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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, elghteen groundnut genotypes differing 1n canopy
development were categorised into compact (1), medium compact
(2), wmedium 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-specific 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
expreassion 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 camopy of
parental material by the way of induced mutants for intermediate



canopy development resulted 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 candpy 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 poading var%ed with the
branching pattern of the other parent involved. While crosses
involving sequential parents and TAP5 showed a F, segregation
ratio of 3 aerial podding : 1 normal, the crossef of TAP5 with
alternate branching showed F, ratio of 1 aerial podding : 3
normal. Inheritance of canOpy compaction revealed that the
trigenic segregation patterrm 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
ap aerial podding genotype resulted in the isolation of szlow
genescent, alternate branching and other high yielding wutants
of TAP5. The occurrence of higher degree of variances in M, as
- compared to M, and M, generations suggested that TAP5 (sequen-
"tially btanche& Valegcia typre) had probably attained genetic

diploidization with disomic genetic behaviour. The study also
revealed that NaN, was more effective than EMS, while the EMS was
more efficient than NaNB.
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CHAPTER I
INTRODUCTION

Groundnut plant (Arachis hypogaea L.) 1s exotic to
India, having been introduced into the country around 200 vears
ago by Spanish and Portuguese explorers (Hammons, 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 semi-arid 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 cultivars' as compared to the
*local varieties' (Rao, 1976 and Prasad, 1992). Studles 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 breedirg has only resulted in marginal
improvements 1in productivity largely throughlthe enhanced parti-
tioning of the assimilates to the aink; 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 1insight into the genetic nature of groundnut plant
revealing that the extent of genetic variability avajilable in the
cultivated grouandnut 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 wmutation 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 pareantal
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 11

REVIEW OF LITERATURE

2.1 HISTORY OF GROUNDNUT 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 crop and to the sporadic
attempts by workers in different countries. Gregory et al.
(1951) 1in 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
isclate a number of pure-lines from the cultivated wvariety by
selection of single plants. He explained the pultiplicity of
types in 1land races as due to hybrid wvariability 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

L}



studies for a number of years, Badami (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 Amerlica, 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 pgreen foliage, light tan seed with high or low oil
content and stated that such types could only be produced by
hybridizatfon. 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 lipe selection was succes-
sful and ‘'Schwartz 21', a type highly resistant to the slime
disease and with high yield was evolved. He enumerated high
vield, resistance to glime disease, erect follage, 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 seemsunlikely, future
breeding will probably be concentrated on selection af large pods

and early maturity from hybrid material.

Higgins et al. (1941) reported that by hybridization

and selection,mary promising strains were 1solated and hybridiza-



tion betwegn peanut varletles gave rise to a great multiplicity
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 re:;rting to hybridization and
alsc a very large population of progenies would be required for

selection of the desired types.

Bouffil (1947) after years of work at Semegal 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 plént, 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
welght of 100 seeds. Darlington (1948) indicated that there was
a large scope for enriching the available variation in groundanut
by crossing the cultivated groundnut, which was tetraploid with

the wild diploid species.

Gregory et al. (1951), based on the breeding attempts
made 1in North Carolina, concluded that hybridization was neces-
sary for the success of practical groundnut breeding. Seshadri
(1956) emphasised that improvement of quality im groundnut could

be achieved only through hybridization.

Norden (1973) indicated that the possibilities for
groundnut improvement by introduction and selection without

hybridizetion were practically exhausted in the USA. - According



to him, success in breeding through hybridization depends on the
avallability of transferable genetic variation and will be mwmore
likely 1if the objectives 2re clearly defined, the correct
parents are selected and the hybrid populations are managed

properly.

Although groundnut was introduced into India in the
lﬁth century, no systematic attempt In crop improvement was made
till the beginning of the ZOth 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 priocr to
this, many foreign varileties 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 differemt groundnut - growing
states. Except for "Spanish Improved", the information about the
cultivars recommended during the first 3 decades was not well
documented. The first attempt tc compile the information on the
recommended groundnut varieties was made by Ramanamurthy (1974).
This document, however, did not give the detalls about the year

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



varieties recommended for cultivation. Since such details were
avallable for varieties released from 1930 onwards, which number
60 till the end of 1986, it was likely that the older wvarieties
numbering about 25 were developed during the ffst 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 belongeito the Valencia botanical
group, 25 to Spanish - bunch group, 17 to Virginia - buach group
and 15 to Virginia runner group. All the methods of breeding
common to the self-pollinated crops were employed in the breeding
of these varietles. Two varieties were introductions ('Kadiri-2’
and 'UF 70-103'), 2 resulted from mass selectin ('TMV1' and
'TMV2')}, 34 from pureline selection, 18 from hybridization
followed by pedigree method of selection, and 4 from mutation
breeding (BGl, BG2, TGl and Co2) {(Basu and Reddy 1987). Up to
1960 no attempt was made to improve the c¢rop 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 (ATICORPO), work on the
hybridization projects was intensified which resulted 1in the
release of 17 more varieties evolved through recombination bree-
ding. However, it has been cbserved that most of the 'improved
varieties' were not significantly superior to the traditional
'local' varieties in terms of productivity. Therefore, sofar, 1t
has not been possible to break the barriers to productivity

through breeding (Rao, 1976).



Hybridization and selection among the cultivars 1s 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 wvarious
attributes contributing to yleld 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 1intermating 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 invelving 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 et
al., 1980), smaller size of F2 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).



From the review of breeding work in India and abroad
given above, it would bé geen that opinion was rather divided as
to the utility of pureline 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 o0il
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 progenles 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 tramsmitted to types which were
otherwise desirable. This procedure is ali the more necessary

for a crop like groundnut which, as stated by Gregory et al.



(1951) "is for all practical purposes hundred per cent inbred,

difficult to croas 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 varleties 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 8o 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 blological
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 crep in
developing countries is larger and more stable yield. Study on
interrelationships between canopy characters, physiological

attributes and yleld components is very wmuch necessitated in

o



order to reach the goal (Rao, 1976). The improvement in the
yield of cereais in developing countries has come in part from
selection for a different morphological and physioclogical pattern
of growth; also from selection for wider adaptation and more
stable ylelds 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 toc wuse
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 stabllity in performance
acconpanied by resistance to drought ga@ns 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 Iinteractions 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 STABILITY OF FERFORMANCE

Wessling (1966) studied the reaction of Spanish,

Valencia, Virginia bunch and ruprer varieties and strains to wet

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

Valencia types grew 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 (197Q) in a study of cultivar x
environment interaction with 16 cultivars grown at 3 locations
for 3 years in Western Nigeria found significant both cultivar x

leocation and cultivar x year x location interactions.

Joshi et al. (1972) measured the stability of bunch
cultivars and local standard at 7 environments in Gujarat.
Cultivars showed stability in all environments for yleld. One
genotype released for cultivation as 'J11' performed consistently

well in both poor and good eavironments.
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Ojeda (1973) observed a significant sowing date x
variety interaction in groundnut yield trials during 1967 season
in Argentina. Wynne et al. (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 et 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 'M13' 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 lnconsistent at diffe-
rent locations. The small and non~significant varlety x year
interaction indicated that the performance of different va?ieties
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



with or without fungicide application. '‘Shulamit' and ‘'NC17!
showed the highest increase in pod ylelds following fungicide

applications.

Sandhu and Khehra (1977 ) evaluated the parental Fis

F F BCl and BC2 generations of 'C 501' x 'AK 12-24' and 'C

2° ¥
501' x 'Ah 6595' at 2 locations. A significant genotype x envi-
ronment interaction was found for pod yleld, 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 July and ISt

runner types which were sown on lst June, 1
August. Early sowling resulted in high pod yleld but reduced
shelling percentage. All the characters studied showed signifi-
cant variety x sowing date interactions. 'MH 383" was the highest

yvielding variety at each sowing date.

Tal and Hasmons (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 -

gized pods and 100 -~ kernel weight.

Williams et al. (1978) reported that data from 26
trials with 3 - 4 varleties indicating that varieties reacta

differently to environment, some varleties 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

£f111ing 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 fer 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 locatlion x year interactions were significant.

Yadava and Kumar (1978a) studied 11 varieties in 3
environments for phenotypie stability of pod yleld, shellig
percentage, 100 - seed weight and oil content. The magnitude of
the linear component of the genotype X enviromment interaction
was high for pod yield, 100 - seed weight and 0il 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 stabllity parameters for 100 -



kernel weight, oil content and shelling percentage. The linear
end 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
o1l content and 'Ah 679' had high shelling percentage. The
stability parameter for the different tralts 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 1n 4 different years. The linear
portion of GEI was significant for both characters, but the non-
lipear portion was significant only for the number of days to
maturity. ‘Georgla 119-20' proved to be a high yielding variety
suitable for all environments tested and 'NC4X' an early
maturing, high vielding variety suitable for 1less favourable

environments.

Mercer - Quarshie (1980) reported that variety x year x
locality interaction effects were significant for all the 5
characters, viz., pod yleld, 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 localiry interaction was significant for seed yield and
100 seed weight. It was concluded that testing In several loca-
tions was more important than testing auring gseveral years.

Wypne and Coffelt (1980) determined yield and

percentage of sound matured kernels and of extra large kernels in

1



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 enviromment

for all traits except yield.

Wynne and Gregofy (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 specles. The yleld 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 aﬁalysis showed that cultivars of dissimilar
genetic qrigin 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 et al. (1984) studied pod yleld and 4 yield
related quality characters in ]2 Spanish bﬁnch genotypes under 3
environments. In general, G X P 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 éignificant. Non-linear componenté had higher values

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

Reddy et al. (1984) studied varlety x season interac-
tion in 3 habit groups and Virginia-bunch to be less Interactive
than Spanish - bunch types. In general, seasonal yleld differen-
ces were greater than varietal differences and variety x season

interaction was high.

Swarnalata et al. (1984) studied the stability of
performance of six Virginia varieties, twe Spanish varieties and
thelr 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 significan;ly
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.



Norden et 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 yileld 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-lines. 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 stabiiity 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
A. hypogaea and two standard varieties nine locations in spring
and four locatioms in autumn for two years. Combined analysis
for pod and seed yield indicated that the mean squares for geno-
types, environment and genctype x environment interactions were
significant. Nan-Kal-si 133 and 134 showed the best pod and seed
yield stabiiities over all environments in the spring and Nan-
Kal-si 133 also had best yields over all environments in autumn.

However, thelr ylelds were not acceptable.
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The phenotypic 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 Kanaswaml et al. (1989). VG 19 and Ah 8407 were signi-
ficantly superior in yield potentiasl over the grand mean but were
unstable. These can be grown in well distributed rainfall and
irrigated conditions. None of the genctypes showed stability for
pod yield. Five genotypes, which showed stability for many of
the yield component traite were identified as ideal genotypes for
hybridization and selection of stable genotype with high yield

for further exploitgtion.

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, 1leaf dry weight, shoot dry
welight 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 4in Virginia genotypes which also exhibited a strong
positive phenotypic correlation and considerable degree of
genotyple correlation with kernel yield could be profitably
employed a components of selection criteria. An analyaise 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 stabjlity than the rest.

Singh et al. (1990) conducted a study with 5 Spanigh
bunch groundnut varieties in order to identify the varieties with
average stablility 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 yileld fellowed by Kissan and Jowan. The difference in
pod yield was mainly due to a wide range of environmental condi-
ticns primarily resulting from different temperatures and

moisture stresses.

Birari et al. (1991) tested five bunch erect varieties
of groundnut viz., JL 24, 8B 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 194, PI
270792 and SBXI exhibited absence of GXE for kernel yield per
plant. Further TG19A exhibited the most superior yleld perfor-
mance and insensitivity to environmental fluctuations in respect
of 100 kernel weight and oil content. It alse showed stable

morphological attributes and predictable pod yield. NCAC 589



showed insensitivity to envirommental 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

avallability in Konkan region.

2.3 STRENGTHENING GROUNDNUT BREEDING

Natural wvariability 1in 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 galned 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-

1ity (Raman, 1988).

The genetic and plant breeding research in groundnut in
India has been revolving around the selections from within the
avallable 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 spalﬁfg over a period of 3,500 years (Hammons, }973a),

there appears to be need to enhance genetic variability for

groundnut breeding.



The breeding efforts so far carried out have not
resulted in the development of varleties with higher degrees of
yileld productivity. This was explained interms of physiological
mechanisms involved by Duncarn et al. (1978) that the selection
for higher yleld 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 ylield 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 attributes into groundnut  breeding

programmes to acheive higher levels of dry matter production.

According to Gregory et 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 sﬁecies, research for new and
novel genetic variability for several important camopy and repro-
ductive characters on one hand and attributes of resistance to
pests, diseases and drought on the other, together with charac-
térs pertaining to oil quantity and quallity are of paramount

importance to strengthen the genetic improvement of groundnut.



The complex genetic architecture sand developmental
rhythm of groundnut plant has been posing challenge to the plant
breeders and geneticists who have been aiming at achieving an
appropriate genetic'restruéturing of this ‘unpredictable legume’
which 1is 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 yielid 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
geﬁetic 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 et 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 genékic variability through a comprehensive

programae of mutation breeding.

2.4 HETEROSIS AND INHERITANCE OF CERTAIN CHARACTERS
2.4.1 Heterosis
Heterosls in F1 generatlon 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 isoliation of desirable transgressive segregants
in advanced generations (Arunachalam et al., 1984). Several
investigators have reported estimates of heterosls for peanuts,
According to the availlable evidence, heterosis in groundnut like
heterosis 1in other crop specles 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) 1s related to the parental genetic diversity.
According Wynne and Gregory (198l1), 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 (1950)
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 some 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 F1 was Intermediate between that of
the parents. Lin (1966) noted significant hybrid vigour for
length of main stem and branches especially in the F2 by crossing

a Spanish type with ‘Florispan rumner' (a virginia type).

Hassan and Srivastava (1966) observed a marked superio-

rity of the F.'s over thelr better pareats in yield as well as

1
for the number of branches and leaflet length in crosses of 3
groundnut varleties 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 disllel crosses of 6 parents
collected from 3 centres of diversity in South America, the Fl's
exceeded mid-parent means by 20-40% for several seedling charac-
ters which included days to flowering. Their conclusions also

revealed greater heterotic responses for Valencia x Virginia

crosses than for Valencia x Spanish or Virginia x Spanish

Crogses.

Wynne et al. (1970) reported that F, hybrids f£rom

H
Virginia x Valencia parents gave greater heterosis than other

crosses for vegetative plant characters by using the same parents

as Parker et al. (1970). Crosses of Valencla x Spanish gave

greater heterosis for yield and fruit characters. However, the

highest cross had Virginia x Spanish parentage. Coffelt and

Hammons (1971) recorded 661 pods weighing 1.96 pounds from one F,



hybrid plant and 1,156 matured seeds from another F1 plant. Oon

an average more than 700 seeds were obtained per F1 plant.

Hammons (1973a) reported heterotic responses of inter
sub-specific F1 hybrids for fruit yield. Wynne et al.
(1975) observed significant heterosis over the mid-parent in 2
crosses sown with drill, while in space-planted test, & crosses
were equal to or higher than the mid-parent. Thelr studies

indicated genotype x environment interaction in the expression of

heterosis.

Garet (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 weighe, 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
yleld per plant (37.02%). Raju et al. (1979) in their studies on
F1 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 Spanigh cross and a

moderate heterosis for these characters in Virginia x Virginia
cross and concluded that the crosses involving the virieties
adapted for Indian conditions and new exotic genotypes were the

best for the expression of heterosis.



Arunachalam et al. (1980) classified parents of 2
diallel 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 jow 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 hetercsis 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
yleld per plant in the hybrids derived by crossing some bunch

groundnut varieties with Arachis monticola, a wild species.

Hybrid wvigour for F, hybrids between subspecies was

1
recorded by Gregory et al. (1980). Most F, hybrid- means were

2
equal to midparental values although some FZ means were exceptio-
nally high or low. Sridharan and Marappan (1980) observed
positive heterosis over the mid-parent in Fl'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 Dbetter

parent.
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layrisse et al. (1980) found that hybrid vigour for
fruit yield, seed yield and 100 kernel weight persisted in FZ
progenigs 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 Fl's cbtained 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. Hetercsis was
realised on the strength of both high and low specific combining
(sca) 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 buach x Valencia. Maximum
frequency of heterotic crosses was found in H x L followed by H x

H c¢rosses, 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 1in groundnut. Heterosis in groundnut was most often
observed in crosses between the subspecific groups, gene action

being different 4in crosses made within and those made between



botanical varileties. Additive genetic variance appeared to be of
primary Iimportance in crosses made between parents chosen from a
single botanical variety, but both additivel and non-additive
genetic variance were significant in crosses made between parents

from different botanical varieties.

Arunachalam et 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-ytelding material resistant to Puccinia
arachidis and to leaf spot. Only 1 cross, ‘'PI259747' =x
*P1298115', 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 )5 characters, the highest proportion of
crosses showing heterosis occurred 1n 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 cultivars observed that the crosses between Spanish
x Spanish and Valencia x Valencla were equally good and

comparable to the best cross (J11 X EC 21083-A) which involved



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 1in both intraspecific and intra-subspecific
crosses, unlike most of the previous reports where yield hetero-
sis was thought to be prevalent in inter-subspecific crosses

only.

Isleid and Wynne {(1983) measured heterosis as a
deviation of the F1 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 1length.
They opined that for pod and seed yield and pod length, dominance
was the more important source of non-additive genetic variation,
while epistasis 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 et al. (1984} examined the frequency and
magnitude of heterosis in relation to genetic divergence among
parents in 2 diallel 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.

1
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Xiang et al. (1984) observed significant heterosis for
pod weight per plant and sed weight per plant in an incomplete

diallel cross of four Spanish and four Valencia type cultivars.

Deshmukh et al. (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-
beltiosis in groundnut. The study 1indicated 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 11l
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.The¥ 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

1
genotype as male parent in combination with other Spanish,
Virginia and Valencia genotypes as female parents. Madhavi
(1988) reported that the genotypes R 33-1 (Virgimia bunch), M3
(Virginia runner), TMV2NLM (Virginia bunch), JL-24 (Spanish

bunch), TAP5 (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 could be considered
as genetically divergent parents, which could be used to widen

the genetic diversity in groundnut breeding.

Nagabhushanam (1989) studied the heterosis in
Fl generation of the matings 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 heterosls for canopy develop~
ment and kernel yield. It was concluded that the optimum levels
of parental genetic divergence leading to heterosis in Fl was
provided by the genotypes of intermediate canopy categories,
while the other parental combinations imvolving extreme degrees
of divergence were not conduclve for heterosis and the combina-
tions of medium compact x medium compact and medium spreading x
medium spreading canopy types did not aﬁpear to provide &
adequate levels of genetic divergence conducive -for higher

heterosis.

Mekne and Bhale (1991) estimated heterosis for six
characters invelving ten parent varieties of groundnut in zll
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

A%



days to maturity. Relatively higher heterotic effects were

noticed for pod yield and harvest index.

In groundnut, however magnificfent the heterosis may
be, it cannot be exploited for commercial preduction 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 genetlc 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 Certaln 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 phenotyplic expression of nuclear



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

different plasmons.

2.4.2.1 Growth Habit

The habit of the growth of the plant influences
considerably the agronomic practices. The optimum spacing and
mode of harvest in groundnut largely depend upon the habit of
growth. Two distinet diatropic growth habits were recognised in
peanuts, known as runner ve bunch, although intermediate growth
forms may be found (Gregory et al., 1951). Both have an erect
main stem (central axis), wusually 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 yunner plants the
laterals are prostrate, always growling peripherally from the main
axis, trailing on the ground except for the tips which may bhe

somevhat ascending. The i1nheritance of growth habit differences

has been studied by several investigators.

Badami (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 ratiec in the

F2 in a cross of runmer with bunch.

Patel et al. (1936) made crosses between the bunch and
apreading varietles. The Fl plants in all of them showed complete
dominance of the spreading habit. In the F2 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 S1 and S2 and the bunch type was recessive.
It was concluded that two dominant factors were necessary to

produce the spreading type of habit.

Higgins (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 semi-spreading factors which were both dominant
to the bunch factors. The segregation in the FZ’ showed one
bunch to every 15 of other dominant types. The classification of
the 15 dominant types into distinct ‘spreading' and ‘'semi-

spreading' groups, however, presented considerable difficulty due

to interaction of various factors.

The crosses were made between four spreading and two
erect varieties by Dalal (1962), to study the inheritance of
habit of growth in groundnut. He reported that the spreading
habit of pgrowth was the result of interaction of two pairs of
suppiementary factors, one of the factors produced 'erect and
bushy' and the other ‘'erect and open' habit. Thus, the genetical
constitution of ‘spreading’, ‘erect and bushy' and ‘erect
and open’' habits of growth were symbolised as S1 2’ S1 8,8,

and 313182 respectively.

Ashri and Goldin (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, Ashri made reciprocal crosses between the V4
variety of peanuts and six other varieties, all bunch (erect).
In all crosses, when V‘ was female parent, the F1 hybrids
were runners, while the reciprocal hybrids were bunch. The mode
of inheritance of growth habit was tested in reciprocal Fz, F3,
BCIFl and BCIF2 populations. It was concluded that there were
two plasmon types - one found only in V4 and another present in
the other tested wvarieties. Algo, there were at least two
nuclear genes which interactsldifferently with each other in each
plasmon and with each plasmon. In the V“l 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 producedin conjunction with the different plasmon

opposite growth habits.

Inheritance studies conducted by Tahir (1965) indicated
that runner plant hebit was dominant to spreading bunch and
upright bunch habits and a range of intermediate forms of plant
habit appeared in thelr crosses. It was also stated that the
upright bunch habit was recessive to spreading bunch and open
plant habit was dominant to compact habit 4in upright bunch

varieties.

Ashri (1968 .) reported that two plasmons designated V4

(from Arachis hypogaea 'Virginia Beit Dagan 4') and others (from
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Virginia bunch G2 and other varieties), and two genes, Hb1 and

Hb interact to produce the runner (trailing) or bunch (erect)

27
growth habits, the dominant alleles lead to the development of a
runner habit in both plasmons. In V4 plasmon the genotype Hb1
Hb2 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. HbIHbIHbZHbZ’
Hblﬂblﬂbhbz and thhblﬂbzl-lb2 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 F1 and 2 monogenic segregation in the

F2 generation (Hassan and Srivastava, 1966).

Halevy et al. (1969) found that the treatment of
peanuts with gibberellin 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 gibberellic acid antagonists and a

particular gibberellic acid inhibitor not found in erect plants.

Shchori and Ashri (1970) studied the inheritance of
growth habit by crossing three chemically induced mutants affect-
ing growth habit with the original wvariety. The mutants—open
habit-1 (Ohl)’ open habit-2 (0h2) and spherical (sp) were

reported to be recessive and monogenically controlled.



It was reported by Ziv 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 geniec and
cytoplasmic factors interact with light enviromments for the
expression of growth habit. Therefore, differences in 1light

could alter growth habit expression.

A study was undertaken by Coffelt (1974) to investigate
the inheritance of growth habit in reciprocal infraspecific
crosses between two cultivars which differed at two loci condi-
tioning growth habit. Results showed a complementary-duplicate
interaction of the two loci, for which gene symbols Hb3 and Hb4
were proposed. Segregation in the F2 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 V4 plasmon and the nuclear genotype
HbIHblhbzhbz), virginia variety (with the '0' plasmon type and
the nuclear genotype hblthHbZHbz) and HG1 from India possessed
a third plasmon type 'G' and a third locus Hb5 which 1interacted
with (VA), (0), Hbl and Hbz. In the (G) plasmon Hb1 and Hb5
were additive, plants with three or four dominant alleles had a
trailing habit while other nuclear genotypes produced erect
plants. In (V4), Hbl and Hb5 were complementary, Hb1 - Hb5 -
plants being trailing and the others being erect. Hb2 and Hbs



were complementary in the (G) plasmon and additive in (0)

plasmon.

Sixty eight accessions were studied in crosses wlth
one or another of three testers : V4, VSM and HGl having

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

4!
reported that the three plasmons namely Vé’ 0, and G types
interacted differently with three plasmon sensitive auclear
genes, there by determining whether the plants will be erect or

trailing.

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

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

three plasmons and by three major nuclear genes which interactsl

with each other and with the plasmons. Mutagenic treatment of
the trailing 1line TBR (V4) resulted in isolation of 137 erect
mutants. Twenty-eight mutants which bred true in M3 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 1involving the
spanish parents, the F1 was Virginia bunch and in F2 & segrega-
tion ratio of 3 Virginia bunch : 1 Spanish was observed. In
crosses, where the Virginia rumner types were used as the ovule
parents, the Fl was Virginia bunch while the F2 gave & segrega-
tion of 3 Virginig bunch: 1 Virginia rumner. It was concluded
that the Virginia bunch habit behaved as simple dominant over

both spanish and virginia runner habits.

Cross betrween Poonawhite ana Kopergaon No, 3, ror ThRls stuQgy, 25



Resslar and Emery (1978) examined the expression of
growth habit (bunch vs. 1lax bunch) in the Fl’ FZ’ F3 and BCIS1
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 (Vq)

1
and NC.. The F F. and BC.S. of the cross NC, x V4 also fitted

2 2* 73 171 2
the expectations of a model based on cytoplasmic differences.
Late generation progenies of V4 X NCZ did not fit expectationms,
however, and the reciprocal could not be differentiated in the

F.,. It was proposed that maternal rather than cytoplasmic inheri-

3
tance per se accounted for the reciprocal cross differences.

Jadhav and Shinde (1979) studied the 1inheritance of
growth habit 41in the segregating population obtained from the
cross between Poonawhite and Kopergaon No.3. For this study, 23
F3 families derived from F2 were ralsed and observed, out of
which 15 families were seml spreading and 8 were bunch type.
The F1 phenotype was seml spreading and F2 population segre—
gated 1into the ratio of 3 seml spreading and 1 bunch type of
plants. It was, therefore, evident that seml spreading habit was

dominant over bunch habit.

Balaiah et 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 inherltance of growth
habit in groundnut by crossing TMV10 a semi~spreading variety as
male parent with 5 bunch cultivars. All the Fl plants were semi-
spreading. In the FZ’ four crosses exhibited a 3 semi spreading
t 1 bunch segregation, while POL2 x TMV1O gave a % : 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 F2 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 dialliel

2
cross involving A. hypogaea cultivars Argentine and T2442 and A.
menticola suggested that growth habit was determined by 4 pgenes
(Essomba et al., 1988). They also reported that epistatic and

additive effects existeifor growth habit.

2.4.2.2 leaf Shape

Inheritance studies of leaf shape variations 1In the

cultivated peanut, A. hzgggaea L. have been reported rarely.

Badami (1928) noted that the F1 was Intermediate in

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



suggested that the inheritance of the normal leaf sizes observed
in the subepecies 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 F2 from a cross bhetween these varleties he
obtained 8 plants with 'Crinkled' leaves in contrast to 150
plante with normal leaves. Since neither of the parents nor the
F. hybrid exhibited the trait, he suggested complementary

1
recessive inheritance despite the absence of further data.

Hammons (1964) found a dominant Krinkle leaf mutant.
The krinkle leaf character expressed as a conspicucus 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-
slve 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 1in groundnut. Kansara
(1967) reported that narrow leaflet character was partially domi-

nant over the btroad leafiet 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



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 Rammons (1968) studied the
inheritance of five mutations induced by X-rays by making a
diallel cross between the mutants and a control, NCA. The
mutants Flop (drooping leaflets), cup (involute leaflet margins)
and 1lex were each controlled by a single recessive gene, while
the wmutants hedera and corduroy (rugose, ribbed leaflets) by
duplicate recessive genes, possibly with repulsion phase linkage

of one corduory locus with one hedera locus.

Ashri (1970 ) found a small leaflet mutant. From a
study of a cross Pintar Bunch Manl pintar 1 x Pearl, he concluded
that the small leaflet trait observed in the Fz was contreclled by

two duplicate genes, designated as Sllsl1 and Slzslz.

Bhide and Desale (1970) isolated a spear—shaped small
leaflet mutant with reduced internocdal and calyx tube lengths
from Kopergaon - 1, a semi-sgpreading type. Back crossing of the
true-breeding mutant to the Kopergaon - 1 parent indicated

recessive, monogenic inheritance of the small leaflet character.

Matlock et al. (1970) reported partial dominance of

narrow leaf mutants, with monogenic inheritance. They proposed

i



gene symbols N1 nl to represent narrow leaf. The heterozygotes
can be distinguished from either homozygote with a great degree

of accuracy under green-house conditioss.

Srivastava (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. A1l four seeds germinated but mosalc 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.

Balaiah 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 F1 in all the
six crosses possessed narrow leaflet and there by indicated the
dominance of this character. 1In the F2 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 fleop trait. In intersubspecific crosses between the mutant
flop and normal leaf parents, they found digenic inheritance and
an F2 phenotypic ratio of 15 normal : 1 flop. The gene symbols

F1 f1 Fl fl_  were proposed for the flop genotype.

1771772772

Chandramouli and Kale (1981) isolated a variant similar

to the imparipinnate but with normal leaflet size in one of the
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F3 progenies of a crosse, TG16 x TGl7. Both parents had paripin-
nate leaves. The results showed that the imparipinnate leaf

trait was governed by a single recessive gene.

The bifurcated Jleaflet 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 contrelled 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 et al. (1984) recovered a narrow leaf Virginia
nutant 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 l. Analysis of F2 segrega-
tion data revealed that normal leaflet was dominant to mutant

leaflet shape, shape being controlled by a single gene.
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Dwivedi 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, Fl’ F2 and backcross generations of
2 reciprocal crosses of PLM with the normal leaved cultivars Jil
and MK374 indicated that the normal leaf phenotype was controlled
by two palirs of genes, Nll and le. Expression of the mutant
leaf phenotype was dependent on the presence of the Nl1 gene in a
recessive homozygous condition and le 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 a2 new variety NC4X

through exploitation of induced micro mutants. He found the
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genetic variance for yleld 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 lonizing 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 X3 of X -~
irradiated plants of a Virginia bunch selection. Resistance was

maintained over nine generations and yield and fertility were

high.

Emery et al. (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 F4 was most effective in
hybrids with the highest genetic variances and selection

responses were generally greater among the hybrids than among the

I
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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
genoctype 6f mutant expression in peanuts. He stated that
progress in breeding may be achieved through the use of induced
nutations having small effects, even with backgrounds associated

with deleterious mutants.

Emery et al. (1963) concluded that even though induced
macromutations were generally deleterilous, the diversified
genetic background created by irradiation could be a valuabie
source of germplasm that could be stabilized in normal appearing

phenotypes.

By seed treatment with diethyl sulphate in THVZ,
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 1o the

shelling percentage, oil content and weight of kernels.

Martin (1968) reported that irradiation of the 1late
variety 28.206 led to an increase in variability in oll 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 riech 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 et al. (1968) studied the polygenic wvariation
in 8ix characters induced by x-rays in A. hypogaea L. 'NC 2'.
They found that the comporents 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.

Gopani and Vaishnanl (1970) reported two mutants viz.,
dwarf and narrow leaf isolated respectively from KXopergaon-3
(Bunch) and Punjab-l (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 donmor parent for compact plant habit. The
Gujarat Narrow leaf mutant was observed to possess hard, thick
cuticle on the leaf and iess 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 nutants

crogsed freely with other varieties.

Emery et al. (1972) observed a wide range of hybrid
means and variances when macro-mutants were 1involved 1in 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 M. seed popula-

1
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 ylelds of
F1 lines derived from the irradiated populations were considera-
bly below that cof the control population when selection began but
reached 99% of the control mean in the F6 generation. Selection
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

2
extremities of the ranges. The three highest-ylelding lines in
the F6 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 ’MHZ'
from Gujarat Dwarf Mutant (GDPM). 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
1ts extremely short stature it was speculated that 1t would
respond tec 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 Moull (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

3 o



nodes including those on the stem, was isolated from a cross
between two radiastion induced mutants, 'TG-1' and 'Darker Green'.
Though the overall vegetative growth wa; less because of its
shorter stature and fewer nodes, the number of pegs and
pode/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 1Increased the frequency of new character assoclations
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

-



semi-spreading varieties C50]1 and ‘'Asiriya‘’. 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 BP1 and BP2 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 (Sinke 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 s8elected cultures had resulted in the development of useful

types such as TG13, TG1l6, TG18A, TG19A and L¥3.

Habib et al. (1979) reported alterations in height,
leaf size, internodal length and pod yield following treatment of
the bunch variety Dh3-30, SB-1)1, 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.



LR,

, iade- 5.
| t< %

Marghitu et al. (1982) obtained favourable mutations
after gamma-ray 1irradiation 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 varietles
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 gamms-ray irradia-
tion of ‘'Spanish Improved' groundnut variety.

The effect of mnutagenic treatments on character
association in the H3 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 varietiles
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 gl. (1983) obtained four mutants of Spanish
Improved by gamma irradiation. These mutants had higher oleic
acid contents than Spanish Improved but lower linoleic 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 varifety 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 & combination (20 krad + 40
mM) treatment 1in Ah 7911 was reported by Ramanathan (1984).

Mutant plants recovered in M, showed superior yield and morpholo-

2

gical similarity to parents. When they were tested in M3
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 et
al. (1984) indicated that genetic restructuring of groundnut
plant towards compact canopy and higher pod yield was possible in
the case of Virgipia 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 1leaf Virginia Mutant (TMV2Z NIM) 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
wmutants from a population of Braziliam 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 wuseful in gaining more 1insight inte the possible
structural alterations that can be developed in groundnut plant

as suggested by Wynne and Gregory (1981).

Prasad et al. {(1985) initlated a study to improve the
peanut variety ‘'Tatu' through induction of mutations for 1in-
creased pod number per plant and better pod £illing, wusing a
chemical mutagen NaN3. Sodium azide at a concentration of 3ImM
was found to be the most efficient as well as effective for
induction of desirable mutants. Among the ten productive wmutants

selected, three of them Dwarf, Sd-HP and V., consistantly

3
maintained their superiority in yield at significant levels over
a perlod 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

')



harvest index in the H4 generation in addition to superior yield

levels.

The details of the origin and characteristics of the
groundnut mutant variety 'Co2’ were reported by Sivaram et al.
(1985). It was derived from Arachis hypogaea POL-1, which had
been treated with EMS. Due to increased secondary branching and
thus wmore pods per plant, it had a higher pod yleld than POL-}
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 Mg. Seven mutant
selections of RB and one Roxo selection were tested 1in 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.-~Mouli et al. (1987) in order to improve the

yvield potential Arachis hypogaea cultivar Phule Pragathi (J1.24)

treated the dry seeds with various doses of gamma radiation.
Screening of over 10,000 plants resuited in the identification of
5 mutants. These mutants gave superior ylelds over JL24 in both
kharif and summer seasous at 2 locatlions, with JL24 Ml giving a
pod yield of 4083 kg/ha at Trombay and also a greater oil content

than JLZ4.
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Dutta et al. (1987) dirradiated the seeds of F3
lines from 3 genetically broad based crosses in groundnut with 30
kR gamma-rays. They observed that the performance of some F3
lines for pod yieid, shelling percentage and 109 kernel weight
improved from medium to high in the Fs generation showing
the beneficial effects of irradiation which could have promoted

desirable recombination.

Jiang and Zhou (1987) obtained "Fushi", an A.
hypogaea variety with rapid emergence, short internodes, many
plump pods with thin shells and many branches but low ylelds from
Shitougi by means of beta—-irradiasticn 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 & wide range of groundnut
varieties. It was observed that 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 1solated 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 varlety '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 et al. (1988} treated the seeds of 728 and
Chandra with gamma-ray doses of 35, 50, 65 and 75 krad and were
sown and grown to maturity. The Mz 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 1increases 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 Arachis hypogaea were irradiated with

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

by Sorianoc (1988). The Mz seedlings were lnoculated thrice with

spores of C. arachidicola and C. personatum, 9 plants showed

complete resistance. However, after recurrent selection, only

three M_ lines were found to be completely resistant while the

S
others showed 1Intermediate level of resistance. The disease
reslstant lines yilelded almost twice as much as several commer-

cial varieties owing to severe defoliation in the latter.

Chandra Mouli 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

2
mutations affecting maturity, seed size, shelling percentage and
0il content. Three mutants matured early (in 85-90 days).
JL24M7 had larger seeds than JL24 and JL24M6é and JL24M8 had

spaller 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., TMVZ, MHZ and GAUG-1 respectively and the
mutants compact mutant of Ml3 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 1in
crosses exhibited much larger degree of variances for several

agronomic attributes 4in F, generation as compared to the F_'s

2 2
derived from the crosses involving their respective parents. He
also isolated certain agronomically useful mutants viz., CCM1 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 genctypes 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 %X for 2-4 h. 1In the HB-
M4, 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 seed;
of cv. chico with 20-50 kR gamma-rays. Among 1730 M,
plants evaluated, 7 with bold seeds were identified, having 100-
seed weights ranging from 22.2 to 40.4g compared to 21.lg in the

control.

Nagabhushanam et al. (1990) reported the occurrence of
aerial pod bearing varilant in the F2 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 M7 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
heritability 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 irn those of the

origlinal cultivars.



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 avallable genetic varia-
bility, but also in restructuring the groundnut plant type in a

manner conducive for higher levels of productivity.



MATERIALS AND METHODS



CHAPTER 111

MATERTALS AND 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 fleld work
was carried out during the post rainy (rabi) seasons of 1987-88
and 1988-89 as well as in the rainy (kharif) seasons of 1988 and
1989 at the Agricultural College Farm, Rajendranagar, Hyderabad,
which is situated at an altitude of 542.6m above mean sea level.
Geographically it lies at a latitude of 80.5°N and a longitude of

77.53°E.
3.1 MATERTAL

The material for the present study consisted of 18 geno-
types, of which four were induced mutants such as 32-2-5 (compact
capopy mutant of MK 374), Compact Mutant of M13, TMVZNIM (Narrow
leaf virginia type mutant of TMV2) and MH2BC28 (Mutant of MH2 for
enhanced canopy development), three already available spontaneous
mutants such as TAPS (Aerial pod bearing mutant of TATU, a Bra-
zilian variety), GNIM (A spontaneous mutant of Punjab-1 for
narrow Jleaf) and G201 (A mutant of T 28 for canopy) and other
groundnut varieties viz., MH2, TMV2, PGN1, JL24, J11, PI 259747,
PI 350680, MK374, Kadiri-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 diameter, canopy circumfer-

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

oy



Table 1 : Experimental material of present study
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§1. Hame of the Botanical

No. genotype group

1. THYZNLM ¥irginfa
{NHarrow leaf semi
mutant of spreading
THY 2)

2. 32-2-5 ¥irginia
semi
spreading

3. Compact ¥irginta

Hutant of semi
M3 spreading
4. MHZ2B(C28 Yalencia

{Better canopy
mutant of MH2)

5. TAPS Yalencta
{Aerta) pod
bearing mutant)

6. 6-201 ¥irginia

{Kausha?l} semi
spreading

7. GHLM ¥irginia
{Gujarat semi
narrow Teaf spreading
mutant)

8. ™YZ Snanish bunch

"~ Canopy

category

Salfent features

EMS induced mutant of THMY 2. It has narrow
Jeaves, 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
Tater than the parent. Developed at [IARI
fegional Station, Hyderabad. Prasad et al.
£1988), -

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

EMS induced mutant of M13 for more compact
canopy and synchronmus pod bearing. Earlier
in maturity by 5-7 days as compared to the
parent. Developed at 1ARI Regional Station,
Hyderabad. Prasad (1988).

NMU tnduced mutant of MH 2 possessing better
canopy development and  higher yleld
potential than the parent. Developed at
IAR1 Regional Station, Hyderabad. Prasad
(1988).

Spontaneous mutant of a Braziltan Valencia
vatety 'Tatu'. 1t produces well developed
aserial pods. Prasad (1985).

Natural mutant of T-28 (Manipuri}., Medfum
duration of 120 days. A nonymous {1985},

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

Mass selection from 'Gudiyatham bumch’, It
{s widely adopted and released in 1940,
Developed at A.R.S., Tindtvanam. A nonymous
(1985).
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No.

Hame of the

genotype

Batanical
group

Canopy
category

Saltent features
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9.

0.

11.

12.

13.

4.

15,

16.

17.

18.

PEN 1

J1 24

MY 2

PI 259747
(ICG 4747)

PI1 350680
{16 6340}

MK 374

Kadiri-3

M 13

It6 221N
(NCAC 343}

Spanish bunch

Spanish bunch

Spanish bunch

Y¥alencia

Yalencia

Valencia

¥irginia

semi
spreading

Virginia

semi
spreading

¥irginia

runner

¥irginia

runner

2

Cross derivative of Manfredi! x Robut 33-1.
AICORPO Groundnut Annual Report [1985).

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

Derivative of Ah 4218 x Ah 4354 Cross,
deve loped at Junagadh. Pafe green folifage,
short duration {105 days) and oll per cent
49.46. A popular cultivar from Gujarat.
A nonywmous (1985),

Selection from Gujarat dwarf mutant. It is
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},

Selection from a peruvian line, Resistant
to Tate leaf spot and rust. Subrahmanyam et
al. (1980 ).

Selection from a peruvian line., Resistant
to rust and late leaf spot. Subrahmanyam et
:J: {]930 !}o

Setection from Nigerfan cuttivar MK 374
released fn 1978, Developed at A.R.S.,
Yadiri of A.P.A. Y., Hyderabad. Avnonymous
{1985}

Selectfon from Robut 33-T (Israell. It
possess medium spreading, clustered pod
bearing, early maturity and wider
adaptability, Developed at A.R.S5., Kadiri
of A.P.A.U., Hyderabad. A nonymous [1985}.

Selection from ‘NC 13", It has more
spreading habit, large sized pods, B8old
seads, long duration (> 135 days} and
moderate iy resistant to leaf spot.
Developed at P.A.U., Ludhiana. AT Ronymous
{1985).

Introduced from U.5.A. Resistant to
termites, Jassids, <hrips and leaf winor.
ICRISAT Annual Report 1982 {1983).

- A e T T o i o ke ) - -—— - -



conducted. The details of each experiment, methodology followed

and statistical treatment of the data are presented below.
3.2 METHODS

3.2.1 Experiment 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., TMV2ZNLM (catego-
ry 3), TAP5 (category 3), Compact Mutant of M13 (category 3),
Kadiri-3 (category 3), M13 (category 4), MH2 (category 1) and
JL24 (category 2) were studied for agronomic and physiologic
attributes. This experiment was carried out during kharif
(1988), rabi (1988-8%) and kharif (1989) under three different
spacings viz., 30 cm, 60 cm and 90 cm between the rows and two

l.as basal dose and 40 kg N

1

levels of nitrogen viz., 20 kg N ha
hahl which includes 20 kg N haﬁl 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 P205 and KZO 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 dresgsed 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 kharif 1988, rabi 1988-89 and kharif, 1989 respectively.

The micro-environmente I, II, IIJ, IV, V and VI in the complete

text indicate N1-30, N2-30, N

tively.

N1-30

N2~30

N.-60

Y—t
1]

N,-60

-

-

NI*QO

N2-90

3.2.1.1

1*60, N2~60, Nl-90 and N2~90 respec-

30 cm inter-row spacing with basal dregsing of¥kg nitro-

gen

30 cm inter-row spacing with 20 kg basal + 20 kg top

dressing of nitrogen

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

nitrogen

60 cm inter-row spacing with 20 kg basal + 20 kg top

dressing of nitrogen

90 cm inter-row spacing with basal dressing of 20 kg

nitrogen

50 cm 1inter-row spacing with 20 kg basal + 20 kg top

dressing of nitrogen.
Observations recorded

The data were recorded on five randomly selected plants

in the net plot in each plot on the followlng characters.

.



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 diameter : Canopy diameter at 60 days after emergence was
measured 1in em in two different directions at ground level and

the mean was taken.

Plant height : The height of the plant at maturity was measured
in em from the first cotyledonary node to the tip of the main

axis.

Number of primaries : Number of branches originated from the

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

Number of secondaries : Number of branches developed on primary

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

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

did not have access to penetrate into the soil.



Momber of mature pods : Well filled pods were counted at har-~

vest.

Mature pod weight: Weight of mature pods in grams.

Number of mature kernels : Well developed kernels were counted

after shelling of air dried pods.

Mature kernel weight : Weight of mature kernels in grams.

Total dry matter 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.

0il per cent : 0il per cent in uncrushed seed was determined by
using Nuclear Magnetic Resonance (NMR) spectrometer at Director-

ate of Qilseeds Research (DOR), Rajendranagar.

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

expressed in percentage.

Harvest Index : The ratio of kernel yleld to total dry matter

expressed in percentage.

3.2.2 Experiment II : Hybridization

3.2.2.1 Crossing programme

The crossing programme involving the traditional geno-
typee on one hand and the mutant genotypes on the other was
carried out in rabi 1987-88. The cross involving TMVZNIM and

GNIM was however made in rabi 1989-90.



The crossing was started with the initlation 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 anthesis, between 6.00
AM and 8.00 AM (Kale and Mouli, 1984). Emasculation was done for
about 4 to 5 consecutive buds arising from each axll 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 Pl generations

The F1 hybrids along with parents were grown during
kharif 1988, in a Randomised Block Design with two replicationms.
Seeds were sown on ridges by hand dibbling with a spacing of &0
ce between the rows and 15 cm within a row. The data were col-
lected on each F1 plant. Seeds harvested separately from each Pl
plant. The F1 generation of GNLM and TMV2ZNLM could not be in-

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

3.2.2.3 Evaluation of F, generations

2

In the FZ generations, single plant progermies of each
cross along with the parents were grown during rabi 1988-89 in
two replications. Another set of F2 generations obtained from
the F, hybrids studied by Madhavi (1988) were, however, grown in

1
kharif 1988 and the relevant data collected. The inter and intra

“7)



row spacings 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 tfaken to include all the
segregants without fail. In addition five plants at random were
also selected from among phenotypically non-recombinant popula-
tion of each cross for collecting the necessary data. These
plants selected for data recording were harvested separately.
The progenies of agronomically superior recombinants selected in

F2 generation were evaluated in F3 generation during kharif 1989.

Through out the study the crop was fertilized at the
rate of 20 kg ha * N, 40 kg ha * P,0, and 20 kg ha | K,0 as basal
dose.  Another dose of nitrogen 20 kg hahl was applied at peak
flowering stage as top dressing. Gypsum was applied at the rate
of 500 kg ha_1 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 Fz generations. The description

1
of characters was same as ln Experiment 1.
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 Madhavi (1988)
has been adopted for the present study. The total number of
leaves of each plant was counted in the field and fourth 1leaf
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 formuls :

Leaf area in cm2 of
the sample leaves
Total leaf = ¥ Number of leaves of the

area Number of primary plant
branches

At the time of harvest, the following cbservations 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

73



3.2.3 Experiment III : Induction of mutations for canopy

characters in the Aerial pod bearing genotype TAPS

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

gzide and Ethyl Methane Sulphonate as given below.
3.2.3.1 Sodium aride (NaN3)

The Sodium azide sclution 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 temperafure (24
+ 1°c) with intermittent shaking as described by Prasad et 2al.

(1985).
3.2.3.2 Ethyl Methane Sulphonate (EMS)

The seeds prescaked in water for 23 hours were treated
in an aquious solution of EMS of the concentration of 0.3%X for 3
hours with intermittent shaking at room temperature (24 + 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
amount of mutagen. The seeds were then sown ilmmediately together
with the appropriate control on ridges by hand dibbling with =a

spacing of 60cm between the rows and 20 cm between the seeds



within a row to raise Ml generations during kharif 1988. The

same spacing was adopted through out the study.

All the seeds obtained separately from each Ml plant
were sown in M2 generation along with the control in rabi 1988-
89, In MZ generation each plant was thoroughly examined and
different mutants were identified. The date 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

2
were grown in M3 generation during kharif 1989 and their breeding
behaviour was studied. Data were collected from 20 randomly

selected plants in each progeny (Prasad et al., 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 Hl, M2 and M3 genera-

tions.

Canopy circumference
Canopy diameter

Leaf area at 60 days
Plant height

Number of primaries
Number of secondaries

Number of aerial pegs

-

o



Number of mature pods
Mature pod welght

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 M2 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 B0 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 B0 per cent acetone. The optical deasity of the chlo-
rophyll extract was read in Spectronic-100] 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 wusing following

formulae :
Chiorophyll '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
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(D652) x V
Total chlorophyll *= mg/g tissue
34.5x W

Where,
D = optical density at the corresponding wave length
V = Volume of the aliquot

W = Weight of the plant material

31.2.4 Statistical Analysis

3.2.4.1 Categorisation of Groundnut Genotypes for Camopy Devel-

opment

The genotypes were categorised for the canopy develop~
ment employing canopy category 1 to 4 based on the factors be-
lieved to 1Influence 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

‘1



DMRT. The top most group containing genotypes with the highest
mean was given rank I, 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 (1+42)/2K = 3/2K. The genotypes occuring of more than 2
ranks would be treated in a like manner for allotment of scores
(Arunachalam and Bandyopadhyay, 1984). 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 clasgified 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 Experiment I

Stability Analysis: Stability analysis was carried out for 7
genotypes with 2 treatment factors 1.e., 3 spacings and 2 ferti-
lizer doses over 3 seasons considering as Randomized Block Design
(Murari 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

f“\



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:

Yij =y + Bilj +61j

where,

" varies from 1 to 7

3 varies from i to I8

Yij = mean of ith genotype in jth environment -

p = mean of all the genotypes over all the environments.

B, = the regression coefficient of the 1th genotype on the
environmental index which measures the response of this

genotype to varying environments.

I, = the envirommental index which is defined as the devia-
tion of the mean of all the genotypes at a given loca-

ticn from the overall mean.

61j =  the deviation from regression of the 1th genotype at jth

environment.
Analysis of variance for stability

Analysis of variance to estimate stabllity parameters is

given below,

Source d.f. S.8. M.S.
Total (treatment ge-1 Tz Y: j-CF

combining) ij

Genotype (cultivar) g-1 l/e 2 Yi-CF l.l

i

T



Source

d.f. S.S. M.S‘

Environment +
(Genotype x
Environment)

Environment
(linear)

Genotype x
Environment (linear)

2
gle-1) $ Y .-TYi.le
EE Ty 8y
2,02
1 1/g(x Y. I1)%/21
¥ gty B

Environnent (linear)S.S. MS

2
Pooled gle-2) T Zﬁzij Ms,
deviations 1j
Deviations due to 2. 2
genotype .... 1 e-2 [z:Yi *(YI) 1 MSB-I
1 i)
: : Y1 .1 I
(jz j) /2 Pl
: L] = 1
Z,0,
genotype....g e-2 bA > —(Y )/e - MS,-g
1 gl
(§:ng13) /j:r:Ij
2
Pooled error e(r-1)(g-1)
g = genotype (cultivar)}; e = environment; r = repliction

Estimation of stability parameters

The regression coefficient (bl) and mean square deviations (Szd)

from linear regression were estimated as follows:

a) Regression coefficient

3Y13 jfzx



%]

where,

~§ Yijlj = the sum of products of environmental index (Ij) with

corresponding mean of that genotype at each environ-

ment (Y j)

§I§' = the sum of squares of the environmental index Ij'

b) Mean Square deviations (szd) from linear regression

s?q = 26§jl(e—2)]-sze/r
i

EAGﬁj = zYij-Y !g (21{ij j) /2.'1

= variance due to deviation from regression for a geno-

type

tY 2'/ = variance due to dependent variable and

1
3 4
('S_',‘ Yj,j j) /(2 Ij = variance due to regression

Sze/r = the estimate of pooled error
e = number of enviromments;

r = number of replications

The various computational steps invelved in the estimations are

as follows:

)

Computation of environmental index (I

3

=%Y,./g 23V, ./ge
375 188 TR



= Total of all the genotypes at the jth eaviron~ment /number

of genotypes - grapd total/total number of observations.
Computation of regression coefficienat (bi) for each genotype:

a) for each value of regression coefficlent, Izj is

<
3

commoen.

b) 3%Yijlj for each genotype is the sum of products of envi-

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

3

that genotype in each environment.
These values may be obtained in the following manner.
Xa) = @y,,I1) = (8
3 Zhty T ®
where,
(X) = matrix of means
{I, = vector for environmental index, and

]

(8) = vector for sum of products,
1. .’ Y I
= T Ty
2
Computation of S'd:

In a regresslion 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) amrd the other which ex-

plains the variance due to deviations from linearity.

GZY =- 62 regression + 62 deviation from the regression

3



b

The variance of mean over different locations with regard to

individual genotype may be obtained in the following way:

x M 2 _ el
0'8 1 3?, Yy 3 (Y i/g)
The variance due to deviations from regression ( i 621 j)

for a genotype being

2 o zZ . .2 - 2 2
h| 3 3 k|
where,
jz ij - Y:/g = the variance due to dependent variable

and ( ? Yijlj)zl‘( 1‘31?) = the variance due to Tregression

because,
s Ly,x12 « (£ 2
(3 YijIj)/ % Ij ( 3 Yijlj)(gYijIj)lglj biﬁYijIj

2
From ‘jﬂ & 13 values, the stability parameters s2d for

each variety is computed as follows:

-2, o 352 _ _ 2
§ “d = [ jij/(e 2}] - (8%/r)

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

environment} - pooled error/No. of replications)

The wvariance 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 S5 due to



GxE was further partitioned into two parts i.e., (a) S5 due to
GxE (linear) which is in fact SS due to regression and (b) SS due
to deviations from linearity of response (i.e., 5§ due to devia-

tions).

1) 58 due to environment + (GxE) *{%‘- ij - (f Y:/e)
11) SS due to eavironment (linear) = (1/3)[? YjIj)zlglg)

i1i)} SS due to genotype x environment (linear) =

£ 2,5 12y
j[(’gYijIj) /J Ij)] 88 environment (linear)

where,

3y, I )zltlz) = biﬁ Y for each variety.

313ty 5 1313

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 i STl PURRRNN IY3 the 'F' test used

was,

Mean square due to genotype
F = = MS,/MS,
Mean square due to pooled deviation

(2) To ascertain that the genotypes did not differ due to
regression on environmental index 1.e., Ho = b1 = b2 =

the 'F' test used was:

b 147

3000b

MS due to genotype x environment (linear)
F = = Ms,/Ms,
MS due to pooled deviation

¥



(3) Individual devliation from linear regression was tested

as follows:

2
F = [(?Gij)/(e-z)]/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) -————- = ' (P * <0.05 for (e-2) d.f.)
SEb
i
2
SE b =ﬁ61 /(e-2) | 3T 1%
i J 3 3 3

Stability parameters

A genotype with unit regression coefficient (b~1) and
the deviation not significantly differing from zero (32d
= ) was taken to be stable genotype with unit response.

Mean and standard errcor of 'b' are

Mezn 6f b = b = :ibifg

SE b =/ M.S. due to pooled deviation/ ?1"’3

Population mean (u) and standard error were calculated as

Grand Total
Population mean (u) =

Number of obsérvations



MS due to pooled deviation
SE (mean) =

No. of environments - 1
3.2.4.3 Experiment II
Estimation of Means and Variances

Means and varilances were estimated for quantitative

characters in F2 generation. In Fl generation, only means were

calculated. The mean values for 17 parents were also calcu-

lated in each generation. Following formulae were used.

Lfd
Mean (x) = A +|=---———xC

Zzf
2

Variance (¢ ") = -— TEAC - —m—memm x C

N N
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

Estimation of Heterosis

The heterosis was considered as the deviation of the F1

from the hetter parent. It was calculated as per cent increase

or decrease of F1 over the better parent by using the formula

given by Liang et al. (1972).



% Heterosis = -—=Sc—eeee-- x 100

where,

]

= Mean of F1

-
o

= Mean of better parent

To test the significance of heterosis, the following

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

F, -~ B.P.
t =
v/ 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 F2 generation, 20 per cent selection c¢riteria 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,
number of primaries, number of secondaries, number of aerial
pegs, number of mature pods and its weight, number of mature

kernels and its weight, shelling per cent and harvest index.



By adopting 20 per cent selection criteria, the F2
generation for the above characters was grouped into high vari-
ance with high mean, high variance with medium mean, high wvari-
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 TAPS5, cluster
analysis (SAS, 1985) was carried out based on means and variances
in F2

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

generation. The crosses were grouped for the characters

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, Jow variance with high mean, low variance with medium

mean and low variance with low mean.

Chi-square test

The nature of inheritance of branching pattern, canopy
compaction, Jleaf shape and aerial podding were determined by
fitting the F2 populations into the relevant monohybrid, dihybrid
and trihybrid Mendelian ratios and tested for goodness of fit.

Xz test was computed as follows.



P (obaervedi - expectedi)2

i=]1 expected1

vhere, p 1s the total number of phenotypic classes, observedi is
the observed value and expectedi ie the expected value of the 1th

class (Gomez and Gomez, 1976).

3.2.4.4 Experiment 1II
Estimation of Means and Variances

In M M2 and M3 generations of the present study, the

1!
means and variances were calculated for various canopy and repro-
ductive attributes same as in the case of Experiment 1II. The
increase in variance in the progenies of mutagen treated material

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

characters.
Estimation of viable mutation frequencies

The frequencles of viable mutations were estimated in

the M2

lies and M2 plants.

generation of the mutagenic treatments based on H2 fami-

Viable mutation frequency (on M2 family basis)

Number of M, families segregating for
vizble mutations
= x 100

Number of Mz families scored

Viable mutation frequency (on Hz plant basis)

d



Number of viable mutants recovered
™ X 100
Number of HZ plants scored

Estimation of mutagenic effectiveness 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 ratic between the per-

centage of MZ families segregating for mutations and the product

of time of mutagenic treatment and the concentration of mutagen.

Mutagenic effectiveness = —gf-
te
where,
Me = Percentage of M2 famiiies segregating for mutants
t 0= duration of mutagenlc treatment
c = concentration of the mutagen

Mutagenic efficlency is the proportion of M, families

2
segregating in relation to the percentage sterility induced by
the mutagen.

Me
Mutagenic efficiency e
where,
S =  Percentage seed sterility in Ml 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 GROUNDNUT 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 1influence 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 clircumference, 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 B8easons.
The genotypes JL24 (Spanish), Jll (Spanish), PGN1l (Spanish),
MH2BC28 (Valencia) a mutant of MH2 for enhanced canopy develop-—
ment, TMV2 (Spanish), PI350680 (Valencia), PI259747 (Valencia)
and G201 (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 1leaf area at 60 days when
compared with canopy category 1. The genotypes MK374 (Virginia
bunch), TAP5 (Valencia) an aerial podding wmutant of ‘'Tatu’',
TMV2NEM (Virginia bunch) a narrow leaf mutant of TMV2Z, Kadiri-3

(virginia bunch), 32-2-5 (Virginis 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 camopy diameter,
canopy circumference and leaf ares at 60 days.

---------------------------------------------------------------------------------------------

Genotypes co Rank Genotypes e Rank Genotypes LA Rank
{cm) {em) isq.cm)

1caz2? 66.29a] 1 I1c6221 197.67a| 1 Ic6zzN 3367.93a| 1

M13 65,274 M13 180.07b | 2 M3 3Z1.16b | 2
Compact mutant 2853.79c| 3

GHLK 56.59b | GALM 167.33c | of M13

TAPS 55.80b | TAPS 166.83c | 3 32-2-5 2697.67d| 4

TMVZNLM S4_47bc| 2 Lompact mutant 164.83cd |

KADIRI-3 §4.47bc| of M13 | THY2-NLM 2435 _5%e | §

Compact mutant 53 88bc] KADIR]I-3 164.47cd | GHLM 240% . 16e |

of M13 | THYZKLM 163.32d | 4 KADJRI-2 2175.61¢F) [

32-2-5 52.90¢ | MK374° 161.76d | MK374 2045.289 | 7

MK374 52.77¢ | 32-2-5 161.57d | TAPS 1916.81h}| 8
6201 1806.321 | 9

P1259747 45.85d | 3 PI259747 148,30¢

PGNY 45.12de] | THY2 148.20e| JLz4 1612.03§ |

THV 2 44 92def| 4 PGN1 147.13e| Jn 1606.0035k 10

PI350680 44 . 65def| 6201 147 .08e| § PI1350680 1681.63k |

HH2BC28 43, 48def| MH2B(28 146.62¢| P1259747 1541.621) 1N

6201 43.2 def || 24 146, 50e TNY2 1504 ., 3561]

J11 42.75%Ff | 5§ P1350680 146.12¢) MHZBC28 1429.0Mm | 12

JL24 42 12¢ | J1 144 ,83e| PGN1 1243.77nj 13
MH2 718,270 | 14

MHZ 22.679 | 6 MH2 62.39F | 6

Note : CO = Canopy diameter, CC = Canopy circumference,

LA = Leaf area at &0 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, camopy circumference and
teaf area at 60 days for different canopy categories,

---------------------------------------------------------------------------

Genotypes ch ec LA Total) Score Canopy
Scare  range category
class assigned

1c62271 1/6 1/6 1734 0.405 (0.0-0.8} {4)
¥13 1/6 2/6 2714 0.643

Compact Mutant of M13 2/6 3/6 3/14 1.047 (0.8-1.6} {3)
GNLM 2/6 3/6 5/4 1.1%0

32-2-5 2/6 e LTAL 1.202

KADIRI-3 2/6 /6 6/14 1.262

THV2ANLN 2/6 7712 5/14 1.273

TAPS 2/6 3/6 8/14 1. 404

MK374 2/6 7712 7/14 1.4

G201 112 5/6 /14 2.05% (1.6-2.4) {2}
P1259747 /6 5/6 A FAL) 2.9

P1350680 7112 5/6 10/14 2.130

THMY¥2 FFAY 5/6 11/14 2.202

MH2BC28 1712 5/6 12714 Z2.273

PGN) 1212 5/6 13/14 2.345

JN 5/6 576 10714 2.380

JL24 5/6 8/6 10/14 2.380

MHZ 6/6 6/6 14714 3.600 ( »2.5) (1}

---------------------------------------------------------------------------

Note : €D = Canopy diameter, CC = Canopy circumference,
LA = Leaf area at 60 days



of MK374, GNLM (Virginia bunch) a narrow leaf mutant of Punjab-1,
Compact Mutant of M13 (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 Mi3 (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 GENOTYPES TO THREE DIFFERENT

SPACINGS AND TOP DRESSING OF NITROGEN

The response of 7 genotypes viz., MB2, JL24, TAPS
(aerial podding mutant of Tatu), Kadiri-3, TMV2NLM (narrow leaf
mutant of TMV2), Compact Mutant of M13 and M13 to three different
spacings 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 1n kharif season as
compared to rabi season. There were no significant differences
among the treatments Nl_30 cm, N2-30 cm, N1—60 cm, N2-60 cm,
N1*90 em and N2-90 cn for this character in both kharjif and rabi

E€aB0NS.

4.2.1.2 Days to 501 Flowering
The days taken for 50 per cent of the plants to flower

were more 1n rabl season than in kharif season. With regard to

s



this character, significant differences were not observed among
the treatments N1-30 cm, N2-30 cm, N1-60 cm, N2—60 cm, N1~90 (]

and N2-90 em in both kharlf and Rabi seasons.

4.2.1.3 Days to 100X Flowering

It was observed that 1n kharif season the number of days

taken for 100% flowering were much less than in rabl season
(Table 5). In both kharif and rabi seasons there were no signi-

=30 cm, N.-60

ficant differences among the treatments N1~30 cm, N 1

2

cm, N2-60 cm, N1-90 cm and N2—90 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 kharif season than in rabl season. The differences
observed for this trait among the treatments viz., N1-30 cm,
N2~30 cm, N1-60 cm, N2-60 em, N1-90 cm and N2-90 cm were not

slignificant in both kharif and rabi seasons.

4.2.1.5 Canopy Diameter

The canopy diameter was slightly high in kharif season
than in rabi season. The canopy diameter recorded in N2—90 cm
(32.90 cm), N2*60 em (32.75 em), N1-60 cm (31.63 cm), N2-30 cm
(30.80 c¢m) and N1v90 cn (30.60 em) treatments was at par and the
differences among them were not significant in kharif season.
Whereas i1n rabi season, N2—60 cm (30.75 cm) resulted in high
canopy diameter which was significantly different from N1-60 cm

(27.50 cm), N1-30 cm (26.85 cm) and N1—90 em (26.50 em). But it



Canopy
circumference
{cm)

§1.250
71.900
72.700
45.500
65.000

1.856
2.982 4.7712

59.850
57.100
61.670
68.950
69.400

1.160

Number of
mature
kernels

19.130
32110
23.150

30.500
27,000
31.500
24.500
35.000

1.059

2.7232

24,050
34.450
47.250
2.195
5.643

Plant

Mean performance of MH2 for 19 characters in six micro-environments in Kharif and Rabi seasons.

hefght

(cm}

8.180
11.250
7.380
10,750
9.750
0.736

weight

{q)

Table 6§ :

Micro- Days to Days to Days to Days to Canopy
environ- initial 50% 100% peg diameter
ment / flower ing ‘lower ing flowering in1tiation {cm)
Treat- ===----omes cmmmmesoses o es messsssss sessss-sces mmssscseses
ment Kharif Rabi  Kharif Rabl  Kharif Rabi! Kharif Rabi Kharif Rabi
K1-30 26,750 47.000 28.750 52.000 31.750 $4.000 32.750 53.000 29.800 26.850
N2-30 27.250 48.000 29,250 53,000 32.000 55.500 33.750 53.500 30.800 27.650
N1-60 26,750 46.000 29.500 52.000 32.500 55.000 33.500 52.500 31.630 27.500
N2-60 26.250 45.500 29.750 52.500 31.500 56.000 34,000 53.500 32.750 30.750
Ki-90 26,500 46,000 29.250 52.000 32.000 55.000 33.000 52.000 30.600 26.500
N2-80 26.500 44,500 29.250 52.000 32.250 54,500 33.750 54,000 32.900 28.500
SE 0.483 1,983 0.960 1.333 1,197 0.966 0.609 1.041 0.984 1.532
CD at 5% 1.242 5,098 2.468 2.913 3.077 2.484 1.566 2.676 2.430 23.940
Micro- Number of Number of Number of Number of Mature pod
environ~ primaries secondarfes  aerial pegs mature pods weight {g)
ment /

Treat- il aecieaiicas rescmmasema emmemmesmma mmemenmmm—-
ment Kharif Rabt Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi
N1-30 4,600 5.100 0.000 1.600 9.450 3.900 10.750 13.750 6.430 9.100
NZ-30 4.600 5.500 0.150 1,100 7.650 8.500 12.200 16.700 7.900 13,050
K1-60 4.680 5.700 0.150 1,600 10.400 7.200 11.500 17,150 7.0630 13,300
N2-60 5.080 5.800 0.050 2.500 5.320 16.100 14.630 17.000 10.430 13.650
N1-90 £.100 5.600 0.050 17.400 16.200 5.300 11.800 17.500 7.500 13.700
NZ-90 5,230 5,750 0.000 1.850 13.550 8.500 14.000 18.000 9.700 14.500
SE 0.346 0,348 0.097 0.536 1.732 2.147 0.599 1.623 0.495 1.790
CD at 5% 0.889 O0.895 0.249 1.378 4.453 5.520 1.540 4.170 1.270 4.600
Micro- Total dry 100 kernel 011 percent Shelling Harvest Index
environ- matter at weight (g) percent

ment /  harvest (g}

Treat-  coomoccmam s eemeievene aeas mmeceme meemeesnmme mmmmmmm————
ment Kharif Rabt Kharif Rabi Kharif Rab4d Kharif Rabi Kharif Rabi
N1-30 20.120 12.950 21.730 37.580 45.300 47,250 85,030 70,200 24.590 37.110
N2-30 17.110 15,450 24,940 39.950 45.750 48.250 88.980 85.400 30.860 37.260
Ni-60 16,920 15.190 24.250 34.020 #7.800 48.300 78.500 70.300 26.620 36.860
Kz-60 22.440 16.770 26.910 34.490 47.670 48.200 90.990 71.900 32.400 37.940
N1-90 14.460 15.050 19.880 35.780 46.100 47,150 80.250 70.200 21.460 31.540
N2-90 24.350 22.310 23.620 37.090 46.580 47.700 85.880 70.900 40.380 39.130
SE 1.268 1.240 1.491 0.857 1.337 1,359 2.886 3.720 3.170 2.106
CD at 5% 3.260 3.203 3.833 2.203 3.437 3.494 7.420 9.560 B.}50 5.410

.



was not significantly different from N2-90 cm (28.50 cm) and

N2-30 cm (27.65 cm).

4.2.1.6 Canopy Circumference

There was not much difference in canopy circumference in
kharif and rabl seasons. In kharif season significantly high
canopy circumference was observed in N2-90 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 cilrcumference recorded in N2-60 em (72.70 em) and
N1-60 cn (71.90 cwm) were at par and these two values were

significantly higher than those observed in the rest of the

treatments.

4.2.1.7 Plant BReight

The plant helght observed in kharif season was much
higher than in rabi season. In kharif season, significantly high
value was found in N1-60 cem (11.25 cm) as compared to that in
rest of the treatments except Nl-90 ca (10.75 cm) and N2~90 em
(3.75 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 Number of Primaries
The number of primaries recorded were slightly high in

Rabi season than in kharif season. From Kharif data it was

observed that the N2-90 e (5.23) resulted in more number of

primaries which was significantly different from N1-60 cm (4.68),



N1-30 cm (4.60) and N2-30 cm (4.60). But the value found 1in

N,-90 cm was at par with the values recorded in N1-90 em  (5.10)

2

and N,-60 ca (5.08). In ragbi season there were no significannt

differences among the treatments.

4.2,1.9 MNumber of Secondaries
The data (Table 5) revealed that secondary branches were
more in rabl season as compared to kharif season. There were no

significant differences among the treatments N.-30 cm, N2—30 cm,

1

N1-60 cm, N2~60 cm, N.-90 cm and N2-90 cm for number of seconda-

1
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 rabj season. In
kharif season, significantly more number of aerial pegs were
obgserved in N1—90 cm (16.20) as compared to all other treatments
except N2-90 cm (13.55) between which the difference was non—
significant. In rabi season, N2~60 cm {(16.10) recorded signifi-

cantly higher number of aerial pegs than that observed in rest of

the treatments.

4.2.1.11 Number of Mature 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 N2—60 cm (14.63) and it was
significantly different from the rest of the treatments except

NZ-BO em (14.00), which was at par. While in pabl season more

4



nunber of mature pods were obtained in N2-90 cm (18.00) which was
not eignificantly different from the rest of the treatments

except from N.-30 cm (13.75).

1

4.2.1.12 Mature Pod Weight

The mature pod weight was high in rabl season as
compared to that in kharif season. The data indicate that high
mature pod weight was found in N2-60 co (10.43 g) and it was
significantly different from all other treatments except that
recorded in N,-90 cm (9.70 g) in kharif season. In rabi season,
there were no significant differences among the treatments viz.,

N,-920 em (14.50 g), NZ-GO em (13.65 g), N2~30 cm (13.05 g), N -90

2 1

cm (13.70 g) and N.-60 cm (13.30 g) for this trait.

1

4.2.1.13 Number of Mature Kernels

With regard to number of mature kernels there was not
much difference between kharif and rabi seasons. In both kharif
and rabl seasons the number of mature kernels was significantly
high in N2-90 cm 47.25 g and 35.00 g respectively than that

recorded in rest of the treatments.
4.2.1.14 Mature Kernel Weight

The data (Table 5) on mature kernel weight revealed that
in rabi season the kernel weight was higher than that in kharif
season. In kbarif season, the N,-60 cm (7.83 g) resulted in
significantly high mature kernel weight than the rest of the

treatments except the N,-90 cm (7.45 g). Whereas in rabi season,



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 rabj season. The results
indicate that significantly high total dry matter at harvest was
obtained in N2-90 em (24.35 g) followed by N2—60 em (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 obsefved in N,-90 em (22.31 g)

than in the rest of the treatments.

4.2.1.16 100 Kernel Weight

The 100 kernel weight was high in rabi season than in
kharif season. In kharif season, the highest 100 kernel weight
was observed in N2-60 cm (26.91 g) which was significantly diffe-
rent from NI—BO cm (21.73 g) and N1-90 cm (19.88 g).  But it was

not significantly different from that recorded in N,_-30 cm (24.94

2

g), N2-90 ce (23.62 g) and N,-60 cm (24.25 g). In rabl season,

1
significantly higher wvalue was observed in N2—30 cm (39.95 g)

than that found in rest of the treatments.
4.2.1.17 011 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 N1-30 cm, N2-30 cm,



N1-60 cm, N:-GO cm, N1-90 cm and N2-90 cm in both kharif and rabi

seasons.

4.2.1.18 Shelling Per cent
High shelling per cent was recorded in kharif eeason

than 1in rabi season. In kharif season, high shelling per cent

was found in N2-60 cm (90.99%) and it was significantly different
from that in N1-60 cem (78.50%) but not significantly different
from the remaining treatments. In rabi season significantly high
shelling per cent was observed in N2—30 cem (85.40%) than  that

recorded 1in 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 N2-90 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 N2-90 cn (39.13) which
was not significantly different from all other treatments except

from N1-90 ce {(31.54) between which the difference was

slgnificant.
4.2.2 JL-24

4.2.2.1 Days to Initial Flowering
In kharif season the nuaber of days taken for the
initiation of first flower were less as compared to rabi season.

There were no significant differences among N1-30 cm, N2-30 cm,



N1-60 cm, N2-60 cm, N1—90 cm and N2-90 em for this trait in both

kharif and rabi seasong {(Table 6).

4.2.2.2 Days to 50X 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., N1-60 cm (29.75) and N2—60 cm
(29.75) recorded significantly less number of days to 50% flowe-
ring than the rest of the treatments except than the treatment
N1—30 cem (30.30). While in rabil season there were no significant

differences among the treatments.

4.2.2.3 Days to 100X Flowering

The number of days to 100 per cent flowering were less
in kharif season than in rabi season. The N2-60 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 kharif 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 initlation of pég were mpuch less
in kharif season than in rabi season. In kharif season, the

N,-60 em (33.00) recorded less number of days to peg initiation

1
which was at par with the values found in NZ-GO cm  (33.25),
N2-90 cm (33.50) and Nl-30 cm {33.25). There were no significant

differences among the treatments for this trait in rabi season.



Table & :

Micro-
environ-
went /
Treat-
ment

....................................... A A S T T T T R R R e e i —————

SE

Micro-
environ-
ment /
Treat-
ment

SE

Micro-
environ-
ment /
Treat-
ment

SE
CDh at 5%

-------------------------------------------- o T = = = -

Mean performance of JL24 for 19 characters 1n six micrc-environments in Kharif and Rab} seasons,

Pays to
initial
flowering

Kharif Rab}l

27.250 47.500
27.500 44,000
27,250 43.500
27.250 46,000
27.000 46,500
27.250 47.000

0.387 2.398
0.995 6.170

Number of
primaries

S

Kharif Rabi

Total dry
matter at
harvest (g}

23.610 47.600
25.130 50.800
33.470 45.800
33.930 51.900
36.310 45.600
40.810 70.000

1.906 €.780
4.900 17.431

Days to
50%
flowering

Kharif Rabi

52.000
§1.000

30.000
30.750
29,750 §1.500
29.750 S2,000
31.250 52.000
30.500 51,000

0.289 0.695

0.742 1.790

Number of
secondaries

100 kernel
weight (g}

29.390 43.600
30.790 45,300
31,750 42,500
35.000 46.500
31.830 43.300
36,500 44,500

1.276 3.920

3.280 10.078

Days to
100%
flowering

-

Kharif Rabi

32.500 54.500
32.500 54.000
32.500 53.500
31,750 54,000
33,250 55.000
32.000 53.500

0.532 1.0M1

1.366 2.620

Number of
serfal pegs

——————— ————

Kharif Rabi

17.700 24,000
17.900 9.100
31.900 32.000
30.000 32.500
32.300 24.500
37.500 27.500
9.440 5.510
24.270 14.166

42.250 47.600
44,100 46,500
44,950 46.650
47.200 46.950
45,400 46.150
47,700 48.050

1.297 .71

3,334 4.399

Days to

peg
inftiation

Kharif

57.000
57.500
56.500
57.000
57.000
56.000

0.775

33.250
34,000
33.000
33.250
33.750
33.500

mature

21,000
24.200
26,580
27.%100
22.530 35.000
28.750 36.500

1.363 0.885

3,504 2.280

29,500
32.250
30,000
43.250

Shelling
percent

70.440 61.400
72.890 65.170
65.630 54.900
67.620 68.060
64.990 58.060
71.3%0 59.400

1.401 1.540
3.600 3.960

Canopy
dlameter
{cm}

Kharif

57.580
£8.330
61.380
61.750
57.420
§9.250

57.500
66.700
§7.000
59.500
57.500
£§0.700

1.266

weight

17.130
19.600
2e.770
23.730
18.300
24, 550

1.069
2.750

25.550
258.900
25.600
41.950
31.600
32.500

0.990

2,550

Harvest Index

..... - —————

Kharif Rabi

35.020 25.940
38,250 26.250
32,230 27,550
37.420 30.700
27.830 21.350
31.800 29.170
2.652 2.267
6.820 5.830

Canopy
circumference
{cm)

kharif Rabi

125.940
148. 400
149.750 149.000
178.260 152,500
180.550 160.500
197.550 163.500

2,137 2.398

5.490 6.615

131.000
147.000

Kumber of
mature
kernels

33.500 42.000
39.750 #44.500
48,750 48.500
55,250 54.500
44.750 471,000
43.500 §1.000

.51 4.710

3.885 12.109

Plant
height

{cm}

Kharif

41,880
38.450
35.500
35.600
40.080

1.367

1.750
13.300
14,450
15.050
12.700
15.300

0.515

1.320

27.500
30.000
25.500
31.000

{g)

16,000
16.900
16,100
22.600
18.000
18.500

0.319

0.820

Pk



4.2.2.5 Canopy Diameter

There was not much difference in canopy diameter between
kharif and rabli seasons. The canopy diameter was significantly
high 1in N2—60 cm (61.75 cm) than that observed in rest of the
treatments except from that found in N1-60 em (61.38 cm) and
N,-90 cm (59.25 cm) in kharif season. Whereas in rabl season,

significantly high canopy diameter was recorded in N2-30 cm

(66.70 cm) when compared to all other treatments.

4.2.2.6 Canopy Circumference

The results (Table 6) showed that the canopy circumfe-
rence was high in kharif season than in rabi season. The canopy
circumference observed in N2—90 cm {197.55 cm}) was significantly
higher than that found in other treatments in kharif season. In

rabi season, the N -90 cam (163.50 cm} recorded significantly high

2
canopy circumference when compared to all other treatments except

N1-90 cm (160.50 em}.

4.2.2.7 Plant Height

The plant height was wore in kharif season than in rabi
season. In kharif season, the highest plant height was found in
N2—30 cm (41.88 em) which was significantly different from that

observed in NZ-GO em (35.50 em) and N -90 em (35.60 cm) and it

1
was not significantly different from the rest of the treatments.
In rabl seascn, the N2-90 cm (31.00 cm) resulted in significantly
high plant height than N2—30 cm (26.00 cm) and N1-90 em  (25.50
cm), but it did not differ significantly from the remaining

treatments.

lus



4.2.2.8 Number of Primaries

Between kharif and rabi seasons there was not much
difference with regard to number of primaries. In kharif season,
the number of primaries recorded in N,-60 cm (6.80), N;-60 cum
(6.68), N2-90 ce (6.20) and Nl-90 cm (6.08) were at par and these
were significantly different from that found in N,-30 em (5.18)
and N1-30 em (5.00). While in gzabl season, there were no signi-
ficant differences among N1—30 co (6.60), N2-30 em (6.50), N2—90
em (6.50) and N1—90 e (5.90) for number of primaries. While
the treatments N1-60 cm (5.25) and N2-60 em (5.75) recorded lower

number of primaries.

4.2.2.9 Number of Secondaries

More number of secondaries were observed in rabi season
than in kharif season. In kharif 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 N2-30 ce (0.50)
and N1-30 cm (0.40). But they were not significantly different
from N,~90 cm (0.95) and N,-90 cm (1.03). while in rxabi season,

the N,-90 cm (6.50) recorded significantly high number of

2
secondaries than the remaining treatments (Table 6).

4.2.2.10 Number of Aerial Pegs

In kharif season slightly more number of aerial pegs
were observed as compared to rabi season (Table 6). The data
revealed that there were no significant differences among N2-90
cm (37.50), N1-90 cm (32.30), N1-60 cm (31.90) and N2-60 cm

(30.00) 1in kharif season and these were significantly different

fon



from Nl-30 cm (17.70) and N2—3O em {(17.90). In rabl season
significant differences were not observed among N2~60 em (32.50),
N]-GO cm (32.00), N2-90 cm {(27.50), Nl~90 cm (24.50) and N1-30 cm

(24.00), for number of aerial pegs.

4.2.2.11 Number 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, slignificantly high number of pods was obtained in
N,~90 cm (28.75) than that in N,-30 cm (24.20) and N1—30 cm
(21.00). But 1t was not significantly different from that
recorded in N, =60 cm (27.70) and N,-60 cm (26.58). Whereas in

rahi season, significantly higher number of mature pods was found

in N2-60 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 1in rabi
season the weight was more than in kharif season. In kharif
season, the N2~90 cm (24.55 g) recorded sigaificantly high mature

pod weight than N,-30 cm (19.60 g) and N1-30 cm (17.13 g), but it

2
was not significantly different from N,-60 cm (23.73 g) and N,-60
cm (22.77 g).  Significantly high pod welght was observed in N,-

60 cm (41.95 g) than the rest of the treatments in rabi season.

4.2.2.13 Number of Mature Kernels
The number of mature kernels was slightly high in xabi
season than in kharif season. The treatment N,-60 cm (55.25)

recorded significantly higher number of mature kernels than the

L]



rest of the treatments in kharif season. While in rabi season,
the N2—60 em (54.50) recorded significantly wmore number of
kernels than N,-30 cm (42.06) and N1-90 co (41.00). But it was
not significantly different from the rest of the treatments viz.,

N2—90 cm (51.00), N2-30 cm (44.50) and N,-60 cm (48.50).
4.2.2.14 Mature Kernel Weight

The weight of mature kernels was high in rabl season
than 1in kharif season. In kharif season, the mature kernel
weight recorded in N2~90 cm (15.30 g) was significantly higher
than that in the rest of the treatments except that in N2~60 cm

(15.05 g} and N.-60 cm (14.45 g), amdng which the differences

1
were not-significant. In rabj season, compared to all other
treatments, the treatment N2~60 cm (22.60 g) showed significantly

high kernel weight.
4.2.2.15 Total Dry Matter at Harvesat

The results (Table 6) indicate that the total dry matter
at harvest was high in rabi season than in kharif season. In
kharif s;ason, the treatment N2-90 cm (40.81 g) followed by NI“QO
em (36.31 g) recorded significantly higher total dry matter at
harvest than the remaining treatments, between which the diffe-
rence was not significant. The N2-90 con (70.00 g) showed signi-
ficantly high value for this trait in rabi season as compared to

the rest of the treatments.



4.2.2.16 100 Kernel Weight

The weight of 100 kerpels was high in Rabi season than
in kharif season. In kharif season, significantly high 100
kernel weight was recorded by N2—90 cm (36.50 g) than the rest of
the treatments except NZ—GO em (35.00 g) between which the diffe-
rence was not significant. While in rabi season, there were no
significant differences among the teatments for this trait.

However, the treatment N,-60 cm (46.50 g) recorded the highest

2

mean value.

4.2.2.17 011 Per cent
There was not much difference in oil per cent between

kharif and rabi seasons (Table 6). The oil per cent recorded in

N2—9O cm (47.70%) was signifiqantly higher than that in N2-30 cm
(44.10%) and N1-30 cem (42,.25%), but it was not significantly
different from that in N2-60 em (47.20%), N1-60 em (44.95%) and
Nl~90 cm (45.40%) in kharif season. In rabi season significant

differences were not observed among the treatments, however high

mean oil per cent was found in N2-90 cm (48.05%).

4.2.2.18 Shelling Per cent

Slightly high shelling per cent was observed in kharif
season than in rabi season. In kharif season, high shelling per
cent recorded in N2-30 em (72.89%) was significantly different
from that observed in all other treatments except that in N2*90
cm (71.39%) and N,-30 cm (70.44%). In rabi season, the N,-60 ca

(68.06%) resulted in high shelling per cent which was signifi-



cantly higher than that in the rest of the treatments except that

4.2.2.19 Harvesat Index

The data on harvest index revealed that in kharif season

the values were higher than in rabi season. In both kharif and

rabl seasons, significent differences were not observed among
N2-60 cw, N1-60 cm, N2-90 cm, N2-30 c¢m and N1-30 cm for harvest
index. However, high mean harvest index values were observed in
N,-60 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 ggggig and rabl seasons, there were
no significant differences among the treatments viz., N1-30 cm,
N2-30 cm, Nl—60 cm, N2-60 cm, N1-90 c¢m and N2;90 cm for this

traic.

4.2.3.2 Days to 50X 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., N1-30 cm, N2—30 cm, Nl-60
cm, N2—60 cm, N1-9O cm and N2-90 cm for days to 50 per cent

flowering in both kharif and rabi seasons.

e



4.2.3.3 Days to 100X 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 N1-30 cm (28.75) and
N2“30 em (28.75) recorded less number of days which were signifi-

cantly different from N,-60 cm (30.50) but they were not signifi-

i
cantly different from the rest of the treatments. In rabi
season, the number of days to 100% flowering recorded in NZ-GO cm
(51.50), N1-90 cm (51.50), N2—30 em {52.00) and N1-60 cm (52.50)

were at par and among these the differences were not significant.

4.2.3.4 Days to Peg Inltiation

The days taken for the 1nitiation of the first peg were
high 1in rabi season than in kharif season. With regard to this
character -significant aifferences were not observed among N1—30
cm, N2*30 cm, N1*60 cm, N2-60 cm, N1~90 cm and N2-90 co in both

kharif and rabi seasons.

4.2.3.5 Canopy Diameter

High canopy diameter was recorded (Table 7) in kharif
season than in rabi season. In both kharif (73.25 em) and . rabi
(72.75 cm) seasons maximum diameter was found in N,-90 cm and it

was significantly different from that in N.-30 cm (70.65 em and

1
66.00 cm) respectively. But they were not significantly diffe-
rent from the rest of the treatments in both kharif and rabi

seasons.



Table 7 : Mean performance of TAPS (aerial podding mutant) for 19 characters in six micro-environments in

Kharif and Rab} seasons.

-------------------------------------------------------------------------------------------------------------

Micro-
environ-
ment /
Treat-

Days to
inftial
flowering

flowering

Days to
100%
flowering

peg

Canapy
diameter
{cm)

Kharif Rabi

Canopy
circumference
{cm)

Khar1f Rabi

Plant
height
{em)

-----------

L7150 47,
LO00 45.
.500 49,
.500 49,
L250 47,
.500 49,
483

25.
28,

28.750
28.750
30.500
29,750
29.250
29.750

0.470

66.000
€9.300
.130 68,500
73,150 70,500
.700 68.000
.250 72.750
L186  1.898
.020

500 153.000
250 152.500
920 155.500
400 164.500
500 172.500
174.500
.546

192.
200.
221,
226.
23,
243.

.............................................................................................................

Micro-
environ-
ment /
Treat-
ment

Number of
secondaries

Number of
primaries

Numbar

Number
mature

Number
aerial

Mature pod
wetght {g)

Kumber of
mature
kernels

-------------------------------------------------------------------------------------------------------------

Btcro-
environ-~
ment /
Treat-

................................................................................................

SE

Kharif Rabd  Kharif Rabi
4.180 4.000 D.400 0.300
4.200 4.100 0.250 2.200
4. 700 4.500 0.300 0.800
5,250 4.750 0.450 1.700
4.530 6,700 0,550 3,700
4. 500 4.500 0.980 1.050
0.212 0.448 0,323 1.630
0.545 1.152 0.830 4.19

Mature kernel Total dry

weight (g} matter at

harvest (q)

Kharif Rabi

Kharif Rabi

.850¢ 17.-700 28,
.450 18.300 29.
.000 17.200 33.
.050 15.400 41,
.400 17.600 39.
.250 18.800 45.720 59,
L1317 1,332 1.982 4.
1.880 3.420 5.096 10.

520 29.
54D 28,
580 26,
380 51,
920 41.

100 kernel
weight (g)

.060
.195
.643 3.108 3.

-----------------------------------------------------------------------------------------------

49.630 49,
47.800 49.
43.920 47.
49.800 49,
49.580 45,
50.020 4%,

1.209 1.

Shelling
percent

...........



4.2.3.6 Canopy Circumference

The canopy circumference was high in kharif season than
in rabi season. Significantly high canopy circumference was
obtained in N,~90 cm (243.63 cm) in kharif season than in the
rest of the treatments. While in rabl season, the treatment
N2-90 em (174.50 cm) followed by N1—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 (Taeble 7) indicate that in kharif season the
plant height was high than in rabi season. Significant differen-
ces were not observed among N1-60 cw (65.75 cm), N2-90 cm (65.68
cm), N1-90 cm  {(64.88 cm), N2-60 em (64.55 cm) annd N2~30 cm
(63.15 cm) except N1-30 cm (62.25) which differed significantly
from N1-60 co annd N2*90 cm in kharif season. In rabil season
significantly high plant height was observed in N2-90 cm (49.00
em) than in all other treatments except that in N2—60 cm (45.50

cm) and N2~30 cm (44.00 cm).

4.2.3.8 Number of Primaries

There was no difference in number of primaries between
kharif and rgbi seasons. The number of primaries was signifi-~
cantly high in N2-60 em (5.25) than that in rest of the treat~-
ments in kharif season. In rabi season, more number of primaries
was observed in N1-96 em (5.70) which was not significantly
different from most of the treatments except that in N2—30 cm

{4.10) and N,~30 em (4.00).

1



4.2.3.9 Number of Secondaries

The secondary branches were slightly more in rabi season
than in kharif season. It was observed from the data (Table 7)
that there were no significant differences among N1~30 cm, N2*30

cm, N1_60 cm, N2-60 cm, N1-90 cm and N2~90 cm in both kharif and

rabi seasons.

L ]

4.2.3.10 Number 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 in N2—90 cm (37.30) in
kharif season than that in N,-30 cm (22,10)., But it was not
aignificantly different from that in the remainlng treatments.
In rabi season, the N2-90 cm (29.00) resulted in more number of
aerial pegs which differed significantly from N1~30 em (11.00).
But 1t was npt significantly higher than that recorded in N2~60

cm (26.00), N1-90 cm  (24.00), N2~30 em (16.00) and Nl-eo cm

(13.50).

4.2.3.11 Number of Mature Pods

In rabi season, the number of mature pods was high than
in kharif season. In kharif season, significantly more number of
mature pods was recorded by N,-90 cm (29.00) than that found in
N,-30 cm (20.50) and N1-30 cm {19.38), but it was not signifi-
cantly different from that recorded in N2—60 cm (28.75), Nl-so cm
(25.50) and N,-90 cm (25.25). Whereas, in rabi season, there

Were no significant differences among the treatments, however,



N2-60 cm (38.00) followed by N2—90 ce (37.00) recorded more

number of mature pods.

4.2.3.12 Mature Pod Welight

The results {(Table 7) revealed that the weight of mature
pods was high in rabl season than in kharif season. In kharif
season, the N2-90 em (24,92 g) recorded significantly high mature

pod weight than N, -30 cm (16.45) and N1-30 cm (15.62), but it was

2
not significantly different from N,-60 cm (24.40 g), N,-60 cm
(21.33 g) and N1-90 cm (21.55 g). In Rabi season, significant

differences were not recorded among the treatments, however, the

pod welght was high in N2-60 cm (346.40 g) and N2-9U cm (33.75 g).
4.2.3.13 Number of Mature Kerpels
The number of mature kerpels was high in kharif season

2
number of mature kernels was significantly higher than those in

than 4in rabi season. It was found that in N,-90 cm (57.00)} the

the remaining treatments except that observed in NZ-GO cm (51.00)

in kharif season. In rabi season, N2—60 cm  (68.00) recorded

significantly higher number of kernels than the N2—30 cm (49.00),

N1—30 cm (44.50) and N,~60 cm (44.50), but it was not signifi-

i
cantly different from that recorded in N1-90 cm {64.00) and N2-90

cm (63.50).

4.2.3.14 Mature Kerpmel Weight
It was observed from the data that the weight of mature
kernels was slightly high in rabi season as compared to Kkharif

season. Significant differences were not observed among the

fiy



treataents viz., N2-90 cm (15.25 g), N,-60 cm (15.05 g), N1-60 cm

(14.00 g) and N1—9D em (13.40 g) for mature kernel welght in
kharif season. However, all these values were significantly
different from those found in N2—30 cm (11.45 g) and N1-30 cm
(10.85 g). In rabi season, significant differences were not
observed among the treatments, however, high mature kernel weight

was found in N2~60 cam (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 N,~90 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,-60 (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 NZ-GO cm (35.61 g), between
which the difference was non-significant. In rabi season, the

N,-60 cm (53.09 g) recorded significantly high 100 kernel weight

2

than N.-60 cm (46.93 g) annd N;=30 ca (46.65 g), but it was not

1
significantly different from the rest of the treatments.

I



4.2.3.17 011 Per cent

With regard to oil per cent there was mot much diffe-
rence between kharif and rabi seasons. The data (Table 7)
indicate that there were no significant differences among N1-30
~60 c¢m, N

cm, N2-30 cm, N -60 cm, N1—90 ce and N2-90 cm for this

1 2

trait.

4.2.3.18 Shelling Per cent

High shelling per cent was recorded in kharif season
than 1in rabi season. The shelling per cent observed in kharif
season was high in N2-30 cm (72.86%) which was not significantly
different from most of the treatments except that in N1-90 cm
(65.44%). while in rabi season, there were no significant diffe-
rences among the treatments. Maximum shelling per cent was

recorded in N2-30 (62.26%).

4.2.3.19 Harvest Index

The data on harvest index indicate that there was not
much difference between kharif and rabi seasons. In Kkharif
season, the treatment NZ-GO cm (35.74) followed by N2-30 cm
(35.65) recorded significantly high harvest index than the rest
of the treatments, between which the difference was not signifi-
cant. In rabi season, significantly high harvest index was
recorded by N2~60 cm (40.26) followed by N2-30 em (39.52) and Nl-
30 cm (37.56) than the remairing treatments, among which the

differences were not significant.
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4.2.4 Kadiri-3

4.2.4.1 Days to Initial Flowering

When kharif and rabi seasons were compared, the number
of days taken for the initiation of the first flower were high in
rabi than in kharif. There were no significant differences among

N1-30 cm, Né—30 cm, N.~60 cm, N,-60 cm, N1-90 cm and N2-90 ¢m in

1 2

both kharif and rabi seasons.

4.2.4.2 Days to 50X Flowering

The days taken for the 50 per cent of the plants to
flower were less In kharif season than in rabi season (Table 8).
In both the seasons significant differences were not observed for
thie trait among the treatments viz., N1-30 cm, N2-30 cm, N1-60

cm, Né-ﬁo cm, Nl-90 ¢m and N2—90 cm.

4.2.4.3 Days to 100X Flowering

The data (Table 8) indicate that the days to 100 per
cent flowering were less in kharif season than in rabi season.
In kharif season, the number of days taken for 100 per cent
flowering were less in N1-60 cm (36.75) which was significantly
different from N2-30 em (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 Initiacion
In kharlf season, the initiatlon of first peg took less

number of days as compared to rabi season. In kharif season, all



Table B : Mean performance of Kadiri-3 for 19 characters in $ix micro-environments In Kharif and Rabi seasons.

-------------------------------------------------------------------------------------------------------------

Micro- Days to pPays to Days to Days to Canopy Canopy Plant
environ-  dnitial 50% 100% peg diameter circumference height
ment /  flowering flower ing flowering fnitfation {cm) (cm) {cm)
Treate -c---mccnen semero-meres mmmcesmsios sessersesss weessrcesaa scesessssess ccesswe-o-ue

.............................................................................................................

N1-30 29.000 51,000 35.000 56,500 37,000 60.000 35.750 §8.000 70.550 64.000 185,900 156,800 31.800 23.500
N2-30 30.250 51,000 35.500 57,000 37.750 61.500 37.250 58.000 73.450 64.500 189.000 160.000 30.850 26.000
N1-60 29.250 51.000 34.500 57.000 36.250 60.000 36.000 57.500 71.000 66.000 201.200 161,000 30.850 27.000
NZ-60 23.500 51,000 34,750 58,000 36.750 60.500 36.500 58.000 72,530 67.500 200.500 166.500 29.730 22.000
K1-90 30.000 50.500 35.000 57.500 37.000 61.500 36.500 58.000 72.250 63.500 1968.800 163,000 28.600 22.500
N2-90 30.000 48.500 34.500 57.000 37.000 61,000 36,750 56.500 73.380 65.000 198.000 171.000 26.900 28.500

0.730 1.002 1.597 3.530 3.650 1.658 3.760

1

Micro- Number of Number of Number of Number of Mature pod Number of Mature kernel
anviron- Primaries secondaries aerfal pegs mature pods weight (g) mature weight (g)
ment / kernels

Treat-  ~7°°°°°777% ToTEmesmsss momesmmsssEsT mEEsTEOreeoT o TEmEmEmEemctTT voTTETTESeT vmwamRommoe
went Kharif Rabi Khartf Rabi Xharif Rabi Kharif Rabt  Kharif Rabi Kharif Rabi Kharif Rabi
N1-30 $.450 S.400 3.250 7.500 14.200 5.500 23,900 41.500 19.550 40.400 36.380 47.000 13.250 22.000
NZ-30 5.650 6.000 4.570 7.300 15.050 000 26.350 44,000 21.800 43.200 37.250 &4.000 14.050 23,200
N1-60 5.720 6.500 5,130 13.000 20.950 11.500 29.320 44 .500 25.300 43.350 41.000 &5.500 15.600 23.300
H2-60 6.150 6.250 5.800 9.200 16.570 500 39.600 53.500 36.780 46.550 53.500 69.000 20.500 24.900
N1-%0 6.100 5.250 5,470 9.750 23.050 7.000 28.670 38.800 24 .B80D 35.350 56.880 70,500 15,300 20.000
N2-90 6.300 7.500 5.300 7.000 26.400 14.500 33.750 43.800 30.200 42.350 49.130 87.000 17.680 23.000
SE 0.508 0.%20 0.357 1.837 23.251 3,406 1.134 3.286 1.05) 2.83 1.514 5,150 0.313 1,235
CD at 5% 1.306 2.370 0.918 4.723 B.358 8.757 2.920 B.450 2,700 7.290 3.892 3.24%1 0.810 3,180
Micro- Total dry 100 kernel 01t percent Shelling Harvest Index

environ- Matter at wefight {g) percent

ment / harvest (g)

Treat- . e e e mmmimas we mmmmmmmmns . mnmemmanea

ment Khartf Rab¥  Kharif Rabt  Kharif Rab Kharif Rabi  Kharif Rabi

N1-30 22.640 35.950 35.730 5$3.650 44.880 47.350 65.570 55.070 37.310 38.190
N2-30 27.540 35.030 38.180 55.750 45.720 48.950 68.850 55.170 41.450 40.470
H1-60 27.370 51.090 32,930 54.030 46.750 48,000 56.910 54.050 36.620 31.510
NZ-60 28.050 38.740 39.640 54.300 45.100 48.000 &5.660 54.280 42,670 39,380
N1-90 37.350 40.820 37.650 56.570 46.970 48.250 59.860 55.400 29.780 33.500
N2-90 32.170 37.420 38.560 59,280 48.200 48.800 66.780 58.140 35.900 38.510
SE 1.556 1.311 1.193 2.5271 1.774 1.740 2.082 1.103 1.105 1.156
CO at 5% 4.000 3.37) 3,069 6.481 4.561 4.474 5,360 2.840 2.840 2.970

- L R N Py, tha N =R rm (201.20 cm)



the treatments recorded less number of days to peg iInitiation
among which the differences were not significant, except N2—30 cm
(37.25) which differed significantly from N1-30 cm (35.75) and
N1-60 em (36.00). In rabi season, there were no significant

differences among the treatments for days to peg initiastion.

4.2.4.5 Canopy Diameter

The data on canopy dlameter revealed that in kharif

season it was more than in rabi season. The canopy diameter
recorded in N2-30 cm (73.45), N2~90 cm 73.38 cm), NZ-GO cm (72.53
cm), N1-90 cm (72.25 cm) and Nl—60 cm (71.00 em) 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 N2-60 cm (67.50 ¢m) (Table 8).

4.2.4.6 Canopy Circumference

High canopy circumference was recorded in kharif season
than in rabi season. In kharif season, the NI—GO cm (201.20 cm)
resulted in significantly high canopy circumference fhan N2-30 cm
(189.00 cm) and N1—30 cm (185.90 cm), but it was not signifi-
cantly different from that recorded in N2-60 em (200.50 cm),

N2-90 cm (198.00 cm) and N.-90 cm (198.80 ¢m). In rabi season,

1
the N2—90 (171.00 cm) recorded significantly high canopy circum—
ference than N1-60 cm (161.00 em), N2-30 cm (160.00 cm) and N1-30
cm (156.80 cm). But it did not differ significantly from N2-60

ce (166.50 cm) and Nl-90 cm (163.00 cm).
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4.2.4.7 Plant Height

Slightly high plant height was observed in Egg£££ season
than in rabi season. High plant height was observed in N1-30 cm
(31.80 cm) in kharif season which was not significantly different
from the rest of the treatments except from N2-90 em (26.90 cm).
While in rabli season, there were no significant differences among

the treatments for plant height.
4.2.4.8 Number of Primaries

There was no difference in number of primaries between
kharif and rabi seasons (Table 8). The differences observed
1—30 ¢, N2-30 cm, Nl
ce were not significant for number of primaries in both kharif

among N -60 cm, N2-60 cm, NI-BO cm and N2-90

and rabli seasons.
4.2.4.9 Number 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 N2—60
cm (5.89) than that found in N2~30 cm (4.57) and NI*BO em (3.25),
but it was at par with those values recorded in N1~90 em  (5.47),

1

em (13.00) showed significantly more number of secondaries than

N2-90 cm (5.30) and N1-60 em (5.13). In rabi season, the N,-60

the remaining treatments except those N1~90 ce (9.75) and NZ-GO

em (9.20).



4.2.4.10 Mumber of Aerial Pegs

The data 1n both the seasons indicate that the aerial
pegs were more in kharif season as compared to rah] season.
Maximum number of aerial pegs was obtained in N2—90 em (26.40) in
kharif season, which was significantly different from all other
treatments except from N,~90 cm (23.05) and NI-GO cm (20.95). In
Labl season, the N,-90 cm (14.50) recorded more number of aserial
pegs which was not significantly different from the rest of the

treatments except from N1-30 em (5.50).

4.2.4.]11 Number of Mature Pods

The number of wmature pods obtained was more in rabi
season than in kharif season (Table 8). In kharif season signi-
ficantly high number of mature pods was obtained in N2-60 cm
(39.60) when compared with that in rest of the treatments. In
rabl season also the N2-60 cm (51.50) resulted in significantly
more number of mature pods than N1-30 cm (41.50) and N1-90 cm
(38.80), but it was not significantly different from the values
recorded 1in N1-60 cm (44.50), N2-30 cem (44.00) and N2-90 cm

(43.80).

4.2.4.)2 Mature Pod Weight

In rabi season the weight of mature pods was high as
compared to that in kharif season. Significantly high mature pod
weight was observed in N2~60 con (36.78 g) than in rest of the
treatments in kharif season. In rabi season, high mature pod
welght was found in N2-60 cm (46.55 g) which was significantly

more than that in N1~60 em (35.35 g), but it did not differ

“;J\
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significantly from the values found in the rest of the treat-

ments.

4.2.4.13 Number of Mature Keruels

It was found that the number of mature kernels was high
in rabl season than in kharif season (Table 8). The data in
kharif season indicate that the number of mature kernels was high
in N1-90 ce (56.88) which was significantly different from all
other treatments except from N2-60 cm (53.50). The treatment
N2-90 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 kharif season. In kharjif season, the N2-60 cm
(20.50 g) resulted in significantly high mature kernel weight
than the remaining treatments. In rabi 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 N1-90 em (20.00 g).

4.2.4.15 Total Dry Matter at Harvest

At the time of harvest the total dry matter was high in
rabi season than in kharif season (Table 8). Significantly high
total dry matter at harvest was ocbtained in NI-QO em (37.35 g) in
kharif season and N,~60 cm (51.09 g) in rabi season than that

recorded in the rest of the treatments respectively.
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4.2.4.16 100 Kernel Weight

The welght of 100 kernels was much high in rabi season
than in kharif season (Table 8). In kharif season, the N,~60 cm
(39.64 g) showed significantly high 100 kernel weight than N -30
cm (35.73 g) and N1—60 em (32.93 g), but it was not significantly
different from N2-90 cu (38.56 g), N2-30 cm (38.18 g) and N1-90
cm (37.65 g) whereas in rabi season, there were no significant
differences among the treatments, however, high 100 kernel weight

was obtained in N2-90 em (59.28 g).

4.2.4.17 0il Per cent

There was slight increase in 01l per cent in rabi season
as compared to that in kharif season. Significant differences
were not observed with regard to this character among the treat-

ments viz., N1~30 cm, N2-30 cm, N1—60 cm, N2*60 cm and N2-90 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 N2-30 com (68.85%) than that in

N1-90 em (59.86%) and N.-60 cm (56.91), but it did not differ

1
significantly from the rest of the treatments. While in rabi

season, the N2—90 cm (58.14%) resulted in high shelling per cent
which differed significantly from the rest of the treatments
except from N1-90 cm (55.40%).

4.2.4.19 Harvest Index

Not wmuch difference was observed in harvest index

between kharif and rabi seasons. In kharif season the treatment

a4



N2-60 cm (42.67) followed by N2-30 cm (41.45) recorded signifi-
cantly high harvest 1index than the rest of the treatments,
between which the difference was non-significant. The N2—30 cm
(40.47) recorded significantly high harvest index in rabi season

than N1-90 cm (33.50) and N.-60 cm (31.51), but it was not signi-

1

ficantly different from N,-60 cm (39.38), N2-90 ca (38.5]1) and

2

4.2.5 TMVZNIM

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 N1-30 cm (29.50) than that in N2-30 cm (30.75)
and N1~90 cm (30.25). But N1-30 ¢ did not differ significantly
from the remaining treatments in kharif season. Whereas in rabj

season, there were no significant differences among the treat-

ments.

4.2.5.2 Days to 501 Flowering

The data revealed that in kharif season the number of
days to 50 per cent flowering were much less than in rabl season.
In kharif season, significant differences were not observed for
this trait among Ni-SO cm (34.25), N1~90 cm (34.75), N2-90 ‘cm
(34.75), N2-60 cm (34.75) and N1-60 cm (35.00) which were at par.
Significant differences were not observed among the treatments

for this trait in rabl season.
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4.2.5.3 Days to 100X Flowering
The days taken for 100 per cent flowering were more in

rabli season than in kharif season. In both kharif and rabi

seasong, significant differences were not observed for this trait
among N1-30 cm, N2-30 cm, N1-60 cm, N2-60 cm, N1-90 cm and N2-90

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., N1-30 cm (35.25),
Nl-60 cm (35.50) and N1—90 cm (35.75) recorded significantly less
nunber 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 Diameter

The canopy diameter was high in kharif season than in
rabi season (Table 9). In ghgggf season, slgnificantly high
canopy diameter was observed in N2-60 cm (75.50 cm) than that in
N1-90 cm (73.25 cm), N,~30 em (73.03 cm) and N1—30 cm (72.13).
But 1t was not significantly different from that recorded in

N2-90 e (74.50 ¢m) and N1-60 em (73.40 cm). While in rabi

season significant differences were not observed among the treat-
ments, however, high canopy diameter was found in N2-60 cm (67.50

cm).
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Table 9 : Mean performance of TMY2NLM (narrow leaf mutant of TMY2) for 19 characters In six
micro-environments tn Kharif and Rab} seasons.

Micro-
environ-
ment /
Treat -
ment

Days to
fnitial
flowering

Kharif Rabi

29.
30.
29.
30.
30.

. 000
500
.000
.500
. 500
.37

Days to
50%
flowering

Khar{f Rabt

34.
35.
35.

250
250
ooo
34.750
34,750 56.500
L7580 57.000
0.296 -1.000

58.
56.
57.

500
500
000
57.500

Days to
100%
flowering

Kharif Rabi

36,
37.
36.

750
60.
750
36.750
37.000
000
0.387 1.

Days to

peg
tnitiation

60.000
60.000
59.500
59.000
58.500
.000
. 185

35.
36.
35,
3.
35,

250

Canopy
diameter
(cm)

.500
.250
.500
. 000
.500
000
an

12,
73.
13,
75.500
73.250
74.500
0.862 1.

Canopy
circumference
fem)

Kharif Rab$

. 000
-500
500
.500
.000
.500

183,
192.
197.
205,750
210.250
212.670

580
420
000

Plant
height

{cm)

Khartf Rab§

35,
34.
32.
34,
.750
.250
L3713 2.

500
700
400

.500
. 500
500
.500
.500
. 000

958

Pi

Micro-
environ-
ment /
Treat-
ment

Number of
primaries

Number of
secondaries

aerial

mature

Mature pod
weight (g}

Number eof
mature
kernels

Micro~-
environ-
ment /
Treat-
ment

SE

9.320 6.500
8.520 7.500
8.820 B&.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}

.590 43.900
130 51.100
.150 47.800
570 48.600
.950 54.800
.920 54.400
3.231 4.710
8.307 12.109

100 kernel
weight (g)

Kharif Rabi

. 550
. 150
900
. 550
501
.288

Shelling
percent

68.650 54.470
72.760 57.380
1.286 1.5%0

3.310 4.090

26.000 37,200
29.550 38,800
26.730 42.910
32.610 45.370
25,360 31.820
27.840 21,930
2.067 1.670

5.310 4.290



4.2.5.6 Canopy Circumference

In kharif season, the canopy circumference was more than
that observed 1in rabl season. In kharif season, the canopy
circunference recorded in N,-90 cm (212.67cm) was significantly
higher than that observed in all other treatments except that
found in N1-90 em (210.25 em).  In rabi season, the N2-60 cm
(181.50 cm) exhibited high canopy circumference, but it was not
significantly different from most of the treatments except from

N1—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 N1-30 cm {35.38 cw) was signifi-
cantly higher than that in N1-90 em (29.75), but it did not
differ significantly from that in the remaining treatments. In
rabi season, the plant height recorded in N2-30 cm (28.50 em) and
N1-9O cm (28.50 em) was at par and differed significantly from
N1-60 em (22.50 cm) and N.,-90 cm (19.00 em). T hey did not

2
differ significantly from the rest of the treatments.

4.2.5.8 Number of Primaries

Slightly more number of primaries was recorded in kharif
season than in rabi season. In kharif season, there were no
significant differences among the treatments viz., N1-30 cm,
N2-30 cm, NI-GO cm, N2-60 cm, N1-90 cm and N2—90 cm for this

trailt. In rabi season, the nunber of primaries recorded in N1—60

cm  (8.00) and N2-90 cm (8.00) was at par and these values were

(2%



not significantly different from that observed in rest of the

treatments except from that in N1-30 ce (6.50).

4.2.5.9 Number of Secondaries

The secondary branches were slightly more in rabl season
than in kharif season. In kharif season, the N,-90 cm (19.70)
recorded significantly more number of secondaries than N1~60 cm
(13.93), N1-30 em (12.35) and N2-30 em (11.33), but it did not
differ significantly from N1-90 cm (18.75) and N2~60 em {17.25).
Significant differences were mnot observed among the treatments
in rabl season, however, the highest number of secondaries was

observed in N2-30 cm (22.00).

4.2.5.10 Number of Aerial Pegs
The aerial pegs were more in kherif season than in rabi
season. The results indicate that there were no significant

differences among N1~30 cm, N2-30 cm, N1-60 cm, N2—60 cm, N1-90

cm and N2"90 cm for number of aerial pegs in both kharif and rabi

gseasons.
4.2.5.11 Number of Mature 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 N2-60 cm (25.13) than
in the rest of the treatments in kharli season. In rabi season,
the N2—60 em (57.50) recorded significantly more pods than N1—30

em (43.50) and N1-90 cm (39.80), but it was not significantly



different from N,-90 cm {(54.50), N1-60 cm (45.00) and N2-30 cm

2
(44.50).

4.2.5.12 Mature Pod Welght

In rabi season, the mature pod weight was high as
compafed to that in kharif season. The treatment N2~60 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 N2-60 em {(47.40 g) which differed signifi-
cantly from all other treatments except from NZ-QO cm (46.85 g)

and N -60 cm (43.75 g).

1

4.2.5.13 Number of Mature Kernels

More number of mature kernels were observed in rabi
season than in kharif season (Iable 9). The data in kharif season
indicate that the N2-90 em (36.50) resulted in significantly more

number of kernels than N.-60 cm (28.50), NZ-SO cm (25.25) and

1
NI-SD em (17.32), but it was not significantly different from
NZ-GD em (33.00) and N1-90 cm (31.00). While in rabi season,
there were no significant differences among the treatments,
however, the highest number of kernels was found in N2-60 cm

(65.50).

4.2.5.14 Mature Kernel Weight

The data 1indicate that in rabl season the weight of
mature kernels was higher than that in kharif season. The mature
kernel welight was significantly high in N2-60 ce (13.35 g) inm

kharif season than 1n the rest of the treatments. In rabi
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season, the mature kernel weight recorded in N2-60 ecm  (25.60 g)

and N.,-90 cm (25.10 g) was at par and significantly different

2
from N1-30 com (22.90 g) and Nl-90 cm (20.80 g). But they did not

differ significantly from N1-60 cm (23.50g) and N2-30 em (23.10g).

4.2.5.15 Total Dry Matter at Harvest

The total dry matter at harvest was high in rabl season
than 1in kharif season. The N,~90 cm (40.92 g) recorded signifi-
cantly high dry matter than N2—30 cm (32,13 g) and N1-30 cm
(32.59 g), but it did not differ significantly from the rest of
the treatments. Whereas in rabl 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 N2-90 cm (38.52 g) resulted in high 100
kernel welght which was significantly different from N1-90 cm
(33.11 g) and N,~60 cm (30.93 g) but it did not differ signifi-
-30 cm (35.21 g) and N,~60 cm

1 2
(35.05 g). While in rabi season, the differences recorded among

cantly from N2-30 cm (36.13 g), N

the treatments were not significant, however high 100 kernel
weight was observed in N1-90 cm (54.90 g} followed by N,~60 cm

(54.70 g).

4.2.5.17 0i1 Per cent
The o1l content was high in rabli season than in kbharif

season. Significant differences were not observed with regard to



this character among N1-30 cm, NZ-BD cm, Nf-60 cm, Nz-ﬁo cm,

Nf—QO cm and N2—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
Nf—90 cm (68.65%) and Nf_60 cm (67.02%). but it did not differ

significantly from Ni-GO cm (73.52%), NZ—QO cm (72.76%) and NI 30
cm {71.83%) while in rabl season, the differences observed among
the treatments were not significant., however. the treatment N2—90

cm (57.30%) recorded high shelling per cent.

4.2.5.19 Harvest Index

It was observed from the data that the harvest 1index
values were high in rabi season than those in kharif season
(Table 9), In kharif season. high harvest index was obtained in

N, 60 cm (32.61) which differed significantly from that in Nf—60

2
em (26.73), N130 cm (26.00) and N1—90 cm (25.36). But it was
not significantly different from N, 30 cm (29.55) and N,~90 cm
(27.84). In rabi season. the Nf.GO 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 Compact mutant of M1}

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
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season. significantly less number of days to initial flowering
was recorded by Ni—30 em (29.75) than Ni-60 em (30.75) and Ni—ﬁo
cm (30.75). But it was not significantly different from Nf"30 cm
(30.50). Nl—90 em (30.50) and N2-30 cm (30.50). While in rabi

season, significant differences were not recorded among the

treatments for this trait.

4.2.6.2 Days to 501 flowering

It was observed that in kharif season the days taken for
50% flowering were less than that in rabi season. The NI—QO cm
(34.25) recorded less number of days which was significantly
different from all other treatments except from N£-60 em  (35,50)
in kharif season, whereas in rabl season, the differences
observed among the treatments were not significnt for days to 50%

flowering.

4.2.6.3 Days to 100T Flowering

When both the seasons were compared, the days taken for
100Z flowering were less in kharif season than in rabi season.
The differences observed among Nf‘30 cm, N2-30 cm, N f-GO cm,

N, 60 cm. N1 90 ¢cm with and without top dressing of nitrogen were

2
not significant 1im both the seasons for this trait.

4.2.6.4 Days to Peg Initiation

In kharif season the days taken for peg initiation were
much less than that in rabl season. Significantly less number of
days were recorded in Ni-BO em (35.25) for initiation of first

peg as compared to the rest of the treatments in kharif season.
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Table 10: Mean performance of Compact Mutant of M13 for 19 characters in six micro-environments in Kharif and

Rab{ seasons,

-------------------------------------------------------------------------------------------------------------

Plant
hefght

Micro-
environ-
ment /
Treat-

Days to
Initia)
flowering

Days to
50%
flowering

Days to
100%
flowering

Days to

peg
inftiatfon

___________

Canopy
diameter
{em)

Canopy
circumference
{cm)

{cm)

-------------------------------------------------------------------------------------------------------------

175.380
182.250
183.070
188 . 840
189.900 177.
206.650 175,

1.917 3.

.............................................................................................................

-------------------------------------------------------------------------------------------------------------

Micro-
environ-
ment /
Treat~
ment

Number of
primaries

Humber of
secondaries

Numbar
aerial

Number
mature

...........

weight

-----------

Humber of
mature
kernets

welght

-------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------

Micro-
environ-
ment /
Treat-
ment

-------------------------------------------------------------------------------

-------------------------------------------------------------------------------

8.730 9.000
8.320 7.750
10.000 8,500
11.550 7.500
9.300 8§.00D
10,520 7.500
D.436 1.059
1.121 2.723
Totat dry
matter at

harvest {g)

rapi

100 kernel
weight (g)

33,950 50.750
40.030 53.110
35.140 45,980
41.720 52.920
35.740 46.160
42.660 51.720

1.395 3.350

1.586 B8.613

DEASUM

44.830 50.900
44.800 50.950
47.850 50.800
42.750 50.450
46.600 #9.600
48.350 47.700

1.812 D.475

4.659 1.22)

- YTURTY S

e AL

Shelting
percent

67.390 63.620
12.070 66.430
.650 64,600
69,120 68.670
65.730 63.380
69.740 66.120
2.852 3.055
7.330 7.850

27.460
32.460
3z.150
37.830 36.700
21.080 32,530
29.580 35.590
2.2 2,462

5.430 €.330
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In rabi season, the Ni~30 cm (60.00) recorded significantly less
number of days to peg initiation than N,-90 cm (63.50) but it did

not differ significantly from the rest of the treatments.

4.2.6.5 Canopy Diameter

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 N2-60 cm
(72.13 cm). Significantly high canopy diameter was found in Nj—60
cm (67.50 cm) than that in NI—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 rabil season. The Ni—QO com (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 Ni-90 cem (177.00 cm) followed by Nj-90 cm (175.50
cm) than in the rest of the treatments, betwgen which the diffe-

rence was not significant.

4.2.6.7 Plant Beight

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 Nf-GO cm (31.50 cm) recorded significantly high plant

13
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height than NI-GO cm (23.50 cm) and Nf—90 cm (19.50 em) but it

di1d not differ significantly from the rest of the treatments.

4.2.6.8 Number of Primaries

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 N2-60 cm (11.55) which
differed significantly from the rest of the treatments except
from Ni—90 cm (10.52), In rabi season, there were no significant
differences among the treatments, however mere primaries were

found in N1-30 cm (9.00).

4.2.6,9 Number of Secondaries

Secondary branches were more in rabi season than in
kharif season. The Nf-90 com (18.80) showed significantly higher
number of secondaries than the rest of the treatments in kharif
season. In rabl season éignificantly more number of secondaries
were found in Ni—90 em (25.50) than that in Nf-90 cm (16.50) and
N~=30 cm (9.50) but it did not differ significantly from the

1
remaining treatments.

4.2 . 6.10 Number 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 rahj season, the N1-30 cm (21.00) recorded signifi
cantly more number of aerial pegs than all other treatments

except Nf—ﬁo cm (15.00).



4.2.6.11 Number of mature Pods

The number of mature pods obtained in rabi season was
more than in Ehﬁﬁlf season In kharif season, significantly more
number of mature pods was obtained in N,~60 cm (33.00) than that
in Nf—30 cm but it was not significantly different from N2—90 cm
(30.20). Nf-GO cm (27.50), N£~30 cm (26.75) and Nf-90 cm (26.68),
Significantly more number of mature pods were recorded in N2-60

cem (48.50) than in the remaining treatments in rabi season (Table

10).

4.2.6.12 Mature Pod Weight

The data indicated that the weight of mature pods was
high in rabi season than in kharif season, For mature pod weight
significant differences wene not observed among the treatments in
kharif season, however maximum weight was observed in Né—60 cm
(28.78 g). In rabi seascen, significantly higher pod weight was
recorded in N2 60 cm (45.95 g} than in Nf—SO cm (39.75 g), Nz-90
cm (38.70 g). N;—30 cm (37.80 g) and N\~90 cm (37.45 g), it did

not differ significantly from Nf—ﬁﬂ cm (43.00 g).
4.2.6.13 Mumber of Mature Kernels

More number of mature kernels were recorded in rabi
season than in kharif season. In kharif season, the N2~60 cm
(56.50) followed by NZ-QO 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 N2—60 cm (82.50) was significantly higher



than that in all other treatments except that in Ni—90 ca (77.50)

in rabi season.

4.2.6.14 Mature Kernel Welght

The mature kernel weight was high in rabi season than
in kharif season (Table 10). In kharif season, high mature kernel
weight was observed in N -60 ca (16.90 g) but it was not signifi

2
cantly different from most of the treatments except that in Nl 30
ce (14 05 g). While 1in rabi season, the N,~60 cm (24.50 pg)
recorded significantly high kernel weight than Nz—90 cm (21.00g),
N1—30 em (21,00 g) and Nf—90 cm (20.90 g). But it was not
significantly different from Nf-60 em (23.00 g) and Nf—SO 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
rabl season as compared to that in kharif season. Significantly
high total dry matter was observed in N1 90 cm (62.84 g) followed
by N2-90 em (59,62 g) than in the rest of the treatments in
kharif season, between which the difference was not significant,
While in rabl season, there were ﬁo significant differencese 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

e e = - - . - -

bacd

cant. However, these values were significantly higher than the
rest of the treatments. In rabil season, the differences observed

among the treatments were not significant, however, high 100
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cznt. However, these values were significantly higher than the
rest of the treatments. In rabl season, the differences observed
among the treatments were not significant, however, high 100

kernel weight was found in N,-30 cm (53.11 g).

2

4.2.6.17 0il Per cent

The o1l per cent was high in rabi season than in kharif
season. The oil per cent was high in N2—90 cm (48.35%) but 1t was
not significantly different from all other treatments except from
NZ-GO cm (42.75%). While in rabi season significant differences
were mnot observed for oil per cent among N2~30 cn (50.95%) Nl-30
cm (50.90%), N1—60 cm (50.80%) and N2-60 cm (50.45%). However all

these treatments differed significantly from N2-90 em (47.70%).

4.2.6.18 Shelling Per cent

Kot 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 N1-60
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 N,-60 em (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 N2-60 cm (37.83) than in the

remaining treatments except that in N,-30 cm (32.46). Among the

l. d)xj



treatments there were no eignificant differences in rabi season,

however high harvest index was recorded by N2-60 em (36.70).

4.2.7 M13

4.2.7.1 Days to initial flowering

In kharif 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 kharif season.
While in rabi season, significantly less number of days to
initial flowering was observed in Ni~30 cm (49.50) as compared to

the rest of the treatments except that in N,-90 em (50.50).

4.2.7.2 Days to 50X Flowering

The data (Table 11) indicate that the number of days
taken for 50% flowering were less in kharif than in rabi season.
In both kharif and rabl seasons, it was observed that there were
no significant differences among N1—30 cm, N2-30 cm, N1-60 cm,

NZ-GO cm, N1-90 cm and N2—90 cm.
4.2.7.3 Days to 100X Flowering

The number of days taken for 100% flowering were less in
kharif season than in rabi season. In kharif season, signifi-
cantly less number of days to 100% flowering were recorded in
N1-90 em (37.25) than in N_-30 cm (38.50) and N2-90 cm  (38.50),

2
but 1t did not differ significantly from the remaining treat-
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Table 11: Mean performance of M13 for 19 characters tn six micro-environments fn Kharif and Rabt seasons.

Tanopy
circumference

Micro-
environ-
ment /
Treat-

ment

Pays to
initial
flowering

Kharif Rabi

Days to
50%
flowering

- ———

Kharif Rabi

Days to
100%
flowering

Khartf

Days to
peg
initiation

Kharif Rabi

Canopy
diameter
fem)

Kharif Rabi

{em)

Kharif

Plant
height
{em)

Kharif Rabi

ey kL e e e e e R R R R W W R AR NN TR EEEE RN R = w - = B L L L T R rmm——mEEET—m e

31,250 49,500
31.500 52.500
30.750 §1.000
31.250 51.000
30.750 52,000
31.250 50.500
0.566 0.532
1.460 1.370

36.000 58,500
36.500 58,500
36.000 59.000
36.000 58.500
35,750 57.000
35.750 §7.000
0.28% 0.827
7.420 2.130

62.500
62,000
63.000
§3.000
62.500
62,500

0.975

2.510

38.000
3B 500
38.000
358.000
37.250
38.500
0.433

60.000
61.000
60.500
62.000
62.000
37.750 6§1.000
0.707 1.133
1.820 2.910

37.7%80
38.500
38.000
37.500

71.330
71.750
72.600
73.250
72,130
73.000

0.960

6€9.000
70. 400
63,200
71,200
68.250
70.500
0.630

207.100
210.100
210.300
212.200
204.900
199.300

12.770

161.500
174,000
159.500
180.100
181.000
180,500

1.78%

32.550 19.900
34.050 22.600
30.150 25.700
35.150 20.900
29.180 22.000
28.770 24,500

1.887 4,060
4.851 10.438

Number of

environ~-
ment /
Treat-
ment

Rumber of
primaries

Number of
secondaries

Humber

mature
kernels

welight (g)

10.000
7.600
8.100

10. 000

9.450 8,500

9.700 9.500

0.769 0.8

1.977

6.300
8.500
8.180
9.980

23.850
10.200 17.600
12.500 19.600
10,500 22.650
12.050 19.500
10.850 17.000
2.088 2.727
7.0m

11.000

14.900
13.000
10,800
13.300

9.900

32.200
34,400
37.000
35.900
70,000
41,500 11.700
7.940 3,660
20.414 9.410

19.250 40,000
20.750
21,250
25.130
18,920

46.000
49.900
38.800
25.630 49,500
1.298 5.970
3.340 15,350

15.480 37,300
16.730 40,200
17.380 44.100
20.750 44.500
15,400 35.600
21.430 43.600

1.159 3.480

256.250
30.650
27.25%0
27.750
31.750

1.504

17.000
58,000
73.300
42.500
64.500

9.160
23.550

11.600
11.850
11.850
13.75%0
10.550
13.600

0,900

2.0

20.500
21.600
23,700
24.600
20,000
24.000

1.843

4.740

Micro-
environ-
ment /
Treat-
ment

SE
CDh at 5%

.............. L . L L

Total dry
matter at
harvest [g)

Kharif Rab}

e e ——— = —_ L L L L LT T

35.900 59.800
43,400 63.600
42.900 69.900
43,500 73.900
39.100 73.100
46.500 64,000

5.140 7,580
13.215 19.488

100 kernel
weight (g)

Kharif Rabl

46.400 54.900
46.900 47.800
44,160 72.500
46.810 72.900
44,390 59.000
50.730 68.000
2,629 10.750
6.759% 27.638

Kharif Rabi

43.470 48,050
42,200 46.650
43.250 50,500
43,670 49,350
46.100 48,850
44,550 48,150

z.644 1,327

6.798 3.412

Shelling
percent

Kharif Rahi

73.400 54.560
74,7130 56.000
69.130 55.400
71.540 55.870
66.610 55.980
71.530 58.750
2.946 0.491
7.570 1.260

Khartf 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



ments. While in rabi season, significant differences were not

obeerved among the treatments for this trait.

§.2.7.4 Days to Peg Initiation

The results on days to peg initiation revealed that in
kharif season the days taken were less than in rabi season. In
both the seasons 1t was found that there were no significant
differences among N1—30 cm, N2~30 cm, N1-60 cm, N2—60 cm, N1*90

cm and N2~90 cm.

4.2.7.5 Canopy Diameter

The canopy diameter was slightly high in kharif season
than in rabl season. With regard to this character significant
differences were not observed among the treatments in kharif
season, however high canopy dlameter was observed in N2*60 cm
(73.25 cm). In rabi season high canopy diameter was observed in
N2-60 em (71.20 cm) which was at par with that in N2-90 cm (70.50
cm) and N2-30 cem (70.40 cm) and they differed significantly from

the rest of the treatments (Table 11).

4.2.7.6 Canopy Circumference

In kharif season, the canopy circumferemce was higher
than that recorded in rabl season. There were no significant
differences among Nl~30, N2-30 cm, N1-60 cm, N2-60 cm, N1—90 cm

and N,-90 cm in kharilf season for this trait, however high canopy

2
circumference was found in NZ-GD em (212.20 em). In rabl season,
high canopy circumference was observed in N1-90 ce (181.00 cm)

which differed significantly from N2-30 co (174.10 em), N1—30 cm



(161.50 cm) and N,-60 co (159.50 cw). But it was not signifi-
cantly different from that found in N2-90 cm {(180.50 cm) and

4.2.7.7 Plant Height

It was observed that the plant height in kharif season
was more than that in rabl season. In kharif season, signifi-
cantly high plant height was recorded by N2-60 cm (35.15 em) than
N1-60 em (30.15 cm) N1-90 cem (29.18 cm) and N2-90 cm (28.17 cm),
but it did not differ significantly from N2-30 cm (34.05 em) and
N.-30 cm (32.55 cm). While in rabl season, significant diffe-

1
rences were not observed among the treatments for plant height.

4.2.7.8 Number of Primaries

Between kharif and rabi seasons there was not much
difference in number of primaries (Table 11). The results in
kharif season revealed that the number of primaries was high in
N2-60 em (9.98) but it did not differ significantly from all

other treatments except N1-30 cm {6.30). In rabl season more

number of primaries was observed in N, -30 cm (10.00) and N,-60 cm
(10.00) which differed significantly from N2-30 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 rabl season
than in kharif season. From the results (Table 11), it was

observed that there were no significant differences among NI-BO

Ex



cm, N2-30 cm, N1—60 cm, N2~60 cm, N1-90 cm and N2-90 cm in both

kharif and rabli seasons for this trait.

4.2.7.10 Number of Aerial Pegs

More number of aerlal pegs was recorded in kharif season
than in rabi season. In kharif season, significantly more aerial
pegs were found 1in Nl-90 cm (70.00) than in the rest of the
treatments. Whereas 1n 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 rabi season the
mature pod number was higher than in kharif season. The number of
mature pods was high in N2-90 em (25.63) followed by N2-60 cm
(25.13) and they differed significantly from the rest of the
treatments 1in kharif season. In rabi season, the differences
observed among the treatments for this character were not signi-
ficant, however more number of mature pods was found in N2~60 cm

(49.90).

4.2.7.12 Mature Pod Weight

The welght of mature pods was much high in rabi seasén
than 1in kharif season. High mature pod weight was recorded by
N2-90 em (21.43 g) followed by N2-60 em (20.75 g), between which
the difference was non-significant, but they were significantly
different from the rest of the treatments. In rabi season, signi-
ficantly high mature pod weight was observed in N2—60 cm  (44.90

g) than that in N1~90 cm (35.60 g), but it was not significantly



different from NI—GO cem (44.10 g), N2~90 cm (43.60 g), N 2-30 cm

(40.20 g) and N1-30 cm (37.30 g).

4.2.7.13 Number of Mature Kernels

In rgbi season the mature kernel number was much higher
than that observed in kharif season. The N,~90 cnm (31.75)
resulted in significantly higher number of mature kernels in
kharif season than the rest of the treatments except the N1*60 cm
(30.65), between which the difference was not significant. In
rabj season, the highest number of mature kernels was found in
N2-30 cm (77.00) which was not significantly different from the

rest of the treatments except that in N1—90 em (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
N2~60 em (13.75 g) than N1—30 cm (11.00 g) and N1-90 em  (10.55
g), but 4t was not significantly different from N2-90 em (13.60
1*60 cm (11.85 g). While in rabi

season, significant differences were not observed among the

g), N2-30 cm (11.85 g) and N

treatments, however high mature kernel weight was recorded by

NZ*GO ce (24.60 g).

4.2.7.15 Total Dry Matter at Harvest
In rabi season at the time of harvest the total dry
matter was higher than that in kharif season. In both kharif and

rabl seasons, significant differences were not found for this

Vo §



trait among N1-30 cm, N2-30 cm, NI-GO cm, N2-60 cm, N1-90 com and

N2-90 cm.

4.2.7.16 100 Kernel Weight

In rabi 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 N1-30 cm, N2-30
cm, NI~-60 cm, N1-60 cm, N2-60 cm, N1-90 cm and N2-90 cm in both
kharif and rabl seascns for this trait. However, the 100 kernel
welght was maximum in N;90 em (50.73 g) in kharif season and

N2-60 cm (72.90 g) in rabl season.

4.2.7.17 0il Per cent

An 1Increase in oil per cent was found in rabi season as
compared to kharif season. In kharif season there were no
significant differences for 0il per cent among the treatments,
while 1in rabi season, the N2-60 cm (49.35%) recorded signifi-
cantly high oil per cent than N2-30 cm (46.65%) but it d¢id 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 yabi 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 kharif and rabi
seasons for harvest index (Table 11). 1In kharif season, high
harvest 1ndex was observed in Nf-30 cm (26.44) but it was not
significantly different from most of the treatments except from
that in Nf—QO em (20.17).  while in rabil season, the differences
observed among the treatments were not significant, however, high

harvest index was recorded by NZ-QO cm {27.69).
4.3 STABILITY ANALYSIS

The genotypes viz., MH2Z (canopy category 1), JL24
(canopy category 2), TAP5 (canopy category 3), Kadiri-3 (canopy
category 3), TMVZNLM (canopy category 3), Compact Mutant of M13
(canopy category 3) and Mi3 (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 Flowerling

Analysis of variance (Table 12) revealed that the
variances due to genotype, enviromment (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 1in 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 envircnments



except TMV2NLM, Kadiri-3 and Compact Mutant of M]3, 1indicating

their stability for this trait.

Based on environmental index (Table 13) there were no
differences among the micro-environments in both season ! and
season 3 for this trait. In season 2, the micro—environment VI
(N2-90) followed by 1V (N1-60) and IV (N2-60) were found to be
favourable for the expression of this trait. The most stable
variety for this character was TAPS5 with an environmental
standard deviation of 7.72. While, the strain Compact Mutant of
M13 showed maximum varlation with an environmental standard
deviation of 10.38. The genotype TAP5 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),
TMV2NIM (37.00) and Kadiri-3 (36.61) recorded high mean wvalues
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 (TAP5) to 37.78 (M13) with
a general mean of 35.09. The regression coefficients (bi) of
days to initial flowering on environmental Index were 1n the
range of 0.94]1 to 1.088. The deviations from regression (Szdi)
ranged from -0.389 to 1.651. The regression coefficients of all
genotypes significantly deviated from unity (b=1) except that of
MHZ and M13. Most of the genotypes showed significant deviations

from regression except TMV2NLM, Kadiri-3 and Compact Mutant of



Table 12 : Anslysis of vartance for 19 charactérs in 7 varieties over 18 environments {Stadbility Analysis),

Days to Days to Days to Days to Canopy Canopy Plant
Source DF tnitial 50% 100% peg diameter circumference height
flowering flowering flowering dnitiation {cm}) {cm) (cm)
Yarteties 6 151.25 »* 227.28 ** 241,67 #» 140 .07 *+ 47194_.62 ** 43873.82 *»* 3672.49 »»
ENV+ (VAR X ENYS) ns 92.39 *» 117,11 %+ 13},53 * 120,39 e T 42 »  1017.49 »+ 59,23 *+
Environment {Linear) 1 1076715 ** 13874.72 +* 15554.5) *+ 141561.49 #+  469.16 *+ E9)115.48 ** 3900.21 »+
VAR X ENY (Linear} [ 16.73 ** 1.70 W+ 6.35 v 11,19 « 11.39 *~  2818.78 » 304,21 ww
Pooled deviation n2 1.17 ¥« 0.45 0.53 v 0.87 »* 3.08 »* 134,37 =~ 11.81 »»
Yarfeties
MH2 16 1.09 * 0.36 0.61 0.4 0.90 70,79 wk 3.4
JLz4 16 1.31 + 0.79 0.61 0.64 12.28 ¥« 480,07 = 5.42 *
TAPS 16 1.74 ¢+ 0.47 0.65 1.14 *= 1.22 94,03 ¥+ 36,05 W«
Kadtri-3 16 6.74 0.27 0.41 .78 4,08 »* 87.27 »* 5.60 #=
THY2ZKLM 16 0.22 0.33 0.28 0.43 0.83 10,94 *+ 12.23 **
Compact Mutant of M13 16 0.80 0.54 0.38 1.22 1.3 39.75 #+ 11.50 *+
M13 16 2.26 *» 0.43 0.78 * 1.49 *» 0.89% 157.85 *x B .41 *»
Pooled Error 108 0.61 0.52 0.40 0.45 1.03 4,72 2.51
Kumber of  Number of  Kumber of Number of Mature pod WNumber of Mature kernel
Source DF primarfes secondaries aerial pegs mature pods weight [g} mature weight {g}
kernels
Yartettes . 6 60.83 w+ 939.05 *= J039.49 *x 532 04 ¥ 850,15 1231.26 ** 221.28 »
ENY+ (VAR X ENVS) 119 1.31 + 11.27 ** 138.45 ++ £84.20 *x B9.89 *» 226,009 18,06 *»
Environment {(Linear} 1 A3.77 630.71 =+ B5309.94 *+ TFE70.06 ** JIE6.51 *+ 16946.48 **  1661.36 *+
VAR X ENY (Linear] 6 3.15 #+ 43,58 *+ 385.08 = 257,63 247,90 450. 44 »» 18.85 **
Pooled deviation 112 0.92 »= 4.07 * §2.27 7.18 ** 8.03 *» 64.79 ** 1.66 **
Yaristies
MH2 16 0.43 ¢.32 17.06 4,37 5.09 * 81.42 1.39 *«
JL24 16 0.73 »~ 1.38 71.84 » 6.80 10,33 *50.28 > 1.69% =
TAPS 16 0.18 0.64 32.52 7.87 * 7.B5 #* 48,07 *» 1.92 »+
Kadiri-3 16 0.35 2,52 * 17.69 Y1.00 *= 12,70 ** §7.59 2.18 #x
TMYZHLM 16 2. 14 %= 6.83 =+ 52.85 6.75 6.36 =+ 46,81 *» 1.46 **
Compact Mutant of M13 16 1.05 ** 9,32 85,44 ** 2.43 2.40 35,63 wr 0.53
M13 16 1.58 *« 7.08 % 88,53 *« 11.03 =+ 11.50 139.75 ** 2.43 »*
Pooled Error 108 0.29 1.24 36.99 4.12 2.712 8.34 g.61

Total dry 100 kernel 0%l percent S$Shelling Harvest
Source DF matter at weight {g) per cent Index
harvest (g)

Yarieties 6 2652.19 *x 966,79 ** 33.26 *  §693.42 ¥ 256,91 ==
ENV+ (VAR X ENVS) 119 167.31 #» 67.93 ** 4,73 w» 50,42 »+ 31.05 #=
Environment (Linear) 1 12803.33 =+ §879.21 **  305.08 * 4161.90 ** 1569.77 **
YAR X ERY (Linear) 6 489,97 *» 29.63 »+ 18.72 *» 65,17 »» 23.6)
Pooled deviation 112 37.20 « 9.17 = 1.30 12.92 ¥+ 17,71 ** .
Varietes
MH2 16 22 .83 »* 7.1% 0.97 42,69 *» 26.85 =+
JL24 16 32.90 =+ 2.98 1.75 .22 30,04 w
TAPS 16 60.35 = 7.22 .64 5.17 13,17 »=
Kadiri-2 16 23.86 w»+ 5.46 0.53 12.43 + - 7.78 *
THY2ZHLM 16 12.28 3.93 1.79 7.43 . 24,87 *+
Compact Mutant of M13 16 42,66 =+ 6.75 2.03 7.06 11.60 **
M13 16 65,54 »* 30,67 »* 1.38 7.42 9.53 wx
Pooled Error 108 8.37 6.55 1.70 6.57 . .74

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



Table 13 : Mezn performance of seven varietties over 18 environments {Stability Analysis)
Days to fnitial flowering
Kharif 1988 Rabi 1%88-89

Varieties Env I  Env I1 Env JII Env IV Env ¥ Env VI Envy 1  Env 1I Env III Env I¥ Env ¥  Env ¥I
K1-30 N2-30 N1-60 N2-60 N1-90 N2-9D N1-30 N2-30 WMI1-60 N2-60 N1-90 N2-90
MH2 27.000 26.500 27,000 26.000 27.500 26.500 47.000 48.000 465.000 45,500 46.000 44,500
JL24 Z7.000 27.000 27.000 27.000 27.500 27.500 47.500 44,000 43.500 46,000 46,500 47,000
TAPS 25.000 25.500 26.000 25.500 25.000 25.500 40,000 40.500 41.000 40.500 41.500 40.500
Kadiri-2 Z7.500 28.000 28.000 28,000 29.000 28,000 1,000 51.000 51.000 51.000 50.500 48.500
TMY2ZNLM 28.500 2%.000 29.000 29.000 29.000 29.000 §0.500 51.000 51.500 51,000 51.500 50,500
Com.Mut . M13 29.000 28.500 29.000 29.000 28.500 29.500 52.000 52.000 51.500 51.000 51.000 52.500

M13 29.000 28.500 28.000 28.500 29.000 29,000 49 500 52.500 51.000 51.000 52.000 50,500

Gr. Mean 27.570 27.570 27.730 27.570 28.070 27.860 48.270 48.430 47.930 48.000 48.430 47.770

El -7.516 -7.516 -7.373 -7.516 -7.0%6 -7.230 13.127 13,341 1z.841 12.913 13.341 12.627
Kharif 198%

N1-30 N2-30 KI-60 NZ-60 N1-90 NZ2-90

------------------------------------------------------------------------------

JL24 27.500 28,000 27.500 27.500 26.500 27.000 33.420 9.020
TAPS 24,500 23.500 24.000 24.500 24.00¢ 24.000 3o.Mo  7.720
Kadiri-2 30.500 32.500 30.500 31.000 31.000 32.000 36.610 10,220
THYZNLM 30,500 32.500 30.500 31.000 31.560 30.500 37.000 1t0.240
Com_Mut.M13 32,000 31,000 32.500 32.500 32.500 31.500 37.830 10.380

M3 33.500 34.500 33.500 234.000 32.500 33.500 37,780 9.930
G6r. Mean 29,290 30.000 29.290 29.570 29.070 29.290
El -5.802 -5.087 -5.802 -5.516 -5.516 -5.802

------------------------------------------------------------------------------

..............................................................................................................

Kharif 1988 Rabi1 1986-89
Varieties Env I Env II Env 1I1 Env IV Env ¥ Env ¥I Env | Env II Env IIl Env IV Env ¥ Env ¥I
N1-30 N2-30 N1-60 N2-60 N1-30 N2-90 K1-30 K2-30 N1-60 K2-60 Ni1-90 NZ-90

--------------------------------------------------------------------------------------------------------------

JL24 29,500 31,000 30.000 30.000 33.000 32,500 §2.000 57.000 $1.500 52.000 52.000 51.000
TAPS 28.000 28.500 28.500 28,500 29.000 28.500 47.500 49.500 49.500 49.000 47.500 49,500
Kadirt-3 36.000 36.500 35.500 36.000 34.500 36.000 56.500 57.000 57.000 58.000 57.500 57.000
TMVZNLM 36.000 36.000 36.000 36,000 36.000 36,000 68.500 56.500 57.000 6&7.500 56.500 57.000
Com.Mut.M13 36.000 36.000 36.000 37.000 34.000 36.500 58,000 58.500 57.500 53.500 $6.500 58.500

M3 36.000 37.000 37.000 36.000 36.500 36.000 58.500 58.500 59.000 58.500 57.000 57,000

Gr. Mean 33,000 33.500 33,500 33,360 33.570 33,640 54.710 54.860 54.790 55.140 54.140 54.570

El -6.905 -6.405 -6.800 -6.550 -6.330 -6.260 14.810 14.950 14.880 135.240 14.240 14.670
Khartf 1989

H1-30 W2-30 K1-60 M2-60 NI-50 N2-90

..............................................................................

JL24 30.500 30.500 29,500 29.500 29.500 28.500 37.420 10.360
TAPS 25.500 25.500 26.500 26.500 25.500 26.500 34.420 10,500
Kadiri-3 34,000 34.500 33,500 33.500 234.500 33,000 42.310 10.860
THYZNLM 32.500 34.500 34,000 33.500 33.500 33.500 42.250 10.910
Com.Mut.M13 234,000 34.000 34.500 34.000 34.500 33,500 42.640 11.370
i3 36.000 36.000 35.000 36.000 35.000 35,500 43.360 10.730

Gr, Mean 31.500 32.000 3)1.500 31.790 31.430 31.290
El -8.400 -7.900 -6.400 -B.720 -B.480 -8.620

----------------------------------------------------
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Table 13 : Continued.. Days to 1003 flowering
Kharif 1988 Rabi 1988-89
Varieties Envy 1 Env II Env 1II Env IV Env ¥ Env VI Env 1 Env IT Env III Env I¥Y Env ¥ Env ¥I
N1-30 N2-30 NY-60 K2-60 NI-90 N2-90 N1-30 N2-30 KT1-60 N2-60 N1-90 KZ-50

--------------------------------------------------------------------------------------------------------------

JL24 33.500 34.000 33.000 33.000 35,000 33.500 54,500 54.000 53.500 54.000 55.000 53.500
TAPS 30.000 30.500 31.500 31.000 231.000 30,500 §2.000 53.000 52.500 S%.500 51.500 53.000
Kadirt-3 38.000 37.500 237.500 238.000 37.500 38.000 60.000 61.500 £0.000 60.500 61.500 61.000
THYZNLM 38.000 38.000 38.000 237.500 37.500 37.500 61.500 60.000 59.500 60.000 59.500 60.000
Com.Muvt.M13 38.000 36.500 37.500 238.500 3B.000 38.500 62.000 63,500 63.000 63.500 61.000 64.000

M13 38,500 38.500 35.000 38.000 38.000 38.000 62.500 62.000 63.000 63.000 &2.500 62.500
Gr. Mean  35.570 35.500 35.710 35.570 35.710 35.710 58.070 58.500 58.070 58.360 58.000 §8.360
El -6.980 -7.052 -6.837 -6.980 -6.837 -6.837 15,520 15,948 15.520 15.806 15.448 15.806

--------------------------------------------------------------------------------------------------------------

Kharif 1989
Yarfetles Env I Env II Env II! Env IV Env ¥ Env V] Mean Env, 50
N1-30 N2-30 N1-60 N2-60 N1-90 N2-90

JL24 31,500 21.000 32,000 230.500 231.500 30.500 39.640 10.580
TARS 27.500 27.000 29.500 28.500 27.500 29.000 37.060 11,130
Kadiri-3 36.000 38.000 35.000 35.500 36.500 36.000 44,890 11,580
TMYZRLM 35.500 36.500 35.500 36.000 36.500 36.500 44.640 1.270
Com Mut M3 35.500 36.500 36.500 36.500 36.000 365.500 45.750 12.470

M13 37.500 38.500 38.000 38.000 36.500 39,000 46.220 11.520
6r. Mean 32,430 34,290 33.860 33.570 33.640 34.000
El -2,123 -8.266 -8.6%4 -8.980 -B.909 -8,552

..............................................................................

--------------------------------------------------------------------------------------------------------------

Kharif 1588 Rabi 1988-89

Varfetjes Env I Env 11 Env II1 Env }¥ Env ¥  Env VI Env I Env II Env II] Env IV Env ¥ Env ¥I
N1-30 N2-30 N1-60 N2-60 K1-90 N2-90 N1-30 N2-30 N1-60 N2-60 N1-%0 NZ2-90

--------------------------------------------------------------------------------------------------------------

35
3.

Com Mut MI}2 36,50 35.50 36.50 36.50 36.00 37.00 60.
36

MH2 33.50 32.50 33.50 33.50 32,50 33.50 §3.00 53.50 52,50 53.50¢ 52.00 54,00
JL24 34,60 34,00 32.00 33.50 34.00 33.50 §7.00 57.50 56,50 57.00 57.00 56,00
TAPS 31,00 31.00 33.00 3}.50 31,50 31.00 53.50 52.50 52.00 53.50 52.50 52.50
Kadiri-3 35,00 35,50 36.50 S0 35.00 35.50 58.00 58.00 57,50 58.00 58,00 56.50
THY2ZALM 34,00 35.00 34,50 00 35.00 36.00 60.00 &0.00 59.50 59,00 58.50¢ 59.00
00

M13 36.50 36.00 36.50 00 36.00 36,00 60.00 61.00 60.50 62.00 62.00 61.00
&r. Mean 34.36 34,21 34.36 34.64 34.29 34.64 §7.36 57.19 57,07 57.71 57.43 57,50
El -8.15 -6.29 -8.15 -7.86 -8.22 -7.86 14.85 15.28 14,57 15,21 14,92 14,99

Khartf 1989
Yarieties Env I  Env Il Env TII Env IV Eav ¥V  Env VI Mean Env. 5D
N1-30 N2-3D N1-6D N2-60 N1-90 N2-90

------------------------------------------------------------------------------

MH2 32,00 35,00 33.50 34,50 33,50 34.00 40,00 9.55
L4 32.50 34.00 34.00 33.00 33.50 33.5¢0 41.25 MN.%
TAPS 29.50 32,00 32.50 30.00 29.50 29.50 .14 V0.67

Kadiri-3 3.50 39,00 35.50 J37.50 38,00 3B.00 43.53 0.3
THY2MLM 36.50 38,00 36.50 37.50 36.50 36.50 43,78 1.3
Com.Mut.M13 37.5¢ 35.00 39.00 37.50 38.50 37.50 45.14 12,02
M3 40.50 39.00 40.50 40.00 39.00 39.50 45.69 11.32
Gr. Mean 35.00 36,07 35.93 35.71 35,50 35.50
El -7.5¢ -6.43 -6.57 -6.79 -7.00 -7.00

------------------------------------------------------------------------------


http://Coin.Nut.M13
http://Coni.Mut.M13
http://Com.Mut.M13
http://Con.Mut.M13

VDb

Table 13 : Continued.. Canopy diameter
Kharif 1988 Rabi 1988-89
Variettes €ov 1 Env II Env II] Env IV Env V  Env VI Env 1 Env I1 Env 11! Env IV Env'¥  Env VI

N1-30 N2-30 N1-60 N2-60 N1-90 N2-30 N1-30 N2-30 N1-60 N2-60 N1-90 N2-90

--------------------------------------------------------------------------------------------------------------

50
00

Kadiri-3 70,70 70.90 69.00 71.05 71.00 72.75 64.00 64.50 66.00 67.50 £3.50 65.00
50

TMYZRLK 7r.75 72.%5 74.80 76.00 14.50 75.50 68.
Com.Mut.M13 70.35 70.80 69.40 71.25 .69.45 70.50 65.50 66.50 67.00 €7.50 64.00 66.50

M13 .5 .50 .70 2.0 70.50  72.00 69.00 70.40 69.20 71.20 68.25 70.50
Gr. Mean 63.27 63.96 64.88 65.59 64.24 65.65 59.62 62.04 60.67 62.56 59,61 62.14
El -0.1% 0.52 1.44 2.15 0.80 2.2 -3.81 -1.3% -2.76 -0.87 -3.83 -1,29

Kharif 1989
Yarieties Env I Env 11 Env II] Env IV Env ¥ Env ¥I Mean Env. SD
N1-30 N2-30 N1-60 NZ-60 N1-90 NZ2-90

------------------------------------------------------------------------------

2

3

TAPS 69,50 71.00 71.50 73.00 72.75 73.50 71.25 F4
Kadiri-3 71,00 76.00 73,00 74,00 TV3I.50 T4.00 €9.82 3.89

THYZNLM 72.50 73,50 72,00 75.00 72.00 73.50 72.35 2

2

1

Com.Mut.M13  70.75 71.5¢ 71.50 13.00 71.50 72.50 63.42 .61
M13 71.50 72,00 73.50 74.50 73.75 74.00 71.48 .73
Gr. Mean 63.18 64.71 64,43 66.14 64.00 65.14
£l -0,26 1.28 0.99 2N 0.56 N

Kharif 1988 Rabi 1588-89
Yarieties Env 1  Env Il Emv JI1 Env I¥Y Env ¥V Env ¥ Env I Env 11 Env 111 Env I¥Y Env ¥ Env VI
K1-30 NZ-30 Ki-60 NZ-60 N1-90 N2-90 Ni-30 N2-30 K1-60 NZ-60 N1-90 N2-30
MH2 52.75 65.20 65,70 71.85 B2.40 B3.30 50.00 51.25 71.%0 72.70 46.5G 65.00
JL2é 121.38 136.80 138.00 188.50 196.60 231.10 131.00 147.00 149.00 152.50 160.50 163.50
TAPS 232.50 236.25 273.84 271,82 274,00 291.00 153.00 152,50 155.50 164.50 172.50 174.50
Kadiri-3 221.35 216.50 234.65 232.99 233,15 230.49 156.75 160.00 161.00 166.50 163.00 171.00
TMYZNLH 205.65 210.83 213.50 230.99 238.50 241.34 13.00 174,50 174.50 181.50 176.00 177.50
Com. Mut.M13 20%7.25 211.50 205.15 216.17 Z211.80 245.80 156.50 164.00 161.50 165.00 177.00 175.50

M13 248.17 251.50 246.50 249.99 236.33 265.65 161.50 174.00 159.50 180.10 183.00 180.50
Gr. Mean 183.29 169.80 196.76 208.90 210.40 226.95 138.82 146.18 147.5 154.69 153.79 158.21
El 15,36 21.87 28.83 40.97 42.47 59.03 -29.11 -21.75 -20.37 -13.24 -14.)4  -9.7)

--------------------------------------------------------------------------------------------------------------

JL24 130.50 13160.00 1631.50 168.00 164.50 1764.00 159,13 26.M
TAPS 152.50 164.25 170.00 181.00 193.00 196.25 200.49 42.93
Kadiri-3 10.50 161.50 167.725 168.00 164,50 165.50 184,73 32.19
THYZNLM 161,50 174.00 180.50 180.50 182.00 1B4.00 191.68 25.24
Com.Mut.N13 Y49 .50 153.00 16V.00 161.50 168.00 167.50 180,65  27.42

Mi3 166.00 168.75 174.00 174.50 173.50 179.00 198.36 38.16
Gr. Meanp 136.36 148.00 151.89 155,00 )57.2% 158.82
El -31.57 -19.93 -16.03 -12.93 -10.64 -9.11
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Table 13 : Continued.. Plant height
Kharif 1988 Rab1 1988-89
Varfeties Env I Eny 11 Env III Env IV Env ¥ Env ¥I Env | Env II Env IIl Env IV Env ¥ Env ¥I
N1-30 N2-30 N1-60 NZ-60 N1-90  N2-90 N1-30 NZ-30 N1-60 KZ2-60 N1-90 NZ2-90
MH? 8.60 10.60 10,00 8.60 10.50 9.50 4,40 §.60 4.45 §.78 4.49 4.70
JL24 48.20 46.25 41.%0 40.00 38.70 45.15 26.75 26.00 27.50 30.00 25,50 31.00
TAPS 72.00  73.80 80.50 - 75.10 77.25 78.85 33.00 44,00 31.00 45.%0 40.50 49,00

Kadiri-3 36.10 35.70 31,70 33.45 30.70 27.30 23,50 26.00 27,00 22.00 22.50 28.50
THYZNLM 37.2% 36.00 31.40 32,80 31.00 30.50 25.50 28.50 22.50 26.50 28.50 19.00
Com.Mut.M13 40.80 40.95 32.30 38.70 31.10 36.00 28.00 29,00 23,50 31.50 19.50 28.00

MI13 37.60 33.60 33,30 36.30 29.60 27.40 19.85 22.60 25.70 20.85 22.00 24.50
Gr. Mean 40.22 39.56 37.60 37.85 35,55 36.39 23.00 25.81 23.09 25.B7 23.27 26.39
El 8.85 8.19 5.93 6.48 4$.18 5.02 ~-8.37 -5.56 -8.27 -5.50 -B.10 -4.98

Kharif 1989
Yarieties Env 1 Env II Env III Env IV Env ¥V Env VI Mean Env. SD
N1-30 N2-30 N1-60 N2-60 N1-8%0 N2-90

MH2 6.70 5.75 12.50 €.15 MN.00 10.00 7.68 2.82
JL24 35.00 37.50 35,00 31.00 32.50 35.00 35,16 7.08
TAPS 52,50 52.50 51.00 54,00 52.50 52.50 56.42 15.87
Kadiri-3 27.50 26.00 30.00 26.00 26.50 26.50 28.16 4.09
THYZHLM 33.50 33,00 34,00 36.00 28.50 36.00 30.58 4.97
Com.Mut . M?3 35.50 35.00 32.50 36.50 38.00 36.50 32.9¢ §.79
M13 27.50 34.50 27.00 34.00 28.75 29.7% 28.560 5.42

Gr. Mean 3.7 32,04 31,71 31.85  3r.11 32.32

El -0.19 0.67 0.35 0.58 -D.26 0.95

Kharif 1988 Rabi 1988-89
Yarietfes Env [ Env II Env {1l Env IV Env ¥  Env V] Eny I Env II £nv III Env I¥ Env ¥ Env VI

N1-30 N2-30 N1-60 N2-60 N1-90 K2-90 N1-30 N2-30 N1-60 N2-60 N1-90 N2-%0

MH2 5,20 £.00 5.10 5.90 5.70 6.20 5.10 6.50 5.70 5.80 5.60 5.7%
JL24 5.90 6.10 8.1¢ 7.60 6.90 7.30 6.60 6.50 §.25 5.78 5.90 6.50
TAPS 4.10 4.40 §.00 5.30 4.70 5.00 4.00 4.10 4.50 4.75 5.70 4.50
Kadfri-3 5.90 5.80 6. 6.80 7.20 6.60 5.40 6.00 6.50 6.25 5.25 7.50
THV2KLM 6.65 6.80 7.90 7.3 2.60 8.20 6.50 7.50 8.00 1.15 7.00 8.00
Com.Mut.M13 8.20 6.90 12,00 13.60 10.70 11.30 9.00 1.75 8.50 7.50 8.00 7.50
M13 6.10 8.00 7.60 10.20 8.90 1.40 10.00 1.60 8.10 10.00 8.50 5.50

Gr. Mean 6.01 6.14 7.41 8.10 1.5% 7.43 6.66 6.42 6.65 6.82 6.5 7.04
El 0.81 -0.68 0.59 1.28 0.76 0.61 -0.16 -0.40 -0.17 0.01 -0.26 0.21

Kharif 1989
Varieties Env 1| Env II Env 1I1 Env I¥ Env ¥ Env VI Mean Env, 5D
N1-30 N2-30 N1-60 NZ2-60 N1-90 M2-90

MH2 4.00 4.20 4.25 4.25 4,50 4.25 5.1 ¢.71
JL24 4.10 4.25 5.25 §.00 5.25 5.10 6.02 1.07
TAPS 4.25 4.00 4.4 5.20 4.35 4.00 4,57  0.50
Kadiri-3 5.00 5.50 5,25 5.50 5.00 6.00 5.98 0.73
TMYZNLN 12.00  10.25 9.75 $.00 7.50 8.00 8.21 1.43
Com.Mut.N13  9.25 9.75 8.00 9.50  8.50 .75 9.17 1.74
M13 6.50 9,00 8.75 9.75 10.00 10.50 a.6% .3

Gr. Mean 6.44 6.7 6.52 7.03  65.44 6.80

El -p.38 -0.11  -0,30 0.21 -0.38 -0.02
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Table 13 : Continued.. Number of secondaries
Kharif 1988 Rabi 19868-89
Yariet fes Env | Env Il Env IIi Env I¥ Env ¥ Env ¥I Env ! Env 11 Env III Env IV Env ¥V  Env VI

N1-30 N2-30 N1-60 N2-60 N1-30 N2-90 N1-30 N2-30 N1-60 N2-60 K1-90 N2-90

MH2 0.00 0.00 0.00 0.00 0.00 0.00 1.60 1.10 1.60 2.50 1.40 1.85
JL24 0.26 0.%0 1.10 1.20 0.80 1.40 2.55 2.00 3.00 4.00 2.30 6.50
TAPS 0.80 0.30 0.10 0.20 0.10 1.20 0.30 2.20 0.80 1.70 3.7 1.05
Kadiri-3 4.00 5.90 7.25 7.60 8.20 8.10 7.50 7.30 13.00 9.20 9.75 7.00
THY2NLM 10.70 12.40 13.60 17.50 24.50 21.40 17,00 22.00 18.50 18.50 20.50 17,50
Com.Mut.M¥3 12.85 11.80 14.40 12.40 22.10 17.80 9.50 17.25 20.5¢ 21.00 16.50 25.50
m3 9.50 M.%0 14.80 M.00 4.0 19,80 23.85 17,60 1%.60 22.65 19.50 17.00

Gr. Mean 5.44 6.13 7.32 7.13 5.97 9.96 8.90 5.92 MN.00 M.3 10.52 10.97
El -2.52  -1.83 -0.63 -0.83 2.02 2.00 0.95 1.97 3.05 L4 2.587 2.96

Kharif 1989
¥arieties Env I Eny II Env JII Env IV Env ¥  Env VI Mean Env, SD
N1-30 N2-30 N1-60 N2-60 N1-90 NZ-90

MH2 0.00 D.30 .30 0.10 0.10 0.00 0.60 0.83
JL24 0.60 0.40 2.10 2.00 1.25 0.50 1.81 1.56
TAPS 0.00 .20 0.50 ¢.70 1.00 0.75 0.87 0,92
Kadiri-3 2.50 3.25 3.00 4.00 2.75 2.50 6.27 2.97
TMYZRLM 14,00 10.25 14,25 17.00 13.00 18.00 16.70 3.97
Com.Mut ,M13 9.90 10.60 9.50 7.00 15.50 14.00 14.89 5.06
M13 12.50 8.50 11.00 10.00  10.00 8.50 14.54 4.98
Gr. Mean 5.64 4.79 5.81 5.83 6.23 6.32
El -2.31 -3.17  -2.15 2,13 -1.73 -1.63
Number of aerial pegs
Kharif 1988 Rabi 1988-89
Varieties Env 1 Env 11 Env II1 Env I¥ Env ¥ Env VI Env | Env 11 Env III Env IV Env V  Env ¥i

N1-30 N2-30 M1-60 N2-60 N1-90  N2-90 N1-30 N2-30 N1-60 N2-60 N1-90 N2-90

MH2 8.%0 .10 5.80 7.65 14.30 9.60 3.90 8.50 7.20 16.10 5.30 8.50
JL24 10.40 13.80 19.30 22.00 27.00 37.50 24.00 .10 32.00 32,50 24.50 27.50
TAPS 21.40 16.20 25.80 2B.60 22.90 44,00 1M.00 16.00 13,50 26.00 24.00 29.00
Kadiri-3 13.80 15.10 23.40 17.13 26.10 29.80 5.50 g§.00 MN.,50 5,50 7.00 14.50

TM¥ZNLM 31,48 14,30 43,40 33,90 32,90 20.80 1W.50 10.00 10.50 8.50 8.10 14.00
Com.Mut.M13 33,80 31.80 34.70 39.70 27.10 61.30 21.00 8.00 10,50 15,00 11.00 11.00

M1 24.80 23,70 31.60 2%.20 55.40 26.10 14.5¢  13.00 10.80 13.30 9.95 MN.70
Gr. Mean 20.61 17.71 26.20 25.45 29.40 32.73 12.97 10.37 13.71 16.84 12.84 16.60
El 2.64 -5,53 2.95 2.20 6.15 5.48 -10.28 -12.88 -9.53 -6.40 -10.4) -6.65

Khartf 1989
Yarfet fes Env I  Env I1 Env III Env IV Env ¥  Env ¥] Mean Env. SD
NT-30 ¥2-30 N1-60 N2-60 K1-90 N2-90

MH2 10.00 6.20 15.00 3.00 18.00 17.50 9.7¢ 4.61

JL24 25,00 22.00 44.50 38.00 37.50 37.50 26.89 10.04
TAPS 29.50 286,00 33.00 41.00 41.50 30.50 26.77 9.37
Kadiri-3 14.50 15.00 18.5¢ 16.00 20.00 23.00 15.86 6.84

THYZNLM 33.50 36.00 32,50 36.00 44.50 30.50 25.08 12.74
Com.Mut.M13 26.50 34.50 31.50 24.5¢ 35,00 34.00 27,27 13,22
M13 39.50 45.00 42.50 42.50 B4.50 43.50 31.23 19.38
Gr. Mean 25.50 26.67 31.07 28.71 40.%4 30.93
EI 2.25 3.42 7.82 5.47 16.89 7.68
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Table 13 : Continuad.. Number of mature pods
Kharif 1988 Rab{ 1988-89
Varfetles Env 1 Env 11 Env III Env I¥ Env ¥  Env VI Env 1 Env I1 Env III Env 1¥ Env ¥V Env ¥YI
N1-30 N2-30 N1-60 N2-60 N1-90 N2-90 Ni-30 N2-30 N1-60 N2-60 N1-90 N2-90

--------------------------------------------------------------------------------------------------------------

MH2 9.00 Y0.40 M.50 1420 10.00 12.00 13,78 16.70 17,38 17,00 17,50 18.00
JL2¢ 24,00 25.50 31.50 31.40 23.75 29.50 29.50 32.256 30,00 43.25 35.00 36.50
TAPS 22.50 23,00 30.50 31.50 32.00 34.50 34.80 36,20 33.25 38.00 34,00 37,00

Kadir{-3 25.50 27,00 3,15 45,70 37.7M  39.00 41.50 44.00 44.50 51,50 38,80 43.80
THYZHLM 19.30 21,65 28,00 31.75 25.90 28.00 43.50 44,50 45.00 57.50 39.85 54,50
Com.Mut.M13 26.60 26.50 31.50 37.50 28.00 33.90 40.65 47.15 43.50 48,50 40.00 41.00

M13 19.80 21,00 23,00 25.75 20.35 3).75 40.00 42.50 46.00 49,90 38,85 49.50
Gr. Mean 20,81 22,15 27,45 31.11 25.3%  28.81 34.81 36,76 37.06 43.66 34.86 40.04
El -7.32 -6.08 -0.78 2.88 -2.84 1,58 6.58 8.53 8.83 15.43 6.63 11.81

--------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------

Kharif 1989
Yaristies Env 1 Env II Env III Emv IV Env ¥ Env ¥1 Mean Env., SD
Ni1-30 N2-30 N1-60 N2-60 N1-8C N2-90

MH2 12.50 14,00 11,50 ¥5,05 33.60 16.00 13.88 2.79
JL24 18.00 22.%0 21.65 24,00 21.30 28.00 28.22 6.28

TAPS 16.26 18,00 20,50 26.00 18.50 23.50 2.3 7.26
Kadiri-3 22,306 25.7¢0 22.50 33.50 19.65 28.50 34.85 9.56
TM¥2ZNLM 15.50 18.3§ 14.30 18,50 14.50 17.00 25.87 14.18
Com Mut.M13 26.00 27.00 23.50 28.50 25.35 26.%0 33.09 7.73
M3 15.00 20.50 19,50 24.50 17.50 19,50 29.37 N.n

Gr. Mean 18.51 20.92 19.06 24.29 18.63 22.71

£l -9.72 1.1 -9.17  -3.94 -9.60 -5.52

..............................................................................

--------------------------------------------------------------------------------------------------------------

Kharif 1988 Rab1 1588-89
Yarieties Env 1 Env II Env III Env 1¥ Env ¥ Env VI Env 1 Env 11 Env 1II Env IV Env ¥ Env VI
H1-30 N2-30  N1-60 N2-60 NI-90 N2-90 NY-30 NZ2-30 N1-60 M2-6D M1-50 NzZ-90D

--------------------------------------------------------------------------------------------------------------

L L ¥ §.00 6.25 §.80 10.05 5.65 7.20 2.10 73.05 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
TAPS 18.45 18.45 26.25 27.55 28.35 31.00 51.20 32.70 29.55 34.40 30,40 33.75

Kadiri-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
THY2HLM 15.50 17.40 23.60 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 A5.95 37.45 38,70

M13 i5.85 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 37.83 23.50 27.46 21.23 25.70 32.03 34,43 .67 39.26 31.84 36,04
El -7.67 -6.61 -0.94 .02 3.2 1.26 7.59 9.9% 10.23 14.82 7.19  11.59

--------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------

Khartf 1989
Yarietfes €nv I gEnv I1 Env III Env IV Env ¥ Env ¥I Mean Env, 5D

N1-30  N2-30  K1-60 N2-60 N1-90  N2-90 SFAL UENTRAL leﬁAky
------------------ T T T T T T e e e e e oA N t -
MH2 7.85 9.8  7.26 10.80 9.35 12.20 9.7¢  3.08 . i:> ?“3‘?4-
JL2e 14,65 18,35 17.60 19.80 17,20 . 23,90 28.35 6,79 12 & Ny
TAPS 12,80 14.45 15,40 21,25 14,75  18.85 24.48 7.43 o

Kadiri-3 17.90 20.95 18.20 29.55 15.85 24.80 31.57  10.42
THYZNLM 11.20 14,60 9.50 14.¢60 9.90 13.85 25.682 13.92
Com.Mut.M13 21,30 22,56 19.20 24.10 20,95 22.40 29.59 8.78

M13 15.40  16.55 15.65 20,15 14.30 15,40 26.5 11.78 < . o
Gr. Mean 1444 16.7) 14.83 20.04 14.61 18.77 _ ' L]
€l -10.00 -7.73 -9.61 -4.4) -9.83 -5.67 " '

..............................................................................
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Table 13 : Continued.. Number of mature kernels
Kharif 1988 Rabi 1988-89
Yarieties Env 1| Env I Env III Env I¥Y Env ¥ Env VI Env 1 Env II Env II1 Env I¥Y Env ¥ Env VI
N1-30 M2-30 N1-60 N2-60 N1-90 N2-90 N1-30 N2-30 NY-GO NZ2-60 N1-90 K2-%0

--------------------------------------------------------------------------------------------------------------

MH2 22.75 38.85 25.30 23.10 4A2.40 59.50 31.25 30,50 27.00 31.50 24.50 35,00
JLz4 33.00 39.00 60.50 64.00 48.00 56.50 42,00 44.50 48.50 54.50 41.00 51.00
TAPS 38,50 44.50 53.00 61.50¢ 58.00 69.50 4.50 49.00 44,50 6B.00 ©64.00 63.50

Kadiri-3 36.75 37.50 43,00 60.00 72.25 53.7% 47.00 64.00 65.50 6£9.00 70,50 87.00
TMYZNLM 22.65 31.00 34,50 37.00 38.00 38.00 §7.50 65.00
Com.Mut.M13 43.96 35.00 43.25 62.50 64.80 58.00 51.50 64.50 7J0.00 82,50 €9.00 77.50

M3 17.00 23.50 43.30 26.50 28.00 39.50 70.50 77.00 5B.00 73.35 42.50 64.50
Gr. Mean 30.66 35.62 43,26 47.80 50.21 53.54 49.18 56.36 53,21 63.48 53.21 63.00
El -13,54 -8.58 -0.94 3.60 6.01 9.3 4.98 12.16 5.01 19.28 $.01 18.80

Kharif 1989
Varietfes Env 1 Env I1 Env III Env IV Env ¥ Env VI Mean Env, SD
N1-30 N2-30 K1-60 NZ2-60 N1-90 N2-9¢

JL24 34,00 40.50 37.00 46.50 41.50 42.50 45.81 8.75
TAPS 34.50

Kadiri-3 36,00 37.00 39.00 47.00 41.50 44,50 §2.85 15.41
THY2NLM 12,00

Com_Mut.M13 26,00 27.00 36.50 50.50 32.50 52.00 52.61 17.16

M13 19.00 27.060 18.06 28.00 27.50 32.50 39.76 20.19
Gr. Mean 25,29 30.21 29,00 38,07 32.64 4D.BG
El -18.91 -13.99 -15.20 -6.13 -11.56 -3.34

------------------------------------------------------------------------------

Kharif 1988 Rabi 1985-89
Yarieties Env 1 Env I1 Env III Env IV Env ¥ Env ¥I Env 1 Env II Env II] Env I¥Y Env ¥ Env ¥I

K1-30 N2-30 N1-60 NZ-60 N1-90 N2-90 N1-30 N2-30 N1-60 NZ-60 K1-90 NZ2-99

--------------------------------------------------------------------------------------------------------------

MH2 4,40 5.60 6.40 7.10 5.00 6.40 7.50 9.00 9.10 $.50 9.40 10,00
JLz4 13,30 13.80 16.60 16.80 1.1 15,80 16.00 16.90 16.10 22.6¢ 18.00 18,50
TAPS 12.80 13,00 16.10 16.20 16.80 17.60 17.70  18.30 17.20 19.40 17.60 1B.80
Kadird-3 13.80 14.30 18.40 23.70 19.20 20.05 22.00 23.20 23.10 24.90 20.00 23.00
TMVZHLM 1M.00 12,40 14.70 16.80 13.90 15.00 22.90 23.10 23.50 25.60 20.80 25.10
Com.Mut.N13 14,20 14.50 16.80 18.90 15.00 17.50 21.00 21,70 23.00 24,50 20.80 21.00
M13 A0 12,70 12,40 13,90 M.30  16.40 20.50 21.60 23.70 24.60 20.00 24.00

Gr. Mean 11,61 12.24 14,49 16,29 13.47 15,54 18.23 19.11  19.3% 21.59 18.09 20.06
El -3,37 -2.64 -0.39 .41 -1.4) 0.66 3.3 4.24 %.57 6.7 3 5.18

Kharif 1989
Yarieties Env 1 Env 11 Env III Env IV Env ¥  Env ¥I Mean Env. 50
N1-30 N2-30 N1-60 N2-60 N1-%0 M2-90

_______________________________________________________________________________

MH2 6.60 7.50 6.50 8.00 7.10 8.50 7.46 1.60
Juz4 10,20 12.80 12,30 13.30 12.30 14.80 15.18 2.91
TAPS 8.90 9.90 11.90 13.90 10.00 12.90 14.94 3.33
Kadiri-3 12,70 13,80 2,80 17.30 1.40 15,30 18.28 4.46
THY2ZHLM 8.10 9.80 7.30 9.90 7.40 9,40 15.37 6.52
Com,Mut.M13  13.90 14,30 13,30 14.90 13.70 14.20 17.40 n
M13 10.90 11.60 1.30 13.60 9.80 30.80 15,53 5.3}

Gr. Mean 10.79  11.39  10.77 12.%% 10.24 12.27
EI -4.65  -3.48 4.1 -1.89 468 -2.6
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Table 13 : Continued,.

Total dry matter at harvest

--------------------------------------------------------------------------------------------------------------

N1-90

NZ2-90

--------------------------------------------------------------------------------------------------------------

TAPS
Kadiri-3
THYZKLM
Com.Mut.M13
M3
Gr, Mean

Rab{_1985-89
Env III Env I¥Y Env V¥
N1-60 N2-60
15.19 16.77
45.81 51.89
26.20 51.69
§1.10 38.74
47.80 48,59
64,717 70.82
69.89 73.9%1
45.81 50,34
6.61 11.14

--------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------

------------------------------------------------------------------------------

JLz4
TAPS
Kadiri-3
THVZNLM
Com.Mut.M13
N1}
Gr. Mean

..............................................................................................................

Rab1 1988-89
Envy 111 Env I¥ Env ¥

N1-60

K2-60

N1-90

N2-90

JL24
TAPS
Kadiry-3
THYZNLM
Com . Mut ,M13
M13
Gr, Mean
El

--------------------------------------------------------------------------------------------------------------

..............................................................................

JL24
TARS
Kadiri-3
THMVZNLM
Com.Mut.M13
M13
Gr. Mean

Kharif 1988
Env 11 Env I1I Env IV Env ¥V Env VI
N2-30 N1I-60 N2-60 N1-9C¢  N2.90
16.15  15.39 20.90 19.95 18.59
31,26 44,64 45,67 48,00 52.42
41.23 45,79 83,93 46.28 54.93
35,63 29,17 32,90 46.08 37.89
41,39 45,34 4577 Ss1. 7N §5.82
§4.55 45.44 64.69 60.29 74.03
60.81 55,19 47,14 41,89 74.6)
40.15 40,42 44,34 47.74 52.61
0.9 1.22 5.14 8.54 13.41
Kharif 1989
Env Il Env III Env IV Env ¥ Env VI
Nz-30 N1-60 N2-60 H1-90 N2-90
18.08 17.45 23.98 8.96 30.18
19.00 22.31 22.20 24.63 29.21
17.85 21.37 28.8B3 33.57 36.51
19.45 25,57 23,20 2B.61 26.35
22.86 26,97 25,98 26,19 26.03
31.92 26.84 38.49 45,37 45.19
26.03 29.68 39.79 36.38 3%.07
22.17  24.31 28,92 2%.10 33.2
-17.03 -14.89 -10.28 -10.10 -5.99
100 kernel weight
Kharif 1988
Env 11 Env II! Env IV Env ¥  Env ¥I
R2-30 N1-60 N2-60 N1-90 N2-30
28.70 24,70 28.74 20.73 26.50
31,15 32.90 35,26 31.12 3%. 49
36.75 30,99 32,67 27.92 30.42
40.00 32,37 41,40 40.25 40.69
38.40 30.89 .96 31,17 39.17
43,52 33,20 43.91 .72 .9
46,45 43,23 45,38 39.77 53.32
37.85 32.58 37.48 32.38 38.50
-2.23 -7.50 -2.61 -7.70 -1.58
Kharif 1989
Env II Env II] Env IV Env ¥  Env V]
N2-30 N1-80 NZ-60 N1-90 N2-90
21.18 23,79 25.07 19.03 20.73
30.43 30.59 34,73 32.55 36.51
36.77  32.11  3B.55 27.46 34.33
36.35 33.69 3r.88 35.06 36.42
33.86 30,97 35.12 3.0 37.88
36.53 37.07 239.53 35.77 42.39
47.3 45.10 48.24 49,00 494
34,64 33,33 37.02 3.2 .0
-5.4 -6,7% -3.06 -6.66 -3.27

El

Env I Env II
N1-30 NZ-30
12.95 15.45
47,5 50.83
2.1 28.87
35,95 35.03
43.90 51.05
65.83 55.06
59,78 63.60
42 .24 42,84
3.04 3.64
Mean Env. SD
16,25 4.64
38.79 14.57
37.49 12.68
3z2.73 8.95
40.73 12.14
54,87 16.47
51.54 16.66
Env 1 Env 11
N1-30 N2-30
3T.58 39,95
43,63 45.33
46.65 51.23
5§3.65 55.15
49.28 52.41
50.75 53.1
54.91 47.8)
43.06 49,28
7.98 9.20
Mean Env, SD
27.83 6.88
36.46 6.14
38.27 B.93
43,24 9.3
40.64 8.87
42.17 6.66
51.96 9.87

------------------------------------------------------------------------------
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Table 13 : Continued,. 011 per cent
Kharif 1988 Rabi 1988-89
Yarieties Env I Eav 11 Env III Env ¥ Env ¥V Envy VY] Env 1 Env 11 Env III Env IV Env ¥ Env ¥1
N1-30 M2-3D N1-60 N2-60 N1-850 NZ-90 N1-30 N2-30 N1-60 N2-60 N1-90 N2-90

--------------------------------------------------------------------------------------------------------------

MH2 45.50 45.85 47.45 47.8B0 46.60 45,45 47,25 48.25 48.30 48.20 47.15 47. 70
J.24 42,40 44,60 A45.45 47.35 45.65 47.70 47.60 46.50 46.65 46.55 46.15 48.05
TAPS 49.15 47.80 49.75 50.25 49.50 50.00 49,50 49,40 47.90 49.20 49,10 49,80

Kadiri-23 45.15 45,80 47.00 45,70 AY.05 A4B.45 47,35 48,95 46.00 48.00 48.25 48.80
THVZNLM 43.30 43,95 42,80 44,05 44.80 45.85 50.30 50.05 43,55 49,15 49.%0 49.55
Com.Mut.M13 45,15 45.35 47.60 43.56 46.55 48.45 50.90 50.95 50.80 50.45 49.60 47.70

M13 43.25 #2.50 43.65 43.95 46.10 M4.70 48,05 46.65 50,50 49.36 48.85 48.15
Gr. Mean 44.99 45.12 46.24 46.09 46.61 47.66 48.71 48.68 48.81 4B.76 4B.43 48.54
El -1.78  -1.64 -0.52 -0.67 -0.16 0.89 1.9 1.92 2.05 1.99 1.67 1.77

--------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------

Yarieties Env 1 Emv I1 Env 111 Env I¥Y Env ¥  Env VI Mean Env. SD
N1-30 NZ2-30 N1-60 N2-60 N1-90 N2-90

------------------------------------------------------------------------------

MH2 45,10 45,65 48.15 47.55 45.60 44.70 46.96 1.24
JL24 42,10 43,60 #4.45 47,05 45.15 47.70 45,84 1.82
TAPS 50,10 47.80 50.%0 49.35 49,65 50.50 49,36 0.78
Kadir1-3 44.60 45.65 46.50 44.50 46.90 47.95 46.92 1.42
TMVZRLM 43.30 38.65 42.60 43.60 43.65 43.00 45,56 3.38
Com.Mut.M13  44.50 44.25 48,10 41.95 46.65 48.25 47.26 z.72
M13 43,70 41.90 42.85 43.40 46.10 44.30 45,44 2.61

Gr. Mean 44.77 43,93 46,11  45.34 46.39 46.56

EI -1.99 -2.83 -0.66 -1.42 -0.38 -0.20

Kharif 1988 Rabi 19868-8%
Yarieties Env | Env II Env II1 Env I¥Y Env ¥ Env ¥I Env 1 Env II Env III Env IV Env ¥ Env VI

K1-30 N2-30 N1-60 N2-60 N1-50 N2-90 N1-30 N2-30 N1-60 N2-60 N1-30 N2-90

MH2 89.67 93.00 81.1% 954.33 80.10 93.48 70.7%¢ 85,35 70.31 71.89 70.24 70.93
JL24 69.62 73.61 62.10 62.65 64.28 69,86 61.41 65.17 54.90 €8.06 58.06 59.40
TAPS 73.76 M4.46 65.31 66.85 €0.06 65.14 56.35 62.26 59.58 57.96 56.78 59.83

Kadiri-3 64.25 66.47 54,59 60.06 57.29 59.47 §5.01 55.17 54.05 54.28 55.40 58.14
THMVZNLM 73.93 77.42 62.24 66.48 66.66 67.08 54.68 55.87 54.48 56.71 54.47 57.38
Com.Mut.M13 69.92 77.45 64.6) 67.49 66.10 70.20 63.61 66.4) 64.60 68.67 63.38 66,12

ni3 75.81 76.27 69.16 69.55 62.81 71.22 64.56 56,00 55 .40 55.87 56.99 58.75
Gr. Mean 73.85 76.96 65.60 69.63 66.7¢ 71.06 59,40 63.75 59.04 $1.83 59.19 6£1.51
El 6.17 9.27 -2.09 1.95 -0.92 3.38 -8,28 -3.93 -8.64 -5.85 -8.50 -6.18
Kharif 1989 .
Yarfeties Env ] Env 11 Env II1 Env IV Env ¥ Env ¥I Mean Env. SD

N1-30 NZ2-30 N1-60 N2-60 N1-90 N2-90

9
JL24 71.25 72.18  6%9.16 7Z.60 65.69 72.92 66.27 5
TAPS 7.25 11,25 67.93 75.36 10.89 72.14 66.00 ]
Kadiri-3 66.89 71.24 59.24 71.26 62.43 7400 61.07 6.52

THY2ZHLM 69.73 74,18 71.80 80.56 70.63 78.43 66.23 9
Com . Mut.M13 64.86 66.69 62.67 70.74 65.36 69.27 67.12 3
M13 70,99 72,00 65.34 73.5 T0.40 71.84 66.07 7

Gr. Mean .77 73.21 67.36 75.96 67.96 73.85

El 3.08 5.53 0.28 8.28 .28 6.17
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Table 13 :

Continued..

Harvest Index

--------------------------------------------------------------------------------------------------------------

N1-90

NZ2-%0

TAPS
Kadir{-3
THYZNLM
Com.Mut.M13
LK}
Gr. Mean

------------------------------------------------------------------------------

JL24
TAPE
Kadiri-3
THRV2ZNLM
Com.Mut.M13
M13
Gr. Mean
£l

------------------------------------------------------------------------------

Kharif 1988
Env III Env IV Env ¥
N1-60 K2-60
28.10 37.40
28.14  36.84
27.25 34.83
39.41 42.3
. 36.49
36.10 41,67
16.98 23.64
29.88 36.17
~1.49 4.80

Kharif 1989

Env 111 Env IV

N1-60 NZ2-60
25.13 27.39
36.33 38.01
33.37 36.6%5
33.84 43.03
22.24 28.73
28.19  33.99
25.91 28.12
29.28 33.70
-2.08 2.33

Rabi 1988-89
Env 111 Env 1V
N1-60 N2-60
36.86 37.94
27.55 30.70
271.82 40.26
31.50 359,38
42.91 45.37
36.10 36.70
25.78 25.90
32.65 36.61
1.28 5.24
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Table Y4 :

{stab111ty analysis}.

--------------------------------------------------------------------------------------------------------

Days to initfal

Stability parameters for 19 characters in seven varfieties over 18 environments

--------------------------------------------------------------------------------------------------------

JLza
TAPS
Kadiri-3
THY2ZHLM

Compact Mutant of M13

M13

Grand mean

o

--------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------

JLz4
TAPS
Kadiri-3
TMVZNLM

Compact Mutant of W13

M13

Grand mean

bDays to 50%
flower ing
Mean bt Szd

36.94¢ 1,034 + -D.360
37,42 0.957 = 0.215
34.42 0.9 -0,045
42.31 1.005 -0.250
42.26 1.009 -0.185
42.64 1,032 + 0,026
43.36 0.992 -0.08%
39.9¢0

Canopy diameter

(cm)

Mean bl Szd
30.26 1.038 0,127
59.46 0.343 =+ 11,255
71.25 0,948 0.19%
69.82 1.697 *+ 3.052
72.35 1.060 -0.198
69.42 1.182 0.337
71.48 0.738 -0.141
63.43

--------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------

JL2%
TAPS
Kadiri-3
THYZNLM

Compact Mutant of M13

M3

Grand mean

flowering
Mean bt Szd
33,17 0,933 D.47%
33.42 0.947 ~ 0.694
30.11 0,800 *w 1.128
36.61 1.071 » 0.129
37.00 1,075 *= -0,389
37.53 1.088 *+ 0,185
37.78 1,032 1.651
35.09
Days to peg
initfation
Mean bi Szd
40.00 0,874 +~ -0 042
41.25 1.038 ¢.186
38.74 0.973 0.683
43.53 0.%6 = 0,329
43,78 1.040 -0.027
45.14 1.097 >~ 0.765
45.69 1,032 1.037
42 .50
Plant height
(em)
Mean bi 52d
7.68 0.378% = 0.930
/.16 1174 2,906
56.42 2,579 *= 33,535
28.36 0.591 ++ 3,001
30.58 0.634 * 9.714
32.96 0.833 8.9
28.60 0.810 5.901
31.37

T3

L L

ik

Wi

0.566
1.283
0.518
0.851
0.229
2.670 #~
0.882

0
)
-0
0
1
0
1

.138
.434
.109
.055
.849
.154
. 206

Days to 100%
flowering
Mean bt Szd
33,67 0.980 0.20%
39.64 0,923 =~ 0.209
37.06 0.9 0.244
4.89 1.0N 0.0%2
44 .64 0,985 -0.125
45,75 1,090 * -0,.019
46.22 1.040 = 0.381
42,55
Canopy circumference
{cm)
Mean bi Szd
60,45 0,329 * 66,072
159,13 0.574 =+ 475,291
200,49 1,755 = 89 314
184.73 1.129 82.496
191.68 0.915 6.225
180.65 0.977 35.035
198.36 1.321 ** 153,130
167.93
Number of secondaries
Mean b4 Szd
0.60 9.268 ** -0,922
1.81 0.456 ++ 0 137
0.87 0.212 *~ -0.602
6.27 1.104 1.275
16.70 1.327 5.590
14.89% 1.782 =+  8.080
14.54 1.85% + 5 B4
T.95

------------------------------------------------------------------------------------------------------



T

--------------------------------------------------------------------------------------------------------

------------------------

--------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------
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Table 14: Continued..
Number of aerlal pegs
Yariettes
Mean b1 Szd
MH2 9.70 0.272 ** -19.94)
JL24 26,89 0.688 34,645
TAPS 26.77 0,905 -4.480
Kadirt-3 15.86 0,657 -19.212
THVZ2NLM 25.08 1.270 15.850
Compact Mutant of M13 27.21 1.163 48.443
13 31.23 2.046 *+ 51,530
Grand mean 23.25
Number of mature kerpels
Yarfeties
Mean b1 Szd
MHZ 30.01 0.388 = 73,078
JiL24 45.81 0.453 » 41,940
TAPS 48.72 0,901 39.6568
Kadiri-3 £2.85 1.152 43.25]
THVZNLM 39.65 1,360 » 38.473
Compact Mutant of M13 52.61 1,354 27.288
M3 39.76 1.3%92 * 131.401
Grand mean 44 .20
100 kernel weight
Varieties {g)
2
Hean bi $d
MH2 27.83 0.838 0.634
JL24 36.46 0,777 = .3 578
TAPS 38.27 1.130 0.661
Kadiri-3 43.24 1.187 -1.093
TMY2ZNLM 40.64 1,139 -2.628
Compact Mutant of M13 42.17 0.839 0.194
M13 51.96 1.08% 4. N2
Grand mean 40.08

MHean b Szd
13.88 0.238 * 0,257
28.22 0.76 2,688
28.33 0.839 ¢+ 3,754
.85 V.122 6.807
29,87 1.738 % 2 635
313.09 0.5M -1,690
29.37 1.403 »~ §.914
28.23
Mature kernel welight

(9}

Mean b1 Szd

7.46 0,302 = 0.7M4
15.18 0.702 *~ 1.079
14.94 D.815 »  1.309
18.26 1.130 1.565
165.37 1.716 ** 0.850
17.40 0,974 -0.087
15.53 1.361 *+ 1,820
14.88

011 per cent

Mean bi szd
46.96 0.497 ** 0,729
45.84 0.801 0.057
49,36 0.053 =~ -1,055
46,92 0.768 -1,164
45.56 1.947 *= 0,092
47.26 1.466 0.3
45. 44 1.469 -0.315
46.76

g}
Mean b1 Szd
9.74 0.259 »+ 2,367
** 24,35 0.720 7.607
w 24,48 0.826 5.132
* 31,57 1,174 * 9.980
*k  25.82 1.637 ** 3,637
29.59 1.033 -0.321
*r 25,56 1.357 av §.783
24.44
Tota) dry matter at
harvest (q)
Hean bt Szd
** 18,25 -0.020 + 14.453
** 38,79 1.298 ** 24 523
** 37.49 0.983 51.974
w 32.73 0,732 15.483
4074 1024 3.905
54.87 1.466 *+~ 34,282
wr 51,54 1.417 * 57,168
39,20
Shelling per cent
Nean bi Szd
81.01 1.098 3. N9
66.27 0.826 1.654
66.00 1.028 -1.387
61.07 0.939 5.861
66.23 1.45 = (0.859
67.12 0.4Y2 » 0.490
66.07 1,246 0.848
67.68



Table 14: Continued..

-------------------------------------------------

Yarfeties
Mean bi
MH2 .80 1.290
JL24 31.45 0.514
TAPS 32.02 1.048
Kadiri-3 37.17 0,996
THYZNLM 31.34 1.18%
Compact Mutant of M13 31.59 1.351
M13 24.20 D.613
grand mean 31.37
Note : * Significant at 5% level
*% Significant at 1% level

------------------------

ke

*k

1o a



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 conslderable 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 (N2-60) all other micro-environments
were found to be favourable for this trait in season 2. In
season 3 the best micro-environment was VI (N2—90) with low
environmental index. The varilety JL24 appeared to be the stable
genotype with environmental standard deviation of 10.36. The
maximum deviation of 11.19 was observed imn MH2 for this trait.
The genotypes TAP5 (34.42), MH2 (36.94) and JL24 (37.42)
exhibited 1low 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), Kadiri-3 (42.31) and TMV2NLM
(42.25) with standard deviations of 10.73, 11.17, 10.86 and 10.91

respectively.

163



Days to 50% flowering recorded a general mean of 39.90
and the mean of individual genotypes ranged from 34.42 (TAP5) 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, TMVZNIM 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 agalnst pooled error, it was
found that all the genotypes except M13 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 (N2-30) all other recorded low and
almost same values in season ). 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 (N1-30)
were found to be favourable. The genotype JL24 was found to be
stable with least standard deviation of 10.58, wheress maximum
variation was observed in Compact Mutant of M13 (12.47). The

lowest number of days to 100 per cent flowering was found in TAP5

Jou



(37.06) with environmental standard deviation of 11.13. The
genotype JL24 (39.64) and MH2 (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 (M13) with a general mean of 42.55
{Table 1!4). 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 TMVZNLM and Kadiri-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, enviromment (linear)
and genotype x environment (linear) were significant, when tested
against pooled deviation. The genotypes MH2, JL24, TMV2ZNLM and
Kadiri~3 were found to be stable for this trait as was evidenced

by the non-significance of varlances when tested against pooled

error.

Based on environmental index (Table 13), the micro
environment II (N2~30) was found to be favourable in season 1.

In season 2, the favourable micro-environments were II1 (NI—GO)
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followed by V (N1-90) and V1 (N2—90). The micro-~environment I
(NI*BO) followed by V (NI-QO) and VI (N2“90) 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 Mi3 (12.02). TAP5 exhibited lowest
mean value (38.14) with an environmental standard deviation of
10.67. The highest mean value was recorded in MI3 (45.69)
followed by Compact Mutant of M13 (45.14) TMV2NIM (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
3B.14 (TAPS) to 45.69 (M13). The regression of days to peg
injtiation 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 TMV2NIM recorded unit regression
coefficient and non-significant deviation from regression and as

such can be considered stable for this character.
4.3.5 Canopy Diameter

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 theilr non-significant variances when tested against pooled

error. Except JL24, all the genotypes were found to be stable.

The environmental 1index revealed that the most
favourable micro-environment for the expression of this character
was V1 (N2-90) followed by IV (N2-60) in season 1. In season 2,
the micro-environment IV (N2—60) was found to be the best. The
micro-environment IV (N2-60) 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 (N2"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. TMVZNLM exhibited high mean value
(72.35 cm) for canopy diameter followed by M13 (71.48 e¢m)}, TAPS
(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, TAPS5, MHZ, TMV2NIM and Compact Mutant of

M13 were stable for this trait.

The mean canopy diameter of individusl 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
genﬁtypes M13, TAPS, MH2, TMV2NIM and Compact Mutant of Mi3
exhibited unit regression coefficients and non-significant devia-
tions from regressions indicating their stability for canopy

diameter.
4.3.6 Canopy Circumference

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
gignificant differences over enpvironments when tested against
poeled error.

Based on environmental index (Table 13) it was found
that the micro environment VI (N2-90) was the most favourable in
all the three seasons for the best expression of this character.
Among the three seasons, the micro-environment VI (N2w90) 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 ﬁith an environmental standard deviation of 48.93
and a high mean of 200.49 c¢m. Followed by TAP5, the genotypes,
M13 (198.36 cm), TMV2ZNIM (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 em (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 dJdifferences f£from

unity and devlations from regressiom.
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 1n 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 (N1-30) and II (N2-30) (Table 13). In season 2, the micro-
environment VI (N2-90) was found to be the most favourable
followed by IV (N2-60) and II (NZ-BO). The micro-environment VI
(N2-90) followed by 1II (N2-30) were favourable in ageason 3,
Based on environmental standard deviation, the genotype MH2Z 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. TAP5 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 TAPS5,
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 (MH2Z) 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 deviatlions from regression were signifi-~
cant 1in all varieties except that in MH2. Based on stability
parameters viz., bi and Szdi, none of the genotypes were found to

be stable for this trait.

4.3.8 Number 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 1n average perfor-
mapnce over all environments. When tested against pooled error,
most of the genotypes showed significant variances except TAPS5,

Kadiri-3 and MH2. These varieties exhibited stability for this

trait.
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Based on environmental index, the micro-environment IV
(N2-60) 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 (N2-90) in season 2. The mean number of primares
were less in TAP5 (4.57), MH2 (5.11) and Kadiri-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 thaon 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 -0.10% and 1.8495.
There was nco significant deviation from unity in most of the
genotypes except Compact Mutant of MI3. Non-significant devia-
tions from regression were observed only in TAP5 and Kadiri-3.
The genotypes TAP5 and Kadiri-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 MNumber 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 1in different environments as well as the genotypes
differed among themselves 1n average performance over all
environments. The individual genotype variances, when tested
against pooled error, the genotypes MH2, TAP5 and JL24 exhibited
non-gignificant wvariances 1indicating their stability for this

trait.

The micro-environments V (N1-90) and VI (N2-90) 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 (NZ-GO) followed by III (Nl—GO) for the
expression of this trait. The genotypes MH2, TAP3 and JL24 were
consldered 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.
Maximum varlation was observed in Compact Mutant of M13 with an
environmental standard deviation of 5.06. The number of seconda-
ries were more in TMV2NIM (16.70) followed by Compact Mutant of
M13 (14.89), M13 (14.54) and Kadiri-3 (6.27) with environmental
standard deviatlons of 3.97, 5.06, 4.98 and 2.97 respectively.

A range of 0.60 (MH2) to 16.70 (TMV2NIM) 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-
clents. While the genotypes TAPS5, MHZ and JL24 recorded non-

significant deviations from regression. It was observed that the

combination of these two parameters was not found, indicating the

instabllity of genotypes for the expression of this trait.
4.3.10 Number of Aerial Pegs

Analysis of variance (Table 12) 1indicated 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 (N2-90) (Table 13). Whereas in season 2, the micro-environ-
ments IV (NZ—GO) followed by V1 (N2-90) were found to be
favourable. In season 3, the micro-environment V (N1-90) was the
best for this trait. The most stable genotype in respect of this
trait was MH2 with an environmental standard deviation of 4.6l
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 Mi3 (27.21), JL24 (26.89). TAPS
(26.77) and TMV2NLM (25.08) showed.the mean values which were
nearer to the highest mean value of M13 with environmental
standard deviations of 13.22, 10.04, 9.37 and 12.74 respectively.
While, Xadiri-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 thelr unit regression coefficlients and non-signifi-

cant deviations from regression.
4.3.11 Number of Mature Pods

From the analysis of variance (Table 12), it was
observed that the varlances due to genotypes, environment
{(1inear) 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 MI3, MH2, TMV2NLM and JL24 when
individusl variances were tested against pooled error indicating

their stability for this character.



Based on environmental index it was found that the most
favourable micro-environment for the expression of this trait was
Iv (N2-60) in all the three seasons. Among the three seasons the
best micro-environment was IV (N2-60) of season 2 with high
environmental index (15.43) (Table 13). MH2 recorded less number
0of mature pods with the least environmental standard deviation
and consldered as stable genotype for this trait. The environ-
mental standard deviation was the highest in TMV2NIM (14.18) and
considered as the most unstable genotype. Maximum number of
mature pods were recorded in Kadiri~3 (34.85) follawed by Compact
Mutant of M13 (33.09), TMV2NLM (29.87), M13 (29.37), TAP5 (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 coefficlents 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 Weight

A perusal of analysis of variance (Table 12) 1indicated
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 ail 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 seasgons, the micro-enviromment IV
(N2~60) was found to be the most favourable based on environ-
mental indéx (Table 13) for the expression of this character.
Among the three seasons, the micro enviromment IV (N2~60) of
season 2 was the most favourable with high environmental index
(14.82). Based on environmental standard deviation, the genotype
MH2 was consldered 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 2.74 g (MH2) to



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 M13 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 (N2-90) in season 1. The micro-environment IV
(N2-60) followed by VI (N2-90) were found to be favourablg in
season 2. In season 3, the best micro-environment was VI (N2-90)
for this trait. Among the three seasons, the micro-environment
Iv (N2-60) 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 Mi3
{(52.61), TAPS (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 (HHZ) to 52.85% (Karidi-3) and
the general mean was 44.20 (Table 14). The regression coeffi-
clents 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 TAP5 and Kadiri-3 recorded unit regression coeffi-

clents, 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 Weight

Analysis of wvariance (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 enviromments. 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.
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The environmental! Index (Table-13) revealed that the
most favourable micro-environment for the expression of this
trait was IV (Né-so) followed by the micro-environment VI (N2-90)
in all the three seasons. The micro-environment IV (N2-60) of
season 2 was found to be the best among the three seascns 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), MI3 (15.53g), TMV2NLM
(15.37g), JL24 (15.18 g) and TAPS5 (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 coefficlents on envirommental index.
Deviations from regression ranged from -0.087 to 1.820. Out of
all genotypes only two genotypes viz., Compact Mutant of M13 and
Radiri-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 TMV2NIM. 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 (N2—9O) 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 M13 (16.47) which exhibited high mean total
dry matter of 51.54 g and 54.87 g respectively at harvest. The
genotypes viz., TMV2NIM (40.73 g), JL24 (38.79g), TAPS (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 ccefficientsg

ranged from -0.020 to 1.466, whereas deviations from regressicn



were 1n a range of 3.905 to 57.168 (Table 14). The genotypes
TAP5, Kadiri-3 and TMV2NLM recorded unit regression coefficients,
but none of the genotypes exhibited wnon-significant 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 varlance (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 wmicro-
environments 11 (N2-30) and IV (N2-60) 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 (N2-60) followed by VI (N2-90). Among the three seasons, the
micro-environment IV (Né—ﬁo) of season 2 recorded high environ-
mental index (12.62). The genotype JL-24 was found to be stable
for this trait with an enviromnmental standard deviation of 6.14
foliowed by MHZ (6.88). The genotypes M13 (9.87) and Radiri-3
(9.31) showed maximum environmental standard deviations and

recorded high mean 100 kernel weights of 51.96 g and 43.24g
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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), TAP5 (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 coefficlents 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, TAP5, TMVZNLM, Kadiri-3, MH2 exhibited
unit regression coefficients and non-significant deviations from

regression indicating their stability for 100 kernel weight.

4.3.17 0112

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 oll
per cent over the environments. When individual variances of
genotypes were tested agalonst pooled error, all the genotypes
recorded non-significant 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

(N2-90) was found to be favourable in season 1. In season 2 not



much difference was observed among the six micro-environments.
The wmicro~environments VI (N2"90) followed by V (N1-90) and I1I1I
(N1—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 devietion of 3.38 and mean of 45.56%.
The rest of the genotypes viz., Compact Mutant of M13, MH2,
Kadiri-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 o0il 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 varlance that the
variances due to genotypes, environment (linear) and genotype x

environment (linear) were significant when tested against pooled



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 (N2-30) was the best for the expres-
sion of this trait. In season 3, the micro-environment IV
(N2-60) 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 9.0] were observed in MH2 and
TMV2NLM respectively indicating their instability for this trait.
MH? 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 TAPS (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 cof 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 coefficlents 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 gerotypes exhibited significant differences over

environments indicating their unstability for harvest index.

The micro-environment IV (N2-60) 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 (N2-30) was found to be the most favourable. With regard
to this trait, Mi3 followed by Kadiri-3 were found to be stable
with low environmental standard deviations of 3.74 and 4.52
respectively. The pgenotypes MH2 and TMVZNIM were considered as
unstable with high standard deviations of 6.87 and 6.48
respectively. High harvest index was recorded by Kadiri-3
(37.17). M13 showed the lowest value of harvest index (24.20).
The wmean harvest iIndex values recorded by TAPS (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 1.35]1 was observed for

regression coefficients, whereas deviations from regression

1o,



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 Pl CROSSES  AND
HETEROSIS OF Fl1 CROSSES FOR CANOPY AND REPRODUCTIVE

CHARACTERS

The results of analysis of variance for the parents,
crosses and parents vs crosses in Fl generation are presented in
Table 15. The data with regard to the mean performance of
parents and F1 crosses for 17 characters studied are presented in
Table 16 and 17 respectively. The heterosis exhibited by Fl
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 tc 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 welght, number of mature kernels, mature kernel
weight, total dry matter at harvest, shelling per cent and
harvest 1index which indicated high degree of genetic differences
in the parental material, Significant differences were also
observed when parents were compared with F1 hybride (parents vs

hybrids) for canopy diameter, canopy circumference, leaf area at

\8¢
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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, s8even crosses were In first order of superiority which
had registefed 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 1index), 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 cf mature pods, mature pod weight and mature kernel
weight), 1TMV2 x TMV2NIM (days to initial flowering, days to 50%
flowering, canopy diameter, canopy circumference, leaf area at 60
days, mature pod weight and mature kernel weight)}, J11 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), PGN1 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,
pumber of mature pods, mature pod weight and mature kernel

weight). Seven crosses were in second order of sﬁperiority
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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), PGN1 x TMV2NLM (days to initial flowering,
canopy diameter, 1leaf area at 60 days, mature pod weight and
mature kernel weight), JL-24 x TMV2NIM (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 PGN1 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 Flowering

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 1less
number of days, while ICG 2271 (35.50 days) recorded more number
of days to initial flowering. For the 36 Fl's the range of means

was between 28.50 days and 33.00 days. The least number of days

18y



Table 16: Mean performance of 16 parents (grown along with F  hybrids) for 17

characters. 1

Parents Canopy Days to Days to Days to Canopy Canopy Leaf Plant Number  Number

Cate- initial  50% 100% dia- circum- area at  height of of

gory flower- flower- {lower- meter ference 60 days {em)  prima-  secon-

ing ing ing {cm) {¢m) {sq cm) ries daries

MHZ 1 26,500 29,000 33,000 28.750 87.50 879,00 8.500 4,000 0.500
JN 2 29.000 31.000 32.500 47.000 156.00 1502.00 27.500 5.000 0.500
JL28 2 30,000 32,500 33.500 45.750 155.50 1587.00  39.000 4,500 7.000
THV2 2 29.500 32.500 34.500 49.250 158.50 1393.00 26,500 6.500 0.000
PGN1 2 28.000 31.500 34.500 47.300 153.50 1055.00 25.000 4.6000 1.000
PI259747 2 31.000 32.500 33.500 47.750 157,50 1533.00 42.500 4.500 0.500
PI350680 2 30.000 31.000 32.500 45.750 152.50 1635.00  36.000 4.000 0.000
6201 2 32.500 35.500 38.500 46.000 154,50 1846.00 24,500 $.500 14.000
TAPS 3 25.000 28.000 30.500 60.500 71,50 2073.00 37.500 4,500 0.000
MK374 k| 33,000 37.500 39.500 57.500 169.50 2052.00 26.000 7.000 11,500
GNLM 3 32,000 35.000 36,500 60.250 170.50 1879.00 27.000 8.000 18.000
THMY2ZNLM 3 32.000 35,000 36.500 57.300 165.00 2122.00 25.500 8.500 21.500
Kadiri-3 3 31.500 33.500 36.500 58,000 ¥6B.00 2335.00  33.000 7.500 8.000C
32-2-5 3 32.000 35.500 36,500 S4.000 166,00 2303.00 24.500 6.000 12.000
M13 4 31,500 37.500 38,500 62.750 185.50 2661.00 21.00 14.500 8,500
Ic62271 4 35,500 41,000 43.500 65.000 200.00 3163.00 19.500 g.000 12.500
CD at 5% 1.591 2.007 2.454 2.79% 3.03 76.42 8.344 2.701 6.339
Parents Canopy Number MNumber Mature Number Mature Total Shelling Harvest

Cate- of of pod of kernel  dry per cent fndex

gory aertal mature weight wmature wefght watter at

pegs pods (g) kernels (g} harvest
(9)
MHZ 1 8.500 14.500 8.940 26,000 6,070 17.030  73.690 27.520
Jn 2 20.000 22.500 12.040 29.500 £.4%0 24.070 56,250 17.850
JL24 2 8.500 34.000 24,390 55.500 14.800 32.570 64,230 31,450
THV2 2 6.000 12.000 10.000 41.500 6.020 25.970 70,300 18.630
PENT 2 28,000 22,500 14.310 31.000 9.440 18.380 69.710 34,450
Pl259747 2 10,000 10,500 9.19¢ 17.000 3.560 45.850 42.830 7.700
P1350680 2 16.000 16,000 12.470 29,000 7.530 32.670 64.670 19.180
6201 2 15.000 32.000 21.990 43.000 14.610 50.060 69.640 22.350
TAPS 3 26.500 21,500 15.220 40,000 10.300 22.610¢  71.870 30,880
MK374 3 32.500 26,000 22.350 41.500 11.260 33.350 56.320 24.540
GNLM 3 24.000 24,500 23.630 32.500 11.130 43.980 50.110 20.060
TMYZNLM 3 25.000 15.000 10.090 21.000 6.900 49,850 81.980 12.970
Kadtri-3 3 22.500 32,000 20.500 46.000 17.050 56.970 90.6%0 22.900
32-2-5 3 18.000 20.000 13.320 21.000 6,990 57,890 56,790 11,350
[ BE] 4 3.500 17.500 19.020 29.000 7.720 63,810 45,850 10.650
4

1ce22N 26.500 24.500 23.490 36.500 10.120 47.440 53.590 16.930
Ch at 5% 16.354 7.136 1.728 15.884 1.625 16.431 14,137 7.328



Table 17: Mean performance of 36 F] hybrids for 17 characters.

------------------------------------------------------------------------------------------------------------

Canopy Days to Days to Days to Canopy Canopy teaf Plant Number  Number
Crosses combi- in1tial 502 100% dia- circum- area at  height of of

nation flower- flower- flower- meter ference 60 days {cm) prima- secon-

ing ing ing {cm) (em}  {sq cm) ries daries

M13 X MH2 (4 b 31.300 36.250 38,700 64,100 171,70  2650.41 29.150 7.950 11.100
MK374 X MHZ (3 1} 33.000 36,300 37.%00 53.%00 156,30 2050.86 29.900 7.100 14.600
Kadiri-3 X MHZ (3 1 30.200 33.950 36.700 62.600 164.70 2325.9 25,200 7,300 6.050
6201 X MH2 (2 1) 32.400 33.900 36.400 37.100 116.00 1635.00 19,900 10,000 13.400
TH¥2 X MH2 {2 1) 29.200 31.000 34,200 60.800 181.60 2188.00 28.500 300 2,000
PGNT X MHZ (2 T 29.500 31.600 33.500 58.300 176.00 1675.06  33.100 000 1.200
JL24 X MH2 (2 1) 29.050 32.150 34,500 50.850 150.60 2063.70 28.750 250 1.300
TMY2NLM X MHZ (3 x 1) 30,500 34,500 36.000 54.000 170.00 2204.6C 29,500 .900 12,500
GHLM X MH2 {3 1) 31.400 34.300 36.400 §5.850 173.00 2101.60 28,300 .300 11.700
M13 X THYZNLM (4 x 3) 30.400 36.000 az.soo 54.450 166.60 1778.1 22,100 400 13.400

L.600 14,200
.300 10,500
100 13,700
.600 9,200
.800 11.900

3) 30.600 36,200 38.000 64.950 204.80 2090.88 25.300
3)  RN.z00 36,300 37.900 €1.600 148.50 2604.99 23.400
3} 31,600 35,200 37.800 41,700 134,50 1265.88 23.000
3) 30,000 32.400 34.700 68,200 179,30 3290.60 30.%00
3 29.700 33,300 36,500 64,000 157.10 2571.98 30.700

MK374 X THMV2NLM (3
Kadiri-3 X TMY2NLH (3
G201 X THVZNLM (2
THY2Z X THVZNLM (2
PGRY X TMYZNLHM {2

5

6.

5

8

8

8

8

8

1.

7

7
JL24 X TMY2NLM (2 x3) 30,000 31,800 33,700 66.100 186.60 1884.35 33,600 6.200 6,400
JI1 X TMVZNLM (2 x 3} 29.600 31.550 33.650 63.450 178.90 3019.43 31.000 6.900 11.050
PI259747 X 32-2-5 (2 x 3} 30.000 32.500 30.500 31.250 114.50 188%. 1  21.000 7,000 5.000

8.900 16.900
GNLM X 32-2-5 {3 x3) 30.700 33.900 36.900 64.050 166.40 1655.68 23.600 9.650 15.750
JL24 ¥ 32-2-5 (2 x3) 30,100 32,250 35.350 67.500 171.40 3573.45 36,000 7.000 6.650
TMY2Z % 32-2-5 (2 x 3) 28.700 37,400 34,700 62.200 168.90 3823.92 28.600 7.500 £.900
Kadiri-3 X 32-2-5 {3 x 3) 31,100 34,700 37,200 €9.500 187.30 3174.75 24,200 7.900 9.600
M13 X TAPS (4 x 3) 29.700 33,800 36,200 79.200 201.50 1584.8%3 30.700 8.000 7.800
MK374 X TAPS {3 x3) 32,150 35,250 37.000 57,300 165,80 2262.86 23,350 7.350 10,500
Kadiri-3 X TAPS {3 x3) 29.400 32.600 34.900 76.500 198.40 2547.43 24,200 6.700 6,900
G201 x TAPS {2 x 3) 31.850 35.150 36.850 52,000 169.90 1899.26 35,400 7.900 3.400
PGNT X TAPS (2 x 3) 29.500 31.300 34.7C 65.300 182.40 2355.35 37.600 6.600 1.900
TM¥2 X TAPS (2 x 3) 28.500 31,600 33,5006 53,450 168.10 1602.12 41.800 4.700 0.300
JL24 X TAPS (2 x 3) 28.600 31.200 34,000 64.650 171.70 2193.04 231.100 5.100 1,100
J11 X TAPS {2 x3) 295.700 32,400 34.900 46.350 147.40 2417.26 31.600 4.700 0.600
PI350680 X TAPS {2 x3) 290,700 32,100 34,800 59.150 177.10 2817.47 44.400 5.600 1.100
162271 X TAPS (4 x 3) 32.700 36.500 38.500 64.450 178.70 2474.12 21.300 10.000 11.100

x

X

x

x

X

X

X

x

x

X

x

X

x

x

x

x

X

X

THY2ZNLM X 32-2-5 (3 x 3) 31.500 36,000 38,100 64,500 174,50 2528.29 20.700

X

X

X

x

X

X

%

X

x

X

x

X

x

x

GNLM X TAPS (3 x 3} 30.000 34,700 37,100 76.650 230.70 2345.29 29,700 B

THY2KLM X TAPS (3 x 3) 30.700 33,900 36.100 68.500 188.60 3867.23 27.%00 9.000 16.500

TMY2ZNLM X 6201 {3 x 2) 30.900 34.900 37,200 57.750 183.50 3104.61 25.100 8
2

Ch at 5% 1.59 2.007 2.454 2.79%9 3.03 76.42 5,344
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Table 17 : Continued...

----------------------------------------------------------------------------------------------------

Canopy Number  Kumber  Mature  Number Mature Total Shelling Harvest

Crosses comb1- of of pod of kernel dry per cent 1index
nat fon asrtal mature weight mature weight matter at
pegs pods (9} kernels {g} harvest
{9)
M13 X MHZ {4 1) 17.700 19.800 20.4%0C 33.800 8.420 64.940 46.850 11.2%0
MK374 X MHZ (3 x 1) 14.900 18.500 15.810 28,400 8.070 49,990 56.650 13.710
Kadiri-3 X MHZ {3 1) 19,350  19.700 16.530  30.000 8.300 40.350 53.3%0 16.950
6201 X MH2 {2z x 1} 9.100 17.900 15,940 32.100 7.230 37.800 51,430 15,750
THY2 X MHZ {2 1) 12.600 23.000 17.170 47,600 10.500 27.060 59.830 29,390
PGHY X MH2Z {2 x 1} 42.300 29.100 20.530 36,500 8.760 29.940 50.140 21.770
JL24 X MH2 fex N 4,300 18.800 14,300 30,250 6.510 23.550 49,960 21,880
TMY2ZNLM X MH2 (3 x 1) 14.000 16.500 B.950 20.100 6.050 40,200 74.530 12.920
GNLM X MH2 (3 x1) 13.500 16.800 10.570 24 600 6.400 39.6%0 67.410 13.850

3} 18.400 8.500 6.140 16.600 4.230 47.850 77.070 8.120
3) 30.300 20.600 16.250 31.500 7.750 53.200 55.670 12.520
1) 14,100 23.400 19.150 40,100 10.640 34.560 58.060 23,290
3) 13.300 14,300 9.970 20.400 4,990 35,160 56.550 12,160
3y 13.700  17.500 13,960 46,000 2.520 39.540 72,290 19,270
3) 33,700 29.000 24,230 44,200 M.270 41.700 51.430 21.320
3)  15.900 16.500 13.750 22.400 6.830 4.600 52.180 13.220
J11 X TMYZHLM {2 x 3) 17.250 15,400 14.340 29.800 8.230 50.080 62.770 13.%60
PI259747 X 32-2-5 (2 x 3) 0.000 14,000 9.540 11.500 2.790 28.590 30.7%0 8.800

X
x
X
x
X
x
X
b
X
W13 X THVZNLK (4 x
X
x
x
x
x
x
X
x

TMVZNLM X 32-2-5 (3 x 3) 35.000 25.000 17.580 34.200 10.460 47.000 64.110 18.070

X
x
%
x
x
X
3
X
X
x
x
x
x
x
3
x
X

MK374 X TMY2NLM (3
Kadirt-3 X TMVYZNLM (3
G207 X TMVZHLM (z
TMV2 X TMVZNLM (z
PGNY X THMYZHNLM {2
JL24 X TMYZNLM (2

GNLM X 32-2-5 {3 x 3) 27.550 20.050 13.730 26.500 6.980 36.510 57.680 16.200
JL24 x 32-2-5 {2 x 3 7.500 12.400 §.320 16,650 4,770 39.570 62.170 10,610
THYZ X 32-2-5 {2 x3) 313.600 23.200 24.350 41.600 12.450 27.330 53.960 30.750
Kadiri-3 X 32-2-5 {3 x 3) 23.600 40.500 35.110 61.700 24,000 42,100 T71.440 36.020
M13 X TAPS (4 x 3) 28.300 13.300 11.610 22.400 7.330 50.900 69.820 13.500
MK374 X TAPS (3 x 3) 22.000 24.650 231.210 33.600 10.600 35.550 52.840 22.380
Kadiri-3 X TAPS (3 x 3) 34,700 40.000 33.930 53.600 23.050 44.820 69,890 34,090
G201 X TAPS (2 x 3) 6.400 6.100 3.800 8.250 1.450 33.220 42,130 4,220
PGN1 X TAPS {2 x3) 31.500 236.800 26,670 55,500 19.470 37.490 77.290 33.800

TMYZ X TAPS {2 x 3} 33.000 23.100 17.670 32.400 9.8%0 29,090 59.280 24.970

JL24 X TAPS (2
J11 X TAPS (2
P1350680 X TAPS {2
1C62271 X TAPS {4

GNLM X TAPS (3 x3) 26.800 16.000 1M.370 23.900 $.030 48,280 49.380 9.380
TMY2NLM X TAPS {3 x3) 18,200 23,900 16,070 30.700 11.800 42.760 48.340  13.490
THY2NLM X G201 (3 x2) 18.200 19.700 17.070 25.700 8.630 42.240 56.630 16.880

€D at 5% 16.354 7.136 1.728 15.884 1.625 16.431 14,137 7.328



Table 18

: Heterosis {over the better parent) recorded for 17 characters in 36 F1 hybr 1ds
of groundnut,

--------------------------------------------------------------------------------------------------

M13 X MK2

MK374 X MHZ
Kadiri-3 X MH2
G201 X MHZ

THYZ X MH2

PGNT X MH2

JL24 X MH2
THVZNLM X MH2
GNLM X MH2

M13 X TMVZNLM
MK374 X TMVZNLM
Kadiri-3 X TMVZNLM
G201 X TMVZHLM
THVZ X THVZNLM
PGN1 X TMVZNLM
JLZ8 X TMYZHLM
J11 X TMYZNLM
P1259747 X 32-2-5
TMVZRLM X 32-2-5
GNLM X 32-2-5
JL24 X 32-2-5
TH¥2 X 32-2-5
Kadiri-3 X 32-2-5
M13 X TAPS

MK374 X TAPS
Kadiri1-3 X TAPS
G201 X TAPS

PGKY X TAPS

TMV2 X TAPS

JL24 X TAPS

J¥1 X TAPS
P1350680 X TAPS
ICG2271 X TAPS
GNLM X TAPS
TMY2NLM X TAPS
TMY2ZNLM X 6201

Canopy

comb{ -

nation

{4 x 1)
(3xMN
(3x 1
(2 x 1)
(2 x V)
{2 x 1}
{2 x 1)
(3 x1)
{3 x 1)
(4 x 3}
(3 x 3)
(3 x 3)
(2 x 3)
{2 x 1)
(2 x 3)
(2 x 3)
(2 x 3)
(2 x 3}
(3 x 3)
(3 x 3}
{2 x 1
{2 x 3)
{3 x 3)
(4 x 3)
{3 x 3)
(3 x 3}
{2 x3
(2 x 3
(2 x 3)
{2 x 3)
(2 x 3)
(2 x 3)
{4 x 3)
(3 x3)
(3 x3)
(3 x 2}

Days to
fnitial
flower-

fng

-10.312

L 2

ik
*

Days to

s50%

flower-

ing

3.548
-10.976
-8.570
-3.743
-1.690

ke
ok

*w
i

Days to

100%

flower-

ing

..................................................................................................

k

k
ke
Jrk
ik
ik
Wk
Lt

*k
L

Canopy
circum-

ference

{cm)

LG

ek

*k

L

ik

L
L L

Leaf

area at
60 days
{sq cm}

-33.17¢9
-1.467
11.563

55.071
21.205
-11.199
42.292
=17.970

-28.108

*k
e
ik

ok

*k

e

ik

*k

i

"k

..................................................................................................



Table 18 :

Continued...

--------------------------------------------------------------------------------------------------

Canopy Flant

Number
of
prima-

ries

Kumber
of
secon-
daries

Kumber
of
aerial

Number
of
mature

pods

Mature
pod
-weight
(9)

--------------------------------------------------------------------------------------------------

M3 X MHZ

MK374 X MHZ
Kadiri-3 X MH2
G201 X MH2

THY2 X MH2

PGH1 X MH2

JL24 X MH2
THYZNLM X MH2
GNLM X MH2

M13 X THV2NLM
MK374 X TMVZELM
Kadir1-3 X TMYZNLM
G207 X THY2NLM
THY2 X TMVZHLM
PGN1 X TMVY2ZHLM
JL24 X THVZNLM
J11 X TM¥ZNLM
P1259747 ¥ 32-2-5
THY2NLM X 32-2-5
GNLM X 32-2-5
JL24 X 32-2-5
THYZ X 32-2-5
Kadirt-3 X 32-2-6
M13 X TAPS

MK374 X TAPS
Kadir1-3 X TAPS
G201 X TAPS

PGN1 X TAPS

THY2 X TAPS

JL24 X TAPS

Ji1 X TAPS
P1350680 X TAPS
1062271 X TAPS
GHLM X TAPS
TMYZNLN X TAPS
THYZRLM X 6200

combi- height
nation (cm)

(4 x 1) 38.810
{3 x 1} 15.006
(3 x 1) -23.636
(2x 1) -18.776
(2x M 7.547
{2 x 1} 32.400
{2 x 1) -26.282
(3 x 1} 15.686
(3xM 4.815
{(# x 3} -13.333
(3 x 3) -2.692
(3 3] -29.09
{2 x3) -9.804
iz x 3} 16.604
(2 x 3 20.392
(2 x 3) -13.846
{2x 3 12.727
(2 x 3} -50.588
{3 x3) -18.824
(3 x 3) -12.593
{2 x 3} -7.692
{2 x 3) 7.925
(3 x 3) -26.667
(4 x 3} -18.133
{3 x3) -3r.733
{3 x ) -35.467
{2 x 3) -5.600
{2 x 3) 0.267
(2 x 3) 11.467
{2 x 3) -20.256
{2 x 3) -15.733
(2 x3) 18. 400
{4 x 3) -43.200
{3 x3) -20.800
(3 x 3) -25.600
{3 x 2) -1.56%
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-4.286
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15.703
-35.260
-38,173
-24,704
-74,287
-51.883

5.585

-22.374

Wk

"

i

e

i

ik

L

i

£

e

sk

i

ok

i

ke

ke

drir

L

i

e

i

Wk

--------------------------------------------------------------------------------------------



--------------------------------------------------------------------------------------

Shelling
per cent

Number

of

mature
kernels

weight
(g)

Total
dry
matter

at harvest

{g)

Harvest
index

--------------------------------------------------------------------------------------

Table 18 : Continued...
Canopy
Crosses combi -
nation
Mi13 X MH2 {4 x 1)
MK374 X MH2 (3 x 1}
Kadir{-3 X MHZ (3 x1)
G201 X MH2 {2 1)
THYZ X NHZ2 (2 x 1)
PGN1 X MH2 {2 x 1}
JL24 X MHZ (2 x 1)
THV2ZNLM X MH2 {3 x 1)
GNLHM X WH2 £3 x 1)

M13 X TMVZRLM {4
MK374 X TMVZNLN (3
Kadiri-3 X TMY2HNLM {3
G201 X TMYZALM (2
TMY2 X TMYZNLM (2
PGNY X TMYZHNLM {2

JL24 X THMV2NLM (2 x 3)
J1T X THV2RLM {2 x 3)
P1259747 X 32-2-5 (2 x 3)
GNLM X 32-2-5 (3 x 3)
JL2¢ X 32-2-5 (2 x 3)
THY2 X 32-2-5 (2 x 3}
Kadiri-3 X 32-2-5 {3 x 3)
M13 X TAPS {4 x 3)
MK374 X TAPS {3 x 3)

Kadiri-3 X TAPS (3
G201 X TAPS (2
PGN1 X TAPS (2
THVZ X TAPS (2
JL24 X TAPS (2
J11 X TAPS (2
PI1350680 X TAPS {2
ICG22T1 X TAPS (4
GHLM X TAPS {3
TMYZHLM X TAPS (3

x
x
X
x
X
X
x
X
X
x
X
X
X
x
x
X
x
x

TMV2MLM X 32-2-5 (3 x 3)
x
X
X
X
x
x
x
x
x
x
x
X
x
%
x
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THYZNLN X 6207 {3 x
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wes taken by TMV2 x TAP5 (28.50 days) followed by JL24 x TAPS
(28.60 days) and TMV2 x 32-2-5 (28.70 days) in which TAPS was
involved in two crosses. The cross MK374 x MHZ 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

1
observed in twelve crosses. Highly significant negative
heterosis was recorded by five crosses wviz., TMVZ x 32-2-5
(-10.312%), ICG 2271 x TAPS (-7.887%), J11 x TMVZNLM (-7.500%),
MK374 x TMV2NIM (-7.273%) and PGN 1 x TMV2NLM (-7.187%). None of
the crosses exhibited significant positive heterosis. Two crosses

viz., PGN1 x MHZ (5.357%) and PGN1 x TAP5 (5.357%) recorded high

positive heterosis.
4.4.2 Days to 50X 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 1least number of days was observed in TAPS (ZB.Oﬁ days)
followed by MH2 (29.00 days). The parents viz., ICG 2271 (41.00
days), Mi3 (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 TMVZ x MH2 (31.00 days), JL24 x
TAP5 (31.20 days), PGN1 x TAP5 (31.30 days), TMV2 x 32-2-5 (31.40
days), J11 x TMV2NLM (31.55 days), PGNl x MH2 (31.60 days) and

T™V2 x TAP5 (31.60 days), of which TAP5 was involved 1in three

[ {2



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
rzgative heterosis, of which two crosses viz., ICG 2271 x TAP5
(-10.976%) and TMV2Z 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 J1) x TAP 5 (4.516%), Kadiri-3 x TMV2NLM (3.714%) and PI350680

x TAP5 (3.548%).
4.4.3 Days to 100X Flowering

Among the parents the mean values ranged from 30.50 days
to 43.50 days for this trait. TAPS5 (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)}, TMV2ZNIM 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 exhibited signi-
ficant negative heterosis viz., PI 259747 x 32-2-5 (-16.438%),

ICG 2271 x TAP5 (~11.494%), J11 x TMV2NLM (-7.808%) and JL24 x

=



TMV2NLM (~7.671%). None of the crosses showed significant
positive heterosis for this trait. Two crosses viz., J11 x TAPS
(7.385%) and PI350680 x TAP5 (7.077%) recorded high positive

heterosis.
4.4.4 Canopy Diameter

In respect of parents, the mean canopy diameter ranged
from 28.75 cm to 65.00 em. The highest mean canopy diameter was
observed in ICG 2271 (65.00 c¢m) followed by Mi3 (62.75 cm), TAPS
(60.50 cm) and GNLM (60.25 cm). The variety MHZ (28.75 cm)
recorded the Jlowest mean. Among the crosses the mean canopy
diameter ranged from 31.25 ¢m to 79.20 em. The cross M13 x TAPS
exhibited high mean value followed by GNLM x TAP5 (76.65 cm) and
Kadiri-3 x TAP5 (76.50 cm) in which TAP5 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 TMV2ZNLM (41.70 cm) and J11 x TAPS

(46.35 em) 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%X. 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 TAP5 (26.215%), JL24
x 32-2-5 (25.00%), TMV2 x MH2 (23.452%) and PGNP x MH2 (23.256%)
in which TAP5 was involved in three crosses. Slgnificant

negative heterosis was observed in eleven crosses. Three crosses

values for the crosses was from 114.50 em 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 J11 x TAPS

(~23.388%).
4.4.5 Canopy Circumference

The wmean canopy circumference in parents ranged from
87.50 cm to 200.00 cm. The highest mean value for camopy circum-
ference was observed in ICG 2271 (200.00 cm) followed by M13
(185.50 cm), TAP5 (171.50 cm) and GNLM (170.50 em). 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, OGNLM x TAPS (34.519%) registered highly
significant positive heterosis followed by MK374 x TMV2ZNLM
{20.826%), Kadiri-3 x TAP5 (15.685%), PGNl x MH2 (14.658%) and
TMV2Z x MH2 (14.574%). Negative significant heterosis was
observed 1in 15 crosses. Highly significant negative heterosis
was recorded by PI259747 x 32-2~5 (-~31.024%) and G201 x MH2

(-24.919%).



4.4.6 Leaf Area at 60 Days

The mean values ranged from 879.00 cm2 to 3163.00cm2 for
leaf area at 60 days in the parents. The parent ICG 2271
(3163.00 cmz) recorded the highest mean value followed by M13
(2661.00 cmz), Kadiri-3 (2335.00 cmz) and 32-2-~5 (2303.00 cmz).
The lowest mean value was found in MH2 (879.00 cmz) followed by
PGN1 (1055.00 cmz) and TMVZ (1393.00 cmz). The crosses showed a
range of meen values between 1265.88 cmz to 3867.23 cmz. The
cross TMVZNLM x TAPS5{3867.23 cm2 exhibited the highest mean value
followed by TMVZ x 32-2-5 (3823.92 cmz) JL24 x 32-2-5 (3573.45
cmz). TMV2 x TMV2NLM (3290.60 cmz), Kadiri-3 x 32-2-5 (3174.75
cn?), TMVZNIM x G201 (3104.61 cu®) and J1I x TMVZNLM (3019.43
cmz), in which TMVZ2NLM was involved in four crosses and 32-2-5 in
three crosses. The cross G201 x TMVZNLM (1265.88 cmz) 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 twe crosses exhibited
significant positive heterosis and nine crosses recorded signifi-
cant negative heterosis. Five crosses viz., TMVZNLM x TAPS
(82.235%), TMV2 x 32-2-5 (66.041%), TMV2 x MH2 (57.071%), JL24 x
32-2~5 (55.165%Z) and TMV2 x TMV2NLM (55.071%) recorded highly
significant positive heterosis. Significantly high negative
heterosis was observed in three crosses viz., M13 x TAPS
(~40.439%), G201 x TMV2NIM (-40.345%) and MI3 x  TMV2NIM

(-33.179%).
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§.4.7 Plant Height

Among the parents, the mean values for plant height
ranged from 8.50 e¢m to 42.50 cm. The genotype PI259747 (42.50 cm)
showed the highest mean value followed by JL24 (39.00 cm). TAP5
(37.50 cm) and PI350780 (36.00 cm). The lowest mean value was
found in MHZ (8.50 cm) followed by 1I1CG2271 (19.50 cm) and M3
(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), PGN1 x TAP5 (37.60 cm)
and JL24 x 32-2-5 (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 cbserved 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 then
recorded significant heterosis. High positive heterosis was
found {in M13 x MH2 (38.81%) and PGN]l x MH2 (32.400%). Eight
crosses expressed significant negative heterosis. Four crosses
viz., PI259747 x 32-2-5 (-~50.588%), 1CG2271 x TAP5> (-43.200%),
MK374 x TAPS5 (-37.733%) and Kadiri-3 x TAPS5 (-35.467%) recorded

highly significant negative heterosis.
4.4.8 Number of Primaries

The mean number of primaries ranged from 4.00 te 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), PGN1 (4.00) and PI350680 (4.00). Among



the crosses, the mean values ranged from 4.70 to ;0.00. The
highest mean number of primaries was recorded by ICG2271 x TAPS
(10.00) and G20} x MH2 (10.00) followed by GNLM x 32-2-5 (9.65)
and TMV2NIM x TAP5 (9.00). The crosses viz., TMV2 x TAPS (4.70)

and J11 x TAP5 (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 rtegis-
tered positive heterosis for this trait which was net signifi-
cant. High positive heterosis was exhibited by PGN1 x MH2
(50.00%) and PGNl x TAP5 (46.67%). Out of 36 crosses, significant
negative heterosis was observed in M13 x MHZ (-45.172%), M13 x

TAPS (-44.828%) and M13 x TMV2NLM (-42.065%).
4.4.9 Number 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 GNIM (18.00), G201 (14.00), ICG2271 (12.50),
32-2-5 (12.00) and MK374 {11.50). The secondary branches were
absent in TMV2. TAPS5 and PI350680. Low mean value was found in
J11 (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
TMV2ZNLM x TAP5 (16.50). Incidentaliy TMV2NIM was involved as one
of the parents 1in the above three crosses which showed the

highest mean value, Low mean values were recorded by TMV2 x



TAP5 (0.30), J11 x TAP5 (0.60), JL24 x TAPS (1.10), PI350680 x

TAPS (1.10), PGN1 x MHZ (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 PGN] x TAP5 (90.00%). Signi-
ficant negative heterosis was found in twelve crosses, of which
two crosses viz., G201 x TAP5 (~75.714%) and JL24 x TMVZNIM

(-70.233%) recorded highly significant negative heterosis.

4.4.10 Number of Aerial Pegs

The range of mean values among the parents was between
6.00 and 36.50 for number of aerial pegs. The parent M13 (36.50)
showed the highest mean value followed by MK374 (32.50), PGN1
(28.00), TAP5 (26.50) and ICG2271 (26.50). TMV2 (6.00) recorded
the lowest mean value followed by.ﬁHHZ (8.50) and JL24 (8.50). 1In
the crosses the mean values raﬁged from 0.00 to 42.30. The
highest mean value was recorded by PGN1 x MH2 (42.30) followed by
ICG2271 x TAP5 (36.60) and TMV2NLM x 32-2-~5 (35.00). The aerial
pegs were absent 1n PI259747 x 32-2-5. While low mean values were
observed 1n JL24 x MH2 (4.30), JL24 x TAP5 (4.30), Jil x TAPS
(5.60), G201 x TAP5 (6.40), JL24 x 32-2-5 (7.50) and G201 x MH2

(9.10).

The range of heterosis for number of aerlal pegs was
between -100.00% and 51.071%. Among 36 crosses, none of the

crosses Sshowed significant positive heterosis for this trait.
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Three crosses viz., PGN1l x MH2 (51.071%), TMV2 x MH2 (48.235%)
and TMV2NLM x 32-2-5 (40.000X) recorded high positive heterosis,
of which the crosses viz., PI259747 x 32-2-5 (100.00%), JL24 x
TAP5 (-83.774%}, J11 x TAPS (-78.868%) and G201 x TAP5 (-75.8492)

recorded high degree of significant negative heterosis.
4.4.11 Number 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_Kadiri-3 (32,00) and
G201 (32.00). The lowest mean value was found in PI259747 (10.50)
followed by TMVZ (12.00). Among the crosses the mean number of
mature pods ranged from 6.10 to 40.50. The cress, Kadiri-3 x
32-2-5 (40.50) exhibited the highest mean value followed by
Kadiri-3 x TAP5 (40.00). Llow mean values were recorded by G201 x

TAP5 (6.10), ICG2271 x TAP5 (7.70) and MI3 x TMV2NIM (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., PGN1 x TAPS (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 Welght

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 1in 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 (10.00g) and TMV2NLM (10.09g). In case of crosses,
the mean mature pod weight ranged from 3.80 g to 35.1lg. The
highest mean value was observed in Kadiri-3 x 32-2-5 (35.1lg)
followed by Kadiri-3 x TAP5S (33.93 g). The cross, G201 x TAPS
(3.80 g) showed the lowest mean value followed by ICG2271 x TAPS

{(6.04 g) and M13 x TMVZNLM (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 32-2-5 (82.808%), PGNl x TAP5 (75.230%) TMV2 x MH2 (71.700%),
Kadiri-3 x 32-2-5 (71.268%), PGNl x TMV2NLM (69.322%) and
Kadiri-3 =x TAP5 (65.512%) 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 TAP5 (-82.719%) and ICG2271

x TAPS (-74.287%).
4.4.13 MNumber of Mature Eernels

The range of mean values for number of mature kernels

was between 17.00 and 55.50 in the parents. The parent JL24



(55.50) recorded the highest number of mature kernels followed by
Kadiri-3 (46.00), G201 (43.00), TMV2 (41.50), MKR374 (41.50) and
TAP5 (40.00). While, PI25947 (17.00) showed the lowest number of
mature kernels followed by TMV2ZNLM (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 PGNl1 x TAP5
(55.50) and Kadiri-3 x TAP5 (53.60). While, the lowest mean value
was found 1in G201 x TAPS (8.25) followed by 1ICG2271 x TAPS

(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., TMV2NIM x 32-2-5 (62.857%), PGN1l x TMV2NLM
(42.581%), PGN1 x TAPS (38.750%) and Kadiri~3 x 32-2-5 (34.130%)
recorded high positive heterosis. Significant negative heterosis
was found in nlne crosses. Highly significant negative heterosis
was recorded by G201 x TAP5 (-80.698%), 1CG2271 x TAP5 (-74.750%)

and JL.24 x 32-2-5 (-70.000%).

4.4.14 Mature Kernel Weight

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



g) followed by J11 (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 Kadiri-3 x TAPS (23.05 g). Low mean values were recorded by

G201 x TAP5 (1.45 g), ICG2271 x TAPS (2.13 g) and PI259747 x

32-2-5 (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., PGNI x TAP53 (89.029%), TMVZ x 32-2-5 (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., G201 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 PGN1 (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

TAP5 (50.90 g) and J11 x TMV2NIM (50.08 g). The cross Jll x TAP5

4ef



(20.69 g) recorded the lowest mean value followed by JLZ4 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 PGN1 x TAP5 (65.812%) and PGN1 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 TMVZNLM (81.98%). Wwhile,
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%),
TMV2NIM x MH2 (74.53%), TMV2 x TMV2NIM (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., PGN]l x

TAP5 (7.541%) and GNIM x 32~2-5 (1.567X) recorded positive



heterosis. Twenty four crosses expresgsed significant negative
heterosis, of which five crosses showed highly sigﬁificant
negative heterosis, viz., PI259747 x 32-2-5 (-45.818%), G201 x
TAPS (-41.408%), Kadiri-3 x MH2 (-41.077%), TMV2NIM x TAPS

(-41.034%) and ICG2271 x TAP5 (-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
PGN1 (34.46) followed by JL24 (31.45) and TAPS (30.68). The
parent PI259747 (7.70) exhibited the lowest mean value f£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
Kadiri~-3 x 32-2-5 recorded the highest mean value (36.02)
followed by Kadiri-3 x TAP5 (34.09), PGN1 x TAPS5 (33.80) and TMVZ
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 TAP5 (-84.585%) exhibited highly signi-

ficant negative heterosis.



4.5 MEAN PERFORMANCE OF PARENTS AND MEANS AND VARTANCES

EXHIBITED BY CROSSES IN ?2 GENERATION FOR CANOPY AND

REPRODUCTIVE ATTRIBUTES

The mean values of parents and means and varilances
recorded by 36 crosses for 17 characters in F2 generation {(Rabi)
are presented in Tables 19 and 20 respectively. The means and
varlances exhibited by 21 crosses for 17 characters in F2 genera-
tion (Kharif) along with their parental mean values were given in

Tables 21 and 22 respectively.

4.5.1 F. Generation (Rabi)

2
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 ecrosses of which, four crosses
viz., TMV2 x TAP5, PGN1 x TAPS5, 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 1n seven crosses, of which five crosses viz., M13 x MHZ,
M13 x TMV2NIM, MK374 x MH2, G201 x MH2 and GNIM x 32-2~5 recorded

high mean and two crosses M13 x TAP5 and Kadiri-3 x TAP5 showed



Table 19 : Nean performance of the parents (grown along with I-'z progenies in Rabi)
for 17 characters.

------------------------------------------------------------------------------------------------------------

Parents Canopy Days to Days to Days to Camopy Canopy Leaf Plant Number  Number
Cate- fnitial 50% 160% dia- circum- area at hefght of of
gory flower- flower- flower- meter ference 60 days {em) prima-  secon-

ing ing ing {cm) (em) {sg cm) ries darfes

MH2 1 42,00 47.00 49,00 22.00 50.80 916.72 6.80 5.20 1.40

an F4 43,00 46.00 48,00 45.80 145,10 2601.70 39,40 6.20 2.80

JL24 2 44 .00 47.00 48,00 46.00 149.20 2558.36 33.63 €.63 3,63

THY2 2 45,00 48.00 50.00 45.50 148.30 2481.25 31.80 6.30 4.10

PGN1 2 44,00 47.00 49,00 47.50 150.10  2019.00 30.90 6.20 5.20

PI259747 2 43,00 46.00 48.00 49,00 149.40 2082.24 35,63 6.13 1.00

P1350680 2 46.00 47.00 51.00 48.50 17,25 2117.25 “an 5,22 0,33

620 2 52.00 54.00 57.00 48.50 150.50 2643.16 25.38 8.2% 14,25

TAPS 3 40,00 43,00 45.00 60.00 180.60 2644.87 36.80 4,60 1.50

HK374 3 52.00 57.00 61.00 54.70 169.18  3004.57 26.00 9.1 16.78

GNLM 3 49.00 5}.50 56.00 60,15 180.25 4014.}7 25,29 6.7 12,14

TMV2HLM 3 48.00 51.00 55.00 58.20 176.15  3950.51 21,50 8.00 24 .88

Kadir1-3 3 5z.00 57.00 63.00 55.00 170.80 3032.M1 22.00 6.50 13,50

32-2-5 3 47,00 53.00 55,00 55.90 170.20 4134.29 3N 8.29 4.1

LAE] ) 53.00 57.00 62.00 75.80 21,70 4918.36 21.50 8.40 24 .30

1ce2zn 4 59.00 62.00 67.00 76.50 215.50 4819,29 22.67 9.67 24.23

Parents Canopy Number Kumber Mature Number Mature Total Shelling Harvest
Cate- of of pod of kernel dry per cent index
gory aerial mature weight mature weight matter

pegs pods (g} kernels {g} at harvest
{g)

MH2 1 8.60 14,00 1.27 25.80 8.15 13.96 71.63 36.15

JNn 2 29.60 46.20 38.99 70, 40 28.72 44.93 74.99 9.7

JL24 2 25.63 19.25 18.42 26.50 12.2% 42.37 65.65 25.14

THV2 F4 15.40 35.50 27.34 §6.80 20.04 34.03 73.08 36.76

PGN? 2 26.18 31.20 34.16 52.% 23.46 45.20 jo.r0 35.67

P1259747 2 27.25 25.50 3.1 49.63 18.15 45.30 8§2.21 29.16

P1350680 4 13.22 17.00 25.80 30.89 16.96 29.26 68.10 5,88

G201 2 29,38 29.13 32.38 52.13 2L 39.15 63.81 36.26

TAPS k| 32.60 1%.10 17.36 32.00 11.92 34,07 70,49 27.59

MK3IT4 3 28.22 27.89 28.72 47.5% 19.85 38.21 67.99 35.22

SNLM 3 18.2% 29.29 30.00 45.7 20.63 40.91 70.57 34.31

THY2HLM 3 23.38 s 29.92 46.7% 18.50 42.3% 63. 1 31.82

Kadirdi-3 3 19,75 55.33 51.10 77.00 37.66 31.54 74.69 54.27

32-2-5 3 19,57 40,57 41.28 58.82 26.50 52.65 68.17 36.71

M13 4 47.80 3.80 35.2% 45.70 22.94 47 .40 69.20 34.18

1062271 4 65.67 32.00 29.73 47,50 16.83 86.04 61.26 17.53

---------------------------------------------------------------------------------------------------



Table 20

: Means and vartances of 36 Fz progenies (grown in rabi} for 17 characters.

VaPS

-----------------------------------------------------------------------------------------------------------

50%

tng

-100%

tng

Canopy

diawe-~

ter
(cm)

Number
of pri-
maries

Number
of

secon-
darfes

-----------------------------------------------------------------------------------------------------------

M13 X MH2

MK374 X MH2

Kadiri-3 X MHZ

G201 X MMZ

TMYZ X NMZ

PENY X MH2

JL24 X MH2

THYZNLM X MH2

GHLM X MHZ

M13 X THM¥2NLM

MK374 X TMVZKLM

Kadirti-3 X TMVZNLM

6201 X TMYZALM

THY2 X THV2NLM

PGN1 X TMVZNLM

JL24 X TMY2HLM

JI1 X THVZALM

P1259747 X 32-2-5

Canopy Days
Comb1- to
nation Initial
flower-
ing
(4 x 1) s52.80
44,20
(3 x 1) 52.50
28.30
{3 x 1) 46.00
4.92
2xmn 85.25
27.64
{2 X 1) 43,29
.24
(2x1})y #.27
0.62
(2 X 1) 42.86
0.48
(3 X 1) 45,26
14.21
(3 x 1) 49.38
11,98
(4 x 3} 56.50
35.67
(3 XN 3) 49.38
17.70
{3 x3) 47.77
2,57
{2 x 3) 65175
10,92
(2 x3) 44,08
3.17
{2 x3) 44,64
2.85
{2 x 3) 45,25
4,92
(2 x 3) M.67
5.33
{2 x 3) 46.00

219,22
52.82
203.01
§1.17
193.42
63.90
135.93

Canopy Leaf ares FPlant
circum- at 60 days Height

terence (sq.cm.) (cm)

{cm}

141.20 2049.1% 21.70
62.67 282533.2% 32.29
138,10 1694.32 26.00
102 .88 302087.50 32.67
145.00 2205.83 25.10
188,00 7802%0.00 49,24
136.23 2538.80 16.88
170.49 1150861.75 28.27
117.86 2289,28 26.85
283.50 1228401.75 88.37
132.08 2706.46 25.84
239.53 1313215.00 35.25
78.06 1806.74 24.29
217.18 601272.13 34.95
140,35 2098.99 27.96
310.88 1672324.36 95.42
136.76 1854, 02 28.02
225.62 1911397.38 42.03
194,50 71795,.92 20.96
165.05 1142064.,25 33.48
158.08 5009.80 21.82
564.33 1678806.50 36.84
165.57 4747 .59 4.1
604,39 3872905.13 71,93
152.08 400,74 22.65
742,60 4922784.00 73.06
167.85 4374 .50 25.98
1242.67 5S043308.00 55.89
167.82 4635.07 22.60
1¥35.55 8698127.00 27.85
162.00 31%0.27 M.
1142.69 5411340.63 46.1
154.07 4437.79 29.60
987.69 6919523.50 40.25
195. 40 4231.88 3134
874.80 3372160.19 22,80

—t
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SRR ENEDORED e N TPV ENLDANNOSD N DD O

.60

-----------------------------------------------------------------------------------------------------------



-3

Table 20 : Continued...

-----------------------------------------------------------------------------------------------------------

Canopy Days Days Days Canopy Canopy Leaf area Plant Number  Number
Crosses Comb1- to to to diame- c¢ircum- at 60 days Helght of pri- of
nation {initial 50% 100% ter ference (sg.cm.) {cm} maries secon-
flower- flower- flower- (cm) {cm} daries
ing ing ing

-----------------------------------------------------------------------------------------------------------

TMVY2HLM X 32-2-5 (3 x 3) 49.00 52.71 55.29 68.75 178.50 4753.86 25.26 9.56 27.26
6.33 4.90 3.90 280.74 17190.19 11562392.00 38.%8 10,08 169.09

GNLM X 32-2-5 (3 x3) 51.80 55.80 59.90 52.88 160.75 3205.83 24.74 8.52 20.71
19.73  13.51 24,10 128.55 608.17 3276295.75 112.30 3.08 88.65
JL24 X 32-2-5 (2 x3) 48,00 49.00 51.00 49.33 154,33 a539. 44 2%.09 7.54 12.64
0.00 0.00 0.00 266.96 1225.66 5451287.75 71.69 3.45 60.05
THV¥2 X 32-2-% (2 x3) 44,82 48.91 51.82 69.32 176.07 3896.48 36.15 9.64 16.89

1n.76 5.89 6.96 275.52 1iB2.84 7573270.00 29.02 6.43 74.03
Kadiri-3 X 32-2-5 (3 x 3) 46.62 47.75 S52.63 60.69 168,38 §202.56 26.16 7.38 9.94
0.55 48,50 3.98 147.14  613.88 4264902.00 45.54 5.18 36.73

M13 X TAPS (4 x 3) 49.00 53.60 56.60 77.57 209.12 4641.54 23.81 6.69 13.06
33.50 33.80 31.30 77.19 203.00 106Z771.75 66.62 §.53 411.7
MK374 X TAPS {3 x3) 49.00 52,50 S55.00 75.20 202.39 3%7.41 20.07 6.07 10.70

3.9 3.00 2,67 83,50 427.82 2779146.50 35,78 2.00 44.38

Kadiri-3 X TAPS (3 x 3) 46.66 51.17 54.28 52.76 161.39 5469.07 26.36 8.28 8.97
21.00 1.91 6.92 130.10 705.65 10141044.00 56.42 6.39 56.88

G201 X TAPS (2 x3) 47,00 53,00 55,00 70.00 191,00 TN.a8 22.00 8.33 18.67
0.00 0.00 0.00 280.75 974.40 3013567.50 28.00 6.33 142.33
PGMY X TAPS {2 x3) 42,06 #6.00 47.7) 52.46 155.83 3691.15 26.37 6.04 2.19
1.81 0.67 0.57 156.79 894.72 379995).56 35.24 3.3 11.08
THVZ X TAPS {2 x3) 43.00 46.17 48.83 62.61 170,27 4053.51 29.79 8.64 4.9
3,20 1.37 2.57 150.58 867.30 3528729.50 62.86 58.1 19.46
JL24 X TAPS (2 x3) 44,29 47.174 49.29 69.79 180.8B6 BN 26.94 6.40 3.9t
0.90 1.14 2.57 153,93 876.92 3867974.00 §3.29 5.42 4z2.20
J11 X TAPS (2 x3) 44,17 48.00 49.83 70.47 191.68 4245.77 35.00 7.50 6.32

.77 1.20 2.57 234.68 9BB.49 3226165.50 §7.32 1.69 15.18
PI350680 X TAPS {2 x3) 45.25 47.75 50.50 68.00 185.67 anr.nm 33.717 7.54 .77
4.25 1.58 3.00 175.70 900.84 3624729.50 64.19 z2.77 7.69
1CG2271 X TAPS (4 x 3) 52,50 57.00 &£1.00 80.63 206.50 4740.81 25.92 8.32 13.81
0.50 8.00 2.00 80.34 270.25 1148721.50 5¢.08 5.89 78.49
ENLM X TAPS (3 x3) 47,75 51.75 54.63 65,41 175.39 2954 .44 32.29 8.87 18.29
3.3 7.07 6.84 160.62 7S55.14 2B19728.28 100.05 15.63 189.40
TMVZNLM X TAPS (3 x 3} 47.43 52.29 65.57 &67.20 180.50 3589.72 24.16 8.54 17.08
2.95 1.57 2.62 162.96 901.26 3B831586.75 46.58 3.98 72.60
TMVZNLM X 6201 (3 x2) 48.40 51.60 54.60 65.36 175.27 3194.56 27.00 9.24 17.12
4.30 1.80 2.80 125.35  783.42 2247427.25 77.94 3.85 102.23

-----------------------------------------------------------------------------------------------------------



Table 20 : Conttnved...

--------------------------------------------------------------------------------------------------

Canopy Number MNumber Mature Number Mature Tota)l Shell- Harvest
Crosses Combi- of of pod of kernet dry ing Index
nation aerial wmature weight wmature weight matter per cent
pegs pods {9) kernels ig) at harvest
{9)
M13 X MH2 {4 x 1} 41,27 37,07 3403 59.83 20.54 80.67 70.98 25.63
1697.86 444,27 119.32 532.63 65.00 1097.69 1037.68 178.38
WKIT4 ¥ WH2 f3x1) 4572 48370 36.28 &3 .12 21.0% 79.30 66,81 29. 1
814.71 793,75 125.2% 806.2) 67.01 46,26 136,37 102.29
Kadird-3 X MH2 {3 x 1} 36.15 4563 36.3¢ 55,73 20.37 54.87 69.59 30.99
515.78 415.29 135.37 855,00 67.01 683.10 462,43 211.29
6207 X MH2 {2 x1) 24.42 22,88 22.11 31.9 13.39 47.14 66.63 23,33
411,77 189.07 215,30 472.3 109.00 486.59 470.66 88,66
THV2 X MH2 {2 x 1} 39.81 45,19 34.88 ©62.62 23.20 52.20 69,32 .80
943.06 600.59 200.00 1385.38 100.94 $45.13 108.61 134,34
PGNT X MH2 {2 X 1} .46 43.00 2.4 54.08 21.34 38,53 72.09 36. 14
471.98 766.50 188.24 1062.63 99.32 322.00 530.78 198.07
JL24 X MH2 f2x 1) 22.9 22.8%9 20.20 231.75 13.03 45.47 64.95 2z2.0
243.67 228.25 215.28 5S4 .64 1m.z2e 461.93 302.05 152.39
THYZNLM X MH2 (3x M 32.20 39.63 30.72 50.95 18.86 53,38 64.02 268.44
964,77 7532.54 210.24 13%6.75 120,85 §21.38 501.23 163.75
GNLM X MH2 (3 x 1) 3res 35.717 2560 41 16.16 57.96 68.77 23.21
384,19 608.23 200,18 1220.90 101,95 690.44 593,03 119.53
K13 X TMV2ZNLM (4 x 3} #1.65 44,35 36.06 67.04 26.68 T2.02 64.23 26,62
922.5 763.52 177.02 1963.32 90.68 992.60 88.08 108.97
MK374 X TMV2NLM (3x 3 .04 41.45 310 56.31 2z2.22 10.66 66,72 23.38
944, .04 725.75 3#.97 1832.76 140.91 1850.99 210.59 102.18
Kadfri-3 X THMY2HLM (3 X 3) 25.1% 37.75 30,96 61.44 25.59 45,35 69.91 3,09
469.24 773.16 532.83 2125.3¢ M. M 489.10 143.0% 178.72
G201 X TMV2NLM {2 x3) 33.65 29.09 32.49 40.83 25.3% 58.20 66 .46 22.94
824.06 284.26 390.14 713.24 177.85 1227.65 75.47 B5.90
THYZ X TMY2NLM {2 x 3} 45.76 50.58 45.44 72.73 29.24 71.9% 12.72 27.97
1583.78 1375.28 1600.62 2805.80  340.14 1567.65 1627.72 199.06
PGNT X TMV2NLM (2 x3) 36.93 43,36 36.00 59.81 28,27 £9.30 67.94 28.33
767.45 666.50 413.37 1625.66 192.94 660.71 1087.40 120.98
JL24 X TMVZNLM {2 x3) 28.15 25.85 35.01 36.12 25.20 79.86 66.88 18.51
310,52 231.42 565.64 487.71 244.86 1399.56 7.8 91.52
J1) X TMY2HLM {2 x3) 34,55 37,21 36.94 46.53 29.51 62.42 67.41 19,45
580.89 875.18 474.59 1192.0¢ 275.7) V425.71 225.37 111.66
P1259747 X 32-2-6 (2 x 3) 18.60 29.25 42.53 46.75 28,52 38.50 67.61 a2.24

43,30 86.25 530.06 103.58 26).09 47.25 .21 78.40

--------------------------------------------------------------------------------------------------



Table 20 : Continued...

--------------------------------------------------------------------------------------------------

Canopy Number HNumber Mature Number Mature Total Shell-  Harvest
Crosses Combi- of of pod of kernel dry ing Index
nation  aerial mature weight mature welght matter per cent
pegs pods {g9) kernels {9} at harvest
(g}
THV2KLM X 32-2-5 (3 x 3) 57.05 50.12 41.60 71.65 27.70 87.64 65.49 25.30
Mr7.72 795.75% 730.91 1925.87  365.05 1026.57 65.88 101.18
GNLM X 32-2-5 (3 x3) 46.48 28.98 27.04 44,00 24 .32 £4.36 72.63 25.17
834,16 311,92 295,60 815.84 220.23 464.09 613.46 145.36
JL24 X 32-2-5 (2 x 3) 28.82 38,63 31.18 46.63 26.70 82.44 58.69 20.72
188.36 720.84 504.47 932.84  339.67 1741.76  133.93 171.87
TMYZ X 32-2-5 {2 x 3} 52.917 67.08 57.37 90.91 3TN 107.64 §6.12 29.94
924 .66 554.49 726.48 27194.40  363.42 2975.45 72.24 218.93
Kadiri-3 X 32-2-5 (3 x 3) 24,19 65.26 48.65 80.42 32,52 £8.19 66.92 34.23
107.56 898.73 910.09 1525.25 544,07 484 .50 79.32 241,79
M13 X TAPS (4 x 3) 25.97 28.69 21.36 3B.9%4 14.69 59.42 69.39 25,93
) 239.06 313.36¢ 211.65 533.08 96.01 844.8% 546.03 231.4)
MK374 X TAPS (3 x3) 17.725 29.28 25,16 43.17 17.32 35.38 73.04 33.93
374.64 432.35 305.07 1343.00 130.01 231.23 283,94 149.13
Kadiri-3 X TAPS {3 x 3) 35.72 41,55 29.82 52.58 20.82 64.92 64.89 23.06
585.90 734.40 408.85 1357.64 206.33 758,15 121.95  162.67
G201 X TAPS {2 x 3) 34.33 27.00 25.52 39.33 17.27 108.94 £§9.31 11.14
472.33 637.00 362.18 1460.33 180.19 1892.35 10.00 11.33
PGMY X TAPS (2 x 3) 61.52 37.44 28.12 47.44 20.37 N 65.07 34,27
718.34 388.64 401.87 790.4% 227.57 203.39 253,72 284.47
THY¥2 X TAPS (2 x3) 40,12 32.45 27.52 47.18 19.22 45.24 73.14 29.1¢0
1416.11 307.54¢ 390.64 785.40 186.18 596.19 1423.37 151.97
JL24 X TAPS {2 x 3) 24.57 24.10 23,94 33.66 17.05 42.08 65.87 25.03
754.49 114,93 386.59 249,00 192.96 249.12 83.72 92.14
J11 X TAPS (2 x3) 55.59 53,95 39,84 81.95 29.43 61.58 75.94 33.20
1175.59 493.85 496.87 1125.85 218.27 518.00 75.07  166.83
PI350680 X TAPS (2 x 3) 35.00 33.23 39.90 61.46 24,15 62.95 60.81 28.29
480.67 252.03 474.59 B72.94 201.68 M39.16 47.82 63.27
IC62271 X TAPS (4 x 3) 32.05 24,95 21.73 35.35 3.9 59.34 64.75 20.73
228.61 257.05 210.30 6593.79 107.00 795.65 198.94 193.04
GNLM X TAPS {3 x 3} 42.92 32.29 26.18 48.29 15.73 68.05 67.54 21.21
942.24 345,51 344,91 9%2.10 135.5) 885.83 145.04 102.91
THMY2NLM X TAPS {3 x3) 40,27 30.46 25,10 42.84 16.98 53.13 69,04 23,52
1099.65 321.37 396.63 811.14 190.20 601.39 1198.97 85.09
THYZNLM X G201 {3 x2) 37.5 41.67 35.16 58.91 21.82 52.12 65.99 30.76
677.65 621.35 435.97 1582.71 150.79 T742.28 62.00 179.63

--------------------------------------------------------------------------------------------------

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 TMV2ZNLM
(narrow leaf mutant) and in five crosses TAPS (aerial podding
mutant) were involved as one of thelr parents. One cross showed

medium variance with high mean G201 x TMV2ZNIM.

4.5.1.2 Days to 50X Flowering

The range of mean number of days to 50% flowering was
between 43.00 days and 62.00 days 1n 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 c¢rosses, 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, PGN]l x MH2 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 TMV2HLM and G201 x MH2 showed high mean and
three crosses Kadiri~3 x 32-2-5, M13 x TAP5 and G201 x TMV2NLM
recorded medium mean values. Three crosses viz., GNLM x MH2,
ICG2271 x TAP5 and M13 x MH2 exhibited medium degree of variance
with high mean. Fifteéen crosses showed medium mean values with
medium degree of variance, of which seven crosaes had TMVZNLM
(narrow leaf mutant) and five crosses had TAP5 (aerial podding

mutant) as one of their parents.

4.5.1.3 Days to 100X Flowering
The mean days to 100% flowering in parents ranged from

45.00 days to 67.00 days. The lowest mean value was found in TAPS
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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 c¢rogses, the means and variances for this trailt
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 TMV2Z x TAPS5 exhibited medium degree of varlance and other
four crosses viz., TMVZ x MH2, PGNI x MHZ, PGN1 x TAP5 and
PI259747 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 TAP5 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 wedium degree of variance with medium
mean, of which in seven crosses TAP5 (aerial podding mutant)} and
in seven crosses TMV2NLM (narrow leaf mutant) were involved as

one of their parents.

4.5.1.4 Canopy Diameter

The parents recorded a range of 22.00 ¢m to 76.50 cm for
mean canopy diameter. Maximum canopy diameter was observed in
1CG2271 (76.50cm) 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 TAP5 and J11 x TAPS5

2
(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., TMVZ x TMVZNIM (narrow leaf
mutant), TMV2ZNIM x 32-2-5 (compact canopy mutant), TMV2Z x 32-2-5,
JL24 x 32-2-5 and PGN1l x TMVZNIM which showed medium mean
values. The crosses viz., JL24 x TAP5 and PI350680 x TAPS
exhibited medium degree of variance with high mean canopy
diameter. Fifteen c¢rosses recorded medium degree of wvariance
with medium mean, of which in seven crosses TMVZNLM, in five
crosses TAP5 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 MH2Z2, PGN1 x MH2, GNLM x MH2, JL24 x MH2 and
G201 x MH2. Three crosses viz., MK374 x TAP5, M13 x TAP5 and
1CG227]1 x TAPS5 showed low variance with high mean. Low degree of
varlance with medium mean was recorded by M13 x TMVZNLM, 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 em. The canopy circumfe-
rence observed in ICG2271 (215.50 ecm) was the highest followed by
Mi13 (211.70 em). The lowest canopy diameter was recorded by MH2

(50.80 cm).

The mean values and varlances observed in crosses ranged
from 78.06 cm to 209.12 cm and 62.67 to 1242.67 respectively. The
cross J1l x TAPS (aerial podding mutant) exhibited high degree of

variance with high mean. Seven other crosses also recorded high

o¥.
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degree of variance with medium mean values viz., TMV2 x TMV2NIM
(narrow leaf mutant), JL24 x 32-2-5 (compact canopy mutant),
TMV2NIM x 32-2-5, TMV2 x 32-2-5, JL24 x TMV2NLM, PGN1 x TMV2NIM
and Jil x TMV2ZNLM. None of the crosses showed high degree of
variance with low mean. Medium degree of variance with high mean
was observed 1n three crosses viz., G201 x TAPS5, PI259747 x
32-2-~5 and MK374 x TAP5. Thirteen c¢rosses exhibited medium degree
of variance with medium mean values, of which seven crosses had
TAPS, four crosses had TMV2ZNLM and two crosses had 32-2-5 as one
of their parents. The crosses viz., TMV2NIM x MHZ, TMVZ x MHZ,
PGN1 x MH2, GNIM x MH2 and JL24 x MH2 recorded medium degree of
variance with low mean values. Three crosses viz., ICG227}1 x
TAP5, M13 x TAP5 and M13 x TMV2NIM showed low degree of variance
with high mean. Low degree of variance with medium mean was
recorded by two crosses viz., Kadiri-3 x MH? and M13 x MH2. Two
crosses exhibited low degree cof variance with low mean viz., G201

x MH2 and Mk374 x MHZ.

4.5.1.6 I1eaf Area at 60 Days

The mean leaf area at 60 days ranged between 916.72 cm2
and 4918.36 cm2 in parents. The parent M13 (4918.36 cmz) recorded
the highest mean 1leaf area at 60 days followed by ICG2271
(4819.29 cmz) while the lowest leaf area was found in MH2 (916.72

cmz).

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 F2 generation, three crosses viz.,
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Kadiri-3 x TAP5 (aerial podding mutant), TMV2NIM x 32-2-5
(compact canopy mutant) and TMV2 x TMV2NIM (narrow leaf wmutant)
exhibited high degree of variance with high mean. The crosses
viz., PGN1 x TMV2NLM, TMVZ x 32-2-5, J11 x TMV2NIM, JL24 x 32-2-5
and JL24 x TMV2NLM recorded high degree of varlance with medium
mean values. None of the crosses exhibited high variance with low
mean. Medium degree of variance with high mean was observed in
Kadiri-3 x 32-2-5, Kadiri-3 x TMVZNLM and MK374 x TMV2NIM.
Fourteen crosses exhibited medium degree of variance with medium
mean, of which in nine crosses TAPS in two crosses TMVZNIM and in
two crosses 32-2-5 were involved as one of their parents. Three
crosses viz., GNIM x MH2, TMV2NLM x MH2, TMVZ x MH2 showed medium
variance with low mean. One cross, M13 x TMVZNLM showed low
degree of variance with high mean value. low variance with medium
mean was found in ICG227} x TAP5, M13 x TAPS and'GZUI X MH2.
Four crosses exhibited low variance with low mean viz., Kadiri-3

x MHZ, JL24 x MH2, MK374 x MH2 and M13 x MH2.

4.5.1.7 Plant Height

In parents, the range of mean values was between 6.80 cm
and 44.11 cm for this trait. PI350680 showed maximum plant
height of 44.11 cm and minimum mean plant helght 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 GNIM x

TAP5 (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 MH2Z, TMV2 x MH2,
TMV2NIM x G201, Kadiri-3 x TMV2NLM and G201 x TMV2ZNIM which
recorded medium mean values. None of the crosses showed high
variance with low mean. Four crosses viz., PI350680 x TAP5, TMvV2
x TAP5, J11 x TAP5 and JL24 x TMV2NIM exhibited medium degree of
variance with high mean. Medium degree of variance with medium
mean plant height was found in sixteen crosses, of which aix
crosses had TAPS5, three crosses had 32-2-5 and two crosses had
TMVZNIM as cone of their parents. Three crosses exhibited medium
varjance with low mean viz., MK374 x TAPS, MK374 x TMV2NLM and
MI3 x TMV2NIM. Two crosses viz., TMV2 x 32-2-5 and PI259747 x
32-2-5 shgwed 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 Number of Primaries

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). TAP5 (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 TAP5 (aerial podding
mutant), TMV2NIM (narrow leaf mutant) x 32-2-5 (compact canopy

mutant), M13 x MH2 and TMV2NIM x MH2 which also showed high mean
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values. The crosses, TMVZ x TAPS5, G201 x MHZ and TMV2 x TMVZNLM
exhibited high degree of variance with medium mean values. Three
crosses viz., TMV2Z x 32-2-5, M13 x TMVZNLM and TMV2NIM x G201}
recorded medium degree of variance with high mean. Medium degree
of wvariance with medlum mean was found in sixteen crosses, of
which in s1x crosses TMV2NLIM, 1in four crosses TAPS and 1in two
crosses 32-2-5 we£; involved as one of thelr pareats. Four
crosses showed medium variance with low mean viz., M13 x TAPS,
JL24 x TAP5, PI259747 x 32-2-5 and PGN1 x MH2. None of the
crosses recorded low variance with high mean. The crosses, GNLM
x 32-2-5, PI350680 x TAPS5 and J1]1 x TAPS showed low variance with
medium mean. Low variance with low mean was observed in PGN1 x

TAP5, 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 TMV2NIM (24.88) recorded maximum number of
secondaries followed by M13 (24.30) and ICG2271 (24.23). The

least number was found in PI350680 (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 F 'E, four crosses viz., MK374 x TMV2NIM (narrow 1leaf

2
mutant), TMVZNLM x 32-2-5 (compact canopy mutant), G20@ 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. Medlum
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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
crosgses had TAPS5 and three crosses had 32-2-5 as one of their
parents. The crosses, JL24 x TAP5 and TMV2Z x TAPS recorded medium
variance with low mean. One cross J1i1 x TAP5 showed low variance
with medium mean value. Low variance with low mean was observed
in five crosses viz., TMV2Z x MHZ, PGNl1 x MH2, PGN1l x TAPS,

PI350680 x TAP5 and PI259747 x 32-2-5.

4.5.1.10 Number of Aerial 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), J1l1 x TAP5 (aerial podding
mutant) and TMVZNIM x 32-2-53 {compact canopy mutant). Four
crosses viz., TMV2 x TAP5, TMVZNLM x TAPS5, M13 x MH2 and TMV2NIM
¥ MH2 exhibited high degree of variance with medium mean. Medium
degree of variance with high mean was found in four crosses viz.,
™VZ 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 TMV2ZNIM and four crosses had TAPS

as one of their parents. Medium degree of variance with low mean
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was recorded by JL24 x TAP5, Kadiri~3 x TMV2NLM, G201 x MH2 and
MK374 x TAP5. None of the crosses showed low variance with high
mean. Three crosses, M13 x TAPS, 1CG2271 x TAP5 and JL24 x 32-2-5
exhibited low variance with medium mean. Low degree of variance
with low mean was found in three crosses JL2§4 x MH2, Kadiri-3 x

32-2-5 and PI259747 x 32-2-5.

4.5.1.11 Number of Mature Pods
The parents recorded a range of 14.00 to 55.33 for this
tralit. The highest mean number of mature pods was found in

Kadiri-3 (55.33). MH? 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. Qut
of 36 Fz's, five crosses exhibited high degree of variance with
high mean viz., 7TMV2Z x TMV2NLM (narrow leaf mutant), TMVZ «x
32~2-5 (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 1in J1! x TMVZNLM and Kadiri-3 x TMVZNLH which recorded
redium mean values. Two crosses, J11 x TAPS and Kadiri-3 x MH2
exhibited medium degree of varlance with high wmean. Medium
degree of variance with medium mean was observed in nineteen
crosses., Out of these in seven crosses TAP5, in s8ix crosses
TMV2NIM and in two crosses 32-2-5 were involved as one of their
parents. The crosses G201 x TAP5 and ICG227]1 x TAP5 exhibited
medium degree of variance with high mean. None of the crosses

recorded 1low variance with high mean. Two crosses, PI350680 «x

TAP5 and P1259747 x 32-2-5 showed low variance with medium mean.
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Low variance with low mean was recorded in four crosses viz.,

JL24 x TMV2NIM, 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 Kadiri-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 wmean values and variances in crosses ranged from
20.20 g to 57.37 g and 119.32 to 1000.62 respectively. Among the

36 F, crosses, high degree of variance with high mean was

2
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 varilance
was also recorded by JL24 x TMVZNIM and Kadiri-3 x TMV2NIM which
showed medium mean values. None of the crosses recorded high
variance with low mean. Two crosses viz., Jll x TAPS (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 TAPS,
six crosses had TMVZNIM and two crosses had 32-2-5 as one of
their parents. Five crosses viz., JL24 x TAPS, ICG2271 x TAPS,
M13 x TAPS, G201 x MH2 and JL24 x MH2 recorded medium degree of
variance with low mean. Low degree of variance with medium mean

wag found 1in six crosses viz., TMV2 x MH2, PGN]l x MH2, M13 «x

TMV2ZNLM, Kadiri-3 x MH2, MK374 x MH2 and MI3 x MH2. None of the



crosses exhibited 1low varlance with high mean and low variance

with low mean.

4.5.1.13 Number of Mature Kernels

A range of 25.80 to 77.00 was observed in parents for
this trait. Maximum number of mature kernels were found in
Kadiri-3 (77.00) followed by J11 (70.40). The lowest mean number

was recorded by MH2 (25.80).

The mean number of mature kernels and 1its 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

2
mutant), TMV2 x 32-2-5 (compact canopy mutant), TMV2NIM x 32-2-5

and M13 x TMVZNIM. High degree of variance was also found in

three other crosses, Kadiri-3 x TMVZNIM, MK374 x TMV2NIM and PGN1

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 Kadiri-3 x 32-2-5, J11 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., ICG2271 x
TAPS and JL24 x MH2Z. None of the crosses expressed low variance
with high mean. Two crosses MI3 x MH2 and PI259747 x 32-2-5

exhibited low variance with medium mean. Lower degrees of



variances and low mean values were seen In M13 x TAP5, JL24 x

TMV2NLM, G201 x MH2 and JL24 x TAPS.

4.5.1.14 Mature Kernel Weight

For the parents, the mean mature kernel weight recorded
a range of 8.15 g to 37.66 g. Among the parents, the highest
kernel weight was recorded by Kadiri-3 (37.66 g) MH2 (8.15 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 teo 544.07
respectively. Five crosses, out of 36 Fz's viz., Kadiri-3 x
32-2-5, TMV2 x 32-2-5 {compact canopy mutant), TMV2 x TMV2NLM
(narrow 1leaf mutant), J1l1 x TMV2NIM and PI1259747 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.,
TMV2ZNIM x 32-2~5 and JL24 x 32-2~5 which exhibited medium mean
values. 1Two crosses viz., J11 x TAP5 (aerial podding mutant) and
PGN1 x TMV2NLM expressed medium degree of varlance with high mean
values. Medium degree of variance with medium mean values were
found in fifteen crosses, of which eight crosses had TAP5, six
crosses had TMVZNIM and one croass had 32-2-5 as one of their
parents. The crosses viz., GNLM z TAP5, 1ICG227i x TAP5, GNLM x
MH2, JL24 x MHZ and G201 x MH2 exhibited medium variance with low
mean. Low degree of variance with medium mean was found in six
crosses viz., TMVZ x MH2, PGNl x MH2, MI3 x TMVZ2NLM, M13 x MH2,

MK374 x MH2 and Kadiri-3 x MH2Z. One cross M13 x TAP5 showed low



variance with low mean. None of the crosses recorded low variance

with high mean.

4.5.1.15 Total Dry Matter at Harvest

The parents recorded a range of 13.96 g to 86.04 g for
mean 4ry matter at harvest. The dry matter production at harvest
was maxioum in ICG2271 (86.04 g). The lowest mean value was found

in MH2 (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., TMVZ x 32-2-5 (compact canopy mutant), G201 x TAPS
(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 TMV2NIM, TMV2 x TMVZNIM and J11 x TMVZNIM 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 TMVZNIM and M13 x MH2. Eighteen crosses
exhibited medium degree of variance with medium mean, of which in
eight c¢rosses TAPS, 1in four crosses TMVZNLM and in two crosses
32-2-5 were involved as one of their parents. The crosses viz.,
Kadiri-3 X TMV2NLM, MK374 x MH2 and JL24 x MH2 exhibited 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 1in five crosses
viz., PGNl x MH2, JL24 x TAP5, MK374 x TAP5, PGN1 x TAPS and

PI259747 x 32-2-5.
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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 Jl1
(74.99%) followed by Kadiri-3 (74.69%) and TMV2Z (73.092).

P1259747 showed the lowest mean velue 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., TMV2Z 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., TMVZNLM x TAP5, PGN]l x TMV2NIM and
GNLM x MHZ2 also recorded higher degrees of variances with medium
mean values. None of the crosses expressed high varlance with low
mean. Medium variance with high mean was recorded in PGN1 x MHZ,
MK374 x TAP5 and J11 x TAP5. Sixteen crosses exhibited medium
degree of variance with medium mean values. Out of which, five
crosses had TAP5, five crosses had TMV2NIM and one cross had
32-2-5 as one of their parents. Four crosses exhibited medium
degree of variance with low mean values viz., TMVZNIM x MH2,
ICG2271 x TAPS5, JL24 x 32-2-5 and M13 x TMV2ZNIM. None of the
crosses showed low variance with high mean. Low degree of
variance with medjium mean was expressed by four crosses viz.,
TMV2NIM x 32-2-5, TMV2 x 32-2-5, TMV2NLM x G201 and PI259747 x
32-2-5. Two crosses, PI350680 x TAPS5 and G201 x TAP5 exhibited

low degree of varlance with low mean values.

P



4.5.1.17 Harvest Index
Among the parents, the mean harvest index values ranged
from 17.53 to 54.27. Kadiri-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 2B4.47 respectively in crosses. Out of 36
Fz's, seven crosses exhibited high degree of variance, of which
three crosses viz., PGN] x TAP5 (aerial podding mutant), Kadiri-3
x 32-2-5 (compact canopy mutant) and PGN1l x MHZ recorded high
mean values and four crosaes viz., MI13 x TAPS5, TMV2 x 32-2-5,
Kadiri-3 x MH2Z and TMV2 x TMV2NLM (narrow leaf mutant) showed
medium mean values. The crosses, viz., J11 x TAPS, MK374 x TAPS
and TMV2 x MH2 expressed medium degree of variance with high
mean. Medium degree of variances with medium mean values were
gseen in fifteen crosses, of which in six crosses TMV2NLM, in
three crosses TAP3 and in two crosses 32-2-5 were involved as one
of thelr parents. Five crosses viz., ICG2271 x TAP5, JL24 x
32-2-5, J11 x TMV2NLM, GNIM x TAP5 and JL24 x TMV2NIM expressed
medium degree of variance with low mean values. Only one cross
P1259747 x 32-2-5 exhibited 1low degree of variance with high
mean. Low degree of variances with medium mean values were found

in PI350680 x TAP5, TMV2ZNLM x TAP5, G201 x TMVZNLM and G201 x

MH2. The cross G201 x TAPS5 expressed low variance with low mean.

t
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4.5.2 4

2 Generation (kharif)

4.5.2.1 Days to Initial Flowering

In parents, the mean days to initial flowering ranged
from 28.00 days to 33.00 days. The parent TAP5 (28.00) recorded
least number of days to initial flowering. More number of days

was observed in M13 (33.00 days) and G201 (33.00 days).

In crosses, the pean values and varlances ranged from
28.00 days to 32.47 days and 0.00 to 5.87 respectively. The
crosses, TMV2 x TAP5 (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 cruss G201 x MH2BC28 showed the
highest mean value with medium degree of variance. High degree
of variance was found in four crosses, of which M3 x MHZ and M13
x TAPS exhibited high mean and TMV2NLM (narrow leaf mutant) x
MH2BC28 and TMV2NLM x TAP5 recorded medium mean values. Low mean
with medium variance was observed in TMV2 x TAP5, JL24 x TAPS5 and

Kadiri-3 x MH2.

4.5.2.2 Days to 50 Per cent Fowering

The mean number of days to 50 per cent flowering ranged
from 29.50 days to 36,00 days. The least number of days was
recorded by TAP5 (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 wmeans and varlances ranged from

30.00 days to 36.00 days and 0.00 to 4.27 respectively. Low mean
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Table 21 : Mean. performance of the parents {grown &long with F2 progenies 1in Kharif) for 17

characters,

T . -

Parents

JL24
THVZ
MH2BC28
6201
TAPS
Kadiri-3
TMY2ZNLM
M3

Parents

MHZBL28
6201
TAPS
Kadiri-3
TMY2ZRLK
¥13

Canopy
Cate-
gory

Days to Days to Days to

inftial
flower-
ing

Number
of
asrial

pegs

14,50
30.20
39.50

50%

flower-

ing

Humber
of
mature

pods

100%

flower-

ing

Mature

pod

welght
{g)

13.56
39.34

9.7%
19.19

Canapy

dia-
meter

{cm)

Kumber

of

mature
kernels

{cm)

157.89
164.00
165,00
151.25
184.67
185. 00
186.25
190.88

Mature

kernel

weight
{g)

Leaf Plant
area at  height
60 days {cm}
{sq em)

372.89 6.00
1073.94 28.00
1295.89 37.29
1103.91 29.00
1351.40 26.86
1309.33 48,00
1456.83 28.50
1359.82 27,20
1442.81 21.7%

Total Shelling

dry per cent
matter

at harvest

(g)

7.64 53.49
20.69 76.63
18.10 69.44
18.55 59.78
28.05 52.47
24.54 61.17
32.05 57.62
33.62 55,30
37.00 62.10

Number
of
prima-

ries

Number

of
secon-

daries



wd B

Table 22 : Means and variances of 21 Fz progenies (grown in kharif) for 17 characters,

--------------------------------------------------------------------------------------------------------

Canopy Days Days Days Canopy Canopy Leaf area Ptlant Number  Number

Crosses Combi- to to to diame- circum- at 6~ days Height of pri- of
nation infttal 50% 100% ter ference (sq. cm.) {cm} marfes secon-
flower- flower- flower- (¢m} (em) daries

ing ing ing

--------------------------------------------------------------------------------------------------------

G201 X MH2 (2 x 1} 21,00 35,25 37.00 46,09 146,00 1276.23 26.31 6.22 9.44
2.29 1.36 .14 57,19 530,60 202976.44 105.50 10.69 38.28
G201 X MH2BC28 (2 x2) 3z2.47 35.13 36.47 49.54 152.84 2111.34  25.60 9.33 10.07
0.%8 o.Nn 0.55 230.14 3385.10 B62924.75 118.57 20.38 96.50
JLZ4 X MHz (2 x 1} 28.25 30.63 33.38 45.22 M. 926.28 23.50 4.10 1.78
.21 1.4) 1,70 43.31 377.00 159503.47 53.43 0.57 3.64
JL24 X MHZ2BC28 {2 x2) 28.00 30.00 32.50 49.36 151.00 1425.38  30.54 4.38 1.23
0.00 1.00 1.00 108.88 B55.86 310754.91 71.77 0.76 6.53
Kadiri-3 X MHZ {3 x 1) 2B.50 33.00 3575 5§5.75 178.25 1538.3 22.20 4.50 1.70
1.00 4.00 0.92 57.79 535.21 103873.60 59.51 1.61 5.12
Kadiri-3 X MH2BC2E (3 x 2) 30.27 34,07 26.20 62.10 197.80 2026.65 31,95 7.00 5.7
3.35 3.64 3.46 224,32 1100,62 594343.44 93,85 17.60 50.01
THYZNLM X MHZ (3 x 1) 30.90 35.50 36.60 52,00 145,60 114,50 25,13 6.42 $.08
2.9% 0.28 0.27 57.63 575.69 127736.63 95.51 4.51 39.42
THYZNLM X MH2BC2B (3 x 2} 30.50 34.7% 36,25 50.17 160.22 1830.5%7 21.18 7.8 9.98
3.67 3.58 ©.92 130.38 1704.71 713960.75 62.56 9.36 40,16
M13 X MH2 (4 x 1) 31.67 34.67 36.67 40.86 143.88 1030.41 23.00 5.78 7.83
5.87 .27 2.27 17.20 290.33 160135.95 153.29 2.65 16.38
MHZBC28 X W13 (2 x4) 29.38 32,00 325 686,50 171.78 1634.97  32.44 4.75 3.13
0.84 3.43 2,21 MN1.38  733.44 383020.13 78.53 1.53 10.25
MHZBC28 X TM¥2 {2 X 2) 28.67 30.00 32.00 46.83 150.00 1442.25 31.00 4.80 2.14
0.33 0.00 0.00 120.58 700.00 272420.91 45.50 3.20 3.08

........................................................................................................



Table 22 :

Continued,..

234

--------------------------------------------------------------------------------------------------------

Canopy Canopy

initial
flower-

tng

50%

1ng

Days

to
100%
flower -
ing

diame-
ter

{em)

circum-
ference

(em)

teaf area

at 6D days

{(sq. cm.}

Flant
Helght
{cm)

Number
of pri-
maries

Number
of

secon-
daries

TMY2ZNLM X THMV2

TMY2 X TAPS

TMVZNLM X TAPS

G201 X TAPS

24 X TAPS

Kadiri-3 X TAPS

M13 X TAPS

G201 x JL24

Kadiri-3 X JL24

413 X JL24

Canopy
Combi-
nation
(3 x 2)
(2 x 3)
(3 x 3}
(2 x 3)
(2 x 3)
{3 x 3)
(4 x 3)
(2 x 2)
{3 x2)
(4 x 2)

2%9.
51,
162.
58.
158,
56.
255,
50.
240.
65.
262.
5.
81.
54,
6.

260.

169,27
1208.82
146,00
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
1059.5%0
191,33
500.25

1456,
813182,
1440,
223195,
2015.
408927,
1560,
298414,
1326.
317814,
147,
662147,
1409,
138704 .
2288,
523182,
1639,
589443,
1341,
108136

75

131.92

-------------------------------------------------------------------------------------------------------



Table 22 : Continued...

------------------------------------------------------------------------------------------------

Canopy Number Number MWature Kumber Mature Total dry Shell- Harvest

Crosses Combi- of of pod of kernel matter ing Index
nat fon asrial mature weight mature weight at per cent
pegs pods {9) kernels (g) harvest
{q9)

G201 X MH2 (2 x 1) .1 11.88 7.54 11.67 3.67 3t.21 46.98 11.99
291.86 136.41 58.36 139.55 15.84 296.62 BI.77 71.64
G201 X MH2BLC2B (2 X 2) 16.47  19.93 15.33  20.47 6.60 30,99 46.42 18.47
£43.27 161.15 134.12 149.75 51.34 516,40 335.77 224.M
JLZ4 X MH2 {2 x1) 3.25 13.86 11,76 20.14 5.67 15.47  58.79  30.49
43.36 57.14 32.64 9. 14 11,40 .55 102.07 205.24
Juzé4 ¥ MH2BC28 {2 X 2) 6.92 13.18 10.01 17,38 4.92 21,93 €3.58 21,13
56.24 75.8B1 12z2.64 112.76 26.70 88.35 372.60 214.56
Kadiri-3 X MHZ (3 x 1} 11.50 13,90 10,03 19.40 4.20 21.02 66.79 24.56
222.28 4.0 25.62 70.93 13,92 81.07 253.01 91,14
Kadiri-3 X MH28C28 (3 x 2) 19.52 20,10 15.39 24,90 7.95 31.53 S5r.05 21.87
236.66 89.88 209.13 219.89 a0, 9 157.78 264.01 166.56
TMY¥ZNLN X MH2 (31 13.29% 8,09 6.21 B.64 z2.27 31.66 45.%58 10.72
139.17  15.69 10,21 22.25 14,50 197.64 134.95 30.45
TMYZHLM X MH2BC28 (3 x 2) 16.45 15.43  10.77 18.39 4.55 33.55 53,10 15.64
178.47 14.98 136.08 133.34 56.35 264,16 266.69 17%2.84
M13 X MH2 {4 x 1) 16.94 11,00 10.00 19.39 7.06 27,01 77.38 26.45
263.47 3.1 29.16 127.3) 13.50 140.82 151.64 200. M
MHZB(28 X M13 (2 X 4) 10,38 15,00 14.78  21.53 8.13 23,09 67.90 28.37
89.72 52.%4 81.8B7 209.70 27.33 159.76 302.09 188.26
MHZBCZB X THY2 {z x 2) 8.80 10.60 17.14 18.40 4.%3 14.60 81.58 32.86

................................................................................................
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Table 22 : Continued,..

------------------------------------------------------------------------------------------------

THYZRLN X TH¥2

TMVZ X TAPS

TMYZNLM X TAPS

G201 X TAPS

JL24 X TAPS

Kadiri-3 X TAPS

M13 X TAPS

6201 X JL24

Kadiri-3 X JL24

MI3 X JL24

Number Mature Number Mature Total Shell- Harvest
of pod of kernel dry ing index
mature wefght wmature weight wmatter per cent

pods (g} kernels {g) st harvest

{9
16.50 N.& 21.72 6.04 40.66 64.31 15.2%
B88.90 150.53 259.79 53.22 274.76 495.03 68.99
19.08 12.22 2Z.42 6.92 21.22 65.99 25,55
1M7.717 190,11 198.08 38.90 12.16 110.56 260,72
12.20  10.83 19.00 6.01 23.64 ©66.47 23.05
201.18 158.02 187.%0 §1.72 233.73 541.17 189.68
14.52 11.45 17.67 £.80 42.36 66.05 14.37
56.36 162.19 137.43 34.68 401.86 227.25 M3.75
15.57 10,23 6. 4.25 27.49 5417 17.74
72.62 121.51 41.24 35.71 165.94 339.98 123.77
17.07 11.3%  21.00 6.09 38,23 62.37 15.%2
157.78 166.28B 162.86 67.42 309.86 236,37 104.20
17.78 9.90 20.22 4.04 41.05 51.29 16.37
59.36 60.28 116.07 16.09 284 .97 184.06 54.56
12.62 11.38 16.56 6.15 28.67 63.63 22.63
21,32 40,14 42,13 13.12 342.81 475.00 202.44
23.76 20.12 28.81 10.92 35.58 64.49 25.25
107.89 140.33 201.26 61.64 192.62 362.73 230.58
16.23  15.03 2323 1.6% 41,53 51,60 15,70
113.53 58.96 108.86 2%.31 197.30 209.39 153.82
indicates varfance of that

(3

{2

(2

{4

(2

(2

(4

X

3)

3

3)

3)

3}

2)

2)

2)

of

pegs

697.08

137.36

211.95
15.68
74.80
12.14

177.81
18.00

238.86
20.67

3kz.N

7.81

126,70
19.62

195.7§
14.08

186.08

Note : For each cross above value indicates mean and below value

particular character
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values were observed in JL24 x MH2BC28 (enhanced canopy mutant),
JL24 x MH2 and TMV2Z x TAP5 (aerial podding mutant) which exhibit-
ed medium degree of variance. Two crosses viz., Mi3 x TAP5 and
G201 x MH2 showed high mean values and médium degree of variance.
The crosses viz., M13 x MH2, Kadiri-3 x MH2, Kadiri-3 x MH2BCZ8
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 Days 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 TAPS (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 TMVZ showed low
degree of varlance. The cross, G201 x TAP5 (aerial podding
mutant) exhibited the highest degree of variance with high mean
value. Two crosses viz., Kadiri-3 x TAP5 and Kadiri-3 x MH2BC28
also exhibited high degree of varfance 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 M2 which exhibited medium degree

of variance.



4.5.2.4 Canopy Diameter

The range of mean values for the parents was from 20.70
cm to 66.3]1 cm. The canopy dlameter was high in M13 (66.31 c¢m)
followed by TMV2NLM (60.75 cm) and TAP5 (60.29 cm). The lowest

mean diameter was observed in MH 2 (20.70 em).

Among the crosses, the mean values and variances ranged
from 40.88 cm to 65.40 em and 17.20 to 311.38. Out of 21 Fz's,
two crosses viz,, Kadiri-3 x TAPS5 (aerlal podding mutant) and
Kadiri-3 x JL24 recorded high variance with high mean for this
trait. High wvariance with medium mean was found in TMV2NLM x
MH2BC28 (enhanced canopy mutant) and TMV2NILM (narrow leaf mutant)
x TMV2. The crosses viz., TMVZNIM x TAP5 and Kadiri-3xMH2BC28
exhibited medium variance with high mean. Eleven ¢rosses showed
medium variance with medium mean, in which TAP5 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., TMVZNLM x MH2 and Kadiri-3 x MH2 exhibited low varilance
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 Circumference

The mean canopy clrcumference ranged from 66.40 cm to
190.88 cm. The highest canopy circumference was observed in M13
(1906.88 cm) followed by TMV2NIM (186.25 ecm), Kadiri-3 (185.00 cm)
and TAP5 (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 F2 crosses, one cross Kadiri-3 x TAPS
(aerial podding mutant) exhibited high variance with high mean.
Three crosses viz., TMV2NIM (narrow leaf mutant) x TAP5, G201 x
MH2BC28 (enhanced canopy mutant) and G201 x TAP5 recorded high
varlance with mediue mean. Medium variance with high mean was
observed in Kadiri-3 x MH2BC28 and Kadiri-3 x JL2Z4. Nine crosses
viz., TMV2ZNIM x MH2BC28, JL24 x TAP5, TMV2 x TAP5, TMVZNIM =x
TMV2, G201 x JL24, JL24 x MHZBC28, MH2BC28 x TMV2, M13 x TAP5 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 Kadiri-3 x MHZ showed low variance with medium
mean. Low degree of variance with low mean was found in G20] x

MH2, JL24 x MH2 and M13 x MH2Z.

4.5.2.6 Lleaf Area at 60 Days

The range of mean leaf area at 60 days was between
372.89 cao’ and 1456.83 cn’. The parent Kadiri-3 (1456.83 cn?)
showed the highest leaf area followed by M13 (1442.81 cmz) at 60
days duration. The leaf area observed in MH2 (372.89 cm2) was

the lowest.

In crosses, the ranges of mean values and variances were

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 MH2ZBC28

2
(enhanced canopy mutant) exhibited high variance with high mean

229



value. High degree of variances with medium mean values were
observed in TMVZNLM (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 1nvolved as one of thelr parents. Three crosses
viz., Kadiri-3 x MH2BC28, G201 x JL24 and TMVZNLM x TAP5 showed
medium degree of variance with high mean. Seven crosses exhibit-
ed medium &egree of variance with medium mean viz., JL24 x
MH2BC28, MH2BC28 x TMV2, TMV2 x TAP5, G201 x TAP5, 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 iIn Mi3 x TAPS,
M13 x JL24 and Kadiri-3 x MH2. One cross TMV2ZNLM 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 cn 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 wmeans and variances for this trait among
crosses were from 21.18 em 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 TAP5 (aerial podding mutant), TMV2Z x TAPS
and Mi3 x JL24. One cross M13 x MHZ exhibited high degree of
variance with low mean plant height. Medium degree of variance

was observed in 14 crosses, of which one cross G201 x TAP5 showed

T
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high mean, two crosses TMV2NIM x MH2BC28 (enhanced canopy mutant)
and Kadiri~3 x MH2 recorded low mean values and remaining crosses
exhibited medium mean values for this trait. ILow variance with
medium mean value was found in three crosses viz., MH2ZBC28 x

TMV2, Kadiri-3 x JL24 and G201 x JL24.

4.5.2.8 Number of Primaries

The range of mean values for number of primaries in
parents was between 3.50 and 9.00. TMV2ZNLM (9.00) recorded the
highest number of primaries, while the lowest number was found in

TAP5 (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., TMV2NLIM (narrow leaf mutant) x TMV2, G201 x
MH2BC28 (enhanced canopy mutant) and Kadiri-3 x MH2BC28 recorded
high degree of wvariance 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 TMVZNIM x
MH2BC28 exhibited medium variance with high mean. Medium degree
of variance with medlum mean was recorded by thirteen crosses, of
which eight crosses had the mutants as one of their parents viz.,
TMV2NIM x MH2, G201 x TAP 5 (aerial podding mutant), Kadiri-3 x
TAP5, JL24 x TAP5, TMV2NLM (narrow leaf mutant) x TAP5, M13 x
TAPS, HHZBCZB (enhanced canopy mutant) x TMV2 and MH2BC28 x Ml13.
Low variance with low mean was observed in three crosses viz.,
TMV2 x TAFS, JL24 x MH2BC28 and JL24 x MH2., Nome of the crosses

exhibited high varlance with high mean, medium variance with low
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mean, low variance with high mean, and low variance with medium

mean.

4.5.2.9 Number of Secondaries

The mean values for this trailt 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 varifance 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 Kadiri-3 x MH2BC28 recorded high degree of variance with
medium mean. The mutants were Involved as one of the parents in
all the above crosses which showed high degree of variance. Only
one cross TMV2ZNLM x MH2BC28 exhibited medium degree of wvariance
with high mean number of secondaries. Eleven crosses recorded
medium degree of variance with medium mean, of which five cross-
es viz., M3 x TAPS, TMV2NLM x MH2, Kadiri-3 x TAP5, TMV2 x TAPS
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., TMV2NIM x TAPS, MH2BC28 x
TMVZ 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 Number of Aerial Pegs

In parents, the mean number of aerial pegs ranged be-
tween 5.50 to 39.50. More number of aerlal pegs was observed in
Mi3 (39.50), TMV2NIM (30.20), TAPS (25.50) and MH2BC28 (25.40).
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 TMV2NIM (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 wvariance with medium mean for this trait, of
which in seven crosses the mutants viz., TAPS5, MH2BC28 and
TMV2ZNIM were 1nvolved. The crrosses viz., TMV2ZNIM 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 MH2ZBC28 and JL24 x MH2.

4.5.2.1]1 Number 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 2}
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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 TAP5 (aerial podding
mutant) and Kadiri-3 x TAPS5 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.,
Kadiri-3 x JL24, Kadiri-3 x MH2BC28 and TMV2Z x TAP5 which exhib-
ited medium degree of variance. Medium degree of variance with
medium mean was found in nine crosses, of which mutants were
involved 1in seven crosses. Qut of these seven crosses, MH2BC28
was 1nvolved in three crosses viz., TMV2NIM x MH2BC28, JL24 =x
MH2BC28 and MH2BC28 x Ml13, TAP5 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 MH2Z and MH2BC28 x TMV2 recorded medium
variance with low mean. Low degree of variance with medium mean
was recorded by Kadiri-3 x MH2 and G201 x JL24. One cross,
TMVZNLM x MH2 showed low variance with low mean. Nome of the

crosses exhibited low variance with high mean for this trait,.

»

4.5.2.12 Mature Pod Weight

The mean mature pod weight ranged between 5.67 g and
39.34 g in parents. The mature pod weight found in Kadiri-3
(39.34 g) was the highest among the parents. MH2 (5.67 g) fol-
lowed by TMV2NLM (9.79 g) recorded the lowest pod weight.

In crosses, the means and varlances for this trait

ranged from 6.2] g to 20.12 g and 10.21 to 209.13 respectively.
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Among the 21 crosses, one cross Kadiri-3 x MH2BC28 (enhanced
canopy mutant) exhibited high degree of variance with high mean.
High degree of variance was also observed in TMV2 x TAP5 {(aerial
podding mutant), Kadiri-3 x TAP5 and G201 x TAP5 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 medium wean, of which 4in seven
crosses mutants were involved as one of their parents viz., JL24
x TAPS5, TMV2NLM x TAP5, TMV2NLIM x TMV2, MH2BC28 x TMV2, TMV2NLM x
MH2BC28, JL24 x MH2BCZ28 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 Jlow mean. None of the crosses recorded low variance with

high mean.

4.5.2.13 Number of Mature Kernels

In parents, the mean number of mature kernels ranged
between 15.65 and 47.50. The highest number of mature kernels
was observed in Kadiri-3 (47.50). The lowest number was recorded

by TMV2NLM (15.65) followed by MH2 (16.10).

For the crosses, the mean values and variances ranged
from 8.64 to 28.81 and 22.25 to 259.79 respectively. Out of 21

F, crosses, three crosses viz., TMV2NIM (narrow leaf mutant) x

2
TMV2, Kadiri-3 x MH2BC28 (enhanced canopy mutant) and Kadiri-3 x

JL24 exhibited 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, TMVZ x TAPS (aerial podding
mutant) recorded medium variance with high mean. Medium degree
of wvarlance with medium mean was observed in eleven crosses, of
which the mutant TAPS5 was involved in four crosses viz., TMVZNIM
x TAP5, G201 x TAPS, Kadiri-3 x TAPS and M13 x TAP5 and the
mutant MH2BC28 was involved in four crosses viz., G201 x MH2BC28,
JL24 x MH2BC28, MH2BC28 x TMV2 and TMVZNIM x MH2BC28. The cross,
G201 x MHZ recorded medium variance with low mean. Low degree of
variance with medium mean was found in Kadiri-3 x MH2 and JL24 x
TAP5. Two crosses viz., G201 x JL24 and TMV2ZNLM x MH2? showed low
variance with low mean. None of th: crosses exhibited low vari-

ance with high mean.

4.5.2.14 Mature Fernel Weight

The range of mean values for this trait was between 3.0l
g and 21.76 g in parents. The parent, Kadiri-3 (21.76 g) record-
ed the highest mean value for this trait. MHZ (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., Kadiri-3 x MH2BC28 (enhanced canopy
mutant) and Kadiri-3 x JL24 recorded high mean kernel weight and
two crosses viz., Kadiri-3 x TAPS (aerial podding mutant) and

TMV2NIM (narrow leaf mutant) x MH2BC28 showed medium mean values.



None of the creosses recorded high variance with low mean. Medium
degree of wvarlance with high mean was found in M13 x JL24 and
MH2BC28 x M13. Qut of eight crosses which exhibited medium
degree of variance with medium mean, four crosses viz., JL24 «x
TAPS, G201 x TAPS5, TMV2NLM x TAP5 and TMVZ x TAPS5 had TAPS5, three
crosses viz., G201 x MH2BC28, JL24 x MH2BC28 and MH2BC28 x TMV2
had MH2BC28 and one cross TMV2NLM x TMV2Z had TMVZNLM as one of
thelr parents. Three crosses viz., Mi3 x TAP5, (201 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 Kadiri-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 Matter 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 (32.05 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 516.40 respectively. High degree
of wvariance was observed in four crosses, of which one cross,
G201 x TAP5 (aerial podding mutant) showed high mean and three
crosses viz., G201 x MH2BC28 (enhanced canopy mutant), G201 x
JL24 and Kadiri-3 x TAP5 exhibited medium mean values. Medium

degree of varlance with medium mean was recorded by M13 x TAPS,
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TMV2NLM (narrow leaf mutant) x TMVZ and M13 x JL24. Ten crosses
exhibited medium variance with medium mean, of which 1n seven
crosses the mutants viz., TAPS, MH2BC28 and TMVZNLM were involved
as one of their parents. Low degree of variance with medium mean
was recorded by JL24 x MH2BC28 and Kadiri-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.

4.5.2.16 Shelling Per ceant

Mean values for shelling per cent ranged between 5]1.17
per cent to 76.63 per cent in parents. Maximum shelling per cent
was observed in JL24 (76.63%) followed by TMVZ (69.44%) and M13

(62.10%). TAP5 (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 varlance with
high mean for this trait. Four crosses viz., TMVINIM (narrow
leaf mutant) x TAP5 (aerial podding mutant), TMV2NLM x TMV2Z, 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. Medlum variance with high mean
was observed in MH2BC28 x M13, MH2BC28 x TMV2, Mi3 x MH2 and
Kadiri-3 x MHZ. Eight crosses exhibited medium variance with

medium mean, of which TAP5 was involved in four crosses and



MH2BC28 {in two crosses. Two crosses viz., G201 x MH2BC28 and
TMV2NIM x MH2 recorded medium variance with low mean. The cross-
es viz., TMV2 x TAPS5 and JL24 x MH2 showed low variance with
medium mean. Only one cross, G201 x MHZ exhibited low variauce
with low mean. None of the crosses expressed high variance with

low mean and low variance with high mean value.

4.5.2.17 Barvest Index

In parents, the mean harvest index ranged from 15.26 to
38.68. The highest harvest index was found 1n 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 TAP5 and G201 x
MH2. Two crosses viz., TMV2NIM x TMV2 and M13 x TAP5 recorded
low variance with medium mean values. One cross TMVZNIM x MH2

exhibited 1low 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 MUIANRTS FOR IMPORTANT

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 F2 generation, The data

are furnished in table 23.
4.6.1 G201 x MH2 and G201 x MHZBC28

In F2 generation increased means and varlances were
observed for most of the characters in the crossesG20l 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 (67.82), 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 : Cemparision of means and varfances of crosses involving parents and thelr respective motants for

fmpartant cheracters,

Canopy Cancpy Leaf Nymber Number Mumber
Crosses digmeter elrcum- area at of of of
{em} farencs 60 days prims- $ECOR- matiyre
Lem) {$q.cm) ries dartes Fads
6207 ¥ mu2 46,09 145,04 1276.23 §.22 9.44 11,488
87.1% 53p.60 202976, 44 10.6% 38.28 Y3649
GZU1 X MH2BC28 49,54 (7.5) 152.54 (4.5} 27111.3% (65.4) 9.3 (50.0) w97 (6.1 19.%3 €7.8)
230,14 {3202.4) 338510 (537.9) B62924.75 (325.7) 20,30 {%0.6) HE.50 (152.1) 161.15 (18.1)
JLze % mHZ 45.22 147,11 926.28 410 1.15 13.26
#H.35 n.m 15950347 8.57 364 52,14
JL24 X MHZBC28 45,36 {9.2) 18100 [2.&) 1425.38 (83.9) 4,38 {6.8) .23 (-29.7) 138 (-5.1}
105,84 (120,81 455,86 (l27.0)  310754.91 (9.8} 0,76  (46.0} 6.51  (79.4) Y541 r32.7)
Endiri-3 x HH2 55,75 178,2% 1535. 0 4.50 .70 13.90
57.7% §35.21 103873 .60 1.6 5.12 14.10

Kadiri-3 X MH2RCZ28 62,10 (1.4} 197,80 (10.9) 202665  {21.7) 7.00 (55.6) .71 (235.9) 20.10 (#2.6)
22,32 {2ea.2) 1M00.62 {105.6)  SOA343 A4 (472.2) .60 (9932} S0.01 {AFE.7) Ac. @8 (537.4)

THYZNLM % MHZ 52.00 145.60 114,50 b.42 9.0B 5.09
57,63 575.69 127736.63 4.51 39. 42 15.6%

THY2NLM X MHZB(28 5037 (-3.5) 0,22 (0.0} 1820.57  (64.3) 7.8 i, 8} 9.98 (9.9) 1543  {95.7}
130,38 {126.1) V70471 (196.%) TNIM9ée.7%  {453.9) 9.3 {187.5} #4016 11.9) T4.98 {3779}

N13 X MR2 40,88 4).88 030,41 5.78 ¥.83 .40
17.20 290.13 160135.95 2.68 16.38 Mu.n
MHZBLZE X M1} §6.50  {38.2} 1778 (19.4) 162497 (58.1) 4.18 - L1 {-60.6) .00 (36.4)
11.38 (547,86 7338 {152.8) 3502003 (R 1,55 [(-42.3) 1025 1-37.4) 52,04 (551
MHZBLZE X THYZ 46,83 150. 00 1742.25 4.80 2.14 16,60
120.58 00,00 272420.91 L2 3.09 23.30
TMYZNLM X MHZBC28 50.17 (7.1} 0,22 {&.8) 130,67  (26.9) 1.1 (49,6} .98 (ME.4) 15.43 {45.6)
130, 38 1B.7) 1704.71 [)42.5}  T13960.75 {162.1) 236 {182.5) 40,06 (1203.9) 24,88 {221.8)
THY2 X MH2 1.9 117.86 2289.24 .9 3.35 45,19
109,22 283.50 1220401.7% 2.9 11.0% 600.59
THY2NLH X MH2 46,75  (23.3) 4.3 (19.3} 2093.%%  [-8.3} 9.02 (519 LB} WALV 39.B63  (-12.3)
10.96  {10.7) 310.68 19.7) 1672324.36  {36.1) 6.50 {122.6} 53.34 (4.1 753,54 (25.5)
TH¥Z X TAPS 62.61 .27 4053_51 8.64 1.9 32.45
150.58 BEY. 30 352872950 58.11 13.46 107,94
TH¥ZNLM X TAPS 67.20 17.3} 180,50 16.0) 3589.72 (-1.4) 5 -1 17,08 [27.2) .46 {-6.1)
162,96 (B.2) 901.26 (3.9} 5831586.75 18.6) 3.48 ({-93.2) 7260 {3033 a7 (4.4}
THY2 X X2-2-5 £9.32 176,07 38%6.48 9.64 16,89 67.08
275.52 115284 I573ZR . 00 6.43 74.03 LELR
THYZNLM X 32-2.5 58.75 («1.0) 178.50 (r.4) #753.86 (22.0) 9.56 (-B2.9) 2T.26 (61.4) 50.7T2 ([-25.)
280.14 (1.7} M%0.19  (0.62) H1562392.00 (52.7) 13,40 (10%.4) 169,09 (125.4) 795.75 (-16.6)
MK3T4 X THVZMLR £9.40 185.08 5009, 80 8.60 .72 41,45
co 1w 564,32 1678306.50 6.12 191,38 93,75
THYZNLM X 32+2.5 ) 58.75 {-1.1) 16e.5D 16.6) 4753.86  (-5.1) $.56  (N.2) 2.2 N6y 0.2 (20.%)

2R0.74  (132,9) 1190.19 (130.%} 21562392, 00 {588.7) 10,09 (64.9) 169,09 ({-11.§) 795,75  (0,2%)



Teble 23 : Continued. ..

Mature Number Mature Total Shelling Harvest
Crosses pod of kernel dry percant index
wefght matyre weight matter
{g? kernels {a} at harvast
{¢)
G2l X MHZ T.54 11.67 3.67 nn 4E.58 17.08
58.36 139.55 15,84 298.62 81.77 92.64
GZP1 X MH2RCZA 15,33 {103.3) 20,47 (75.4} 6.60 179.8] i0.99 (-0.7} 46.42 {-1.2} 28.83 {60.8}
134,32 (12987 149.7% (7.3 £1.34 (227.2) S516.40 (72.9) 335,77 (30.6} 308,15 i232.6)
JL24 X MH2 1.7 2014 5,67 15.41 58.79 4054
32.64 91. 14 1148 14,55 102.07 3z2k.82
JL2A X MHZBC2R J10.07 {-)4.%) 7 M (107} 4,92 (-13.2)  21.9%  {42.3) $1.58 (8.1} 2817 1-28.63
122.64 (275,70 N2.7e (231.7) 26.70 {.34.2) 88.35 (507.2) 372.60 (265.0) 33%.63 13.0)
Kadir1-3 X MWHZ i0.03 19.40 4.20 21.02 66.79 32.9%
25.62 .93 15.92 81.07 253.01 105,35
kadiri-3 X HHZBCZE 15,39 (63.4) 23.90 (2B.4) 7.95 (89,31 31.53 (50.0)  57.0% (-14.6) 30.85  (-6.1)
W09.13 (N6.3) 21%.6% 1210.0) BO.%4 (4B1.5; 157.78 194.6) 264.00 (4.3) 235.86 (122.9)
THYZHLK X NH2 £.21 §.64 2.7 31.66 5,58 24.50
10.21 22,25 14,50 191,64 134.95 219,42
TMVZHLH X MHZBL2B w.n 173.4} 18.3% 1112.8) 4.55 (D0 4) 33,55 16.0) €3.10 [16.5) 29.0% [ 1
13.08 [1232.8) 133,04 (499.3) 56.35 (288.6) 264.16 137.8) 266.69 {97.6) 264.50 {20.51)
Mi3 X HWHZ 10.00 19.3% 7.06 27.0 ¥7.38 34.38
9.8 127.1 11.50 140.82 151.64 342.3
MHZBLZE % MI13 .78 (47.8) 21,53 (1. 5.13 {15.2) 23.09 (-14.5) E7.90 1-12.3) 39.64 {1%. 3
81.87 {180.8) 209.70 (64,7} 27,33 1102.4) 159.1% {13.4) 302.0% 199.2} 276.76 (-19.21
HMHZBLZE X TMy? 1114 13.40 4.93 14,60 at.se 34,56
Bi.05 106.30 22 88 [N 299,15 2H0. 3
TH¥ZNLM X MHZEL28 . (-3.32) 18, 3% «0.mn 4.5% {-8,4) 32.55 {129.8) $3.10 1-34.8) 29.09 (-15.8)
136.08 170.0) 133.34 [25.4} 56.35 (I46.3) 264.16 (1930.4}) 266.69 (-10.9) 264.50 I-2.4})
TH¥Z ¥ NHZ 34.88 62.62 z3.z20 52.20 69.12 19,95
. 200. 00 1365.38 100, 54 645 13 105.61 t60.57
TH¥2HLH % MA2 30.72 {-1N.%) 50.95 {-18.6} 16.86 (-18.7) 53.38 2.3 64,02 («7.%) 36.7¢ [-8.0}
270,24 (5.1} ¥396.75 12.3) 120.8% {197} 821.38 (27.3) %01.23 (361.5) 175,75 (9.5
™VZ X TAPS .82 47.18 19,322 48,24 314 36.10
390.64 7185 40 186,18 596, 1% 1423.37 T4 7B
THV2RLM X TAPS 25, (-8.8) #z2.88 {1.9.2) .98 I-11.7F 0 5313 (0 1) 6808 (-5.6) 3186 (-7
e 63 13.5) B11.Y4 {3.3} 196 26 (1.1) 601.39 (G.9) 1198.%7 (-15.8) 102.59 (-29.1)
THY2 X 32-2.5 £7.37 %0.91 7. 101,64 66.12 38.16
Y26 48 219440 363.42 2975 .45 T2.24 221.74
THY2NLY X 22-2-5 41.60 (-27.5) 11.65 (-21.2) 27,70 {-25.4) BY.6% {-T3.§) $9.49 (5.1 3.5 (131}
730.91 [0.6) 1925.8% (-12.2} 165,05 {0.4) 026,67 (-65.5) 65.886 (-g.B) 4.7} (-48.31)
ME374 X THYZNLH n.4a 56.31 2.2 70,66 B6.72 EAR )
344,91 1832, 76 140,97 850,99 210,59 127.9¢
THYZ2NLM & 32-2-5 41,560 (3z.4) 71.85 127.2} 27.70 124.7) 87.54 {2400} £9.49 (#.2) 3315 16.4)
%30.91 [171.%) 1925.B7 (-3} 365.05 {159.1) 1026.57 (-44. 5} 65.88 (-6B.7) 1M1 (0.4}

Hote : ). For each tross above walue dndicates mean and delow value indicates variance,

2. The values in parenthesis indicate the percentage intrease (+] or decrease [-} cver the parental cross.



number of primaries (90.6%), number of secondaries (152.1%),
number of wature pods {18.1%), mature pod weight (129.8%), number
of mature kernels (7.3%), mﬁture 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 F2 generation.

4.6.2 JI24 x MH2 and J1.24 x 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.
While 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 enmhanced variances for all the characters viz., canopy
diameter (120.8%), canopy circumference (127.0%), leaf area at ﬁb
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 Kadiri-3 x M2 and Kadiri-3 x MH2BC28

The cross Kadiri-3 x MH2BC28 (enhanced canopy mutant of

MH2) exhibited increased means and varlances for most of the

=
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characters in F2 generation over the pareantal cross (Kadiri-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 fod weight
(53.4%), number of wmature kernels (28.4%), mature kernel weight
(39.7%) and total dry matter at harvest (50.0%) in the cross
Kadirji~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 Kadiri-3 x MH2BC28 exhibited enhanced
variances for all the characters in F2 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
(993.22), number 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 TMVZNIM x MH2 and TMVZNLM x MH2BC28

The data in F2 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 TMV2NIM x MH2. The cross
TMV2NIM x MH2BC2B 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

Lq%
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pods (90.7%) . matife pod weight (73'4%), number of ‘mature kernmels '> > '

(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 (-3.5%) 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 wmature kernels (499.3%), wmature 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 x MH? and MH2BC28 x M13

The means and variances recorded by the c¢ross 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 FZ
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 F2 generation indicated that



the cross MH2BC28 x M13 exhlbited eahanced  variances for
canopy dlameter (547.6%), canopy circumference (152.8%), Ileaf
area at 60 days (142.9%). number of mature pods (55.2%), mature
poed weight (180.8%), number of mature kernels (64.7%), mature
kernel wedight (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%) and barvest iIndex (-19.2%) in the

cross MHZBC28 x M13.
4.6.6 MH2BC28 x TMVZ and TMVZINIM } MI2BCZ28

In Fz generation, evhanced mean values were observed for
canopy diameter {(7.1%}. canopy circumference (6.8%), leaf area at
60 days (26.9%), number of primaries (49.6%), number of second-
aries (366.4%), number of mature pods (45.6%), and total drv
matter at harvest (129.8%) in the <ross TMV2NLM (narrow leaf
mutant of TMV2) x MI2BC2B {(enhanced canopy mutant of MH2) over
the parental cross MI2BC28 x TMV2. As compared to parental cross
the mean values were reduced in the cross TMV2NLM x MH2BC28 for
mature pod welight (-3.3%), number of wmature kernels (-0.1%),
mature kernel weight (-B.4%), shelling per cent (-34.9%) and
harvest index (-15.8%). The c¢ross TMVZNLM 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 (19Z.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



(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

TMVZNILM x MH2BC28 as compared to parental cross.
4.6.7 TMV2 x MH2? and TMV2NLM x MH2

The data in F2 generation indicated that the cross
TMVZNIM (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%) 1in the cross TMV2NIM x MH2 as compared to parental
cross. The cross TMV2ZNLM 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 wature 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 TMVZ x TAPS and TMV2NIM x TAP5
The cross TMV2ZNIM (narrow leaf mutant of TMV2) x TAPS

(aerial podding mutant of 'Tatu') showed increased mean values in
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F, generation for number of secondaries (247.2%), canopy diasmeter
(7.3%), canopy circumference (6.0%) and total dry matter at
harvest (10.1X%X) over the parental cross TMV2 x TAP5. The cross
TMVZNIM =x TAPS 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 compafed to parental cross.
The data on variances in FZ generation indicated that i1ncreased
varlances were observed in the cross TMVZNLM 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 TMVZNILM x TAPS.
4.6.9 TMVZ x 32-2-5 and TMV2ZNIM x 32-2-5

In F2 generation, the cross TMV2NLM (marrow leaf mutant
of TMV2) x 32-2-5 (compact canopy mutant of MK374) recorded
enhanced mean values for canopy circumference (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
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(-27.5%), number of wmature kernels (-21.2%), mature kernel
weight (-25.4%), total dry matter at harvest (-13.8%) and harvest
index (~13.1%) were 1less in the cross TMV2NIM x 32-2-5 than
™VZ x 32-2-5. Enhanced variances were found f£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 TMV2ZNLM x 32-2-5 over the parental cross.
While, reduced variances were observed for number o¢f mature pods
(-16.6%), number of mature kernels (-12.2%), total dry matter at
harvest (-65.5%2), shelling per cent {-8.8%) and harvest index

(~48.3%) as compared to parental cross TMV2Z x 32-2-5.
4.6.10 MR374 x TMVZNLM and TMV2NIM 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 F2 generation as compared
to the parental cross MK374 x TMVZNIM. Increased mean values
were observed in the cross TMV2ZNIM 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 wvariances exhibited by TMV2NIM x 32-2-5 were more than the
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parental cross for canopy diameter (132.9%), canopy clrcumference
(110.9%), leaf area at 60 days (588.7%X), 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 TMV2NLIM x 32-2-5 than the parental cross.

4.7 COMPARISON OF MEANS AND VARTANCES OF CROSSES INVOLVING
TAPS5 (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 1in F2 generation. The results pertaining to this are

presented in tables 24 and 25.

4.7.1 Canopy Diameter

In F2 generation cluster 1 indicated medium wvariance
with low mean, cluster 2 low varlance with high mean and cluster
3 high variance with medium mean. The crosses viz., PGN1 x TAPS,
PI350680 x TAP5, TMV2Z x TAP5, JL24 x TAPS5, Kadiri-3 x TAP5, GNIM
x TAP5 and TMV2NIM x TAPS were falling in cluster 1. In cluster
2, the crosses viz., MK374 x TAPS, ICG2271 x TAPS5 and M13 x TAPS
were falling. Two crosses viz., J11 x TAP5 and G201 x TAP5 were
falling in cluster 3 which exhibited medium mean with high degree

of variance.
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Table 24 : Comparisfon of means and varlances of crosses involving
TAP 5 (an aerfal podding mutant of 'Tatu') in Fz generation.

------------------------------------------------------------------------------------

Canopy Canopy Leaf Number Number Number

Crosses diameter circum- area at of of of
(em) ference 60 days prima- secon- aerfal

{cm) (sq.cm) ries darfes peqs

PGNY X TAPS 52.46 155.83 365115 6.04 2.18 §1.52
156.79 894,72 3799951.56 3.34 11.08 718.34
TM¥Z X TAPS 62.61 170.27 4053.51 B.64 4.9 40.12
150.58 B67.30 3528729.50 58.11 18.46 1416, 11
JL24 X TAPS 69.7% 180.86 33N % 6.40 3.9 24,57
153.93 876.92 3867974.00 5.42 42.20 154.49
J11 X TAPS 70.47 191.68 4245,77 7.50 6.32 55.59
234 .88 985,49 3226165.50 1.69 15.18 1175.59
P1350680 X TAPS 68,00 185.61 4nz.n 7.54 1.77 35,00
175.10 900.84 3624729.50 2.77 T.69 480.67
G201 X TAPS 70.00 181.00 371,48 8.33 18.67 34.1
260,75 974,40 3013567.50 6.33 142,33 472.33
MX374 X TAPS 75,20 202.39 3947.41 6.07 10.10 17.75
83.50 427 .82 2779146.50 2.00 44 .38 314.64
Kadiri1-3 X TAPS 52.76 161.39 546907 8.28 8.97 35,72
130.10 705,65 101471044 .00 3.6% 56.88 585.90
GNLM X TAPS 65.41 175.39 2054. M 8.87 18.29 42,92
160.82 755. 14 2819728.28 15.63 1859.40 942 .24
THMVZKLM X TAPS 67.20 180,50 3589.72 8.54 17.05 40.27
162.96 901.26 3831586.75 .98 72.60 1099.65
162271 X TAPS 80,63 206.50 4740.81 8.32 13.81 32.08
80,34 210,25 1148721.50 £.89 768.49 228.61
H13 X TAPS 17.57 209.12 4641.54 6.6% 13.06 25.97

77.19 203.00 1062771.75 5.53 “u.n 239.06

------------------------------------------------------------------------------------



Table 24

-----------------------------------------------------------------------------------------

PGN1 X TAPS
TMYZ X TAPS
JL24 X TAPS

J1 X TAPS
P1350680 X TAPS
G201 X TAPS
MK374 X TAPS
Kad1ri-3 X TAPS
GNLM X TAPS
TMY2NLN X TAPS
1C62271 X TAPS

M13 X TAPS

-----------------------------------------------------------------------------------------

value indicate mean and variance

of

: Continved...

-----------------------------------------------------------------------------------------

Shelling
perceant

pods

3ss.
32.
307.
24.
114,
53.
493,
33,
252.
2r.
637.
2%.
432,
41,
734,

34s.

Mature

pod

weight
{9)

386.59

496.87
35,90
474.59
25.52
362.18
25.16
305.07

Number of Mature Total
mature kerns] dry
kernels welight matter
{9} at harvest
(g)
47 .44 20.37 3N
790.49 227.50 203.3%
47.18 19,22 48,24
7185.40 188.18 £96.19
33,66 17.05 42,08
249,00 192,96 249 12
B1.9% 29.43 61,58
1125.85%5 218.27 518.00
61.46 24.15 62.95
872.94 201.68 1139.16
39.33 17.27 108.94
1460, 33 180.19% 1892.35
43.17 17.32 35.38
1343.00 140,01 231.23
£2.58 . 20.82 64,92
1357.64 206.33 155.15
48.29 15.73 68.05
992.10 135.51 835.83
42.84 16.98 §3.13
B11.14 190, 20 601.39
35.35 3.9 5§9.34
593.79 107.00 795.65
38.94 14.69 59.42
533.68 196.07 844.89

Note : For each cross above value and below
respectively.

283,
64,
121.

145.

Harvest

index
(pods)

183.
39.
95,
17.
27.
41.

136.
30.

199,
28,

152.
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Table 25 : tlustertng of means and wariances of crosses tnvalvimg TAPS in Fz generation.

Characters Clusters  Mean ¥eriance Lrosses falting tn the ¢lusters
Canopy 1 62.60 (L) 155.75 (M} PGNY X TAPS; PI3506BT X TAPS; TMY2 X TAPS; JL24 X TAPS;
dHameter KADIRI-3 X TAPS; GHLM ¥ TAPS; TMYZNLN ¥ TAPS.
[em) H 77.80 {H} B0.34 (L) MEAT4 X TAPS; FLG22T1 X TAPS; M13 X TAPS,
3 7024 W) 27,82 IH) I X TAPS; G201 ¥ TAPS.
Canopy 1 V9.3 (M) gai. 4% fH} JIT X TAPS: G201 X TAPS,
circymfarence
[em) z v.es (L) B42.%2 (M) PGNY X TAPS; TMYZ X TAPS; JL24 X TAPS; P13506B0 X TAPS;
KADIRI-3 % TAPS; GNLM X TAPS; THYZMLN X TAPS.
3 206.00 (] 280,36 (L} MX3I74 X TAPS; W13 X TAPS; ICA2271 X TAPS,
Leaf ares 1 4591.18 (N} 105746.00 (LY MY3 X TAPE; ICG22T1 X TAPS,
at 60 days
(sq, em) 7 S469.07 (H) TOT41044_ 00 (H] KADIR[-3 X TAPS,

3 3735.91 (L) 33E7952.00 (M) TMVWZ X TAPE; JL28 ¥ TAPS; J11 X TAPS; F1I50650 X TAPS;
MIXITA ¥ TAPS; THYZNLM X TAPS; PGNY X TAPS; G20 X TAPS, GNLM X TAPRS,

Humber of 1 7.37 fui 4,33 (1) PGNT X TAPE:. JL2¢ X TARS; J11 X TAPS; PI35S0680 X TAPS: G201 X TAPS.
primaries HEITA ¥ TAPS; XADIRI-3 X TAPS, THYZMLM X TAPS; 1CR22TY X TAPS;
M13 X TAPS.

2 8.64 M) £8. 11 (H) TH¥2 X TAPE.

3 §.87 (W) 15.63 [N) GHNLM X TAPS.
Numpar of 1 5.3 (L) 22.72 (1) PGR1 X TAPS; TM¥2 X TAPS; JL24 X TAPS; 011 X TAPS:
secondar{es PI350680 X TAPS; M13 X TAPS.

H 18.48 (M) 165.87 {H} &201 X TARS; GMLM % TAPS,

3 12.48 (M} £3.09 IM) MEITE X TAPS: KADIRT-3 X TAPS; TMYZNLM X TAPS: 1CG2231 X TAPS,
Kumber of 1 30.H L) 386.87 (L] PI3SOGR0 X TAPS: G201 x\'ms; MKITA X TAPS; KARIRI-3 X TARSG;
anrial pegs 1062271 % TAPS; M13 % TAPS.

2 47,86 (H) 1295.85 {H) TW¥2 X TAP5; 111 x TAPS.

3 39.82 (M) 878.68 (M} PENY X TAFS; JL24 X TAPS; GNLW X TAPS; TMYZNLN X TAPS.



Table 25 : Continued...

Characters Clusters  Hean ¥eriance Crosses falling in the clusters
Number of 1 34.28 M} 685.70 [H) G201 X TAPS, Kadiri-3 X TAPS
maturs pods
2 35.68 {H} 380,20 (M) PGEKY X TAPS; TMYZ X TAPS: J11 X TARS; ME3T4 X YApS:
GNLM ¥ TAPS; TMY2HLM X TAPS; M13 X TAPS.
3 28.19 (L) 223.85 (L) JL24 X TAPS; FIXSD6AG X TAPS: 1EL22TY X TAPRS,
Maturs pad 1 3442 [H) 445,85 (K1 D11 % TAPS; PI350680 X TARS; PGR1 X TAPS;
welght Eadird-3 X TAPS,
(g} 2 2%.57 im) I64.34 (M) JL24 X TARS; THYZ X TAPS: G201 % TAPS; GHLM » TaPS,
THYZHLM X TAPS; MKIT4 X TAPS.
3 2185 {L} 210.98 {L} M13 ¥ TAPS; ICGI2TY X TAPS.
Number of 1 54,26 {H) 1321.71 {H} J11 X TAPS; G201 X TAPE, NME3IT X TApS:
mature KADIRI-3 X TAPS,
karngls ¢ 45,93 (M) 74,85 (M) PGHY X TAPS; THWZ X TAPS; PI3S0680 ¥ TAPS; GHLM X TAPS;
THYZNLH X TAPS; ICGZZ71 X TARS; MI3 X TAPS.
3 13.66 (L} 249.00 (L) JL24 X TAPS,
Mature 1 23.69 (W) 213.4% (A} 21} X TAFS; PIASOE80 X TAPS. PGMI X TAPS;
kerne? FADIR!-3 X TAPS,
weight 2 17.26 (W} 131,18 {N) JL24 X TAP5; TM¥2 X TAPS; GNLM X TAPS; MK3I74 X TAPS;
ig} THYZNLM X TAPS; 4201 X TAPS.
3 14,30 {L) 101.51 {L} M1} X TAPS; ICGZ27t X TAPS,
Total dry 1 45,59 (L) 396,85 (L) PGMY X TAPS; THWZ X TAPS; JL24 X TAPE; J11 X TAPS;
matter at MEI74 % TAPS; THYZHLM X TAPS.
harvest H 108,94 (H) 1892.35 (H) G201 X TAPS,
1]
k) 62,94 (M) BB4.14 (M) PI3S0EBO x TAPS; KADIRI-3 X TAPS; GHLN X TAPS: (62271 X TAPS:
M13 X TAPE,
shelling 1 71.22 {K) 414.99 (M} MEIZ4 X TAPS; M13 X TAPS,
percent
2 71.09 (M) 1317,17 {H} TMYZ % TAPS; THYZNLM X TAPS.
k] 65.52 (L) 116.98 (L) PGHY ¥ TAPS; JL24 x TAPS: J11 X FAPS; P13S0680 X TAPK;
G20% X TAPS; Kadiri-3 X TAPS: EMLN X TAPS; ILG2271 X TAPE.
Harvest 1 34.98 (H) 213,83 (H) PGNT X TAPS; J11 X TAPS; KADIRI-I X TAPS; ICG2271 X TAPS;
tndex M13 X TAPS.
2 17.87 (1Y 27,36 {L) G201 X TAPS.
3 34,238 (M} 121.62 (W) TH¥Z X TAPS; JL24 X TAPS: PL3SO0GAC X TAPE; MK3M X TAPE;

GMLH % TAPS; TH¥ZNLM X FAPS.

H = High, N = Nedium, L = Low,
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4.7.2 Canopy Circumference

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 F2 generation. High varience with
medium mean was found in J1} x TAPS, G20}l x TAP5 which were
falling in cluster ). The crosses falling in cluster 2 were PGN]
x TAP5, TMV2 x TAP5, JL24 x TAP5, PI350680 x TAP5, Kadiri-3 x
TAP5, GNIM x TAP5 and TMV2NIM x TAP5. Three crosses viz., MK374

x TAPS5, M13 x TAP5 and ICG227]1 x TAPS were falling in cluster 3.

4.7.3 Leaf Area at 60 Days

In F2 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 TAP5 and
1CG2271 x TAPS were falling in cluster 1. Only one cross
Kadiri-3 x TaP5 exhibited high variance with high mean which was
fﬁlling in cluster 2. Nine crosses were falling in cluster 3
viz., TMVZ x TAPS5, JL24 x TAPS5, J1l x TAP5, PI350680 =x TAPS,
| MK374 x TAP5, JL24 x TAPS5, J1l x TAP5, PI350680 x TAP5, MK374 x
TAP5, TMV2ZNLIM x TAP3, PGNI x TAP5, G201 x TAPS and GNLM x TAPS

which recorded medium variance with low mean.

4.7.4 Number of Primaries

In F. generation, the cress TMV2 x TAP5 exhibited high

2
variance with medium mean and was falling in cluster 1. GNIM x
TAPS was falling in cluster 3 which recorded medium variance with

high mean. The remaining crosses viz., PGN1 x TAP5, JL24 x TAPS,



J11 x TAPS5, PI350680 x TAP5, G201 x TAP5, MK374 x TAP5, Kadiri-3
x TAP5, TMV2ZNIM x TAPS, 1CG2271 x TAPS5 and M13 x TAP5 recorded

low mean with low variance and were falling in cluster 1.
4.7.5 Number of Secondaries

The crosses +viz., G20} x TAP5 and GNLM x TAPS5 were

faliing in cluster 2 in F, generation, which recorded high wvari-

2
ance with high mean. Four crosses viz., MK374 x TAPS5, Kadiri-3 x
TAP5, TMV2NLM x TAP5 and ICG2271 x TAP5 were falling in cluster 3
which indicated medium variance with medium mean. Cluster 1
indicated low variance with low mean in which séven crosses viz.,

PGN1 x TAP5, TMV2 x TAP5, JL24 x TAP5, J11 x TAP5, PI350680 x

TAPS5 and M13 x TAPS were falling.
4.7.6 Nuaber of Aerial Pegs

In F2 generation, high varlance with high mean was
recorded Iin TMV2 x TAPS5 and J1l x TAPS which were falling in
cluster 2. Four crosses viz., PGN1l x TAPS5, JL24 x TAPS5, GNIM x
TAPS5 and TMV2NLM x TAPS5 were falling in cluster 3 which indicated
medium variance with medium mean. The crosses, PI1350680 x TAPS,
G201 x TAP5, MK374 x TAP5, Kadiri-3 x TAP5, ICG271 x TAP5 and M13
x TAP5 which exhibited low varilance with low mean were falling in

cluster 1.

4.7.7 Number of Mature Pods
In clusters 1, 2 and 3 in Fz generation indicated high
variance with medium mean, medium variance with high wmean and low

variance with low mean respectively. Two crosses viz.,, G201 x
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TAP5 and Kadiri-3 x TAPS5 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, TMVZ x TAP5, J11 «x
TAPS, MK374 x TAPS5, GNLM x TAP5, TMVZNLM x TAPS and M13 x TAPS
which were falling in cluster 2. In cluster 3, three crosses

were falling viz., JL24 x TAPS5, PI350680 x TAPS and 1CG227]1 =x

TAPS.
4.7.8  Mature Pod Weight

In F2 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., Jl1l1 x TAPS,
PI1350680 x TAP5, PGN} x TAP5 and Kadiri-3 x TAP5 which exhibited
high variance with high mean were falling in cluster 1. The
crosses falling in cluster 2 were JL24 x TAP5, TMV2 x TAPS, G201
x TAP5, GNLM x TAPS5, TMVZNIM x TAP5 and MK374 x TAP5S which re-

corded medium variance with medium mean. Two crosses viz., M13 x

TAPS and ICG227}1 x TAPS5 were falling in cluster 3.

4.7.9 Number of Mature Kernels

The cluster )} indicated high variance with high mean,
cluster 2 medium variance with medium mean and cluster 3 low
variance with low mean in F2 generation. The c¢rosses, Jl]l x
TAP5, G201 =x TAP5, MK374 x TAP5 and Kadiri-3 x TAP5 exhibited
high variance with high mean and were falling in cluster 1. The
crosses falling in cluster 2 were PGN1 x TAP5, TMV2 x TAPS,

PI350680 x TAPS, GNLM x TAP5, TMV2NLM x TAPS, ICG2271 x TAPS and
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M13 x TAPS which recorded medium variance with medium mean. One

cross JL24 x TAP5 was falling in cluster 3.

4.7.10 Mature Kermel Weight

In F2 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., Jil x
TAP5, PI350680 x TAP5, PGN1 x TAP5 and Kadiri-3 x TAP5 were
falling 1in cluster 1 which showed high variance with high mean.
Cluster 2 had six crosses viz., JL24 x TAPS, TMV2Z x TAPS5, GNIM x
TAPS5, MK374 x TAPS5, TMV2NIM x TAP5 and G201 x TAPS5 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 medium varifance with medium mean were
falling 1in cluster 1, 2 and 3 respectively in F2 generation.
Only one cross G201 x TAP5 was falling in cluster 2 which record-
ed high variance with high mean. In cluster 3, five crosses were
falling wviz., P1350680 x TAP5, Kadiri-3 x TAP5, GNIM x TAPS,
ICG227Y x TAP5 and M13 x TAP5S which expressed medium varilance
with medium mean. S5ix crosses were falling In cluster 1 viz.,
PGN1 x TAP5, TMV2 x TAP5, JL24 x TAP5, J1l x TAP5, MK374 x TAPS

and TMVZNLM x TAPS.

4.7.12 Shelling Per cent

In F2 generation, the crosses exhlibiting medium variance

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

P e



with low mean were grouped in cluster 1, 2 and 3 respectively.
Cluster 1 had two crosses viz., MK374 x TAPS and M13 x TAP5 which
recorded medium variance with high mean. The crosses viz., TMV2
x TAP5 and TMVZNLM x TAP5 recorded high variance with medium mean
and were falling in cluster 2. The crosses falling in cluster 3
were PGN1 x TAPS5, JL24 x TAP5, Jil x TAPS5, PI350680 x TAP5, G201

x TAP5, Kadiri-3 x TAP5, GNLM x TAP5 and ICG2271 x TAPS5.

4.7.13 Harvest Index

The cluster 1, 2 and 3 in F2 generation include the
crosses exhibiting high variance with high mean, low wvariance
with low mean and medium variance with medium mean respectively.
The crosses, PGN1 x TAPS5, J1l x TAP5, Kadiri-3 x TAPS5, ICG2271 x
TAP5 and M13 x TAPS exhibiting high variance with high mean were
fallen in cluster 1. 8ix crosses viz., TMVZ x TAPS, JL24 x TAPS,
PI1350680 x TAP5, MK374 x TAPS, GNIM x TAP5 and TMV2NLM x TAP>5
were falling 1in cluster 3 which showed medium variance with

medium mean. Cluster 2 had only one cross G201 x TAPS,

4.8 AGRONOMICALLY SUPERIOR RECOMBINANTS

In the present study several agronomically useful recom-
binants were isclated from the F2 generations of different cross-
es. The data with regard to the mean performance of parents
involved 1in recombinants and the performance of agronomically
superior recombinants in F2 generation along with their F3 pProge-

ny means are presented in tables 26 and 27 respectively.
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Tebla 26 : Mean performence of parents involved in agronomicaily superior recombinants in Fz and F3 generations.

Branching Canepy diameter Canopy tirtum- Leaf sres at 60 Humber of Humber of
Parents pattern [cm) ferance |cm) days primaries seconderies
Isq.cm)
3 F F F F F F F 3 F
2 3 2 3 2 3 2 3 2 3
THY2 Sequential 45,60 39.9%0 143,30 137,80 24871.25% 638.92 6.30 5.07 4.0 1.9
PGR1 Sequential 47 .50 0, 55 15010  138._60 wme.mn 657,30 6. 20 5.00 5.20 0.99
JLz4 Sequential 46.400 34,60 149,20 134,80 2558.36 690.72 6.83 4.75 3.63 1.00
n Sequential 45.80 35.46 H5.10 13340 2601.70 114.30 6.20 4.00 2.88 0,85
MH2BL2EB  Sequential 52.20 39.50 165,00  136.50 1M03.9 729.1 6.80 4.20 E.60 0.40
620 Altarnate 4. 0o 35,13 151.25 ¥36.25 135040 92%.480 5.88 6.50 8. 9.70
TARS Saquentint 60. 00 46 .90 180.80 T4¢. 40 2644 .87 1032.87 4,60 4.50 1,456 0.7%
HEIT4 Alternute 54.70 46,16 .18 16 60 3004 .57 1079.26 .1 7.80 16.78 6. 40
KADIR1-3 Alternate L1 L] 50 &0 70,80 154,60 032,41 115942 6.50 5.80 13.50 5.00
THY2ZNLM Al ternate £8.20 47.00 6. 15 148,80 3950.51 123428 8.00 r.ar 24. 88 11.85
32-2-5 Atternate £5. 90 45.80 T70.20  744.50 413425 V655,73 §.29 T.18 “.n 10.08
Branching Numbar of Hatyre pod waight  Number of Mpture karnel
Parents pattern makure pads (g} nature kernsls weight (9]
F F F F F ¥ F f
2 3 F4 k] 2 3 2 E]
THYZ Sequenttal 35,50 15,20 21,34 n.a 56 .80 25.63 20.04 o
21,1 Sequential .20 16.50 34.16 2.7% 52.51 21.50 23.46 .85
JiL24 Sequential 19,28 14,75 18.42 15.05 26.50 20.39 12.21 11,58
MM Sequentinl 46,20 19.25 38,99 26,00 70,40 22.5% 8.2 15.85

MH2BL2E  Sequentisl 14,60 12.50 R 1] 10.25 23.00 20.65 6.0p 6.20
6201 Alternate 22.14 20. 04 17.48 Y6.08 28.86 23.80 7.56 .01
TARS Sequentinl 9.1 19.20 17.36 12.35 32.00 26.%0 .92 6.30
L&A L] Aternate 27.89 18.70 .1 17.20 47,56 30.15 19.85% 14,09
KADIRT-3 Alternate 56.33 0. 00 51.10 29.02 77.00 40.50 37.66 19.50
THY2HLY  Alternate .75 .20 %9.92 n.ol 46,75 20,60 18.50 5.4
32-2-%  Alternate 40 57 24.50 41.28 22.20 58.82 . 26.50 1.5

Branching Total dry matter Shelling Number of aerfal Weight of aertal
Parent: pattern at harvest per cent pods pods g}
&1}

F F F F F F F F

2 3 2 3 2 k3 2 3
Hy2 Sequentia 34,03 18.90 11.0% 62,50 .- .- .- -
PGNY Sequentia 45.20 17.25 70.70 75.20 - - .- --
JLzé Sequentta 42.37 20.35 65.68 1384 -- .- - --
A1 Sequentia 44,93 19.90 T4.99 75.25 - -- -- --

MHZBPC2E  Sequentia 18.55 18,60 59.78 0. 43 -~ .- - -
6201 Altarnate 28.05 29.05 §3.8) 50.98 - -- - --
TAPS Sequentin 34,07 18.75 70.49 51.m 6.30 5.0 420 3.90
MK374 Alternate 8.2 28.15 E7.99 50.91 -- -- .- .-
KADIRI-3 Alternate 31.54 30.05 74,69 67.20 -- e -~ --
THVZHLY  Alternate 42.39 .60 631 51.05 - .- -~ --
32-2-5  Alternste 52.65 3t 5 68.17 B4, 0% - -- - -



2.7

A L Lk R by R A R e L A e e ok e R L M L e ke R W W R e i R N Mt e

SET¥S
oL'os
0§'29
6285
00 €9
SZ' 8y
570§
S0°04
$°99
05 Ly
¢ 8t
0z Ly
0¢'09
SL 6y
SL°0§

05°59
0628
00°69
057t9
00°99
00°25
05°99
0s* L
00eL
0s°¢s
0019
05°2§
08" 9¢
0§°L§
05714

pajwBaibas
UL Y

vUIBL Y
006:&0&—‘

Lei3uanbas) e juanbag
L¥isuanbas)ejjuanbag

FeudII Ly
RUIAYLY
NRUIIY LY
RUAY | Y
neuse Y

paj3vbadbag

payebasbag
pajebaabag
paivbasbag
pajyebadbag
pajebasbas

9IPLIRY |V
FIRUAIYL Y
Uadﬂkﬂﬂpd
00‘:&0&—‘
GUUCLOH—¢
2IRUIIILY
FIRUIRILY
vU LYY
VUL Y
aeuLIYLY
LTI YRY

114
rL-usY
£L-usyY
ZL-Ysv
L1 -ysy
oL -dsv
6-ysvY
g-usy
L-4sy
2-ysy
S-4sv
-ysv
E-ysy
2-usy
L-ysy

BZIE2HN X LO2P
Sd¥L X €-1HIOVY
edvl X LLC

SdVl X LN3d
S-2-¢t X t-Iylaw
§-2-28 X ZMiL
§-2-Z€ X ZAMl
§-2-25 X WINZAWL
HIRZAML X #LENM
WINZAWL X LLP
WINZAKL X #2710
WINZAML X LND4
WINZAML X iNSd
WINZAKL X 2AWL
WINZAWL X ZAMWL

T o R RN S R R R L e L L L e R R A e A o o = e i Bk e e e A e e

062t 06" s¢
00°#i 00°9i
05" 0 00°2L
057 ¢ 00°8
0Z's1 008t
059l 00" ¥2
06°81L 0o°ze
LT ¥4 00°2Z¢
§2°0¢ 00 0
05721 00°92
00 el 00°e2
04781 002t
00°0z o0G°2¢
00°51 00792
02752 00° 9%
£ z
4 4
S| APPUOIIS
40 Jaquny

09’y 0011
sL'g 00°6
20°9 i)
§52°§ 0oL
‘s 006
0L 00°tl
11 1] ooyl
it i 4}
05721  00°€ElL
06° ¢ 00°LL
0§°¢ 00" 0L
§2°¢L 00° 0l
06'¢g 00" ¥l
org 00°ZL
02*0L 0078l
£ 4
d 4
sataewyad
30 Jsaguny

‘suedm Auabouad

LL'62iE 09°'¥l29
S8°000¢ £2°%80¢
L6°BE62 9% 8L2¢
¥$' 9192 9 Lf0€
e 969 2L°960F
¥2EL0E 0B°1926
EETECIE PETLLOL
9C°B48F 06°L¥B9
$8°625¢ 0070205
22°L2lE €L vick
6972008 90°29iF
¥2°1822 66°2USY
LLLZPE OL PS9¥
S€°286¢ EZ°8LSE
29°#2€¢C G6°8LILS
£ 2
4 E |
{wo bs)
sfep 09

! RaAR J087

£

£2°651 007022
PE'291  DOTS6L
§9°59t 00'sil
0Z°(91 0oo'oLt
00°GiL 0081
S¥ esL 007291
§¢°65t  00"1i8L
ot'28L o086l
59°0LL 00°s8l
0070kl 00°091
L2*9¥l  00°'sS9L
O¥*6EL 05765t
2’991 00°16L
SET6FL  SLT08L
05709t se°o08i
£ 2
3 3
(w2)
ERIENF

£
3

4
4

(w)

~3jun24)y Adoue) sejameip Adoursy

Ny L T R L L e o e R e e B e B o R A A o A oo A A
e A e E AN A AR A A e T AR R RN AR AR e A A, AT .-

£
4

4
F|

usayivd Bujyoueag

juebaabag

saabpag

4 43943 y3Ls BuoL e uoyeaeuab mu Uy SIURULQWODIIA Jojsadns K|t edimoucabe jo asuemdoited ayL gz wLQ%}



§2 82 65708

0789 L8
9799 L6°5¢
05°¥9 18792

5£°2§ ¥6°L0L
Sz 0y 90° {01
0£°6E v oLl
§2°S¥ io’Lol
68" ey S8°66
LETLE 05706
0r'92 L0"0s
oot Lz'2se
SE'¥S 95" %0l
5¢°8¢t 22°5L
0E"OF 00° 021

§€°0¢
s$2°r9
0t 69
09°59
89705
e 8t
SZ°0r
0L’ zs
§1°9§
0E"SE
§5°2¢
00 'St
§4°09
oE’S¥
SI°ES

00°58%
0098
00° 06
00° 26
00°80L
0096
00°801
00°s6
00°StL
00 0L
00°28
0096
00" 2Ll
00" 52!
00 6LL

pajebadbag
EFL TN L ALY
Lel3uanbag
Le}Juanbag
#IRuAIYLY
FeusIILY
RUILY
CEL TN T
ALY
pajnbanbag
peiebasbag
payebasbag
paivbaabag
pajebasbag
pavbaabag

oL 4| ¥
NruLA LY
Le}3uanbag
Letuanbag
LAY
nrUIRILY
NRUAIY
L LITELEYE
jRUAIY Y
AIRUIOL LY
UL Y
eUIB) Y
IvUAN Y
FeuAR LY
BVIAILY

51-¥sy
ki-dsy
€L-usy
L-ysy
LL-YsY
oL-usy
6-YsY
8-usy
L-4sY
9-ysyY
S-ysy
b-ysy
€-usy
2-¥sy
L -usy

82I9ZHN X 102D
Sd¥L X £-19¥I1avY
Sdvl X (Lr

Gd¥1 X Lwad
$-2-2¢ X €-1¥1aQ¥)
§-2-2¢ X ZAWL
§-2-25 X ZAH)
§-2-2¢ X WINZANL
WINZANL X #ZEWNW
WINZAML X LLP
WINZAWL X #2770
HINZAWL X LNSd
WINZAWL X LN9d
WINZAWHL X ZAWL
WINZANL X ZAWL

llI!tlllllllltllllllllllllrtillllllli|lllIIl!llll!lillllli!lllllllllllIIllllllllll!lllll!lIll!lllllllll!lll‘llllt!llllllllll

§6°22 2719 oL b9 00° 0kl
0 "G5 F{R ¥ 02°80L 00" L£1
YE'ES 9E "85 OF"SiL 00" Ol
S1°0% 6829 SE'0LL OD"2ZL
S°0¢ og°Ls s$2°68 00" £€L
6f- 2t [T F o€ 8% 00" ObL
2t EE 26728 §2°59 00" £s1
¥5°SE S0°2¢ 0E*06 002t
SCTOF 95 04 02786 00° 561
gL e §59°¢9 SE°6S 007021
92°¢2 £2°59 20°09 00°Sil
¥e' 2z LL09 $E° 09 0010l
5262 26°69 s€'gol 007082
2e°62 06709 92°60 00°0iZ
99°¢t 85706 S£°00l OOTOD#2

£ F4 £ 4

4 3 4 3

(6} qybjam SLIUADY

LoUASY PANJOY a4NINE JO JIGENN

£ FA
4 4
(6)
ybam
pod aJanjey

£
4

4
4

spod a.njem
30 Jaquny

£
4

4
F|

udejjed Bujysuvag

lllllll.llIlliilllllllllllllll!lllllll!lllllllllltIIIIlllllltlllllllllllllllll!IIllllllllllllllll!!Ill!llllllllllllil!llllll

Juebaabag

994BLpag

TTUPRRULIUG] 2 Iqe)l



ti!llllll!lllIllill!lllllllllillllllI|llllllll!llIlll!iIlllltlllllllll!l!li!llIIIltlillll!!lIIIllillrllilllltlrllitllllllllll

- - == -- 1398 009 ¥ET0S 8E°0£L pajebaabag  ateusar |y S1-¥sy BEIUZHN X 1029
66° ¢ 5979 0c°s 008 9L°08 LT s5L°09 L9796 ARUABILY LAY bL-usy SJVL X £-IYIQVYX
S0°s s oLg 00°6 fe‘os 28'9L 92725 -1 Lej3uanbas  ej3uandag EL-ysY Sd¥lL X Lir
0i'% 0s°L §0°1t 00°'€L S L L9718 SE£°0§ 20°8Y teiauanbag  ®|3u9nbag Zi-ysy Sdvl X LN9d

== - - - §2°84 8L7§¢ §9°94 6L°¥8 FNRUAILLY  dRuLI|Y LL-¥SY S§-Z-2€ X £-1Y414¥X

-- -~ -- - §6°5{ £L°6% 0t°5¢ 267021 NBUANLY Aeuaeyy oL -ysvy S-2-2¢ X ZAML

=- .- -- -- 8L°Lg oL°sd 0i"0% 2 8l ANrUMRILY  NRUdaILY 6-YsY §-2-2¢ X ZANL

-- 594 13 ¥4 9£° 58 60" 621 FIPULILLY  FPRMAALY g-USY  §-2-2€ X WINZAWL
- £5°28 £9° 0L §6°60L 02°251 NRUIRILY RS LY £-4sY NINZAHL X $LEN
- -- -- -- §6°1¢ £€° 0L 0% L 92° %6 pajebasbas  ajeuaRyy 9-y5Y KINZANL X LLP
- 06°08 L8 7 siter 5966 pnvbasBas sleudalpy S-SV HINZANL % #20
- t{d 7 26°¢L L2'0S 92706 pajebasBas  svuaeyly oSy WINZANL X LN9d
- - -- -- 29°25 2°99 6e"2s 009t pajebasbas  ajvudsyy £-ysy WINZAWL X 1N9d
-- 42°99 96708 51769 5€° 20t pajebauabag  ajeuasiy 2-¥sy WINZAKL X ZAWL
-- 51 8%°6¢ 0518 097181 paywbasbas  ajeuasyty L-3sy WINZANL X 2AWL

lllltllllllIllI!ll#lllllllllllIill’lllllllll!llllllllllrllllll!lllllllll!IlI|ltlllilill!llllllll!l!lIllll!!llll\tllllillliil!

£ F4 £ 2 3 4 £ 4 £ 4
4 4 d E] 4 4 4 4 F| 4
(6)
{6} spod spod IsINARY Q0 surbadbag 2a4bpay
Lei40% Jo 3ybram [vidav Jo saqeny uavaed Bupieys 93jea Ad4p (w10l uszlyed Bujyoueag

lllllllllllllli.‘lllllll!llllll!iIll!llllll!illlll!lllllllllllllilll!lllt!llllllll|l|llllllll!!!lllllll!!llllllll!llll!t!lltl

TUUPINULIV0) D 2 dLqel



4.8.1 Recombinante Isolated from Pz Generation of Crosses

Involving TMVZNIM (parrow leaf mutant of TMV2)

ASR 1t A segregant with alternate branching and medium spread-
ing habit was isolated from the cross TMV2Z 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 lncreased values for canopy dlameter (71.50 cm), canopy
circumference (180.65 cm) and leaf area (5178.95 cmz) at 60 days,
number of primaries (18.00), number of sec?ndaries (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 F3
generation. The F3 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 TMVZ x TMV2NIM.
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 1ts parents. Its progeny in

v



F3 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 PGN1 x TMV2ZNLM, a segregant with alternate
branching and medium spreading habit was found. The leaves were
narrow 1lke TMV2NLM. It had dark green follage 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 F3 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 cbserved in PGN1 x TMV2NIM cross.
The leaves were broad with narrow tip and dark green in colour.
The pods were smooth like PGNl. It recorded a canopy diameter of
52.50 cm and canopy circumference of 159.50 cm. Increased values
were observed for leaf area at 60 days (4572.99 cmz), number of
primaries (10.00), number of secondaries (32.00), number of
mature pods (96), mature pod weight (82.2] 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 F3 genera-
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tion. As compared to the parents, the mean values for the above

characters were high in F3 generation.

ASR 5: From the cross JL24 x TMV2NIM, 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 1increased values for number of primaries (10.00), sec-
ondaries (23.00), mature pods (82.00) and mature kernels
(115.00), mature pod weight (90.0lg), 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 F3

generation, For all the above characters it recorded increased

progeny means than both the parents.

ASR 6: In the cross J11 x TMV2NLM, a segregant with alternate
branching and medium compact growth habit was observed. It
exhibited wvariation 1in leaf size and shape. It produced more
number of secondary branches which were thin. The pods were
small in size. 1t showed a canopy diameter of 53.5 c¢m 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 F3 generation, its progeny showed segregation for



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 1solated from the cross MK374 x TMV2NIM. It had
very dark green follage like MK374. The leaves were mnarrow at
the tip and branches were thin. It produced boid 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 Lkernel weight (70.56g), total dry matter
(152.20g) and shelling per cent (70.67%) than both the parents.
It bred true in F3 generation and recorded increased mean values

for the above characters than its parents.

4.8.2 Recombinants iscolated from Fz generation of crosses

involving 32-2-5 (compact canopy mutant of MK374)

ASR 8: From the cross TMVZNLM x 32-2-5, an alternate branching
with medium spreading habit segregant was isolated. The leaves
were Jless narrow compared to TMVZNLM. 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
welight (101.0lg), mature kernel weight (72.05g), total dry matter

(129.09 g) and shelling per cemt (71.33%) were more than both the



parents. In F3 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 TMV2Z x 32-2-5
which showed alternate branching and medium spreading canopy. It
exhibited compact beaxring and variation in pod size. Pods were
smooth. Higher values were recorded for cancpy diameter (66.50
cm), canopy circumference (181.0 cm), number of primaries (14),
secondaries (32), mature pods (108) and mature kernels (157.00),
mature pod weight (110.4]1 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 F3 generation and exhlbited high mean values

compared to 1ts 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 follage with thin branches. It produced pods which
were gimllar to TMV2Z. 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 welght
(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 F3 generation gnd 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

vy



light green foliage with thin branches. It showed compact bear-
ing. It exhibited more canopy diameter (66.00cm), canopy eircum-
ference (187.0cm), number of primaries (11) and secondaries (18),
number of mature pods (108) and kermels (133), mature pod weight
(107.94g), mature kernel weight (81.80g), total dry matter
(84.19g) and shelling per cent (75.78%) as compared to both the
parents. Xt bred true in F3 generation. The mean values record-
ed for the above characters were more than both the pareants in F3

generation.

4.8.3 Recomblnants Isolated from F2 Generation of Crosses

Involving TAP5 (aerial podding mutant)

ASR 12: A sequential branching Spanish bunch segregant was
isolated from the eross PGN1 x TAP5. 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 1like
TAP5. It recorded a canopy diameter of 61.50 cm. TLeaf area
observed at 60 days (3077.84 cmz) 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 (81.812). In F3 generation, it
bred true for branching pattern and showed high mean values for

the above characters as compared to both the parents.



ASR 13: From the cross J11 x TAPS, a seﬁuential 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 oObserved. It produced 9 aerial pods weighing
5.42g. It showed a canopy diameter of 69.00 cm. It exhibited
more leaf area at 60 days (3278.56 cmz) 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 F3 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 1isolated from Kadiri-3 x TAP5. The foliasge 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
cmz) 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 F3 genera-
tion. It exhibited increased mean values for the above charac-

ters than its parents.
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4.8.4 Recombinants Isolated from Fz Generation of Crosses

Involving MH2BC28 (enhanced canopy mutant of MH2)

ASR 15: An alternate branching Virginia runner segregant was
observed 1n the cross G201 x MH2BC28. It had deeply dark green
foliage and more number of secondary branches. It exhibited
varlation 1in 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 F3
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 x Alternate

The F, population of the crosses involving alternate x

2
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, GNIM x MH2, TMV2NIM x MH2, Kadiri-3 x TAP5, GNLM x
TAP5, TMVZ2NLM x TAP5, M13 x JL24, G201 x JL24, Kadiri-3 =x
MH2BC28, TMV2 x TMV2NLM, JL24 x TMV2NIM, Jl1 x TMV2NLM, PI259747

x 32-2-5, JLZ4 x 32-2-5, TMVZ x 32-2-5 and MH2BC28 x Mi3 recorded



Table 28 : Inher{tance of branching pattern,

-------------- A e e o A e T T T e R e e e T e L e e e L R A R M R R R RS EAGdEEwEwe

Combination Crosses Branching
of branching pattern in
pattern in F

i

the crosses

Alternate x M13 X MH2 Alternate

sequential
MK374 X MH2 Alternate

OR

KADIRI3 X MH2 Alternate

Sequential x

alternate 6201 X MH2 Alternate
GNLM X MH2 Alternate
TMYZNLM X MH2 Alternate
M13 X TAPS Alternate
MK374 X TAPS Alternate
KADIRI-3 X TAPS Alternate
G201 X TAPS Alternate
ICG2271 X TAPS Alternate
GNLM X TAPS Alternate
TMYZHLM X TAPS Alternate
M13 X JL24 Alternate
KADIRI-3 X JL24 Alternate
G201 X JL24 Alternate
G201 X MHZBC28 Alternate
Kadiri-3 X MH2BC28 Alternate
THM¥2ZNLM X MH2BC28  Alternate
TMY2 X TMY2NLM Alternate
PGNT X TMY2NLM Alternate
JLZ4 X THY2NLM Alternate

11 X TMVZNLM  Alternate

Phenotypic Ratio

classes in

Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequentiatl
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequantial
Alternate
Seguential
Alternate
Sequential
Alternate
Sequentiatl
Alternate
Sequenttal
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential
Alternate
Sequential

Dbserved
frequency pulation

in F

133

193
)
212
n
166
13
177
54
154
13
136

148
s
172
55
175
63
127
104
141
45
142
n
102
3
218
0
239

213

Total pe- Chi-square

in F

368

167

174

254

223

179

231

167

143

194

227

238

Zn

186

153

133

228

315

230

222

212

value

1.1595

0.4

0.1916

0.1312

0.6614

0.2123

0.3247

0.6696

0.449)

g.1719

0.0720

0.2745

0.1520

0.0645

0.2214

0.2032

1.3520

0.1280

0.5095

1.3520

0.9056

Proba-
biltty
value

0.50

0.50

0.25

0.50

0.28

0.25

0.50

0.75

0.50

0.50

0.75

0.50

0.50

0.10

0.50

PR



Table 28 : Continued...

Combinatfon Crosses Branching Phenotypic Ratio Observed Total po- Chi-square Proba-
of branching pattern classes 1in fraquency pulation vaiue bitity
pattern in F in F in F va lue
the crosses 2 F4 2
Alternate x PIZ59747 X 32-2-5 Alternate Alternate 3 ne 143 D.841%5 0.25
sequential Sequential 1 3
JL24 X 32-2-5 Alternate Alternate 3 155 zn 0.2669 0.50
oR Sequential 1 56
THY2 X 32-2-5 Alternate Alternate 3 135 177 0.1525% 0.50
Sequential x Sequential 1 42
alternate MHZBC28 X M13 Alternate Alternate 3 121 159 0.1027 .50
Sequential 1 38
Sequentizl) x TMYZ X MHZ Sequential Al -- - 190 - -~
Sequential Sequential
PGN1 X MH2 Sequential AN -- -- ass -- -~
Sequentfal
JL24 X MH2 Sequenttal ATl -- -- 206 -- -
Sequential
PGHY X TAPS Sequential AN -- -- 307 -- --
Sequential
THY2 X TAPS Sequent tal AN -- -- 215 -- --
Sequential
JLZ4 X TAPS Sequential ATl -- .- 178 -- -
Sequential
411 X TAPS Sequential AN - -- 174 - -
Sequential
PI350680 X TAPS Sequential AN -- -- 168 -- --
Sequential
JL24 X MH2BCZ8B Sequential A1l - -- 203 wa -
Sequential
MHZBC28 X TMY2NLM  Sequential Al -- -- 207 -- --
Sequential
Alternate x M13 X% TMYZNLM Alternate AN -- - 230 -- --
Alaternate Alternate
MK374 X THYZNLM Alterpate AN -- -- 193 -- --
Alternate
KADIRI-3 X TMVZKLM Alternate Atl - -- 294 -- --
Alternate
62071 X TMYZHLM Alternate A1l - -- 188 -- .-
Alternate
TMY2ZNLM X 32-2-5 Alternate AN -- -- 217 “e -
Alternate
GNLM X 32-2-5 Alternate All - - 245 -- --
Alternate
KADIRI-3 X 32-2-5 Alternate AN -- -- 274 - -
Alternate
TMY2NLM X GMLM ATternate Alternate 63 3z 316 0.7647 0.50

Sequential 1 3

------------------------------------------------------------------- P L L T R Y



a Begregation ratio of 3 alternate : 1 sequential indicating the
monogenic control of branching pattern. While the segregation
ratios of F2 population of nine crosses viz., MK374 x MHZ,
Kadiri-3 x MH2, M13 x TAP5, MK374 x TAP5, G201 x TAPS, ICG2271 x
TAP5, G201 x MH2BC28, TMV2NLM x MH2BC28 and PGN1 x TMVZNLM gave a
good fit for the ratio of 15 alternate : 1 sequential suggesting
the digenic control of branching pattern. Only one cross
Kadiri-3 x JL24 recorded a segregation ratio of 9 alternate : 7
sequential in Fz 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 F2
population viz., TMV2 x MH2, PGNl x MH2, JL24 x MH2, PGN1 x TAPS,
TMV2 x TAP5, JL24 x TAP5, J1l x TAPS5, PI350680 x TAPS5, JL24 x

MHZBC28 and MHZBC28 x TMV2.

4.9.1.3 Alternate x Alternate

The F2 population of the crosses viz., M13 x TMV2NLM,
MK374 x TMV2NLM, Kadiri-3 x TMVZKNIM, G201 x TMVZNIM, TMV2NLM x
32-2-5, GNIM x 32-2-5 and Kadiri-3 x 32-2-5 involving both the
parents with alternate branching pattern showed no segregation
for branching, except one cross TMVZNLM x GNLM which exhibited a
segregation ratic of 63 alternate : 1 sequential Indicating the

trigenic control of branching pattern (Table 28).

PO



4.9.2 Inheritance of Narrow Leaf Character

The crosses viz., MI13 x TMVZNIM, MK374 x TMV2NLM,
Kadiri-3 x TMV2NLM, G201 x TMVZNLM, TMVZ x TMV2NLM, PGNl x
TMVZNLM, QLZA x TMVZNLM, J1i x TMVZNLM, TMVZNLM x MH2, TMVZNIM =x
32-2~5, TMVZNIM x TAPS involving TMV2 narrow leaf mutant as one
of their parents showed a segregation ratio of 1 narrow : 2
intermediate : 1 normal in F2 generation. The F2 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 FZ generation of the cross
invelving both the narrow leaf mutants TMVZNIM x GNLM showed a
ratio of ] 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 ‘'TAP5' was crossed with alter-
nate as well as sequential branching genotypes. All the crosses
involving the alternate genotype x TAP5 viz., M13 x TAP5, ICG2271
x TAPS5, MK374 x TAP5, GNLM x TAPS, TMVZNLIM x TAPS, G201 x TAPS
and Kadiri-3 x TAPS5 showed a segregaticn ratio of 1 aerial pod-
ding : 3 normal in FZ generation. The F2 population of the
crosses involving sequential genotype x aerial podding genatype
exhibited a segregation ratio of 3 aerial podding : 1 normal
indicating the monogenic inheritance of aerial podding character

(Table 30).

2.--'1'“_4 o



Table 29 : 1nheritance of narrow Jeaf shape,

.................. T L T T

Crosses Phenotype Phenotypic Ratio Observed Total po- Chi- ‘P
of F classes ‘in frequency pulation in  square value
1 F F F va Jue
2 2 2

M13 X THV2ANLM Rarvow Narrow 1 56 230 0.7043 0.50
{Mormal x Karrow) Intermediate 2 121

Normal 1 53
MK3IT4 X TMVZHLM Narrow Narrow 1 41 193 1.4664 0.25
{Normal x Harrow} Intermediate 2 102

Normal 1 50
Kadirt-3 X THVZKLM Narrow Narrow 1 68 294 1.1293 0.50
{Normal x Narrow) Intermediate 2 156

Normal ] 70
5207 X TMYZNLM Narrow Narrow 1 41 188 1,.3086 ¢.50
(Normal x Narrow) Intermediate 2 0

Normal 1 4§
TM¥2 X TMYZNLM Narrow Narrow 1 81 315 0.7715 0.5%0
{Normal x Narrow) Intermediate 2 162

Norwmwal 1 72
PGN1 X TMVZNLM Rarrow Narrow 1 60 230 0.9826 0.50
(Normal x Marrow) Intermediate 2 119

Normal 1 51
JL24 X TMYZNLM Narrow Rarrow 1 58 222 1.7387 0.25
{(Normal x Narrow) Intermediate 2 117

Norwal 1 47
J1T X TMY2NLM Narrow Narrow 1 60 212 1.3N13 0.50
{Normal x Karrow) Intermedfate 2 103

formal 1 i9
THYZNLM X MH2 Narrow Narrow 1 60 254 1.2047 0.50
{Narrow x Normal} Intermediate 4 123

Normat 1 FA
THYZNLM X 32-2-5 Narrow Narrow 1 56 217 0.27119 0.75%
{Narrow x Normal} Intermediate 2 110

Normal 1 51
THVZHLM X TAPS Narrow Narrow 1 61 227 0.6123 0.50
{Narrow x Normal) Intermedizte 2 108

Hormal 1 58
GHLM X MHZ Narrow Narrow 3 135 174 n.6207 0.25
{Narrow x Normal) Norma}l 1 39
GNLM X 32-2-5 Narrow Narrow 3 187 245 0.2299 .50
(Narrow x Normal) Normal 1 58
GNLM X TAPS Narrow Nerrow 3 150 194 0.5567 0.25
{Narrow x Normal} Nermad | 44
TMYZRLM X GNLM Karrow Needle shape 1 4 316 7.4792 0.M
{Rarrow x Narrow) Narrow 60 287

Normal 3 25

--------------------------------------------------------- R L L L L L T Ty



Table 30 :

Crosses

Phenotype
of F
1

Phenotypic
classes
in F

Ratio Observed

in F
2

Total po-
frequency pulation

in F

2

Chi-
square
value

............... i A e e e B e e R R A e e ke T ke e O e e L L e e s

M13 X TAPS

{Alternate x serial podding)

ICG2271 X TAPS

{Alternate x aerial podding)

MK374 X TAPS

(Alternate x aerial podding)

GNLM X TAPS

{Alternate x aerfal podding)

TMYZNLM X TAPS

(Alternate x aerial podding)

G201 X TAPS

{Alternate x aerial podding}

Kadiri-3 X TAPS

{Alternate x aeri1al podding)

PGN]1 X TAPS

{Sequential x aeria! podding)
THYZ X TAPS

(Sequential x a2erial podding)
JL24 X TAPS

{Sequentia’t x aerial pedding)
J11 X TAPS

{Sequential x aerial podding)
PI350680 X TAPS

{Seguential x aerial podding)

Normal
Hormal
Normal
Normal
Normal
Normal
Aerfal podding
Aerial podding
Aerial podding
Aer1al podding
Aerial podding

Aerial podding

Aerial podding
Normal
Aerial podding
Norma 1
Aerial podding
Kormal
Aerial podding
Normal
Aerial podding
Normal
Aerial podding
Kormal
Aertal podding
Normal
Aerial podding
Normal
Aerial podding
Normal
Aerial podding
Normal
Aerfal podding
Normal
Aerial podding
Normal

49
174
30
m
40
139
42
152
50
177
8
129
64
167
233
74
157

139

—t A et fah ot G d b ad O ot G et G et M ot G ot B e

179

194

227

167

231

307

215

178

174

162

1.08%7

1.2331

0.6723

1.1615

1.0705%

D.4491

0.8012

0.1313

0.4480

0.9064

0.3755

0.6667

0.25

0.25

0.50

0.25

0.25%

0.50

0.25

------------- A ey e L o e e e iy e v e e e T e e ek e U e e e e e - —



4.9.4 Inheritance of Canopy Compaction

4,9.4.1 Medium Compact x Compact (2 x 1)

The segregation ratio of F2 population of three crosses
viz., TMVZ x MH2, PGNl x MH2 and JL24 x MH2 gave a good fit for
the ratio of 1 compact : 15 medium compact indicating the digenic
control of this character. Whereas the F2 population of the
cross G201 x MH2 segregated into 1 compact : 35 medium comapet
24 medium spreading : 4 spreading indicating the trigenic control

of this character {(Table 31).

4.9.4.2 Medium Spreading x Compact (3 x 1)

The crosses Involving medium spreading x compact parents
showed the trigenic inberitance of this trait. The F2 pepulation
of the c¢ross 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 Fz 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 F2
population of the cross TMVZNLM x MH2 segregated into 1 compact :

23 medium compact : 36 medium spreading : 4 spreading.

4.9.4.,3 Spreading x Compact {4 x 1)
The F2 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 Medium Compact x Medium Compact (2 x 2)

Oout of four crosses involving medium compact x medium
compact parents, two crosses viz., JL24 x MH2BC28 and MH2BC28B x
T™V2 exhibited a segregation ratio of 1 compact : 15 medium
compact in F2 generation. The F2 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 Medium Compact x Medium Spreading (2 x 3) (or) Medium

Spreading x Medium Compact (3 x 2)

The F2 population of the crosses viz., JL24 x TMVINLM,
Ji1l x TMV2NLM, P1259747 x 32-2-5, JL24 x 32-2-5, TMVZ x 32-2-5
and G201 x TAPS exhibited the segregation ratio of 1 medium
counpact : J medlum spreading. The crosses viz., TMV2Z x TAP5 and
PI350680 x TAPS5 showed a segregation ratio of 3 medium compact :
1 medium spreading. A Fz segregation ratio of 15 medium compact
: 1 medium spreading was observed in PGN1 x TAPS5, JL24 x TAPS5 and
Jil x TAP5. The F2 segregation of the crosses viz., G201 x
TMV2NIM, PGN]1 x TMV2NLM and Kadiri-3 x JL24 gave a good fit for 6
medium compact : 9 medium spreading : 1 spreading. The F2 popu-
lation of the crosses viz., TMVZ x TMVZNIM 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 TMVZNIM x MH2BC28

exhibited a F2 gsegregation ratio of 1 compact : 11 medium compact

¢ 48 medium spreading : 4 spreading.
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4.9.4.6 Medium Compact x Spreading (2 x 4) (or) Spreading x
Medium Compact (4 x 2)

The segregation ratioc of F2 population of the cross
MHZBC28 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
JL24 segregated into 4 medium compact : 3 medium spreading : 9

spreading.

4.9.4.7 Medium Spreading x Medium Spreading (3 x 3)

Among the ten crosses belonging to this canopy cross
combination, three crosses viz., MK374 x TMV2KRIM, GNLM x TAP5 and
TMV2NLM x TAP5 showed a segregation ratio of 3 medium spreading :
1 spreading in F2 generation. The F2 population of four crosses
viz., Kadiri-3 x TMV2NLM, TMV2NIM x 32-2-5, GNIM x 32-2-5 and
Kadiri-3 x 32-2-5 exhibited a segregation ratio of 15 medium
spreading : 1 spreading. The F2 population of MK374 x TAP5 and
Kadiri-3 x TAP5 segregated into 1 medium compact : 15 medium
spreading and 1 medium compact : 3 medium spreading respectively.
The Fz segregation pattern of the cross TMVZNLM x GNIM gave a

good fit for 1 compact : 3 medium compact : 55 wedium spreading :

5 spreading (Table 31).

4.9.4.8 Spreading x Medium Spreading (4 x 3)
The crosses M13 x TAPS and ICG2271 x TAPS5 belonging to

this canopy cross combination showed a segregation pattern of 1

mediun compact : 6 medium spreading : 9 spreading in F2 genera-



tion. While, the Fz population of the cross M13 x TMV2NLM exhib-

ited a segregation ratio of 7 medium spreading : 9 spreading.

4.10 MEANS  AND VARIANCES FOR CANOPY AND REPRODUCTIVE AT-

TRIBUTES 1IN Hl, Hz AND M, GENERATIONS

The means and variances of various canopy and reproduc-
tive characters in MI’ M2 and M3 generations following muta-
genic treatments of Sodium azilde 3 wM and EMS 0.3 per cent on
groundnut variety TAP5 are presented in Tables 32, 33 and 34
respectively. The precentage increase in variance over the
respective controls was given in Table 35 for Ml, M2 and M3

generations.

§.10.1 Hl Generation

4.10.1.1 Canopy Circumference

Sodiun 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 varliance over the

control was 60.92 per cent in EMS and 47.39 per cent in NaN3

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 ocbserved in EMS treatment (89.57 cm).
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Enhanced variance for canopy diameter was obtained in both the
treatments over the contrel. The enhancement of variance was
higher 1in EMS treatment than in NaN3 treatment. In terms of
percentage increase in varlance was 194.69 per cent and 140.51

per cent in EMS and NaN3 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).

3
EMS  treatment recorded the highest variance for plant

height. NaN, also showed higher variance than the control.

3
The enhancement of variance over the control was 24.05 per cent

in EMS and 17.46 per cent in NaN3 treatments.

4.10.1.4 Number of Primaries

Both the treatments NaN3 (4.87) and EMS (4.58) recorded
increased mean number of primaries over the control (4.44). The
varlance 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 49.4] per cent in EMS treatment and

47.06 per cent in NaN3 treatment over the control.

4.10.1.5 Number 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 1in
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 NaN3 treatment recorded 27.2] per cent in-

crease over the control.

4.10.1.6 Number of Aerial Pegs

The highest mean number of aerial pegs was obtained

in NaN, treatment (27.72) followed- by EMS treatment (20.60)

3
as compared to control (13.30). The treatment EMS recorded the
highest wvariance followed by NaN3 treatment over the control.
As compared to control, EMS and NaN3 treatments recorded 99,29

per cent and 89.42 per cent inecrease in variance respectively.

4.10.1.7 Number 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 wvariance. The
percentage increase in variance was 77.69% per cent in EMS and

72.47 per cent in NaN3 over the control.

4.10.1.8 Mature Pod Weight

The EMS treatment recorded the highest wmature pod
weight (15.73 g) followed by NaN3 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 obtalned in EMS treatment. The enhancement of

variance was 55.49 per cent 1n EMS and 44.37 per cent in NaN,

treatments as compared to control.
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4$.10.1.9 Number of Mature Kernels

The mean number of mature kernels was high in EMS
treatment  (34.16) 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 NaN3 treatment
as compared to control. There was 65.89 per cent and 60.80
per cent increase in variance in the EMS and NeN3 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, NaN3 treatment vrecorded slightly
increaﬁed mean value (7.69 g) as compared to control (7.29 g).
The EMS and NaN3 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 EM5 and

42.13 per cent in NaN3 treatments as compared to control,

4.10.1.11 Total Dry Matter at Harvest

The highest dry matter production at harvest was

obtained in NaN3 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

3
variance over the control was 117.96 per cent in case of NaN3

treatment and 112.31 per cent In EMS treatment.
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4.10.2 Hz Generation
4.10.2.1 Canopy Circumference
The data presented in table 33 indicated that im the

M generation, the Sodium azide treatment (208.16 cm) ré-

2
corded the highest mean canopy c¢ircumference followed by EMS
treatment (146.14 cm) as compared to the control (142.29 cm).
It was observed that the EMS treatment 1nduced the highest
variance for canopy circumference followed by NaN3 treatment.

Increase in variance over the control was 405.85 per cent 1in

EMS and 125.93 per cent in NaN3 treatments.

4.10.2.2 Canopy Diameter

The highest mean canopy diameter was obéerved in NaN3
treatment (77.66 em) followed by EMS treatment (65.30 cm) as
compared to control value (48.39 cm). The variance 1induced
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 NaN3 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
area (1939.65 cmz) foliowed by NaN, treatment (1898.59% cmz)
as compared to control{1639.16 cmz). Both the treatments
recorded enhanced variance for this trait. The enhancement was

high in EMS treatment. In terms of percentage the increase in

varlance was 115.43 per cent in EMS and B4.33 per cent in NaNB.
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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 NaN3 treatment.

4.10.2.5 Plant Height

Increased  plant helght was recorded 1in NaN3 (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 NaN3 treatment and

65.56 per cent in EMS treatment.

4.10.2.6 Number of Primaries

The mean number of primaries was increased in both the
treatments NaN3 (8.59) and EMS (8.03) as compared to control
(4.43). The 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, N’aN3 treat-

ment showed 332.08 per ceat increase.

4.10.2.7 Number of Secondaries
The EMS and NaN3 treatments resulted 3in  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 varilance. As compared to control the increase in
variance was 251.49 per cent in EMS treatment and 240.30 per

cent 1in NaN3 treatment.

4.10.2.8 Number of Aerial Pegs

The EMS treatmeant (34.23) recorded the highest mean
number of aerial pegs. Whereas, NaN3 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 NaN3 treatment. The increase in variance
was 145.22 per cent in case of EMS treatment and 98.83 per cent

in NaN3 treatment.

4.10.2.9 Number of Mature Pods

The highest mean number of mature pods was observed
in EMS treatment (22.09) followed by NaN3 treatment (18.82)
as compared to control (17.87). The variance was lncreased 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 NaN3 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 varilance was observed

__)I‘:d" et



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 NaN3 treatment over the

control.

4.10.2.1]1 Number of Mature Kernmels

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 varliance induced for this trait was highest in
EMS treatment followed by NaN3 treatment over the control. In
the treatments EMS and NaN3, the increase 1in 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 NaN3 {(8.10 g) as compared to control
(7.18 g). The EMS and NaNS 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.

3

4.10.2.13 Total Dry Matter 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 varlance was obtained in both the treat-

ments over the control. The EMS treatment showed maximum enhance-



ment of variance followed by NaN3 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 NaN3 treatment.
4.10.3 M3 Generation

4.10.3.1 Canopy Circumference

The mean canopy clrcumference was 1lncreased in both the
treatments NaN3 (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 contreol. The highest variance
was recorded in EMS treatment. The enhancement in variance was

70.83 per cent 1in EMS and 37.46 per cent in NaN3 treatments.

4.10.3.2 Canopy Diameter

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 NaN3
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.

3

4.10.3.3 Leaf Area at 60 Days

Increased mean leaf area was observed in the treatments
EMS (1569.54 cmz) and NaN3 (1566.24 cmz) as compared to control
(1477.85 cmz). The variance for this character was enhanced due
to FEMS and NaN, treatments over the control. The EMS treatment

3
induced the highest variance. The percentage Iincrease in
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Table 35 : The percentage increase In varfance over the control

. & tons.
Hz and N3 generations

in "1

Canopy
circumference

Canopy
diameter

Plant height
Number of
primaries

Humber of
secondaries

Number of
asertal pegs

Humber of
mature pods

Mature pod
welight

Number of
mature kernels

Mature kernel
welight

Total dry matter
at harvest

Leaf area
at 70 days

Chlorophyll
content at
70 days

140.51%

17.46%

47.06%

27.06%

89.42%

T2.47%

44.37%

60.80%

42.13%

117.96%

154 ,69%

24.,05%

49.41%

72,943%

99.29%

77.69%

55.49%

65.87%

67.87%

12.31%

125.93%
257.46%
68.78%
332.08%
240, 30%
98.,93%
100.85%
86.89%
65.95%
120.40%
135.78%
84;33!

76.92%

292.58%

65.56%

3BT

251.49%

145,22%

105.09%

112.08%

98.45%

231.84%

158.42%

115.43%

100.00%

37.46%

130.94%

69.09%

121.43%

98.00%

60.935%

97.28%

78,78%

132.26%

61.05%

70.83%

161.87%

61.40%

160.71%

108.00%

129.58%

102.40%

107.16%

155.01%

64.58%

3'\3‘,



variance was 64.58 per cent in EMS treatment and 61.05 per cent

in NaN3 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 cm).
Induced variance for this character was kigh in NaN3 treatment
followed by EMS treatment. The NaNé 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 Primaries

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 NaN3 treatments was high as compared
to c¢oentrol. The EMS treatment resulted in higher variance than
the NaN3 treatment. As compared to control, the increase in
variance was 160.7]1 per cent in EMS and 121.43 per cent in NaN3

treatments.

4.10.3.6 Number of Secondaries

The mean number of secondaries in EMS and NaN3 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 NaN3 treatment. The en-
hancement in variance was 108.00 per cent in EMS and 98.00 per

cent 1n NaN3 treatments.



4.10.3.7 Number of Aerial Pegs

Both the treatments EMS (41.73) and NaN, {22.89) recoxd-
ed more number of aerial pegs as compared to control (20.17).
The enhancement in variance was high in EMS treatment followed by
NaN, treatment over the contrel. The EMS treatment showed 129.58
per cent increase, while NaN3 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 NaN3 (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 NaN3 treatment. The per-
centage increase in variance was 103.40 per cent in EMS and 97.28

per cent in NaN3 treatments.

4.10.3.9 Mature Pod Welght

The Sodium azide treatment (13.95 g) resulted in the
highest mean mature pod weight foliowed by EMS treatment (12.98
g) as compared to control (9.00 g). Enhanced variance for mature
pod welight was observed as a result of EMS and NaN3 treatments.
Maximum increase I1n varlance was observed in EMS treatment.
Fnhanced variance in terms of percentage was 107.16 per cent in

EMS and 78.78 per cent in NaN3 treatments.

4.10.3.10 Total Dry Matter at Harvest
The data on dry matter production revealed that the EMS

(27.12 g) and NaN3 (26.32 g) treatments recorded increased mean

2_; U";“_'



~ values as compared to control (19.00 g). Increased variance was
obtained for this trait as a result of EMS and NaN3 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 EMS5 and NaN3 treatments respectively.
4.11 VIABLE MUTATION FREQUENCY IN Hz 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 frequencles were estimated on both M2

family basis and M, plant basis (Table 36). It was observed that

2
the EMS treatment at 0.3 per cent concentration resulted in the
highest frequency of viable mutations both on M2 family basis
(31.43%) and on M2 plant basis (3.95%). The +viable mutation
frequencies recorded in NaN3 3mM were 27.03 per cent on Mz family

basis and 2.43 per cent on M2 plant basis.

4.12 MUTAGENIC EFFECTIVENESS AND EFFICIENCY

Mutagenic effectiveness is the ratio between the per-
centage of M2 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 Mz families

segregating in relation to the percentage of sterility induced by



<H

Table 36 : Frequency of viable mutations recovered in
the M, generation of TAPS.

e A i e e e e i e o o e e e My e . A A e T

e mmmn Based on families . Based on plants_
Control 0 0
NaN, (3mM) 27.03 2.43
EMS (0.3%) 31.43 3.95

A ks o i o o e e e i e AR i —

Table 37 : Mutagenic effectiveness and efficiency of

NaN3 and EMS.

% M, Seed Mutagenic Mutagenic
Sterility effective- efficiency
families ness (Me/s)
segregating (Me/t.c.)
for mutants
Control 0 0 0 0
NaN,(3mM) 27.03 20.50 462.05 1.31

EMS (0.3%) 31.43 10.60 34.92 2.97



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 azide at the concentration of 3 nM
(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 NaN3 3 mM

(1.31).

4.13 MUTANTS ISOLATED IN HZ GENERATION

The following mutants were identified in the MZ genera-
tion of TAP5 subjected to the mutagenic treatment of NaN3 (3mM)
and EMS (0.3%). The characteristic features of these mutants in

HZ generation and their M3 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.

OQut of five alternate branching mutants, three were

identified in EMS treatment and two in Sodium azide treatment.

Ao



Table 38 : Mutsntt isolated in M generation of TAPS along with their M progeny means.

H a
Canopy circum- Canopy dismeter Leaf area Plant Height  Humber of Number of
Mutants Mutsqen ference (cml) {em) st P 0 days {em) primaries secondaries
{3q. em.|
M M ] H M M H M M L] M H

H 3 H k| 2 k| 2 3 2 3 4 3

contreol 142.2% 186.25 4B.39 62.58 1639.16 1477 .85 42.8) 43.3) 4.431 4.06 1.86 0. 00
Atternste branching (1} EMS(0.3%) 180 170.85 JO.00 66.48 2713.77  2548.60 32 30.2% ¢ 5.95 8 6.50
mytants 12) EMS{G.3%)- 170 17E.50 64.00 67,25 24868.29 Z2015.14 LT 1] m E.80 L 5.30
[3) EMS(0,3%) 185 180,35 FT.00 69.32 2814 .45 2294.08 7 a5.R M 10.00 9 7.40

(4] NaM3I[3mm) 20 195.62 85.00 73.35 1715.27 181949 36 38.25 1) 1.2 & 4.0

{5] WaN3Can# | 200 183,75 79.00 Yo.p2 1881.63  162%.51 a7 40.15 5 5.0 ? 5.50

Mutants with redu- (1) EMS{D.IN) 142 16040 3%.00 50.65 871.85 054,722 62 54.32 3 40 o 1]
ced branch number {2) EMS5(0.3%) 0 159,50 40.00 46.05 1020.12 1128.1¢ 61 62.26 3 4,00 0 |4}
13) EN5(0.3%) 150 161.50 43.00 45,15 9425.45 864 .58 65 Ss5.17 3 3.30 o 0

{8) EMS(0.3%) 144 158,35 4Z2.00 50.25 839.34 982.13 57 60.10 3 3.00 0 4}

15) Nam3{3mH) 145 163.2% 43.00 54,05 B53.91 12347 47 50.1% 2 2.00 4 '}

(6] MeM3|3mH} 38 157.32 41,00 52,15 901.25 010,73 55  49.36 2 4.00 ) o

(7] MaNZ|3mH) 146 161,15 47.00 &0.59% 100,19 1221.48 6 50.45 2 3.00 0 L}

Compact canapy (1) ENS40.3%) 132 148.15 100 41.M 1325.45 1099.86 36 4015 6 410 3 .50
Mutants (2) ENS{0,.33) 130 142.18 33.00 40,24 1851, 53 2022.42 0 35.9% 5 5.20 4 4.0
[3) EW${0,233)  T33 145,35 30.00  35.49 1543.2¢ 139323 42 41,28 5 400 2 1z

{4} ENS(D.3%) 136 150,34 34.00 42.26 1723.34 611,86 4 438 8 7.30 H 5.80

15 nan3{ImM) 126 136,156 31.00 43.13 1337.63 1632.15 50 50.00 4 4.00 3 2,50

{6) Nam3I[IwM) 122 130.20 27.00 38.00 1025. 45 944, 92 45 43,00 4 4.60 4 1.50

{7 NaN3l3mN) 1258 141,35 32,00 42.15 929.56 10%8.32 48 46.00 4 5.00 S 0.00

Slow senescing {7) EMS(0.3%) 170 175,50 69.00 66.75 123.78 2818.63 4 50.12 8 E.10 3 2.50
Tsrge Tesf mutants (2) EMS{0. 3%} 190 180.94 .00 66.87 wmiv e 2anza 46 48.98 ] 5.30 L] 310
(3) ENSLO.3%) 180 190.39 .00 .00 2952.87 2819.62 0 51.5¢ 6 6.40 2 20

{4) MaM3I([ImH) 178 16%.50 €9.00 64.25 2896.91 261304 46 40.55 9 6.50 5 2.50

{5) MaN3[13mM) 130 201.55 75.00 B1.35 24192.93 252138 45 50,05 & 4.50 [ 1]

(6] NaM3{lmM} 170 171.95 67.00 66.1% 2684.17 2418.22 40 55.56 ¥ 860 1 3.50

(7} NaM3{3aM} 160 172,46 60.00 70.24 3046.34 2596.47 42 52.54 10 5.50 4 420

Profutely branched 11) EMS{D.3T) 170 6374 66.00 62.00 2742 .87 2189.99 45 42,54 w0 8.20 16 9.9
mutants 12} ERS(0.3%) T¥§ 0. ) 65.00 60.00 2421.06 24401, % 6 52.% 9 1.50 18 10,30
(3) EMS{0.3%} 185 178.45 000 68.2% 2654 .64 234 18 §1 56.24 g8 &.90 17 B8.40

Profusely branched (1) MaN3(3mM) 180 185.50 T6.00 70.9% 2647.52 2415.64 7 .M 12 9.50 10 8.50
mutants with 12 nan3(3dm) 229 195 44 83.00 72.55 27T9.1 20%56,3% 25 30.5% 10 6.40 L} .50

shorter Internodes



Table 38 : Lontinued...

Number of Humber of Mature pod Number of Hature kernel  Total dry

Mutants Mutegen Mature pods Asrial peds weight (g) mature weight (g) mitter at
kernels harvest (g}

M L] L] M H L] H L] L] M N M

2 3 H k] z 3 2 3 H 3 z 3
Lontrol 17.87 2.7 5.25 A.50 15.08 9.00 22.67 18,30 7.8 6.20 39.86% 19,00
Alternate branching {1) EWS{D.3%) 43 2%.25 - - 40,18 24.30 68.00 #44.60 24.45 3325 59.75 #4Z.40
mutants {2) EmM3{0.3%} i 22.4 . -- 34,467 20.50 41.00 33.07 18.34 12,50 62.33 3B.30
[3) EMS{0.3%) LN .- . 38,94 26.95 66.00 53.96 23.37 17.50 8395 43,70
(4] MaN3{3aH) 18 25.05 .- -- 17.90 23.80 24,400 40,05 9.53 ¥2,23 S0.00 40,55
(57 NaM3{imn} 20 23.4% - - 21.80 20.80 30.00 39.00 31.10 10.8% &3%.00 39,170
Mutsnts with redu- (1) EWS{0.3%) 19 14,62 - . 9.25 12.30 16,00 24.50 4.11 8.3 24.20 19.20
cad branch humber {2) EN5{0.3%) M 13,34 .- .- w.» 12,60 20.00 2%.41 T.5) F.1B 26.50 X0.80
13} Emsi{0.3%} % 11,55 -- .. 9.10 10.80 14,00 21.28 4,95 ¥.01 23.60 ¥8.30
(4} ENS(D.3%) Lk} 12.61 - - 12.94 .60 22,00 20.80 6.32 6£.32 24.35 21.00
(5} NaM3(3mm) s - - .10 10.70 15.00 Y9.60 5.1 6.38 22.50 20.56
(6] NaN3I[3mM) 1 e - - 10.%1 11,10 16.00 1B.BE  6.19  6.91 37.80 14.80
{7} Had3I(3mM) 9 12.n -~ - 11.3% 9.98 12,00 2Y.08 F.0% F.09 18.30 16.78
Compast camopy (1} EN57O.33) 1 27,18 .- -- 29.08 23.10 42,00 36.34 17.08 M1.98 41.82 3.0
Hutants (2) EMS(D.3%) 27 1.3 -= -- 25.56 19.30 45.00 239.08 18.15 I0.25 40,73 3%9.20
(3) EMS10.3%) 28 22.%2 .- -- 29.59 20.%0 %8.00 42.53 20.68 1Z2.13 238.9% 36.23
(4) EMS(0.3%) 30 25.76 - -- 25.78 22.20 68.00 #40.67 21.02 W1.,18 39.65 30,50
(5) NAN3[3oM) 27 23,3 - -- 27. 40 20.40 37,00 35.23 13.32 W8 .90 V.40
(6] MaN3|3mn) 26 21.54 - . .1 23.20 35.00 25.15 32.61 %.56 31.50 32.30
17 KaW2[3mM} 22 15.49 - - 20.00 15,40 25.00 38,21 V.60 10,27 30.95 30.00
Slow senescing () EMSID.3%) 53 4.t 12,00 9.30 §9.83 38.4% 104.00 B81.22 46.89 27.87 96.79 £2.42
Targe Jesf mutants  {2) EMS{D.33) 43 M. 7E 1M.00 10.20 43.55 3712 T0.00 FAI4 30,07 22.95 75.71 #9.56
{3) EMSID.3%) 45 4047 95.00 9.25 #3175 32.46 74,00 6B.AD 3V .47 Zp.DB 6B.24 55,99
{4) Mam3(3aM) 34 29.0% 10.00  9.50 32.27 24,21 4B.00 45.24 19,17 3316 YeB.68 52.40
£5) Nam3{3mM} 2 258,40 &.00 5.30 31.62 26.40 S50.00 39.35 20.42 4.00 65.51 54,00
{6) NaNI( 3 L 1 ] 9.00 T.50 30.76 25.30 56.00 40.42 21.60 13.17 66.61 40.26
171 Nakdi3mM) ¥ %25 10.00  B.75 40.86 30.30 55.00 53,10 22.87 20.15 12.83 #5.23
Profusely branched (1} EMS{0.3%) 8 32,08 9.00 8.20 .09 27,45 J1.00 45.56 29.8G 18.92 15.68 50.78
mutants (2) EMS(0.3%) 33 e T.00  6.50 35.55 26.33 55.00 46.12 20.50 VA,15 .66 45,25
{37 ENS(0.3%) ¥ 29,50 8.04 7.65 32.687 24.25 48,00 3B.FT 2).00 12.94 73.25 +#41.25
Profusely branched {IF MaN3(3mm) G 20.23 W0 .00 10.14 20.20 41.00 30.22 .62 9.3 99.40 50.23
mytants with (2} MaN3(ImM) 28 1918 8.00 B.25 8. 4 18.50 38,00 35.52 12.02 .55 61,40 3. M

shorter interncdes



These mutants bred true in M3 generation in respect of alternate
branching character and showed higher yield than the parent

{(Table 38).
4.13.2 Mutants with Reduced Branch Number

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 4n both the
treatments. All the mutants exhibited reduced number of branch-
es, leaf area at 60 days and also pod and kernel ylelds when
compared to the parent (Table 38). In M3 generation there was
slight increase in mean number of primaries as compared to that

in M2 generation but almost equal to the control value.

4.13.3 Compact 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
nunber 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 H3 generation.
4.13.4 Slow Senescing Large Leaf Mutants

The characteristic features of these mutants were, high

leaf area at 60 days and increased size of the Jleaves. They



exhibited increased number of branches and total dry matter
production at har;est. It was observed that, these mutants re-
corded high yields as compared to control and also other mutants.
Qut of the tqtal seven mutants, 4 in NaN3 treatment and 3 in EMS
treatment were identified in MZ generation. These were found to

bred true for the above characters in M3 generation and also

exhibited enhanced yield as compared to control (Table 38).

4.13.5 Profusely Branched Mutants

These mutants were characterised by increased number of
secondary and primary branches. They also recorded enhanced
canopy dilameter, leaf area at 60 days and yield. They were
observed only in EMS treatment. These mutants bred true for
number of secondaries in M3 generation as compargd to control

(Table 38).
4.13.6 Profusely Branched Mutants with Shorter Internodes

These mnutants were identified only in Sodium azide
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 H3 generation, these mutants bred true for reduced
internodal 1length and also recorded increased kernel yield than

the control.

o
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DISCUSSION



CHAPTER V

DISCUSSION

5.1 CATEGORISATION OF GROUNDNUT GENOTYPES - FOR  CANOPY

DEVELOPMENT

A perusal of history of groundnut breeding indicates
that genotypes have been characterised and lndentified based on
branching pattern and erect or spreading habit (Gregory et al.,
1951; Bunting, 1955, 1958; Krapovickas and Rigoni, 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
taxonomic tool. Recognizing the importance of the physiological
attributes, such as canopy develcpment as a stable selecticn
criteria (Madhavi, 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 Fl

attributes down the generations.

and recovery of wider degrees of variance- for agronomic

"

While, Nagabhushanam (1989) employed a simple scoring
technique for categorisation, 1in the present study Duncan's
Multiple Range test was employed to categorise for allocation and
classification of scores for eighteen genotypes in respect Qf
canopy diameter, canopy circumference and leaf area at 60 days.
Interestingly this classification based on DMRf also very much
-agreed witﬁ 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, TMVZ,
MHZ2BC28, PGN1l, J1l1 and JL24 fell in the category 2, whi%e Compact
Mutant of M13, Gujarat narrow leaf mutant, 32-2-5, Kadiri-3,
TMV2NIM, TAP3 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
épreading category was of the alternate branching Virginia runier
type. In the intermedlate categories 2 and 3 both the sequential
as well as alternate bﬁanching types occurred thereby suggesting,
that the canopy compaction forméd 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. Accordiﬁg to the investi-

gations of Nagabhushanan (1989), thege 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 Iinvestigation revealed that
while the parent viz., MH2Z pertained to cancpy category 1 and its
mutant MH2BC28 fell in the category 2. Similarly while M13 fell
in the canopy category 4, its mutant Compagt 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 yleld but alsoc to develop usable parental
material in hybridizatior programmes for the recovery of higher
levels cof 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 FOR PROPER

EXPRESSION OF THE GENOTYPIC POTENTIAL

The traditional groundnut breeding work in India was
belng 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 wher wide range of contrasting genotypes were
evaluated under s8ix miero—-envirommental 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 haﬂl
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 bhetween 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 studled, 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 o1l 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 attaln a satisfactory level leading

to better oil accumulation in the kernel.

In groundaut, this iz 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 efficlent 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 15 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 wmost
compact canopy exhibited no significant differences for kernel

and pod yield in both kharif and rabl seasons. The strain also

has not shown much difference in o0il 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 showlng the necessity of adopting the above spacing

and nutrient management.



In the case of aerial podding genotype TAPS5, 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 pgenotypes 1in general and specifically
Kadiri-3 have shown aslight increase in oil per cent in xabi
season which may not be significant. However, the increase in
oll content was more perceptible in respect of TMV2ZNLM, Compact

Mutant of M13 and M13.

The above investigation also brings to fore the diffe-
rentlal response of genotypes such as better expression of aerial
pods in aerial podding TAPS5 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 MHZ.
5.3 STABILITY OF THE GENOTYPES

Stabliity of yield performance is an important criterien
for selecting any genotype for productivity (Hammons, 1976;
Norden et al., 1986, Yadava and Kumar 1978 a&b). It has been
generally reported that the yield stability in groundnut
varieties 1is 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 yileld 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 alsc 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
0il per cent, while the standard varlety 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 flowerling, 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
poed 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., TAP5 (canopy category 3) and TMV2ZNLM (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 TMVZNIM (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 brinq”out that

1.

5.4

{

The 1intermediate canopy types offer higher levels of
vield stability than extreme canopy types such as MH2

(most compact 1) and M13 (most spreading 4).

Inducedl 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 1Intermediate canopy development showing
higher stability than its parent was that of MH2BC28
(canopy category 2) giving a stable kernel yileld than
its parent with the most compact canopy type MHZ (canopy

category 1) (Nagabhushanam, 1989).

The 1nvestigation also brings to the fore that induced
mutants for canopy attributes play a valuable role 1in

groundnut breeding for stability of yield performance.

HETEROSIS

Heterosis in the F1 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 (Arunachslam et al., 1984). However,

lack of perceptible levels of heterosis is a very characteristic



feature of genetic system of groundnut (Raju, 1982 and Aruna-
chalam et al., 1982). This finding is of greater relevance 1in
groﬁndnut 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; 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 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 x Valencia combinations. Most of such investi-

gations did not yield consistently any tangible results as there
was no systematic attempt to study F1 heterosis based on parental
material characterised for certain stable character combinations
viz., Canopy development for example (Nagabhushanam, 1989). The
earlier investigations of Reddy et 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 1influence 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 1indicated that majority of the crosses belonging to medium

compact X medium spreading and medium spreading x medium compact
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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 genotypes of intermediate canopy categories, whlle the
other parental combinations involving extreme degrees of diver-

gence did not result in positive heterosis.

In the present 1investigation the parental material
involving selected induced mutants for canopy development and the
traditional varietles characterised for canopy development were

hybridized to study the heterotic pattern in F it could be

i
observed (Table 39) that only the crosses involving the medium
compact x medium spreading canopy types as well as medium sprea-
ding x wedium 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 cholice of the parental combinations should be
such that resulting in significant levels of heterosis for impor-
tant agronomic characters including kernel yleld 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 lx4 or 1x3
do not 8eem to be conducive for recovery of higher levels of
heteroslis., 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 TMV2Z x MH2 might be due to either high sca or
heterosis for one character only, for which the magnitude of
heterosis could be substantial due to contrasting attributes like

high vs 1low 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-
medlate 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 c¢lassification 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 (intermedlate canopy type replacing the original parent



Table 40 : Comparison of heterosis in crosses involving parents
and thelr respective mutants for canopy development.

Crosses Canopy Mature
categorization kernel weight

*  JL24 x MH2 2x1 =32.90

*  JL24 x MH2i228 2x2 111.04%*

* FKadiri-3 x MH2 3x1 =51.70%*

* FKadiri-3 x MH2BC28 Ix 2 18.45
MK374 x TMVZNLM 3x 3 =31.17%=%
TMVZNIM x 32-2-5 3x3 49, 64%*
TMVZ x 32-2-5 2x 3 78.11*%
TMV2ZNLM x 32-2-5 3x3 49,64%*
TMVZ x TAPS 2 x 3 -3.980
TMVZNILM x TAPS 3x3 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- by
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 Fz GENERATION OF CROSSES INVOLVING

INDUCED MUTANTS CATEGORISED FOR CANOPY DEVELOPMENT

The major problem in groundnut breeding so far has been
lack of perceptible levels of variances in segregating generations
of the crosses effected, there-by 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 1n 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 et al. (1970) and Wynne
et al. (1970), however studied the crosses involving different
botanical types for Fl 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 criterisa in view of its stability of expression and
strong positive correlation with kernel yield. A comprehensive
investigation was also carried out (Nagabhushanam, 198%) to study
.the means and variances for important agronomic attributes inclu-
ding kernel yield in F2 generations of crosses involving parents
with different and similar canopy types as per the characteri-
satlon and categorisation arrived by him. His investigation has
shown that the variances and means for the canopy and kernel
yleld were the least in Fz's of the crosses involving 1lx4, 1x3,
2x4 and 2x1. While, a major proportion of the crosses inveolving
2x3 and 3x3 combinations exhibited a high varlance 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 ¢ross 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 wmedium and low means were observed for canopy
development and kernel yield in the crosses involving 2x1, 4xl,
3x] 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 medium
means for these characters in the majority of the crosses by
substituting the respective 1induced mutations of the above
leading to parental combinations for intermediate canopy develop-

ment such as 3Ix2, 2x3 and 3x3.
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A perusal of the data with regard to means and
variances, in the Fzs of crosses involving MHZ (compact canopy
category 1) and MH2BC28, an induced mutant of MH2 (representing
canopy catégory 2) on one hand and wide range of other genotypes
such as G201 (canopy category 2), JL24 {canopy category 2),
Kadiri-3 (canopy category 3), TMV2NLM (canopy category 3) and M13
(canopy category 4) clearly brought out that the means as well as
variances in F2 generation wevemuch higher when the 1induced
mutant viz., MHZBC28 was involved as a male parent with the above
mentioned varieties than those obtained in the F2 of the crosses
involving MH, with the above varieties. Similsarly examining the

2
F.'s of the crosses of MH2BC28 x TMV2 and TMV2NLM x MH2BC28

2
indicates a conspicucus enhancement of variances for wide range
of attributes in the latter. Similarly the Fz's of the crosses
involving TMV2xMHZ and TMV2NIM x MHZ iIndicated 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 Fz’s of

crosses Iinvolving induced mutants when the crosses TMV2 x TAPS,

TMVZNIM x TAPS5, TMV2 x 32-2-5 and TMV2NIM x 32-2-5 were examined.

The clustering carrled out based on combinations of

different levele of means and variances for wide range of

LA



characters in respect of the crosses involving aerial podding
genotype on one hand and wide range of varleties representing
different 1levels of canopy development on the other hand also
clearly brings out the combipation 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), PGN] x TAP5 and J11 x TAP5 both representing canopy
combination 2x3. The crosses, MI3 x TAP5 and ICG2271 x TAPS5 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

2

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 develcpment
night pay rich dividends interms of wider variances 1n F2
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, TMV2NIM of TMV2 and
32-2-5 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



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 comblnations with required
levels of genetic divergence. The occurrence of high degree of
variances 1n such combinations could be due to the fact that
these parental types exhibited different patterns of general

combining ability as reported by Nagabhushanam et 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 1s 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 there.by facilitating a
wider choice of selection which hither to was missing in the

groundnut breeding work.

550



5.6 AGRONOMICALLY SUPERIOR RECOMBINANTS

Out of the hybridization programme undertaken, apart
from collecting the basic data, the results of which have been
presented and discussed, a number of Fz segregants for agronomic
attributes such as canopy diameter, canopy circumference, leaf
arei at 60 days, number of primaries, number of secondaries,
number of mature kernels and pods, mature pod weight and kernel
welght, total dry matter at harvest, shelling per cent and

harvest index have been isciated and their breeding behaviour

studied in the F_ generation. While the selections viz., ASR-7,

3
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 F3 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 cobserved that most of the selected types occurred in
the F2 generations of the crosses involving intermediate canopy
types, thereby conforming the utility of restricting the hybridi-
zation programme largely to intermediate canopy combinatlons as
suggested by Nagabhushanam (1989) and confirmed the present
atudy. Further studies on the agronomic evaluation of the true
breeding selections and further selection for the agronomically

superior plant types in the segregating F3 material could be

rewarding.

5.7 INHERITANCE OF BRANCHING PATTERN
Branching pattern has been one of the key characters

which played a decigive role in the genetic differentfation and

35



evaluation of Arachis 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 (Dalal, 1962; Jadhav
and Shinde, 1979 and Balaiah et al., 1977). The F2 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 F, the alternate branching
was dominant whenever a parent with alternate branching was
invelved in the crosses. In F2 generation, however presented a
varied picture. The F2 generation of all the sequentisl x
sequential combinations showed all sequential types in Fz. The
behaviocur of alternate x sequential crosses was variable, the
majority of the above (17) of which TMV2 x TMV2NIM 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., Kadiri-3
x JL24 revealed F2 gsegregation pattern of 9:7 ratio ( 9 alternate

: 7 sequential). While, 9 such crosses gave 15 alternate : 1}

sequential segregation ratio, there-by indicating the involvement

LY.



of elther more than a pair of alleles or the effect of nodifier
complex on the pair of alleles for branching. It may also be
seen that the parents which resulted monogenic ségregatiOn in
certain combinations, themselves gave a deviant segregation
pattern in certain other combinatlons there by emphasizing that
the declsive role of modifier gene complex or genetiénbackground
in the phenotypic expression\of the branching pattern. These
conclusions draw support from the investigations of Dalal (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 TMVZNLM x GNIM segregated in

the F,_, generation in a proportion of 63 alternate to } sequen-

2
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 TMV2NIM is alternate branching mutant of a sequen-
tial branching variety TMV2Z (Prasad et al., 1984) while GNIM 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 wldening the genetic variability for attaining

higher degrees of variances im groundnut breeding. This

observation draws support from Coffelt, (1974).

5.8 INHERITANCE OF NARROW LEAF SHAPE
leaf shape and leaf orientation are considered to be

important attributesof canopy development which has bearing on



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 molsture  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 GNIM. The earlier investigations
carried out by Matlock et al.(1%70) indicated a partial dominance
of narrow leaf mutant with monogenic inheritance. Balalah et al.
(1977) conducted the studies on the inheritance of narrow leaf
character using GNIM 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 F2 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 TMV2NIM (induced narrow leaf mutant) on one
hand and the normal leaved parents on the other, iIindicated a
segrepation pattern of 1 narrow : 2 intermediate : ] normal. The
crosses 1involving GNLM on the other hand exhibited a segregation
pattern of 3 narrow : 1 normal, thereby indicating that the
TMV2ZNLM and GNLM could be genetically different as reported by

Prasad et al. (1984).
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The cross involving TMVZNIM and GNIM both narrow leaf
types on the other hand showed a very interesting trend. While
F1 of this cross showed absolutely narrow leaf type, the F2
segregated for 1 needle shaped narrow leaves with sterility : 60
narrow leaf types : 3 normal leaf types suggesting a trigenic
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 Tai et al. (1977).
These results amply bring out that the TMV2NLM (TMV2 narrow leaf
mutant) reported by Prasad et al. (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 S
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

iomense use in overcoming the genetic +vulnerability (Hammons,

1976).
5.9 INHERTTANCE OF AERIAI. PODDING

The aerial podding of groundnut was first reported by
Prasad (1985). The aerial podding genotypes TAPl to TAP5 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 1s 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 zerial 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
MHZ2BCZ8 x ICG(C)8. In view of the tremendous potentiality of the
gerial 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 c¢ross, the male parent being TAP5 (an aerial podding geno-
type). The crosses involving all the sequential parents on cne
hand and the aerial podding on another as well as an alteranate
branching variety Kadiri-3 x TAP5 an aerial podding genotype have

resulted the F, with aerial podding attribute thereby indicating

1
the dominant nature of this attribute. In F2 generation of these
crosses excepting Kadiri-3 x TAP5 exhibited a monogenic Mendelian
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 F1 did not show any aerial

podding while the F, of these crosses segregated in a proportion

2



of 1 aerial podding : 3 non aerial podding (normal). The same
was true in respect of the F2 of Kadiri-3 x TAP5. These results
showed that in the Pz's of the crosses of aerial podding involving
Virginia parents, the heterozygote did not show any aerial
podding and got similar phenotypic 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 phenotypic
expression for aerial podding nature in respect of the Fls of all
the aerial podding crosses invelving non aerial podding and
sequential branching traditional genotypes as well as Kadiri-3 a
Virginia genotype. In the case of the Fz'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 1is 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' translocatlon to developing gynophore

(Prasad and Muralidharudu, 1991), it would be worthwhile to
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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 COMPACTION

The cultivated groundnut offers clearcut and perceptible
levels of variability for canopy development including branching
and leaf type. In view of this seemingly discontinuous variatien
availsble, 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; Balalah 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 Fl
exhibited a canopy category 3 indicating its dominance over 1 and

2, barring a few exceptions of occurrence of Fl with canopy



category 2 in the case of certain 2 x 3 canopy combinations
(PGN1xTAPS5, TMV2xTAPS, JL24xTAP5, JI11xTAP5 and PI350680xTAP5).
Segregation pattern in respect of the crosses studied was not
uniform. Combinations involving MH2, MH2BC28, TMVZNLM, GNLM and
M13 segregated in F2 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 c¢rosses which segregated monogenically for canopy
development in F2 qonsisted of largely 32-2-5, TAPS, TMV2NIM 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 ¢f these crosses
invoived an extreme category for canopy development as one of the
parents and only one third of the crosses involved both parents

with Intermedlate 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 FZ’ it could be
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obaerved 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 15 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-~
wediate canopy type parental combinations to 70 per cent and the
reduction of parental combinations i{nvolving extreme types to 30
per cent. As 1s 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 1ncluding =zygotic and developwental lethals for canopy

development as suggested by Coffelt and Hammons (1971).

5.11 MUTATIONAL IMPROVEMENT 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 wmutants bred true for the aerial podding

character, which offers 1immense potential for {improving the



productivity of groundnut plant due to enhancement of the number
of fruiting sites as suggested by Wynne and Gregory (1981).
Madhavi (1988) conducted genetic and physiological analysis of
the one of the aerial podding genotypes TAP5 reported by Prasad
(1985). The observations of Madhavi (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 TAP5S 1is 1limited
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 Varlances for Wide Range of Characters in Hl,

Hz and H3 Generations

The results of the investigation amply bring out the
general enhancement of the variances for characters such as
canopy dlameter, canopy circumference, plant height, number of
primaries, secondaries and aerial pegs, mature pod weight and
kernel weight and total dry matter at harvest in Ml’ Mz and M3
generations as compared to control parental populations, thereby
clearly bringing about the usefulness of the chemical mutagens
employed for widening the variances. The Mz variances in general

were much higher than the M. and M3 variances in respect of both

1
the mutagens. Between the two mutagens EMS was found to be more
effective in broadening the varlances for the above characters.

These observations are in agreement with the earlier reports of

A



Prasad et a&l., (1985), Nagabhushanam and Prasad (1992) and
Anuradha (1987) and particularly with Anuradha (1987), which
confirms the 1incidence of wider degrees of varlances in the
progenies of EMS treated groundnut populations than in that of

NaN3.

It could also be observed that despite the enhancement
of variances for the above characters in M3 generation as
compared to control population, the My variances were lower than
those of M2 generation. Groundnut being a segmental polyploid

with polysomic inheritance in many characters, it 1s expected

that the M, generation should result in wlider degrees of

3
variances than that of MZ generation. A simllar trend was
reported by Nagabhushanam and Prasad (1992) in sequentially bran-
ching genotypes of groundnut due to the probable higher degree of
genetic dipleidization of groups of sub species of Arachis. The
material employed 1in the present investigation alsc being a
sequentially branching Valencia type, 1t is expected that the

above trend was perhaps due to its genetic diploidization for

several characters.
5.11.2 Mutagenic Effectiveness and Efficiency

A higher incidence of viable mutations in EMS treated HZ
populations of TAP5 as compared to that of NaN3 could be due to
wider wvariances probably as & result of the antimorphic 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 NaNB was more effective than EMS, the EMS
was more efficient then NaNa. The lower level of efficiency in

the case of NaN, could be attributed to the high sterility

3
induced by mutagen. Similar results have been rteported by

Anuradha (1987) and Shylaja (1987).
5.11.3 Mutants of Agronoaic 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 biomass, higher branch number and canopy
diameter. These mutants are several times superiocr in pod and
kernel vyield 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 wmany, Some
researches have led to the development of mutants for physio—
logical attributes such as slowsenescence (Ashley 1984) in
groundnut and other crops Barley (Gustafsson et 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

putants are expected to be of immense use in groundnut breeding.

R
’ 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

At



higher order, it appears that the sequentially branching forms
perhaps constituted the earlier step in the evolutionary order
from which the alteraate branching forms have evolved. Similar
reports of the isolation of alternate branching mutants from
sequentially branching forms have come from the investigations of
Prasad et al. (1984). The TMV2NLM reported by them and used in
the present study 1s one such an example. Nagabhushanam et al.
{1992) have also reported the occurrence of alternate branching

autants 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.
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CHAPTER VI

SUMMARY

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 MHZ the most compact canopy
type fell in category 1, while the genotypes G201, P1259747,
P1350680, Jll, JL24, TMV2, MH2BC28 and PGN]1 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 ICG227]1 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
toc 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 1is suggested that higher nutrient Jlevel and
adequate spacing of 60 c¢m could be adopted not only for selecting
the genotypes for kernel and pod development but also for a wide

range of agronomic attributes.



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 number 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 0ll content in rabl season.

It was found that the intermediate canopy types pertai-
ning to category 2 and 3 offemdhigher levels of yleld stability
than the extreme canopy types such as MHZ (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 M13 (canopy category 3) developed
from the most spreading type M13 (canopy category 4) offered
higher levels of yield stability than the parental type. There-
fore, it was suggested that induced mutants for Intermediate
canopy types 1soclated from parents of extreme canopy types could

be veluable tools for breeding for stability of yield performance

With regard to heterosis for agronomic attributes in F1
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 heterosls for a wide range of

characters, thereby indicating that the intermediate levels of



genetic divergence were more conducive for recovery of higher

levels of heterosis in groundnut.

Analysis of heterotic 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 1induced mutants for canopy development revealed that
low wvariances with medium and low means for a wide range of
agronomic characters was associated with the crosses Iinvolving
2xl, 4x1, 3x] 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 Fz’s of
the crosses in which the induced mutants for intermediate canopy
development were subgtituted leading to canopy combinations of
3x2, 2x3 and 3x3. A sgimilar trend was observed in the crosses
involving the aerial podding genotype TAP5 {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 mutatlons towards intermediate levels of
canopy development might pay rich dividends ir terms of wider

degrees of variances in the F2 generation. Several agroanomically
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superior segregants were isolated mostly from the F2 generations
of the croaséa involving intermedlate canopy types for further
use in groundnut breeding. The present investigatlon could be
consldered as a step towards a genetic conversion of canopy of

otherwise inappropriate canopy of the pareantal material.

The studies on inheritance of branching pattern
indicated that alternate branching was dominant over sequential
branching and segregated in monogenic fashion in FZ' In certain
specific combinations, however, such as Kadiri-3 x JL24, the
invelvement of more than one pair of alleles or the effect of

modifier complex was observed.

A cross involving TMVZNIM (alternate narrow leaved) x
GNLM (alternate narrow leaved) indicated a segregation ratio of
63 alternate : 1 sBequential, thereby indicatingﬂhGESpite the
morphological similarity the two mnutants were genetically
dissimilar. Similarly the inheritance of narrow leaf character
in the above cross showed Fz segregation of 1 needle shaped
sterile type : 60 narrow leaf types : 3 normal leaf types,
suggesting a trigenic model involving a recessive sterile due to

complementary gene action.

The aerial podding although monogenically irnherited, the
segregation pattern varled with the branching pattern of the
other parent involved. While the crosses involving alternate and
aerigl podding segregated in a proportion of 1 aerial podding : 3

non—-aerial podding, the crosses involving sequential branching

.u,---_[



types and the aerial podding resulted in segregation pattern of 3
aerial poding : 1 non-aerial podding. The expression of aerial
podding 1in the F1 generation was also conditioned by the

branching pattern of the other parent involved.

With regard to inheritance of cancpy 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 digenic segregation pattern for
canopy compaction was observed 1n 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 Fz'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 leveis 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 f£requency
suggesting that the sequential branching forms perhaps consti-
tuted the earliest 1in the evolutionary order from which the
alternate branching forms were evolved.

It was also obgserved that the variances in the M2 gene-

ration were much higher in both the mutagens as compared to Ml



and M3 varlances suggesting that TAPS5 Valencia type characterised
by sequential branching pattern had probably attained genetic
diploidization with disomic genetic behaviour. It was also
observed that the NaN3 was more effective than EMS, while EMS was
more efficlent than NaNB. The lower degree of efficiency in the

case of NaN, could be attributed to higher sterility.
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Appéndix 1: Chi-square test for inheritance of branching pattern

L e I Y R L R L [ —— g e R e A A e A e T R TR R e e e -

Fhenotypic Observed Expected (O-E}z P
Crosses classes Ratie frequency frequency 0-E -————— va e value
{0) (£} E
M13 x MHZ Alternate 3 246 249.75 ~3.75 0.0563 G.2252 0.50
Sequential 1 87 83.25 3.75 0.16a9
MK374 x WH2Z Alternate 18 amn 315,00 -4.00 0.0508 0.8127 .25
Sequential } 25 21.00 4.00 0.7619
Kadiri-3 x MH2 Alternate 1% 340 345,00 -5.00 0.0725 1.1585% 0.25.
Sequential 3 28 23.00 5.00 1.0870
G20Y x MHZ . Alternate 3 129 125.25 3.75 0.1123 0,.48491 0.25%
Sequential 1 38 41.75 -3.75 0.3368
GNLM x MHZ Alternate 3 133 130.56 2.5 0.0479 0.1916 0.50
Sequential 1 4 43.5 -2.5 0,437
TMYZNLM x MR2 Alternate 3 193 190.50 2.50 0.0328 0.1312 ¢.50
Sequential ) 61 63.50 -2.50 0. 0984
H13 x TAPS Alternate 1% 212 209.06 2.94 0.0413 0.6614 0.25
Sequential 1 1 13. 94 -2.54 0.6201
MK374 x TAPS Alternate 15 166 167.81 ~-1.81 0.0195 - g.3123 0.50
Sequential ] 13 1L, 19 1.81 0,2928
Kadiri -3 x TAPS Alternate 3 177 173.25 3.75 0.0812 0,3247 0.50
Sequenttal 1 54 57.75 -3.75 0.2435
6201 x TAPS Alternate 18 154 156.56 -2.56 0.0419 0.6696 0.2%
Sequential 1 13 10,44 2.56 0.6277
1CG2271 x TAPS Alternate 15 136 134,06 1.94 0.0281 0.4491 0.25
Sequential 1 7 8.94 -1.94 g.4210
GHLM x TAPS _ Alternate 3 148 145.50 2.50 0.0430 0.1719 0.50
Sequential 1 45 48.50 -2.50 0.12849
THYZNLM x TAPS Aternate 3 172 170.25 1.7% 0.0180 0.0720 0.75
' Sequential 1 55 56,75 -1.75 0.0540
L 3
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
Xadiri-3 x J1L24 Alternate 9 127 129,94 -2.5%4 0.0665 0.1520 0.50

Seguential ? 104 101.06 2.94 0.0855



Appendiz 1 contd..

-----------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------

G201 x JL24

G201 x MH2BC28

Kadir$-3 x MHZBC28

THVZHLM x WH2BC28

THVZ x THVZNLM

PGNT x THYZHNLH

JL24 x TMYZNLM

J11 x TMYZHNLM

P1259747 x 32-2-5

JL24 x 32-2-5

THYZ x 32-2-5

MH2BC28 x M13

THY2ZHLN x GHLM

-----------------------------------------------------------------------------------------------------------

Phenotypic
¢classes

Alternate
Sequential

Alternate
Sequential

Alternate
Sequential

Alternate
Sequentifal

Alternate
Sequential

Alternate
Sequent fal

Alternate
Sequential

ATternate
Sequential

Alternate
Sequential

Alternate
Sequential

Alternate
Sequential

Alternate
Sequential

Alternate
Sequential

Rat fo

Observed
frequency

(0)

142
n

102
31

218
10

239
76

213
17

174
48

153
59

112
31

155
56

135
42

121
38

Expected
frequency
{E}

139.50
45,50

143.44
9.56

99.75
33.25

213.7%
14.25

236.25
78.75

215.63
14,38

166.50
§5.50

159. 00
53.00

107.25
35.75

158.25
52.75

132.75
- 44,25

119.25
39.75

311.06
4,94

0-E

-1.44
1.44

2,25

4.25

~4.25

2.75
~2.75

~2.63
2.62

-6.00

6.00

-4.75

-3.25
3.25

2.25
-2.25

1.75
-1.75

0.94
~0.94

oo

0
0

-

[T — ]

[ =K+~ ]

oo

o O

Qo

0
0

0
o

]
0

-0145
.2169

.0508
. 1524

. 0845
2675

.0320
.0960

L0321
L4774

.014
.338

.2264
.6792

.2104
.63

L0667
. 2002

-0381
AL

. 0257
L0770

- 0028
L7619

0.2032

1.3520

0.1280

0.5085

1.3520

0.9056

0.8415

0.2669

0.1525

0.1027

0.7647



Appendix 2: Chi-square test for inheritance of narrow leaf shape

e e e T e P AL A L e e T L]

mevmveeamammam- emamm= S 3

Phenotypic Dbserved Expected {0-E) X P
trosses classes Ratto frequency freguency 0-E ————-— value va lue
{0) (E) E

M13 x TMYZNLM Narrow 1 56 57.50 =1.50 0.039 0.7043 ¢.50
iIntermediate 2 121 115.00 6.00 0.3730
Normal 1 53 57.50 -850 0.3522

MK374 x TMYZKLM Karrow 1 41 48.25 -7.25 1.0894 1. 4664 0.25
Intermediate 2 102 96. 20 5.50 0.3135
Normal | 50 48.25 1.75 0.0635

Kadiri-3 x TMYZNLM Narrow 1 68 73.50 -5.50 0.4116 1.1293 0.50
Intermediate 2 156 147.00 9.00 0.5510
Normal 1 70 73.50 «3.50 0.1667

G207 x TMY2NLM Harrow 1 11 47.00 -6.00 0.7660 1. 3086 0.50
Intermediate 2 101 94,00 71.00 0.5213
Hormal 1 46 47.00 =1.00 0.0213

TMY¥Z 2 TMYZNLM Karrow 1 81 78.75 2.25 0.0643 0.771% 0.50
Intermediate 2 162 157.50 4.50 ¢.1286
Hormal 1 72 78.75 -6.75 0.5786

PGNT x THY2NLM Narrow 1 60 57.50 2.50 0.1087 0.9826 0.50
Intermediate 2 119 115.00 4.00 0.139]
Normal 1 51 §7.50 -6.50 0.7348

JL24 x TMYZRLM Narrow 1 58 55.50 2.50 0.1126 1.7387 0.25
Intermediate 2 117 111.00 6.00 0.3243
Normal 1 47 6§5.50 -8.50 1.3018

JIT x THY2ZHNLM Narrow 1 60 53.00 7.00 0.9245% 1.3113 0.50
Intermediate 2 103 106. 00 -3.00 0.0849
Normal 1 49 £3.00 4,00 0.3019

THY2HLM x MHZ Harrow 1 60 631.50 -3.80 0.1929 1.2047 0.50
Intermediate 2 123 127.400 -4.00 0.1260
Normal 1 71 63.50 7.50 0. 8858

THYZNLM x 32-2-5 Narrow 1 56 54.25 1.75 0.0565 0.2719 0.75
Intermedfate 2 110 108.5¢ 1.50 0.0207
Hormal 1 51 54.25 -3.25 0.1947

THYZNLM x TAPS Rarrow 1 61 56.75 4.25 0.3183 0.6123 0.50
Intermediate 2 108 113.50 -5.50 0.2665
Normal 1 58 56,75 1.2% 0.0275

e L e - ] ————— -

contd. ..



Appendix 2 comid...

Phenotypic Observed Expected (O-Elz )(2 P
Crosses classes Ratio frequency frequency 0-E e va Tue value
{0} {E) E
------------------------------------------ ﬁ--------------------------------ﬁ---------—--.-n\t-l-—---—-:.--..----
GHLM x MHZ Narrow 3 135 130.50 4.50 0.1552 0.6207 0.25
Normat 1 39 43.50 -4.50 0. 4655 v
GNLK x 32-2-5 Narrow 3 187 183.75 3.25 0.0575 D.229% 0.50
Hormal 1 58 61.25 -3.25 0.1724
GNLM x TAPS Narrow 3 150 145.50 4,50 0.1392 0.5567 0.25
: Hormal ki 44 48.50 4,50 0.4175
THVZNLM x GNLM Needleshape 1 4 4,94 -0.94 0.178% 7.4782 0,61
Narrow 64 287 296.25 -9.25 0.2888
Normal 3 25 14.81 10.19 T.0115



Appendix 3 : Chi-square test for inheritance of aertal podding

-----------------------------------------------------------------------------------------------------------

Phenotypic Observed Expected {0-E) x [
Crosses classes Ratto frequency frequency DE = =s-w-e- value value
(G} {E} [ 4

M13 x TAPS Aerta) podding 1 49 55,75 -6.75 0.8173 1.0897 0.25
Hormati 3 174 167.25 6.75 0,2724

1062271 x TAPS Aerial podding 1 30 35.75 «5.75 0.9248 1.233 0,25
Rormal 3 113 107.25 5.75 0.3083

MK374 x TAPS Aerial podding 1 40 44.75 -~4.75 0,5042 0.6723 0,25
Normal 3 139 134,25 4.75 0.1681

GHLM x TAPS Aerial podding T 42 4B8.50 ~6,50 0.8711 1.1615 0.25
Hormal 3 162 145.50 6.50 0.2904

THVZNLM x TAPS Aerial 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 Aertal podding 1 38 41.75 -3,75 0.3368 0.4491 0.25
Normal 3 129 125.25 3.75 a.1123

Kadiri-3 x TAPS Rerial podding 1 64 57.75% 6.25 C.6764 0,9012 0.25
Normal 3 167 173.75 6,25 0.2248

PGN1 x TAPS Aerial podding 3 233 230.25 2.7% 0.0328 0.1313 0.50
Normal 1 74 76.75 -2.75 0.0985

TH¥Z x TAPS Aerial podding 3 157 161.25 -4.25 0.1N20 0.4480 0.25
Normal 1 58 53.75 4.25 0. 3360

JL24 x TAPS Aerial podding 3 139 133.50 5.50 0,2266 0.90648 .25
Normal 1 39 44,50 -5.50 0.6798

J11 x TAPS Aerial podding 3 127 130.50 -3.50 0.0939 0.3755 0.50
Hormal 1 47 43.50 3.50 0.2816

P135068B0 x TAPS Aerial podding 3 117 121.50 -4,50 0.1667 0.6667 0.25

Normal i 45 40.50 4.50 0.5000
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Appendix 4 @ Chi-square test for inheritance of canopy compaction
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2 F4
Phenotypic (bserved Expected {0-E) yd P
Crosses classes Ratio  frequency frequency 0~EF m=wea- va Tye va lue
(o) {E) £
G201 x MHZ Compact(1} 1 3 2.61 0.39 0.0583 0.3530 0.90
Medium compact(2) 3% B9 91.33 -2.33 0.0594
Medtum spreading{3) 24 63 62.63 0.37 0.0622
Spreading(4) 4 12 10.44 1.56 0.23N
TH¥Z x MHZ Compact({1) 1 14 11,88 2.12 0.3783 0.4038 0.50
Hedium compact{Z) 15 176 178.13 -2.12 0.0255
PGHN] x MH2 Compact(1} 1 28 24,69 3.3} D.4437 0.4733 0.25%
Medium compact(2} 15 367 370,31 -3.31 0.029¢
JL24 x MH2 Compact(1} 1 17 12.88 4,12 1.3179 1.4062 0,10
Medium compact(?) 15 189 193.13 -4, 13 0.0883
MK374 x MHZ Compact(1) ] 4 5,25 -1.25 0.2976 0. 3463 0.95
Medtum compact{2} 4 22 21.00 1.00 0.0476
Medium spreading(3) 48 252 25z2.00 0.00 0.0000
Spreading(4) 11 58 57.75 0.25 0.001
Kadtri-3 x MH2  Compact{1) 1 5 §.75 -0.75 0.0978 0.3688 0.90
Medium compact{2) 12 EA 69.00 2.00 0.0580
Medium spreading(3} 47 267 270.25 -3.25 0.03%1
Spreading{4) 4 25 23.00 2.00 0.1739
GNLM x MMZ Compact{1) 1 4 2.72 1.28 0.6024 0.826% 0.7%
Medium compact(2) 14 36 38.06 -2.06 0.1M5
Medium spreading(3) 35 94 95,16 «1.16 0.0141
Spreading(4) 14 40 38.06 1.94 0.0989
THY2ZKLM x MH2 Compact(1) 1 3 3.97 -0.97 0.2370 0.3745 0.50
Medium compact{2) 23 93 91.28 1.72 0.0324
Medium spreading(3) 36 141 142.88 -1.88 0.0247
Spreading{4) 4 17 15,88 1.13 0.0804
K13 x MH2 Compact(1] 1 6 5.20 0.80 ¢.1231 0.1682 0.975
Medium compact{2} 12 63 62.44 0.56 0.0050
Medium spreading{3) 15 79 78.05 0.95% 0.0116
Spreading(4) 36 185 i87.31 -2.3 0.0285
6201 x JL24 Medium compact(2) 6 67 69.75 -2.75 0. 1084 0.9787 0.50
Medium spreading{3} ¥ 1ne 104.63 5.37 0.2756

Spreading(4) 1 8 11.63 -2.63 0.5%47
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""""""""""""""" ToTTTmmmmmmmmm s s T 2 2
Phenotypic Observed Expected {0-E) yd P
Crosses classes Rat1o  frequency frequency Orf = mv-ea- value value
{0) (E) E
62071 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 spreading{3) 24 59 §7.38 1.62 0.0457
Spreading(4) 4 9 9.56 -0.56 0,0328
JL24 x MH2BCZ8  Compact(1) 1 14 12.6% 1.31 0.1352 0. 1442 0.50
Medium compact(2)} 15 189 190.31 -1.31 0.0090
MH2BC28 x TH¥2  Compact(1) 1 11 12. 56 =-1.56 0.1938 0.2067 0.50
Medtum compact{2} 15 190 188.44 1. 56 0.0129
6207 x TH¥ZNLM Medium compact(2) 6 73 70.50 2.50 0.0887 0.3547 0.75
Medium spreading{3) 9 102 105.75 ~3.75 0.1330
Spreading(4) 1 13 11.75 1.25 0.1330
TMY2xTHYZNLN Medium compact(2) 4 81 78,75 2.25 0.0643 0.5424 0.75
Medium spreaqing{3} 9 180 177.19 z.81 0.044p
Spreading{4} 3 54 £9.06 -5.06 0.4335
PGNIxTMY2ZHLM Medium compact(2) & 87 B6.25 0.75 0. 0065 0.8541 0.50
Medium spreading{3} ¢ 132 129.38 2.62 0.0531%
Spreading{4} 1 11 14.38 -3.38 0.7945
JL24 x TMVZNLM  Medium compact(2) Ll 56 55.50 0.50 0.0045 0.0060 0.90
Medium spreading(3) 3 166 166.50 =0.50 0.0015
JI1T x TMYZNLM Med{um compact{2) 1 59 53.00 6.00 0.6792 0.90%56 0.2%
Medium spreading{3} 3 153 159.00 -6.00 0.2264
P1259747x32-2-5 Medium compact{2) ] 40 35,75 4.25 0.5052 D.6736 0.25
Hedium spreadtng{3) 3 103 107. 25 -4.25 0. 1684
JL24 x 32-2-5 Medium compact{2) 1 60 52.75 1.25 0.9964 1.3285% 0.10
Medium spreading({3) 2 151 158.25 -7.25 0.3321
THY2 x 32-2-5 Medtum compact{2} 1 44 44,25 4.75 0.5099 0.6799 0.25
Medium spreading(3) 3 128 132.75 ~4.75 0.1700
G201 x TAPS Medium compact(2) 1 45 41.75 3.25 0.2530 0.3373 0.50
Medium spreading(3) 3 122 125.25 -3.25 0.0843
PGN1 x TAPS Medfum compact(2) 15 284 287.81 -3.81 0.0504 0.8068 0.2%

Medium spreading(3} 1 23 19.19 3.81 0.7564
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Phenotyple Observed Expected {0-E) ;[ L
trosses classes Rat1o frequency  frequency 0-E @ ~v-e=e- vaTue vatue
(0} (E) E
THYZ x TAPS Medium compact(2) 3 168 161.25 6.75 0.2826 1.1303 0.25
Nedium spreadingl(3) 1 47 £3.75 -6.75 0.8477
JL24 x TAPS Medium compact{2) 15 164 166.88 +2.88 0.0497 0.7898 0.25
Medtum spreadfag(3} 1 14 1. 13 2.87 0, 7401
J1T x TAPS Medium compact{2) 15 159 163.13 ~4.13 0, 1046 1.6723 0.30
Medium spreading(3) 1 15 10. 88 4.13 1.5677
PI350680xTAPS Medium compact(2) 3 122 126.00 -4.00 0.1270 0.5080 0.25
Medium spreading(3) 1 46 42.00 4.00 0.3810
Kadiri-3xJL24 Medium compact(2) L 84 86.63 -2.63 0.0798 0.6891 0.50
Medtum spreading(3) 9 135 129.9%4 5.06 0.1970
Spreading(4} 1 12 14, 44 -2.44 0.4123
Kadiri-3xMH28C28 Medium compact(?} 3 22 24,94 2.9 0.3466 0.4541 0.7%
Medium spreading(3) 12 103 99.75 3.25 0.1059
Spreading(4) 1 8 8.31 0.3 0.0116
THYZHNLMxMHZBL 28 Compictill 1 5 3.56 1.44 0.5825 D.6930 0.75
Medtum compact{2) n 39 3%.19 -0.19 0.0009
Medium spreadfng(3) &8 171 171.00 Q.00 0.0000
Spreading(4} 4 13 14.25 «1.25 0.1096
MH2BC2E x M13 Compact{1) 1 4 2.48 1.52 0.9316 1.0835 0.75
Hedium compact(2) 12 28 29.8) -1.81 0.1099
Medium spreading(3) 37 91 91,92 -0.92 0.0092
Spreading(4)} M 36 34.78 1. 22 0.0428
M12 x JL24 Medium compact(2} 4 63 59,50 3.50 0. 2059 0.6956 0,50
Medium spreading{3) 3 40 44,63 -4.63 0.4803
Spreading(4) 9 135 133.88 | P 0.0094
MK374 x TMYZNLM Medium spreading(l) 3 147 144.75 2.25 0.90350 0. 13%% 0,50
Spreading{4) 1 46 48.25 -2.25 0. 1049
Kadiri-3xTHYZHLM Medtum spreading{3} 15 276 275.63 0.37 0.0005 0.0084 0.90
Spreading(4) 1 18 18.38 «0.38 0.0079
THY2NLMx32-2-5 Medtum spreading(3d} 15 201 203,44 -2.44 0.0293 0.4684 0.25

Spreading{#4) 1 16 13. 56 2.44 D.43N
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Phenotypic Observed Expected {0-E} P
Crosses classes Rat io frequency freguency 0-E ===~ value value
(0) {E) E
GNLM x 32-2-5 Medium spreading(3) 15 233 229.69 3.31 0.0477 0.7633 0.25
v Spreading(4) 1 12 15.31 -3.3 0.7156
Kadiri-3x32-2-5 Medium spreading(3) 15 254 256,88 -2.88 0.0323 0.5165 0,25
Spreading(3) ] 20 17.13 2.88 0.4842
MK374 x TAPS Medium compact(2} 1 13 11.19 1.81 0.2928 0.3123 0.50
Medium.spreading({3) 15 166 167.81 -1.81% 0.0195%
Kadir{-3xTAPS Medium compact(2) 1 61 57.75 3.2% 0.1829 0.2439 0.50
Medium spreading(3) 3 170 173.25% -3.25 0.0610
GNLM x TAPS Medium spreading(3) 3 1563 145.50 7.50 0.3866 1.5464 0.10
Spreading(4) 1 41 48,50 -7.5%0 1.1598
"THYZNLMx TAPS Medfum spreading{3} 3 177 170,25 6.75 0.2676 1.0705 0.25
Spreading(4) 1 50 £§6.75 -6.75 0.8029
THY2NLM x GNLM  Compact(1} 1 4 4.94 -0.94 0.1789 0.3978 0.90
Medium compact(2) 3 16 14.81 1.19 0.0956
Medium spreading(3) 55 273 271.56 1.44 0.0076
Spreading(4) 5 23 24 .69 -1.69 0.1157
M13 x TMY2HLM Medium spreading(3)} 7 100 100.63 -0.63 0. 0039 0.0070 ¢.90
' Spreading(4) 9 130 129. 38 0.63 0.0031
M13 x TAPS Medtum compact{2) 1 14 13.94 0.06 0.0003 0.5810 0.50
Medfum spreading{3} & 89 83.63 5.37 0.3448
Spreading(4) 9 120 125. 44 -5.44 0.2359
ICGZ271 x TAPS  Medium compact{2) 1 7 8.94 =-1.94 0.4210 0.6281 0.50
Medium spreading{3) & 52 53.63 -1.63 0.0495

Spreading(4) 9 B4 BO. M 3.5 0.1576
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