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ABSTRACT 

In the present Investigation, on the breeding potential 
of certain Induced mutants of groundnut for canopy and reproduc­
tive traits, eighteen groundnut genotypes differing in canopy 
development were categorised into compact (1), medium compact 
(2), medium spreading (3) and spreading (4) based on DMRT 
(Duncan's Multiple Range Test). It was observed that the most 
compact canopy type (category 1) pertained to sequential bran­
ching and the most spreading (category 4) was of alternate 
branching, while intermediate types (categories 2 and 3) fell in 
both sequential and alternate branching types, suggesting that 
canopy compaction formed an Important factor for genetic diffe­
rentiation at sub-speoific level in groundnut. 

The study revealed that higher dose of nitrogen at the 
rate of 40 kg/ha supplied as 20 kg as basal and 20 kg as top 
dressing and 60 cm inter-row spacing could be adopted for better 
expression of the genetic potential of groundnut genotypes in 
groundnut breeding programmes. It was also found that the induced 
mutants representing the intermediate levels of canopy develop­
ment Isolated from parents of extreme canopy types could form 
tools for breeding for stability of yield performance. 

The crosses involving 2x3 as well as 3x3 canopy combina­
tions exhibited significantly higher levels of heterosis 
indicating that the intermediate levels of genetic divergence 
were more conducive for recovery of higher levels of heterosis in 
groundnut. The genetic manipulation of Inappropriate canopy of 
parental material by the way of Induced mutants for Intermediate 



canopy development resiilted In the perceptible jump In heterosis 
and also exhibited wider degrees of variances in F- generation. 
Some agronomically superior segregants were Isolatea for further 
use in groundnut breeding. 

Genetic analysis of the branching attribute indicated 
that alternate branching was dominant over sequential branching 
and segregated in monogenic fashion in F.. A cross between two 
mutants with morphologically similar canopy attributes such as 
narrow leaf and alternate branching characters revealed that 
these two were genetically dissimilar giving a segregation for 
branching pattern and leaf shape in F-. The F^ segregation 
pattern of crosses involving aerial podding varied with the 
branching pattern of the other parent involved. While crosses 
involving sequential parents and TAPS showed a F- segregation 
ratio of 3 aerial podding : 1 normal, the crosses of TAPS with 
alternate branching showed F„ ratio of 1 aerial podding : 3 
normal. Inheritance of canopy compaction revealed that the 
trigenic segregation pattern in F- was found largely in extreme 
parental canopy combinations and aigenic segregation in crosses 
with intermediate parental canopy combinations as well as extreme 
canopy types, while monogenic segregation pattern was observed in 
only intermediate parental canopy combinations. 

The mutational rectification of specific defects of TAPS 
an aerial podding genotype resulted in the isolation of slow 
senescent, alternate branching and other high yielding mutants 
of TAPS. The occurrence of higher degree of variances in H^ as 
compared to M. and M- generations suggested that TAPS (sequen­
tially branchea Valencia type) had probably attained genetic 
dlploidization with disomic genetic behaviour. The study also 
revealed that NaN, was more effective than EMS, while the EMS was 
more efficient than NaN^. 



INTRODUCTION 



CHAPTQL I 

INTRODDCTION 

Groundnut plant (Arachis hypogaea L.) Is exotic to 

India, having been Introduced Into the country around 200 years 

ago by Spanish and Portuguese explorers (Haomons, 1973a). Since 

then the Indian groundnut cultivation made rapid strides and the 

crop, despite Its meagre diversity has now come to occupy an area 

of over eight million hectares, thereby creating Its own agro-

ecological niche largely covering the seml-arld tract of the 

country (Rao, 1976). 

Not-withstanding the history of over sixty years of 

groundnut breeding In our country. It may be observed that there 

did not exist any significant genetic Improvements for producti­

vity per se among the 'Improved cultlvars' as compared to the 

'local varieties' (Rao, 1976 and Prasad, 1992). Studies carried 

out by Duncan et al. (1978) and more recently by Wells et_ al. 

(1991) have conclusively shown that even In the United States a 

long Innings of groundnut breeding has only resulted In marginal 

Improvements In productivity largely through the enhanced parti­

tioning of the assimilates to the sink, and not due to growth 

rate of the crop. This predicament could not be explained better 

than the observations of Gregory et al. (1973) based on a 

critical Insight into the genetic nature of groundnut plant 

revealing that the extent of genetic variability available in the 

cultivated groundnut was rather narrow in relation to the requi­

rements of man and that the exploitation of variability at the 



Inter-specific level and induction of gene mutations for wide 

range of agronomic attributes could be the major approaches to 

overcome the genetic vulnerability (Hammons, 1976) of cultivated 

groundnut. 

While mutation breeding has been one of the areas of 

groundnut improvement in India (Patil, 1978; Patil and Mouli, 

1978, 1979; and Mouli etal., 1979), it is yet leave its signifi­

cant Impact on groundnut productivity. However, in the recent 

years the availability of impressive array of new and novel 

groundnut mutants for canopy development including branching and 

leaf type on the one hand (Prasad et_ al., 1984 and Prasad, 1988) 

and aerial pod development (Prasad, 1985) on the other has 

provided the needed opportunity to evaluate (a) their breeding 

utility including inheritance pattern of the mutant allele(s) 

involved and potential and under take (b) the mutational rectifi­

cation of certain specific genetic defects of the aerial podding 

mutant which otherwise would open-up immense potential for 

groundnut breeding as observed by Wynne and Gregory (1981), more 

particularly in the light of new knowledge gained with regard to 

(1) the efficacy of certain canopy based alternate selection 

criteria for stable productivity and (2) selection of parental 

genotypes conducive for the recovery of wider degrees of 

variances down the generations (Nagabhushanam and Prasad, 1992). 

Hence, the present investigation results of which are presented 

and interpreted in this thesis. 
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CHAPTER II 

REVIEV OF LITESATDRE 

2.1 HIST(»tT OF ̂ OUNDNDT BREEDING 

Groundnut breeding, though started as early as 1910, 

was not pursued with any degree of persistence and was therefore 

made no spectacular headway as In the case of maize or wheat. 

This was partly due to the nature of the orop and to the sporadic 

attempts by workers In different countries. Gregory et_ al. 

(1951) In reviewing the previous work, on the subject had summed 

up the position as under : "In reporting the published work on 

peanut breeding and genetics we have been unable to unfold a 

sequence of events or to build a co-ordinated body of knowledge. 

Culminating in recent advanced studies logically derived from the 

results of previous experiments. Instead we have attempted to 

preserve the mosaic of unrelated patterns ". 

Van der Stok (1910) was the first to start breeding 

work on groundnut in Netherlands and East Indies. He was able to 

Isolate a number of pure-lines from the cultivated variety by 

selection of single plants. He explained the multiplicity of 

types in land races as due to hybrid variability caused by 

chance-cross fertilization. Selection of kernels in pod showed 

that it was not possible to say that forms with a smaller number 

of seeds per pod will have a higher yield percentage than forms 

with a smaller number of seeds per pod. Based on detailed 
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studies for a number of years, Badaml (1930) stated that prelimi­

nary selection should be based on plants with the largest number 

of mature pods and the final selection on the highest weight of 

seeds per plant. 

In America, early breeding work on groundnut was done 

in Florida and the results were reported by Stokes and Hull 

(1930). They found that the existing types did not combine the 

desirable characters like seed dormancy, erect plant type, large 

seed, dark green foliage, light tan seed with high or low oil 

content and stated that such types could only be produced by 

hybridization. Umen (1933) based on breeding work conducted in 

the USSR since 1926, reported that pureline selection did not 

yield very favourable results and considered hybridization as 

essential. 

Bolhuis (1938) reported that line selection was succes­

sful and 'Schwartz 21', a type highly resistant to the slime 

disease and with high yield was evolved. He enumerated high 

yield, resistance to slime disease, erect foliage, large seeds, 

pods with more than two seeds, only slight or no constriction and 

early ripening as the chief aims in groundnut selection. He 

stated that since further increase in yield seems unlikely, future 

breeding will probably be concentrated on selection of large pods 

and early maturity from hybrid material. 

Higgins et al. (1941) reported that by hybridization 

and selection,many promising strains were isolated and hybridiza-



tlon between peanut varieties gave rise to a great mxiltlpllclty 

of plant and nut types often quite different in many characteris­

tics from either parent, thereby offering scope for selection. 

Hull and Carver (1945) were of the opinion that the desired tyes 

could not be obtained except by resorting to hybridization and 

also a very large population of progenies would be required for 

selection of the desired types. 

Bouffil (1947) after years of work at Senegal on the 

improvement of varieties by breeding stated that selection based 

on external botanical characters and characters like number of 

pods per plant, the mean weight of a plant, etc., was unsuccess­

ful. It was reported that at present breeding was based on the 

heredity of the morphological characters of the pod and on the 

weight of 100 seeds. Darlington (1948) Indicated that there was 

a large scope for enriching the available variation in groundnut 

by crossing the cultivated groundnut, which was tetraploid with 

the wild diploid species. 

Gregory £t al. (1951), based on the breeding attempts 

made in North Carolina, concluded that hybridization was neces­

sary for the success of practical groundnut breeding. Seshadrl 

(1956) emphasised that Improvement of quality in groundnut could 

be achieved only through hybridization. 

Norden (1973) indicated that the possibilities for 

groundnut improvement by introduction and selection without 

hybridization were practically exhausted in the USA. ' According 



to him, success In breeding through hybridization depends on the 

availability of transferable genetic variation and will be more 

likely If the objectives a.re clearly defined, the correct 

parents are selected and the hybrid populations are managed 

properly. 

Although groundnut was Introduced Into India In the 

16 century, no systematic attempt In crop Improvement was made 

till the beginning of the 20 century. The department of Agri­

culture in Mysore was the first in India to start intensive work 

on the groundnut crop. From 1913 onwards breeding work was taken 

up at the Agricultural Farm, Hebbal (Bangalore). Similar work on 

groundnut was started in Madras state with the opening of a 

Groundnut Research Station at Palakuppam in 1926. Even prior to 

this, many foreign varieties were imported and tested in the 

College Farm at Saidapet and at the Agricultural Research 

Station, Palur, "Wherefrom varieties were supplied to Mysore. 

Subsequently groundnut Improvement work was initiated in 

Punjab, Bombay, Madhya Pradesh and other states. 

During the last 80 years, about 85 improved varieties 

were recommended for cultivation in different groundnut - growing 

states. Except for "Spanish Improved", the information about the 

cultlvars recommended during the first 3 decades was not well 

documented. The first attempt to compile the information on the 

recommended groundnut varieties was made by Ramanamurthy (1974). 

This document, however, did not give the details about the year 

of release, centre of origin and pedigree but listed the older 



varieties recommended for cultivation. Since such details were 

available for varieties released from 1930 onwards, which number 

60 till the end of 1986, it was likely that the older varieties 

numbering about 25 were developed during the fftst 3 decades. 

These varieties were either direct introductions or selections 

from the introduced stocks. Out of the 60 groundnut varieties 

released from 1930 onwards, 3 belonge<<to the Valencia botanical 

group, 25 to Spanish - bunch group, 17 to Virginia - bunch group 

and 15 to Virginia runner group. All the methods of breeding 

conmion to the self-pollinated crops were employed in the breeding 

of these varieties. Two varieties were introductions (•Kadlri-2' 

and 'UF 70-103'), 2 resulted from mass selectin ('TMVl' and 

'TMV2'), 34 from pureline selection, 18 from hybridization 

followed by pedigree method of selection, and 4 from mutation 

breeding (BGl, BG2, TGI and Co2) (Basu and Reddy 1987). Up to 

1960 no attempt was made to improve the crop through recombina­

tion breeding. The first cross derivative, 'C501', developed at 

Ludhiana was released in 1961. With the advent of All-India Co­

ordinated Research Project on oilseeds (AICORPO), work on the 

hybridization projects was intensified which resulted in the 

release of 17 more varieties evolved through recombination bree­

ding. However, it has been observed that most of the 'improved 

varieties' were not significantly superior to the traditional 

'local' varieties in terms of productivity. Therefore, sofar, it 

has not been possible to break the barriers to productivity 

through breeding (Rao, 1976). 



Hybridization and selection among the cultivars is now 

the most common method used to obtain Improved groundnut culti­

vars (Norden, 1980). Therefore, the available Spanish/Valencia 

and Virginia types should be carefully analysed for various 

attributes contributing to yield and related characters, 

resistance etc and extensive hybridization work between Spanish -

Virginia crosses could be most rewarding. Handling of such 

crosses need not be confined to conventional hybridization and 

selection methods. An organised programme could take recourse to 

mass intermating of segregating progenies. Various mating 

systems could be conceived. Three-way and multiple crosses were 

likely to be more rewarding than single crosses. Some quantita­

tive genetic work involving single, three-way and double crosses 

could provide useful guidelines and were strongly recommended 

(Rao, 1976). 

In India, progress in groundnut breeding through hybri­

dization is slow. Several reasons have been ascribed for such a 

slow progress : difficulty in hybridization and the poor 

productivity of seed per plant (Venkateswaran, 1980), restricted 

recombination and hereditary instability (Ratnaswamy, 1980), poor 

percentage of pod setting after effecting crosses (Tangavelu £t 

al., 1980), smaller size of F- populations (Reddi, 1980), genetic 

problems arising out of the segmental alloploid nature and 

absence of appropriate selection criteria due to lack of clear-

cut relationship between canopy characters and yield components 

(Prasad and Kaul, 1980 and Prasad et al., 1984). 
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From the review of breeding work In India and abroad 

given above. It would be seen that opinion was rather divided as 

to the utility of purellne selection In effecting Improvement of 

the groundnut crop. Instances were not wanting to show that this 

line of Improvement pursued by some workers notably In the United 

States and India was actually helped In the production of high 

yielding strains with desirable features like bold seed, high oil 

content and shelling out-turn, etc. When the nature of material 

handled by workers In different countries were studied, it would 

become evident that the results were not satisfactory when the 

source of original supply of seeds was not of diverse origin, 

because the variation in the material handled was very small. 

But in cases where such work was attempted with material drawn 

from numerous sources, fairly satisfactory progress was reported, 

not only in effecting improvement in yield but also in other 

qualitative characters (Seshadri, 1962). 

With regard to usefulness of undertaking hybridization 

work for evolving forms with desired plant characters, it was the 

experience of most of the workers that unless a very large number 

of progenies of crosses involving suitable parents with adequate 

genetic diversity was studied there was no prospect of spotting 

out plants with the desired combination of characters (Seshadri, 

1962). This was specially the case when characters Involving 

multiple genes were sought to be transmitted to types which were 

otherwise desirable. This procedure is all the more necessary 

for a crop like groundnut which, as stated by Gregory et al. 
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(1951) "Is for all practical purposes hundred per cent inbred, 

difficult to cross and productive of so few seeds per plant". 

It was the opinion of a number of workers in evolving 

forms resistant to pests and diseases, that marked improvement 

may not be possible as resistant forms were not found among the 

cultivated varieties for use in hybridization work. Under such 

conditions, the only way was interspecific hybridization. 

Seshadri (1956) emphasised the paramount need to switch over 

attention to improvement of quality features in groundnut and 

indicated how this could be achieved through hybridization. 

Darlington (1948) stated that "perhaps they will open the way to 

improved varieties from interspecific crosses in this plant which 

hitherto has been so unresponsive to improvement through the 

ordinary methods of cross-pollination and selection". For ensu­

ring good results from hybridization in groundnut, Gregory et al. 

(1951) suggested that "peanut breeder must not only Increase the 

precisions of estimating genetic differences within segregating 

populations but also must overcome the sterility barriers between 

the various species of peanuts, gather fundamental biological 

information on the structure and physiology of the peanut and its 

relatives and relate these to the problem of improvement through 

selection". 

The main goal for the improvement of groundnut crop in 

developing countries is larger and more stable yield. Study on 

interrelationships between canopy characters, physiological 

attributes and yield components is very much necessitated in 



order to reach the goal (Blao, 1976). The improvement in the 

yield of cereals in developing countries has come in part from 

selection for a different morphological and physiological pattern 

of growth; also from selection for wider adaptation and more 

stable yields in adverse environments (Swaminathan, 1975). Hence 

the breeding objective from the physiological stand point should 

be to select the new cultivar for the expected length of the 

particular growing season to which it 'will be adopted and to use 

the largest possible proportion of the available growing season 

for pod filling (Mc Cloud et al., 1980). 

In India, where groundnut is extensively cultivated 

under rainfed conditions, breeding for stability in performance 

accompanied by resistance to drought gains importance. Hence 

incorporation of environmental stability and wide adaptability 

while retaining genetic diversity should be the key feature of 

the groundnut breeding programme (Hammons, 1976). The instability 

of the cultivated groundnut particularly for yield is one of the 

main problems facing the groundnut breeders. For selecting 

varieties with wider adaptability, studies on variety x environ­

ment interactions will be very useful. Well buffered cultivars, 

with small genotype x environment interactions are usually 

desired. Stability of yield over seasons and throughout a wide 

geographical area are important attributes of a commercial peanut 

cultivar (Reddy, 1988). 



2.2 SIABILITT OF PERFWNAMCE 

Wessllng (1966) studied the reaction of Spanish, 

Valencia, Virginia bunch and runner varieties and strains to wet 

and dry growing seasons in Brazil. He found that the Spanish-

Valencia types grfw best during the wet seasons, but they were 

unable to maintain their superiority over the other types during 

dry season. The Virginia bunch types were least affected by 

climatic conditions unless at extremes. He concluded that the 

runner types were divisible into 2 groups, one reacting similarly 

to the Spanish-Valencia types and the other to the Virginia bunch 

types. 

Chen and Wan (1968) measured the genotype x environment 

interaction in Taiwan using 13 groundnut cultivars grown at 10 

locations for 2 years. Both cultivar x year and cultivar x 

location interactions were small for yield; but the cultivar x 

year x location interaction was highly significant. 

Ojomo and Adelana (1970) in a study of cultivar x 

environment interaction with 16 cxiltivars grown at 3 locations 

for 3 years in Western Nigeria found significant both cultivar x 

location and cultivar x year x location interactions. 

Joshi e^ ̂ . (1972) measured the stability of bunch 

cultivars and local standard at 7 environments in Gujarat. 

Cultivars showed stability in all environments for yield. One 

genotype released for cultivation as 'Jll' performed consistently 

well in both poor and good environments. 
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Ojeda (1973) observed a significant sowing date x 

variety Interaction In groundnut yield trials during 1967 season 

in Argentina. Wynne et̂  al̂« (1973) studied 6 groundnut lines 

representing the 3 botanical groups under 2 short-day photoperio­

dic treatments. They found the characters related to flowering 

and fruiting were great ly different under short-day treatments 

than under long-day treatments. 

Singh et̂  al. (1975) tested 8 promising spreading 

varieties of groundnut in 4 environments of Punjab. Pooled 

analysis of variance for pod yield showed that the mean differen­

ces between the genotypes and genotype x environment interaction 

component were highly significant. Both the environment (linear) 

and genotype x environment (linear) components of variation for 

stability were highly significant. The differences in stability 

were mainly due to the linear regression. The 'Ml3' had average 

stability and high level of performance for pod yield and hence 

it was considered as an ideal variety in the material studied. 

Sangha and Jaswal (1975) studied 12 groundnut varieties 

for 2 years at 4 locations. The performance of varieties in 

different years was quite uniform but was inconsistent at diffe­

rent locations. The small and non-significant variety x year 

interaction indicated that the performance of different varieties 

in different years was quite similar and suggested that little 

would be gained by testing the varieties for more than 2 years. 

Marenah and Anderson (1977) observed in a trial of 6 

varieties during 1973-75 that •NC15' gave the highest pod yields 
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with or without fungicide application. 'Shulamit' and 'NC17' 

showed the highest Increase In pod yields following fungicide 

applications. 

Sandhu and Khehra (1977 ) evaluated the parental F^, 

F2, F^, BCl and BC2 generations of 'C 501' x 'AK 12-24* and 'C 

501' X 'Ah 6595' at 2 locations. A significant genotype x envi­

ronment interaction was found for pod yield, 100 - seed weight 

and length of primary and secondary branches but not for the 

number of primary branches and number of mature pods. 

Nur and Gasim (1978) conducted 4 trials during 1969-73 

with 5 varieties representing upright bunch, spreading bunch and 

st st st 
runner types which were sown on 1 June, 1 July and 1 

August. Early sowing resulted in high pod yield but reduced 

shelling percentage. All the characters studied showed signifi­

cant variety x sowing date interactions. 'MH 383' was the highest 

yielding variety at each sowing date. 

Tai and Hammons (1978) found large and significant 

cultivar x location x year interactions and small, year x 

cultivar and location x cultivar interactions for groundnuts 

grown in 2 - year field trials, in respect of pod yeld, percen­

tage of sound matured kernels, extra large kernels, and fancy -

sized pods and 100 - kernel weight. 

Williams et̂  al. (1978) reported that data from 26 

trials with 3 - 4 varieties indicating that varieties reacts 

differently to environment, some varieties being superior under 



cool - cloudy conditions and the others under warm, sunny -

conditions. The cultivars were sensitive to changes in the 

environment before the fruit filling than during the actual fruit 

filling phase. 

Wynne and Isleib (1978) estimated genotype x environ­

ment interactions in 9 Virginia cultivars in 2 separate studies 

for five years. Both cultivar x location and cultivar x year 

interactions were small when compared to the variation among 

cultivars. They concluded that no advantage could be gained by 

subdividing the production area into subareas for breeding or 

testing purposes. 

Wynne and Sullivan (1978) determined the influence of 

environment on seedling emergence for 8 Virginia groundnut culti­

vars in North Carolina in replicated tests conducted at 5 loca­

tions over a 3 - year period. Both cultivar x year and cultivar 

X location x year interactions were significant. 

Yadava and Kumar (1978a) studied 11 varieties in 3 

environments for phenotypic stability of pod yield, shellig 

percentage, 100 - seed weight and oil content. The magnitude of 

the linear component of the genotype x environment interaction 

was high for pod yield, 100 - seed weight and oil content. Of 

the varieties studied, '28 - 206' was stable for yield but not 

for other characters. 

Yadava and Kumar (1978b) also used 17 genotypes grown 

in 4 environments to estimate stability parameters for 100 -
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kernel weight, oil content and shelling percentage. The linear 

and non-linear portions of the genotype x environment interac­

tions were significant for all the 3 traits. In all the environ­

ments 'Faizpur' 1-5 had consistently high 100 - kernel weight and 

oil content and 'Ah 679* had high shelling percentage. The 

stability parameter for the different traits were apparently 

governed by independent genetic systems. 

Yadava and Kumar (1979) studied the genotype x environ­

ment interaction for pod yield and the number of days to maturity 

in 13 groundnut varieties grown in 4 different years. The linear 

portion of GEI was significant for both characters, but the non­

linear portion was significant only for the number of days to 

maturity. 'Georgia 119-20' proved to be a high yielding variety 

suitable for all environments tested and 'NC4X' an early 

maturing, high yielding variety suitable for less favourable 

environments. 

Mercer - Quarshie (1980) reported that variety x year x 

locality interaction effects were significant for all the 5 

characters, viz., pod yield, number of pods per plant, seed 

yield, shelling outturn and 100 seed weight. The variety x year 

interaction was significant only for 100 - seed weight and the 

variety x locality interaction was significant for seed yield and 

100 seed weight. It was concluded that testing in several loca­

tions was more important than testing during several years. 

Wynne and Coffelt (1980) determined yield and 

percentage of sound matured kernels and of extra large kernels in 
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a 2 years study for 9 crosses with 8 lines per cross in F4 and F5 

generations at 2 locations. Cross Populations and lines within 

crosses were significantly different for all traits. Cross popu­

lations interacted with the year - location environments for all 

traits, and lines within crosses interacted with the environment 

for all traits except yield. 

Wynne and Gregory (1981) in a review on genotype x 

environment interactions in groundnut opined that although geno­

type X environment interactions vary with the material tested and 

the site chosen for testing, genotype x environment interactions 

in groundnut appear to be similar to those in several other 

autogamous species. The yield of a groundnut cultivar in each 

individual experiment if unique and the environmental conditions 

differentiating the tests cannot be grouped according to years or 

locations. This is not surprising considering the indeterminate 

nature of the groundnut plant. 

Shorter and Norman (1983) evaluated 12 cultivars for 

grain yield in 2 trials, harvested 9-14 days apart at 10 

locations. Pattern analysis showed that cultivars of dissimilar 

genetic origin had different yield responses across environments. 

An environmental classification based on cultivar x environment 

interactions indicated that there were no closely related 

regional environment groups with similar cultivar x environment 

interactions. It was concluded that lower critical percentage 

differences between new and established cultivars in pre-release 



trials can be obtained by adding environments rather than 

replicates. 

Kumar et̂  al. (1984) studied pod yield and 4 yield 

related quality characters in 12 Spanish bunch genotypes under 3 

environments. In general, G X f. interactions were significant 

for all the characters. For pod yield, non-linear components of 

Interaction were significant whereas for 4 others linear compo­

nents were significant. Non-linear components had higher values 

for all the traits except for pod yield and days to maturity. 

Reddy et^ a]L. (1984) studied variety x season interac­

tion in 3 habit groups and Virginia-bunch to be less Interactive 

than Spanish - bunch types. In general, seasonal yield differen­

ces were greater than varietal differences and variety x season 

interaction was high. 

Swarnalata et̂  al. (1984) studied the stability of 

performance of six Virginia varieties, two Spanish varieties and 

their advance generation mutants and eight cross derivatives in 

two seasons under two fertility levels. The mutants of MK374, 

M13 and Robut 33-1 Virginia type varieties were significantly 

superior than the parental varieties and the varieties derived 

from hybridization. The mutants derived from above genotypes 

were high yielding and stable in performance and the stability of 

some of the compact mutants can be Improved by manipulating high 

plant density. 
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Norden et̂  al. (1986) studied four multiline populations 

along with their component lines over four years in 2 locations 

for stability of yield and market quality characters. G X E 

interactions were highly significant for pod yield and five 

quality characters including fancy pods percentage, shelling 

percentage, 100 kernel weight and sound mature kernel yield. 

Large differences were not present for these characters between 

sib-llnes. However, differences were found in stability esti­

mates from regression coefficients and deviation from regression 

of multilines compared to the component lines. 

Patra and Mohanty (1987) evaluated the seven cross 

derivatives of groundnut in seven different seasons at Chiplima. 

The yield stability showed association with stability of shelling 

percentage, sound mature kernel percentage, 100 kernel weight, 

but more flexible association with mature, immature and tender 

pods per plant and pods per unit weight. 

Lu et al. (1988) evaluated ten newly developed lines of 

Â . hypogaea and two standard varieties nine locations in spring 

and four locations in autumn for two years. Combined analysis 

for pod and seed yield Indicated that the mean squares for geno­

types, environment and genotype x environment interactions were 

significant. Nan-Kai-sl 133 and 134 showed the best pod and seed 

yield stabilities over all environments in the spring and Nan-

Kai-si 133 also had best yields over all environments In autumn. 

However, their yields were not acceptable. 



The phenotyplc stability of twelve bunch groundnut 

cultivars grown in field trials was evaluated in eight environ­

ments to identify genotypes suitable for kharif and summer season 

crops by Kanaswami et al. (1989). VG 19 and Ah 8407 were signi­

ficantly superior in yield potential over the grand mean but were 

unstable. These can be grown in well distributed rainfall and 

irrigated conditions. None of the genotypes showed stability for 

pod yield. Five genotypes, which showed stability for many of 

the yield component traits were identified as ideal genotypes for 

hybridization and selection of stable genotype with high yield 

for further exploitation. 

Nagabhushanam (1989) studied the stability of a wide 

range of characters in addition to pod number and pod weight. He 

observed that the characters such as plant height, number of 

primaries, number of secondaries, canopy diameter, nodule number 

and nodule dry weight at 60 days, leaf dry weight, shoot dry 

weight and root dry weight at 60 days, total dry matter at 60 

days and oil per cent were less subjected to the interaction with 

the environment and were considered as stable. It was suggested 

that the characters like canopy diameter at 60 days, number of 

primary branches in Spanish and Valencia genotypes and number of 

secondaries in Virginia genotypes which also exhibited a strong 

positive phenotyplc correlation and considerable degree of 

genotypic correlation with kernel yield could be profitably 

employed a components of selection criteria. An analysis of the 

stability pattern of all the genotypes belonging to Virginia, 



Spanish and Valencia groups revealed that the genotypes posses­

sing intermediate degrees of canopy development exhibited a 

greater degree of stability than the rest. 

Singh £t̂  al. (1990) conducted a study with 5 Spanish 

bunch groundnut varieties in order to identify the varieties with 

average stability and a high level of performance for pod yield. 

Variety x environment interactions; the environment (linear) and 

variety x environment (linear) components of variation were 

highly significant. Five different conditions were created by 

sowing under different dates. The higher yield in rainy-season 

sowing than in winter-season sowing was due to moisture stress 

and low temperature during the crop growth period during winter 

and absence of cold-tolerant lines in groundnut. JL 24 gave the 

maximum yield followed by Kissan and Jowan. The difference in 

pod yield was mainly due to a wide range of environmental condi­

tions primarily resulting from different temperatures and 

moisture stresses. 

Birari et_ al. (1991) tested five bunch erect varieties 

of groundnut viz., JL 24, SB XI, TG19A, NCAC 589 and PI 270792 in 

three different seasons. The linear component contributed to a 

greater extent than non-linear component for G X E. TG 19A, PI 

270792 and SBXI exhibited absence of GXE for kernel yield per 

plant. Further TG19A exhibited the most superior yield perfor­

mance and insensitivity to environmental fluctuations in respect 

of 100 kernel weight and oil content. It also showed stable 

morphological attributes and predictable pod yield. NCAC 589 
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showed Insensltlvlty to environmental changes for duration to 50 

per cent flowering and maturity. They concluded that the study 

warrants a scope for evaluating the production of this crop 

through various groundnut based cropping systems either by inclu­

ding TG19A or NCAC589, depending upon the condition of resource 

availability in Konkan region. 

2.3 SIREN6THENING GROUNDNUT BREEDING 

Natural variability in the species has provided the 

resources for the development of varieties and strains suited to 

different environments and with desirable qualities and high 

yield of the commercial produce. Yet, the greater yield potential 

that may be gained by breeding for resistance to diseases, pests 

and drought, improved pod/kernel relationship and other compo­

nents of yield and the possible realisation of better qualities 

of kernel and haulms, call for the search of new genetic variabi­

lity (Raman, 1988). 

The genetic and plant breeding research in groundnut in 

India has been revolving around the selections from within the 

available variability, crosses involving the parents with narrow 

genetic diversity and some exotic introductions to certain extent 

(Rao, 1976). Looking at the history of domestication of 

groundnut spaning over a period of 3,500 years (Hammons, 1973a), 

there appears to be need to enhance genetic variability for 

groundnut breeding. 
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The breeding efforts so far carried out have not 

resulted in the development of varieties with higher degrees of 

yield productivity. This was explained interms of physiological 

mechanisms involved by Duncan _et al. (1978) that the selection 

for higher yield through traditional breeding procedures adopted 

even in Florida, United States did not result in corresponding 

increase in crop growth rate, but led to the development of the 

groundnut cultivars that partition more of their assimilate to 

fruit. Thus the marginal increase in yield was not created any 

favourable impact on peanut production. Lack of genetic progress 

with regard to crop growth rate and photosynthetic rates indi­

cates the need to Infuse new and novel genetic variability for 

canopy and reproductive attribjJtes into groundnut breeding 

programmes to acheive higher levels of dry matter production. 

According to Gregory £t al. (1973), despite a long history 

of cultivation, broad sub-specific variability and wide geogra­

phic distribution of the cultivated groundnut, defects in its 

genetic composition with respect to requirements of man are known 

to exist among its varietal forms. Hence, in view of the genetic 

vulnerability of this evolving crop species, research for new and 

novel genetic variability for several important canopy and repro­

ductive characters on one hand and attributes of resistance to 

pests, diseases and drought on the other, together with charac­

ters pertaining to oil quantity and quality are of paramount 

importance to strengthen the genetic improvement of groundnut. 



The complex genetic architecture and developmental 

rhythm of groundnut plant has been posing challenge to the plant 

breeders and geneticists who have been aiming at achieving an 

appropriate genetic restructuring of this 'unpredictable legume' 

which is not conducive for efficient agronomic management 

(Gregory et al. 1973). It was increasingly felt that the use of 

efficient criteria of selection involving certain canopy attri­

butes together with yield components on the basis of physiologi­

cal efficiency in groundnut breeding would be useful (Cahaner and 

Ashri 1974). In order to meet this requirement the available 

genetic variability has to be significantly enlarged and widened 

by inducing mutations for the above mentioned characters (Prasad, 

1988). 

Despite extensive breeding work involving wide range of 

hybridizations, so far we were not able to generate distinctly 

superior genetic material in terms of agronomic attributes (Rao, 

1976; and Duncan £t al. 1978). Wynne and Gregory (1981) however, 

suggested that major advance in groundnut productivity could be 

achieved through structural alterations in peanut plant conducive 

for enhancement of fruiting sites. Such an effort calls for 

induction of new genetic variability through a comprehensive 

programme of mutation breeding. 

2.4 HETEROSIS AMD IMHERITAMCE OF CBKIAIN CHARACTERS 

2.4.1 Heterosis 

Heterosis in F. generation expressed in terms of 

superiority over the better parent is of direct relevance not 



only for developing hybrids In cross pollinated crops, but Is 

also Important in self-pollinated crops, as such heterotic 

crosses may help the breeder to select appropriate parents which 

may lead to the isolation of desirable transgressive segregants 

in advanced generations (Arunachalam et al., 1984). Several 

investigators have reported estimates of heterosis for peanuts. 

According to the available evidence, heterosis in groundnut like 

heterosis in other crop species such as wheat (Fonesca and 

Patterson, 1968; Sun et al., 1972; Widner and Lebsock, 1973), 

alfalfa (Sriwatanapongise and Wilsie, 1968); Cotton (Marani, 

1963, 1968), Corn (Moll et al., 1962), and tobacco (Matzinger and 

Wernsman, 1968) is related to the parental genetic diversity. 

According Wynne and Gregory (1981), heterosis in peanuts is most 

often observed in crosses between sub-specific groups, viz., 

Virginia x Spanish and Virginia x Valencia. These results imply 

that gene action differs in crosses made within and crosses made 

between botanical varieties. 

The manifestation of heterosis in different economic 

traits of groundnut was first observed by Stokes and Hull (1930) 

in 11 groundnut crosses. Higgins (1938) in a diallel cross of 16 

cultivars observed marked heterosis for vegetative traits and pod 

yield. Individual plant yields were highest for Spanish x 

Virginia crosses. Katayama and Nagatomo (1963) noticed marked 

heterosis In scnae of the hybrids studied by them. 

Syakudo and Kawabata (1963) observed marked heterosis 

for the top weight in Virginia x Spanish or Virginia x Valencia 



combinations. Pod length of F. was Intermediate between that of 

the parents. Lin (1966) noted significant hybrid vigour for 

length of main stem and branches especially In the F_ by crossing 

a Spanish type with 'Florispan runner* (a Virginia type). 

Hassan and Srlvastava (1966) observed a marked superio­

rity of the F 's over their better parents in yield as well as 

for the number of branches and leaflet length in crosses of 3 

groundnut varieties differing in maturity and growth habit. They 

found greater heterosis for vegetative traits between Virginia x 

Valencia cultivars. 

Studies conducted in a controlled environment by Parker 

et al. (1970) on the hybrids of dlallel crosses of 6 parents 

collected from 3 centres of diversity in South America, the F 's 

exceeded mid-parent means by 20-40% for several seedling charac­

ters which included days to flowering. Their conclusions also 

revealed greater heterotlc responses for Valencia x Virginia 

crosses than for Valencia x Spanish or Virginia x Spanish 

crosses. 

Wynne et al. (1970) reported that F hybrids from 

Virginia x Valencia parents gave greater heterosis than other 

crosses for vegetative plant characters by using the same parents 

as Parker et_ £l. (1970). Crosses of Valencia x Spanish gave 

greater heterosis for yield and fruit characters. However, the 

highest cross had Virginia x Spanish parentage. Coffelt and 

Haomons (1971) recorded 661 pods weighing 1.96 pounds from one F̂  
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hybrid plant and 1,156 matured seeds from another F. plant. On 

an average more than 700 seeds were obtained per F. plant. 

Mammons (1973a) reported heterotic responses of inter 

sub-specific F. hybrids for fruit yield. Wynne et̂  al. 

(1975) observed significant heterosis over the mid-parent in 2 

crosses sown with drill, while in space-planted test, 4 crosses 

were equal to or higher than the mid-parent. Their studies 

indicated genotype x environment interaction in the expression of 

heterosis. 

Caret (1976) studied heterosis and combining ability in 

a 5 parent diallel in Senegal. The study revealed a good 

heterotic response over better parent for 100-pod weight, 100-

kernel weight, pod and seed number per plant and shelling 

percentage. Best heterosis resulted from crosses involving 

Virginia and Spanish parents. 

Raju (1978) recorded heterosis ranging from 20 to 37% 

over the superior parent with respect to 3 important yield compo­

nents, viz., mature pods (20.05%), 2 seeded pod (20.8%) and pod 

yield per plant (37.02%). Raju £t al. (1979) in their studies on 

F. hybrids of 5 x 5 diallel set for 7 characters observed greater 

heterosis for number of mature pods, number of 2-seeded pods, pod 

yield and 100 kernel weight in a Virginia x Spanish cross and a 

moderate heterosis for these characters in Virginia x Virginia 

cross and concluded that the crosses Involving the varieties 

adapted for Indian conditions and new exotic genotypes were the 

best for the expression of heterosis. 
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Arunachalam et̂  al. (1980) classified parents of 2 

dlallel crosses as high or low based on their general combining 

abilities as computed for 15 characters. High x low crosses 

produced greater heterosis than high x high or low x low crosses. 

In the first 15 x 15 diallel set positive heterosis for 9 charac­

ters including pod yield was recorded whereas they could record 

positive heterosis for as many as 13 characters including pod 

yield in another 10 x 10 complete diallel set. 

Isleib and Wynne (1980) reported positive heterosis for 

number, size and yield of pods by crossing 28 diverse lines with 

elite Virginia breeding line. Parents from sub sp. fastigiata 

generally had greater heterotic responses than parents from 

subsp. hypogaea. Muralidharan and Raman (1980) recorded positive 

heterosis for days to flowering, number of 2-seeded pods and pod 

yield per plant in the hybrids derived by crossing some bunch 

groundnut varieties with Arachis monticola, a wild species. 

Hybrid vigour for F. hybrids between subspecies was 

recorded by Gregory &t al. (1980). Most F- hybrid means were 

equal to midparental values although some F_ means were exceptio­

nally high or low. Sridharan and Marappan (1980) observed 

positive heterosis over the mid-parent in F 's for all the 9 

characters studied. They reported positive heterosis over the 

better parent in all the hybrids for number of mature pods and 

pod yield per plant. Heterosis for pod yield ranged from 37.44% 

to 95.33% over mid-parent and from 4.20% to 70.30% over better 

parent. 



--1 

Layrisse et_ al. (1980) found that hybrid vigour for 

fruit yield, seed yield and 100 kernel weight persisted in F-

progenies of a diallel cross of 10 lines. The parents belonged 

to 2 each of the 5 centres of genetic diversity in South America. 

The parents of the crosses with significant heterosis generally 

came from different centres of diversity. 

Durga Prasad (1981) studied 64 F 's obtained from 8x8 

line X tester design crosses. The parents were assigned 'High' 

(H) and 'Low' (L) status based on the phenotypic values of a 

number of related component characters spanning the entire growth 

phase. Forty four crosses were found to be heterotic over better 

parent. Out of 44, 23 crosses were between parents with high-

and low- general combining ability (gca) followed by 13 crosses 

between parents both of which had high gca. Heterosis was 

realised on the strength of both high and low specific combining 

(sea) effects. The distribution of crosses heterotic over better 

parent showed that the top most rank was obtained by Virginia 

runner x Spanish bunch and Spanish bunch x Valencia. Maximum 

frequency of heterotic crosses was found in H x L followed by H x 

H crosses, whether heterosis was measured over mid or better 

parent. 

Wynne and Gregory (1981) arrived at the following 

conclusion regarding the nature of gene action in a review on 

heterosis in groundnut. Heterosis in groundnut was most often 

observed in crosses between the subspecific groups, gene action 

being different in crosses made within and those made between 



botanical varieties. Additive genetic variance appeared to be of 

primary Importance in crosses made between parents chosen from a 

single botanical variety, but both additive and non-additive 

genetic variance were significant in crosses made between parents 

from different botanical varieties. 

Arunachalam et̂  al. (1982) studied 2 sets of diallel 

crosses Involving 15 and 10 parents respectively at the seedling 

stage and at flowering and harvest for a total of 15 characters. 

The first diallel consisted of material selected for high yield, 

the second of high-yielding material resistant to Puccinla 

arachidis and to leaf spot. Only 1 cross, 'PI259747' x 

'PI298115', showed heterosis for as many as 6 characters; 6 

crosses in the first diallel showed heterosis for 4 or more 

characters as did 8 in the second. When the parents were asses­

sed for gca over all the 15 characters, the highest proportion of 

crosses showing heterosis occurred in between high gca and low 

gca parents. This overall gca assessment agreed with an assess­

ment based on the seedling characters in 47% of the crosses In 

the first diallel and in 90% of the crosses in the second diallel 

(64% of the total). Crosses within variety groups, as well as 

those between them, had a high proportion of crosses showing 

heterosis. 

Jagannadha Reddy (1982) in crosses Involving 3 Valencia 

and 2 Spanish cultlvars observed that the crosses between Spanish 

X Spanish and Valencia x Valencia were equally good and 

comparable to the best cross (Jll X EC 21083-A) which Involved 
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Spanish and Valencia parents for several characters based on 

heterosis percentages. Raju (1982) studied heterosis in 20 

crosses. The study indicated that heterosis for economic yield 

may be obtained in both intraspeclflc and intra-subspeclfic 

crosses, unlike most of the previous reports where yield hetero­

sis was thought to be prevalent in inter-subspeclfic crosses 

only. 

Islelb and Wynne (1983) measured heterosis as a 

deviation of the F. performance from the mean parental value and 

also observed heterosis for all traits. Heterosis upto 19 per 

cent above the better parent occurred for pod size and length. 

They opined that for pod and seed yield and pod length, dominance 

was the more important source of non-additive genetic variation, 

while eplstasis was more Important for pod and seed number. They 

also found a linear and increasing relationship of heterosis to 

divergence between parents, for the traits which exhibited more 

dominance while, for the others a curvilinear relationship was 

observed. 

Arunachalam et̂  al. (1984) examined the frequency and 

magnitude of heterosis in relation to genetic divergence among 

parents in 2 dlallel cross experiments. They concluded that the 

frequency of heterotic crosses and the magnitude of heterosis for 

yield and its components were higher in crosses between parents 

in intermediate divergence classes than the extreme ones. The 

study thus showed that there was an optimum level of genetic 

divergence between parents to obtain heterosis in F. generation. 



Xlang et al. (1984) observed significant heterosis for 

pod weight per plant and sed weight per plant In an Incomplete 

dlallel cross of four Spanish and four Valencia type cultlvars. 

Deshmukh et £l. (1985) conducted a study Involving 2 

Spanish types one Virginia type and one Intermediate type female 

parents and one Spanish type male parent for estimating hetero-

beltlosls In groundnut. The study Indicated that parental 

genetic diversity was more important for expression of heterosis 

than its growth habit. 

Arunachalam and Bandyopadhyay (1986) postulated that 

the chances of high frequency and magnitude of heterosis were 

greater in crosses between parents with high genetic divergence. 

Basu et al. (1986 ) studied the magnitude of heterosis for 11 

vegetative and reproductive characters through a half-diallel 

analysis. Spanish x Spanish recorded high desirable negative 

heterosis for days to 50% flowering and high positive heterosis 

for number of mature pods and pod yield.TLey observed 34.7 - 57.3 

per cent heterosis over the parental value for pod yield. 

Prasad (1987) reported higher degrees of heterosis for 

pod number and pod yield in F 's using TAP-5, an aerial podding 

genotype as male parent in combination with other Spanish, 

Virginia and Valencia genotypes as female parents. Madhavl 

(1988) reported that the genotypes R 33-1 (Virginia bunch), M13 

(Virginia runner), TMV2NLM (Virginia bunch), JL-24 (Spanish 

bunch), TAPS (Valencia aerial podding) and MH2BC28 (Valencia) 



exhibited a better heterosis In different cross combinations for 

yield and yield components on one hand physiological traits on 

the other and concluded that these genotypes coiild be considered 

as genetically divergent parents, which could be used to widen 

the genetic diversity In groundnut breeding. 

Nagabhushanam (1989) studied the heterosis In 

F generation of the matlngs Involving different combinations of 

parents characterised for canopy development. He observed that 

majority of the crosses belonging to medium compact x medium 

spreading and medium spreading x medium compact canopy combina­

tions showed significant positive heterosis for canopy develop­

ment and kernel yield. It was concluded that the optimum levels 

of parental genetic divergence leading to heterosis In F. was 

provided by the genotypes of Intermediate canopy categories, 

while the other parental combinations Involving extreme degrees 

of divergence were not conducive for heterosis and the combina­

tions of medium compact x medium compact and medium spreading x 

medium spreading canopy types did not appear to provide ^ 

adequate levels of genetic divergence conducive for higher 

heterosis. 

Makne and Bhale (1991) estimated heterosis for six 

characters Involving ten parent varieties of groundnut in all 

possible combinations excluding reciprocals. Small amounts of 

positive and negative heterosis over better parental value were 

observed for oil and protein percentage, 100 kernel weight and 



days to maturity. Relatively higher heterotic effects were 

noticed for pod yield and harvest index. 

In groundnut, however magnific^ent the heterosis may 

be, it cannot be exploited for commercial production of hybrid 

varieties because of the natural restrictions found in the form 

of peculiar floral structure; but will serve to identify parents 

with adequate levels of genetic diversity, so that in the later 

generations wider degrees of variances could be recovered for 

selecting superior segregants (Arunachalam et al., 1984). 

2.4.2 Inheritance of Certain Characters 

Hammons (1973a) reviewed the literature on qualitative 

inheritance in peanuts prior to 1973. Increasing evidence indi­

cated that qualitatively Inherited traits were probably control­

led by at least duplicate genes. This was largely due to the 

alloploid nature of the peanut and tends to confirm the theory of 

2 genomes in A. hypogaea. Early reports of mono- and digenic 

models were as likely to be di, tri or tetragenic, but population 

sizes were too small to distinguish between the simpler and more 

complex models. The number of genes may vary greatly among the 

parental lines used in an inheritance study. Obviously fewer 

genes will be detected to control a trait in closely related 

parents, while the number of different genes or alleles found 

controlling a trait will increase among more divergent parents. 

Cytoplasmic and/or maternal effects further complicate qualita­

tive inheritance studies. The phenotypic expression of nuclear 



genes may be modified by the presence, absence or Interaction of 

different plasmons. 

2.4.2.1 Groirth Habit 

The habit of the growth of the plant influences 

considerably the agronomic practices. The optimvun spacing and 

mode of harvest in groundnut largely depend upon the habit of 

growth. Two distinct diatroplc growth habits were recognised in 

peanuts, known as ruimer vs bunch, although Intermediate growth 

forms may be found (Gregory et al., 1951). Both have an erect 

main stem (central axis), usually quite short in runners, which 

give rise to lateral branches. In bunch plants, the side 

branches are also erect or ascending, although in later growth 

stages they may become semidecumbent. In runner plants the 

laterals are prostrate, always growing peripherally from the main 

axis, trailing on the ground except for the tips which may be 

somewhat ascending. The inheritance of growth habit differences 

has been studied by several investigators. 

Badsimi (1928) stated that the erect habit was recessive 

to spreading with the bifactorial difference. Hayes (1933) 

found duplicate factors with a 15 runner : 1 bunch ratio in the 

F„ in a cross of runner with bunch. 

Patel et al. (1936) made crosses between the bunch and 

spreading varieties. The F. plants in all of them showed complete 

dominance of the spreading habit. In the F- the spreading 

and the bunch types occurred in the ratio of 9:7. They reported 



that spreading type was probably the result of two complementary 

factors, designated S. and S. and the bunch type was recessive. 

It was concluded that two dominant factors were necessary to 

produce the spreading type of habit. 

Hlgglns (1938) stated that the inheritance of growth 

habit was very complex and "that multiple factors were Involved". 

It was reported by John et al_. (1954) that the spreading habit 

was caused by two seml-spreadlng factors which were both dominant 

to the bunch factors. The segregation In the F„, showed one 

bunch to every 15 of other dominant types. The classification of 

the 15 dominant types Into distinct 'spreading' and 'seml-

spreadlng' groups, however, presented considerable difficulty due 

to Interaction of various factors. 

The crosses were made between four spreading and two 

erect varieties by Dalai (1962), to study the Inheritance of 

habit of growth In groundnut. He reported that the spreading 

habit of growth was the result of Interaction of two pairs of 

supplementary factors, one of the factors produced 'erect and 

bushy' and the other 'erect and open' habit. Thus, the genetlcal 

constitution of 'spreading', 'erect and bushy' and 'erect 

and open' habits of growth were symbolised as S. S-, S. S-S^ 

and s.s.S„ respectively. 

Ashrl and Goldln (1963) suggested that at least two 

nuclear genes and two cytoplasmic factors were Involved In the 



determination of growth habit. The nuclear genes interacted 

differently with each other and with each plasmon. 

In 1964, Ashrl made reciprocal crosses between the V, 

variety of peanuts and six other varieties, all bunch (erect). 

In all crosses, when V. was female parent, the F. hybrids 

were runners, while the reciprocal hybrids were bunch. The mode 

of inheritance of growth habit was tested in reciprocal F„, F_, 

BC.F. and BC F. populations. It was concluded that there were 

two plasmon types - one found only in V, and another present in 

the other tested varieties. Also, there were at least two 

nuclear genes which interactsildifferently with each other in each 

plasmon and with each plasmon. In the V. plasmon the two genes 

were complementary while in the second plasmon their dominant 

alleles or the recessive ones are additive. In most cases, the 

same genotypes producê Jlin conjunction with the different plasmon 

opposite growth habits. 

Inheritance studies conducted by Tahir (1965) indicated 

that runner plant habit was dominant to spreading bunch and 

upright bunch habits and a range of intermediate forms of plant 

habit appeared in their crosses. It was also stated that the 

upright bunch habit was recessive to spreading bunch and open 

plant habit was dominant to compact habit in upright bunch 

varieties. 

Ashri (1968 •) reported that two plasmons designated V, 

(from Arachis hypogaea 'Virginia Beit Dagan A') and others (from 
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Virginia bunch G^ and other varieties), and two genes, Hb. and 

Hb„, Interact to produce the runner (trailing) or bunch (erect) 

growth habits, the dominant alleles lead to the development of a 

runner habit In both plasmons. In V, plasmon the genotype Hb^ 

Hb_ produced a runner habit and all other genotypes a bunch 

habit, while In the others plasmon the dominant alleles were 

additive and possibly also complementary. Hb.Hb.Hb„Hb„, 

Hb^Hb.Hbhb» and Hb.hb.HbjHb^ gave runner plants In the others 

plasmon, while all other genotypes gave bunch plants. 

The results of the studies Involving the varieties K17, 

Big Japan and early runner Indicated the dominance of bunch habit 

over spreading habit in the F̂  and a monogenic segregation in the 

F̂  generation (Hassan and Srlvastava, 1966). 

Halevy et̂  al̂ . (1969) found that the treatment of 

peanuts with glbberellln changed the orientation of lateral 

branches of runners to that of erect ones and two growth 

retardants changed those of the erect type to a more horizontal 

orientation. They also reported that spreading plants contained 

a higher concentration of gibberelllc acid antagonists and a 

particular gibberelllc acid inhibitor not found in erect plants. 

Shchorl and Ashri (1970) studied the inheritance of 

growth habit by crossing three chemically Induced mutants affect­

ing growth habit with the original variety. The mutants-open 

hablt-1 (Oh.), open hablt-2 (Oh_) and spherical (sp) were 

reported to be recessive and monogenlcally controlled. 
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It was reported by Zlv et al. (1973) that the spreading 

habit was light-Induced, requiring blue plus far-red light of a 

certain minimum Intensity. They concluded that the genlc and 

cytoplasmic factors Interact with light environments for the 

expression of growth habit. Therefore, differences In light 

could alter growth habit expression. 

A study was undertaken by Coffelt (1974) to Investigate 

the Inheritance of growth habit In reciprocal Infraspeclflc 

crosses between two cultlvars which differed at two loci condi­

tioning growth habit. Results showed a complementary-duplicate 

Interaction of the two loci, for which gene symbols Hb- and Hb, 

were proposed. Segregation in the F« was in accord with the 

proposed phenotypic ratio of 11 spreading to 5 erect growth 

habits. 

Ashri (1976a) made a series of reciprocal crosses 

between varieties from different countries including bunch 

varieties (with V. plasmon and the nuclear genotype 

Hb^Hb.hb-hb»), Virginia variety (with the '0' plasmon type and 

the nuclear genotype hb.hb^Hb„Hb2) and HG from India possessed 

a third plasmon type 'G' and a third locus Hb which Interacted 

with (v.), (0), Hb and Hb_. In the (G) plasmon Hb and Hb 

were additive, plants with three or four dominant alleles had a 

trailing habit while other nuclear genotypes produced erect 

plants. In (V,), Hb. and Hb^ were complementary, Hb^ - Hb. -

plants being trailing and the others being erect. Hb- and Hb-
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were complementary in the (G) plasmon and additive in (0) 

plasmon. 

Sixty eight accessions were studied in crosses with 

one or another of three testers : V,, VSM and HG. having 

the V,, 0 and G plasmons respectively by Ashri (1976b). He 

reported that the three plasmons namely V,, 0, and G types 

interacted differently with three plasmon sensitive nuclear 

genes, there by determining whether the plants will be erect or 

trailing. 

Ashri and Levy (1977) found that growth habit (erect 

vs. trailing) in nearly 100 accessions was affected by at least 

three plasmons and by three major nuclear genes which interactejA 

with each other and with the plasmons. Mutagenic treatment of 

the trailing line TBR (V.) resulted in isolation of 137 erect 

mutants. Twenty-eight mutants which bred true in M- were crossed 

with testers. Fourteen behaved as recessive nuclear mutations 

and 14 behaved as plasmon mutations. 

Balaiah et al. (1977) studied the Inheritance of growth 

habit in six crosses of groundnut. In crosses involving the 

Spanish parents, the F. was Virginia bunch and in F„ a segrega­

tion ratio of 3 Virginia bunch : 1 Spanish was observed. In 

crosses, where the Virginia runner types were used as the ovule 

parents, the F was Virginia bunch while the F^ gave a segrega­

tion of 3 Virginia bunch: 1 Virginia runner. It was concluded 

that the Virginia bunch habit behaved as simple dominant over 

both Spanish and Virginia runner habits. 

cross Detween i-oonawnite ana Kopergaon ivo.j. tor cms scuay, ̂ j 
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Resslar and Emery (1978) examined the expression of 

growth habit (bunch vs. lax bunch) in the F , F_, F, and BC S 

from reciprocal crosses of lines with reported differences in 

cytoplasms and genotypes. Reciprocal differences were noted in 

the F. generation of the cross involving Virginia Beit Dagan (V,) 

and NC.. The F_, F- and BC.S, of the cross NC^ x V, also fitted 
2 2 3 11 2 4 

the expectations of a model based on cytoplasmic differences. 

Late generation progenies of V, x NC„ did not fit expectations, 

however, and the reciprocal could not be differentiated in the 

F_. It was proposed that maternal rather than cytoplasmic inheri­

tance per se accounted for the reciprocal cross differences. 

Jadhav and Shinde (1979) studied the inheritance of 

growth habit in the segregating population obtained from the 

cross between Poonawhite and Kopergaon No.3. For this study, 23 

F_ families derived from F_ were raised and observed, out of 

which 15 families were semi spreading and 8 were bunch type. 

The F. phenotype was semi spreading and F_ population segre­

gated into the ratio of 3 semi spreading and 1 bunch type of 

plants. It was, therefore, evident that semi spreading habit was 

dominant over bunch habit. 

Balaiah jit al. (1984) made crosses by using Gujarat 

narrow leaf mutant as pollen parent with three Spanish type 

varieties. None of the joint segregation ratios for any pair of 

the six characters fitted values expected for independent segre­

gation. It was concluded that all six, namely growth habit, 



branching, number of primary and secondary branches, shoot 

pigmentation and leaflet shape were linked. 

Varan et al. (1986) reported the Inheritance of growth 

habit in groundnut by crossing TMVlO a semi-spreading variety as 

male parent with 5 bunch cultlvars. All the F. plants were semi-

spreading. In the F_, four crosses exhibited a 3 semi spreading 

: 1 bunch segregation, while P0L2 x TMVlO gave a 9 : 7 ratio 

indicating that 2 complementary factors affected growth habit in 

this cross. 

Desale (1987) made a cross between a mutant with 

'spear-shaped' leaflets with Kopergaonl. Analysis of F_ segrega­

tion data revealed that spreading vs semi spreading habit was 

controlled by complementary genes (9 spreading : 7 semi 

spreading). 

Results of a study of the F„ from a complete diallel 

cross involving A. hypogaea cultlvars Argentine and T2442 and A. 

monticola suggested that growth habit was determined by 4 genes 

(Essomba et̂  â .-> 1988). They also reported that epistatic and 

additive effects existĝ f̂or growth habit. 

2.4.2.2 Leaf Shape 

Inheritance studies of leaf shape variations in the 

cultivated peanut, Â . hypogaea L. have been reported rarely. 

Badaml (1928) noted that the F was intermediate in 

leaf size and a wide range of sizes occurred in the F„. It was 



suggested that the inheritance of the normal leaf sizes observed 

in the subspecies was complex and may be quantitatively 

controlled. 

Hayes (1933) reported that leaf shape of the runner 

variety 'Sine' was dominant to leaf shape of the 'Valencia' 

variety. In the F_ from a cross between these varieties he 

obtained 8 plants with 'Crinkled' leaves in contrast to 150 

plants with normal leaves. Since neither of the parents nor the 

F. hybrid exhibited the trait, he suggested complementary 

recessive inheritance despite the absence of further data. 

Hammons (1964) found a dominant Krinkle leaf mutant. 

The krinkle leaf character expressed as a conspicuous reflexed, 

wrinkled leaf blade was inherited as a simple monogenic dominant 

and the gene symbols Kr and kr were suggested for the Krinkle 

leaf allele and normal leaf recessive allele respectively. Exten­

sive segregation data from crosses between krinkle and normal 

leaf plants demonstrated the application of the marker in peanut 

qualitative character analysis. 

Hassan (1964) concluded that elliptical shape was 

recessive to elliptical-oblong shape in groundnut. Kansara 

(1967) reported that narrow leaflet character was partially domi­

nant over the broad leaflet and was controlled by a single factor 

pair. 

Hammons (1968) described a radiation induced change in 

leaflet shape called 'cup'. The mutant 'cup' differed in several 
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morphological features from the control and was especially chara­

cterised by ventrally Involute leaflets. The mutation was con­

trolled by a single recessive gene (cu, cu), whose Intensity of 

expression was Influenced by modifiers when the gene was In the 

homozygous condition. The modifiers may be mutations of the 

residual genotype. 

Loesch (1961) and Loesch and Hammons (1968) studied the 

Inheritance of five mutations induced by X-rays by making a 

dlallel cross between the mutants and a control, NC,. The 

mutants Flop (drooping leaflets), cup (Involute leaflet margins) 

and Ilex were each controlled by a single recessive gene, while 

the mutants hedera and corduroy (rugose, ribbed leaflets) by 

duplicate recessive genes, possibly with repulsion phase linkage 

of one corduory locus with one hedera locus. 

Ashrl (1970 ) found a small leaflet mutant. From a 

study of a cross Plntar Bunch Manl plntar 1 x Pearl, he concluded 

that the small leaflet trait observed in the F- was controlled by 

two duplicate genes, designated as SI.si. and Sl_sl-. 

Bhide and Desale (1970) isolated a spear-shaped small 

leaflet mutant with reduced internodal and calyx tube lengths 

from Kopergaon - 1, a semi-spreading type. Back crossing of the 

true-breeding mutant to the Kopergaon - 1 parent indicated 

recessive, monogenic inheritance of the small leaflet character. 

Matlock et ̂ . (1970) reported partial dominance of 

narrow leaf mutants, with monogenic inheritance. They proposed 
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gene symbols Nl nl to represent narrow leaf. The heterozygotes 

can be distinguished from either homozygote with a great degree 

of accuracy under green-house conditions. 

Srlvastava (1970) observed a short plant with unhealthy 

appearance and yellowish mottled leaves In the variety C 501. It 

resulted In reduced yield (two thin pods with four seeds) and 

plant size. All four seeds germinated but mosaic mottling was 

observed in the upper leaves of three seedlings, while the forth 

was normal. The mottled character was shown to be controlled by 

a single dominant gene. 

Balalah et_ al. (1977) reported the inheritance of 

narrow leaf character by using Gujarat narrow leaf mutant as 

pollen parent in six crosses of groundnut. The F. in all the 

six crosses possessed narrow leaflet and there by indicated the 

dominance of this character. In the F_ generation a segregation 

ratio of 3:1 for the narrow and broad leaflet was obtained indi­

cating that narrow leaflet was conditioned by a single gene 

dominant to normal leaflet. 

Branch and Hammons (1981) reported a second gene for 

the flop trait. In intersubspeclflc crosses between the mutant 

flop and normal leaf parents, they found digenlc inheritance and 

an F_ phenotyplc ratio of 15 normal : 1 flop. The gene symbols 

Fl.fl.Fl-fl^ were proposed for the flop genotype. 

Chandramoull and Kale (1981) Isolated a variant similar 

to the Imparlplnnate but with normal leaflet size in one of the 
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F, progenies of a cross, TG16 x TG17. Both parents had paripin-

nate leaves. The results showed that the Imparlplnnate leaf 

trait was governed by a single recessive gene. 

The bifurcated leaflet character was observed by 

Chandramouli et al. (1984) in a cross between Gujarat Dwarf and a 

recombinant of two induced mutants of Spanish Improved. The 

bifurcation was controlled by three recessive genes and was only 

observed in plants of the small-leaf type. It was suggested that 

two characters were closely linked. 

Prasad ^ a^. (1984) recovered a narrow leaf Virginia 

mutant from EMS treated TMV2 Spanish bunch variety, which was 

found to be genetically different from Gujarat narrow leaf mutant 

reported by Gopani and Vaishnani (1970). 

Branch (1987) discovered the curly leaf trait in a 

single plant derived from a cross between the normal-leaf 

cultivars Chico and Florigiant. Analysis of segregation data 

from crosses between a true breeding curly-leaf genotype obtained 

by selfing and normal leaf genotypes representing Arachis 

hypogaea sub spp. hypogaea and fastigiata indicated that curly-

leaf trait was controlled by a single recessive gene, designated 

as 'Cur'. 

Desale (1987) made a cross between a mutant with 

'spear-shaped' leaflets and Kopergaon 1. Analysis of F_ segrega­

tion data revealed that normal leaflet was dominant to mutant 

leaflet shape, shape being controlled by a single gene. 



^7 

Dwlvedi and Nigam (1989) reported a dwarf compact 

mutant plant (PLM) of cv. 0G66-6-1 which had partially crinkled 

(puckered) leaves with yellow stripes along the margins. Data on 

leaf phenotype from parental, F., F- and backcross generations of 

2 reciprocal crosses of PLM with the normal leaved cultivars Jll 

and MK374 indicated that the normal leaf phenotype was controlled 

by two pairs of genes, Nl^ and Nl„. Expression of the mutant 

leaf phenotype was dependent on the presence of the Nl^ gene in a 

recessive homozygous condition and Nl„ in a dominant homozygous 

or heterozygous condition. 

2.5 USE OF INDUCED MUTANTS IN GROUNDNUT BREEDING 

Considering the urgent need to widen the genetic varia­

bility for groundnut improvement it appears that induced 

mutations for wide range of characters can play an important role 

in groundnut breeding (Prasad and Kaul, 1980). 

A brief review of the role of induced mutagenesis in 

improvement of groundnut crop is presented below. 

The idea of producing mutations artificially and using 

them for breeding was clearly stated as early as 1901 by De 

Vries. He wrote that, "The knowledge of the laws of mutations 

will probably lead to the artificial production of mutations at 

will and thus the creation of completely new properties in plants 

and animals." 

Gregory (1955) was able to develop a new variety NC4X 

through exploitation of induced micro mutants. He found the 
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genetic variance for yield among Irradiated progenies of the 

'NC2' to be 4 times that measured in the control progenies. 

Several high yielding mutants were recovered from the populations 

studied. it was suggested that the use of Ionizing radiations 

may not only be valuable in the production of specific changes 

such as disease reaction specificity in plants, but may be of 

general breeding value in agronomic programmes. It was also 

suggested that specific changes in already adapted varieties may 

be induced without affecting the adapted genetic background. 

Cooper and Gregory (1960) developed the mutants 

resistant to Cercospora personata and Cercospora arachidicola by 

selecting for defoliation resistance in the X™ and X_ of X -

irradiated plants of a Virginia bunch selection. Resistance was 

maintained over nine generations and yield and fertility were 

high. 

Emery et̂  al̂ . (1964) studied to separate the mutated 

background genotype from the deleterious mutant locus and to 

evaluate the genetic variances and combining abilities of these 

backgrounds among progenies bearing normal phenotypes. Five 

morphological mutants were crossed among themselves and with an 

unirradiated control line. Many of the hybrids had higher 

genetic variances than the controls and a wide range in means and 

variances among the hybrids was observed. Selection for both 

high and low yields of fruit in the F, was most effective in 

hybrids with the highest genetic variances and selection 

responses were generally greater among the hybrids than among the 
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control progenies. They found that each of the backgrounds 

interacted with the others in a characteristic way. There was 

evidence that background mutations may Influence the quantitative 

expression of several plant characters simultaneously. 

Loesch (1964) reported the effect of mutated background 

genotype of mutant expression in peanuts. He stated that 

progress in breeding may be achieved through the use of induced 

mutations having small effects, even with backgrounds associated 

with deleterious mutants. 

Emery et a]^. (1965) concluded that even though induced 

macromutations were generally deleterious, the diversified 

genetic background created by irradiation could be a valuable 

source of germplasm that could be stabilized in normal appearing 

phenotypes. 

By seed treatment with diethyl sulphate in TMV-, 

Avadhani and Ramana Rao (1968) observed increase in the number of 

flowers produced per plant and the number of gynophores in basal 

nodes of primary branches. There were also Increases in the 

shelling percentage, oil content and weight of kernels. 

Martin (1968) reported that irradiation of the late 

variety 28.206 led to an increase in variability in oil content 

and pod size in the M^, but selection for these two characters in 

the following generations did not led to improvement. Irradiation 

of the early variety 28.204, which was lower in oil content gave 

rise to six lines differing in various characters, but all early 



and rich in oil and higher In 100 seed weight than the Initial 

variety although slightly lower In shelling percentage; one was 

superior also In yield. 

Stucker elt al. (1968) studied the polygenic variation 

in six characters induced by x-rays in A_̂  hypogaea L. 'NC 2'. 

They found that the components of variance from irradiated popu­

lations were larger for leaflet width, length, the ratio of width 

to length, seed number and fruit yield than those of control 

populations. 

Gopanl and Vaishnanl (1970) reported two mutants viz., 

dwarf and narrow leaf isolated respectively from Kopergaon-S 

(Bunch) and Punjab-1 (spreading). The height of the main axis of 

Gujarat Dwarf Mutant was only 6.75 cm and the percentage of 

fertilization from flowers to pods was 72.5. Owing to its dwarf 

habit, earliness re-structured flowering and higher pod realiza­

tion, the mutant may be used as a plant type suited for inter­

cropping as well as a donor parent for compact plant habit. The 

Gujarat Narrow leaf mutant was observed to possess hard, thick 

cuticle on the leaf and less number of stomata per unit area in 

addition to narrow leaves. It had the potentiality for resistance 

to drought and cercospora leaf spot disease. These mutants 

crossed freely with other varieties. 

Emery et̂  al. (1972) observed a wide range of hybrid 

means and variances when macro-mutants were involved in the 

parentage. Differential responses of specific cup hybrids to 
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changes in location and season were indicative of the diverse 

nature of the mutated backgrounds. The interpretations of the 

genetic backgrounds of macro-mutants had important implications 

to the plant breeder who would use macro-mutants for indirect 

sources of genetic variability. The backgrounds of all macro-

mutants would be valuable as new and verified sources of mutant 

genes. 

Ashri and Levy (1973) reported that treatment of young 

embryos with chemical mutagens could be valuable in crops whose 

ovaries contain many ovules, because of the large M̂  seed popula­

tions obtainable from each fruit. They found differences in 

sensitivity between the stages of development of peanut embryos 

to chemical mutagens, with - the earlier stages being most 

effective. 

Emery and Wynne (1976) reported that the mean yields of 

F. lines derived from the irradiated populations were considera­

bly below that of the control population when selection began but 

reached 99% of the control mean in the F, generation. Selection 
o 

gains in the irradiated populations appeared to result from the 

removal of low yielding sublines, since greatest progress was 

made by raising the lower extremities of the mean ranges of 

sublines derived from the F_ rather than by extending the upper 

extremities of the ranges. The three highest-yielding lines in 

the F- generation occurred in irradiated populations while the 

three highest yielding sublines were found in the control 

population. 



Yadava and Hari Singh (1977) developed a variety 'MH_' 

from Gujarat Dwarf Mutant (GDM). It was an extremely dwarf 

bunch type, early in maturity and uniform in pod bearing with 49 

per cent oil content and resistance to tikka disease. Owing to 

its extremely short stature it was speculated that it would 

respond to population increase. It was found that this newly 

developed genotype was reported to be very much responsive to 

population increase. 

Reddy et al. (1977) using gamma-ray irradiated seeds 

of the cultivars belonging to Spanish, Valencia and Virginia 

groups had demonstrated that variability in the desired direction 

could be generated in respect of 13 morphological attributes. 

Patil (1977) envisaged the advantage of cross breeding 

among the induced mutants. X ray induced large pod groundnut 

mutants showed certain undesirable qualitative characters. In 

order to select useful recombinants with large seeds, the mutant 

was crossed to a Spanish parent and Virescent mutant having a 

chlorophyll marker. A few selections having large kernels, 

improved oil content and increased shelling per cent were 

isolated in the cross between the two mutants indicating the 

advantages of cross breeding among the induced mutants. 

Patil and Mouli (1978) reported that modifications of 

growth pattern leading to reduced vegetative growth and improved 

productivity was desirable in groundnut. A small mutant of 

groundnut with only 4-5 primary branches but all with flowering 



nodes including those on the stem, was isolated from a cross 

between two radiation Induced mutants, 'TG-1' and 'Darker Green'. 

Though the overall vegetative growth was less because of its 

shorter stature and fewer nodes, the number of pegs and 

pods/plant in the mutant were not different from those in the 

unirradiated 'Spanish Improved', indicating better productive 

efficiency. This mutant produced 14-90% more pod yield than the 

local varieties and had wider adaptability. 

Dorairaj (1979) studied the relative effects of gamma 

irradiaiton on homozygous and heterozygous genotypes of groundnut 

and concluded that irradiation of heterozygous genotypes created 

greater variability. He also reported that irradiation of 

varieties increased the frequency of new character associations 

while irradiation of hybrid seeds brought about more instances of 

alteration in the strength of existing correlations. 

Patil and Mouli (1979) reported that mutants affecting 

height, number and growth of branches, leaf size and colour, pod 

size and number were induced by irradiation in Arachis hypogaea. 

Although beneficial mutants for direct use were rare, more than 

20 cultivars having improved yield, oil content and kernel 

quality were developed from inter-crosses between the available 

mutants. Trombay groundnut varieties had consistently produced 

improved yields and kernels of export quality at different 

locations. 

Rao (1979 ) obtained two bushy mutants and leaf mutants 

which resembled Arachis monticola by x-ray irradiation of two 
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semi-spreading varieties C501 and 'Asirlya*. The mutants with 

spreading habit or with dwarf bunch habit were obtained on x-ray 

irradiation of 'Asiriya'. It was considered that the results 

supported the hypothesis of a common ancestor for bunch and 

Virginia types. 

Mutants BP. and BP- of Arachis hypogaea which had a 

compact habit, large kernels and large pods and show early and 

mid-early maturity respectively, were derived from the late 

maturing 41C, which had a spreading habit and kernels and pods of 

medium size, on treatment with gamma rays. These mutants out 

yielded the early, compact variety AK 12-24, which was a predomi­

nant variety in Bihar (SinK* and Rahman, 1979). 

The mutation experiments conducted by Mouli et al. 

(1979) resulted in the development of cultures of Arachis 

hypogaea combining sequential flowering, early maturity and large 

kernels. Hybridization among induced mutants and re-irradiation 

of selected cultures had resulted in the development of useful 

types such as TG13, TG16, TG18A, TG19A and LV3. 

Habib et al. (1979) reported alterations in height, 

leaf size, internodal length and pod yield following treatment of 

the bunch variety Dh3-30, SB-11, and US4 with gamma-rays and EMS. 

Differences in stem girth were also observed following EMS treat­

ment. Ratnaswamy (1980) recovered superior segregants from double 

crosses coupled with mutagenesis compared with normal double 

crosses. 
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Marghitu £t̂  al- (1982) obtained favourable mutations 

after gamma-ray irradiation of seeds of a breeding line and 3 

Romanian groundnut varieties. The mutant progenies had greater 

yield (upto 15%), earliness and disease resistance. 

Qiu (1982) after gamma-ray irradiation of 6 varieties 

observed varying frequencies for different categories of 

mutations. Leaf, fruit and height mutations were more frequent 

than fertility, maturity, pigmentation and quality mutations. The 

frequency of mutations affecting disease resistance was very low. 

Dose and method of irradiation, variety used and developmental 

stage at which irradiation took place, all affected the frequency 

and spectrum of mutation. 

Gadgil and Mitra (1983) achieved 2-3% increase in oil 

and 2-4.4% increase in sucrose through X- and gamma-ray irradia­

tion of 'Spanish Improved' groundnut variety. 

The effect of mutagenic treatments on character 

association in the M- generation of two varieties of groundnut 

was reported by Ramanathan and Rathinam (1983). The possibility 

of selection for yield with improved plant architecture from 

mutagen treated population was indicated by the altered character 

association. They also reported that the spectrum of chloro­

phyll mutations showed differential response of the two varieties 

to mutagenic treatments. Two mutants having semi-spreading 

growth habit possessed desirable features of short stature, 

higher pod and kernel yield, bold kernels and increased shelling 

percentage compared to that of control. 



Sharma et al. (1983) obtained four mutants of Spanish 

Improved by gamma Irradiation. These mutants had higher oleic 

acid contents than Spanish Improved but lower llnolelc acid 

content. The essential amino acid content per seed was higher 

In the mutants than In Spanish Improved. 

Ramanathan (1984) reported that EMS had a greater 

effect on seedling height than gamma rays In Ah 7911 while, the 

reverse was true In the case of variety TMV-9. The occurrence of 

40 mutant plants from single treatment of gamma Irradiation of 30 

krad and EMS at 40 mM in TMV-9 and a combination (20 krad + 40 

mM) treatment in Ah 7911 was reported by Ramanathan (1984). 

Mutant plants recovered In M„ showed superior yield and morpholo­

gical similarity to parents. When they were tested in M_ 

generation, five out of forty lines gave significantly higher 

yield than their respective parents, with mature pods contri­

buting to higher yield. 

The studies on Induced mutants carried out by Prasad et̂  

al. (1984) indicated that genetic restructuring of groundnut 

plant towards compact canopy and higher pod yield was possible in 

the case of Virginia genotypes. The Spanish genotypes did not 

tolerate reduction of the vegetative growth which reflected in 

lower pod number because they attained a critical genetic balance 

for canopy attributes. All the Spanish mutants with higher pod 

number showed enhanced branch number and dry weight of vegetative 

parts. The narrow leaf Virginia Mutant (TMV2 NLM) of TMV2 

reported in the study showed several desirable characters such as 



higher dry matter production, higher pod number and resistance to 

leaf spot disease. These studies had resulted in the development 

of a wide range of gene-mutants for different degrees of canopy 

compaction and pod number in the same genetic background thus 

paving the way for a systematic analysis of the mutant 

characters. 

Prasad (1985) isolated aerial pod bearing groundnut 

mutants from a population of Brazilian Valencia groundnut variety 

'Tatu'. The mutant plants bred true to the character selected 

for and differed significantly from the parent exhibiting a 

larger number of aerial pods with seeds. This novel mutant 

should be useful in gaining more insight into the possible 

structural alterations that can be developed in groundnut plant 

as suggested by Wynne and Gregory (1981). 

Prasad et al. (1985) initiated a study to improve the 

peanut variety 'Tatu' through induction of mutations for in­

creased pod number per plant and better pod filling, using a 

chemical mutagen NaN«. Sodium azide at a concentration of 3mM 

was found to be the most efficient as well as effective for 

induction of desirable mutants. Among the ten productive mutants 

selected, three of them Dwarf, Sd-HP and V_ consistantly 

maintained their superiority in yield at significant levels over 

a period of three seasons including conditions of low rainfall. 

The mutants Dwarf and Sd-HP demonstrated improvement in pod 

number per plant, seed number per pod, shelling percentage and 
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harvest Index in the M, generation in addition to superior yield 

levels. 

The details of the origin and characteristics of the 

groundnut mutant variety 'Co2' were reported by Sivaram £t al. 

(1985). It was derived from Arachis hypogaea POL-1, which had 

been treated with EMS. Due to increased secondary branching and 

thus more pods per plant, it had a higher pod yield than POL-1 

with a higher shelling out turn and higher 100 seed weight than 

the parent. 

The varieties viz., Roxo, Red beuty (RB) and 534 were 

irradiated with 1500 rad fast neutrans or 20 krad gamma-rays by 

Busolo-Bulacu (1987) in Uganda. The pedigree selection method 

was used on the resulting material until M-. Seven mutant 

selections of RB and one Roxo selection were tested in yield 

trials. Yields ranged from 1029.5 to 1372.1 kg/ha vs. 1024.6 

kg/ha in RB and 1645.9 kg/ha in Roxo. 

Chandra -^ouli et̂  al̂ . (1987) in order to improve the 

yield potential Arachis hypogaea cultivar Phule Pragathi (JL24) 

treated the dry seeds with various doses of gamma radiation. 

Screening of over 10,000 plants resulted in the identification of 

5 mutants. These mutants gave superior yields over JL24 in both 

kharif and summer seasons at 2 locations, with JL24 Ml giving a 

pod yield of 4083 kg/ha at Trombay and also a greater oil content 

than JL24. 



Dutta et_ al. (1987) irradiated the seeds of F 

lines from 3 genetically broad based crosses in groundnut with 30 

kR gamma-rays. They observed that the performance of some F. 

lines for pod yield, shelling percentage and 100 kernel weight 

Improved from medium to high in the F^ generation showing 

the beneficial effects of irradiation \̂ ilch could have promoted 

desirable recombination. 

Jiang and Zhou (1987) obtained "Pushi", an A. 

hypogaea variety with rapid emergence, short internodes, many 

plump pods with thin shells and many branches but low yields from 

Shitougi by means of beta-irradiation in the 1960's. Since then 

many cultivars were developed from it. It was crossed with 

Fuasheng which resulted in development of 13 varieties. 

Prasad (1988) reported the induced mutations for 

compact canopy development in a wide range of groundnut 

varieties. It was observed tha.t the frequencies of mutants for 

canopy character were much higher in the case of Virginia 

varieties than in the case of Spanish varieties. The mutants 

with enhanced canopy development isolated from a dwarf and 

compact Valencia variety MH2, exhibited Increased pod number than 

the parent. The aerial pod bearing mutant developed from a 

Brazilian Valencia variety 'Tatu' exhibiting a large proportion 

of well developed aerial pods was crossed with other varieties 

used as female parents and the recombinants with the aerial pod 

bearing attribute and other desirable attributes of the female 

parents were recovered. 



Singh e£ al. (1988) treated the seeds of T28 and 

Chandra with gamma-ray doses of 35, 50, 65 and 75 krad and were 

sown and grown to maturity. The M- was also irradiated and 

selection conducted for 8 yield components. Germination percen­

tage decreased with Increasing dose. Most mutants showed a 

change from spreading to semi-compact habit and Increases In 

yield component values. Mutants were grouped Into early and 

late maturing and of 90 only six were superior to controls over 4 

years. 

Dormant seeds of Arachls hypogaea were Irradiated with 

10-40 kR of gamma rays, with pre and post Irradiation treatments 

by Soriano (1988). The M- seedlings were Inoculated thrice with 

spores of Ĉ. arachldlcola and £. personatum, 9 plants showed 

complete resistance. However, after recurrent selection, only 

three M, lines were found to be completely resistant while the 

others showed Intermediate level of resistance. The disease 

resistant lines yielded almost twice as much as several commer­

cial varieties owing to severe defoliation in the latter. 

Chandra Moull and Kale (1989) observed that after 

gamma-radiation treatment of cv. Phule Pragati, also known as 

JL24, screening of the M_ and succeeding generations revealed 

mutations affecting maturity, seed size, shelling percentage and 

oil content. Three mutants matured early (in 85-90 days). 

JL24M7 had larger seeds than JL24 and JL24M6 and JL24M8 had 

smaller leaflets and seeds. All three gave greater pod yield at 

90 days than JL24. 



Nagabhushanam (1989) reported that the Induced mutants 

viz., TMV2NLM, MH2 BC28 and PGN2 representing a shift towards 

enhanced canopy development from the sequential branching 

parental systems viz., TMV2, MH2 and GAUG-1 respectively and the 

mutants compact mutant of M13 and 32-2-5 representing a rela­

tively compact canopy development from the respective parental 

varieties viz., M13 and MK374 exhibited much higher degree of 

stability for yield than the parents themselves. It was found 

that when the above canopy mutants were employed as parents in 

crosses exhibited much larger degree of variances for several 

agronomic attributes in F. generation as compared to the F„'s 

derived from the crosses Involving their respective parents. He 

also Isolated certain agronomlcally useful mutants viz., CCMl and 

CCM2 of M13, ABM-2, ABM-1, DCM-4, DCM-2, DCM-1 and SPM-1 of NCAC 

17090 and ABM-6 of GAUG-1 which showed promising yield potential 

as compared to the respective parents, by treating the seeds of 

groundnut genotypes belonging to different botanical groups with 

sodium azide. 

Din 'Van Luen and Lysikov (1990) treated the seeds of 

three varieties with ethyleneimine, ethyl methanesulfonate, 

N-ethyl-N-nitrosourea, N-methyl-N-nitrosourea and diethylsulfate 

at concentrations of 0.02, 0.04 and 0.06 % for 2-4 h. In the M,-

M,, three mutants were selected with high yield, early ripening, 

large seeds and good resistance to pests and lodging. They were 

recommended for use in breeding. 



Manoharan and Thangavelu (1990) treated the dry seeds 

of cv. chico with 20-50 kR gamma-rays. Among 1730 M̂ , 

plants evaluated, 7 with bold seeds were identified, having 100-

seed weights ranging from 22.2 to 40.4g compared to 21.Ig in the 

control. 

Nagabhushanam et̂  al_. (1990) reported the occurrence of 

aerial pod bearing variant in the F^ population involving an 

induced mutant MH2BC28, a mutant of MH2 for enhanced canopy 

development and ICG(C)8 an inter-specific derivative. 

Luhua 6 was derived by gamma-irradiation (24 kR) of 

seeds of Baisha 1016 with subsequent selection upto the M_ for 

early maturity by Qiu et_ al. (1990). It had a 100-seed weight of 

50-75g, and erect habit, sequential flowering and matured ten 

days before Baisha 1016. It produced 9-13 pods/plant and had a 

shelling percentage of 64-74%. Seed yield of Luhua 6 was 13.6 

percent higher than Baisha 1016. It was suitable for planting in 

spring, summer and autumn. 

Qui et_ al. (1990) crossed two groundnut cultivars and 

two stable gamma-ray induced mutants derived from them and 

heritabllity of 10 yield components determined. High levels of 

heritability and genetic advance were noted for many components, 

with higher levels in progeny of mutants than in those of the 

original ctiltivars. 



From the fore-going it appears that induced mutants for 

canopy development and reproductive attributes can be of Immense 

importance in not only widening the available genetic varia­

bility, but also in restructuring the groundnut plant type in a 

manner conducive for higher levels of productivity. 



MATERIALS AND METHODS 
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CHAPTER III 

MATERIALS AMD METHODS 

The present Investigations were carried out with a view 

to study the breeding potential of certain Induced groundnut 

mutants for canopy and reproductive characters. The field work 

was carried out during the post rainy (rabi) seasons of 1987-88 

and 1988-89 as well as In the rainy (kharlf) seasons of 1988 and 

1989 at the Agricultural College Farm, Rajendranagar, Hyderabad, 

which Is situated at an altitude of 342.6m above mean sea level. 

Geographically it lies at a latitude of 80.5 N and a longitude of 

77.53°E. 

3.1 MATERIAL 

The material for the present study consisted of 18 geno­

types, of which four were induced mutants such as 32-2-5 (compact 

canopy mutant of MK 374), Compact Mutant of M13, TMV2NLM (Narrow 

leaf Virginia type mutant of TMV2) and MH2BC28 (Mutant of MH2 for 

enhanced canopy development), three already available spontaneous 

mutants such as TAP5 (Aerial pod bearing mutant of TATU, a Bra­

zilian variety), GNLM (A spontaneous mutant of Punjab-1 for 

narrow leaf) and G201 (A mutant of T 28 for canopy) and other 

groundnut varieties viz., MH2, TMV2, PGNl, JL24, Jll, PI 259747, 

PI 350680, MK374, Kadlri-3, M13 and ICG2271. The details of the 

genotypes and salient features are given in Table 1. These 

genotypes were categorised for canopy development at 60 days by 

arriving at a score based on canopy diauneter, canopy circumfer­

ence and leaf area at 60 days. Three different experiments were 



Table 1 : Experimental material of present study 

<JS 

ST. 
No. 

Name of the 
genotype 

Botanical 
group 

Canopy 
category 

Sal ient features 

1. TMV2NLM 

(Narrow leaf 

mutant of 

TMV 2) 

Virginia 

semi 

spreading 

EMS Induced mutant of TMV 2. It has narrow 

leaves, which start expressing after first 

five normal leaves, alternate branching, 

vegetative main axis and higher root nodule 

number and mass. It matures 10-15 days 

later than the parent. Developed at lARI 

Regional Station. Hyderabad. Prasad et a1. 

(1984). 

32-2-5 Virginia 
semi 

spreading 

Gamma ray Induced mutant of Virginia variety 
MK 374. It has a compact canopy and matures 
a few days earlier than the parent. 
Developed at lARI Regional Station, 
Hyderabad. Prasad et al. (1984). 

Compact 

Mutant of 

M13 

Virginia 

semi 

spreading 

EMS Induced mutant of M13 for more compact 

canopy and synchronws pod bearing. Earlier 

In maturity by 5-7 days as compared to the 

parent. Developed at lARI Regional Station, 

Hyderabad. Prasad (1988). 

MH2BC28 Valencia 

(Better canopy 

mutant of MH2) 

NMU Induced mutant of MH 2 possessing better 

canopy development and higher yield 

potential than the parent. Developed at 

lARI Regional Station, Hyderabad. Prasad 

(1988). 

5. 

8. 

TAP 5 

(Aer ia l pod 
bearing mutant) 

G-Z01 
(Kaushal) 

GNLM 

(Gujarat 
narrow leaf 
mutant) 

Valencia 

Virginia 
semi 
spreading 

Virginia 
semi 
spreading 

TMVZ Spanish bunch 

Spontaneous mutant of a Brazilian Valencia 
valety 'Tatu'. It produces well developed 
aerial pods. Prasad (1985). 

Natural mutant of T-28 (Manlpurl). Medium 

duration of 120 days. A nonymous (1985). 

Spontaneous narrow leaf mutant from 'Punjab 
1'. It possess hard, thick cuticle on the 
leaf and less number of stomata per unit 
area. It has the potentiality for 
resistance to drought and Cercospora leaf 
spot disease. Gopani and Valshnani (1970). 

Mass selection from 'Gudlyatham bunch'. It 

Is widely adopted and released In 1940. 

Developed at A.R.S., Tindlvanam. A nonymous 

(1985). 
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SI. Name of the 

No. genotype 

Botanies 1 

group 
Canopy 

category 

Salient features 

PGN 1 

10, JL 24 

Spanish bunch 

Spanish bunch 

Cross derivative of Manfredl x Robut 33-1. 

AICORPO Groundnut Annual Report (198S). 

Selection from EC 94943. Dark green foliage 
and short duration (< 105 days). A popular 
cultlvar from Maharashtra. A nonymous 
(1985). 

n. J n Spanish bunch Derivative of Ah 4218 x Ah 4354 Cross, 

deve?oped at Junagadh. Pa?e green fo?<age, 

short duration (105 days) and o11 per cent 

49.6. A popular cultlvar from Gujarat. 

A' nonymous (1985). 

12. MH 2 Valencia Selection from Gujarat dwarf mutant. It 1s 
an extremely dwarf variety possessing one to 
four seeded pods with red testa and short 
duration (90 days). Developed at HAU, 
Hissar. A'nonymous (1985). 

13. PI 259747 

(ICG 4747) 
Valencia Selection from a peruvlan line. Resistant 

to late leaf spot and rust. Subrahmanyam et 
a l . (1980 -). 

14. PI 350680 

(ICG 6340) 

Valencia Selection from a peruvlan line. Resistant 
to rust and late leaf spot. Subrahmanyam et 
al. (1980 , ) . 

15. MK 374 Virginia 

semi 

spreading 

Selection from Nigerian cultlvar MK 374 
released In 1978. Developed at A.R.S., 
Kadlrl of A.P.A.O., Hyderabad. A*nonymous 
(1985) 

16. Kad1r1-3 

17. M 13 

Virginia 

semi 

spreading 

Virginia 

runner 

Selection from Robut 33-1 (Israel). It 
possess medium spreading, clustered pod 
bearing, early maturity and wider 
adaptability. Developed at A.R.S., Kadlrl 
of A.P.A.U., Hyderabad A nonymous (1985). 

Selection from 'NC 13'. It has more 

spreading habit, large sized pods, Bold 

seeds, long duration (> 135 days) and 

moderately resistant to leaf spot. 

Developed at P.A.U., Ludhlana. A'nonymous 

(1985). 

18. ICG 2271 
(NCAC 343) 

Virginia 
runner 

Introduced from U.S.A. Resistant to 
termites, jassids, thrips and leaf minor. 
ICRISAT Annual Report 1982 (1983). 



conducted. The details of each experiment, methodology followed 

and statistical treatment of the data are presented below. 

3.2 METHODS 

3.2.1 Ezperlaent I : Evaluation of genotypes differing in 

canopy under different population densities and nitrogen 

levels 

The seven groundnut genotypes for different degrees of 

canopy development Including three mutants viz., TMV2NLM (catego­

ry 3), TAP5 (category 3), Compact Mutant of M13 (category 3), 

Kadlrl-3 (category 3), M13 (category 4), MH2 (category 1) and 

JL24 (category 2) were studied for agronomic and physiologic 

attributes. This experiment VAB carried out during kharlf 

(1988), rabl (1988-89) and kharlf (1989) under three different 

spaclngs viz., 30 cm, 60 cm and 90 cm between the rows and two 

levels of nitrogen viz., 20 kg N ha as basal dose and 40 kg N 

ha which Includes 20 kg N ha as basal dose and 20 kg N ha 

as top dressing at peak flowering In a Randomized Block Design 

with two replications with a plot size of 3 m x 3 m. 

The doses of P^O. and K.0 applied basally were kept 

constant at 40 kg and 20 kg per hectare respectively. In addi­

tion gypsum at the rate of 500 kg ha was top dressed at the 

time of peak flowering. All necessary cultural operations per­

taining to Irrigation, weeding and plant protection were under­

taken to maintain good crop growth. 



Thus the diverse genotypes were evaluated under three 

plant population densities, two levels of nitrogen and three 

different seasons. In the entire text the seasons 1, 2, 3 Indi­

cate the kharlf 1988, rabl 1988-89 and kharlf. 1989 respectively. 

The micro-environments I, II, III, IV, V and VI In the complete 

text Indicate N.-30, N^-SO, N.-60, N.-eO, N.-90 and N2-9O respec­

tively. 

N -30 : 30 cm Inter-row spacing with basal dressing of-inkg nitro­

gen 

N_-30 : 30 cm Inter-row spacing with 20 kg basal + 20 kg top 

dressing of nitrogen 

N.-60 : 60 cm Inter-row spacing with basal dressing of 20 kg 

nitrogen 

N_-60 : 60 cm Inter-row spacing with 20 kg basal + 20 kg top 

dressing of nitrogen 

N^-90 : 90 cm Inter-row spacing with basal dressing of 20 kg 

nitrogen 

N«-90 : 90 cm Inter-row spacing with 20 kg basal + 20 kg top 

dressing of nitrogen. 

3.2.1.1 Observations recorded 

The data were recorded on five randomly selected plants 

in the net plot in each plot on the following characters. 
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Days to Initial flowering: The number of days taken from the 

date of sowing to the date of first flowering. 

Days to 50 per cent flowering: Number of days taken for 50 per 

cent of the plants to flower from the date of sowing. 

Days to 100 per cent flowering : Number of days taken for 100 

per cent of the plants to flower from the date of sowing. 

Days to peg initiation : Number of days taken for the first 

initiation of peg from the date of sowing. 

Canopy circumference : Canopy circumference at 60 days after 

emergence was measured in cm with the help of a measuring tape by 

placing around the plant spread. 

Canopy dianeter : Canopy diameter at 60 days after emergence was 

measured In cm In two different directions at ground level and 

the mean was taken. 

Plant height : The height of the plant at maturity was measured 

in cm from the first cotyledonary node to the tip of the main 

axis. 

Nimber of priaaries : Number of branches originated from the 

main axis (n+1) were counted at the time of harvest. 

Nuaber of secondaries : Number of branches developed on primary 

branches (n+2) per plant were counted at the time of harvest. 

Miniber of aerial pegs : The total number of aerial pegs which 

did not have access to penetrate into the soil. 



of aature pods : Well filled pods were counted at har­

vest . 

Mature pod weight: Weight of mature pods In grams. 

Nuaber of mature kernels : Well developed kernels were counted 

after shelling of air dried pods. 

Mature kernel welgiht : Weight of mature kernels In grams. 

Total dry aatter at harvest : Dry weight of the plant including 

root system in grams at the time of harvest. 

100 kernel weight : Weight of 100 kernels in grams. 

Oil per cent : Oil per cent in uncrushed seed was determined by 

using Nuclear Magnetic Resonance (NMR) spectrometer at Director­

ate of Oilseeds Research (DOR), Rajendranagar. 

Shelling per cent : The ratio of kernel weight to pod weight 

expressed in percentage. 

Hairvest Index : The ratio of kernel yield to total dry matter 

expressed in percentage. 

3.2.2 Ezperiaent II : Hybridisation 

3.2.2.1 Crossing prograaae 

The crossing programme involving the traditional geno­

types on one hand and the mutant genotypes on the other was 

carried out in rabi 1987-88. The cross involving TMV2NLM and 

GNLM was however made in rabi 1989-90. 



The crossing was started with the Initiation of flower­

ing. The flower buds of the plants to be used as females were 

emasculated and a bright coloured nylon thread was tied as a ring 

around the emasculated bud for Identification. Emasculations 

were done between 4.30 PM to 6.00 PM and the emasculated buds 

were pollinated in the next morning before anthesls, between 6.00 

AM and 8.00 AM (Kale and Moull, 1984). Emasculation was done for 

about 4 to 5 consecutive buds arising from each axil and the 

others arising later, were removed carefully. Only those pods 

whose pegs had the nylon ring around the node were harvested as 

crosses. 

3.2.2.2 Evaluation of F. generations 

The F. hybrids along with parents were grown during 

kharlf 1988, in a Randomised Block Design with two replications. 

Seeds were sown on ridges by hand dibbling with a spacing of 60 

cm between the rows and 15 cm within a row. The data were col­

lected on each F. plant. Seeds harvested separately from each F. 

plant. The F. generation of GNLM and TMV2NLM could not be in­

cluded with the rest as the cross was made in rabl 1989-90. 

3.2.2.3 Evaluation of F. generations 

In the F^ generations, single plant progenies of each 

cross along with the parents were grown during rabl 1988-89 in 

two replications. Another set of F- generations obtained from 

the F- hybrids studied by Madhavl (1988) were, however, grown in 

kharlf 1988 and the relevant data collected. The inter and intra 
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row spaclngs adopted were 60 cm x 20 cm respectively. Segregants 

were Identified and tagged at the time of flowering. At the time 

of collection of data, utmost care was taken to Include all the 

segregants without fall. In addition five plants at random were 

also selected from among phenotyplcally non-recomblnant popula­

tion of each cross for collecting the necessary data. These 

plants selected for data recording were harvested separately. 

The progenies of agronomlcally superior recombinants selected in 

F„ generation were evaluated in F- generation during kharif 1989. 

Through out the study the crop was fertilized at the 

rate of 20 kg ha~^ N, 40 kg ha"'̂  P2O3 and 20 kg ha"'̂  K-O as basal 

dose. Another dose of nitrogen 20 kg ha was applied at peak 

flowering stage as top dressing. Gypsum was applied at the rate 

of 500 kg ha as top dressing when the crop was in peak flower­

ing. All appropriate cultural operations and prophylactic meas­

ures against pests and diseases were undertaken to maintain good 

crop growth. 

3.2.2.4 Observations recorded 

The data were recorded in each replication for the 

following characters in F and F„ generations. The description 

of characters was same as in Experiment I. 

Before harvesting, the data were recorded on 

Days to flower 

Canopy circumference 

Canopy diameter 

Leaf area at 60 days 
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To calculate the leaf area of the standing crop without 

destroying the plant, the procedure suggested by Madhavl (1988) 

has been adopted for the present study. The total number of 

leaves of each plant was counted In the field and fourth leaf 

from each of the primary branches of the plant was taken. The 

leaf area of the freshly collected leaves from each plant was 

measured with the leaf area meter. The total leaf area of the 

plant was calculated using the following formula : 

Leaf area in cm2 of 
the sample leaves 

Total leaf " x Number of leaves of the 
area Number of primary plant 

branches 

At the time of harvest, the following observations were 

recorded. 

Plant height 

Number of primaries 

Number of secondaries 

Number of aerial pegs 

Number of mature pods 

Mature pod weight 

Number of mature kernels 

Mature kernel weight 

Total dry matter at harvest 

Shelling per cent 

Harvest Index 
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3.2.3 Ezperlaent III : Induction of autatlons for canopy 

characters In the Aerial pod hearing genotype XAP5 

Four hundred well developed dry seeds of the aerial 

podding genotype TAPS per treatment were presoaked in water for 

23 hours and treated with two chemical mutagens viz., Sodium 

azide and Ethyl Methane Sulphonate as given below. 

3.2.3.1 Sodium azide (NaN.) 

The Sodium azlde solution of 3 mM concentration was 

prepared by dissolving 0.195 g of chemical in 1000 ml of 0.1 M 

citric acid-sodium phosphate buffer solution and it was used for 

treating the presoaked seed for 3 hours at room temperature (24 

jf 1 C) with intermittent shaking as described by Prasad et̂  al. 

(1985). 

3.2.3.2 Ethyl Methane Sulphonate (EMS) 

The seeds presoaked in water for 23 hours were treated 

in an aqulous solution of EMS of the concentration of 0.3% for 3 

hours with intermittent shaking at room temperature (24 j+ 1 C) 

(Prasad, 1972). Seeds soaked in water were maintained as con­

trol. 

After the mutagenic treatment, the seeds were thoroughly 

washed in running tap water for 30 minutes to remove the excess 

funount of mutagen. The seeds were then sown Immediately together 

with the appropriate control on ridges by hand dibbling with a 

spacing of 60cm between the rows and 20 cm between the seeds 
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within a row to raise M. generations during kharlf 1988. The 

same spacing was adopted through out the study. 

All the seeds obtained separately from each M. plant 

were sown in M_ generation along with the control in rabl 1988-

89. In M- generation each plant was thoroughly examined and 

different mutants were identified. The data were collected from 

the mutants and also from a sample of 10 randomly selected 

plants. Seeds from each mutant and randomly selected plants were 

harvested separately in M„ generation. Single plant progenies 

were grown in M- generation during kharlf 1989 and their breeding 

behaviour was studied. Data were collected from 20 randomly 

selected plants In each progeny (Prasad et̂  al̂ ., 1985). 

Appropriate cultural operations and plant protection 

measures were carried out whenever necessary. 

3.2.3.3 Observations recorded 

Observations were recorded on the following characters 

for calculation of means and variances in M., M- and M- genera­

tions . 

Canopy circumference 

Canopy diameter 

Leaf area at 60 days 

Plant height 

Number of primaries 

Number of secondaries 

Number of aerial pegs 
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Number of mature pods 

Mature pod weight 

Number of mature kernels 

Mature kernel weight 

Total dry matter at harvest 

In addition to the above characters, chlorophyll content 

at 60 days after emergence was estimated in selected mutants and 

control in M^ generation by using the method suggested by Witham 

et al. (1971). Fresh green leaves of mutants were collected in 

separate polythene covers. One gram of fresh leaf material was 

taken in a clean mortar to which 40 ml of 80 per cent acetone and 

a pinch of calcium carbonate were added and made into a fine 

pulp. This pulp was filtered into a 100 ml volumetric flask to 

obtain the chlorophyll extract. The filter paper was cleaned 

thoroughly with 80 ml of 80 per cent acetone in order to extract 

the entire chlorophyll. The final volume was adjusted to 100 ml 

by adding 80 per cent acetone. The optical density of the chlo­

rophyll extract was read in Spectronic-lOOl at the wave lengths 

of 644 , 652 and 663 nm. 

The amount of chlorophyll 'a', chlorophyll 'b' and total 

chlorophyll of the tissue were calculated by using following 

formulae : 

Chlorophyll 'a' - 1.07 (D 663) - 0.094 (D 644) mg/g tissue 

Chlorophyll 'b' - 1.77 (D 644) - 0.280 (D 663) mg/g tissue 



(D652) X V 
Total chlorophyll " mg/g tissue 

34.5 X W 

Where, 

D • optical density at the corresponding wave length 

V = Volume of the aliquot 

W = Weight of the plant material 

3.2.4 Statistical Analysis 

3.2.4.1 Categorisation of Groundnut Genotypes for Canopy Devel-

opaent 

The genotypes were categorised for the canopy develop­

ment employing canopy category 1 to 4 based on the factors be­

lieved to influence canopy ratings such as canopy diameter, 

canopy circumference and leaf area at 60 days (Metz et^ al., 

1984). While considering the characters jointly to make deci­

sions, in order to categorise the canopy types, a method proposed 

by Arunachalam and Bandyopadhyay (1984) was used. A score was 

allotted for each genotype. The scores were added across the 

characters to provide a final score, based on which the genotypes 

were thereby categorised for the canopy development. 

Duncan's multiple range test (DMRT) was used (SAS, 

1985), instead of t'test suggested by Arunachalam and Bandyopadh­

yay (1984) to find out the differences in the mean performance of 

the genotypes for canopy diameter, canopy circumference and leaf 

area at 60 days. The genotypic means for the above traits over 

three seasons (pooled analysis) were arranged in groups based on 
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DMRT. The top most group containing genotypes with the highest 

mean was given rank 1, the next highest rank 2 and so on. If 'K' 

was the number of groups for a particular character, the geno­

types of rank 1 were given a score • 1/k, those of rank 2 a score 

• 2/K and so on to obtain standardised scores across the charac­

ters later on. When overlapping of groups occur. It Is possible 

that a genotype could be of rank 1 and also of rank 2. The score 

for that genotype was taken to be the average which would thus be 

equal to (l+2)/2K = 3/2K. The genotypes occurlng of more than 2 

ranks would be treated In a like manner for allotment of scores 

(Arunachalam and Bandyopadhyay, 198A). The Individual scores for 

each trait were added up to provide a total score for each geno­

type. The genotypes were then ranked in ascending order based on 

their total score. By observing the clear trend of total score, 

the genotypes were classified for different canopy types. The 

rating of 1 Indicated a compact canopy with a total score of 

>2.5, 2 a medium compact canopy with a total score range of 1.6 -

2.4, 3 a medium spreading (0.8 - 1.6), and 4 a spreading canopy 

(0 - 0.8) (Table 3). 

3.2.4.2 Ezperlaent I 

Stability Analysis: Stability analysis was carried out for 7 

genotypes with 2 treatment factors i.e., 3 spaclngs and 2 ferti­

lizer doses over 3 seasons considering as Randomized Block Design 

(Murarl Singh, 1991). Three parameters viz., (1) overall mean of 

each genotype over the range of environments (2) The regression 

of each genotype on the environmental index and (3) a function of 



/ 1 

the squared deviation from this regression were estimated by 

following the methodology of Eberhart and Russell (1966). The 

model proposed by them is as follows: 

\i ' J^ ̂  V j ̂ 6i, 

where, 

. varies from 1 to 7 

varies from 1 to 18 

Y. . •= mean of i genotype in j environment 

J 

Ij 

ji " mean of all the genotypes over all the environments. 

B. * the regression coefficient of the i genotype on the 

environmental index which measures the response of this 

genotype to varying environments. 

I " the environmental index which is defined as the devia­

tion of the mean of all the genotypes at a given loca­

tion from the overall mean. 

°ij = the deviation from regression of the i genotype at j 

environment. 

Analysis of variance for stability 

Analysis of variance to estimate stability parameters is 

given below. 

Source d.f. S.S. M.S. 

Total (treatment ge-1 -gZ Y "CF 
combining) ij 

2 
Genotype (cultivar) g-1 1/e 2 Y.-CF Mi. 

i 



Source d.f. S.S. M.S. 

Environment + g(e-l) jjj: ̂ n'^Yi'/e 
(Genotype x Ij -' 
Environment) 

3 

Environment 1 l/g(E Y. I .)^/ri^ 
(linear) j ^ -' ^ 

Genotype X g-1 [(E Ŷ .I J^/ZI^]-
Envlronment (linear) j •* •* j 

Environment (linear)S.S. MS. 

Pooled g(e-2) ZZ6^iJ MS 
deviations Ij 

Deviations due to o 9 
genotype I e-2 l7:\f(^i'> ] ^^3"^ 

: : (SYI.IJ^/gl^ = 

genotype....g e-2 r Ifgj-Ci)'^ - "Sj-g 

Pooled error e(r-l)(g-l) 

g = genotype (cultlvar); e " environment; r = repllctlon 

Estlaatlon of stability paraaeters 

2 
The regression coefficient (bl) and mean square deviations (S d) 

from linear regression were estimated as follows: 

a) Regression coefficient 

"1- yti'ij'i 



where, 

^ Y. .1. • the sum of products of environmental Index (I.) with 

corresponding mean of that genotype at each environ­

ment (Y^.) 

2. 
21. "= the sum of squares of the environmental Index I . 

2 
b) Mean Square deviations (S d) froa linear regression 

/\ 

Ŝ d " 5:6^./(e-2)]-S^e/r 
i ^ 

where, 

,2. „2., , „ , .2-^ ,2. 

= variance due to deviation from regression for a geno­

type 

2. 1 
£Y. .-Y./g = variance due to dependent variable and 

2 S-
(2?Y. .1.) /(2I.) = variance due to regression 
j ^ ^ j ^ 

2 
S e/r = the estimate of pooled error 

e •= number of environments; 

r " number of replications 

The various computational steps Involved in the estimations are 

as follows: 

Computation of environmental index (I.)! 

I. - S Y /g -SZY. ,/ge 
-' j '' ij •' 
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" Total of all the genotypes at the j environ-ment/number 

of genotypes - grand total/total number of observations. 

Coaputatlon of regression coefficient (b.) for each genotype: 

a) for each value of regression coefficient, ^ I j is 

conuson. 

b) T.Y. .1. for each genotype is the sum of products of envi-
J J J 

ronmental index (I.) with the corresponding mean (X) of 

that genotype in each environment. 

These values may be obtained in the following manner. 

(X)(I ) = (2 Y I ) = (S) 

where, 

(X) = matrix of means 

(I.) • vector for environmental index, and 

(S) = vector for sum of products, 

i.e., X Y. .1 , 

2 
CoBputatlon of S d: 

In a regression analysis, it is possible to partition the 

variance of the dependent variable (Y) into two parts, the one 

which explains the linearity between dependent and independent 

variables (Variance due to regression) and the other which ex­

plains the variance due to deviations from linearity. 

2 2 2 
cr Y • a regression + ff deviation from the regression 



The variance of mean over different locations with regard to 

individual genotype may be obtained in the following way: 

The variance due to deviations from regression ( 2 6 . .) 

for a genotype being 

2Sij - "f V^i'*' - 'fuV'/fj 

where, 

2 2 

^ y. . - Y./g = the variance due to dependent variable 

and ( ^ Y. .1 ) /( ^I.) = the variance due to regression 

because, 

(fy. . / . ) / = i^ " (f Y.,i,)(rY,,i,)/2:i^ = ^ S Y , , I , 

c2- 2 
From •*• O . . values, the stability parameters S d for 

each variety is computed as follows: 

S"^d = [ ̂ 5 ^ /(e-2)] - (S^e/r) 

Mean square deviation "= (Deviation from regression/d.f. for 

environment) - pooled error/No. of replications) 

The variance due to genotypes, environments and the 

pooled error were the same as those calculated in the pooled 

analysis of the data, except that the total sum of squares was 

mainly partitioned into three main components namely (1) sum of 

squares due to genotypes, (2) sum of squares due to environments 

+ (genotype x environment) and (3) pooled error. Again SS due to 
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GxE was further partitioned into two parts i.e., (a) SS due to 

GxE (linear) which is in fact SS due to regression and (b) SS due 

to deviations from linearity of response (i.e., SS due to devia­

tions). 

Z 2. 
1) SS due to environment + (GxE) =251 y - (̂  Y./e) 

ii) SS due to environment (linear) = (l/g)t? Y I )^/«I^) 

iii) SS due to genotype x environment (linear) = 

*[(«;Y^ I )^/^lbl-SS environment (linear) 

where, 

(*Y^ I )^/«Ij) = b^^ Y^ I for each variety. 

Tests of significance 

The following tests of significance were carried out. 

(1) To test the significance of the differences among geno­

type means i.e.. Ho = jî  " V^-j "' P-tA ^^^ '̂ ' test used 

was. 

Mean square due to genotype 
= MSj/MS^ 

Mean square due to pooled deviation 

(2) To ascertain that the genotypes did not differ due to 

regression on environmental index i.e.. Ho = b. = b„ = 

b_ ... b,., the 'F' test used was: 
3 14 

MS due to genotype x environment (linear) 
F « = MS2/MS2 

MS due to pooled deviation 



(3) Indlvidiial deviation from linear regression was tested 

as follows: 

F - [( ̂ 6^^)/(e-2)]/pooled error 

P - 0.05 at (g-2) d.f. 

(4) The hypothesis that any regression coefficient does 

not differ from unity or from zero was tested by the 

appropriate 't' test i.e., for (b-0) (b-0) / (S b ) = 

't' (P - <0.05 for (e-2) d.f.) 

1-b 
for (1-b) = 'f (P = <0.05 for (e-2) d.f.) 

SEb^ 

/ 5 
SE b =726i /(e-2) / Z I' 

1 J J J J 

Stability paraaeters 

A genotype with unit regression coefficient (b-1) and 

2 
the deviation not significantly differing from zero (s d 

= 0) was taken to be stable genotype with unit response. 

Mean and standard error of 'b' are 

Mean of b = b = * bi/g 

A 

SE b " 7 M.S. due to pooled deviation/ ? I ̂  

Population mean (u) and standard error were calculated as 

Grand Total 
Population mean (u) •= 

Number of observations 



SE (mean) 
/ 

MS due to pooled deviation 

No. of environments - 1 

3.2.4.3 Experiment II 

Estlaatlon of Means and Variances 

Means and variances were estimated for quantitative 

characters In F_ generation. In F. generation, only means were 

calculated. The mean values for 17 parents were also calcu­

lated In each generation. Following formulae were used. 

Mean (JC) A + 
Efd 

X C 
Zf 

Variance (ff ) = 
N 

i:fd^ -
( r fd) ' 

N 
X C 

where, 

A " assumed mean 

f *= frequency 

d • (X-A)/C, where 'X' Is the mid value of the class Interval 

N = Total number of observations 

C = Length of the class Interval 

Estiaatlon of Heterosis 

The heterosis was considered as the deviation of the F̂  

from the better parent. It was calculated as per cent Increase 

or decrease of F. over the better parent by using the formula 

given by Liang £t̂  al. (1972). 
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% Heterosis • 

where, 

^1 -

o. -
Mean 

Mean 

of 

of 

h 

1̂ 

- B. 

BTP. 

better 

.P. 

parent 

X 100 

To test the significance of heterosis, the following 

formula suggested by Arunachalam et sil. (1980) was utilized. 

F. - B.P. 

/ 2 EMS (F^/r 

where, 

r = number of replications 

The calculated 't' value is compared with 't' table 

value at error d.f. 

Selection criteria for Means and Variances of different 

characters 

In F_ generation, 20 per cent selection criteria was 

adopted in order to group the means and variances of different 

characters viz.. Days to initial flowering, days to 50 per cent 

flowering, days to 100 per cent flowering, canopy diameter, 

canopy circumference and leaf area at 60 days, plant height, 

nvimber of primaries, number of secondaries, nvimber of aerial 

pegs, number of mature pods and its weight, number of mature 

kernels and its weight, shelling per cent and harvest index. 
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By adopting 20 per cent selection criteria, the F_ 

generation for the above characters was grouped into high vari­

ance with high mean, high variance with medium mean, high vari­

ance with low mean, medium variance with high mean, medium vari­

ance with medium mean, medium variance with low mean, low vari­

ance with high mean, low variance with medium mean and low vari­

ance with low mean. 

Cluster analysis 

In order to group the crosses involving TAPS, cluster 

analysis (SAS, 1985) was carried out based on means and variances 

in F„ generation. The crosses were grouped for the characters 

viz., canopy diameter, canopy circumference, leaf area at 60 

days, number of primaries, secondaries and aerial pegs, number of 

mature pods and kernels, mature pod weight and kernel weight, 

total dry matter at harvest, shelling percent and harvest index 

into high variance with high mean, high variance with medium 

mean, high variance with low mean, medium variance with high 

mean, medium variance with medium mean, medium variance with low 

mean, low variance with high mean, low variance with medium 

mean and low variance with low mean. 

Chl-square test 

The nature of inheritance of branching pattern, canopy 

compaction, leaf shape and aerial podding were determined by 

fitting the F_ populations into the relevant monohybrld, dlhybrid 

and trlhybrld Mendelian ratios and tested for goodness of fit. 

2 
X test was computed as follows. 
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2 
- P (observed. - expected.) 
x2 - 21 --

i"l expected 

where, p is the total number of phenotypic classes, observed. Is 

the observed value and expected Is the expected value of the 1 

class (Gomez and Gomez, 1976). 

3.2.4.4 Experiaent III 

Estlaatlon of Ifeans and Variances 

In M. , M- and M- generations of the present study, the 

means and variances were calculated for various canopy and repro­

ductive attributes same as in the case of Experiment II. The 

increase in variance in the progenies of mutagen treated material 

over the control was estimated in terms of percentage for all the 

characters. 

Estlaatlon of viable autatlon frequencies 

The frequencies of viable mutations were estimated in 

the Mp generation of the mutagenic treatments based on M» fami­

lies and M. plants. 

Viable mutation frequency (on M- family basis) 

Number of M- families segregating for 
viable mutations 

Number of M^ families scored 

Viable mutation frequency (on M„ plant basis) 

X 100 
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Number of viable mutants recovered 
X 100 

Number of M^ plants scored 

Estlaatlon of autagenlc effeptlveness and efficiency 

Mutagenic effectiveness and efficiency were calculated 

by using the modified formulae of Konzak et al. (1965) as adopted 

by Prasad (1972). 

Mutagenic effectiveness Is the ratio between the per­

centage of M- families segregating for mutations and the product 

of time of mutagenic treatment and the concentration of mutagen. 

Me 
Mutagenic effectiveness = 

tc 

where, 

Me = Percentage of M- families segregating for mutants 

t " duration of mutagenic treatment 

c " concentration of the mutagen 

Mutagenic efficiency Is the proportion of M„ families 

segregating In relation to the percentage sterility Induced by 

the mutagen. 

Me 
Mutagenic efficiency " 

S 

where, 

S •= Percentage seed sterility In M. generation (seed steril­

ity was estimated as percentage reduction of seed number 

In relation to control). 
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CHAPTER IV 

RESULTS 

4.1 CATEGORISATION OF GRODHinniT GENOTYPES FOR CANOPY 

DEVELOPMENT 

The genotypes were categorised for the canopy develop­

ment employing canopy category 1 to 4 based on the factors 

believed to influence canopy ratings such as canopy diameter, 

canopy circumference and leaf area at 60 days. Mean performance 

of the genotypes for canopy diameter, canopy circumference and 

leaf area at 60 days in different seasons and pooled, DMRT 

between means of genotypes for canopy circumference, diameter and 

leaf area at 60 days and allocation and classification of scores 

for eighteen genotypes for different canopy categories are 

presented in Tables 2, 3 and 4 respectively. 

As per the canopy categorisation adopted in the present 

study (Tables 2, 3 and 4) MH2 (Valencia) alone falls under canopy 

category of 1 (Compact>2.5) which exhibited the lowest mean 

canopy development and leaf area at 60 days in all the seasons. 

The genotypes JL24 (Spanish), Jll (Spanish), PGNl (Spanish), 

MH2BC28 (Valencia) a mutant of MH2 for enhanced canopy develop­

ment, TMV2 (Spanish), PI350680 (Valencia), PI259747 (Valencia) 

and 0201 (Virginia, bunch) a mutant of T-28 come under canopy 

category 2 (medium compact, 1.6 - 2.4) with enhanced canopy 

development and slightly higher leaf area at 60 days when 

compared with canopy category 1. The genotypes MK374 (Virglnia_ 

bunch), TAPS (Valencia) an aerial podding mutant of 'Tatu', 

TMV2NLM (Virginia bunch) a narrow leaf mutant of TMV2, Kadirl-3 

(Virginia bunch), 32-2-5 (Virginia bunch) a compact canopy mutant 
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Table 3: Duncan's Multiple range test (DMRT) between means of 
genotypes (pooled over seasons) for canopy diameter, 
canopy circumference and leaf area at 60 days. 

Genotypes 

ICG2271 

M13 

GNLM 

TAPS 

TMV2NLM 

KADIRI-3 
Compact mutant 

of M13 
32-2-5 

MK374 

PI259747 

P6N1 

TMV2 
PI350680 

MH2BC28 
G201 

jn 
JL24 

MH2 

CD 
(cm) 

66.29a1 
65.27a| 

56.59b 1 

55.80b 1 
54.47bc| 

54.47bc| 
53.88bc| 

1 
52.90c 1 
52.77c 1 

45.85d 1 

45.12de|| 

44.92def| 

44.65def| 

43.48def1 

43.21def|| 
42.75ef 1 
42.12f 1 

22.67g 1 

Rank 

1 

2 

3 

4 

5 

6 

Genotypes 

ICG2271 
M13 

GNLM 
TAPS 

Compact mutant 

of M13 
KADIRI-3 
TMV2NLM 

MK374 
32-2-5 

PI259747 

TMV2 

PGN1 
G201 

MH2BC28 
JL24 

PI350680 
jn 

MH2 

CC 

(cm) 

197.67a| 
190.07b 1 

167.33c 1 
166.83c 1 

164.83cd 1 

1 
164.47cd|l 
163.32d I 

161.76d 1 
161.57d 1 

148.30e| 

148.20e| 

147.13e| 

147.08e| 
146.62e| 

146.50e| 
146.l2e| 
144.83e| 

62.39f 1 

Rank 

1 
2 

3 

4 

5 

6 

Genotypes 

ICG2271 
M13 
Compact mu 

of 
32-2-5 

TMV2-NLM 

GNLM 
KADIRI-3 
MK374 

TAPS 

G201 

JL24 

Oil 
PI350680 

PI259747 

TMV2 
MH2BC28 

PGN1 
MH2 

LA 

(sq.cro) 

3367.93a 1 
3211.16b 1 

tant 2853.79c 1 
M13 

2697.67d| 

2435.S9e | 
2409.16e | 

2175.61f| 
2045.289 1 
1916.81h| 

1806.321 1 

1612.03j 1 
1606.00Jk| 

1581.63k 1 

1541.5211 
1504.3611 
1429.07m | 
1243.77n| 
718.270 1 

Rank 

1 
2 
3 

4 

5 

6 
7 
8 
9 

10 

11 

12 
13 
14 

Note : CD < Canopy diameter, CC • Canopy circumference, 

LA ' Leaf area at 60 days 

Means followed by the same letter are not different at 0.05 probability 
level according to DMRT In each column. 



Table 4 : Allocation and classification of scores for eighteen 

genotypes for canopy diameter, canopy circumference and 
leaf area at 60 days for different canopy categories. 

Genotypes CD CC LA Total Score 

Score range 
class 

Canopy 

category 

assigned 

ICG2271 

M13 
1/6 1/6 1/14 0.405 (0.0-0.8) 
1/6 2/6 2/14 0.643 

(4) 

Compact Mutant of M13 2/6 3/6 3/14 1.047 ( 0 . 8 - 1 . 6 ) (3) 

GNLM 
32-2-5 

KADIRI-3 

TMV2NLM 

TAPS 

MK374 

G201 

PI259747 
PI350680 
TMV2 
MH2BC28 

PGNl 
J l l 
JL24 

2/6 
2/6 
2/6 
2/6 
2/6 
2/6 

7/12 

3/6 
7/12 

7/12 

7/12 

7/12 
5/6 
5/6 

3/6 
7/12 

3/6 
7/12 
3/6 
7/12 

5/6 
5/6 
5/6 
5/6 
5/6 
5/6 
5/6 
5/6 

5/14 

4/14 

6/14 

5/14 

8/14 
7/14 

9/14 

11/14 
10/14 

11/14 

12/14 
13/14 

10/14 

10/14 

1.190 

1.202 

1.262 

1.273 
1.404 
1.416 

2.059 

2.119 

2.130 

2.202 

2,273 

2.345 
2.380 
2.380 

(1, .6-2.4) (2) 

NH2 6/6 6/6 14/14 3.000 ( >2.5) (1) 

Note : CD • Canopy diameter, CC « Canopy circumference, 

LA • Leaf area at 60 days 
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of MK374, GNLM (Virginia bunch) a narrow leaf mutant of Punjab-1, 

Compact Mutant of Ml3 (Virginia bunch) fall under canopy category 

3 (medium spreading, 0.8 - 1.6) with higher canopy development 

and leaf area at 60 days. While the genotypes Ml3 (Virginia 

runner) and ICG 2271 (Virginia runner) fall under canopy category 

4 (spreading, 0 - 0.8) with the highest levels of canopy develop­

ment and leaf area at 60 days. 

4.2 RESPONSE OF GROUNDNUT GENOTTPES TO THREE DIFFERENT 

SPACINGS AND TOP DRESSING OF NITROGEN 

The response of 7 genotypes viz., MH2, JL24, TAPS 

(aerial podding mutant of Tatu), Kadlrl-3, TMV2NLM (narrow leaf 

mutant of TMV2), Compact Mutant of M13 and M13 to three different 

spaclngs and top dressing of nitrogen was studied and the results 

are presented below (Tables 5, 6, 7, 8, 9, 10 and 11). 

4.2.1 MH2 

4.2.1.1 Days to Initial Flowering 

The data (Table 5) Indicate that the number of days 

taken for Initial flowering were less In kharlf season as 

compared to rabl season. There were no significant differences 

among the treatments N -30 cm, N_-30 cm, N.-60 cm, N2-6O cm, 

N -90 cm and N_-90 cm for this character In both kharlf and rabl 

seasons. 

4.2.1.2 Days to 50Z Flowering 

The days taken for 50 per cent of the plants to flower 

were more In rabl season than In kharlf season. With regard to 



this character, significant differences were not observed among 

the treatments N -30 cm, N.-SO cm, N -60 cm, N2-6O cm, N.-90 cm 

and N--90 cm in both kharlf and Rabl seasons. 

4.2.1.3 Days to lOOZ Flowering 

It was observed that in kharlf season the number of days 

taken for 100% flowering were much less than In rabl season 

(Table 5). In both kharlf and rabl seasons there were no signi­

ficant differences «unong the treatments N ~30 cm, N^-30 cm, N -60 

cm, N2-6O cm, N -90 cm and N2-9O cm for this trait. 

4.2.1.4 Days to Peg Initiation 

The days taken for the initiation of the first peg were 

less in kharlf season than in rabl season. The differences 

observed for this trait among the treatments viz., N -30 cm, 

N_-30 cm, N.-60 cm, N2-6O cm, N.-90 cm and N_-90 cm were not 

significant in both kharlf and rabl seasons. 

4.2.1.5 Canopy Diaaeter 

The canopy diameter was slightly high in kharlf season 

than in rabl season. The canopy diameter recorded in N--90 cm 

(32.90 cm), N2-6O cm (32.75 cm), Nj-60 cm (31.63 cm), N2-3O cm 

(30.80 cm) and N.-90 cm (30.60 cm) treatments was at par and the 

differences among them were not significant in kharlf season. 

Whereas in rabl season, N2-6O cm (30.75 cm) resulted in high 

canopy diameter which was significantly different from N -60 cm 

(27.50 cm), N -30 cm (26.85 cm) and Nĵ -90 cm (26.50 cm). But it 
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Table 5 : Mean performance of MH2 for 19 characters In six ralcro-envlroninents 1n Kharif and Rab1 seasons 

Micro-
environ­

ment / 

Treat ­
ment 

Nl-30 
NZ-30 

Nl-60 
N2-60 

Nl-90 

N2-90 

SE 

CD at 5% 

Micro-
environ­
ment / 
Treat ­

ment 

Nl-30 
N2-30 

Nl-60 

N2-60 

Nl-90 

Days 
1n1t' 

to 
lal 

f lowering 

Kharif 

26.750 
27.250 

26.750 
26.250 

26.500 

26.500 

0.483 

1.242 

Number 

primarl 

Kharif 

4.600 

4.600 

4.680 

5.080 

5.100 

Rabi 

47.000 
48.000 
46.000 

45.500 

46.000 

44.500 

1.983 
5.098 

of 

es 

Rabi 

5.100 

5.500 
5.700 

5.800 

5.600 

Days to 

50« 

^lowering 

Kharif Rabi 

28.750 52.000 
29.250 53.000 
29.500 52.000 

29.750 52.500 

29.250 52.000 

29.250 52.000 

0.960 1.133 

2.468 2.913 

Number of 

secondaries 

Kharif Rabi 

0.000 1.600 

0.150 1.100 

0.150 1.600 

0.050 2.500 

0.050 1.400 

Days to 

100« 

f lowering 

Kharif 

31.750 
32.000 
32.500 

31.500 

32.000 

32.250 

1.197 

3.077 

Number 

a e r i a l 

Kharif 

9.450 
7.650 

10.400 

5.320 

16.200 

Rabi 

54.000 
55.500 
55.000 

56.000 
55.000 

54.500 

0.966 

2.484 

of 

pegs 

Rabi 

3.900 

8.500 
7.200 

16.100 

5.300 

Days to 

peg 
I n i t i a t i o n 

Kharif 

32.750 
33.750 
33.500 

34.000 

33.000 

33.750 

0.609 

1.566 

Number 

mature 

Kharif 

10.750 
12.200 
11.500 

14.630 

11.800 

Rabi 

53.000 
53.500 
52.500 

53.500 

52.000 

54.000 

1.041 

2.676 

of 

pods 

Rabi 

13.750 
16.700 

17.150 

17.000 

17.500 

Canopy 

diameter 

(cm 

Kharif 

29.800 

30.800 
31.630 

32.750 

30.600 

32.900 

0.944 

2.430 

Mature 

weight 

Kharif 

6.430 

7.900 

7.030 

10.430 

7.500 

) 

Rabi 

26.850 
27.650 
27.500 

30.750 

26.500 

28.500 

1.532 

3.940 

pod 

(9) 

Rabi 

9.100 

13.050 
13.300 

13.650 

13.700 

Cano) 

c1rcumf( 

(cm) 

Kharif 

48.380 
59.850 
57.100 

61.670 

68.950 

69.400 

1.160 

2.982 

Number o 

m at u re 

kernels 

Kharif 

19.130 
32.170 
23.150 

24.050 

34.450 

)y 
>re nee 

Rabi 

50.000. 
51.250 
71.900 

72.700 

46.500 

65.000 

1.856 

4.772 

f 

Rabi 

31.250 
30.500 
27.000 

31.500 

24.500 

Plant 

height 
(cm) 

Kharif Rabi 

8.150 4.400 
8.180 4.600 

11.250 4.450 

7.380 4.750 

10.750 4.400 

9.750 4.700 

0.736 0.447 
1.892 1.149 

Mature kernel 
weight (g) 

Kharif Rab1 

5.500 7.500 
6.550 9.000 

6.450 9.100 

7.850 9.500 

6.050 9.400 

N2-90 5.230 5.750 0.000 1.850 13.550 8.500 14.000 18.000 9.700 14.500 47.250 35.000 7.450 10.000 
SE 0 . 3 4 6 0 . 3 4 8 0 . 0 9 7 0 . 5 3 6 1 . 7 3 2 2 . 1 4 7 0 . 5 9 9 1 .623 0 . 4 9 5 1 . 7 9 0 2 . 1 9 5 1 . 0 5 9 0 . 4 7 8 1 . 1 7 1 

CD a t 5« 0 . 8 8 9 0 . 8 9 5 0 . 2 4 9 1 . 3 7 8 4 . 4 5 3 5 . 5 2 0 1 . 5 4 0 4 . 1 7 0 1 . 2 7 0 4 . 6 0 0 5 . 6 4 3 2 . 7 2 3 1 . 2 3 0 3 . 0 1 0 

Micro-

environ­

ment / 

ment 

Nl -30 

N2-30 
Nl-60 

N2-60 

Nl-90 

N2-90 

SE 
CD at 5% 

Total dry 

matter at 

harvest (g) 

Kharif Rab1 

20.120 12.950 
17.110 15.450 

16.920 15.190 
22.440 16.770 

14.460 15.050 

24.350 22.310 

1.268 1.240 
3.260 3.203 

100 kernel Oil percent 

weight 

Kharif 

21.730 
24.940 

24.250 

26.910 

19.880 

23.620 

1.491 
3.833 

(9) 

Rabi Kharif Rabi 

37.580 45.300 47.250 

39.950 45.760 48.250 
34.020 47.800 48.300 

34.490 47.670 48.200 

35.180 46.100 47.150 

37.090 46.580 47.700 

0.857 1.337 1.359 
2.203 3.437 3.494 

Shell ing 

percent 

Kharif Rabi 

85.030 70.200 

88.980 85.400 
78.500 70.300 

90.990 71.900 

80.250 70.200 

85.880 70.900 

2.886 3.720 
7.420 9.560 

Harvest Index 

Kharif Rabi 

24.590 37.110 
30.860 37.260 

26.620 36.860 
32.400 37.940 

21.460 31.540 

40,380 39.130 

3.170 2.106 
8.150 5.410 



was not significantly different from N2-9O cm (28.50 cm) and 

N2-3O cm (27.65 cm). 

4.2.1.6 Canopy Clrcimference 

There was not much difference in canopy circumference in 

kharif and rabi seasons. In kharif season significantly high 

canopy circumference was observed in N„-90 cm (69.40 cm) and 

N.-90 cm (68.95 cm) than in the rest of the treatments between 

which the difference was not significant. While in rabi season, 

the canopy circumference recorded in N^-60 cm (72.70 cm) and 

N.-60 cm (71.90 cm) were at par and these two values were 

significantly higher than those observed in the rest of the 

treatments. 

4.2.1.7 Plant Heigiht 

The plant height observed in kharif season was much 

higher than in rabi season. In kharif season, significantly high 

value was found in N -60 cm (11.25 cm) as compared to that in 

rest of the treatments except N -90 cm (10.75 cm) and N_-90 cm 

(9.75 cm), among which the differences were not significant. 

While in rabi season significant differences were not observed 

among all the treatments. 

4.2.1.8 Nunber of Prlaaries 

The number of primaries recorded were slightly high in 

Rabi season than in kharif season. From Kharif data it was 

observed that the N--90 cm (5.23) resulted in more number of 

primaries fdiich was significantly different from N.-60 cm (4.68), 
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N.-30 cm (4.60) and N^-aO cm (4.60). But the value found in 

N^-90 cm was at par with the values recorded in N.-90 cm (5.10) 

and N2-6O cm (5.08). In rabi season there were no signlficannt 

differences among the treatments. 

4.2.1.9 Nuaber of Secondaries 

The data (Table 5) revealed that secondary branches were 

more in rabi season as compared to kharif season. There were no 

significant differences among the treatments N.-30 cm, N„-30 cm, 

N^-60 cm, N2-6O cm, N -90 cm and N„-90 cm for number of seconda­

ries in both kharif and rabi seasons. 

4.2.1.10 Number of Aerial Pegs 

The data on number of aerial pegs indicate that the mean 

values were higher in kharif season than in rabi season. In 

kharif season, significantly more number of aerial pegs were 

observed in N -90 cm (16.20) as compared to all other treatments 

except N„-90 cm (13.55) between which the difference was non­

significant. In rabi season, N„-60 cm (16.10) recorded signifi­

cantly higher number of aerial pegs than that observed in rest of 

the treatments. 

4.2.1.11 Nuaber of Hature Pods 

In rabi season, the number of mature pods were more as 

compared to kharif season. In kharif season, the highest number 

of mature pods was recorded by N--60 cm (14.63) and it was 

significantly different from the rest of the treatments except 

N2-9O cm (14.00), which was at par. While in rabi season more 



number of mature pods were obtained in N--90 cm (18.00) which was 

not significantly different from the rest of the treatments 

except from N.-30 cm (13.75). 

4.2.1.12 Nature Pod Weight 

The mature pod weight was high in rabi season as 

compared to that in kharif season. The data indicate that high 

mature pod weight was found in N„-60 cm (10.43 g) and it was 

significantly different from all other treatments except that 

recorded in N2-9O cm (9.70 g) in kharif season. In rabi season, 

there were no significant differences among the treatments viz., 

N2-9O cm (14.50 g), N2-6O cm (13.65 g), N2-3O cm (13.05 g), N^-90 

cm (13.70 g) and N -60 cm (13.30 g) for this trait. 

4.2.1.13 Muaber of Mature Kernels 

With regard to number of mature kernels there was not 

much difference between kharif and rabi seasons. In both kharif 

and rabi seasons the number of mature kernels was significantly 

high in N--90 cm 47.25 g and 35.00 g respectively than that 

recorded in rest of the treatments. 

4.2.1.14 Mature Kernel Ifelght 

The data (Table 5) on mature kernel weight revealed that 

in rabj season the kernel weight was higher than that in kharif 

season. In kharif season, the N^-SO cm (7.85 g) resulted in 

significantly high mature kernel weight than the rest of the 

treatments except the N2-9O cm (7.45 g). Whereas in rabi season, 
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significant differences were not observed for this character 

among the treatments. 

4.2.1.15 Total Dry Matter at Harvest 

In kharif season, there was slightly high total dry 

matter production at harvest than In rabl season. The results 

indicate that significantly high total dry matter at harvest was 

obtained in N2-9O cm (24.35 g) followed by N -60 cm (22.44 g) 

than in the rest of the treatments, while the difference between 

these two is non significant. In rabl season, significantly high 

total dry matter at harvest was observed in N„-90 cm (22.31 g) 

than in the rest of the treatments. 

4.2.1.16 100 Kernel Weight 

The 100 kernel weight was high in rabl season than in 

kharif season. In kharif season, the highest 100 kernel weight 

was observed in N_-60 cm (26.91 g) which was significantly diffe­

rent from N -30 cm (21.73 g) and N.-90 cm (19.88 g). But it was 

not significantly different from that recorded in N„-30 cm (24.94 

g), N_-90 cm (23.62 g) and N.-60 cm (24.25 g). In rabl season, 

significantly higher value was observed in N--30 cm (39.95 g) 

than that found in rest of the treatments. 

4.2.1.17 Oil Per cent 

The results revealed that there was not much difference 

in oil per cent between kharif and rabl seasons. For this trait 

there were no significant differences among N.-30 cm, N.-SO cm. 



N.-60 cm, Nj-SO cm, N.-90 cm and N_-90 cm in both kharif and rabi 

seasons. 

4.2.1.18 Shelling Per cent 

High shelling per cent was recorded in kharif season 

than in rabi season. In kharif season, high shelling per cent 

was found in N»-60 cm (90.99%) and it was significantly different 

from that in N -60 cm (78.50%) but not significantly different 

from the remaining treatments. In rabi season significantly high 

shelling per cent was observed in N„-30 cm (85.40%) than that 

recorded in rest of the treatments (Table 5). 

4.2.1.19 Harvest Index 

It was observed that the harvest index values were high 

in rabi season than in kharif season. The treatment N„-90 cm 

(40.38) recorded significantly high value than the rest of the 

treatments except N»-60 cm (32.40) in kharif seasonn. In rabi 

season, high harvest index was found in N2-9O cm (39.13) which 

was not significantly different from all other treatments except 

from N.-90 cm (31.54) between which the difference was 

significant. 

4.2.2 JL-24 

4.2.2.1 Days to Initial Flowering 

In kharif season the number of days taken for the 

initiation of first flower were less as compared to rabi season. 

There were no significant differences among N -30 cm, N2-3O cm. 



N.-60 cm, Nj-eO cm, N.-90 cm and N.-90 cm for this trait In both 

kharlf and rabl seasons (Table 6). 

4.2.2.2 Days to 50Z Flowering 

The results Indicate that the number of days to 50% 

flowering were much less than that In rabl season. in kharlf 

season, the treatments viz., N.-60 cm (29.75) and N„-60 cm 

(29.75) recorded significantly less number of days to 50% flowe­

ring than the rest of the treatments except than the treatment 

N -30 cm (30.30). While In rabl season there were no significant 

differences among the treatments. 

4.2.2.3 Days to lOOZ Flowering 

The number of days to 100 per cent flowering were less 

In kharlf season than In rabl season. The N -60 cm (31.75) 

recorded significantly less number of days than N^-90 cm (33.25) 

but It was not significantly different from the rest of the 

treatments In kharlf season. In rabl season, significant diffe­

rences were not observed for this trait among the treatments. 

4.2.2.4 Days to Peg Initiation 

The days taken for the Initiation of peg were much less 

In kharlf season than In rabl season. In kharlf season, the 

N.-60 cm (33.00) recorded less number of days to peg Initiation 

which was at par with the values found In N_-60 cm (33.25), 

N2-9O cm (33.50) and N.-30 cm (33.25). There were no significant 

differences among the treatments for this trait In rabl season. 



Table 6 : Mean performance of JL24 for 19 characters In six micro-environments In Kharif and Rabi seasons. 

!04 

Micro- Days to Days to Days to Days to 
environ- Initial 50« 100% peg 

ment / flowering flowering flowering Initiation 
Treat- — — — — 

ment Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi 

Canopy Canopy Plant 

diameter circumference height 

(cm) (cm) (cm) 

N1-30 2 7 . 2 5 0 4 7 . 5 0 0 30 .000 52 .000 32 .500 54.500 33 .250 57 .000 5 7 . 5 8 0 57 .500 125.940 131. 
N2-30 2 7 . 5 0 0 44 .000 3 0 . 7 5 0 5 1 . 0 0 0 3 2 . 5 0 0 54 .000 3 4 . 0 0 0 5 7 . 5 0 0 5 8 . 3 3 0 66 .700 148.400 147. 
N1-60 2 7 . 2 5 0 4 3 . 5 0 0 2 9 . 7 5 0 51 .500 32 .500 53.500 33 .000 56 .500 6 1 . 3 8 0 57 .000 149.750 149. 
N2-60 2 7 . 2 5 0 4 6 . 0 0 0 29 .750 5 2 . 0 0 0 3 1 . 7 5 0 54 .000 33.250 5 7 . 0 0 0 6 1 . 7 5 0 5 9 . 5 0 0 178.260 152. 
N1-90 2 7 . 0 0 0 4 6 . 5 0 0 3 1 . 2 5 0 52 .000 3 3 . 2 5 0 55.000 33 .750 57 .000 57 .420 57 .500 180.550 160. 
N2-90 27 .250 4 7 . 0 0 0 3 0 . 5 0 0 51 .000 32 .000 53.500 33.500 56 .000 5 9 . 2 5 0 6 0 . 7 0 0 197 .550 163. 
SE 0 .387 2 . 3 9 8 0 .289 0 .695 0 .532 1.041 0.266 0 .775 1.009 1.266 2 .137 2 . 
CD at S% 0 . 9 9 5 6 . 1 7 0 0 .742 1.790 1.368 2.6B0 0 .684 1 .990 2 . 5 9 0 3 . 2 5 0 5 .490 6. 

000 41 .600 2 6 . 7 5 0 
000 4 1 . 8 8 0 2 6 . 0 0 0 
000 38 .450 27 .500 
500 35.500 30 .000 
500 35.600 25 .500 
500 40 .080 31 .000 
398 1.367 1.903 
615 3 . 5 1 4 4 . 8 9 3 

Micro- Number of 

environ- primaries 

ment / 

Treat -

ment Kharif Rabi 

Number of 

secondaries 

Number of 

a e r i a l pegs 

Number of 

mature pods 
Mature pod 
weight (g) 

Number of 

mature 
kernels 

Kharif Rabi Kharif Rabi Kharif Rabi Khari f Rab1 Kharif Rabi 

Mature kernel 
weight (g) 

Kharif Rabi 

Nl-30 5.000 6.600 0.400 2.550 17.700 24.000 21.000 29.500 17.130 25.550 33.500 42.000 11.750 16.000 
N2-30 5.180 6.500 0.500 2.000 17.900 9.100 24.200 32.250 19.600 28.900 39.750 44.500 13.300 16.900 
N1-60 6.680 5.250 1.600 3.000 31.900 32.000 26.580 30.000 22.770 25.600 48.750 48.500 14.450 16.100 
N2-60 6.800 5.750 1.600 4.000 30.000 32.500 27.700 43.250 23.730 41.950 55.250 54.500 15.050 22.600 
N1-90 
N2-90 
SE 
CD at 

6.080 
6.200 
0.296 

5« 0.761 

5.900 
6.500 
0.289 
0.742 

1.030 
0.950 
0.294 
0.756 

2.300 32.300 24.500 22.530 35.000 18.300 31.600 44.750 
6.500 37.500 27.500 28.750 36.500 24.550 32.500 49.500 
0.963 9.440 5.510 1.363 0.885 1.069 0.990 1.511 
2.476 24.270 14.166 3.504 2.280 2.750 2.550 3.885 

41.000 12.700 18.000 

51.000 15.300 18.500 

4.710 0.515 0.319 

12.109 1.320 0.820 

Micro- Total dry 
environ- matter at 
ment / harvest (g) 
Treat- — -
ment Kharif Rabi 

100 kernel 
weight (g) 

Oil percent Shell ing 

percent 
Harvest Index 

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi 

N l - 3 0 2 3 . 6 1 0 4 7 . 6 0 0 2 9 . 3 9 0 4 3 . 6 0 0 42, 
N2-30 2 5 . 1 3 0 50 .800 30 .790 4 5 . 3 0 0 44 , 

•Nl -60 3 3 . 4 7 0 4 5 . 8 0 0 3 1 . 7 5 0 4 2 . 5 0 0 44. 
N2-60 33 .930 51 .900 35 .000 4 6 . 5 0 0 47 . 
N1-90 36 .310 4 5 . 6 0 0 3 1 . 8 3 0 4 3 . 3 0 0 45. 
N2-90 4 0 . 8 1 0 7 0 . 0 0 0 36 .500 4 4 . 5 0 0 47 . 
SE 1.906 6 . 7 8 0 1.276 3 . 9 2 0 1. 
CD at 5% 4.900 17.431 3 .280 10 .078 3 . 

250 4 7 . 6 0 0 70.440 
100 4 6 . 5 0 0 72.890 
950 46.650 65.630 
200 46.950 67.620 
400 46.150 64.990 
700 48.050 71.390 
297 1.711 1.401 
334 4.399 3.600 

61.400 35, 
65.170 38 
54.900 32. 
68.060 37, 
58.060 27, 
59.400 31. 

1.540 2. 
3.960 6. 

020 25.940 
250 26.250 
230 27.550 
420 30.700 
830 21.350 
800 29.170 
652 2.267 
820 5.830 
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4.2.2.5 Canopy Dlaaeter 

There was not much difference in canopy diameter between 

kharlf and rabl seasons. The canopy diameter was significantly 

high In N2-6O cm (61.75 cm) than that observed in rest of the 

treatments except from that found In N -60 cm (61.38 cm) and 

N.-SO cm (59.25 cm) In kharlf season. Whereas In rabl season, 

significantly high canopy diameter was recorded in N--30 cm 

(66.70 cm) when compared to all other treatments. 

4.2.2.6 Canopy Clrcuaference 

The results (Table 6) showed that the canopy circumfe­

rence was high in kharlf season than In rabl season. The canopy 

circumference observed In N--90 cm (197.55 cm) was significantly 

higher than that found in other treatments in kharlf season. In 

rabl season, the N„-90 cm (163.50 cm) recorded significantly high 

canopy circumference when compared to all other treatments except 

Nj-90 cm (160.50 cm). 

4.2.2.7 Plant Heigiht 

The plant height was more in kharlf season than in rabl 

season. In kharlf season, the highest plant height was found in 

N2-3O cm (41.88 cm) which was significantly different from that 

observed in N2-6O cm (35.50 cm) and N -90 cm (35.60 cm) and it 

was not significantly different from the rest of the treatments. 

In rabl season, the N--90 cm (31.00 cm) resulted in significantly 

high plant height than N2-3O cm (26.00 cm) and N.-90 cm (25.50 

cm), but it did not differ significantly from the remaining 

treatments. 
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4.2.2.8 Ntmber of Priiurles 

Between kharlf and rabl seasons there was not much 

difference with regard to number of primaries. In kharlf season, 

the number of primaries recorded In N.-eO cm (6.80), N.-60 cm 

(6.68), N2-9O cm (6.20) and N -90 cm (6.08) were at par and these 

were significantly different from that found In N„-30 cm (5.18) 

and N.-30 cm (5.00). While In pabl season, there were no signi­

ficant differences among N.-30 cm (6.60), N--30 cm (6.50), N--90 

cm (6.50) and N -90 cm (5.90) for number of primaries. While 

the treatments N -60 cm (5.25) and N_-60 cm (5.75) recorded lower 

number of primaries. 

4.2.2.9 Nmber of Secondaries 

More number of secondaries were observed In rabl season 

than In kharlf season. In kharlf season, more number of seconda­

ries were recorded In N--60 cm (1.60) and N -60 cm (1.60) which 

were significantly different from that found In N2-3O cm (0.50) 

and N.-30 cm (0.40). But they were not significantly different 

from N--90 cm (0.95) and N.-90 cm (1.03). While In rabl season, 

the N„-90 cm (6.50) recorded significantly high number of 

secondaries than the remaining treatments (Table 6). 

4.2.2.10 NuBber of Aerial Pegs 

In kharlf season slightly more number of aerial pegs 

were observed as compared to rabl season (Table 6). The data 

revealed that there were no significant differences among N--90 

cm (37.50), N -90 cm (32.30), N^-60 cm (31.90) and N2-6O cm 

(30.00) In kharlf season and these were significantly different 
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from N -30 cm (17.70) and N2-3O cm (17.90). In rabl season 

significant differences were not observed among N2-6O cm (32.50), 

N -60 cm (32.00), N2-9O cm (27.50), Nj-90 cm (24.50) and Nj-30 cm 

(24.00), for number of aerial pegs. 

4.2.2.11 Nuaber of Mature Pods 

From the data (Table 6) it was observed that the number 

of mature pods was high in rabi season than in kharif season. In 

kharif season, significantly high number of pods was obtained in 

N2-9O cm (28.75) than that in N2-3O cm (24.20) and N -30 cm 

(21.00). But it was not significantly different from that 

recorded in N2-6O cm (27.70) and N -60 cm (26.58). Whereas in 

rabi season, significantly higher number of mature pods was found 

in N--60 cm (43.25) than in the rest of the treatments, 

4.2.2.12 Mature Pod Weight 

The data on mature pod weight indicate that in rabi 

season the weight was more than in kharif season. In kharif 

season, the N2-9O cm (24.55 g) recorded significantly high mature 

pod weight than N2-3O cm (19.60 g) and N.-30 cm (17.13 g), but it 

was not significantly different from N2-6O cm (23.73 g) and N -60 

cm (22.77 g). Significantly high pod weight was observed in N--

60 cm (41.95 g) than the rest of the treatments in rabi season. 

4.2.2.13 Nutber of Mature Kernels 

The number of mature kernels was slightly high in rabi 

season than in kharif season. The treatment N.-60 cm (55.25) 

recorded significantly higher number of mature kernels than the 
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rest of the treatments In kharlf season. Nhlle In rabl season, 

the N»-60 cm (54.50) recorded significantly more number of 

kernels than N -30 cm (42.00) and N -90 cm (41.00). But it was 

not significantly different from the rest of the treatments viz., 

N2-9O cm (51.00), N^-aO cm (44.50) and N^-60 cm (48.50). 

4.2.2.14 Mature Kernel Weight 

The weight of mature kernels was high in rabi season 

than in kharif season. In kharif season, the mature kernel 

weight recorded in N2-9O cm (15.30 g) was significantly higher 

than that in the rest of the treatments except that in N_-60 cm 

(15.05 g) and N -60 cm (14.45 g), among which the differences 

were not-significant. In rabi season, compared to all other 

treatments, the treatment N2-6O cm (22.60 g) showed significantly 

high kernel weight. 

4.2.2.15 Total Dry Matter at Harvest 

The results (Table 6) indicate that the total dry matter 

at harvest was high in rabi season than in kharif season. In 

kharif season, the treatment N2-9O cm (40.81 g) followed by N--90 

cm (36.31 g) recorded significantly higher total dry matter at 

harvest than the remaining treatments, between which the diffe­

rence was not significant. The N_-90 cm (70.00 g) showed signi­

ficantly high value for this trait in rabl season as compared to 

the rest of the treatments. 
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4.2.2.16 100 Kernel Height 

The weight of 100 kernels was high In Rabl season than 

In kharlf season. In kharlf season, significantly high 100 

kernel weight was recorded by N^-SO cm (36.50 g) than the rest of 

the treatments except N_-60 cm (35.00 g) between which the diffe­

rence was not significant. While in rabl season, there were no 

significant differences among the teatments for this trait. 

However, the treatment N_-60 cm (46.50 g) recorded the highest 

mean value. 

4.2.2.17 Oil Per cent 

There was not much difference in oil per cent between 

kharlf and rabl seasons (Table 6). The oil per cent recorded in 

N2-9O cm (47.70%) was significantly higher than that in N_-30 cm 

(44.10%) and N.-30 cm (42.25%), but it was not significantly 

different from that in N -60 cm (47.20%), N,-60 cm (44.95%) and 

N.-90 cm (45.40%) in kharlf season. In rabl season significant 

differences were not observed among the treatments, however high 

mean oil per cent was found in N2-9O cm (48.05%). 

4.2.2.18 Shelling Per cent 

Slightly high shelling per cent was observed in kharlf 

season than in rabl season. In kharlf season, high shelling per 

cent recorded in N2-3O cm (72.89%) was significantly different 

from that observed in all other treatments except that in N_-90 

cm (71.39%) and N.-30 cm (70.44%). In rabl season, the N.-eO cm 

(68.06%) resulted In high shelling per cent which was signifi-
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cantly higher than that In the rest of the treatments except that 

In N2-3O cm (65.17%). 

4.2.2.19 Harvest Index 

The data on harvest index revealed that in kharif season 

the values were higher than in rabi season. In both kharif and 

rabi seasons, significant differences were not observed among 

N--60 cm, N.-60 cm, N„-90 cm, N_-30 cm and N -30 cm for harvest 

index. However, high mean harvest index values were observed in 

N2-6O cm (37.42 and 30.70) in both kharif and rabi seasons 

respectively. 

4.2.3 TAPS 

4.2.3.1 Days to Initial Flowering 

It was observed that (Table 7) the days taken for the 

initiation of the first flower were much less in kharif season 

than in rabi season. In both kharif and rabi seasons, there were 

no significant differences among the treatments viz., N -30 cm, 

N2-3O cm, N.-60 cm, N^-eO cm, N.-90 cm and N--90 cm for this 

trait. 

4.2.3.2 Days to 50Z Flowering 

In kharif season, days to 50 per cent flowering were 

more as compared to rabi season. Significant differences were 

not observed among the treatments viz., N.-30 cm, N2-3O cm, N^-60 

cm, N„-60 cm, N -90 cm and N„-90 cm for days to 50 per cent 

flowering in both kharif and rabi seasons. 



A.2.3.3 Days to lOOZ Flowering 

The data (Table 7) indicate that in kharif season the 

number of days to 100 per cent flowering were less than In rabi 

season. In kharif season, the treatments N -30 cm (28.75) and 

N_-30 cm (28.75) recorded less number of days which were signifi­

cantly different from N -60 cm (30.50) but they were not signifi­

cantly different from the rest of the treatments. In rabi 

season, the number of days to 100% flowering recorded in N»-60 cm 

(51.50), N -90 cm (51.50), N2-30 cm (52.00) and N -60 cm (52.50) 

were at par and among these the differences were not significant. 

4.2.3.4 Days to Peg Initiation 

The days taken for the initiation of the first peg were 

high in rabi season than in kharif season. With regard to this 

character significant differences were not observed among N -30 

cm, N2-3O cm, N.-60 cm, H.-bO cm, N.-90 cm and N--90 cm in both 

kharif and rabi seasons. 

4.2.3.5 Canopy Dlaaeter 

High canopy diameter was recorded (Table 7) in kharif 

season than in rabi season. In both kharif (73.25 cm) and rabi 

(72.75 cm) seasons maximum diameter was found in N2-9O cm and it 

was significantly different from that in N -30 cm (70.65 cm and 

66.00 cm) respectively. But they were not significantly diffe­

rent from the rest of the treatments in both kharif and rabi 

seasons. 
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Table 7 : Mean performance of TAPS (aerial podding mutant) for 19 characters In six micro-environments In 

Kharif and Rabi seasons. 

Micro- Days to 
environ- Initial 
ment / flowering 
Treat-
ment 

Days to 
50« 

flowering 

Days to 
100« 

flowering 

Days to 
peg 

Ini t iat ion 

Canopy 
diameter 

(cm) 

Canopy 
circumference 

(cm) 

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi 

Plant 
height 

(cm) 

Kharif Rabi 

N1-30 24.750 40.000 26.750 47.500 28.750 52.000 30.250 53.500 70.650 66.000 192.500 153.000 62.250 33.000 
N2-30 24.500 40.500 27.000 49.500 28.750 53.000 31.500 52.500 71.850 69.300 200.250 152.500 63.150 44.000 
N1-eO 25.000 41.000 27.500 49.500 30.500 52.500 31.750 52.000 72.130 68.500 221.920 155.500 65.750 31.000 
N2-60 25.000 40.500 27.500 49.000 29.750 51.500 30.750 53.500 73.150 70.500 226.400 164.500 64.550 45.500 
N1-90 25.000 41.500 27.250 47.500 29.250 51.500 30.500 52.500 72.700 68.000 233.500 172.500 64.880 40.500 
N2-90 24.750 40.500 27.500 49.500 29.750 53.000 30.250 52.500 73.250 72.750 243.630 174.500 65.680 49.000 
SE 0 .289 0 . 7 3 0 0 .483 2 . 1 7 9 0 . 4 7 0 0 . 5 3 2 0 . 5 9 2 0 . 9 4 0 0 .786 1.898 3 .186 2 .546 1.248 2 . 0 3 3 

CD at 5» 0 .740 1.880 1 . 2 4 0 . 5 . 6 0 0 1.210 1.370 1.520 2 . 4 2 0 2 . 0 2 0 4 . 8 8 0 8 .191 6 .546 3 . 2 0 9 5 .227 

Micro- Number of 

environ- primaries 
ment / 
Treat- " 
ment 

Number of Number of Number of Number of Mature pod 
secondaries aerial pegs mature pods aerial pods weight (g) 

Kharif Rab1 Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rab1 

Number of 

mature 

kernels 

Kharif Rabi 

4.180 4.000 0.400 0.300 25.500 11.000 19.380 34.800 2.700 3.050 15.620 
4.200 4.100 0.250 2.200 22.100 16.000 20.500 36.200 3.100 3.450 16.450 
4.700 4.500 0.300 0.800 29.400 13.500 25.500 33.250 4.900 5.150 21.330 
5.250 4.750 0.450 1.700 34.800 26.000 28.750 38.000 5.350 6.550 24.400 

31.200 36.500 44.500 
32.700 39.750 49.000 
29.550 41.000 44.500 
34.400 51.000 68.000 

Nl-30 
N2-30 

N1-60 
N2-60 
Nl-90 
N2-90 
SE 
CD at 5X 0.545 1.152 0.830 4.191 13.090 16.737 5.060 7.440 0.103 0.563 4.130 8.470 6.463 7.340 

4.530 5.700 0.550 3.700 32.200 24.000 25.250 34.000 5.050 5.800 21.550 30.400 46.500 64.000 
4.500 4.500 0.980 1.050 37.300 29.000 29.000 37.000 6.450 7.250 24.920 33.750 57.000 63.500 
0.212 0.448 0.323 1.630 5.090 6.510 1.968 2.894 0.040 0.219 1.840 3.295 2.514 2.855 

Micro- Mature kernel Total dry 
environ- weight (g) matter at 
ment / harvest (g) 
Treat-

100 kernel 
weight (g) 

Oil percent Shelling 
percent 

Harvest Index 

ment Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rab1 Kharif Rabi Kharif Rabi 

Nl-30 10.850 17.-700 28.520 29.700 30.930 46.650 49.630 49.500 72.500 56.350 29.240 37.560 
N2-30 11.450 18.300 29.540 28.900 36.760 51.230 47.800 49.400 72.860 62.260 35.650 39.520 
N1-60 14.000 17.200 33.580 26.200 31.550 46.930 49.920 47.900 66.610 59.580 30.310 27.820 
N2-60 15.050 19.400 41.380 51.700 35.610 53.090 49.800 49.200 71.110 57.960 35.740 40.260 
Nl-90 13.400 17.600 39.920 41.900 27.690 50.040 49.580 49.100 65.440 56.780 26.520 24.420 
N2-90 15.250 18.800 45.720 59.200 32.380 51.060 50.020 49.800 69.140 59.830 31.120 29.670 
SE 0 .731 1.332 1.982 4 . 0 2 0 1 .592 2 . 1 9 5 1.209 1 .280 2 . 4 8 8 2 .616 1.708 2 . 9 7 8 

CD at 5% 1.880 3 .420 5.096 10.335 4 . 0 9 3 5 . 6 4 3 3 . 1 0 8 3 .291 6 .400 6 .730 4 . 3 9 0 7 . 6 6 0 



4.2.3.6 Canopy ClrctiBference 

The canopy circumference was high In kharlf season than 

In rabl season. Significantly high canopy circxunference was 

obtained In N--90 cm (243.63 cm) in kharlf season than in the 

rest of the treatments. While in rabl season, the treatment 

N2-9O cm (174.50 cm) followed by N,-90 cm (172.50 cm) recorded 

significantly high canopy circumference than the rest of the 

treatments, betweenn which the difference was not significant. 

4.2.3.7 Plant Height 

The data (Table 7) indicate that in kharlf season the 

plant height was high than in rabl season. Significant differen­

ces were not observed among N.-60 cm (65.75 cm), N_-90 cm (65.68 

cm), N -90 cm (64.88 cm), N -60 cm (64.55 cm) annd N -30 cm 

(63.15 cm) except N.-30 cm (62.25) which differed significantly 

from N.-60 cm annd N„-90 cm in kharlf season. In rabl season 

significantly high plant height was observed in N2-9O cm (49.00 

cm) than in all other treatments except that in N„-60 cm (45.50 

cm) and N_-30 cm (44.00 cm). 

4.2.3.8 Niaber of Prlaaries 

There was no difference in number of primaries between 

kharlf and rabl seasons. The number of primaries was signifi­

cantly high in N--60 cm (5.25) than that in rest of the treat­

ments In kharlf season. In rabl season, more number of primaries 

was observed in N.-90 cm (5.70) which was not significantly 

different from most of the treatments except that in Np-30 cm 

(4.10) and Nj-30 cm (4.00). 



A.2.3.9 Nmber of Secondaries 

The secondary branches were slightly more In rabl season 

than in kharif season. It was observed from the data (Table 7) 

that there were no significant differences among N.-30 cm, N_-30 

Cm, N,-60 cm, N2-6O cm, Nj-90 cm and N2-9O cm in both kharif and 

gabi seasons. 

A.2.3.10 NuBber of Aerial Pegs 

The data indicate (Table 7) that aerial peg production 

Was more in kharif season than in rabi season. Significantly 

more number of aerial pegs was found tn N_-90 cm (37.30) in 

kharif season than that in N2-3O cm (22.10). But it was not 

significantly different from that in the remaining treatments. 

In rabi season, the N„-90 cm (29.00) resulted in more number of 

aerial pegs which differed significantly from N -30 cm (11.00). 

But it was not significantly higher than that recorded in N--60 

cm (26.00), Nj-90 cm (24.00), N2-3O cm (16.00) and N -60 cm 

(13.50). 

A.2.3.11 Huaber of Mature Pods 

In rabi season, the number of nature pods was high than 

in kharif season. In kharif season, significantly more number of 

mature pods was recorded by N2-9O cm (29.00) than that found in 

N2-3O cm (20.50) and Nj-30 cm (19.38), but it was not signifi­

cantly different from that recorded in N.-eO cm (28.75), N -60 cm 

(25.50) and N.-90 cm (25.25). Whereas, in rabi season, there 

were no significant differences among the treatments, however. 



N2-6O cm (38.00) followed by N^-SO cm (37.00) recorded more 

number of mature pods. 

4.2.3.12 Hatore Pod Weight 

The results (Table 7) revealed that the weight of mature 

pods was high in rabi season than in kharif season. In kharif 

season, the N2-90 cm (24.92 g) recorded significantly high mature 

pod weight than N2-3O cm (16.45) and N.-30 cm (15.62), but it was 

not significantly different from N2-6O cm (24.40 g), N -60 cm 

(21.33 g) and Nj-90 cm (21.55 g). In Rabi season, significant 

differences were not recorded among the treatments, however, the 

pod weight was high in N.-eO cm (34.40 g) and N2-9O cm (33.75 g). 

4.2.3.13 Nimber of Mature Kernels 

The number of mature kernels was high in kharif season 

than in rabi season. It was found that in N»-90 cm (57.00) the 
^ 2 

number of mature kernels was significantly higher than those in 

the remaining treatments except that observed in N2-6O cm (51.00) 

in kharif season. In rabi season, N2-6O cm (68.00) recorded 

significantly higher number of kernels than the N2-3O cm (49.00), 

N,-30 cm (44.50) and N.-60 cm (44.50), but it was not signifi­

cantly different from that recorded in N -90 cm (64.00) and N2-9O 

cm (63.50). 

4.2.3.14 Mature Kernel Weight 

It was observed from the data that the weight of mature 

kernels yuae slightly high in rabi season as compared to kharif 

season. Significant differences were not observed among the 



treatments viz., N.-SO cm (15.25 g), Nj-SO cm (15.05 g), N.-60 cm 

(14.00 g) and N.-90 cm (13.40 g) for mature kernel weight in 

kharif season. However, all these values were significantly 

different from those found in N„-30 cm (11.45 g) and N -30 cm 

(10.85 g). In rabi season, significant differences were not 

observed among the treatments, however, high mature kernel weight 

was found in N--60 cm (19.40 g). 

4.2.3.15 Total Dry Matter at Harvest 

There was not much difference in total dry matter at 

harvest between kharif and rabi seasons. High total dry matter 

at harvest was obtained in N2-9O cm in both kharif (45.72 g) and 

rabi (59.20 g) seasons which were significantly different from 

the values recorded in rest of the treatments except those found 

in N^-eO (41.38 and 51.70g) in kharif and rabi seasons 

respectively. 

4.2.3.16 100 Kernel Weight 

The weight of 100 kernels was high in rabi season than 

in kharif season. Significantly high kernel weight was observed 

in N„-30 cm (36.76 g) in kharif season when compared to that in 

rest of the treatments except that in N.-60 cm (35.61 g), between 

which the difference was non-significant. In rabi season, the 

N.-eO cm (53.09 g) recorded significantly high 100 kernel weight 

than N.-60 cm (46.93 g) annd N -30 cm (46.65 g), but it was not 

significantly different from the rest of the treatments. 
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4.2.3.17 Oil Per cent 

With regard to oil per cent there was not much diffe­

rence between kharlf and rabl seasons. The data (Table 7) 

Indicate that there were no significant differences among N.-30 

cm, N2-3O cm, N -60 cm, N^-eO cm, N -90 cm and N_-90 cm for this 

trait. 

4.2.3.18 Shelling Per cent 

High shelling per cent was recorded In kharlf season 

than In rabl season. The shelling per cent observed In kharlf 

season was high In N_~30 cm (72.86%) which was not significantly 

different from most of the treatments except that In N -90 cm 

(65.44%). While In rabl season, there were no significant diffe­

rences among the treatments. Maximum shelling per cent was 

recorded in N2-3O (62.26%). 

4.2.3.19 Harvest Index 

The data on harvest Index Indicate that there was not 

much difference between kharlf and rabl seasons. In kharlf 

season, the treatment N--60 cm (35.74) followed by N2-3O cm 

(35.65) recorded significantly high harvest index than the rest 

of the treatments, between which the difference was not signifi­

cant. In rabl season, significantly high harvest index was 

recorded by N2-6O cm (40.26) followed by N -30 cm (39.52) and N.-

30 cm (37.56) than the remaining treatments, among which the 

differences were not significant. 
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4.2.4 KadLrl-3 

4.2.4.1 Days to Initial Flawerlng 

When kharlf and rabl seasons were compared, the number 

of days taken for the initiation of the first flower were high in 

rabi than in kharlf. There were no significant differences among 

N.-30 cm, N.-SO cm, N.-60 cm, N -60 cm, N -90 cm and N--90 cm in 

both kharlf and rabi seasons. 

4.2.4.2 Days to 50Z FloHerlng 

The days taken for the 50 per cent of the plants to 

flower were less in kharlf season than in rabi season (Table 8). 

In both the seasons significant differences were not observed for 

this trait among the treatments viz., N -30 cm, N„-30 cm, N -60 

cm, N.-eO cm, N.-90 cm and N2-9O cm. 

4.2.4.3 Days to lOOZ Flowering 

The data (Table 8) indicate that the days to 100 per 

cent flowering were less in kharlf season than in rabl season. 

In kharlf season, the number of days taken for 100 per cent 

flowering were less In N -60 cm (36.75) which was significantly 

different from N2-3O cm (37.75) but did not differ significantly 

from the remaining treatments. While in rabi season, the diffe­

rences observed among the treatments were not significant for 

this trait. 

4.2.4.4 Days to Peg Initiation 

In kharlf season, the initiation of first peg took less 

number of days as compared to rabl season. In kharlf season, all 
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Table 8 : Mean performance of Kad1r1-3 for 19 characters In six micro-environments In Kharif and Rabi seasons. 

Micro-
environ 

ment / 
Treat­

ment 

N1-30 

N2-30 
N1-60 
N2-60 

N1-90 
N2-90 

SE 

CD at 5% 

Micro-
environ­

ment / 

Treat­

ment 

N1-30 

N2-30 
N1-60 

N2-60 

N1-90 

N2-90 

SE 

CD at 5% 

Micro-

environ­

ment / 

Treat ­
ment 

Nl-30 

N2-30 

N1-60 
N2-60 
Nl 90 

N2-90 

SE 
CD at 5X 

Days to 

- I n i t i a l 
f lowering 

Kharif Rabi 

29.000 51.000 

30.250 51.000 

29.250 51.000 
29.500 51.000 
30.000 50.500 

30.000 48.500 

0.577 1.065 

1.480 2.740 

Number of 

primaries 

Kharif Rabi 

5.450 5.400 

5.650 6.000 
5.720 6.500 

6.150 6.250 

6.100 5.250 

6.300 7.500 

0.508 0.920 

1.306 2.370 

Total dry 

matter at 

harvest (g) 

Kharif Rabi 

22.640 35.950 
27.540 35.030 

27.370 51.090 
28.050 38.740 

37.350 40.820 

32.110 37.420 

1.556 1.311 

4.000 3.371 

Days 
50% 

to Days to 
100% 

flowering flowering 

Kharif 

35.000 

35.500 
34.500 
34.750 
35.000 

34.500 

0.433 

1.110 

Number 
secondi 

Kharif 

3.250 

4.570 

5.130 
5.800 

5.470 

5.300 

0.357 

0.918 

100 ker 

weight 

Kharif 

35.730 
38.180 
32.930 
39.640 

37.650 

38.560 

1.194 

3.069 

Rabi Kharif 

56.500 37.000 

57.000 37.750 
57.000 36.250 
58.000 36.750 
57.500 37.000 

57.000 37.000 

1.549 0.520 

3.980 1.340 

of Number 
i r les ae r ia l 

Rabi Kharif 

7.500 14.200 
7.300 15.050 

13.000 20.950 
9.200 16.570 

9.750 23.050 
7.000 26.400 

1.837 3.251 

4.723 8.358 

Rabi 

60.000 

61.500 
60.000 
60.500 
61.500 

61.000 

1.511 

3.880 

of 
pegs 

Rabi 

5.500 

8.000 
11.500 

6.500 

7.000 

14.500 

3.406 

8.757 

nel Oil percent 

(9) 

Rabi Kharif 

53.650 44.880 
55.150 45.720 
54.030 46.750 
54.300 45.100 

56.570 46.970 

59.280 48.200 

2.521 1.774 

6.481 4.561 

Rabi 

47.350 

48.950 
48.000 
48.000 

48.250 

48.800 

1.740 

4.474 

Days to Canopy 
peg diameter 

I n i t i a t i o n (cm) 

Kharif Rabi Kharif Rabi 

35.750 58.000 70.550 64.000 

37.250 58.000 73.450 64.500 
36.000 57.500 71.000 66.000 
36.500 58.000 72.530 67.500 
36.500 58.000 72.250 63.500 

36.750 56.500 73.380 65.000 

0.413 0.730 1.002 1.597 

1.060 1.880 2.580 4.110 

Number of Mature pod 
mature pods weight (g) 

Kharif Rabi Kharif Rabi 

23.900 41.500 19.550 40.400 
26.350 44.000 21.800 43.200 
29.320 44.500 25.300 43.350 

39.600 51.500 36.780 46.550 

28.670 38.800 24.880 35.350 

33.750 43.800 30.200 42.350 

1.134 3.286 1.051 2.836 

2.920 8.450 2.700 7.290 

Shel l ing Harvest Index 

percent 

Kharif Rabi Kharif Rabi 

65.570 55.010 37.310 38.190 
68.850 55.170 41.450 40.470 
56.910 54.050 36.620 31.510 
65.660 54.280 42.670 39.380 

59.860 55.400 29.780 33.500 

66.780 58.140 35.900 38.510 

2.083 1.103 1.105 1.156 
5.360 2.840 2.840 2.970 

Cano| 

circumfi 

(cm) 

Kharif 

185.900 

189.000 
201.200 

200.500 
198.800 

198.000 

3.530 

9.076 

Number c 
mature 

kernels 

Kharif 

36.380 

37.250 
41.000 

53.500 
56.880 

49.130 

1.514 

3.892 

j y 
sre nee 

Rabi 

156.800 

160.000 
161.000 

166.500 
163.000 

171.000 

3.650 

9.384 

If 

Rabi 

47.000 

64.000 
65.500 
69.000 

70.500 

87.000 

5.150 

3.241 

Plant 
height 

(cm) 

Kharif Rabi 

31.800 23.500 

30.850 26.000 
30.850 27.000 
29.730 22.000 
28.600 22.500 

26.900 28.500 

1.658 3.760 

4.263 9.667 

Mature kernel 
weight (g) 

Kharif Rab1 

13.250 22.000 
14.050 23.200 

15.600 23.100 
20.500 24.900 

15.300 20.000 

17.680 23.000 

0.313 1.235 

0.810 3.180 

4-V.« M -ftn cm f201.20 cm) 
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the treatments recorded less number of days to peg initiation 

among which the differences were not significant, except N„-30 cm 

(37.25) which differed significantly from N^-30 cm (35.75) and 

N.-60 cm (36.00). In rabi season, there were no significant 

differences eunong the treatments for days to peg Initiation. 

4.2.4.5 Canopy Diaaeter 

The data on canopy diameter revealed that in kharif 

season it was more than in rabi season. The canopy diameter 

recorded in N2-3O cm (73.45), N2-9O cm 73.38 cm), N.-SO cm (72.53 

cm), N -90 cm (72.25 cm) and N -60 cm (71.00 cm) was at par and 

there were no significant differences among these treatments in 

kharif season. In rabi season there were no significant diffe­

rences among the treatments, however, high mean canopy diameter 

was found in N_-60 cm (67.50 cm) (Table 8). 

4.2.4.6 Canopy Clrcunference 

High canopy circumference was recorded in kharif season 

than in rabi season. In kharif season, the N.-60 cm (201.20 cm) 

resulted in significantly high canopy circumference than N„-30 cm 

(189.00 cm) and N.-30 cm (185.90 cm), but it was not signifi­

cantly different from that recorded in N2-6O cm (200.50 cm), 

N2-9O cm (198.00 cm) and N -90 cm (198.80 cm). In rabi season, 

the Nj-gO (171.00 cm) recorded significantly high canopy circum­

ference than N -60 cm (161.00 cm), N_-30 cm (160.00 cm) and N -30 

cm (156.80 cm). But it did not differ significantly from N.-eO 

cm (166.50 cm) and N -90 cm (163.00 cm). 
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4.2.4.7 Plant Height 

Slightly high plant height was observed in kharif season 

than in rabi season. High plant height was observed in N -30 cm 

(31.80 cm) in kharif season which was not significantly different 

from the rest of the treatments except from N„-90 cm (26.90 cm). 

While in rabi season, there were no significant differences among 

the treatments for plant height. 

4.2.4.8 Nuaber of Prlaarles 

There was no difference in number of primaries between 

kharif and rabi seasons (Table 8). The differences observed 

among N.-30 cm, N_-30 cm, N -60 cm, N.-eO cm, N -90 cm and N2-9O 

cm were not significant for number of primaries in both kharif 

and rabi seasons. 

4.2.4.9 Nmber of Secondaries 

It was observed that the number of secondaries was high 

in rabi season than in kharif season. In kharif season, the 

number of secondaries recorded was significantly higher in N_-60 

cm (5.80) than that found in N^-BO cm (4.57) and N.-30 cm (3.25), 

but it was at par with those values recorded in N -90 cm (5.47), 

N2-9O cm (5.30) and N.-60 cm (5.13). In rabi season, the Nj-60 

cm (13.00) showed significantly more number of secondaries than 

the remaining treatments except those N.-90 cm (9.75) and N--60 

cm (9.20). 
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4.2.4.10 NuBber of Aerial Pegs 

The data In both the seasons Indicate that the aerial 

pegs were more In kharlf season as compared to rabl season. 

Maximum number of aerial pegs was obtained In N^-90 cm (26.40) In 

kharlf season, which was significantly different from all other 

treatments except from N -90 cm (23.05) and N.-60 cm (20.95). In 

rabl season, the N2-9O cm (14.50) recorded more number of aerial 

pegs which was not significantly different from the rest of the 

treatments except from N -30 cm (5.50). 

4.2.4.11 Nimber of Mature Pods 

The number of mature pods obtained was more in rabl 

season than in kharlf season (Table 8). In kharlf season signi­

ficantly high number of mature pods was obtained in N„-60 cm 

(39.60) when compared with that in rest of the treatments. In 

rabl season also the N2-6O cm (51.50) resulted in significantly 

more number of mature pods than N -30 cm (41.50) and N -90 cm 

(38.80), but it was not significantly different from the values 

recorded in N -60 cm (44.50), N -30 cm (44.00) and N2-9O cm 

(43.80). 

4.2.4.12 Mature Pod Ifeight 

In rabl season the weight of mature pods was high as 

compared to that in kharlf season. Significantly high mature pod 

weight was observed in N„-60 cm (36.78 g) than in rest of the 

treatments in kharlf season. In rabl season, high mature pod 

weight was found in N_-60 cm (46.55 g) which was significantly 

more than that in N,-60 cm (35.35 g), but it did not differ 
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significantly from the values found In the rest of the treat­

ments. 

4.2.4.13 Nuaber of Mature Kernels 

It was found that the number of mature kernels was high 

In rabl season than In kharlf season (Table 8). The data In 

kharlf season Indicate that the number of mature kernels was high 

In N -90 cm (56.88) which was significantly different from all 

other treatments except from N.-SO cm (53.50). The treatment 

N^-90 cm (87.00) resulted In significantly high number of mature 

kernels In rabl season than the rest of the treatments. 

4.2.4.14 Mature Kernel Weight 

In rabl season the mature kernel weight was more than 

that recorded In kharlf season. In ){,harlf season, the N_-60 cm 

(20.50 g) resulted In significantly high mature kernel weight 

than the remaining treatments. In rabl season also, high mature 

kernel weight was observed In N„-60 cm (24.90 g) but It was not 

significantly different from most of the treatments except from 

that in Nj-90 cm (20.00 g). 

4.2.4.15 Total Dry Matter at Harvest 

At the time of harvest the total dry matter was high in 

rabl season than in kharlf season (Table 8). Significantly high 

total dry matter at harvest was obtained in N.-90 cm (37.35 g) in 

kharlf season and N.-60 cm (51.09 g) in rabl season than that 

recorded in the rest of the treatments respectively. 
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4.2.4.16 100 Kernel Weight 

The weight of 100 kernels was much high in rabl season 

than in kharif season (Table 8). In kharif season, the N^-SO cm 

(39.64 g) showed significantly high 100 kernel weight than N.-30 

cm (35.73 g) and N -60 cm (32.93 g), but it was not significantly 

different from N2-9O cm (38.56 g), N2-3O cm (38.18 g) and N -90 

cm (37.65 g) whereas in rabl season, there were no significant 

differences among the treatments, however, high 100 kernel weight 

was obtained in N--90 cm (59.28 g). 

4.2.4.17 Oil Per cent 

There was slight increase in oil per cent in rabl season 

as compared to that in kharif season. Significant differences 

were not observed with regard to this character among the treat­

ments viz., N -30 cm, N_-30 cm, N.-60 cm, N--60 cm and N--90 cm. 

4.2.4.18 Shelling Per cent 

The shelling per cent values were high in kharif season 

than in rabl season. In kharif season significantly high 

shelling per cent was observed in N^-SO cm (68.85%) than that in 

N -90 cm (59.86%) and N.-60 cm (56.91), but it did not differ 

significantly from the rest of the treatments. While in rabl 

season, the N^-90 cm (58.14%) resulted in high shelling per cent 

which differed significantly from the rest of the treatments 

except from N.-90 cm (55.40%). 

4.2.4.19 Harvest Index 

Not much difference was observed in harvest index 

between kharif and rabl seasons. In kharif season the treatment 
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N2-6O cm (42.67) followed by N.-SO cm (41.45) recorded signifi­

cantly high harvest index than the rest of the treatments, 

between which the difference was non-signifleant. The N_-30 cm 

(40.47) recorded significantly high harvest index in rabi season 

than N,-90 cm (33.50) and N.-60 cm (31.51), but it was not signi­

ficantly different from N--60 cm (39.38), N2-9O cm (38.51) and 

N -30 cm (38.19). 

4.2.5 IM72NUf 

4.2.5.1 Days to Initial Flowering 

In kharif season (Table 9) the days taken for the 

Initiation of the first flower were less as compared to rabi 

season. Significantly less number of days to initial flowering 

were recorded in N.-30 cm (29.50) than that in N2-3O cm (30.75) 

and N.-90 cm (30.25). But N -30 cm did not differ significantly 

from the remaining treatments in kharif season. Whereas in rabi 

season, there were no significant differences among the treat­

ments . 

4.2.5.2 Days to 50Z Flowering 

The data revealed that in kharif season the number of 

days to 50 per cent flowering were much less than in rabi season. 

In kharif season, significant differences were not observed for 

this trait among N -30 cm (34.25), Nj-90 cm (34.75), N2-9O cm 

(34.75), N2-6O cm (34.75) and N -60 cm (35.00) which were at par. 

Significant differences were not observed among the treatments 

for this trait in rabi season. 
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4.2.5.3 Days to lOOZ Flowering 

The days taken for 100 per cent flowering were more in 

rabi season than in kharif season. In both kharif and rabi 

seasons, significant differences were not observed for this trait 

among N,-30 cm, N.-SO cm, N.-60 cm, N^-eO cm, N,-90 cm and N--90 

cm. 

4.2.5.4 Days to Peg Initiation 

It was observed that (Table 9) the number of days to 

peg Initiation were much less in kharif season than in rabi 

season. In kharif season, the treatments viz., N.-30 cm (35.25), 

N -60 cm (35.50) and N -90 cm (35.75) recorded significantly less 

number of days than the rest of the treatments, among which the 

differences were not significant. In rabi season, the differen­

ces observed among the treatments were not significant for this 

trait. 

4.2.5.5 Canopy Maaeter 

The canopy diameter was high in kharif season than in 

rabi season (Table 9). In kharif season, significantly high 

canopy diameter was observed in li^-60 cm (75.50 cm) than that in 

N -90 cm (73.25 cm), N^-SO cm (73.03 cm) and N^-30 cm (72.13). 

But it was not significantly different from that recorded in 

N2-9O cm (74.50 cm) and N -60 cm (73.40 cm). While in rabi 

season significant differences were not observed among the treat­

ments, however, high canopy diameter was found in N„-60 cm (67.50 

cm). 



!r/ 

Table 9 : Mean performance of TMV2NLM (narrow leaf mutant of TMV2) for 19 characters 1n six 
micro-environments In Kharif and Rabi seasons. 

Micro-
environ­

ment / 
Treat ­

ment 

N1 30 
N2-30 

Nl -60 
N2-60 
Nl-90 

N2-90 

SE 

CD at 5% 

Micro-
environ­

ment / 

Treat ­

ment 

Nl-30 

N2-30 

NV60 
N2-eo 
Nl-90 
N2-90 

SE 

CD at 5X 

Micro-
environ­

ment / 
Treat ­

ment 

Nl-30 

N2-30 
Nl-60 

N2-60 
Nl-90 
N2-90 

SE 

CD at 5X 

Days to 
I n i t i a l 

f lowering 

Kharif Rabi 

29.500 50.500 

30.750 51.000 
29.750 51.500 
30.000 51.000 
30.250 51.500 

29.750 50.500 

0.289 1.317 

0.740 3.390 

Number of 
primaries 

Kharif Rabi 

9.320 6.500 

8.520 7.500 
8.820 8.000 
8.150 7.750 
8.550 7.000 
8.100 8.000 

0.519 0.470 

1 . 334 1.208 

Total dry 

matter at 
harvest (g) 

Kharif Rabi 

32.590 43.900 

32.130 51.100 

36.150 47.800 
35.570 48.600 

38.950 54.800 
40.920 54.400 

3.231 4.710 

8.307 12.109 

Days to 
SOX 

f lowering 

Kharif Rabi 

34.250 58.500 

35.250 56.500 
35.000 57.000 
34.750 57.500 
34.750 56.500 

34.750 57.000 

0.296 1.000 

0.760 2.571 

Number of 
secondaries 

Kharif Rabi 

12.350 17.000 
11.330 22.000 
13.930 18.500 
17.250 18.500 
18.750 20.500 

19.700 17.500 

1.683 2.033 

4.327 5.227 

100 kernel 
weight (g) 

Kharif Rabi 

35.210 49.300 

36.130 52.400 

30.930 51.200 
35.050 54.700 
33.110 54.900 
38.520 51.100 

1.833 5.170 

4.713 13.292 

Days to 
100% 

f lowering 

Kharif Rabi 

36.750 61.500 

37.250 60.000 
36.750 59.500 
36.750 60.000 
37.000 59.500 
37.000 60.000 

0.387 1.041 

0.990 2.680 

Number of 

a e r i a l pegs 

Kharif Rabi 

32.500 10.500 

25.100 10.000 
38.000 10.500 
35.000 8.500 
38.700 8.100 

25.700 14.000 

11.030 2.800 

28.360 7.199 

o n percent 

Kharif Rabi 

43.800 50.300 

41.300 50.050 

42.700 49.550 
43.820 49.150 
44.720 49.900 

44.420 49.550 

1.591 0.501 

4.090 1.288 

Days to Canopy 
peg diameter 

I n i t i a t i o n (cm 

Kharif Rabi Kharif 

35.250 60.000 72.130 
36.500 60.000 73.030 

35.500 59.500 73.400 
36.750 59.000 75.500 
35.750 58.500 73.250 
36.250 59.000 74.500 

0.365 1.155 0.862 

0.940 2.970 2.220 

Number of Mature 
mature pods weight 

Kharif Rabi Kharif 

) 

Rabi 

68.500 

69.250 
69.500 
71.000 
69.500 
71.000 

1.471 

3.780 

pod 

(g) 

Rabi 

17.400 43.500 13.350 42.850 
20.000 44.500 16.000 
21.150 45.000 16.550 

43.200 

43.750 
25.130 57.500 21.400 47.400 
20.200 39.800 15.680 

22.500 54.500 18.680 

0.571 5.290 0.674 

1.470 13.600 1.730 

Shell ing Harvest 
percent 

Kharif Rabi Kharif 

71.830 54.680 26.000 

75.800 55.870 29.550 
67.020 54.480 26.730 

37.350 

46.850 

1.544 

3.970 

: Index 

Rab1 

37.200 
38.800 

42.910 
73.520 56.100 32.610 45.370 

68.650 54.470 25.360 
72.760 57.380 27.840 

1.286 1.590 2.067 

3.310 4.090 5.310 

31.820 
31.930 

1.670 

4.290 

Canoj j y 

circumference 
(cm) 

Kharif 

183.580 

192.420 

197.000 
205.750 
210.250 
212.670 

2.244 

5.769 

Number c 
mature 

kernels 

Kharif 

17.320 

25.250 
28.500 
33.000 
31.000 
36.500 

2.619 

6.733 

Rabi 

163.000 

174.500 
174.500 
181.500 
176.000 

177.500 

4.120 

10.593 

I f 

Rabi 

57.500 

65.000 
59.000 
65.500 
61.000 
62.500 

4.370 

11.235 

Plant 
height 

(cm 

Kharif 

35.380 

34.500 

32.700 
34.400 
29.750 

33.250 

1.373 
3.529 

Mature 
weight 

Kharif 

9.550 
11.100 
11.000 

13.350 
10.650 
12.200 

0.392 

1.010 

) 

Rabi 

25.500 

28.500 

22.500 

26.500 
28.500 
19.000 

2.958 

7.605 

kernel 

(9) 

Rabi 

22.900 

23.100 
23.500 
25.600 
20.800 

25.100 

1.003 

2.580 
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4.2.5.6 Canopy Clrcuaference 

In kharif season, the canopy circumference was more than 

that observed In rabl season. In kharif season, the canopy 

circumference recorded In N2-9O cm (212.67cm) was significantly 

higher than that observed In all other treatments except that 

found In N.-90 cm (210.25 cm). In rabl season, the N2-6O cm 

(181.50 cm) exhibited high canopy circumference, but It was not 

significantly different from most of the treatments except from 

N.-30 cm (163.00 cm). 

4.2.5.7 Plant Height 

The results on plant height (Table 9) revealed that in 

kharif season it was more than in rabl season. In kharif season, 

the plant height observed in N -30 cm (35.38 cm) was signifi­

cantly higher than that in N -90 cm (29.75), but it did not 

differ significantly from that in the remaining treatments. In 

rabl season, the plant height recorded in N„-30 cm (28.50 cm) and 

N -90 cm (28.50 cm) was at par and differed significantly from 

N -60 cm (22.50 cm) and N2-9O cm (19.00 cm). T hey did not 

differ significantly from the rest of the treatments. 

4.2.5.8 Nmber of Primaries 

Slightly more number of primaries was recorded in kharif 

season than in rabl season. In kharif season, there were no 

significant differences among the treatments viz., N.-30 cm, 

N2-3O cm, N.-60 cm, N.-eO cm, N.-90 cm and N.-90 cm for this 

trait. In rabl season, the number of primaries recorded In N^-60 

cm (8.00) and N2-9O cm (8.00) was at par and these values were 
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not significantly different from that observed In rest of the 

treatments except from that in N -30 cm (6.50). 

4.2.5.9 Htniber of Secondaries 

The secondary branches were slightly more in rabi season 

than in kharif season. In kharif season, the N_-90 cm (19.70) 

recorded significantly more number of secondaries than N,-60 cm 

(13.93), N -30 cm (12.35) and N2-3O cm (11.33), but it did not 

differ significantly from Nj-90 cm (18.75) and N2-6O cm (17.25). 

Significant differences were not observed among the treatments 

in rabi season, however, the highest number of secondaries was 

observed in N2-3O cm (22.00). 

4.2.5.10 Nuaber of Aerial Pegs 

The aerial pegs were more in kharif season than in rabi 

season. The results indicate that there were no significant 

differences among N -30 cm, N_-30 cm, N -60 cm, Np-60 cm, N^-90 

cm and N_-90 cm for number of aerial pegs in both kharif and rabi 

seasons. 

4.2.5.11 Nuaber of Nature Pods 

It was observed that the number of mature pods were high 

in rabi season than in kharif season (Table 9). Significantly 

more number of mature pods were obtained in N«-60 cm (25.13) than 

in the rest of the treatments in kharif season. In rabi season, 

the N2-6O cm (57.50) recorded significantly more pods than N.-30 

cm (43.50) and N.-90 cm (39.80), but it was not significantly 
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different from N -90 cm (54.50), N.-60 cm (45.00) and N2-3O cm 

(44.50). 

4.2.5.12 Hature Pod Melght 

In rabl season, the mature pod weight was high as 

compared to that in kharif season. The treatment N^-dO cm (21.40 

g) recorded significantly high mature pod weight than the remai­

ning treatments in kharif season. In rabi season, high mature pod 

weight was obtained in N_-60 cm (47.40 g) which differed signifi­

cantly from all other treatments except from N„-90 cm (46.85 g) 

and N -60 cm (43.75 g). 

4.2.5.13 Number of Mature Kernels 

More number of mature kernels were observed in rabi 

season than in kharif season (Table 9). The data in kharif season 

indicate that the N2-9O cm (36.50) resulted in significantly more 

number of kernels than N.-60 cm (28.50), N2-3O cm (25.25) and 

N.-30 cm (17.32), but it was not significantly different from 

N2-6O cm (33.00) and N -90 cm (31.00). While in rabi season, 

there were no significant differences among the treatments, 

however, the highest number of kernels was found in N_-60 cm 

(65.50). 

4.2.5.14 Nature Kernel Weight 

The data indicate that in rabi season the weight of 

mature kernels was higher than that in kharif season. The mature 

kernel weight was significantly high in N_-60 cm (13.35 g) in 

kharif season than in the rest of the treatments. In rabi 
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season, the mature kernel weight recorded in N^-SO cm (25.60 g) 

and N„-90 cm (25.10 g) was at par and significantly different 

from N.-30 cm (22.90 g) and Nĵ -90 cm (20.80 g). But they did not 

differ significantly from Nj-60 cm (23.50g) and N -30 cm (23.l0g). 

4.2.5.15 Total Dry Matter at Harvest 

The total dry matter at harvest was high in rabi season 

than in kharif season. The N2-90 cm (40.92 g) recorded signifi­

cantly high dry matter than N2-3O cm (32.13 g) and N -30 cm 

(32.59 g), but it did not differ significantly from the rest of 

the treatments. Whereas in rabi season, the differences observed 

among the treatments were not significant for this trait. 

4.2.5.16 100 Kernel Weight 

In rabi season, the 100 kernel weight was higher than 

that recorded in kharif season (Table 9). In kharif season, it 

was observed that the N--90 cm (38.52 g) resulted in high 100 

kernel weight which was significantly different from N -90 cm 

(33.11 g) and Nj-60 cm (30.93 g) but it did not differ signifi­

cantly from N2-3O cm (36.13 g), N.-30 cm (35.21 g) and N--60 cm 

(35.05 g). While in rabi season, the differences recorded among 

the treatments were not significant, however high 100 kernel 

weight was observed in N--90 cm (54.90 g) followed by N2-6O cm 

(54.70 g). 

4.2.5.17 Oil Per cent 

The oil content was high in rabi season than in kharif 

season. Significant differences were not observed with regard to 
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this character among N.-30 cm, N.-SO cm, N.—60 cm, N-—60 cm, 

N.—90 cm and N^—90 cm in both kharif and rabi seasons. 

4.2.5.18 Shelling Per cent 

The values of shelling per cent were high in kharif 

season than in rabi season. In kharif season, significantly 

higher shelling per cent was recorded by N^—30 cm (75.80%) than 

Nĵ -90 cm (68.65%) and Nĵ -60 cm (67.02%), but it did not differ 

significantly from N2-6O cm (73.52%), H^-SO cm (72.76%) and N 30 

cm (71.83%) while in rabi season, the differences observed among 

the treatments were not significant, however, the treatment N_—90 

cm (57.30%) recorded high shelling per cent. 

4.2.5.19 Harvest Index 

It was observed from the data that the harvest index 

values were high in rabi season than those in kharif season 

(Table 9), In kharif season, high harvest index was obtained in 

N2 60 cm (32.61) which differed significantly from that in N -60 

cm (26.73), Nj30 cm (26.00) and Nj-90 cm (25.36). But it was 

not significantly different from N 30 cm (29.55) and N2-9O cm 

(27.84). In rabi season, the N„—60 cm (45 37) recorded signifi­

cantly high harvest index than the rest of the treatments except 

the N 60 cm (42.91). 

4.2.6 Coapact nitant of M13 

4.2.6.1 Days to Initial Flowering 

The initiation of first flower took more number of days 

in rabi season than in kharif season (Table 10). In kharif 



season, significantly less number of days to initial flowering 

was recorded by N-30 cm (29.75) than Nj--60 cm (30.75) and N2-6O 

cm (30.75). But it was not significantly different from N^—30 cm 

(30.50). N -90 cm (30.50) and N2-3O cm (30.50). While in rabi 

season, significant differences were not recorded among the 

treatments for this trait. 

4.2.6.2 Days to 50Z flowering 

It was observed that in kharif season the days taken for 

50% flowering were less than that in rabi season. The N.—90 cm 

(34.25) recorded less number of days which was significantly 

different from all other treatments except from N„—60 cm (35.50) 

in kharif season, whereas in rabi season, the differences 

observed among the treatments were not significnt for days to 50% 

flowering. 

4 2.6.3 Days to 100% Flowering 

When both the seasons were compared, the days taken for 

100% flowering were less in kharif season than in rabi season. 

The differences observed among N.—30 cm, N„—30 cm, N ..—60 cm, 

N_ 60 cm, N^ 90 cm with and without top dressing of nitrogen were 

not significant in both the seasons for this trait. 

4.2.6.4 Days to Peg Initiation 

^^ kharif season the days taken for peg Initiation were 

much less than that in rabi season. Significantly less number of 

days were recorded in N_—30 cm (35.25) for initiation of first 

peg as compared to the rest of the treatments in kharif season. 
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Micro-
environ­

ment / 

Treat ­

ment 

N1-30 

N2-30 

N1-60 
N2-60 
Nl-90 

N2-90 

SE 
CD at S% 

Micro-
environ­

ment / 

Treat ­

ment 

Nl-30 

N2-30 

N1-60 
N2-60 
Nl-90 

N2-90 
SE 

CO at 5% 

Micro-
environ­

ment / 
Treat ­

ment 

Nl-30 

N2-30 

N1-60 

N2-60 
Nl-90 

N2-90 

SE 

CD at S% 

Rabi seasons 

Days to 

I n i t i a l 
f lowering 

Kharif Rab1 

30.500 52.000 

29.750 52.000 
30.750 51.500 

30.750 51.000 
30.500 51.000 
30.500 52.500 
0.371 1.095 

0.950 2.820 

Number of 

primaries 

Kharif Rabi 

8.730 9.000 

8.320 7.750 
10.000 8.500 

11.550 7.500 
9.300 8.000 

10.520 7.500 

0.436 1.059 

1.121 2.723 

Total dry 
matter at 

harvest (g) 

Kharif Rabi 

44.990 65.800 

43.230 55.100 

36.130 64.700 

51.600 70.800 
62.840 71.300 

59.620 63.200 

2.429 8.580 

6.245 22.059 

• 

Days to Days to Days to Canopy 

50% loot peg diameter 

f lowering flowering I n i t i a t i o n (cm) 

Kharif Rabi Kharif 

35.000 58.000 36.750 

35.000 58.500 37.500 

35.250 57.500 37.000 

35.500 58.500 37.500 
34.250 56.500 37.000 
35.000 58.500 37.500 

0.428 1.919 0.348 

1.100 4.930 0.890 

Number of Number 

secondaries a e r i a l 

Kharif Rabi Kharif 

11.380 9.500 29.900 

11.200 17.250 33.100 

11.950 20.500 32.800 
9.700 21.000 32.100 

18.800 16.500 31.000 

15.900 25.500 47.600 

0.717 3.166 9.850 

1.843 8.140 25.320 

Rabi Kharif Rabi Khari f Rabi 

62.000 37.000 60.000 70.550 65.500 

63.500 35.250 62.000 71.150 66.500 
63.000 37.750 61.000 70.450 67.000 

63.500 37.000 61.000 72.130 67.500 
61.000 37.250 62.000 70.470 64.000 
64.000 37.250 63.500 71.500 66.500 

1.390 0.365 1.072 1.081 0.991 

3.570 0.940 2.760 2.780 2.650 

of Number of Mature pod 

pegs mature pods weight (g) 

Rabi Kharif Rabi Khari f Rabi 

21.000 26.300 40.650 21.700 37.800 

8.000 26.750 41.150 22.430 39.750 
10.500 27.500 43.500 23.800 43.000 

15.000 33.000 48.500 28.780 45.950 
11.000 26.680 40.000 22.150 37.450 

11.000 30.200 41.000 26.180 38.700 

3.112 2.553 1.891 2.790 2.336 

8.001 6.560 4.860 7.170 6.010 

100 kernel Oil percent Shell ing Harvest Index 
weight (g) 

Kharif Rabi Kharif 

33.950 50.750 44.830 

40.030 53.110 44.800 
35.140 45.980 47.850 

41.720 52.920 42.750 
35.740 46.160 46.600 

percent 

Rabi Kharif Rabi Khari f Rabi 

50.900 67.390 63.620 27.460 31.390 

50.950 72.070 66.410 32.460 35.310 

50.800 63.650 64.600 32.150 36.100 

50.450 69.120 68.670 37.830 36.700 
49.600 65.730 63.380 21.080 32.530 

42.660 51.720 48.350 47.700 69.740 66.120 29.580 35.590 

1.395 3.350 1.812 

3.586 8.613 4.659 

0.475 2.852 3.055 2.112 2.462 

1.221 7.330 7.850 5.430 6.330 

Canopy 
circumference 

(cm) 

Kharif 

175.380 

182.250 
183.070 

188.840 

189.900 
206.650 

1.917 

4.929 

Number c 

mature 
kernels 

Kharif 

34.980 

31.000 

39.880 
56.500 

48.650 

55.000 
2.444 

6.283 

Rabi 

156.500 

164.000 

161.500 

165.000 
177.000 
175.500 

3.207 

8.245 

i f 

Rabi 

51.500 

64.500 
70.000 

82.500 
69.000 

77.500 

4.840 

12.444 

Plant 

height 
(cm) 

Kharif Rabi 

38.150 28.000 

37.980 29.000 

32.400 23.500 

37.600 31.500 
34.550 19.500 

36.250 28.000 
2.584 1.971 

6.643 5.067 

Mature kernel 
weight (g) 

Kharif Rabi 

14.050 21.000 

14.400 21.700 

15.050 23.000 

16.900 24.500 
14.350 20.800 

15.850 21.000 
1.047 1.262 

2.690 3.240 

r a p J. tit:txa\ju» muuug \.LL\- >.^^^-.^^^ — 
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In rabl season, the N —30 cm (60.00) recorded significantly less 

number of days to peg initiation than N2-9O cm (63.50) but it did 

not differ significantly from the rest of the treatments. 

4.2.6.5 Canopy Diaaeter 

It was observed from the data that in kharif season the 

canopy diameter was more than that in rabi season. In kharif 

season significant differences were not observed among the 

treatments however, the canopy diameter was more in N„-60 cm 

(72.13 cm). Significantly high canopy diameter was found in N„—60 

cm (67.50 cm) than that in N -90 cm (64.00 cm), but it did not 

differ significantly from the rest of the treatments in rabi 

season (Table 10). 

4-2.6.6 Canopy Circumference 

The canopy circumference was more in kharif season than 

in rabi season. The N„—90 cm (206.65 cm) showed significantly 

high canopy circumference than the remaining treatments in kharif 

season. In rabi season, significantly high canopy circumference 

was observed in N.-90 cm (177.00 cm) followed by N_-90 cm (175.50 

cm) than in the rest of the treatments, between which the diffe­

rence was not significant. 

4.2 6 7 Plant Height 

In kharif season more plant height was observed than in 

rabi season. Among the treatments there were no significant 

differences for the plant height in kharif season. In rabi 

season, the N_—60 cm (31.50 cm) recorded significantly high plant 



height than N.--60 cm (23.50 cm) and Nj-90 cm (19.50 cm) but It 

did not differ significantly from the rest of the treatments. 

4.2.6.8 Nuaber of Priaarles 

With regard to number of primaries not much difference 

was observed between kharif and rabi seasons (Table 10). More 

number of primaries were observed in N^—60 cm (11.55) which 

differed significantly from the rest of the treatments except 

from N-—90 cm (10.52). In rabi seasonj there were no significant 

differences among the treatments, however more primaries were 

found in N -30 cm (9.00). 

4.2.6.9 Nunber of Secondaries 

Secondary branches were more in rabi season than in 

kharif season. The N—90 cm (18.80) showed significantly higher 

number of secondaries than the rest of the treatments in kharif 

season. In rabi season significantly more number of secondaries 

were found in N2-9O cm (25.50) than that in N -90 cm (16.50) and 

N—30 cm (9.50) but it did not differ significantly from the 

remaining treatments. 

4.2 6.10 Nmber of Aerial Pegs 

It was found that the aerial pegs were more in kharif 

season than in rabi season. In kharif season the differences 

observed among the treatments were not significant for this 

character. In rabi season, the N.—30 cm (21.00) recorded signifi 

cantly more number of aerial pegs than all other treatments 

except N —60 cm (15.00). 
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4.2.6.11 Nuaber of aature Pods 

The number of mature pods obtained In rabl season was 

more than In kharlf season In kharlf season, significantly more 

number of mature pods was obtained in N—60 cm (33 00) than that 

in N.—30 cm but it was not significantly different from N_—90 cm 

(30.20). N-60 cm (27.50), N2--30 cm (26.75) and Nj-90 cm (26.68). 

Significantly more number of mature pods were recorded in N„-60 

cm (48.50) than in the remaining treatments in rabi season (Table 

10). 

4 2.6.12 Mature Pod Height 

The data indicatead that the weight of mature pods was 

high in rabi season than in kharlf season. For mature pod weight 

significant differences wew? not observed among the treatments in 

kharlf season, however maximum weight was observed in N_—60 cm 

(28.78 g). In rabl season, significantly higher pod weight was 

recorded in N- 60 cm (45.95 g) than in N2-3O cm (39.75 g), N2-9O 

cm (38.70 g). Nj-30 cm (37.80 g) and Nj-90 cm (37.45 g)^ it did 

not differ significantly from N-60 cm (43.00 g). 

4.2.6.13 Nuaber of Mature Keznels 

More number of mature kernels were recorded in rabl 

season than in kharlf season. In kharlf season, the N--60 cm 

(56.50) followed by N2-9O cm (55.00) resulted in significantly 

more number of mature kernels than in the rest of the treatments 

between which the difference was not significant. The number of 

mature kernels found in N-60 cm (82.50) was significantly higher 



than that in all other treatments except that In N^—90 cm (77.50) 

In rabl season. 

4.2.6.14 Mature Kernel Height 

The mature kernel weight was high in rabi season than 

^" kharif season (Table 10). In kharif season, high mature kernel 

weight was observed in N_—60 cm (16.90 g) but it was not signifl 

cantly different from most of the treatments except that in N̂  30 

cm (14 05 g). While in rabi season, the N2--60 cm (24.50 g) 

recorded significantly high kernel weight than N_—90 cm (21.00g), 

N -30 cm (21.00 g) and N-90 cm (20.90 g). But it was not 

significantly different from N -60 cm (23.00 g) and N -30 cm 

(21.70 g). 

4.2.6.15 Total Dry Matter at Harvest 

At the time of harvest the total dry matter was high in 

rabi season as compared to that in kharif season. Significantly 

high total dry matter was observed in N̂  90 cm (62.84 g) followed 

by N„—90 cm (59.62 g) than in the rest of the treatments in 

kharif season, between which the difference was not significant. 

While in rabi season^ there were no significant differences among 

the treatments for this character. 

4.2.6.16 100 Kernel Weight 

The 100 kernel weight was high in rabi season than in 

kharif season In kharif season, the N_-90 cm (42.66 g) followed 

c^nt. However, these values were significantly higher than the 

rest of the treatments. In rabi season, the differences observed 

among the treatments were not significant, however, high 100 

! .i,'^ 
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csnt. However, these values were significantly higher than the 

rest of the treatments. In rabi season, the differences observed 

among the treatments were not significant, however, high 100 

kernel weight was found in N„-30 cm (53.11 g). 

4.2.6.17 Oil Per cent 

The oil per cent was high in rabl season than in kharif 

season. The oil per cent was high in N--90 cm (48.35%) but it was 

not significantly different from all other treatments except from 

N^-60 cm (42.75%), While in rabl season significant differences 

were not observed for oil per cent among N„-30 cm (50.95%) N.-30 

cm (50.90%), Nj-60 cm (50.80%) and N^-eO cm (50.45%). However all 

these treatments differed significantly from N--90 cm (47.70%). 

4.2.6.18 Shelling Per cent 

Not much difference was observed for shelling per cent 

between kharif and rabl seasons. In kharif season, the N„-30 cm 

(72.07%) recorded significantly high shelling per cent than N.-60 

cm (64.60%), but it was not significantly different from the rest 

of the treatments whereas in rabl season, significant differences 

were not observed among the treatments, however, high shelling 

per cent was found in N2-6O cm (68.67%) (Table 10). 

4.2.6.19 Harvest Index 

The harvest index values were slightly high in rabi 

season than In kharif season. In kharif season, significantly 

high harvest index was obtained in N--60 cm (37.83) than in the 

remaining treatments except that in N_-30 cm (32.46). Among the 
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treatments there were no significant differences in rabi season, 

however high harvest index was recorded by Hj-bO cm (36.70). 

4.2.7 M13 

4.2.7.1 Days to initial flowering 

In kharlf season, the number of days to initial 

flowering was less as compared to that In rabi season. With 

regard to this character significant differences were not 

recorded among the treatments for this trait in kharlf season. 

While In rabi season, significantly less number of days to 

initial flowering was observed in N.-30 cm (49.50) as compared to 

the rest of the treatments except that In N2-9O cm (50.50). 

4.2.7.2 Days to 50Z Flowering 

The data (Table 11) indicate that the number of days 

taken for 50% flowering were less in kharlf than in rabi season. 

In both kharlf and rabi seasons, it was observed that there were 

no significant differences among N -30 cm, N_-30 cm, N -60 cm, 

N2-6O cm, N.-90 cm and N2-9O cm. 

4.2.7.3 Days to lOOZ Flowering 

The number of days taken for 100% flowering were less in 

kharlf season than in rabi season. In kharlf season, signifi­

cantly less number of days to 100% flowering were recorded in 

N -90 cm (37.25) than in N2-3O cm (38.50) and N2-9O cm (38.50), 

but it did not differ significantly from the remaining treat-



Table 11: Mean performance of M13 for 19 characters in six micro-environracnts in Kharif and Rabi seasons. 

Micro-
Days to Days to Days to Days to Canopy Xanopy Plant 

environ- in i t i a l 50% 100« peg diameter circumference height 
ment / flowering flowering flowering initiation (cm) (cm) (cm) 
Treat - - -
went Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rab1 Kharif Rabi Kharif Rabi Kharif Rabi 

Nl-30 31.250 49.500 36.000 58.500 38.000 62.500 38.500 60.000 71.330 69.000 207.100 161.500 32.550 19.900 
N2-30 31.500 52.500 36.500 58.500 38.500 62.000 37.750 61.000 71.750 70.400 210.100 174.000 34.050 22.600 
Nl-60 30.750 51.000 36.000 59.000 38.000 63.000 38.500 60.500 72.600 69.200 210.300 159.500 30.150 25.700 
N2-60 31.250 51.000 36.000 58.500 38.000 63.000 38.000 62.000 73.250 71.200 212.200 180.100 35.150 20.900 
Nl-90 30.750 52.000 35.750 57.000 37.250 62.500 37.500 62.000 72.130 68.250 204.900 181.000 29.180 22.000 
N2-90 31.250 50.500 35.750 57.000 38.500 62.500 37.750 61.000 73.000 70.500 199.300 180.500 28.770 24.500 

SE 0.566 0.532 0.289 0.827 0.433 0.975 0.707 1.133 0.960 0.630 12.770 1.789 1.887 4.060 

CD at 5« 1.460 1.370 7.420 2.130 1.110 2.510 1.820 2.910 2.470 1.620 32.832 4.600 4.851 10.438 

Micro-
environ­
ment / 
Treat ­
ment 

Nl-30 
N2-30 

Nl-60 
N2-60 
Nl-90 
N2-90 

SE 

CD at 5% 

Micro-

environ­

ment / 

Treat ­
ment 

Nl-30 

N2-30 
Nl-60 

N2-60 
Nl-90 

N2-90 

SE 

CD at 5% 

Number 
primar' 

Kharif 

6.300 

8.500 
8.180 
9.980 
9.450 
9.700 

0.769 

1.977 

Total 

matter 
harvest 

Kharif 

35.900 
43.400 

42.900 
43.500 

39.100 
46.500 

5.140 

13.215 

of 
les 

Rabi 

10.000 
7.600 

8.100 
10.000 
8.500 

9.500 

0.874 

2.247 

dry 
• at 

; (g) 

Rabi 

59.800 
63.600 

69.900 
73.900 
73.100 

64.000 

7.580 

19.488 

Number of 
secondaries 

Kharif 

11.000 

10.200 
12.900 
10.500 

12.050 
10.850 

2.085 

5.361 

Rabi 

23.850 
17.600 
19.600 

22.650 
19.500 

17.000 
2.727 

7.011 

100 kernel 
weight 

Kharif 

46.400 
46.900 

44.160 

46.810 
44.390 

50.730 

2.629 

6.759 

(g) 

Rabi 

54.900 
47.800 

72.500 

72.900 
59.000 

68.000 

10.750 

27.638 

Number 
a e r i a l 

Kharif 

32.200 

34.400 
37.000 
35.900 
70.000 

41.500 

7.940 

20.414 

of 
pegs 

Rabi 

14.900 
13.000 

10.800 
13.300 
9.900 

11.700 

3.660 

9.410 

Oil percent 

Kharif 

43.470 
42.200 

43.250 
43.670 
46.100 

Rabi 

48.050 
46.650 

50.500 
49.350 
48.850 

44.550 48.150 

2.644 

6.798 

1.327 

3.412 

Number 
mature 

Kharif 

19.250 
20.750 

21.250 
25.130 
18.920 

25.630 

1.298 

3.340 

Shel l i f 
percent 

Kharif 

73.400 
74.130 
69.130 
71.540 

66.610 

71.530 

2.946 
7.570 

of 
pods 

Rabi 

40.000 

42.500 
46.000 
49.900 
38.800 

49.500 

5.970 

15.350 

ig 

Rabi 

54.560 
56.000 

55.400 
55.870 
.55.980 

58.750 

0.491 

1.260 

Mature pod 
weight (g) 

Kharif Rabi 

15.480 37.300 
16.730 40.200 

17.380 44.100 
20.750 44.900 
15.400 35.600 

21.430 43.600 

1.159 3.480 

2.980 8.950 

Harvest Index 

Khari f Rabi 

26.440 25.580 
24.400 25.890 

22.440 25.780 
25.880 25.900 

20.170 22.250 

21.960 27.690 

1.867 3.336 

4.800 8.580 

Number c 
mature 

kernels 

Kharif 

18.000 
25.250 

30.650 
27.250 
27.750 
31.750 

1.504 

3.867 

I f 

Rab' 

70, 

77. 

58. 
73, 
42, 
64. 

9, 

23. 

1 

.500 

.000 
,000 
.300 
.500 

.500 

,160 

.550 

Mature 
weight 

Kharif 

11.000 
11.850 

11.850 
13.750 
10.550 

13.600 

0.900 

2.310 

kernel 

(g) 

Rabi 

20.500 
21.600 

23.700 
24.600 
20.000 
24.000 

1.843 

4.740 



m-î  

ments. While In rabl season, significant differences were not 

observed among the treatments for this trait. 

4.2.7.4 Days to Peg Initiation 

The results on days to peg Initiation revealed that In 

kharlf season the days taken were less than In rabl season. In 

both the seasons It was found that there were no significant 

differences among N -30 cm, N„-30 cm, N.-60 cm, N„-60 cm, N -90 

cm and N„-90 cm. 

4.2.7.5 Canopy Dlaaeter 

The canopy diameter was slightly high In kharlf season 

than in rabl season. With regard to this character significant 

differences were not observed among the treatments in kharlf 

season, however high canopy diameter was observed in N_-60 cm 

(73.25 cm). In rabl season high canopy diameter was observed in 

N^-SO cm (71.20 cm) which was at par with that in N.-90 cm (70.50 

cm) and N„-30 cm (70.40 cm) and they differed significantly from 

the rest of the treatments (Table 11). 

4.2.7.6 Canopy Clrcuaference 

In kharlf season, the canopy circumference was higher 

than that recorded in rabl season. There were no significant 

differences among N -30, N--30 cm, N.-60 cm, N_-60 cm, N,-90 cm 

and N^-90 cm in kharlf season for this trait, however high canopy 

circumference was found in N.-SO cm (212.20 cm). In rabl season, 

high canopy circumference was observed in N -90 cm (181.00 cm) 

which differed significantly from N2-3O cm (174.10 cm), N,-30 cm 
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(161.50 cm) and N.-60 cm (159.50 cm). But it was not signifi­

cantly different from that found in N2-9O cm (180.50 cm) and 

N -60 cm (180.10 cm). 

4.2.7.7 Plant Height 

It was observed that the plant height in kharlf season 

was more than that in rabi season. In kharlf season, signifi­

cantly high plant height was recorded by Np-60 cm (35.15 cm) than 

N -60 cm (30.15 cm) Nj-90 cm (29.18 cm) and N2-9O cm (28.17 cm), 

but it did not differ significantly from N_-30 cm (34.05 cm) and 

N -30 cm (32.55 cm). While in rabi season, significant diffe­

rences were not observed among the treatments for plant height. 

4.2.7.8 Number of Primaries 

Between kharlf and rabi seasons there was not much 

difference in number of primaries (Table 11). The results in 

kharlf season revealed that the number of primaries was high in 

N -60 cm (9.98) but it did not differ significantly from all 

other treatments except N -30 cm (6.30). In rabi season more 

number of primaries was observed in N.-30 cm (10.00) and N -60 cm 

(10.00) which differed significantly from N„-30 cm (7.60). But 

they were not significantly different from the rest of the treat­

ments . 

4.2.7.9 Number of Secondaries 

The number of secondary branches was high in rabi season 

than in kharlf season. From the results (Table 11), it was 

observed that there were no significant differences among N.-30 
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cm, N--30 cm, N -60 cm, N.-eO cm, N.-90 cm and N--90 cm in both 

kharlf and rabl seasons for this trait. 

4.2.7.10 Nunber of Aerial Pegs 

More number of aerial pegs was recorded In kharlf season 

than In rabl season. In kharlf season, significantly more aerial 

pegs were found In N.-90 cm (70.00) than In the rest of the 

treatments. Whereas In rabl season, there were no significant 

differences among the treatments for number of aerial pegs. 

4.2.7.11 Number of Mature Pods 

The data indicate that (Table 11) in rabl season the 

mature pod number was higher than in kharlf season. The number of 

mature pods was high in N2-9O cm (25.63) followed by N„-60 cm 

(25.13) and they differed significantly from the rest of the 

treatments in kharlf season. In rabl season, the differences 

observed among the treatments for this character were not signi­

ficant, however more number of mature pods was found in N„-60 cm 

(49.90). 

4.2.7.12 Mature Pod Ifelght 

The weight of mature pods was much high in rabl season 

than in kharlf season. High mature pod weight was recorded by 

N--90 cm (21.43 g) followed by N2-6O cm (20.75 g), between which 

the difference was non-significant, but they were significantly 

different from the rest of the treatments. In rabl season, signi­

ficantly high mature pod weight was observed in N„-60 cm (44.90 

g) than that In N.-90 cm (35.60 g), but it was not significantly 
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different from Nj-60 cm (44.10 g), N2-9O cm (43.60 g), N 2*30 cm 

(40.20 g) and N^-30 cm (37.30 g). 

4.2.7.13 Nuaber of Hature Kernels 

In rabl season the mature kernel number was much higher 

than that observed in kharif season. The N--90 cm (31.75) 

resulted in significantly higher number of mature kernels in 

kharif season than the rest of the treatments except the N -60 cm 

(30.65), between which the difference was not significant. In 

rabl season, the highest number of mature kernels was found in 

N„-30 cm (77.00) which was not significantly different from the 

rest of the treatments except that in N.-90 cm (42.50). 

4.2.7.14 Mature Kernel weight 

it was found that in rabi season the weight of mature 

kernels was more than that in kharif season (Table 11). In kharif 

season, significantly high mature kernel weight was recorded by 

N--60 cm (13.75 g) than Nj-30 cm (11.00 g) and Nj-90 cm (10.55 

g), but it was not significantly different from N_-90 cm (13.60 

g), N -30 cm (11.85 g) and Nj-60 cm (11.85 g). While in rabi 

season, significant differences were not observed among the 

treatments, however high mature kernel weight was recorded by 

N2-6O cm (24.60 g). 

4.2.7.15 Total Dry Natter at Bairvest 

In rabi season at the time of harvest the total dry 

matter was higher than that in kharif season. In both kharif and 

rabi seasons, significant differences were not found for this 
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trait among N.-30 cm, N^-SO cm, N.-60 cm, N2-6O cm, N.-90 cm and 

N2-90 cm. 

4.2.7.16 100 Kernel Velght 

In rabl season the 100 kernel weight was more than that 

observed in kharif season. The results (Table 11) revealed that 

significant differences were not observed among Nl-30 cm, N2-30 

cm, Nl-60 cm, Nl-60 cm, N2-60 cm, Nl-90 cm and N2-90 cm in both 

kharif and rabi seasons for this trait. However, the 100 kernel 

weight was maximum in N-90 cm (50.73 g) in kharif season and 

N2-60 cm (72.90 g) in rabi season. 

4.2.7.17 Oil Per cent 

An increase in oil per cent was found in rabi season as 

compared to kharif season. In kharif season there were no 

significant differences for oil per cent among the treatments, 

while in rabi season, the N2-60 cm (49.35%) recorded signifi­

cantly high oil per cent than N2-30 cm (46.65%) but it did not 

differ significantly from the rest of the treatments. 

4.2.7.18 Shelling Per cent 

In kharif season the shelling per cent was higher than 

in rabi season. For shelling per cent significant differences 

were not observed in kharif season among the treatments, however, 

high shelling per cent was found in N2-30 cm (74.13%). Whereas in 

rabi season, the N2-90 cm exhibited significantly high shelling 

per cent than the rest of the treatments (Table 11). 



4.2.7.19 Harvest Index 

There was not much difference between kharlf and rabi 

seasons for harvest Index (Table 11). In kharlf season, high 

harvest Index was observed In N.—30 cm (26.44) but it was not 

significantly different from most of the treatments except from 

that in N.—90 cm (20.17). While in rabi season, the differences 

observed among the treatments were not significant, however, high 

harvest index was recorded by N»-90 cm (27.69). 

4.3 STABILITY ANALYSIS 

The genotypes viz., MH2 (canopy category 1), JL24 

(canopy category 2), TAPS (canopy category 3), Kadiri-3 (canopy 

category 3), TMV2NLM (canopy category 3), Compact Mutant of M13 

(canopy category 3) and M13 (canopy category 4) were subjected to 

stability analysis for 19 characters and the results are 

presented in Tables 12, 13 and 14. 

4.3.1 Days to Initial Flowering 

Analysis of variance (Table 12) revealed that the 

variances due to genotype, environment (linear), genotype x envi­

ronment (linear) were significant when tested against pooled 

deviation. It indicates that the number of days to initiation of 

first flower varied significantly in different environments as 

well as the genotypes differed among themselves in average 

performance over all environments. When individual variances of 

genotypes tested against pooled error, it was found that most of 

the genotypes exhibited significant differences over environments 
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except TMV2NLM, Kadlrl-3 and Compact Mutant of M13, Indicating 

their stability for this trait. 

Based on environmental Index (Table 13) there were no 

differences among the micro-environments In both season 1 and 

season 3 for this trait. In season 2, the micro-environment VI 

(N -90) followed by IV (N -60) and IV (N.-SO) were found to be 

favourable for the expression of this trait. The most stable 

variety for this character was TAPS with an environmental 

standard deviation of 7.72. While, the strain Compact Mutant of 

M13 showed maximum variation with an environmental standard 

deviation of 10.38. The genotype TAPS recorded the lowest mean 

value (30.11) followed by MH2 (33.17) and JL24 (33.42) with 

environmental standard deviations of 7.72, 9.50 and 9.02 respec­

tively. Genotypes M13 (37.78), Compact Mutant of M13 (37.53), 

TMV2NLM (37.00) and Kadlrl-3 (36.61) recorded high mean values 

with standard deviations of 9.93, 10.38, 10.24 and 10.22 

respectively. 

Based on stability parameters (Table 14) the mean of 

Individual genotypes ranged from 30.11 (TAPS) to 37.78 (M13) with 

a general mean of 35.09. The regression coefficients (bl) of 

days to initial flowering on envlroiunental index were in the 

2 
range of 0.941 to 1.088. The deviations from regression (S di) 

ranged from -0.389 to 1.651. The regression coefficients of all 

genotypes significantly deviated from unity (b=l) except that of 

MH2 and M13. Most of the genotypes showed significant deviations 

from regression except TMV2NLM, Kadlrl-3 and Compact Mutant of 



Table 12 : Analysis of variance for 19 characters In 7 varieties over 18 environments (Stability Analysis). 

Source 

Var ie t ies 

ENV-f (VAR X ENVS) 

Environment (Linear) 

VAR X ENV (Linear) 
Pooled deviat ion 

Var ie t ies 
MH2 

JL24 

TAPS 
Kad1r1-3 

TMV2NLM 

Compact Mutant of M13 
M13 

Pooled Error 

Source 

Var iet ies 
ENV+ (VAR X ENVS) 
Environment (Linear) 
VAR X ENV (Linear) 
Pooled deviat ion 

Var ie t ies 

MH2 

JL24 

TAPS 
Kad1r1-3 

TMV2NLM 
Compact Mutant of M13 

M13 

Pooled Error 

Source 

Var ie t ies 
ENV+ (VAR X ENVS) 
Environment (Linear) 

VAR X ENV (Linear) 

Pooled deviat ion 

Var iet ies 
MH2 

JL24 
TAPS 

Kad1r1-3 

TMV2NLM 

Compact Mutant of M13 

M13 
Pooled Error 

DF 

6 

119 
1 

6 

112 

16 
16 
16 

16 

16 

16 

16 
108 

DF 

6 
119 

1 
6 

112 

16 

16 

16 

16 
16 
16 

16 
108 

DF 

6 

119 
1 

6 

112 

16 
16 
16 
16 

16 

16 

16 
108 

Days to 

I n l t i a 
f lowerli 

151.25 

92.39 

10767.15 

16.13 
1.17 

1.09 
1.31 

1.74 

0.74 

0.22 

0.80 

2.26 
0.61 

1 
ng 

*« 
*• 
** 
** 
** 

* 
* 
** 

** 

Number of 

primaries 

60.83 
1.31 

33.77 
3.15 
0.92 

0.43 

0.73 

0.18 
0.35 
2.14 
1.05 

1.58 
0.29 

** 
* 
** 
** 
** 

** 

** 
** 
** 

Total dry 

matter at 

harvest (g) 

2652.19 

167.31 
12803.33 

489.97 

37.20 

22.83 
32.90 
60.35 

23.86 

12.28 

42.66 

65.54 
8.37 

** 
** 
** 
** 
** 

** 
** 
• * 

** 

** 
** 

Days to 
50% 

f lowerli 

227.28 

117.11 

13874.72 
1.70 

0.46 

0.36 
0.79 

0.47 
0.27 

0.33 

0.54 

0.43 

0.52 

og 

** 
** 
• * 

** 

Number of 

secondarl 

939.05 
11.27 

630.11 
43.58 

4.01 

0.32 

1.38 

0.64 

2.52 
6.83 
9.32 
7.08 
1.24 

100 kerne 
weight (g 

966.79 
67.93 

6879.21 

29.63 

9.17 

7.19 
2.98 
7.22 
5.46 

3.93 
6.75 

30.67 
6.55 

es 

** 
** 
** 
** 
** 

* 
** 
** 
** 

1 

) 

** 
** 
** 
** 
* 

** 

Days to 

100% 
f lowerli 

241.61 

131.53 

15554.51 

6.35 
0.53 

0.61 

0.61 
0.65 

0.41 

0.28 

0.38 

0.78 
0.40 

ng 

** 
** 
** 
** 
** 

* 

Number of 

a e r i a l pc 

1039.49 
138.45 

8309.94 
385.08 

52.27 

17.06 

71.84 

32.52 
17.69 

52.85 
85.44 
88.53 

36.99 

sgs 

** 
** 
** 
** 
** 

* 

** 
** 

011 percent 

33.26 
4.73 

305.08 

18.72 

1.30 

0.97 
1.75 
0.64 

0.53 

1.79 

2.03 

1.38 
1.70 

** 
** 
** 
** 

Days to 
peg 

I n i t i a t i o n 

140.07 

120.39 

14161.49 

11.19 
0.87 

0.41 

0.64 
1.14 
0.78 

0.43 

1.22 
1.49 

0.45 

** 
** 
** 
** 
** 

** 

*« 
** 

Number of 

mature pods 

832.04 
84.20 

7670.06 
257.63 

7.18 

4.37 

6.80 

7.87 
11.00 
6.75 
2.43 

11.03 

4.12 

Shel l ln 

** 
** 
** 
** 
** 

* 
** 

** 

9 
per cent 

693.42 
50.42 

4161.90 

65.17 

12.92 

42.69 

8.22 
5.17 

12.43 

7.43 

7.06 

7.42 

6.57 

** 
** 
** 
** 
** 

** 

* 

* 

Canopy 

diameter 
(cm) 

4194.62 * * 

7.42 * * 

469.16 * * 

11.39 • * 

3.08 * * 

0.90 
12.28 * * 

1.22 

4.08 * * 

0.83 

1.36 

0.89 
1.03 

Mature pod 

weight (g) 

890.15 * * 
89.89 * * 

8346.51 * * 

241.90 * * 
8.03 * * 

5.09 * 

10.33 * * 

7.85 * * 

12.70 * * 
6.36 * * 
2.40 

11.50 * * 
2.72 

Harvest 

Index 

256.91 * * 
31.05 * * 

1569.77 * * 

23.61 

17.71 * * 

26.89 * * 
30.04 * * 
13.17 * * 

- 7.78 * 

> 24.87 • * 

11.60 * * 

9.63 * * 

3.74 

Canopy Plant 
circumference height 

(cm) 

43873.82 * * 
1017.49 * * 

39118.48 * * 

2818.78 * * 

134.37 * • 

70.79 * * 
480.01 ** 

94.03 * * 

87.21 * * 

10.94 * * 

39.75 * * 

157.85 * * 
4 .72 

Number of 
mature 

kernels 

1231.26 * * 
226.09 ** 

16946.48 * * 
450.44 ** 

64.79 * * 

81.42 * * 

•50.28 * * 
48.01 * * 

51.59 * * 
46.81 * * 
35.63 * * 

139.75 * * 
8.34 

(cm) 

3672.49 * * 

59.23 * * 

3900.21 * • 

304.21 ** 

11.81 * * 

3.44 

5.42 * 
36.05 * * 

5.60 * * 

12.23 * * 

11.50 * * 
8.41 * * 

2.51 

Mature kernel 

weight (g) 

221.28 ** 
18.06 * * 

1661.36 * * 
18.85 * * 

1.66 * * 

1.39 * * 

1.69 * * 

1.92 * * 
2.18 * * 
1.46 * * 
0.53 
2.43 * * 

0.61 

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



Table 13 : Mean performance of seven varieties over 18 environments (Stability Analysis) 
Days to Initial flowering 

V a r i e t i e s 

MHZ 
JL24 

TAPS 
K a d 1 r 1 - 3 

TMV2NLM 

Com.Mut.M13 

M13 
Gr. Mean 

EI 

V a r i e t i e s 

MHZ 
JL24 

TAP5 

K a d 1 r 1 - 3 

TMV2NLM 

Com.Mut.M13 

M13 
6 r . Mean 

EI 

Varieties 

MHZ 
JLZ4 
TAPS 

K a d 1 r 1 - 3 

TMVZNLM 
Com.Mut.M13 

M13 
Gr. Mean 

EI 

Varieties 

MHZ 
JLZ4 

TAPS 

K a d 1 r 1 - 3 

TMVZNLM 

Com.Mut.M13 
M13 

Gr. Mean 

EI 

Env I 

N l - 3 0 

Z 7 . 0 0 0 

Z 7 . 0 0 0 

Z 5 . 0 0 0 
Z 7 . 5 0 0 

Z 8 . 5 0 0 

Z 9 . 0 0 0 

29.000 
Z7.570 
-7.516 

Env I 
Nl-30 

Z6.500 
Z7.500 
24. SOD 
30.500 
30.500 
3Z.000 
33.SO0 
29.290 
-5.802 

Env I 
Nl-30 

29.500 
29.500 
28.000 
36.000 
36.000 
36.000 
36.000 
33.000 
-6.90S 

Env I 
Nl-30 

Z8.000 
30.500 
Z5.500 
34.000 
32.500 
34.000 
36.000 
31.500 
-8.400 

Env n 
NZ-30 

26.500 
27.000 
25.500 
28.000 
Z9.000 
28.500 
28.500 
27.570 
-7.516 

Env II 
N2-30 

28.000 
28.000 
23.500 
32.500 
32.500 
31.000 
34.500 
30.000 
-5.087 

Env II 
N2-30 

29.500 
31.000 
28.500 
36.500 
36.000 
36.000 
37.000 
33.500 
-6.405 

Env II 
N2-30 

29.000 
30.500 
25.500 
34.500 
34.500 
34.000 
36.000 
32.000 
-7.900 

Kharll 
Env III 
Nl-60 

27.000 
27.000 
26.000 
28.000 
29.000 
Z9.000 
Z8.000 
Z7.710 
-7.373 

Kharif 
Env III 
Nl-60 

Z6.S00 
Z7.500 
24.000 
30.500 
30.500 
32.500 
33.500 
29.Z90 
-5.80Z 

Kharif 
Env III 
Nl-60 

31.500 
30.000 
28.500 
35.500 
36.000 
36.000 
37.000 
33.500 
-6.400 

KlUtlf 
Env III 
Nl-60 

27.500 
29.500 
26.500 
33.500 
34.000 
34.500 
35.000 
31.500 
-8.400 

' 1988 
Env IV 
N2-60 

26.000 
27.000 
25.500 
28.000 
29.000 
29.000 
28.500 
27.570 
-7.516 

1989 
Env IV 
N2-60 

26.500 
27.500 
24.500 
31.000 
31.000 
32.500 
34.000 
29.570 
-5.516 

1988 
Env IV 
N2-60 

30.000 
30.000 
28.500 
36.000 
36.000 
37.000 
36.000 
33.360 
-6.550 

1989 
Env IV 
N2-60 

29.500 
29.500 
26.500 
33.500 
33.500 
34.000 
36.000 
31.790 
-8.120 

Env V 
Nl-90 

27.500 
27.500 
26.000 
29.000 
29.000 
28.500 
29.000 
28.070 
-7.016 

Env V 
Nl-90 

25.500 
26.500 
24.000 
31.000 
31.500 
32.500 
32.500 
29.070 
-5.516 

Days 

Env V 
Nl-90 

31.000 
33.000 
29.000 
34.500 
36.000 
34.000 
36.500 
33.570 
-6.330 

Env V 
Nl-90 

27.500 
29.500 
25.500 
34.500 
33.500 
34.500 
35.000 
31.430 
-8.480 

Env VI 
N2-90 

26.500 
27.500 
25.500 
28.000 
29.000 
29.500 
29.000 
27.860 
-7.230 

Env VI 
N2-90 

26.500 
27.000 
24.000 
32.000 
30.500 
31.500 
33.500 
29.290 
-5.802 

Env I 
Nl-30 

47.000 
47.500 
40.000 
51.000 
50.500 
52.000 
49.500 
48.210 
13.127 

Mean 

33.170 
33.420 
30.110 
36.610 
37.000 
37.530 
37.780 

to 50* flowering 

Env VI 
N2-90 

30.000 
32.500 
28.500 
36.000 
36.000 
36.500 
36.000 
33.640 
-6.260 

Env VI 
N2-90 

28.500 
28.500 
26.500 
33.000 
33.500 
33.500 
35.500 
31.290 
-8.620 

Env I 
Nl-30 

52.000 
52.000 
47.500 
56.500 
58.500 
58.000 
58.500 
54.710 
14.810 

Mean 1 

36.940 
37.420 
34.420 
42.310 
42.250 
42.640 
43.360 

Env II 
N2-30 

48.000 
44.000 
40.500 
51.000 
51.000 
52.000 
52.500 
48.430 
13.341 

Env. SD 

9.500 
9.020 
7.720 

10.220 
10.240 
10.380 
9.930 

Env II 
N2-30 

53.000 
51.000 
49.500 
57.000 
56.500 
58.500 
58.500 
54.860 
14.950 

Env. SD 

11.190 
10.360 
10.500 
10.860 
10.910 
11.170 
10.730 

Rabi • 
Env III 
Nl-60 

46.000 
43.500 
41.000 
51.000 
51.500 
51.500 
51.000 
47.930 
12.841 

1988-89 
[ Env IV 

N2-60 

45.500 
46.000 
40.500 
51.000 
51.000 
51.000 
51.000 
48.000 
12.913 

Rabi 1988-89 
Env III 
Nl-60 

52.000 
51.500 
49.500 
57.000 
57.000 
57.500 
59.000 
54.790 
14.880 

Env IV 
N2-60 

52.500 
52.000 
49.000 
58.000 
57.500 
58.500 
58.500 
55.140 
15.240 

Env V 
Nl-90 

46.000 
46.500 
41.500 
50.500 
51.500 
51.000 
52.000 
48.430 
13.341 

Env V 
Nl-90 

52.000 
52.000 
47.500 
57,500 
56.500 
56.500 
57.000 
54.140 
14.240 

Env VI 
N2-90 

44.500 
47.000 
40.500 
48.500 
50.500 
52.500 
50.500 
47.710 
12.627 

Env VI 
N2-90 

52.000 
51.000 
49.500 
57.000 
57.000 
58.500 
57.000 
54.570 
14.670 
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Table 13 : i 

Varieties 

MHZ 
JL24 
TAPS 

K a d 1 r 1 - 3 
TMV2NLM 

C o i n . N u t . M 1 3 
M13 

G r . Mean 
EI 

Varieties 

NH2 
JL24 
TAPS 

K a d 1 r 1 - 3 

TMV2NLM 

Coni.Mut.M13 

N13 
6 r . Mean 

EI 

V a r i e t i e s 

Continued 

Env I 
N1-30 

33.000 
33.500 
30.000 
38.000 
38.000 
38.000 
38.S00 
35.S70 
-6.980 

Env I 
N1-30 

30.500 
31.500 
27.500 
36.000 
35.500 
35.500 
37.500 
33.430 
-9.123 

Env I 
N1-30 

1.. 

Env II 
N2-30 

31.500 
34.000 
30.500 
37.500 
38.000 
38.500 
38.500 
35.500 
-7.052 

Env II 
N2-30 

32.500 
31.000 
27.000 
38.000 
36.500 
36.500 
38.500 
34.290 
-8.266 

Env II 
N2-30 

Kharif 
Env III 
N1-60 

34.500 
33.000 
31.500 
37.500 
38.000 
37.500 
38.000 
35.710 
-6.837 

Kharif 
Env III 
N1-60 

30.500 
32.000 
29.500 
35.000 
35.500 
36.500 
38.000 
33.860 
-8.694 

Kharif 
Env i n 
N1-60 

1988 
Env IV 
N2-60 

33.000 
33.000 
31.000 
38.000 
37.500 
38.500 
38.000 
35.570 
-6.980 

1989 
Env IV 
N2-60 

30.000 
30.500 
28.500 
35.500 
36.000 
36.500 
38.000 
33.570 
-8.980 

1988 
: Env IV 

N2-60 

Days 

Env V 
M1-90 

33.000 
35.000 
31.000 
37.500 
37.500 
38.000 
38.000 
35.710 
-6.837 

Env V 
N1-90 

31.000 
31.500 
27.500 
36.500 
36.500 
36.000 
36.500 
33.640 
-8.909 

Days to 

Env V 
N1-90 

to 100X 

Env VI 
N2-90 

34.000 
33.500 
30.500 
38.000 
37.500 
38.500 
38.000 
35.710 
-6.837 

Env VI 
N2-90 

30.500 
30.500 
29.000 
36.000 
36.500 
36.500 
39.000 
34.000 
-8.552 

flowering 

Env I 
H1-30 

54.000 
54.500 
52.000 
60.000 
61.500 
62.000 
62.500 
58.070 
15.520 

Mean E 

39.670 
39.640 
37.060 
44.890 
44.640 
45.750 
46.220 

peg In i t ia t ion 

Env VI 
H2-90 

Env I 
N1-30 

Env II 
N2-30 

55.500 
54.000 
S3.000 
61.500 
60.000 
63.500 
62.000 
58.500 
15.948 

nv. SO 

11.230 
10.580 
11.130 
11.580 
11.270 
12.470 
11.920 

Env II 
N2-30 

Rabi 1988-89 
Env III 
Nl-60 

55.000 
53.500 
52.500 
60.000 
59.500 
63.000 
63.000 
58.070 
15.520 

Env IV 
N2-60 

56.000 
54.000 
51.500 
60.500 
60.000 
63.500 
63.000 
58.360 
15.806 

Rabi 1988-89 
Env III 
Nl-60 

Env IV 
N2-60 

Env V 
H1-90 

55.000 
55.000 
51.500 
61.500 
59.500 
61.000 
62.500 
58.000 
15.448 

Env V 
N1-90 

Env VI 
N2-90 

54.500 
53.500 
53.000 
61.000 
60.000 
64.000 
62.500 
58.360 
15.806 

Env VI 
N2-90 

MH2 33.50 32.50 33.50 33.50 32.50 33.50 53.00 53.50 52.50 53.50 52.00 54.00 
JL24 34.00 34.00 32.00 33.50 34.00 33.50 57.00 57.50 56.50 57.00 57.00 56.00 
TAPS 31 .00 3 1 . 0 0 3 1 . 0 0 3 1 . 5 0 3 1 , 5 0 31 .00 53 .50 52 .50 52 .00 53 .50 5 2 . 5 0 5 2 . 5 0 

Kad1r1-3 

TMV2NLM 
Com.Mut .M13 

M13 
G r . Mean 

EI 

Varieties 

NH2 
JL24 
TAPS 

K a d 1 r 1 - 3 

TMV2NLM 

Con.Mut .M13 

M13 
Gr. Mean 

EI 

3 5 . 0 0 

34.00 
36.50 
36.50 
34.36 
-8.15 

Env I 
H1-30 

32.00 
32.50 
29.50 
36.50 
36.50 
37.50 
40.50 
35.00 
-7.50 

35.50 
35.00 
35.50 
36.00 
34.21 
-8.29 

Env II 
N2-30 

35.00 
34.00 
32.00 
39.00 
38.00 
35.00 
39.00 
36.07 
-6.43 

36.50 
34.50 
36.50 
36.50 
34.36 
-8.15 

Kharif 
Env III 
Nl-60 

33.50 
34.00 
32.50 
35.50 
36.50 
39.00 
40.50 
35.93 
-6.57 

35.50 
36.00 
36.50 
36.00 
34.64 
-7 .86 

1989 
Env IV 
N2-60 

34.50 
33.00 
30.00 
37.50 
37.50 
37.50 
40.00 
35.71 
-6.79 

35.00 
35.00 
36.00 
36.00 
34.29 
-8.22 

Env V 
N1-90 

33.50 
33.50 
29.50 
38.00 
36.50 
38.50 
39.00 
35.50 
-7.00 

35.50 
36.00 
37.00 
36.00 
34.64 
-7.86 

Env VI 
N2-90 

34.00 
33.50 
29.50 
38.00 
36.50 
37.50 
39.50 
35.50 
-7.00 

58.00 
60.00 
60.00 
60.00 
57.36 
14.85 

Mean 

40.00 
41.25 
38.14 
43.53 
43.78 
45.14 
45.69 

58.00 
60.00 
62.00 
61.00 
57.79 
15.28 

Env. SO 

9.55 
11.35 
10.67 
10.35 
11.36 
12.02 
11.32 

57 
59. 
61. 
60, 
57, 
14, 

.50 

.50 

.00 
,50 
,07 
,57 

58 
59. 
61. 
62, 
57, 
IS, 

.00 

.00 

.00 
,00 
.71 
.21 

58 
58. 
62. 
62, 
57, 
14, 

.00 

.50 

.00 

.00 
,43 
.92 

56. 
59. 
63. 
61, 
57, 
14, 

.50 

.00 

.50 
,00 
.50 
,99 
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Table 13 : Continued.. Canopy diameter 

Var ie t ies 

MHZ 
JL24 

TAPS 

Kad1r1-3 
TMV2NLM 

Coin.Mut.M13 
M13 

Gr. Mean 
EI 

Var iet ies 

NH2 
JL24 

TAP5 

Kad1r1-3 

TMV2NLM 
Coin.Mut.M13 

M13 
Gr. Mean 

EI 

Var iet ies 

MN2 
JL24 

TAPS 
Kad1r1-3 

TMV2NLM 

Coin.Mut.M13 
M13 

Gr. Mean 

EI 

Var ie t ies 

Env I 
N1-30 

28.60 
59.15 

71.80 
70.10 

71.75 
70.35 

71.15 
63.27 

-0 .16 

Env I 

N1-30 

31.00 

36.00 
69.50 

71.00 

72.50 

70.75 

71.50 

63.18 
-0.26 

Env I 

N1-30 

52.75 
121.38 
232.50 
221.35 

205.65 

201.25 

248.17 

183.29 

15.36 

Env I 

N1-30 

Env 11 
N2-30 

29.10 

60.15 

72.70 

70.90 
72.55 

70.80 

71.50 
63.96 

0.52 

Env I I 

N2-30 

32.50 
56.50 
71.00 

76.00 

73.50 

71.50 

72.00 
64.71 

1.28 

Env I I 

N2-30 

65.20 
136.80 
236.25 

216.50 

210.83 

211.50 

251.50 

189.80 

21.87 

Env I I 

H2-30 

Kharif 1988 

Env i n Env IV 
Nl-60 

31.75 

64.75 
72.75 

69.00 

74.80 
69.40 

71.70 
64.88 

1.44 

Kharif 

N2-60 

32.00 

63.50 
73.30 

71.05 
76.00 

71.25 

72.00 
65.59 
2.15 

1989 

Env I I I Env IV 

Nl-60 

31.50 
58.00 
71.50 

73.00 

72.00 

71.50 

73.50 
64.43 

0.99 

Kharif 

Env I I I 

Nl-60 

65.70 

138.00 
273.84 
234.65 

213.50 

205.15 

246.50 

196.76 

28.83 

Kharif 
Env I I I 

Nl-60 

N2-60 

33.50 
60.00 
73.00 

74.00 

75.00 

73.00 

74.50 
66.14 

2.71 

1988 

Env IV 

N2-60 

71.85 
188.50 

271.82 
232.99 

230.99 

216.17 
249.99 

208.90 

40.97 

1989 

Env IV 

N2-eo 

Env V 

Nl-90 

29.70 
61.85 

72.65 

71.00 

74.50 

69.45 
70.50 
64.24 

0.80 

Env V 

Nl-90 

31.50 
53.00 

72.75 

73.50 

72.00 

71.50 

73.75 
64.00 

0.56 

Canopy 

Env V 

Nl-90 

82.40 
196.60 
274.00 

233.15 

238.50 

211.80 

236.33 

210.40 

42.47 

Env V 

Nl-90 

Env VI 
N2-90 

33.30 

62.50 
73.00 

72.75 
75.50 

70.50 
72.00 
65.65 
2.22 

Env VI 
N2-90 

32.50 
56.00 

73.50 

74.00 

73.50 

72.50 
74.00 

65.14 
1.71 

Env I 
N1-30 

26.85 
57.50 

66.00 

64.00 

66.50 

65.50 
69.00 

59.62 
-3 .81 

Mean 

30.26 
59.46 

71.25 

69.82 

72.35 

69.42 

71.48 

circumference 

Env VI 

N2-90 

63.30 
231.10 
291.00 

230.49 

241.34 

245.80 

265.65 
226.95 

59.03 

Env VI 

N2-90 

Env I 

N1-30 

50.00 
131.00 
153.00 
156.75 

163.00 

156.50 
161.50 

138.82 

-29.11 

Mean 1 

Env I I 

N2-30 

27.65 
66.70 

69.30 

64.50 

69.25 
66.50 

70.40 
62.04 

-1 .39 

Env. SD 

2.26 
3.47 
2.17 

3.89 

2.28 

2.61 

1.73 

Env I I 

N2-30 

51.25 
147.00 
152.50 
160.00 

174.50 

164.00 
174.00 

146.18 
-21.75 

Env. SD 

Rabi 1 1988-89 

Env i n Env IV 

Ni-eo 

27.50 
57.00 

68.50 

66.00 

69.50 
67.00 

69.20 
60.67 

-2.76 

N2-60 

30.75 
59.50 

70.50 

67.50 

71.00 
67.50 

71.20 
62.56 
-0 .87 

Rabi 1988-89 

Env I I I 

Nl-60 

71.90 

149.00 
155.50 

161.00 

174.50 

161.50 
159.50 

147.56 
-20.37 

Env IV 

N2-60 

72.70 
152.50 
164.50 
166.50 

181.50 

165.00 

180.10 

154.69 

-13.24 

' Env V 
Nl-90 

26.50 
57.50 

66.00 

63.50 

69.50 

64.00 

68.25 
59.61 
-3 .83 

Env V 

Nl-90 

46.50 
160.50 
172.50 

163.00 

176.00 

177.00 

181.00 

153.79 

-14.14 

Env VI 

N2-90 

28.50 

60.70 

72.75 

65.00 

71.00 
66.50 

70.50 
62.14 

-1 .29 

Env VI 

N2-90 

65.00 
163.50 
174.50 

171.00 

177.50 

175.50 

180.50 

158.21 

-9 .71 

MH2 
JL24 
TAP5 

Kad1r1-3 
TMV2NLM 

Coiii.Mut.M13 

M13 

Gr. Mean 

EI 

44.00 54.50 48.50 51.50 55.50 55.50 60.45 12.15 
130.50 160.00 161.50 166.00 164.50 164.00 159.13 26.44 
152.50 164.25 170.00 181.00 193.00 196.25 200.49 48.93 
150.50 161.50 167.75 168.00 164.50 165.50 184.73 32.19 
161.50 174.00 180.50 180.50 182.00 184.00 191.68 25.24 

149.50 153.00 161.00 161.50 168.00 167.50 180.65 27.42 

166.00 166.75 174.00 174.50 173.50 179.00 198.36 38.16 

136.36 148.00 151.89 155.00 157.29 158.82 

-31.57 -19.93 -16.03 -12.93 -10.64 -9.11 
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Table 13 : 

Var ie t ies 

MH2 

JL24 

TAP 5 

Kad1r1-3 
TMV2NLM 

Coin.Mut.M13 
M13 

Gr. Mean 

EI 

Var iet ies 

MH2 

JL24 

TAPS 

Kad1r1-3 

TMV2NLM 
Com.Mut.M13 

M13 
6r . Mean 

EI 

Var iet ies 

Continued. 

Env I 

Nl-30 

9.60 
48.20 

72.00 
36.10 
37.25 
40.80 
37.60 

40.22 

8.85 

Env I 
Nl-30 

6.70 

35.00 

52.50 

27.50 

33.50 

35.50 
27.50 
31.17 

-0.19 

Env I 

Nl-30 

•• 

Env I I 

N2-30 

10.60 

46.25 

73.80 
35.70 
36.00 
40.95 
33.60 

39.56 

8.19 

Env I I 
N2-30 

5.75 

37.50 

52.50 

26.00 
33.00 

35.00 
34.50 
32.04 

0.67 

Env I I 

N2-30 

Kharif 
Env I I I 

Nl-60 

10.00 

41.90 

80.50 -
31.70 
31.40 

32.30 
33.30 

37.60 

5.93 

Kharif 
Env I I I 
Nl-60 

12.50 

35.00 

51.00 

30.00 
34.00 

32.50 
27.00 

31.71 
0.35 

Khari f 

1988 
Env IV 

N2-60 

8.60 
40.00 

75.10 

33.45 
32.80 
38.70 

36.30 

37.85 

6.48 

1989 
Env IV 
N2-60 

6.15 

31.00 

54.00 

26.00 
36.00 

36.50 
34.00 
31.95 

0.58 

1988 
Env I I I Env IV 
Nl-60 N2-60 

Env V 

Nl-90 

10.50 

38.70 

77.25 

30.70 
31.00 
31.10 

29.60 
35.55 

4.18 

Env V 
Nl-90 

11.00 

32.50 

52.50 
26.50 

28.50 
38.00 

28.75 
31.11 

-0.26 

Number 

Env V 

Nl-90 

Plant 

Env VI 

N2-90 

9.50 

45.15 

78.85 

27.30 
30.50 
36.00 

27.40 

36.39 

5.02 

Env VI 

N2-90 

10.00 

35.00 

52.50 
26.50 

36.00 

36.50 

29.75 
32.32 

0.95 

height 

Env I 

Nl-30 

4.40 

26.75 

33.00 

23.50 
25.50 
28.00 
19.85 

23.00 

-8 .37 

Mean 

7.68 
35.16 

56.42 

28.16 

30.58 
32.96 
28.60 

of primaries 

Env VI 
N2-90 

Env I 
Nl-30 

Env I I 
N2-30 

4 .60 

26.00 

44.00 

26.00 
28.50 
29.00 
22.60 

25.81 

-5 .55 

Env. SO 

2.82 

7.09 

15.87 

4.09 

4.97 

5.79 
5.42 

Env I I 

N2-30 

Rabi 1988-89 

Env I I I 
Nl-60 

4.45 

27.50 

31.00 

27.00 
22.50 
23.50 
25.70 

23.09 

-8 .27 

Env IV 

N2-60 

4.75 

30.00 

45.50 
22.00 

26.50 
31.50 

20.85 
25.87 

-5 .50 

Rabi 1988-89 
Env I I I 

Nl-60 
Env IV 

N2-60 

Env V 

Nl-90 

4.40 

25.50 

40.50 

22.50 
28.50 
19.50 
22.00 

23.27 

-8.10 

Env V 
Nl-90 

Env VI 

N2-90 

4.70 

31.00 

49.00 

28.50 

19.00 
28.00 
24.50 

26.39 

-4 .98 

Env VI 
N2-90 

MH2 5 . 2 0 5 . 0 0 5 . 1 0 5 . 9 0 5 . 7 0 6 . 2 0 5 . 1 0 6 . 5 0 5 . 7 0 5 . 8 0 5 . 6 0 5 . 7 5 
JL24 5 . 9 0 6 . 1 0 8 . 1 0 7 . 6 0 6 . 9 0 7 . 3 0 6 . 6 0 6 . 5 0 5 . 2 5 5 . 7 5 5 . 9 0 6 . 5 0 
TAP5 4 . 1 0 4 . 4 0 5 . 0 0 5 . 3 0 4 . 7 0 5 . 0 0 4 . 0 0 4 . 1 0 4 . 5 0 4 . 7 5 5 . 7 0 4 . 5 0 

K a d 1 r 1 - 3 
TMV2NLM 

Com.Mut.M13 
M13 

Gr. Mean 
EI 

— . _ . 

Varieties 

5.90 
6.65 
8.20 
6.10 
6.01 
0.81 

Env I 
Nl-30 

5.80 
6.80 
6.90 
8.00 
6.14 

-0.68 

Env II 
N2-30 

6.20 
7.90 

12.00 
7.60 
7.41 
0.59 

Kharif 
Env III 
Nl-60 

6.60 
7.30 

13.60 
10.20 
8.10 
1.28 

1989 
Env IV 
N2-60 

7.20 
9.60 

10.10 
8.90 
7.59 
0.76 

Env V 
Nl-90 

6.60 
8.20 

11.30 
7.40 
7.43 
0.61 

Env VI 
N2-90 

5.40 
6.50 
9.00 

10.00 
6.66 

-0.16 

Mean 

6.00 
7.50 
7.75 
7.60 
6.42 

-0.40 

Env. SD 

6.50 
8.00 
8.50 
8.10 
6.65 

-0.17 

6.25 
7.75 
7.50 

10.00 
6.83 
0.01 

5.25 
7.00 
8.00 
8.50 
6.56 

-0.26 

7.50 
8.00 
7.50 
9.50 
7.04 
0.21 

MH2 4 . 0 0 4 . 2 0 4 . 2 5 4 . 2 5 4 . 5 0 4 . 2 5 5 . 1 1 0 . 7 1 
JL24 4 . 1 0 4 . 2 5 5 . 2 5 6 . 0 0 5 . 2 5 5 . 1 0 6 . 0 2 1 . 0 7 
TAP5 4 . 2 5 4 . 0 0 4 . 4 0 5 . 2 0 4 . 3 5 4 . 0 0 4 . 5 7 0 . 5 0 

K a d 1 r 1 - 3 
TMV2NLM 

Com.Mut.M13 
M13 

Gr. Mean 
EI 

5 . 0 0 
12.00 
9.25 
6.50 
6.44 

-0.38 

5.50 
10.25 
9.75 
9.00 
6.71 

-o.n 

5.25 
9.75 
8.00 
8.75 
6.52 

-0 .30 

5.50 
9.00 
9.50 
9.75 
7.03 
0.21 

5.00 
7.50 
8.50 

10.00 
6.44 

-0.38 

6.00 
8.00 
9.75 

10.50 
6.80 

-0.02 

5.98 
8.21 
9.17 
8.69 

0.73 
1.43 
1.74 
1.31 
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Table 13 : Continued.. Number of secondaries 
ISH 

Var ie t ies 

MHZ 
JL24 
TAP 5 

K a d l r l -3 

TMV2NLM 

Coin.Mut.M13 

M13 

Gr. Mean 

EI 

V a r i e t i e s 

MH2 

JL24 

TAPS 

Kad1r1 -3 

TMV2NLM 

Com.Mut.M13 

M13 

Gr. Mean 

EI 

V a r i e t i e s 

MH2 

JL24 

TAPS 

K a d 1 r i - 3 

TMV2NLM 

Coin.Mut.M13 

M13 

Gr. Mean 

EI 

V a r i e t i e s 

MH2 

JL24 

TAPS 

K a d 1 r 1 - 3 

TMV2NLM 

Coni.Mut.M13 

M13 
Gr . Mean 

EI 

Env I 

N1-30 

0 . 0 0 

0 . 2 6 

0 . 8 0 

4 . 0 0 

10.70 

12.85 

9.50 
5.44 

-2.52 

Env I 

Nl -30 

0.00 

0.60 
0.00 

2.50 
14.00 

9.90 

12.50 

5.64 

2.31 

Env I 

Nl-30 

8.90 

10.40 
21.40 
13.90 
31.48 
33.80 

24.90 

20.61 

2.64 

Env I 
Nl-30 

10.00 

25.00 

29.50 

14.50 
33.50 
26.50 
39.50 
25.50 

2.25 

Env I I 
N2-30 

0.00 
0.60 
0.30 
5.90 

12.40 

11.80 

11.90 

6.13 

-1 .83 

Env I I 

N2-30 

0.30 
0.40 
0.20 

3.25 
10.25 

10.60 

8.50 

4.79 

-3.17 

Env I I 

N2-30 

9.10 

13.80 
16.20 

15.10 
14.30 
31.80 

23.70 

17.71 

-5.53 

Env I I 
N2-30 

6.20 

22.00 

28.00 

15.00 

36.00 
34.50 
45.00 
26.67 

3.42 

Khari f 

Env I I I 

N1-60 

0 .00 
1.10 
0 .10 
7.25 

13.60 

14.40 

14.80 

7.32 

-0 .63 

Khari f 

Env I I I 

N1-60 

0.30 

2 .10 
0.50 
3.00 

14.25 

9 .50 

11.00 

5.81 

-2 .15 

Kharif 

Env I I I 

Nl-60 

5.80 

19.30 
25.80 
23.40 
43.40 
34.10 

31.60 

26.20 

2.95 

Kharif 
Env I I I 

Nl-60 

15.00 

44.50 

33.00 

18.50 
32.50 
31.50 
42.50 
31.07 

7.82 

1988 

[ Env IV 
N2-60 

0 .00 
1.20 
0 .20 

7.60 

17.50 

12.40 
11.00 

7.13 

-0 .83 

1989 

Env IV 

N2-60 

0.10 

2.00 
0.70 
4 .00 

17.00 

7.00 
10.00 

5.83 

-2.13 

1988 

Env IV 

N2-60 

7.65 

22.00 
28.60 

17.13 
33.90 

39.70 

29.20 

25.45 

2.20 

1989 
Env IV 
N2-60 

3.00 

38.00 

41.00 
16.00 

36.00 
24.50 
42.50 

28.71 
5.47 

Env V 
Nl-90 

0.00 
0.80 
0.10 
8.20 

24.50 

22.10 

14.10 

9.97 

2.02 

Env V 

Nl-90 

0.10 

1.25 
1.00 

2.75 
13.00 

15.50 

10.00 

6.23 

-1.73 

Number 

Env V 

Nl-90 

14.40 

27.00 

22.90 
26.10 
32.90 
27.10 

55.40 

29.40 

6.15 

Env V 
Nl-90 

18.00 

37.50 

41.50 

20.00 
44.50 
35.00 
84.50 

40.14 

16.89 

Env VI 

N2-90 

0.00 
1.40 
1.20 

8.10 

21.40 

17.80 
19.80 

9.96 
2.00 

Env VI 

N2-90 

0.00 

0.50 
0.75 
2.50 

18.00 

14.00 

8.50 

6.32 

-1.63 

' of aeria ' 

Env VI 

N2-90 

9.60 

37.50 
44.00 
29.80 
20.80 
61.30 

26.10 

32.73 

9.48 

Env VI 

N2-90 

17.50 

37.50 

30.50 

23.00 

30.50 
34.00 
43.50 

30.93 
7.68 

Env I 

Nl-30 

1.60 
2.55 
0.30 

7.50 

17.00 

9.50 
23.85 

8.90 
0.95 

Mean 

0.60 

1.81 
0.87 
6.27 

16.70 

14.89 

14.54 

1 pegs 

Env I 

Nl-30 

3.90 

24.00 
11.00 
5.50 

10.50 
21.00 

14.90 

12.97 

-10.28 

Mean 

9.70 

26.89 

26.77 

15.86 
25.08 
27.21 
31.23 

Env I I 

N2-30 

1.10 
2.00 
2 .20 

7.30 

22.00 

17.25 
17.60 

9.92 
1.97 

Env. SD 

0.83 

1.55 
0.92 

2.97 
3.97 

5.06 

4.98 

Env I I 

N2-30 

8.50 

9.10 
16.00 
8.00 

10.00 

8.00 

13.00 

10.37 

-12.88 

Env. SD 

4.61 

10.04 

9.37 

6.84 
12.74 
13.22 
19.38 

Rabi 1988-89 

Env I I I 

Nl-60 

1.60 

3.00 
0.80 

13.00 

18.50 

20.50 

19.60 

11.00 
3.05 

Env IV 
N2-60 

2.50 
4.00 
1.70 

9.20 

18.50 

21.00 
22.65 

11.36 

3.41 

Rabi 1988-89 
Env I I I 

Nl-60 

7.20 

32.00 
13.50 
11.50 
10.50 
10.50 

10.80 

13.71 

-9 .53 

Env IV 

N2-60 

16.10 

32.50 
26.00 

6.50 
8.50 

15.00 

13.30 

16.84 

-6 .40 

Env V 

Nl-90 

1.40 
2.30 
3.70 

9.75 

20.50 

16.50 

19.50 

10.52 
2.57 

Env V 

Nl-90 

5.30 

24.50 
24.00 

7.00 
8.10 

11.00 

9.95 

12.84 
-10.41 

Env VI 
N2-90 

1.85 
6.50 
1.05 

7.00 

17.50 

25.50 

17.00 

10.91 

2.96 

Env VI 

N2-90 

8.50 

27.50 
29.00 
14.50 
14.00 

11.00 

11.70 

16.60 

-6.65 
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T a b l e 13 : C o n t i n u e d . . Number o f m a t u r e p o d s 

Var ie t ies 

MH2 

JL24 

TAPS 

Kad1r1-3 
TMV2NLM 

Com.Mut.M13 
M13 

Gr. Mean 

EI 

Var iet ies 

MH2 
JL24 

TAP5 
Kad1r1-3 

TMV2NLM 
Coin.Mut.M13 

M13 
Gr. Mean 

EI 

Var iet ies 

Env I 
N1-30 

9.00 
24.00 

22.50 

25.50 
19.30 
26.60 
19.50 
20.91 

-7 .32 

Env I 

Nl-30 

12.50 

18.00 

16.25 

22.30 

15.50 

26.00 
19.00 

18.51 
-9.72 

Env I 

H1-30 

Env I I 
N2-30 

10.40 

25.50 

23.00 

27.00 
21.65 
26.50 
21.00 

22.15 

-6 .08 

Env I I 

N2-30 

14.00 

22.90 

18.00 

25.70 

18.35 

27.00 

20.50 
20.92 
-7 .31 

Env I I 

N2-30 

Kharif 
Env I I I 
N1-60 

11.50 

31.50 

30.50 

36.15 
28.00 
31.50 
23.00 

27.45 

-0 .78 

Kharif 
Env i n 

Nl-60 

11.50 

21.65 

20.50 

22.50 

14.30 

23.50 
19.50 
19.06 
-9 .17 

Kharif 

Env I I I 

Nl-60 

1988 
Env IV 
N2-60 

14.20 
31.40 

31.50 

45.70 
31.75 
37.50 
25.75 

31.11 

2.88 

1989 
Env IV 

N2-60 

15.05 

24.00 
26.00 

33.50 

18.50 

28.50 
24.50 
24.29 
-3.94 

1988 

Env IV 

N2-60 

Env V 
N1-90 

10.00 

23.75 

32.00 

37.70 

25.90 
28.00 
20.35 

25.39 

-2.84 

Env V 

Nl-90 

13.60 

21.30 

18.50 

19.65 

14.50 

25.35 
17.50 

18.63 
-9 .60 

Env VI 
N2-90 

12.00 

29.50 

34.50 

39.00 
28.00 
33.90 
31.75 

29.81 

1.58 

Env VI 

N2-90 

16.00 

28.00 

23.50 

28.50 

17.00 

26.50 
19.50 

22.71 
-5 .52 

Mature pod we 

Env V 

Nl-90 

Env VI 

N2-90 

Env I 
Nl-30 

13.75 

29.50 

34.80 

41.50 
43.50 
40.65 
40.00 

34.81 

6.58 

Mean 

13.88 

2.8.22 

28.33 

34.85 

29.87 
33.09 

29.37 

Ight 

Env I 

Nl-30 

Env I I 
N2-30 

16.70 

32.25 

36.20 

44.00 
44.50 

41.15 
42.50 
36.76 

8.53 

Env. SD 

2.79 

6.28 

7.26 

9.56 

14.18 
7.73 

11.71 

Env I I 

N2-30 

Rabi 1988-89 

Env I I I 
Nl-60 

17.15 

30.00 

33.25 

44.50 
45.00 
43.50 
46.00 

37.06 
8.83 

Env IV 
N2-60 

17.00 

43.25 

38.00 

51.50 

57.50 
48.50 
49.90 

43.66 

15.43 

Rabi 1988-89 
Env I I I 

Nl-60 
Env IV 
N2-60 

Env V 

Nl-90 

17.50 

35.00 
34.00 

38.80 
39.85 

40.00 

38.85 
34.86 

6.63 

Env V 

Nl-90 

Env VI 
N2-90 

18.00 
36.50 

37.00 

43.80 
54,50 
41.00 

49.50 

40.04 

11.81 

Env VI 

N2-90 

MH2 5.00 6.25 6.60 10.05 5.65 7.20 9.10 13.05 13.30 13.65 13.70 14.50 
JL24 19.60 20.85 27.95 27.65 19.40 25.20 25.50 28.90 25.60 41.95 31.60 32.50 
TAP5 18.45 18.45 26.25 27.55 28.35 31.00 31.20 32.70 29.55 34.40 30.40 33.75 

Kad1r1-3 21.20 22.65 32.40 44.00 33.90 35.60 40.40 43.20 43.35 46.55 35.35 42.35 
TMV2NLM 15 .50 17 .40 2 3 . 6 0 28.20 21.45 23.50 42.85 43.20 43.75 47.40 37.35 46.85 

Com.Mut.M13 22.10 22.30 28.40 33.45 23.35 29.95 37.80 39.75 43.00 45.95 37.45 38.70 
M13 15.55 16.90 19.10 21.35 16.50 27.45 37.30 40.20 44.15 44.90 35.60 43.60 

Gr. Mean 16.77 17.83 23.50 27.46 21.23 25.70 32.03 34.43 34.67 39.26 31.64 36.04 
EI -7.67 -6.61 -0.94 3.02 -3.21 1.26 7.59 9.99 10.23 14.82 7.19 11.59 

Kharif 1989 
Varieties Env I Env II Env III Env IV Env V Env VI Mean Env. SO 

Nl-30 N2-30 Nl-60 N2-60 Nl-90 N2-90 ""' " ' ^ ^'^' RAL LlBRARv] 

MH2 7 . 8 5 9 . 5 5 7 . 2 5 10.80 9.35 12.20 9.74 3.08 ^ ^ ^ / ' ^ 
JL24 14.65 18.35 17.60 19.80 17.20 23.90 28.35 6.79 JZ 5̂  % ^ ' J 
TAPS 12 .80 14.45 16.40 21.25 14.75 18.85 24.48 7.43 

Kad1r1-3 17.90 20.95 18.20 29.55 15.85 24.80 31.57 10.42 
TMV2NLM 1 1 . 2 0 14 .60 9 . 5 0 14 .60 9 . 9 0 13 .85 2 5 . 8 2 1 3 . 9 2 

Com.Mut.M13 2 1 . 3 0 2 2 . 5 5 19 .20 2 4 . 1 0 2 0 . 9 5 22 .40 2 9 . 5 9 8 . 7 8 
M13 1 5 . 4 0 16 .55 15 .65 20 .15 14 .30 1 5 . 4 0 2 5 . 5 6 11 .78 ? ' 

Gr. Mean 14.44 16.71 14.83 20.04 14.61 18.77 - v l 
EI - 1 0 . 0 0 - 7 . 7 3 - 9 . 6 1 - 4 . 4 1 - 9 . 8 3 - 5 . 6 7 '̂  

J 

http://Com.Mut.M13
http://Coin.Mut.M13
http://Com.Mut.M13
http://Com.Mut.M13


Table 13 : 

Var ie t ies 

MH2 
JL24 

TAPS 

Kad1r1-3 

TMV2NLM 
Com.Mut.M13 

M13 
Gr. Mean 

EI 

Var ie t ies 

MHZ 
JLZ4 

TAPS 
Kad1r1-3 

TMV2NLM 

Coiii.Mut.M13 

M13 
Gr. Mean 

EI 

Var iet ies 

MH2 
JL24 

TAPS 
Kad1r1-3 

TMV2NLM 

Coni.Mut.M13 

H13 
Gr. Mean 

EI 

Var ie t ies 

Continued 

Env I 
Nl-30 

22.7S 
33.00 
38.SO 

36.75 

22.6S 

43.96 
17.00 
30.66 

-13.54 

Env I 

Nl-30 

15.50 
34.00 

34.50 
36.00 

12.00 

26.00 
19.00 

25.29 

-18.91 

Env I 

N1-30 

4.40 

13.30 
12.80 
13.80 

11.00 

14.20 

11.10 

11.51 
-3 .37 

Env I 

Nl-30 

•• 

Env I I 
N2-30 

38.85 
39.00 

44.50 

37.50 

31.00 
35.00 

23.50 

35.62 
-8 .58 

Env I I 

N2-30 

25.50 
40.50 
35.00 

37.00 

19.50 

27.00 

27.00 

30.21 
-13.99 

Env I I 

N2-30 

5.60 
13.80 
13.00 

14.30 

12.40 

14.50 

12.10 
12.24 

-2.64 

Env I I 

N2-30 

Kharif 
Env I I I 
Nl-60 

25.30 

60.50 
53.00 

43.00 

34.50 

43.25 
43.30 

43.26 
-0 .94 

Khari f 

Env I I I 

Nl-60 

21.00 

37.00 
29.00 

39.00 

22.50 

36.50 

18.00 

29.00 
-15.20 

Khari f 

Env I I I 

Nl-60 

6.40 

16.60 
16.10 
18.40 

14.70 

16.80 

12.40 

14.49 

-0 .39 

Kharif 
Env I I I 

Nl-60 

1988 
Env n 
N2-60 

23.10 
64.00 

61.50 

60.00 

37.00 

62.50 
26.50 
47.80 

3.60 

1989 

Env IV 

N2-60 

25.00 
46.50 
40.50 
47.00 

29.00 

50.50 

28.00 
38.07 

-6 .13 

1988 

Env IV 

N2-60 

7.70 

16.80 
16.20 

23.70 

16.80 

18.90 

13.90 
16.29 

1.41 

1989 
Env IV 

N2-60 

• 

Number of mature kernels 

f Env V 
Nl-90 

42.40 
48.00 

58.00 

72.25 

38.00 

64.80 
28.00 
50.21 
6.01 

Env V 

Nl-90 

26.50 

41.50 
35.00 
41.50 
24.00 

32.50 

27.50 

32.64 
-11.56 

Mature 

Env V 

Nl-90 

5.00 

13.10 
16.80 

19.20 

13.90 

15.00 

11.30 

13.47 
-1 .41 

Env V 

Nl-90 

Env VI 
N2-90 

59.50 

56.50 
69.50 

53.75 

38.00 

58.00 

39.50 
53.54 
9.33 

Env VI 

N2-90 

35.00 
42.50 
44.50 
44.50 

35.00 

52.00 

32.50 

40.86 
-3.34 

kernel we 

Env VI 

N2-90 

6.40 

15.80 
17.60 
20.05 

15.00 

17.50 

16.40 

15.54 
0.66 

Env VI 

N2-90 

Env I 
Nl-30 

31.25 
42.00 

44.50 

47.00 

57.50 

51.50 
70.50 

49.18 
4.98 

Mean 

30.01 

45.81 
48.72 
52.85 
39.65 

52.61 
39.76 

Ight 

Env I 

Nl-30 

7.50 
16.00 
17.70 

22.00 

22.90 

21.00 

20.50 
18.23 

3.35 

Mean 

Env 11 
N2-30 

30,50 

44.50 

49.00 

64.00 

65.00 

64.50 
77.00 

56.36 
12.16 

Env. SD 

9.90 

8.75 

12.68 
15.41 
17.54 

17.16 

20.19 

Env I I 

N2-30 

9.00 

16.90 
18.30 
23.20 

23.10 

21.70 

21.60 

19.11 
4.24 

Env. SD 

Rabi 1988-89 

Env I I I 
Nl-60 

27.00 
48.50 

44.50 

65.50 

59.00 

70.00 

58.00 
53.21 

9.01 

; Env IV Env V 
N2-60 

31.50 

54.50 

68.00 

69.00 

65.50 

82.50 

73.35 
63.48 
19.28 

Rabi 1988-89 

Env I I I 

Nl-60 

9.10 

16.10 
17.20 
23.10 

23.50 

23.00 

23.70 

19.39 
4 .51 

Env IV 

N2-60 

9.50 

22.60 
19.40 
24.90 

25.60 

24.50 

24.60 

21.S9 
6.71 

Nl-90 

24.50 

41.00 
64.00 

70.50 

61.00 

69.00 
42.50 

53.21 
9.01 

Env V 

Nl-90 

9.40 

18.00 
17.60 
20.00 

20.80 

20.80 

20.00 

18.09 
3.21 

\% 

Env VI 
N2-90 

35.00 

51.00 

63.50 

87.00 

62.50 

77.50 
64.50 
63.00 
18.80 

Env VI 

N2-90 

10.00 

18.50 
18.80 
23.00 

25.10 

21.00 

24.00 

20.06 

5.18 

MH2 6.60 7.50 6.50 8.00 7.10 8.50 7.46 1.60 

JL24 10.20 12.80 12.30 13.30 12.30 14.80 15.18 2.91 

TAPS 

Kad1r1-3 
TMV2NLM 

Coni.Mut.M13 

M13 

Gr. Mean 

EI 

8.90 
12.70 
8.10 

13.90 

10.90 

10.19 

-4 .69 

9.90 

13.80 
9.80 

14.30 

11.60 

11.39 

-3 .49 

11.90 
12.80 
7.30 

13.30 

11.30 

10.77 

-4 .11 

13.90 
17.30 
9.90 

14.90 

13.60 

12.99 

-1 .89 

10.00 
11.40 
7.40 

13.70 

9.80 

10.24 

-4.64 

12.90 
15.30 
9.40 

14.20 

10.80 

12.27 

-2 .61 

14.94 
18.28 
15.37 
17.40 

15.53 

3.33 
4.46 
6.52 
3.71 

5.31 
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lb/ 
Table 13 : Continued.. Total dry matter at harvest 

Var iet ies 

MHZ 

JL24 

TAP 5 

Kad1r1-3 
TMV2NLM 

Com.Mut.Mia 
M13 

Gr. Mean 

EI 

Var iet ies 

MHZ 
JLZ4 

TAPS 

Kad1r1-3 

TMVZNLM 
Com.Mut.M13 

M13 
Gr. Mean 

EI 

Var iet ies 

MHZ 
JLZ4 

TAPS 

Kad1r1-3 

TMVZNLM 

Coni.Mut.M13 

M13 
Gr. Mean 

EI 

Var iet ies 

MHZ 
JL24 
TAPS 

Kad1r1-3 
TMVZNLM 

Coni.Mut.M13 

M13 
Gr. Mean 

EI 

Env I 
Nl-30 

Z1.94 

Z8.40 

37.01 

28.93 
4Z.97 
ez.9Z 
44.83 
38.14 

-1.06 

Env I 

Nl-30 

18.30 

18.82 

Z0.03 

16.34 

ZZ.2Z 

Z7.06 
Z7.01 
21.39 

-17.81 

Env I 

Nl-30 

23.S3 

30.61 
30.29 

36.88 

37.6S 

33.74 
4S.44 

34.02 
-6.06 

Env I 

Nl-30 

19.91 
28.18 
31.S6 

34.S8 

32.76 

34.16 

47.34 

32.64 
-7.44 

Env I I 
NZ-30 

16.15 

31.Z6 

41.Z3 

35.63 
41.39 
54.55 

60.81 
40.15 

0.94 

Env I I 

NZ-30 

18.08 
19.00 

17.85 

19.45 

ZZ.86 

31.9Z 
Z6.03 
22.17 

-17.03 

Env I I 

N2-30 

28.70 

31.15 

36.75 

40.00 

38.40 

43.SZ 

46.45 

37.85 
-Z.Z3 

Env I I 

NZ-30 

Z1.18 

30.43 
36.77 
36.35 

33.86 

36.53 

47.36 

34.64 
-5.44 

Kharif 
Env I I ] 

Nl-60 

16.39 
44.64 

45.79 
Z9.17 

45.34 
45.44 

56.19 
40.4Z 

1.22 

Kharif 
Env I I I 

Nl-60 

17.45 
22.31 

21.37 

25.57 

Z6.97 

Z6.84 

Z9.68 
Z4.31 

-14.89 

Kharif 

Env I I I 

Nl-60 

Z4.70 
3Z.90 

30.99 

32.17 

30.89 

33.20 

43.23 

32.58 
-7 .50 

Kharif 

Env I I I 

Nl-60 

23.79 
30.59 
32.11 
33.69 

30.97 

37.07 

45.10 
33.33 

-6 .75 

1988 
I Env IV 

N2-60 

20.90 

45.67 

53.93 

32.90 
45.17 

64.69 
47.14 
44.34 

5.14 

1989 
Env IV 
NZ-60 

23.98 
ZZ. 20 

28.83 

Z3.Z0 

Z5.98 

38.49 
39.79 
Z8.9Z 

-10.Z8 

1988 

Env IV 
NZ-60 

Z8.74 

35.Z6 
3Z.67 

41.40 

34.96 

43.91 
45.38 

37.48 

-Z.61 

1989 
Env IV 

N2-60 

25.07 
34.73 
38.55 

37.88 

35.12 
39.53 
48.24 

37.02 
-3 .06 

Env V 
Nl-90 

19.95 

48.00 

46.28 

46.08 
51.71 
80.29 
41.89 
47.74 

8.54 

Env V 
N1-90 

8.96 
24.63 

33.57 

28.61 

26.19 
45.37 

36.38 
29.10 

-10.10 

Env VI 
N2-90 

18.59 

52.42 

54.93 

37.89 

55.8Z 
74.03 
74.61 
5Z.61 

13.41 

Env VI 

NZ-90 

30.18 
29.21 

36.51 

Z6.35 

Z6.03 
45.19 
39.07 

33.Zl 
-5.99 

100 kernel weight 

Env V 

Nl-90 

20.73 
31.12 
27.92 

40.25 

31.17 

35.72 

39.77 

32.38 
-7 .70 

Env V 

Nl-90 

19.03 

32.55 
27.46 
35.06 

35.04 

35.77 

49.00 

33.42 

-6.66 

Env VI 

NZ-90 

Z6.50 
36.49 

30.4Z 
40.69 

39.17 

4Z.9Z 

S3.3Z 

38.50 
-1 .58 

Env VI 

N2-90 

20.73 

36.51 
34.33 

36.4Z 

37.88 

4Z.39 
49.41 

36.81 
-3.Z7 

Env I 
Nl-30 

1Z.95 

47.56 

Z9.71 

35.95 

43.90 
65.83 
59.78 
4Z.Z4 

3.04 

Mean 

18.Z5 

38.79 

37.49 

3Z.73 

40.73 

54.87 
51.54 

Env I 
Nl-30 

37.58 
43.63 
46.65 

53.65 

49. Z8 

50.75 

54.91 
48.06 

7.98 

Mean 

Z7.83 
36.46 
38. Z7 
43.24 
40.64 

42.17 

51.96 

Env I I 
NZ-30 

15.45 

50.83 

Z8.87 

35.03 
51.05 

55.06 
63.60 
4Z.84 

3.64 

Env. SD 

4.64 
14.57 

1Z.68 

8.95 

1Z.14 

16.47 
16.66 

Env I I 

NZ-30 

39.95 

45.33 
51.Z3 

55.15 

5Z.41 

53.11 

47.81 
49. Z8 

9.Z0 

Env. SD 

6.88 
6.14 
8.93 

9.31 

8.87 

6.86 

9.87 

Rabi 1988-89 

Env i n 

Nl-60 

15.19 
45.81 

Z6.20 

51.10 

47.80 
64.71 

69.89 
45.81 

6.61 

1 

[ Env IV 
N2-60 

16.77 

51.89 

51.69 

38.74 

48.59 
70.82 
73.91 
50.34 
11.14 

Rabi 1988-89 
Env I I I 

Nl-60 

34.02 

42.49 
46.92 

54.03 

51.19 

45.98 
72.49 

49.59 
9.51 

Env IV 

N2-60 

34.49 
46.48 

53.09 

54.30 

54.73 

52.92 

72.92 
52.70 
12.62 

Env V 
Nl-90 

15.05 

45.57 

41.91 

40.82 

54.85 

71.32 
73.10 
48.94 

9.74 

Env V 

Nl-90 

35.18 
43.31 

50.04 

56.57 

54.86 

46.16 

59.00 
49.30 
9.22 

Env VI 
N2-90 

22.31 

69.91 

59.36 

37.43 

54.41 
63.19 
63.99 
52.93 

13.73 

Env VI 
N2-90 

37.09 

44.53 
51.06 

59.28 

51.10 

51.72 
68.04 

51.83 
11.75 
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Table 13 : 

Var ie t ies 

MHZ 

JL24 

TAPS 

Kad1r1-3 

TMV2NLM 

Com.Mut.Mia 
M13 

Gr. Mean 
EI 

Var iet ies 

MHZ 
JL24 
TAPS 

Kad1r1-3 

TMVZNLM 

Coni.Mut.M13 

M13 
Gr. Mean 

EI 

Var iet ies 

Continued 

Env I 
N1-30 

45.50 
4Z.40 

49.15 

45.15 

44.30 
45.15 

43.ZS 
44.99 

-1.78 

Env I 

N1-30 

45.10 
4Z.10 

50.10 
44.60 

43.30 

44.50 

43.70 

44.77 
-1.99 

Env I 

N1-30 

•• 

Env I I 

NZ-30 

45.85 

44.60 
47.80 

45.80 

43.95 
45.35 

4Z.50 

45.1Z 
-1.64 

Env I I 

NZ-30 

45.65 
43.60 
47.80 
45.65 

38.65 

44.ZS 

41.90 

43.93 
-Z.83 

Env I I 

N2-30 

Kharif 

Env I I I 
N1-60 

47.45 

45.45 
49.75 

47.00 

4Z.80 

47.60 
43.65 
46 . Z4 

-0.5Z 

Kharif 

Env I I I 

N1-60 

48.15 
44.45 
50.10 
46.50 

4Z.60 

48.10 

4Z.85 

46.11 
-0.66 

Kharif 

Env I I I 

N1-60 

1988 

: Env IV 
NZ-eo 

47.80 

47.35 

50.ZS 

45.70 

44.05 
43.55 

43.95 

46.09 
-0 .67 

1989 

Env IV 

N2-60 

47.55 
47.05 
49.35 
44.50 

43.60 

41.95 

43.40 

45.34 
-1.4Z 

1988 

Env IV 

NZ-60 

O i l 

Env V 
N1-90 

46.60 
45.65 

49.50 

47.05 

44.80 
46.55 
46.10 

46.61 
-0 .16 

Env V 

N1-90 

45.60 
4S.15 
49.65 

46.90 

44.65 

46.65 

46.10 

46.39 

-0 .38 

per cent 

Env VI 
NZ-90 

48.45 

47.70 

50.00 

48.45 
45.85 

48.45 
44.70 
47.66 

0.89 

Env VI 

NZ-90 

44.70 
47.70 
50.50 

47.95 

43.00 

48.ZS 

44.30 

46.56 
-O.ZO 

Env I 
Nl-30 

47.ZS 

47.60 

49.50 

47.35 

50.30 

50.90 

48.05 
48.71 

1.94 

Mean 

46.96 
45.84 
49.36 

46. 9Z 
45.56 

47.Z6 

45.44 

Shell ing per cent 

Env V 

Nl-90 

Env VI 

NZ-90 

Env I 

Nl-30 

Env I I 
NZ-30 

48.25 

46.50 

49.40 

48.95 

50.05 
50.95 

46.65 

48.68 
1.9Z 

Env. SD 

1.Z4 
1.8Z 
0.78 

1.4Z 

3.38 

Z.7Z 

Z.61 

Env I I 

NZ-30 

Rabi 1988-89 

Env I I I 
N1-60 

48.30 

46.65 
47.90 

48.00 

49.55 

50.80 
50.50 

48.81 
Z.05 

Env IV 
NZ-60 

48.ZO 

46.95 

49. ZO 

48.00 

49.15 

50.45 

49.36 
48.76 

1.99 

Rabi 1988-89 

Env I I I 

N1-60 

Env IV 

NZ-60 

Env V 
Nl-90 

47.15 

46.15 

49.10 

48.ZS 

49.90 

49.60 

48.85 
48.43 

1.67 

Env V 

Nl-90 

Env VI 
NZ-90 

47.70 

48.05 

49.80 

48.80 

49.55 
47.70 

48.15 
48.54 

1.77 

Env VI 

NZ-90 

MHZ 8 9 . 6 7 9 3 . 0 1 8 1 . 1 9 9 4 . 3 3 9 0 . 1 0 9 3 . 4 8 7 0 . 1 8 8 5 . 3 5 7 0 . 3 1 7 1 . 8 9 7 0 . Z 4 7 0 . 9 3 
JLZ4 6 9 . e Z 7 3 . 6 1 6 Z . 1 0 6 Z . e S 6 4 . Z 8 6 9 . 8 6 6 1 . 4 1 6 5 . 1 7 5 4 . 9 0 6 8 . 0 6 5 8 . 0 6 5 9 . 4 0 
TAPS 7 3 . 7 6 7 4 . 4 6 6 5 . 3 1 6 6 . 8 5 6 0 . 0 6 6 6 . 1 4 5 6 . 3 5 6 2 . 2 6 5 9 . 5 8 5 7 . 9 6 5 6 . 7 8 5 9 . 8 3 

K a d 1 r 1 - 3 
TMV2NLM 

Coni.Mut.M13 
M13 

Gr. Mean 
EI 

V a r i e t i e s 

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

6 . 1 7 

Env I 
N l - 3 0 

66.47 
77.42 
77.45 
76.27 
76.96 

9.27 

Env II 
N2-30 

54.59 
62.24 
64.61 
69.16 
65.60 
-2.09 

Kharif 
Env III 
N1-60 

60.06 
66.48 
67.49 
69.55 
69.63 

1.95 

1989 
Env IV 
N2-60 

57.29 
66.66 
66.10 
62.81 
66.76 
-0.92 

Env V 
Nl-90 

59.47 
67.08 
70.20 
71.22 
71.06 

3.38 

Env VI 
N2-90 

55.01 
54.68 
63.61 
54.56 
59.40 
-8.Z8 

Mean 

55.17 
55.87 
66.41 
56.00 
63.75 
-3.93 

Env. SD 

54.05 
54.48 
64.60 
55.40 
59.04 
-8 .64 

54. Z8 
56.11 
68.67 
55.87 
61.83 
-5.85 

55.40 
54.47 
63.38 
55.99 
59.19 
-8.50 

58.14 
57.38 
66.1Z 
58.75 
61.51 
-6.18 

MHZ 80 .40 84 .96 75 .81 8 7 . 6 4 70 .41 78.Z8 8 1 .0 1 9 .05 
JLZ4 71.ZS 7Z.18 6 9 . 1 6 7Z.60 6 5 . 6 9 7Z.9Z 66 .27 5 .62 
TAPS 71 .25 7 1 . 2 5 6 7 . 9 3 7 5 . 3 6 70 .89 72.14 66 .00 6 .47 

Kad1r1-3 
TMV2NLM 

Coni.Mut.M13 
M13 

Gr. Mean 
EI 

6 6 . 8 9 
6 9 . 7 3 
64.86 
70.99 
70.77 

3.08 

71.24 
74.18 
66.69 
72.00 
73.Zl 

5.53 

59.24 
71.80 
62.67 
69.14 
67.96 

0.Z8 

71.26 
80.56 
70.74 
73.56 
75.96 
8.28 

62.43 
70.64 
65.36 
70.40 
67.96 

0.28 

74.10 
78.43 
69.27 
71.84 
73.85 
6.17 

61.07 
66.23 
67.12 
66.07 

6.52 
9.01 
3.55 
7.83 
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Table 13 : Continued, 

Var ie t ies 

HH2 

JL24 
TAPS 

Kad1r1-3 
TMV2NLM 

Coiti.Mut.M13 
M13 

Gr. Mean 
EI 

Var ie t ies 

MH2 
JL24 

TAPS 

Kad1r1-3 
TMV2NLM 

Coin.Mut.M13 

M13 

Gr. Mean 

EI 

Env I 

N1-30 

22.28 

33. S8 
26.93 
32.71 

24.81 

23.52 

23.81 
26.80 

-4 .57 

Env I 

N1-30 

26.90 

36.46 

31.S4 
41.92 
27.17 

31.40 

29.08 

32.07 

0.70 

• • 

Env I I 

N2-30 

31.28 

35.73 
34.74 
39.01 

28.24 

30.05 

17.49 

30.93 
-0 .43 

Env I I 

N2-30 

30.44 

40.77 

36.57 
43.89 

30.86 
34.86 

31.30 

35.53 

4.16 

Khari f 
Env I I I 

Ni-eo 

28.10 

28.14 
27.25 

39.41 
31.21 

36.10 

18.98 

29.88 
-1 .49 

ICharlf 
Env I I I 
N1-60 

25.13 
36.33 

33.37 

33.84 
22.24 

28.19 

25.91 

29.28 

-2 .08 

1988 
Env IV 

N2-60 

37.40 

36.84 
34.83 

42.31 
36.49 

41.67 

23.64 

36.17 
4.80 

1989 
Env IV 
N2-60 

27.39 
38.01 

36.65 
43.03 

28.73 
33.99 

28.12 

33.70 

2.33 

Hai 

Env V 

Nl-90 

20.75 
21.88 
28.99 

30.46 
27.77 

18.06 

18.71 

23.80 
-7 .57 

Env V 

Nl-90 

22.16 

33.78 
24.07 

39. n 
22.93 

24.10 

21.62 

25.40 

-5 .97 

rvest Ind« 

Env VI 

N2-90 

35.89 

28.61 
35.54 

34.98 
27.92 

34.73 
21.74 

21.35 

-0.02 

Env VI 

N2-90 

44.86 
34.99 

26.69 
36.83 
27.75 

24.42 

22.17 

31.10 

-0.26 

!X 

Env I 

Nl-30 

37.11 
25.94 

37.56 
38.19 
37.20 

31.39 

25.58 

23.28 
1.92 

Mean 

31.80 
31.45 

32.02 

37.17 
31.34 

31.59 

24.20 

Env I I 

N2-30 

37.26 
26.24 

39.52 
40.47 
38.80 

35.31 

25.89 

34.78 

3.42 

Env. SD 

6.87 
5.64 

5.18 
4.52 
6.48 

5.92 
3.74 

Rabi 1988-89 

Env I I I 

N1-60 

36.86 
27.55 

27.82 
31.50 

42.91 

36.10 

25.78 

32.65 

1.28 

Env IV 

N2-60 

37.94 

30.70 

40.26 
39.38 
45.37 

36.70 

25.90 

36.61 
5.24 

Env V 

Nl-90 

31.52 
21.34 
24.42 

33.50 

31.81 

32.53 

32.25 

28.20 

-3.17 

Env VI 

N2-90 

39.13 

29.17 

29.67 
38.51 

31.92 

35.59 
27.69 

33.10 

1.73 

^ 

http://Coiti.Mut.M13
http://Coin.Mut.M13


Table 14 : Stability parameters for 19 characters In seven varieties over 18 environments 

(stabil i ty analysis). 

Var iet ies 

MH2 
JL24 

TAP5 
Kad1r1-3 
TMVZNLM 

Compact Mutant of 

M13 

Grand mean 

Var iet ies 

Days to I n l t l 

Mean 

33.17 

33.42 
30.11 
36.61 
37.00 

Ml3 37.53 

37.78 

35.09 

f lowering 

b1 

0.993 
0.941 * 
0.800 * * 
1.071 * 

1.075 * * 

1.088 * * 

1.032 

Days to peg 

In 

Mean 

I t l a t l o n 

b1 

al 

S^d 

0.479 

0.694 

1.128 
0.129 

-0 .389 

0.185 

1.651 

S^d 

** 
** 
** 

** 

Days to 50% 
flowering 

Mean 

36.94 

37.42 
34.42 
42.31 

42.25 

42.64 

43.36 

39.90 

b1 

1.034 * 

0.957 * * 

0.971 
1.005 
1.009 

1.032 * 

0.992 

Canopy diameter 

Mean 

(cm) 

b1 

S ^ 

-0.160 

0.275 * 
-0.045 
-0 .250 

-0.185 
0.026 

-0.085 

2 
S d 

Days to 100% 
flowering 

Mean 

39.67 

39.64 

37.06 
44.89 
44.64 

45.75 

46.22 

42.55 

Canopy 

Mean 

b1 

0.980 

0.923 * * 
0.971 
1.011 
0.985 

1.090 * * 

1.040 * 

S^d 

0.209 * 

0.209 * 
0.244 * * 

0.012 
-0.125 

-0.019 

0.381 * * 

circumference 
(cm) 

b1 S^d 

NH2 

JL24 

TAP 5 

Kad1r1-3 

TMV2NLM 

40.00 
41.25 
38.14 
43.53 
43.78 

Compact Mutant of M13 45.14 

M13 45.69 

0.874 * * 
1.038 
0.973 

0.946 ** 

1.040 

1.097 * * 

1.032 

-0.042 
0.186 * 
0.683 * * 
0.329 * * 

-0.027 
0.765 * * 
1.037 »* 

30.26 

59.46 

71.25 

69.82 

72.35 

69.42 

71.48 

1.038 -0.127 60.45 
0.343 * * 11.255 * * 159.13 

0.948 

1.691 * * 

1.060 

1.183 

0.738 

0.196 200.49 

3.052 * * 184.73 

-0.198 191.68 

0.337 180.65 

-0.141 198.36 

0.329 * * 66.072 ** 

0.574 * * 475.291 ** 

1.755 * * 89.314 ** 

1.129 82.496 * * 

0.915 6.225 * 

0.977 35.035 ** 

1.321 * * 153.130 ** 

Grand mean 42.50 63.43 167.93 

Var iet ies 

MN2 
JL24 

TAP 5 

Kad1r1-3 
TMV2NLM 

Compact Mutant of 

M13 

Grand mean 

Plant he' 

Mean 

7.68 
35.16 
56.42 

28.16 

30.58 

M13 32.96 

,28.60 

31.37 

(cm) 

b1 

0.379 
1.174 

2.579 

0.591 

0.634 

0.833 

0.810 

Ight 

** 

** 
** 
* 

S^d 

0.930 

2.906 
33.535 

3.091 
9.714 

8.991 

5.901 

** 
• * 

• * 

** 
** 
** 

Number of primaries 

Mean 

5.11 
6.02 

4.57 

5.98 

8.21 
9.17 

8.69 

6.82 

b1 

0.566 
1.283 

0.518 

0.851 
0.229 

2.670 

0.882 

S^d 

0.138 

0.434 
-0.109 

0.055 

1.849 

* * 0.754 

1.286 

* 
** 

** 
** 
** 

Number 

Mean 

0.60 
1.81 

0.87 

6.27 

16.70 

14.89 

14.54 

7.95 

of seconda 

b1 

0.268 
0.456 

0.212 
1.104 
1.327 

1.782 

1.851 

** 
** 
** 

** 
** 

r les 

S^d 

-0.922 
0.137 

-0.602 

1.275 
5.590 

8.080 

5.841 

** 
** 
** 
** 



Table 14: Continued. 

Varieties 

Number of aer' 

Mean 

9.70 

26.89 

26.77 

15.86 

25.08 

27.21 

b1 

0.272 
0.688 

0.905 
0.657 

1.270 

1.163 

** 

l a l pegs 

S^d 

-19.941 

34.846 

-4.480 

-19.312 

15.850 

48.443 

** 

* 
** 

Number 

Mean 

13.88 

28.22 

28.33 

34.85 

29.87 

33.09 

of mature 

b1 

0.238 * * 

0.716 * * 

0.839 * 

1.122 

1.738 * * 
0.944 

pods 

S^d 

0.257 

2.688 

3.754 

6.887 

2.635 

-1 .690 

** 
** 
** 
** 

Mature pod 

(g) 

Mean 

9.74 

24.35 

24.48 

31.57 

25.82 
29.59 

b1 

0.259 
0.720 

0.826 

1.174 

1.637 

1.033 

weight 

S^d 

* * 2.367 * * 

* * 7.607 * * 

* 5.132 * * 

* 9.980 * * 

* * 3.637 * * 
-0.321 

MH2 
JL24 
TAP5 

Kad1r1-3 
TMV2NLM 

Compact Mutant of M13 27 .21 
M13 31 .23 2.046 * * 51.530 * * 29.37 1.403 * * 6.914 * * 25.56 1.351 * * 8.783 * * 

Grand mean 23.25 28.23 24.44 

V a r i e t i e s 

MH2 
JL24 

TAP 5 

Kad1r1 -3 

TMV2NLM 

Compact Mutant of M13 

Number 

Mean 

3 0 . 0 1 

4 5 . 8 1 

4 8 . 7 2 

5 2 . 8 5 

3 9 . 6 5 

5 2 . 6 1 

o f mature 

b1 

0 . 3 8 8 * * 

0.453 * * 

0.901 

1.152 
1.360 * 

1.354 * 

kernels 

S^d 

73.078 

41.940 

39.668 

43.251 

38.473 
27.288 

** 
** 
** 
* • 

** 
** 

Mature 

Mean 

7.46 

15.18 
14.94 

18.26 

15.37 
17.40 

kernel 

(9) 

b1 

0.302 

0.702 

0.815 

1.130 

1.716 
0.974 

1 we 

** 
** 
* 

** 

l ight 

S^d 

0.774 

1.079 

1.309 

1.565 

0.850 

-0.087 

** 
** 
** 
** 
** 

to ta l dry matter 

harvest 

Mean 

18.25 

38.79 

37.49 

32.73 
40.74 

54.87 

(g) 

b1 

-0.020 

1.298 
0.983 

0.732 
1.124 

1.466 

** 
** 

** 

at 

S^d 

14.453 * * 

24.523 * * 

51.974 * * 

15.483 * * 

3.905 * 

34.282 * * 
M13 39.76 1.392 * 131.411 * * 15.53 1.361 * * 1.820 * • 51.54 1.417 * * 57.168 ** 

Grand mean 44.20 14.88 39.20 

100 kernel weight 011 per cent Shelling per cent 

Varieties (g) 

Mean b1 Ŝ d Mean b1 S d Mean b1 Ŝ d 

MH2 27.83 0.838 0.634 46.96 0.497 * * -0.729 81.01 1.098 36.119 * * 

JL24 36.46 0.777 * * -3.578 45.84 0.801 0.057 66.27 0.826 1.654 

TAPS 38.27 1.130 0.661 49.36 0.053 • * -1 .055 66.00 1.028 -1.397 

Kad1r1-3 43.24 1.187 -1.093 46.92 0.768 -1.164 61.07 0.939 5.861 * * 
TMV2NLM 40.64 1.139 -2.628 45.56 1.947 * * 0.092 66.23 1.456 ** 0.859 
Compact Mutant of M13 42.17 0.839 0.194 47.26 1.466 0.331 67.12 0.412 * * 0.490 
M13 51.96 1.089 24.112 * * 45.44 1.469 -0 .315 66.07 1.246 0.848 

Grand mean 40.08 46.76 67.68 
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Table 14: Continued. 

Var ie t ies 

MH2 
JL24 

TAPS 
Kad1r1-3 
TMV2NLM 

Compact Mutant o 

M13 

Grand mean 

Mean 

31.80 
31.45 
32.02 

37.17 
31.34 

f M13 31.59 
24.20 

31.37 

Harvest 

b1 

1.290 

0.514 

1.046 
0.996 

1.189 

1.351 

0.613 

Index 

S^d 

23.151 * * 
26.307 ** 

9.432 * * 
4.044 * * 

21.134 * * 

7.866 • * 

5.896 * * 

Note : * Significant at 5« level 
** Significant at It level 
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M13. None of the genotypes recorded unit regressions and non­

significant deviations from regression Indicating their Instabi­

lity for this character. 

4.3.2 Days to 50 Per cent Flowering 

Analysis of variance Indicated that variances due to 

genotypes, environment (linear) and genotype x environment 

(linear) were significant (Table 12). It Indicates that the 

genotypes differed among themselves In average performance over 

all environments. In all the genotypes considerable stability 

was observed with regard to this character when individual 

variances were tested against pooled error. 

Based on environmental index, the differences among the 

micro-environments were not much in season 1 (Table 13). Except 

the micro-environment IV (N--60) all other micro-environments 

were found to be favourable for this trait in season 2. In 

season 3 the best micro-environment was VI (N_-90) with low 

environmental index. The variety JL24 appeared to be the stable 

genotype with environmental standard deviation of 10.36. The 

maximum deviation of 11.19 was observed in MH2 for this trait. 

The genotypes TAPS (34.42), MH2 (36.94) and JL24 (37.42) 

exhibited low mean values with environmental standard deviations 

of 10.50, 11.19 and 10.36 respectively. High mean values for 

days to 50 per cent flowering were recorded In M13 (43.36), 

Compact Mutant of M13 (42.63), Kadlrl-3 (42.31) and TMV2NLM 

(42.25) with standard deviations of 10.73, 11.17, 10.86 and 10.91 

respectively. 
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Days to 50% flowering recorded a general mean of 39.90 

and the mean of Individual genotypes ranged from 34.42 (TAPS) to 

43.36 (M13) (Table 14). The regression coefficients were in the 

range of 0.957 to 1.034. The deviations from regression ranged 

from -0.250 to 0.275. The genotypes viz., TAP5, M13, TMV2NLM and 

Kadiri-3 were considered to be stable based on their unit regres­

sion coefficients and non-significant deviations from regression. 

4.3.3 Days to 100 Per cent Flowering 

The analysis of variance (Table 12) revealed that the 

variances due to genotypes, environment (linear) and genotype x 

environment (linear) were significant. It indicates that the 

genotypes differed among themselves in average performance for 

this trait over all the environments. When variances of 

individual genotypes were tested against pooled error, it was 

found that all the genotypes except Ml3 recorded non-significant 

variances. Most of the genotypes were stable for this character. 

The environmental index (Table 13) revealed that except 

the micro-environment II (N2-3O) all other recorded low and 

almost same values in season 1. Not much difference was observed 

in season 2 among the six micro-environments. In season 3, all 

the micro-environments except the micro-environment 1 (N -30) 

were found to be favourable. The genotype JL24 was found to be 

stable with least standard deviation of 10.58, whereas maximum 

variation was observed in Compact Mutant of M13 (12.47). The 

lowest number of days to 100 per cent flowering was found in TAPS 
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(37.06) with environmental standard deviation of 11.13. The 

genotype JL24 (39.64) and MHZ (39.67) showed low mean values with 

standard deviations of 10.58 and 11.23 respectively. High mean 

values were recorded in M13 (46.22), Compact Mutant of M13 

(47.75), Kadiri-3 (44.89) and TMV2NLM (44.64) with standard 

deviations of 11.92, 12.47, 11.58 and 11.27 respectively. 

The mean number of days to 100 per cent flowering ranged 

from 37.06 (TAP5) to 46.22 (Ml3) with a general mean of 42.55 

(Table 14). The regression on environmental index was in the 

range of 0.923 to 1.090. The deviations from regression ranged 

from -0.125 to 0.381. The genotypes TMV2NLM and Kadlrl-3 were 

found to be stable for the expression of this character as was 

evidenced by their unit regression coefficients and non-signifi­

cant deviations from regression. 

4.3.4 Days to Peg Initiation 

A perusal of the analysis of variance (Table 12) 

revealed that variances due to genotypes, environment (linear) 

and genotype x environment (linear) were significant, when tested 

against pooled deviation- The genotypes MH2, JL24, TMV2NLM and 

Kadiri-3 were found to be stable for this trait as was evidenced 

by the non-significance of variances when tested against pooled 

error. 

Based on environmental index (Table 13), the micro 

environment II (N_-30) was found to be favourable in season 1. 

In season 2, the favourable micro-environments were H I (N -60) 
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followed by V (N.-90) and VI (N -90). The micro-environment I 

(N -30) followed by V (N -90) and VI (N2-9O) were favourable for 

this trait in season 3. MH2 was found to be stable genotype with 

an environmental standard deviation of 9.55. Maximum deviation 

was seen in Compact Mutant of M13 (12.02). TAP5 exhibited lowest 

mean value (38.14) with an environmental standard deviation of 

10.67. The highest mean value was recorded in M13 (45.69) 

followed by Compact Mutant of M13 (45.14) TMV2NLM (43.78), 

Kadiri-3 (43.53), JL24 (41.25) and MH2 (40.00) with environmental 

standard deviations of 11.32, 12.02, 11.36, 10.35, 11.35 and 9.55 

respectively. 

Days to peg initiation recorded (Table 14) a general 

mean of 42.50 and the mean of individual genotypes ranged from 

38.14 (TAP5) to 45.69 (M13). The regression of days to peg 

initiation on environmental index was in a range of 0.874 to 

1.097. Whereas deviations from regression ranged from -0.042 to 

1.037. The only genotype TMV2NLM recorded unit regression 

coefficient and non-significant deviation from regression and as 

such can be considered stable for this character. 

4.3.5 Canopy Diaaeter 

Analysis of variance (Table 12) indicated that variances 

due to genotypes, environment (linear) and genotype x environment 

(linear) were significant when tested against pooled deviation. 

Considerable stability was observed in most of the genotypes for 

the expression of this trait over environments as was evidenced 
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by their non-significant variances when tested against pooled 

error. Except JL24, all the genotypes were found to be stable. 

The environmental index revealed that the most 

favourable micro-environment for the expression of this character 

was VI (N_-90) followed by IV (N--60) in season 1. In season 2, 

the micro-environment IV (N--60) was found to be the best. The 

micro-environment IV (N„-60) was the best for this trait in 

season 3. Among the three seasons, best expression of this trait 

was observed in the micro-environment IV (N--60) in season 3 with 

an environmental index of 2.71. The most stable genotype for 

canopy diameter was found to be M13 with least environmental 

standard deviation of 1.73. Maximum deviation was observed in 

Kadiri-3 (3.89) followed by JL24 (3.47) with mean values of 69.82 

cm and 59.46 cm respectively. TMV2NLM exhibited high mean value 

(72.35 cm) for canopy diameter followed by M13 (71.48 cm), TAP5 

(71.25 cm), Kadiri-3 (69.82 cm) and Compact Mutant of M13 (69.42 

cm) with standard deviations of 2.28, 1.73, 2.17, 3.89 and 2.61. 

The genotype MH2 showed the lowest mean value over environments 

with standard deviation of 2.26. By considering the environ­

mental standard deviations alone it could be observed that the 

genotypes such as M13, TAP5, MH2, TMV2NIH and Compact Mutant of 

M13 were stable for this trait. 

The mean canopy diameter of individual genotypes ranged 

from 30.26 cm (MH2) to 72.35 cm (TMV2NLM) with a general mean of 

63.43 cm (Table 14). The range of regression coefficients was 

from 0.343 to 1.691, whereas, the deviations from regression 
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were in a range of -0.198 to 11.255. It was found that the 

genotypes M13, TAPS, MH2, TMV2NLM and Compact Mutant of M13 

exhibited unit regression coefficients and non-significant devia­

tions from regressions indicating their stability for canopy 

diameter. 

4.3.6 Canopy Clrcuaference 

From the analysis of variance (Table 12) it was found 

that the variances due to genotypes, environment (linear) and 

genotype x environment (linear) were significant. All the geno­

types were found to be unstable for this trait because of their 

significant differences over environments when tested against 

pooled error. 

Based on environmental index (Table 13) it was found 

that the micro environment VI (N_-90) was the most favourable in 

all the three seasons for the best expression of this character. 

Among the three seasons, the micro-environment VI (N_-90) of 

season 1 was found to be the best with a high environmental index 

(59.03), MH2 was considered to be the stable genotype with the 

lowest environmental standard deviation of 12.15 and the lowest 

mean value of 60.45 cm. The genotype TAPS was found to be the 

most unstable with an environmental standard deviation of 48.93 

and a high mean of 200.49 cm. Followed by TAPS, the genotypes, 

M13 (198.36 cm), TMV2NLM (191.68 cm), Kadiri-3 (184.73 cm) and 

Compact Mutant of M13 (180.65 cm) also showed high mean values 

with standard deviations of 38.16, 25.24, 32.19 and 27.42 

respectively. 
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The stability parameters (Table 14) indicated that the 

canopy circumference had recorded a general mean of 167.93 cm and 

the mean of individual genotypes ranged from 60.45 cm (MH2) to 

200.49 cm (TAP5). The regression coefficients were in a range of 

0.329 to 1.755. Deviations from regression ranged from 6.225 to 

475.291. None of the genotypes were found to be stable for this 

trait as was evidenced by their significant differences from 

unity and deviations from regression. 

4.3.7 Plant Height 

The variances due to genotypes, environment (linear) and 

genotype x environment (linear) were found to be significant as 

indicated by analysis of variance (Table 12). There was conside­

rable differences among the genotypes in average performance for 

plant height. Individual variances of genotypes when tested 

against pooled error indicated that most of the genotypes 

exhibited significant differences over environments except MH2 

indicating its stability for this character. 

The environmental index indicated that in season 1, the 

favourable micro-environments for the expression of this trait 

were I (N -30) and II (N--30) (Table 13). In season 2, the micro-

environment VI (N„-90) was found to be the most favourable 

followed by IV (N_-60) and II (N.-SO). The micro-environment VI 

(N--90) followed by II (N--30) were favourable in season 3. 

Based on environmental standard deviation, the genotype MH2 was 

found to be the most stable with a deviation of 2.82 and the mean 
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value of 7.68 cm. TAPS was the most unstable genotype with 

maximum deviation of 15.87 and recorded high mean value of 56.42 

cm. The mean plant height recorded in JL24 (35.16 cm). Compact 

Mutant of M13 (32.96 cm), TMV2NLM (30.58 cm) M13 (28.60 cm) and 

Kadiri-3 (28.16 cm) was slightly lower than that found In TAPS, 

with environmental standard deviations of 7.09, 5.79, 4.97, 5.42 

and 4.09 respectively. 

The plant height had recorded a general mean of 31.37 cm 

and the mean of individual genotypes ranged from 7.68 (MH2) to 

56.42 cm (TAP5). The regression coefficients ranged from 0.379 to 

2.579, whereas deviations from regression were in the range of 

0.930 to 33.535 (Table 14). Most of the values differed signifi­

cantly from unity (b=l) except the values of Compact Mutant of 

M13, M13 and JL24. The deviations from regression were signifi­

cant in all varieties except that in MH2. Based on stability 

2 
parameters viz., bi and S di, none of the genotypes were found to 

be stable for this trait. 

4.3.8 Niaber of Primaries 

A perusal of analysis of variance (Table 12) revealed 

that the variances due to genotypes, environment (linear) and 

genotype x environment (linear) were significant. It indicates 

that the genotypes differed among themselves in average perfor­

mance over all environments. When tested against pooled error, 

most of the genotypes showed significant variances except TAP5, 

Kadiri-3 and MH2. These varieties exhibited stability for this 

trait. 



Based on environmental Index, the micro-environment IV 

(N--60) was found to be the best for this trait in both season 1 

and 3. The expression of this trait was best in the micro-

environment VI (N„-90) in season 2. The mean number of primares 

were less in TAP5 (4.57), MH2 (5.11) and Kadlri-3 (5.98) which 

also recorded low environmental standard deviations of 0.50, 0.71 

and 0.73 respectively indicating their stability for this 

character. The Compact Mutant of M13 was found to be the most 

unstable genotype with a standard deviation of 1.74 and exhibited 

a high mean value of 9.17. The genotypes M13 (8.69), TMV2NLM 

(8.21) and JL24 (6.02) recorded slightly low mean number of 

primaries than that observed in Compact Mutant of M13 with envi­

ronmental standard deviations of 1.31, 1.43 and 1.07 respectively 

The general mean number of primaries was 6.82 and the 

mean of individual genotypes ranged from 4.57 (TAP5) to 9.17 

(Compact Mutant of M13) (Table 14). The regression coefficients 

on environmental index were in the range of 0.229 to 2.670. The 

range of deviations from regression was between -0.109 and 1.849. 

There was no significant deviation from unity in most of the 

genotypes except Compact Mutant of M13. Non-significant devia­

tions from regression were observed only in TAP5 and Kadirl-3. 

The genotypes TAPS and Kadlri-3 were considered as stable for the 

expression of this trait because of thier unit regression coeffi­

cients and non-significant deviations from regression. 
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4.3.9 Nmber of Secondaries 

The analysis of variance (Table 12) revealed that the 

variances due to genotypes, environment (linear) and genotype x 

environment (linear) were significant when tested against pooled 

deviation. It indicates that the number of secondaries varied 

significantly in different environments as well as the genotypes 

differed among themselves in average performance over all 

environments. The individual genotype variances, when tested 

against pooled error, the genotypes MH2, TAPS and JL24 eadiibited 

non-significant variances Indicating their stability for this 

trait. 

The micro-environments V (N -90) and VI (N2-9O) were 

found to be favourable in the seasons 1 and 3 based on environ­

mental index (Table 13). In season 2, the most favourable micro-

environment was IV (N_-60) followed by III (N^-60) for the 

expression of this trait. The genotypes MH2, TAPS and JL24 were 

considered to be stable for this trait with environmental 

standard deviations of 0.83, 0.92 and 1.55 respectively and 

recorded low mean values of 0.60, 0.87 and 1.81 respectively. 

Maximtim variation was observed in Compact Mutant of M13 with an 

environmental standard deviation of 5.06. The number of seconda­

ries were more in TMV2NLM (16.70) followed by Compact Mutant of 

M13 (14.89), M13 (14.54) and Kadiri-3 (6.27) with environmental 

standard deviations of 3.97, 5.06, 4.98 and 2.97 respectively. 

A range of 0.60 (MH2) to 16.70 (TMV2NLM) for mean of 

individual genotypes and a general mean of 7.95 were recorded for 
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number of secondaries (Table 14). The regression on environmental 

Index ranged from 0.212 to 1.851, whereas deviations from regres­

sion were in the range of -0.922 to 8.080. Only two genotypes 

such as TMV2NLM and Kadiri-3 exhibited unit regression coeffi­

cients. While the genotypes TAPS, MH2 and JL24 recorded non­

significant deviations from regression. It was observed that the 

combination of these two parameters was not found. Indicating the 

instability of genotypes for the expression of this trait. 

4.3.10 Number of Aerial Pegs 

Analysis of variance (Table 12) indicated that the 

variances due to genotypes, environment (linear) and genotype x 

environment (linear) were significant when tested against pooled 

deviation. Considerable differences were observed among the geno­

types in average performance over all environments. Most of the 

genotypes recorded non-significant variances when tested against 

pooled error indicating their stability for this trait. 

The environmental index revealed that in season 1, the 

best micro-environment for the expression of this character was 

VI (N_-90) (Table 13). Whereas in season 2, the micro-environ­

ments IV (N.-eO) followed by VI (N2-9O) were found to be 

favourable. In season 3, the micro-environment V (N.-90) was the 

best for this trait. The most stable genotype in respect of this 

trait was MH2 with an environmental standard deviation of 4.61 

and a mean value of 9.70. The genotype M13 exhibited maximum 

deviation of 19.38 and recorded the highest mean of 31.23. The 
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genotypes Compact Mutant of M13 (27.21), JL2A (26.89). TAP5 

(26.77) and TMV2NLM (25.08) showed the mean values which were 

nearer to the highest mean value of Ml3 with environmental 

standard deviations of 13.22, 10.04, 9.37 and 12.74 respectively. 

While, Kadiri-3 recorded the mean value of 15.86 with environ­

mental standard deviation of 6.84. 

Number of aerial pegs recorded a general mean of 23.25 

and the mean of individual genotypes was in a range of 9.70 (MH2) 

to 31.23 (M13). The range of regression coefficients was between 

0.272 to 2.046 (Table 14). Deviations from regression were in a 

range of -19.941 to 48.443. The genotypes TAP5 and Kadiri-3 were 

observed to be stable for the expression of this trait as was 

evidenced by their unit regression coefficients and non-signifi­

cant deviations from regression. 

4.3.11 Nuaber of Mature Pods 

From the analysis of variance (Table 12), it was 

observed that the variances due to genotypes, environment 

(linear) and genotype x environment (linear) were significant 

when tested against pooled deviation. It Indicates that the 

average performance of genotypes significantly differed among 

themselves over all environments. •Non significant variances were 

recorded in Compact Mutant of M13, MH2, TMV2NLM and JL24 when 

individual variances were tested against pooled error indicating 

their stability for this character. 
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Based on environmental Index It was found that the most 

favourable micro-environment for the expression of this trait was 

IV (N--60) in all the three seasons. Among the three seasons the 

best micro-environment was IV (N2-6O) of season 2 with high 

environmental index (15.43) (Table 13). MH2 recorded less number 

of mature pods with the least environmental standard deviation 

and considered as stable genotype for this trait. The environ­

mental standard deviation was the highest in TMV2NLM (14.18) and 

considered as the most unstable genotype. Maximum number of 

mature pods were recorded in Kadiri-3 (34.85) followed by Compact 

Mutant of M13 (33.09), TMV2NLM (29.87), M13 (29.37), TAPS (28.33) 

and JL24 (28.22) with environmental standard deviations of 9.56, 

7.73, 14.18, 11.71, 7.26 and 6.28 respectively. 

A general mean of 28.23 was recorded for number of 

mature pods and the mean of individual genotypes ranged from 

13.88 (MH2) to 34.85 (Kadiri-3) (Table 14). A range of 0.238 to 

1.738 was observed for regression coefficients on environmental 

index. Deviations from regression were in a range of -1.690 to 

6.914. Unit regression coefficients (bi = 1) were found in only 

Compact Mutant of M13 and Kadiri-3 while, non-significant devia­

tions from regression were seen in Compact Mutant of M13 and MH2. 

The genotype Compact Mutant of M13 was found to be the stable 

genotype as evidenced by its unit regression coefficient and non­

significant deviation from regression. 

4.3.12 Mature Pod Weight 

A perusal of analysis of variance (Table 12) indicated 



4.3.12 Mature Pod Ifelght 

A perusal of analysis of variance (Table 12) indicated 

that the variances due to genotypes, environment (linear) and 

genotype x environment (linear) were significant, indicating that 

the genotypes differed significantly among themselves in average 

performance over all environments. When individual variances of 

genotypes tested against pooled error it was found that most of 

the genotypes exhibited significant variances except Compact 

Mutant of M13 Indicating its stability for mature pod weight. 

In all the three seasons, the micro-environment IV 

(N„-60) was found to be the most favourable based on environ­

mental index (Table 13) for the expression of this character. 

Among the three seasons, the micro environment IV (N„-60) of 

season 2 was the most favourable with high environmental index 

(14.82). Based on environmental standard deviation, the genotype 

MH2 was considered as stable genotype with the least standard 

deviation of 3.08 and a low mean of 9.74g. TMV2NLM was found to 

be an unstable genotype with maximum deviation of 13.92. The 

highest mature pod weight was observed in Kadiri-3 (31.57) 

followed by Compact Mutant of M13 (29.59 g), JL24 (28.35 g), 

TMV2NLM (25.82 g), M13 (25.56 g) and TAP5 (24.48 g) with environ­

mental standard deviations of 10.42, 8.78, 6.79, 13.92 and 7.43 

respectively. 

The mature pod weight recorded a general mean of 24.44g 

and the mean of individual genotypes ranged from 9.74 g (MH2) to 
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31.57 g (Kadiri-3) (Table 14). Regression of mature pod weight on 

environmental index was in the range of 0.259 to 1.637. The range 

of deviations from regression was between -0.321 to 9.980. Except 

Compact Mutant of M13 all other genotypes exhibited significant 

deviations from unity and deviations from regression. The geno­

type Compact Mutant of Ml3 was regarded as stable for this trait 

because of its unit regression coefficient and non-significant 

deviation from regression. 

4.3.13 Number of Mature Kernels 

The variances due to genotypes, environment (linear) and 

genotype x environment (linear) were found to be significant from 

analysis of variance (Table 12), when tested against pooled 

deviation. It indicates that the average performance of geno­

types differed significantly among themselves over the environ­

ments. None of the genotypes were found to be stable for this 

trait as was evidenced by their significant variances. 

From the environmental index (Table 13) it was observed 

that the most favourable micro-environment for the expression of 

this trait was VI (N--90) in season 1. The micro-environment IV 

(N--60) followed by VI (N_-90) were found to be favourable in 

season 2. In season 3, the best micro-environment was VI (N--90) 

for this trait. Among the three seasons, the micro-environment 

IV (Nj-60) of season 2 recorded high environmental index (19.28). 

Low environmental standard deviation was observed in JL24 (8.75) 

followed by MH2 (9.90) indicating their stability for this trait. 
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M13 was found to be the most unstable genotype with standard 

deviation of 20.19. High mean number of mature kernels was 

recorded in Kadiri-3 (52.85) followed by Compact Mutant of M13 

(52.61), TAP5 (48.72) and JL24 (45.81) with environmental 

standard deviations of 15.41, 17.16, 12.68 and 8.75 respectively. 

Whereas, low mean values were recorded in MH2 (30.01), TMV2NLM 

(39.65) and M13 (39.76) with standard deviations of 9.90, 17.54 

and 20.19 respectively. 

Among the individual genotypes, the mean number of 

mature kernels ranged from 30.01 (MH„) to 52.85 (Karidi-3) and 

the general mean was 44.20 (Table 14). The regression coeffi­

cients on environmental index were in a range of 0.388 to 1.392. 

Deviations from regression ranged from 27.288 to 131.411. The 

genotypes TAPS and Kadiri-3 recorded unit regression coeffi­

cients, while all the genotypes exhibited significant deviations 

from regression. It indicates that none of the genotypes were 

stable for number of mature kernels. 

4.3.14 Mature Kernel Height 

Analysis of variance (Table 12) revealed that the 

variances due to genotypes, environment (linear) and genotype x 

environment (linear) were significant. The average performance 

of genotypes for mature kernel weight differed significantly 

among themselves over the environments. All the genotypes exhi­

bited significant differences over environments when individual 

variances were tested against pooled error, except the genotype 

Compact Mutant of M13 Indicating its stability for this trait. 



The environmental Index (Table-13) revealed that the 

most favourable micro-environment for the expression of this 

trait was IV (N_-60) followed by the micro-environment VI (N_-90) 

in all the three seasons. The micro-environment IV (N_-60) of 

season 2 was found to be the best among the three seasons for 

this trait. The genotype MH2 was found to be the most stable 

with the least environmental standard deviation of 1.60 and the 

lowest mean of 7.46 g. Maximum deviation was observed in TMV2NLM 

(6.52). Kadiri-3 exhibited the highest mean value (18.28g) fol­

lowed by Compact Mutant of M13 (17.40g), M13 (15.53g), TMV2NLM 

(15.37g), JL24 (15.18 g) and TAP5 (14.94 g) with environmental 

standard deviations of 4.46, 3.71, 5.31, 6.52, 2.91 and 3.33 

respectively. 

Based on stability parameters, the mean mature kernel 

weight ranged from 7.46 g (MH2) to 18.26 g (Kadiri-3) with a 

general mean of 14.88 g (Table 14). A range of 0.302 to 1.716 

was found for regression coefficients on environmental index. 

Deviations from regression ranged from -0.087 to 1.820. Out of 

all genotypes only two genotypes viz., Compact Mutant of M13 and 

Kadiri-3 recorded unit regression coefficients. Deviations from 

regression were significant in all genotypes except in Compact 

Mutant of M13. Stability for kernel yield was observed in Compact 

Mutant of M13 as was evidenced by its unit regression coefficient 

and non-significant deviation from regression. 



4.3.15 Total Dry Matter at Harvest 

The analysis of variance (Table 12) indicated that the 

variances due to genotypes, environment (linear) and genotype x 

environment (linear) were significant. Significant differences 

were observed among the genotypes for total dry matter at harvest 

over the environments. The variances of most of the genotypes 

were found to be significant, when individual variances were 

tested against pooled error, except that of TMV2NLM. This geno­

type was stable for this trait. 

It was found from the environmental index (Table 13), 

that the most favourable micro-environment for the expression of 

this trait was VI (N„-90) in all the three seasons. The environ­

mental standard deviation (4.64) and the mean dry matter at 

harvest (18.25 g) were the least in MH2 which was found to be 

stable. Maximum deviation was recorded in M13 (16.66) followed 

by Compact Mutant of Ml3 (16.47) which exhibited high mean total 

dry matter of 51.54 g and 54.87 g respectively at harvest. The 

genotypes viz., TMV2NLM (40.73 g), JL24 (38.79g), TAP5 (37.49 g) 

and Kadiri-3 (32.73 g) recorded considerable mean dry matter with 

environmental standard deviations of 12.14, 14.57, 12.68 and 8.95 

respectively. 

The total dry matter at harvest recorded a general mean 

of 39.20g and the individual genotype means ranged from 18.25g 

(MH2) to 54.87 g (Compact Mutant of M13). Regression coefficients 

ranged from -0.020 to 1.466, whereas deviations from regression 



were in a range of 3.905 to 57.168 (Table 14). The genotypes 

TAP5, Kadirl-3 and TMV2NLM recorded unit regression coefficients, 

but none of the genotypes exhibited non-slgnlflcant deviation 

from regression. This Indicates that stable genotypes were not 

observed for this trait. 

4.3.16 100 Kernel Weight 

A perusal of analysis of variance (Table 12) indicated 

that the variances due to genotypes, environment (linear) and 

genotype x environment (linear) were significant when tested 

against pooled deviation. It Indicates that there were signifi­

cant differences among genotypes for 100 kernel weight over the 

environments. The testing of individual variances against pooled 

error indicated that most of the genotypes exhibited non-signifi­

cant variances indicating their stability for this trait. 

Based on environmental index (Table 13), the micro-

envlroiunents II (N„-30) and IV (N_-60) were found to be 

favourable in season 1. In both the seasons 2 and 3, the most 

favourable micro-environment for the expression of this trait was 

IV (N--60) followed by VI (N--90). Among the three seasons, the 

micro-environment IV (N--60) of season 2 recorded high environ­

mental index (12.62). The genotype JL-24 was found to be stable 

for this trait with an environmental standard deviation of 6.14 

followed by MH2 (6.88). The genotypes M13 (9.87) and Kadirl-3 

(9.31) showed maximum environmental standard deviations and 

recorded high mean 100 kernel weights of 51.96 g and 43.24g 



respectively. The lowest mean value was found In MH2 (27.83 g). 

The mean values observed in Compact Mutant of M13 (42.17g), 

TMV2NLM (40.64g), TAPS (38.27g) and JL24 (36.46g) were slightly 

lower than the high values recorded in M13 and Kadiri-3 with 

standard deviations of 6.86, 8.87, 8.93 and 6.14 respectively. 

The mean 100 kernel weight of individual genotypes 

ranged from 27.83 g (MH2) to 51.96 g (M13) with a general mean of 

40.08g (Table 14). Regression coefficients on environmental index 

ranged from 0.838 to 1.187. The range of deviations from regres­

sion was between -3.578 to 24.112. Most of the genotypes viz., 

Compact Mutant of M13, TAPS, TMV2NLM, Kadiri-3, MH2 exhibited 

unit regression coefficients and non-significant deviations from 

regression indicating their stability for 100 kernel weight. 

4.3.17 OllX 

The variances due to genotypes, environment (linear) and 

genotype x environment (linear) were found to be significant when 

tested against pooled deviation (Table 12). Among the genotypes 

there were significant differences in average performance for oil 

per cent over the environments. When individual variances of 

genotypes were tested against pooled error, all the genotypes 

recorded non-slgnlficant variances over environments for this 

trait. It indicates that all the genotypes were stable for this 

trait. 

Based on environmental Index, the micro-environment VI 

(N--90) was found to be favourable in season 1. In season 2 not 
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much difference was observed among the six micro-environments. 

The micro-environments VI (N2-9O) followed by V (N.-90) and III 

(N.-60) were found to be favourable In season 3 (Table 13). The 

genotype TAPS appeared to be the most stable genotype with low 

environmental standard deviation (0.78) and high mean oil per 

cent of (49.36%). TMV2NLM was considered to be unstable with 

high environmental standard deviation of 3.38 and mean of 45.56%. 

The rest of the genotypes viz.. Compact Mutant of M13, MH2, 

Kadirl-3, JL24 and M13 recorded the mean oil per cent of 47.26%, 

46.26%, 46.96%, 46.92%, 45.84% and 45.44% respectively and 

environmental standard deviations of 2.72, 1.24, 1.42, 1.82 annd 

2.61 respectively. 

The oil per cent recorded a general mean of 46.76 per 

cent and the mean of individual genotypes ranged from 45.44 per 

cent (M13) to 49.36 per cent (TAP5). The regression values on 

environmental index ranged from 0.053 to 1.947, while the range 

of deviations from regression was between -1.164 to 0.331 (Table 

14). The genotypes such as Compact Mutant of M-13, JL24, Kadiri-3 

and M13 exhibited unit regression coefficients and non-signifi­

cant deviations from regression indicating their stability for 

this trait. 

4.3.18 Shelling Per cent 

It was observed from the analysis of variance that the 

variances due to genotypes, environment (linear) and genotype x 

environment (linear) were significant when tested against pooled 
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deviation (Table 12). Most of the genotypes exhibited non­

significant variances when tested against pooled error and were 

found to be stable for oil per cent. 

The environmental index revealed that in seasons 1 and 

2, the micro-environment II (N„-30) was the best for the expres­

sion of this trait. In season 3, the micro-environment IV 

(N»-60) was found to be the most favourable (Table 13). Based on 

environmental standard deviation it was found that Compact Mutant 

of M13 as stable genotype with low standard deviation of 3.55. 

Maximum deviations of 9.05 and 9.01 were observed in MH2 and 

TMV2NLM respectively indicating their instability for this trait. 

MH2 recorded the highest mean shelling per cent of 81.01 per 

cent. The mean values found in other genotypes viz.. Compact 

Mutant of M13 (67.12%), JL24 (66.27%), TMV2NLM (66.23%), M13 

(66.07%) and TAP5 (66.00%) were at par with the environmental 

standard deviations of 3.55, 5.62, 9.01, 7.83 and 6.47 

respectively. While, Kadiri-3 recorded low mean of 61.07 per 

cent with standard deviation of 6.52. 

The general mean of 67.68 per cent was recorded by 

shelling per cent. The mean of individual genotypes ranged 

between 61.07 per cent (Kadiri-3) to 81.07 per cent (MH2). The 

ranges of regression coefficients and deviations from regression 

were from 0.412 to 1.456 and -1.397 to 36.119 respectively. By 

considering the unit regression coefficients and non-significant 

deviations from regression, the genotypes viz., TAP5, JL24 and 

M13 were found to be stable for shelling per cent. 
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4.3.19 Harvest Index 

The perusal of analysis of variance (Table 12) revealed 

that the variances due to genotypes and environment (linear) were 

significant when tested against pooled deviation. Individual 

variances of genotypes when tested against pooled error Indicated 

that all the genotypes exhibited significant differences over 

environments indicating their unstability for harvest index. 

The micro-environment IV (N»-60) was found to be 

favourable in season 1 and 2 based on environmental index for the 

expression of this trait. Whereas in season 3, the micro environ­

ment II (N_-30) was found to be the most favourable. With regard 

to this trait, M13 followed by Kadirl-3 were found to be stable 

with low environmental standard deviations of 3.74 and 4.52 

respectively. The genotypes MH2 and TMV2NLM were considered as 

unstable with high standard deviations of 6.87 and 6.48 

respectively. High harvest index was recorded by Kadirl-3 

(37.17). M13 showed the lowest value of harvest index (24.20). 

The mean harvest index values recorded by TAP5 (32.02), MH2 

(31.80), Compact Mutant of M13 (31.59), JL24 (31.45) and TMV2NLM 

(31.34) were at par and the standard deviations observed in these 

varieties were 6.87, 5.64, 6.48, 5.92 and 5.18 respectively. 

The mean of individual genotypes ranged from 24.20 (M13) 

to 37.17 (Kadiri-3). The general mean for harvest index was 

31.37 (Table 14). A range of 0.514 to 1.351 was observed for 

regression coefficients, whereas deviations from regression 
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ranged from 4.044 to 26.307. All the genotypes exhibited unit 

regressions but the deviations from regression were significant. 

None of the genotypes were found to be stable for harvest index. 

4.4 MEAN PERFORMANCE OF PARENTS AND F CROSSES AND 

HETEROSIS OF Fl CROSSES FOBi CA1K)PY AND REPRODUCTIVE 

CHARACTERS 

The results of analysis of variance for the parents, 

crosses and parents vs crosses in F generation are presented in 

Table 15. The data with regard to the mean performance of 

parents and F. crosses for 17 characters studied are presented in 

Table 16 and 17 respectively. The heterosis exhibited by F. 

crosses over the better parent for important canopy and reproduc­

tive attributes are presented in Table 18. 

The analysis of variance revealed highly significant 

differences among parents and hybrids for all the 17 characters 

studied viz., days to initial flowering, days to 50% flowering, 

days to 100% flowering, canopy diameter, canopy circumference, 

leaf area at 60 days, plant height, number of primaries, number 

of secondaries, number of aerial pegs, number of mature pods, 

mature pod weight, number of mature kernels, mature kernel 

weight, total dry matter at harvest, shelling per cent and 

harvest index which indicated high degree of genetic differences 

in the parental material. Significant differences were also 

observed when parents were compared with F. hybrids (parents vs 

hybrids) for canopy diameter, canopy circumference, leaf area at 
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60 days, number of primaries, number of secondaries, number of 

mature pods, mature pod weight, number of mature kernels, mature 

kernel weight, shelling per cent and harvest index. 

A perusal of data on heterosis indicated that out of 36 

crosses, seven crosses were in first order of superiority which 

had registered significantly higher degrees of heterosis in 

desirable direction for more number of character combinations 

such as TMV2 x 32-2-5 (days to initial flowering, days to 50% 

flowering, canopy diameter, leaf area at 60 days, mature pod 

weight, mature kernel weight and harvest index), Kadiri-3 x 

32-2-5 (canopy diameter, canopy circumference, leaf area at 60 

days, number of mature pods, mature pod weight, mature kernel 

weight and harvest index), Kadiri-3 x TAP5 (days to initial 

flowering, canopy diameter, canopy circumference, leaf area at 60 

days, number of mature pods, mature pod weight and mature kernel 

weight), TMV2 x TMV2NLM (days to initial flowering, days to 50% 

flowering, canopy diameter, canopy circumference, leaf area at 60 

days, mature pod weight and mature kernel weight), Jll x TMV2NLM 

(days to initial flowering, days to 50% flowering, days to 100% 

flowering, canopy diameter, canopy circumference, leaf area at 60 

days and mature pod weight), PGNl x TAP5 (canopy diameter, canopy 

circumference, leaf area at 60 days, number of mature pods, 

mature pod weight and mature kernel weight) and TMV2 x MH2 

(canopy diameter, canopy circumference, leaf area at 60 days, 

number of mature pods, mature pod weight and mature kernel 

weight). Seven crosses were in second order of superiority 
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showing higher degrees of heterosis for slightly less number of 

character combinations such as TMV2NLM x 32-2-5 (canopy diameter, 

canopy circumference, leaf area at 60 days, mature pod weight and 

mature kernel weight), JL24 x 32-2-5 (days to Initial flowering, 

days to 50% flowering, canopy diameter, canopy circumference and 

leaf area at 60 days), PGNl x TMV2NLM (days to Initial flowering, 

canopy diameter, leaf area at 60 days, mature pod weight and 

mature kernel weight), JL-24 x TMV2NLM (days to Initial flowe­

ring, days to 50% flowering, days to 100% flowering, canopy 

diameter and canopy circumference), GNLM x TAP5 (days to Initial 

flowering, canopy diameter, canopy circumference and leaf area at 

60 days), M13 x TAP5 (days to Initial flowering, days to 50% 

flowering, canopy diameter and canopy circumference) and PGNl x 

MH2 (canopy diameter, canopy circumference, leaf area at 60 days 

and mature pod weight). In the remaining crosses, three crosses 

exhibited high degree of heterosis in desirable direction for 

three characters, eight crosses for two character combinations 

and five crosses for a single character. Six crosses did not 

show heterosis for any character. 

4.4.1 Days to Initial Flotierlng 

The parents recorded a range of mean values for days to 

initial flowering between 25.00 days and 35.50 days. The parent 

TAP5 (25.00 days) followed by MH2 (26.50 days) recorded less 

number of days, while ICG 2271 (35.50 days) recorded more number 

of days to initial flowering. For the 36 F 's the range of means 

was between 28.50 days and 33.00 days. The least number of days 



Table 16: Mean performance of 16 parents (grown along with F hybrids) for 17 
characters. 1 

Parents 

MHZ 

Oil 
JL24 
TMV2 

PGN1 

PI259747 

PI3S0680 
G201 

TAP5 
MK374 
GNLM 

TMV2NLM 

Kad1r1 -3 

3 2 - 2 - 5 

M13 

ICG2271 

CD a t 5% 

Canopy 

C a t e ­

gory 

1 
2 
2 
2 

2 

2 

2 

2 
3 

3 
3 
3 
3 

3 

4 

4 

Days t o 

I n i t i a l 

f lower­

ing 

26.500 

29.000 
30.000 
29.500 

28.000 

31.000 

30.000 
32.500 

25.000 

33.000 
32.000 
32.000 
31.500 

32.000 

31.500 

35.500 

1.591 

Days to 

50« 
f lower­

ing 

29.000 
31.000 
32.500 
32.500 

31.500 

32.500 

31.000 
35.500 

28.000 

37.500 
35.000 
35.000 
33.500 

35.500 

37.500 

41.000 

2.007 

Days to 

lOOX 

f lower­

ing 

33.000 
32.500 
33.500 
34.500 
34.500 

33.500 

32.500 

38.500 

30.500 

39.500 
36.500 
36.500 
36.500 

36.500 

38.500 

43.500 

2.454 

Canopy 

d ia ­
meter 

(cm) 

28.750 
47.000 
45.750 
49.250 
47.300 

47.750 

45.750 
46.000 

60.500 

57.500 
60.250 
57.300 
58.000 

54.000 

62.750 

65.000 
2.799 

Canopy 
circum­

ference 

(cm) 

87.50 
156.00 
155.50 
158.50 

153.50 

157.50 

152.50 

154.50 
171.50 

169.50 
170.50 
165.00 
168.00 

166.00 

185.50 

200.00 

3.03 

Leaf 

area at 

60 days 

(sq cm) 

879.00 

1502.00 
1587.00 
1393.00 

1055.00 

1533.00 

1635.00 

1846.00 

2073.00 
2052.00 
1979.00 
2122.00 
2335.00 

2303.00 

2661.00 

3163.00 

76.42 

Plant 

height 

(cm) 

8.500 

27.500 
39.000 
26.500 

25.000 

42.500 

36.000 

24.500 
37.500 

26.000 
27.000 
25.500 
33.000 

24.500 

21.000 

19.500 

8.344 

Number 

of 

prima­

r ies 

4.000 
5.000 
4.500 
6.500 

4.000 

4.500 

4.000 

9.500 
4.500 

7.000 
8.000 
8.500 
7.500 

6.000 

14.500 

9.000 
2.701 

Number 

of 
secon­

daries 

0.500 

0.500 
7.000 
0.000 

1.000 

0.500 

0.000 

14.000 

0.000 
11.500 

18.000 
21.500 

8.000 

12.000 

8.500 

12.500 

6.339 

Parents 

MH2 
J l l 
JL24 

TMV2 

PGN1 
PI259747 

PI350680 
G201 
TAPS 
MK374 

GNLM 

TMV2NLM 

Kad1r1-3 

32-2-5 

M13 
ICG2271 
CD at 5S 

Canopy 

Cate­

gory 

1 

2 
2 

2 

2 

2 
2 

2 
3 

3 

3 

3 
3 

3 

4 
4 

Number 

of 

aer ia l 
pegs 

8.500 

20.000 
8.500 

6.000 

28.000 

10.000 
16.000 
15.000 
26.500 

32.500 

24.000 

25.000 

22.500 

18.000 

36.500 

26.500 
16.354 

Number 

of 
mature 

pods 

14.500 

22.500 

34.000 

12.000 

22.500 

10.500 

16.000 
32.000 
21.500 

26.000 
24.500 

15.000 

32.000 

20.000 

17.500 

24.500 
7.136 

Mature 

pod 

weight 

(9) 

8.940 

12.040 

24.390 

10.000 

14.310 

9.190 
12.470 
21.990 
15.220 
22.350 

23.630 

10.090 

20.500 

13.320 

19.020 
23.490 

1.728 

Number 

of 
mature 

kernels 

26.000 

29.500 

55.500 

41.500 

31.000 

17.000 

29.000 

43.000 
40.000 
41.500 

32.500 

21.000 

46.000 

21.000 

29.000 

36.500 
15.884 

Mature 

kernel 

weight 

(9) 

6.070 

5.490 

14.800 

6.020 

9.440 

3.560 

7.530 
14.610 
10.300 
11.260 

11.130 
6.900 

17.050 

6.990 

7.720 
10.120 

1.625 

Total 

dry 

matter at 
harvest 

(9) 

17.030 
24.070 

32.570 

25.970 

18.380 

45.850 
32.670 
50.060 
22.610 

33.350 
43.980 

49.850 

56.970 

57.890 

63.810 

47.440 
16.431 

Shell ing 

per cent 

73.690 

56.250 
64.240 

70.300 

69.710 
42.830 

64.610 
69.640 
71.870 
56.320 

50.110 

81.980 

90.610 

56.790 

45.550 

53.590 
14.137 

Harvest 

Index 

27.520 

17.850 

31.450 

18.630 

34.460 

7.700 

19.180 
22.350 
30.880 

24.540 

20.060 

12.970 
22.900 

11.350 

10.650 
16.930 

7.328 



h'l! 

Table 17: Mean performance of 36 F hybrids for 17 characters. 

Crosses 

Canopy Days to Days to Days to Canopy Canopy Leaf Plant 

combl- I n i t i a l 50X 100» d ia - clrcum- area at height 

nation f lower- f lower- f lower- meter ference 60 days (cm) 

Ing Ing Ing (cm) (cm) (sq cm) 

Number Number 

of of 

prima- secon-

r les darles 

M13 X MHZ 
MK374 X MHZ 
Kad1r1-3 X MHZ 
GZOl X MHZ 
TMVZ X MHZ 
PGN1 X MHZ 
JLZ4 X MHZ 
TMVZNLM X MHZ 
GNLM X MHZ 
M13 X TMVZNLM 
MK374 X TMVZNLM 
Kad1r1-3 X TMVZNLM 
GZOl X TMVZNLM 
TMVZ X TMVZNLM 
PGNl X TMVZNLM 
JLZ4 X TMVZNLM 
J l l X TMVZNLM 
PIZ59747 X 3Z-Z-5 
TMVZNLM X 3Z-Z-5 
GNLM X 3Z-Z-5 
JLZ4 X 3Z-Z-5 
TMVZ X 3Z-Z-5 
Kad1r1-3 X 3Z-Z-5 
M13 X TAPS 
MK374 X TAPS 
Kad1r1-3 X TAPS 
GZOl X TAPS 
PGNl X TAPS 
TMVZ X TAPS 
JL24 X TAPS 
J l l X TAPS 
PI350680 X TAPS 
ICG2271 X TAPS 
GNLM X TAPS 
TMVZNLM X TAPS 
TMVZNLM X GZOl 
CD at St 

(4 

(3 
(3 
(Z 

(Z 

(Z 
(Z 

(3 

(3 
(4 

(3 
(3 

(Z 
(Z 

(Z 

(2 
(Z 

(Z 
(3 
(3 

(Z 
(Z 

(3 

(4 

(3 

(3 

(Z 
(Z 
(Z 
(Z 

(2 
(Z 

(4 

(3 
(3 

(3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1) 

1) 
1) 
1) 

1) 
1) 

1) 

1) 

1) 

3) 

3) 
3) 
3) 

3) 

3) 

3) 

3) 

3) 
3) 
3) 
3) 

3) 

3) 

3) 

3) 

3) 

3) 
3) 
3) 
3) 
3) 

3) 

3) 

3) 

3) 
Z) 

31.300 
33.000 
30.ZOO 
3Z.400 
29.200 
29.500 
Z9.0S0 
30.S00 
31.400 
30.400 
30.600 
31.ZOO 
31.600 
30.000 
Z9.700 
30.000 
Z9.600 
30.000 
31.500 
30.700 
30.100 
Z8.700 
31.100 
29.700 
32.150 
Z9.400 
31.850 
Z9.500 
Z8.500 
Z8.600 
Z9.100 
Z9.700 
3Z.700 
30.000 
30.700 
30.900 

1.591 

36.Z50 
36.300 
33.950 
33.900 
31.000 
31.600 
3Z.150 
34.500 
34.300 
36.000 
36. ZOO 
36.300 
35. ZOO 
3Z.400 
33.300 
31.800 
31.550 
3Z.500 
36.000 
33.900 
3Z.Z50 
31.400 
34.700 
33.800 
3S.ZS0 
3Z.600 
35.150 
31.300 
31.600 
31.ZOO 
3Z.400 
32.100 
36.500 
34.700 
33.900 
34.900 
2.007 

38.100 
37.900 
36.700 
36.400 
34.200 
33.500 
34.500 
36.000 
36.400 
37.800 
38.000 
37.900 
37.800 
34.700 
36.500 
33.700 
33.650 
30.500 
38.100 
36.900 
35.350 
34.100 
37.200 
36.200 
37.000 
34.900 
36.850 
34.7C 
33.500 
34.000 
34.900 
34.800 
38.500 
37.100 
36.100 
37.200 
2.454 

64.100 
53.900 
62.600 
37.100 
60.800 
58.300 
50.850 
54.000 
55.850 
54.450 
64.950 
61.600 
41.700 
68.200 
64.000 
66.100 
63.450 
31.250 
64.800 
64.050 
67.500 
6Z.Z00 
69.500 
79.ZOO 
57.300 
76.500 
5Z.000 
65.300 
53.450 
64.650 
46.350 
59.150 
64.450 
76.650 
68.500 
57.750 
Z.799 

171.70 
155.30 
164.70 
116.00 
181.60 
176.00 
150.60 
170.00 
173.00 
166.60 
Z04.80 
148.50 
134.50 
179.30 
157.10 
186.60 
178.90 
114.50 
174.50 
166.40 
171.40 
168.90 
187.30 
201.50 
165.80 
198.40 
169.90 
182.40 
168.10 
171.70 
147.40 
177.10 
178.70 
230.70 
188.60 
183.50 

3.03 

2650.41 
2050.86 
2325.91 
1835.00 
2188.00 
1575.06 
2063.70 
2204.60 
2101.60 
1778.11 
2090.88 
2604.99 
1265.88 
3290.60 
2571.98 
1884.35 
3019.43 
1889.14 
2528.29 
1655.68 
3573.45 
38Z3.9Z 
3174.75 
1584.93 
2262.86 
2547.49 
1899.26 
2395.35 
1602.12 
2193.04 
2417.26 
2817.47 
2474.12 
Z345.Z9 
3867.Z3 
3104.61 

76.4Z 

Z9.150 
Z9.900 
Z5.Z00 
19.900 
Z8.500 
33.100 
Z8.750 
Z9.500 
Z8.300 
ZZ.100 
25.300 
23.400 
23.000 
30.900 
30.700 
33.600 
31.000 
21.000 
20.700 
23.600 
36.000 
28.600 
24.200 
30.700 
23.350 
24.200 
35.400 
37.600 
41.800 
31.100 
31.600 
44.400 
21.300 
29.700 
27.900 
25.100 
8.344 

7.950 
7.100 
7.300 

10.000 
5.300 
6.000 
5.250 
8.900 
8.300 
8.400 
8.600 
8.300 

100 
.600 
.800 
.200 
.900 
.000 

8.900 
9.650 
7.000 
7.500 
7.900 
8.000 

,350 
.700 
.900 
.600 
,700 
,100 
.700 
.600 

10.000 
8.900 
9.000 
8.200 
2.701 

11.100 

14.600 
6.050 

13.400 
2.000 

1.200 

1.300 

12.500 

11.700 

13.400 
14.200 
10.500 
13.700 
9.200 

11.900 

6.400 
11.050 

5.000 
16.900 
15.750 
6.650 
6.900 
9.600 
7.800 

10.500 

6.900 
3.400 
1.900 
0.300 
1.100 

0.600 
1.100 

11.100 

11.500 

16.500 
18.700 
6.339 



Table 17 : Continued. 

\^ i.~ 

Crosses 

M13 X MHZ 
MK374 X MH2 

Kad1r1-3 X MH2 
G201 X MH2 

TMV2 X MH2 

PGNl X MH2 

JL24 X MH2 

TMV2NLM X MH2 

6NLM X MH2 
M13 X TMV2NLM 
MK374 X TMV2NLM 
Kad1ri-3 X TMV2NLM 
G201 X TMV2NLM 
TMV2 X TMV2NLM 

PGNl X TMVZNLM 

JL24 X TMV2NLM 

J l l X TMV2NLM 

PI259747 X 32-2-5 
TMV2NLM X 32-2-5 
GNLM X 32-2-5 
JL24 X 32-2-5 
TMV2 X 32-2-5 

Kad1ri-3 X 32-2-5 

M13 X TAP5 

MK374 X TAP5 

Kad1r1-3 X TAP5 ( 
G201 X TAP5 

PGNl X TAP5 ( 
TMV2 X TAP5 
JL24 X TAP5 ( 

J l l X TAP5 
PI350680 X TAP5 ( 

ICG2271 X TAP5 ( 

SNLM X TAPS ( 

TMV2NLM X TAP5 ( 
TnV2NLM X G201 ( 
CD at 5X 

Canopy 
CO nbl-
nati 

(4 

(3 
(3 

(2 
(2 

(2 

(2 
(3 

(3 
(4 
(3 
(3 
(2 

(2 

(2 

(2 

2 

2 
3 
3 
2 
2 

3 

4 

3 

3 

2 
2 
2 
2 
2 

2 

4 

3 

3 
3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

on 

1 

1 
1 

1 
1 

1 

1 

1 

1 
3 
3 
3 
3 

3 
3 

3 

3 

3 
3 
3 
3 

3 

3 

31 

3 

3) 
3 

3] 
3 

3) 
3 

3) 

3) 

3) 

3) 
2] 

Number 
of 

aer ia l 

pegs 

) 17.700 

) 14.900 

) 19.350 
) 9.100 
) 12.600 

) 42.300 

) 4.300 

) 14.000 

) 13.500 
) 18.400 
) 30.300 
) 14.100 
) 13.300 

1 13.700 
) 33.700 

15.900 

17.250 
0.000 

35.000 
27.550 

7.500 

13.600 
23.600 

28.300 

22.000 

34.700 
6.400 

31.500 
33.000 
4.300 
5.600 

24.000 

36.600 

26.800 
18.200 
18.200 

16.354 

Number 

of 
mature 

pods 

19.800 

18.500 
19.700 
17.900 
23.000 

29.100 
18.800 

16.500 

16.800 

8.500 
20.600 
23.400 
14.300 

17.500 

29.000 

16.500 

15.400 

14.000 
25.000 
20.050 
12.400 

23.200 
40.500 

13.300 

24.650 

40.000 
6.100 

36.800 
23.100 

16.500 
14.400 

12.500 

7.700 

16.000 
23.900 

19.700 
7.136 

Mature 
pod 
weight 

(9) 

20.490 

15.810 
16.530 
15.940 
17.170 

20.590 

14.300 

8.950 
10.570 

6.140 
16.250 
19.150 
9.910 

13.960 

24.230 

13.750 
14.340 

9.540 
17.580 
13.130 
8.320 

24.350 

35.110 

11.610 

21.210 

33.930 
3.800 

26.670 
17.610 
15.790 

9.410 

11.460 

6.040 

11.370 
16.070 

17.070 
1.728 

Number 

of 
mature 

kernels 

33.600 

28.400 
30.000 

32.100 
47.600 

36.500 

30.250 

20.100 

24.600 

16.600 
31.500 

40.100 
20.400 

46.000 

44.200 

22.400 
29.800 

11.500 
34.200 
26.500 

16.650 
41.600 

61.700 

22.400 

33.600 

53.600 
8.250 

55.500 
32.400 
27.800 
24.200 

26.700 

10.100 

23.900 

30.700 
25.700 
15.884 

Mature 

kernel 
weight 

(9) 

8.420 
8.070 

8.300 
7.230 

10.500 
8.760 

6.510 
6.050 

6.400 
4.230 

7.750 
10.640 

4.990 
9.520 

11.270 

6.830 

8.230 
2.790 

10.460 
6.980 
4.770 

12.450 

24.000 

7.330 

10.600 

23.050 

1.450 
19.470 
9.890 
8.570 
4.820 

5.840 

2.130 
5.030 

11.800 

8.690 
1.625 

Total 
dry 

Shel l ing 
per cent 

matter at 
harvest 

(9) 

64.940 
49.990 
40.350 

37.800 
27.060 

29.940 

23.550 

40.200 

39.690 
47.850 
53.200 
34.560 
35.160 

39.540 
41.700 

44.600 

50.080 

28.590 
47.000 
36.510 
39.570 

27.330 
42.100 

50.900 

36.550 
44.820 

33.220 
37.490 

29.090 
25.380 

20.690 

36.510 

42.330 

48.280 

42.760 
42.240 
16.431 

46.850 

56.650 
53.390 
51.430 
59.830 

50.140 

49.960 

74.530 

67.410 
77.070 
55.670 
58.060 
56.550 

72.290 

51.430 

52.180 
62.770 

30.770 

64.110 
57.680 
62.170 

53.960 
71.440 

69.820 

52.840 

69.890 

42.110 
77.290 
59.280 
57.290 
60.900 

51.770 

42.830 

49.380 
48.340 

56.630 
14.137 

Harvest 
Index 

11.290 
13.710 
16.950 

15.750 
29.390 

21.770 

21.880 

12.920 

13.850 
8.120 

12.520 
23.290 
12.160 

19.270 

21.320 

13.220 

13.960 
8.800 

18.070 
16.200 
10.610 

30.750 
36.020 

13.500 

22.380 

34.090 
4.220 

33.800 
24.970 

25.220 
18.160 

13.950 

4.760 

9.380 
13.490 

16.880 
7.328 



i^i, 

Table 18 : Heterosis (over the better parent) recorded for 17 characters In 36 F hybrids 

of groundnut. 

Crosses 

M13 X MHZ 

MK374 X MHZ 

Kad1r1-3 X MHZ 

GZ01 X MHZ 

TMVZ X MHZ 

PGN1 X MHZ 
JLZ4 X MHZ 
TMVZNLM X MHZ 

GNLM X MHZ 
M13 X TMVZNLM 

MK374 X TMVZNLM 

Kad1r1-3 X TMVZNLM 

GZ01 X TMVZNLM 

TMVZ X TMVZNLM 
PGN1 X TMVZNLM 
JLZ4 X TMVZNLM 
J l l X TMVZNLM 

PIZ59747 X 32-Z-5 

TMVZNLM X 3Z-Z-5 
GNLM X 3Z-Z-5 

JLZ4 X 3Z-Z-5 

TMVZ X 3Z-Z-5 

Kad1r1-3 X 32-Z-5 
M13 X TAP5 
MK374 X TAP5 

Kad1r1-3 X TAPS 

GZ01 X TAPS 

PGN1 X TAPS 

TMVZ X TAPS ( 

JLZ4 X TAPS ( 
J l l X TAPS 
PI350680 X TAPS ( 
ICGZZ71 X TAPS ( 

GNLM X TAPS ( 
TMVZNLM X TAPS ( 

TMVZNLM X G201 ( 

Ca nopy 

combl-
nat l 

(4 

(3 

(3 

(Z 

(Z 

(2 
(2 
(3 

(3 
(4 

(3 

(3 

(Z 
(Z 
(2 
Z 

[2 

[Z 
3 

3 

2 

2 
3 
4 
3 

3 

2 

2 

2 

2 
2 
2 
4 
3 

3 

3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

on 

1 

1 

1 

1 
1 

1 
1 

1 
1 
3 

3 

3 

3 

3 
3 
3 

3 

3 

3 

3 

3 

31 
3 

31 
3 

3) 

31 
3) 

31 
3) 
3) 
3) 
3) 
3) 

3) 

2) 

Days to 

I n i t i a l 
f lower­
ing 

) -0.63S 

) 0.000 

) -4.127 

) -0.308 

) -1.017 
) 5.357 

) -3.167 
) -4.688 
) -1.875 

-5.000 

) -7.273 ** 
-Z.500 

1 -Z.769 
-6.Z50 * 

1 -7.187 ** 
-6.Z50 * 
-7.500 * * 

-6.Z50 * 

-1.563 

-4.06Z 

-5.937 * 

-10.312 ** 
-2.812 
-5.714 * 
-2.576 

-6.667 * 

-Z.OOO 

5.357 

-3.390 
-4.667 

0.345 
-1.000 
-7.887 * * 
-6.250 * 

-4.06Z 

-4.9Z3 

Days to 

SOX 
f lower­

ing 

-3.333 

-3.200 

3.343 
-4.500 

-4.615 
0.317 

-1.077 

-1.429 
-2.000 
-4.000 

-3.467 

3.714 

-0.845 

-7.429 * 
-4.857 
-9.143 * * 
-9.857 ** 

-8 .451 * * 

1.408 

-4.507 

-9.155 ** 

-11.549 * * 

-2.254 
-9.867 • * 
-6.000 * 
-Z.687 

-0.986 

-0.635 

-Z.769 
-4.000 

4.516 
3.548 

-10.976 * * 
-8 .570 

-3.143 
-1.690 

Days to 

100% 
f lower­

ing 

-1.039 

-4 .051 

0.548 

-5.455 
-0.870 

-Z.899 

2.985 
-1.370 

-0.Z74 

-1.818 

-3.797 

3.836 

-1.818 
-4.93Z 
0.000 

-7.671 * 

-7 .808 * 

-16.438 * * 

4.384 

1.096 

-3.151 
-6.575 

1.918 
-5 .974 
-6.329 

-4 .384 

-4.286 

0.580 

-2.899 

1.493 
7.385 
7.077 

-11.494 * * 
1.644 

-1.096 

-3 .377 

Canopy 

d ia ­
meter 

(cm) 

2.151 

-6 .261 * 

7.931 ** 

-19.348 * * 

23.452 * * 
23.256 * * 

11.148 * * 
-5.759 * 

-7 .303 * * 
-13.ZZ7 * * 

1Z.957 * * 

6.207 * 

-27.225 * * 

19.023 ** 
11.693 * * 
15.358 * * 
10.733 ** 

-42.130 * * 

13.089 * * 

6.307 * 

25.000 * * 

15.185 ** 

19.828 * * 
26.215 ** 
-5 .289 * 

26.446 ** 

-14.050 * * 

7.934 ** 

-11.653 * * 

6.860 ** 
-23.388 * * 

-2 .231 
-0.846 
26.694 * * 

13.Z33 * * 

0.785 

Canopy 

circum­
ference 

(cm) 

-7.439 * * 

-8.378 ** 

-1.964 * 

-Z4.919 * * 

14.574 ** 
14.658 * * 
-3 .151 * * 

3.030 * * 

1.466 
-10.189 * * 

Z0.8Z6 * * 
-11.607 * • 

-18.485 * * 
8.667 * * 

-4.788 * * 
13.091 ** 
8.4Z4 * * 

-31.0Z4 * * 

S.IZO * * 

-Z.40S * 

3.253 * * 

1.747 

11.488 * * 
8.625 * * 

-3.324 * * 

15.685 * * 

-0.933 

6.356 * * 

-1 .983 * 
0.117 

-14.052 * * 
3.265 ** 

-10.650 * * 
34.S19 ** 

9.970 * * 

11.212 * * 

Leaf 

area at 

60 days 
(sq cm) 

-0.397 

-0.097 

-0.389 

-0.596 
57.071 * * 

49.295 * * 

30.038 ** 
3.864 * 

6.195 * * 
-33.179 ** 

-1.467 

11.563 ** 

-40.345 ** 
55.071 * * 
21.205 ** 

-11.199 ** 

42.292 * * 

-17.970 * * 

9.782 * * 

-28.108 ** 

55.165 * * 
66.041 * * 

35.964 * * 
-40.439 ** 

9.159 * * 
9.100 * * 

-8.381 * * 

15.550 ** 

-22.715 * * 
5.791 ** 

16.606 * * 
20.663 * * 

-21.779 * * 

13.135 »* 
82.245 ** 

46.306 ** 



\% 

Table 18 : Continued. 

Crosses 

M13 X MH2 
MK374 X MHZ 

Kad1r1-3 X MHZ 
G201 X MHZ 

TMVZ X MHZ 

PGN1 X MHZ 
JL24 X MHZ 

TMVZNLM X MHZ 

GNLM X MHZ 
M13 X TMVZNLM 

MK374 X TMVZNLM 
Kad1r1-3 X TMVZNLM 
6201 X TMVZNLM 

TMV2 X TMV2NLM 
PGN1 X TMV2NLM 

JLZ4 X TMVZNLM 

J11 X TMVZNLM 

PIZ59747 X 3Z-Z-5 

TMVZNLM X 3Z-Z-5 
GNLM X 3Z-Z-5 
JL24 X 3Z-2-5 
TMV2 X 3Z-Z-5 

Kad1r1-3 X 3Z-Z-5 

M13 X TAPS 

MK374 X TAP5 

Kad1r1-3 X TAPS ( 

GZOl X TAPS 
PGN1 X TAPS I 

TMVZ X TAPS 
JLZ4 X TAPS ( 
o n X TAPS ( 

PI3S0680 X TAPS ( 

ICGZZ71 X TAPS ( 

GNLM X TAPS ( 

TMVZNLM X TAPS ( 
TMVZNLM X GZOl ( 

Ca 

•• 

nopy 
combi­
nation 

(4 

(3 
(3 

(Z 
(Z 

(Z 

(2 
(3 

(3 

(4 
(3 
(3 

(Z 

(Z 
(Z 

(Z 

(Z 

[Z 
(3 
3 

2 
2 

3 

4 

3 
3 

2 
Z 

Z 
Z 

Z 

Z 

4 

3 
3 
3 

X 1 

X 1 
X 1 
X 1 
X 1 
X 1 

X 1 

X 1 

X 1 

X 3 

X 3 
X 3 
X 3 

X 3 
X 3 

X 3 

X 3 

X 3 

X 3 
X 3 
X 3 

X 3 

X 3 
X 31 

X 3 

X 31 
X 31 

X 3] 

X 31 
X 3) 

X 31 

X 3) 

X 3) 

X 3) 

X 3) 
X Z) 

Plant 
height 

(cm) 

) 38.810 
) IS.000 
) -23.636 
) -18.776 
) 7.547 

) 3Z.400 

) -Z6.28Z * 

) 15.686 

) 4.815 

) -13.333 

) -Z.69Z 

-Z9.091 * 
) -9.804 

) 16.604 
1 Z0.39Z 

-13.846 

1 1Z.7Z7 

-S0.S88 * * 
-18.8Z4 
-1Z.S93 

-7.69Z 

7.9ZS 

-Z6.667 * 

-18.133 

-37.733 * * 

-35.467 * * 
-5.600 

0.Z67 

11.467 
-20.256 

-15.733 
18.400 

-43.200 * * 

-20.800 

-25.600 * 
-1.569 

Number 

of 

prima­

r i es 

-45.172 * * 

1.429 
-2 .667 

5.263 
-18.462 
50.000 

16.667 

4.706 
3.750 

-42.069 • * 

1.176 
-2.353 

-25.263 

-10.588 
-8.235 

-27.059 

-18.824 

16.667 

4.706 
20.625 
16.667 

15.385 
5.333 

-44.828 * * 
5.000 

-10.667 
-16.842 

46.667 
-27.692 

13.333 
-6.000 

24.444 

11.111 

11.250 

S.882 
-13.684 

Number 
of 

secon­

daries 

30.588 

26.957 
-24.375 

-4.286 
300.000 

20.000 

-81.429 

-41.860 
-35.000 

-37.674 
-33.953 

-51.163 
-36.279 
-57.209 
-44 651 

-70.233 

-48.605 

-58.333 

-21.395 
-12.500 
-44.583 
-42.500 

-20.000 

-8.235 

-8.696 
-13.750 

-75.714 

90.000 
0.000 

-84.286 
20.000 

0.000 

-11.200 

-36.111 
-23.256 

-13.023 

** 

** 
* 
** 
* 
** 
** 
** 
** 
* 

** 

* 

Number 

of 

aer ia l 

pegs 

-51.507 * 

-54.154 * 
-14.000 

-39.333 
48.235 

51.071 

-49.412 

-44.000 
-43.750 

-49.589 * 

-6.790 
-43.600 
-46.800 

-45.200 
19.643 

-36.400 

-31.000 

-100.000 * 

40.000 
14.792 

-58.333 

-24.444 

4.889 

-22.466 

-32.308 

30.943 
-75.849 * 

12.500 

24.528 
-83.774 * 

-78.868 * 
-9.434 

38.113 

1.132 

-31.321 
-27.200 

Number 

of 

mature 

pods 

13.143 

-28.846 * 
-38.437 * * 
-44.063 * * 

58.621 * 

29.333 

-44.706 * * 
10.000 

-31.429 * 

-51.429 * 
-20.769 

-26.875 * 
-55.313 * * 

16.667 
28.889 

-51.471 * * 
-31.556 

-30.000 

25.000 

-18.163 
-63.529 * * 

16.000 

26.563 * 

-38.140 * 

-5.192 

25.000 * 

-80.938 * * 

63.556 * * 
7.442 

-51.471 ** 
-36.000 * 

-41.860 * 

-68.571 * * 

-34.694 * 

11.163 

-38.437 * 

Mature 

pod 
weight 

(9) 

7.729 

-29.262 * * 
-19.366 * * 
-27.513 * * 

71.700 * * 

43.885 * * 

-41.369 * * 

-11.298 
-55.269 * * 

-67.718 ** 
-27.293 * * 

-6.585 
-54.934 * * 

38.355 * * 
69.322 * * 

-43.624 • * 

19.103 * 

-28.378 * * 

31.982 * * 
-44.435 * * 
-65.888 * * 

82.808 * * 

71.268 * * 

-38.959 * * 

-5 .101 

65.512 * * 
-82.719 * * 

75.230 * * 

15.703 * * 
-35.260 * * 

-38.173 * * 

-24.704 * * 
-74.287 * * 

-51.883 * * 

5.585 
-22.374 * * 
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Table 18 

Crosses 

Continued... 

Canopy 
combi­

nation 

Number 
of 

mature 

kernels 

Mature 
kernel 

weight 

(g) 

Total 
dry 
matter 

at harvest 

(9) 

Shelling 
per cent 

Harvest 

Index 

M13 X MH2 
MK374 X MHZ 
Kad1r1-3 X MH2 
G201 X MH2 
TMV2 X MH2 
PGN1 X MH2 
JL24 X MH2 
TMV2NLM X MH2 
GNLM X MH2 
M13 X TMV2NLM 
MK374 X TMV2NLM 
Kad1r1-3 X TMV2NLM 
G201 X TMV2NLM 
TMV2 X TMV2NLM 
PGNl X TMV2NLM 
JL24 X TMV2NLM 
on X TMV2NLM 
PI259747 X 32-2-5 
TMV2NLM X 32-2-5 
GNLM X 32-2-5 
JL24 X 32-2-5 
TMV2 X 32-2-5 
Kad1r1-3 X 32-2-5 
M13 X TAP5 
MK374 X TAPS 
Kad1r1-3 X TAP5 
G201 X TAP5 
PGNl X TAP5 
TMV2 X TAP5 
JL24 X TAP5 
Jll X TAPS 
PI350680 X TAPS 
ICS2271 X TAPS 
GNLM X TAPS 
TMV2NLM X TAPS 
TMV2NLM X G201 

* Significant at SX leve 
** Significant at IX leve 

15.862 
-31.566 
-34.783 
-25.349 
14.699 

17.742 
-45.495 ** 
-22.692 
-24.308 
-42.759 
-24.096 
-12.826 
-52.558 ** 

10.843 

42.581 
-59.640 ** 

1.017 
-45.238 

62.857 
-18.462 
-70.000 ** 
0.241 

34.130 
-44.000 * 
-19.036 

16.522 
-80.698 ** 
38.750 
-21.928 
-49.910 ** 
-39.500 
-33.250 
-74.750 ** 
-40.250 
-23.250 
-40.235 * 

9.067 
-28.330 ** 
-51.320 ** 
-50.513 ** 
74.419 ** 

-7.203 
-56.014 ** 
-12.319 
-42.498 ** 
-45.207 ** 
-31.172 ** 
-37.595 ** 
-65.845 ** 

37.971 ** 

19.386 * 
-53.851 ** 

19.275 
-60.086 ** 

49.642 ** 
-37.287 ** 
-67.770 ** 

78.112 ** 

40.762 ** 
-28.835 ** 

-5.861 

35.191 ** 
-90.075 ** 

89.029 ** 
-3.981 

-42.095 *• 
-53.204 ** 
-43.301 ** 
-79.320 ** 
-54.807 ** 

14.563 
-40.520 ** 

1.771 

49.985 

-29.173 
-24.491 
4.197 

62.894 
-27.694 
-19.358 

-9.754 
-25.012 

6.720 
-39.336 * 
-29.764 
-20.682 
-16.349 
-10.532 

0.461 
-50.613 ** 
-18.812 
-36.932 * 
-31.646 * 
-52.790 ** 
-27,276 
-20.232 

9.595 
-21.327 
-33.640 * 

65.812 
12.014 

-22.076 
-14.042 

11.754 

-10.771 

9.777 
-14.223 
-15.621 

-36.423 * * 
-23.124 * 
-41.077 * * 
-30.208 * * 
-18.809 
-31.958 * * 
-32.202 * * 

-9 .088 

-8.522 
-5.989 

-32.093 * * 
-35.923 ** 
-31.020 * * 
-11.820 
-37.265 * * 
-36.350 * * 
-23.433 * 
-45.818 * * 
-21.798 * 

1.567 

-3.222 
-23.243 * 
-21.157 

-2.852 
-26.478 * 
-22.867 * * 
-41.408 * * 

7.541 
-17.518 
-20.287 * 
-15.264 
-27.967 ** 
-40.406 * * 
-31.293 ** 
-41.034 * * 
-30.922 * * 

-58.975 * * 
-50.182 ** 
-38.408 * * 
-42.769 ** 

6.795 
-36.825 ** 
-30.429 * 
-53.052 ** 
-49.673 ** 
-37.394 
-48.981 ** 

1.703 
-45.593 * * 

3.435 
-38.131 * * 
-57.965 * * 

21.793 
-22.467 
39.322 

-19.242 
-66.264 ** 

65.056 ** 
57.293 ** 

-56.282 ** 
-27.526 * 

10.395 
-86.334 * * 

-1 .915 
-19.139 
-19.809 
-41.192 * * 
-54.825 * * 
-84.585 * * 
-69.624 * * 
-56.315 * * 
-24.474 
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wfis taken by TMV2 x TAPS (28.50 days) followed by JL24 x TAP5 

(28.60 days) and TMV2 x 32-2-5 (28.70 days) in which TAP5 was 

Involved in two crosses. The cross MK374 x MH2 showed the highest 

mean value (33.00 days) followed by ICG 2271 x TAP5 (32.70 days), 

G201 X MH2 (32.40 days) and MK374 x TAP5 (32.15 days). 

The heterosis for this trait ranged from - 10.312% to 

5.357%. Among the 36 F 's significant negative heterosis was 

observed in twelve crosses. Highly significant negative 

heterosis was recorded by five crosses viz., TMV2 x 32-2-5 

(-10.312%), ICG 2271 x TAP5 (-7.887%), Jll x TMV2NLM (-7.500%), 

MK374 X TMV2NLM (-7.273%) and PGN 1 x TMV2NLM (-7.187%). None of 

the crosses exhibited significant positive heterosis. Two crosses 

viz., PGNl X MH2 (5.357%) and PGNl x TAP5 (5.357%) recorded high 

positive heterosis. 

4.4.2 Days to 50Z Flowering 

The range of mean values for days to 50 per cent 

flowering was between 28.00 days and 41.00 days in the parents. 

The least number of days was observed in TAP5 (28.00 days) 

followed by MH2 (29.00 days). The parents viz., ICG 2271 (41.00 

days), M13 (37.50 days) and MK374 (37.50 days) recorded high mean 

values. The crosses showed a range of 31.00 days to 36.50 days. 

Low mean values were recorded in TMV2 x MH2 (31.00 days), JL24 x 

TAPS (31.20 days), PGNl x TAPS (31.30 days), TMV2 x 32-2-5 (31.40 

days), Jll X TMV2NLM (31.55 days), PGNl x MH2 (31.60 days) and 

TMV2 X TAPS (31.60 days), of which TAPS was involved in three 
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crosses. The highest mean value was found In ICG 2271 x TAPS 

(36.50 days). 

The range of heterosis for days to 50 per cent flowering 

was from -11.549% to 4.516%. Nine crosses exhibited significant 

regatlve heterosis, of which two crosses viz., ICG 2271 x TAP5 

(-10.976%) and TMV2 x 32-2-5 (-11.549%) recorded highly signifi­

cant negative heterosis. Significant positive heterosis was not 

observed among the 36 crosses. High positive heterosis was found 

In Jll X TAP 5 (4.516%), Kadlrl-3 x TMV2NLM (3.714%) and PI350680 

X TAP5 (3.548%). 

4.4.3 Days to lOOZ Flowering 

Among the parents the mean values ranged from 30.50 days 

to 43.50 days for this trait. TAP5 (30.50 days) recorded the 

lowest mean value, while the highest mean value was found in ICG 

2271 (43.50 days) followed by MK374 (39.50 days), M13 (38.50 

days) and G201 (38.50 days). The mean days to 100 per cent 

flowering ranged from 30.50 days to 38.50 days in crosses. The 

cross, PI 259747 x 32-2-5 (30.50 days) showed the lowest mean 

value. High mean values were recorded in ICG 2271 x TAP5 (38.50 

days), M13 x MH2 (38.10 days), TMV2NLM x 32-2-5 (38.10 days) and 

MK 374 X TMV2NLM (38.00 days). 

For this character, the heterosis ranged from -16.438% 

to 7.385%. Out of 36 crosses, only four crosses eidiibited signi­

ficant negative heterosis viz., PI 259747 x 32-2-5 (-16.438%), 

ICG 2271 X TAP5 (-11.494%), Jll x TMV2NLM (-7.808%) and JL24 x 
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TMV2NLM (-7.671%). None of the crosses showed significant 

positive heterosis for this trait. Two crosses viz., Jll x TAPS 

(7.385%) and PI350680 x TAPS (7.077%) recorded high positive 

heterosis. 

4.4.4 Canopy Dlaaeter 

In respect of parents, the mean canopy diameter ranged 

from 28.7S cm to 6S.00 cm. The highest mean canopy dieuneter was 

observed in ICG 2271 (6S.00 cm) followed by M13 (62.7S cm), TAPS 

(60.SO cm) and GNLM (60.25 cm). The variety MH2 (28.75 cm) 

recorded the lowest mean. Among the crosses the mean canopy 

diameter ranged from 31.25 cm to 79.20 cm. The cross M13 x TAPS 

exhibited high mean value followed by GNLM x TAPS (76.65 cm) and 

Kadiri-3 x TAPS (76.50 cm) in which TAPS was involved in all the 

three crosses. The crosses viz., PI 259747 x 32-2-5 (31.25 cm), 

G 201 X MH2 (37.10 cm), G 201 x TMV2NLM (41.70 cm) and Jll x TAPS 

(46.35 cm) recorded low mean values for this trait. 

The crosses exhibited both positive and negative 

heterosis for canopy diameter. The range of heterosis for this 

trait was between -42.130% and 26.694%. Twenty one crosses 

exhibited significant positive heterosis. Six crosses exhibited 

highly significant positive heterosis viz., GNLM x TAPS 

(26.694%), Kadiri-3 x TAPS (26.446%), M13 x TAPS (26.215%), JL24 

X 32-2-5 (25.00%), TMV2 x MH2 (23.452%) and PGNl x MH2 (23.256%) 

in which TAPS was involved in three crosses. Significant 

negative heterosis was observed in eleven crosses. Three crosses 

values for the crosses was from 114.50 cm to 230.70 cm. The 
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showed highly significant negative heterosis viz., PI 259747 x 

32-2-5 (-42.130%), G 201 x TMV2NLM (-27.225%) and Jll x TAPS 

(-23.388%). 

4.4.5 Canopy Circumference 

The mean canopy circumference in parents ranged from 

87.50 cm to 200.00 cm. The highest mean value for canopy circum­

ference was observed in ICG 2271 (200.00 cm) followed by M13 

(185.50 cm), TAP5 (171.50 cm) and GNLM (170.50 cm). The parent 

MH2 showed the lowest mean value (87.50 cm). The range of mean 

values for the crosses was from 114.50 cm to 230.70 cm. The 

crosses viz., GNLM x TAPS (230.70 cm), MK374 x TMV2NLM (204.80 

cm) and M13 x TAPS (201.50 cm) recorded high mean values for this 

trait. The lowest mean value was found in PI 259747 x 32-2-5 

(114.50 cm) followed by G201 x MH2 (116.00 cm). 

It was observed that the range of heterosis for this 

trait was between -31.024% annd 34.519%. Both positive and 

negative heterosis was found in the crosses for this trait. 

Significant positive heterosis was recorded by seventeen crosses, 

of which the cross, GNLM x TAPS (34.519%) registered highly 

significant positive heterosis followed by MK374 x TMV2NLM 

(20.826%), Kadiri-3 x TAPS (15.685%), PGNl x MH2 (14.658%) and 

TMV2 X MH2 (14.574%). Negative significant heterosis was 

observed in 15 crosses. Highly significant negative heterosis 

was recorded by PI259747 x 32-2-5 (-31.024%) and G201 x MH2 

(-24.919%). 
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4.4.6 Leaf Area at 60 Days 

2 2 
The mean values ranged from 879.00 cm to 3163.00cm for 

leaf area at 60 days In the parents. The parent ICG 2271 

2 
(3163.00 cm ) recorded the highest mean value followed by M13 

(2661.00 cm^), Kadlri-3 (2335.00 cm^) and 32-2-5 (2303.00 cm^). 

2 
The lowest mean value was found in MH2 (879.00 cm ) followed by 

PGNl (1055.00 cm^) and TMV2 (1393.00 cm^). The crosses showed a 

2 2 
range of mean values between 1265.88 cm to 3867.23 cm . The 

2 
cross TMV2NLM x TAP5(3867.23 cm exhibited the highest mean value 

followed by TMV2 x 32-2-5 (3823.92 cm^) JL24 x 32-2-5 (3573.45 

cm^). TMV2 X TMV2NLM (3290.60 cm^), Kadiri-3 x 32-2-5 (3174.75 

cm^), TMV2NLM x G201 (3104.61 cm^) and Jll x TMV2NLM (3019.43 

2 
cm ), in which TMV2NLM was involved in four crosses and 32-2-5 in 

2 
three crosses. The cross G201 x TMV2NLM (1265.88 cm ) recorded 

the lowest mean leaf area at 60 days. 

The heterosis for this character ranged between -40.439% 

and 82.245%. Among 36 crosses, twenty two crosses exhibited 

significant positive heterosis and nine crosses recorded signifi­

cant negative heterosis. Five crosses viz., TMV2NLM x TAP5 

(82.235%), TMV2 x 32-2-5 (66.041%), TMV2 x MH2 (57.071%), JL24 x 

32-2-5 (55.165%) and TMV2 x TMV2NLM (55.071%) recorded highly 

significant positive heterosis. Significantly high negative 

heterosis was observed in three crosses viz., M13 x TAP5 

(-40.439%), G201 x TMV2NLM (-40.345%) and M13 x TMV2NLM 

(-33.179%). 
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4.4.7 Plant Height 

Among the parents, the mean values for plant height 

ranged from 8.50 cm to 42.50 cm. The genotype PI259747 (42.50 cm) 

showed the highest mean value followed by JL24 (39.00 cm). TAPS 

(37.50 cm) and PI350780 (36.00 cm). The lowest mean value was 

found In MH2 (8.50 cm) followed by ICG2271 (19.50 cm) and Ml3 

(21.00 cm). For the crosses, the mean values ranged from 19.90 cm 

to 44.40 cm. PI350680 x TAPS (44.40 cm) recorded the highest mean 

value followed by TMV2 x TAPS (41.80 cm), PGNl x TAPS (37.60 cm) 

and JL24 x 32-2-S (36.00 cm). The lowest mean value was observed 

In G201 x MH2 (19.90 cm) followed by TMV2NLM x 32-2-5 (20.70 cm). 

The range of heterosis observed for this trait was from 

-50.588% to 38.810%. Out of 36 crosses, thirteen crosses 

exhibited positive heterosis for this trait, but none of them 

recorded significant heterosis. High positive heterosis was 

found In M13 x MH2 (38.81%) and PGNl x MH2 (32.400%). Eight 

crosses expressed significant negative heterosis. Four crosses 

viz., PI259747 x 32-2-5 (-50.588%), 1CG2271 x TAPS (-43.200%), 

MK374 X TAPS (-37.733%) and Kadlrl-3 x TAPS (-35.467%) recorded 

highly significant negative heterosis. 

4.4.8 Nimber of Primaries 

The mean number of primaries ranged from 4.00 to 14.50 

In the parents. The genotype M13 (14.50) showed the highest mean 

value followed by G201 (9.50) and ICG2271 (9.00). Low mean values 

were found In MH2 (4.00), PGNl (4.00) and PI350680 (4.00). Among 



the crosses, the mean values ranged from 4.70 to 10.00. The 

highest mean number of primaries was recorded by ICG2271 x TAPS 

(10.00) and G201 x MH2 (10.00) followed by GNLM x 32-2-5 (9.65) 

and TMV2NLM x TAPS (9.00). The crosses viz., TMV2 x TAPS (4.70) 

and Jll X TAPS (4.70) showed the lowest mean number of primaries. 

The crosses showed both positive and negative heterosis 

for this character. The range of heterosis for number of 

primaries was between -45.172 and 50.00. Twenty crosses regis­

tered positive heterosis for this trait which was not signifi­

cant. High positive heterosis was exhibited by PGNl x MH2 

(50.00%) and PGNl x TAPS (46.67%). Out of 36 crosses, significant 

negative heterosis was observed in M13 x MH2 (-45.172%), M13 x 

TAPS (-44.828%) and M13 x TMV2NLM (-42.069%). 

4.4.9 Nuaber of Secondaries 

The parents recorded a range of mean values between 0.00 

to 21.50. Highest mean number of secondaries was found in TMV2NLM 

(21.50) followed by GNLM (18.00), G201 (14.00), ICG2271 (12.50), 

32-2-5 (12.00) and MK374 (11.50). The secondary branches were 

absent in TMV2. TAPS and PI350680. Low mean value was found in 

Jll (0.50). The range of mean values was from 0.30 to 18.70 in 

the crosses. The cross TMV2NLM x G201 (18.70) exhibited the 

highest mean value followed by TMV2NLM x 32-2-5 (16.90) and 

TMV2NLM X TAPS (16.50). Incidentally TMV2NLM was Involved as one 

of the parents in the above three crosses which showed the 

highest mean value. Low mean values were recorded by TMV2 x 
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TAPS (0.30), Jll X TAPS (0.60), JL24 x TAPS (1.10), PI3S0680 x 

TAPS (1.10), PGNl x MH2 (1.20) and JL24 x MH2 (1.30). 

The heterosis for this trait ranged from -84.286% to 

300.00%. None of the crosses exhibited significant positive 

heterosis for number of secondaries. High positive heterosis was 

observed in TMV2 x MH2 (300.00%) and PGNl x TAPS (90.00%). Signi­

ficant negative heterosis was found in twelve crosses, of which 

two crosses viz., G201 x TAPS (-7S.714%) and JL24 x TMV2NLM 

(-70.233%) recorded highly significant negative heterosis. 

4.4.10 Nuaber of Aerial Fiaŝ  

The range of mean values among the parents was between 

6.00 and 36.SO for number of aerial pegs. The parent Ml3 (36.SO) 

showed the highest mean value followed by MK374 (32.SO), PGNl 

(28.00), TAPS (26.SO) and ICG2271 (26.SO). TMV2 (6.00) recorded 

the lowest mean value followed by MMH2 (8.SO) and JL24 (8.50). In 

the crosses the mean values ranged from 0.00 to 42.30. The 

highest mean value was recorded by PGNl x MH2 (42.30) followed by 

ICG2271 X TAPS (36.60) and TMV2NLM x 32-2-S (3S.00). The aerial 

pegs were absent in PI259747 x 32-2-S. While low mean values were 

observed in JL24 x MH2 (4.30), JL24 x TAPS (4.30), Jll x TAPS 

(5.60), G201 x TAPS (6.40), JL24 x 32-2-5 (7.50) and G201 x MH2 

(9.10). 

The range of heterosis for number of aerial pegs was 

between -100.00% and 51.071%. Among 36 crosses, none of the 

crosses showed significant positive heterosis for this trait. 
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Three crosses viz., PGNl x MH2 (51.071%), TMV2 x MH2 (48.235%) 

and TMV2NLM x 32-2-5 (40.000%) recorded high positive heterosis, 

of which the crosses viz., PI259747 x 32-2-5 (100.00%), JL24 x 

TAP5 (-83.774%), Jll x TAP5 (-78.868%) and G201 x TAP5 (-75.849%) 

recorded high degree of significant negative heterosis. 

4.4.11 Nmber of Mature Pods 

In parents, the mean values ranged from 10.50 to 34.00 

for number of mature pods. The parent JL24 (34.00) recorded 

highest number of mature pods followed by Kadlri-3 (32.00) and 

G201 (32.00). The lowest mean value was found in P1259747 (10.50) 

followed by TMV2 (12.00). Among the crosses the mean number of 

mature pods ranged from 6.10 to 40.50. The cross, Kadlri-3 x 

32-2-5 (40.50) exhibited the highest mean value followed by 

Kadiri-3 x TAP5 (40.00). Low mean values were recorded by G201 x 

TAP5 (6.10), ICG2271 x TAP5 (7.70) and M13 x TMV2NLM (8.50). 

The crosses exhibited both positive and negative signi­

ficant heterosis for number of mature pods. The heterosis for 

this trait ranged between -80.938% and 63.556%. Four crosses 

expressed significant positive heterosis for number of mature 

pods, of which one cross viz., PGNl x TAP5 (63.556%) showed 

highly significant positive heterosis. Significant negative 

heterosis was recorded by eighteen crosses. Highly significant 

negative heterosis was found in G201 x TAP5 (-80.938%), ICG2271 x 

TAP5 (-68.571%) and JL24 x 32-2-5 (-63.529%). 



4.4.12 Mature Pod Weight 

Among the parents, the mean values for mature pod weight 

ranged from 8.94 g to 24.39 g. Maximum mature pod weight was 

observed In JL24 (24.39g) followed by GNLM (23.63g). ICG2271 

(23.49g), MK374 (22.35g) and G201 (21.99g). The parent MH2 

(8.94g) recorded the lowest mean value followed by PI259747 

(9.19g), TMV2 (lO.OOg) and TMV2NLM (10.09g). In case of crosses, 

the mean mature pod weight ranged from 3.80 g to 35.11g. The 

highest mean value was observed in Kadiri-3 x 32-2-5 (35.11g) 

followed by Kadiri-3 x TAPS (33.93 g). The cross, G201 x TAP5 

(3.80 g) showed the lowest mean value followed by ICG2271 x TAPS 

(6.04 g) and M13 x TMV2NLM (6.14 g). 

The range of heterosis for this trait was between 

-82.719% and 82.808%. Among 36 crosses, positively significant 

heterosis was recorded in eleven crosses. The crosses viz., TMV2 

X 32-2-S (82.808%), PGNl x TAPS (7S.230%) TMV2 x MH2 (71.700%), 

Kadiri-3 x 32-2-S (71.268%), PGNl x TMV2NLM (69.322%) and 

Kadiri-3 x TAPS (6S.512%) exhibited significantly high degree of 

positive heterosis. Significant negative heterosis was observed 

in twenty crosses, of which two crosses expressed highly signifi­

cant negative heterosis viz., G201 x TAPS (-82.719%) and ICG2271 

X TAPS (-74.287%). 

4.4.13 Nuaber of Mature Kernels 

The range of mean values for number of mature kernels 

was between 17.00 and SS.SO in the parents. The parent JL24 
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(55.50) recorded the highest number of mature kernels followed by 

Kadiri-3 (46.00), G201 (43.00), TMV2 (41.50), MK374 (41.50) and 

TAP5 (40.00). While, PI25947 (17.00) showed the lowest number of 

mature kernels followed by TMV2NLM (21.00) and 32-2-5 (21.00). 

Among the crosses the range of mean values was from 8.25 to 

61.70. The mean number of mature kernels observed in the cross 

Kadiri-3 x 32-2-5 was the highest (61.70) followed by PGNl x TAP5 

(55.50) and Kadiri-3 x TAPS (53.60). While, the lowest mean value 

was found in G201 x TAP5 (8.25) followed by ICG2271 x TAP5 

(10.10) and PI 259747 x 32-2-5 (11.50). 

Both positive and negative significant heterosis was 

observed for this trait. The heterosis for number of mature 

kernels ranged from -80.698% to 62.857%. Out of 36 crosses, none 

of the crosses exhibited significant positive heterosis. Four 

crosses viz., TMV2NLM x 32-2-5 (62.857%), PGNl x TMV2NLM 

(42.581%), PGNl X TAPS (38.750%) and Kadiri-3 x 32-2-5 (34.130%) 

recorded high positive heterosis. Significant negative heterosis 

was found in nine crosses. Highly significant negative heterosis 

was recorded by G201 x TAP5 (-80.698%), ICG2271 x TAP5 (-74.750%) 

and JL24 x 32-2-5 (-70.000%). 

4.4.14 Mature Kernel Height 

The mean values of mature kernel weight ranged from 3.56 

g to 17.05 g in parents. The parent, Kadiri-3 (17.05 g) exhibited 

the highest mature kernel weight followed by JL24 (14.80 g) and 

G201 (14.61 g). The lowest mean value was found in PI259747 (3.56 
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g) followed by Jll (5.49 g). In respect of crosses, the mature 

kernel weight ranged from 1.45 g to 24.00 g. The cross Kadiri-3 x 

32-2-5 (24.00 g) recorded the highest mean kernel weight followed 

by Kadlrl-3 x TAP5 (23.05 g). Low mean values were recorded by 

G201 X TAPS (1.45 g), ICG2271 x TAPS (2.13 g) and PI259747 x 

32-2-S (2.79g). 

The range of heterosis for mature kernel weight was 

found to be between -90.075% and 89.029%. Eight crosses exhibited 

significant positive heterosis for this trait out of 36 crosses. 

The crosses viz., PGNl x TAPS (89.029%), TMV2 x 32-2-S (78.112%) 

and TMV2 x MH2 (74.419%) recorded highly significant positive 

heterosis. Twenty one crosses expressed significant negative 

heterosis, of which two crosses viz., 0201 x TAPS (-90.075%) and 

ICG2271 X TAPS (-79.320%) showed highly significant negative 

heterosis. 

4.4.15 Total Dry Matter at Harvest 

The range of mean values for total dry matter at harvest 

was between 17.03 g and 63.81 g in the parents. The highest mean 

dry matter at harvest was observed in M13 (63.81 g) followed by 

32-2-5 (57.89g), Kadiri-3 (56.97g) and G201 (50.06g). The parent 

MH2 (17.03g) showed the lowest mean followed by PGNl (18.38g). 

The crosses recorded a range of 20.69 g to 64.94 g for this 

trait. Maximum dry matter at harvest was obtained in the cross 

M13 X MH2 (64.94 g) followed by MK374 x TMV2NLM (53.20 g), M13 x 

TAPS (50.90 g) and Jll x TMV2NLM (50.08 g). The cross Jll x TAPS 
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(20.69 g) recorded the lowest mean value followed by JL24 x MH2 

(23.55 g) and JL24 x TAP5 (25.38 g). 

The heterosis for this character ranged between -52.790% 

and 65.812%. None of the 36 crosses recorded significant positive 

heterosis for total dry matter at harvest. High positive 

heterosis was found in PGNl x TAP5 (65.812%) and PGNl x MH2 

(62.894%). Negative significant heterosis was recorded in six 

crosses. Highly significant negative heterosis was observed in 

TMV2 X 32-2-5 (-52.790%) and PI259747 x 32-2-5 (-50.613%). 

4.4.16 Shelling Per cent 

The parents recorded a range of 42.83% to 90.61% for 

shelling per cent. The parent Kadiri-3 (90.61%) exhibited the 

highest shelling per cent followed by TMV2NLM (81.98%). While, 

the lowest shelling per cent was recorded by PI259747 (42.83%) 

followed by M13 (45.55%). A range of 30.77% to 77.29% was 

recorded in the crosses for this trait. Shelling per cent was 

high in PGNl x TAP5 (77.29%) followed by M13 x TMV2NLM (77.07%), 

TMV2NLM X MH2 (74.53%), TMV2 x TMV2NLM (72.29%) and Kadiri-3 x 

32-2-5 (71.44%). The lowest shelling per cent was observed in the 

cross PI259747 x 32-2-5 (30.77%) followed by G201 x TAP5 (42.11%) 

and ICG2271 x TAP5 (42.83%). 

The heterosis ranged between -45.818% and 7.541% for 

shelling per cent. None of the crosses exhibited significant 

positive heterosis for this trait. Only two crosses viz., PGNl x 

TAP5 (7.541%) and GNLM x 32-2-5 (1.567%) recorded positive 



heterosis. Twenty four crosses expressed significant negative 

heterosis, of which five crosses showed highly significant 

negative heterosis, viz., PI259747 x 32-2-5 (-45.818%), G201 x 

TAPS (-41.408%), Kadiri-3 x MH2 (-41.077%), TMV2NLM x TAPS 

(-41.034%) and ICG2271 x TAPS (-40.406%). 

4.4.17 Harvest Index 

Among the parents, the mean values of harvest index 

ranged from 7.70 to 34.46. The highest harvest index was found in 

PGNl (34.46) followed by JL24 (31.45) and TAPS (30.88). The 

parent PI2S9747 (7.70) exhibited the lowest mean value followed 

by M13 (10.65), 32-2-5 (11.35) and TMV2NLM (12.97). The harvest 

index values ranged from 4.22 to 36.02 in the crosses. The cross 

Kadlrl-3 x 32-2-5 recorded the highest mean value (36.02) 

followed by Kadiri-3 x TAPS (34.09), PGNl x TAPS (33.80) and TMV2 

X 32-2-5 (30.75). The lowest mean value was found in G201 x TAPS 

(4.22) followed by ICG2271 x TAPS (4.76). 

The range of heterosis for this trait was from -86.334% 

to 65.056%. Out of 36 crosses, significant positive heterosis was 

observed in only two crosses viz., TMV2 x 32-2-5 (65.056%) and 

Kadiri-3 x 32-2-5 (57.293%). Significant negative heterosis was 

recorded by twenty one crosses. Two crosses viz., G201 x TAPS 

(-86.334%) and ICG2271 x TAPS (-84.585%) eadxibited highly signi­

ficant negative heterosis. 



4.5 MEAN fWlFOBMUHCE OF PARENTS AND NEANS AND VARIANCES 

EXHIBITED B7 CROSSES IN F2 GENERATION FOR CANOPY AND 

REHR.ODUCTIVE ATTRIIIDTES 

The mean values of parents and means and variances 

recorded by 36 crosses for 17 characters In F„ generation (Rabl) 

are presented In Tables 19 and 20 respectively. The means and 

variances exhibited by 21 crosses for 17 characters In F_ genera­

tion (Kharlf) along with their parental mean values were given In 

Tables 21 and 22 respectively. 

4.5.1 F. Generation (Rabl) 

4.5.1.1 Days to Initial Flowering 

In parents the days to Initial flowering ranged between 

40.00 days and 59.00 days. The number of days taken for Initial 

flowering were the least in TAPS (40.00 days). ICG2271 (59.00 

days) took maximum number of days to Initial flowering followed 

by M13 (53.00 days). 

The ranges of means and variances for this trait were 

from 42.27 days to 56.50 days and 0.00 to 44.20 respectively. Low 

mean values were observed in six crosses of which, four crosses 

viz., TMV2 X TAP5, PGNl x TAP5, TMV2 x MH2 and TMV2 x TMV2NLM 

exhibited medium degree of variance and two crosses, PGNl x MH2 

and JL24 x MH2 showed low variance. High degree of variance was 

found in seven crosses, of which five crosses viz., M13 x MH2, 

M13 X TMV2NLM, MK374 x MH2, G201 x MH2 and GNLM x 32-2-5 recorded 

high mean and two crosses M13 x TAP5 and Kadlri-3 x TAP5 showed 



Table 19 

Parents 

MHZ 

on 
JL24 

TMV2 
PGN1 
PI259747 
PI350680 
G201 

TAPS 

MK374 

GNLM 

TMV2NLM 

K a d i r 1 - 3 

32-2-5 
M13 

ICG2271 

Parents 

MH2 

on 
JL24 

TMV2 

PGN1 

P1259747 

P I 3 5 0 6 8 0 

G201 

TAP5 

MK374 

GNLM 

TMV2NLM 

Kad1r1-3 

32-2-5 
M13 
ICG2271 

: Mean perfi 

for 17 ch( 

Canopy 
Cate­
gory 

1 

2 
2 

2 
2 

2 
2 

2 
3 

3 

3 

3 
3 

3 
4 
4 

Canopy 

Cate­

gory 

1 

2 

2 

2 
2 
2 
2 

2 
3 

3 

3 
3 
3 

3 
4 
4 

ormance of ti 

i r a c t e r s . 

Days to 
I n i t i a l 
f lower­
ing 

43.00 

43.00 

44.00 
45.00 
44.00 
43.00 
46.00 

52.00 

40.00 

52.00 

49.00 
48.00 

52.00 
47.00 
53.00 

59.00 

Number 

of 
a e r i a l 
pegs 

8.60 

29.60 

25.63 

19.40 
26.18 
27.25 
13.22 

29.38 

32.60 

28.22 

18.29 

23.38 
19.75 

19.57 
47.80 
65.67 

le parents 

Days to 

50X 
f lower­
ing 

47.00 

46.00 

47.00 

48.00 
47.00 

46.00 
47.00 

54.00 

43.00 

57.00 

51.50 

51.00 
57.00 
53.00 
57.00 

62.00 

Number 

of 

mature 
pods 

14.00 

46.20 

19.25 

35.50 
31.20 
29.50 
17.00 

29.13 

19.10 

27.89 

29.29 

31.75 
55.33 

40.57 

31.80 
32.00 

(grown a1 

Days to 
100« 

f lower­

ing 

49.00 

48.00 

48.00 
50.00 
49.00 
48.00 
51.00 

57.00 
45.00 

61.00 

56.00 

55.00 
63.00 
55.00 

62.00 
67.00 

Mature 

pod 

weight 

(9) 

11.27 

38.99 

18.42 
27.34 

34.16 
36.11 
25.80 

32.38 

17.36 

29.72 

30.00 
29.92 

51.10 
41.28 

35.25 
29.73 

ong with F 

Canopy 
d ia ­
meter 

(cm) 

22.00 

45.80 

46.00 
45.60 
47.50 
49.00 
48.50 

48.50 

60.00 

54.70 

60.15 

58.20 
55.00 
55.90 

75.80 
76.50 

Number 

of 

nature 
kernels 

25.80 

70.40 

26.50 

56.80 
52.51 
49.63 
30.89 

52.13 

32.00 

47.56 

45.71 

46.75 
77.00 

58.82 
45.70 
47.50 

• progenlj 

Canopy 
circum­
ference 

(cm) 

50.80 

145.10 

149.20 

148.30 
150.10 
149.40 
147.25 

150.50 

180.60 

169.18 

180.25 

176.15 
170.80 
170.20 
211.70 

215.50 

Mature 

kernel 
weight 

(9) 

8.15 

28.72 

12.21 
20.04 
23.46 
18.15 
16.96 
21.72 

11,92 
19.85 

20.63 

18,50 
37,66 
26,50 

22,94 
16,83 

>s In Rab1 

Leaf 

area at 
60 days 

(sq cm) 

916.72 

2601.70 

2558.36 
2481.25 
2019.01 
2082.24 
2117.25 
2643.16 

2644.87 

3004.57 

4014.77 
3950.51 
3032.41 
4134.29 

4918.36 
4819.29 

Total 

dry 
matter 

} 

Plant 
height 

(cm) 

6.80 

39.40 

33.63 
31.80 
30.90 

35.63 
44.11 

25.38 

36.80 

26.00 

25.29 

21.50 
22.00 
31.71 
21.50 

22.67 

Shell ing 

per cent 

at harvest 

(9) 

13.96 

44.93 

42.37 

34.03 
45.20 
45.30 
29.26 

39.15 

34.07 

38.21 

40.91 

42.39 
31.54 
52.65 
47.40 

86.04 

71.63 

74.99 

65.68 
73.09 
70.70 
52.21 
68.10 

69.81 

70.49 

67.99 

70.57 
63.11 

74.69 
68.17 
69.20 

61.26 

Number 

of 
prima­

r ies 

5.20 

6.20 

6.63 
6.30 

6.20 
6.13 

5.22 
8.25 

4.60 

9.11 
6.71 
8.00 

6.50 
8.29 
8.40 

9.67 

Harvest 

Index 

36.15 

39.21 

25.14 

36.76 
35.67 
29.16 
35.55 

36.26 

27.59 

35.22 

34.31 

31.62 
54.27 

36.71 
34.18 
17.53 

Number 
of 

secon­

daries 

1.40 

2.80 

3.63 

4.10 
5.20 
1.00 
0.33 

14.25 

1.50 

16.78 
12.14 

24.88 
13.50 

14.71 
24.30 

24.23 
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Table 20 : Means and variances of 36 F. progenies (grown In rabi) for 17 characters. 

Crosses 

M13 X MHZ 

MK374 X MHZ 

Kadlr l -S X MHZ 

GZ01 X MHZ 

TMVZ X MHZ 

PGN1 X MHZ 

JL24 X MHZ 

TMV2NLM X MHZ 

GNLM X MHZ 

Ml 3 X TMV2NLM 

MK374 X TMV2NLM 

Kad1r1-3 X TMV2NLM 

G201 X TMV2NLM 

TMVZ X TMV2NLM 

PGN1 X TMV2NLM 

JLZ4 X TMVZNLM 

J n X TMVZHLM 

PI259747 X 3Z-2-5 

Canopy 

Combi­
nation 

(4 X 1 

(3 X 1 

(3 X 1 

(2 X 1 

(2 X 1 

(2 X 1 

(2 X 1 

(3 X 1 

(3 X 1 

( 4 x 3 

( 3 X 3 

( 3 X 3 

(2 X 3] 

(2 X 31 

(2 X 3] 

(2 X 3) 

(2 X 3) 

(2 X 3) 

Days 

to 

I n i t i a l 
f lower­
ing 

) 52.80 

44.20 

) 52.50 

28.30 
) 46.00 

4.92 

) 55.25 
27.64 

1 43 .29 

3.24 

I 42.27 

0.6Z 

) 4Z.8e 

0.48 

45.Z6 
14.Zl 
49.38 

11.98 

56.50 

35.67 

49.38 
17.70 

47.17 

2.57 

51.75 
10.92 

44.08 

3.17 

44.64 

2.85 

45.25 
4.92 

44.67 

5.33 

46.00 

0.00 

z 

Days 

to 

sot 
flower 

Ing 

57.75 

6.92 

60.33 

33.87 

50.00 
10.00 

59.63 
23.13 
46.00 

2.00 

45.91 

1.49 

46.71 
1.24 

50.00 
20.35 

56.38 
16.84 

60.25 

32.25 

56.50 

39.71 

51.33 
1.87 

55.50 
22.33 

48.25 

Z.93 

50.36 
17.65 

48.50 
0,33 

49.00 

1Z.00 

47.00 
0.00 

Days 

to 
100« 

- flower 

Ing 

61.50 
3.00 

67.00 
49. ZO 

54.00 
14.15 
65.00 
40.00 

48.14 

1.14 

48.36 

0.65 

51.86 

17.81 
5Z.95 
15.60 
59.75 
Z6.50 

64.00 

47.33 

61.88 

49.84 
54.17 

0.97 
59.50 
Z3.00 

51.00 

3.Z7 

51.36 

4.45 

51.00 
0.67 

54.33 
5.33 

49.00 

0.00 

Canopy 
diame­
ter 

- (cm) 

48. OZ 
27.77 

45.35 

8Z.1Z 
46.70 

60.06 
37.27 
83.74 
37.93 

100.22 

45.08 

99.96 

33.16 
84.20 

46.75 
110.96 

45.02 
90.73 

67.63 

64.58 
59.40 

120.27 

58.36 
123.07 

55.33 
182.67 

59.53 

296.67 

56.10 

219.22 

52.82 
203.01 

51.17 
193.42 

63.90 

135.93 

Canopy 
circum­
ference 

(cm) 

141.20 

62.67 

139.10 

102.88 

145.00 

188.00 
136.23 
170.49 

117.86 

283.50 

132.08 

239.53 

78.06 

217.18 
140.35 
310.88 

136.76 
225.62 

194.50 

165.05 

158.08 

564.33 
165.57 

604.39 
152.08 
742.60 
167.85 

1242.67 

167.82 

1135.55 
162.00 

1142.69 
154.07 

987.69 

195.40 

874.80 

Leaf area 
at 60 days 

(sq.cm.) 

2049.19 

282533.25 

1694.32 

302087.50 

2205.83 
780290.00 

2538.80 
1150861.75 

2289.28 

1228401.75 

2706.46 

1313Z15.00 
1806.74 

601Z7Z.13 
Z098.99 

167Z3Z4.36 
1854.OZ 

1911397.38 
7795.9Z 

1142064.25 
5009.80 

1678806.50 

4747,59 

3872905.13 
4400.74 

4922784.00 

4974.50 

5043308.00 

4635.07 

8698127.00 
3170.27 

5411340.63 
4437.79 

6919523.50 

4231.88 

3372160.19 

Plant 

Height 
(cm) 

21.70 

32.29 

26.00 

32.67 

25.10 

49.24 
16.88 
28. Z7 
Z8.85 

88.37 

25.84 

35.25 

24.29 

34.95 
27.96 

95.42 
28.02 

42.03 
20.96 

33.48 
21.82 

36,84 
24.11 

71.93 
2Z.65 

73.06 

25.98 

55.89 

22,60 

27.85 
34,04 
46,11 
29,60 

40.25 

33.40 

22.80 

Number 

of p r i ­

maries 

9.57 

8.12 

8.56 

5,42 

7.59 

5,70 
8,69 

10,70 
5.94 

Z.92 

6.35 

3.57 

7.54 
4.92 

9.02 
6.50 
8.48 
6.10 
8,81 

6,00 
8,60 

6,12 
7,81 

4,73 
8.74 
4.11 

8,50 

6,66 

8.06 

5.94 
7.78 
4.56 
8.20 

4.06 
6.40 

4.80 

Number 
of 

secon­

daries 

18,63 

94.24 

18,44 

100,92 
10,83 

51,70 

18,65 
57., 92 
3,35 

13,05 

2,81 

8,27 

6.39 

26,77 

11,83 
53,34 

12.62 
43.16 

21.4Z 

113.53 
20,72 

191.35 

10.81 
34.96 
15,65 
94,33 

16,98 

82,43 

16,57 

75,21 
15,41 
53,79 
13,35 

89.71 
0.80 

l.ZO 



Table 20 : Continued... 

X\i 

Crosses 

TMV2NLM X 32-2-5 

GNLH X 32-2-5 

JL24 X 32-2-5 

TMV2 X 32-2-5 

Kad1r1-3 X 32-2-5 

Ml3 X TAPS 

MK374 X TAPS 

Kad1r1-3 X TAPS 

6201 X TAPS 

PSN1 X TAPS 

TMV2 X TAPS 

JL24 X TAPS 

J11 X TAPS 

PI3S0680 X TAPS 

ICG2271 X TAPS 

GNLM X TAPS 

TMV2HLM X TAPS 

TMV2NLM X G201 

Canopy 

Combi­
nation 

(3 X 3) 

(3 X 3) 

(2 X 3) 

(2 X 3) 

(3 X 3) 

(4 X 3) 

(3 X 3) 

(3 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(4 X 3) 

(3 X 3) 

(3 X 3) 

(3 X 2) 

Days 

to 
I n i t i a l 
f lower­

ing 

49.00 

6.33 

51.80 

19.73 

48.00 
0.00 

44.82 
11.76 

46.62 
0.55 

49.00 

33.50 

49.00 
3.33 

46.06 
21.00 
47.00 

0.00 

42.86 

1.81 

43.00 
3.20 

44.29 
0.90 

44.17 
3.77 

45.25 

4.25 

52.50 

O.SO 

47.75 
3.36 

47.43 

2.95 

48.40 

4.30 

Days 

to 
SOX 
flower 

Ing 

S2.71 

4.90 

55.80 

13.SI 
49.00 

0.00 
48.91 

5.89 

47.75 

48.50 
53.60 

33.80 

52.50 
3.00 

51.17 
1.91 

53.00 

0.00 

46 .00 

0.67 

46.17 

1.37 
47.14 

1.14 
48.00 

1.20 

47.75 

1.58 

57.00 

8.00 

51.75 
7.07 

52.29 

1.S7 

51.60 

1.80 

Days 

to 

100% 
- f l o w e r 

Ing 

55.29 

3.90 

59.90 

24.10 

51.00 
0.00 

51.82 

6.96 
52.63 

3.98 
56.60 

31.30 

55.00 
2.67 

54.28 
6.92 

55.00 

0.00 

47.71 

0.S7 

48.83 

2.57 
49.29 
2.57 

49.83 
2.57 

50.50 

3.00 

61.00 

2.00 

54.63 
6.84 

55.57 

2.62 

54.60 
2.80 

Canopy 

diame­
ter 

- (cm) 

58.75 

280.14 

52.88 
128.55 

49.33 

266.96 
59.32 

275.52 
60.69 

147.14 

77.57 

77.19 

75.20 

83.50 
52.76 

130.10 
70.00 

260.75 

52.46 

156.79 

62.61 
150.58 
69.79 

153.93 
70.47 

234.88 

68.00 

175.10 

80.63 

80.34 
65.41 

160.82 
67.20 

162.96 

65.36 
125.35 

Canopy 

circum­

Leaf area 

at 60 days 
ference (sq.cm.) 

(cm) 

178.50 

1190.19 

160.75 

608.17 
154.33 

1225.66 
176.07 

1182.84 
168.38 

613.88 

209.12 

203.00 

202.39 

427.82 
161.39 
705.65 
191.00 

974.40 

155.83 

894.72 

170.27 

867.30 
180.86 
876.92 
191.68 

988.49 
185.67 

900.84 

206.50 

210.25 

175.39 
755.14 
180.50 

901.26 

175.27 
783.42 

4753.86 

11562392.00 

3205.83 

3276295.75 
3539.44 

5451287.75 
3896.48 

7573270.00 
5202.56 

4264902.00 
4641.54 

1062771.75 

3947.41 
2779146.50 

5469.07 
10141044.00 

3711.48 

3013567.50 

3691.15 

3799951.56 

4053.51 
3528729.50 

3311.94 
3867974.00 

4245.77 

3226165.50 

4117.77 

3624729.50 

4740.81 

1148721.50 
2954.44 

2819728.28 
3589.72 

3831586.75 

3194.56 
2247427.25 

Plant 

Height 

(cm) 

25.26 

38.98 

24.74 

112.30 
29.09 

71.69 
36.15 

29.02 
26.16 

45.54 

23.81 

66.62 
20.07 

35.78 
26.36 
56.42 
22.00 

28.00 

26.37 

35.24 

29.79 

62.86 
26.94 
53.29 
35.00 

57,33 
33.77 

64.19 

25.92 

50.08 

32.29 
100.05 

24.16 

46.58 

27.00 
77.94 

Number 

of p r i ­

maries 

9.56 

10.09 

8.52 

3.08 

7.64 

3.45 
9.64 
6.43 

7.39 

5.18 
6.69 

5.53 

6.07 
2.00 
8.28 

6.39 
8.33 

6.33 

6.04 

3.34 

8.64 

58.11 
6.40 
5.42 
7.50 

1.69 

7.54 

2.77 

8.32 

5.89 
8.87 

15.63 
8.54 
3.98 

9.24 
3.88 

Number 

of 

secon­

daries 

27.26 

169.09 

20.71 

88.65 

12.64 
60.05 
16.89 

74.03 
9.94 

36.73 

13.06 
41.71 

10.10 

44.38 
8.97 

56.88 
18.67 

142.33 

2.19 

11.08 

4.91 

18.46 
3.91 

42.20 

6.32 

15.18 
1.77 

7.69 

13.81 
78.49 

18.29 
189.40 

17.05 
72.60 

17.12 
102.23 



Table 20 : C o n t i n u e d . . . 

Cros se s 

M13 X MHZ 

MK374 X MHZ 

Kad1r1-3 X MHZ 

G201 X MHZ 

TMVZ X MHZ 

PGN1 X MHZ 

JL24 X MHZ 

TMVZNLM X MHZ 

GNLM X MHZ 

M13 X TMVZNLM 

MK374 X TMVZNLM 

Kad1r1-3 X TMVZNLM 

G201 X TMVZNLM 

TMVZ X TMVZNLM 

PGN1 X TMVZNLM 

JLZ4 X TMVZNLM 

J l l X TMVZNLM 

P1Z59747 X 3Z-2-5 

Canopy 

Comb 1 -
nation 

(4 X 1) 

(3 X 1) 

(3 X 1) 

(Z X 1) 

(2 X 1) 

(2 X 1) 

(Z X 1) 

(3 X 1) 

(3 X 1) 

(4 X 3) 

(3 X 3) 

(3 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

(2 X 3) 

Number 
of 
aerial 
pegs 

41.27 
1097.86 

45.72 
814.71 

36.15 
515.78 

24.42 
411.77 

39.81 
943.06 
36.46 

471.98 
22.96 

243.67 
32.20 

964.77 
37.25 

384.19 
41.65 

922.56 
41.04 

944.04 
25.11 

469.24 
33.65 

824.06 
45.76 

1583.78 
36.93 

767.45 
28.15 

310.52 
34.55 

580.89 
18.60 
43.30 

Number 
of 

mature 
pods 

37.07 
444.27 
48.10 

793.75 
45.63 

415.29 
22.88 

189.07 
45.19 

600.59 
43.00 

766.50 
22.89 

228.25 
39.63 

753.54 
35.77 

608.23 
44.35 

763.52 
41.45 

725.75 
37.75 

773.16 
29.09 

284.26 
50.58 

1375.28 
43.36 

666.50 
25.85 

231.42 
37.21 

876.18 
29.25 
86.25 

Mature 
pod 

weight 
(g) 

34.03 
119.32 
36.28 

125.24 
36.34 

135.37 
22.11 

215.30 
34.88 

200.00 
32.41 

188.24 
20.20 

215.28 
30.72 

210.24 
25.60 

200.18 
36.06 

177.02 
31.41 

344.91 
30.96 

532.88 
32.49 

390.14 
45.44 

1000.62 
36.00 

413.37 
35.01 

565.64 
36.94 

474.59 
42.53 

530.06 

Number 
of 

mature 
kernels 

59.83 
532.63 
69.72 

806.21 
55.73 

855.00 
37.96 

472.36 
62.62 

1365.38 
54.08 

1062.63 
31.75 

544.64 
50.95 

1396.75 
48.21 

1220.90 
67.04 

1963.32 
56.31 

1832.76 
51.44 

2125.34 
40.83 

713.24 
72.73 

2805.90 
59.81 

1625.66 
36.12 

487.71 
46.53 

1192.04 
46.75 

103.58 

Mature 
kernel 
weight 

(9) 

20.54 
65.00 
21.01 
67.01 
20.37 
67.01 
13.39 

109.00 
23.20 

100.94 
21.34 
99.32 
13.03 

111.28 
18.86 

120.85 
16.16 

101.95 
20.88 
90.68 
22.22 

140.91 
25.59 

144.44 
25.39 

177.85 
29.24 

340.14 
28. Z7 

192.94 
25.20 

244.86 
29.51 

275.71 
28.52 

261.09 

Total 
dry 
matter 

She l l ­
ing 
per cent 

at harvest 

(g) 

80.67 
1097.69 

70.30 
446.26 

54.87 
683.10 
47.14 

486.59 
52.20 

645.13 
38.53 

322.00 
45.47 

461.93 
53.38 

821.38 
57.96 

690.44 
72.02 

992.60 
70.66 

1850.99 
45.35 

489.10 
58. ZO 

1Z27.65 
71.96 

1587.65 
59.30 

660.71 
79.86 

1399.56 
62.42 

1429.71 
39.50 
47.25 

70.98 
1037.68 

66.81 
136.37 
69.59 

462.43 
66.63 

470.66 
69.12 

108.61 
72.09 

530.78 
64.95 

302.05 
64.02 

501.23 
68.77 

593.03 
64.23 
88.08 
66.72 

210.59 
69.91 

143.09 
66.46 
75.47 
72.72 

1627.72 
67.94 

1087.40 
66.88 
77.40 
67.41 

225.37 
67.61 

9.21 

Harvest 
Index 

25.63 
178.38 
29,71 

102.29 
30.99 

211.29 
23.33 
88.66 
31.80 

134.34 
36.14 

198.07 
22.41 

152.39 
28.44 

163.75 
23.21 

119.53 
26.62 

108.97 
23.38 

102.18 
31.09 

178.72 
22.94 
85.90 
27.97 

199.06 
28.33 

120.98 
18.51 
91.52 
19.45 

111.66 
42.24 
78.40 
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Table 20 : Continue 

Crosses 

THV2NLM X 32-2-5 

GNLM X 32-2-5 

JL24 X 32-2-5 

TMV2 X 32-2-5 

Kad1r1-3 X 32-2-5 

M13 X TAP5 

MK374 X TAP5 

Kad1r1-3 X TAPS 

G201 X TAP5 

P6N1 X TAPS 

TMV2 X TAPS 

JL24 X TAPS 

o n X TAPS 

PI350680 X TAPS ( 

ICG2271 X TAPS ( 

GNLM X TAPS ( 

TMV2NLM X TAPS ( 

TMV2NLM X G201 ( 

d . . . 

Cano py 
Combl-

nat l 

(3 X 

(3 X 

(2 X 

(2 X 

(3 X 

(4 X 

(3 X 

3 X 

2 X 

2 X 

2 X 

2 X 

2 X 

2 X 

4 X 

3 X 

3 X 

3 X 

on 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

2) 

Number 

of 

ae r ia l 

pegs 

57.05 

1177.72 
46.48 

834.16 

28.82 

188.36 
52.91 

924.66 
24.19 

107.56 
25.97 

239.06 

17.75 

314.64 

35.72 
585.90 

34.33 

472.33 
51.52 

718.34 

40.12 

1416.11 
24.57 

754.49 
55.59 

117S.S9 
35.00 

480.67 

32.05 

228.61 

42.92 

942.24 
40.27 

1099.65 

37. S6 
677.65 

Number 

of 
mature 
pods 

50.12 

795.75 
28.98 

311.92 
38.63 

720.84 

67.08 
954.49 

65.26 
898.73 

28.69 

313.36 

29.28 

432.35 
41.55 

734.40 
27.00 

637.00 
37.44 

388.64 

32.45 
307.94 

24.11 

114.93 
53.95 

493.85 
33.23 

252.03 

24.95 

257.05 
32.29 

345.51 
30.46 

321.37 

41.67 
621.3S 

Mature 

pod 
weight 

(9) 

41.60 

730.91 
27.04 

295.60 

31.18 
504.47 

57.37 

726.48 
48.65 

910.09 
21.36 

211.65 

25.16 
305.07 

29.82 
408.85 

25.52 
362.18 

28.12 

401.87 

27.52 
390.64 

23.94 

386.59 
39.84 

496.87 
39.90 

474.59 

21.73 

210.30 

26.18 

344.91 
25.10 

396.63 

35.16 
435.97 

Number 

of 
mature 

kernels 

71.65 
1925.87 

44.10 

815.84 

46.63 
932.84 

90.91 
2194.40 

80.42 
1525.25 

38.94 

533.08 

43.17 

1343.00 
52.58 

1357.64 
39.33 

1460.33 
47.44 

790.49 

47.18 

785.40 
33.66 

249.00 
81.95 

1125.85 

61.46 

872.94 

35.35 

593.79 
48.29 

992.10 
42.84 

811.14 

58.91 
1582.71 

Mature 

kernel 
weight 

(9) 

27.70 

365.05 

24.32 

220.23 

26.70 

339.67 
37.11 

363.42 
32.52 

544.07 

14.69 

96.01 

17.32 
140.01 

20.82 
206.33 

17.27 

180.19 
20.37 

227.57 

19.22 

188.18 
17.05 

192.96 
29.43 

218.27 

24.15 

201.68 

13.91 

107.00 

15.73 
135.51 

16.98 
190.20 

21.82 
150.79 

Total 
dry 

matter 

She l l ­

ing 

per cent 
at harvest 

(9) 

87.64 
1026.57 

54.36 

464.09 

82.44 

1741.76 
101.64 

2975.45 
58.19 

484.50 

59.42 

844.89 

35.38 

231.23 
64.92 

755.15 
108.94 

1892.35 
33.11 

203.39 

48.24 

596.19 
42.08 

249.12 
61.58 

518.00 

62.95 

1139.16 

59.34 

795.65 

68.05 

885.83 
53.13 

601.39 

52.12 

742.28 

69.49 

65.88 

72,63 

613.46 

58.69 

139.93 
66.12 
72.24 
66.92 
79.32 

69.39 

546.03 

73.04 

283.94 
64.89 

121.95 
59.31 

10.00 

65.07 

253.72 

73.14 

1423.37 
65.87 
83.72 

75.94 
75.07 

60.81 
47.42 

64.75 

198.94 
67.54 

145.04 
69.04 

1198.97 

65.99 
62.00 

Harvest 

Index 

25.30 

101.18 
25.17 

145.36 
20.72 

171.87 
29.94 

218.93 
34.33 

241.79 
25.93 

231.41 

33.93 

149.13 

23.06 
162.67 

11.14 

11.33 
34.27 

284.47 

29.10 

151.97 

25.03 
92.14 

33.20 
166.83 
28.29 

63.27 

20.73 

193.04 

21.21 
102.91 

23.52 
85.09 

30.76 
179.63 

Note : For each cross above value Indicates mean and below value Indicates variance of that 
particular character. 
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low mean values. Medium degree of variance with medium mean was 

recorded In sixteen crosses, of which In seven crosses TMV2NLM 

(narrow leaf mutant) and In five crosses TAP5 (aerial podding 

mutant) were Involved as one of their parents. One cross showed 

medium variance with high mean G201 x TMV2NLM. 

4.5.1.2 Days to 50Z Flowering 

The range of mean number of days to 50% flowering was 

between 43.00 days and 62.00 days In parents. The parent TAPS 

(43.00) recorded the lowest mean number of days, while the 

highest number of days was observed in ICG2271 (62.00 days). 

For the crosses, the means and variances ranged from 

45.91 days to 60.33 days and 0.00 to 48.50 respectively. The 

crosses, TMV2 x MH2, PGNl x MHZ and TMV2 x TAP5 recorded low mean 

values with medium variance. High degree of variance was observed 

in seven crosses of which four crosses viz., MK374 x TMV2NLM, 

MK374 X MH2, M13 x TMV2NLM and G201 x MH2 showed high mean and 

three crosses Kadlri-3 x 32-2-5, M13 x TAP5 and G201 x TMV2NLM 

recorded medium mean values. Three crosses viz., GNLM x MH2, 

1CG2271 X TAP5 and M13 x MH2 exhibited medium degree of variance 

with high mean. Fifteen crosses showed medium mean values with 

medium degree of variance, of which seven crosses had TMV2NLM 

(narrow leaf mutant) and five crosses had TAP5 (aerial podding 

mutant) as one of their parents. 

4.5.1.3 Days to lOOZ Flofwerlng 

The mean days to 100% flowering in parents ranged from 

45.00 days to 67.00 days. The lowest mean value was found In TAP5 
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(45.00 days). The parent ICG2271 (67.00 days) recorded the 

highest number of days to 100 per cent flowering. 

In crosses, the means and variances for this trait 

ranged from 47.71 days to 67.00 days and 0.00 to 49.84 respecti­

vely. Five crosses recorded low mean values, of which only one 

cross TMV2 x TAPS exhibited medium degree of variance and other 

four crosses viz., TMV2 x MH2, PGNl x MH2, PGNl x TAPS and 

PI2S9747 X 32-2-5 showed low variance. For this trait, high 

degree of variance was found in seven crosses, of which five 

crosses recorded high mean and two crosses viz., M13 x TAPS and 

GNLM x MH2 showed medium mean values. Medium degree of variance 

with high mean was observed in M13 x MH2 and ICG2271 x TAPS. 

Eighteen crosses exhibited medium degree of variance with medium 

mean, of which in seven crosses TAPS (aerial podding mutant) and 

in seven crosses TMV2NLM (narrow leaf mutant) were involved as 

one of their parents. 

4.5.1.4 Canopy Dlaaeter 

The parents recorded a range of 22.00 cm to 76.50 cm for 

mean canopy diameter. Maximum canopy diameter was observed in 

ICG2271 (76.S0cm) followed by M13 (75.80cm). MH2 (22.00cm) 

showed the lowest canopy diameter. 

Among the crosses, the ranges of mean values and varian­

ces were from 33.16 cm to 80.63 cm and 27.77 to 296.67 respecti­

vely. Out of 36 F^'s, two crosses G201 x TAPS and Jll x TAPS 

(aerial podding mutant) exhibited high degree of variance with 
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high mean for this trait. High degree of variance was also 

observed In five other crosses viz., TMV2 x TMV2NLM (narrow leaf 

mutant), TMV2NLM x 32-2-5 (compact canopy mutant), TMV2 x 32-2-5, 

JL24 X 32-2-5 and PGNl x TMV2NLM which showed medium mean 

values. The crosses viz., JL24 x TAPS and PI350680 x TAP5 

exhibited medium degree of variance with high mean canopy 

diameter. Fifteen crosses recorded medium degree of variance 

with medium mean, of vrfilch In seven crosses TMV2NLM, In five 

crosses TAPS and In three crosses 32-2-5 were involved as one of 

their parents. Medium degree of variance with low mean was 

observed in TMV2 x MH2, PGNl x MH2, GNLM x MH2, JL24 x MH2 and 

G201 X MH2. Three crosses viz., MK374 x TAPS, M13 x TAPS and 

ICG2271 X TAPS showed low variance with high mean. Low degree of 

variance with medium mean was recorded by M13 x TMV2NLM, Kadiri-3 

X MH2 and M13 x MH2. Only one cross MK374 x MH2 exhibited low 

degree of variance with low mean. 

4.5.1.5 Canopy Circumference 

Among the parents, the range of mean canopy circumfe­

rence was between 50.80 cm and 215.50 cm. The canopy circumfe­

rence observed in ICG2271 (215.50 cm) was the highest followed by 

M13 (211.70 cm). The lowest canopy diameter was recorded by MH2 

(50.80 cm). 

The mean values and variances observed in crosses ranged 

from 78.06 cm to 209.12 cm and 62.67 to 1242.67 respectively. The 

cross Jll X TAPS (aerial podding mutant) exhibited high degree of 

variance with high mean. Seven other crosses also recorded high 
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degree of variance with medium mean values viz., TMV2 x TMV2NI21 

(narrow leaf mutant), JL24 x 32-2-5 (compact canopy mutant), 

TMV2NLM X 32-2-5, TMV2 x 32-2-5, JL24 x TMV2NLM, PGNl x TMV2NLM 

and JH X TMV2NLM. None of the crosses showed high degree of 

variance with low mean. Medium degree of variance with high mean 

was observed In three crosses viz., G201 x TAPS, PI259747 x 

32-2-5 and MK374 x TAP5. Thirteen crosses exhibited medium degree 

of variance with medium mean values, of which seven crosses had 

TAP5, four crosses had TMV2NLM and two crosses had 32-2-5 as one 

of their parents. The crosses viz., TMV2NLM x MH2, IMV2 x MH2, 

PGNl x MH2, GNLM x MH2 and JL24 x MH2 recorded medium degree of 

variance with low mean values. Three crosses viz., ICG2271 x 

TAP5, Ml3 X TAP5 and M13 x TMV2NLM showed low degree of variance 

with high mean. Low degree of variance with medium mean was 

recorded by two crosses viz., Kadlrl-3 x MH2 and M13 x MH2. Two 

crosses exhibited low degree of variance with low mean viz., G201 

X MH2 and Mk374 x MH2. 

4.5.1.6 Leaf Area at 60 Days 

2 
The mean leaf area at 60 days ranged between 916.72 cm 

2 2 
and 4918.36 cm in parents. The parent M13 (4918.36 cm ) recorded 

the highest mean leaf area at 60 days followed by ICG2271 

2 
(4819.29 cm ) while the lowest leaf area was found in MH2 (916.72 

2. 
cm ). 

The mean leaf area and its variance ranged from 1694.32 

cm^ to 7795.92 cm^ and 282533.13 to 11562392.00 respectively. 

Among the 36 crosses in F. generation, three crosses viz.. 
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Kadiri-3 x TAP5 (aerial podding mutant), TMV2NLM x 32-2-5 

(compact canopy mutant) and TMV2 x TMV2NLM (narrow leaf mutant) 

exhibited high degree of variance with high mean. The crosses 

viz., PGNl X TMV2NLM, TMV2 x 32-2-5, Jll x TMV2NLM, JL24 x 32-2-5 

and JL24 x TMV2NLM recorded high degree of variance with medium 

mean values. None of the crosses exhibited high variance with low 

mean. Medium degree of variance with high mean was observed In 

Kadlrl-3 x 32-2-5, Kadlrl-3 x TMV2NLM and MK374 x TMV2NLM. 

Fourteen crosses exhibited medium degree of variance with medium 

mean, of which In nine crosses TAP5 in two crosses TMV2NLM and In 

two crosses 32-2-5 were Involved as one of their parents. Three 

crosses viz., GNLM x MH2, TMV2NLM x MH2, TMV2 x MH2 showed medium 

variance with low mean. One cross, M13 x TMV2NLM showed low 

degree of variance with high mean value. Low variance with medium 

mean was found in ICG2271 x TAP5, M13 x TAP5 and G201 x MH2. 

Four crosses exhibited low variance with low mean viz., Kadirl-3 

X MH2, JL24 X MH2, MK374 x MH2 and M13 x MH2. 

4.5.1.7 Plant Helg|it 

In parents, the range of mean values was between 6.80 cm 

and 44.11 cm for this trait. P1350680 showed maximum plant 

height of 44.11 cm and minimum mean plant height was recorded by 

MH2 (6.80 cm). 

The ranges of means and variances in crosses were from 

16.88 cm to 36.15 cm and 22.80 to 112.30 respectively. High mean 

plant height with high degree of variance was recorded by GNLM x 

TAF5 (aerial podding mutant). High degree of variance was 
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observed In six other crosses viz., (GNLM x 32-2-5) (compact 

canopy mutant), TMV2NLM (narrow leaf mutant) x MH2, TMV2 x MH2, 

TMV2NIM X G201, Kadirl-3 x TMV2NLM and G201 x TMV2NLM which 

recorded medium mean values. None of the crosses showed high 

variance with low mean. Four crosses viz., PI350680 x TAPS, TMV2 

X TAPS, Jll X TAPS and JL24 x TMV2NLM exhibited medium degree of 

variance with high mean. Medium degree of variance with medium 

mean plant height was found In sixteen crosses, of which six 

crosses had TAPS, three crosses had 32-2-S and two crosses had 

TMV2NLM as one of their parents. Three crosses exhibited medium 

variance with low mean viz., MK374 x TAPS, MK374 x TMV2NLM and 

M13 X TMV2NLM. Two crosses viz., TMV2 x 32-2-5 and PI259747 x 

32-2-5 showed low variance with high mean. One cross exhibited 

low variance with medium mean and three crosses low variance with 

low mean. 

4.5.1.8 Nuaber of Frlaarles 

For the parents, the mean number of primaries ranged 

between 4.60 and 9.67. More number of primaries were observed in 

ICG2271 (9.67) followed by MK374 (9.11). TAPS (4.60) recorded the 

lowest number of primaries followed by MH2 (5.20) and PI350680 

(5.22). 

The crosses recorded the ranges of means and variances 

from 5.94 and 9.64 and 1.69 to 58.11 respectively. High degree of 

variance was recorded by four crosses GNLM x TAPS (aerial podding 

mutant), TMV2NLM (narrow leaf mutant) x 32-2-5 (compact canopy 

mutant), M13 x MH2 and TMV2NLM x MH2 which also showed high mean 
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values. The crosses, TMV2 x TAPS, G201 x MH2 and TMV2 x TMV2NLM 

exhibited high degree of variance with medium mean values. Three 

crosses viz., TMV2 x 32-2-5, M13 x TMV2NLM and TMV2NLM x G201 

recorded medium degree of variance with high mean. Medium degree 

of variance with medium mean was found in sixteen crosses, of 

which in six crosses TMV2NLM, in four crosses TAPS and in two 

crosses 32-2-5 were involved as one of their parents. Four 

crosses showed medium variance with low mean viz., M13 x TAPS, 

JL24 X TAPS, PI259747 x 32-2-S and PGNl x MH2. None of the 

crosses recorded low variance with high mean. The crosses, GNLM 

X 32-2-5, PI3S0680 x TAPS and Jll x TAPS showed low variance with 

medium mean. Low variance with low mean was observed In PGNl x 

TAPS, TMV2 X MH2 and MK374 x TAPS. 

4.5.1.9 Number of Secondaries 

The range of mean values for the parents was from 0.33 

to 24.88. The parent TMV2NLM (24.88) recorded maximum number of 

secondaries followed by M13 (24.30) and ICG2271 (24.23). The 

least number was found in PI3S0680 (0.33). 

In crosses, the means and variances for this trait 

ranged from 0.80 to 27.26 and 1.20 to 191.35 respectively. Out 

of 36 F2's, four crosses viz., MK374 x TMV2NLM (narrow leaf 

mutant), TMV2NLM x 32-2-5 (compact canopy mutant), G201 x TAPS 

(aerial podding mutant) and M13 x TMV2NLM exhibited high degree 

of variance with high mean. The crosses, GNLM x TAPS and MK374 x 

MH2 also showed high degree of variance with medium mean values. 

None of the crosses recorded high variance with low mean. Medium 
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degree of variance with high mean was found in GNLM x 32-2-5, M13 

X MH2 and G201 x MH2. Nineteen crosses exhibited medium variance 

with medium mean, of which eight crosses had TMV2NLM, five 

crosses had TAPS and three crosses had 32-2-5 as one of their 

parents. The crosses, JL24 x TAPS and TMV2 x TAPS recorded medium 

variance with low mean. One cross Jll x TAPS showed low variance 

with medium mean value. Low variance with low mean was observed 

in five crosses viz., TMV2 x MH2, PGNl x MH2, PGNl x TAPS, 

PI3S0680 X TAPS and PI2S9747 x 32-2-5. 

4.5.1.10 Nunber of Aerlctl Pegs 

In parents, the mean number of aerial pegs ranged 

between 8.60 and 65.67. The highest mean value was found in ICG 

2271 (65.67) followed by M13 (47.80), MH2 (8.60) recorded the 

lowest mean value. 

The ranges of means and variances in crosses were from 

17.75 to 57.05 and 43.30 to 1583.78 respectively. High degree of 

variance with high mean was observed in three crosses viz., TMV2 

X TMV2NLM (narrow leaf mutant), Jll x TAPS (aerial podding 

mutant) and TMV2NLM x 32-2-5 (compact canopy mutant). Four 

crosses viz., TMV2 x TAPS, TMV2NLM x TAPS, M13 x MH2 and TMV2NLM 

X MH2 exhibited high degree of variance with medivim mean. Medium 

degree of variance with high mean was found in four crosses viz., 

TMV2 X 32-2-5, GNLM x 32-2-5, PGNl x TAPS and MK374 x MH2. 

Fifteen crosses recorded medium degree of variance with medium 

mean of which seven crosses had TMV2NLM and four crosses had TAPS 

as one of their parents. Medium degree of variance with low mean 



was recorded by JL24 x TAPS, Kadlri-3 x TMV2NLM, G201 x MH2 and 

MK37A x TAPS. None of the crosses showed low variance with high 

mean. Three crosses, M13 x TAPS, ICG2271 x TAPS and JL2A x 32-2-S 

exhibited low variance with medium mean. Low degree of variance 

with low mean was found in three crosses JL24 x MH2, Kadlri-3 x 

32-2-5 and PI2S9747 x 32-2-5. 

4.5.1.11 Muaber of Hature Pods 

The parents recorded a range of 14.00 to 55.33 for this 

trait. The highest mean number of mature pods was found in 

Kadiri-3 (55.33). MH2 recorded the lowest number (14.00). 

In crosses, the means and variances for this trait 

ranged from 22.88 to 67.08 and 86.25 to 1375.28 respectively. Out 

of 36 F„'s, five crosses exhibited high degree of variance with 

high mean viz., TMV2 x TMV2NLM (narrow leaf mutant), TMV2 x 

32-2-S (compact canopy mutant), Kadiri-3 x 32-2-5 and TMV2NLM x 

32-2-5 and MK374 x MH2. High degree of variance was also 

observed in Jll x TMV2NLM and Kadiri-3 x TMV2NLM which recorded 

medium mean values. Two crosses, Jll x TAPS and Kadiri-3 x MH2 

exhibited medium degree of variance with high mean. Medium 

degree of variance with medium mean was observed in nineteen 

crosses. Out of these in seven crosses TAPS, in six crosses 

TMV2NLM and in two crosses 32-2-5 were involved as one of their 

parents. The crosses G201 x TAPS and ICG2271 x TAPS exhibited 

medium degree of variance with high mean. None of the crosses 

recorded low variance with high mean. Two crosses, P1350680 x 

TAPS and PI259747 x 32-2-S showed low variance with meditim mean. 



Low variance with low mean was recorded in four crosses viz., 

JL24 X TMV2NLM, JL24 x MH2, G201 x MH2 and JL24 x TAPS. 

4.5.1.12 Mature Pod Weight 

The mean mature pod weight ranged from 11.27 g to 51.10g 

in parents. Mature pod weight was the highest In Kadlrl-3 (51.10 

g) followed by 32-2-5 (41.28 g). The parent MH2 (11.27 g) showed 

the lowest mean for this trait. 

The mean values and variances in crosses ranged from 

20.20 g to 57.37 g and 119.32 to 1000.62 respectively. Among the 

36 ?« crosses, high degree of variance with high mean was 

recorded in five crosses viz., Kadiri-3 x 32-2-5 (compact canopy 

mutant), TMV2 x TMV2NLM (narrow leaf mutant), TMV2 x 32-2-5, 

TMV2NLM X 32-2-5 and PI259747 x 32-2-5. High degree of variance 

was also recorded by JL24 x TMV2NLM and Kadiri-3 x TMV2NLM which 

showed medium mean values. None of the crosses recorded high 

variance with low mean. Two crosses viz., Jll x TAP5 (aerial 

podding mutant) and PI350680 x TAP5 exhibited medium degree of 

variance with high mean. Medium degree of variance with medium 

mean was observed in 15 crosses, of which seven crosses had TAP5, 

six crosses had TMV2NIi! and two crosses had 32-2-5 as one of 

their parents. Five crosses viz., JL24 x TAP5, ICG2271 x TAP5, 

M13 X TAP5, G201 x MH2 and JL24 x MH2 recorded medium degree of 

variance with low mean. Low degree of variance with medium mean 

was found in six crosses viz., TMV2 x MH2, PGNl x MH2, M13 x 

TMV2NIM, Kadiri-3 x MH2, MK374 x MH2 and M13 x MH2. None of the 
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crosses exhibited low variance with high mean and low variance 

with low mean. 

4.5.1.13 Nuaber of Nature Kernels 

A range of 25.80 to 77.00 was observed In parents for 

this trait. Maximum number of mature kernels were found In 

Kadlrl-3 (77.00) followed by Jll (70.40). The lowest mean number 

was recorded by MH2 (25.80). 

The mean number of mature kernels and its variance 

ranged from 31.85 to 90.91 and 103.58 to 2805.90 respectively in 

crosses. High degree of variance with high mean was recorded in 

four crosses out of 36 F 's viz., TMV2 x TMV2NLM (marrow leaf 

mutant), TMV2 x 32-2-5 (compact canopy mutant), TMV2NLM x 32-2-5 

and M13 x TMV2NLM. High degree of variance was also found in 

three other crosses, Kadirl-3 x TMV2NLM, MK374 x TMV2NLM and PGNf 

x TMV2NLM which recorded medium mean values. None of the crosses 

showed high variance with high mean. Medium degree of variance 

with high mean was observed in Kadlri-3 x 32-2-5, Jll x TAPS 

(aerial podding mutant) and MK374 x MH2. Eighteen crosses 

expressed medium degree of variance with medium mean. Out of 

these, in eight crosses TAP5, In four crosses TMV2NLM and in two 

crosses 32-2-5 were involved as one of their parents. Two crosses 

recorded medium degree of variance with low mean viz., 1CG2271 x 

TAPS and JL24 x MH2. None of the crosses expressed low variance 

with high mean. Two crosses M13 x MH2 and PI259747 x 32-2-5 

exhibited low variance with medium mean. Lower degrees of 
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variances and low mean values were seen in M13 x TAPS, JL2A x 

TMV2NLM, G201 x MH2 and JL24 x TAPS. 

4.5.1.14 Hature Kernel Weight 

For the parents, the mean mature kernel weight recorded 

a range of 6.IS g to 37.66 g. Among the parents, the highest 

kernel weight was recorded by Kadlri-3 (37.66 g) MH2 (8.IS g) 

showed the lowest mean value. 

Among the crosses, the mean values and variances for 

this trait ranged from 13.03 g to 37.11 g and 65.00 to S44.07 

respectively. Five crosses, out of 36 F-'s viz., Kadiri-3 x 

32-2-5, TMV2 x 32-2-5 (compact canopy mutant), TMV2 x TMV2NLM 

(narrow leaf mutant), Jll x TMV2NLM and PI259747 x 32-2-5 exhi-

bitd high degree of variance with high mean mature kernel weight. 

High degree of variance was observed in two more crosses viz., 

TMV2NLM X 32-2-5 and JL24 x 32-2-5 which exhibited medium mean 

values. Two crosses viz., Jll x TAPS (aerial podding mutant) and 

PGNl X TMV2NLM expressed medium degree of variance with high mean 

values. Medium degree of variance with medium mean values were 

found in fifteen crosses, of which eight crosses had TAPS, six 

crosses had TMV2NLM and one cross had 32-2-5 as one of their 

parents. The crosses viz., GNLM x TAPS, ICG2271 x TAPS, GNLM x 

MH2, JL24 X MH2 and G201 x MH2 exhibited medium variance with low 

mean. Low degree of variance with medium mean was found in six 

crosses viz., TMV2 x MH2, PGNl x MH2, M13 x TMV2NLM, M13 x MH2, 

MK374 X MH2 and Kadlri-3 x MH2. One cross M13 x TAPS showed low 
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variance with low mean. None of the crosses recorded low variance 

with high mean. 

4.3.1.15 Total Dry Natter at Harvest 

The parents recorded a range of 13.96 g to 86.04 g for 

mean dry matter at harvest. The dry matter production at harvest 

was maximum in ICG2271 (86.04 g). The lowest mean value was found 

in MHZ (13.96 g). 

The ranges of means and variances in crosses were from 

33.11 g to 108.94 g and 47.25 to 2975.45 respectively. High 

degree of variance was exhibited by seven crosses, of which four 

crosses viz., TMV2 x 32-2-5 (compact canopy mutant), G201 x TAP5 

(aerial podding mutant), JL24 x 32-2-5 and JL24 x TMV2NLM (narrow 

leaf mutant) recorded high mean values and three crosses viz., 

MK374 X TMV2NLM, TMV2 x TMV2NLM and Jll x TMV2NLM showed medium 

mean values. None of the crosses expressed high variance with low 

mean. Medium degree of variance with high mean was observed in 

TMV2NLM X 32-2-5, M13 x TMV2NLM and M13 x MH2. Eighteen crosses 

exhibited medium degree of variance with medium mean, of which in 

eight crosses TAP5, in four crosses TMV2NLM and in two crosses 

32-2-5 were involved as one of their parents. The crosses viz., 

Kadiri-3 X TMV2NLM, MK374 x MHZ and JL24 x MH2 ejdxibited medium 

variance with low mean, low variance with high mean and low 

variance with medium mean respectively. Lower degrees of 

variances with low mean values were observed in five crosses 

viz., PGNl X MHZ, JLZ4 x TAP5, MK374 x TAPS, PGNl x TAPS and 

PIZ59747 X 3Z-Z-S. 
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4.5.1.16 Shelling Per cent 

Mean shelling per cent ranged between 52.21% and 74.99% 

In parents. The highest shelling per cent was recorded In Jll 

(74.99%) followed by Kadirl-3 (74.69%) and TMV2 (73.09%). 

PI259747 showed the lowest mean value of 52.21%. 

In crosses, the means and variances for this trait 

ranged from 58.69% to 75.94% and 9.21 to 1627.72 respectively. 

High degree of variance with high mean was found in four crosses 

viz., TMV2 X TMV2NLM (narrow leaf mutant), TMV2 x TAP5 (aerial 

podding mutant), GNLM x 32-2-5 (compact canopy mutant) and M13 x 

MH2. Three more crosses viz., TMV2NLM x TAPS, PGNl x TMV2NLM and 

GNLM X MH2 also recorded higher degrees of variances with medium 

mean values. None of the crosses expressed high variance with low 

mean. Medium variance with high mean was recorded in PGNl x MH2, 

MK374 X TAP5 and Jll x TAP5. Sixteen crosses exhibited medium 

degree of variance with medium mean values. Out of which, five 

crosses had TAP5, five crosses had TMV2NLM and one cross had 

32-2-5 as one of their parents. Four crosses exhibited medium 

degree of variance with low mean values viz., TMV2NLM x MH2, 

ICG2271 X TAP5, JL24 x 32-2-5 and Ml3 x TMV2NLM. None of the 

crosses showed low variance with high mean. Low degree of 

variance with medium mean was expressed by four crosses viz., 

TMV2NLM X 32-2-5, TMV2 x 32-2-5, TMV2NLM x G201 and PI259747 x 

32-2-5. Two crosses, PI350680 x TAP5 and G201 x TAP5 exhibited 

low degree of variance with low mean values. 
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4.5.1.17 Harvest Index 

Among the parents, the mean harvest index values ranged 

from 17.53 to 54.27. Kadirl-3 (54.27) recorded the highest 

harvest index. The parent ICG2271 (17.53) exhibited the lowest 

mean value. 

The means and variances of this trait ranged from 11.14 

to 42.24 and 11.33 to 284.47 respectively in crosses. Out of 36 

F-'s, seven crosses exhibited high degree of variance, of which 

three crosses viz., PGNl x TAP5 (aerial podding mutant), Kadiri-3 

X 32-2-5 (compact canopy mutant) and PGNl x MH2 recorded high 

mean values and four crosses viz., M13 x TAP5, TMV2 x 32-2-5, 

Kadiri-3 x MH2 and TMV2 x TMV2NLM (narrow leaf mutant) showed 

medium mean values. The crosses, viz., Jll x TAP5, MK374 x TAP5 

and TMV2 x MH2 expressed medium degree of variance with high 

mean. Medium degree of variances with medium mean values were 

seen in fifteen crosses, of which in six crosses TMV2NLM, in 

three crosses TAPS and in two crosses 32-2-5 were involved as one 

of their parents. Five crosses viz., ICG2271 x TAP5, JL24 x 

32-2-5, Jll X TMV2NLM, GNLM x TAP5 and JL24 x TMV2NLM expressed 

medium degree of variance with low mean values. Only one cross 

PI259747 X 32-2-5 exhibited low degree of variance with high 

mean. Low degree of variances with medium mean values were found 

in PI350680 x TAP5, TMV2NLM x TAP5, G201 x TMV2NLM and G201 x 

MH2. The cross G201 x TAP5 expressed low variance with low mean. 
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4.5.2 F- Generation (kharlf) 

4.5.2.1 Days to Initial FloHerlng 

In parents, the mean days to Initial flowering ranged 

from 28.00 days to 33.00 days. The parent TAPS (28.00) recorded 

least number of days to Initial flowering. More number of days 

was observed In Ml3 (33.00 days) and G201 (33.00 days). 

In crosses, the mean values and variances ranged from 

28.00 days to 32.47 days and 0.00 to 5.87 respectively. The 

crosses, TMV2 x TAPS (aerial podding mutant) and JL24 x MH2BC28 

(enhanced canopy mutant) recorded the lowest mean number of days 

to initial flowering which exhibited medium and low degree of 

variances respectively. The cross G201 x MH2BC28 showed the 

highest mean value with medium degree of variance. High degree 

of variance was found in four crosses, of which M13 x MH2 and M13 

X TAPS exhibited high mean and TMV2NLM (narrow leaf mutant) x 

MH2BC28 and TMV2NLM x TAPS recorded medium mean values. Low mean 

with medium variance was observed in TMV2 x TAPS, JL24 x TAPS and 

Kadirl-3 x MH2. 

4.5.2.2 Days to 50 Per cent Powering 

The mean number of days to SO per cent flowering ranged 

from 29.SO days to 36.00 days. The least number of days was 

recorded by TAPS (29.50 days). The parents G201 (36.00), M13 

(35.00) and TMV2NLM (35.00) recorded more number of days to 50 

per cent flowering. 

Among the crosses, the means and variances ranged from 

30.00 days to 36.00 days and 0.00 to 4.27 respectively. Low mean 
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Table 21 : 

Parents 

MH2 
JL24 
TMV2 
MH2BC28 

G201 

TAPS 
Kadir1-3 

TMV2NLM 

M13 

: Mean , performance 

characters. 

Canopy 

Cate­
gory 

1 
2 
2 

2 
2 

3 
3 

3 

4 

Days to 

I n i t i a l 
f lower­

ing 

29.00 
29.00 

30.00 
29.00 

33.00 

28.00 

32.00 

32.50 

33.00 

Of the 

Days to 

SOX 
f lower­

ing 

31.50 
31.00 

31.50 
30.50 
36.00 

29.50 

34.00 

35.00 

35.00 

parents i 

Days to 

100 J 
f lower­

ing 

33.00 
3-4. 00 
33.00 

32.50 

38.50 

31.50 

36.50 

36.00 

36.50 

[grown al 

Canopy 

dia­
meter 

(cm) 

20.70 
48.17 

50.42 

52.20 
46.00 

60.29 

59.44 

60.75 

66.31 

long with 

Canopy 

circum­

ference 
(cm) 

66.40 

157.89 
160.00 

165.00 

151.25 
184.57 

185.00 

186.25 

190.88 

F progen-

Leaf 
area at 
60 days 

(sq cm) 

372.89 

1073.94 
1295.89 

1103.91 
1351.40 

1309.33 

1456.83 

1359.82 

1442.81 

les In 1 

Plant 

height 
(cm) 

6.00 
28.00 
37.29 
29.00 

26.86 
48.00 

28.50 

27.20 

27.75 

Charif) 

Number 

of 

prima­
r ies 

4.00 
4.75 

4.57 
6.80 

5.86 
3.50 

5.00 

9.00 

7.38 

for 17 

Number 

of 

secon­
daries 

1.00 

1.00 
1.29 

5.60 
8.71 

0.75 

4.17 

18.20 

10.88 

Parents 

MH2 
JL24 

TMV2 
MH2BC28 

G201 

TAPS 
Kad1r1-3 

TMV2NLM 

M13 

Canopy 

Cate­

gory 

1 
2 

2 

2 

2 

3 

3 

3 
4 

Number 

of 

a e r i a l 

pegs 

6.00 
5.50 

10.00 

25.40 

17.86 

25.50 

14.50 

30.20 
39.50 

Number 

of 

mature 

pods 

8.50 
14.50 

15.22 

14.50 
22.14 

20.50 

33.50 

13.60 
13.56 

Mature 

pod 

weight 

(9) 

5.67 
15.74 

10.53 
10.59 

17.48 

13.56 

39.34 

9.79 

19.19 

Number 

of 

mature 

kernels 

16.10 
19.25 

22.63 
23.00 

28.86 

25.75 

47.50 
15.65 

19.89 

Mature 

kernel 

weight 

(g) 

3.01 
11.56 

6.55 

6.08 

7.56 

6.30 

21.76 
4.92 

12.12 

Total 

dry 

matter 

Shel l ing 

per cent 

at harvest 

(9) 

7.64 

20.69 

18.10 
19.55 

28.06 

24.54 
32.05 

33.62 
37.00 

53.49 
76.63 
69.44 

59.78 
52.47 

51.17 

57.62 
55.30 
62.10 

Harve­

st 

Index 

33.31 
38.68 

28.05 
24.77 

24.71 

21.50 

38.39 

15.26 
29.60 



Table 22 Means and variances of 21 F progenies (grown In k h a r i f ) for 17 characters. 

Crosses 
Canopy 
Combi­
nation 

Days Days Days Canopy Canopy Leaf area Plant Number Number 

to to to dlame-

Inltlal SOS 100X ter 

flower- flower- flower- (cm) 

Ing Ing Ing 

circum- at 6r days 

ference (sq. cm.) 

(cm) 

Height of pri- of 

(cm) marles secon­

daries 

G201 X MHZ (2 X 1) 

G201 X MH2BC28 (2 X 2) 

JL24 X MH2 (2 x 1) 

JL24 X MH2BC28 (2 X 2) 

Kad1r1-3 X MH2 (3 x 1) 

Kad1r1-3 X MH2BC28 (3 x 2) 

TMV2NLM X MH2 ( 3 x 1 ) 

TMV2NLM X MH2BC28 ( 3 x 2 ) 

M13 X MH2 (4 X 1) 

MH2BC28 X M13 (2 X 4) 

MH2BC28 X TMV2 ( 2 X 2 ) 

31.00 
2.29 

32.47 

0.98 
28.25 

0.21 
28.00 

0.00 
28.50 

1.00 
30.27 

3.35 
30.90 

2.99 
30.50 

3.67 
31.67 

5.87 
29.38 
0.84 

28.67 
0.33 

35.25 
1.36 

35.13 

0.41 
30.63 

1.41 
30.00 

1.00 
33.00 

4.00 
34.07 

3.64 
35.50 
0.28 

34.75 
3.S8 

34.67 
4.27 

32.00 
3.43 

30.00 
0.00 

37.00 
1.14 

36.47 
0.55 

33.38 

1.70 
32.50 

1.00 
35.75 

0.92 
36.20 
3.46 

36.60 
0.27 

36.25 
0.92 

36.67 
2.27 

34.25 
2.21 

32.00 

0.00 

46.09 
57.19 
49.54 

230.14 
45.22 
49.31 
49.36 

108.88 
55.75 
57.79 
62.10 

224.32 
52.00 
57.63 
50.17 

130.38 
40.88 
17.20 
56.50 

111.38 
46.83 

120.58 

146.00 
530.60 
152.84 

3385.10 
147.11 
377.00 
151.00 
855.86 
178.25 
535.21 
197.80 

1100.62 
145.60 
575.69 
160.22 

1704.71 
143.88 
290.13 
171.78 
733.44 
150.00 
700.00 

1276.23 
202976.44 

2111.34 

862924.75 
926.28 

159503.47 

1425.38 
310754.91 

1538.36 
103873.60 

2026.65 
594343.44 

1114.50 
127736.63 

1830.57 
713960.75 

1030.41 
160135.95 

1634.97 
389020.13 

1442.25 
272420.91 

26.33 
105.50 
25.60 

118.97 
23.50 
53.43 
30.54 
71.77 
22.20 
59.51 
31.95 
98.65 
25.13 
95.51 
21.18 
62.56 
23.00 

153.29 
32.44 
78.53 
31.00 
49.50 

6.22 
10.69 
9.33 

20.38 

10 
57 
38 
76 
50 

1.61 
7.00 

17.60 

6.42 
51 
18 
36 
78 
65 
75 

1.53 
80 

20 

9.44 
38.28 
10.07 
96.50 

1.75 

3.64 
1.23 
6.53 
1.70 
5.12 
5.71 

50.01 

9.08 
39.42 

9.98 

40.16 

7.83 
16.38 
3.13 

10.25 

2.14 

3.08 
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Table 22 : Continued.. . 

Crosses 

TMV2NLM X TMV2 

TMV2 X TAPS 

TMV2NLM X TAPS 

G201 X TAPS 

JL24 X TAPS 

Kad1r1-3 X TAPS 

M13 X TAPS 

G201 X JL24 

Kad1r1-3 X JL24 

H13 X JL24 

Cano py 
Combl-

nat l 

(3 

(2 

(3 

(2 

(2 

(3 

(4 

(2 

{3 

(4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

on 

2) 

3) 

3) 

3) 

3) 

3) 

3) 

2) 

2) 

2) 

Days 

to 

I n i t i a l 
f lower­
ing 

30.00 

2.73 

28.00 

1.60 

30.50 

4.50 
30.00 

1.82 
28. SO 

1.67 

30.63 

1.98 

31.29 

3.76 
30.90 

1.21 
29.56 

0.66 

29.00 

0.00 

Days 

to 

SOX 
flower­

ing 

34.75 
0.75 

30.67 

1.87 
34.00 

0.00 

34.33 
2.61 

31.00 

1.33 

33.50 

2.86 
36.00 

1.85 
33.70 

1.79 
32.25 

0.73 

33.00 

0.00 

Days 

to 
100% 
flower 

Ing 

36.17 

0.88 

33.83 
2.17 

36.00 
0.00 

36.58 
4.99 

33.75 

1.58 

35.88 

4.41 

37.43 

1.49 
35.80 

0.84 
34.88 

0.12 

35.50 

0.50 

Canopy 

diame­
ter 

- (cm) 

50.05 

299.87 

51.21 

162.82 

58.50 

158.50 

56.92 
255.62 

50.90 

240.92 

65.40 

262.32 
55.23 

81.97 
54.72 

116.01 
65.21 

260.24 

54.28 

80.57 

Canopy 

circum­

ference 
(cm) 

169.27 

1208.82 

148.00 

1366.33 
182.17 

4062.17 

188.92 
1859.24 

155.00 

1500.00 

206.00 

1954.44 

176.00 
657.40 

166.56 

949.78 
202.71 

1059.90 

191.33 

500.25 

Leaf area 

at 60 days 

(sq. cm.) 

1456.18 
813182.00 

1440.94 
223195.00 

2015.35 

408927,78 
1560.29 

298414.63 
1326.11 

317814.92 

1447.48 

662147.03 
1409.89 

138704.69 
2288.72 

523182.00 
1639.15 

589443.06 

1341.83 

106136.75 

Plant 

Height 
(cm) 

28.68 

57.31 

35.67 

167.52 

40.29 

252.24 
35.95 
74.14 
25.14 

82.81 
33.53 

53.12 
28.89 

83.28 
27.94 

26.86 
29.29 

31.51 

38.62 

131,92 

Number 

of p r i ­

maries 

10.56 

26.42 

4.42 

1.17 

5.14 

2.14 
6.09 
3.52 
5.43 

2.62 

5.33 

3.10 

6.39 

1.90 
5.44 

3.46 
6.57 

2.96 

5.85 

3.64 

Number 

of 
secon­

daries 

12. CT 

57.00 

2.75 

29.30 

1.71 

3.57 

9.59 
65.49 

1.57 
7.95 

4.20 

37.74 

8.06 
46.17 

5.06 
25.26 
4.29 

16.81 

4.46 
8.77 



Table 22 : Continued.. 

Crosses 

G201 X MHZ 

G201 X MH2BC28 

JL24 X MH2 

JL24 X MH2BC28 

Kad1r1-3 X MH2 

Kad1r1-3 X MH2BC28 

TMV2NLM X MH2 

TMV2NLM X MH2BC28 

M13 X MH2 

MH2BC28 X M13 

MH2BC28 X TMV2 

Canopy 

Coinbl-

nat l 

(2 

(2 

(2 

(2 

(3 

(3 

(3 

(3 

(4 

(2 

(2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

on 

1) 

2) 

1) 

2) 

1) 

2) 

1) 

2) 

1) 

4) 

2) 

Number 

of 

aer ia l 

pegs 

7.n 
291.86 

16.47 

543.27 

3.25 

43.36 
6.92 

56.24 

11.50 
222.28 

19.52 
236.66 

13.29 

139.17 

16.45 

178.47 
16.94 

263.47 

10.38 
89.72 

8.80 

105.20 

Number 

of 

mature 

pods 

n . 8 8 
136.41 

19.93 

161.15 

13.86 

57.14 

13.15 

75.81 
13.90 
14.10 

20.10 
89.88 

8.09 

15.69 

15.43 

74.98 
11.00 

34.11 
15.00 
52.94 

10.60 

23.30 

Mature 

pod 

weight 

(9) 

7.54 
58.36 
15.33 

134.12 

11.76 

32.64 

10.01 

122.64 
10.03 
25.62 
15.39 

209.13 

6.21 

10.21 
10.77 

136.08 
10.00 

29.16 

14.78 
81.87 
11.14 

80.03 

Number 

of 

mature 

kernels 

11.67 
139.55 
20.47 

149.75 

20.14 

91.14 

17.38 

112.76 
19.40 
70.93 
24.90 

219.89 

8.64 

22.25 

18.39 

133.34 

19.39 

127.31 
21.53 

209.70 

18.40 

106.30 

Mature 

kernel 

weight 

(9) 

3.67 
15.84 

6.60 
51.34 

5.67 

11.40 

4.92 
26.70 

4.20 
13.92 

7.95 

80.94 
2.27 

14.50 
4.55 

56.35 

7.06 
13.50 
8.13 

27.33 
4.93 

22.88 

Total dry 

matter 

at 

harvest 

(g) 

31.21 
298.62 
30.99 

516.40 

15.41 

14.55 

21.93 

88.35 
21.02 
81.07 
31.53 

157.78 

31.66 

191.64 

33.55 

264.16 

27.01 

140.82 
23.09 

159.76 
14.60 

13.01 

S h e l l ­

ing 

Harvest 

Index 

per cent 

46.98 
81.77 
46.42 

335.77 

58.79 

102.07 

63.58 

372.60 
66.79 

253.01 

57.05 
264.01 

45.58 
134.95 

53.10 

266.69 

77.38 

151.64 
67.90 

302.09 

81.58 
299.15 

11.99 

71.64 
18.47 

224.71 

30.49 

205.24 

21.13 

214.56 
24.56 

91.14 
21.87 

166.56 

10.72 

30.45 

15.64 

179.84 

26.45 
200.11 
28.37 

188.26 
32.86 

252.31 
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Table 22 : Contli 

Crosses 

TMV2NLM X TMV2 

TMV2 X TAPS 

TMVZNLM X TAP5 

G201 X TAPS 

JL24 X TAPS 

Kad1r1-3 X TAPS 

M13 X TAPS 

G201 X JL24 

Kad1r1-3 X JL24 

M13 X JL24 

itued. 

Ca 

•• 

no| py 
Combl-

nat l 

(3 

(2 

(3 

(2 

(2 

(3 

(4 

(2 

(3 

{4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

on 

2) 

3) 

3) 

3) 

3) 

3) 

3) 

2) 

2) 

2) 

Number 
of 

a e r i a l 
pegs 

33.08 

697.08 
8.42 

137.36 
7.57 

zn.95 
15.68 

74.80 

12.14 

177.81 
18.00 

238.86 
20.67 

332.71 

7,81 

126.70 

19.62 

195.75 

14.08 
186.08 

Number 
of 

mature 
pods 

16.50 

88.90 

19.08 
117.17 

12.20 

201.18 

14.52 

56.36 

15.57 
72.62 
17.07 

157.78 

17.78 

59.36 

12.62 

21.32 

23.76 

107.89 
16.23 

113.53 

Mature 
pod 
weight 

(9) 

11.16 

150.53 
12.22 

190.11 
10.83 

158.02 

11.45 

162.19 

10.23 
121.51 

11.39 
166.28 

9.90 

50.28 

11.38 

40.14 

20.12 

140.33 

15.03 
58.96 

Number 

of 
mature 
kernels 

21.72 

259.79 

22.42 
198.08 

19.00 

187.90 

17.67 

137.43 

16.71 
41.24 
21.00 

162.86 
20.22 

116.07 

16.56 

42.13 

28.81 
201.26 

21.23 
108.86 

Mature 
kernel 

weight 

(9) 

6.04 

53.22 

6.92 
38.90 

6.01 
51.72 

5.80 

34.68 

4.25 
35.71 

6.09 
67.42 

4.04 

16.09 

6.15 

13.12 

10.92 

61.64 
7.69 

29.31 

Total 
dry 
matter 

S h e l l ­

ing 
Harvest 

Index 
per cent 

at harvest 

(9) 

40.66 

274.76 
21.22 

12.16 
23.64 

233.73 

42.36 

401.86 

27.49 
165.94 
38.23 

309.86 
41.05 

284.97 
28.67 

342.81 

35.58 

192,62 
41.53 

197.30 

64.31 

495.03 
65.99 

110.56 
66.47 

541.17 

66.05 

227.25 

54.17 

339.98 
62.37 

236.37 
51.29 

184.06 
63.63 

475.00 

64.49 

362.73 
51.60 

209.39 

15.29 
68.99 
28.55 

260.72 
23.05 

189.68 

14.37 

113.75 

17.74 
123.77 

15.92 

104.20 

16.37 

54.56 

22.63 

202.44 

25.25 

230.58 
15.70 

153.82 

Note : For each cross above value Indicates mean and below value Indicates variance of that 
particular character 



values were observed in JL24 x MH2BC28 (enhanced canopy mutant), 

JL24 X MHZ and TMV2 x TAP5 (aerial podding mutant) which exhibit­

ed medium degree of variance. Two crosses viz., M13 x TAPS and 

G201 x MH2 showed high mean values and medium degree of variance. 

The crosses viz., M13 x MH2, Kadiri-3 x MH2, Kadiri-3 x MH2BC28 

and TMV2NLM (narrow leaf mutant) x MH2BC28 exhibited high degree 

of variance with medium mean days to 50 per cent flowering. 

4.5.2.3 Says to 100 Per cent Flowering 

The range of mean number of days to 100 per cent flower­

ing was between 31.50 days and 38.50 days. The TAP5 (31.50 days) 

recorded the least number of days to 100 per cent flowering. The 

highest mean value was found in G201 (38.50 days). 

In crosses, the ranges of means and variances were from 

32.00 days to 37.43 days and 0.00 to 4.99 respectively. Out of 

21 crosses, three crosses recorded low mean number of days, of 

which JL24 x MH2BC28 (enhanced canopy mutant) and JL24 x MH2 re­

corded medium degree of variance and MH2BC28 x TMV2 showed low 

degree of variance. The cross, G201 x TAP5 (aerial podding 

mutant) exhibited the highest degree of variance with high mean 

value. Two crosses viz., Kadiri-3 x TAPS and Kadiri-3 x MH2BC28 

also exhibited high degree of variance with medium mean number of 

days to 100 per cent flowering. The highest mean value was 

recorded by M13 x TAPS followed by G201 x MH2, M13 x MH2 and 

TMV2NLM (narrow leaf mutant) x MH2 which exhibited medium degree 

of variance. 
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4.5.2.4 Canopy Dlaaeter 

The range of mean values for the parents was from 20.70 

cm to 66.31 cm. The canopy diameter was high In M13 (66.31 cm) 

followed by TMV2NLM (60.75 cm) and TAPS (60.29 cm). The lowest 

mean diameter was observed in MH 2 (20.70 cm). 

Among the crosses, the mean values and variances ranged 

from 40.88 cm to 65.40 cm and 17.20 to 311.38. Out of 21 "^2^' 

two crosses viz., Kadiri-3 x TAPS (aerial podding mutant) and 

Kadiri-3 x JL24 recorded high variance with high mean for this 

trait. High variance with medium mean was found in TMV2NLM x 

MH2BC28 (enhanced canopy mutant) and TMV2NLM (narrow leaf mutant) 

X TMV2. The crosses viz., TMV2NLM x TAPS and Kadiri-3xMH2BC28 

exhibited medium variance with high mean. Eleven crosses showed 

medium variance with medium mean, in which TAPS was involved in 

four crosses and MH2BC28 in five crosses. Medium variance with 

low mean was recorded by only one cross G201 x MH2. Two crosses 

viz., TMV2NLM x MH2 and Kadlri-3 x MH2 exhibited low variance 

with medium mean values for this trait. The crosses viz., JL24 x 

MH2 and M13 x MH2 recorded low variance with low mean. 

4.5.2.5 Canopy Clrctmference 

The mean canopy circumference ranged from 66.40 cm to 

190.88 cm. The highest canopy circumference was observed in M13 

(190.88 cm) followed by TMV2NLM (186.25 cm), Kadiri-3 (185.00 cm) 

and TAPS (184.57 cm). The parent MH2 (66.40 cm) showed the 

lowest canopy circumference. 
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For the crosses the ranges of mean values and variances 

were from 143.88 cm to 206.00 cm and 290.13 to 4062.17 respec­

tively. Among the 21 F„ crosses, one cross Kadlrl-3 x TAP5 

(aerial podding mutant) exhibited high variance with high mean. 

Three crosses viz., TMV2NLM (narrow leaf mutant) x TAPS, G201 x 

MH2BC28 (enhanced canopy mutant) and G201 x TAPS recorded high 

variance with medium mean. Medium variance with high mean was 

observed In Kadlrl-3 x MH2BC28 and Kadlrl-3 x JL24. Nine crosses 

viz., TMV2NLM x MH2BC28, JL24 x TAPS, TMV2 x TAPS, TMV2NLM x 

TMV2, G201 x JL24, JL24 x MH2BC28, MH2BC28 x TMV2, M13 x TAPS and 

MH2BC28 X M13 exhibited medium degree of variance with medium 

mean. One cross, TMV2NLM x MH2 showed medium variance with low 

mean. The cross M13 x JL24 recorded low variance with high mean 

and the cross Kadlrl-3 x MH2 showed low variance with medium 

mean. Low degree of variance with low mean was found In 0201 x 

MH2, JL24 X MH2 and M13 x MH2. 

4.5.2.6 Leaf Area at 60 Days 

The range of mean leaf area at 60 days was between 

372.89 cm^ and 1456.83 cm^. The parent Kadlrl-3 (1456.83 cm^) 

2 
showed the highest leaf area followed by M13 (1442.81 cm ) at 60 

2 
days duration. The leaf area observed In MH2 (372.89 cm ) was 

the lowest. 

In crosses, the ranges of mean values and variances were 

2 2 

from 926.88 cm to 2288.72 cm and 100135.95 to 862924.75 respec­

tively. Out of 21 F- crosses, only one cross G201 x MH2BC28 

(enhanced canopy mutant) exhibited high variance with high mean 
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value. High degree of variances with medium mean values were 

observed in TMV2NLM (narrow leaf mutant) x MH2BC28, TMV2NLM x 

TMV2 and Kadiri-3 x TAP 5 (aerial podding mutant). In all the 

four crosses which exhibited high degree of variance, induced 

mutants were involved as one of their parents. Three crosses 

viz., Kadiri-3 x MH2BC28, G201 x JL24 and TMV2NLM x TAPS showed 

medium degree of variance with high mean. Seven crosses exhibit­

ed medium degree of variance with medium mean viz., JL24 x 

MH2BC28, MH2BC28 x TMV2, TMV2 x TAPS, G201 x TAPS, JL24 x TAPS, 

MH2BC28 X M13 and Kadiri-3 x JL24. Three crosses viz., G201 x 

MH2, M13 X MH2 and JL24 x MH2 recorded medium variance with low 

mean. Low variance with medium mean was observed in Ml3 x TAPS, 

Ml3 X JL24 and Kadiri-3 x MH2. One cross TMV2NLM x MH2 exhibited 

low variance with low mean. None of the crosses recorded high 

variance with low mean and low variance with high mean. 

4.5.2.7 Plant Height 

For the parents, the mean plant height ranged between 

6.00 cm and 48.00 cm. Maximum plant height was observed in TAPS 

(48.00 cm). The mean plant height was the lowest in MH2 (6.00cm). 

The ranges of means and variances for this trait among 

crosses were from 21.18 cm to 40.29 cm and 26.86 to 252.24 re­

spectively. High variance with high mean was observed in TMV2NLM 

(narrow leaf mutant) x TAPS (aerial podding mutant), TMV2 x TAPS 

and M13 x JL24. One cross M13 x MH2 eidiibited high degree of 

variance with low mean plant height. Medium degree of variance 

was observed in 14 crosses, of ̂ ich one cross 0201 x TAPS showed 
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high mean, two crosses TMVZNIi! x MH2BC28 (enhanced canopy mutant) 

and Kadlrl-3 x MH2 recorded low mean values and remaining crosses 

exhibited medium mean values for this trait. Low variance with 

medium mean value was found In three crosses viz., MH2BC28 x 

TMV2, Kadlrl-3 x JL24 and G201 x JL24. 

4.5.2.8 NuBber of Primaries 

The range of mean values for number of primaries In 

parents was between 3.50 and 9.00. TMV2NLM (9.00) recorded the 

highest number of primaries, while the lowest number was found In 

TAPS (3.50) followed by MH2 (4.00). 

In crosses, the means and variances for number of pri­

maries ranged from 4.10 to 10.56 and 0.57 to 26.42 respectively. 

The crosses viz., TMV2NLM (narrow leaf mutant) x TMV2, G201 x 

MH2BC28 (enhanced canopy mutant) and Kadlrl-3 x MH2BC28 recorded 

high degree of variance with high mean In which the Induced 

mutants were Involved as one of the parents. One cross G201 x 

MH2 showed high variance with medium mean. The cross ThfV2NLM x 

MH2BC28 exhibited medium variance with high mean. Medium degree 

of variance with medium mean was recorded by thirteen crosses, of 

which eight crosses had the mutants as one of their parents viz., 

TMV2NLM X MH2, 0201 x TAP 5 (aerial podding mutant), Kadlri-3 x 

TAP5, JL24 X TAP5, TMV2NLM (narrow leaf mutant) x TAPS, M13 x 

TAPS, MH2BC28 (enhanced canopy mutant) x TMV2 and MH2BC28 x M13. 

Low variance with low mean was observed in three crosses viz., 

TMV2 X TAPS, JL24 x MH2BC28 and JL24 x MH2. None of the crosses 

exhibited high variance with high mean, meditun variance with low 
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mean, low variance with high mean, and low variance with medium 

mean. 

4.5.2.9 Nmber of Secondaries 

The mean values for this trait ranged from 0.75 to 18.20 

In parents. The parent TMV2NLM (18.20) recorded the highest 

number of secondaries. The lowest number was found in TAPS 

(0.75) followed by MH2 (1.00), JL 24 (1.00) and TMV2 (1.29). 

The means and variances In crosses ranged from 0.00 to 

12.00 and 0.00 to 96.50 respectively. Among 21 crosses, three 

crosses exhibited high degree of variance with high mean viz., 

G201 X MH2BC28 (enhanced canopy mutant), TMV2NLM (narrow leaf 

mutant) x TMV 2 and G201 x TAP5 (aerial podding mutant). The 

cross Kadlrl-3 x MH2BC28 recorded high degree of variance with 

mediiim mean. The mutants were involved as one of the parents in 

all the above crosses which showed high degree of variance. Only 

one cross TMV2NLM x MH2BC28 exhibited medium degree of variance 

with high mean number of secondaries. Eleven crosses recorded 

medium degree of variance with medium mean, of which five cross­

es viz., M13 x TAP5, TMV2NLM x MH2, Kadlri-3 x TAP5, TMV2 x TAP5 

and MH2BC28 x M13 had the mutants as one of their parents. Two 

crosses viz., JL24 x TAP5 and JL24 x MH2BC28 showed medium vari­

ance with low mean. The crosses viz., TMV2NLM x TAPS, MH2BC28 x 

TMV2 and JL24 x MH2 recorded low degree of variance with medium 

mean. None of the crosses showed high variance with low mean, 

low variance with high mean and low variance with low mean. 
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4.5.2.10 Nuaber of Aerial Pegs 

In parents, the mean number of aerial pegs ranged be­

tween 3.50 to 39.50. More number of aerial pegs was observed in 

M13 (39.50), TMV2NLM (30.20), TAP5 (25.50) and MH2BC28 (25.AO). 

The parent JL24 (5.50) followed by MH2 (6.00) recorded less 

number of aerial pegs. 

For the crosses, the ranges of means and variances were 

from 3.25 to 33.08 and 43.36 to 697.08 respectively. High 

degree of variance was observed in TMV2NLM (narrow leaf mutant) x 

TMV2 and M13 x TAP5 (aerial podding mutant) which also exhibited 

high mean values. Two crosses viz., G201 x MH2BC28 (enhanced 

canopy mutant) and G201 x MH2 recorded high degree of variance 

with medium mean. Medium degree of variance with high mean was 

found in Kadiri-3 x MH2BC28 and Kadiri-3 x JL24. Eleven crosses 

exhibited medium variance with medium mean for this trait, of 

which in seven crosses the mutants viz., TAP5, MH2BC28 and 

TMV2NLM were involved. The crrosses viz., TMV2NLM x TAP5 and 

G201 X TAP5 showed medium variance with low mean and low variance 

with medium mean respectively. Low variance with low mean was 

observed in JL24 x MH2BC28 and JL24 x MH2. 

4.5.2.11 Niniber of Mature Pods 

Among the parents, the mean number of mature pods ranged 

from 8.50 to 33.50. Kadiri-3 (33.50) recorded the highest number 

of mature pods, while the lowest number was found in MH2 (8.50). 

The mean values and variances for the crosses ranged 

from 8.09 to 23.76 and 14.10 to 201.18 respectively. Out of 21 
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crosses, only one cross G201 x MH2BC28 (enhanced canopy mutant) 

exhibited high degree of variance with high mean value. Two 

crosses viz., TMV2NLM (narrow leaf mutant) x TAPS (aerial podding 

mutant) and Kadlrl-3 x TAPS recorded high degree of variance with 

medium mean values. The above crosses which exhibited higher 

degrees of variances had the mutants as one of their parents. 

High degree of variance with low mean was found In one cross G201 

X MH2. High mean values were observed In three crosses viz., 

Kadlrl-3 x JL24, Kadlrl-3 x MH2BC28 and TMV2 x TAPS which exhib­

ited medium degree of variance. Medium degree of variance with 

medium mean was found In nine crosses, of which mutants were 

Involved In seven crosses. Out of these seven crosses, MH2BC28 

was Involved In three crosses viz., TMV2NLM x MH2BC28, JL24 x 

MH2BC28 and MH2BC28 x M13, TAPS In three crosses G201 x TAPS, 

JL24 X TAPS and M13 x TAPS and TMV2NLM In one cross TMV2NLM x 

TMV2. The crosses, M13 x MH2 and MH2BC28 x TMV2 recorded medium 

variance with low mean. Low degree of variance with medium mean 

was recorded by Kadlrl-3 x MH2 and G201 x JL24. One cross, 

TMV2NLM X MH2 showed low variance with low mean. None of the 

crosses exhibited low variance with high mean for this trait. 

4.5.2.12 Mature Pod Ifelght 

The mean mature pod weight ranged between S.67 g and 

39.34 g In parents. The mature pod weight found In Kadlrl-3 

(39.34 g) was the highest among the parents. MH2 (S.67 g) fol­

lowed by TMV2NLM (9.79 g) recorded the lowest pod weight. 

In crosses, the means and variances for this trait 

ranged from 6.21 g to 20.12 g and 10.21 to 209.13 respectively. 
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Among the 21 crosses, one cross Ka(llrl-3 x MH2BC28 (enhanced 

canopy mutant) exhibited high degree of variance with high mean. 

High degree of variance was also observed in TMV2 x TAPS (aerial 

podding mutant), Kadlrl-3 x TAPS and G201 x TAPS which recorded 

medium mean values. None of the crosses showed high variance 

with low mean. The crosses, G201 x MH2BC28 and Kadiri-3 x JL24 

exhibited medium variance with high mean. Nine crosses exhibited 

medium degree of variance with medltim mean, of which in seven 

crosses mutants were involved as one of their parents viz., JL24 

x TAPS, TMV2NLM x TAPS, TMV2MLM x rMV2, MH2BC28 x TMV2, T^fV2NLM x 

MH2BC28, JL24 x MH2BC28 and MH2BC28 x M13. Two crosses, G201xMH2 

and M13 x TAPS showed medium variance with low mean. Low degree 

of variance with medium mean was found in JL24 x MH2, M13 x MH2 

and Kadiri-3 x MH2. The cross TMV2NLM x MH2 showed low variance 

with low mean. None of the crosses recorded low variance with 

high mean. 

4.5.2.13 Ntniber of Mature Kernels 

in parents, the mean number of mature kernels ranged 

between 1S.6S and 47.SO. The highest number of mature kernels 

was observed in Kadlri-3 (47.SO). The lowest number was recorded 

by TMV2NLM (1S.6S) followed by MH2 (16.10). 

For the crosses, the mean values and variances ranged 

from 8.64 to 28.81 and 22.2S to 2S9.79 respectively. Out of 21 

F„ crosses, three crosses viz., TMV2NLM (narrow leaf mutant) x 

TMV2, Kadirl-3 x MH2BC28 (enhanced canopy mutant) and Kadlrl-3 x 

JL24 e^lblted high degree of variance with high mean values. 
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High degree of variance was also recorded In MH2BC28 x M13 which 

showed medium mean value. None of the crosses showed high vari­

ance with low mean. The cross, TMV2 x TAPS (aerial podding 

mutant) recorded medium variance with high mean. Medium degree 

of variance with medium mean was observed In eleven crosses, of 

which the mutant TAPS was Involved In four crosses viz., TMV2NLM 

X TAPS, G201 X TAPS, Kadlrl-3 x TAPS and M13 x TAPS and the 

mutant MH2BC28 was Involved In four crosses viz., G201 x MH2BC28, 

JL24 x MH2BC28, MH2BC28 x TMV2 and TMV2NLM x MH2BC28. The cross, 

G201 X MH2 recorded medium variance with low mean. Low degree of 

variance with medium mean was found In Kadlri-3 x MH2 and JL24 x 

TAPS. Two crosses viz., G201 x JL24 and TMV2NLM x MH2 showed low 

variance with low mean. None of the crosses exhibited low vari­

ance with high mean. 

4.5.2.14 Mature Kernel Weight 

The range of mean values for this trait was between 3.01 

g and 21.76 g in parents. The parent, Kadirl-3 (21.76 g) record­

ed the highest mean value for this trait. MH2 (3.01 g) exhibited 

the lowest mean kernel weight. 

The means of mature kernel weight and its variances were 

ranging from 2.27 g to 10.92 g and 11.40 to 80.94 respectively in 

crosses. High degree of variance was observed in four crosses, 

of which two crosses viz., Kadlrl-3 x MH2BC28 (enhanced canopy 

mutant) and Kadiri-3 x JL24 recorded high mean kernel weight and 

two crosses viz., Kadirl-3 x TAPS (aerial podding mutant) and 

TMV2NLM (narrow leaf mutant) x hfH2BC28 showed medium mean values. 
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None of the crosses recorded high variance with low mean. Medium 

degree of variance with high mean was found in Ml3 x JL24 and 

MH2BC28 X M13. Out of eight crosses which exhibited medium 

degree of variance with medium mean, four crosses viz., JL24 x 

TAPS, G201 X TAPS, TMV2NLM x TAPS and TMV2 x TAPS had TAPS, three 

crosses viz., G201 x MH2BC28, JL24 x MH2BC28 and MH2BC28 x TMV2 

had MH2BC28 and one cross TMV2NLM x TMV2 had TMV2NLM as one of 

their parents. Three crosses viz., Ml3 x TAPS, G201 x MH2, 

TMV2NLM X MH2 expressed medium degree of variance with low mean 

values. Low degree of variance with medium mean values were 

found in Kadlrl-3 x MH2, M13 x MH2, G201 x JL24 and JL24 x MH2. 

None of the crosses showed low variance with high mean and low 

variance with low mean. 

4.5.2.15 Total Dry Hatter at Harvest 

Mean total dry matter at harvest ranged from 7.64 g to 

37.00 g in parents. For this trait, the highest mean value was 

recorded in M13 (37.00 g) followed by TMV2NLM (33.62 g) and 

Kadiri-3 (32.OS g). The lowest mean value was found in MH2 

(7.64 g). 

Among the crosses, the means and variances ranged from 

14.60 g to 42.36 g and 13.01 to S16.40 respectively. High degree 

of variance was observed in four crosses, of which one cross, 

G201 X TAPS (aerial podding mutant) showed high mean and three 

crosses viz., 6201 x MH2BC28 (enhanced canopy mutant), G201 x 

JL24 and Kadirl-3 x TAPS exhibited medium mean values. Medium 

degree of variance with medium mean was recorded by M13 x TAPS, 
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TMV2NLM (narrow leaf mutant) x TMV2 and M13 x JL24. Ten crosses 

exhibited medium variance with medium mean, of which In seven 

crosses the mutants viz., TAPS, MH2BC28 and TMV2NLM were Involved 

as one of their parents. Low degree of variance with medium mean 

was recorded by JL24 x MH2BC28 and Kadlrl-3 x MH2. Two crosses 

viz., JL24 X MH2 and MH2BC28 x TMV2 exhibited low variance with 

low mean. None of the crosses exhibited high variance with low 

mean, medium variance with low mean and low variance with high 

mean. 

4.3.2.16 Shelling Per cent 

Mean values for shelling per cent ranged between 51.17 

per cent to 76.63 per cent in parents. Maximum shelling per cent 

was observed in JL24 (76.63%) followed by TMV2 (69.44%) and M13 

(62.10%). TAPS (51.17%) recorded the lowest mean value followed 

by G201 (52.47%) and MH2 (53.49%). 

The means and variances for the crosses ranged from 

45.58 per cent to 81.58 per cent and 81.77 to 541.17 respective­

ly. None of the crosses exhibited high degree of variance with 

high mean for this trait. Four crosses viz., TMV2NLM (narrow 

leaf mutant) x TAP5 (aerial podding mutant), TMV2NLM x TMV2, G201 

X JL24 and JL24 x MH2BC28 (enhanced canopy mutant) recorded high 

degree of variance with medium mean, of which three crosses had 

mutants as one of the parents. Medium variance with high mean 

was observed in MH2BC28 x M13, MH2BC28 x TMV2, M13 x MH2 and 

Kadirl-3 x MH2. Eight crosses e:dilbited medium variance with 

medium mean, of which TAPS was Involved in four crosses and 
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MH2BC28 in two crosses. Two crosses viz., G201 x MH2BC28 and 

TMV2NLM X MH2 recorded medium variance with low mean. The cross­

es viz., TMV2 X TAPS and JL24 x MH2 showed low variance with 

medium mean. Only one cross, G201 x MH2 exhibited low variance 

with low mean. None of the crosses expressed high variance with 

low mean and low variance with high mean value. 

4.5.2.17 Harvest Index 

In parents, the mean harvest index ranged from 15.26 to 

38.68. The highest harvest index was found in JL24 (38.68) 

followed by Kadiri-3 (38.39). TMV2NLM (15.26) recorded the 

lowest mean value. 

The ranges of means and variances in crosses were from 

10.72 to 32.86 and 30.45 to 260.72 respectively. Out of 21 

crosses, four crosses exhibited high degree of variance of which 

two crosses TMV2 x TAP5 (aerial podding mutant) and MH2BC28 

(enhanced canopy mutant) x TMV2 recorded high mean and two cross­

es Kadiri-3 x JL24 and G201 x MH2BC28 showed medium mean values. 

Three crosses, out of above four crosses had mutants as one of 

their parents. The crosses, JL24 x MH2 and MH2BC28 x M13 re­

corded medium variance with high mean. Ten crosses exhibited 

medium variance with medium mean, of which three crosses had TAPS 

and three crosses had MH2BC28 as one of their parents. Medium 

variance with low mean was observed in G201 x TAPS and G201 x 

MH2. Two crosses viz., TMV2NLM x TMV2 and M13 x TAPS recorded 

low variance with medium mean values. One cross TMV2NLM x MH2 

exhibited low variance with low mean. None of the crosses re-



corded high variance with low mean and low variance with high 

mean. 

4.6 COMPARISON OF MEANS AND VARIANCES OF CROSSES INVOLVING 

PARENTS AND THEIR RESPECTIVE MUTANTS FOR IMP(XITANT 

CHARACTERS 

The means and variances of the following 10 crosses 

Involving induced mutants were compared interms of percentage 

Increase or decrease over the parental crosses for the important 

canopy and reproductive attributes in F„ generation. The data 

are furnished in table 23. 

4.6.1 G201 X MH2 and G201 x MH2BC28 

In F- generation increased means and variances were 

observed for most of the characters in the crossesG201 x MH2BC28 

(enhanced canopy mutant of MH2) as compared to the parental cross 

G201 X MH2. Enhanced mean values were recorded for canopy diame­

ter (7.5%), canopy circumference (4.5%), leaf area at 60 days 

(65.4%), number of primaries (50.0%), number of secondaries 

(6.7%), number of mature pods (67.8%), mature pod weight 

(103.3%), number of mature kernels (75.4%), mature kernel weight 

(79.8%) and harvest index (68.8%) in the cross G201 x MH2BC28 

over parental cross. However, slightly reduced mean values were 

observed for total dry matter at harvest (-0.7%) and shelling per 

cent (-1.2%). The cross G201 x MH2BC28 exhibited enhanced vari­

ances for all the characters viz., canopy diameter (302.4%), 

canopy circumference (537.9%), leaf area at 60 days (325.1%), 



Table 23 : Comparlslor of means and variances of crosses involving parents and their respective mutants for 
Important characters. 

Crosses 

GZOl X HH2 

G201 X MHZBC?e 

JL24 X MHZ 

JL24 X HH2BC38 

K»(i1r1-3 X MH2 

K«d1r1-3 X MH2BC28 

TMV2NLN X MH2 

TMV2NLH X MH2BC28 

M13 X HH2 

MH2BCZ6 X HU 

MH2BC2B X TMV2 

TMVZNLM X HH2BC28 

TMV2 X HH2 

TMV2IILM X MHZ 

TMV2 X TAP6 

THV2NLN X TAPS 

THV2 X 32-2-5 

TMV2NLM X 32-2-6 

MK374 X THVZNIH 

TMV2NLM X 32-2-5 

Canopy 
diameter 

(cm) 

46.09 
57,19 
49.54 

230.14 
46.22 
49.31 
49.36 

108.88 
55.75 
57.79 
62.10 

224.3Z 
52. DO 
57.63 
50.17 

130.38 
40.88 
17.20 
56.50 

111.38 
46.83 

120.58 
50.17 

130.38 
37.93 

100.22 
46.75 

110.96 
62.61 

150.58 
67.20 

162.96 
59.32 

275.52 
58.75 

280.14 
59.40 

120.27 
58.75 

280.14 

(7.5) 
(302.4) 

(9.2) 
(120.8) 

(11.4) 
(28B.Z) 

( -3.5) 
(1Z6.2) 

(38.2) 
(547.6) 

(7.1) 
(8.1) 

(23.3) 
(10.7) 

(7.3) 
(8.2) 

(-1.0) 
(1.7) 

(-1.1) 
(132.9) 

Canopy 
circum­
ference 

(cm) 

146.00 
530.60 
152.54 

3385.10 
147.11 
377.00 
151.00 
855.86 
178.25 
535.21 
197.80 

1100.62 
145.60 
575.69 
160.22 

1704.71 
143.88 
290.13 
171.78 
733.44 
150.00 
700.00 
160.22 

1704.71 
117.86 
283.50 
140.35 
310.88 
170.27 
867.30 
180.50 
901.26 
176.07 

1182.84 
178.50 

1190.19 
158.08 
564.33 
168.50 

1190.19 

(4.5) 
(537.9) 

(2.6) 
(127.0) 

(10.9) 
(105.6) 

(10.0) 
(196.1) 

(19.4) 
(152.8) 

(6.6) 
(143.5) 

(19.1) 
(9.7) 

(6.0) 
(3.9) 

(1.4) 
(0.62) 

(6.6) 
(110.9) 

Leaf 
area at 
60 days 
(sq.cm) 

1276.23 
202976.44 

2111.34 
862924.75 

926.28 
159503.47 

1425.38 
310754.91 

1538.36 
103873.60 

2026.65 
594343.44 

1114.50 
127736.63 

1830.57 
713960.75 

1030.41 
160135.95 

1634.97 
389020.13 

1142.25 
272420.91 

1830.67 
713960.75 

2289.28 
1228401.75 

2098.99 
1672324.36 

4053.51 
3528729.50 

3589.72 
3831586.75 

3896.48 
7573270.00 

4753.86 
11562392.00 

5009.80 
1678806.50 

4753.86 
11562392.00 

(65.4) 
(325.1) 

(53.9) 
(94.8) 

(31.7) 
(472.2) 

(64.3) 
(453.9) 

(58.1) 
(142.9) 

(26.9) 
(162.1) 

( -8 .3) 
(36.1) 

(-11.4) 
(8.6) 

(22.0) 
(52.7) 

( -5 .1) 
(588.7) 

Number 
of 
prima­
ries 

6.22 
10.69 
9.33 

20.38 
4.10 
0.57 
4.38 
0.76 
4.50 
1.61 
7.00 

17.60 
6.42 
4.51 
7.18 
9.36 
5.78 
2.65 
4.75 
1.53 
4.80 
3.20 
7.18 
9.36 
5.94 
2.92 
9.02 
6.50 
8.64 

56.11 
8.54 
3.98 
9.64 
6.43 
9.56 

13.40 
8.60 
6.12 
9.56 

10.09 

(50.0) 
(90.6) 

(6.8) 
(46.0) 

(55.6) 
(993.2) 

(11.8) 
(107.5) 

(-17.8) 
(-42.3) 

(49.6) 
(192.5) 

(51.9) 
(122.6) 

(-1.2) 
(-93.2) 

(-82.9) 
(109.4) 

(11.2) 
(64.9) 

Number 
of 
secon­
daries 

9.44 
38.28 
10.07 
96.50 

1.75 
3.64 
1.23 
6.53 
1.70 
5.12 
5.71 

50.01 
9.08 

39.42 
9.98 

40.16 
7.83 

16.38 
3.13 

10.25 
2.14 
3.08 
9.98 

40.16 
3.35 

13.05 
11.83 
53.34 
4.91 

18.46 
17.05 
72.60 
16.89 
74.03 
27.26 

169.09 
20.72 

191.35 
27.26 

169.09 

(6.7) 
(152.1) 

(-29.7) 
(79.4) 

(235.9) 
(876.7) 

(9.9) 
(1.9) 

(-60.0) 
(-37.4) 

(366.4) 
(1203.9) 

(253.1) 
(4.1) 

(247.2) 
(293.3) 

(61.4) 
(128.4) 

(31.6) 
(-11.6) 

Number 
of 
mature 

11.88 
136.41 

19.93 
161.15 

13,86 
57.14 
13.15 
75.81 
13.90 
14.10 
20.10 
89.88 
8.09 

15.69 
15.43 
74.98 
11.00 
34.11 
15.00 
52.94 
10.60 
23.30 
15.43 
74.98 
46.19 

600.59 
39.63 

753.54 
32.45 

307.94 
30.46 

321.37 
67.08 

954.49 
50.12 

795.75 
41.45 

793.75 
50.12 

795.75 

(67.8) 
(18.1) 

( -5.1) 
(32.7) 

(44.6) 
(537.4) 

(90,7) 
(377,9) 

(36.4) 
(55.2) 

(45.6) 
(221.8) 

(-12.3) 
(25.5) 

( -6.1) 
(4.4) 

(-25.3) 
(-16.6) 

(20.9) 
(0,25) 
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Tsble 23 : Continued. 

Crosses 

GZOl X MH2 

G201 X HH2BC28 

JLZ4 X MH2 

JL24 X MH2BC28 

Kad1r1 -3 X MH2 

Kad1r1 -3 X MH2BC2e 

TMV2NLH X NH2 

TMVJNLM X MH2BC28 

M13 X MH2 

MH2BC28 X M13 

MH2BC28 X TMV2 

TMV2NIM X MH2BC28 

TMV2 X MH2 

TMV2NLM X MH2 

THV2 X TAP5 

THV2NLM X TAPS 

TMV2 X 3 2 - 2 - 6 

TMVZNLM X 3 2 - 2 - 6 

MK374 X TMVZNLH 

TMV2NLM X 3 2 - 2 - 5 

Mature 

pod 

weight 

( 3 ) 

7 . 54 

58 .36 

15.33 

134 .12 

11.76 

3 2 . 6 4 

1 0 . 0 ) 

122.64 

10.03 

2 5 . 6 2 

15 .39 

209.13 

6 . 2 1 

10 .21 

10.77 

136.08 

10 .00 

29.16 

14 .78 

8 1 . 6 7 

11.14 

8 0 . 0 3 

10.77 

136.08 

34 .88 

200 .00 

30 .72 

210 .24 

27 .52 

390 .64 

2 5 . 1 0 

396 .63 

5 7 . 3 7 

726.48 

4 1 . 6 0 

730 .91 

3 1 . 4 1 

3 4 4 . 9 1 

4 1 . 6 0 

7 3 0 . 9 1 

( 1 0 3 . 3 ) 

( 1 2 9 . 8 ) 

( - 1 4 . 9 ) 

( 2 7 6 . 7 ) 

( 5 3 . 4 ) 

( 7 1 6 . 3 ) 

( 7 3 . 4 ) 

( 1 2 3 2 . 8 ) 

( 4 7 . 8 ) 

( 1 8 0 . 8 ) 

( - 3 . 3 2 ) 

( 7 0 . 0 ) 

( - 1 1 . 9 ) 

( 5 . 1 ) 

( - 8 . 8 ) 

( 1 . 5 ) 

( - 2 7 , 5 ) 

( 0 . 6 ) 

( 3 2 . 4 ) 

( 1 1 1 . 9 ) 

Number 

of 

mature 

k e r n e l s 

11.67 

139.65 

20 .47 

149.75 

20 .14 

91 .14 

17 .38 

112.76 

19.40 

70.93 

24 .90 

219 .89 

8 .64 

22 .25 

18.39 

133.34 

19 .39 

127 .31 

21 .53 

209 .70 

18.40 

106 .30 

18.39 

133.34 

6 2 . 6 2 

1366.38 

50 .95 

1396.75 

4 7 . 1 8 

765 .40 

4 2 . 8 4 

8 1 1 . 1 4 

9 0 . 9 1 

2194 .40 

71 .65 

1925.87 

6 6 . 3 1 

1832.76 

71 .65 

1926.B7 

( 7 5 . 4 ) 

( 7 . 3 ) 

( - 1 3 . 7 ) 

( 2 3 . 7 ) 

( 2 8 . 4 ) 

( 2 1 0 . 0 ) 

( ) 1 2 . 8 ) 

( 4 9 9 . 3 ) 

( 1 1 . 0 ) 

( 6 4 . 7 ) 

( - 0 . 1 ) 

( 2 5 . 4 ) 

( - 1 8 . 6 ) 

( 2 . 3 ) 

( - 9 . 2 ) 

( 3 . 3 ) 

( - 2 1 . 2 ) 

( - 1 2 . 2 ) 

( 2 7 . 2 ) 

( 5 . 1 ) 

Mature 

k e r n e l 

weight 

(g) 

3 .67 

1 5 . 8 4 

6 . 6 0 

5 1 . 3 4 

5 . 6 7 

11 .40 

4 . 9 2 

2 6 . 7 0 

4 . 2 0 

13 .92 

7 . 9 5 

8 0 . 9 4 

2 . 2 7 

14 .50 

4 .55 

56 .35 

7 .06 

13 .50 

8 . 1 3 

2 7 . 3 3 

4 . 9 3 

22 .88 

4 . 5 6 

56 .35 

2 3 . 2 0 

100 .94 

18 .86 

120.85 

19 .22 

188.18 

16 .98 

190 .20 

3 7 . 1 1 

363 .42 

27 .70 

365.05 

22 .22 

1 4 0 . 9 ) 

2 7 . 7 0 

365 .05 

1 7 9 . 8 ) 

( 2 2 7 . 2 1 

( - 1 3 . 2 ) 

( t 3 4 . 2 ) 

( 8 9 . 3 ) 

( 4 8 1 . s ; 

( 1 0 0 . 4 ) 

( 2 8 8 . 6 ) 

( 1 5 . 2 ) 

( 1 0 2 . 4 ) 

( - 8 . 4 ) 

( 1 4 6 . 3 ) 

( - 1 8 . 7 ) 

( 1 9 . 7 ) 

( - 1 1 . 7 ) 

( 1 . 1 ) 

( - 2 5 . 4 ) 

( 0 . 4 ) 

( 2 4 . 7 ) 

( 1 6 9 . 1 ) 

T o t a l 

dry 

m a t t e r 

at harvest 

( 9 ) 

3 1 . 2 1 

298 .62 

3 0 . 9 9 

5 1 6 . 4 0 

1 5 . 4 1 

14 .55 

2 1 . 9 3 

8 8 . 3 5 

2 1 . 0 2 

8 1 . 0 7 

3 1 . 5 3 

157 .78 

3 1 . 6 6 

191 .64 

3 3 . 5 5 

2 6 4 . 1 6 

2 7 . 0 1 

140 .82 

2 3 . 0 9 

159 .76 

14 .60 

13 .01 

3 3 . 5 5 

2 6 4 , 1 6 

5 2 . 2 0 

6 4 5 . 1 3 

5 3 . 3 8 

8 2 1 . 3 8 

4 8 . 2 4 

5 9 6 . 1 9 

5 3 . 1 3 

6 0 1 , 3 9 

101 .64 

2975 .45 

8 7 . 6 4 

1026 .57 

7 0 . 6 6 

1 8 5 0 . 9 9 

8 7 . 6 4 

1026 .57 

( - 0 . 7 ) 

( 7 2 . 9 ) 

( 4 2 . 3 ) 

( 5 0 7 . 2 ) 

( 5 0 . 0 ) 

( 9 4 . 6 ) 

( 6 . 0 ) 

( 3 7 . 8 ) 

( - 1 4 . 5 ) 

( 1 3 . 4 ) 

( 1 2 9 . 8 ) 

( 1 9 3 0 . 4 ) 

( 2 , 3 ) 

( 2 7 , 3 ) 

( 1 0 . 1 ) 

( 0 , 9 ) 

( -1 -3 ,8 ) 

( - 6 6 , 5 ) 

( 2 4 , 0 ) 

( - 4 4 . 5 ) 

S h e l l l n 

percent 

4 6 . 9 8 

8 1 . 7 7 

4 6 . 4 2 

335 .77 

5 8 . 7 9 

102.07 

6 3 . 5 8 

3 7 2 . 6 0 

6 6 . 7 9 

2 5 3 . 0 1 

5 7 . 0 5 

2 6 4 . 0 1 

4 5 . 5 8 

134,95 

5 3 , 1 0 

266 ,69 

7 7 , 3 8 

151,64 

6 7 , 9 0 

3 0 2 , 0 9 

8 1 . 5 8 

299 ,15 

5 3 . 1 0 

2 6 6 , 6 9 

6 9 , 1 2 

1 0 8 , 6 1 

64 ,02 

5 0 1 , 2 3 

73 ,14 

1423 ,37 

6 9 , 0 4 

1198.97 

6 6 , 1 2 

72 ,24 

6 9 , 4 9 

6 5 , 8 8 

6 6 . 7 2 

2 1 0 . 5 9 

6 9 , 4 9 

6 5 . 8 8 

9 

( - 1 , 2 ) 

( 3 1 0 , 6 ) 

( 8 . 1 ) 

( 2 6 5 , 0 ) 

( - 1 4 . 6 ) 

( 4 . 3 ) 

( 1 6 . 5 ) 

( 9 7 . 6 ) 

( - 1 2 . 3 ) 

( 99.2 ) 

( - 3 4 . 9 ) 

( - 1 0 . 9 ) 

( - 7 . 4 ) 

( 3 6 1 . 5 ) 

( - 5 . 6 ) 

( - 1 5 . 8 ) 

( 5 . 1 ) 

( - 8 . 8 ) 

( 4 . 2 ) 

( - 6 8 . 7 ) 

Harvest 

Index 

17 .08 

92 .64 

2 8 . 8 3 

308 .15 

4 0 . 8 4 

3 2 8 . 8 3 

2 8 . 1 7 

338.63 

3 2 . 9 5 

105.35 

3 0 . 9 5 

235 .86 

2 4 . 5 0 

2 1 9 . 4 4 

2 9 . 0 9 

2 6 4 . 5 0 

3 4 . 3 8 

342 .36 

39 .64 

276.76 

34 .56 

270 .94 

2 9 . 0 9 

2 6 4 . 5 0 

39 .95 

160.57 

3 6 . 7 6 

175.75 

3 6 . 1 0 

144.78 

3 1 . 8 6 

102 .69 

38 .16 

221 .74 

3 3 . 1 5 

114 .71 

3 1 . 1 7 

127.99 

3 3 . 1 5 

114.71 

( 6 8 . 8 ) 

( 2 3 2 . 6 ) 

( - 2 8 . 6 ) 

( 3 . 0 ) 

( - 6 . 1 ) 

( 1 2 3 . 9 ) 

( ) 8 . 7 ) 

( 2 0 . 5 3 ) 

( 1 5 . 3 ) 

( - 1 9 . 2 ) 

( - 1 5 . 8 ) 

( - 2 . 4 ) 

( - 8 . 0 ) 

( 9 . 5 ) 

( - 1 1 . 7 ) 

( - 2 9 . 1 ) 

( - 1 3 , 1 ) 

( - 4 8 , 3 ) 

( 6 , 4 ) 

( - 1 0 , 4 ) 

Note : 1. For each cross above value Indicates mean and below value Indicates variance. 

2. The values In parenthesis indicate the percentage Increase (+) or decrease (-) over the parental cross. 



number of primaries (90.6%), number of secondaries (132.1%), 

number of mature pods (18.1%), mature pod weight (129.8%), number 

of mature kernels (7.3%), mature kernel weight (227.2%), total 

dry matter at harvest (72.9%), shelling per cent (310.6%) and 

harvest index (232.6%) over the parental cross in F^ generation. 

4.6.2 JL24 X MH2 and JL24 z MH2BC28 

In F„ generation, the cross JL24 x MH2BC28 (enhanced 

canopy mutant of MH2) recorded increased mean values for canopy 

circumference (2.6%), leaf area at 60 days (53.9%), number of 

primaries (6.8%), total dry matter at harvest (42.3%) and shell­

ing per cent (8.1%) as compared to the parental cross JL24 x MH2. 

V?hile decreased mean values were observed for number of second­

aries (-29.7%), number of mature pods (-5.1%), mature pod weight 

(-14.9%), number of mature kernels (-13.7%), mature kernel weight 

(-13.2%), and harvest index (-28.6%). The cross JL24 x MH2BC28 

registered enhanced variances for all the characters viz., canopy 

diameter (120.8%), canopy circumference (127.0%), leaf area at 60 

days (94.8%), number of primaries (46.0%), number of secondaries 

(79.4%), number of mature pods (32.7%), mature pod weight 

(275.7%), number of mature kernels (23.7%), mature kernel weight 

(134.2%), total dry matter at harvest (507.2%), shelling per cent 

(265.0%) and harvest index (3.0%) over the parental cross in F-

generation. 

4.6.3 Kadlrl-3 z MH2 and Kadlrl-3 z IIH2BC28 

The cross Kadiri-3 x MH2BC28 (enhanced canopy mutant of 

MH2) exhibited Increased means and variances for most of the 
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characters In F_ generation over the parental cross (Kadlrl-3 x 

MH2). Enhanced mean values were observed for canopy diameter 

(11.4%), canopy circumference (10.9%), leaf area at 60 days 

(31.7%), number of primaries (55.6%), number of secondaries 

(235.9%), number of mature pods (44.6%), mature pod weight 

(53.4%), number of mature kernels (28.4%), mature kernel weight 

(39.7%) and total dry matter at harvest (50.0%) In the cross 

Kadlrl-3 x MH2BC28 over the parental cross. While, decreased 

mean values were found for shelling per cent (-14.6%) and harvest 

Index (-6.1%). The cross Kadlrl-3 x MH2BC28 exhibited enhanced 

variances for all the characters In F„ generation over the paren­

tal cross viz., canopy diameter (288.2%), canopy circumference 

(105.6%), leaf area at 60 days (472.2%), number of primaries 

(993.2%), niimber of secondaries (876.7%), number of mature pods 

(537.4%), mature pod weight (716.3%), number of mature kernels 

(210.00%) mature kernel weight (481.5%), total dry matter at 

harvest (94.6%), shelling per cent (4.3%) and harvest index 

(123.9%). 

4.6.4 IMV2NUI x MHZ and THV2NLK z MH2BC28 

The data in F„ generation revealed that for most of the 

characters the means and variances were high in the cross TMV2NLM 

(narrow leaf mutant of TMV2) x MH2BC28 (enhanced canopy mutant of 

MH2) as compared to the parental cross TMV2NLM x MH2. The cross 

TMV2NIW X MH2BC28 recorded Increased mean values for canopy 

circumference (10.0%), leaf area at 60 days (64.3%), number of 

primaries (11.8%), number of secondaries (9.9%), number of mature 
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pods (90.7%),LJn̂ i«re pod weight (73.'4%), number of'mature kernels t*̂  5> ^ 

(112.8%), mature kernel weight (100.4%), total dry matter at 

harvest (6.0%), shelling per cent (16.5%) and harvest index 

(18.7%). While slightly reduced mean value was observed for 

canopy diameter (^-'i.5%') as compared to parental cross. The 

variances recorded for all the characters viz,, canopy diameter 

(126.2%), canopy circumference (196.1%), leaf area at 60 days 

(458.9%), number of primaries (107.5%), number of secondaries 

(1.9%), number of mature pods (377.9%), mature pod weight 

(1232.8%), number of mature kernels (499.3%), mature kernel 

weight (288.6%), total dry matter at harvest (37.8%), shelling 

per cent (97.6%) and harvest index (20.5%) were high in the cross 

TMV2NLM X MH2BC28 as compared to TMV2NLM x MH2. 

4.6.5 M13 z MH2 and MH2BC28 x M13 

The means and variances recorded by the cross MH2BC28 

(enhanced canopy mutant of MH2) x M13 for most of the characters 

were more than that observed in parental cross M13 x MH2 in F„ 

generation. Enhanced mean values were recorded for canopy diame­

ter (38.2%), canopy circumference (19.4%), leaf area at 60 days 

(58.7%), number of mature pods (36.4%), mature pod weight 

(47.8%), number of mature kernels (11.0%), mature kernel weight 

(15.2%) and harvest index (15.3%) in the cross MH2BC28 x M13 over 

the parental cross M13 x MH2. While, decreased mean values were 

found for number of primaries (-17.8%), number of secondaries 

(-60.0%), total dry matter at harvest (-14.5%) and shelling 

per cent (-12.3%). The data in F generation indicated that 



the cross MH2BC28 x Ml.'i exhibited enhanced variances for 

canopy diameter (547.6%), canopy circumference (152.8%), leaf 

area at 60 days (142.9%), number of mature pods (55.2%), mature 

pod weight (180.8%), number of mature kernels (64.7%), mature 

kernel weight (102.4%), total dry matter at harvest (13.4%) and 

shelling per cent (99.2') over the parental cross. While, 

reduced variances were observed for number of primaries (-42.3%), 

number of secondaries (-37.4/0 and harvest index (-19.2%) in the 

cross MH2BC28 x Ml3. 

4.6-6 MH2BC28 x TMV2 and TMV2NLM X MH2BC28 

In F generation, enhanced mean values were observed for 

canopy diameter (7.1%), canopy circumference (6.8%), leaf area at 

60 days (26.9%), number of primariej; (49.6%), number of second­

aries (366.4%), number of mature pods (45.6%), and total drv 

matter at harvest (129-8%) in the ̂ rross TMV2NLM (narrow leaf 

mutant of TMV2) x MH2BC28 (enhanced canopy mutant of MH2) over 

the parental cross M'I2BC28 x TW,'2. As compared to parental cross 

the mean values were reduced in the cross TMV2NLM x MH2BC28 for 

mature pod weight (-3.3%), number of mature kernels (-0.1%), 

mature kernel weight (-8.4%), shelling per cent (-34.9%) and 

harvest index (-15.8%). The cross TMV2NLM X MH2BC28 exhibited 

enhanced variances for most of the characters viz., canopy diame­

ter (8.1%), canopy circumference (143.5%), leaf area at 60 days 

(162.1%), number of primaries (192.5%), number of secondaries 

(1203.9%), number of mature pods (221.8%), mature pod weight 

(70.0%), number of mature kernels (25.4%), mature kernel weight 
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(146.3%) and total dry matter at harvest (1930.4%) over the 

parental cross. While, reduced variances were observed for 

shelling per cent (-10.9%) and harvest Index (-2.4%) in the cross 

TMV2NLM X MH2BC28 as compared to parental cross. 

4.6.7 TMV2 z MH2 and TMVZNIlf z MHZ 

The data In F- generation Indicated that the cross 

TMV2NLM (narrow leaf mutant) x MH2 recorded enhanced mean values 

for canopy diameter (23.3%), canopy circumference (19.1%), number 

of primaries (51.9%), number of secondaries (253.1%) and total 

dry matter at harvest (2.3%) over the parental cross TMV2 x MH2. 

While, reduced mean values were recorded for leaf area at 60 days 

(-8.3%), number of mature pods (-12.3%), mature pod weight 

(-11.9%), number of mature kernels (-18.6%), mature kernel 

weight (-18.7%), shelling per cent (-7.4%) and harvest index 

(-8.0%) in the cross TMV2NLM x MHZ as compared to parental 

cross. The cross TMV2NLM x MH2 exhibited enhanced variances 

over the parental cross for all the characters viz., canopy 

diameter (10.7%), canopy circumference (9.7%), leaf area at 60 

days (36.1%), number of primaries (122.6%), number of secondaries 

(4.1%), number of mature pods (25.5%), mature pod weight 

(5.1%), number of mature kernels (2.3%), mature kernel weight 

(19.7%), total dry matter at harvest (27.3%), shelling per cent 

(361.5%) and harvest index (9.5%). 

4.6.8 TMV2 z IAP5 and TMV2NUf z TAPS 

The cross TMV2NLM (narrow leaf mutant of TMV2) x TAP5 

(aerial podding mutant of 'Tatu') showed increased mean values in 



F„ generation for number of secondaries (247.2%), canopy diameter 

(7.3%), canopy circumference (6.0%) and total dry matter at 

harvest (10.1%) over the parental cross TMV2 x TAPS. The cross 

TMV2NLM X TAP5 recorded slightly reduced mean values for leaf 

area at 60 days (-11.4%), number of primaries (-1.2%), number of 

mature pods (-6.1%), mature pod weight (-8.8%), number of mature 

kernels (-9.2%), mature kernel weight (-11.7%), shelling per cent 

(-5.6%) and harvest Index (-11.7%) as compared to parental cross. 

The data on variances In F„ generation indicated that increased 

variances were observed in the cross T>fV2NLM x TAP5 over the 

parental cross for most of the characters viz., canopy diameter 

(8.2%), canopy circumference (3.9%), leaf area at 60 days (8.6%), 

number of secondaries (293.3%), number of mature pods (4.4%), 

mature pod weight (1.5%), number of mature kernels (3.3%), mature 

kernel weight (1.1%) and total dry matter at harvest (0.9%). 

Whereas, for number of primaries (-93.2%), shelling per cent 

(-15.8%) and harvest index (-29.1%) the variances were decreased 

in the cross TMV2N1M x TAP5. 

4.6.9 TMV2 X 32-2-5 and TMV2NUf x 32-2-5 

In F^ generation, the cross TMV2NLM (narrow leaf mutant 

of TMV2) X 32-2-5 (compact canopy mutant of MK374) recorded 

enhanced mean values for canopy circvimference (1.4%), leaf area 

at 60 days (22.0%), number of secondaries (61.4%) and shelling 

per cent (5.1%) over the parental cross. Whereas, the mean 

values observed for canopy diameter (-1.00%), number of primaries 

(-82.9%), number of mature pods (-25.3%), matuore pod weight 



(-27.5%), number of mature kernels (-21.2%), mature kernel 

weight (-25.4%), total dry matter at harvest (-13.8%) and harvest 

index (-13.1%) were less in the cross TMV2NLM x 32-2-5 than 

TMV2 X 32-2-5. Enhanced variances were found for canopy 

diameter (1.7%), canopy circumference (0.62%), leaf area at 

60 days (52.7%), number of primaries (109.4%), mature pod weight 

(0.6%), mature kernel weight (0.4%) and number of secondaries 

(128.4%) in the cross TMV2NLM x 32-2-5 over the parental cross. 

While, reduced variances were observed for number of mature pods 

(-16.6%), number of mature kernels (-12.2%), total dry matter at 

harvest (-65.5%), shelling per cent (-8.8%) and harvest index 

(-48.3%) as compared to parental cross TMV2 x 32-2-5. 

4.6.10 MK374 x TMV2NLM and TMV21ILM x 32-2-5 

The cross TMV2NLM (narrow leaf mutant of TMV2) x 32-2-5 

(compact canopy mutant of MK374) exhibited increased means and 

variances for most of the characters in F„ generation as compared 

to the parental cross MK374 x TMV2NLM. Increased mean values 

were observed in the cross TMV2NLM x 32-2-5 for canopy circumfer­

ence (6.6%), number of primaries (11.2%), number of secondaries 

(31.6%), number of mature pods (20.9 % ) , mature pod weight 

(32.4%), number of mature kernels (27.2%), mature kernel weight 

(24.7%), total dry matter at harvest (24.0%), shelling per cent 

(4.2%) and harvest index (6.4%) over the parental cross. While, 

slightly reduced mean values were observed for canopy diameter 

(-1.1%) and leaf area at 60 days (-5.1%) over the parental cross. 

The variances exhibited by TMV2NLM x 32-2-5 were more than the 
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parental cross for canopy diameter (132.9%), canopy circumference 

(110.9%), leaf area at 60 days (588.7%), number of primaries 

(64.9%), number of mature pods (0.25%), mature pod weight 

(111.9%), number of mature kernels (5.1%) and mature kernel 

weight (159.1%), while the variances recorded for number of 

secondaries (-11.63%), total dry matter at harvest (-44.5%), 

shelling per cent (-68.7%) and harvest Index (-10.4%) were less 

In TMV2NLM x 32-2-5 than the parental cross. 

4.7 COMPARISON OF MEANS AND VARIANCES OF CROSSES INVOLVING 

TAP5 (an aerial podding mutant of 'Tatu') IN F^ GENERA­

TION 

In order to compare the crosses Involving TAP5 (an 

aerial podding mutant), clustering was done based on means and 

variances In F„ generation. The results pertaining to this are 

presented In tables 24 and 25. 

4.7.1 Canopy Diameter 

In F_ generation cluster 1 Indicated medium variance 

with low mean, cluster 2 low variance with high mean and cluster 

3 high variance with medium mean. The crosses viz., PGNl x TAP5, 

P1350680 X TAP5, TMV2 x TAP5, JL24 x TAP5, Kadlrl-3 x TAP5, GNLM 

X TAP5 and TMV2NLM x TAP5 were falling In cluster 1. In cluster 

2, the crosses viz., MK374 x TAP5, ICG2271 x TAP5 and M13 x TAP5 

were falling. Two crosses viz., Jll x TAP5 and G201 x TAP5 were 

falling In cluster 3 which exhibited medium mean with high degree 

of variance. 



Table 24 : Coniparlslon of means and variances of crosses Involving 
TAP 5 (an aerial podding mutant of 'Tatu') In F generation. 

J4\ 

Crosses 

PGN1 X TAPS 

TMVZ X TAP 5 

JL24 X TAP 5 

j n X TAPS 

PI3S0680 X TAPS 

G201 X TAPS 

MK374 X TAPS 

Kad1r1-3 X TAPS 

GNLM X TAPS 

TMV2NLM X TAPS 

ICG2271 X TAPS 

M13 X TAPS 

Canopy 

diameter 

(cm) 

S2.46 
156.79 

62.61 

ISO.58 

69.79 

153.93 
70.47 

234.88 

68.00 
175.10 

70.00 

260.75 

75.20 

83.50 

52.76 
130.10 

65.41 

160.82 
67.20 

162.96 

80.63 

80.34 

77.57 

77.19 

Canopy 

circum­

ference 
(cm) 

155.83 

894.72 

170.27 

867.30 

180.86 

876.92 

191.68 
988.49 

185.61 
900.84 

191.00 

974.40 

202.39 

427.82 

161.39 
705.65 
175.39 

755.14 
180.50 

901.26 

206.50 

210.25 

209.12 
203.00 

Leaf 

area at 

60 days 
(sq.cm) 

3691.15 

3799951.56 

4053.51 

3528729.50 

3311.94 
3867974.00 

4245.77 

3226165.50 
4117.77 

3624729.50 

3711.48 

3013567.50 

3947.41 

2779146.50 
5469.07 

10141044.00 
2954.44 

2819728.28 
3589.72 

3831586.75 

4740.81 

1148721.50 
4641.54 

1062771.75 

Number 

of 

prima­

r ies 

6.04 

3.34 

8.64 

58.11 

6.40 

5.42 
7.50 

1.69 
7.54 
2.77 

8.33 

6.33 

6.07 
2.00 

8.28 
3.69 
8.87 

15.63 

8.54 

3.98 

8.32 
5.89 

6.69 
5.53 

Number 

of 
secon­

daries 

2.19 

11.08 

4.91 

18.46 

3.91 
42.20 

6.32 

15.18 
1.77 

7.69 

18.67 

142.33 

10.10 

44.38 

8.97 
56.88 
18.29 

189.40 

17.05 

72.60 

13.81 
78.49 

13.06 

41.71 

Number 

of 

a e r i a l 
pegs 

51.52 

718.34 

40.12 

1416.11 
24.57 

754.49 

55.59 
1175.59 

35.00 
480.67 

34.33 

472.33 

17.75 
314.64 

35.72 
585.90 

42.92 
942.24 

40.27 

1099.65 

32.05 

228.61 

25.97 

239.06 
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Table 24 : Continued.. 

lro%it% 

PGNl X TAPS 

TMV2 X TAP5 

JL24 X TAPS 

Oil X TAPS 

PI3S0680 X TAPS 

G201 X TAPS 

MK374 X TAPS 

Kadl r l -a X TAPS 

GNLM X TAPS 

TMV2NLM X TAPS 

ICG2271 X TAPS 

M13 X TAPS 

Number 

of 
mature 

pods 

37.44 

388.64 

32.4S 

307.94 

24.11 

114.93 
53.95 

493.85 
33.23 

252.03 
27.00 

637.00 

29.28 
432.35 

41.55 
734.40 

32.29 

345.51 

30.46 

321.37 

24.95 

257.05 
28.69 

3T3.36 

Mature 

pod 

weight 

(g) 

28.12 

401.87 

27.52 

390.64 
23.94 

386.59 

39.84 

496.87 
39.90 

474.59 

25.52 

362.18 
25.16 

305.07 
29.82 

408.85 
26.18 

344.91 

25.10 

396.63 

21.73 

210.30 
21.36 

211.65 

Number of 

mature 

kernels 

47.44 

790.49 

47.18 

785.40 
33.66 

249.00 

81.95 
1125.85 

61.46 

872.94 

39.33 

1460.33 

43.17 
1343.00 

52.58 
1357.64 

48.29 

992.10 

42.84 

811.14 

35.35 

593.79 
38.94 

533.08 

Mature 

kernel 

weight 

(9) 

20.37 

227.50 

19.22 

188.18 

17.05 
192.96 

29.43 
218.27 

24.15 

201.68 

17.27 

180.19 

17.32 
140.01 

20.82 
206.33 

15.73 

135.51 

16.98 

190.20 

13.91 
107.00 

14.69 
196.01 

Total 

dry 

matter 

at harves 

(9) 

33.11 

203.39 

48.24 

596.19 

42.08 
249.12 

61.58 
518.00 

62.95 

1139.16 

108.94 

1892.35 

35.38 
231.23 

64.92 

755.15 
68.05 

885.83 

53.13 

601.39 

59.34 
795.65 

59.42 
644.89 

Shel l ing 

percent 

t 

65.07 

253.72 

73.14 

1423.37 

65.87 

83.72 
75.94 

75.07 
60.81 

47.42 

59.31 
10.00 

73.04 

283.94 
64.89 

121.95 
67.54 

145.04 

69.04 

1198.97 

64.75 
198.94 

69.39 

546.03 

Harvest 

Index 
(pods) 

44.86 

206.53 

36.10 

144.78 

33.04 

97.70 
39.03 

183.78 
39.11 

95.81 

17.87 

27.36 
41.13 

136.76 
30.58 

199.32 
28.05 

152.07 

31.86 
102.59 

27.56 

209.88 
32.87 

269.66 

Note : For each cross above value and below value Indicate mean and variance 
respectively. 
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Canopy 
diameter 

(cnl 

Canopy 
circumference 

Icm) 

1 

2 

3 

1 

2 

62.60 I D 

77.80 (H) 

70.24 (M) 

191.34 (M) 

172.84 I D 

Table 25 : C l u s t e r i n g o f neans and v a r i a n c e s o f crosses I n v o l v i n g TAPS I n f g e n e r a t i o n . 

C h a r a c t e r s C l u s t e r s Mean V a r i a n c e Crosses f a l l i n g I n the c l u s t e r s 

156 .75 IM) PGHl X TAP5; f I 3 5 0 6 8 0 X TAPS; TMV2 X TAP5; 0L24 X TAPS; 

KADIR I -3 X TAPSl SNLM X TAPS; TMV2NI.K X TAPS. 

8 0 . 3 4 I L ) MK374 X TAPS; I C a 2 2 7 I X TAPS; H13 X TAPS. 

247 .82 IH) J l l X TAPS; G201 X TAPS. 

9 8 1 . 4 5 (HI J t l X TAPS; G201 X TAPS. 

8 4 3 . 1 2 |M) PGNl X TAPS; TMV2 X TAPS; JL24 X TAPS; P I350680 X TAPS; 

XABJRI-3 X TAPS; GNLM X TAPS; THViNLM X TAPS. 

3 206 .00 (HI 280 .36 (L ) MtC374 X TAPS; MI3 X TAPS; ICG2271 X TAPS. 

Leaf a r e a 1 4 6 9 1 . 1 8 (M) 1105746.00 I D M13 X TAPS; ICG2271 X TAPS, 

at 60 days 

( s q . cm) 2 5469 .07 (Hi 10141044.00 (HJ XAOIR I -3 X TAPS. 

3 3735 .91 I D 3387952.00 |H) TMV2 X TAPS; JL24 X TAPS; O i l X TAPS; P I350680 X TAPS; 

HK374 X TAPS; TMVZKLM X TAPS; PGNl X TAPS; G201 X TAPS; GIILM X TAPS, 

dumber o f I 7 .37 ( L I 4 . 3 3 ( D PGNl X TAPS; JL24 X TAPS; J l l X TAPS; P I350680 X TAPS; G?01 X TAPS, 

p r i m a r i e s MK374 X TAPS; KADIRI -3 X TAPS; TMV2KLH X TAPS; ICG2271 X TAPS; 

H13 X TAPS. 

5 8 . 1 1 (H) TMV2 X TAPS. 

15 .63 (M) GNLM X TAPS. 

Number o f 1 S.36 I D 2 2 . 7 2 I L ) PGNl X TAPS; TMV2 X TAPS; J124 X TAPS; J l l X TAPS; 

secondar ies P I350680 X TAPS; H13 X TAPS. 

165 .87 (H) G201 X TAPS; GNLM X TAPS. 

2 

3 

1 

2 

3 

1 

2 

3 

S.64 (M) 

8 .87 (H) 

S.36 I D 

18 .48 IH) 

12 .48 IH ) 

30 .14 I D 

4 7 . 8 6 IN) 

3 9 . 8 2 (M) 

6 3 . 0 9 IM) HK374 X TAPS; KADIRI -3 X TAPS; TMV2NLH X TAPS; JCS2271 X TAPS. 

Number of 1 30 .14 I D 3 8 6 . 8 7 I D P I350680 X TAPS; G201 X TAPS; MX374 X TAPS; KADIRI -3 X TAPS; 

a e r i a l pegs ICG2271 X TAPS; K13 X TAPS. 

1295 .85 IH) TMV2 X TAPS; J l l X TAP5. 

8 7 8 . 6 8 IM) PGNl X TAPS; JL24 X TAPS; GNLM X TAPS; TMV2NLM X TAPS. 



Table 25 : Continued. 

i^6H 

C h a r a c t e r s C lus te rs Mean Crosses f a l l i n g i n the c lus te i -s 

Number of 

mature pods 

Mature pod 

weight 

( 9 ) 

Number of 

mature 

k e r n e l s 

Mature 

k e r n e l 

we ight 

(g) 

T o t a l dry 

mat ter at 

h a r v e s t 

(g) 

S h e l l i n g 

percen t 

Harvest 

Index 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

34 .28 (M) 

35 .68 (H) 

28 .19 (L ) 

3 4 . 4 2 (H) 

2 5 . 5 7 (M) 

2 1 . 5 5 (L) 

54 .26 (H) 

4 5 . 9 3 (M) 

33 .66 (L) 

2 3 . 6 9 (H) 

17.26 (M) 

14 .30 ( U 

4 5 . 5 9 (L) 

108.94 (H) 

62 .94 (M) 

71 .22 (H) 

7 1 . 0 9 (M) 

65 .52 (L ) 

3 4 . 9 8 (H) 

17.87 (L) 

3 4 . 8 8 (H) 

6 8 5 . 7 0 (H) G201 X TAP5; K a d 1 r i - 3 X TSP5. 

3 8 0 . 2 8 m PGM X TAPS; TMV2 X TAPS; O i l X TAPS; Ht:374 X TAPS; 

GHLM X TAPS; TMV2NLM X TAPS; M13 X TAPS. 

223 .85 ( L I JL24 X TAPS; P I350680 X TAPS; ICG2271 X TAPS. 

445.SS (H) J l l X TAPS; PI35D680 X TAPS; PGNl X TAPS; 

X a d 1 r 1 - 3 X TAPS. 

364 .34 (M) JL24 X TAPS; THV2 X TAPS; G201 X TAP5; GNLM X TAPS; 

TMV2NLM X TAPS; HK374 X TAPS. 

2 1 0 . 9 8 (L ) M13 X TAPS; ICG2271 X TAPS. 

1321 .71 (H) J l l X TAPS; G201 X TAPS; HK374 X TAPS; 

KADIRI -3 X TAPS. 

739 .85 (H) PGNl X TAPS; TMV2 X TAPS; PI3S0680 X TAPS; GNLM X TAPS; 

TMV2NLM X TAPS; ICG2271 X TAP5; N13 X TAPS. 

249 .00 (L ) JL24 X TAPS. 

2 1 3 . 4 5 (H) J l l X TAPS; P I350680 X TAPS; PGNl X TAPS; 

KADIRI -3 X TAPS. 

171 .18 (M) JL24 X TAPS; TMV2 X TAPS; GNLM X TAPS; HK374 X TAPS; 

THV2NLM X TAPS; G201 X TAPS. 

1 0 1 . 5 1 (L ) M13 X TAPS; ICG2271 X TAPS. 

3 9 6 . 5 5 (L ) PGNl X TAPS; TMV2 X TAPS; JL24 X TAPS; J l l X TAPS; 

MK374 X TAPS; TMV2NLM X TAPS. 

1892 .35 (H) G201 X TAPS. 

8 8 4 . 1 4 (N) P I350680 X TAPS; XADIRI -3 X TAPS; GNLM X TAPS; ICG2271 X TAPS; 

M13 X TAPS. 

4 1 4 . 9 9 (M) MK374 X TAPS; M13 X TAPS. 

1311 .17 (H) TMV2 X TAPS; TMV2NLH X TAPS. 

116 .98 ( L I PGNl X TAPS; JL24 X TAPS; J l l X TAPS; PI3S0680 X TAPS; 

G201 X TAPS; K a d i r l - 3 X TAPS; GNLM X TAPS; ICG2271 X TAPS. 

2 1 3 . 8 3 (H) PGNl X TAPS; J l l X TAPS; KADIRI -3 X TAPS; ICG2271 X TAPS; 

M13 X TAPS. 

2 7 . 3 6 ( L ) G201 X TAPS. 

121 .62 (H) TMV2 X TAPS; JL24 X TAPS; P I350680 X TAPS; MK374 X TAPS; 

GNLM X TAPS; TMV2NLM X TAPS. 

H • H i g h , M • Medium, L • Low. 



4.7.2 Canopy Clrcinifereiice 

The clusters 1, 2 and 3 indicated high variance with 

medium mean, medium variance with low mean and low variance with 

high mean respectively in F- generation. High variance with 

medium mean was found in Jll x TAPS, G201 x TAPS which were 

falling in cluster 1. The crosses falling in cluster 2 were PGNl 

X TAPS, TMV2 X TAPS, JL24 x TAPS, PI3S0680 x TAPS, Kadiri-3 x 

TAPS, GNLM X TAPS and TMV2NLM x TAPS. Three crosses viz., MK374 

x TAPS, M13 X TAPS and ICG2271 x TAPS were falling in cluster 3. 

4.7.3 Leaf Area at 60 Days 

In F_ generation cluster 1 indicated low variance with 

medium mean, cluster 2 high variance with high mean and cluster 3 

medium variance with low mean. The crosses viz., M13 x TAPS and 

ICG2271 X TAPS were falling in cluster 1. Only one cross 

Kadiri-3 x TaPS exhibited high variance with high mean which was 

falling in cluster 2. Nine crosses were falling in cluster 3 

viz., TMV2 X TAPS, JL24 x TAPS, Jll x TAPS, PI3S0680 x TAPS, 

MK374 X TAPS, JL24 x TAPS, Jll x TAPS, PI3S0680 x TAPS, MK374 x 

TAPS, TMV2NLM x TAPS, PGNI x TAPS, G201 x TAPS and GNLM x TAPS 

which recorded medium variance with low mean. 

4.7.4 Number of Prljutrles 

In Fj generation, the cross TMV2 x TAPS exhibited high 

variance with medium mean and was falling in cluster 1. GNLM x 

TAPS was falling in cluster 3 which recorded medium variance with 

high mean. The remaining crosses viz., PGNl x TAPS, JL24 x TAPS, 
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Jll X TAPS, PI350680 x TAPS, G201 x TAPS, MK374 x TAPS, Kadiri-3 

X TAPS, TMV2NLM x TAPS, ICG2271 x TAPS and M13 x TAPS recorded 

low mean with low variance and were falling in cluster 1. 

4.7.5 Miaber of Secondaries 

The crosses viz., G201 x TAPS and GNLM x TAPS were 

falling in cluster 2 in F„ generation, which recorded high vari­

ance with high mean. Four crosses viz., MK374 x TAPS, Kadiri-3 x 

TAPS, TMV2NLM x TAPS and ICG2271 x TAPS were falling in cluster 3 

which indicated medium variance with medium mean. Cluster 1 

indicated low variance with low mean in which seven crosses viz., 

PGNl X TAPS, TMV2 x TAPS, JL24 x TAPS, Jll x TAPS, PI3S0680 x 

TAPS and M13 x TAPS were falling. 

4.7.6 Nuaber of Aerial Pegs 

In F- generation, high variance with high mean was 

recorded in TMV2 x TAPS and Jll x TAPS which were falling in 

cluster 2. Four crosses viz., PGNl x TAPS, JL24 x TAPS, GNLM x 

TAPS and TMV2NLM x TAPS were falling in cluster 3 which indicated 

medium variance with medium mean. The crosses, PX3S0680 x TAPS, 

G201 X TAPS, MK374 x TAPS. Kadiri-3 x TAPS, ICG271 x TAPS and M13 

X TAPS which exhibited low variance with low mean were falling in 

cluster 1. 

4.7.7 NvDnber of Mature Pods 

In clusters 1, 2 and 3 in F. generation indicated high 

variance with medium mean, medium variance with high mean and low 

variance with low mean respectively. Two crosses viz., G201 x 
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TAPS and Kadlri-3 x TAPS were falling in cluster 1 which recorded 

high variance with medium mean. Medium variance with high mean 

was found in seven crosses viz., PGNl x TAPS, TMV2 x TAPS, Jll x 

TAPS, MK374 x TAPS, GNLM x TAPS, TMV2NLM x TAPS and M13 x TAPS 

which were falling in cluster 2. In cluster 3, three crosses 

were falling viz., JL24 x TAPS, PI3S0680 x TAPS and ICG2271 x 

TAPS. 

4.7.8 Mature Pod Height 

In F„ generation, cluster 1 indicated high variance with 

high mean, cluster 2 medium variance with medium mean and cluster 

3 low variance with low mean. Four crosses viz., Jll x TAPS, 

PI3S0680 x TAPS, PGNl x TAPS and Kadiri-3 x TAPS which exhibited 

high variance with high mean were falling in cluster 1. The 

crosses falling in cluster 2 were JL24 x TAPS, TMV2 x TAPS, G201 

X TAPS, GNLM x TAPS, TMV2NLM x TAPS and MK374 x TAPS which re­

corded medium variance with medium mean. Two crosses viz., M13 x 

TAPS and ICG2271 x TAPS were falling in cluster 3. 

4.7.9 Number of Mature Kernels 

The cluster 1 indicated high variance with high mean, 

cluster 2 medium variance with medium mean and cluster 3 low 

variance with low mean in F- generation. The crosses, Jll x 

TAPS, G201 X TAPS, MK374 x TAPS and Kadiri-3 x TAPS exhibited 

high variance with high mean and were falling in cluster 1. The 

crosses falling in cluster 2 were PGNl x TAPS, TMV2 x TAPS, 

PI350680 X TAPS, GNLM x TAPS, TMV2NLM x TAPS, ICG2271 x TAPS and 
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Ml3 X TAPS which recorded medium variance with medium mean. One 

cross JL24 x TAPS was falling in cluster 3. 

4.7.10 Mature Kernel Height 

In F„ generation, the clusters 1, 2 and 3 indicated high 

variance with high mean, medium variance with medium mean and low 

variance with low mean respectively. The crosses viz., Jll x 

TAPS, PI350680 x TAPS, PGNl x TAPS and Kadiri-3 x TAPS were 

falling in cluster 1 which showed high variance with high mean. 

Cluster 2 had six crosses viz., JL2A x TAPS, TMV2 x TAPS, GNLM x 

TAPS, MK374 x TAPS. TMV2NLM x TAPS and G201 x TAPS which recorded 

medium variance with medium mean. Two crosses were falling in 

cluster 3 viz., M13 x TAPS and ICG2271 x TAPS. 

4.7.11 Total Dry Matter at Harvest 

The crosses exhibiting low variance with low mean, high 

variance with high mean and mediiun variance with medium mean were 

falling in cluster 1, 2 and 3 respectively in F„ generation. 

Only one cross G201 x TAPS was falling in cluster 2 which record­

ed high variance with high mean. In cluster 3, five crosses were 

falling viz., PI3S0680 x TAPS, Kadirl-3 x TAPS, GNLM x TAPS, 

ICG2271 X TAPS and M13 x TAPS which expressed medium variance 

with medium mean. Six crosses were falling in cluster 1 viz., 

PGNl X TAPS, TMV2 x TAPS, JL24 x TAPS, Jll x TAPS, MK374 x TAPS 

and TMV2NLM x TAPS, 

4.7.12 Shelling Per cent 

In F„ generation, the crosses exhibiting medium variance 

with high mean, high variance with medium mean and low variance 
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with low mean were grouped In cluster 1, 2 and 3 respectively. 

Cluster 1 had two crosses viz., MK374 x TAP5 and M13 x TAPS which 

recorded medium variance with high mean. The crosses viz., TMV2 

X TAPS and TMV2NLM x TAPS recorded high variance with medium mean 

and were falling in cluster 2. The crosses falling in cluster 3 

were PGNl x TAPS, JL24 x TAPS, Jll x TAPS, PI3S0680 x TAPS, G201 

X TAPS, Kadiri-3 x TAPS, GNLM x TAPS and ICG2271 x TAPS. 

4.7.13 Harvest Index 

The cluster 1, 2 and 3 in F_ generation include the 

crosses exhibiting high variance with high mean, low variance 

with low mean and medium variance with medium mean respectively. 

The crosses, PGNl x TAPS, Jll x TAPS, Kadiri-3 x TAPS, ICG2271 x 

TAPS and M13 x TAPS exhibiting high variance with high mean were 

fallen in cluster 1. Six crosses viz., TMV2 x TAPS, JL24 x TAPS, 

PI3S0680 X TAPS, MK374 x TAPS, GNLM x TAPS and TMV2NLM x TAPS 

were falling in cluster 3 which showed medium variance with 

medium mean. Cluster 2 had only one cross G201 x TAPS. 

4.8 AGRONOMICALLT SUPERIOR RECMfBINANTS 

In the present study several agronomically useful recom­

binants were isolated from the F„ generations of different cross­

es. The data with regard to the mean performance of parents 

involved in recombinants and the performance of agronomically 

superior recombinants in F^ generation along with their F_ proge­

ny means are presented in tables 26 and 27 respectively. 
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Table 26 ; Mean per 

Parents 

TMV2 

PGKl 

JLJ4 

J l l 
HHSBCje 

G201 

TAPS 

MK374 

KADIRI-3 

TMV2NLM 

3 2 - 2 - 5 

Paren ts 

THV2 

PGNl 

JL24 

J l l 
MH2BC28 

G201 

TAPS 

MK374 

KADIRI -3 

TMV2NLM 

3 2 - 2 - 5 

Paren ts 

TMV2 

PGNl 

JL24 

Jl l 
MH2BC28 

G201 

TAPS 

I1K374 

KADIRI -3 

TMV2NLM 

3 2 - 2 - 5 

Branching 

pattern 

Sequential 
Sequential 
Sequential 
Sequential 
Sequential 
Alternate 
Sequential 
Alternate 

I Alternate 
Alternate 
Alternate 

Branching 
pattern 

Sequential 
Sequential 
Sequential 
Sequential 
Sequential 
Alternate 
Sequential 
Alternate 
Alternate 
Alternate 
Alternate 

Branching 
pattern 

Sequentia 
Sequentia 
Sequentia 
Sequentia 
Sequentia 
Alternate 
Sequentia 
Alternate 
Alternate 
Alternate 
Alternate 

formance t )f parents 1nvol 

Canopy diameter Ca 

F 

45. 
47. 
46. 
45. 
52. 
46. 
60. 
54. 
55. 
58. 
55. 

1 

2 

60 
SO 
00 
80 
20 
00 
00 
70 
00 
20 
90 

Number 
mat 

F 
2 

35.50 
31.20 
19.25 
46.20 
14.50 
22.14 
19.10 
27.89 
55.33 
31.75 
40.57 

Total 

ure 

cm) 

F 

39. 
40. 
34. 
35. 
39. 
35. 
46. 
46. 
50. 
47. 
48. 

of 
pods 

F 
3 

15.20 
16.50 
14.75 
19.25 
12.50 
20.04 
19.20 
18.70 
30.00 
14.20 
24.50 

3 

90 
56 
60 
46 
50 
13 
90 
10 
40 
00 
80 

dry matter 
at harvest 

(9) 
F 

2 

34.03 
45.20 
42.37 
44.93 
19.55 
28.05 
34.07 
38.21 
31.54 
42.39 
52.65 

F 
3 

18.90 
17.25 
20.35 
19.90 
19.60 
29.05 
18.75 
28.15 
30.05 
34.60 
37.15 

ved In ag' ronomlcally superi 

nopy clrcum-
ference (cm 

F 

' 
148 
150 
149 
145 
165 
151, 
180. 
169. 
170. 
176. 
170. 

Mature 

F 
2 

27.34 
34.16 
18.42 
38.99 
10.59 
17.48 
17.36 
29.72 
51.10 
29.92 
41.28 

She 
per 

F 
2 

73.09 
70.70 
65.68 
74.99 
59.78 
69.81 
70.49 
67.99 
74.69 
63.11 
68.17 

1 
2 

.30 137 

.10 139, 

.20 134, 

.10 133, 

.00 136, 

.25 136, 

.60 148. 
,18 146. 
,80 154. 
,15 148. 
,20 148. 

) 
F 
3 

.60 

.60 

.80 

.40 
,50 
,25 
40 
60 
60 
80 
50 

pod weight 

(9) 

F 
3 

11.23 
12.75 
15.05 
20.00 
10.25 
16.08 
12.35 
17.20 
29.02 
11.01 
22.20 

l l ing 
cent 

F 
3 

62.50 
75.20 
73.94 
75.25 
60.49 
50.98 
51.01 
80.91 
67.20 
51.05 
84.05 

Leaf area 
days 

(sq.cm) 
F 
2 

2481.25 
2019.01 
2558.36 
2601.70 
1103.91 
1 351. 40 
2644.87 
3004.57 
3032.41 
3950.51 
4134.29 

Number of 
mature kernel 

F F 
2 3 

56.80 25.63 
52.51 21.50 
26.50 20.30 
70.40 22.55 
23.00 20.65 
28.86 29.80 
32.00 26.90 
47.56 30.15 
77.00 40.50 
46.75 20.60 
58.82 32.20 

Number of aeria' 
pods 

F F 
2 3 

.-

.. 
--
.. 
.. 
._ 

6.30 5.01 

.. 

.-

.. 
--

or recombinants In F 

at 60 

F 
3 

638.92 
657.30 
690.73 
714.30 
729.31 
929.80 

1032.57 
1079.26 
1159.42 
1234.25 
1655.73 

Number 
primar 

F 
2 

6.30 
6.20 
6.63 
6.20 
6.80 
5.86 
4.60 
9.11 
6.50 
8.00 
8.29 

Mature kernel 
s we' 

F 
2 

20.04 
23.46 
12.21 
28.72 
6.08 
7.56 

11.92 
19.85 
37.66 
18.50 
26.50 

1 Height 0 
pods 

F 
2 

--
--
--
--
--
--

4.20 

--
--
--
--

Ight (g) 

F 
3 

7.01 
9.85 

11.58 
15.05 
6.20 
8.01 
6.30 

14.09 
19.50 
5.40 

18.75 

f aer ial 

l9) 

F 
3 

--
--
--
--
-
--

3.90 

--
--
--
--

and 
2 

of 
ies 

F 
3 

5.07 
5.00 
4.75 
4.00 
4.20 
6.50 
4.50 
7.80 
5.80 
7.17 
7.18 

F generations. 

Number of 
secondaries 

F F 
2 3 

4.10 1.29 
5.20 0.90 
3.63 1.00 
2.80 O.f? 
5.60 0.40 
8.71 9.70 
1.50 0.75 

16.78 6.40 
13.50 5.00 
24.88 11.85 
14.71 10.05 
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4.8.1 Recaablnants Isolated froa F. Generation of Crosses 

Involving THV2NUf (narrow leaf autant of TMV2) 

ASR 1: A segregant with alternate branching and medium spread­

ing habit was isolated from the cross TMV2 x TMV2NLM. It had 

thick branches, broad leaves with narrow tip and dark green 

foliage. It exhibited compact bearing with medium bold pods. It 

recorded increased values for canopy diameter (71.50 cm), canopy 

2 
circumference (180.65 cm) and leaf area (5178.95 cm ) at 60 days, 

number of primaries (18.00), number of secondaries (46), number 

of mature pods (175), mature pod weight (120g), number of mature 

kernels (240), mature kernel weight (90.58g), total dry matter 

(181.60g) and shelling per cent (75.48%) as compared to both the 

parents. It exhibited segregation for branching pattern In F„ 

generation. The F_ progeny of this segregant recorded Increased 

mean values for all the above characters as compared to both the 

parents involved. 

ASR 2: Another segregant with alternate branching and medium 

compact growth habit was observed in the cross TMV2 x TMV2NLM. 

The branches were thin and the leaves were narrow like TMV2NLM. 

Pod size was smaller than the parents. It produced more number 

of primary (12.00) and secondary branches (25.00). It recorded a 

canopy diameter of 57.50 cm and canopy circumference of 160.75 

cm. The number of mature pods (125), mature pod weight (72.22g), 

number of mature kernels (210), mature kernel weight (60.90 g), 

total dry matter (102.35 g) and shelling per cent (80.96%) were 

more In this segregant compared to Its parents. Its progeny in 
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F« generation segregated for branching pattern and recorded 

Increased mean values for the above characters as compared to 

both the parents. 

ASR 3: In the cross PGNl x TMV2NLM, a segregant with alternate 

branching and medium spreading habit was found. The leaves were 

narrow like TMV2NLM. It had dark green foliage with thick 

branches. The pods were bold. The values recorded for canopy 

diameter (76.50 cm), canopy circumference (191 cm), number of 

primaries (14), number of secondaries (52), number of mature pods 

(172), mature pod weight (104.56 g), number of mature kernels 

(280), mature kernel weight (69.92 g) and total dry matter 

(176.00 g) were higher than the parents. Segregation for branch­

ing pattern was observed In F_ generation. The progeny means for 

all the above characters were more than the parents. 

ASR 4: Another segregant with alternate branching pattern and 

medium compact growth habit was observed in PGNl x TMV2NLM cross. 

The leaves were broad with narrow tip and dark green in colour. 

The pods were smooth like PGNl. It recorded a canopy dleuneter of 

52.50 cm and canopy circumference of 159.50 cm. Increased values 

2 
were observed for leaf area at 60 days (4572.99 cm ), number of 

primaries (10.00), number of secondaries (32.00), number of 

mature pods (96), mature pod weight (82.21 g), number of mature 

kernels (101.00), mature kernel weight (60.77 g), total dry 

matter (90.26 g) and shelling per cent (73.92%) in this recombi­

nant as compared to both the parents. The progeny of this recom­

binant exhibited segregation for branching pattern in F. genera-
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tlon. As compared to the parents, the mean values for the above 

characters were high In F„ generation. 

ASR 5: From the cross JL24 x TMV2NLM, a segregant with alter­

nate branching and medium compact canopy was isolated. It had 

dark green foliage with broad leaves which were narrow at the 

tip. The branches were thick and the pods were like JL24. The 

canopy diameter and circumference of this segregant were 61.00 cm 

and 165.00 cm respectively. As compared to both the parents, it 

recorded increased values for number of primaries (10.00), sec­

ondaries (23.00), mature pods (82.00) and mature kernels 

(115.00), mature pod weight (90.01g), mature kernel weight 

(65.23g), total dry matter at harvest (99.65 g) and shelling per 

cent (72.47%). It showed segregation for branching pattern in F_ 

generation. For all the above characters it recorded increased 

progeny means than both the parents. 

ASR 6: In the cross Jll x TMV2NLM, a segregant with alternate 

branching and medium compact growth habit was observed. It 

exhibited variation in leaf size and shape. It produced more 

number of secondary branches which were thin. The pods were 

small in size. It showed a canopy diameter of 53.5 cm and canopy 

circumference of 160.00 cm. The values observed for number of 

primaries (11.00), number of secondaries (26.00), number of 

mature pods (107.00), mature pod weight (90.50 g), number of 

mature kernels (120.00), mature kernel weight (63.65g), total dry 

matter (94.26g) and shelling per cent (70.33%) were more than the 

parents. In F- generation, its progeny showed segregation for 
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branching pattern and exhibited high mean values for the above 

characters than both the parents Involved. 

ASR 7: A segregant with alternate branching and medium spread­

ing habit was isolated from the cross MK374 x TMV2NLM. It had 

very dark green foliage like MK374. The leaves were narrow at 

the tip and branches were thin. It produced bold pods which were 

2-3 seeded. It recorded higher values for the following charac­

ters viz., canopy diameter (73.00), canopy circumference 

(185.00cm), number of primaries (13.00), secondaries (40.00), 

mature pods (115) and mature kernels (195), mature pod weight 

(99.85g), mature kernel weight (70.56g), total dry matter 

(152.20g) and shelling per cent (70.67%) than both the parents. 

It bred true in F, generation and recorded increased mean values 

for the above characters than its parents. 

4.8.2 Reconbinants isolated froa F- generation of crosses 

involving 32-2-5 (coiBpact canopy autant of MK374) 

ASR 8: From the cross TMV2NLM x 32-2-5, an alternate branching 

with medium spreading habit segregant was isolated. The leaves 

were less narrow compared to TMV2NLM. It exhibited compact 

bearing and the pods were like 32-2-5. The values recorded for 

the characters viz., canopy diameter (77.50 cm), canopy circum­

ference (198 cm), number of primaries (12.00), secondaries 

(42.00), mature pods (95.00) and mature kernels (118), mature pod 

weight (101.Olg), mature kernel weight (72.05g), total dry matter 

(129.09 g) and shelling per cent (71.33%) were more than both the 
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parents. In F« generation, It bred true for branching pattern 

and showed Increased mean values as compared to both the parents. 

ASR 9: This segregant was Isolated from the cross TMV2 x 32-2-5 

which showed alternate branching and medium spreading canopy. It 

exhibited compact bearing and variation in pod size. Pods were 

smooth. Higher values were recorded for canopy dieimeter (66.50 

cm), canopy circumference (181.0 cm), number of primaries (lA), 

secondaries (32), mature pods (108) and mature kernels (157.00), 

mature pod weight (110.41 g), mature kernel weight (82.92 g), 

total dry matter (148.27 g) and shelling per cent (75.10%) by 

this segregant as compared to its parents. For the above charac­

ters it bred true in F» generation and exhibited high mean values 

compared to its parents. 

ASR 10: Another segregant with alternate branching and medium 

compact canopy was observed in TMV2 x 32-2-5 cross. It showed 

dark green foliage with thin branches. It produced pods which 

were similar to TMV2. The canopy diameter and circumference were 

52.00 cm and 162.00 cm respectively. The number of primaries 

(9), secondaries (24), mature pods (96.00) and mature kernels 

(140.00), mature pod weight (107.06g), mature kernel weight 

(74.70g) and total dry matter (120.92g) were more in this segre­

gant as compared to its parents. It bred true for branching 

pattern in F_ generation and recorded increased values for the 

above characters as compared to both the parents. 

ASR 11: A segregant with alternate branching pattern and erect 

growth habit was found in the cross Kadiri-3 x 32-2-5. It had 
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light green foliage with thin branches. It showed compact bear­

ing. It exhibited more canopy diameter (66.00cm), canopy circum­

ference (187.0cm), number of primaries (11) and secondaries (18), 

number of mature pods (108) and kernels (133), mature pod weight 

(107.94g), mature kernel weight (81.80g), total dry matter 

(84.l9g) and shelling per cent (75.78%) as compared to both the 

parents. It bred true In F_ generation. The mean values record­

ed for the above characters were more than both the parents In F_ 

generation. 

4.8.3 Recombinants Isolated frm P. Generation of Crosses 

Involving TAP3 (aerial podding autant) 

ASR 12: A sequential branching Spanish bunch segregant was 

Isolated from the cross PGNl x TAPS. Branches were thin with 

purple pigmentation. Flowering was observed even at the time of 

harvest. It had dark green foliage. It showed compact bearing 

with small pods. It exhibited aerial podding expression like 

TAPS. It recorded a canopy diameter of 61.SO cm. Leaf area 

2 
observed at 60 days (3077.84 cm ) was more than both the parents. 

It produced 13 aerial pods weighing about 7.5g. It also recorded 

increased values for number of primaries (7), secondaries (8), 

mature pods (92) and mature kernels (122), mature pod weight 

(76.87g), mature kernel weight (62.89g), total dry matter 

(68.02g) and shelling per cent (81.81%). In F, generation, it 

bred true for branching pattern and showed high mean values for 

the above characters as compared to both the parents. 



2&& 

ASR 13: From the cross Jll x TAP5, a sequential branching segre-

gant with purple pigmentation was isolated. It had thick branch­

es and the foliage was light green in colour. Aerial podding 

expression was observed. It produced 9 aerial pods weighing 

5.42g. It showed a canopy diameter of 69.00 cm. It exhibited 

2 
more leaf area at 60 days (3278.56 cm ) than the parents. High 

values were also observed for number of primaries (8.00), second­

aries (12.00), mature pods (90.00) and mature kernels (140.00), 

mature pod weight (75.97g), mature kernel weight (58.36g) total 

dry matter (74.36g) and shelling per cent (76.82%). Its breeding 

behaviour in F« generation was found to be true. The mean values 

recorded for the above characters were more than both the par­

ents. 

ASR 14: A purple pigmented, alternate and medium compact segre-

gant was isolated from Kadiri-3 x TAP5. The foliage was dark 

green with thick branches. The pods were small and smooth with 

tan colour seeds. It showed aerial podding expression. Number 

of aerial pods harvested were 8 which weighed 6.65g. Its canopy 

diameter was 52.50 cm. Leaf area observed at 60 days (3085.23 

2 
cm ) was more than both the parents. The number of primaries 

(9), secondaries (16), mature pods (86) and mature kernels (137), 

mature pod weight (94.22g), mature kernel weight (71.17g), total 

dry matter (96.16g) and shelling per cent (75.54%) were higher 

than the parents. It was found to be true breeding in F_ genera­

tion. It exhibited increased mean values for the above charac­

ters than its parents. 
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4.8.4 Keconblnants Isolated froB F. Generation of Crosses 

Involving MH2BC28 (enhanced canopy autant of MH2) 

ASR 15: An alternate branching Virginia runner segregant was 

observed in the cross G201 x MH2BC28. It had deeply dark green 

foliage and more number of secondary branches. It exhibited 

variation in leaf size. It produced 2-3 seeded pods with tan 

colour seeds. Maximum canopy diameter (85.50 cm) and circumfer­

ence (220 cm) was observed, as compared to both the parents. It 

also expressed greater values for the characters viz., number of 

primaries (11), secondaries (35.00), mature pods (85.00) and 

mature kernels (140.00), mature pod weight (80.5g), mature kernel 

weight (61.25g), total dry matter (130.38g) and shelling per cent 

(76.00%). It exhibited segregation for branching pattern in F_ 

generation and showed increased mean values for the above charac­

ters than both the parents. 

4.9 INHERITANCE STUDIES 

4.9.1 Inheritance of Branching Pattern 

4.9.1.1 Alternate x Sequential (or) Sequential z Alternate 

The F- population of the crosses involving alternate x 

sequential or sequential x alternate showed the segregation 

ratios of 3 alternate : 1 sequential, 15 alternate : 1 sequential 

and 9 alternate : 7 sequential. The crosses viz., M13 x MH2, 

G201 X MH2, GNLM x MH2, TMV2NLM x MH2, Kadiri-3 x TAP5, GNLM x 

TAP5, TMV2NLM x TAP5, M13 x JL24, G201 x JL24, Kadiri-3 x 

MH2BC28, TMV2 x TMV2NLM, JL24 x TMV2NLM, Jll x TMV2NLM, PI259747 

X 32-2-5, JL24 x 32-2-5, TMV2 x 32-2-5 and MH2BC28 x M13 recorded 
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Table 28 : Inheritance of branching pattern. 

Combination Crosses 
of branching 

pattern In 

the crosses 

Alternate x 

sequential 

OR 

Sequential x 
alternate 

M13 X MHZ 

MK374 X MHZ 

KADIRI3 X MHZ 

GZ01 X MHZ 

GNLM X MHZ 

TMVZNLM X MHZ 

M13 X TAPS 

MK374 X TAP5 

KADIRI-3 X TAPS 

GZ01 X TAPS 

ICGZZ71 X TAPS 

GNLM X TAPS 

TMVZNLM X TAPS 

M13 X JL24 

KADIRI-3 X JLZ4 

GZOl X JLZ4 

GZ01 X MHZBCZ8 

Kad1r1-3 X MHZBCZ8 

TMVZNLM X MHZBCZ8 

TMVZ X TMVZNLM 

PGNl X TMVZNLM 

JLZ4 X TMVZNLM 

Oil X TMVZNLM 

Branching 
pattern i»<-

F. 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Phenotypic 

classes In 
F 
Z 

Alternate 
Sequential 
Alternate 
Sequential 
Alternate 

Sequential 
Alternate 

Sequential 

Alternate 

Sequential 
Alternate 

Sequential 
Alternate 
Sequential 

Alternate 

Sequential 

Alternate 

Sequential 

Alternate 
Sequential 

Alternate 
Sequential 
Alternate 

Sequential 

Alternate 

Sequential 
Alternate 

Sequential 
Alternate 

Sequential 
Alternate 

Sequential 

Alternate 

Sequential 

Alternate 

Sequential 
Alternate 

Sequential 
Alternate 

Sequential 
Alternate 

Sequential 

Alternate 

Sequential 
Alternate 
Sequential 

Ratio 

3 
1 
IS 
1 
IS 
1 
3 

1 

3 

1 
3 
1 

IS 
1 

15 

1 

3 
1 

IS 

1 
15 

1 
3 

1 

3 

1 

3 
1 
9 

7 
3 

1 

15 

1 
3 

1 
15 

1 
3 

1 

15 

1 

3 

1 
3 
1 

Observed 

frequency 

In F 

Z 

Z46 
87 

311 
ZS 
340 
28 
129 

38 
133 

41 
193 
61 

ZIZ 
11 

166 

13 

177 

54 

154 
13 

136 
7 

148 

46 

17Z 
55 

175 

63 
1Z7 

104 
141 

45 

14Z 

11 
lOZ 
31 

Z18 

10 
Z39 

76 

Z13 

17 

174 

48 
153 
59 

Total po­
pulation 

In F 

2 

333 

336 

368 

167 

174 

Z54 

ZZ3 

179 

Z31 

167 

143 

194 

ZZ7 

Z38 

Z31 

186 

153 

133 

ZZ8 

315 

Z30 

ZZZ 

ZIZ 

Chl-square 

value 

O.ZZSZ 

0.81Z7 

1.1595 

0.4491 

0.1916 

0.131Z 

0.6614 

0.31Z3 

0.3Z47 

0.6696 

0.4491 

0.1719 

0.07Z0 

0.Z745 

O.ISZO 

0.0645 

0.Z314 

0.Z03Z 

1.3SZ0 

0.1Z80 

0.5095 

1.3SZ0 

0.9056 

Proba­
bility 

value 

0.50 

O.ZS 

O.ZS 

O.ZS 

0.50 

0.50 

O.ZS 

0.50 

0.50 

O.ZS 

O.ZS 

0.50 

0.75 

0.50 

0.50 

0.75 

0.50 

O.SO 

0.10 

0.50 

O.ZS 

0.10 

O.ZS 



Table 28 : Continued.. . 

Combination 

of branching 

pattern In 
the crosses 

Alternate x 

sequential 

OR 

Sequential x 
alternate 

Sequential x 
Sequential 

Alternate x 

Alaternate 

Crosses 

1 

PI259747 X 32-2-5 

JL24 X 32-2-5 

TMV2 X 32-2-5 

MH2BC28 X M13 

TMV2 X MH2 

PGN1 X MH2 

JL24 X MH2 

PGNl X TAPS 

TMV2 X TAPS 

JL24 X TAPS 

Jll X TAPS 

PI350680 X TAPS 

JL24 X MH2BC28 

MH2BC28 X TMV2NLM 

M13 X TMV2NLM 

MK374 X TMV2NLM 

KADIRI-3 X TMV2NLM 

G201 X TMV2NLM 

TMV2NLM X 32-2-5 

GNLM X 32-2-5 

KADIRI-3 X 32-2-5 

TMV2NLM X GNLM 

Branching 

pattern 

Alternate 

Alternate 

Alternate 

Alternate 

Sequential 

Sequential 

Sequential 

Sequential 

Sequential 

Sequential 

Sequential 

Sequential 

Sequential 

Sequential 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Alternate 

Phenotypic 

classes In 

F 
2 

Alternate 
Sequential 
Alternate 

Sequential 

Alternate 

Sequential 
Alternate 

Sequential 
All 

Sequential 
All 

Sequential 

All 

Sequential 

All 
Sequential 

All 

Sequential 
All 

Sequential 

All 

Sequential 

All 
Sequential 

All 
Sequential 

All 

Sequential 

All 
Alternate 

All 

Alternate 

All 

Alternate 
All 

Alternate 
All 

Alternate 

All 

Alternate 

All 
Alternate 
Alternate 

Sequential 

Ratio 

3 
1 
3 
1 
3 
1 
3 
1 
--

~~ 

~" 

~~ 

• ~ 

_-

--

*~ 

•~ 

~~ 

— 

--

— 

--

— 

--

— 

63 
1 

Observed 

frequency 

In F 
2 

112 
31 
155 
56 
135 
42 
121 
38 
--

— 

— 

--

— 

--

--

--

--

--

--

--

--

--

--

312 
3 

Total po­
pulation 

In F 
2 

143 

211 

177 

159 

190 

395 

206 

307 

215 

178 

174 

168 

203 

201 

230 

193 

294 

188 

217 

245 

274 

316 

Chl-square 

value 

0.8415 

0.2669 

0.1525 

0.1027 

--

"" 

~~ 

-" 

~~ 

• • 

--

~" 

~~ 

~~ 

--

__ 

--

--

--

--

--

0.7647 

Proba­
bility 

value 

0.25 

0.50 

0.50 

0.50 

--

~ -

--

" ~ 

- -

~ ~ 

--

--

--

--

--

--

--

0.50 



a segregation ratio of 3 alternate : 1 sequential indicating the 

monogenic control of branching pattern. While the segregation 

ratios of F- population of nine crosses viz., MK374 x MH2, 

Kadlrl-3 x MHZ, M13 x TAPS, MK374 x TAPS, G201 x TAPS, ICG2271 x 

TAPS, G201 X MH2BC28, TMV2NLM x MH2BC28 and PGNl x TMV2NLM gave a 

good fit for the ratio of IS alternate : 1 sequential suggesting 

the dlgenic control of branching pattern. Only one cross 

Kadlrl-3 x JL24 recorded a segregation ratio of 9 alternate : 7 

sequential in F„ generation indicating that presence of two 

dominant genes is required for alternate branching pattern (Table 

28). 

4.9.1.2 Sequential x Sequential 

All the crosses involving both the parents with sequen­

tial branching pattern showed no segregation for branching in F„ 

population viz., TMV2 x MH2, PGNl x MH2, JL24 x MH2, PGNl x TAPS, 

TMV2 X TAPS, JL24 x TAPS, Jll x TAPS, PI3S0680 x TAPS, JL24 x 

MH2BC28 and MH2BC28 x TMV2. 

4.9.1.3 Alternate z Alternate 

The F- population of the crosses viz., M13 x TMV2NLM, 

MK374 X TMV2NLM, Kadiri-3 x TMV2NLM, G201 x TMV2NLM, TMV2NLM x 

32-2-5, GNLM x 32-2-S and Kadiri-3 x 32-2-S involving both the 

parents with alternate branching pattern showed no segregation 

for branching, except one cross TMV2NLM x GNLM which exhibited a 

segregation ratio of 63 alternate : 1 sequential Indicating the 

trigenic control of branching pattern (Table 28). 
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4.9.2 Inheritance of Narrow Leaf Character 

The crosses viz., M13 x TMV2NLM, MK374 x TMV2NLM, 

Kadlri-3 x TMV2NLM, G201 x TMV2NLM, TMV2 x TMV2NLM, PGNl x 

TMV2NLM, JL24 x TMV2NLM, Jll x TMV2NLM, TMV2NLM x MH2, TMV2NLM x 

32-2-5, TMV2NLM x TAPS involving TMV2 narrow leaf mutant as one 

of their parents showed a segregation ratio of 1 narrow : 2 

intermediate : 1 normal in F„ generation. The F„ population of 

the crosses involving Gujarat narrow leaf mutant as one of their 

parents exhibited a segregation ratio of 3 narrow : 1 normal 

indicating that the narrow leaf character was governed by a 

single dominant gene. Whereas the F_ generation of the cross 

involving both the narrow leaf mutants TMV2NLM x GNLM showed a 

ratio of 1 needle shape leaf : 60 narrow : 3 normal. This indi­

cates that the genes controlling the narrow leaf character In 

both the mutants are non-allelic (Table 29). 

4.9.3 Inheritance of Aerial Podding 

The aerial podding mutant 'TAPS' was crossed with alter­

nate as well as sequential branching genotypes. All the crosses 

involving the alternate genotype x TAPS viz., M13 x TAPS, ICG2271 

X TAPS, MK374 x TAPS, GNLM x TAPS, TMV2NLM x TAPS, G201 x TAPS 

and Kadiri-3 x TAPS showed a segregation ratio of 1 aerial pod­

ding : 3 normal in F_ generation. The F_ population of the 

crosses involving sequential genotype x aerial podding genotype 

exhibited a segregation ratio of 3 aerial podding : 1 normal 

Indicating the monogenic inheritance of aerial podding character 

(Table 30). 



Table 29 : Inheritance of narrow leaf shape 

Crosses Phenotj 
of F 

1 

Phenotypic 

classes In 
F 

2 

Narrow 
Intermediate 

Normal 

Narrow 
Intermediate 

Normal 

Narrow 
Intermediate 
Normal 
Narrow 

Intermediate 

Normal 

Narrow 

Intermediate 

Normal 
Narrow 
Intermediate 

Normal 

Narrow 

Intermediate 

Normal 

Narrow 
Intermediate 

Normal 
Narrow 
Intermediate 

Normal 
Narrow 

Intermediate 

Normal 
Narrow 
Intermediate 

Normal 
Narrow 

Normal 

Narrow 

Normal 

Narrow 

Normal 

Needle shape 

Narrow 

Normal 

Ratio 

1 

2 

1 

1 

2 
1 

1 
2 
1 
1 

2 

1 

1 

2 

1 
1 

2 
1 
1 

2 
1 

1 

2 
1 
1 

2 
1 

1 

2 

1 

1 

2 
1 

3 
1 

3 

1 

3 
1 

1 
60 

3 

Observed 

frequency 

F 
2 

56 

121 
53 

41 
102 

50 

68 
156 
70 

41 

101 

46 

81 

162 
72 
60 

119 

51 

58 

117 

47 

60 

103 
49 
60 

123 

71 

56 

110 

51 

61 
108 

58 
135 

39 

187 

58 

150 
44 

4 

287 

25 

Total po­
pulation In 

F 
2 

230 

193 

294 

188 

315 

230 

222 

212 

254 

217 

227 

174 

245 

194 

316 

Chl-

square 
value 

0.7043 

1.4664 

1.1293 

1.3086 

0.7715 

0.9826 

1.7387 

1.3113 

1.2047 

0.2719 

0,6123 

0.6207 

0.2299 

0.5567 

7.4792 

,p, 

value 

0.50 

0.25 

0.50 

0.50 

0.50 

0.50 

0.25 

0.50 

0.50 

0.75 

0.50 

0.25 

0.50 

0.25 

0.01 

M13 X TMV2NLM Narrow 

(Normal x Narrow) 

MK374 X TMV2NLM Narrow 

(Normal x Narrow) 

Kad1r1-3 X TMV2NLM Narrow 

(Normal x Narrow) 

G201 X TMV2NLM Narrow 

(Normal x Narrow) 

TMV2 X TMV2NLM Narrow 

(Normal x Narrow) 

PGNl X TMV2NLM Narrow 
(Normal x Narrow) 

0L24 X TMV2NLM Narrow 

(Normal x Narrow) 

Oil X TMV2NLM Narrow 

(Normal x Narrow) 

TMV2NLM X MH2 Narrow 

(Narrow x Normal) 

TMV2NLM X 32-2-5 Narrow 

(Narrow x Normal) 

TMV2NLM X TAP5 Narrow 

(Narrow x Normal) 

GNLM X NH2 Narrow 

(Narrow x Normal) 

GNLM X 32-2-5 Narrow 

(Narrow x Norma!) 

GNLM X TAP5 Narrow 
(Narrow x Normal) 

TMV2NLM X GNLM Narrow 

(Narrow x Narrow) 
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Table 30 Inheritance of aerial podding. 

Crosses Phenotype 

of F 

1 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Aerial podding 

Aerial podding 

Aerial podding 

Aerial podding 

Aerial podding 

Aerial podding 

Phenotypic 

classes 
1n F 

2 

Aerial podding 

Normal 

Aerial podding 

Normal 
Aerial podding 

Normal 
Aerial podding 

Normal 

Aerial podding 

Norm'al 

Aerial podding 

Normal 

Aerial podding 

Normal 
Aerial podding 

Normal 
Aerial podding 

Normal 

Aerial podding 

Normal 

Aerial podding 
Normal 

Aerial podding 
Normal 

Ratio 

1 

3 

1 

3 

1 
3 
1 
3 
1 

3 

1 

3 

1 
3 
3 

1 
3 

1 

3 

1 

3 

1 
3 

1 

Observed 

frequency 

In F 

2 

49 

174 

30 

113 
40 

139 
42 
152 
SO 

177 

38 

129 

64 

167 
233 
74 
157 

58 

139 

39 

127 

47 

117 
45 

Total po­

pulation 

In F 
2 

223 

143 

179 

194 

227 

167 

231 

307 

215 

178 

174 

162 

• C h l -

square 
value 

1.0897 

1.2331 

0.6723 

1.1615 

1.0705 

0.4491 

0.9012 

0.1313 

0.4480 

0.9064 

0.3755 

0.6667 

,p, 
Value 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.50 

0.25 

0.25 

0.50 

0.25 

M13 X TAP5 
(Alternate x aerial podding) 

ICG2271 X TAP5 

(Alternate x aerial podding) 

MK374 X TAP5 
(Alternate x aerial podding) 
GNLM X TAP5 
(Alternate x aerial podding) 
TMV2NLM X TAP5 

(Alternate x aerial podding) 

G201 X TAP5 

(Alternate x a e r i a l podding) 

Kad1r1-3 X TAPS 

(Alternate x a e r i a l podding) 

PGNl X TAPS 
(Sequential x aerial podding) 
TMV2 X TAPS 
(Sequential x aerial podding) 

JLZ4 X TAPS 

(Sequential x aerial podding) 

Jll X TAPS 
(Sequential x aerial podding) 

PI350680 X TAPS 
(Sequential x aerial podding) 



4.9.4 Inheritance of Canopy Conpactlon 

4.9.4.1 Medium Compact z Conpact (2 z 1) 

The segregation ratio of F. popuLLation of three crosses 

viz., TMV2 X MH2, PGNl x MH2 and JL24 x MH2 gave a good fit for 

the ratio of 1 compact ; 15 medium compact indicating the digenlc 

control of this character. Whereas the F. population of the 

cross G201 x MH2 segregated into 1 compact : 35 medium comapct : 

24 medium spreading : 4 spreading indicating the trigenic control 

of this character (Table 31). 

4.9.4.2 Medium Spreading z Compact (3 z 1) 

The crosses involving medium spreading x compact parents 

showed the trigenic inheritance of this trait. The F_ population 

of the cross MK374 x MH2 gave a good fit for the ratio of 1 

compact : 4 medium compact : 48 medium spreading : 11 spreading. 

The cross Kadiri-3 x MH2 showed a F„ segregation of 1 compact : 

12 medium compact : 47 medium spreading : 4 spreading. A segre­

gation ratio of 1 compact : 14 medium compact : 35 medium spread­

ing : 14 spreading was observed in the cross GNLM x MH2. The f^ 

population of the cross TMV2NLM x MH2 segregated into 1 compact : 

23 medium compact : 36 medium spreading : 4 spreading. 

4.9.4.3 Spreading z Compact (4 z 1) 

The F- population of the cross involving spreading x 

compact parents viz., M13 x MH2 showed a segregation ratio of 1 

compact : 12 medium compact : 15 medium spreading : 36 spreading 

for canopy compaction. 
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4.9.4.4 MedluB Coapact z Medlua Coapact (2 z 2) 

Out of four crosses Involving medium compact x medium 

compact parents, two crosses viz., JL24 x MH2BC28 and MH2BC28 x 

TMV2 exhibited a segregation ratio of 1 compact : 13 medium 

compact in F- generation. The F- segregation of the cross G201 x 

JL24 gave a good fit for 6 medium compact : 9 medium spreading : 

1 spreading. While the cross G201 x MH2BC28 showed a segregation 

ratio of 1 compact : 35 medium compact : 24 medium spreading : 4 

spreading (Table 31). 

4.9.4.5 Hedlua Compact x HedluB Spreading (2 x 3) (or) Medltn 

Spreading x Medium Ct»pact ( 3 x 2 ) 

The F population of the crosses viz., JL24 x TMV2NLM, 

Jll x TMV2NLM, PI259747 x 32-2-5, JL24 x 32-2-5, TMV2 x 32-2-5 

and G201 x TAPS exhibited the segregation ratio of 1 medium 

compact : 3 medium spreading. The crosses viz., TMV2 x TAP5 and 

PI350680 X TAPS showed a segregation ratio of 3 medium compact : 

1 medium spreading. A F segregation ratio of 15 medium compact 

: 1 medium spreading was observed in PGNl x TAPS, JL24 x TAPS and 

Jll X TAPS. The F^ segregation of the crosses viz., G201 x 

TMV2NLM, PGNl x TMV2NLM and Kadiri-3 x JL24 gave a good fit for 6 

medium compact : 9 medium spreading : 1 spreading. The F. popu­

lation of the crosses viz., TMV2 x TMV2NLM and Kadiri-3 x MH2BC28 

recorded the segregation ratio of 4 medium compact : 9 medium 

spreading : 3 spreading and 3 medium compact : 12 medium spread­

ing : 1 spreading respectively. The cross TMV2NLM x MH2BC28 

exhibited a F^ segregation ratio of 1 compact : 11 medium compact 

: 48 medium spreading : 4 spreading. 
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4.9.4.6 MedluB Coapact z Spreading (2 z 4) (or) Spreading z 

MediuB Coapact (4 z 2) 

The segregation ratio of F„ population of the cross 

MH2BC28 X M13 gave a good fit for the ratio of 1 compact : 12 

medium compact : 37 medium spreading : 14 spreading suggesting 

trigenic inheritance of canopy compaction. Whereas the M13 x 

JL2A segregated into A medium compact : 3 medium spreading : 9 

spreading. 

4.9.4.7 Medium Spreading z Medium Spreading (3 z 3) 

Among the ten crosses belonging to this canopy cross 

combination, three crosses viz., MK374 x TMV2NLM, GNLM x TAPS and 

TMV2NLM x TAPS showed a segregation ratio of 3 medium spreading : 

1 spreading in F^ generation. The F„ population of four crosses 

viz., Kadiri-3 x TMV2NLM, TMV2NLM x 32-2-5, GNLM x 32-2-5 and 

Kadiri-3 x 32-2-5 exhibited a segregation ratio of 15 medium 

spreading : 1 spreading. The F„ population of MK374 x TAPS and 

Kadlrl-3 x TAPS segregated into 1 medium compact : 15 medium 

spreading and 1 medium compact : 3 medium spreading respectively. 

The F- segregation pattern of the cross TMV2NLM x GNLM gave a 

good fit for 1 compact : 3 medium compact : 55 medium spreading : 

5 spreading (Table 31). 

4.9.4.8 Spreading z Mediua Spreading (4 z 3) 

The crosses M13 x TAPS and ICG2271 x TAPS belonging to 

this canopy cross combination showed a segregation pattern of 1 

medium compact : 6 medium spreading : 9 spreading in F- genera-
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tion. While, the F population of the cross M13 x TMV2NLM exhib­

ited a segregation ratio of 7 mediim spreading : 9 spreading. 

4.10 MEADS AND VARIANCES tm. CANOFT AND REFRODDCTIVE AT-

mBOTES IN Mj, M2 AND M3 GENERATIONS 

The means and variances of various canopy and reproduc­

tive characters in M^, M„ and M_ generations following muta­

genic treatments of Sodium azide 3 mM and EMS 0.3 per cent on 

groundnut variety TAPS are presented in Tables 32, 33 and 34 

respectively. The precentage increase in variance over the 

respective controls was given in Table 35 for M. , M„ and M-

generations. 

4.10.1 M. Generation 

4.10.1.1 Canopy Circumference 

Sodium azide treatment (209.04 cm) showed enhanced 

mean canopy circumference as compared to control (197.22 

cm). Whereas, EMS treatment recorded decreased mean value 

(186.86 cm). Both the treatments Induced enhanced variance for 

canopy circumference over the control. The highest variance was 

observed in EMS treatment. Increase in variance over the 

control was 60.92 per cent in EMS and 47.39 per cent in NaN-

treatments. 

4.10.1.2 Canopy Diameter 

Increased mean canopy diameter was recorded In Sodium 

azide treatment (93.02 cm) as compared to control (91.72 cm). 

Reduced mean value was observed in EMS treatment (89.57 cm). 



s.-^c 

o. 
o 
c 
•o 

•0 C 
01 O 

•a 
c c 
M 1-

^ 
01 t. 

o u 

•o 
•4- O 
O U 

a. 
4-> 0) 
U <-
01 

>- IS 

r— 01 01 — 

0) »— +> 
k «> f .-. 

•; t. -- ~ -
« 0) 0> 

T3 «- ~-

^i 

<•- 01 0) 

C D> E 
10 t- O 

•— o — • 

u 
0) 
01 ^ 
E E 

0> 
u 

Id f- 0> - ^ 

CM iO »» 
St 

00 >* 
«0 CO 

CM 

<0 CM *« 
00 CO O 

• 00 
00 >0 

o *• 

• CO 

c^ 
CO 

CM 

00 
o 

vo 

00 CO 

O CM 
CO 0> 

00 O^ 
> — " » • 

U> CO 

o o 

CO 

o 

Ol O >* 
>o <» r». 

f— r— CM 

CM 01 >• 
r^ 1^ CM 

• « « • 

r. CO 
CM '" 0> 

CO 

o o »« 
O CO »-
CO O CM 

r^ u) »o 
CO CM lO 

• o 

r^ m >« 
r— to VO 

CVJ U> »« 
O CO »— 

«• 1^ *« 
o m 91 

. CO 

O CO I** 
CM >•• 

to u> »< 
•— CO r^ 

. 00 

CO CM »« 
r^ CO o» 

f— »— U> 

•— CO »« 
in CM oi 

o 

o o « 
1^ r^ ^ 

CM »— CO 

CO >0 »« 
^ CO in 

• o 
CO CO 
» » • • - " « • 

CM 

in o ot 

00 CO * 

vo r^ »* 
CO CO CM 

• <T\ 

00 CO O 

lO 

0> >0 

c: -^ 

0) <« 



2,̂ ' 

Enhanced variance for canopy diameter was obtained In both the 

treatments over the control. The enhancement of variance was 

higher In EMS treatment than In NaN_ treatment. In terms of 

percentage Increase In variance was 194.69 per cent and 140.51 

per cent In EMS and NaN« treatments respectively. 

4.10.1.3 Plant Height 

The highest mean plant height was recorded by EMS 

treatment (48.23 cm) over the control (47.41 cm). While, the 

NaN_ treatment showed reduced mean plant height (42.17 cm). 

EMS treatment recorded the highest variance for plant 

height. NaN, also showed higher variance than the control. 

The enhancement of variance over the control was 24.05 per cent 

in EMS and 17.46 per cent in NaN, treatments. 

4.10.1.4 Nmber of Primaries 

Both the treatments NaN. (4.87) and EMS (4.58) recorded 

Increased mean number of primaries over the control (4.44). The 

variance for number of primaries was enhanced in both the treat­

ments . The enhancement was more in EMS treatment. The percent­

age Increase in variance was 49.41 per cent in EMS treatment and 

47.06 per cent in NaN- treatment over the control. 

4.10.1.5 Niniber of Secondaries 

The mean number of secondaries was high in EMS treatment 

(2.17) followed by NaN, treatment (1.80) as compared to control 

(0.52). Enhanced variance over the control was recorded in 

both the treatments. The highest variance was observed in 

EMS treatment. Increase in variance was 73.14 per cent in EMS 
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treatment, while NaN- treatment recorded 27.21 per cent in­

crease over the control. 

4.10.1.6 Nuaber of Aerial Pegs 

The highest mean number of aerial pegs was obtained 

in NaN- treatment (27.72) followed by EMS treatment (20.60) 

as compared to control (13.30). The treatment EMS recorded the 

highest variance followed by NaN« treatment over the control. 

As compared to control, EMS and NaN_ treatments recorded 99.29 

per cent and 89.42 per cent increase in variance respectively. 

4.10.1.7 Nimber of Mature Pods 

Increased mean number of mature pods was obtained in 

both the treatments. EMS (19.51) and NaN, (17.69) as com­

pared to control (15.84). Enhanced variance was observed 

for number of mature pods in both the treatments over the 

control. EMS treatment induced the highest variance. The 

percentage increase in variance was 77.69 per cent in EMS and 

72.47 per cent in NaN» over the control. 

4.10.1.8 Hature Pod Weight 

The EMS treatment recorded the highest mature pod 

weight (15.73 g) followed by NaN_ treatment (14.08 g) as com­

pared to their control (13.15 g). Both the treatments result­

ed in enhanced variance over the control. The highest 

variance was obtained in EMS treatment. The enhancement of 

variance was 55.49 per cent in EMS and 44.37 per cent in NaN_ 

treatments as compared to control. 
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4.10.1.9 Muaber of Mature Kernels 

The mean number of mature kernels was high In EMS 

treatment (3A.16) followed by NaN- treatment (28.86) as 

compared to control (26.35). The highest variance for this 

trait was found in EMS treatment followed by NaN, treatment 

as compared to control. There was 65.89 per cent and 60.80 

per cent increase in variance in the EMS and NaN» treatments 

respectively over the control. 

4.10.1.10 Mature Kernel Weight 

The EMS treatment showed highest mean mature kernel 

weight (9.64 g). Whereas, NaN_ treatment recorded slightly 

increased mean value (7.69 g) as compared to control (7.29 g). 

The EMS and NaN- treatments enhanced the variance for this trait 

over the control. The highest variance was found in EMS treat­

ment. The Increase in variance was 57.87 per cent in EMS and 

42.13 per cent in NaN- treatments as compared to control. 

4.10.1.11 Total Dry Matter at Harvest 

The highest dry matter production at harvest was 

obtained in NaN, treatment (39.07 g) followed by EMS treatment 

(37.79 g) as compared to control (25.52g). Enhanced variance 

for this trait was obtained in both the treatments. The 

NaN- treatment recorded the highest variance. The increase in 

variance over the control was 117.96 per cent in case of NaN-

treatment and 112.31 per cent in EMS treatment. 
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4 .10 .2 M̂  Generation 

4.10.2.1 Canopy Circumference 

The data presented In table 33 Indicated that In the 

M^ generation, the Sodium azlde treatment (208.16 cm) re­

corded the highest mean canopy circumference followed by EMS 

treatment (146.14 cm) as compared to the control (142.29 cm). 

It was observed that the EMS treatment Induced the highest 

variance for canopy circumference followed by NaN_ treatment. 

Increase In variance over the control was 405.85 per cent In 

EMS and 125.93 per cent In NaN- treatments. 

4.10.2.2 Canopy Dlaaeter 

The highest mean canopy diameter was observed In NaN_ 

treatment (77.66 cm) followed by EMS treatment (65.30 cm) as 

compared to control value (48.39 cm). The variance Induced 

for this trait was high in both the treatments over the con­

trol. The highest variance was observed in EMS treatment. The 

treatments EMS and NaN» showed 292.54 per cent and 257.46 per 

cent Increase in variance over the control respectively. 

4.10.2.3 Leaf Area at 60 Days 

The EMS treatment resulted in highest mean leaf 

2 2 
area (1939.65 cm ) followed by NaN, treatment (1898.59 cm ) 

2 
as compared to control(1639.16 cm ). Both the treatments 

recorded enhanced variance for this trait. The enhancement was 

high in EMS treatment. In terms of percentage the increase in 

variance was 115.43 per cent in EMS and 84.33 per cent in NaN-. 
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4.10.2.4 Chlorophyll Content 

High chlorophyll content was observed in both the 

treatments as compared to control (0.68 mg). The highest was 

recorded in NaN- treatment (1.04 mg) followed by EMS treatment 

(1.01 mg). Enhanced variance was observed in both the treat­

ments for this trait. However, the variance induced by EMS 

treatment was found to be the highest. Hundred per cent 

increase in variance was found in EMS treatment and 76.92 per 

cent increase in NaN_ treatment. 

4.10.2.5 Plant Height 

Increased plant height was recorded in NaN„ (55.00 

cm) and EMS (52.49 cm) treatments as compared to control (42.83 

cm). Both the treatments recorded almost equal variances 

which were more than that observed in control. The increase 

over the control was 68.78 per cent in NaN„ treatment and 

65.56 per cent in EMS treatment. 

4.10.2.6 Nuaber of Prlnarles 

The mean number of primaries was increased in both the 

treatments NaN. (8.59) and EMS (8.03) as compared to control 

(4.43). ^ e variance induced was high in both the treatments 

over the control. EMS treatment recorded 381.13 per cent 

increase in variance over the control. Whereas, NaN- treat­

ment showed 332.08 per cent increase. 

4.10.2.7 Nuaber of Secondaries 

The EMS and NaN. treatments resulted in increased 

mean number of secondaries (7.67 and 7.30) respectively as 



compared to control (1.86). Enhanced variance was observed in 

both the treatments for this character. EMS treatment induced 

the highest variance. As compared to control the increase in 

variance was 251.49 per cent in EMS treatment and 240.30 per 

cent in NaN- treatment. 

4.10.2.8 Number of Aerial Pegs 

The EMS treatment (34.23) recorded the highest mean 

number of aerial pegs. Whereas, NaN- treatment (27.94) re­

corded almost equal number of aerial pegs observed in control 

(27.39). As compared to the control, the variance was enhanced 

in both the treatments. The enhancement was more in EMS treat­

ment as comapred to NaN- treatment. The increase in variance 

was 145.22 per cent in case of EMS treatment and 98.83 per cent 

in NaN- treatment. 

4.10.2.9 Nunber of Mature Pods 

The highest mean number of mature pods was observed 

in EMS treatment (22.09) followed by NaN^ treatment (18.82) 

as compared to control (17.87). The variance was increased in 

both the treatments as compared to control. The highest vari­

ance was obtained in EMS treatment. Over the control, the 

increase in variance was 109.09 per cent in EMS treatment 

and 100.85 per cent in NaN- treatment. 

4.10.2.10 Mature Pod Weight 

Both the treatments EMS (19.26 g) and NaN- (16.83 g) 

recorded increased mean pod weight as compared to control 

(15.08 g). For this character, enhanced variance was observed 
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In both the treatments. EMS treatment Induced the highest 

variance. The enhancement In variance was 112.08 per cent In 

EMS treatment and 86.89 per cent In NaN_ treatment over the 

control. 

4.10.2.11 Number of Nature Kernels 

Mean number of mature kernels was Increased In both the 

treatments as compared to control (23.67). The highest mean 

value was found In EMS treatment (41.04). Whereas, NaN-

treatment (24.52) showed slight Increase In mean over the 

control. The variance Induced for this trait was highest In 

EMS treatment followed by NaN, treatment over the control. In 

the treatments EMS and NaN,, the Increase In variance was 

98.45 per cent and 69.95 per cent respectively as compared 

to control. 

4.10.2.12 Mature Kernel Weight 

Increased mature kernel weight was obtained In both the 

treatments EMS (15.42 g) and NaN- (8.10 g) as compared to control 

(7.18 g). The EMS and NaN_ treatments Induced enhanced variances 

for the mature kernel weight over the control. The percentage 

Increase In variance was 231.84 per cent and 120.40 per cent in 

EMS and NaN- treatments respectively. 

4.10.2.13 Total Dry Natter at Harvest 

Total dry matter production at harvest high In the 

treatments EMS (57.20 g) and NaN, (48.69 g) as compared to con-

trol(39.68g). Enhanced variance was obtained In both the treat­

ments over the control. The EMS treatment showed maximum enhance-



Kient of variance followed by NaN, treatment. In terms of percen­

tage the increase in variance was 158.42 per cent In EMS treat­

ment and 135.78 per cent in NaN- treatment. 

4.10.3 M3 Generation 

4.10.3.1 Canopy Clrcuaference 

The mean canopy circumference was Increased in both the 

treatments NaN- (180.07 cm) and EMS (177.83 cm) as compared to 

control (166.25 cm). Both the treatments resulted in enhanced 

variance for this trait over the control. The highest variance 

was recorded in EMS treatment. The enhancement in variance was 

70.83 per cent in EMS and 37.46 per cent in NaN- treatments. 

4.10.3.2 Canopy Dlaaeter 

The highest mean canopy diameter was obtained in EMS 

treatment (68.99 cm) followed by NaN» treatment (66.10 cm) as 

compared to the control (62.58 cm). As a result of EMS and NaN-

treatments, the variance for this trait was increased over the 

control. The increase in variance was 161.71 per cent and 130.94 

per cent in EMS and NaN- treatments respectively. 

4.10.3.3 Leaf Area at 60 Days 

Increased mean leaf area was observed in the treatments 

2 2 
EMS (1569.54 cm ) and NaN, (1566.24 cm ) as compared to control 

2 
(1477.85 cm ). The variance for this character was enhanced due 

to EMS and NaN, treatments over the control. The EMS treatment 

induced the highest variance. The percentage increase in 
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Table 35 : The percentage Increase In variance over the control 

In M ,M and M generations. 

Characters M M M 
1 2 3 

NaN (3niM) EMS(0.3%) NaN (3mM) EMS{0.3S) NaN (3mM) EMS(0.3X) 

3 3 3 

Canopy 47.39« 60.92* 125.93« 405.85* 37.46* 70.83* 
circumference 

Canopy 140.51* 194.69* 257.46* 292.54* 130.94* 161.87* 
diameter 

Plant height 17.46* 24.05* 68.78* 65.56* 69.09% 61.40* 

Number of 47.06* 49.41* 332.08* 381.13* 121.43* 160.71* 
primaries 

Number of 27.06* 72.94* 240.30* 251.49* 98.00* 108.00* 
secondaries 

Number of 89.42* 99.29* 98.93* 145.22* 60.95* 129.58% 
aerial pegs 

Number of 72.47* 77.69* 100.85* 109.09* 97.28* 103.40* 
mature pods 

Mature pod 44.37* 55.49* 86.89* 112.08* 78.78* 107.16* 

weight 

Number of 60.80* 65.87* 69.95* 98.45* 

mature kernels 

Mature kernel 42.13* 57.87* 120.40* 231.84* 
weight 

Total dry matter 117.96* 112.31* 135.78* 158.42* 132.25* 155.01% 

at harvest 

Leaf area - -- 84.33% 115.43* 61.05* 64.58* 
at 70 days 

Chlorophyll — -- 76.92* 100.00% 

content at 

70 days 
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variance was 64.58 per cent in EMS treatment and 61.05 per cent 

in NaN. treatment. 

4.10.3.4 Plant Height 

The data on plant height indicates that the EMS treat­

ment recorded the highest mean plant height (52.58 cm) followed 

by NaN_ treatment (50.40 cm) as compared to control (49.31 c m ) . 

Induced variance for this character was high in NaN- treatment 

followed by EMS treatment. The NaN- and EMS treatments resulted 

in 69.09 per cent and 61.40 per cent increase in variance respec­

tively over the control. 

4.10.3.5 Number of Priaarles 

The EMS treatment recorded the highest mean number of 

primaries (5.85). Whereas, Sodium azide treatment (4.49) recorded 

slightly increased mean value as compared to control (4.06). The 

variance induced by EMS and NaN- treatments was high as compared 

to control. The EMS treatment resulted in higher variance than 

the NaN_ treatment. As compared to control, the increase in 

variance was 160.71 per cent in EMS and 121.43 per cent in NaN-

treatments. 

4.10.3.6 Nvniber of Secondaries 

The mean number of secondaries in EMS and NaN- treat­

ments was 0.56 and 0.35 respectively. Secondary branches were 

not observed in control. For this trait, the highest variance 

was found in EMS treatment followed by NaN- treatment. The en­

hancement in variance was 108.00 per cent in EMS and 98.00 per 

cent in NaN- treatments. 
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4.10.3.7 Nimber of Aerial Pegs 

Both the treatments EMS (41.73) and NaN^ (22.89) record­

ed more nximber of aerial pegs as compared to control (20.17). 

The enhancement in variance was high in EMS treatment followed by 

NaN_ treatment over the control. The EMS treatment showed 129.58 

per cent increase, while NaN, treatment recorded 60.95 per cent 

increase in variance over the control. 

4.10.3.8 Number of Mature Pods 

Increased number of mature pods was obtained in both the 

treatments NaN. (17.39) EMS (17.12) as compared to control 

(12.72). As compared to control, the variance for this character 

was high in EMS treatment followed by NaN- treatment. The per­

centage increase in variance was 103.40 per cent in EMS and 97.28 

per cent in NaN_ treatments. 

4.10.3.9 Mature Pod Weight 

The Sodium azide treatment (13.95 g) resulted in the 

highest mean mature pod weight followed by EMS treatment (12.98 

g) as compared to control (9.00 g). Enhanced variance for mature 

pod weight was observed as a result of EMS and NaN» treatments. 

Maximum increase in variance was observed in EMS treatment. 

Enhanced variance in terms of percentage was 107.16 per cent in 

EMS and 78.78 per cent in NaN- treatments. 

4.10.3.10 Total Dry Matter at Harvest 

The data on dry matter production revealed that the EMS 

(27.12 g) and NaN_ (26.32 g) treatments recorded increased mean 



values as compared to control (19.00 g). Increased variance was 

obtained for this trait as a result of EMS and NaN. treatments 

over the control. The EMS treatment Induced the highest variance. 

Over the control, the Increase In variance was 155.01 per cent 

and 132.25 per cent In EMS and NaN- treatments respectively. 

4.11 VIABLE MUTATION FREQUENCY IN M^ GENERATION 

The mutations which affect the morphology of different 

parts of the plant like plant height, plant habit, Internodal 

length, Inflorescence, pegs, canopy etc are known as viable 

mutations. 

Viable mutation frequencies were estimated on both M„ 

family basis and M„ plant basis (Table 36). It was observed that 

the EMS treatment at 0.3 per cent concentration resulted in the 

highest frequency of viable mutations both on M- family basis 

(31.43%) and on M™ plant basis (3.95%). The viable mutation 

frequencies recorded in NaN_ 3mM were 27.03 per cent on M_ family 

basis and 2.43 per cent on M^ plant basis. 

4.12 MUTAGENIC EFFECTIVENESS AND EFFICIENCY 

Mutagenic effectiveness is the ratio between the per­

centage of M_ families segregating for mutations and the product 

of time of mutagenic treatment and concentration of the mutagen. 

It measures the frequency of mutations Induced by a unit dose of 

mutagen. 

Mutagenic efficiency is the proportion of M» families 

segregating in relation to the percentage of sterility Induced by 
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Table 36 : Frequency of viable mutations recovered in 
the M2 generation of TAP5. 

Viable mutation frequency 

Based on families Based on plants 

Control 0 0 

NaN3 (3mM) 

EMS (0.3%) 

27.03 

31.43 

2.43 

3.95 

Table 37 : Mutagenic effectiveness and efficiency of 

NaN^ and EMS. 

7o M2 

families 
segregating 
for mutants 

Seed 
Sterility 

Mutagenic 
effective­
ness 
(Me/t.c.) 

Mutagenic 
efficiency 

(Me/s) 

Control 0 0 0 0 

NaN3(3mM) 27.03 20.50 462.05 1.31 

EMS (O.37o) 31.43 10.60 34.92 2.97 
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the mutagen. It gives an Idea of the proportion of mutations In 

relation to undesirable changes like lethality and sterility. It 

was estimated based on the percentage seed sterility. 

It can be observed from the data presented In Table 37 

that the treatment of Sodium azlde at the concentration of 3 mM 

(462.05) was more effective than EMS 0.3 per cent (34.92). The 

mutagenic treatment EMS at 0.3 per cent concentration (2.97) 

resulted in higher mutagenic efficiency as compared to NaN_ 3 mM 

(1.31). 

4.13 MUTANTS ISOIATED IN M^ GENQL^ION 

The following mutants were identified in the M_ genera­

tion of TAPS subjected to the mutagenic treatment of NaN- (3mM) 

and EMS (0.3%). The characteristic features of these mutants in 

M» generation and their M« progeny means are given in Table 38. 

4.13.1 Alternate Branching Mutants 

These mutants were characterised by the absence of 

flowering on the main axis and had profuse branching with erect 

nature. A total of five alternate branching mutants were Isolated 

in both the treatments. These mutants exhibited increased canopy 

circumference, canopy diameter, leaf area, number of primaries 

and secondaries, number of mature pods and mature kernels, mature 

pod weight and kernel weight and also total dry matter at harvest 

as compared to control values. 

Out of five alternate branching mutants, three were 

Identified in EMS treatment and two In Sodium azlde treatment. 
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Table 38 : Mutants Isolated In M generation of TAPS along with their M progeny means. 

2 3 

Mutants 

C o n t r o l 

A l t e r n a t e b ranch ing 

mutants 

Mutants w i t h redu­

ced branch number 

Compact canopy 

Mutants 

Slow senescing 

l a r g e Teaf mutants 

P r o f u s e l y branched 

mutants 

P r o f u s e l y branched 

mutants w i t h 

s h o r t e r I n t e r n o d e s 

(1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

(51 

(61 

(71 

(11 

(21 

( 3 ) 

(41 

( 5 ) 

( 6 ) 

( 7 ) 

(11 

(21 

(31 

( 4 ) 

( 5 ) 

(«1 
(71 

(11 

( 2 ) 

(31 

(11 

(21 

1 

Mutagen 

E H S ( 0 . 3 I 1 

EMS(0.3%1 

EMS(0.3») 

NaN3(3nM) 

KaN3(3mHI 

E M S ( 0 . 3 I ) 

EMS(0.3%) 

EMS(0.3%1 

E M S ( 0 . 3 t ) 

NaN3(3nM) 

NaN3(3mMl 

NaN3(3mMl 

EMS(0.3») 

EMS(0.3«) 

E M S ( 0 . 3 I ) 

EMS(0.3»1 

NaN3(3mMl 

NaN3(3mMl 

Nal«3(3nMl 

E M S ( 0 . 3 l ) 

EMS(0 .3« I 

E M S ( 0 . 3 I I 

NaN3(3lllMl 

NaN3(3mHI 

NaN3(3mM) 

NaN3(3mM) 

E H S ( 0 . 3 l l 

EHS(0.3%1 

E K S ( 0 . 3 t ) 

NaN3(3mM) 

NaK3(3llml 

-anopy 

fe re nee 

M 

2 

142. 29 

180 

170 

185 

207 

200 

142 

140 

150 

144 

145 

138 

140 

132 

130 

133 

135 

120 

122 

125 

170 

190 

180 

178 

190 

170 

160 

170 

175 

185 

180 

229 

d r c u i t i -

! (cm) 

M 

3 

166.26 

170.85 

175 .50 

180.36 

195 .62 

183 .76 

160 .40 

159 .50 

1 6 1 . 5 0 

158.35 

163.25 

157 .32 

161.15 

148 .15 

142.18 

145.35 

150 .34 

136 .15 

1 3 0 . 2 0 

141.35 

175 .50 

180.94 

190.39 

165 .50 

201 .55 

171 .95 

1 7 2 . 4 6 

169 .14 

170 .11 

178 .45 

1 8 5 . 5 0 

195.44 

Canopy d i a m e t e r 

(cm) 

M 

2 

4 8 . 3 9 

7 0 . 0 0 

6 4 . 0 0 

7 2 . 0 0 

8 5 . 0 0 

7 9 . 0 0 

3 9 . 0 0 

4 0 . 0 0 

4 3 . 0 0 

4 2 . 0 0 

4 3 . 0 0 

4 1 . 0 0 

4 7 . 0 0 

3 1 . 0 0 

3 3 . 0 0 

3 0 . 0 0 

3 4 . 0 0 

3 1 . 0 0 

2 7 . 0 0 

3 2 . 0 0 

6 9 . 0 0 

74 .00 

7 2 . 0 0 

6 9 . 0 0 

7 5 . 0 0 

6 7 . 0 0 

6 0 . 0 0 

6 6 . 0 0 

6 5 . 0 0 

7 0 . 0 0 

7 6 . 0 0 

8 3 . 0 0 

M 

3 

6 2 . 6 8 

6 6 . 4 8 

6 7 . 2 5 

6 9 . 3 2 

7 3 . 3 5 

7 0 . 0 2 

5 0 . 6 5 

4 6 . 0 5 

49 .15 

5 0 . 2 5 

5 4 . 0 5 

5 2 . 1 6 

6 0 . 5 9 

4 1 . 1 1 

4 0 . 2 4 

3 5 . 4 9 

4 2 . 2 6 

4 3 . 1 3 

3 8 . 0 0 

4 2 . 1 5 

66 .7 5 

6 8 . 8 2 

7 1 . 0 0 

6 4 . 2 5 

8 1 . 3 5 

6 6 . 1 8 

70 .24 

6 2 . 0 0 

6 0 . 0 0 

6 8 . 2 2 

70 .95 

7 2 . 5 5 

Leaf a rea 

a f f l O days 

( s q . cm 

M 

2 

1639 .16 

2 7 1 3 . 7 7 

2 4 8 8 . 2 9 

2 8 1 4 . 4 5 

1715 .27 

1881.63 

8 7 1 . 8 5 

1030 .12 

925 .45 

8 9 9 . 3 4 

8 5 3 . 9 1 

9 0 1 . 2 5 

1000 .19 

1325 .45 

1651 .53 

1543 .29 

1723 .14 

1337.63 

1025 .45 

929 .56 

3 1 2 3 . 7 8 

3 0 1 9 . T 8 

2 9 5 2 . 6 7 

2 8 9 6 . 9 1 

2419 .93 

2 6 8 4 . 1 7 

3 0 4 6 . 3 4 

2 7 4 2 . 8 7 

2421 .06 

2 6 5 4 . 6 4 

2 6 4 7 . 5 2 

2 2 7 9 . 7 1 

.) 
M 

3 

1477.85 

2 5 8 8 . 6 0 

2016 .14 

2 2 9 4 . 0 8 

1819.49 

1629 .51 

1094. 72 

1128.16 

884 .58 

9 8 2 . 1 3 

1123.47 

1010.73 

1221 .18 

1099.86 

2 0 2 2 . 4 2 

1393 .21 

1 6 7 1 . 8 6 

1632 .15 

9 4 4 . 9 2 

1058 .32 

2818 .63 

2 9 1 1 . 2 1 

2 6 1 9 . 6 2 

2 6 1 3 . 1 4 

2 5 2 1 . 3 5 

2 4 1 8 . 2 2 

2 5 9 6 . 4 7 

2 1 8 9 . 9 9 

2441 .36 

2 3 4 4 . 1 8 

2415 .64 

2 0 5 6 . 3 9 

P lan t Height 

(cml 

H 

2 

42 .83 

32 

34 

37 

36 

37 

62 

61 

65 

57 

47 

55 

46 

36 

40 

42 

34 

SO 

45 

48 

40 

46 

40 

46 

45 

40 

42 

45 

46 

51 

27 

25 

M 

3 

49 .31 

3 0 . 2 5 

34 .45 

4 5 . 3 2 

3 8 . 2 5 

4 0 . 1 5 

5 4 . 3 4 

6 2 . 2 6 

55 .77 

6 0 . 1 0 

50 .15 

49 .36 

50 .45 

4 0 . 1 5 

3 8 . 9 5 

4 1 . 2 8 

4 3 . 1 8 

50 .00 

4 9 . 0 0 

4 6 . 0 0 

50 .12 

4 8 . 9 8 

5 1 . 5 0 

40 .55 

5 0 . 0 5 

55 .56 

52 .54 

4 2 . 5 4 

52 .35 

56.24 

32 .04 

3 0 . 5 5 

Number o f 

p r i m a r i e s 

M 

2 

4 . 4 3 

9 

10 

11 

6 

6 

3 

3 

3 

3 

2 

2 

2 

6 

5 

5 

8 

4 

4 

4 

8 

8 

6 

9 

6 

7 

10 

10 

9 

8 

12 

10 

M 

3 

4 . 0 6 

5 .95 

6 . 8 0 

10 .00 

7 .20 

5 . 1 0 

4 . 1 0 

4 . 0 0 

3 . 3 0 

3 . 0 0 

2 . 0 0 

4 . 0 0 

3 . 0 0 

4 . 1 0 

5 . 2 0 

4 . 8 0 

7 . 3 0 

4 . 0 0 

4 . 6 0 

5 .00 

6 . 1 0 

5 .30 

6 . 4 0 

6 . 5 0 

6 . 5 0 

8 . 6 0 

5 . 6 0 

8 .20 

7 .50 

6 . 9 0 

9 .50 

6 .40 

Numb er of 

s e c o n d a r i e s 

M 

2 

1.86 

8 

9 

9 

5 

7 

0 

0 

0 

0 

0 

0 

0 

3 

4 

2 

7 

3 

4 

2 

3 

4 

2 

5 

0 

1 

4 

16 

18 

17 

10 

9 

M 

3 

0 . 0 0 

6 . 5 0 

5 . 3 0 

7 .40 

4 . 2 0 

5 .50 

0 

0 

0 

0 

0 

0 

0 

2 . 5 0 

4 . 1 0 

3 .20 

5 .80 

2 . 5 0 

3 . 5 0 

0 . 0 0 

2 . 5 0 

3 . 1 0 

4 . 2 0 

2 . 5 0 

3 . 0 0 

3 .50 

4 . 2 0 

9 . 9 0 

10 .30 

8 .40 

8 . 5 0 

6 . 5 0 



Tjble 38 : Continued... 

Mutants 

Control 

Alternate branching 
mutants 

Mutants x l th redu­
ced branch number 

Compact canopy 
Mutants 

Slow senesclng 
large leaf mutants 

Profusely branched 
mutants 

Profusely branched 
mutants Mlth 
shorter Internodes 

(1) 
(2) 
(3) 
(4) 
(5) 

(1) 
(2) 
(3) 
(4) 
(5) 
(61 
(7) 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
17) 

(1) 
(2) 
(3) 

( I ) 
(2) 

Mutagen 

EMS(0.3t) 
EMS(0.3t) 
EMS(0.3I) 
llaN3(3mM) 
NaN3(3mM) 

EMS(0.3J) 
EMS(0.3J) 
EMS(0.3t) 
EMS(0.3») 
NaN3(3nMI 
NaN3(3rnM) 
ltaN3(3mM) 

EMS(0,3%) 
EMS(0.3%) 
EMS(0.3») 
EMS(0.3%) 
llaN3(3mM) 
Nall3I3nM) 
ltaN3(3mM) 

EMS(0.3») 
EMS(0.3%) 
EMS(0.3S) 
Nall3(3mM) 
NaN3(3lllM) 
NaN3(3lllM) 
l«aN3(3lllN) 

EMS(0.3«) 
EMS(0.31) 
EMS (0.31) 

NaN3(3mM) 
NaN3(3«M) 

Numb er of 
Mature pods 

M 
2 

17.87 

43 
38 
40 
18 
20 

10 
11 
9 

13 
7 

11 
9 

31 
27 
28 
30 
27 
26 
22 

53 
43 
46 
34 
32 
30 
39 

49 
33 
36 

30 
28 

M 
3 

12.72 

25.25 
22.40 
30.00 
25.05 
23.46 

14.62 
13.34 
11.55 
12.61 
11.50 
10,02 
12.21 

27.18 
21.38 
22.52 
25.76 
23.36 
21.54 
15.49 

42.11 
44.78 
40.47 
29.05 
28.40 
30.30 
36.25 

32.05 
30.93 
29.50 

20.23 
19.18 

Number of 
*er1a 

M 
2 

5.25 

_-
--
--
--
--
_. 
--
-. 
--
--
--
--
--
--
--
--
--
--
--
12.00 
11.00 
9.00 

10.00 
8.00 
9.00 

10.00 

9.00 
7.00 
8.00 

10.00 
8.00 

1 pods 

M 
3 

4.50 

--
--
--
--
--
--
--
--
--
--
-
--
--
--
-
--
-
--
-

9.30 
10.20 
9.25 
9.50 
8.30 
7.50 
8.75 

8.20 
6.50 
7.65 

9.00 
8.25 

Mature 
weight 

M 
2 

15.08 

40.18 
34.67 
38.94 
17.90 
21.80 

9.25 
10.99 
9.10 

12.94 
9.10 

10.91 
11.35 

29.08 
25.56 
29.59 
28.78 
27.40 
24.10 
20.00 

59.83 
41.55 
43.76 
32.27 
31.62 
30.76 
40.86 

44.09 
35.55 
32.67 

30.14 
28.40 

pod 

(9) 

M 
3 

9.00 

24.30 
20.50 
26.95 
23.80 
20.80 

12.30 
12.60 
10.80 
11.60 
10.70 
11.10 
9.98 

23.10 
19.30 
20.40 
22.20 
20.40 
23.20 
15.40 

38.45 
37.12 
32.46 
24.21 
26.40 
25.30 
30.30 

27.45 
26.33 
24.20 

20.20 
18.50 

Numt ler of 
mature 
kernels 

M 
2 

23.67 

68.00 
41.00 
66.00 
24.00 
30.00 

16.00 
20.00 
14.00 
22.00 
15.00 
16.00 
12.00 

43.00 
45.00 
58.00 
68.00 
37.00 
35.00 
29.00 

104.00 
70.00 
74.00 
48.00 
50.00 
56.00 
65.00 

71.00 
65.00 
48.00 

41.00 
38.00 

M 
3 

18.30 

44.60 
38.07 
53.96 
40.05 
39.00 

24.50 
25.41 
21.28 
20.80 
19.60 
18.86 
21.08 

36.34 
39.08 
42.59 
40.67 
35.23 
25.15 
38.21 

81.22 
74.14 
68.40 
46.24 
39.35 
40.42 
53.10 

49.66 
46.12 
38.71 

30.22 
35.52 

Mature 
weight 

M 
2 

7.18 

24.45 
18.34 
23.37 

9.53 
11.10 

4.11 
7.53 
4.95 
6.32 
5.12 
6.19 
7.09 

17.08 
18.15 
20.68 
21.02 
13.32 
12.61 
11.60 

46.89 
30.07 
31.47 
19.17 
20.42 
21.60 
22.67 

29.80 
20.50 
21.01 

16.62 
12.02 

kernel 

(9) 

M 
3 

6.20 

13.25 
12.50 
17.50 
12.23 
10.89 

8.13 
7.18 
7.01 
6.32 
6.38 
6.91 
7.09 

11.98 
10.25 
12.13 
11.18 
10.18 
9.56 

11.27 

27.87 
22.95 
20.08 
13.16 
14.01 
13.17 
20.15 

18.92 
14.15 
12.94 

9.32 
11.55 

Total dry 
matter at 
harvest (g) 

M 
2 

39.68 

59.75 
62.33 
83.95 
50.00 
61.00 

24.20 
26.50 
23.60 
24.35 
22.50 
17.80 
18.30 

41.82 
40.13 
38.99 
39.65 
30.90 
31.50 
30.95 

96.79 
75.71 
68.24 
78.68 
66.51 
66.63 
72.53 

115.68 
76.66 
73.25 

99.40 
61.40 

M 
3 

19.00 

42.40 
38.10 
49.10 
40.55 
39.10 

19.20 
20.60 
18.30 
21.00 
20.56 
14.80 
16.78 

36.10 
39.20 
36.23 
30.50 
29.40 
32.30 
30.00 

62.42 
49.56 
56.99 
52.40 
54.00 
40.26 
45.23 

50.76 
49.25 
41.25 

50.23 
38.11 



These mutants bred true In M_ generation in respect of alternate 

branching character and showed higher yield than the parent 

(Table 38). 

4.13.2 Mutants with Reduced Branch Nioiber 

In these mutants, it was observed that the number of 

primaries and secondaries were reduced as compared to the parent. 

About seven mutants of this type were identified in both the 

treatments. All the mutants exhibited reduced number of branch­

es, leaf area at 60 days and also pod and kernel yields when 

compared to the parent (Table 38). In M, generation there was 

slight increase in mean number of primaries as compared to that 

in M_ generation but almost equal to the control value. 

4.13.3 Conpact Canopy Mutants 

These mutants were characterised by compact plant sta­

ture giving a bushy appearance to the plant. Seven compact canopy 

mutants were isolated, of which four were selected in EMS treat­

ment and three in Sodium azide treatment. All these mutants 

showed reduced canopy diameter when compared to its parent. The 

number of branches was increased in these mutants as compared to 

parent. The data on yield and other characters are given in Table 

38. They bred true for compact canopy in M- generation. 

4.13.4 Slow Senesdng Large Leaf Mutants 

The characteristic features of these mutants were, high 

leaf area at 60 days and increased size of the leaves. They 



exhibited Increased number of branches and total dry matter 

production at harvest. It was observed that, these mutants re­

corded high yields as compared to control and also other mutants. 

Out of the total seven mutants, 4 In NaN. treatment and 3 in EMS 

treatment were identified in M« generation. These were found to 

bred true for the above characters in M- generation and also 

exhibited enhanced yield as compared to control (Table 38). 

4.13.5 Profusely Branched Ibitants 

These mutants were characterised by Increased number of 

secondary and primary branches. They also recorded enhanced 

canopy diameter, leaf area at 60 days and yield. They were 

observed only in EMS treatment. These mutants bred true for 

number of secondaries in M^ generation as compared to control 

(Table 38). 

4.13.6 Profusely Branched Mutants with Shorter Intemodes 

These mutants were identified only in Sodium azlde 

treatment. The two mutants, identified in this treatment were 

characterised by reduced plant height and Increased number of 

branches as compared to the parent. They yielded more than the 

control. In M_ generation, these mutants bred true for reduced 

internodal length and also recorded increased kernel yield than 

the control. 
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DISCUSSION 



CHAPTER V 

DISCDSSION 

5.1 CATEGORISATION OF OlOONDNDT GENOTYPES FOR CANOPY 

DEVELOPMENT 

A perusal of history of groundnut breeding Indicates 

that genotypes have been characterised and Indentlfled based on 

branching pattern and erect or spreading habit (Gregory &t al., 

1951; Bunting, 1955, 1958; Krapovlckas and Rlgonl, 1960 and 

Gibbons et al., 1972). A similar sort of characterisation was the 

basis for selection of the parents for hybridization programme. 

The above method of characterisation although based on botanical 

classification Involving two subspecies, has been useful as a 

taxonomlc tool. Recognizing the Importance of the physiological 

attributes, such as canopy development as a stable selection 

criteria (Madhavl, 1988 and Nagabhushanam 1989), It would be more 

relevant to use the same for the characterisation of the parental 

material as well as the other breeding material. 

The first such effort was made by Nagabhushanam (1989) 

by developing the score as 1, 2, 3 and 4 representing the most 

compact, medium compact, medium spreading and spreading catego­

ries based on canopy diameter, canopy circumference and shoot dry 

weight. Such categorisation has been useful in not only identi­

fying the stable canopy types possessing stability for kernel 

yield as well as appropriate parental combinations with inter­

mediate levels of genetic divergence conducive for heterosis in 



the F. and recovery of wider degrees of variance " for agronomic 

attributes down the generations. 

While, Nagabhushanam (1989) employed a simple scoring 

technique for categorisation, in the present study Duncan's 

Multiple Range test was employed to categorise for allocation and 

classification of scores for eighteen genotypes in respect of 

canopy diameter, canopy circumference and leaf area at 60 days. 

Interestingly this classification based on DMRT also very much 

agreed with the categorisation arrived at by Nagabhushanam 

(1989). In otherwords based on the classification, MH2 characte­

rised by the most compact canopy fell in the category of score 1 

while the genotypes such as G201, PI259747, PI350680, TMV2, 

MH2BC28, PGNl, Jll and JL24 fell in the category 2, while Compact 

Mutant of M13, Gujarat narrow leaf mutant, 32-2-5, Kadirl-3, 

TMV2NLM, TAPS and MK374 come under the category 3, lastly the 

most spreading genotypes ICG2271 and M13 fell In the category 4. 

It may be noted that while the most of the compact category 

pertained to sequential branching genotypes, the most of the 

spreading category was of the alternate branching Virginia runner 

type. In the intermediate categories 2 and 3 both the sequential 

as well as alternate branching types occurred thereby suggesting, 

that the canopy compaction formed an Important factor of genetic 

differentiation at the sub-specific level in groundnut. While 

the canopy enhancement proceeded from sequential to alternate 

branching types, the intermediate levels of canopy development 

embrace both the systems of branching. According to the Inv&stl-

gatlons of Nagabhushanam (1989), these Intermediate levels 



possessing both sequential and alternate branching types were 

characterised by higher levels of stability for kernel yield 

unlike the extreme types such as score 1 and 4. 

The results of the present Investigation revealed that 

while the parent viz., MHZ pertained to canopy category 1 and Its 

mutant MH2BC28 fell in the category 2. Similarly while M13 fell 

in the canopy category 4, its mutant CompaAt Mutant of M13 was of 

canopy category 3, characterised by higher levels of stability 

(Nagabhushanam, 1989). Therefore^it is also evident that it is 

possible to launch a canopy conversion programme from 1 to 2 and 

from 4 to 3 in order to bring about not only higher levels of 

stability for kernel yield but also to develop usable parental 

material in hybridization programmes for the recovery of higher 

levels of variances down the generations according to Nagabhusha­

nam (1989). The literature for canopy categorisation as is very 

scarce in groundnut breeding, the results of these investigations 

have to be reviewed in appropriate perspective. Further investi­

gations in this direction will be of immense use in groundnut 

breeding. 

5.2 APFROFRIATE MICRO-ENVIRONMENTAL CONDITIONS WBi PROPER 

EXPRESSION OF THE 6EN0TTPIC POTENTIAL 

The traditional groundnut breeding work in India was 

being carried out under conditions of Inadequate nutrient supply 

particularly with reference to nitrogen as well as limited inter-

row spacing of 30 cm and Intrarow spacing of 10 cm . This could 

be one of the reasons for Inadequate expression of the potential 



of the genetic material under evaluation (Rao, 1976). In the 

present study when wide range of contrasting genotypes were 

evaluated under six micro-environmental situations. It was 

observed that the present level of nutrient supply (20 kg N) as 

well as spacing adopted (40 cm) were Infact Inadequate to bring 

about the proper expression of wide range of characters which are 

crucial for selection by the breeder. The study also Indicated 

the necessity of enhancing the nitrogen dose to 40 kg ha 

supplied by 20 kg as basal and 20 kg as top dressing in order to 

get proper expression of the characters. It may be observed that 

almost all the characters such as canopy diameter, number of 

primaries, mature pod weight, number of mature kernels, mature 

kernel weight, shelling per cent, harvest index and total dry 

matter at harvest exhibited better expression at higher dose of 

nitrogen i.e., 40 kg. It may also be observed that the treatment 

which resulted in consistently superior expression was N2 (20 kg 

basal + 20 kg top dressing) - 60 cm (spacing between the rows). 

Although the treatment of N2 (20 kg basal + 20 kg top dressing) 

- 90 cm (inter-row spacing) has also shown higher mature pod 

weight, number of mature pods, harvest index etc, the differences 

between these two were not significant. The results obtained in 

the study clearly warrant adoption of appropriate micro-environ­

ment particularly higher dose of nitrogen (40 kg) and secondly 

more inter-row spacing (60 cm) for groundnut breeding work. Of 

all the characters studied, canopy diameter exhibited consisten­

tly stable expression while other characters such as number of 

primaries, number of secondaries, pod and kernel attributes 



showed a better expression under 40 kg nitrogen and 60 cm spacing 

(N2-60). The oil content was found to be stable In all geno­

types, the expression of which was better under N2-60 cm. In 

other words at higher nutrient level and adequate spacing the pod 

and kernel development would attain a satisfactory level leading 

to better oil accumulation In the kernel. 

In groundnut, this Is the first attempt of suggesting a 

change In the nutrition regime as well as the crop geometry in 

order to bring about better and purposeful selection facilitating 

more efficient groundnut breeding. Similar results were also 

obtained in respect of dry land wheat (Singh et^ al., 1975 and 

Gardner and Jackson, 1976) and upland rice (Patrick et al., 1974, 

Gomez and DeDutta, 1975 and Allen and Terman, 1978) which 

facilitate the identification of promising genotypes. In view of 

the urgent necessity of restructuring the groundnut breeding work 

there is every need to adopt suggested nutrient regime and 

spacing, so as to allow the better expression of characters. 

With regard to genotypes, MH2 characterised by most 

compact canopy exhibited no significant differences for kernel 

and pod yield in both kharlf and rabl seasons. The strain also 

has not shown much difference in oil content in both the seasons. 

All the genotypes irrespective of branching pattern except MH2 

responded well to higher dose of nitrogen and wider spacing of 60 

cm, thereby showing the necessity of adopting the above spacing 

and nutrient management. 



In the case of aerial podding genotype TAPS, this treat­

ment brought about enhancement of kernel and pod yield as well as 

higher number of aerial pods per plant. With regard to oil 

content, the Virginia genotypes In general and specifically 

Kadlrl-3 have shown a. slight Increase In oil per cent In rabl 

season which may not be significant. However, the Increase In 

oil content was more perceptible In respect of TMV2NLM, Compact 

Mutant of Ml3 and Ml3. 

The above Investigation also brings to fore the diffe­

rential response of genotypes such as better expression of aerial 

pods in aerial podding TAPS on one hand and lack of any change in 

the performance under wide range of nutrient management condi­

tions on the other in respect of MH2. 

5.3 STABILITY OF THE 6EI«)TYFES 

Stability of yield performance Is an important criterion 

for selecting any genotype for productivity (Hammons, 1976; 

Norden et̂  â i'' 1986, Yadava and Kumar 1978 a&b). It has been 

generally reported that the yield stability in groundnut 

varieties is always at the lower ebb in comparison with other 

grain legumes. The low yield stability of groundnut is one of 

the reasons for the fluctuations in yield of the most of the 

recommended varieties. In this context, an evaluation of seven 

genotypes consisting of three Induced mutants together with other 

four varieties recommended for cultivation has revealed that the 

Compact canopy Mutant of M13 (canopy category 3) showed the 

highest stability not only for yield but also for a wide range of 



other characters such as canopy diameter, number of mature pods, 

mature pod weight, mature kernel weight, 100 kernel weight and 

oil per cent, while the standard variety M13 (canopy category 4) 

which Is also the parent of the above Induced mutant was found to 

be unstable for yield as well as days to Initial flowering, days 

to 50 per cent flowering, days to 100 per cent flowering, days to 

peg Initiation, canopy circumference, plant height, number of 

primaries, number of secondaries, number of mature pods, mature 

pod weight, number of mature kernels, mature kernel weight and 

harvest Index. Similarly the other varieties viz., JL24 (canopy 

category 2) and MH2 (canopy category 1) were highly unstable not 

only for yield but also for other characters such as days to 

initial flowering, days to 50 per cent flowering, days to 100 per 

cent flowering, days to peg initiation, canopy circumfernce, 

plant height, number of primaries, number of secondaries, number 

of mature pods, mature pod weight, number of mature kernels, 

mature kernel weight and harvest index, while the two mutants 

viz., TAPS (canopy category 3) and TMV2NLM (canopy category 3) 

showed stability for canopy diameter, number of primaries, number 

of aerial pegs, 100 kernel weight and shelling per cent and days 

to 50 per cent flowering, days to 100 per cent flowering, days to 

peg initiation, canopy diameter and 100 kernel weight respec­

tively. The investigations carried out by Nagabhushanam and 

Prasad (1992) have also shown that the induced mutant TMV2NLM (a 

mutant for enhanced canopy of TMV2) was the most stable than its 

parental variety TMV2. 



The results of present Investigation as supported by the 

observations made by Nagabhushanam (1989) clearly bring^ out that 

1. The intermediate canopy types offer higher levels of 

yield stability than extreme canopy types such as MH2 

(most compact 1) and M13 (most spreading 4). 

2. Induced mutant representing the intermediate levels of 

canopy development like compact mutant of M13 (canopy 

category 3) isolated from the most spreading canopy type 

M13 (canopy category 4) offers higher levels of yield 

stability than the parent. Another instance of induced 

mutant with intermediate canopy development showing 

higher stability than its parent was that of MH2BC28 

(canopy category 2) giving a stable kernel yield than 

its parent with the most compact canopy type MH2 (canopy 

category 1) (Nagabhushanam, 1989). 

3. The investigation also brings to the fore that induced 

mutants for canopy attributes play a valuable role in 

groundnut breeding for stability of yield performance. 

5.4 HETEROSIS 

Heterosis in the F. generation is of considerable signi­

ficance in genetic improvement of crops not only in terms of 

developing hybrids in allogamous systems but also in identifying 

appropriate parental combinations resulting in desirable segre-

gants down the generations (Arunachalam et al., 1984). However, 

lack of perceptible levels of heterosis is a very characteristic 
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feature of genetic system of groundnut (Raju, 1982 and Aruna-

chalam et al., 1982). This finding is of greater relevance in 

groundnut breeding. According to the available evidence heterosis 

in groundnut as in the case of other crop species such as wheat 

(Fonesca and Paterson, 1968; Sun et al., 1972; Wldner and 

Lebsock, 1973), alfalfa (Sriwatanapongise and Wilsie, 1968), 

Cotton (Marani, 1963, 1968), Corn (Moll et al., 1962) and Tobacco 

(Matzinger and Wernsman, 1968) is related to genetic diversity. 

Despite the reports of non occurrence of higher levels of hetero­

sis, Wynne and Gregory (1981) observed heterosis in peanuts most 

often occurred in crosses such as Virginia x Spanish and Virginia 

X Valencia. However, Arunachalam et al. (1984) and Madhavi(1988) 

reported on the other hand occurrence of heterosis In the hybrids 

involving Spanish JC Valencia combinations. Most of such investi­

gations did not yield consistently any tangible results as there 

was no systematic attempt to study F heterosis based on parental 

material characterised for certain stable character combinations 

viz.. Canopy development for example (Nagabhushanam, 1989). The 

earlier Investigations of Reddy et̂  al. (1984), Ashley (1984) and 

Duncan et al. (1978) as well as the more recent studies conducted 

by Nagabhushanam and Prasad (1992) clearly bring out not only the 

decisive Influence of canopy development on yield but also its 

stability over different environmental conditions. 

The studies carried out by Nagabhushanam (1989) based on 

different parental combinations characterised for canopy develop­

ment indicated that majority of the crosses belonging to medium 

compact X medium spreading and medium spreading x medium compact 



combinations showed significant positive heterosis for kernel 

yield. It was suggested the optimum levels of parental genetic 

divergence conducive for higher levels of heterosis was provided 

by the genptypes of intermediate canopy categories, while the 

other parental combinations involving extreme degrees of diver­

gence did not result in positive heterosis. 

In the present investigation the parental material 

involving selected induced mutants for canopy develoi»oent and the 

traditional varieties characterised for canopy development were 

hybridized to study the heterotic pattern in F.. It could be 

observed (Table 39) that only the crosses involving the medium 

compact X medium spreading canopy types as well as medium sprea­

ding X medium spreading canopy types exhibited significant levels 

of positive heterosis for a wide range of characters such as days 

to initial flowering, days to 50 per cent flowering, days to 100 

per cent flowering, canopy diameter, canopy circumference and 

leaf area at 60 days, plant height, number of primaries, number 

of secondaries, number of mature pods, mature pod weight, number 

of mature kernels, mature kernel weight, total dry matter at 

harvest, shelling per cent and harvest index. 

In view of the consistent evidence (Wynne and Gregory, 

1981) that heterosis in groundnut was related to genetic diver­

gence, the initial choice of the parental combinations should be 

such that resulting in significant levels of heterosis for impor­

tant agronomic characters Including kernel yield so as to obtain 

desirable segregants in subsequent generations. As observed by 
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Nagabhushanam (1989), extreme levels of divergence reflected in 

the mating Involving canopy type combinations such as IxA or 1x3 

do not seem to be conducive for recovery of higher levels of 

heterosis. The optimum level of genetic divergence appeared to 

have been observed in categories 2 and 3, combinations of which 

resulted higher levels of heterosis. The present investigation 

is also in agreement with such results. A sporadic occurrence of 

heterosis, such as TMV2 x MH2 might be due to either high sea or 

heterosis for one character only, for which the magnitude of 

heterosis could be substantial due to contrasting attributes like 

high vs low gca status or adaptation to divergent environments 

(Arunachalam et al., 1984). 

The results of the investigation draw strong support 

from conclusions drawn by Nagabhushanam (1989) thus indicating 

the usefulness of selecting parental combinations for inter­

mediate levels of canopy development probably involving inter­

mediate levels of genetic divergence conducive for higher levels 

of positive heterosis. Even the heterotic crosses based on 

botanical classification reported by earlier workers, must have 

been necessarily of combinations involving Intermediate canopy 

types. Analysis of the heterotic pattern arrived at by the 

substitution of the corresponding induced mutant for canopy 

development in the place of original parent reveals an interes­

ting trend. Whenever, the canopy category of the parental types 

in question was changed due to the Involvement of an Induced 

mutant for canopy development such as in respect of JL24 x 

MH2BC28 (Intermediate canopy type replacing the original parent 



Table 40 : Comparison of heterosis In crosses Involving parents 
and their respective mutants for canopy development. 

h 

C r o s s e s Canopy Mature 
c a t e g o r i z a t i o n k e r n e l weight 

* JL24 X MH2 

* JL24 X MH2iC28 

* Kadiri-3 x MH2 

* Kadiri-3 x MH2BC28 

MK374 x TMV2NLM 

TMV2NLM X 32-2-5 

TMV2 X 32-2-5 

TMV2NLM X 32-2-5 

TMV2 X TAPS 

TMV2NLM X TAP5 

2 x 1 

2 x 2 

3 x 1 

3 x 2 

3 x 3 

3 x 3 

2 x 3 

3 x 3 

2 x 3 

3 x 3 

-32.90 

111.04** 

-51.70** 

18.45 

-31.17** 

49.64** 

78.11** 

49.64** 

-3.980 

14.563 

* Source : Madhavi (1988) 



MH2 belonging to extreme canopy category) there was a perceptible 

Jump in heterosis for kernel yield (Table 40). A similar consis­

tent trend revealed in all the combinations studied there^ ty 

indicating the genetic manipulation of canopy by the way of 

Induced mutants for canopy development is the certain way of 

ensuring the higher levels of heterosis, due to involving appro­

priate and optimum degrees of parental genetic divergence which 

could result in a wider variances down the generations reflecting 

in a better array of desirable agronomic segregants. 

5.5 MEANS AND VARIANCES IN Y^ GENQtATION OF CROSSES INVOLVING 

INDUCED MUTANTS CATEGORISED VOBi CANOPT DEVELOPMENT 

The major problem in groundnut breeding so far has been 

lack of perceptible levels of variances In segregating generations 

of the crosses effected, thereby restricting the probability of 

occurrence of segregants in desirable character combinations, 

unlike In other crops like wheat, sorghum and rice (Dutta et al., 

1986). Not withstanding the occurrence of wide range of varia­

bility In germplasm for canopy characters Influencing wide range 

of other attributes (Prasad, 1988 and Madhavi, 1988), very little 

effort has gone into the studies regarding pattern of segregation 

and variances for important agronomic characters in mating system 

involving different canopy types. Parker et̂  ad. (1970) and Wynne 

et al. (1970), however studied the crosses involving different 

botanical types for F. heterosis without adding any information in 

respect of variances in segregating generations. The studies 

carried out by Nagabhushanam and Prasad (1992) revealed that the 



groundnut breeder can depend upon canopy development at 60 days 

as selection criteria in view of its stability of expression and 

strong positive correlation with kernel yield. A comprehensive 

investigation was also carried out (Nagabhushanam, 1989) to study 

the means and variances for important agronomic attributes inclu­

ding kernel yield in F- generations of crosses Involving parents 

with different and similar canopy types as per the characteri­

sation and categorisation arrived by him. His investigation has 

shown that the variances and means for the canopy and kernel 

yield were the least in F„'s of the crosses involving 1x4, 1x3, 

2x4 and 2x1. While, a major proportion of the crosses Involving 

2x3 and 3x3 combinations exhibited a high variance with high 

mean, high variance with medium mean, high variance with low mean 

and medium variance with high mean for the above characters there 

by indicating such parental cross combinations should be prefered 

in groundnut breeding. 

In the present investigation however, a similar trend 

was observed both in kharif as well as rabi seasons. Low 

variances with medium and low means were observed for canopy 

development and kernel yield in the crosses involving 2x1, 4x1, 

3x1 and 4x3 canopy combinations (Table 41). However, it could be 

further observed that the picture was totally transformed towards 

high and medium levels of variances together with high and mediixm 

means for these characters in the majority of the crosses by 

substituting the respective induced mutations of the above 

leading to parental combinations for Intermediate canopy develop­

ment such as 3x2, 2x3 and 3x3. 
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A perusal of the data with regard to means and 

variances, In the F^s of crosses Involving MH2 (compact canopy 

category 1) and MH2BC28, an Induced mutant of MH2 (representing 

canopy category 2) on one hand and wide range of other genotypes 

such as G201 (canopy category 2), JL24 (canopy category 2), 

Kadlrl-3 (canopy category 3), TMV2NLM (canopy category 3) and M13 

(canopy category 4) clearly brought out that the means as well as 

variances In F_ generation were much higher when the Induced 

mutant viz., MH2BC28 was Involved as a male parent with the above 

mentioned varieties than those obtained in the F„ of the crosses 

involving MH with the above varieties. Similarly examining the 

F_'s of the crosses of MH2BC28 x TMV2 and TMV2NLM x MH2BC28 

indicates a conspicuous enhancement of variances for wide range 

of attributes in the latter. Similarly the F_'s of the crosses 

Involving TMV2xMH2 and TMV2NLM x MH2 indicated perceptible 

enhancement of variances for all the agronomic characters studied 

(days to initial, 50% and 100% flowering, canopy diameter, canopy 

circumference, leaf area at 60 days, plant height, number of 

primaries, secondaries and aerial pegs, number of mature pods and 

kernels, mature pod weight and kernel weight, total dry matter at 

harvest, shelling per cent and harvest Index) and means of the 

majority of the characters studied. A similar trend of incidence 

of enhanced means and variances could be observed in the F^'s of 

crosses involving Induced mutants when the crosses TMV2 x TAPS, 

TMV2NLM X TAPS, TMV2 x 32-2-5 and TMV2NLM x 32-2-5 were examined. 

The clustering carried out based on combinations of 

different levels of means and variances for wide range of 



characters in respect of the crosses involving aerial podding 

genotype on one hand and wide range of varieties representing 

different levels of canopy development on the other hand also 

clearly brings out the combination of high mean and high 

variance, and high mean and medium variance for kernel and pod 

yield rested with the crosses such as Kadiri-3 x TAF (3x3 canopy 

combination), PGNl x TAPS and Jll x TAPS both representing canopy 

combination 2x3. The crosses, M13 x TAPS and ICG2271 x TAPS both 

representing 4x3 canopy combination on other hand resulted in low 

mean and low variance. This once again proves the conclusion 

arrived at that higher levels of variances for important 

agronomic attributes such as yield components could be observed 

only in the F generations of the cross combinations representing 

Intermediate canopy development. 

This observation is of immense Importance in groundnut 

breeding suggesting an appropriate conversion programme of the 

parental types towards intermediate levels of canopy development 

might pay rich dividends interms of wider variances in F„ 

generation. It could also be observed that such a conversion 

programme would be facilitated by the induced mutants for canopy 

attributes as in the case of MH2BC28 of MH2, TMV2NLM of TMV2 and 

32-2-S of MK374 (Prasad, 1988). It could also be observed that 

by and large these Induced mutants for canopy attributes have 

resulted in wider variances in large array of cross combinations 

involving themselves as compared to crosses involving their 

parents. The observations of Arunachalam et al. (1984) emphasi­

zing the Importance of Intermediate parental genetic divergence 
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resulting in higher levels of heterosis subsequently leading to 

wider variances In the segregating generations support the above 

results obtained In the Investigation. Further, the study also 

amply Indicates for the first time that Induced mutants for 

Intermediate levels of canopy development could be an effective 

genetic tool for achieving such intermediate genetic divergence 

of the parents Involved. In other words genetic conversion of 

canopy category 4 to canopy category 3 as well as canopy category 

1 to canopy category 2 through Induced mutations could be a step 

towards developing such parental combinations with required 

levels of genetic divergence. The occurrence of high degree of 

variances in such combinations could be due to the fact that 

these parental types exhibited different patterns of general 

combining ability as reported by Nagabhushanam ̂  al. (1992). 

Investigations of this nature bringing out the impor­

tance of parental canopy development as a tool for the selection 

of appropriate parental combinations are very rare except for 

those of Prasad and Nagabhushanam (1991). The present investi­

gation is a further step in this direction suggesting genetic 

conversion of the canopy of the otherwise inappropriate parental 

canopy characters as an effective procedure for the development 

of right parental combinations conducive for higher levels of 

variances in the segregating generations thereby facilitating a 

wider choice of selection which hither to was missing in the 

groundnut breeding work. 
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5.6 ACRON(»aCALLT SUPERIOBi RECONBINANTS 

Out of the hybridization programme undertaken, apart 

from collecting the basic data, the results of which have been 

presented and discussed, a number of F„ segregants for agronomic 

attributes such as canopy diameter, canopy circumference, leaf 

0 

are, at 60 days, number of primaries, number of secondaries, 

number of mature kernels and pods, mature pod weight and kernel 

weight, total dry matter at harvest, shelling per cent and 

harvest index have been isolated and their breeding behaviour 

studied in the F- generation. While the selections viz., ASR-7, 

ASR-8, ASR-9, ASR-10, ASR-11, ASR-12, ASR-13 and ASR-14 did not 

show any segregation and bred true for the characters selected 

for, the rest exhibited segregation in F_ generation. From the 

data,it could be observed that these materials offer prospects of 

selecting superior genotypes for yield and canopy attributes. 

It could be observed that most of the selected types occurred in 

the F„ generations of the crosses involving intermediate canopy 

types, thereby conforming the utility of restricting the hybridi­

zation programme largely to intermediate canopy combinations as 

suggested by Nagabhushanam (1989) and confirmed the present 

study. Further studies on the agronomic evaluation of the true 

breeding selections and further selection for the agronomically 

superior plant types in the segregating F_ material could be 

rewarding. 

5.7 IMHERIXANCE OF BRANCHING PATTERN 

Branching pattern has been one of the key characters 

which played a decisive role in the genetic differentiation and 



evaluation of Arachls hypogaea L. A number of Investigations 

were carried out with regard to the Inheritance pattern of bran­

ching attribute by several workers, by and large the conclusions 

In this regard were that the alternate branching pattern asso­

ciated with the Virginia type was dominant to sequential bran­

ching pattern of Spanish and Valencia types (Dalai, 1962; Jadhav 

and Shinde, 1979 and Balaiah et al., 1977). The F data reported 

by several workers indicated a monogenic inheritance with 3:1 (3 

alternate : 1 sequential) segregation pattern. There were 

however, certain exceptions (Coffelt, 1974; Varan et al., 1986; 

Desale, 1987 and Essomba et al., 1988) indicating a deviation 

from monogenic inheritance. 

An analysis of 45 crosses representing alternate x 

sequential (27), alternate x alternate (8) and sequential x 

sequential (10) brought out that in F̂  the alternate branching 

was dominant whenever a parent with alternate branching was 

Involved in the crosses. In F„ generation, however presented a 

varied picture. The F„ generation of all the sequential x 

sequential combinations showed all sequential types in F.. The 

behaviour of alternate x sequential crosses was variable, the 

majority of the above (17) of which TMV2 x TMV2NLM was also 

studied showed a simple monogenic inheritance pattern with 3:1 

ratio (3 alternate : 1 sequential), there by indicating involve­

ment of a pair of contrasting alleles. One cross viz., Kadlrl-3 

X JL24 revealed Fj segregation pattern of 9:7 ratio ( 9 alternate 

: 7 sequential). While, 9 such crosses gave 15 alternate : 1 

sequential segregation ratio, thereby indicating the Involvement 



of either more than a pair of alleles or the effect of modifier 

complex on the pair of alleles for branching. It may also be 

seen that the parents which resulted monogenic segregation in 

certain combinations, themselves gave a deviant segregation 

pattern in certain other combinations there by emphasizing that 

the decisive role of modifier gene complex or genetic background 

in the phenotypic expression of the branching pattern. These 

conclusions draw support from the investigations of Dalai (1962) 

and Varan et al., (1986). 

While, 7 out of eight crosses Involving the parents with 

alternate branching resulted in no segregation for sequential 

branching and alone combination of TMV2NLM x GNLM segregated in 

the F- generation in a proportion of 63 alternate to 1 sequen­

tial. This observation is of Immense Importance in the sense that 

both the parental types although represent alternate branching 

pattern are genetically dissimilar and as such divergent. 

Interestingly TMV2NLM is alternate branching mutant of a sequen­

tial branching variety TMV2 (Prasad et al., 1984) while GNLM is a 

mutant of alternate branching variety Punjab-1 (Gopani and 

Vaishnani, 1970). In other words the parental types represent 

two genetically divergent mutational events which could be 

employed for widening the genetic variability for attaining 

higher degrees of variances in groundnut breeding. This 

observation draws support from Coffelt, (1974). 

5.8 IMHERITANCE OF MARROW LEAF SHAPE 

Leaf shape and leaf orientation are considered to be 

important attributes of canopy development which has bearing on 
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the photosynthesis as well as transpiration rate of groundnut 

plant (McCloud et al_., 1980 and Mahapatra, 1966). The narrow leaf 

character in groundnut is supposed to be associated with low 

levels of transpiration and as such is considered important for 

developing genotypes with tolerance to moisture stress 

(Nageshwara Rao, 1992). Gopani and Vaishnani (1970) reported a 

Virginia type Gujarat Narrow Leaf Mutant (GNLM) which has been 

reported to be one of the genotypes tolerant to drought. Prasad 

et al., (1984) also recovered a narrow leaf Virginia mutant from 

EMS treated TMV2 Spanish bunch variety which was found to be 

genetically different from GNLM. The earlier investigations 

carried out by Matlock et al.(1970) indicated a partial dominance 

of narrow leaf mutant with monogenic inheritance. Balaiah et̂  al. 

(1977) conducted the studies on the inheritance of narrow leaf 

character using GNLM and reported dominant nature of narrow leaf 

with monogenic inheritance pattern. Results of this investi­

gation also confirmed the earlier observations of the dominant 

nature of the narrow leaf character. The F„ data also indicates 

a typical monogenic inheritance based on two alleles as reported 

by earlier workers. However, the segregation pattern with regard 

to crosses involving TMV2NLM (induced narrow leaf mutant) on one 

hand and the normal leaved parents on the other, indicated a 

segregation pattern of 1 narrow : 2 intermediate : 1 normal. The 

crosses involving GNLM on the other hand exhibited a segregation 

pattern of 3 narrow ; 1 normal, thereby indicating that the 

TMV2NLM and GNIM could be genetically different as reported by 

Prasad et al. (1984). 



The cross Involving TMV2NLM and GNLM both narrow leaf 

types on the other hand showed a very Interesting trend. While 

F- of this cross showed absolutely narrow leaf type, the F-

segregated for 1 needle shaped narrow leaves with sterility : 60 

narrow leaf types : 3 normal leaf types suggesting a trlgenic 

model involving recessive sterile due to complementary gene 

action. Such type of results were also obtained for chlorophyll 

attributes by Coffelt and Hammons (1971) and Tal et al. (1977). 

These results amply bring out that the TMV2NLM (TMV2 narrow leaf 

mutant) reported by Prasad et̂  al̂ . (1984) is genetically different 

from GNLM (Gujarat narrow leaf mutant) of Gopani and Vaishnani 

(1970). It could also be observed that in the case of TMV2NLM 

the narrowness of leaflet starts manifesting after a first 4 to 5 

normal leaves while in the case of GNLM the narrow leaflet starts 

from 3rd leaf onwards (Prasad et al., 1984). Such genetically 

different genotypes for the same phenotypic attribute could be of 

immense use in overcoming the genetic vulnerability (Hammons, 

1976). 

5.9 INHERITANCE OF AERIAL PODDING 

The aerial podding of groundnut was first reported by 

Prasad (1985). The aerial podding genotypes TAPl to TAPS occurred 

as spontaneous mutations in a population of Brazilian groundnut 

variety 'Tatu' exhibiting a large proportion of well developed 

aerial pods. The aerial pegs which otherwise go waste without 

developing into pods in traditional varieties, develop into pods 

with good seed filling in the reported material, perhaps due to a 
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different mechanism of 'Ca' translocation (Prasad and Murali-

dharudu, 1991) which is absent in the traditional groundnut 

varieties. Wynne and Gregory (1981) suggested structural altera­

tions of groundnut plant involving the enhancement of fruiting 

sites would be one of the possible ways of breeding groundnut 

genotypes possessing perceptibly higher levels of productivity. 

The aerial podding genotype of groundnut fulfils the above requi­

rements and as such offer tremendous potentiality to enhance 

productivity of the groundnut plant. An aerial podding segregant 

was also reported by Nagabhushanam et al. (1990) in a progeny of 

MH2BC28 X ICG(C)8. In view of the tremendous potentiality of the 

aerial podding genotype the information on the Inheritance of 

this attribute is of great Interest in groundnut breeding. 

Data reported in the present study in this regard is 

first of its kind. The investigations have indicated that the 

pattern of inheritance varies with the female parent employed in 

the cross, the male parent being TAP5 (an aerial podding geno­

type). The crosses involving all the sequential parents on one 

hand and the aerial podding on another as well as an alternate 

branching variety Kadirl-3 x TAPS an aerial podding genotype have 

resulted the F. with aerial podding attribute thereby indicating 

the dominant nature of this attribute. In F_ generation of these 

crosses excepting Kadlri-3 x TAP5 exhibited a monogenic Mendellan 

Inheritance pattern of 3 aerial podding: 1 non aerial podding. 

In the case of involvement of the other alternate branching 

Virginia types as female parent, the F. did not show any aerial 

podding while the F^ of these crosses segregated in a proportion 
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of 1 aerial podding : 3 non aerial podding (normal). The same 

was true In respect of the F- of Kadlri-3 x TAPS. These results 

showedthat In the F-'s of the crosses of aerial podding Involving 

Virginia parents, the heterozygote did not show any aerial 

podding and got similar phenotyplc appearance as the non aerial 

podding which probably of recessive homozygote constitution. 

The fact that the aerial podding attribute Is dominant 

or partially dominant could be observed from the phenotyplc 

expression for aerial podding nature In respect of the F s of all 

the aerial podding crosses Involving non aerial podding and 

sequential branching traditional genotypes as well as Kadiri-3 a 

Virginia genotype. In the case of the F_'s of crosses Involving 

sequential branching parents, the heterozygote had similar pheno­

typlc expression as that of dominant homozygote with aerial 

podding, hence the observed proportion of segregation 3 aerial 

podding : 1 non aerial podding (normal). From the foregoing it 

is amply clear that the expression of the aerial podding attri­

bute is very much conditioned by the genetic background. While 

the genetic background of sequential branching type is conducive 

for better expression of this trait, the genetic background of 

alternate branching character tends to modify the expression of 

aerial podding attribute. This investigation could be considered 

a comprehensive one on this subject, in addtion to a preliminary 

report in this regard by Prasad (1988). Considering the sugges­

tion that the aerial podding attribute could be the result of a 

different mechanism of 'Ca' translocation to developing gynophore 

(Prasad and Muralldharudu, 1991), it would be worthwhile to 



investigate the inheritance pattern of aerial podding attribute 

with detailed studies on the 'Ca' translocation pattern in all 

the segregants. 

5.10 INHERITANCE OF CANOPY OMfPACTION 

The cultivated groundnut offers clearcut and perceptible 

levels of variability for canopy development including branching 

and leaf type. In view of this seemingly discontinuous variation 

available, there have beenanumber of investigations to work out 

and understand the mode of inheritance of various components of 

canopy development (Hammons, 1973b and Wynne and Coffelt, 1982). 

By and large with some exceptions a monogenic type of inheritance 

has been attributed to branching pattern (Hassan and Srivastava, 

1966; Shchori and Ashri, 1970, Balaiah et al., 1977 and 1984 and 

Jadhav and Shinde, 1979) and leaf type (Hammons, 1964; Bhide and 

Desale, 1970; Balaiah et al., 1977; Branch, 1987 and Desale, 

1987). However a mode of inheritance of different canopy catego­

ries as classified by Nagabhushanam (1989) has not been carried 

out. 

In the present investigation the genotypes categorised 

for canopy development as 1, 2, 3 and 4 (Nagabhushanam 1989) have 

been used for studying the inheritance of canopy compaction which 

is a non-traditional approach. The results obtained Indicate the 

universal dominance of canopy category 4 over the rest. In 

respect of combinations not involving canopy category 4, the F 

exhibited a canopy category 3 Indicating its dominance over 1 and 

2, barring a few exceptions of occurrence of F. with canopy 
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category 2 In the case of certain 2 x 3 canopy combinations 

(PGNlxTAPS, TMV2XTAP5, JL24xTAP5, JllxTAPS and PI350680xTAP5). 

Segregation pattern in respect of the crosses studied was not 

uniform. Combinations involving MH2, MH2BC28, TMV2NLM, GNLM and 

M13 segregated in F- generation trigenically. The other crosses 

involving all the above and TAP5 and 32-2-5 as one of the parents 

predominantly exhibited a digenic segregation involving duplicate 

and complementary factors (Table 42). It is interesting to note 

that the crosses which segregated monogenically for canopy 

development in F- consisted of largely 32-2-5, TAP5, TMV2NLM and 

GNLM as one of the parents. 

The trigenic inheritance was observed in respect of 10 

crosses out of which seven Involved combinations of extreme 

canopy types such as 1x4, 1x3, 1x2 and 2x4 and there were also 

combinations involving intermediate canopy types such as 2x2, 3x2 

and 3x3. In otherswords a large proportions of these crosses 

involved an extreme category for canopy development as one of the 

parents and only one third of the crosses involved both parents 

with intermediate canopy development. 

Examining the cross combinations resulting in digenic 

segregation pattern one could observe that 16 (around 70%) out of 

23 such crosses formed combinations involving both parents of 

intermediate canopy types such as 2 and 3. In other words only 

30 per cent of the above crosses consisted of extreme canopy 

category types such as 1 and 4 as one of the parents. Conside­

ring the crosses segregating monogenically in F., it could be 
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observed that all the cross combinations involved both the 

parents with only Intermediate canopy development and practically 

without even a single parent of extreme canopy types. 

It is very interesting to note that while the trigenic 

inheritance was characterised by 70 per cent of parental combina­

tions involving extreme types and 30 per cent with intermediate 

parental combinations, in the digenic segregation pattern the 

reverse was true with enhancement of the proportion of inter­

mediate canopy type parental combinations to 70 per cent and the 

reduction of parental combinations involving extreme types to 30 

per cent. As is evident from the Table 42, the monogenic segre­

gation pattern was totally characterised by intermediate canopy 

type parental combinations. Therefore it appears from the fore­

going that the intermediate levels of canopy development justi­

fiably represent genetically intermediate levels of divergence as 

suggested by Nagabhushanam (1989). Therefore, it is also probable 

to guess the involvement of parents characterised by extreme 

levels of canopy development such as MH2(1), M13(4) and 

ICG2271(4) brings about the probable involvement of genetic modi­

fiers including zygotic and developmental lethals for canopy 

development as suggested by Coffelt and Hammons (1971). 

5.11 MOTATION&L IMFROVEMENT OF AERIAL PODDING GENOTYPE TAPS 

• 

The aerial podding attribute in groundnut has been first 

reported by Prasad (1985) in the mutants of Brazilian groundnut 

variety 'Tatu'. The mutants bred true for the aerial podding 

character, which offers immense potential for improving the 
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productivity of groundnut plant due to enhancement of the number 

of fruiting sites as suggested by Wynne and Gregory (1981). 

Madhavl (1988) conducted genetic and physiological analysis of 

the one of the aerial podding genotypes TAPS reported by Prasad 

(1985). The observations of Madhavl (1988) regarding the 

dominant nature of the aerial podding attribute was confirmed in 

the present combinations particularly when hybridized with 

Spanish and Valencia parents. It was also observed that the 

tremendous yield potential of the genotype TAP5 is limited 

severely by its early leaf senescence. Therefore a programme of 

induced mutations to rectify this defect by developing slow 

senescent mutants was initiated. 

5.11.1 Means and Variances for Wide Range of Characters in M^, 

M. and M, Generations 

The results of the investigation amply bring out the 

general enhancement of the variances for characters such as 

canopy diameter, canopy circumference, plant height, number of 

primaries, secondaries and aerial pegs, mature pod weight and 

kernel weight and total dry matter at harvest in Mj, M^ and M-

generations as compared to control parental populations, thereby 

clearly bringing about the usefulness of the chemical mutagens 

employed for widening the variances. The M_ variances in general 

were much higher than the M. and M_ variances in respect of both 

the mutagens. Between the two mutagens EMS was found to be more 

effective In broadening the variances for the above characters. 

These observations are in agreement with the earlier reports of 
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Prasad et̂  £i'» (1985), Nagabhushanam and Prasad (1992) and 

Anuradha (1987) and particularly with Anuradha (1987), which 

confirms the incidence of wider degrees of variances in the 

progenies of EMS treated groundnut populations than in that of 

NaN^. 

It could also be observed that despite the enhancement 

of variances for the above characters in M» generation as 

compared to control population, the M- variances were lower than 

those of M_ generation. Groundnut being a segmental polyploid 

with polysomic inheritance in many characters, it is expected 

that the M- generation should result in wider degrees of 

variances than that of M^ generation. A similar trend was 

reported by Nagabhushanam and Prasad (1992) in sequentially bran­

ching genotypes of groundnut due to the probable higher degree of 

genetic diploidization of groups of sub species of Arachis. The 

material employed in the present investigation also being a 

sequentially branching Valencia type, it is expected that the 

above trend was perhaps due to its genetic diploidization for 

several characters. 

5.11.2 Mutagenic EffectlTeness and Efficiency 

A higher incidence of viable mutations in EMS treated M_ 

populations of TAPS as compared to that of NaN_ could be due to 

wider variances probably as a result of the antimorphlc effect 

brought about resulting in functional alterations of genes in 

mutations (Prasad 1972 and Prasad et al., 1984). 
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An analysis of mutagenic effectiveness and efficiency 

has revealed that while NaN. was more effective than EMS, the EMS 

was more efficient than NaN_. The lower level of efficiency in 

the case of NaN- could be attributed to the high sterility 

induced by mutagen. Similar results have been reported by 

Anuradha (1987) and Shylaja (1987). 

5.11.3 Mutants of AgroncNalc Value 

A wide range of mutants with altered morphological 

attributes have been identified. The objective of the study was 

totally achieved in the isolation of 7 mutants which bred true 

for retention of green leaf mass even at pod maturity thereby 

signifying their slow senescent nature. The mutants were also 

characterised by higher blomass, higher branch number and canopy 

diameter. These mutants are several times superior in pod and 

kernel yield as compared to the parent, which could be due to 

physiologically active canopy as compared to the original parent. 

Although investigations of these types are not many, some 

researches have led to the development of mutants for physio­

logical attributes such as slowsenescence (Ashley 1984) in 

groundnut and other crops Barley (Gu^tafsson et̂  al., 1971 and 

Nilan, 1972), wheat (Khvostova et al. 1965 and Kumar,1977') and 

Rice (Swaminathan et al., 1970 and Reddy _et al., 1975). These 

mutants are expected to be of immense use in groundnut breeding. 

) 

The alternate branching mutants reported in the present 

study are of systemic nature involving a change at the subspeci-

fic level. The frequency of these mutants being of a fairly 



higher order, it appears that the sequentially branching forms 

perhaps constituted the earlier step in the evolutionary order 

from which the alternate branching forms have evolved. Similar 

reports of the isolation of alternate branching mutants from 

sequentially branching forms have come from the investigations of 

Prasad et̂  al. (1984). The TMV2NLM reported by them and used in 

the present study is one such an example. Nagabhushanam et al. 

(1992) have also reported the occurrence of alternate branching 

mutants in the sequentially branching parents. 

The above mutants as well as the other agronomically 

desirable mutants such as compact canopy mutants, profusely 

branched mutants and profusely branched mutants with shorter 

internodes have not only represent new gene mutations for the 

respective attributes they were selected for, but also have 

resulted in positive yield transformation. Therefore^all the 

above mutants could be of profound value in groundnut breeding 

programmes which have to be strengthened with new genetic varia­

bility such as the ones reported as suggested by Gregory et al. 

(1973) and Prasad (1988). 

The study amply brings about that the new and novel 

mutants for canopy and pod development would certainly enrich the 

genetic diversity in groundnut breeding thereby contributing to 

minimizing not only the genetic vulnerability of the cultivated 

groundnut but also being of direct value in the recombination 

breeding for enhancing the productivity level of groundnut. 



SUMMARY 



CHAPTER VI 

SUMMART 

The categorization of wide range of 18 groundnut 

genotypes differing in canopy development based on DMRT has 

enabled precise characterization of these genotypes in respect of 

canopy diameter, canopy circumference and leaf area at 60 days. 

This classification indicated that MH2 the most compact canopy 

type fell in category 1, while the genotypes G201, P1259747, 

P1350680, Jll, JL24, TMV2, MH2BC28 and PGNl fell in category 2, 

while Compact Mutant of M13, TMV2NLM, GNLM, 32-2-5, Kadiri-3, 

TAP5 and MK374 came under category 3 and the most spreading 

genotypes ICG2271 and M13 fell in category 4. While canopy 

category 1 pertain to sequential branching and most spreading 

pertain to alternate branching types, intermediate types pertain 

to both sequential and alternate branching types, thereby 

suggesting that canopy compaction formed an important factor for 

genetic differentiation at sub-specific level in groundnut. 

It was observed that the genetic potential of groundnut 

genotypes in general could be better expressed with higher dose 

of nitrogen at the rate of 40 kg/ha supplied as 20 kg as basal 

and 20 kg as top dressing and 60 cm spacing between the rows. 

Therefore, it is suggested that higher nutrient level and 

adequate spacing of 60 cm could be adopted not only for selecting 

the genotypes for kernel and pod development but also for a wide 

range of agronomic attributes. 
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Among the genotypes studied MHZ the most compact canopy 

type did not show much difference for kernel and pod yield and 

oil per cent in both kharif and rabi seasons. The aerial podding 

genotype had shown considerable enhancement of kernel and pod 

yield as well as the niimber of aerial pods at higher dose of 

nitrogen and wider spacing of 60 cm. The Virginia genotypes in 

general and more specifically Kadiri-3 had shown slight increase 

in oil content in rabi season. 

It was found that the intermediate canopy types pertai­

ning to category 2 and 3 offeB&̂ higher levels of yield stability 

than the extreme canopy types such as MH2 (canopy category 1) and 

M13 (canopy category 4). It was also found that the induced 

mutants representing the intermediate levels of canopy develop­

ment such as Compact Mutant of Ml3 (canopy category 3) developed 

from the most spreading type M13 (canopy category 4) offersd 

higher levels of yield stability than the parental type. There­

fore, it was suggested that induced mutants for intermediate 

canopy types isolated from parents of extreme canopy types could 

be valuable tools for breeding for stability of yield performance « 

With regard to heterosis for agronomic attributes in F̂  

generation, it was found that the crosses involving the medium 

compact canopy types (category 2) and medium spreading canopy 

types (category 3) as well as the medium spreading (canopy 

category 3) x medium spreading (canopy category 3) exhibited 

significant levels of positive heterosis for a wide range of 

characters, thereby indicating that the intermediate levels of 
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genetic divergence were more conducive for recovery of higher 

levels of heterosis In groundnut. 

Analysis of heterotlc pattern arrived at by the substi­

tution of a parent by corresponding Induced mutant for canopy 

development revealed that replacing the original parent of 

extreme canopy category by the Induced mutant of Intermediate 

canopy category resulted In the perceptible jump In heterosis for 

kernel yield, thereby suggesting that the genetic manipulation by 

the way of Induced mutants for intermediate canopy development 

was the certain way of ensuring higher levels of heterosis. 

With regard to the means and variances In the crosses 

Involving Induced mutants for canopy development revealed that 

low variances with medium and low means for a wide range of 

agronomic characters was associated with the crosses involving 

2x1, 4x1, 3x1 and 4x3 canopy combinations. It was also found 

that high and medium levels of variances together with high and 

medium means for these characters were observed in the f_'s of 

the crosses in which the induced mutants for intermediate canopy 

development were substituted leading to canopy combinations of 

3x2, 2x3 and 3x3. A similar trend was observed In the crosses 

involving the aerial podding genotype TAPS (canopy category 3) on 

one hand and rest of the genotypes on the other. This observation 

suggested that an appropriate conversion programme of parental 

types through induced mutations towards intermediate levels of 

canopy development might pay rich dividends In terms of wider 

degrees of variances in the F. generation. Several agronomlcally 
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superior segregants were Isolated mostly from the F. generations 

of the crosses Involving Intermediate canopy types for further 

use In groundnut breeding. The present Investigation could be 

considered as a step towards a genetic conversion of canopy of 

otherwise Inappropriate canopy of the parental material. 

The studies on Inheritance of branching pattern 

Indicated that alternate branching was dominant over sequential 

branching and segregated In monogenic fashion In F». In certain 

specific combinations, however, such as Kadlrl-3 x JL24, the 

Involvement of more than one pair of alleles or the effect of 

modifier complex was observed. 

A cross Involving TMV2NLM (alternate narrow leaved) x 

GNLM (alternate narrow leaved) Indicated a segregation ratio of 

63 alternate : 1 sequential, thereby indicating nesplte the 

morphological similarity the two mutants were genetically 

dissimilar. Similarly the inheritance of narrow leaf character 

in the above cross showed F^ segregation of 1 needle shaped 

sterile type : 60 narrow leaf types : 3 normal leaf types, 

suggesting a trigenlc model involving a recessive sterile due to 

complementary gene action. 

The aerial podding although monogenically inherited, the 

segregation pattern varied with the branching pattern of the 

other parent Involved. While the crosses involving alternate and 

aerial podding segregated in a proportion of 1 aerial podding : 3 

non-aerial podding, the crosses involving sequential branching 
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types and the aerial podding resulted in segregation pattern of 3 

aerial poding : 1 non-aerial podding. The expression of aerial 

podding in the F. generation was also conditioned by the 

branching pattern of the other parent involved. 

With regard to inheritance of canopy compaction, the 

trigenic inheritance was observed in respect of ten crosses, out 

of which seven involved combinations of extreme canopy types such 

as 1x4, 1x3, 1x2 and 2x4. The dlgenlc segregation pattern for 

canopy compaction was observed in 23 crosses in which 16 were 

characterised with parental combinations of 2x3 and the rest In 

which extreme canopy category types such as 1 and 4 were involved 

as one of the parents. The monogenic segregation pattern for 

canopy compaction was observed In the F-'s of crosses involving 

both the parents of intermediate canopy development only and 

practically without a single parent of extreme canopy type, 

thereby indicating that intermediate levels of canopy development 

represented intermediate levels of divergence. 

The mutational rectification of specific defects in the 

aerial podding genotype TAP5 resulted in identification of slow 

senescent and high yielding mutants of TAPS. The alternate 

branching mutants were also identified with higher frequency 

suggesting that the sequential branching forms perhaps consti­

tuted the earliest in the evolutionary order from which the 

alternate branching forms were evolved. 

It was also observed that the variances in the M_ gene­

ration were much higher in both the mutagens as compared to M 
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and M- variances suggesting that TAPS Valencia type characterised 

by sequential branching pattern had probably attained genetic 

dlploldlzatlon with disomic genetic behaviour. It was also 

observed that the NaN„ was more effective than EMS, while EMS was 

more efficient than NaN-. The lower degree of efficiency in the 

case of NaN- could be attributed to higher sterility. 
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Appendix 1: Chl-square test for Inheritance of branching pattern 

" ' 2 2 " 

Phenotypic Observed Expected (0-E) -y P 

Crosses classes Ratio frequency frequency 0-E value value 

(0) (E) E 

M13 X MH2 Alternate 3 246 249.75 -3.75 0.0563 0.2252 0.50 

Sequential 1 87 83.25 3.75 0.1689 

MK374 X MH2 Alternate 15 311 315.00 -4.00 0.0508 0.8127 0.25 

Sequential 1 25 21.00 4.00 0.7619 

Kad1r1-3 x MH2 Alternate 1$ 340 345.00 -5.00 0.0725 1.1595 0.25 
Sequential 1 28 23.00 5.00 1.0870 

G201 X MH2 . Alternate 3 129 125.25 3.75 0.1123 0.4491 0.25 
Sequential 1 38 41.75 -3.75 0.3368 

GNLM X MH2 Alternate 3 133 130.5 2.5 0.0479 0.1916 0.50 

Sequential 1 41 43.5 -2.5 0.1437 

TMV2NLM X MH2 Alternate 3 193 190.50 2.50 0.0328 0.1312 0.50 
Sequential 1 61 63.50 -2.50 0.0984 

M13 X TAPS Alternate 15 212 209.06 2.94 0.0413 0.6614 0.25 
Sequential 1 11 13.94 -2.94 0.6201 

MK374 X TAP5 Alternate 15 166 167.81 -1.81 0.0195 0.3123 0.50 

Sequential 1 13 11.19 1.81 0.2928 

Kadlrl -3 x TAP5 Alternate 3 177 173.25 3.75 0.0812 0.3247 0.50 
Sequential 1 54 57.75 -3.75 0.2435 

G201 X TAPS Alternate 15 154 156.56 -2.56 0.0419 0.6696 0.25 
Sequential 1 13 10.44 2.56 0.6277 

ICG2271 X TAPS Alternate 15 136 134.06 1.94 0.0281 0.4491 0.25 
Sequential \ 7 8.94 -1.94 0.4210 

GNLM X TAPS Alternate 3 148 145.50 2.50 0.0430 0.1719 0.50 

Sequential 1 46 48.50 -2.50 0.1289 

TMV2NLM X TAP5 Alternate 3 172 170.25 1.75 0.0180 0.0720 0.75 
Sequential 1 55 56.75 -1.75 0.0540 

M13 X JL24 Alternate 3 175 178.50 -3.50 0.0686 0.2745 0.50 
Sequential 1 63 59.50 3.50 0.2059 

Kad1r1-3 X JL24 Alternate 9 127 129.94 -2.94 0.0665' 0.1520 0.50 

Sequential 7 104 101.06 2.94 0.0855 



Appendix 1 contd.. 

" 2 2 

Phenotypic Observed Expected (0-E) y P 

Crosses classes Ratio frequency frequency 0-E value value 

(0) (E) E 

GZ01 X JL24 Alternate 3 141 139.50 1.50 0.0161 0.0645 0.75 

Sequential 1 45 46.50 -1.50 0.0484 

G201 X MH2BC28 Alternate 15 142 143.44 -1.44 0.0145 0.2314 0.50 

Sequential 1 11 9.56 1.44 0.2169 

Kad1r1-3 x MH2BC28 Alternate 3 102 99,75 2.25 0.0508 0,2032 0.50 

Sequential 1 31 33.25 -2.25 0.1524 

TMV2NLM X MH2BC28 Alternate 15 218 213.75 4.25 0.0845 1.3520 0.10 

Sequential 1 10 14.25 -4.25 1.2675 

TMV2 X TMV2NLM Alternate 3 239 236.25 2.75 0.0320 0.1280 0.50 

Sequential 1 76 78.75 -2.75 0.0960 

PGNl X TMV2NLM Alternate 15 213 215.63 -2.63 0.0321 0,5095 0.25 

Sequential 1 17 14.38 2.62 0.4774 

JL24 X TMV2NLM Alternate 3 174 166.50 7.5 1.014 1.3520 0.10 

Sequential 1 48 55.50 -7.5 0.338 

J11 X TMV2NLM Alternate 3 153 159.00 -6.00 0.2264 0.9056 0,25 
Sequential 1 59 53.00 6.00 0.6792 

PI259747 X 32-2-5 Alternate 3 112 107.25 4.75 0.2104 0.8415 0.25 
Sequential 1 31 35.75 -4.75 0.6311 

JL24 X 32-2-5 Alternate 3 155 158,25 -3,25 0.0667 0.2669 0.50 

Sequential 1 56 52.75 3.25 0,2002 

TMV2 X 32-2-5 Alternate 3 135 132,75 2,25 0,0381 0.1525 0,50 

Sequential 1 42 44,25 -2,25 0,1144 

MH2BC28 X M13 Alternate 3 121 119.25 1.75 0.0257 0,1027 0,50 

Sequential 1 38 39,75 -1,75 0,0770 

TMV2NLM X GNLM Alternate 63 312 311.06 0,94 0,0028 0.7647 0.50 

Sequential 1 3 4.94 -0.94 0.7619 



Appendix 2: Ch1-square tes t for Inheritance of narrow leaf shape 

Crosses 

Phenotypic Observed 
c lasses Ratio frequency 

Narrow 
Intermediate i 
Normal 1 

Narrow 
Intermediate i 
Normal 

Narrow 
Intermediate i 
Normal 

Narrow 
Intermediate i 
Normal ^ 

Narrow 
Intermediate i 
Normal 1 

Narrow 
Intermediate i 
Norma! 

Narrow 1 
Intermediate 2 
Normal 1 

Narrow 1 
Intermediate 2 
Normal 

Narrow 1 
Intermediate 2 
Normal 1 

Narrow 1 
Intermediate 2 
Normal 1 

Narrow 1 
Intermediate 2 
Normal 1 

(0) 

56 
> 121 

53 

41 
102 
50 

68 
> 156 
1 70 

41 
> 101 

46 

81 
162 

72 

60 
119 
51 

58 
117 
47 

60 
103 
49 

60 
123 
71 

56 

no 
51 

61 
108 
58 

Expected 
frequency 

(E) 

57.50 
115.00 

57.50 

48.25 
96.20 
48.25 

73.50 
147.00 
73.50 

47.00 
94.00 
47.00 

78.75 
157.50 
78.75 

57.50 
115.00 
57.50 

55.50 
111.00 

55.50 

53.00 
106.00 
53.00 

63.50 
127.00 
63.50 

54.25 
108.50 
54.25 

56.75 
113.50 

56.75 

0-E 

-1 .50 
6.00 

-4 .50 

-7.25 
5.50 
1.75 

-5 .50 
9.00 

-3 .50 

-6.00 
7.00 

-1.00 

2.25 
4.50 

-6.75 

2.50 
4.00 

-6.50 

2.50 
6.00 

-8.50 

7.00 
-3 .00 
-4.00 

-3 .50 
-4.00 

7.50 

1.75 
1.50 

-3.25 

4.25 
-5 .50 

1.25 

(0-E) 

E 

0.0391 
0.3130 
0.3522 

1.0894 
0.3135 
0.0635 

0.4116 
0.5510 
0.1667 

0.7660 
0.5213 
0.0213 

0.0643 
0.1286 
0.5786 

0.1087 
0.1391 
0.7348 

0. 1126 
0.3243 
1.3018 

0.9245 
0.0849 
0.3019 

0.1929 
0.1260 
0.8858 

0.0565 
0.0207 
0.1947 

0.3183 
0.2665 
0.0275 

2 2 

value 
P 

value 

M13 X TMV2NLM 

MK374 X TMV2NLM 

Kad1r1-3 x TMV2NLM 

G201 X TMV2NLM 

TMV2 X TMV2NLM 

PGNl X TMV2NLM 

JL24 X TMV2NLM 

J l l X TMV2NLM 

TMV2NLM X MH2 

TMV2NLM X 3 2 - 2 - 5 

TMV2NLM X TAP5 

0 .7043 0 . 5 0 

1.4664 0 . 2 5 

1.1293 0 . 5 0 

1.3086 0 .50 

0 .7715 0 . 5 0 

0 . 9 8 2 6 0 . 5 0 

1.7387 0 . 2 5 

1.3113 0 .50 

1.2047 0 . 5 0 

0 .2719 0 .75 

0 .6123 0 .50 

c o n t d . , 



Appendix 2 c o n t d . . . 

2 2 
Phenotypic Observed Expected (0-E) ^ P 

Crosses classes Rat io f requency f requency 0-E value vaJue 

(0) (E) E 

GNLM X MH2 Harrow 3 135 130.50 4.50 0.1552 0.6207 0.25 

Normal 1 39 43.50 -4 .50 0.4655 

GNLM X 32-2-5 Narrow 3 187 183.75 3.25 0.0575 0.2299 0.50 

Normal 1 58 61.25 -3 .25 0.1724 

GNLM X TAP5 Narrow 3 150 145.50 4 .50 0.1392 0.5567 0.25 

Normal 1 44 48.50 -4 .50 0.4175 

TMV2NLM X GNLM Needleshape 1 4 4.94 - 0 . 9 4 0.1789 7.4792 0.01 

Narrow 60 287 296.25 -9 .25 0.2888 

Normal 3 25 14.81 10.19 7.0115 



Appendix 3 : Chl-square test for Inheritance of a e r i a l podding 

2 2 
Phenotypic Observed Expected (0-E) y P 

Crosses classes Ratio frequency frequency 0-E value value 

( 0 ) ( E ) E 

M13 X TAPS Aer ia l podding 1 49 55.75 -6 .75 0.8173 1.0897 0.25 

Normal 3 174 167.25 6.75 0.2724 

1CG2271 X TAPS Aer ia l podding 1 30 35.75 -5 .75 0.9248 1.2331 0.25 

Normal 3 113 107.25 5.75 0.3083 

MK374 X TAPS Aer ia l podding 1 40 44.75 -4 .75 0.5042 0.6723 0.25 
Normal 3 139 134.25 4.75 0.1681 

GNLM X TAPS Aer ia l podding 1 42 48.50 - 6 . 5 0 0.8711 1.1615 0.25 

Normal 3 152 145.50 6.50 0.2904 

TMV2NLM X TAPS Aer ia l podding 1 50 56.75 -6.75 0.8029 1.0705 0.25 

Normal 3 177 170.25 6.75 0.2676 

G201 X TAPS Aer ia l podding 1 38 41.75 -3 .75 0.3368 0.4491 0.25 
Normal 3 129 125.25 3.75 0.1123 

Kad1r1-3 x TAPS Aer ia l podding 1 64 57.75 6.25 0.6764 0.9012 0.25 
Normal 3 167 173.75 -6 .25 0.2248 

PGNl X TAPS Aer ia l podding 3 233 230.25 2.75 0.0328 0.1313 O.SO 

Normal 1 74 76.75 -2 .75 0.0985 

TMV2 X TAPS Aer ia l podding 3 157 161.25 -4 .25 0.1120 0.4480 0.25 

Normal 1 58 53.75 4.25 0.3360 

JL24 X TAPS Aer ia l podding 3 139 133.50 5.50 0.2266 0.9064 0.25 
Normal 1 39 44.50 -5 .50 0.6798 

J U X TAPS Aer ia l podding 3 127 130.50 - 3 . 5 0 0.0939 0.375S 0.50 

Normal 1 47 43.50 3.50 0.2816 

PI350680 X TAPS Aer ia l podding 3 117 121.50 - 4 . 5 0 0.1667 0.6667 0.25 

Normal 1 45 40.50 4.50 0.5000 



Appendix 4 : Ch1-square test for Inheritance of canopy compaction 

2 2 
Pbenotypic Observed Expected (0-E) j ^ P 

Crosses classes Ratio frequency frequency 0-E value value 
(0) (E) E 

G201 X MHZ 

TMV2 X MH2 

PGNl X NH2 

JL24 X MH2 

MK374 X MH2 

Kad1r1-3 x MH2 

GNLM X MH2 

TMV2NLM X MH2 

M13 X MH2 

G201 X JL24 

Compactd) 

Medium compact(2) 

Medium spreadlngO) 

Spread1ng(4) 

Compactd) 
Medium compact(2) 

Compact(1) 
Medium compact(2) 

Compactf1) 

Medium compact(2) 

Compactd) 
Medium compact(2) 
Medium spreadlngO) 
Spread1ng(4) 

Compactd) 

Medium compact(2) 

Medium spreadlngO) 

Spread1ng(4) 

CompactC1) 

Medium compact(2) 

Medium spreadlngO) 
Spread1ng(4) 

Compactd) 

Medium compact(2) 

Medium spreadlngO) 
Spread1ng(4) 

Compact(1) 

Medium compact(2) 

Medium spreadlngO) 

Spread1ng(4) 

Medium compact(2) 

Medium spreadlngO) 

Spread1ng(4) 

1 

35 

24 
4 

1 

15 

1 
15 

1 

15 

1 
4 

46 

n 
1 

12 

47 
4 

1 
14 

35 
14 

1 

23 

36 
4 

1 

12 

15 
36 

6 

9 

1 

3 

B9 

63 

12 

14 
176 

28 
367 

17 

189 

4 
22 

252 
58 

5 

71 

267 

25 

4 
36 
94 

40 

3 

93 
141 

17 

6 

63 

79 

185 

67 

110 

9 

2.61 
91.33 

62.63 

10.44 

11.88 
178.13 

24.69 

370.31 

12.88 

193.13 

5.25 
21.00 

252.00 

57.75 

5.75 
69.00 

270.25 

23.00 

2.72 

38.06 
95.16 
38.06 

3.97 

91.28 
142.88 

15.88 

5.20 

62.44 

78.05 

187.31 

69.75 
104.63 

11.63 

0.39 

-2 .33 

0.37 

1.56 

2.12 
- 2 . 1 2 

3.31 

- 3 . 3 1 

4.12 

-4 .13 

-1 .25 
1.00 

0.00 
0.25 

-0 .75 
2.00 

-3 .25 

2.00 

1.28 
-2 .06 
-1 .16 

1.94 

-0 .97 

1.72 
-1 .88 

1.13 

0.80 

0.56 

0.95 

- 2 . 3 1 

-2 .75 
5.37 

-2 .63 

0.0583 

0.0594 

0.0022 

0.2331 

0.3783 
0.0255 

0.4437 

0.0296 

1.3179 

0.0883 

0.2976 
0.0476 
0.0000 
0.0011 

0.0978 
0.0580 

0.0391 

0.1739 

0.6024 

0.1115 
0.0141 

0.0989 

0.2370 

0.0324 

0.0247 

0.0804 

0.1231 

0.0050 

0.0116 
0.0285 

0.1084 

0.2756 
0.5947 

0.3530 

0.4038 

0.4733 

1.4062 

0.3463 

0.3688 

0.8269 

0.3745 

0.1682 

0.9787 

0.90 

0.50 

0.25 

0.10 

0.95 

0.90 

0.75 

0.90 

0.975 

0.50 



Appendix 4 contd.. 

' 2 2 
Phenotypic Observed Expected (0-E) y P 

Crosses classes Ratio frequency frequency 0-E value value 
(0) (E) E 

G201 X MH2BC28 Compact(l) 1 4 2.39 1.61 1.0846 1.2483 0.50 
Medium compact(2) 35 81 83.67 -2 .67 0.0852 

Medium spread1ng(3) 24 59 57.38 1.62 0.0457 
Spread1ng(4) 4 9 9.56 -0.56 0.0328 

JL24 X MH2BC28 Compact(l) 1 14 12.69 1.31 0.1352 0.1442 0.50 
Medium compact(2) 15 189 190.31 - 1 . 3 1 0.0090 

MH2BC28 X TMV2 Compactd) 1 11 12.56 -1 .56 0.1938 0.2067 0.50 

Medium compact(2) 15 190 188.44 1.56 0.0129 

G201 X TMV2NLM Medium compact(2) 6 73 70.50 2.50 0.0887 0.3547 0.75 
Medium spread1ng(3) 9 102 105.75 -3 .75 0.1330 
Spread1ng(4) 1 13 11.75 1.25 0.1330 

TMV2xTMV2NLM Medium compact(2) 4 81 78.75 2.25 0.0643 0.5424 0.75 

Medium spread1ng(3) 9 180 177.19 2.81 0.0446 

Spread1ng(4)' 3 54 59.06 -5 .06 0.4335 

PGNlxTMV2NLM Medium compact(2) 6 87 86.25 0.75 0.0065 0.8541 0.50 

Medium spread1ng(3) 9 132 129.38 2.62 0.0531 

Spread1ng(4) 1 11 14.38 -3 .38 0.7945 

JL24 X TMV2NLM Medium compact(2) 1 56 55.50 0.50 0.0045 0.0060 0.90 
Medium spread1ng(3) 3 166 166.50 - 0 . 5 0 0.0015 

J l l X TMV2NLM Medium compact(2) 1 59 53.00 6.00 0.6792 0.9056 0.25 

Medium spread1ng(3) 3 153 159.00 - 6 . 0 0 0.2264 

PI259747x32-2-5 Medium compact(2) 1 40 35.75 4.25 0.5052 0.6736 0.25 

Medium spread1ng(3) 3 103 107.25 -4 .25 0.1684 

JL24 X 32-2-5 Medium corapact(2) 1 60 52.75 7.25 0.9964 1.3285 0.10 
Medium spread1ng(3) 3 151 158.25 -7 .25 0.3321 

TMV2 X 32-2-5 Medium compact(2) 1 49 44.25 4.75 0.5099 0.6799 0.25 

Medium spread1ng(3) 3 128 132.75 -4 .75 0.1700 

G201 X TAP5 Medium compact(2) 1 45 41.75 3.25 0.2530 0.3373 0.50 

Medium spread1ng(3) 3 122 125.25 -3 .25 0.0843 

PGN1 X TAP5 Medium compact(2) IS 284 287.81 - 3 . 8 1 0.0504 0.8068 0.25 

Medium spread1ng(3) 1 23 19.19 3.81 0.7564 
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2 2 
Phenotypic Observed Expected (0-E) v P 

Crosses classes Ratio frequency frequency 0-E value value 
( 0 ) ( E ) E 

TMV2 X TAP5 Medium compact(2) 3 168 161.25 6.75 0.2826 1.1303 0.25 
Medium spreadlngO) 1 47 53.75 -6.75 0.8477 

JL24 X TAP5 

Jll X TAP5 

PI350680xTAP5 

Kad1r1-3xOL24 

Kad1r1-3xMH2BC28 

TMV2NLMxMH2BC28 

MH2BC28 X M13 

H13 X JL24 

MK374 X TMV2NLM 

Kad1r1-3xTMV2NLM 

TMV2NLMx32-2-5 

Medium compact(2) IS 
Medium spreadlngO) } 

Medium coropact(2) IS 
Medium spreadlngO) 1 

Medium compact(2) 3 
Medium spread1ng(3) 1 

Medium compact(2) 6 
Medium spreadlngO) 9 
Spread1ng(4) 1 

Medium compact(2) 3 
Medium spreadlngO) 12 
Spread1ng(4) 1 

Compact!1) 1 
Medium compact(2) 11 
Medium spread1ng(3) 48 
Spread1ng(4) 4 

Compact(l) 1 
Medium compact(2) 12 
Medium spreadlngO) 37 
Spread1ng(4) 14 

Medium compact(2) 4 
Medium spread1ng(3) 3 
Spread1ng(4) 9 

Medium spread1ng(3) 3 
Spread1ng(4) 1 

Medium spreadlngO) 15 
Spread1ng(4) 1 

Medium spreadlngO) 15 
Spread1ng{4) 1 

164 

14 

159 
15 

122 

46 

84 

135 

12 

22 

103 

8 

5 
39 

171 

13 

4 

28 

91 
36 

63 
40 

135 

147 

46 

276 
18 

201 

16 

166.88 
11.13 

163.13 

10.88 

126.00 
42.00 

86.63 

129.94 
14.44 

24.94 

99.75 
8.31 

3.56 

39.19 

171.00 

14.25 

2.48 

29.81 
91.92 

34.78 

59.50 

44.63 

133.88 

144.75 

48.25 

275.63 

18.38 

203.44 

13.56 

-2 .88 
2.87 

-4 .13 
4.13 

-4 .00 
4.00 

-2 .63 

5.06 

-2 .44 

2.94 
3.25 

0.31 

1.44 

-0 .19 

0.00 

-1 .25 

1.52 

-1 .81 
-0 .92 

1.22 

3.50 

-4 .63 

1.12 

2.25 
-2.25 

0.37 

-0 .38 

-2 .44 

2.44 

0.0497 

0.7401 

0.1046 
1.5677 

0.1270 

0.3810 

0.0798 

0.1970 

0.4123 

0.3466 
0.1059 
0.0116 

0.5825 

0.0009 

0.0000 

0.1096 

0.9316 

0.1099 

0.0092 

0.0428 

0.2059 

0.4803 

0.0094 

0.0350 

0.1049 

0.0005 
0.0079 

0.0293 

0.4391 

0.7898 

1.6723 

0.5080 

0.6891 

0.4641 

0.6930 

1.0935 

0.6956 

0.1399 

0.0084 

0.4684 

0.25 

0.10 

0.25 

0.50 

0.75 

0,75 

0.75 

0.50 

0.50 

0.90 

0.25 
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' 2 2 
Phenotypic Observed Expected (0-E) -f P 

Crosses classes Ratio frequency frequency 0-E value value 

(0) (E) E 

GNLM X 32-2-5 Medium spreadlngO) 15 233 229.69 3.31 0.0477 0.7633 0.25 

Spread1ng(4) 1 12 15.31 -3 .31 0.7156 

Kad1r1-3x32-2-5 Medium spreadlngO) 15 254 256.88 -2 .88 0.0323 0.5165 0.25 

SpreadlngO) 1 20 17.13 2.88 0.4842 

MK374 X TAP5 Medium compact(2) 1 13 11.19 1.81 0.2928 0.3123 0.50 

Medium.spreadlngO) 15 166 167.81 -1 .81 0.0195 

Kad1r1-3xTAP5 Medium compact(2) 1 61 57.75 3.25 0.1829 0.2439 0.50 

Medium spread1ng(3) 3 170 173.25 -3 .25 0.0610 

GNLM X TAP5 Medium spreadlngO) 3 153 145.50 7.50 0.3866 1.5464 0.10 
Spread1ng(4) 1 41 48.50 -7 .50 1.1598 

TMV2NLMxTAP5 Medium spreadlngO) 3 177 170.25 6.75 0.2676 1.0705 0.25 

Spread1ng(4) 1 50 56.75 -6 .75 0.8029 

TMV2NLM X GNLM Compact(l) 1 4 4.94 -0 .94 0.1789 0.3978 0.90 

Medium compact(2) 3 16 14.81 1.19 0.0956 

Medium spreadlngO) 55 273 271.56 1.44 0.0076 

Spread1ng(4) 5 23 24.69 -1 .69 0.1157 

M13 X THV2NLM Medium spreadlngO) 7 100 100.63 -0 .63 0.0039 0.0070 0.90 

Spread1ng(4) 9 130 129.38 0.63 0.0031 

M13 X TAP5 Medium compact(2) 1 14 13.94 0.06 0.0003 0.5810 0.50 

Medium spread1ng(3) 6 89 83.63 5.37 0.3448 

Spread1ng(4) 9 120 125.44 -5 .44 0.2359 

IC62271 X TAPS Medium conipact(2) 1 7 8.94 -1 .94 0.4210 0.6281 0.50 

Medium spread1ng(3) 6 52 53.63 -1 .63 0.0495 

Spread1ng(4) 9 84 80.44 3.56 0.1576 




