
globally averaged annual
surface air temperatures have
increased approximately by
O.s°c. If this variation rises to
1°C, throughout the year air
temperature decreases in the
east of the central part and
N-W India. The effects are
likely to be more noticeable in
N-W India during monsoon.

been a declining tendency
together with an increase in
the coefficients of variation
[3J. The drier or wetter
monsoons or extremes have
been related to the ENSO (EI
Nino-Southern Oscillations)
and depend on phase locking
between the two events.
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Relationship between sowing time and yield of pearl millet.
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40
~reliminary estimates of

climatic changes in India [4]
consequent to limited global
warming indicate that during
June-August ~nd Septem
ber-November precipitation
is expected to increase along
the west coast, and in most of
the parts of Northern India
increased precipitation might Fig. 8.

result. In the eastern parts of
the subcontinent, including Andhra Pradesh and Orissa, precipitation might decrease
slightly. During theSeptember-Novemberperiod also, thesituation isexpected to be similar
except that rainfall may increase a little. The consequence of this is that during the monsoon
season, indications are that rainfall may increase over the major parts of India. In general,
the climaticchanges are likely to bemore favourable to the rainfed lands. Crop improvement
programmes have to take cognisance of the impending changes.

COMMODITIES, CROPS AND PRICES

Cerealsdominate the production system ofdryland agricul ture, followed by pulses and



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 6
1.

24
7.

22
8.

21
7 

o
n

 d
at

ed
 2

7-
Ju

n
-2

01
7

May, 1991] Plant Breeding for Dryland Agriculture 157

- ......_ ......_I--....._...&.._I--....._...&..~I .

4

8

2

4~""""'-"''''''''''~~~_'''---I1...-....L-....J

(e) NO. OF EXTREME ( RAINFALL DEP ~ tr)

~ DEFICIENT

0 0 0 0 0 0 0 0 ID

"j
N C") ..., II' \0 ,...

ID ID
I I I I I I I I- - - - - - ;00 - N

..., II' \0 ,..
In In In ~ In In In In In- - - - - -• i i •(a) MEAN (em)

ea
LONG-TERM MEAN

14

80
( b) C.V. ( ./. )

12

The growth rate of kharif
sorghum was particularly
impressive and was as good as
wheat till the early 1980s and
influenced overall sorghum
production. Later it started
stagnating.

oilseeds. The progress in
production of various crops and
commodities is given in Table 6;
and their approximate total area
and the proportion of rainfed
areas in Table 7. The growth rates
of rainfed crops during the Green
Revolution era are presented in
Table 8. During the period
1967-68 to 1988-89, the areas
decreased under all coarse
cereals, chickpea and cotton. The
productivity gains, though
moderate, are positive in all
cases. The yield gains are almost
entirely a result of the spread of
high yielding hybrids and
varieties (Table 9).

Decadal variability of Indian summer monsoon rainfall
(1901-1988): (a) mean, em; (b) coefficient of variation; and
(c) number of extremes (R. K. Verma, 1990).
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The possible reason for
reduction in the area of coarse
grains is the decline in per capita
consumption in the rural as well
as in urban sectors. Data from Fig. 9.
National Sample Survey reveal,
in the specific case of sorghum,
that per capita consumption
declined in all the major sorghum growing states of Maharashtra, Karnataka and Andhra
Pradesh. In Maharashtra, sorghum's share in total consumption fell from 60 to 45% between
1977-78 and 1986-87. Compared to wheat and rice or pulses and oilseeds, price increases
of coarse cereals have been moderate (Tables 10, 11). In case of sorghum, the price rise of
fodder was much greater compared to price rise of grain sorghum, resulti'ng in reduction of
total returns in case of the dwarf and semidwarf high yielding hybrids. In the mid-1980s,
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the grain: fodder price ratio declined from
about6.0to3.0%. During 1975-79, the share
of fodder value was reported 0.42, whereas
by 82-86, it rose to 0.58. Introduction of
irrigation, addition of crops like soybean,
and greater attention to pulses andoilseeds
resulted in reduced areas under coarse
cereals. The area of chickpea got reduced in
favour of wheat.

In spite of the high prices ofpigeonpea,
profitabilityof this crop continues to be low
due to low yields. The estimates of acreage
response functions revealed that the
impact of prices on acreage response of
pigeonpea has been weak. Unless there. are
production advances, effects of price are
likely to be small in advancing production
and profitability.

Table 7. Major dryland crops (1986-87)

Crop Total area Rainfed area
(million ha) (%)

Wheat 23 33
Rice 42 57
Irrigated 18

Lowland 16 38
Upland 6 14
Deepwater 2 5

Coarse cereals 40 91
Sorghwn 16 95
Pearl millet 11 94
Maize 6 80

Total pulses 23 90
Chickpea 7 80
Pigeonpea 3 96

Total foodgrains 127 68
Totaloilseeds 19 81

Groundnut 7 85
Rapeseed & mustard 4 45

Cotton 7 70

SORGHUM: PHENOLOGICAL, PHYSIOLOGICAL AND GENETIC CHANGES

Table 8. All-India compound growth rates of
rainfed crops in the Green Revolution
era (1967-68 to 1988-89)

Crop Rale of annual increase (0/0) in
area production yield

Rice 0.56 2.60 2.06

Wheat 2.02 5.27 3.17

Coarse cereals -0.97 0.42 1.34
Sorghwn -0.64 1.23 1.88
Pearl millet -0.86 -0.04 0.81
Maize -0.10 0.89 1.00

Finger millet.(Ragi) -0.02 1.52 1.55
Small millets -2.60 -2.30 0.31

Total pulses 0.30 0.74 0.51
Chickpea -0.68 -0.45 0.22
Pigeonpea 1.44 1.96 0.51

Oilseeds
Groundnul 0.08 1.23 1.14
Rapeseed & mustard 1.50 4.01 2.48·

Cotton -0.35 1.83 2.18

The transformation of the traditional,
tall, long duration, and climatically
vulnerable tropical sorghums into the
relatively short statured, early to medium
duration cultivars with stable and
economic yields even under the worst
droughts encountered, is a fascinating
story described elsewhere [5]. All-India
average yields from 30-40 yield trials
conducted each year over a to-year period
are given in Table 12.

From 1968-69 to 1980-81, the
compound rates of sorghum production
compared well with irrigated wheat (Table
13). If we consider the kharif sorghum only,
the growth rate will be even higher. Later
in the 1980s, rate of increase in production
was slow because of demand and price
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Table 9. Certified seed production of hybrids (1990-91)

Crop Certificed State/quanity of seed (q)
seed produced (q)

Sorghum 237,821 Maharashtra (156,646);
Karnataka (25,775); Andhra
Pradesh (24,200); Madhya
Pradesh (22,000); Rajasthan (4,880);
Gujarat (2935); Uttar Pradesh (2355);
Dadar & N. Haveli (10)

Pearl millet 88,742 Gujarat (49983); Rajasthan (15,743);
Maharashtra (12,516); AP. (2000)
Haryana (8500)

Maize 83,188 AP. (18,300); Karnataka (21,440);
Bihar (27,558); M.P. (4750);
V.P. (2200); Rajasthan (2943); Sikkim (150)
Manipur (300); Orissa (50);
Gujarat (690); Maharashtra (1102)

Cotton 44,662 Maharashtra (16,433); Gujarat (15,020);
M.P. (2839); Karnataka (1102); AP. (850)

Castor 16,555 Gujarat (15,735); Maharashtra (616);
Rajasthan (50); Karnataka (154)

Major Hybrids:

Sorghum CSH 9 (108, 193); CSH 5 (99,201);
CSH 6 (10,732); CSH 1 (9644); CSH 11 (5968)

Pearl millet ilK 560 (44,468); MH 179 (23,574)

Maize Deccan 1 (19,680); High Starch (19,324);-
GS-2 (15,494); Ganga 5 (13,236)

Cotton DCH 32 (12,199); By 6 (10,420); By 4 (8427)

Castor GAVCB 1 (7795); GAVCB 4 (6021)

problems. The kharif sorghum production of Maharashtra doubled during the 1970s. The
transformation of kharif sorghum in the black soil belt is "Green Revolution in drylands."

Another significant feature concerning kharif sorghum is the control of shootfly and
midge, the two major pests, through management practices only without using pesticides.
Sowing with the onset of monsoon and enblock coverages of the area with hybrids to avoid
spread of varieties with different maturity periods in a given area were successful preventive
measures adopted by farmers. The stability of production has been the result of a
phenological adjustment of the growth stages with periods of moisture availability and took
care of aberrations during the growth period. There was an optimum adjustment of the total
dry matter and its distribution between stalk and grain.
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Table 10. Minimum support prices announced by
the Govt. (Rs/q)
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While this approach paid rich
dividends against subnormal and
drought years in the black soil belt, the
problem of occasional late rains
during October resulted in greater
deterioration and reduced grain
quality and prices. The new hybrids
like CSH 9 do have some in-built
resistance to grain moulds and grain
deterioration but if the rains happen to
be continuous the soaking and drying
of mature grain results in loss of grain
quality. However, in such years, there
is scope for a second crop of safflower

N. G. P. Rao

Crop

Paddy
Wheat
Coarse cereals

Gram
Pigeonpea
Mung
Urd

Groundnut (in shell)

Mustard
Sunflower

Cotton (kapas)

1980-81

105
130
105

165
190
200
202
206

250
183
304

[Vol. 51, No.2

1986-87 Increase (%)

146 39
166 28
132 26

280 70
325 70
325 73
325 63

315 53

415 66
390
430 (320F) 116
540 (H4)

sorghums should be oriented towards:

Table 11. Behaviour of wholesale prices of
foodgrains from 1970-71 to 1984-85

Annual CVaround
increase (%) trend

Coarse cereals
Pulses
Rice
Wheat
All cereals
All foodgrains

4.95
8.75
6.80
5.22
6.12
6.55

15.85
14.06
11.67
10.98
12.16
10.29

to compensate for the loss due to reduced prices
of low quality sorghum grain. The problem of
grain moulds deserves further attention.

In view of the changing consumption
patterns of grain sorghum and increase in
fodder prices, a reorientation of objectives has
become essential. A beginning has been made in
this direction. Future efforts in breeding kharif

Table 12. All-India average yields of
promising sorghum hybrids

Year Yield of diffL>rent hybrids (q/ha)
(1) Slightly taller height (18D-200 cm) without CSH-l CSH-5 CSII-6 CSH-9

sacrificing grain yield. Studies on
1976 31.38 35.68 30.90 39.16

optimum plant type (Fig. 10) have shown
1977 30.19 29.52 34.18 37.03

that this is possible in the 70-75 days
flowering duration.

1978 35.82 43.07 42.65 50.36

1979 35.22 38.08 36.48 43.53

(2) Incorporation of greater levels of 1980 30.34 34.37 34.80 38.36

resistance to shootfly, midge and grain 1981 34.48 42.78 36.32 43.49

moulds. Stalk rots and striga also need 1982 32.88 34.91 34.98 41.39

attention. 1983 28.29 31.30 29.01 36.91

1984 28.87 34.34 33.80 41.28

(3) The zerazera germplasm has served well 1985 32.34 34.07 32.73 38.89

in contributing to both yield and grain Mean 31.97 35.81 34.59 41.04
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quality. There are
indications of zerazera
derived males, females and
varieties stagnating for
yield. A wider germplasm
needs to be utilized to get
over these yield plateauing
tendencies.

(4) Utilization of diverse
cytoplasms which have
been identified and well
characterized. Apomixis,
dis€overed in India, is yet to
be used in fixing heterosis
and efforts need to be
strengthened.

,...-c:
It
Q.-GI

100 UPPER LIMIT
.", ......... ----------, ..................

••••••••••••••••••••••••• LOWER LIMIT
........... .......•...

..- -..... .......
....,

Optimum phenotype as related to plant height and days
to flowering.

30060

oL---L_-L_...L-_L.---.l~~-""""~
50 60 70 80

DAYS TO 50·'. FLOWERING
120 110 240

PLANT HEIGHT (em)

(5) Enhancement of utility bcrse
of kharif sorghums through
use in cattle and poultry
feeds, production of
industrial starches, high
fructose syrup, malt and Fig.l0.

malt based foods and
brews, energy, gur etc.,
oriented towards whole plant utilization (Fig. 11).

Table 13. Compound growth rates of sorghum
compared to other cereals on all India
basis (1968-69 to 1980-81)

(6) The rabi sorghum production has been
stagnating. Exploitation of rabi
germplasm in developing males,
females, and hybrids to overcome the
problem of low temperature sensitivity
and' shoot fly susceptibility of kharif
based males and females is required and
there are indications of progress in this
direction. Improvement of quality rabi
sorghum for human consumption is an
urgent need.

Crop

Rice

Wheat

Sorghum

Pearl millet

Area
('Va)

0.73

2.92

-1.18

-1.16

Production
('Va)

2.20

5.65

2.06

-0.34

Yield
(0/0)

1.45

2.64

3.28

0.79
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The sorghum improvement programmes now need a different orientation to meet the
changing consumption and price trends and should provide the basis for agro-industrial
development of the black soil kharif sorghum belt.

SORGHUM

GRAIN

STALKS

Direct food uses
Fortified foods
Malt based foods (weaning food, snacks etc.)
Fermented porridge, brew etc.
Livestock and poultry feed

Starch: industrial starches, glucose syrup

Dry fodder, green forage, silage, grazing

Syrup, gur and sugar from sweet sorghum

High energy sorghums & sweet sorghums:
ethanol, kerosene, methane

PEARL MILLET

Fig. 11. Whole plant utilization of Sorghum.

The introduction of hybrid pearlmillet in the mid-1960s witnessed rapid growth in its
production, but the susceptibility of the hybrids to downy mildew proved to be a major
setback. Subsequent efforts in developing new hybrids and populations salvaged the
problem to a great extent, but on account of the soil-climatic conditions, the northwestern
arid zone, the predominant pearlmillet belt, is inherently vulnerable. This region probably
could resort to alley cropping of pearlmillet with perennials. Research on durable resistance
of pearlmillet to downy mildew needs strengthening.

COTTON: GAINS AND PROBLEMS OF SPECIES CHANGE

At the time of independence, 97% of the cotton cultivated in the country belonged to
the diploid desi type (G. arboreum, 65%); and tetraploid American cotton (G. hirsutum)
constituted only 3%. The tetraploids, both varieties and hybrids, now cover 63% of total
cotton area (Table 14). The shift was a result of the policy of meeting the needs of our long
staple cotton and avoid imports. Apart from the staple consideration, the shift from desi to
American cotton was prompted by:

(1) The realization that potential for high yield did not exist in desi cotton
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Table 14. Species composition of cotton in India over different periods

163

Species Area in thousand hectares
Pre-War Independence 1955-56 1960--61 1965~6 1989-90

G. hirsutum 150 140 1630 2200 3210 3140
(2) (3) (20) (29) (41) (41.6)

G. barbadense Nil Nil Nil 4 8 10

G.arboreum 5210 2790 4400 3450 2840 1320
(64) (65) (54) (45) (36) (17.5)

G. herbaceum 2710 1390 2050 2030 1780 950
(34) (32) (25) (26) (23) (12.6)

Hybrid Nil Nil Nil Nil Nil 2130
(28.2)

Figures in parentheses indicate percent of total area.

(2) That desi cotton does not respond to irrigation and hence a total shift to the American
cotton under irrigation

(3) The advent of pyrethroids for boll worm control

(4) The advent of intra-hirsutum and inter-specific cotton hybrids

(5) The variety and staple oriented price policy favourable to American cotton varieties
and hybrids

The consequences of the shift from desi to American cotton varieties and hybrids have
been:

(1) Cotton production has gone up primarily because of increased irrigation.

(2) Long staple requirements were largely met saving foreign exchange.

(3) Large increase in the use of pesticides on tetraploid cottons: 55% of the total
insecticides are consumed in cotton in India.

(4) Pest resurgence and pest resistance, mainly whitefly and Heliothes.

(5) Constant instability and fluctuations in cotton production.

(6) Desi cotton varieties were pushed to less favourable areas, and less effort on desi
cotton improvement.

The desi cotton varieties established their superiority in critical comparative trials of
improved desi and American varieties, and hybrids in Marathwada/Maharashtra for yield
under rainfed and irrigated conditions (Tables 15, 16), under different dates of planting
(Table 17), and under irrigation and fertilization (Table 18). Irrigation responses were
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Table 15. Average seed cotton yield (kglha) in desi, American cotton varieties and
hybrids over years and locations under rainfed condition

Year No. of Mean yield (kg/ha) Increase (%) of desi over
trials desi Am. vars. hybrids Am. vars. hybrids

198~6 10 1946 1293 1442 50.5 35.0

1986-87 15 1701 1065 1278 59.7 33.0

1987--88 20 2045 1458 1608 40.2 27.1

Mean (45) 1897 1272 1443 49.0 31.4

however low, with the exception
of hybrids (Table 18). Under
limited and recommended plant
protection (Table 19), the desi
cotton varieties were superior to
American cottons. Pest
resurgence on desi cotton was
much less compared to the
American varieties and hybrids
(Table 20). Under all management
conditions, the desi varieties
proved their superiority.

The fibre properties of some
of the improved desi (G. arboreum)
cotton varieties are compared
with the American (G. hirsutum)
and Egyptian cottons (G.
barbadense) in Tables 21, 22. The
fibre length and ginning outturn
of new desi varieties are
comparable to those of American
cotton varieties and hybrids. The
micronaire values are high. If they
are brought to the level of
American cottons, the desi
varieties are likely to spin much
better and this aspect should form
the primary objective in future
cotton breeding.

Table 16. Mean seed cotton yield in Marathwada

Species Variety/ Yield of kapas (kg/ha)
hybrid irrigated rainfed

(3 localions) (71oca lions)

G. hirsutum SRTI 1929 747
Purnima 1559 695
Mean 1694 721

G. hirsutum
(short sta lured) PKV081 2189 856

NH262 1931 771
Mean 2060 814

Hybrid
(intra-hirsutum) NHH44 2086 670

Hybrid
G. hirsutum x DCH32 1784 553
G. barbadense

G.arboreum Rohini 2931 983
Eknath 2904 890
Mean 2918 937

Table 17. Varietal response to dates of sowing in cotton at
Nanded (rainfed)

Species/hybrid Yield of seed colton (kg/ha)
June 21 July 11 July 31 August 20

G.arboreum 2319 2299 2014 672

G. hirsutum 1358 963 702 419

G. hirsutum (short
stalured) 1429 1002 764 393

Intra-specific hybrids
of G. hirsutum 1505 1360 809 301
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Table 18. Varietal response in cotton to fertilizer and irrigation
applications (1986-87 to 1988--89)

2475
2595

1542
2130

1738

2080

1948
2479

2891
3237

1832
2144

1909

2456

2233
2872

2323
2463

1744
2199

1568

2258

1604
2326

Yield of seed cotton (kg/ha)
no irrigation irrigation

irrigation 125 CPE 250 CPE

N:P:K

50:25:25
100:50:50

50:25:25
100:50:50

50:25:25

100:50:50

50:25:25
100:50:50

(short statured)

In tra-hirsutum
hybrids

G.arboreum

Species/hybrid

Cotton is the single crop which G. hirsutum

is consuming 55% of the total
pesticides used in the country, G. hirsutum

which also posed problems of pest
resistance and resurgence. The
demand for long and extra long
staple being almost fully met,
medium and superior medium staples are the need of the country.

The desi varieties have also
shown considerable variability for
plant type, boll size, boll number,
length of fruiting branches etc.,
and could be incorporated into
improved cultivars [6].

Table 19. Varietal response in cotton to
plant protection at Nanded (rainfed)

G.arboreum 1708 2205
G. hirsutum 712 1041
G. hirsutum (short

statured) 737 1125
Intra-hirsutum 721 1295

hybrids

An appropriate cotton policy, which should
includepricingof desi cottons, which are currently low
as compared to the American cotton varieties, would
meet the needs of the country, promote dryland
agriculture, and reduce problems of pesticide use and
pest resistance and resurgence.

I should not be misunderstood as criticising the
policy of promoting American cotton, which is needed
to meet our staple requirements and save foreign
exchange.

Species/
hybrid

Seed cotton yield (kg/ha)
limited plan full plant

protection protection

Having met this objective, now it is necessary to establish a balance between desi and
American cottons in the irrigated and rainfed sectors in such a way tha t they meet the current
and future staple needs and export requirements, at the same time minimising the ecological
problems arising from excessive pesticide use.

PULSES AND 01LSEEDS: COMPONENTS OF DRYLAND CROPPING SYSTEMS

Both demand and price situation are favourable to oilseeds and pulses but productivity
advances under rainfed conditions continue to be low. High prices, therefore, do not have
a long term effect on production.

The rainfed belt of India is predominated by coar~ cereals like sorghum, pearl millet,
rainfed maize, ragi etc., rainfed wheat and upland rice. There is need for diversification of
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the range of commodities and
crops in this belt. To me, more than
stepping up inherent yield
potentials of oilseeds and pulses,
the work on which, no doubt,
should continue, pulses and
oilseeds should find an increasing
proportion both in inter- and
multiple cropping systems.

While delivering the Vasanta
Rao Naik memorial lecture, Imade
a detailed analysis of production
and production stabili ty of various
crops in Maharashtra during the
1980s. These studies revealed that:

Table 20. Resurgence of whitefly under boll worm control in
cotton (1986-87)

VarietyIhybrid Plant White flies per leaf
protection limited plant full plant

cover protection protection

G. amoreum: 0+3
Rohini 1.27 0.98
Eknath 0.98 1.07

G. hirsutum: 3+4
Purnima 5.19 7.37
SRT-l 5.52 7.35
PVK081 5.07 8.20
(short statured)
NH262 5.72 8.09
(short statured)

Intra-hirsutum hybrids: 3+4
11-4 5.86 8.49
Godavari 8.82 9.83

Table 21. Fibre properties of different cotton varieties and hybrids

Species/hybrid Variety or COT MFL MIC MAT PSI
hybrid (%) (mm) coefficient

G. hirsutum SRT 1 37.8 23.9 3.8 0.71 8.2
I'urnima 37.1 23.4 3.7 0.69 8.0

G. hirsutum (dwarf) I'KV 081 36.2 22.9 4.0 0.73 7.5
NI1262 36.6 23.1 3.8 0.71 8.5

Hybrid (intra-hirsutum) NIIII44 35.5 22.9 3.1 0.64 7.8

Hybrid (G. hirsutum x G. barbadel1se) DCI132 34.1 30.5 2.8 0.53 9.4

G.arboreum Rohini 37.4 23.9 5.1 0.83 8.5
Eknath 38.5 22.9 5.8 0.83 8.7

(1) Kharif sorghum and rabi safflower, both rainfed, are the most stable crops, followed
by pigeonpea. Safflower responds well even to a single irrigation if water is
available. Rainfed cropping systems should, therefore, be designed around these
crops.

(2) Of the unstable production systems, cotton during kharif, sorghum during rabi, and
sunflower both under rainfed and irrigated conditions proved to be m::>st unstable.
Kharif groundnut was also unstable in production.

(3) Sugarcane was most stable among the irrigated crops. The areas planted under
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Table 22. Fibre characters of twelve gaorani (G. arboreum)
selections as compared to G. hirsutum and

G. barbadense strains

Selection Fibre length 2.5%
No. span length

(mm) (inch)

irrigated wheat and summer
groundnut exhibited wide
fluctuations. While yields of
irrigated wheat were stable, the
productivity of summer
groundnut fluctuat~d due to
uncertain water supplies.

(4) These studies, therefore, pointed
out that intercropping systems
based on kharif sorghum, with
increasing proportion of
pigeonpea, ground nut, and
soybean are likely to be more
profitable and meet the needs of
the region and people with
respect to food, protein, oil and
fodder, and could be optimized
for profit. The ground nut
soybean or groundnut-pigeon
pea systems are other
alternatives.

10

11
12
13

14
15
19
26
45
54
102
153

Sujata
Sea island
(Andrews)
Hybrid 4
M.C.U.5

29.5

30.2
30.0
30.0
30.2
31.8
29.0
29.5
30.2
30.2
30.7
30.0
32.8

29.0
29.0
29.0

1.16

1.19
1.18
1.18
1.19
1.25
1.14
1.16
1.19
1.19
1.21
1.18
1.29

1.14
1.14
1.14

Pressley
strength

index
Ib/mg

9.1

9.2
9.4
9.2
9.2
9.0
9.8
9.8
9.4
9.7

10.1
9.4
8.5

8.2
8.4
7.7

Species

G. arboreum
race indicum

G. barbadense

G. hirsutum

(5) Safflower has tremendous Source.M.R.H.QureshiandN.G.P.Rao[6].

potential for expansion during
rabi in the risky areas of rabi sorghum and as a second crop in the assured rainfall
belt of Marathwada, Vidarbha, Malwa plateau and assured rainfall districts of
Rajasthan. Safflower comes up well in the black soil regions of M.P. and could be
considered as a possible substitute to rainfed wheat. The farmers need to be educated
o'n its cultivation, harvesting and the value of its oil.

(6) The entire groundnut area of black soils of GUjarat can be intercropped with early
duration pigeonpea or soybean.

(7) Cotton hybrids, both under irrigated and rainfed conditions, are cultivated in widely
spaced rows. Soybean, urd, pigeonpea etc., are the possible intercrops for cotton in
the black soil belt.

(8) Incorporation of greater levels 01 resistance to mosaic will enable mung, urd and
early soybean to pervade in vast areas in kharH in the North Indian plains and as a
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Table 23. Variability for plant type in gaorani cotton
(G. arboreum)

Source. M. R. H. Qureshi and N. G. P. Rao (6).

Note. The comparative studies reported above on G. arborfum,
G. hirsutum and hybrids were planned when I was
working as the Vice-Chancellor of the Marathwada
Agricultural University and conducted by my colleagues,
which I respectfully acknowledge.

Character Short Gaorani6
statured (control)
variant--

Plant height (em) mean 78.4 130
range 63-92 130-160

Internodallcngth (em) mean 3.2 4.7
range 2.4-3.6 3.3-5.5

Bolls/plant mean 18 12
range 14-26 5-15

Maximum No. of bolls
per frUiting branch 4.0 2.0

Mean length of
fruiting branches (em) 9.0 4.0

Days to rna turi ty 130-150 200

Soybean cultivation as a sole
crop has vast potential in the
assured rainfall situations of
kharif in several states and
could become an important
instrument in diversification
of crops in the areas of better
rainfall, and could provide
sound agro-industrial base.

catch crop in several
irrigated situations. The
additional opportunities for
mung and urd in rice fallows
and various other situations
need to be further exploited.

Our earlier studies on
competition of species and
stability of sole and intercropping
systems [7] have brought out
pigeonpea and soybean as important components. The sorghum based cropping systems
are most stable and out of them sorghum-pigeonpea and sorghum-soybean were superior.
Amongst the groundnut-based cropping systems, groundnut-pigeonpea was most stable.
Groundnut-sorghum and groundnut-soybean combinations, though not very stable, are
productiveand could compen- sate for the pro- duction risksof kharifground- nut. A summ
ary of these studies are presented in Table 24.

(9)

Based on Table 24. Stability parameters for total yield in intercropping systems
several sor-
ghum based Intercrop Sorghum Intercrop Groundnut

intercropping yield regression devia- yield regression devia-

studies in India, (q/ha) coefficient tions (q/ha) coefficient tions

Rao and Rana Pigeonpea 56.85 0.92 NS Sorghum 38.77 2.11
..

[B) estimated Castor 39.57 1.00 NS Pigeonpea 23.15 0.89 NS

the projected Groundnut 50.53 0.99 NS Castor 16.54 0.51"

area under Soybean 55.53 1.03 NS Soybean 17.34 0.49"

intercropping Mean 53.58 23.95

for additional SE 61.9 31.1 0.11

acreages under
•·..Significant at 5% and 1% levels, respectively; NS-nonsignificant.
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pulses and oilseeds to meet shortages. These are reproduced in Table 25.

Table 25. Production potential of oilseeds and pulses in sorghum-based
intercropping systems (kharif 1972-78)

Intercrop No. of Average yield (q/ha) Projected area in million ha for
experi- sorghum intercrop sorghum intercrop 1 million ton production at
ments (sole crop) (sole crop) (in inter- (in inter- minimum average maximum

cropping cropping yield yield yield
system) system) potential potential potentiai

Oilseed crops:
10.4"Groundnut 57 33.6 33.1 4.8 2.60 2.08 1.73

Castor 20 36.7 20.2' 32.9 5.3 2.78 1.90 1.44

Sunflower 10 33.6 16.1 21.7 3.4 8.00 2.99 1.84

Pulse crops:

Pigeonpea 115 35.8 16.5 32.4 9.4 1.16 1.07 1.00

Soybean 60 33.0 13.9 32.2 5.5 2.08 1.82 1.61

Mung 38 33.5 8.2 33.7 3.0 3.90 3.25 2.78

Urd 30 40.9 9.5' 33.8 2.8 4.58 3.55 2.90

Cowpea 21 43.5 8.2
,

38.1 2.7 5.75 13.67 2.69

"Data based on less number of experiments.

The vast amount of data obtained in the country under various projects on different
crops and cropping systems, both under inter- and sequence cropping, has not been put to
practical use. It is time to give serious consideration and arrive at policy decisions and their
implementation on cropping systems.

LOCATION SPECIFICITY AND WIDER ADAPTATION

The lack of progress in dryland agriculture has often been attributed to lack of location
specificity in research and developmental efforts.

If we look back to the All-India Coordinated Research Projects, the high yielding
varieties of wheat like Kalyan Sana, Sonalika and several HD varieties, the IR rice varieties,
the sorghum and pearl millet hybrids were all widely adapted and were the result of testing
under diverse agro-c1imatic conditions both in space (locations) and time (years). Even
maize hybrids, which were released zonally to begin with, have now shown wider
adaptation. Subsequently, most crop improvement programmes got zonalised with the
purpose of meeting regional needs and imparting locational specificity. This approach has
naturally resulted in limiting test environments. 'Even though the number of varieties
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released have increased, the widely adapted varieties of yesteryears have stood the test of
time;

Recently, I made a detailed analysis of the zone xgenotype interactions in c~seofseveral
crops and estimated the proportion of variability accounted by the zone x genotype
interaction. The common data sets were limited, yet the results were convincing that the
proportion of variability due to zone x genotype interaction accounted for a very small
fraction of the total variability.

A recent analysis of the performance and stability of improved rice cultivars revealed
that there were no restrictions to adaptability within an ecosystem. Evenson's contention
that adaptability and stability are different and if so the rice programmes on varietal
development may need a different orientation did not come true.

Adaptability and stability were well correlated and the large location-dependent
fluctuations in yield were more due to the production environment and not due to genotypic
causes. Locational-dependent specificity is certainly important in developing the cuI tivation
practices, cropping systems, and management norms for the production environment. It
became clear that varietal development under wider testing would enable selection of more
plastic (adapted) varieties with better buffering and broad based resistance to a range of
biotic and abiotic stresses.

Yicld-cnvironmcnt rclationship of sorghum hybrids.

10
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Fig. 12.

If this was so
with rice, it is even
more relevant for
rainfed crops
where production
is more prone to
climatic fluct
uations. This has
been amply
demonstrated in
case of sorghum
and pearl millet
hybrids. I shall
illustrate this with
some data from
sorghum pre
sented in Table 26
and Fig. 12.
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··Significant at 1% level.

Table 26. Stability parameters of sorghum hybrids
over years and places (1976-85)

Mean yield Regression Deviation
(q/ha) coefficient (b) MS

The improved hybrids are superior in all
environments. This is further illustrated by the
data presented in Table 27, which shows that
the really superior genotypes are superior
under both low and high management
regimes (Table 28). The sorghum work has also
proved that compared to improved varieties,
hybrids have better buffering capacity against
environmental fluctuations as revealed for
genotypes and their interactions with
environment (Table 28).

Hybrid

CSH-1

CSH-6

CSH-5

CSH-9

31.97

34.59

35.81

41.04

••0.69

0.97"·

1.20··

1.14··

1.459

2.520

2.744 .

1.147

I shall further illustrate this with maize which started with a zonal approach. Tables 29
and 30 provide means and analysis of variance for four diverse check varieties across zones.
The zone x genotype component accounted for only a small fraction of the total variability.
Maize has now moved towards release of hybrid cultivars on a wider regional basis. The
same is true of several other crops.

The wider testing across zones (barring totally different ecosystems like hills, deep
water systems, salinity-alkalinity situations etc.) enabled identification of larger genotypic
differences, eliminated more sensitive types and favoured genotypes that could stand a
range of fluctuating agro-elimatic factors. Wide adaptation, adaptability and high yield are
not certainly negatively correlated and more stable high yielding genotypes could be
identified. This is not to be misunderstood as pleading for one variety for all areas or
adaptability for all conditions. The point is that the genotype x environment interactions
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Table 30. Pooled analysis for three years (1984-1986) of the
grain yield of maize (qlha)

Table 29. Three years average yields of maize checks in
different zones (1983-85)

Zone Yield (q/ha) Mean
J-684 Ganga-5 Agenthi-76 Tarun

Zone 1 43.9 44.9 44.4 40.5 43.4

Zone 2 39.2 35.3 36.4 31.0 35.5

Zone 3 32.3 34.6 35.3 31.2 33.4

Zone 4 34.0 38.2 36.4 28.8 34.4

ZoneS 26.1 24.8 26.3 23.9 25.3

Source dJ. Variation (0/.,)

should be understood well by
organising the testing programmes
across diverse situations and based on
data appropriate release recommen
dations could be made.

The immediate production
environment would provide the base
for the development of manage- ment
practices and cropp- ing systems, and
should account largely for the location
specificity. The need is for a synthesis
and balance between varietal testing,
wide adaptation and area specifics.

3.70

44.74

4.90

3.60

2.60

0.56

39.85

2

4

3

8

12

6

24

In conclusion, I would like to plead
that certain aspects of dryland
agriculture have witnessed dynamic
changes in their varietal composition
and resource management
perceptions. They contributed
prominently to yield advances, though
not to the extent desired. The time is

ripe to charter our coarse for future. This is an analysis in that direction. The future is
optimistic.

Years(Y)
Zones(Z)
Genotypes (G)

ZxY
ZxG
YxG
YxGxZ
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ALTHOUGH apomictic form of reproduction is known in the grass family including 
the tribe Andropogoneac (Brown and Emery, 1957, 1958), no such instance 
seems to be on record in the cultivated sorghums. Since one of the major 
advances in the improvement of this cereal has been the commercial exploitation 
of heterosis, apomictic development of seed would be of considerable use to the 
plant breeder in maintaining and perpetuating heterozygosity. This paper 
is a record of apomictic form of reproduction in grain sorghum (Sorghum vulgare 
Pers.). 

MATERIALS AND METHODS 

During the khan!, 1964, onc of the early maturing cultures, in the breeding 
nursery, R. 18, which was selfed was checked for seed set about a week after 
anthesis. In a few plants the stigmas looked fresh and the plants were suspected 
to be male sterile, but symptoms of seed set were noticed later with the stigmas 
still remaining fresh, On further examination of the breeding nursery this 
phenomenon was found to be prevalent on a wide scale in some F + progenies of 
crosses involving Indian varieties and dwarf exotics. Microscopic examina
tion revealed well stained and apparendy fertile pollen grains. To find out 
whether the stigmas were merely of the persistent type or whether they were 
really unfertilised and receptive, pollen of tall Indian varieties B.P. 53 and 
M. 35-1 was dusted two to three days after complete .anthesis of the earhead 
took place in a few lines and the seeds were collected. 

During 1965 and 1966 (I) pollen germination and pollen tube growth on 
selfing of suspected lines, (2) cross compatibility of pollen from such lines on male 
sterile combine kafir 60, (3) seed set Wlder emasculation, (4) proportion of 
maternals and hybrids realised from pollinations with foreign pollen after 
anthesis was complete and (5) embryology of one such progeny, R. 473, were 
studied. 

For embryological studies, the material was fixed in Carnoy's fluid and 
after 24 hours they were transferred to 70 per cent. alcohol. Customary 
methods of dehydration, infiltration and embedding were followed. Sections 
were cut on Leitz Minot microtome at a thickness of 8- 12 microns and stained in 
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Ehrlich's hem~toxylin using basic fuchsin as counter stain. Drawings were made 
at the table level using Zeiss drawing mirror. 

RESULTS 

The preliminary observations leading towards suspicion of possible apomic
tic develgpment of seed are described below: 

(I) The stigmas and styles of the plants showing prolonged receptivity 
were fixed after self-pollination and studied microscopically. There was no 
germination of the pollen in a majority of the cases. Occasional germination 
and incipit:nt growth of the pollen tube was observed only in very few cases. 

(2) To establish the func;::tional normalcy of pollen from such plants, 
male sterile combine kafir 60 was pollinated using R. 78 and R. 473 as poUinator 
parents. These crosses resulted in good seed set and the progeny were all 
true hybrids . 

. (3) Emasculation alone and emasculation followed by pollination with 
foreign pollen from maize or sorghum pollen killed by heavy doses of radiation 
resulted in only stray seed set. The stigmas remained fresh. the ovaries appeared 
as though they were enlarging but ultimately aborted. Out of about 15 
emascu1ations, each involving 40-50 florets, a total of only 4 mature seeds were 
realised. 

(4) The progenies grown from seeds which were obtained through 
pollinating with tall Indian types two to three days after' self pollination' has 
taken place resulted in both genuine hybrids as well as ' selfed ' or • maternal' 
plants. The resulting hybrids were fOWld to be diploid, fully fertile and some 
of them very vigorous. The proportions of hybrids and' sclfed ' or maternal 
plants arc presented in Table 1. 

TABLE 1 

Proportion of maternals and hybrids obtained by pollinating a suspected apomict two to three 
days after completion of • self polliTUltion ' 

R.473 X B.P. 53 

" 

Total No, of 
plants raised 

17 
167 

Maternal Hybrids 

31 
148 

% 
19 

60 
II 

Year of 
study 

1965 
1966 

(s) ,The F .. progenies concerned did not exhibit clear segregation patterns. 
Most of th,em were intermediate in height and apparently tr,ue I:!reeding for ear
head type although the crosses involved may be considered wide. Shrivelling 
of seeds was noticed in some cases. 
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Suspecting apamlxls, the embryology of one of the progenies, R. 473, was 
studied. This was the most uniform progeny associated with excessive recep· 
tivity of the stigmas followed by good seed set (Fig. I) and the seeds wcre well 
formed and showed no signs of shrivelling. 

, -\\ , 
\ ~ 

" 

/, , J 
I, 
• l 

I 

" ~\ 
, "" ) 

/ t.! , , 
) • 

FIG. I. Developing seed al various stages with stigmas remaining rresh 

Me.{asporogenesis and female gamdophyte : The ovule primordium in R . 473 
arises as a globose structure from the base of the ovary. It consists of a homo
geneous mass of undifferentiated meristematic cells. At about the time the 
integumentary primordia appear, the archesporium differentiates at the tip 
of the nucellus. The archesporial cell can be distinguished by its larger size, 
prominent nucleus and deep staining cytoplasm (Text Fig. I). This directly 
becomes the megaspore mother cell without cutting oil' a primary parietal cell 
(Text Figs. 2 and 3). At about this time, the cells of the nucellar epidermis in 
the regionofthe micropyle undergo repealed periclinal d ivisions to form a nucellar 
cap which is 6-8 layered (Text Figs. 4 and 5). The megaspore mother cell 
does not undergo further development and gradually begins to degenerate. As 
this degeneration sets in, one of the cells of the nuccllus enlarges and becomes 
more prominent than the rest (T ext Fig. 4). This acts as the emrbyo sae 
mother cell. Its nucleus divides mitotically to form two nuclei which are 
separated by a prominent central vacuole (Text Fig. 5). At this stage the 
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degenerating megaspore mother cell can be seen as a darkly stained structure 
below the nucellar cap. The two nuclei remain near the poles and undergo 
two morc free nuclear divisions resulting in a micropylar and a chalazal quartet. 
Out of the four nuclei forming the micropylar quartet, three organise into the 
egg apparatus al".d the fourth one functions as the upper polar nucleus. The egg 
apparatus consists of two hooked synergids which show filiform apparatus and 
prominent basal vacuoles and an egg which slightly extend~ beyond the syncr
gids (Text Fig. 6) . From the four nuclei at the chalazal end three organise 
into antipodals and the fourth one acts as the lower polar nucleus. The polar 
nuclei fuse to form the secondary nucleus which lies near the cgg apparatus. 
The antipodals increase in number and form a tissue of 15- 25 cells. The cells 
of this tissue show conspicuous nuclei and vacuolate cytoplasm (Text Fig. 6). 
Thus the embryo sae develops from a nucellar cell without meiosis and is 
diploid. 

T EXT-FJ(:;. 1-8. Embryology of apomictiC progeny, R. 473. 
I. L.S. ovule ~howing primary archesporium; '1. L. S. ovul" at M .M.C. stage; 3. L.S. nuecl
Ill!! al M.M.C. stage, enlargcd; 4. L.S. nucellllli showing nuedlar cap, degenerating M.M.C. 
and enlarging nucdlar cell which functiOns as the cmbryosac mother cell; 5. L.S. nucellus 
showing nucellar cap and 2 nucleate ~tage of embry05ac. Note degenerating M.M.C. below the 
cdls of the nucellar cap; 6. ~Iature embryosae; 7. Upper part of the embryosac shOWing free 
endosperm nuclei and undivided egg cell: 8. Upper part of embryosac showing embryo sun-oun
d.:d by cellular endOloperm. 
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Fertiliz;ation.-In none of the preparations, the entry of the pollen tube 
into the embryo sac was observed. 

Endosperm.-Thc endosperm is ah initio nuclear. Since pollen tubes have 
not been observed entering the embryo sac, it may be presumed that the 
development takes place autonomously or as a result of stimulus of pollination. 
The egg remains undivided till a large number of endosperm nuclei are formed 
(Text Fig. 7). At about the time the proembryo attains the globular stage the 
endosperm becomes cellular and surrounds the embryo (Text Fig. 8). At 
maturity the endosperm cells arc packed with starch grains. 

Embryo;-Like the endosperm, the embryo also develops autonomously 
or as a result of the stimulus of pollination. 

In some ovaries degenerating ovules with collapsing embryo sacs were 
met with. It may be presumed that these ovules contained embryo sacs which 
were haploid, formed as a result of meiosis in the megaspore mother cell. In 
such cases, when fertilization fails to take place the embryo sacs and ovules 
degenerate. 

DISCUSSION 

Hybridity, polyploidy, disturbed meitoic behaviour, polymorphic species 
structure and perennial habit have been usually associated with species having 
apomictic reproduction (Brown and Emery, 1957). In the' present study, the 
aposporous pJOgeny R. 473 and other suspected cases are of hybrid origin. The 
pollen grains though developmentally normal since they are functional on 
alien stigmas, were non-functional on the stigmas of the same plant. In other 
words these plants may be self-incompatible, the restriction to pollen germina
tion again being attributable to their hybrid origin. 

The origin of self-incompatibility system presupposes the evolution of 
weakly functioning serological types as a first step (Bateman, 1952). If, as 
a result of such a development, a one-locus-two-allele system of self-incompatibi
lity results, then a diploid individual would face extinction. Such an individual 
would thus be forced to develop an alternate mode of reproduction and the 
apomictic form would be an obvious choice. This explanaton also presupposes 
that the capacity to rcproduce through other forms like vegetative reproduction 
by rhizomes, has been lost in the plant and consequently places the time of 
this evolutionary step of apomixis later than the differentiation of the non
rhizomatous Arundiruuea and the rhizomatous Halepensia taxa from an ancestral 
taxon. A comparative case of self-incompatibility mechanism giving rise to 
a sexual mode of reproduction is illustrated by foliar vivipary that has been des
cribed in Cardamine species (Salisbury, 1965). 

In the progeny R. 473, the ,nature of apomixis is somatic apospory. The 
progeny has now been observed to be stable with almost the entire seed in the 
panicles being aposporous. Evidence is available to show that the aposporous 
reproduction is genetically controlled. In 'the small percentage of flowers where 
reduction division took place during megasporogenesis, self pollen did not 
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function and if foreign pollen is not available, as is the case under selfing, the 
reduced megagametophytes abort. 

Direct evidence on the development of endosperm is not yet available. 
Barring isolated instances, pollen germination was not noticed under selfing. 
Emasculation of R. 473 followed by pollination with related sorghum poUcn 
also did not result in seed set indicating a pre-fertilisation barrier. However, 
the presence of abundant pollen with its possible stimulus is essential for seed 
development. It is reported that unlike sexual forms, there is no functional 
relationship between the endosperm and embryo in apomicts and the develop
ment of the one docs not influence the development of the other. Autonomous 
development of the endosperm has, therefore, been indicated (Brink and Cooper, 
1944). Aposporous embryosacs have frequently been observed to be 4-nucleate, 
but the occurence of 8-nucleate embryosacs have also been reported by several 
workers and Narayan (1961) suspects the possibility of an association between 
8-nuclcate unreduced embryosacs and autonomous development of the 
cndosperm. 

Burton and Forbes (1960), while reporting obligate apomixis of the apos
pory type in Pensacola Bahia grass, observed that while in the F, gencration 
the sexual and apomictic plants were not significantly different, in l~~ and F s 
generations apomictic offspring was superior to the sexual progenies in height, 
leaf length, leaf width and factors associated with yield. Taliaferro and Bashaw 
(1966) worked Out the genetics of obligate apomixis in buffel grass and discussed 
the manipulation of obligate apomixis in buff"el grass breeding programmes. 

Harlan, Brooks, Borgaonkar and De wet (1964) observed that sexual or 
asexual reproduction in a given ovule depends on the synchronization of the 
various embryological processes which are under complex genetic control, 
but the overall mechanism of apomixis was rather simply inherited. This 
synchronization of events, the failure of meiosis, the stimulus provided by its 
own pollen, the possible autonomous development of the endosperm, a reduc
tion in the competition of sexual embryosacs through selection under wIfing, 
seems to have played a role in the evolution of apospory in R. 473, which is a 
derivative of the cross between Aispuri and the yellow endosperm kafi; I. S. 2942. 

The above ob.3crvations indicate the material under study to be of both 
thcoretical and applied interest. In a material like sorghum, which is often 
cross pollinated, and with only feebly developed barriers of gene exchange with 
related species (Magoon, 1966), development of self-incompatibility leading to 
apomixis is a feature of interest to geneticists studying the evolution of mating 
systems. From applied interest, as has been suggested by Stebbins (1957), the 
problem of fixing heterosis has been answered by nature in two ways, namely, 
apomixis and permanent structural hybridity using balanced lethals as in 
OenOlhera. Somatic apospory may preserve at least certain amount of hetero
zygote advantage in grain sorghums where commercial hybrids based on cyto
plasmic-genetic male steriles have today contributed to substantial yield 
Increases. 
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SUMMARY 

The existence of apomlXls in grain sorghums has been established. 
Restriction to pollcn germination under selfing, the stimulus provided by its 
own polien, the possibly autonomous development of the endosperm and a 
reduction in the competition of sexual embryosacs under selfing seem to have 
been responsible for the evolution of somatic apospory in this materia1. Embryo
logical studies have shown that as the megaspore mother cell degenerates one 
of the cells of the nucellus enlarges and acts like the embryosac mother cell. This 
nocellar cell divides mitotically giving rise to the diploid embryosac. This 
mechanism of somatic apospory, which appears to be genetically controlled, is 
expected to provide the means to preserve heterozygote advantage. 
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INDUCTION O F TETRAPLOIDY IN A P O M I C T I C GRAIN S O R G H U M 

U. R. MURTY, V. JAVA MOHAN R A O and N. G. P. R A O 

All India Coordinated Sorghum Improvement Project, IARI-Regional Station, 
Rajendravagar, Hyderabad 500 030 {A.P.) 

ARTIFICAL tetraploids have been induced in almost all important grain crops with 
apparently least success in practical breeding. Almost always it has been the 
decreased fertility and slower growth of the colchiploids which brought down their 
direct or indirect use, inspite of an increase in grain size and other advantages. 
In grain sorghum, tetraploids have been repeatedly induced but in all cases they 
were induced in sexual strains only. The existence and mechanism of diploid 
apomixis in grain sorghum has recently been established (Rao and Narayana, 
1968; Murty and Rao, 1972 and Rao and Murty, 1972). The present study 
gives an account of the morphology, cytology and fertility status of tetraploids of 
diploid apomictic grain sorghum. 

MATERIALS AND METHODS 

The diploid apomictic line R473 of grain sorghum has been used in this study. Seeds were 
germinated in pots and the seedlings, when they were 2-5 cms in length, were taken out, washedand treated 
with aqueous colchicine solution of concentration varying from 0-1-0-5%. The shoots were dipped in the 
solution for 12 hours, washed for 8 hours and were transplanted in the field. Some plants were also grown 
inpots. One tetraploid plant was obtained out of about 100 seedlings treated with 0-5% solution and 
grown in the field. Three tetraploids were obtained out of 100 plants grown in the pots in the treatment 
with 0-4% solution. Standard iron acetocarmine technique was used in the cytological preparations. 

RESULTS 

Morphologically it was not possible to distinguish the tetraploids from the 
diploids. They had a slower growth rate but it was not possible to isolate them 
on this criterion. The foliage appeared in general darker. Leaf margins were 
also wavy instead of the usual type. All of them were shorter at all stages of 
their growth compared to the parent due to short internodes. The stem is 
thicker The field grown tetraploid plant flowered 20 days later than the dip-
ploid while the pot grown plants flowered 45-60 days later. All the tetraploid 
plants were heavily attacked by stem borer and only one of them survived till 
seed set. 

Chromosome configurations were studied at MI in 2 of these plants 
(Table 1). In general, the frequency of univalents and trivalents was quite 
low. All the trivalents were chains (type 7 of Darlington, 1937) with two chias-

216 
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TABLE 1 

Frequencies of chromosome configurations in the tetraploid plants at MI 

Plant 

Grand total 

No. of 
PMC 

analysed 

20 

32 

52 

Range 
Total 
Mean 

Range 
Total 
Mean 

Total 
Mean 

I 

0-3 
11 
0-55 

0-4 
19 
0-59 

30 
0-60 

II 

0-18 
265 

13-25 

0-18 
400 

12-50 

665 
12-81 

III 

0-2 
9 
0-45 

0-2 
19 
0-59 

28 
0-54 

IV 

0-6 
58 
2-90 

0-6 
101 
3-16 

159 
3-07 

mata. Trivalent types 8, 9 and 10 were not encountered. Quadrivalents were 
predominantly chains (type 11) with three chiasmata or rings (type 17) with four 
chiasmata. Type 18 occurred in a very rare frequency while the other possible 
types of quadrivalents were not encountered. 

The 2 tetraploid plants had a mean chiasma frequency of 1 -58 and 1-61 
at MI. The corresponding value of the diploid parent was 1 • 47 only. The 
differences in the chiasma frequencies of the diploid parent and the tetraploids 
are highly significant ('t' = 3-73 and 3 • 61). 

AI distribution of chromosomes was studied in 126 and 98 cells in tetraploid 
plants 1 and 4 respectively; 77-8% of cells in the former and 83-4% in the 
later had a regular segregation of 20 . 20. 

Pollen fertilities ranged between 80-100% and are comparable to that of 
the diploid. The surviving tetraploid plant had 72 hermaphrodite spikelets and 
61 seeds were set (84-72%). 

DISCUSSION 

An interesting feature of the autotetraploid sorghum in the present stud} 
has been the low percentage of univalents and trivalents in general and that of the 
quadrivalents in particular (3 • 07/cell). This is in agreement with the previous 
reports. Schertz (1962), for example, reported a mode of 3 -0 per cell, although 
Doggett (1964) reported a rather high frequency of 6-22 per cell. However, 
even this is low compared to maize where Randolph (1935) has reported 7-9 
quadrivalents per cell. 
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The pollen fertility of the autotetraploid is also quite high and is comparable 
to that of the diploid parent. Earlier Chin (1964) has also reported a rather high 
pollen fertility (81%), although Schertz (1962) found only 35% of stainable 
pollen. The seed set observed in the present study (84-72%) is probably the 
highest so far recorded for any raw autotetraploid. Schertz (1962) has reported 
only 10% mean seed set. Differences in fertility of autotetraploids have been 
ascribed to variations in chromosome behaviour (Darlington, 1937) at meiosis 
or where no cytological irregularities were discernible to genetic differences 
(Morison and Rajathy, 1960a & b). The higher seed fertility of the raw auto
tetraploid observed in the present study is as expected and is not surprising. The 
diploid parent of these tetraploids is characterised by an obligate subsexual 
method of reproduction. Apomixis in this line of grain sorghum has been esta
blished on the basis of non-germination of self-pollen and development of embryo 
sacs from diploid nucellar cells (Rao and Narayana, 1968). Subsequently, 
Rao and Murty (1972) have presented direct evidence for the presence of un
reduced embryo sacs, the autonomous development of the endosperm and the 
diploid nature of the young endosperm. In the formation of embryo sac, meiosis 
does not occur and the lesulting embryo sac cells will contain the regular somatic 
chromosome number (in this case 4 n = 40). No fertilization is required for the 
autonomous development of the embryo and endosperm. This phenomenon, 
therefore, accounts for the high seed set. 

The surprisingly high male fertility, however, deserves explanation. Ross 
and Chen (1962) observed a slightly smaller number of quadrivalents, a slightly 
greater number of bivalents, a markedly smaller number of univalents at dia-
kinesis and a smaller frequency of laggards at AI and micronuclei at the quartet 
stage in the more fertile autotetraploids and concluded that a gene mutation 
might have occurred and this together with the lesser chromosome unbalance in 
the gametes resulting from the decreased number of univalents might have 
accounted for the higher fertility. Doggett (1964) concluded that there are 
differences in the genotypic fertility control systems of sorghum which result in 
slight differences at the tetraploid level. Garber (1944) hypothesized that ifa 
species does not display directional orientation of the chromosomes in an inter
change complex at MI , the quadrivalents in an induced or spontaneous tetra
ploid of that species will likewise not display a directional orientation at the same 
stage. Observations of earlier workers (Chin, 1946; Endrizzi, 1958) in auto
tetraploid grain sorghum suggested that directional segregation is a 
characteristic feature of the.Eu-sorghums. In view of these observations, the 
very high percentage of regular segregation at AI recorded in the pre
sent study probably substantiates the existence of such a genetically cont
rolled regular segregation. The increased chiasma frequency of the 
tetraploid can also be partly responsible for the regular disjunction of the 
chromosomes. 

Murty and Rao (1971, 1972) have suggested that tetraploid sorghum from 
apomictic lines should be more fertile than that from sexual strains and that 
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tetraploid breeding in sorghum may be worthwhile to pursue. The present study 
lends support to such a suggestion. 

SUMMARY 

Autotetraploids induced from diploid apomictic grain sorghum exhibited 
a lower number of univalents, trivalents and quadrivalents and a greater number 
of bivalents. The chiasma frequency of the autotetraploids is also higher than 
their diploid parent. Tetraploids exhibited remarkably high male and female 
fertilities. The possible application of tetraploids in grain sorghum breeding is 
discussed. 
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INTRODUCTION 

In earlier reports on apomixis in the Sorghum variety R473, attention 
was paid to the development of the embryosac and endosperm leading to 
the establishment of somatic apospory (RAo and NARAYANA 1968). HANNA, 
ScHERTZ and BASHAW (1970) observed that the evidence produced by 
RAo and NARAYANA (1968) was inconclusive. Subsequent work by RAo 
and MuRTY (1972) confirmed the earlier observations of RAo and NARAYANA 
( 1968 ). Further attempts led to the identification of an additional apomictic 
variety 302 and efforts are in progress to obtain a greater understanding 
of the phenomenon of apomixis in Sorghum and its utilization and per
p~tuate heterozygosity. The present paper describes the embryology of two 
apomictic Sorghum varieties R4 7 3 and 302 which show several similarities. 
The Sor,~hum variety 302 is of commercial importance and has been released 
for general cultivation in India. 

MATERIAL AND METHODS 

The material at suitable stages was fixed in carnoys fluid and transferred 
to 70% alcohol after 24 hours. Conventional methods of dehydration, infiltration 
and embedding were followed. Sections cut at 8-12 1J. were stained in Haematoxylin 
and counterstained in Basic Fuchsin. 

,., Co-ordinator and Head, Sorghum Project, Hyderabad, India. 
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OBSERVATIONS 

Microsporogenesis and male gametophyte. Previously no attention 
has been paid to the structure of the anther and the development of the 
male gametophyte. The present study reveals that the differentiated anther 
shows an epidermis, endothecium, a middle layer and the tapetum (Fig. 1 ). 
The tapetum is of the secretary type and the cells ultimately become 
binucleate (Fig. 1 ). Meiosis in pollen mother cells leads to the formation 
of isobilateral pollen tetrads. Cytokinesis takes place by successive method. 
Pollen is 3-celled at the shedding stage (Fig. 2 ). A high percentage of 
pollen is healthy and viable and such grains when mounted in Iodine, 
water or acetocaramine become stained deeply. Approximately 90% of the 
pollen grains are fertile. Abortive pollen grains were also observed in some 
of the anthers (Fig. 3 ). 

There is an accumulation of dark bodies of unknown nature in some 
of the pollen grains. Germination studies of the pollen grains have been 
carried out at room temperature in Brewbaker and Kwack's medium prepared 
in distilled water. When placed in the culture medium the pollen grains 
emitted out pollen tubes after 30 minutes. The germinability is upto 
60-65%. After growing for a short length the tubes become blunt and 
curved. After this no further growth takes place. Coiling of pollen tubes 
has also been observed (Fig. 5 ). This indicates that the pollen retains the 
capacity to germinate but pollen tubes do not grow for lengths necessary 
for reaching embryosac. As a result, fertilization fails to take place. 

Ovule, Megasporogenesis and female gametophyte. The ovule is ana
tropous, bitegmic and tenuinucellate, with the micropyle formed by the 
inner integument only. At about the time the integument primordia appear 
the hypodermal female archesporium becomes differentiated in the tip of the 
nucellus. The archesporium is always single celled. The archesporia! cell 
enlarges and functions as the megasporemother cell without cutting off 

Figs. 1, 6, 8, 11 and 13. - R473. 
Figs. 2-5, 7, 9, 10. 12, 14-16. - 302. 
Fig. 1. - L.S. of anther showing epidermis, hypodermis, middle layers, tapetum and 
sporemother cells. x 960. 
Fig. 2. - 3-celled pollen grain. x 1340. 
Fig. 3. - Fertile and sterile pollen grains. x 190. 
Fig. 4. - Fertile and sterile pollen grains on stigma. x 180. 
Fig. 5. - Germinating pollen grains. x 755. 
Fig. 6. - L.S. of nucellus showing enlarging nucellar cell and archesporia! cell showing 
signs of degeneration. x 710. 
Fig. 7. - L.S. of nucellus showing degenerating MMC and enlarging nucellar cell. x 1270. 
Figs. 8 and 9. - L.S. of nucellus showing the remnants of MMC and enlarging nucellar 
cell. x 570, x 515. 
Figs. 10 and 11. - 2-nucleate embryosac. Note remnants of MMC. x 590. 
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Figs. 12 and 13. - Embryosac. showing fusion of polar nuclei. x 760, x 555. 
Fig. 14. - Mature embryosac showing the egg apparatus, antipodal tissue and secondary 
nucleus. x 310. 
Fig. 15. - Magnified portion of the embryosac showing egg apparatus and secondary nucleus. 
X 650. 
Fig. 16. - 4-celled proembryo with persisting healthy looking synergids. x 1080. 
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a pr~n:.ary pari~tal cell (Figs. 6 and 7). At about this time the nucellar 
epidermal cells, ~s result of repeated periclinal divisions, give rise to a 
nucellar cap of 6-8 cells (Figs. 6-11 ). Further development in the mega
sporemother cell is arrested and shows signs of degeneration (Figs. 6 ar;d 
7). In 302, in one instance, the MMC was seen at the first stage of meiosis. 
But in neither of the plants a megaspore tetrad has been observed. At 
about this time one of the centurally located nuclellar cells enlarges and 
becomes more prominant than the surrounding cells (Figs. 6-9). This cell 
acts as the embryosac mother cell. At first vacuoles appear on either side of 
the nucleus as in the case of a functional megaspore (Figs. 7-9). First 
mitotic division of nucleus results in the 2-nucleate stage of the embryosac 
!Figs. 10 and 11 ). The two nuclei are separated by a prominant vacuole 
(Figs. 10 and 11 ). The remanants of the degenerating megasporemother 
cell persist as a d;:eply staining mass below the calotte upto this stage 
of d~velopment (Piss. 8-11 ). The two nuclei remaining at the poles divide 
twice leading to the formation of an 8-nucleate embryosac (Fig. 12 ). Out 
of the four nuclei of the micropylar quartet, three organise into the egg 
apparatus and the fourth functions as the upper polar nucleus (Fig. 12 ). 
The egg apparatus consists of two hooked synergids which show well 
developed filiform apparatus, and the egg cell (Figs. 14 and 15 ). From the 
chalazal quartet three organise as antipodals and the fourth functions as 
the lower polar nucleus (Fig. 12 ). There is a secondary increase in the 
number of the antipodals and their number ranges from 8-15 (Pigs. 13 
and 14 ). The antipodals are uninucleate and the cytoplasm is vacuolate 
(Figs. 13 and 14 ). The polar nuclei fuse w form a secondary nucleus, 
which lies in the vicinity of the egg apparatus (Figs. 12-15). Thus embryosac 
develops aposporously from a nucellar cell without meiosis and all the 
cells of the embryosac are diploid. 

Fertilization. Stigmas of bagged flowers stained in basicfuchsin showed 
germinating poEen grains. The pollen tubes were short and the tips are 
curved and blunt obviously indicating that they are non-functional (Figs. 4 
and 5). In 302, in few instances, the synergids were found in a healthy 
state at the early pro-embryonal stages indicating that no pollen tube 
has entered the embryosac (Fig. 16). In none of the preparations the entry 
of the pollen tube has been observed. These observations clearly show 
chat no fertilization takes place. 

Endosperm. The endosperm is of the nuclear type. Fertilization having 
been ruled out it may be presumed that under the stimulus of pollination 
endosperm develops autonomously. The diploid egg remains undivided till 
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a large number of free endosperm nuclei are formed and the endosperm 
ultimately becomes cellular. 

Embryo. The diploid egg under the stimulus of pollination develops 
autonomously into the embryo. 

DISCUSSION 

In none of the earlier publications on the embryology of R4 7 3 the 
development of the male gametophyte has been reported. The mther 
wall conforms to the Monocot type (DAVIS 1966) in R473 as well as 302. 
Cytokinesis takes place by successive method. Fertility tests using iodine 
water, acetocaramine revealed that 90% of the pollen is fertile. But culture 
studies revealed only 60% germinability. The pollen tubes grow only for 
a short length and the tips become curved and blunt indicating arrested 
growth. 

The archesporia! cell functions as megasporemother cell which dege
nerates, and takes no part in the formation of the embryosac. One of the 
centrally placed nucellar cells enlarges and functions as the embryosac 
r:.11other cell. Thus the embryosac arises as a result of somatic apospory 
and comes under Hieracium type (BATTAGLIA 1963). The mature embryosac 
is 8-nucleate and the there is an increase in the number of antipodals. 
However, MuRTY and RAo (1972) reported formation of megaspore tetrads 
in 2% of the ovules they examined and in less than 1 % of the ovules 
observed a megaspore tetrad and an enlarging nuclellar cell. They also 
observed two nucleate embryosac and a tetrad of megaspores. In some 
ovules they observed twin embryosacs. From these observations they con
cluded that both aposporous and sexual embryosacs can be formed in the 
same ovule. As a result of the occurrence of megasporetetrads. MuRTY 
and RAo (1972) suggested that in R4 7 3 the potential for sexual reproduction 
still persists. In the present study no megaspore tetrads or twin embryosacs 
have been observed. But the potentiality for sexual reproduction is indicated 
by the development of the archesporium upto the megaspore mother cell 
stage. Probably in this line there is a gradual elimination of the potentiality 
for sexual reproduction under continued selfing as also suggested earlier 
by RAo and NARAYANA (1968). 

The ovule is bitegmic and tenuinucellate with a prominently developed 
nucellar cap. DAVIs ( 1966) described such ovules as pseudocrassinucellar, 
in which no primary parietal cell is formed but in which the apical cells 
of the nucellar epidermis divide periclinally and give rise to a nucellar 
cap. In such instances although the MMC appears to be deeply buried, 
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the overlying cells are epidermal derivatives and are arranged in radiating 
rows. 

There is no evidence of fertilization as no pollen tubes were observed 
entering the ovules in any of the preparations. Examination of styles and 
stigmas from selfed plants revealed germinating pollen grains. But the 
pollen tubes grow only for a very short lengths with their tips becoming 
curved and blunt. The pollen grains behaved in a similar way in the 
culture medium. 

However, the endosperm and embryo develop autonomously. Presence 
of germinating pollen grains on the stigmas associated with normal seed 
set indicates that a stimulus of pollination is necessary for the development 
of endosperm and embryo. Unlike in sexually reproducing plants there is 
no functional relationship between endosperm and embryo development 
in apomicts (BRINK and CooPER 1944 ). MuRTY and RAo (1972) reported 
the occurrence of sexual embryosacs as well as aposporously developed 
ones in some ovules. In such instances the haploid embryosac degenerates 
because of the absence of fertilization. No such instances were encountered 
in the present study. 

HANNA et al. (1970) in a male sterile line of Sorghum recorded a 
case of facultative apospory. They claimed that the studies of RAo and 
NARAYANA (1968) in the progeny of R4 73 were inconclusive and the 
features presented by them could be interpreted in terms of normal 
development. 

Absence of pollen germination and good seed set under selfing suggest 
that the seed development in R4 7 3 is aposporus. The present study as 
well as those by MuRTY and RAo (1972), RAo and MuRTY (1972) confirm 
the first report of somatic apospory and autonomous development of endo
sperm and embryo, by RAo and NARAYANA (1968). It may be pointed 
out here that apomixis in R4 7 3 is associated with self incompatibility, 
while the material of HANNA et al. (1970) was male sterile. 
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SUMMARY 

The embryology of two apomictic parents, R473 and 302 has been investigated. The 
anther structure conforms to the Monocot type. Cytokinesis takes place by the successive 
method. Ripe pollen is 3-celled. Though 90% of the pollen is fertile the germination is only 
about 60%. The embryosac developes aposporously from a centrally located nucellar cell. 
Fertilization does not take place. The development of embryo and endosperm takes place autono
mously under the stimulus of pollination. The present study confirms earlier report of somatic 
apospory and autonomal development of endosperm and embryo in R473 by RAo and NARAYANA 
(1968). In addition an additional case of somatic apospory in 302 variety is now reported. 
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Abstract. The embryology of F1 progeny of reciprocal crosses between R473 and 
302 has been investigated. The antl=er wall development follows the monocoty- 
ledonous type. Successive cytokinesis in the microspore motb.er cells results in the 
formation of isobilateral pollen tetrads. Pollen grains are 3-celled at the shedding 
stage. Although 90% of pollen are fertile, the germination is only about 70%. 
Abortive pollen grains are' noticed in some anthers. The ovule is anatropous, biteg- 
mic and pseudocrassinucellar. Archesporium or megaspore mother coil, if formed, 
degenerates; The embryo sac developed aposporously from a nucellar cell, is always 
8-nucleate with a secondary increase in the antipodal cells. Fertilisation does not 
take place. The autonomous development of embryo and endosperm occurs under 
the stimulus of  pollination. Like the two parents the F1 progeny exhibit apomixis 
of the nature of somatic apospory associated with self-incompatibility. 

Keywords. Embryology ; apomixis; grain sorghum. 

!. Introduction 

Search for apomix[s in grain sorghums started about a decade ago. Rao and 
Narayana (1968) investigated the embryology of a sorghum variety, R473 and they 
reported aposporous origin of embryo sao and observed that the autonomous 
development of endosperm and embryo requir.ed the stimulus of pollination. 
Hanna et al (1970) studied the embryology of a polygymaocous line of sorghum 
bicolor and doubted the findings of Rao and Narayana (1968). Rao and Murty 
(1972) rei~vestigated the emb yology of sorghum variety R473 and confirmed the 
findings of Rao and Narayana (1968) though their obs~vations differed in oertain 
minor r~gpeots. Recently Rao et al (1978) studied the embryology of R473 and 
confirmed the carli~ finding~ of Rao and Narayana (1968). They also investi- 
gated the embryology of 302, another variety of sorghum. In the pr~ent study 
the embryology of F1 progeny of the reciprocal crosse; bctwc~a R473 and 302 
hag been undertaken to establish the reproductivestatus of the progeny. 

455 
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2. Material and methods 

Flowering and fruiting material of F~ progeny of reciprocal crosses between R473 
and 302 at various stages of development was fixed in Carnoy's fluid. After 
24 hr of fixation it was transferred to 70~o alcohol. Customary methods of 
dehydration, infiltration and embedding were followed. Sections were cut at a 
thickness of 5-12/z, stained with haematoxylin and counterstained with basic 
fuchsin. 

Pollen fertility test~ using iodine solution and aoetooarmine, revealed that 90~ 
of the pollen are healthy and fertile. Ripe pollen is 3-celled and the germinability 
estimated on the basis of the observations on the styles and stigmas is 70~0. 

3. Observations 

3.1. Microsporogenesis and male gametophyte 

The development of anther wall follows the monocotyledonous type. The differen- 
tiated anther sbows an epidermis, hypodermis, a middle layer end the innermost 
tapetum (figure 1). The tapetum is of the secretory type. To begin with tke tapetal 
ceUs are uninur but later beaome binuQleate (figures 1, 2). T/le microspore 
mother aells undergo meiotic division resulting in the formation of isobilateral 
pollen tetrads (figure 3). Cytokinesis is sucaessive. The mature pollen grains 
are 3-~elled at the shedding stage (figure 5). In some anthers the pollen greins 
appear shrivelled and irregular (figure 4) and are presumably non-functionaL 

3.2. Ovule, megasporogenesis and female gametophyte 

The ovule is anatropous, bitegmic and tenuinucellato. The micropyle is formed 
by the inner integument only. At about the time the integumentary primordia 
are laid down the hypodermal archesporium becomes differentiated and it directly 
fumQtions as the megaspore mother cell (figure 6), without cutting off a primary 
parietal cell. At the same time the numellar epidermal cells undergo periclinal 
divisions resulting in a 6-8 Insured nuaella~ cap (figtwes 7-10). As a result the 
megaspore mother ~ell becomes deep seated maJdag the ovule pseudo~assi- 
ltuceilar (Davis 1966). The megaspore mother, cell doe: not undergo meiosis but 
degenerates (figures 7-10). The remnants of the dogene ating megasp~re mother 
cell persist up to the 2-nttcieate stage of  the embryo san development (figure 11). 
At about this stage either one of  the nuo~llar calls simlted directly below the mega- 
spore mother cell ( t ~ e  7) or one or two ~ells a w ~  f~om it, enlarge become ~oa- 
spict~ous and show prominent nu~laf and taP~ up deep stain (figLtres 8-10). This 
cell acts as the embryo sac moth~  cell (figure 8). By thro~ suGcassive free-nuclear 
divisions it gives rls~ to an 8-nucIeato embryo sa~ (ilgwu 13). The eg& apparatus 
consisting of  two hooked synergtds with flUform apparatus (figu~0 14) and an egg, 
and the upper polar m~c l~  are orgattisod from the mlcropylar quartet. The anti- 
pedal cells and the lower polar m ~ c l ~  are orgat~tM from the chalazal quartet 
(figure 13). The polar nunlei fuse to form the secondary nucleus which ties near 
the vi~'mity of the egg apparatus (figcre 14). There is a secondm'y inarease in the 
antipodal cells which may vary from 8-16. Thin the embryo sac develops ape- 
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Figures 1-9. 1-4. T.S. and L.S. of anther (•  310) showing 1. epidermis, hypo- 
dermis, a middle layer and tapetum with uninucleate cells; 2. binucleate tapetum. 
3. isobilateral pollen tetrads. 4. shrivelled pollen grains; 5. 3-celled pollen 
grain (• 435). 6-9. L.S. of nucdlus showing 6. mogaspore mother cell (• 900). 
7. degenerating megaspore mother cell and enlarging nucellar cells below it ( • 300). 
8. remnants of the degenerating megaspore mother cell and enlarged nucellar cell 
(•  310). 9. degenerating remnants of megaspore mother cell and two enlarging 
aucellar cells (•  310). 
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Figures 10-18. 10-12. L.S. of nucellus showing degenerating remnants of mega- 
spore mother cell and 10. two enlarged nuceUar cells. Note degeneration of the 
upper Ducellar cell (x  310). 11 and 12. 2n embryo sac ( x  335). 13. 8n embryo 
sac (x  375). 14. Micropylar part of the embryo sac showing hooked synergids 
and secondary nucleus ( x 410). 15. Stigma with germinating pollen grains ( x 40). 
16. Part of the stigma with germinating pollen grains enlarged ( x 40). 17. 2-celled 
proembryo with persisting healthy looking synergid.s (x  335). 18. 5-celled pro- 
embryo with persisting healthy looking synergids (x  335). 



Apomixis and its utilisation in grain sorghum-H 459 

sporously from a nucollaJ; cell. Meiosis is completely eliminated, and 1~sumably 
all th~ cells of the embryo sa~ are diploid. 

In soma instances enlargement of two nacellar cells situated one abov~ the othc~ 
and removed from the mcgaspore mothc~ cell has been observed (tigur~s 9, 10). 
In two instan~ dcgena:afion of the uppcx ~larging nucella~ cell has boen noticed 
(flguxe I0). Tvcin embryo sa~s have not boon observed in any cf the preparations. 

3.3. FerttTisation 

Uad~ bagging, self-pallirtatien takes place. Stigmas dissected out from the sdfed 
flowers ware stained in polygly~e tinted with b~sic ftmhsin to study the germination 
of the pollen grains (flatten 15). The pollen grains give out pollen tubes but thes~ 
had a limited growth (figure 16). The pollen tubas remained short and the tips 
became carved and blunt. The syncrgids remained intact and healthy evca~ during 
the early ~oembryonal stages indicating that no pollen tut e had catered the etr.bryo 
sea (flggros 17, 18). These obsarvationg clearly indiaate that fartilisation has not 
taken place. 

3.4. Endosperm 

Tim, endosperm is cf the nuclear type. Sin~o fortilisaticn has b~ ruled out, it 
is presumed that aud~ the stimulus <f pollination endosperm develops autono- 
mously. As a result of the division of the endosperm Ixemo~dium a number of 
f r~  catdospo~m nuGlei are formed before the uar~uced egg cell undczgoes the first 
division. Tha endospaxm eventually b~om~s cellulaz. 

3.5. Embryo 

Und~ the stimulus of pollination the diploid egg call develops autonomously into 
the embzyo. 

4. ,Discussion 

The embryology of F1 progeny of the ~iprooal crosses of R473 and 302 has boon 
studied to ~tablish the reproductive status of the offspring. 

The allthar dccelopmcazt proceeds normally and conforms to the MonoGot typs 
(Davis 1966). Meiosis in the pollen motkcz Gells is apparently normal and cyto- 
kinesis takes plaoe by successive m0thod. 

The bitegmio ovule is tenuinacallate and the cells of the nucellar apid~mis tmdergo 
pariclinal divisions giving rise to a prominent nt~cellar cap. Thus the ovum is 
psaudoerassinucdlar (Davis 1966). 

The embryo sac is of aposporous origin and the dewlopmont conforms to the 
Hi~aoium type (Battaglia 1963). The potentiality for sexual reproduction is indi- 
cated upto the mcgaspore mother cell stage. It may be noted that while the pollen 
docolopment proc~ds lxormally, the embryo sao develo~ aposporously, indicating 
that the factors governing the dcvelopm~tt of male end female gametopbytes are 
independent. According to Bhojwani and Bhatuaga~ (1974) pollen development 
M aposporous types takes plaoo normally. However, in Themeda triandra (Celarier 
and Harlaa 1954) somati~ apospory is associated with moioti~ irregularities in 

P(B)--4 
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the pollen mother cells. Thus apospo~y may not always be associated with normal 
development of pollen grains. 

The available data on the embryology of apomictic grain sorghums show that 
the aposporous embryo sac is always 8-nucleate (Rao and lqarayana 1968; Rue 
and Murty 1972; Rue et a11978) unlik e in the other apomictic graminaceous memb~s 
like Cenchrus (Snydor et al 1955); Panicum (Warmke 1954); Paspalum (Smith 
1948); Pennisetum (Narayan 1951) ; and Setaria (Emery 1957) in which the embryo 
sacs are 4-nucleate. According to Warmke (1954) the 8-m~cleate condition of an 
embryo sac in apomicts results in an irr.balance bctw~a the embryo, endosperm 
and mate hal tissues leading to a 2n emb~o, 5n endosperm and 2n maternal tissues. 
The situation in apomicts producing 4-nucleate embryo sacs leads to a 2n embryo, 
3n endosperm and 2n m3te:nal tissues and is important for r normal develop- 
ment of embryo. This may be true in case of thoseapomicts in which the forma- 
tion of endosperm involves the participation of a male gamete. But in thd.pr~sent 
study on grain sorghum the endosperm develops autonomously without participa- 
tion of a male gamete though, bowov~, the stimulus of pollination is nec.ossary. 
Thus in ap)micts like gra'n sorghum where the endosperm development is auto- 
nomous, the formation of a t unreduced 8-nucleate embryo sac does not seem to 
result in any imbalanoe between the emblyo (2n), endosperm (4n) and mat~ttal 
tissue (2n). Thus the speculation of Warmke (1954) does not seem to br appli- 
cable to those instances of auto nomous, endoslx~m development. 

Although g~mm~tion of pollen grain~ was ob ~ved  on the stigmas, the ,l~ollen 
tube grows only to a limited length. Not a single in .tance of the entry of the pelion 
tube into the embryo sac has been noticed. Farth~ the syae~gids ~emain healthy 
during the early stages of embryogeny. This indicates that pollen tubes have not 
entered the embryo sac. On the basis of this cddence f~tilisaticn can be ~uled 
out. How~we", Artschwager and McGui~e (1949)in Sorghum vulgare and Browa 
and Emery (1957) in Bothriochloa ischaemum observed granular cytoplasmic stran& 
inside the mature embryo sacs and iatea'protod them as the ~emnants of the pollen 
tubes. In the present study, how~voL ao such structures w~re noticed in any of 
the larcparations. 

The endosperm an~ embryo develop autcnomously. The presence of germi- 
nating pollen grains on the stigmas associated with normal se~d set indicates that 
the stimulus of pollination is neccssar.*/for the development of embryo and endo- 
sperm. 

Tlxus the /'1 p~ogeny of the ~iprocaI  c~osscs b~twecn R473 and 302 exhibit 
apomi~ds of the nature of somatic apospory and is associated with self-incompati- 
bmty. 
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PROGENY TESTS ON APOMICTIC 

IN the first report on thc occurrence of npo~nixis in thc 
r.rghum line R473, R?o and N:lfiiy;cnal concluded 
t t a l  apomixis w*:s cntirely duc lo opospory. They 
nssumod t k ~ t  unrcducod embrjo sacs wore p roducd  
from nucellar cclls through mitosis. Recently, Murty 
rr nl.' obscrvcd that in R473, unrcduccd cmhryt) 
oacs m8.y arisc not onkj from agosirorj hut scrnietimes 
through direct and indirect diplos,?orj as well. The 
frequency of a.ch of these phenomcna is not known 
at present. The frequency of apomixis in ~ I I  organism 
resulting from asposporj and direct diplospory can be 
cstimatc?d through proget~y tests. Originally, progeny 
tests could not be perfornied hecause R473 would nor 
set seed when used as  the fem:~le. R473 is an Fr  
derivative of the cross (Aispuri . IS 2942). Murty 
rtul.%hserved that sonic sccd set could he ohtaincd 
on R473 when an F, (white seed ,., R473) is 
uscd as the male. The parental linc white seed is 
true breeding, its progenitor being a mulanl ohtained in 
C. I. Franzke's colchicino treatments. l n  the present 
study, it w..s observcd that plants in rhc F4 geileralloll 
of the F, of white seed R473 werc also efTective in 
inducing seed set on emasculated a1)ikl;let.; of R473. 

The female parent was drawn from the hulk pol~u- 
lation of R473 n~aintitined by sclfing through several 
generations since 1968. The pollcn parent was 
(WS x R473)-27, stcpplied hy K.F. Schertr of the 
US Department of Agriculture. Four single plantr 
of R473 werc emasculated one dly before anthesis and 
each was dusted with abundant ]lollen from four 
individual plants of (WS ., R473)-27. 

Thcre was varying seed set in thc dill'ercnl crosscs 
(10-30%) artd Ihc pn~gcnics disclosed cillicr h/brids 
or  matcrnals only or  varying pro1)ortions c j f  malcrnal 
and F, plants (Tahlc 1). Malcrnals could hc identl- 
fied from Ihe numhcr of days taken to flowcril~g, com- 
pactness of the panicle, awn length and plant height. 
R473 flowered later, had more compact panicle with 
shorter awns and was taller in stature than (WS 
X R473)-27. 

TABLE I 
Seed ~ c t  und frequency OJ maternals m drjierenr hund 

- pollinur~onr on R471 pknnn 
- -- -- - -- 

Cross Seed sct Maternalr 

-- - - -- .- (%) 
- - -- 

(%) 

1. R473 x 5-65' 20 9 100 

2. R473 x 5-67 30.5 0 

3. R473 , 5-79 18 5 17 

4 R473 * 5-00 10.9 50 

$h@a p b t s  of (WS x R473)-27. 

48, No. 23, 1041-IW? -- -- 

SORGHUM 8ICOI.OR (L.) MOENCH. 

1 . 1 ~ ~ .  1-4. E,lrhe;~(l\ l l , l rd  itriginal sizc) of 
R473: Fig. I .  (N'S R471) 27. 1.18, ? Maternal. 
Fig. 3. Hyhrld. FIR.  4. I 1i1ni progeny lost.; on 
R473. 

It waa ;ipp&ruiil 1 h 1  111~. inulur~~als ~csullod from 
apomixis. Unless R473 is 11ctc~tr~ygou~.  theje n~alernals 
could represent prodicts of 1101 0111) psuudogumous 
diplospory and apospury hut ilidirccl d~plospory us 
well. Thcsc malcrnals, however, do not rcprcsent 
producla of itccidental sclfing, slncc the hand crosses 
were made wilh utnlost uarc. Moroovcr, emasculated 
heads of R473 do not sct sccd unless there is an  
abundance trf sclf-pollen and even then, ncver more 
than about 12.5%. 

T t e  wide vcriation in thc frcquo:xy of maternal$ 
(0-,00%) in the progeny rest5 on R473 may indicate 
genetic differences betwoen thc female or male parents. 



Raccntl), Murty and Rao (unpublished) have obscrved 
diffcrereatisl b.haviour in two lines of R473: R473-1-2 
and R473-61. Tho former presented higher frcqucn- 
cies of multiple embryo sacs nnd ovules without 
pollen tubes following sibbing and gave no seed sat on 
crossing with n tester line MKS. The second linc, 
R473-6-1, on the nthcr hand, antailed some smd set 
on crossing with MKR. 

Ir is possible that thesc two litiss may diifur in the 
degrees of cxpression of apomixis. If such is tho casc, 
the variation in the frequency of maternals rcalised in 
progen) test$ on R473 is nlore likely to arise from the 
deviation in the genotype of the female parents. 
Attempts are in progress to perform progcny tects on 
the R473 variants as well. 

This report summarircr the preliminary findings of a 
National Research Project of the Indian Council of 
Agricultural Rmcarch. The authors are thankful to 
Drs. M. S. Swaminathan and H. K. Jain for their 
interest and oncouragemcnt. 

National Rercdrch Centre, U.  R. MURTY. 
IARI Regional Station, N.  G. P. R A ~ .  
Hydcrahad 500 030. 
Mu? 2, 1979. 
---- 
I .  Roo, N. C. P, and Narayana, L. L., Indian J .  

Genet., 1968, 28, 121. 
2. Murty, U. R., Schcrh. K. F. and Bashaw. E. C., 

Ibid., 1919, 39 (in prcrs). 
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MECHANISM OF CROSS STERILITY IN S O R G H U M 

U. R. MURTY and N. G. P. R A O 

National Research Centre for Sorghum, IARI Regional Station, Hyderabad-500 030 

T H E inability of certain varieties of maize to set seed under cross-pollination was 
designated as cross sterility (Demeric, 1929). In maize this cross sterility was 
governed by the gametophytic factor 'ga'. In Sorghum bicolor (L.) Moench, a 
grain sorghum line, R473 was reported to be apomictic and unable to set seed 
under cross pollination (Rao and Narayana, 1968; Rao & Murty, 1972; Murty 
& Rao, 1972). The behaviour of this line in so far as it doe? not set seed with 
other lines is more or less analogous to that of corn. In corn, the cross sterile 
lines set seed with at least some other lines but in sorghum, no other line has so 
far been found to set seed normally with R 473. 

In the first studies on apomixis by Rao and his colleagues, it was thought 
that neither self-nor cross pollen germinates and/or penetrates the stigmas and 
styles of R473. However, (Murty et al,, 1979) observed that under selfing 
pollen grains do germinate and enter the embryo sacs, although it is not clear 
whether they effected fertilization Under crossing, there is no information 
available on the post-pollination events. 

The phenomenon of cross sterility has hampered progress in studies of 
apomixis in sorghum. Simple progeny tests on R473 could not be made because 
of the existence of this interfering cross sterility. In addition, the evidences 
supporting apomixis were looked upon with some amount of skepticism and 
have prompted some very inconclusive studies (Marshall and Downes, 1977). 
An understanding of the mechanism of cross-sterility should be helpful in future 
investigations of apomixis in sorghum. The present study was undertaken to 
find out the post pollination reproductive events under cross pollination in R473. 

MATERIALS AND METHODS 

The following lines of sorghum were used in the present study; 1. R-473 (Bulk); 2. R-473-6-1; 
3. R-473-1-2; 4. R-473-1-2-7; 5. R-473-1-2-9; 6. Kafir A, and 7. Kafir B. Spikelets were 
emasculated one day prior to anthesis and were sibbed or crossed at the time of anthesis. The following 
materials were employed in making a cytological study of the post pollination reproductive events: 

1. R-473 (Bulk) — Cross pollinated spikelets, at 2-hour intervals upto 24 hours and then 
1, 2, 3 and 4 days after cross-pollination and 2 hours after sibbing. 

2. R-473-6-1 —2 hours after sibbing 
3. R-473-1-2 —2 hours after sibbing 
4. R-473-1-2-7 —2 hours after cross pollination 
5. R-473-1-2-9 —2 hours after sibbing 
6. Kafir A —2 hours after crossing by Kafir B. 
Seeds of R-473-1-2 and R-473-6-1 were generously supplied by J . R. Quinby. In studying the 

reproductive events, whole embryo sacs were examined in acetocarmine squashes. Details of the 
technique are given in Murty et al- (1979). 
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November, 1980] Cross sterility in sorghum 563 

RESULTS 

In all the materials examined after sibbing, pollen tubes were found to 
have entered the embryo sac. This entry of the pollen tube was facilitated by the 
degeneration of one of the synergids. In all the embryo sacs, the entry of the 
pollen tube was always through this degenerating synergid. The pollen tube 
lost its identity after its entry into the synergid. Under the light microscope, 
it appeared that the degenerating synergid has ruptured towards the inside and 
discharged its contents into the embryo sac cytoplasm (Fig. A). Male nuclei 
were seen with difficulty as granular dots. In the sexual material, one 

FIG. A. Embiyo sac in Kafir B, 2 hrs after self pollination. The pollen tube has entered the sac through 
the degenerating synergid. X 700. 

FIG. B Embryo sac m R-473, 4 hrs after cro^s pollination, pollen tube penetrating the sac by growing 
around the egg X700 
(P, polar nuclei; E, egg, D.syn, degenerated synergid, In syn, intact synergid; PT, pollen 
tube). 

male nucleus was obseived near the egg and the other near the polar nuclei. 
Also, in the sexual material, entry of the pollen tube and degeneration of the 
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synergid were 100%. In the R-473 lines, however, the results were different. 
Pollen tubes could be seen only in some of the ovules. In addition, these lines 
exhibited a varying frequency of multiple embryo sacs. The frequency of multi
ple sacs and of ovules without pollen tubes were more in R-473-1-2 than in 
R-473-6-1 (Table 1). 

TABLE 1 

Results of the embryo sac squash study on cross sterile sorghum after sibbing 

Ovules Ovules Ovules Ovules 
with with with without 

Line single more pollen pollen Total 
sac than tubes tubes 

one sac 

1. R-473-1-2 15 
(71.66)* 

2. R-473-6-1 20 
(92.31) 

3. R-473 (bulk) 29 
(87.88) 

4. R-473-1-2-9 14 
(51.85) 

*Percentages given in parentheses. 

Cross pollination: Under cross pollination there appeared to be an inhi
bition of pollen tube growth, because pollen tubes did not reach the embryo sac 
as under sibbing. In R-473 (bulk), out of 16 ovules examined at 2 hours, there 
were no pollen tubes. After 4 hours, pollen tubes were seen in 4 out of 28 
ovules examined. In R-473-1-2-7 at 2 hours out of 34 ovules squashed, pollen 
tubes could be seen only in 2 ovules. The rest were devoid of pollen tubes. In 
contrast to self-pollination there was no degeneration of the synergids. In the 
few ovules where a pollen tube was seen, it was observed that the pollen tube 
has tried to penetrate the embryo sac wherever it could by growing all around 
the sac (Fig. B). The pollen tube was never seen to enter the embryo sac 
through the synergid. In a few cases, where it has entered the sac near the 
synergids, it has penetrated across or in between the cells of the egg apparatus. 

In a few cases, development of endosperm could be seen. In such cases, 
a male nucleus was seen to persist near the egg for as long as 20 hours. An 
extremely rare development of the embryo is seen 2-3 days after pollination. In 
250 ovules examined, 2 days after cross-pollination, 8-37% had both embryo 
and endosperm and 13-15% had only endosperm. Development did not pro
ceed any further from the 3rd day onwards. Degeneration of the endosperm 
started at this time. Degeneration of the embryo preceded that of the 

6 16 5 21 
(28.56) (76.19) (23.81) 

1 20 1 21 
(7.69) (80.77) (19.23) 
4 14 19 33 

(12.12) (42.42) (57.58) 
13 6 21 27 
(48.15) (22.22) (77.78) 
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endosperm and degeneration was almost complete by the 4th day. The effect 
of self and cross-pollination on embryo and endosperm formation in R-473 bulk 
are given in Table 2. 

TABLE 2 

Embryo and endosperm formation following self and cross pollination in .R-473 (bulk) 

Stage Embryo and Endosperm Neither 
Endosperm only 

Atanthesis — — 100.00 

1 day after self pollination 93.02 — 6.98 

2 days after self pollination 100.00 — — 

1 day after cross-pollination 12.16 36.48 51.35 

2 days after cross-pollination 8.37 13.15 78.49 

DISCUSSION 

The non-functioning of self-pollen in fertilization and. its functional 
normalcy on alien stigmas had led (Rao and Narayana, 1968) to the conclusion 
that R-473 is self-incompatible. However, in self-incompatible organisms, 
cross-pollination alone results in seed set while in R-473, the situation is reverse. 
Seed set is obtained only under selfing although fertilization may be absent. 
The phenomenon in R-473 is, therefore, better designated as cross sterility. 

It is apparent from the present study that the cytological mechanism of 
cross sterility in Sorghum has 3 aspects : 1. an inhibition of the pollen tube growth 
somewhat similar to that in corn (House and Nelson, 1957) 2. a mechanical 
obstruction for the entry of the pollen tube brought about by the nondegeneration 
of one of the synergids under cross pollination and 3. as yet unknown phy
siological processes. The existence of some physiological factors is suspected 
since in spite of the first two inhibitions, a few eggs get fertilized but then, no seed 
is formed and embryo and endosperm degenerate. 

The study of the mechanism of cross sterility in R-473 is of significance in 
the general field of pollination and fertilization in plants. Although several 
people agree that there exists an intensive metabolic interaction between the 
growing pollen tube and the conductive tissue of the style, the precise sequence 
of events leading to fertilisation is not clear. Cass and Jensen (1970) concluded 
that after pollination some stimulation precedes the pollen tube tip travelling at 
a much faster rate than the pollen tubes and conveys a message to one of the 
synergids, that responds by beginning to degenerate. 
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The differential effect of self-and cross-pollination in cross sterile sorghum 
has brought about this relation very clearly. Degeneration of one of the syner-
gids after pollination but before fertilization was recorded in sorghum (Vazaart, 
1955; Murty et al, 1979) and several other plants (Cass & Jensen 1970; Mogensen, 
1978). Cross-pollination did not bring about such a degeneration with the result 
that pollen is unable to enter the embryo sac. Although there is an inhibition 
of the pollen tubes under crossing, in a few cases, they have tried to reach and 
penetrate the embryo sac. This observation shows that the factors controlling 
the growth of the pollen tube are probably independent of those controlling the 
events leading to fertilisation in cross sterile sorghum. This differential effect 
of self and cross pollen seems to be the first of its kind so far reported in plants 
although other differential effects in protein metabolism were noted earlier, 
presumably, in Petunia hybrida (Deuremberg, 1976). A difference in protein 
metabolism, detected after self-and cross-pollination, indicated that a signal 
has to be sent from the stigma or style towards the ovary which induces the 
changes in metabolic activity. Obviously, the signal must be different for cross 
and self pollination. In R473, probably the response to receive the signal is 
lost through mutation. 

The evolution of cross sterility in sorghum is of significance to plant 
breeders interested in exploiting apomixis for fixing heterozygosity. If cross 
sterility has originated before apomixis, the apomictic line R473 may no longer be 
apomictic in the absence of cross sterility. 

SUMMARY 

Growth of the pollen tube and its entry into the embryo sac were examined 
in normal and cross sterile Sorghum bicolor (L.) Moench. In normal sorghum, 
pollen tubes reached the embryo sacs by 2 hrs after pollination. One of the 
synergids of the embryo sac degenerated before the entry of the pollen tube but 
after pollination. Entry of the pollen tube into the embryo sac was always 
through the degenerating synergid. In cross sterile sorghum, growth of the 
pollen tube was nearly normal following self-pollination. However, pollen tube 
growth was arrested when foreign pollen was used. Very few pollen tubes 
reached the embryo sac 4 hrs after cross pollination. The synergids were normal 
and the pollen tubes could not enter the embryo sacs. In a few cases where they 
entered the sac, it was not through the synergid. Pollen tubes travelled all over 
the sac and some of them could enter the sac through the embryo sac wall. 
Cross sterility in sorghum was brought about by an arresting of the pollen tubes 
and a mechanical inhibition to fertilization manifested through failure of 
degeneration of one of the synergids. 
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APOMIXIS IN GRAIN SORGHUMS: ANALYSIS OF SEED SET AND 

EFFECTS OF SELECTION 

B. S. RANA, C . S. REDDY, V. JAYA MOHAN RAO AND N . G . P. R A O 

National Research Centre for Sorghum, lARI, Regional Station, Rajendranagar, 
Hyderabad-5QQ 030, India 

INSPITE of several reports on the occurrence of apomixis and cross-sterility in grain 
sorghums (Rao and Narayana, 1968; Rao, Narayana and Narasa Reddy, 1978; 
Murty, Schertz and Bashaw, 1979; Murty and Rao, 1980), our understanding of 
the phenomenon is far from complete before it could be exploited in breeding 
programmes. The precise nature and extent of apomixis in these sorghums is 
also not known and is under detailed study. 

The present investigation summarizing the results of seed set behaviour of 
'R473' and '302' over several generations provides some evidence on plant to 
plan variation, the effects of selection and the role of nuclear and cytoplasmic 
factors in the development of seed. 

MATERIALS AND METHODS 

Two sorghum lines, 'R 473' and '302' were selected for the present study. 'R 473' was derived in 
advanced generations from a cross of 'IS 2942', a yellow endosperm kafir line, and an Indian local variety, 
Aispuri. Line'302'was derivedfrom the cross of 'IS 3922' X ^Karad L,oca.\'. The purity of these lines was 
maintained through selfing. 

Gross-fertility was determined in terms of seed- set by pollinating the emasculated heads with 
different lines. Forty-eight crosses comprising 31 single crosses, 9 back-crosses and 8 three-way crosses 
were attempted in '302' as female during winter 1971 and summer 1972. One to four heads were emas
culated per cross. Some of the crosses, where seed was obtained, were further advanced. 

Seed set was also examined in unpollinated emasculated heads of these crosses. Subsequently, 
seeds developed on unpollinated emasculated heads were planted and seed set was again examined and this 
process was repeated for several generations. Progenies of the families where some autonomous seed set 
was obtained were also maintained subsequently through selfing. 

Seed set in 'R 473' and '302' in relation to pollination time was examined in summer ]977 and in 
1978. 'R473' and '302' were used as female parents as well as pollinators. A normal sexual line, '168' 
_(GSV-5) was also used as pollinator. Pollinations were done at anthesis time between 7 AM to 8.30 AM, 
immediately after emasculation (0 hr) and after 24 hrs. Each head was pollinated with ample pollen. 
Emasculated spikelets ranged from 250-800 per head. Total number of emasculated spikelets and seed 
set were counted to determine the percentage seed set. 

RESULTS 

Plant to plant differences for seed set were obcerved in 'R 473' ; 54-6% of 
the plants did not set seed at all in crosses (Table 1). In summer 1978, the 
average seed set was 0 -5% and 8-8% when emasculated heads of 'R 473' 
were pollinated with '302' pollen at 0 hr and 24 hr, respectively. Seedo btained 
in crosses o f ' R 4 / 3 ' with '302' were grown in field in the subsequent season and 
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found to be genuine hybrids and no maternals were observed. Further studies 
of Fa's and back crosses showed clear segregation for morphological characters. 

The behaviour of '302' for seed set in single crosses, back crosses and three-
way crosses was examined during winter 1971 and summer 1972. The average 
seed set in emasculated heads was low with all pollinators; 2 -9% in single crosses, 
4 - 1 % in back crosses and 5 - 3 % in three-way crosses. Gross sterility was very 
high in '302', since there was no seed set in 60% of the plants in single crosses, 
45 • 5% in back crosses and 32 • 5% in three way crosses. Over all, 56% of '302' 
plants were cross-sterile. By summer 1977, the fertility status of '302' in crosses 
had been improved and the average seed set in emasculated heads of '302' 
was 34% with pollen from 'R 473' and 37-5% with '168'. During summer 1978, 
the frequency of cross fertile plants in '302' was quite high since 91 - 9 % plants 
set seed with 'R 473' pollen though the average seed set was 1 1 % , when 
pollinated after 24 hr. (Table 1). 

TABLE 1 

Seed set in crosses oj 'R 473' and '302' {Summer, 1978) 

Female 
Parent 

R 4 7 3 

302 

Type of cross 

Pollinator 
Parent 

302 

R 4 7 3 

Polli
nation 

time 
(hr) 

0 
24 
0 

24 

No. of 
heads 
emas

culated 

16 
28 
12 
37 

Heads 
with 
seed 

s e t ( % ) 

18-8 
46-4 

0-0 
91-9 

Average 
seed 
set 

(%) 

0-5 
8-8 
0-0 

I M 

When F, (R 473 X 302) was pollinated either by 'R 473' or '302', the 
average seed set was 4 - 1 % and 4-6%, respectively, whereas in the reciprocal 
cross, 302 X R 473, the seed set was 13-6% with 'R 473' pollen. When back 
cross, '302 (302 X R 473)' was used as female, seed set was quite high with both 
'R 473' (62-2%) and '302' pollen (21-0%). 

Some progenies selected from crosses of '302 X Swarna', '302 X IS 11167' 
and '887 x 826' showed some seed set in emasculated, unpollinated heads 
(Table 2). Several heads were emasculated but few unpollinated heads spon
taneously produced seed. Frequency of such seed was 1-9 per head in early 
years. I t increased upto 12 seeds per head in EMS (emasculated unpollinated 
heads) progenies, 57-5 seeds in selfed progenies of '302 X Swarna' and 16-3 
seeds per head in '302 X IS 11167'. Progenies of '887 X 826' which showed 
autonomous seed set in earlier generations split into sterile and fertile progenies 
later. Averaged over all the families, different crosses showed an increase in 
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TABLE 2 

Seed set in emasculated heads without pollination {EMS) 

Parent/Gross 

302 
Swarna 
302 X Swarna Fi 
302 X Swarna F, -

302 X Swarna F3-
302 X Swarna F^-

-7 

-8 
-9 

302 EMS X Swarna 
302 X IS 11167 
877 X 826 

Total 
No. of seed/head 

Rabi 
1973 

t t - i « 
0 ^ 

Z-c 

2 
— 

5 
4 

8 
3 
1 

— 
— 

23 

'^ m 0-S w 
0 V ^ 
^ -

3 
— 
18 

7 

35 
13 
9 

— 
— 

85 
3-69 

Summer 
1974 

t+H * 

0 ^ 

0 S 
^ ^ 

5 
5 

4 
3 

— 
— 
— 

17 

' " en 
0 - a •!-> 

0 u " 
g a, 

— 
15 
6 

18 
3 

— 
— 
— 

42 
2-47 

Kharif 
1974 

'" %, 

0 S 
^x, 

2 
7p 
7p 

— 
— 

1 
2 
3 

22 

^ 0 Ti 4j 
. 1) <U 

0 0 w 
^ -

2 
22 
86 

— 
— 
4 

15 
154 

283 
12-86 

Summer 
; 

^ * 0 JS 

0 g 
^ ^ 

1 
5 
2p 

— 
— 
11 
St 
F 
19 

1974 

t*-i rs 

0 XJ -M 
n (D w 

^ "̂  

— 
9 

60 
115 
— 
— 
—-

179 
— 

363 
19-11 

*Only where seed set was obtained; p=Selfed progeny; st = Sterile; F =Fertile. 

autonomous seed set in unpollinated emasculated and selfed progenies after 
repetitive process of selection. 

DISCUSSION 

The two sorghum lines 'R 473' and '302' derived through hybridization and 
selection in exotic and Indian crosses have been observed to exhibit apomictic 
mode of reproduction (Rao and Narayana, 1968; Rao, Narayana and Narasa 
Reddy, 1978). Murty, Schertz and Bashaw (1979) confirmed the presence of 
multiple embryo sacs in 'R 473' and showed its potential for apomictic reprodu
ction. They also observed that some seed set could be obtained on 'R 473' when 
Fi (white seed X R 473) was the male, and concluded that 'R 473' functions 
as a facultative apomict. More recently, Murty and Rao (1979) reported the 
occurrence of varying seed set (10-30%) in different crosses of 'R 473' with some 
segregants from an advanced generation of the cross 'White seed X R 473'. 

The results of the present investigation summarizing the seed set behaviour 
of 'R 473' over several generations indicate that a change in fertility status of 
'R 473' might have occurred since its origin. The results of the other investigators, 
where there was no seed set (Rao and Narayana, 1968; Murty and Rao, 1972; 
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Rao and Murty, 1972) in earlier generations o f ' R 473' in crosses leading to some 
seed set in crosses with alien pollen (Murty, Schertz and Bashaw, 1979; Murty 
and Rao, 1979) lends support to such an hypothesis of change in the fertility 
status of 'R 473'. Also, the present study reveals that plant to plant differences 
for seed set exist in 'R 473' populations, since 55% of plants did not set seed at 
all in crosses. Murty and Rao (1979) also have observed differential behaviour 
of 'R 473' for seed set, one line with no seed set in crossing with a tester line 
'MK 8' and the other with some seed on crossing with it. Establishment of 
'R 473' from F4 segregants consequent on continued selling and selection (Rao 
and Narayana, 1968) brings out the role of selection in maintaining the frequency 
of apomixis. Since 'R 473' is being selected for better seed set under selfing, it is 
expected that 'R 473' has undergone certain changes in fertility status, but this 
shift has been considerably low. Hence there is possibility for the existence of 
different strains of 'R 473', some cross sterile obligate apomictic and others with 
varying degrees of facultative apomixis. A conscious selection for no seed set 
after cross pollination or sibbing would help to isolate obligate strains from 
facultative forms. 

Seed set behaviour of '302' in earlier generations appeared to be analogous 
to 'R 473', since seed set in 56% plants of '302' was absent and rest of the plants 
showed very low seed set during the years 1971 and 1972- Cross fertility status 
of'302' subsequently changed after five years of continued selection for high yield 
(two generations per year) under selfing. Continuous fixation of high yielding 
genes isolated by inbreeding appears to be the primary reason for increasing 
fertility in '302'. 

Some of the recessive genes in heterozygous form survive in low frequency in 
populations inspite of the fact that selection operates against them (Jain and 
Suneson, 1964; Ross and Shaw, 1971). It is particularly true in pedigree breed
ing where within-head pollination could not be ruled out during the process of 
selfing. Since sexual forms are dominant over apomixis (Stebbins, 1950; Bashaw, 
1952; Harlan et al., 1964; Taliaferro and Bashaw, 1966), variability for 
obligate and facultative and other unperceptible charactexs continues in popu
lations until rigorous selection operates. Variation in the enzyme, malate 
dehydrogenase, locus ( M d h 1) reported by Marshal and D o w n ^ (1977) in 
'R 473' may, therefore, be due to incipient variation maintained in bulk 
population due to some degree of sexuality rather than non-apomictic nature of 
'R 473'. Segregation in facultative forms of 'R 473' will be a natural pheno
menon since sexual florets set the seed in outcrossing. I t does not rule out the 
presence of high frequency of obligate apomixis in 'R 473'. 

Low seed set in 'R 473' when used as female irrespective of pollinator and 
time of pollination, in addition to the highly significant reciprocal differences 
between 'R 473 X 302' and '302 X R 473' crosses clearly indicate that 'R 473' 
cytoplasm reduces (—) cross fertility and '302' cytoplasm promotes ( + ) 
fertility. The variety '302' when used as pollen parent reduces (—) fertility, in 
single, back and double backcrosses as compared to other pollinators in both 
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cytoplasms. Hence, '302' carries fertility reducer (—) nuclear genes. 'R 473' 
as pollinator has shown relatively higher seed set in its own cytoplasm as well as 
in '302' cytoplasm. 'R 473' pollen, hence carries seed promoter ( + ) genes. 
Based on these findings, cross fertility is explained in Table 3. 

TABLE 3 

Cytoplasmic ejjects on seed set 

Female 
cytoplasm 

Female parent Effect 
Pollen parent 

R473 
( + ) 

302 

R473 

302 

R473 

302 + 

— + 
( 3 -0 ) * 
+ + 

(34-3) 

(2-2) 
+ — 

(27-0) 

R473 

302 

R 473 X 302 

302 X R 473 + 
(4-1) 
+ + 

(13-6) 

(4-6) 

(NA) 

302 302 (302 X R 473) + + + 
(62-2) 

+ — 
(21-0) 

*Parenthetic numbers indicate observed seed set percentage. 
NA =Data not available. 

The effect of 'R 473' cytoplasm is much stronger than '302' nuclear genes in 
reducing the cross fertility. Due to the cytoplasmically controlled cross fertility in 
'R 473', the changes due to selection under selfing are very low as compared to 
'302', where manipulation of nuclear genes has been fast and selection for higher 
yield under selfing has increased the fertility promoter genes. 

Examination of seed set under emasculation only indicated that certain 
amounts of autonomous seed set is also feasible although continued selection did 
not bring about higher levels of seed set without pollination. Whether this seed 
is entirely due to autonomous development of embryo sacs, whether such embryo 
sacs are unreduced or reduced could not be said with certainity at tliis moment. 

SUMMARY 

Seed set pattern in reciprocal crosses in two apomictic grain sorghum 
lines, 'R 473' and '302', was investigated. The seed set in 'R 473' was very limited 
in crosses. Plant to plant variation for seed set in crosses is present in 'R 473' 
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indicating possibility for existence of different strains, some cross sterile obligate 
apomictic and others with varying degrees of facultadve apomixis. 

'R 473' carries the fertility reducer (—) cytoplasm and fertility promoter 
( + ) nuclear genes, whereas '302' carries fertility promoter ( + ) cytoplasm and 
fertility reducer (—) nuclear genes. Therefore, 'R 473' as pollinator results in 
higher seed set in '302' cytoplasm while seed set in 'R 473 X 302' is the least. 

'302' was also cross-sterile like 'R 473', but after several generations of 
selling and selection for better yield (seed set), the cross fertility status of '302' 
has considerably improved. Changes in cross fertility status of 'R 473' even after 
several generations of selfing is low probably due to its cytoplasmic control. 
There is evidence of some seed set under emasculation without pollination. 
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C h r o m o s o m a l  studies o f  cross-sterile and cross-fertile sorghum,  Sorghum bicolor (L.) 

M o e n c h  

P. B. Kirti, U. R. Murty & N. G. P. Rao 
National Research Centre for Sorghum, IARI-Regional Station, Rajendranagar, Hyderabad 500 030 India 

Abstract 

Chromosome pairing and meiosis were studied in cross-fertile and cross-sterile sorghum lines and F~ 
hybrids between one cross-sterile and several fertile lines. The cross-fertile parents exhibited regular meiosis, 
but the cross-sterile ones and the hybrids had abnomalities indicative of non-homologies, deficiencies and /or  
duplications. The significance of the chromosomal differentiation in cross-sterile sorghums in relation to the 
origin of cross-sterility and apomixis was discussed. 

Introduction 

Cross-sterility, the inability to set seed under 
cross pollination was reported first in maize (De- 
merec, 1929) and more recently in a sorghum line, 
R-473 (Murty & Rao, 1980). In maize, cross-sterili- 
ty is controlled by several alleles of a gametophytic 
factor designated as ga (Ashman, 1975) and is 
brought about by a slowing down of the growth of 
the pollen tubes (House & Nelson, 1958). In R-473, 
under selfing, pollen tubes grow more or less nor- 
mally; one of the synergids degenerates and pollen 
tubes enter the embryosac. Under cross pollination, 
growth of the pollen tubes is arrested; synergids 
remain intact so that pollen tubes cannot enter the 
embryosacs (Murty & Rao, 1980). 

The cross-sterile line R-473 is a facultative apo- 
mict (Rao & Narayana, 1968; Rao & Murty, 1972; 
Murty & Rao, 1972 and Murty et aL, 1979a). Seed 
set under self pollination is 100%. But under cross 
pollination, with any other sorghum line, there will 
be practically no seed set. Only in some backcrosses 
a little seed set could be obtained. This seed results 
partly from apomixis, partly from sexual reproduc- 
tion (Murty & Rao, 1979b). In advanced progenies, 
different types of individuals could be isolated; the 

chief types are normal sexual types, cross-sterile 
sexual types and cross-sterile facultative apomicts 
(Murty et al., 1980). The line 102 is a cross-sterile 
line, but it does not have apomixis. Thus cross-ste- 
rility and apomixis are independent. Cross-sterile 
individuals have been isolated, but so far no cross- 
fertile apomictic individuals. 

The present study was undertaken to find out if 
chromosomal differences exist between cross-fer- 
tile and cross-sterile lines. 

Material and methods 

The material for the study comprised three pure 
lines, R-473 (cross-sterile), White seed (normal) 
and 102 (a cross-sterile, true-breeding segregate 
from the cross White Seed X R-473) and 4 F m hy- 
brids viz., White Seed X R-473; IS-84 X R-473; 
Kafir B X R-473 and Kafir B X Aispuri. All parents 
of these hybrids except R-473 are normal sorghum 
lines. The cross-sterile line 102 represents the F 6. It 
traces to a cross-sterile F 2 progeny in which cross- 
sterile plants were selected from F 2 to F~. From F 5 
on all the progeny individuals were found to be 
completely cross-sterile and breeding true. 

Genetica 59,229-232 (1982). 0016-6707/82/0593-0229/$0.80. 
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Standard  propionic-carmine staining was used 
for cytological preparations. Data  on pachytene 
chromosomes  were obtained from camera-lucida 
drawings and photomicrographs  of  known magni-  
fication. 

Results 

Pachytene chromosomes  

Parents 

The morphology  of  the pachytene chromosomes  
of  R-473 and White Seed conformed to that de- 
scribed in earlier reports. They were of  the differen- 
tiated type as described by Garber  (1950), Magoon  
& Shambhul ingappa  (1961) and Reddy (1963). 
Chromosomes  could be identified on the basis of  
their total  length, a rm ratios and the extent of  hete- 
rochromat ic  segments flanking the centromere 
(Table 1). The nucleolus-organizing chromosome 
was the longest of  the complement.  It had an almost 
median centromere. The nucleolus-organizing re- 
gion was located in the short arm near the centro- 
mere. Chromosomes  of  R-473 appeared to be 
slightly shorter  than those of  White Seed. C h r o m o -  

somes 1,2, 6 and 7 could be identified very easily; 
ch romosome  1 was the nucleolus organizer; chro-  
mosomes 2, 6 and 7 were asymmetr ic  and ch romo-  
some 6 in particular had a short  arm largely hete- 
rochromatic .  The chromomer ic  pattern described 
by Reddy (1963) could not be observed consistently 
in the material used in the present study, but the 
a rm ratios and general length pattern were almost  
identical to those reported by Reddy (1963). 

C h r o m o s o m e  pairing was normal  in White Seed, 
but in R-473 unpaired regions were observed. The 
number  of  such unpaired regions varied f rom 0 to 2 
per P M C  and 0 to I per bivalent. Similar unpaired 
regions were also encountered in the cross sterile 
line 102. 

F l hybrids 
Except for the F~ Kafir B X Aispuri pachytene 

pairing was less regular than in the parents. They 
exhibited unpaired regions and also presented evi- 
dence for the occurrence of  duplications a n d / o r  
deletions. Heteromorphic  bivalents were occasion- 
ally observed. The length differences observed in 
the parents seemed to be more or less adjusted in 
Fjs except for a few chromosomes.  The members of  
a bivalent generally had similar morphology  with 

Table 1. Data on pachytene chromosomes in R-473 and White Seed (WS). 

Chromosome Line Total length (/~m) Length (~m) 
No. Short arm 

1 R-473 60.4 26,7 
WS 69.3 33.4 

2 R-473 49.7 16.4 
WS 55.7 19.2 

3 R-473 47.7 20.4 
WS 53.0 24.4 

4 R-473 39.0 17.0 
WS 41.3 18.2 

5 R-473 36.7 16.4 
WS 37.3 15.2 

6 R-473 33.0 9.4 
WS 35.4 9.5 

7 R-473 30~7 10.7 
WS 31.3 12.1 

8 R-473 27.0 11.4 
WS 30.2 12.5 

9 R-473 25.7 11.7 
WS 27.6 11.5 

10 R-473 23.7 10.3 
WS 24.2 10.2 

of 
Long arm 

30.7 
35.0 
33.0 
35.4 
25.4 
29.0 
20.3 
22.6 
19.4 
19.9 
22.3 
24.7 
19.0 
17.8 
14.7 
16.8 
13.4 
15.4 
12.0 
12.9 

Arm ratio (SA/LA) 

0.89 
0.95 
0.47 
0.54 
0.80 
0.84 
0.84 
0.80 
0.84 
0.76 
0.42 
0.39 
0,56 
0.67 
0.77 
0.74 
0.87 
0.75 
0.86 
0.79 

SA = Short arm; LA = Long arm 



respect to arm ratios and the extent of heterochro- 
matin. 

Unpaired regions. Unpaired chromosome segments 
were observed in all the hybrids except Kafir B X 
Aispuri. Number and length of unpaired regions 
exceeded those in R-473 and 102. In several cases 
the unpaired regions were confined to the hetero- 
chromatic segments, for instance in the nucleolus- 
organizing bivalent in the F~ Kafir B × R-473. 

Duplications and/or deletions. There was evidence 
for the existence of microscopically detectable dele- 
tions and/or  duplications in the hybrids, White 
Seed X R-473 and IS-84 X R-473. In both of them 
the abnormality was detected in the heterochromat- 
ie regions only. In the case of White Seed X R-473, 
it occurred in one of the shorter chromosomes in 
the short arm in the heterochromatic block near the 

• / .  

centromere (Fig. 1). A slmdar small extra block of 
heterochromatin was observed in the hybrid IS-84 
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X R-473. This region was located in the short-arm 
heterochromatic block of the nucleolar bivalent 
and remained unpaired. In the case of hybrids, 
White Seed X R-473, IS-84 X R-473 and Kafir B X 
Aispuri, several hundred nuclei have been analysed. 
The abnormality could be detected wherever the 
chromosomes could be traced clearly. In the FI 
hybrid Kafir B X R-473, although unpaired regions 
could be detected, this particular type of extra 
chromatin could not be located. 

No such abnormalities could be detected in the 
hybrid, Kafir B X Aispuri. 

Heteromorphic bivalents. H eteromorphic bivalents 
were observed in the Fj White Seed X R-473. The 
short arm of one of the two chromosomes forming 
this bivalent was clearly smaller than that of its 
partner (Fig. 1). 

Post-pachytene stages 

Despite the presence of nonhomologies, chiasma 
frequencies were not affected. The number of half 
chiasmata at MI was more or less similar in all the 
parents and hybrids and ranged from 1.8 to 1.9 per 
bivalent. 

Figs. 1-2. Photomicrograph ( 1 ) and explanatory diagram (2) of 
pachytene in the hybrid White Seed X R-473, showing duplica- 
tion/deletion (arrow) and a heteromorphic bivalent (double 
arrow). 

Discussion 

Of three lines in which pachytene chromosomes 
were studied, R-473 and 102 were cross-sterile 
and exhibited unpaired regions; White Seed had 
perfect chromosome pairing and was cross-fertile. 
Chromosome 'nonhomologies'  therefore seem to 
be associated with cross-sterility. The cross-sterile 
line R-473 does not set seed normally under cross 
pollination. Occasionally some of its progeny lines 
give some seed set. It appears that in R-473 the 
cross-sterile character is accompanied or perhaps 
even caused by chromosomal imbalances. Occa- 
sionally this sterility may be rectified during sexual 
reproduction, resulting in the derivation of partial- 
ly cross-fertile segregates• 

The F~ hybrids involving R-473 and normal lines 
clearly point to chromosomal differences between 
normal lines and R-473. Chromosomal differences 
generally result in sterility but in this case perhaps, 
the differences may be too small to result in total 
sterility, and only result in cross-sterility. These 
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differences presumably are of the nature of minute 
deletions. The control F l (Kafir B >(Aispuri) had 
normal chromosomal pairing. 

Sexual reproduction in higher plants is a deli- 
cately balanced mechanism starting with the devel- 
opment of gametes and including the production of 
mature embryos (Mascarenhas, 1975). One princi- 
pal effect of pollination is usually the degeneration 
of one of the synergids. This process has led several 
investigators to suggest that a stimulus passes from 
the pollen and initiates changes in the embryo sac. 
A difference in protein metabolism has been noted 
between unpollinated, cross-pollinated and self- 
pollinated lines of Petunia(Deurenberg,  1976). Ev- 
en RNA (Tupy et al., 1974) seems to be involved as 
well as phytohormones (Jensen et al., 1977). These 
reports indicate some genetically controlled bio- 
chemical reactions that result in normal fertiliza- 
tion and triple fusion. The probable loss of some 
genetic material in R-473 presumably through dele- 
tions may have disturbed the course of the normal 
reproductive events. This disturbance is evident on- 
ly under cross pollination, because under selfing 
there is normal seed set. 

While the above hypothesis on cross-sterility in 
R-473 is purely tentative at present, a thorough 
knowledge of this phenomenon should have great 
practical possibilities. This is because R-473 is a 
facultative apomict in which the origin of cross-ste- 
rility seems to have preceded the origin ofapomixis 
(Murty & Rao, 1980). It may, therefore, be possible 
to obtain obligate apomixis in R-473 through cy- 
togenetic breeding manipulations. 
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Apomixis results in and can be used for the

fixation of heterozygosity and consequently heter

osis. This possibility was discussed as early as the

thirties by Navaschin and Karpechenko (cf Solent-

zeva 1978). Nearly 50 years have passed and

during this period, the various attempts of breed

ers have resulted in some progress, most notable

among them being the manipulation of obligate

apomixis in the breeding of Buffel grass, Cen-

chrus ciliaris (Taliaferro and Bashaw 1966). Less

spectacular achievements are those involving its

application in citrus, berries, guayule, and numer

ous perennial forage grasses. Apomixis has been

reported in grain sorghum and pearl millet and is

believed to be present in several other important

crops (Rao and Narayana 1968; Hanna et al. 1970;

Bashaw 1980).

Among the cereals, the maximum amount of

information has been obtained in sorghum.

However, research work on apomixis in sorghum

was hampered for a number of reasons. Most

workers are either professional geneticists or

breeders, who are handicapped by lack of a 

thorough knowledge of embryology, or orthodox

embryologists, who have no knowledge of gene

tics. The support for apomixis research is also

being received in the form of temporary and

short-term grants. In addition, the phenomenon of

apomixis in sorghum is the most complicated so

far encountered in any flowering plant. All these

reasons together with an inadequate understand

ing of the phenomenon (Rana et al. 1981; Narasa

Reddy 1979) have resulted in limited success.

However, a few devoted attempts made in recent

1. Indian Agricultural Research Institute, Rajendranagar,
Hyderabad, India.

2. ICRISAT, Ahmadu Bello University, Samaru-Zaria,
Nigeria.

International Crops Research Institute for the Semi-Arid Tropics.
Symposium on Sorghum, 2-7 Nov 81. Patancheru, A.P., India.

years have produced a reasonably clear picture of
the phenomenon and the procedures to be
followed in this field of study (Murty et al. 1979;
Murty and Rao 1979; Murty et al. 1981a). An
account of the problems inherent in this field, the
progress made so far, the program that can be
profitably followed in the future, and the pros
pects accompanying such research are dealt with
in this paper.

The Problems

The chief problems encountered in apomixis work

are: (1) the confusion regarding the wide variety

of terminology used in reference to this phenome

non; (2) the difficulties in the estimation of its

frequency; (3) the low frequency with which it

occurs in several sorghum lines; (4) the delicate

balance between sexuality and apomixis influ

enced by the environment; and (5) the difficulties

encountered in maintaining genetic stocks.

1, The Terminology

The term apomixis means only the production of
offspring without the fusion of the male and
female gametes. This phenomenon can occur in
several ways, not all of which are useful as far as
fixation of heterozygosity is concerned.

The theoretical details of such processes are
discussed in a number of reviews (Gustafsson
1946, 1947 a and b; Fagerlind 1940; Maheshwari
1950; Stebbins 1950; Nygren 1954; Battaglia
1963; Khokhlov 1976; Asker 1980). There are two
processes needed for fixation of heterozygosity:

(a) production of unreduced female gametes and

(b) development of such gametes into viable
embryos.

1982. Sorghum in the Eighties: Proceedings of the International
Patancheru, A.P. India: ICRISAT.
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Production of Unreduced Female Gametes 2. Estimation of the Level of Apomixis

Unreduced female gametes can be produced in
several ways. Only two of the methods are useful,
i.e., apospory (production of unreduced embryo
sacs from nucellar cells) and diplospory (produc
tion of unreduced embryo sacs directly from the
archesporial cell). These two phenomena may-
lead to the production of diploid embryo sacs, the
type of divisions through which they give rise to
such sacs having a bearing on their usefulness.
Conventionally, there are three types of divisions
that lead to diploid cells. These are: (1) the
formation of a restitution nucleus; (2) pseudo-
homeotypic division, and (3) mitosis. Rosenberg
(1927) described the phenomenon of meiotic
nuclear restitution as the formation of a single
nucleus with unreduced chromosome numbers
owing to a failure of either the first or the second
division referred to as the first division restitution
(FDR) and the second division restitution (SDR),
respectively. Cytologically, there are important
differences between these two types. In the case
of FDR the nucleus does not undergo the normally
expected disjunctional separation of homologous
chromosomes at anaphase I (AI). Instead, the
entire diploid complement divides mitotically,
giving rise to a diad with two unreduced spores.
The two daughter nuclei are by and large similar.
In SDR, the nucleus restitutes after anaphase I 
(Al). Each product of the normal disjunctional
separation—a haploid set—divides mitotically
but the sister chromatids do not separate to poles.
Therefore, the doubled chromosomes of a haploid
set constitute the second division restitution
gamete. Since SDR is preceded by a disjunctional
separation of homologous chromosomes which
leads to genetic segregation, the SDR gametes
may be quite dissimilar.

Thus FDR preserves heterozygosity and fixes
heterosis. SDR leads to homozygosity and to
dihaploid production. In addition to FDR and SDR,
normal mitosis could also replace meiosis and is
the ideal phenomenon for perpetuating heterozy
gosity.

There are other possible ways of producing
diploid embryo sacs. One such mechanism,
"synkaryogenesis" or "automixis", which occurs
in sorghum, is dealt with in the next section.

Once a diploid embryo sac is formed, further
development could be either autonomous (with
out the stimulation of pollen) or pseudogamous
(with the stimulation of pollen).

The frequency of apomixis has two components.
One of them is the frequency of diploid embryo
sacs. The other is the frequency of progeny
obtained without the fusion of the male and
female gametes. In fact, the latter can only be
more correctly termed as the true apomictic
frequency.

(1) Study of Serial Sections of Ovules

The classical procedure for the estimation of the
frequency of diploid embryo sacs involves the
cytological screening of sectioned ovules during
megasporogenesis. This procedure provides a 
direct and accurate estimate of the relative
frequencies of the normal (sexual) and the apos-
porous, and diplosporous types of embryo sacs,
provided the investigator makes comparative stu
dies of his material with normal sexual material.
Overenthusiasm on the part of the observer
results in erroneous observations. In several
reports on apomixis in sorghum, the degenerating
megaspores were interpreted as representing the
degenerating megaspore mother cell and the
sexual functional megaspore as a nucellar cell
giving rise to aposporus embryo sacs (Narasa
Reddy et al. 1979). To be accurate, this procedure
involves sectioning of a large number of ovules
since all sections do not contain the required
stage of development. Also, estimation of the
frequency of the different types of development
from only the clearly discernible preparations is
likely to introduce some bias. It should also be
realized that the relative frequency of apomictic
embryo sacs may not accurately reflect the
relative apomictic seed, particularly when pollina
tion is uncertain or there is marked zygotic
competition (Barlow 1958). Not all the potential
diploid sacs may develop into seed through
apomixis and not all the sexual embryo sacs
develop sexually. The frequency of apomixis
depends on the relative efficiency of these two
types of embryo sacs. In order to distinguish
between the frequency of apomictic embryo sacs
and the frequency of apomictically formed
offspring we propose two terms, structrual apo
mixis and functional apomixis.

Structural apomixis is defined as the phenome
non by which an organism produces unreduced
embryo sacs. Functional apomixis refers to the
phenomenon by which an organism produces
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offspring without the fusion of gametes. Structu
ral apomixis is purely under genetic control and
has two components: genotype and genotype x 
environmental interaction. Functional apomixis
may or may not be under genetic control. It has
three components: genotype, environment, and
genotype x environmental interaction. Functional
apomixis can be induced easily through environ
mental factors like heat treatments, cold treat
ments, distant pollinations and delayed pollina
tions. Apomixis reported in maize, wheat and
potato are all due to functional apomixis. Structu
ral and functional apomixis are independent phe
nomena that can operate alone but when they
occur together, they complement each other.
Classical cytological techniques provide for the
estimation of the former only. The latter can be
estimated by progeny tests.

(2) Progeny Tests

The advantages of progeny tests have been
known for several years. These methods allow for
scoring of large numbers of individual plants
(Tinney and Aamodt 1940). These procedures are
also ideal to study the effect of environmental
factors on the incidence of sexuality in facultative
apomicts. Such studies have been previously
restricted by limitations of cytological methods
(Knox and Heslop-Harrisson 1963; Knox 1967;
Evans and Knox 1969). Progeny tests, when used
in conjunction with morphological marker loci,
reduce the need for specialized equipment and
expertise. These procedures are of special value
for field stations and experiment farms, where
both equipment and expertise are often lacking.
Progeny tests provide a direct measure of the
relative frequency of apomictic seed. Such an
estimate is of greater populational significance
than the prezygotic estimate afforded by cytolo
gical techniques (Marshall and Weir 1979).

Progeny tests also have some disadvantages.
The frequency of apomixis could be biased
upward due to accidental selfing and tight linkage
of the marker genes. Also the possibility of
autosegregation should be ruled out before defi
nite conclusions are reached. Moreover, the
frequency of apomixis is not constant and is
subject to environmental effects.

Application of both these methods in sorghum
is difficult. If we consider the classical microtome
method, the difficulties faced are the absence of
differences between the sexual and apomictic
embryo sacs, and the great time and energy to be

spent if careful analyses of large populations have
to be made. Till recently, progeny tests could not
be performed on R-473, because it is cross sterile.
The phenomenon of cross sterility was first
described in corn (Demerec 1929). Cross sterility
refers to the inability of certain varieties of corn to
set seed with foreign pollen and was shown to be
controlled by a gametophytic locus (ga) located on
the short arm of chromosome 4. Alleles of this
locus prevent certain pollen genotypes from
fertilizing the female gamete or give one pollen
genotype a competitive advantage over the other.
The same phenomenon occurs in sorghum. As of
today, no single line of sorghum has been found
that can induce seed set on emasculated
spikelets of genuine R-473 earheads. Only recent
ly did Murty and his colleagues find a procedure
for performing progeny tests (Murty et al. 1979;
Murty and Rao' 1979).

The difficulties in the detection and estimation
of apomixis in R-473 has prompted development
of some indirect methods (Marshall and Downes
1977; Reddy et al. 1980). The validity of these
conclusions is discussed in item number eight in
the section entitled Progress Made During the
Seventies.

3. The Facultative Nature of Apomix is

Apomixis has so far been reported in five lines of
sorghum. Details of the various materials are
discussed in the next section. The most investi
gated line so far is. R-473 from India. Although it
was initially believed that this line is an obligate
apomict (Murty and Rao 1972; Rao and Murty
1972), under cross pollination at least, it does not
behave as an obligate apomict. The frequency of
apomictically produced offspring varies from 30 to
50% (Murty et al. 1981b). For apomixis to be
useful in the fixation of heterozygosis, it has to be
obligate or nearly so as in Buffel grass. The sexual
potential in this line, whatever may be its extent,
should be decreased to the minimum to achieve
complete fixation of heterozygosity. Breeding of
facultative apomicts is much more difficult than
breeding of obligate apomicts, although some
useful cultivars have been produced in forage
grasses like Kentucky blue grass, guinea grass,
blue stem, etc., (Bashaw 1980). The presence of
some sexuality makes the progenies segregate in
each generation. Also, the most important factor
is to determine the stability of each line through
several generations.
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4. Environmental Effects
on Apomixis

The frequency of apomixis,especially in facultative
apomicts.is subject to environmental influences
like locations, seasons and years. Day length has
been found to have a significant effect on the
frequency of apomixis in Dichanthium aristatum 

(Poir.) C. E. Hubb (Knox and Heslop-Harrison,
1963; Knox 1967). The line R-473 was investi-
gated at one tropical (India) and one temperate
location (Texas) and showed different frequencies
of apomixis in the two environments. Similarly,
even in the same location, the frequency of
apomixis in field-grown and glasshouse-grown
plants differs. The kharif, rabi and summer crops
at Hyderabad have also given different results
(Murty, unpublished). Generally, seed set on
apomicts is greater in summer than in other
seasons.

5. Maintenance of Pure Genetic Stocks

When N. G. P. Rao made his first observations at
the time of the isolation of R-473, he noticed
the absolute absence of seed set on emasculated
heads of R-473 pollinated by alien pollen. Howev
er, later workers could find sporadic seed set
under cross-pollination. In fact, J. Roy Quinby
isolated two types of R-473 lines, one of them
being completely cross sterile and the other giving
up to 50% hybrids when crosses were made
using the plastic bag method. We found that the
frequency of multiple embryo sacs in the former
line is much greater, the frequency of pollen

penetration much lower and that no seed is set on
cross-pollination in the former. Observations of
chromosome morphology at pachytene indicated
that R-473 carries structural heterozygosity for
some chromosomal segments, especially the
nucleolus organizing chromosome and a few
others (Kirti et al.. In press). In such an individual
carrying structural heterozygosity, sexually pro
duced offspring may not reproduce the genotype.
In such a case, it is possible to get offtypes even
under selfing. Maintenance of delicately balanced,
structurally heterozygous R-473, therefore, poses
some problems. A practical method is to cross-
pollinate a part of the earhead and collect only
selfed seed from the plants that do not give any
seed set. This is because all cross sterile plants
maintain structural heterozygosity.

Progress Made During
the Seventies

1. Source Materials for Apomixis

The first report of apomixis was in the line R-473
(Rao and Narayana 1968). This is an F4 line from
the cross of an Indian line Aispuri with a yellow
endosperm kafir, IS 2942. The next report of
apomixis was in the line 'Polygynaceous' by
Hanna et al. (1970). A few more lines were tested
in recent times and were found to have a low level
of apomixis (Table 1). The other lines were tested
at Hyderabad in progeny tests using hand cros
ses. All crosses yielded only hybrids and no
maternals. This indicates that they may have
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Table 1. The source

Line

R-473

Polygynaceous

Polygynaceous (PGY)

White Seed (WS)
South Dakota Mutant
3-58(SD)

Doubled Haploid (DH)

material for apomixis.

Origin

F, derivative of IS-2942 x Aispuri.

Multiple ovaried male sterile line derived in

radiation experiments.
A single ovaried selection from a cross of

polygynaceous line x Colby
A white seeded mutant of Experimental 3 

A mutant of Experimental 3 

A doubled haploid line derived from Tx
403.

Frequency of

apomixis

30-100%

25.0

Very low

" " 
" " 

References

MurtyandRao 1979;

Murtyetal. 1979.

Hannaetal. 1970.

Tangetal. 1980

" " 
" " 



some prezygotic apomictic potential, but none of
this potential is realized in the progeny tests.
White Seed, however, was observed to have a 
prefertilization embryological behavior similar to
that of R-473. In addition, White Seed is the line
that was helpful in the studies of apomixis in
R-473. The extent of its usefulness in apomictic
studies is given in the next section. The discus
sion in the following pages will be mainly about
R-473.

2. Breakthrough in the Performance
of Progeny Tests on R-473

The cross-sterility exhibited by R-473 was a great
hindrance in the study of apomixis. In their
attempts to overcome this hurdle at College
Station, Texas, Murty et al. (1979) performed
several bud pollinations with pollen from other
lines including Dakota Amber, White Seed and
Colby but with no success. The ovaries enlarged
slightly and developed some green color when
emasculated florets were pollinated with a mix
ture of live alien pollen of Colby and radiation killed
pollen of R-473. But such ovaries did not continue
to develop. These methods did not overcome the
cross fertilization barrier of R-473.

In order to induce seed set on emasculated
R-473, the methods adopted with self-
incompatibility studies were followed. These in
cluded pollinating R-473 spikelets with pollen
from individual plants of F1, F2 and BC F1 of
crosses in which R-473 was the male parent.
Surprisingly, seed developed in two combina
tions. These involved the F,s (White Seed x R-473)
and (Dakota Amber x R-473) and F2s and BC F1s of
(White Seed x R-473). This induction of seed set
provided an opportunity for the performance of
progeny tests on R-473. The resulting progenies

had two types of individuals—maternals and
hybrids. Hybrids in these progenies could be
distinguished from matemals (identical to R-473)
by differences in height and panicle characters.

Subsequently, we have performed several
progeny tests at Hyderabad. The procedure for
performing a progeny test has been given in detail
by Murty and Rao (1979). For accurate results, the
female parents and the F, hybrid should be clearly
identifiable morphologically. We found that in
addition to White Seed, individual F2 plants of the
crosses (Kafir B x R-473) and (IS-84 x R-473) have
also induced seed set. In fact, the seed set
induced by these is much greater than that of
White Seed x R-473 at Hyderabad (Table 2).

3. Frequency of Apomixis

By far, frequency of apomixis is the most impor
tant factor for the successful fixation of heterozy
gosity. The greater the frequency, the more
advantageous it will be in breeding. The frequency
of apomixis in facultative apomixis is, however,
not only a function of the genetic potential but
also of environmental factors. In sorghum, the
frequency of apomixis is dependent upon four
factors: (a) type of pollination, self or cross;

(b) type of pollinator, cross sterile or cross fertile;
(c) location; and (d) season.

The frequency of apomixis is greater under
self-pollination than under cross-pollination. Under
cross-pollination, the frequency is greater if a 
cross-sterile plant is used as the pollinator than if a 
cross-fertile plant is used. Apomixis was also
found to occur in a greater frequency under the
glass-house conditions of College Station, Texas
than under the field conditions of Hyderabad
(Tables 3, 4 and 5).
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Table 2. Seed set on

Seed.

F2 progeny

White Seed x 
Kafir-B x 
IS-84 x 

R-473

R-473

R-473

R-473 heads by individual F2 plants from crosses of R-473 with IS-84. Kafir-B, and White

Number of plants

Giving

seed set

8
17
11

Not giving

seed set

6
1
4

Seed

Range

0-10.00
0-38.46
0-43.90

set %

Mean

1.73
1400
13.25



The lower frequency of apomixis under cross

pollination is probably due to defective endos

perm formation. Endosperm in R-473 is derived in

several ways and could, therefore, have different

genetic constitutions. The relation genome: plas-

mon in the endosperm is normally 3 : 1 in sexual

plants. In R-473, this relation instead could be

either 2:2 or 2:5 in addition to 2:3; and this

deviation from the normal ratio might cause

degeneration of potential apomictic endosperms

and embryo, and lower the frequency of apomixis

real ized. Under se l f -po l l ina t ion , the rela

tion might have existed in a perfectly balanced

state.

4. Mechanism of Apomixis

There are at least three types of mechanisms for

the production of diploid embryo sacs in R-473.

1. Apospory: A diploid embryo sac is formed

from a nucellar cell.

Table 4. Frequency of apomixis—cross-pollina

tion. Progeny tests on R-473 by F, and

backcross plants at College Station,

Texas (1975).

No. of
seeds
sown

21

12

8
7
6

9

17

24

33
24

29

46
20

Mean

No.
ger

minated

15

3
4

6

3

3

13

8
12

11

3

13

16

No. of

hybrids

10
1
1

2
3

1

7

0

3
1

2

5
16

No. of

matemals

2

2

3
4

0

2

6

8

9
10

1

8
0

Percentage

of
matemals

16 66

66.66
75.00

66.66

0.00

66.66

46.15
100 00

75.00

90.99

33 33
61 54

0.00
53.74

Table S. Frequency
pollination.

Hyderabad,

Seed set range
Mean

Number of total seeds

Plants which survived
Percent apomixis

of apomixis
Progeny tests

rabi 1979.

under cross-
on R-473 at

0-100%

9.7%
886

234

33.76

a. Numbers in parentheses are percentages.

2. Diplospory: A diploid embryo sac is formed

from an archesporial cell.

3. Synkaryogenesis or Automixis: These terms

are used sensu lato in this publication. From

haploid nuclei of the embryo sac, diploid nuclei

are formed through fusion. This can involve

fusion of sister nuclei of the egg apparatus

(Murty et al. 1981b) or sister nuclei of the

antipodals.

Normally, both apo- and diplosporous embryo

sacs are identical to the sexual type sacs (Polygo

num type). The synkaryotic sacs, however, are

atypical. Even more atypical sacs wi th six nuclei

were found in some derived apomicts.

Regarding the development of endosperm and

embryo in aposporous embryo sacs, the endos

perm in some ovules develops by the indepen-
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Table 3. Frequency of apomixis—cross-poll i

nation. Backcrosses

Texas (19751.

Male parent

Seed

Set

A Kafir x R-473 0 

South Dakota : 

Polygynaceous

x R-473 0 

derivative x R-473 0 

Double haploid x R-473 1/300

R-473 x S. Colby 0 

Dakota Amber

White Seed x 

White Seed x 

White Seed x 

White Seed x 

White Seed x 

White Seed x 

Mean (%)

x R-473 8/50

R-473-1 16/480

R-473-3 58/180

R-473-5 23/170

R-473-7 16/95

R-473-8 20/91

R-473-9 8/50

at College Station,

Frequency of

Maternals

—

—

—
0

—
6

(75.00)

2

(50.00)
20

(39.21)
10

(66.66)

2

(50%)

12
(75.00)

4

(50.00)

52.33

Hybrids

—

_

—
1

—
2

2

31

5

2

4

4

47.66



dent fusion of each of the polar nuclei with
separate sperm nuclei (Murty et al. 1979). Some
times endosperm arises from nuclei other than
the polar (Murty et al. 1981a). The development of
the embryo is autonomous. The stimulus of
pollination, however, is necessary for the forma
tion of the seed.

5. Isolation of True Breeding Lines

The objective of apomixis research is the produc
tion of uniform and vigorous lines that breed true.
For this, single plant progenies from F2 and BC F1

plants that gave good seed set on R-473 and also
those that were cross-sterile were grown on an
extensive scale along with some untested
plants. Three types of progenies were obtained:
(a) those that were segregating freely, (b) those
in which only two morphological types were
found, and (c) those that were completely uni
form.

The first type of progenies apparently indicated
occurrence of normal sexual reproduction in the
heterozygous parent. The second type apparently
indicated the existence of facultative apospory.

Progenies of this type always have two types of
individuals. A majority of them (up to 80%) are
identical with their parent. A small frequency of
offtypes are always encountered. The maternal
types are presumably produced through apospory
and the offtypes through sexual reproduction.
Individual progenies from the maternals always
behave in a similar manner. The cytological
behavior of these plants was similar to R-473. All
such plants were found to be cross sterile.

The third type of progenies was found to be
100% homozygotes, reproducing sexually.

6. The Concept of Vybrids—Definition,
Production and Significance

Heterozygous individuals with facultative apomi
xis produce a population containing: (a) F1 genoty-
pes derived through apomixis, and (b) F2 genoty
pes developed through sexual reproduction. The
frequency of F, genotypes will be equal to the
frequency of apomixis. If the next generation is
derived through the F, genotype plants only, then
the population mean will remain the same. If the
procedure is repeated, it is possible to maintain
heterozygotic vigor in subsequent generations
and to keep the mean constant.

A peculiar type of population was produced

using two derived facultative individuals. The F,
was uniform and vigorous. The F2 had two types
of individuals—(a) those carrying the F, genoty
pe, and (b) those carrying genotypes resulting
from segregation. Individuals looking like the F,
were selfed and carried over. The same type of
behavior was noticed. These observations led to
the concept of "vybrids". Vybrids are superior
varieties in that their yield levels will be greater
than those of conventional varieties although they
may not be equal to those of their F,. Some more
comments on vybrids are made later in the
section entitled Program and Prospects of the
Eighties.

7. The Concept of Dihaploids—
Production and Significance

The possibility of parthenogenetic development of
reduced egg cells followed by reduplication or
fusion or development of embryos from secon
dary diploid cells of the embryo sac derived
through fusions, is interesting from the breeder's
point of view. It would give rise directly to
homozygous diploids. The formation of such
diploids has been presupposed by several au
thors. Automixis, fusion of two haploid nuclei in a 
meiotic embryo sac to give rise to diploid homozy
gous progeny, has been claimed to occur in Rubus 

(Thomas 1940). This possibility has now been
realized in sorghum. These dihaploids. for all
practical purposes, can be considered identical to
those produced by anther culture techniques.

Several dihaploids were produced in our experi
ments. Some of them were cross-sterile and
some were cross-fertile. The homozygosity of
these lines was tested by crossing them to a pure
line and observing the uniformity in the F,
progeny.

8. The Interfering but
Helpful Cross Sterility

Detection, estimation and manipulation of apomi
xis in R-473 has been much hampered because of
cross sterility. We have made several attempts to
isolate apomictic segregates without cross steril-
ity. Such attempts were never successful. It was
also noticed that in addition to R-473, White Seed
also exhibited the formation of multiple embryo
sacs, nucellar activity and antipodal differentiation.
But White Seed never exhibited apomixis in
progeny tests. In addition to this, we have also
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examined several other lines. Among them, 302
was found to have similar anomalies but no
realizable apomixis.

The difference between these lines and R-473
is obligate cross sterility. Cross sterility in some
way affects the reproductive system and prom
otes apomixis.

The different constituents of apomixis are
known as the elements of apomixis (Petrov 1976).
The elements of apomixis lie within the reproduc
tive potentiality of sexual plants. They play a 
greater part only when the normal sexual process
is impaired. Cross sterility is one such
mechanism.

Long ago, Powers (1945) suggested the exist
ence of three essential elements of apomixis:
(a) failure of reduction of chromosome number;

(b) failure of fertilization of egg cells, and
(c) development of the egg cell to an embryo
without its being fertilized. Production of diploid
embryo sacs is one element of apomixis. The
prevention of fertilization of unreduced embryo
sacs leads to the stimulation of such embryo sacs
to apomictic seed formation.

It appears, therefore, that apomixis in sorghum
may not occur without cross sterility. In view of
this, the conclusions reached by Reddy et al.
(1980) need some modifications. They concluded
that if mutation for male sterility caused a loss of
apomixis, such a loss would have had to occur as
five distinct events, once in each progenitor of the
five M2 progenies in which male steriles were
derived. It was not realized that loss of cross-
sterility makes a line reproduce sexually although
it may have some potential for apomixis.

Program and Prospects
of the Eighties

1. Rapid Methods for Est imat ing
Prezygotic Potent ial of Apomix is

Estimation of the prezygotic potential of apomixis
in a segregating population is almost impossible if
one uses the serial section method. The ovule
squash method used extensively by Murty et al.
(1979) is the only method available for such a 
purpose. Estimation of the relative amount of
DNA of Feulgen stained nuclei of embryo sacs
using a microscope spectrometer (integrating
densitometer; microphoto meter) should provide
a rapid and easy alternative. If such an instrument

is provided with a computerized recording device,
large numbers of populations can be screened in a 
short time. A procedure for the estimation of
apomixis based on the existing information and
using the embryo sac squash method is given
below:

1. Emasculate the spikelets of the suspected
parent.

2. Pollinate abundantly with pollen from sister
plants.

3. Fix material 4 hours after pollination.
4. Examine embryo sacs in ovule squashes.

5. Approximate apomictic potential = frequency
of ovules with unfertilized embryo sacs (single)
+ frequency of ovules with multiple embryo
sacs + frequency of ovules with degenerating
embryo sacs and antipodal activity.

In recent years. Zein isoelectric phoretic pat
terns are being used for evaluation of genetic
purity.in hybrid seeds (Motto and Salamini 1979).
Similar techniques can also be easily perfected for
apomictic studies in sorghum.

2. Rapid Methods for Performing

Progeny Tests

Conventional progeny tests involve slow and
tedious procedures of emasculation and pollina
tion and visually observable morphological criteria.
The utilization of grain characters (e.g., shrivelled
vs plump endosperm or color of the endosperm)
should help make for easy performance of prog
eny tests. The use of chemical dyes that can
effectively distinguish between sexually and asex-
ually produced seed should be an ideal method for
apomictic research.

3. Ut i l izat ion of Facultat ive Apomix is

for the Product ion of Vybr ids

The vybrids so far produced by us are agronomic-
ally inferior. They were synthesized only for
testing the theoretical possibility. Future investi
gations should aim at exploiting the partial fixation
of heterozygosity for yield advantage. The follow
ing steps are involved in the production of
agronomically desirable vybrids.

1. Select adapted and desirable sorghum genoty
pes and cross with one or more facultative
apomicts.

2. Produce and grow large BC F1 progenies. Make
individual selections.

3. Grow head to row progenies, keeping remnant
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seed. Pick up uniform lines that have main
tained vigor. 

4. Sow the remnant seed of the uniform lines and
make as many crosses as possible among
themselves.

5. Select the good F1s and carry over to the next
generation.

6. Save the seed of only F1-type plants for the
next generation. Test the performance in yield
trials.

Good hybrids will be those that have a high
frequency of facultative apomixis, a high degree
of yield heterosis, and a minimum of negative
transgressive segregation.

Theoretically the performance of vybrids will be
intermediate between those of F1 hybrids and of
the parental lines from which they have been
synthesized.

4. Ut i l izat ion of SDR, Automix is ,
and Synkaryogenesis

SDR, synkaryogenesis, and automixis could be
profitably put to use for the production of diha-
ploids. The significance of dihaploids could be
realized when one considers the tremendous
opportunities for obtaining true breeding desirable
lines in one step from heterozygous plants. Since
the release of 'Maris Haplona' variety of rape,
Brassica napus (cf Riley 1974), excellent commer
cial varieties like F-211 in tobacco (Nakamura et al.
1974), the Tanu and Huayu varieties of tobacco,
and the Haupei and Lunghua varieties of wheat
(Hu et al. 1978) have been produced using anther
culture techniques. However, in sorghum,
although several devoted research projects have
been carried out in tissue culture (Brettell et al.
1980; Werinicke and Brettell 1980), anther culture
techniques are yet to yield positive results. The
present method of obtaining dihaploids, therefore,
indicates a potential breeding tool in sorghum.

5. Achieving Obligate or
Near Obligate Apomixis

By far, the real achievement of research on
apomixis in sorghum, centers around attaining
obligate apomixis. A perfectly operating gameto-
phytic apomixis is usually not likely to arise in one
single step. In nature, genes promoting effective
apomictic reproduction are successively incorpo
rated by mutation or recombination.

Apomixis obviously involves fixation of heter

osis. It is not surprising, then, that induction of
apomixis in sexual crops has been considered by
breeders. According to Solentzeva (1978). this
possibility was discussed by Navashin and Kar-
pechenko as early as in the thirties. During later
years, work of this type has been carried out in
different materials (Asker 1980).

Several possibilities exist for increasing the
frequency of apomixis through genetic means.
The frequency of unreduced egg cells varies
strongly among inbred lines of maize (Alexander
and Beckett 1963). It is well known that in genera
like Saccharum and Citrus, some clones or stocks
produce unreduced female and male gametes to a 
much greater extent (Harlan and de Wet 1975).

The possibility of obtaining apomicts through
means like wide crosses, mutations, etc., has
been discussed by several authors. However, the
following specific methods should prove fruitful in
the case of sorghum.

(a) Selection Following Matings of Cross
Sterile Facultative Apomicts

Several apomictic plants have been shown to
have a simple genetic control. However, in many
cases, it appears that there is certainly a polygenic
control. The results in sorghum also indicate such
a quantitative gene action. As such, it appears
probable to increase the frequency of apomixis by
mating facultative apomicts, selecting for in
creased apomictic frequency, and by repeating
the process.

(b) Effect of Cytoplasms and the Search for
Apomictic Restoration

In recent years, diverse cytoplasmic sources have

been identified (Rao 1962; Nagur et al. 1965;

Schertz 1978). On milo, R-473 is a restorer but it is

nonrestoring on some of the new cytoplasms. If

continuous backcrossing is involved, there are

three possibilities:

1. Selection of spontaneous mutations that result

in restoration due to mutation of the restorer

genes.

2. Selection of spontaneous mutants that pro

mote apomixis.
3. Selection of lines with altered frequency of

apomixis due to gene-cytoplasm interactions
(see J. R. Quinby, These Proceedings).

The second and third possibilities need to be
tested during the eighties.
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(c) Effect of Growth Regulators References

Auxins and gibberellins are known to be involved
in the postpollination reproductive events of
plants. Various chemical treatments have been
tried in order to induce parthenogenesis in plants
but generally without success. However, parth-
enocarpy is easily induced by treatment with plant
hormones. Deanon (1957) reported a significantly
increased frequency of monoploids in maize after
treatment with dimethyl sulphoxide (DMSO). The
diploids were homozygous, resulting from haploid
parthenogenesis followed by chromosome doubl
ing (see J. R. Quinby, These Proceedings).

(d) Effect of Spontaneous and
Induced Mutations

There exists the possibility of inducing apomixis
by a combination of suitable spontaneous and
artificial mutations with strong effects upon the
reproductive system. Mutations are known that
induce either FDR or SDR. Induction of mutations,
screening for apomixis and selection of near
obligate types is a possibility.

Summary

The progress of research work on apomixis is
reviewed, the problems are stated and sugges
tions are made for the efficient utilization of the
phenomenon in breeding. Maximum frequency of
apomixis occurs in the Indian grain sorghum line
R-473. Under self-pollination, apomixis occurs to
the extent of 80%. Under cross pollination, it
varies from 30 to 50%. Most apomictically pro
duced offspring were heterozygotes resembling
the female parent. However, a small frequency of
individuals were obtained that are for all practical
purposes dihaploids. These dihaploids arose from
the phenomenon of second division restitution,
automixis or synkaryogenesis.

Using facultative apomixis, it has been possible
to obtain what are known as vybrids. Vybrids are
the first and subsequent generation progenies of
the F, hybrids of two facultative apomicts. In each
generation, F, genotypes could be recovered and
the mean of the population in any generation
remains constant. Rapid techniques and proce
dures were outlined for the production and
utilization of vybrids and dihaploids.
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The rcproducrivr hrh.lviour of 4 faculc~tively apumictic sorghum line$ (R473, 26, 
32 and 35). F ,  hybrid, amonp fncultativc aponlicrs, and F, hybrid of rexual line ;i 
facultative ~ p o m i c t .  3rd indir~du.tl  plants from I:, ~ r n e r a t i o n  of = sexual line X facul- 
tntivc apomict ~ 1 %  worked out by cyrolou~cal mcrhod andior by progeny tcsts. Pre- 
frrtilization a p o n ~ i r ~ ~ c  pc,rc~~t~.ll  a a ,  indicated by the prcrencc of a greater frequency 
of unfcrrilired embryo \rr, and n,ultlplr embryo u c r .  I:crrili,ation is prevented in tbc 
faculr.~tivc .~pomicts by the oLcurrcncr ot cross ,trrility. C r a s e s  of facultative apnmicts 
yicld some hyhrids, annlc ~ , i  whi& rcproJucr through facultative apomixi,. Such facul- 
t.ativu apomlcty wcrc I C T I I I C ~  as "Vyb!idq': Vyhridr breed true t o  the r.lme cxtcnt as their 
apon~ictic frequency and gct perperuatcd indehnitely if reproduced through "maternal" 
type p l ~ n r s  only. V y b r ~ d ,  are \upcr varicticc with yield levels npproarhing that of the 
I:, ~ e n o t y p c .  The proscdural ~letatls for:the production of Vybrids has been given. 

Key words: Sorghun~ birolor - apmlixii  - vyhridr - progeny terrr 

Production of seed without the union of the female and male gametes 
is known as apomixis. This is an important phenomenon in studies on evolu- 
tion, speciation and plant breeding. Apomixis makes heterozygotes breed true 
similarly to some of the balanced structural heterozygotes, like the Renner 
complexes in species of Ocnothera (STEBBINS 1950). This property of apomixis 
was realized during the early thirties notably by KARPESCHENKO and NAVA- 
SCHIN (SOLEMZEVA 1978). Since then, several studies were made on its mecha- 
nism, inheritance and utilization' in plant breeding resulting in a vast amount 
of literature. Obligate apomixis, where all progeny individuals are produced 
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only through apomixis, has been utilized at least in one instance in the breed- 
ing of buffel grass, Ccnchrus ciliarir L. (TALIAFERRO and BASHAV 1966). One 
or the other type of apomixis occurs in important crop plants like sorghum 
(RAO and NARAYANA 1968), Penniretum, cotton, potato and some forage 
grasses (cf. MURTY et al. 1981a). While it  is easy to  utilize obligate apomixis 
in breeding, the use of facultative apomixis is associated with some difficulties. 
Successful utilization of facultative apomixis has so far been made only it1 

forage grasses (FUNK and H A N  1967, FUNK et al. 1973 and 1974). The present 
investigation forms part of a researd, project aimed at the practical applicn- 
tion of apomixis in sorghum breeding and is concerned with the mechanism 
of apomixis and the concept of "Vybrids" whim represent the products of 
facultative apomixis breeding in sorghum. 

Materials and Methods 

1. Material 

The apomlctic linc originally reported from India, R473 along with 3 other facultat~ve 
apumictr 26. 32 and 35; and a sexual commcrrial varirty R16 (CSV-7R) werc urcd. Thr  
lincs 26, 32 and 35 are facultative apomiar  dcrivcd and isolated in F, progenies of crosses 
of  White recd X R473. Whitc srcd is a true brecding mutant obtained In the colchicinc 
rrearmcnts of 1:ranzke. Pour F, plants of crosser of R473 as malc parent wirh 4 lincs of R16 
in four different cytoplasm$ (mrlo, GI,  VZM-2 and MJI-I )  wcre urcd. One P, plant and 
124 Lndividual P plants of the cross SPV232 X R473 were also studied for crow stcrility 
reaction and pre-fertiliration aposporous potential. 

2. Crossing studies 

All the facultative apomictic lincs R473, 26. 32 and 35 arc cross rrcrilc i.c.. they d o  not 
set recd if used as fcmalcr in crosses t o  any other line. However, su& lines d o  set a very 
little seed on cmarcularion and crossing with abundant pollcn on 3 succerrive days. Sum a 
sccd gives rise to some hybrids in addltion t o  some matcrnals. Crorr sterility of individual 
plants from the F, (SPVZJ2 X R473) war tertcd by crossing them to an unrclatrd linc. Part 
of the car hcad war sclfcd t o  ga some sccd and part was urcd for crossing ( F q r .  11. 12 
and 13). 

3. Cytological tedrnique 

For thc study of embryo sacs, rpikclco wcre emasculated a day before anthesir and 
either ribbed o r  crossed a t  the time of anthcris and fixcd 6 h after pollination in a mixture 
of I : 3 : 4 glacial acetic acid, ethyl alcohol and ddoroform. Ovuler wcrc squashed using the 
t d n i q u e  described by M u r ~ r  ct al. (19n). 

1. Cytologiorl stadia 

Cytological studies were made of sexual and apomictic liner to get in- 
formation on the rype of reproduction and the frequency of pre-fertilization 
apomictic In  the sexual material R16B, there is a single normal 
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Polygonurn type of embryo sac in an ovule (Fig. I). Either all the embryo sacs 
were fertilized, o r  some of the sacs were fertilized and some were unfertilized. 
The development of the endosperm was rapid. As many as 16 nuclei were 
present some times a t  6 h after pollination (Fig. 2). The unfertilized sacs, how- 
ever, revealed the presence of pollen tubes and other features like the degenera- 
tion of  one of the s~nergids ,  o r  fusing polar nuclei characteristic of embryo 
sacs in whim fertilization is taking place. 

Several deviations occurred in the apomictic material. The frequency of 
fertilized sacs was low (Table I).  The unfertilized sacs did not show any signs 
of fertilization (Fig. 6). In addition, some ovules exhibited the presence of 
either small embryo sacs (Fig. 3) or multiple embryo sacs, the number ranging 
from 2-8 (Fig. 4). In most cases, the principal embryo sac, presumably the 
sexual sac, could be distinguished by its larger size and nuclei organized into 
the antipodals, central cell and egg apparatus. In most of the cases, it has the 
appearance of a degenerating organ, whereas the accessary sacs were well 
stained with prominent cytoplasm o r  with developing embryo and endospcrm 
(Fig. I). The accessary sacs were also smaller in size and the number of nuclei 
varied from 1-8. In some of the ovules examined 2 days after pollination, 
development of a proembryoor endosperm o r  both could be seen (Fig. 7). That  
these developments are apomictic was evident because there were no signs of 
pollen tubes and both the synergids were intact. 

One  hundred and twenty four individual plants from F, progenies 
(SPV232 X R473) were examined for cross sterility. Ou t  of these, 19 were 
cross sterile. An F, plant of this cross, 13 cross sterile Fr's, 9 cross fertile F,s 
and 4 Fls of crosses of R473 with an isosterile line in 4 different cytoplasms 
were examined in ovule squashes. Pre-fertilization aposporous potential was 
calculated as a percentage out of the total number of ovules, of the number of 
ovules with unfertilized embryo sacs with intact synergids, ovules with mul- 
tiple embryo sacs and ovules with restituting antipodals. Normally the anti- 
p o d a l ~  proliferate, but their nuclei appear granular. But in the aporporous 
materials these nuclei fuse to form only diploid nuclei which assume the ap- 
pearance of nuclei of the embryo sac. 

2. Progeny tests using quantitltivc &aracters 

L a w  progenies of the 4 apomictic lines were grown for 8 generations. 
In  most cases the progenies were uniform. Only occasionally offtypes could 
be seen. When crosses were made among these 4 lines, a very low seed set 

Fig. 1. Normal unfertilized embryo sac showing an egg (E); a degenerating synergid (dr), 
an intact syncrgid (Ins) Polar Nuclei (PN) and antipodal, (An) . Fig. 2. Normal fertilized 
embryo sac showing a zygote (2) and a 16 nucleate endosperm (En) . Fig. 3. Small unfcr- 
tilized embryo sac with intact synergid. (5); egg (E) and Polar nuclei (PN) Fig. 4. Two 
embryolacs; in one of the sac (Top) fenilization is taking place, the other one is unfertilized 
Fig. I. Two embryo sacs; ~ x u a l  sac is s e n  debmerating. the other sac whilh is rposporous 
has several endaperm nuclei . Fig. 6. Unfertilized embryo sac with two inran syncrgids. . 
Fig. 7. Unfmilired embryo sac with four celled pro-embryo (PE). (All magnifications are 
G X )  
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Tab. 1 Data on prcfert~lizatlon apo,poroua putenrial in various sorghum material 
- - -. . -. . -- -. . . .- . . - . . - . .- . - - -- - 

Percentage of ovules with 

Pedigrcc 

. . - .- - - 

I .  R - l 6 B  
2. R473 
3. PI K-l6A (VZM) X K473 
4. t:, R-16A (G.) I R473 
5. F, K-lhA (M-35-1) Z R473 
6. I:, R-16A ( M ~ l o )  S R473 
7. F, SPV (232 Y K473) - 30 

Mean of  F,'s 

Cross ,teriles 

8. F, SPV (232 X R473) - 19 30 60  20 10 10 40 
9. F, SPV (232 X R473) - 20 20 35 10 25 30 65 

10. I:, SPV (232 '.- K473) - I 8  30 5 0  30 10 10 50 
I I .  F, SPV (232 '< R473) - I 3  20 10 40 30 20 90  
12. F, SPV ( 2 2  ;< R473) - 14 30 60  20 10 10, 40 
13. I:, SPV (232 '. K.173) - i 9  20 20 50 20 I 0  80 
14. F, SPV ( i 3 2  S K473) - 99 20 80 10 - 10 20 
15. F, SPV (232 r R473) - I22 20 55 10 30 5 45 
16. F, SPV (232 'i K473) .- 117 40 70 20 5 5 30 
17. F, SPV (232 Z R473) - 53 20 75 5 5 15 25 
18. F, SPV (232 '\ R473) - 116 1 0  50 10 25 5 50 
19. I:, SPV (232 X R47)) - 76 30 47 20 30 3 53 
20. F, SPV (232 X R473) - 15 50 76 10 8 6 24 

M:.I:I of cros? srrriles 47.5 19.6 15.2 10.6 47.0 

21. I:, SPV (232 X R473) - I I 
22. I:, SPV (232 X R473) - 3 
23. I:, SPV ( i 3 2  X R.173) - 10 
24. Fa SPV (232 X K473) - 17 
25. I-', SPV (232 X R473) - 22 
26. I:* SPV (232 h K473) - 16 
27. I:, SPV (232 X R473) - I 
28. F, S P V  (232 X R473) - 7, 
29. F, SPV (232 X K473) - 28 

Mcnn of c r o s  fertilcs 
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resulted. Most of the grains were shrivelled and the germination was poor. 
The surviving plants were either maternals formed through apomixis or 
hybrids. The maternals could be distinguished visually based on similarity to 
the female parent in plant height, maturity, awn length and panicle shape. 

The seed of the maternals and hybrids was harvested separately. Some 
of the hybrids were tested for their cross sterility reaction. All the tested plants 
were cross sterile. Their cytological behaviour was similar to  those of their 
parents and hence concluded it was that facultative apomicts. Their progenies 
were grown in 2 different seasons (rainy season and post rainy season). For 
the most part they bred true. In each progeny, however, there was a varying 
number of "weak" plants. Progenies of the vigorous plants (maternals: these 
maternals actually represent the hybrids) were grown for another 2 seasons. 
They behaved in a similar manner. In each season, there were a few "weak" 
plants. These progenies reproducing through facultative apomixis were desig- 
nated as "Vybrids". The Vybrids performed better than their parents. 

3. Progcny teats using a single dominant markcr gcnc 

The tan plant character in sorghum is recessive to the purple plant colour. 
The cross sterile F, individuals 8, 53 and 122 weretan. Progeny tests were con- 
ducted on these plants using R473 (purple) as a male. The progeny of su& 
crosses had either only tan plants (in the case of 8 Y. R473 and 53 X R473) 
or  a mixture of both tan and purple plants (122 x R473). The frequency of 
maternals varied from 88-100 %. 

Discussion 

Since the discovery of apomixis in sorghum (RAO and NARAYANA 1968). 
several studies have established details on the nature, mechanism and fre- 
quency of the phenomenon (MURTY and RAO 1972, RAO and 'MURTY 1972, 
MURTY and RAO 1978, MURTY et al. 1981a and c). Apomixis in sorghum was 
thought to  have 3 constituents known as the elements of apomixis (ASKER 
1980). These are: 1. production of diploid embryo sacs, 2. prevention of fer- 
tilization, and 3. development of viable seed from diploid embryo sacs with- 
out fertilization. Evidence for the existence of these 3 phenomena has been 
reported earlier. 

Diploid embryosacs were shown to  develop in 3 different ways: 1. apo- 
spory, 2. diplospory (MURTY ct 91. 1979). and 3. synkaryogenesis (MURTY 
et al. 1981b). Of these, apospory and diplospory followed by first division 
restitution result in the fixation of heterozygosity. The genetics of this pheno- 
menon is not known clearly. It is highly unlikely that a precise generic ana- 
lysis of apospory or diplospory in sorghum could be made at present. How- 
ever, it is clear that it is linked with cross sterility. The recovery of plants 
having apospory in a high frequency in the F, of facultative x facultative apo- 
micts and in the F, of sexual x facultative apomicrs indicates genetic control. 
The third element of apomixis, the production of viable seed without fertiliza- 
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the first elements of apomixis i.e., production of diploid sex cells, but not the 
other two elcmcnts. A similar situation was described by POWERS (1945). 

While obligate apomixis should be the ideal situation for the fixation of 
hctero7ygosity, the present study shows that, a t  prescnt, facultative apomixis 
can also be exploited for the production of what are known as Vybrids. 
Vybrids represent the first and subsequent generation progenies of crosses of 
heterozygous facultative apomicts. In each generation, heterozygotes identical 
to the "hybrid" of the facultative apomicts occur in more or less equal fre- 
quency. If the Vybrid is perpetuated from the seed of these genotypes only, 
then the hctcrozygote gets perpetuated indefinitely. 

The procedure for productioti of Vybrids has been illustrated in Figrtres 8 
to 16. The method co~isists in making crosses between well adapted desirable 
sorghum varieties and one o r  more of the available facultative apomicts. There 
will be variation among the I:,'s because the facultative apomict will be hetero- 
zygous. Desirable FI's should be carried over t o  I:,. I>esirable individual plants 
from I:, should be telted for their cross sterility reaction. Cross sterile plants 
should be carried over and examined in ovule squashes. Cross sterile facul- 
tative apomicts isol.~ted following this procedure can be mated. The progeny 
again has t o  be screened first for cross sterility and then for apomixis. 1)esirable 
plants can be tested in yield trials. 

Since obligate apomixis does nor exist in sorghum at  present, the conccpt 
of Vybrids represents a useful and practical method for partial fixation of 
Ileterosis. This concept will have additional weightage in sorghum growing 
areas of India and Africa, where sorghums are grown under rain fed con- 
ditions atid are frequently subjected to  stress. It l1'1s been established that 
hcterozygotcs can withstand stress better than homozygotes ( G R I W I N G  and 
L.ANGRIDGF 1963, I'~.DPRSON 1968). Since cultivatioii of hybrids is associated 
with several difficulties in the developing countries, Vybrids provide an easy 
and in expensive seed material for stress environments. 

Die Nrtur dcr Apomixis und ihre Anwendung zur Erzcugung 
von .Vybridcnd bti Sorghum bicolor (L). Moen& 

Das Fortpflanzungsverhalton von vier fakultativ apomiktischen Sorghum- 
Linien (R473, 2 6 . 3 2  and 35), F1-Hybriden von fakultativen Apomikten, einer 
Fl-Hybride aus der Kreuzurig sexuelle Linie x fakultativer Apomikt, wie auch 
einiger Pflanzen aus der P,-Generation ciner solchen Kreuzung wurde zyto- 
logisch undloder auf dem Wege der Nacfikommenschaftspriifung beurteilt. 

Das aponliktische Vermiigen wurde durch die grofiere Haufigkeit von 
unbefruchteten und von multiplen Embryosadrmuttenellen vor der Befruh-  
tung angezeigt. Die Befruchtung wird durch das Auftreten von Kreuzungs- 
sterilitat bei den fakultativen Apomikten verhinderr. Kreuzungen von fakul- 
tativen Apomikten ergeben einige Hybriden, die sich zum Teil wieder durch 
fakultative Apomixis fortpflanzen. Solche fakultative Apomikten werden 
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