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INTRODUCTION

Groundnut, the “unpredictable legume', occupies the
prime position in the 0ill seed economy of India. This erop
accounts for 45 per cent of the total cropped area (15
million hectares) under edible o0il seeds and 55 per cent of
the total production (8.26 million tons in 1995-96).
Though India leads the world in area and production of
groundnut, the country ranks only eighth in productivity
{1042 kg haq). The low yvield levels are attributed to the
cultivation of the crop mostly in rainfed marginal areas,
poor plant populations, lack of adoptien of scientific

cultivation methods and frequent occurrence of pest and

disease attacks.

Groundnut is grown mostly in the semi;arid tropics and
the tropics. The major groundnut producing countries are
India, China, USA, Senegal, Indonesia, Nigeria, Myanmar,
Brazil and Argentina. The groundnut growers in most parts
of this country as well as in aforesaid countries now
prefer to grow, early maturing cultiyars because of the
ease 1n harvesting the crop and mainly because they can fit
into the short rainy seasons, crop rotation systems and
availability of water in the irrigation sources.
Unfortunately early maturing varieties currently popular
among farmers have non-dormant seeds. When caught in

untimely rains at the time of maturity, considerable vield

losses occur due to viviparous germination inside the

subterranean pods.



Groundnut is a non traditional oil seed crop of Kerala
which is now gaining popularity in the state. It is widely
cultivated in Palakkad district in an area of roughly
13,000 ha as a kharif crop, which comes to maturity in mid
September. A few early north east monsoon showers are
likely to occur during this month. The recommended
varieties TG-3, TG-14, Spanish Improved and TMV-2 are all
non-dormant by nature. If there is any delay in the
harvest or drying, heavy crop loss can occur. Groundnut
cultivation is also spreading to newer areas like summer
rice fallows, where also there is the threat of a few early
summer rains in the month of April-May. "The possibility of
growing the crop under partially shaded conditions in
coconut gardens and as an inter crop in tapioca, have been
explored and found feasible Seed dormancy is a desirable
attribute for inclusion of a groundnut variety as a
component of any cropping system especially in Kerala.
Prolonged dormancy is also undesirable when seed from
kharif crop is used for seed purpose in the succeeding rabi
crop. Thus a high yielding groundnut variety with 20 to 30

days dormancy, maturing in around 100 days seems to be the

ideal one under our conditions.

In groundnut, the two characters earliness
and dormancy, happen to be present in two
different subspecies. The subspecies fastigiata

Waldron. is characterised by short life cycle and non-
dormant seeds, while subspecies hypogaea Linn,

génerally mature later, possess seed dermancy and have a



very high yield potential. Recombination breeding __through
inter-subspecific crosses holds promise to incorpbrate thé
dormancy and. high yield potential of hypogaea (Virginia
bunch and runners) _into early maturing fastigiata (Spanish

s

and Valencia bunches) cultivars.

In groundnut many inherenf factors are posing problems
to breeders .preventing any major break through in the
improvement of this crop. The unpredictability of the
productiyity of a genopre from the aerial vegetative
parts, allopolyploid nature of the species, governed mostly
by non-additive genetic effects in many of the economic
traits, cumbersome hybridisation procpdure involving smalll
tender flowers at ground 1level, the indeterminate plant
type of hypogaea genotypes retaining a large number of
immature pods and pegs at harvest, are a few factors that

l1imit substantial progress in the breeding of the crop.

Before p-lanning any long term breeding programme for.'
evolving high yielding dormant bunch varieties, an
understanding of the inheritance and gene action for these
desirable characters and other yield contributing traits is
essential. The reports on inheritance and gene actions of
seed dormancy are very few and contradictory. The general
combining ability of parents and specific combining al:;ility
of crosses and study of heterosis will be a prelrequisite
for choice of parents for hybridisation programme for

evolving high yielding, dormant, early maturing varieties.’



Wwith this background the present investigations were

undertaken to fulfil the following objectives:

-

To eﬁaluate twenty eight groundnut genotypes foxr their

economic traits and seed dormancy

To select three short duration, high yielding, non-
dormant, female parents and five divergent, dormant,

male parents

To assess the general combining ability of selecpgd
genotypes and specific combining ability of crosses

for different characters

To find out +the heterotic effect for different

characters in different crosses
To estimate heritability in different characters

To study the inheritance of seed dormancy from

different generations

To estimate the various genetic parameters for seed
dormancy using the three parameter/six parameter

model.
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REVIEW OF LITERATURE

The genus Arachis belongs to the family Leguminosae
[ Tribe Aeschynomeneae, gub tribe Stylpsanthinae (Gregory
et al., 1973)]. The genus is subdivided into seven sections
according to Gregory et al. (1973) and to nine sections
according to Simbson et al. (1994). The cultivated
species, Arachiﬁ hypogaea, 2n_¥ 4x = 40, first described by
Linnaeus (1753) belongs to section Arachis and series
Amphiploides (Gregory et al., 1973). The primary centre of
origin is the Bolivian region in South America.
Krapovickas (1968,  1973) identified £five centres of
variability apart from Bolivian region, which Gregory and
Gregory (1976) .recognised as secondary centres of

diversity. Gibbons et al. (1972) regarded African

continent also as a secondary centre of diversity.

The subspecific classification and nomenclature of
Aracﬁis hypogaea have been attempted extensively by several
workers on the bésis of plant habit, branching pattern,
kernel size, .coiour, number and pod characteristics
(Bunting, 1955; Krapovickas, 1968; Gibbons et al., 1972

and Simpson et al., 1994).

The subspecific divisions are as follows and the key
characteristics of these subspecific groups are given in

Table 1 and 2, after Gibbons et al. (1972).
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Table 1 Description of the subspecies of groundnut (Arachis hypogaea L.)

" Character Subsp. hypogaea Subsp. fastigiata
1. Habit Procumbent, .decumbent Erect to decumbent
or erect
2. Branching Alternate Sequential
3. Inflorescence Simple and absent on Simple or compound,
main axis always present on main
axis
4. First node on Always vegetative Reproductive
cotyledonary
branch
5. Foliage colour Dark green Lighter green
6. Seed dormancy Present Absent

Table 2 Description of botanical varieties in groundnut (Arachis hypogaea L.)

Subsp. hypogaca Subsp. fastigiata
Var. hypogaea Var. hirsuta Var. fastigiata Var. vulgaris
Virginia Virginia Valencia Spanish
bunch runner
Procumbent Procumbent Vegetative Occasional and
decumbent or habit branches on irregularly
erect habit primaries absent placed

or regularly
placed at distal

nodes
Stem not very Stem fairly Inflorescence Inflorescence
hairy hairy simple compound

Mediun late Very late
maturing maturing

o



Arachis hypogaea L.
Subspecies hypogaea
Variety hypogaea (Virginia bunch)
Variety hirsuta Kohler (Virginia runner)
Subspecies fastigiata Waldron
Variety fastigiata (The Valencia types)

Variety Vulgaris Harz, (The Spanish types)

Among the different botanical varieties hypogaea and
hirsuta are reported to possess marked and long lasting

seed dormancy unlike other two types (Krapovickas, 1968).

The latest classification by Simpson et al. (1994)
proposes four botanical varieties under subspecies
fastigiata viz., fastigiata (valencia types) peruviana

aequatoriana and vulgare (Spanish types).

In this chapter the important literature on different
aspects of breeding and genetics, related to seed dormancy
and yield attributes in groundnut like divergence of
genotypes, inheritance of characters, heterosis, combining

ability and gene action have been reviewed briefly.

2.1 Dormancy

Seed dormancy is the failure of otherwise viable seeds

to recommence development immediately when provided with



alll the. favourable - donditions for germination. Koller
et al. (1962) termed *dormancy' as the period during which
seed regains its ability to germinate. It was termed as
‘rest period' by Mayer and Anderson (1963). Vegis (1964)
defined it as a condition in which growth could not be

resumed'what ever the external conditions might be.

Vleeshouwers et al. (1995) has ﬁresented the concept
of seed dormancy in which physiology and ecology are
integrated. They defined seed dormancy as a characteristic,
the degree of which determines the range of conditions in

which a seed is able to germinate.

Lang (1996) states that the term dormancy embraces the
processes that bring about a programmed inability within a
plant to grow and develop inspite of suitable environmental

(W

conditions.

2.1.1 Seed dormancy as a breeding objective in groundnut

Lack of dormancy in bunch types of groundnut
(subspécies fastigiata) is a major problem in the
cultivation of this group, because it causes in situ
germination and spoilage of the produce. The need for
incorporating the dormancy of spreading types (subspecies
hypogaea) into bunch types has been recognised by several

workers in India and elsewhere.



Stokes and Hull (1930) were the first to point out
that seed dormancy was essential in bunch varieties when
frequent rains occurred- during harvestlperiod. John et al.
(1948) gave' a true picture of the bunch groundnut
cultivation prevalent in the Pollachi tract of Madras state
where south-west and north-east monsoons were prevalent.
He mentioned about 80 per cent loss to the produce due to
sprouting in the field in certain years due to heavy rains.
He also pointed out that prolonged dormancy in spreading
varieties needed to be shortened, so as to get a uniform
gerﬁination in next crop. Gregory et al. (1951) reported
about an extensive breeding programme in Georgia which
included the objective of combining high yield with non
sprouting nature in the bunch variety. Ramachandran et al.
{1967) conducted elaborate breeding work with the objective
of evolving dormant bunch groundnut strains by

hybridization and they isolated several such lines.

Besides India, lack of dormancy was reported to be a
major problem limiting groundnut production in Argentina,
Indonesia and Zimbabwe (Cummins and Jackson, 1982).
Breeding for short duration dormant groundnut wvarieties
suited to kharif season has been a strategy for breeding
at ICRISAT (ICRISAT, 1981). Programmes are under way to
select dormant, short duration cultures £from crosses

between early non-dormant and late dormant types.
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Reddy et al. (1985) developed a Spanish cultigen

ceec-7, from a cCross between J-11 (Spanish) and
 Robut-33-1 .(Virginia bunch) possessing a fresh seed
dormancy period of five weeks. This was released for

general cultivation after All India Co-ordinated trials.

Bhapkar et al. (1986) emphasized the need for a
variety having very short dormancy period so that seeds
produced in one season could Dbe utilized for seed
purposes in 5the succeeding season. Dormancy for a longer
period is disadvantageous. Maitl et al.,{1988) pointed out
that lack of dormancy not only caused yield loss but also
produced volunteer plants immediaﬁely after harvest, which

served as reservoirs for pests and diseases.

Manoharan et al. (1994) isolated sixteen dormant
cultures with bunch growth habit from Spanish x virginia
crosses.

Huang (1982), Weiss (1983), Khalfaoui (1991) and
Nautiyal et al. (1993) have also suggested the need for

breeding dormant bunch varieties in groundnut.

2.1.2 Dormancy in relation to plant characters in groundnut

Groundnut varieties are classified into bunch, semi-

spreading and spreading types according to their
growth habit. Barring a few exceptions the bunch
types are essentially non-dormant (Stokes and Hull, 1930;

John et al. 194%).
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Ramachandran et al. (1967) reported that dormant
nature of seed was associated with dark green leaves.Zade
et al. (1986) observed that dormancy in various genotypes
ranged from 40 to 70 days. His study revealed that
dormancy breaking was gradual in some genotypes, while in
others it was sudden. The rapidity of dormancy breakage
and duration of dormancy were not related. The virginia
types are indeterminate in nature and so even the pods of

the same plants highly vary in maturity.

The dormancy of seed also appears to be dependent upon
its position in the pod. Toole et al. (1964) and Patil
(1967) reported that in two seeded groundnut pods the basal

seed always had more dormancy than apical seed.

The maturity status, variation among seeds within and
between plants of same genotype and length of storage on
dormancy in groundnut were examined.lby' Nautiyal et al.
{(1993). They observed that aging of seeds in storage broke
dormancy faster than aging in plants and there was
substantial range in germination percentage among the

plants of each genotyrpe.

2.1.3 Screening of groundnut cultivars for dormancy

Screening of groundnut cultivars for dormancy in
different botanical groups has been attempted by several

workers.



1

Patil (1967) studied 16 groundnut varieties and
reported that the four varieties found to be dormant
belonged to spreading types and the rest, the non dormant

ones, belonged to bunch type.

Varisai Muhammed and Dorairaj (1968) screened 206
bunch groundnut genotypes for dormancy and only six
varieties recorded 90 per cent or more dormancy over a
period of 15 to 20 days after pod maturity.

Lin and Chen (1970) examined dormancy in 56 varieties
and concluded that significant difference existed in the
length of dormancy period among the varieties. They
classified the wvarieties 1into three groups according to
length of dormancy period and the fourth group having no

dormancy.

Sengupta et al. (1977) studied the germination and
seed dormancy of nine varieties of ground nut. Bunch types
were non-dormant while spreading and semi spreading types
had prolonged seed dormancy and period of dormancy varied
among the varieties.

Variability in dormancy in groundnut varieties within
subsp. fastigiata has also been reported by Pandya and

Patel (1986). He identified four genotypes CGC-7, Dh-8,
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ICGS-30 and. ICG-357 as dormant among bunch cultivars.
Vindhiyavarman and Arjunan (1990) screened twenty bunch
types and .three genotypes T1G-9, TG-17 and EC-119704
recorded seed dormancy between 20 to 30 days. Asok Kumar
et \gl. (1991) studied intensity and duration of dormancy
with selected dormant bunch varieties and selected out

three bunch varieties having more than three weeks

dormancy.

Presannakumari (1992) screened 419 genotypes for
dormancy. She observed wide variability for dormancy from

20 to 110 days among the different botanical groups.

2.14 Mechanism of dormancy

The mechanism of dormancy in groundnut seed is not

fully known and the views about the same are contradictory.

Stokes and Hull (1930) mentioned that dormancy in
runner type groundnut varieties was not due to impervious
seed coat, where as Toole et al. (1964) demonstrated that
the removal of the outer layer of the seed coat helped in
the loss of dormancy. Sengupta et al. (1977) also‘reported
that tightly attached seed coat was one of the factors that
delayved the germination in dormant groundnut varieties and

its removal enhanced germination.



Patil (1967) studied dormancy in relation to maturity
of groundnut pods and observed that excised embrfo
irrespective of stage of development, had very high
percentage of germination and concluded that dormancy was
not associated with embryo. In contrast, Vaithialingam and
Rao (1973 ) observed that presence of germination

inhibitors were more near the embryo region.

Ketring and Morgan (1972) and Ketring and Pattee
(1985) have brought out the role of endogencus ethylene
production in seed dormancy. Acﬁording to them, seed
dormancy in groundnut resulted from the hormonal balance
between a germination inhibitor abscisic acid, produced in
the aerial part of the plant which then accuﬁulated in the
cotyledons and the seed coat, and a germination activator,
ethylene, produced by the embryo through the action of the
éytokinin during seed imbibition. During storage of
dormant seed, oxidation of the inhibitor occurred which
tilted the hormonal balance in favour of germination
activator. They also associated lipoxygenase activity with

ethylene production indicating that the metabolites from

14

phe lipoxygenase activity might serve as a substrate for

ethylene production. Studies by Presannakumari (1992)
indicated that the groundnut embryonic axis did not require
any rest period for commencement of growth. The dormancy

in groundnut was primarily caused by the cotyledons with
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the support of testa. There was no indication of the
presence of any wafer soluble inhibitof in the freshly
harvested ddrmant groundnut genotypes tested. Same was the
case with reference to presence of water soluble promoters

in the freshly harvested seeds of non-dormant groundnut

genotypes tested.

2.1.5 Inheritance of seed dormancy
. The few reports on the inheritance of seed dormancy in

groundnut are found to be contradictory.

Stokes and Hull (1930) reported that dormancy was

incompletely dominant over non-dormancy.

Hull (1937) also suggeéted that rest perieod behaviour

agreed closely with the theory of multigenic inheritance.

John et al. (1948) observed that F; progenies were
intermediate in behaviour between the two parents while the
Fzsegregation showed great variability which indicated that

multiple factors were responsible.

Ramachandran et al._(1967) observed dormancy to be
partially dominant over non-dormancy from the Fl and F,

generations of two crossesthgystudied.



Lin and Lin (1971) determined dormancy of seeds two
weeks after harvesting from reciprocal crosses between
virginia cultivars with different dormancy intensities.
Based on Fy and Fj individuals, they suggested monogenic

control with dormancy being dominant.

Cheng (1972) reported that from preliminary studies in
transferring seed dormancy (virginia to Spanish type)
indicated that the character was controlled by a single

pair of recessive genes.

Studies by Presannakumari (1992) also indicated
polygenic inheritance of seed dormancy. Seeds of F,
embryonic generation behaved 1like the dormant parents
indicating the dominant nature of dormancy. A study of Fy
families re;ealed significant differences between

individual families in their initial sprouting valﬁes. F3

generation showed a continuous variation.

2.2 Yield

Yield is a complex character the expression of which

)

depends on a number of component characters. Variability, -

-

heritability and genetic advance of these component
characters in groundnut and also heterosis, combining
ability and gene action for these characters in various

crosses are reviewed here under.
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2.2.1 Coefficient of variation, heritability and genetic advance

The success of selection depends upon variability

present and also on the magnitude of heritable variation

present in relation to observed variation.

The reports on

coefficient of variation, heritability and genetic advance

in groundnut for important characters are tabulated below:

Character Coefficient of Herita- genetic Reported by
variation bility advance
(%) (%)
Geno—-  Pheno- . .
typic typic
Height of 21.40 - 73.70 11.3 Kulkarni and
main sten Albuquerque
(1967)
11.76 - 36.44 14.62 Basu and Asoka
Raj (1969)
24.20 - 71.90 20.85 Dixit et al.
(1970)
13.86 23.84 33.70 16.55 Patra (1975)
17.64 19.28 69.24 8.39 Deshmukh et al.
{(1986)
- - 70.66 - Basu et al.
(1986a)
Number of 50.80 88.90 6.10 Kulkarni and
primary Albuquerque
branches (1967)
45.18 94.50 38.16 Majumdar et al.
(1969)
31.30 84.50 3.11 Dixit et al.
(1970)
28.11 23.70 175.28 Patra (1975)

15.28
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Character Coefficient of Herita- genetic Reported by
. " wvariation bility advance
(%) (%)
Geno- Pheno~
typic typic
Number of 10.5 - 10.24 Dixit et al.
secondary (1970)
branches
89.92 -~ Sangha (1973b)
Number of 44 .22 81.30 8.50 Kulkarni and
mature Albugquerque
pods (1967)
14.08 60.94 10.95 Majumdar et al.
(1969)
61.90 77.80 23.90 Dixit et al.
(1970)
17.76 16.25 84.00 - Sangha (1973b)
- - 87.10 - Balaiah and
Reddy (1975)
- - 31 to 43 - Coffelt and
Hammons (1974)
7.89 4.80 - Patra (1975)
24.10 38.08 - 3.54 Deshmukh et al.
(1986)
31.68% - Basu et al.
(Narrow (1986a) (in F
sense and parents)
heritabi

lity)
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genetic

Character Coefficient of Herita— Reported by
variation bility advance
(%) (%)
Geno— Pheno-
typic typic
100 - - 87.40 71.00  Dixit et al.
kernel (1970)
weight
99.60 54.00 Sangha and
Sandhu (1975)
64.00 ‘Rao 1979)
99.40 Singh et al.
(1982)
77.46 14.34 Deshmukh et al.
(1986)
51.33 Basu et al.
(Narrow (1986a) (in Fy
sense generation)
heritabi
lity)
Pod yvield 21.06 36.44 3.88 Basu and Asoka
Raj (1969)
13.33 49.60 8.61 Majumdar et al.
(1969)
62.30 84.00 3.75 Dixit et al.
(1970)
13.19  10.70 66.00 17.77 Sangha (1973b)
B8.66 58.66 88.580 108.41 Patra (1975)
59.75 , Basu et al.
(1986a) (in Fl
-generation)
12.09 Deshmukh et al.

(1986)




2.2.2 Genetic divergenc_e

Estimation of divergence among genotypes would help
the breeder in the choice of parents for hybridisation.
The success in obtaining highly heterotic hybrids and
occurrence of desirable recombinants in advanced
generations depends to a large extent on the degree of
divergence between parents chosen. In groundnut the

following studies have been reported on genetic diversity.

Sangha (1971) studied 27 spreading varieties for
divergence with regard to six characters. Divergence
analysis revealed that hundred grain weight and pod number

contributed most to the diversity.

Shew et al. (1972) studied divergence among 24 elite
groundnut varieties consisting of six bunch, six semi-
spreading and 12 spreading types, using 17 characters. The
varieties were grouped into three clusters with 7, 13 and
4 varieties respectively. The first cluster consisted of
mostly bunch varieties. There was overlapping in clusters
I1 and III which had semi-spreading and spreading
varieties. No relationship could be established between

geographic diversity and genetic diversity.

Sangha (1973a) reported genetic diversity in another
set of 27 spreading groundnut varieties. The varieties
were arranged into six clusters and spatial patterns of

clusters were not corresponding to geographical diversity.
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Sandhu and Sagha (1974) examined a collection of 27
bunch groundnut varieties for genetic divergence. The
varieties were classified into seven clusters with respect
to six characters. The divergence between the populations

could not be related to their gecgraphical distribution.

Durgaprasad et al. (1985) studied a representative
sample of 160 varieties, equally divided among Spanish
bunch, Valencia bunch, virginia bunch and Virginia runner
varieties. 1In each group substantial diversity was found
within and between the four botanical groups. Overlapping
of Spanish and Valencia types within clusters was common.
But they did not group with virginia bunch or runner in any
of the three experiments. Indian and exotic cultivars were
found together in many clusters. No relationship was found
between geographic diversity and genetic diversity of the

varieties and their origin in each cluster.

Sigamani (1981) studied 144 groundnut genotypes and
classified them into 16 clusters. The characters, days to
maturity and days to flowering were important in

differentiating the genotypes in all the studies.

Reddy et al. (1989) subjected 31 Virginia varieties to
D! analysis and grouped them under 10 clusters. Plant

height, number of mature pods, number of secondary
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branches and 100 kernel weight were found to be the potent
factors for identifying genetically diverse genotypes in

g;oundnut.

Nadaf et alI. (1986) analysed 83 bunch genotypes for
their D2 values and grouped them under nine clusters

irrespective of geographic isclation.

2.2.3 Combining ability and gene action

Combining ability is one of the powerful tools
available to breeder .for predicting the performance of
parents and crosses for further use in heterosis breeding
.or combination breeding. General combining ability is
associated with genes which are additive in effects and
specific combining ability is attributed primarily to
deviations from the additive scheme caused by dominance and

epistasis (Rojas and Spragge, 1952).

Parker et al. (1970} estimated combining ability for
17 characters in Fy; hybrids from a six parent diallel under
controlled conditions. In his study significant variance
were found for GCA in 11 out of 17 characteré. Estimates
of SCA variance were significant for five characters.
Wynne et al. (1970) estimated combining ability in the same
set of hybrids used by Parker et al (1970) under field

conditions. Specific combining ability effects were



significant for 16 out of 17 characters and gca for eight.
The SCA variance component was 12 tiﬁes greater than GCA
component fpr vield of fruit.

Sadhu and Kehra’£1976) report that non-additive eﬁfect
were more important than additive effects for pod vield per
plant and number of mature pods per plant where as for 100

kernel weight, additive gene effects were more important.

In a five parent diallel Raju et al. (1979) observed
tha£ both gca and ‘sca effgcts were significant for 12
characters. The magnitude of SCA wvariance was greater than
GCA variance, for all the characters indicating the

predominance of non- additive gene effects.

S%%h and Labana (1980) in a six parent diallel cross
studied combining ability for nine vegetative and fruit
characters. The gca and sca estimates were significant for
all traits. Additive gene effects were found to play a
major role in all the traits except in leaflet breadth and

kernel weight.

Habib et al. (1985) conducted a 12 parent diallel and
studied six quantitative traits. Variances due to GCA were
highly significant for all the ¥ six characters and

were higher in magnitude than SCA variances which were
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significant for all characters. Both additive and non-
additive gene effects were important for plant height, pod
yield and days to maturity and only additive gene effects
were imporéant fof number of branches 'and number of

developed and undér-developed pods.

Manoharan et al. (1985) in a line x tester analysis
involving seven female and three male reported additive
gene action for plant height, 100 pod weight, shelling

percentage and pod yield and non-additiﬁe gene effects for

pod number.

Bhagat et al. (1986) conducted line x tester analysis
(8x5) with parents belonging to different sub-species and
studied seven pod and seed &haracters. Combining ability
analysis indicated that 1lines as well as testers were
highly significant. General combining ability effects were
significant for pod length, pod width, seed length, seed
width and 100 seed weight and non significant for
percentage of sound mature Kkernels. Majority of the
crosses exhibited significant sca effects also and gene

action was largely non additive.

Basu et al. (1987) in a 8x8 diallel cross reported’
that both GCA and SCA variances were substantial for days
to 50 per cent flowering, days to maturity, mature pods per
plant, pod yield per plant, 100 kernel weight and shelling

percentage.
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Nadaf et al. (1988) in a 5x5 diallel observed GCA
variance estimates three to four times greater in magnitude
than gcA for several characters. JL-24 and ICG-7899 were

best general combiners. .

-

Dwivedi et al. (1989) in an 8x8 diallel observed high
gca for fruit and seed traits. He observed significant

maternal inheritance for more than 6 traits in six crosses.

Vindhiyavarman and Ravindran (1994) studied 22 FI
hybrids from crosses between 11 lines and two testers. The
estimate of SCA/GCA variance indicated the predominance
of non-additive gene action for number of pods and pod
vield. Additive and non-additive gene action appeared to
be important for harvest index, shelling out turn and
sound mature kernels. | Line VG-78 was a good general
combiner for all characters and the best specific

combination for pod vyield was ACR-1/CG-2187.

2.2.4 Heterosis

Heterosis is the superiority of a Fy hybrid over its
parents. It is expressed in relation to better parent, mid
parent or standard variety. F, heterosis is of direct
interest for developing hybrids. But in groundnut where
flower structure is not suited forioutcrossing, the chances.
for exploiting heterosis on a commercial scale are remote.

Arunachalam (1993) has suggested that heterotic crosses
may produce desirable transgressive segregants in advanced

generations.



The manifestation of heterosis in different economic
traits of groundnut was first observed by Stokes and Hull
(1936) ih 11 groundnut crosses. Higgins (1941) in a
diallel cross of 16 cultivars observed marked heterosis,
for vegetative traits and pod vield. Hassan and Srivastava
(1966) observed F| superiority for yield, number of branches
and leaflet length in crosses involving three parents. Lin
(1966). noted significant hybrid vigour for length of main
stem and branches. He reported that virginia x valencia
crosses gave greater magnitude of heterosis. Parker et al.
(1970) conducted a 6x6 diallel " in controlled environment.
The F|s exceeded the midparent by 20-40 per cent for several
seedling characters. Wynne et al. (1970) using same parents
of Parker et al. (1970) 'reported that F; hybrids from
virginia x vwvalencia parents gave greater heterosis for
vegetative characters. Crosses of Valencia x Spanish gave
greater heterosis for yield and fruit characters. Hammons
(1973) reported heterotic responses for pod yield for Fy
hybrids resulting from crosses made between the subspecific

groundnut groups.

Arunachalam et al. (1980) conducted two sets of
diallel crosses involving 10 and 15 @parents. They
classified the parents as high or low based on combining

ability computed for 15 characters. They observed that

o



high x low crosses produced greater heterosis than high
x high or low x low crosses. In the first 15 x 15 diallel
set, positive heterosis was estimated for nine characters

and in the 10 x 10 set, for thirteen characters.

Sridharan and Marappan (1980) studied nine characters
in nine hybrids. They reported positive heterosis over the

mid parent in all the nine characters.

Arunachalam et al. (1982) studied two sets of diallel
crosses involving 15 and 10 parents respectively for 15
characters. In the first set, 6 crosses showed heterosis
for four or more characters and 8 crosses in the second.
The highest proportion of crosses showing heterosis
occurred in crosses between high gca and low gca parents.
Crosses within variety groups as well as those between
them, had a high proportion of <crosses showing

heterosis.

Isleib and Wynne (1983) crossed 28 diverse lines from

different countries with elite virginia breeding lines.

27

Positive heterosis was observed for number, size and yield

of pods. -

Arunachalam et al. (1984) examined the frequency and

magnitude of heterosis in relation to genetic divergence



amon§ parents in the two sets of diallel cross experiments.
He defined four divergence classes. The frequency of
heterotic crosses and the magnitude of heterosis for yield

and its components were found to be higher 1in crosses

-

between the parents in intermediate divergence classes than

extreme ones. The study showed that there was an optimum’

level of genetic divergence between parents to obtain

heterosis in Fl generation.

Deshmukh et al. (1986) studied 12 morphological
characters in 4 crosses of dgroundnut with JL-24 as pollen
parent. The number of secondaries, mature and immature
nuts, number of unproductive pegs and pod yield recorded
positive heterobeltiosis in all crosses. Basu et al.
(1986b) studied vegetative and reproauctive characters,
through a half diallel involving 8 genotypes belonging to
sub—spécies Hypogaea and fastigiata. Spanish x Spanish
crosses recorded high desirable negative heterosis for days
to 50 per cent flowering and high positive heterosis for
number of mature pods and pod vield. Dwivedi et al. (1989)
observed significant negative heterosis for fruit/seed

weight and fruit/seed length and width.

High frequency of heterotic hybrids and high magnitude
of heterosis for number of nodes, 100 pod weight, 100

kernel weight, shelling percentage and pod yield were

28.
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observed in Spanish x virginia crosses than in Spanish x

Valencia crosses by Manoharan et al. (1990). In another
study involving crosses between six Spanish bunch varieties
(as females) and two Valencia and one virginia genotypes
{(as male parents), in a line x tester mating design,
Manoharan and Thangavelu (1992) noticed that Spanish x
virgina crosses expressed greater average heterd:beltiosis

for pod yield and its attributes than other crosses.

L
3

Vindhiyvavarman and Raveendran (1994) observed
heterosis over better parent for pod yield in hypogaea x

fastigiata crosses.

23
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MATERIALS AND METHODS

Investigations were carried out in the Department of
Plant Breeding and Genetics, College of Horticulture,
Vellanikkara, duriﬁé the period 1992-1995. Field
experiments were conducted in the fields of the Department
(22.5 m above MSL) and thét of Agricultural Research
Station, Mannuthy (1.5 m above MSL) situated between 10°32"
N latitude and 76° 10'E longitude. Geographically it falls

in the warm humid tropical climatic zone.

3.1 Materials

Fourteen non-dormant and 14 dormant groundnut
genotypes belonging to different botanical groups, as
identifiedAby Presannakumari (1992) in a previous study,
were chosen as the experimental material for the study.
The details of genotypes, their origin and duration of

dormancy are presented in Table 3.

The 14 dormant and 14 non-dormant genotypes were
evaluated for two seasons viz., kharif '92 and rabi '92-93.
Based on yield, duration of dormancy and divergence, three
genotypes from non-dormant group and five genotypes from
dormant group (Plates 1 to 8) were selected as 1lines and
testers respectively to give 15 hybrids. In 10 crosses
Fy, F, and back cross generations were obtained, for the

study of gene action’ of seed dormancy based on generation

a0



Plate 1 Nondormant parent JL-24






Nondormant parent VRI-3






Plate 3 Nondormant parent Co-2






Plate 4 Dormant parent ICG-7269






Plate 5 Dormant parent TG-17






Plate 6 Dormant parent TMV-10






Plate 7 Dormant parent ICG-4861






Plate 8 Dormant parent ICG-1037






Table 3 Details of genotypes and their duration of seed dormancy

sl. Identity Subspecies Botanical Origin Duration¥

No. variety of seed

ICRISAT Other dormancy
NONDORMANT .
1 ICG-5461 AH-816 fastigiata fastigiata Unknown 10
2 ICG-128 AH-7398 " " Unknown 10
3 - VRI-3 " vulgaris Tamllnadu 10
4 ICG-3501 TMV-9 " " Tamilnadu 10
5 - Co-2 " " Tamilnadu 10
6 ICG-5340 TG-14 " " Maharashtra 10

7 ICG-1528 TG-3 " " Maharashtra 10 '
8 -~ JL-24 " " Jalgaon ! 10
9 ICG-7512 Hung Mein Chao " " china 10
10 ICG~1994 TG-6 " " Maharashtra 10
11 ICG-154 Pol-2 " " Tamilnadu 10
12 ICG-459 Barberton " " S. Africa 10
13 ICG=-1221 AH-4218 " " India 10
14 - TMV-2 " " Tamilnadu 10
DORMANT |
15 TICG-1883 EC-289622 " fastigiata Unknown 30
16 ICG-7269 BMP-16/52 " vulgaris Z imbabwe 20
Contd....



Table 3 contd...s.

17
18
19
20
21
22
23
24
25
26
27
28

ICG-5341
ICG-5343

—

ICG-6301
ICG-8281
ICG-4861
ICG~1002
ICG-1037
ICG-6193
ICG~-1063
ICG-861

TG-15
TG-17
TMY~10
Robut-33-1
NCAC-17649
NC-10468
AH-7652
AH-84
AH-7224
43-G-44
$648~4 (GWALIOR)
c-118

fastigiata

hypogaea

vulgaris

hypogaea

Maharashtra
Maharashtra
Tamilnadu
Andhra Pradesh
USA
Usa
India
India
Nigeria
India
India

India

30
30
50
30
50
50
60
70
80
40
50
40

*Measured as number of days to attain 80% germination

after harvest
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mean analysis. The pedigree of the 1lines and testers

are presented in Table 4.

3.2 Methods

The experimental methods employed can be considered
broadly under fcllowing heads.
1. Methods for analysis of productivity traits

2. Methods for analysis of seed dormancy

3.2.1 Analysis of productivity traits N
The experimental methods for the analysis of
productivity traits consisted of three parts:
1. Analysis of variance of 28 genotypes
2. D analysis of 28 genotypes

3. Line x tgster analysis

3.2.1.1  Analysis of variance of 28 genotypes

3.2.1.1.1 Field plot technique

The experiment was conducted in the -kharif and rabi
seasons of 1992-93. The experiment was laid out with 28
genotypes, in RBD with two replications adopting a spacing
of 20 x 20 cm, in 2 m x 1 m plots. The other operations
ﬁere done as per the ﬁackage of practice recommendations of.
Kerala Agricultural University (KAU, 1993). Need based
plant protection measures were adopted to control pest and

diseases.
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Table 4 Pedigree of parents selected for LxT analysis
sl. Identity Parentage source Seed
No. dormancy*
Non—-dormant female parents

1 JL-24 Selection from Jalgaon -
EC-94943

2 VRI-3 J-11/Robut 33-1 Virudhachalam -

3 co-2 EMS mutant from TNAU, -
POL-1 Coimbatore

Dormant male parents

4 1ICG-7269 Unknown ICRISAT 20

5 TG-17 Dark Green BARC Trombay 26
Mutant/TG1

6 TMV-10 Natural mutant Tindivanam 47
from Argentina

7 ICG-4861 Unknown ICRISAT 57

8 ICG-1037 Unknown ICRISAT 76

* Measured as number of days required to attain 80 per cent
germination after harvest



3.2.1.1.2 Observations
The following obsérvations were recorded on five

random plants per plot.

a) Days to 50 per cent flowering
Number of days taken from sowing, to 50 per cent of

the plants in a plot to start flowering.

b) Height of the plant
Height of the plants at harvest was measured from the

ground level to the tip of plant and expressed in cm.

c) Total number of branches per plant
All primary and secondary branches in each plant were

counted and recorded at the time of harvest.

d) Number of mature pods per plant

Fully matured pods were counted from each plant at

harvest.

e) Mean pod yield per plant
The pod yield of five plants after drying for two days

was weighed and expressed as mean, in grams.

f) Hundred seed weight
A random sample of 100 seed was taken, weighed and

expressed in grams.



g) Shelling percentage

The weight of kernels after shelling was expressed as

percentage over weight of whole pods.

h) 0il content
Duplicate seed samples from each plot were analysed

for oil content using percolation method and expressed in

percentage.
i) .Per hectare pod yield

The pod yield obtained from net plot area after

excluding two border rows was converted to one hectare.
3.2.1.1.3 Statistical procedure

Measures like mean, variance and standard error were
calculated for above characters as per Panse and Sukhatme

(1978).

Mean values of five plants per plot, for all the nine

characters, were subjected to analysis of variance.

technique. The analysis of variance table was constructed

as follows:

36
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Source af Mean square Expected
" mean sgquare
2
Replication r-1 e
2 2
Genotypes t-1 My 0e  + r Jg
2
Error _(r—l)(t—l) M, Je
Total rt-1
2
Ue = error variance
2
Ug = Genotypic variance

The significance test was carried out by referring to
the ‘F' table . Pooled ?nalysis was conducted for the

kharif and rabi seasons.

Genotypic, phenotypic and environmental variances and
their coefficients of variation, heritability (broad sense)
and denetic advance were calculated by the methods

suggested by Burton (1952) and Johnson et al. (1955).

3.2.1.2 Mahalonobis D* analysis

The genetic divergence among the 28 genotypes was
calculated adopting the method suggésted by Mahalonobis
(1936). All possible n(n-1)/ p? wvalues between 28

genotypes were calculated utilizing the varietal means.

{
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.Variance with respect of nine characters and co—-variance ,

between character pairs were calculated as per the method
outlined by. Rao (1952). The clustering of the varieties

was done by the iterative method suggested by Suresh and

Unnithan (1996).

3.2.1.3 Line x tester analysis

Three non-dormant genotypes were selected as 1lines
(females) based on yield and five dormant genotypes were
selected ag testers (males) based on their divergence and
duration of dormancy (Table 2; Plates 1 to 8). The three

lines and five testers were crossed to give fifteen

hybrids.

The conventional hybridization technique described by
Norden (1973) with modifications given by Nigam et al.
(1990) was employed for crossing. At a node a'single well
developed bud was selected and all other buds were removed.
The emasculation was carried out between 3 and 5 pm. Using
forceps the single sepal opposite to standard petal was

pulled down. The standard petal was then gently opened

with forceps and held back by the thumb and. index finger.-

The wing petals were pulled down locking them with the
standard. The keel was pulled outwards to expose anthers.
All the eight fertile anthers were removed with the

filaments. The standard, wing and keel petals were
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returned to their normal positions after emasculation. The
internode just above the emasculated bud was then marked
with a date coded coloured nylon thread. Next day between
6.30 @m and 7.30 @m, pollination was carried out. The

female parent plant was harvested 60 days after last

pollination.

The eight parents and fifteen hybrids were raised
during summer 1994 in RBD replicated twice, each treatment
(parent or F&) represented by 12 plants in a row. There
was a spacing of 45 cm betwéen rows and 30 cm between
plants, within rows. Five plants were selected at random
for recording details of observations for the following
seven metric characters.

1. Days to 50 per cent flowering
2. Plant height

3. Total number of branches

4. Number of mature pods

5. Pod yield per plant

6. Shelling percentage

7. Hundred seed weight

The data collected for the seven metric traits from
the parents and hybrids were subjected to critical analysis

for per se performance, heterosis and combining ability.



3.2.1.3.1 Analysis of variance.

The variation aﬁong genotypes including parents and
hgbrids wéré first tested and were found significant. The
treatment sum of squares were further partitioned into
components like parents, parents Vs. Crosses, 1ine§,
testers, lines vs. testers and significance test carried

out referring to ‘F' table.

3.2.1.3.2 Combining ability analysis

Analysis of combining ability (GCA and SCA) was
carried out following the method suggested by Kempthorne
(1957). Mean squares due to different sources of variation
and their genetic expectations were estimated as indicated

in the following ANOVA Table.

Source daf Mean ~ Expected mean square
square

Replication (r-1)

Hybrids (1t-1) -

Lines (1-1) M) Ens+r [(Cov.(F.8)-2
Cov.{H.8)]+rt[Cov.(H.S.)]

Testers (t-1) M Ens+r [(Cov.(F.S)-2
Cov.(H.S)l+rllCov.(H.S.)]

Lines x (1-1) (t-1) My Ens+r [Cov.(F.8)-2

Testers Cov.(H.8)]

Error (r-1) (1t-1) M Ems

Total (rit-1)

S



Where,

number of replications

H
In

1l = number of lines

t = number of testers

Estimates of covariance of full sibs and half sibs
were made from the genetic expectations of mean squares as,

; Mﬁ4q+Mn—3M€+6rCov.(H.S)—r(l+t)Cov.(H.S.)
Cov.(F.S8) = oo mm oo

Cov.(H.8) = = —==————————-

From the covariance of full sibs and half sibs,

2
variances due to general combining ability (Ggca) and

) 2
specific combining ability_(ﬁsca) were calculated as

follows:
2
gca = Cov. H.S.

2

sca Cov. F.S5. - 2 Cov. H.S.

The additive component A and non—-additive component D

were computed as follows as in Singh and Chaudhary (1985):

2 2 .
(]A (F = 1) = 2 tigca .
2 2

Gp (F =1)

sSCca



Proportional contribution by lipes, testers and their

interaction to total variance was calculated as per Singh

and Chaudhary (1985).

Contribution of lines =
Contribution of testers ' =

contribution of hybrids =

ss(1l) x 100

ss (crosses)

ss (t) x 100

ss (crosses)

ss (1 x t) x 100

ss (crosses)

3.2.1.3.3 Estimation of gca and sca effects

The gca and sca effects of parents and hybrids were

estimated based on the following model.

L =
where,

ik

B+ gy + gyt Si Tt Cif

Value of’the ijkth observation, ~
Population mean

gca effect of the it line,

gca effect of the jth tester,
sca effect of the ij'! hybrid

error effect associated with ijkth

observation,
T , 1
1, 2,...0.00n , t



The individual effectslof gca and sca were obtalned

from the two way table of lines vs. testers,

figure was a total over replications.

ij

where,

xi...

x3j.

xij

rlt

|

X..
rlt
Xeeeo
rit
Xi. xj
————— - ———— +
rt rl

in which each

rlt

= total of all hybrid combinations

= total of ith line over t testers and
r replications,

= total of jth tester over 1 lines and
r replications,

= totalmof the hybrid between itll line
and j'' tester over r replications

The standard errors pertaining to gca and sca effects

were calculated from the square root of variance effects as

given below:

i) Standard error for testing the gca effects of lines

SE (g;) =

EMs | 2
-
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ii)

iii)

iv)

vi)

Standard error for
difference between

SE (gi—gj)

Standard error for

SE (g;)

Standard error for
difference between

SE (gi-9g;)

Standard error for

SE (Sj)

Standard error for
difference between

SE (sij_skl)

3.2.1.3.4 Heterosis

44

significance of
of two lines

testing the
gca effects

"testing the gca'éffect of testers

EMs |- V2

rl

significance of
of two testers

testing the
gca effects

effect of a cross
12

testing the significance of
sca effects of two hybrids

Heterosis was worked out as follows:

a) Based on mid parent value (MP):

Relative heterosis

(di)
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b) Based.on better parent value (BP):

F; - BP x 100

Heterobeltiosis (dili) =

.- BP

c) Based on standard variety (JL-24)

Standard heterosis (diii) =

sV
where,
F; = Mean of hybrid
MP = Mean of two corresponding parental values
BP = Mean of better parent value
SV = Mean of standard variety

The significance of heterosis was tested using the

following formula:

a) for mid parent value:

MP - F
1 - Y (e-1) (1t-1)

3 EMS
2r
b) For better parent value
BP - fﬁ t
- (r-1) (1t-1)
2 EMS

r
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¢) For standard variety value

ﬁ_-ﬁl . t
(r-1) (1t-1)

2 EMS

r

3.2.2 Analysis of seed dormancy

Methods for the genetic analysis of seed dormancy
~ consisted of following parts:

1. Dormancy studies in 28 groundnut genotypes

2. Dormancy studies in early gqperations

3. Generation mean analysis

3.2.2.1 Dormancy studies in 28 groundnut genotypes

The duration of dormancy was studied in 28 groundnut_
genotypes by periodical germination tests. The tests were
conducted both for kharif and }abi seasons. The pods
harvested from the experimental plots (laid out in RBD)
were cured for three days in shade. For each genotype two
replicates of 50 seeds each were sown in soil in trays,
with embryo pointing upwards. The gefminated seeds were
counted_and removed on the 10t day. A seed was considered
to’have'germinated if the radicle was visible out of the
seed coat. The test for each genotype was continued till

80 per cent germination was attailned.



_ The test was repeated in petridishes lined with

‘germination paper using seeds from rabi crop.

3.2.2.2 Dormancy studies in early generations

~

In groundnut seed dormancy is a result of interaction
between maternal genotype which determines inhibitor
production in the aerial part of the plant and embryonic
genotype which determines activator production by embryo
(Retring and Morgan, 1972). In each generation the
embryonic genotype is different and one generation advanced
from maternal genotype. For instance the seeds borne on Fy
plants possess F, embryos. To include the effect of embryo
and maternal genotypes, the dormancy studies were conducted
in foilowing seeds from different generations.

1) Fy seed (represents F, embryonic generation) -

2) F, seed (represents F, embryonic generation and Fy
mature plant generation)

3) Fy seed (represents embryonic generation and
F, mature plant generation)

4) BCIHN seed (represents BC”M) embryonic
generation)

5) BClw)seed (represents BCHD)embryonic generation)

6) BC1(m) Fy seed (represents BCI(H) mature plant
generation)

7) B%W) F, seed (represents BCI(N mature plant

generation)

[



Since the number of seeds borne on a plant;was few,
and periodic observations on a per plant basis was
necessary, the standard germination tests in petri d;shes
could not be followed. jpe seeds were found to get
attacked by fungus within iO days in petri dishes. Hence
the média used for germination test was soil, where

dormant seeds could be retained for several weeks.

3.2.2.2.1 Study of dormancy in F, seeds and back cross seeds

The crossed Flseeds were harvested 60 days after last
pollination. The seeds were dried in shade for three days
and sown in sterilised soil in germination trays, one seed
in one hole. For each cross twenty seeds each of the
parents and hybrids were sown and watered daily for 30
days (Plate 9a). Germination counts were taken at 10 days
interval after sowing. The germination observed on 10th day
after sowing was designated as 10 D germination and on 20th
day as 20 D germination and so on. The germinated seeds
were counted and eliminated from the test. After thirtieth
day the remaining ungerminated seeds were treated with

500 ppm ethrel solution(Wadia et al., 1987) and trays kept

covered for 24 hours (Plate gb). The seeds start.

germinating by 24 hours. The ungerminated seeds after
ethrel treatment were noted as nonviable or diseased. The

germinated seedlings were transplanted to raise Fy plants.

.,"‘\,
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Plate S%a Germination test in Fl seeds

Plate 9b Ethrel treatment for dormant
F| seeds 30 days after sowing






Similarly back cross seeds were also tested for

dormancy and generation advancement done by ethrel

treatment.

32.2.2.2 Dormancy studies in F, generation (F, seed), F, generation
(F, seed) and backcross genérations (BC,F, seeds)

The dormancy of Fy, FL BCIWN and BCl(m generations was
observed on per plant basis by raising the plants in the
field. For each cross 20 F| seeds, 40 F, seeds (bulked),
20 BClWN seeds and 20 BCI(M seeds were sown along with
20 Py and 20 P, seeds. At harvest five pods (containing
10 seeds) showing uniform maturity were randomly selected
from each plant and seeds sown in the same layout. The
maturity was assessed by slightly breaking the pods and
examining the browning pattern inside the pod. The pods
were allowed to cure for two days and irrigation started on
the third day. Measures were taken to keep away ants and
rodents. The number of seedlings emerged on per plant

basis was noted at 10 days interval upto 30 days.

For comparison of crosses or generations the.

germination percentage on tenth day was taken, since at
this point the parents were showing maximum difference in

germination (Paterson et al. 1989).

P



Comparison of mean germination of Fy, Fy and backcross
generations.with non dormant parents was done by “t' test.
Arcsine square rqot transformation was applied to
proportion of germination percentage to improve normality

and error homogeneity (Snedecor and Cochran, 1980).

3.2.2.3 Generation mean analysis

The number of F; seeds obtained from a single female
plant was very few, and hence the dormancy test for F;
embryonic generation could not be obtained on per plant
basis. Because of this reason generation mean analysis

could not be carried out with embryonic generations.

In this study the generation mean analysis was carried
out with the assumption that maternal genotype determined
dormancy.Transformed proportion of germination percentage
of six generations Fy, Fy, Bcl(m{' BCl(m, Py and P obtained
from ten crosses for iOth day and 20th day was fitted into
full six parameter model. Scaling tests were done

according to Mather (1949) to examine whether simple

additive-dominance model was adequate. - The adequacy of-

model was further tested by joint scaling test proposed by

Cavalli (1952).

20



3.2.2.3.1 Scaling tests
Scaling tests suggested by Mather (1949) were
employed, based on the assumption that epistasis was

absent. The following formulae were adopted for estimation

of scales.
A = 256““} - ﬁ;l-iﬁ (for back cross to Py)
B = 2BCyy - B;- Fj (for back cross to P;)
c = 4?;-— éfi.— 51 - Eé (for F, generation} and
V, = 4VBCyp, + VB + VF,
Vg = 4VBCyp + ??1 + VF
Ve = 16VF, + VF| + VP + VP,
where,

Vy, V3 and V., are the variances of A, B and C
respectively. ﬁl’ _V_Pz, ﬁl' VFz, VRI(HD} and V_Bcl(n)

are the variances of the generation means.

The standard errors of A, B and C were then calculated

by estimating the sgquare root of the variance concerned.

S.E. of A = {VA
S.E. of B = {V;
S.E. of C = Jﬁ

o1



The significance of "the scales A, B and C was

determined by comparing the observed and expected 't'

values.

A

*t! for A = —

A

A

't' for B = —

1V

A
'ttt for C = —

v

3.2.2.3.2 Joint scaling tests

Weighted 1least square method proposed by Cavalli
(1952) was adopted for joint scaling tests. The genetic
parameters m, d, h were estimated and their significance
tested. The expected means of six generations were
computed using estimates of m, d and h. The significance
of gene effects was verified at each step by chi-square

goodness of fit test.

3.2.2.3.3 Estimation of genetic components

Using the six generation means, estimates of mean (m),

ad
B2

additive (d), dominance (h), additive x additive (i),'

additive x dominance (j) and dominance x dominance (1)
effects obtained following the equations formulated by

Hayman (1958).



m = F

d = BCyy) - BCy

h = Fl—-4§;—-% Py - 3 §i+—2§§um)4-256”m
i = 2BCyy, + 2BCyp) - 4F

3 = BCyp) + % Py - BCyp) + & By

1 = Py + By + 2F) + 4F) - 4BCyyy) ~ 4BCyp

The variances for various parameters were calculated

by utilizing the following equations.

v, = V()

Vi = VBCyy + VBCyp

V, = VF, + 16VF, + $VB; + VB, + 4VBCyy, + 4VBCyp,
Vi = 4VBCyy, + 4VBCyy + 16VF,

v = Vﬁaum) + 3VP, + Vﬁﬁhm + VP,

V) = VB + VP, + 4VF| + 16VF; + 16VBCyyy, + L16VBC)p

The standard errors of the estimates of various
components were obtained by the square root of the
respective variances. The significance of these parameters
were tested by calculating the "t' wvalues as for scaling

test.
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RESULTS

The results of the statistical analysis of the data on
nine productivity traits and seed dormancy, in groundnut

genotypes and crosses, are presented hereunder.

4.1 Analysis of productivity traits

The variability in twenty eight genotypes for nine
biometric characters was analysed for two seasons. The
divergence among 28 genotypes was studied by D2 analysis.
The combining ability of parents selected from 28

" genotypes was assessed by Line x tester analysis.

4.1.1 Variability analysis
4.1.1.1 Mean performance of twenty eight genotypes of groundnut

The mean performance of twenty% eight groundnut
genotypes for kharif and rabi seasons' and the pooled mean

are given in Table 5.

4.1.1.1.1 Days to 50 per cent flowering
The number of days to 50 per cent flowering ranged
from 26.5 to 41.5 days with a mean of 33.05 during kharif

season. ICG-128 recorded the minimum and ICG-4861, the

- maximum flowering duration.
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Table 5

Mean performance of fourteen non-dormant and fourteen dormant genotypes for kharif
and rabi seasons '

Days to 50% flowering

Plant height (cm)

Total number of branches

Genotypes Kharif Rabi Pooled Kharif Rabi Pooled Kharif Rabi Pooled
mean mean mean
I Non-Dormant
ICG-5461 27.50 27.50 27.50 75.70 50.30 63.00 4.30 4.10 4.20
ICG-128 26.50 27.00 26.75 85.80 41.50 63.65 3.10 3.80 3.45
VRI-3 28.50 27.50 28.00 78.50 39.70 59.10 4.60 4,30 4.45
TMV-9 33.00 29.50 31.25 70.50 40.35 55.43 5.65 4.50 ‘5,08
Co-2 33.00 29.50 31.25 70.30 39.00 54.65 5.50 4.20 4.85
TG~14 32.00 28.00 30.50 69.90 48.60 59,25 4.40 2.40 4,35
TG-3 28.50 27.50 28.00 72.70 51.30 62.00 6.10 4.20 5.15
JL~24 30.50 28.00 29,25 74.63 50.90 62.76 4.80 4.20 4.50
ICG~7512 34.50 31.50 33.00 76.05 48.20 62.13 4.40 4.00 4.20
TG-6 33.00 27.50 '30.25 76.50 50.80 63.65 5.20 4.50 4.85
" POL-2 33.00 29,50 31.25 8l1.65 50.40 66.03 6.30 4.20 5,25
ICG~459 32.50 32.50 32.50 82.10 ' 46.60 64.35 4.8B0 4.30 4.35
ICG-1231 27.00 27.50 27.25 79.40 46.60 63,00 5.10 4.50 4.80
TMV-2 29.00 28.00 28.50 71.75 51.75 61.75 5.50 4.10 4.80
Contd....
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Tabla 5 contd.....

Daye to 50% flowering Plant height (cm) Total number of branches
Genotypes Kharif Rabi Poolad Kharif Rabi Pooled Kharif Rabi Pooled
mean mean mean
IT Dormant
ICG-1883 23.00 27.50 30.25 535.30 58.70 57.00 4,80 4.00 4.40
ICG~7269 28.50 25.50 27.00 74.65 49.65 62.15 5.10 4.20 4.65
TG-15. 32.50 31.50 32.00 67.40 47.90 57.65 6.20 4.20 5.20
TG-17 32,50 29.50 31.00 61.45 36.15 48.80 4.00 4.30 " 4.15
TMV-10 33.00 34.50 33.75 53.50 43.10 48.30 '12.40 13.75 13.08
ROBUT133—1 33.50 33.00 33.25 56.50 39,40 47.95 15.35 14.55 14.95
ICG=-6301 33.00 33.50 33,25 43.30 55.50 49.40 13.50 13.70 13.60
ICG~-8281 40.00 37.00 28,50 76.20 47.80 52.00 9.50 11.00 10.25
ICG-4861 41.50 42.50 42,00 94.90 103.70 99.30 15.90 11.50 13.70
ICG-~1002 38.00 39,00 38.50 85.40 64.10 74.75 . 11.10 10.50 10.80
ICG-1037 38.00 37.00 37.50 104.20 49.80 77.00 13.30 10.10 11.70 /
‘ICG-6193 39,00 37.00 38.00 93.80 56.40 75.10 12,30 10.30 _11.30
ICG~1063 40.50 38.00 39.25 87.40 60.55 73.98 10.10‘\ 11.70 10.90
. ICG-861 33.00 34,50 33.75 71.96 54.30 63.13 12.70 16.00 14.35
Mean 33.05 31.46 32.26 74.69 50.82 62.76 7.71 7.11 " 7.41
SED 1.06 0.92 1.04 . 6.17 2.89 6.04 0.78 0.53 0.54
CD (0.05) 2,18 1.89 4.26 12.65 5.92 24,75 1.60 1,09 2,21
CDh (0.01) 2.94 2.55 5.76 17.09 8.01 33.45‘ 2.16 1.47 2,98 o
L=

Contd. RN



Tabla 5 contd....

Number of mature pods Pod yield per plant (g) Hundred seed weight (g)
Genotypes 0 .
Kharif Rabi Pooled Kharif Rabi Pooled Kharif Rabi Pooled
: mean mean . mean
I Non-Dormant
ICG-5461 9.20 9.10 9.15 5.60 5.97 5.79 27.52 26.63 27.07
ICG-128 10.20 9.30 9.75 5.33 4.33 4.83 23.35 18.58 20.96
VRI-3 10.90 11.20 11.05 9.19 9.68 9.44 36.03 35.57 35.80
TMV-9 12.00 10.00 11.00 7.20 6.37 6.79 27.99 25.29 26.64
CO-2 12,10 11.70 11,90 9.89 10.21 10.05 31.01 39.24 35.12
TG-14 13.40 12.00 12.70 8.95 10.31 9.58 44.00 44.41 44,23
TG-3 14.50 11.30 12.90 B.61 7.04 7.85 31.00 \ 30.50 30.75
JL-24 12.90 9.80 11.35 13.59 9.78% 11.69 49.94 - 46.91 48.42
ICG-7512 10.10 7.30 8.70 7.63 5.66 6.65 33.74 31.83 32.78
TG-6 12.90 9.30 11.10 6.79 4.73 5.76 35;67 31.40 33.53
POL~2 14.40 10.30 12.35 9.60 7.80 8.70 31.85 30.06 30.96
ICG~459 4.40 5.50 4.95 5.43 4,23 4.83 - 27.02 25.07 26.04
ICG~1231 5.00 5.50 5.25 6.79 7.83 7.31 24.95 26.16 25.55
TMV-2 9,50 8.9Q 9.20 6.48 5.71 6.09 31.90 27.90 29.90
Contd....
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Table 5 contd......

Number of mature pods

Pod yield per plant (g)

Hundred seed weight (qg)

Contd. ..

Genotypes Kharif Rabi Pooled Kharif Rabi Pooled Kharif Rabi, Pooled
mean mean mean

1II Dormant

ICG~1883 7.10 10.80 8.95 9.12 7.11 8.11 34.60 38.00 36.30
ICG-7269 11.70 12.40 12.05 11.06 12.65 11.85 43.85 38.63 41.24
TG-15 10.70 9.60 10.15 5.55 4.94 5.25 50;04 50.54 50.29
T5-17 11.20 9.45 10.33 11.57 11.11 11.34 52.00 47.27 49.64
TMV-10 14.70 11.70 13.20 14.35 10.92 12.65 47.17 43.85 45.51
ROBUT-33-1 14.35 10.80 12.58 14.66 11.05 12.85 35.80 39.07 37.43
ICG-6301 6.75 14.90 10.83 5;77 6.64 6.20 24.59 25.90 25.25
ICG-B281 8.50 6.53 7.52 11.00 7.56 9.28 73.40 70.29 71.84
ICcG-4861 15,50 13.20 14.35 11.28 9.34 10.31 31.37 31.55 21.46
ICG~1002 7.60 8.20 7.90 8.09 5.40 6.75 .50.40 48.80 49.60 7
ICG-1037 14.00 8.90 11.45 13.53 9.23 11.38 48.90 50.16 49.53
- ICG-6193 5.60 4.30 4.95 6.96 4,72 5.84 34.09" 37.33 35.71
ICG=-1063 7.90 6.10 7.00 6.44 5.30 5.87 38.61 37.04 37.83
ICG-861 7.30 7.80 7.55 5.37 5.66 5.52 30.17 ‘29.74 29,95
Mean 10.51 9.50 10.01 B.78 7.55 B.1l7 37.53 36.70 37.12
SED 2,01 1.78 ‘ 1.31 1.73 1.83 0.77 2.77 2,40 1.37
CD (0.05) 4.12 3.65 5.36 3,55 3.83 3.02 5.68 4.90 5.37
CD (0.01) 5.55 4.93 7.24 4.79 5.18 3.98 7.67 6.70 '7.07 m




Table 5 contd....

’

Shelling percentage

0il content (%)

Yield (kg ha™)

Ganotypes . . .
Kharif Rabi Pooled Kharif Rabi Poolad Kharif Rabi Pooled
mean mean mean

I Non-Dormant

ICG-5461 68.05 62.31 65.65 ) 37.39 38.37 37.88 1900 1573 1736
(55.52) (52.69) (54.10) (37.67) (38.20) (38.93)

ICG-~128 64.40 68.71 6l.98 43.00 42.22 42.61 1640 1570 1605
(53.36) (50.51) (51.93) (40.97)  (40.48) (40.73)

VRI-3 71.16 64.74 69.54 45.08 45.61 45.34 2265 1815 2040
(57.52) (55.49) (56.50) (42.19)  (42.48) (42.33)

TMV-9 67.07 67.38 67.52 52.30 47.21 49,75 1915 1685 1800
(54.99) (56.47) (55.73) (46.32) (43.47) (44.86)

Co-2 70.86 €7.97 71.12 48.75 47.82 48,28 2063 1815 1939
(57.44) (57.55) (57.50) (44.27) (43.74) (44.01)

TG~14 63.67 65.87 66.67 43.39 45.68 44.53 2115 1735 1925
(52.93) (56.57) (54.75) (41.21)  (42.33) (41.77)

TG-3 73.05 69.73 71.45 45.05 46.85 45,95 1788 1485 1636
(58.73) (56.70) (57.71) (42.10)  (43.15) (42.62)

JL=24 69.24 71.25 71.32 46 .97 50.30 48.63 2165 1850 2008
(56.79) (58.76) (57.62) (43.28) (45.18) (44.23)

ICG-7512 68.91 €9.05 67.00 38.47 38.87 38.67 1188 1138 1163

. (56.14)  (53.00) (54.77) (38.29) (38.56) (38.43)

TG~-6 66.86 70.15 67.43 49,06 51.68 50.37 2068 1700 1884
(54.86) (55.67) (55.26) (44.48) (45.86) (45.17)

POL-2 70.15 67.26 70.00 44.95 40.65 42.80 1765 1653 1709
(56.86) (56.65) (56.76) (42.11) (39,61) (40.86)

ICG-459 72.94 66.52 71.74 44,71 42.18 43.44 1628 1480 1554
(58.69) (57.14) (57.90) (41.99) (40.28) (41.13)

ICG-1231 67.91 62.80 67.32 14.94 39.45 42,20 1790 1620 1705
(55.40) (54.76) (55.08) (42.10) (38.91) (40.50)

TMV-=-2 69.98 64.13 69.61 50.77 41.44 46.10 1990 1590 1790
(56.75) (56.33) (55.54) (45.43)  (40,04) (42.74)

88




Table 5 contd.....

Shelling percentage

0il content (%)

vield (kg ha™')

Genotypes . .
Kharif Rabi Pooled Kharif Rabi Poocled Kharif Rabi Pooled
mean mean mean
II Dormant
ICG-1883 65.45 62.41 63.93 39.93 39.74 39.84 1855 1790 1823
(54.00) (52.10) (53.05) (39.21  (39.09) (39.15)
ICG=7269 74.07 68.71 71.39 46.70 ‘ 43.15 44,93 1850 1795 1873
(59.39) (55.98) (57.69) (43.08) (41.06) (42.07)
TG-15 66.29 64.74 65.52 35.95 39.28 37.62 1938 1838 1888
(54.52) (53.59) (54.06) (36.82) (38.79) (37.81)
T5=17 67.50 67.38 67.44 50.58 49.73 50.16 1970 1820 1895
(55.25) (55.21) (55.23) (45.32) (44.83) (45.07)
TMV~10 73.43 67.97 70.70 50.89 53.79 52.34 2100 1363 1731
(59.31) (55.53) (57.42) (45.52) - (47.18) (46.35)
ROBUT-~33-~1 63.71 65.74 64.73 43,42 . 44.12 43.77 1970 1290 1630
(52.93) (54.16) (53.54) (41.21) (41.61) (41.41)
ICG~-6301 70.01 69.73 69.87 348,55 39,82 39.19 1325 1450 1388
(56.77) (56.60) (56.68) (38.38) (39.08) (38.73)
ICG-8281 69.00 71.25 70.13 44.50 38.30 41.40 1600 1588 1554
(56.17) (57.62) (56.89) (41.81) (38.24) (40.02)
ICG-4861 68.40 69.05 68.73 39.88 44.85 42,37 1700 1775 1738
(55.81) (56.20) (56.00) (39.15) (42.05) (40.60)
ICG-=1002 71.61 70.15 70.88 44 .41 50.50 47 .46 1250 1070 ) 1160-
: (57.80) (56.89) (57.35) (41.99) (45.26) (43.53)
ICG-1037 63.50 67.26 65.38 44.23 41.39 42.81 2088 1390 1739
: (52.84) (55.10) (53.97) (41.70) (40.04) (40.87)
| Contd....
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Table 5 contd....

1CG~6193 - 66.73 66.52 67.63 48.69 46.95  47.82 1500 1070 1285
(54.75) (54.64) (54.70) (44.26)  (43.25) (43.75) f

ICG-1063 62.80 62.80 62.80 44.74 43.43 44.09 1060 .1165 1113
(52.42) (52.42) (52.42) (41.98)  (41.18) (41.58)

1CG-861 64.93 64.13 64.53 44.11 45.01 44.56 1050 . 1250 1150 -
(53.66) (53.20) ° (53.43) (41.61)  (42.13) (41.87)

Mean 68.26 67.60 67.93 44.69 44.23 44.56 1773 1549 1661
(55.75)  (55.30) (55.53) (41.94)  (41.64) (41.79)

SED 1.32 1.38 0.92 1.85 1.40 7 0.89 173.44 96.60 177.94

CD (0.05) 2.71 2.82 3.76 3.79 2.90 3.50 355.47  .198.03  348.76

CD (0.01) 3.66 3.82 5.08 5.13 3.89 4.61 480.43  267.58  471.26

Values after

angular transformation are given in parenthesis

I
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In the rabi season the range was from 25.50 to 42.50

days, recorded by ICG-7269 and ICG-4861 respectively. The

mean duratipn recorded was 31.46 days.

The pboled mean recorded was the lowest in ICG-128
(26.75 days) and the highest in ICG-4861 (42 days). The

generai pooled mean was 32.26 days.

4.1.1.1.2 Plant height
In the kharif season minimum plant height was recorded
by ICG-6301 (43.3 cm) and maximum by ICG-1037 (104.2 cm).

The general mean was 74.69 cm.

The plant height ranged from 36.15 in TG-17 to 103.7
cm in ICG-4861 during rabi season. The general mean for

the trait was 50.82 cm.

The pooled mean height for the two seasons was
62.76 cm. ICG-4861 recorded the maximum height of 99.3 cm

while the minimum was recorded by Robut-33-1 (47.95 cm).

4.1.1.1.3 Total number of branches
The range was between 3.1 in ICG-128 to 15.90 in

ICG-4861 for Khdrif season. The general mean was 7.71.

During rabi season the maximum number of branches was
registered by Robut-33-1 (14.55) and minimum by ICG-128

(3.8). The general mean was 7.11.
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When the data for two seasons were pooled Robut-33-1
recorded the highest pooled mean for total number of
branches (14.95) and the least by I1CG-128 (3.45) and the

pooled general mean was 7.41.

4.1.1.1.4 Number of mature pods
The mean number of mature pods for kharif season
ranged from 4.4 in ICG-459 to 15.5 in ICG-4861 with a

general mean of 10.51.

The range was found to be between 4.3 to 14.9, during
rabi season, ICG-6301 recorded the maximum number of
mature pods, while ICG-6193 recorded the minimum value for

the trait. The general mean was_9.5.

The pocled mean was the highest for ICG-4861 and the
least for ICG-6193 and ICG-459 the values being 14.35 and

4.95 respectively. The pooled general mean was 10.01.

4.1.1.1.5 Pod yield per plant

For kharif season genotypes ICG-128 recorded the
minimum per plant pod vyvield of 5.33, while Robut-33-1
registered maximum yield of 14.66 g. The general mean for

the character was 8.78 g.

The range was found to be between 4.23 g (ICG-459) to
12.65 g (ICG-7269) during rabi season. The general mean

was 7.55 g.
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The two seasons' pooled mean was highest for Robut-33-1
'(12.85 g) and least for ICG-128 and ICG-459 (4.83 g). The
pooled general mean was 8.17 g. ~
4.1.1.1.6 Hundred see;l weight

‘The general mean for hundred seed weight for kharif
season was found to be 37.53 g, while the range was from
23.35 g to 73.4 g. ICG-8281 recorded the highest value and

1CG-128 recorded the least.

The range for rabi season was from 18.58 g in ICG-128

to 70.29 g in ICG-8281. The general mean registered was

36.7 g.

The pooled mean recorded for the character was the
maximum in ICG-8281 (71.84 g) and the minimum in ICG-128
(20.96 g). The general pooled mean for the trait

was 37.12 g.

4.1.1.1.7 Shelling percentage
For the kharif season the range was found to be
between 62.8 per cent in ICG-1063 and 74.07 per cent in

ICG-7269. The general mean was 68.26 per cent.

The mean shelling percentage for twenty eight
genotypes for rabi season was 67.6 per cent. The range
recorded for the trait was from 62.3 per cent in ICG-5461

to 71.25 per cent in ICG-8281 and JL-24.



The pooled general mean was 67.93 per cent, the
maximum value recorded was 71.74 per cent for ICG-459 and

the minimum by ICG-128 (61.98 per cent).

4.1.1.1.8 Oil content

The genotype TMV-9 recorded the maximum oil content
(52.3 per cent) while TG-15 recdrded the minimum (35.95 per
cent) for kharif season. The general mean for the trait

was 44.69 per cent.

The range was found to be between 38.3 per cent and
53.79 per cent, ICG-8281 recording the minimum value and
TMV-10, the maximum value during rabi season. The general

mean for oil content was 44.23 per cent.

The pooled mean recorded for both the seasons was the
highest for TMV-10 (52.34 per cent) and the lowest in TG-15
(37.62 per cent). The pooled general mean was 44.56 per

cent.

-4.1.1.1.9 Yield (kg ha™)

The éer hectare yvield recorded for'kbarif season was
the highest for VRI-3 (2265 kg ha’l) and the least for ICG-
861 (1050 kg haJ). The general mean for the character was

1773 kg ha’l.



For the rabi season, the range was between 1070 kg ha!

in ICG-1602 to 1850 kg hal in JL-24. The general mean was

1773 kg ha’l.

The general pooled mean recorded for pod yield was
1661 kg hal. The highest pooled yield was recorded by

VRI-3 (2040 kg haJ)and the least by ICG-1063 (1113 kg hai).

4.1.1.2 Analysis of variance

Data on nine biometric characters recorded on twénty
eight genotypes for two seasons was subjected to
statistical analysis. The ANOVA 1is presented in Table 6
and 7; Variance due to genotypes for individual season for

all the traits were significant at one per cent level.

In the pooled analysis also the genotypes recorded
significant differences in all the traits except plant
height (Table 8). Thé X! test revealed that error mean
squares for the two seasons, were homogenous and
interaction significant in the case of days to 50 per cent

flowering, number o¢f mature pods per plant, shelling

66

percentage and pod vyvield, whereas interaction was not.

significant in the case of pod yield per plant, hundred
seed weight and o0il content. For plant height and total
number of Dbranches, the error mean squares were

heterogenous and interaction was significant.
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Table 6 Analysis of variance for nine plant characters in
twenty eight groundnut genotypes during kharif season

Mean sum of squares

Sl. "Character/source :
No. Varieties Error
' df = 27 df = 27
1 Days to 50% flowering 33.94%%* 1.11
2 Plant height 343.86%* 38.10
3 Total number of branches 31.34%% 0.61
4 Number of mature pods 20.54%=% 4.05
5 Pod yield per plant 16.94%*% 3.00
6 Hundred seed weight 251.18%*x* 7.66
7 Shelling percentage 8.18%x% 1.74
8 0il content 12.16%** 3.43

9 Pod yield (kg ﬁaﬂ) 230558.82%%* 30081.11

* Significant at 5% level
**% Significant at 1% level
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Table 7 Analysis of variance for nine plant characters in

twenty .eight groundnut genotypes during rabi season

Mean sum of squares

sl. Character/source
No. Varieties Exrror
df = 27 df = 27
1 Days to 50% flowering 40.03*% 0.84
2 Plant height 305.83%% 8.36
3 Total number of branches 34.02%% 0.28
4 Number of mature pods 13.80%*% 3.16
5 Pod yield per plant 12.93%% 3.48
6 Hundred seed weight 237.34%% 5.75
7 Shelling percentage 7.26%% 1.92
8 0il content 12.79%% 1.96
9 Pod yvield (kg ha4) 123342.82%% 9331.06

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



Table 8

groundnut genotypes during kharif and rabi seasons

{

Pooled analysis of variance for nine plant characters in twenty eight

Mean sum of

MSSV

tested against

sl. Character/sgource squares for
No. varieties :
(MSSV) af MSS
df = 27
1 Days to 50% flowering®® 69,66%* Interaction mean square 27 4,32
2 Plant height?® 179.06" Interaction mean sguare 27 145.78
3 Total number of branches¥ 31.52%% Interaction mean square 27 1.16
4 Number of mature pods® 26.11%~* Interaction mean sguare 27 6.83
per plant
5 Pod yield per plant+ 26.,22%% Pooled error mean 81 2.38
square of interaction
and pooled error .
6 Hundred seed weight+ 479 .3%* Pooled error mean 81 7.51
square of interaction
and pooled error
7  Shelling percentage® 12.28%¥ Interaction mean 27 3.37
_ squares
B8 01l content< 20.77%* Pooled error mean 81 3.18
gquare of interaction
and pooled error
9 Pod yield (kg ha™t)& 148006.5%* Interaction mean 27 28944.00

squares

S

Error mean sqguares homogenous, interaction gignificant
Error mean squares homogenous, interaction not significant
Error mean squares heterogenous interaction significant
** Significant at 1% level

Significant at 5% level
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.4.1.1.3 Genetic parameters of variation
The genétic parameters of variation for kharif and
rabi seasons in nine biometric characters are presented in

Table 9 and 10.

The phenotypic and genotypic variances were almost
equal in magnitude in most of the characters except for
number of mature pods, pod yiela per plant and oil content,
where the phenotypic variance was considerably higher. The
phenotypic coefficient of wvariation was higher than
genotypic coefficient of ‘variation in all the traits but
the differences were small, except in fhe case of number of

mature pods per plant and pod yield per plant.

The broad sense heritability estimates were high for
all the traits except for o0il content in kharif season and
pod vield per plant and shelling percentage in rabi season.
Heritability ranged from 56.03 per cent for oil content to
96.18 per cent for total number of branches in kharif
season. The range was from 57.61 per cent for pod yield
per plant to 98.57 per cent for total number of branches in

rabi season.

The genetic advance expressed as percentage over mean
was highest for total number of branches (102.46) followed.
by hundred seed weight (58.70) during kharif season. In
the rabi season also same characters recorded the highest,

values, 118.0 and 58.97 respectively.



Table 9

Genetic parameters for nine characters for kharif season

Parameter Days to Plant Total Number of Pod yield Hundred Shelling oil Pod yie}d
50% height number of mature per plant seed percen- content kg ha"
flowering branches pods weight  tage
Genotypic 16.42 152 .88 15.35 B.25 6.97 121.76 3.22 4.37 100238.85
variance
2
T
Phenotypic 17.53 190,98 15.96 i2.30 9.97 129.42 4.96 7.80 130319.96
variance
2 .
6P \
Envircnmental 1.11 38.10 0.61 4.05 3.00 7.66 1.74 3.43 3o0081.11
variance
2
. Ge
Genotypic 12.26 16 .55 50.82 27.33 30.07 29.40 3.22 4.98 17.8¢
coefficient
of variation
(GCV) %
Phenotypic 12.67 18.50 51.82 34.70 35.96 30.31 3.99 6.66 20.36
coefficient of
variation
(pCcv) %
Heritability 93.67 §0.05 96.18 67.07 69.91 94.08 67.14 56.03 76.92
(Proad sense) %
Genetic advance 8.11 22.78 7.90 4.84 4.55 22.03 3.07 3.22 571.87
Genetic advance 30.50 102.46 46,05 51.82 58.70 5.51 7.21 32.25

as % of mean

24.54

I



Table 10 Genetic parameters for nine characters in groundnut for rabi season

Parameter Days to Plant Total Number of Pod yield Hundred Shelling 0il Pod yiq}d
50% height number of mature per plant seed percen- content kg ha
flowering branches pods welght tage
Genotypic 19.60 148.74 16.87 5.32 4.73 115.80 2.67 5.42- 57005.88
variance
2
Ca
Phenotypic 2044 157.10 17.15 8.48 8.21 121.55 4.59 7.38 66336.94
variance
2
Gp
Environmental 0.84 8.36 0.28 3.16 3.48 5.75 1.92 1.96 9331.06
variance
2
Ge
Genotypic 14.07 24.00 57.77 24.28 28.80 29.32 2.96 5.59 15.41
coefficient of
variation
(GCcv) %
Phenotypic 14.37 24.66 58.25 30.65 37.65 30.04 3.87 6.52 16.63
coefficient of
variation
(PCV) %
Heritability 95.89 34.68 98.37 62.74 57.61 95.27 58.17 73.44 85.93
(Broad spense) %
Genetic advance 8.93 24.45 §.39 3.76 3.40 21.64 2.57 4.11 455,92
Genetic advance 28.39 48.11 118.00 39.58 45.03 58.97 4.65 9.80 29.43

ags % of mean

2L



4.1.2 Genetic divergence

The divergence within the genotypes and the characters
were tested by Wilk's criterion and was found to be
significant. Thus the analysis of genetic divergence among
the genotypes taken for study was considered to be

relevant.

4.1.2.1 D?analysis

The data on nine characters in twenty eight genotypes,
for kharif and rabi seasons were analysed for genetic
divergence. The plot means of twenty eight genotypes were
-transformed into standardised uncorrelated mean values. The
D! values were computed for all possible 28 (28-1)/2 = 378
pairs of genotypes. By the application of clustering
technigque the 28 genotypes could be grouped into four
clusters, both in kharif and rabi season. The constituents
of different clusters with their sources are presented in

Table 11 and 12.

Among the four clusters identified for kharif season,
cluster-I was the largest with fourteen genotypes, followed
by cluster-II with six genotypes. Cluster-III and IV were
represented by four genotypes each. In the rabi season.
also the 28 genotypes could be grouped into four clusters.
Cluster-I had the maximum number of genotypes (sixteen)
followed by cluster-II with six genotypes and cluster-III

and IV with three genotypes each.
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Table 11 Composition of D2 clusters for Kharif iseason
Cluster Total number Identity \Botéhical Origin/source
No. of genotypes T variety
in each
cluster
I 14 ICG-5461 Valencia ICRISAT,
Hyderabad
ICG-128 Valencia ICRISAT,
Hyderabad
VRI-3 Spanish Virudhachalam
Tamilnadu
T™V-9 Spanish Tindivanam
-Tamilnadu
Co-2 Spanish Coimbatore,
Tamilnadu
TG-14 Spanish BARC, Trombay
JL-24 Spanish Jalgaon,
Maharashtra
TG-6 Spanish BARC, Trombay
POL-2 Spanish Coimbatore,
Tamilnadu
ICG-459 Spanish ICRISAT,
Hyderabad
ICG-1231 Spanish” ICRISAT,
Hyderabad
TMV-2 Spanish Tindivanam,
Tamilnadu
ICG-1883 Valencia ICRISAT,
Hyderabad
ICG-7269 Spanish ICRISAT,
Hyderabad
II 6 ICG-8281 Virginia ICRISAT,
bunch Hyderabad
ICG-4861 Virginia ICRISAT,
runner Hyderabad




Tabie 11 contd....
ICG-1002 Virginia ICRISAT,
runner Hyderabad
ICG-1037 Virginia ICRISAT,
runner Hyderabad
ICG-6193 Virginia  ICRISAT,
runner Hyderabad
ICG-1063 Virginia ICRISAT,
runner Hyderabad
IIT - 4 TMV-10 Virginia Tindivanam,
bunch Tamilnadu
Robut- Virginia ICRISAT,
33-1 bunch Hyderabad
ICG-6301 Virginia ICRISAT,
bunch Hyderabad
ICG-861 Virginia ICRISAT,
runner Hyderabad
IV 4 TG-3 Spanish BARC,
Trombay
ICG-7512 Spanish ICRISAT,
Hyderabad
TG-15 Spanish BARC,
Trombay
TG-17 Spanish BARC,

Trombay
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Table 12 Compaosition of D2 clusters for Rabi season
Cluster Total number Identity Botanical Origin/source
NO. of genotypes variety
in each
cluster
16 ICG-5461 Valencia ICRISAT,
Hyderabad
ICcG-128 Valencia ICRISAT,
Hyderabad
VRI—3. Spanish Virudhachalam
Tamilnadu
TMV-9 Spanish Tindivanam,
Tamilnadu
co-2 Spanish Coimbatore,
Tamilnadu
TG-14 Spanish BARC,
Trombay
TG-3 Spanish BARC,
Trombay
JL-24 Spanish Jalgaon,
Maharashtra
ICG-7512 Spanish ICRISAT,
Hyderabad
TG-6 Spanish BARC,
Trombay
POL-2 Spanish Coimbatore,
Tamilnadu
ICG-459 Spanish ICRISAT,
Hyderabad
ICG-1231 Spanish ICRISAT,
Hyderabad
TMV-2 Spanish Tindivanam,
Tamilnadu
ICG-1883 Valencia ICRISAT,
Hyderabad
ICG-7269 Spanish ICRISAT,
Hyderabad

Contd....



Table 12 contd.....
IT 6 ™V-10 Virginia Tindivanam,
bunch Tamilnadu
Robut- Virginia ICRISAT,
33-1 runner Hyderabad
ICG-1002 Virginia ICRISAT,
runner Hyderabad
ICG-1037 Virginia ICRISAT,
runner Hyderabad
ICG-6193 Virginia ICRISAT,
runner Hyderabad
ICG-1063 Virginia ICRISAT,
runner Hyderabad
I1I 3 TG-15 Spanish BARC,
’ Trombay
TG-17 Spanish BARC,
Trombay
ICG-8281 Virginia ICRISAT,
bunch Hyderabad
IV 3 ICG-6301 Virginia ICRISAT
bunch Hyderabad
ICG-861 Virginia ICRISAT,
runner Hyderabad
ICG-4861 Virginia ICRISAT,
runner Hyderabad
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The clustering pattérn of genotypeskfor kharif season
was in general, based on their subspecific status: The
clusters I and IV comprised of genotypes belonging to
subsp. fastigiata and clusters—-II and III were constituted
by subsp. hypogaea genotypes. All the three Valencia
" genotypes and eleven Spanish genotypes were grouped into
cluster-I. Cluster-IV comprised of only Spanish genotypes.
Cluster-III included Virginia bunch genotypes with the
exception of 1ICG-861 which was a Virginia runner.
Similarly, cluster-II was constituted by Virginia runners

with the exception of ICG-8281 which was a Virginia bunch.

For the rabi season, however the clustering pattern
was found to be at random. All the three Valencia
genotypes and thirteen other Spanish genotypes were grouped
in cluster-I. Cluster-II was formed with two Virginia
bunch and four Virginia runner genotypes. Cluster-III
included two Spanish and one Virginia bunch genotype. Two
Virginia runner and one Virginia bunch were grouped in

cluster-1IV.

4.1.2.2 Intra and inter cluster average distance

The intra and inter cluster D2 and D values among the
four clusters for kharif and rabi seasons are presented in

Table 13 and 14 respectively.
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Table 13 I?ter and intra (diagonal) cluster average of
D* values for Kharif season ‘

Clusters T II IIT Iv

I 73.51 539.61 360.86 123.58 S

: (8.57) (23.23) (19.00) (11.12)

II - 163.40 276.30 393.42

(12.78) (16.62) (19.83)

III - - 93.23 292.7

(9.66) (17.11)

Iv _ - . - 131.58

(11.47)

Table 14 IFter and intra (diagonal) cluster average of
D‘ values for Rabi season

Clusters I II III Iv

I 91.30 638.81 550.64 748.37

(9.56) (25.27) (23.47) (27.36)

II - 150.61 497.53 434.00
~ (12.27) (22.31) (20.83)

III - - - 478.27 981.17
(21.87) (31.32)

IV - - - 7 583.98

(24.17)
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For the &kharif season, the highest inter- cluster
distance was observed betwéen cluster-I and II (23.23) and
the least was between cluster-I and IV (11.12). Among the
rabi seasoﬁ clusters, the inter- cluster distance was

maximum between cluster;III and IV (31.32). The closest

clusters were II and IV (20.83).

The intra~ cluster distance for. kharif season
was the highest in cluster-II (12.78) and the least in
cluster~I (8.57). 1In the rabi season maximum intra-cluster
distance was recorded by cluster-IV (24.17) and minimum by

cluster-I (9.56).

4.1.2.3 Cluster mean value of characters

The mean values for nine characters in each cluster

for kharif and rabi seasons are presented in Table 15.

In the kharif season wide differences were observed
among clusters for most of the characters except for number
of mature pods per plant and shelling out turn. Higher
values than general mean were observed in cluster-II and
I1I for days to 50 per cent flowering, plant height and
total number of branches, clusters-IIT and IV for number of-
mature pod; per plant, clusters-II and III for pod yield
per plant, clusters-II and IV for hundred seed weight,
cluster-I and IV for shelling percentage, cluster-I for oil

content and per hectare vield. Cluster-I recorded maximum



Table 15 Cluster means for mnine

characters

Sl. Character General Clusters
No. mean
I II ITI IV
A. KHARIF SEASON
1 Days to 50% 33.05 30.57 39.50 33.13 32.00
flowering
2 Plant height (cm) 74.69 74.76 90.27 56.32 55.84
3 Total pumber of 7.71 4.90 12.03 13.49 - 5.18
branches
4 Number of mature 10.51 10.41 9.85 10.78 11.63
pods per plant
5 Pod yield per B.78 8.44 9.55 10.05 7.55
plant (g)
6 Hundred weed 37.53 33.55 46.13 34.43 41.70
weight (g)
7 Shelling 68.35 68.71 67.03 68.20 69.00
percentage
8 0il content (%) 44.70 45,52 44.40 44 .20 42.40
9  Pod yield (kg hal) 1773 1936 1533 1289 1721
B. RABI SEASON
1 Days to 50% 31.46 28.38 36.42 32.67 36.83
flowering : -
2 Plant height (cm) 49,13 47.717 52.23 43.65 §5.33
3 Total number of T7.10 4.21 11.82 6.50 13.73
branches -
4 Number of mature 9.50 9,65 8.33 8.53 11,97
pods per plant
5 Pod yield per 7.55 7.46 7.77 7.87 7.21
plant (g)
6 Hundred seed 36.87 32.26 42.71 56.03 30.65
weight (g)
7 Shelling 67.60 67.85 66.75 67.84 67.70
percentage :
8 0il content (%) 44.15 43.72 46.65 42 .40 43.20
9 Pod yield (kg ha4) 1549 1643 1225 1811 1429

81
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cluster mean for oil content, per hectare pod vield, while
cluster-I1 registered maximum values for days to 50 per
cent flowering and hundred seed weight. Cluster~III
registered highest mean values for total number of branches
and pod yield per plant. Cluster-IV recorded maximum
values for number of mature pods per plant and shelling

percentage.

For the rabi season also, the differences in the
cluster means were very evident except in the case of pod
vyield per plant and shelling percentage. Higher value than
the general mean was observed in the cluster-II, III and IV
for days to 50 per cent flowering, II and IV for plant
height and total number of branches. Cluster-1I and II for
number of mature pods per plant, cluster-II and III for
pod yield per plant and hundred seed weight, cluster-I,
III, IV for shelling percentage, cluster-II for oil
content, cluster-I and IIT for per hectare yield. Cluster~
I recorded maximum cluster mean for shelling percentage,
cluster-II for oil content, cluster-III for pod yield
peer plant, hundred seed weight and per hectare vield.
Clustér—IV registered highest mean value for days to 50 per

cent flowering, plant height, total number of branches and

number of mature pods per plant.
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4.1.3 Line x Tester analysis
OQut of the twenty eight genotypes, eight genotypes .

three non-.dormant and five dormant were seleéted as
parents, baged on per se performance, dormaﬂcy range and
divergence. To avoid cytoplasmic effect if any, the
dormant denotypes were taken-as male parents. Another
reason for selecting dormant genotypes as male parents was
that, the subséecies hypogaea branching habit being
dominant over subspecies fastigiata habit, it would serﬁe
as a marker character for selecting true hybrids in many of
the crosses. Three out of five dormant male parents

belonged to subsp. hypogaea.

While fixing the non-dormant parents from fourteen
non-dormant genotypes, short duration and high pooled mean
vield were given priority and JL-24, VRI-3 and C0O-2 were
selected from cluster I. While selecting dormant parents
stress was given to divergence as well as range in durationof
dormancy. Inclusion of different botanical groups as far
as possible was also taken care of in the choice 6f dormant
parents. Though selection was based on kharif season
clusters, their divergence was further confirmed in rabi
season also. Thus, ICG-7269 with 20 days dormancy from
cluster I, TG-17 with 30 days dormancy from cluster IV
(both belonging to subsp. fastigiata), TMV-10 a virginia
bunch with 50 days dormancy from cluster III and ICG-4861

(Virginia runner) with 60 days dormancy and ICG-1037



(Virginia runner) with 80 days dormancy from cluster II
(the latter three from subsp. hypogaea) were selected as

dormant parents.

Each of the three non-dormant génotypes was crossed
with each of the five dormant ones and the resultant
fifteen hybrids were raised for the study in summer 1994.
Data on seven yield contributing characters were subjected
to analysis of variance (Table 17). The treatment
differences between genotypes (parents and hybrids) were

highly significant for all the characters.

4.1.3.1 Mean performance of the parents and hybrids

The data on mean performance of the parents and
hybrids for the seven characters under study are presented

in Table 16.

4.1.3.1.1 Days to 50 per cent flowering

Earliness is considered as a desirable character for
vield in groundnut where the cropping seasons are short.
The shortest duration for 50 per cent flowering among the
parents was recorded by ICG-7269 (26.5 days) while maximum
duration was taken by ICG-4861. The mean duration for
parents was 31.13 days. All the five fastigiata parents,
JL-24, VRI-3, co-2, ICG-7269 and TG-17 recorded

significantly lower duration for flowering.
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Among the hybrids JL-24/ICG-7269, VRI-3/ICG-7269 and
CO0-2/ICG-7269 recorded the lowest duration for 50 per cent
flowering. The mean value recorded for hybrids was 32

days. Six hybrids recorded significantly lower values than

hybrid mean.

4.1.3.1.2 Plant height

Among the parents, ICG-1037 was found to have the
maximum plant height (85.25 cm) while TG—-17 was having the
least height of 34.25 cm. The mean height of parents was
51.82 cm. Two parents, ICG-4861 and ICG-1037 significantly

exceeded this wvalue.

—

Among the hybrids the plant height ranged from 37.55
cm in JL-24/TMV-10 to 59.15 cm in CO-2/ICG-1037. Only one
hybrid C0-2/ICG-1037 recorded significantly higher values

than the hybrid mean, 50.87 cm.

4.1.3.1.3 Total number of branches per plant

The highest value for total number of branches among
parents, 13.2, was observed for TMV-10 which is a virginia
bunch variety. The minimum value 4.0 was recorded by VRI—é
and ICG-7269. The mean of eight parents was 6.92 which was
significantly exceeded by the three virginia types TMV-10,

ICG-4861 and ICG-1037.



Table 16

Mean performance of parents and hybrids

S5l. Parent/hybrid Dpays to Plant Total Number of Pod yield Shelling
No. 50% height numper of mature per plant percentage
flower- (cm) branches pods per (9)
ing plant
1 JL-24 28.0 45.3 4.1 10.5 " 9.84 70.18(56.89)
2  VRI-3 27.5 37.95 4.0 11.4 7.82 70.07(56.73)
3 Co-2 28.5 42.95 4.1 9.2 7.97 69.13(56.23)
4 ICG-7269 26.5 50.95 4 7.9 7.23 69.38(56.35)
5 TG-17 28.0 34.25 4.1 9.0 8.77 70.81(57.30)
6 TMV-10 34.5 37.25 13.2 11.3 9.87 70.07(56.78)
7 ICG-4861 40.0 80.7 11.0 8.2 5.96 66.87(54.88)
8 ICG-1037 36.0 85.25 10.853 10.7 7.04 68.57(55.89)
9 JL-24/ICG-7269 28.0 50.2 4.5 12.9 14,7 72.97(58.67)
10 JL-24/7G-17 27.5 41.3 7.5 10.2 8.10 71.88(57.96) 37.§
11 JL-24/TMV-10 33.5 37.55 16.45 13.4 9.84 71.9(57.96) 43.1
12 JL-24/1ICG-4861 32.0 51.65 10.6 9.55 15.39 64.43(53.28) 49 .(
13 JL—24/ICG—1037 33.5 54.7 10.35 11.9 14.23 60.46(54.69 50.¢
14 VRI-3/ICG-7269 27.5 57 .45 4.3 16.6 11.66 67.95(55.55) 38.
- Qortd.

98



Table 16 contd....

15 VRI-3/TG-17 28.5 46.55 5.8 10.8 10.00 71.51(57.71) . 45.10
16 VRI-3/TMV-10 34.5 47.15 15.4 10.6 7.41 66.85(54.85) 44.77
17 VRI-3/ICG-4861 35.5 53.4 9.8 7.3 5.14 57.45(49.25) 33.79
18 VRI-3/ICG-1037 35.0 51.45 10.0 7.0 8.80 59.40(50.46) 37.81
19 CO-2/ICG~7269 27.5 55.8 6.1 13.8 14.14 71.88(57.96) 33.95
20  CO-2/TG-17 29.5 54.4 9.0 9.63 8.89 69.37(56.39) 36.55
21 CO-2/TMV-10 35.0 48.0 12.2 12.7 7.73 73.96(59.31) 30.67
22 C0-2/ICG-4861 34.5 54,3 11.0 7.6 7.98 66.04(54.37) 29.87
23 CO-2/1CG-1037 38.0 59.15 10.6 8.0 8.59 70.77(57.27) 30.77
Mean of parents 31.13 51.82 6.92 9.77 8.06 69.39 (56.38) 41.6
Mean of hybrids 32.0 50.87 9.57 10.8 10.17 67.79 (55.71) 39.44
CD (0.05) 2.53 6.46 2.07 2.20 1.86 0.19 (2.49) 3.69

CD (0.01) 3.44 8.76 2.82 3.01 2.51 0.35 (3.38) 5.02

Values after angular transformation are given in parenthesis
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Among the hybrids total number of branches ranged
between 4.3 in VRI-3/ICG-7269 to 16.45 in JL-24/TMV-10 with
a mean of 9.57. Three hybrids have recorded significantly

hiéher valueé than hybrid mean.

4.1.3.1.4 Number of mature pods per plant

The parental mean fér the trait was 9.77 which was not
significantly exceeded by any of the parents. Among the
eight parents VRI-3 recorded the maximum number of mature

pods (11.4) while ICG-4861 recorded the minimum (8.2).

Among the fifteen hybrids VRI-3/ICG-7269 recorded the
maximum number of mature pods per plant (16.6), while
VRI-3/ICG-1037 registered the minimum of 7.0 pods. The
hybrid mean for this character was 10.8 and three hybrids
significantly exceeded this value.

e

4.1.3.1.5 Pod yield per plant

The parental performance for pod yield pér pl;nt
ranged between 5.96 g in ICG-4861 to 9.87 g in TMV-10 with
a mean of 8.06 g. None of the parents registered
significant increase in pod yield over parental mean.

Out of the 15 hybrids studied, five hybrids gave
significantly superior pod yield than the hybrid mean

10.17 g. The range was between 5.14 g in VRI-3/ICG-4861 to

15.39 g in JL-24/ICG-4861.
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4.1.3.1.6 Shelling percentage

The shelling percentage in the parents ranged between
66.87 per cent in ICG-4861 to 70.81 per cent in TG-17. The
parental mean for the trait was 69.39 per cent. None of
the parents recorded significantly higher values than the

parental mean (69.39 percentage).

Three hybrids registered significantly higher values
for shelling percentage than the hybriq mean 72.65 per
cent, the range being 57.45 per cent in VRI-3/ICG-4861 to
73.96 per cent in CO-2/TMV-10.

4.1.3.1.7 Hundred seed weight

The range for hundred seed weight for parents was from
31.52 g in C0-2 to 51:45 g in TG-17 with a mean of 41.6 q.
Four parents registered significantly higher values than

parental mean.

Among the hybrids, the range was between 29.87 g in
C0-2/ICG-4861 to 50.63 g in JL-24/ICG-1037. Eight hybrids
recorded significantly superior values than the hybrid mean

39.44 g.

" 4.1.3.2 Analysis of variance
4.1.3.2.1 Analysis of variance of parents and hybrids

The analysis of variance for parents and hybrids is
presented in Table 17. The analysis of the data revealed

that the _ variances due to parents, hybrids and



Table 17

Analysis of variance for parents and hybrids

Mean sguares

Source daf Days to Plant Total No. No. of Pod Shelling Hundred
50% height of mature yield percen- seed
flower- {cm) branches pods per per tage weight
ing plant plant
(9)
Replication 1 2.17 22.12 0.29 11.54 0.02 2.31 0.30
Treatments 22 32.49%% 298 . 57** 29 . T1%¥ 11.41%~ 15.69%* 11.72%* 112.07**
Parents 7 49 ,96%* 7196 .27%+* 32.13%% 3.79%%* 3.,75%%* l1.12 146.04%*
Hybrids 14 25 5ww 70.37* 25,37%* 15;25** 19.48*~ 17.53%% 99 . 59w
Parents vs. 1 T.99%% 9.52%* 73.53%* 10,94%%* 46,22%% 4,.69% 48.92%*%
Hybrids
Females 2 0.50% 28.1B%% 0.01 2,45 2.53 0.23 199.92%%
Males 4 63.75%% 1150.83%* 36.69%* 4,57%* 4,75% 1.71 125.35%%
. Females vs. 8 93.75% 914.16%* 78.09** 3.36% 2.18 0.53 121 .06%%*
Males
Error 22 1.49 9.69 1.00 1.13 0.80 1.44 3.17
Total 43 16.66 151.2 15.02 6.39 8.06 6.49 56.34

Significant at 5% level

*% Significant at 1% level
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parents vs. hybrids were highly significant for all the

characters except shelling percentage. For shelling
percentage the variance due to parents was not
significantl The variance due to females, males and

females vs. males were significant for plant height,- number
of mature-pqu and hundred seed weight but not for shelling
percentage. The variance due to females was not
significant for total number of branches, pod yvield and
shelling pefcentage. Variance due to females vs. maleswas
not significant for pod yield per plant and shelling
percentage. The variance due to males was not significant

for shelling per centage.

4.1.3.2.2 Analysis of variance of combining ability

The analysis of variance for combining ability is
presented in Table 18. The differences in the combining
ability effects of males, females and the interaction kere
highly significant for most of the characters. For total
number of branches variances due to combining ability
effects of females was not significant. Interaction effect

was not significant for days to 50 percentage flowering.

4.1.3.2.3 GCA and SCA variances

The general (GCA) and specific combining ability (SCA)
variances for seven characters are presented in Table 189.
The magnitude of GCA variance was more than the Sca
variance for days to 50% flowering, plant height and
shelling percentage, whereas SCA variance was more for
number of mature pods, pod yvield per plant and hundred seed

weight.
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ple 18 analysis of variance for combining ability
Table
— ¢ Mean squares 7
df Days to Plant Total No. of Pod Shelling Hundred
source 508% height No. of . mature yield percentage seed
flower- (cm) branches pods per per weight
ing plant plant
(9)
Females 2 10.3* 132.22%% 2.00 4.12% 40.78%* 35.20%%* 461.33%
Males 4  79.08%% 137.95%%  79,90%%  38.98%%  24,70%*: 33.48%¥ 7.30%%
Females/Male . 8 2.51 21.12%%* 3.95* 6.01% 11.55%~ 5,00%* 55 .30%*
Error 14 1.49 10.5 1.37 1.27 0.96 - 2.10 2.62
/
* gignificant at 5% level

** Significant at 1% level
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Table 19 Estimation of combining ability variances genetic components and heritability

(narrow sense) for seven characters

- 2 2 2 2 2
Character Ogca Osca A 611 6 a Heritability
. (F=1) (F=1) - in narrow

(SD sense

Days to 50% flowering 5.40 0.51 10.8 0.51 21.18 87.37

Plant height 14.25 5.7 28.493 5.72 4.99 72.96

Total number of 4.62 1.48 9,25 1.48 6.27 82.4

branches

Number of mature pods 1.98 2.44 3.96 2.44 1.62 56.86

Pod yield per plant 2.65 5.37 5.3 5.34 0.99 47.84

Shelling percentage 3.68 1.79 7.37 1.79 4.11 74.59

100 seed weight 22.38 26.06 44.75 26.06 1.72 61.81
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4.1.3.2.4 . Genetic components of variation

The additive component of variance A and non additive
component D.for seven characters are presented in Table 19.
The magnitude of additive comggnent was higher than non
additive component in all the characters exXxcept in peod

yield where both the components were of equal magnitude.

4.1.3.2.5 Proportional contribution of males, females and hybrids to total

genetic variance
The proportidnal contribution to total variance by

males, females and hybrids are presented in Table 20.

The proportional contribution by males was substantial
for all the characters except hundred seed weight for which
the contribution was mostly by females. For hundred seed
weight, plant height and shelling percentage, the females
contributed more than hybrids. Total number of branches
and pod yield per plant were the characters for which
females vs. males interaction recorded a higher

contribution than females.

4.1.3.3 Heritability in narrow sense

Narrow sense heritability estimates for seven
characters is presented in Table 19. Maximum heritability
was recorded for days to 50% flowering (87.37%) followed by
total number of branches (82.4%) and shelling percentage
(74.59%). The least value for heritability was recorded by
pod yvield per plant (47.84%).
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Table 20 Proportional contribution to total variance by
parents and hybrids
, Proportianal contribution (%)
Characters -
Females
Females Males vs. Total
Males
Days to 50% -5.77 88.61 5.62 100
flowering
Plant height 26.84 56.01 17.15 100
Total number of 1.13 89.98 8.90 100
branches
Number of mature 4.43 73.05 22.52 100
pods per plant
Pod yield per 29.90 36.22 33.88 100
plant
Shelling 28.83 54.80 16.37 100
percentage
100 seed weight 31.73 100

66.18 2.09
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4.1.3.4 Combining ability effects |
The combining ability effects for seven biometric
characters are presented jndividually in Tables 21 to 27

and compiled together in Tables 28 and 29.

4.1.3.4.1 Days to 50 per cent flowering

The gca effects for days to 50 per cent flowering in
females ranged from -1.10 in JL-24 to 0.9 in C0O-2 and that
for males, the range was between -4.33 (ICG-7269) to 3.5
(ICG-1037). Among females JL-24 recorded desirable
significant negative effects for the character and among

males, ICG-7269 and TG-17.

The sca effect were not significant for any of the

crosses (Table 21).

4.1.3.4.2 Plant height

The gca effects of females ranged from -3.79 in JL-24
to 3.46 in CO-2 and from -6.64 (TMV-10) to 4.23 (ICG-1037)
in males. The female C€0-2 and males ICG-7269 and
IcG-1037 recorded significant positive effects, whereas
female JL-24 and males TG-17 and TMV-10 recorded

significant negative effects.

The sca effects of hybrids ranged from -3.98 in
VRI-3/ICG~1037 to 3.52 in C0-2/TG-17. None of the crosses
recorded significant positive or negative effects

(Table 22).
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‘Table 21 cOﬁbining ability effects of parénts and hybrids -
days to 50 per cent flowering

sca of hybrids with each gca of

”/ﬁale parents female parent males
JL-24 . VRI-3 Co-2

ICG-7269 1.43 -0.37 -1.07 —4_33%%
TG-17 0.10 -0.20 0.10 —~3_.50%*
TMV-10 0.27 -0.03 -0.23 2.33%*
ICG-4861 -0.90 1.30 -0.40 2.00%x*%
ICG-1037 -0.90 -0.70 1.60 3.50%%
gca of females —1.10% 0.20 0.90%*
SE (g;) of females 0.39
SE (gj) of males 0.50

' SE (Sj;) of hybrids 0.86

P = 0.05 P =0.01

CD Gj - G (female) 1.13 1.54 )
CD Gj - Gj (male) 1.46 1.99

" CD Sy - Sy . 2.53 3.45

* Significant at 5% level
xx Significant at 1% level



Table 22 Combining ability effects of parents and hybrids -

plant height

L sca of hybrids with each
Male parents female parent gca of
JL-24 VRI-3 co-2 males
ICG-7269 -0.49 2.64 -2.14 3.61%%
TG-17 ~2.33 -1.20 3.52 -3.45
TMV-10 -2.89 2.59 0.31 —-6.64%%*
ICG-4861 2.32 -0.05 -2.28 2.25
ICG-1037 3.39 -3.98 0.59 4. 23%%
gca of females —-3.79%% 6.33 3.46%%
SE (gi) of 0.98
females
SE (gi) of males 1.27
SE (Sij) hybrids 2.20
P=0.05 P=0.01
CD Gi-Gj (female) 2.88 3.93
CD Gi-Gj (male) 3.73 5.07
CD S5ij-Skl1 6.46 8.78

* Significant at 5 per cent level
** Significant at 1 per cent level



4.1.3.4.3 Total number of branches

The gca effects of females ranged from -0.51 (VRI-3)
to 0.31 (JL-24). Among males TMV-10 and ICG-4861 recorded
significant positive effects and IbG—7269 and TG-17
recorded significant negative effects. The gca effect for

females were not significant.

The sca effects ranged from -2.69 for Cc0-2/TMV-10 to
1.46 in JL-24/TMV-10. Cross C0-2/TMV-10 alone recorded
significant but negative effect. None of the crosses

showed significant positive sca effects (Table 23).

4.1.3.4.4 Number of mature pods

fhe gca effects of females for number of mature pods
varied from -0.45 (CO-2) to 0.79 (JL-24) and from -2.65
(ICG-4861) to 3.64 (ICG-7269). Among females significant
positive gca effects were recorded by JL-24 (0.79). The
males ICG-7269 and TMV-10 recorded significant positive
effect whereas ICG-4861 and ICG-1037 recorded significant

negative gca effect.

The range of sca effects was from -2.33 in the cross
JL—24/ICG—7269 to 2.5 in the cross VRI-3/I&G-7269. Crosses
VRI-3/ICG-7269 and JL-24/ICG-1037 recorded significant
positive sca effects where as JL-24/1CG-7269 and
VRI-3/ICG-1037 recorded significant negative sca

effects (Table 24).
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Table 23 Combining ability effects of parents and hybrids -
total number of branches

sca of hybrids with each

Male parents female parent gca of
- males
JL-24 VRI-3 Co-2
ICG-7269 -0.77 -0.15 0.93 -4 .61%%
TG-17 -0.24 -1.12 1.36 =2.14%x
TMV-10 1.46 1.23 —-2.69%% 5.11%%
ICG—-4861 -0.17 -0.15 0.33 0.89%
ICG-1037 -0.24 0.20 0.08 0.74
gca of females 0.31 -0.51 0.21
SE (gi) of 0.32
females
SE (gi) of males 0.41
SE (Sij) hybrids 0.70
P=0.05 P=20.01
CD Gi-Gj (female) 0.93 i.26
CD Gi-Gj (male) 1.20 1.63
CDh 5ij-Skl 2.07 2.82

* Significant at 5 per cent level
** Significant at 1 per cent level
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Table 24 Combining ability effects of parents and hybrids -
number of mature pods

sca of hybrids with each

Male parents female parent gca of

males
JL-24 VRI-3 C0o-2

ICG-7269 —-2.33%% 2.5%% -0.18 3.64%%

TG-17 -0.80 0.93 -0.13  -0.59

T™V-10 0.38 -1.3 0.92 1.44%%

ICG-4861 0.61 -0.51 -0.10 —-2.65%%*

ICG-1037 2.14%% -1.63% -0.51 —1.83%%

gca of females 0.79% -0.34 —-0.45

SE (gi) of 0.35

females

SE (gi) of males 0.43
SE (Sij) hybrids 0.75

P=0.05 P =0.01
CD Gi-Gj (female) 0.99 1.34
CD Gi-Gj (male) 1.27 1.73
CD Sij-Skl 2.21 3.0

* Significant at 5 per cent level
** Significant at 1 per cent level
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4.1.3.45 Pod yield per plant

The range of gca effects for pod yield was from -1.57
in VRI-3 to 2.28 in JL-24. All the females registered
significant gca effects. JL-24 recor@ed highly significant
positive effect where as VRI—3. and C0-2 recorded
significant but negative gca effect. Among the males the
range was between -1.85 in TMV-10 to 3.33 in ICG-7269.
ICG-7269 recorded significant positive effect where as

T™V-10 and TG-17 recorded significant negative effect.

Six hybrids registered significant sca effects for pod
vield per plant. BAmong the crosses significant positive
sca effects were recorded by JL-24/ICG-4861, VRI-3/TG-17,
JL-24/ICG-1037, CO-2/ICG-7269 while JL-24/TG-17 and
VRI-3/ICG-4861 registered highly significant negative

effect (Table 25).

4.1.3.4.6 Shelling percentage

All the parents except ICG-1337 recorded significant
gca effect for shelling percentage. The females recorded
between -2.15 (VRI-3) to 1.35 (C0-2). Among the males the
range was between -3.41 in ICG-4861 and 1.68 in ICG-7269..
The magnitude of the effect was positive for JL-24 and CO-2
among females and in ICG-7269, TG-17 and TMV-10 among
males. The negative significant effects were recorded by

VRI-3 among females and ICG-4861 and ICG-1037 among males.



Table 25 Coﬁbining ability effects of parents

Pod yield per plant .

——

sca of hybrids with each

Male parents female parent gca of

JL-24 VRI-3 co-2 males
ICG-7269 -1.08 -0.27 1.35% 3.33%x
TG-17 -3.18%* 2.58%% 0.60 -1.18%x%
TMV-10 -0.76 0.67 0.11 ~1.85%%
ICG-4861 3.61%% ~2.79%% -0.82 -0.67
ICG-1037 1.41% -0.17 -1.24 0.37
GCA of females 2.28%% -1_57%% -0.71%*
SE (gi) of 0.28
females
SE (gi) of males 0.37
SE (5ij) hybrids 0.63

P=0.05 P=0.01

CD Gi-Gj (female) 0.83 1.13
CD Gi-Gj (male) 1.07 1.46
CD Sij-Skl 1.86 2.53

* Significant at 5 per cent level
** Significant at 1 per cent level
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The magnitude of sca effects ranged from.—2.31 in
co-2/TG-17 to 2.51 in VRI-3/TG-17. Significant positive
effects were recorded by VRI-3/TG-17 while C0-2/TG-17

recorded significant negative sca effect (Table 26).

4.1.3.4.7 Hundred seed weight

Maximum gca effect recorded for hundred seed weight
among the females was 6.47 by JL-24 and the minimum, -7.08
by CO-2. JL-24 recorded significant positive effect and
C0-2 recorded significant negative effect. Among the
males the gca effect varied from -1.87 (ICG-4861) to 1.05
(ICG-7269). None of the males recorded significant
positive effect for the trait. ICG-4861 recorded

significant negative effect.

Among the hybrids JL-24/ICG-4861, VRI-3/TMV-10,
VRI-3/TG-17 and JL-24/ICG-1037, recorded significant
positive sca effect. Significant negative sca effect was
observed for JL-24/TG-17, VRI-3/ICG-4861 and JL-24/TMV-10.
The range of hybrids for sca effects was from -8.35

in JL-24/TG-17 to 5.02 in JL-24/ICG-4861 (Table 27).

4J35 Heterosis

Heterosis, calculated as percentage deviation of
hybrids from the parental mean (di) better parent mean
(dii) and the standard variety (JL-24) mean (diii) for the

fifteen hybrids are presented in Table 30.
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Table 26 Combining ability effects of parents and

hybrids -

shelling percentage

sca of hybrids with each

Male parents female parent gca of

males

JL-24 VRI-3 co-2

P
ICG-7269 0.48 0.31 -0.78 1.68%
TG-17 -0.20 2.51%% -2.31% 1.64%*
TMV-10 ~0.21 -0.38 0.59 1.66%
ICG-4861 0.18 -0.90 0.72 —3.41%x*%
ICG-1037 -0.25 -1.53 1.78% -1.57
gca of females 0.80x% —2.15*%% 1.35%
SE (gi) of 0.38
females
SE (gi) of males 0.49
SE (8ij) hybrids 0.85

P=0.05 P =10.01

CD Gi-Gj (female) 1.11 1.51
CD Gi-Gj (male) 1.44 1.96
* Significant at 5 per cent level

x%* Significant at 1 per cent level
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Table 27 Combining ability effects of parents and
-7 hybrids - hundred seed weight

sca of hybrids with each

Male parents female parent gca of

males
JL-24 VRI-3 co-2

ICG-7269 1.77 -2.32 0.55 1.05

TG-17 -8.35%x% 4.61x% 3.75%% " 0.44

TMV-10 -2.87* 4.64%% -1.77 0.08

ICG-4861 5.02%% -4 ,39%% ~-0.63 -1.87%*

ICG-1037 4.43%% - —-2.54 -1.89 0.3

gca of females 6.47%% 0.61 -7.08%%

SE (gi) of 0.56

females

SE (gi) of males 0.73
SE (Sij) hybrids 1.26

P=0.0 P =20.01
CD Gi-Gj (female) 1.65 2.25
CD Gi-Gj (male) 2.13 2.90

* Significant at 5 per cent level
*%x Significant at 1 per cent level



rable 28 General combining ability effects of parents for 7 characters®
Parents Days to Plant Total Number of Ppod yield shelling Hundred
50% height number of mature per plant percentage seed
flowering (cm) branches pods per (9) welght
: plant (9)
Non-dormant females K
1. JL-24 ~1.10 ~3.79%* 0.31 0.79* 2.28%¥ 0.80%* 6.47%*
2. VRI-3 0.20 0.33 -0.51 -0.34 -1.57%¥ -2.15%¥* 0.61
3. CO-2 0.950* 3.46%% 0.21 -0.45 ~-0.71% 1.35* -7.08%%*
DPormant males
1. ICG-7269 —4.33%% 3.61%% —4.61%* 3.64%% 3,33%% 1.68% 1.05
2. TG-17 -3.50%* -3.45 —2.14%% -0.59 ~1.18%%¥ 1.64% 0.44
3. TMV-10 2.33%% —6.64%* 5.11%% 1.44%% ~1.85%% 1.66% 0.08
4. ICG-4861 2.00%% 2.25 0.89% -2.65%% ~0.67 ~3.41%* -1.87
5. ICG-1037 3.50%% 4,23%% 0.74 ~1.83%% 0.37 ~1.57 . 0.3
SE (g;) of 0.39 0.98 0.32 0.35 0.28 0.38 0.56
females .
SE (g,) of 0.50 1.27 0.41 0.43 0.37 0.49 0.73
males
& compiled from previous tables 21 to 27

* Significant at 5% level

«#%x gSignificant at 1% level



108

Table 29 Specific combining ability effects for seven characters
in fifteen groundnut hybrids®

Days to Plant Total Number Pod Shelling Hundred
Crosses 50% height number of yield out turn seed

flower- of mature per welight

ing - branches pods plant

JL-24/1CG-7269 1.43 -0.49 -0.77 =2.33%* —1l08 0.48 1.77
JL-24/TG-17 0.10 ~2.33 -0.24 ~0.80 ~3.18%%* -0.20 ~B.35*+
JL-24/THV-10 0.27 -2.89 1.46 0.38 -0.76 -0.21 -2.87%
JL-24/1CG-4861 -0.90 2.32 -0.17 0.61 3.61%% 0.18 5.,02%%*
JIL—24/1CG-1037 -0.9 3.39 f—0.24 2.14%% 1.41* -0.25 4.43%*
VRI-3/ICG-7269 -0.37 2.64 -0.15 2,50%* ~0.27 0.31 -2.32
VRI-3/TG-17 -0.20 -1.20 -1.12 0.93 2.58*%* 2.51%* 4.61**
VRI-3/TMV-10 -0.03 2.59 1.23 -1.3 0.67 ~0.38 4.64%*
VRI-3/ICG-4861 1'3. -0.05% -0.15 -0.51 —2.,79%* -0.9 -4 30%%
VRI-3/ICG-1037 ~0.7 ~3.98 0.20 -1.63 -0.17 -1.53 -2.54
C0-2/ICG-7269 ~1.0 -2.14 0.93 ~0.18 1.35%* -0.78 0.55
CO-2/TG-17 0.10 3.52 1.36 -0.13 0.60 -2.31~* 3.T74%x
Co-2/TMV~10 ~-0.23 0.31 -2.69*%* 0.92 0.11 0.59 =1.77
C0-2/ICG-4861 -0.4 -2.24 0.33 ~-0.10 ~0.82 0.72 -0.63
c0-2/1CG-1037 1.60 0.59 0.08 -0.51 ~1.24 1.78% ~1.89
SE(Sy) 0.86 2.20 0.70 0.75 0.63 0.85 1.26

@ Compiled from previous tables 21 to 27

* Significant at 5% level

**% Significant at 1% level
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4.1.3.5.1 Days to 50 per cent flowering
Relative heterosis ranged from -5.88 in JL-24/ICG-4861
to 19.83 in C0-2/ICG-1037. Desirable significant negative

heterosis was not observed in any of the crosses.

‘Heterosis over better parent ranged from =20.0 in
JL-24/1ICG-4861 to 5.56 in CO0-2/ICG-1037. Significant
negative heterosis was observed for three crosses

JL-24/1CG-1037, CO~-2/1CG~4861 and VRI-3/ICG-4861.

Standard heterosis ranged from -1.79 to 35.71. None
of the hybrids recorded significantly negative heterosis

over the standard variety JL-24.

4.1.3.5.2 Plant height

Significant relative heterosis was observed in the
positive direction in six hybrids and in negative direction
in five hybrids. Hybrid vigour ranged from -16.48 in

VRI-3/ICG-1037 to 40.93 per cent in CO-2/TG-17.

Heterobeltiosis for this trait ranged between -39.65
per cent in VRI-3/ICG-1037 to 26.66 pef cent in
Co-2/TG-17. - Out of fifteen, four hybrids recorded
significance in the positive direction and seven in the

negative direction.



Table 30 Estimates of heterosis (expressed as percentage) over

better parent (dii) and standard check (diii)

the mid parent (di),

1

\
\

Hybrid Daye to 50% flowering Plant height Total number of branches
{di) (dii) (diii) (di) (dii) (diii) (di) (dii) (diii)

JL-24 / ICG-7269 2.75 0.0 0.0 4.31 -1.47 10.82 11.11 9.76 9.76
JL~24 / T1G-17 -1.79 ~-1.79 -1.79 3.83 -8.83 ~8.83 82.93*%% 82.93*%* §2.93%%
JL-24 / TMV-10 7.20% -2.9 19.6** -9.02 ~17.11* -17.11+* 90.17** 24.62%% 301.22%*
JL-24 / ICG-4861 ~5.88 ~20%* 14.3#%% ~18.02*% ~36.00%* 14.02 40.40%% -3.64 158 .54+
JL-24 / ICG-1037 41.69 -6.94 19.64 ~16.2%* —-35.8B4** 20,75%* 38.46%% -4,.61 152 .,44*
VRI-3 / ICG-7269 1.85 0.0 -1.79 29 ,25%=* 12.76~* 26.82%% 7.5, 7.5 4,88
VRI-3 / TG-17 2.7 1.79 1.79 28.95%* 22.66%* 2.76 43.21 41.46* 41.46
VRI-3 / TMV-10 11.3=%~ 0.0 23.2#%> 25.40%* 24.24** 4.08 79.07*% 16.67* 275.6*
VRI-3 / ICG-4861 5.19 =11.3%# 26.8**% -9.99* —33.83%* 17.88% 30.67* -10,91 139.02*
VRI-3 / IcG-1037 10.2%x* -2.78 2b* -16.48%* ~39.65%* 13.58 34.68%*+ ~7.83 143.90%*
co-2 / ICG-7269 0 -3.51 -1.79 18.85%x* 9.52 ?3.18** 50.62*l 48,78%* 48.78
co-2 / TG-17 4.42 3.51 5.38 40.93%~* 26.66%* 20.09%% 119.51*~ 119 .51+ 119.51«
co-2 / TMV-10 11,.1%~ 1.45 25%% 19.70** 11.76 5.96 41.04%x* -7.58 197.56%*
co-2 / ICG-4861 0.73 ~13.8%= 23.2%x -12.17%* =32.71%* 19.87 45.70** 0.0 168 .29+
co-2 / ICG-1037 17.8%~* 5.56 35.7** -7.72 —-30.62%» 30,57 41.81** -2.3 158.54
SE for comparison 1.06 2.69 0.87

of F, with

mid parent
* Male/female 1.22 3.11 1.0

parent
" Selected 1.22 3.11 1.0

parent

Contd.eeaes
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Table 30 contd......
sl. Hybrid Number of mature pods Mean pod yield per plant
No- (di) (dii) (diii) (di) (dii) (diidi)
1 JL-24 / ICG-7269 40.22%% 22.86 22.86% 72.23%% 49 39%* 49 . 39¥%
2 JL~24 / TG-17 4.62 -2.86 -2.86 -13.00 -17.73 -17.73
3 JL-24 / TMV-10 22,94% 18.58 27.62% -0.18 -0.35 0.00
4 JL-24 / ICG-4861 2.14 -9.05 -9.05 94 ,75%% 56.35** S56.35%%
5 JL-24 / ICG-1037 12.26 11.21 13.33 68,20%% 44 . 56%* 44 .,56*%
6 VRI-3 / ICG-7269 72,02%* 45 .61** 58.10%* 54 .95%%* 49 . 10** 18.50
7 VRI~3 / TG-17 5.88 -5.26 2.86 20.55« 14.03 1.63
8 VRI-3 / TMV-10 -6.61 -7.02 0.95 ~16.25 -24.06%* -24.7%
9 VRI-3 / ICG-4861 -25.51~* =35.96%% -30.48%%* -25.47% -13.84 -47.82%%
10 VRI~-3 / ICG-1037 —-36.65%* ~38.6%% ~33,.33*%% 18.24 12.53 -~10.57
11 CO-2 / ICG-7269 61.04%%* 50.00** 31 .43%% 86.05%% T7.42%% 43,70%*
12 co-2 / TG-17 5.82 4.67 ~8.29 6.15 1.31 ~9.71
13 Cco-2 / TMV-10 23.90% . 12.39 20.96 -13.42 =21.77% . *¥2] .49%%
14 Co-2 / ICG-4861 -12.64 -17.39 —27.62* 14.5 0.06 ~18.95%*
15 Cco-2 / ICG-1037 ~19.6% -25.23% -23.81%* 14.26 7.78 -12.7
SE for comparison of F, 0.92 0.78
with mid parent
" Male/female parent 1.06 0.90
" Selected parent 1.06 0.90
Contd....
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Table 30

contd......

sl.

Hybrid Shelling percentage 100 seed weight
ro- (di) (dii) (diii) (di) (dii) (diii)
1 JL-24 / ICG-7269 3.63 3.14 3.14 B8.09¥ -1.69 -1.69
2 JL-24 / TG-17 1.51 1.14 1.88 —-24 .78%* —-26.16%* -23.35%*
3 JL-24 / TMV-10 1.98 1.89 1.89 ~12.74%%* -13.00%w —13.90**
4 JL-24 / ICG-4861 -4.66" -6.35%% —6,.35%* 20.85%% —l.d2 ~1.02
5 JL-24 / ICG-1037 -3.01 -3.86 -3.86 6.25 2.16 2.16
6 VRI-3 / ICG~7269 -1.75 -2.07 -2.35 5.28 -4.47 -21.76%*%*%
7 VRI-3 / TG-17 1.21 0.71 1.44 6.71 -12.35%* -9.01*
8 VRI-3 / TMV-10 -3.36 -3.41 -3.59 B.75 ~9.,12* -9.68%
9 VRI-3 / ICG-4861 =11.75%%* =13.9%%* =13.43%* 4,47 2.18 =31.82%%
10 VRI-3 / ICG-1037 -=10.39"% —~11.05*~* ~11.3%~ -4.05 14.33~ -23.71%*
11 CO-2 / I1ICG-7269 2.96 2.86 1.88 -5.84 -16.36** -31.50%*
12 co-2 / TG-17 -0.67 ~-1.6 -0.88 11.91%* -28.97**% ﬂ26.26t*
13 CoO-2 / TMV-10 4.,96% 4.46% 4.26 -24.06¥* =37.73%% -38.12**
14  C0-2 / ICG-4861 -2.14 -3.32 -4.43% ~5.40 -5.55 ~39 ,74%*
15 Co-2 / ICG-1037 2.15 l1.84 0.67 —20.36*%* ~32,75%%* -37.92%%
SE for comparison of F, 1.04 1.54
with mid parent
" Male/female parent 1.20 1-718
7 gelected parent 1.20 1-1¢
* significant at 5% level ** Significant at 1% level

28 %
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Seven hybrids significantly surpassed the variety

JL-24 in the positive direction and one in the negative
direction. Standard heterosis ranged from -8.83 per cent

to 30.57 per cent.

4.1.3.5.3 Total number of branches

Heterosis over mid parént ranged from 7.5 per cent to
119.51 per cent in VRI-3/TG-17 and éO—Z/TG—l? respectively.
All the hybrids registered positive heterosis for the
trait. Twelve out of fifteen hybrids recorded significant

positive relative heterosis.

Range of heterobeltiosis was from -10.91 per cent in
VRI-3/ICG-4861 to 119.51 per cent in CO-2/TG-17. Four
hybrids registered high heterobeltiosis in the positive
direction. None of hybrids showed heterosis in negative

LY.

direction.

Standard heterosis observed was minimum in VRI—3/TG—17l

(4.88 per cent) and maximum in JL-24/TMV-10 (301.22 per
cent). Significant positive heterosis was observed in
eleven pybrids.
4.1.3.5.4 Number of mature pods

Relative heterosis for number of mature pods was
minimum fo; VRI-3/ICG-1037, with a deviation of -36.65 per

cent and maximum for VRI-3/ICG-7269 with a deviation

o
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of 72.02 per cent. Five hybrids recorded significant

positive heterosis and three recorded significant negative

heterosis.

Two hybrids registered significant positive heterosis,
while three recorded significant negative heterosis over
the better parent. Heterobeltiosis ranged from -38.6 per

cent in VRI-3/ICG-1037 to 50.00 per cent in CO-2/ICG-7269.

Four hybrids each registered significant positive and
negative heterosis over the standard variety. Standard
heterosis ranged from -33.33 per cent in VRI-3/ICG-1037 to

58.10 per cent in VRI-3/ICG-769.

4.1.3.5.5 Mean pod yield per plant

The hybrid vigour calculated oYer parental mean was
the minimum for VRI-3/ICG-4861 (25.47 per cent) and maximum
for JL-24/ICG-4861 (94.75 per cent). While five hybrids
registered significant ©positive heterosis, only one

recorded significant negative heterosis.

Maximum decrease (24.06 per cent) in pod yield over
better‘parent was observed in the hybrid VRI-3/TMV-10 and
maximum increase in C0-2/ICG-7269 (77.42 per cent). Five
hybrids registered significantly positive heterosis, and

two hybrids negative heterosis.



Heterosis for pod yield per plant in 15 groundnut hybrids
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Heterosis over standard variety ranged from -47.82 per
cent in VRI-3/ICG-4861 to 56.35 per cent in JL-24/ICG-4861.
Four hybrids registered significantly higher yield over
standard variety JL-24, while another four hybrids recorded

significant lower values.

. 4.1.3.5.6 Shelling percentage

Significant relative heterosis was observed 1in
positive direction for shelling percentage only in one
hybrid (C0-2/TMV-10), while three hybrids registered
significant negative relative heterosis. The range was from

-11.75 per cent in VRI-3/ICG-4861 to 4.96 in C0O-2/TMV-10.

None of the hybrids registered significantly positive
relative heterosis. Three hybrids registered negative
heterosis over better parent. The range of heterosis was
between -13.9 per cent in VRI—g/ICG-4861 to 4.46 per cent

in CO-2/TMV-10.

The deviation over standard check was also not
significant in the positive direction. Four hybrids
recorded significant negative heterosis. The range was

between -13.43 in VRI-3/ICG-4861 to 4.26 in CO-2/TMV-10.

4.1.3.5.7 Hundred seed weight

Significant relative heterosis for hundred seed weight

was observed in the positive direction only in one hybrigd,



VRI-3/ICG-1037. Hybrid vigour over parental mean ranged
from -24.78 per cent in JL-24/TG-17 to 11.91 per cent in
C0-2/TG-17.

Heterosis over bhetter parent was also positively
significant only in a single hybrid VRI-3/ICG-1037 whereas
it was negatively significant 1in eight hybrids. The
percentage of heterobeltiosis ranged between -37.73 in

CO-2/TMV-10 and 14.33 in VRI-3/ICG-1037.

Standard heterosis varied from -39.74 in CO-2/ICG—4861
to 2.16 in JL-24/ICG-1037. None of the hybrids showed
positive significant heterosis over the standard variety
JL-24. A total of ten hybrids showed significant negative

heterosis.

4.2 Analysis of seed dormancy

4.2.1 Duration of seed dormancy in twenty eight genotypes

The cured seeds of twenty eight groundnut genotypes
were tested for their germinability after harvest, at ten
days interval, until germination reached 80 per cent. The
germination test was conducted in soil for two seasons and
also in petridishes for rabi season. Data are presented in

Table 31,32 and 33.

The germination percentage at each interval varied
between genotypes, between seasons or media but ultimately

in the duration of dormancy there was not much appreciable

118
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Table 31 Mean germination of twenty eight groundnut genotypes at ten days
interval after harvest (Kharif crop) in soil and their duration

of dormancy

s1. Identity of ' Germination percentage in soil after harvest Duration
¥o. genotypes of
10D 20D 30D 40D 5S0D 60D 70D . 80D d°§2;2°Y
1 ICG-5461 95 - - - - - - - 10
2 ICG-128 100 - - - - - - - T 10
3 VRI-3 87.5 - - - - - - - 10
4 TMV-9 90 - - - - - . - - 10
5 co-2 100 - - - - - - - 10
6 TG-14 90 - - - - - - - 10
7 TG-3 90 - - - - - - - 10
8 JL-24 100 - - - - - - - 10
9 1CG-7512 95 - - - - - - - 10
10 TG-6 52.5 - - - - - - - 10
11 PpoL-2 92.5 - - - - - - - 10
12 ICG-459 50.0 - - - - - - - 10
13 I1Cc6-1231 90.0 - - - - - - - 10
14  THV-2 100 - - - - - - - 10
15 1CG-1883 7.5 95 - - - - - - 20
16 ICG-7269 5 80 97.5 - - - - - 20
17 TG-15 5 27.5 90 o - - - 30
18 16-17 7.5 15 95 - - - - - 30
19  TMV-10 0 ] 50 65 87.5 - - - 50
20  Robut-33-1 0 ] 40 97.5 - - - - 40
21 I1CG-6301 0 0 25 85 - - - - 40
22 ICG-8281 ] ] 45 67.5 100 - - - 50
23 I1CG-4861 o ! 2.5 60 87.5 - - - 50
24 106-1002 0 a 0 32.5 50 70 100 - 70
25  ICG-1037 0 0 0 20 62.5 75  B2.5 - 70
26 ICG-6153 12.5 45 100 - - - - - 30

27 ICG-1063 7.5 37.5 45 72.5 100 - - - 50

28 1CG-861 0 0 37.5 100 - - - - 40
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groundnut genotypes at ten days

Table 32 Mean germination of twenty eight
interval after harvest (rabi crop) in soil and their duration of
dormancy
S1. Identity of Germination percentage in soil after harvest Duration”
No. genctypes of
10D 20D 30D 40D 5D 60D 70D d°§’:§;’°“'

1 ICG-5461 91.25 - - - - - - 10
2 ICG-128 100 - - - - - - 10
3 VRI-3 90 - - - - - - 10
4  TMV-9 90 - - - - - - 10
5 co-2 100 - - - - - - 10
6 TG-14 85 - - - - - - 10
7 T6-3 85 - - - - - - 10
8 JL-24 95 - - - - - - 10
9 ICG-7512 92.5 - - - - - - 10
10 1G-6 100 - - - - - - 10
11 POL-2 100 - - - - - - 10
12 ICG-459 87.5 - - - - - - 10
13 ICG-1231 87.5 - - - - - - 10
14  THV-2 92.5 - - - - - - 10
15 ICG-1883 0 100 - - - - - 20
16  ICG-7269 0 70 100 - - - - 30
17 TG-15 0 42.5 100 - - - - 30
18 TG-17 10 32.5 97.5 - - - - 30
19  THV-10 0 20 47.5  92.5 - - - 40
20  Robut-33-1 0 0 40 87.5 = - - 40
21 ICG-6301 0 7.5 60 97.5 - - - 40
22 I1CG-8281 0 0 67.5  72.5 100 - - S0
23 ICG-4861 0 0 42.5 52.5 82.5 - 50
24  ICG-1002 ] 0 22.5 45 67.5 100 - 60
25  ICG-1037 0 0 25 42.5 62.5 75 97.5 70
26  ICG-6193 0 25 65 95 - - - 40
27  ICG-1063 0 22.5 50 70 100 - - 50
28 ICG-B61 0 Q 20 100 - - - 40




ght groundnut genotypes at ten days

Table 33 Mean germination of twenty ei

interval after harvest in pertidishes and their duration of

dormancy - -
S1. Identity of Germination percentage Durati/on
No. genotypes of

oD 20D 30D 40D SOD 60D 70D 80D d°§::gcy

1 ICG-5461 - 95 - - - - - - - 10
2 ICG-128 100 - - - - - - - 10
3 VRI-3 97.5 - - - - - - - 10
4 THV-9 97.5 - - - - - - - 10
5 co-2 92.5 - - - - - - - 10
6 TG-14 100 - - - - - - - 10
7 TG-3 97.5 - - - - - - - 10
8 JL-24 90 - - - - - - - 10
9 ICG-7512 87.5 - - - - - - - 10
10 TG-6 97.5 - - - - - - - 10
11 POL-2 97.5 - - - - - - - 10
12 ICG-459 90 - - - - - - - 10
13 I1cG-1231 92.5 - - - - - - - 10
14  THV-2 90 - - - - - - - 10
15  ICG-1883 0 45 87.5 - - - - - 30
16  ICG-7269 0 85 - - - - - - 20
17 TG-15 7.5 17.5 100 - - - - - 30
18 TG-17 7.5 15 92.5 - - - - - 30
19 TMV-10 12.5 37.5 57.5 77.5 95 - - - 50
20  Robut-33-1 0 0 12.5 85 - - - - 40
21 ICG-6301 0 0 27.5 77.5 B2.5 - - - 50
22  ICG-8281 0 0 20 60 97.5 - - - 50
23 ICG-4861 0 0 0 27.5 77.5  82.5 95 - 70
24  ICG-1002 0 0 0 17.5  27.5 65 80 92.5 80
25  ICG-1037 0 0 0 7.5  27.5 60 72.5 B87.5 B0
26  ICG-6193 7.5 20 62.5 82.5 100 - - - 50
27  ICG-1063 0 0 0 10 85 - - - 50
28  ICGG-861 0 0 52,5 87.5 - - - - 40
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change. The ISTA method of germination in petridishes was
taken as standard (Table 33). It was observed that
fourteen genotypes completed their dormancy on the tenth

day and they were considered as non-dormant and tE? rest of
the fourteen genotypes as dormant. Among dormanf_genotypes
dormancy ranged from 20 days (ICG-7269) to 80 days
(ICG-1037 and ICG-1002). Out of the fourteen dormant
genotypes, four recorded 30 and less than thirty days

dormancy, seven recorded between 30 and 60 and three

genotypes recorded more than sixty days dormancy.

4.2.2 Dormancy studies in early generations

Germination tests were conducted at 10 dayé interval
upto 30 days in F, seeds, F, seeds, F; seeds BCHH} seeds,
BCHN seeds, BCIHN F, seeds and BCHD]FZSeeds in ten crosses.
The data are presented in Tables 34 to 39. In the case of
F, seeds, - Fj seeds and BC| F; seeds observations were
recorded oﬁ per plant basis. The frequency distribution
of F; and F, plants for different germination classes
(0-20%,21-40%, 41 to 60%, 61 to 80% and 81-100%) was worked

out and presented in Tables 40 and 41 and Fig. 2 toll..

4.2.21 Germination percentage in F, seed (F, embryonic generation)

The germination percentage of Fy seeds of ten crosses
are presented in Table 34. All the hybrids recorded zero
percentage germination on the tenth day just 1like the

dormant parents where as the two non dormant parents

[p!

0



Table 34 Germination in F, seeds (F1 enbryonic generation) and

parents 10-30 DAS

131

VRI-3 100

Germination percentage _ - Germination

Designation after ethrel

10D 20D 30D treatment

' i)rCrosses

J1-24 / ICG-7269 o 88.89 100 -
VRI-3 / ICG-7269 0 37.50 100 -
JL-24 / TG-17 0 15.00 100 -
VRI-3 / TG-17 0 17.65 100 -
JL-24 / TMV-10 0 11.76 34.29 52.94
VRI-3 / TMV-10 0 37.50 62.50 36.50
JL-24 / ICG-4861 0 31.58 78.95 21.05
VRI-3 / ICG-4861 0 21.43 78.57
JL-24 / ICG-1037 0 56.25 62.50 31.25
VRI-3 / ICG-1037 0 21.05 68.42 31.58
ii) Dormant parents
ICG-7269 0 90.00 90.00 -
TG-17 0' 15.00 100 -
TMV-10 0 25.00 70.00
ICG-4861 0 5.00 80.00
1CG-1037 0 10.00 70.00
iii) Non—-dormant parents
JL-24 100 - -
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recorded 100 per cent ge;minatibn, indicating the dominant
nature of the character in the heterozygous Flembryo.
The 20 D .germination ranged from zero percentage in
VRI-3/ICG-4861 to 88.89 per cent in JL-24/ICG-7269. The
cumulative germination upto 30 days varied from 21.43 per
cent in VRI-3/ICG-4861 to 100 per cent in four Spanish x
Spanish hybrids viz. JL-24/ICG-7269, VRI-3/ICG-7269,

JL-24/TG-17 and VRI-3/TG-17.

4222 Germination percentage in F, seeds (F, embryonic generation -

F, plant generation)

The mean 10D germination of F, seeds (Table 37) borne
on 20 F plants ranged from 9 per cent in VRI-3/1CG-1037
to 35 per cent in VRI-3/TG-17 and 31 per cent in
VRI-3/ICG-1037 to 84 per cent in JL-24/ICG-7269 for 20 D
germination (Table 38). For 30-D germination, it was 55
per cent in ﬁRI—B/ICG—lOB? to 92 per cent in JL-24/ICG-7269

(Table 39).-

The frequency distribution of Fy plants for 10D, 20D
and 30D germinations in F, seeds is presented in Table 40.
For 10D germination the F; plants of fastigiata x fastigiata
crosses were distributed in the first three classes and the
Fis of inter-subspecific crosses fell in the first two
classes, indicating that dormancy is dominant over non
dormancy (Fig. 2 to 11). in the 20D germination the

fastigiata x fastigiata crosses were distributed in the
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Table 35 Germination in Bcuhm seeds (BCIUM embryonic generatién) and
parents 10-30 DAS

Ly

Germination percentage

Germination

after ethrel

Designation

10D 20D 30D -~ treatment
i) Crosses
J1-24 / ICG-7269 100 - - -
VRI-3 / ICG-7269 69.23 100 - -
JL-24 / TG-17 66.67 100 - -
VRI-3 / TG-17 57.14 100 - -
JL-24 / TMV-10 71.42 100 - -
VRI-3 / TMV-10 0 87.50 100 -
JL-24 / ICG-4861 33.33 100 - -
VRI-3 / ICG-4861 7.14 21.43 | 92.86 -
JL-24 / ICG-1037 50.00 64.20 92.77 -
VRI-3 / ICG-1037 42.50 55.5 100 -
ji) Dormant parents
ICG-7269 0 100 - -
TG-17 0 62.50 100 -
TMV-10 0 0 25 75
ICG-4861 0 0 37.5 62.50
ICG-1037 0 0 0 100
jii) Non-dormant parents
JL-24 100 - - -
VRI-3 100 - - -
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Table 36 Germination in BCHM seeds (Bcuﬂ embryonic gemeration) and
parents 10-30 DAS

Germination percentage Germination

Designation after ethrel

10D 20D 30D treatment
i) Crosses
JL-24 / ICG-7269 9.1 100 - -
VRI-3 / ICG-7269 28.57 57.14 85.70 -
JL-24 [ TG-17 0 22,22 55.55 44,44
VRI-3 / TG-17 0 20.00 100 -
JL-24 / TMV-10 0 0 77.78 22.22
VRI-3 / TMV-10 0 12.50 37.50 50.00
JL-24 / ICG-4861 0 8.33 33.33 , 58.33
VRI-3 / ICG-4861 0 36.36 90.90- -
JL-24 / ICG-1037 42.86 100 -
VRI-3 / ICG-1037 0 18.18 54.54 45.45
ji) Dormant parents
I1CG-7269 0 100 9.00 -
TG-17 0 62.50 100 -
T™V-10 0 0 25 15
ICG-4861 0 0 37.50 62.50
I1CG-1037 0 0 0 100
iii) Non-dormant parents
JL-24 100 - - -
VRI-3 100 - - -




Table 37 Average 10D germination percentage of parents
generation populations

and early

123

Designation B Py Fy Fy BCyi) BCyp)
JL-24 / 1CG-7269 87.5 0 34 52 170 51
VRI-3 / ICG-7269 90.5 0 29 42 81 34.28
JL-24 / TG-17 87.5 0 34 56.5 68.33 35.94
VRI-3 / TG-17 90.5 0 35 47 70 36.67
JL-24 / TMV-10 87.5 0 24 39.50 36.67 14
VRI-3 / TMV-10 90.5 0 26 41.50 47.178 7
JL-24 / ICG-4861 87.5 0 19 40 48.33 8.33
VRI-3 / ICG-4861 90.5 0 12 45 46 28
JL-24 / ICG-1037 g7.5 0 11 41 54.29 18
VRI-3 / ICG-1037 90.5 0 9 34 58 14




Table 38
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Average 20D germination percentage of parents and early
genera;ion populatiops
’;;signation By Py By Py BCHH) BCyy)
JL-24 / ICG-7269 87.50 75 B4 80.50 93.33 91.25
| VRI-3 / ICG-7269 -90.50 75 77 78.50 97 81.43
JL-24 / TG-17 87.50 38 74 81.50 93.33 75
VRI-3 / TG-17 90.50 38 £8.89 84.50 91.66 64.44
JL-24 / TMV-10 87.50 25 46 71 56.67 40
VRI-3 / TMV-10 90.50 25 44 72 72.22 39
JL-24 [/ ICG-4861 87.50 12 38 66.50 65 28.33
VRI-3 / ICG-4861 90.50 12 46 62.50 84 67
JL-24 / ICG-1037 87.50 9 33 66.50 68.33 31
VRI-3 / ICG-1037 90.50 9 31 63.50 83 45
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Table 39 Average 30D germination percentage of parents and early
generation populations

Designa;ion Py P, Fy Fy Bcimm BCy(p)
JL-24 / ICG-7269 87.50 94 92 99,50 93.33 91.25
VRI-3 / ICG-7269 90.50 94 86 93.50 97 89.43
JL-24 / TG-17 87.50 87 81.8 96.50 93.33 86
VRI-3 / TG-17 90.50 87 71.89 98.50 91.66 83.46
J1-24 / TMV-10 B7.50 62 66 88 88.67 70
VRI-3 / TMV-10 90.50 62 62 87 87.22 62
JL-24 [ ICG-4861 87.50 41 65 B7.50 86 58.33
VRI-3 / ICG-4861 90.50 41 82 81.50 84 89
JL-24 / ICG-1037 87.50 30 67 85.50 81.33 40 .
VRI-3 / ICG-1037 90.50 30 55 83.50 91 53




Table 40 Frequency di

(F, embryonic generation) at 10-30 DAS

stribution in F, plants for germination in the F, seeds borne on them

Hnunbex 10D germination classes 20D germimation classes 30D germinaticn classes
Designation of P,
plants 0 - 21 - 41 - 61 - 81 - 0 - 21 - 41 - 61 - 8l - 0 - 21 - 41 - 61 - 81 -
20% 40% 60% BO% 100% 20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
i) Crossesn
JL-24 / ICG-7269 20 ) 10 2 - - - - - 14 6 - - - - 20
VRI-3 / ICG-7269 20 10 4 4 2 - - - 2 12 6 - - - 4 16
JL-24 / TG-17 18 8 4 6 - - - - 4 6 8 - - - 6 12
VRI-3 / TG-17 18 4 B 6 - - - 2 6 6 4 - - - 6 12
JL-24 / THV-10 18 12 8 - - - 2 4 10 4 - - - - 10 8
VRI-3 / TMV-10 18 14 4 - - - - 8 6 2 2 - - 6 10 2
JL-24 / ICG-4861 18 14 4 - - - - 14 2 2 - - - 6 10
VRI-3 / ICG--4861 18 10 4 4 - - i 6 2 2 4 - - [ 10 2
JL~-24 / ICG-1037 20 16 4 - - - 8 6 4 2 - - 4 1(; 2 4
VRI-3 / ICG-1037 18| 18 - - - - 4 10 4 - - - 4 8 6 -
ii) pormant
. parents
ICG-7269 20 20 - - - - - - 2 16 2 - - - 2 18
TG-17 20 20 - - - - 4 10 6 - - - - - 12 4
THMV-10 20 20 - - - - 12 8 - - - - 2 6 10 2
ICG-4861 20 20 - - - - 8 12 - - - - 4 10 6 -
ICG-1037 20 20 - - - - 16 4 - - - 8 10 2 - -
iii) Non-dormant
parents
JL-24 20 - - - 8 12 - - - - 20 - - - - 20
VRI-3 20 - - - 8 12 - - - - 20 - - - - 20 F
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Table 41 Frequency distribution in F, plants for germination in the F, seceda borne on them (F,

at 10-30 DAS

enbryonic generation)

Nnumber 100 germination clasases 20D germination clasaes 30D germination classea
Designation of F,
plante 0 - 21- 41- 61~ g8l - 0 - 21 — 41 - 61 - B8l - 0 - 21 - 41 - 61 - 81 -
20% 40% 60% 80% 100% 20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
i) Crosses
JL-24 / ICG-7269 40 10 6 6 12 6 2 2 2 12 22 - - - - a0
VRI-3 / ICG-7269 40 10 12 10 6 2 2 - 6 18 14 - 2 - 6 32
JL-24 / TG-17 40 6 8 8 10 8 - 2 8 8 22 - - - 4 a6
VRI-3 / TG-17 40 10 6 16 4 4 - 2 - 18 20 - - - 2 38
JL-24 / TMV-10 40 18 10 2 8 2 2 2 8 12 16 - 4 4 4 28
VRI-3 / THV-10 40 10 12 10 6 2 2 4 10 8 16 - 2 2 8 28
JL-24 / ICG-4861 40 10 16 6 4 4 - 4 18 4 14 - - 6 10 24
VYRI-3 / ICG-4861 40 12 8 10 6 1 - 4 14 8 14 - - 4 10 26
JL-24 / ICG-1037 40 14 6 12 6 2 4 4 8 10 14 2 4 6 4 24
VRI-3 / ICG-1037 40 18 8 8 2 4 - 10 10 10 10 - - 8 10 22
ii) Dormant
parents
ICG-7269 20 20 - - - - - - ) 16 2 - - - 2 18
‘TG-17 20 20 - - - - 4 10 6 - - - - - 12 4
TUV-10 20 20 - - - - 12 8 - - - - 2 6 10 2
ICG-4861 20 20 - - - - 8 12 - - - - 4 10 6 -
ICG-1037 20 20 - - - - 16 4 - - - '8 10 2 - -
iii) Non-dormant
parents
JL-24 20 = - = 8 12 - - - - 20 - - - - 20
VRI-3 20 - - - 8 12 - - - - 20 - - - - 20
—
I
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Fig.3

Frequency distribution of parents, F|, and F, populatipns
for 10th day germination in cross JL-24/1CG-7269
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Fig.4 Frequency distribution of parents, F; and F, populations
for 10th day germination in cross JL-24/TG-17 ‘
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Fig.5 Freguency distribution of parents, F, and F, populatians
for 10th day germination in cross VRI-3/TG17
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Fig.6

Frequency distribution of parents, Fy and F, populations

for 10th day germination in cross JL-24/TMV-10
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Fig.7 Frequency distribution of parents, F, and F, populat10n5
for 10th day germination in cross VRI-3/TMV-10
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Fig.8 Frequency distribution of parents, F, and F, populat%pns
for 10th day germination in cross JL-24/1CG-4861
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Fig.9 Frequency distribution of parents, ¥, and F, populations
for 10th day germination in cross VRI-3/ICG-4861
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Fig.l0 Frequency distribution of parents, F; and F, populationg

for 10th day germination in Cross JL-24/ICG-1037
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Fig.11 Frequency distribution of parents, ¥| and F,; populations
for 10th day germination in €ross VRI-3/I1CG-1037
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last three classes Whereas the inter-subspecific crosses,
fastigiata X hypogaea fell in almost all the classes For

30D germinations also the Flplants were distributed in the

1

last two classes with the exception of a few inter

subspecific crosses.

4.2.2.3 Germination percentage In the F, seeds (F; embryonic generation -

F, plant generation)

The mean germination percentage of 40 Ty plants
(Table 37) ranged from 34 per cent in VRI-3/ICG-1037 to
56.5 per cent in JL-24/TG-17. In the 20D germination,
(Table 38) mean germinafion ranged from 63.5 per
cent in VRI-3/ICG-1037 to 84.5 per cent in VRI-3/TG-17.
For 30 D germination the range was between 81.5 per
cent in VRI-3/ICG-4861 to 99.5 per cent in JL-24/ICG~7269
(Table 39).

The frequency distribution (Table 41) clearly
indicated a multigenic control of the character as the F
plants spanned in all the five classes in all the crosses
for 10D germination (Fig. 2 to 11) and 20D germination.
For 30D germination, the piants were distributed only in

last three classes.

4.2.2.4 Germination percentage in BC,,, seeds
(BC,pp) €mbryonic generation)
The 10D germination percentage in Bclwm seeds ranged

from zero in VRI-3/TMV-10 to 100 per cent JL-24/ICG-7269.

D



For the 20D germination it ranged from 21.43 per cent 1in
VRI-3/ICG-4861 to 100 per cent in five crosses. By 30 D

all the crosses recorded more than 90 per cent germination

(Table 35).

4.2.2.5 Germination percentage in BC,;, seeds
(BC,, embryonic generation)

The 10D germination percentage in BCHD)seeds (Table 36)
ranged from zero per cent in seven crosses to 28.57 per
cent in VRI-3/ICG-7269. The 20D éermination ranged from
zero in JL-24/TMV-10 to_100 per cent in JL-24/ICG-7269.
For 30D germination the range was between 33.33 per
cent 1in JL-24/I1ICG-4861 to 100 per cent in JL-24/ICG-7269,

VRI-3/TG-17 and JL-24/ICG-1037.

4.2.2.6 Germination percentage in BC,yp, F, seeds (BC, yp, Fl2 embryonic generation

- BC,upy Plant generation)

The mean germination percentage for 10th day
germination in BCMNN plants (Table 37) ranged from 36.67 in
JL-24/TMV-10 to 81 per cent in VRI-3/ICG-7269. The mean
values for ZQD germination (Table 38) ranged from 56.67 per
cent in JL-24/TMV-10 to 97 per cent in VRI-3/ICG-7269 and
for 30D germination (Table 39), it ranged from 81.33 per

cent in JL-24/ICG-1037 to 97 per cent in VRI-3/ICG-7269.



4.2.2.7 Germination percentage in BC,y, F, seeds (BC,py F» €mbryonic generation

- BCy, plant generation)

The mean germination percentage for 10D germination
for BCI(D) generation (Table 37) ranged from 7 per cent in
VRI-3/TMV-10 to 51 per cent in JL-24/ICG-7269 and from
28.33 per cent in JL-24/ICG-4861 to 91.25 per cent
in JL-24/ICG-7269 for 20D germinationr(Table 38) and from
40 per cent in JL-24/ICG-1037 to 91.25 per cent in

JL-24/IC0G-7269 for 30D germination (Table 39).

4.2.2.8 Comparison of mean 10D germination of F,, F, and back cross generations.

with nondormant parent P, /

Comparison of mean- 10D germination of early
generations with nondormant parent is given in Table 42.
In all the generations ‘t' values were significant except
in BC(m) generations of two crosses viz., JL-24/ICG 7268
and VRI 3/ICG 7269. This indicated that the different
generations were significantly different from the noﬁ

dormant parent.

4.2.3 Generation mean analysis

The analysis was conducted for seed dormancy over the-

means of six generation Py, P;, Fy, Fy, BCHHM and B?w) in 10
crosses involving two non-dormant and five " dormant
genotvypes. The dormancy was assessed by germination

percentage at 10 days interval. The data from 10D
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Table 42 Comparison of average 10D germination percentage of F,, F,, BC, .y BC,p 9generations with
in 10 crosses of groundnut

non-dormant parent P,

b

s1. croms Average 10D germination percentage® “tr value
No. P, P, F, F,  BCygy BCip, P, V. P, Ve. P,Vs. P, Vs.
F F, BCym) BC, (o,
1 JL~-24 ICG-7269 5.35 0.0 3.31 3.79 4.75 4.06 11.05* 4.05%* 1.84" 5.78*.
2 VRI-3 ICG-7269 5.45 0.0 2.99 2.26 5.40 3.25 6.63* 5.81%* 1.58" 6,25%
3l JL-24 TG=-17 5.35 0.0 2,75 4.16 4.72 2.78 4.8B6%* 4.25* 2.96% 5.07%
4 VRI-3 TG=-17 5.45 0.0 3.01 3.64 4.77 3.04 4.68% 5.09%* 3.42%* 3.99+%*
5 JL~24 TMV-10 5.35 0.0 2.04 3.52 2.83 1.31 5.45+* 5.22%* 2.78%* 6.31%
6 VRI-3 TMV-10 5.45 0.0 2.68 3.38 3.64 0.77 T.62* 5.80%* 3.19%* 11.3+*
7 JL~24 ICG-4861 5.35 0.0 2.43 3.32 3.75 1.16 10.78+* 5.57% 2.62* 7.77%*
8 VRI-3 /' ICG-4861 5.45 0.0 2.53 3.64 3.81 2.76 6.57* 6.04* 5.51%* 5.87%
9 JL-24 ICG=-1037 5.35 0.0 1.40 3.30 4.18 1.86 8.89% 5.30* 3.16%* 6.32%
10 VRI-3 ICG-1037 5.45 0.0 1.69 2.87 4,01 1.72 12.04%* 6.74* 2.84* B.87%*

¢ Arc sine square root transformation applied to decimal fraction of germination percentage
* Significant at 5% level

NS - Not significant
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germination and 20D germination were utilized for the
analysis. Scales A, B and C were estimated and tested with
their respective standard errors to examine whether simple
additive dominance model (three paramete;/_model) was
adequate. The adequacy of the model was further tested by
joint scaling test. The genetic parameters (m), (d), (h),
(i), (j) and (1) were tested for their significance with

their respective standard error.

4.23.1 Scaling test

The estimates of scaling test for 10D germination for
10 crosses are presented in Table 43. Seven out of ten
cross combinations recorded significance for one or more of
the A, B, C scales revealing that simple additive dominance

model was. inadequate in these crosses.

Sdaling tests using 20D germination data (Table 44)
revealed that the three parameter model was inadequate for

all the crosses except one (VRI-3/ICG-4861).

4.2.3.2 Joint scaling test

The inadeguacy of three parameter model was-further
confirmed by joint scaling test. The estimates are
presented in Table 43 and 44. Six out of ten crosses
reached the level of significance for the 10D germiﬁation
(Table 43) showing that non-allelic 1interactions are

present and three parameter model was inadequate.
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Table 43 Scaling and joint scaling tests and estimates of gene effects for 10D germination in
10 crosses of groundnut

sl. Cross Scales Joint ecaling test

ne: A B c %2 df = 3 -Probability
1 JL-24 / ICG-7269 0.84 3.93%* 2.30 49.18%* 0.0000
2 VRI-3 / ICG-7269 1.86* 2.64% 1.37 19.46% 0.0002
3 JL-24 / TG-17 1.34% 2.44x* 5.44% 14.76% 0.0020
4 VRI-3 / TG-17 1.11 2.70% 2.73 5,84 0.1197
5 JL-24 / TMV-10 —1.73' 0.21 4.56* 8.03* 0.0434
6 VRI-3 / TMV-10 -0.84 -1.50 2.35 6.45 0.0916
7 JL-24 / ICG-4861 -0.27 ~0.66 2.55 3.67 0.2992
8 VRI-3 / ICG-4861 -0.35 2.44* 3.54% 12.89* ' 0.0049°
S  JL-24 / ICG-1037 1.61 1.76 4.48% © 9,00+ 0.0294 -
10  VRI-3 / ice-1037 0.92 1.21 2.18 3.47 0.3250

*Significant at 5% level
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Table 44 Scaling and joint Bscaling tests and estimates of gene

in 10 crosses of groundnut

\

effects for 20D germination

sl. Cross

Scales Joint secaling test
e A B c xz df = 3 probability
1 JL-24 [/ ICG-7269 0.49* 0.71* -0.52 14.08* 0.0028
2 VRI-3 / ICG-7269 0.78+* 0.26 -0.48 22.56%* 0.0000
3 JL-24 'J.‘G:-17 0.68* 1.29% 1.65* 8.55* 0.0358
4 VRI-3 / TG-17 1.05%* 1.85% 2,92¢# 16.80* 0,0008
5 JL-24 / TMV-10 ~1.12 -0.14 3.16% 7.06 0.0717
6 VRI-3 / TMV-10 0.23 0.26 3.31¢# 9.62* 0.0221
7 JL-24 / ICG-4861 0.03 0.83 3.19+ 7.24 0.064%6
8 VRI-3 / ICG-4861 -0.35 1.47 2,56 5.61 0.1320
9 JL-24 / ICG-1037 2.00% 1.28 5.,37* 31.94+* 0.0000
10  VRI-3 / ICG-1037 1.76* 3.12% 5.08% 33,38* 0.0000

* Significant at 5% level
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For the 20D germination (Table 44) seven out of ten

crosses reached the level of significance

inadequacy of three parameter model.

4.2.3.3 Estimates of genetic parameters

'423.3.1 10D germination
The estimates of genetic parameters

germination are given in Table 45.

indicating

for

10D

For 10D germination the effect of (m) was highly

significant in all cross combinations.

For additive effect(d) except for crosses JL-24/ICG-7269

and JL-24/TMV-10 all the crosses reached the level of

significance. Crosses VRI-3/ICG-7269, JL-24/TG-17,

VRI-3/ICG-4861 and JL-24/ICG-1037 recorded significant

positive dominance effect, while VRI-3/TG-17,VRI-3/TMV-10,

JL-24/ICC-4861 and VRI-3/ICG-1037 registered significant

negative effect.

The dominance effect (h) was significant in the negative

direction 1in the cross JL-24/TMV-10, JL-24/ICG-4861 and.

VRI-3/ICG-1037 and in positive direction in VRI-3/TG-17.

The additive x additive interaction effect (i) was

significant in the negative direction in JL-24/TMV-10 and

in the positive direction in VRI-3/ICG-7269.

—
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Table 45

Eetimates of gene effects based on 10D

germination data in 10 crosses of groundnut

sl. Cross Estimates of gene affects

e (m) (d) (h) (1) (3) (1)
1 JL-24 / ICG-7269 3.79* 0.69 2,66 2.47 ~1.55% ~7.23%
2  VRI-3 / ICG-7269 3.42% 1.89% 2.96 3.13% -0.39 ~7.64%
3  JL-24 / TG-17 4,16* 1.94% -1.77 ~1.67 -0.55 -2,11
4  VRI-3 / TG-17 2.96% -2.49* 0.95* - - -

5  JL-24 / TMV-10 3.52% 1.52 ~6.6% -5.78% -0.97 7.30
6  VRI-3 / TMV-10 2.89* -2.55% -0.22 - - -

7  JL-24 / ICG-4861 2.98* -2.38% -0.49% - - -

8§  VRI-3 / ICG-4861 3.64% 1.05% -1.92 -1.45 ~1.4% ~0.64
9  JL-24 / 1CG-1037 3,30% 2.32% ~2.65 -1.11 -0.08 ~2.26
10 VRI-3 / ICG-1037 3.07+ -2.38% ~1,11% - - -

* Significant a{’ 5% level
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The additive x dominance interaction effect (j) was
positive and significant in the negative direction in the

Cross cogbination J1.-24/1CG-7269 and VRI-3/ICG-4861.

4.2.3.3.2 20D germination

The estimates of genetic parameters for 20D germination

are given in Table 46.

All cross combinations registered significant and

positive (m) effects.

The additive effect (d) was significant in seven
cross combination. The effect was in negative direction
in VRI-3/ICG-4861 and in positive direction in JL-24/TG-17,
VRI-3/TG-17, VRI-3/TMV-10, JL-24/ICG-4861, JL-24/ICG-1037,
VRI-3/ICG-1037.

The dominance effect (h) was highly significant
in the negative direction in JL-24/TMV-10, VRI-3 /TMV-10,

VRI-3/ICG-4861 and positively significant in JL-24/ICG-7269

The additive x additive effect (i) was negatively
significant in VRI-3/TMV-10 and positively significant in

JL-24/1ICG-7269 and VRI-3/ICG-7269.

138



Table 46 Estimates of gene effects based on 20D germination data in 10 crosses of groundnut

.\.

Sl. Cross Estimates of gene effects

e (m) (d) (h) (i) H
1 JL-24 / ICG-7269 5.08%* 0.07 1.81+* 1.72+% -0.11 -2.92%
2 .VRI-3 / ICG-7269 5.03% 0.48 1,39 1.52%* 0.26 -2.56%*
3 JL-24 / TGI-17 5.15%* 0.63* 0.97 0,32 -0.31 -2.29
4 VRI-3 / TG-17 5.21¢% 0.57%* 0.02 -0.03 ~0.41 -2.86%*
5 JL-24 / TMV-10 4.68¢* 0.79 -4.76% -4.42 ~0.49* 5.68*
6 VRI-3 / TMV-10 4.77% 1.31+% -3.15* -2,82+# -0,01 2,33
7 JL-24 / iCG—4861 4.30% l1.52=* =-2.20 -2.33 -0.40 1.47
8 VRI-3 / ICG-4861 3.69%* -1.74+* -0.90* - - -

9 JL-24 / ICG-1037 4.55* 2.51=* -2.09 -2,09 0.37 -1.20
10 VRI-3 / TCG-1037 4.50* 1.5* ~0,25 0.2 0.68 -4.67%*

*Significant at 5% level ' =2
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The additive x dominance effect (j) was significant.
but in negative direction in only one cross JL-24/TMV-10.
None of the crosses showed  significance in positive

direction.

The dominance x dominaﬁce effect (1) was significant
in four «crosses in negative direction. They are
JL-24/1CG-7269,VRI-3/I1CG-7269, VRI-3/TG—17,VRI—B/ICGj1037
None of the crosses showed significance in positive

direction.
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DISCUSSION

Developing high yie;ding early maturing groundnut
cultivars with seed dormancy has recently béen realised as
a major objective in groundnut breeding programmes of
countries or regions, where the rainy seasons are short and
unexpected rains are likely to fall-at maturity, causing in
situ germination and spoilage of the produce. The two
subspecies of cultivated groundnut, hypogaea and fastigiata
differ in their season length and in their seed dormancy
after maturity. The fastigiata genotypes are characterised
by shoft life cycle and have non-dormant seeds, while the
hypogaea genotypes generally mature later and have dormancy

for a considerable period after maturity.

Earlier peanut breeders believed that earliness and

dormancy were too closely linked to combine the two traits
within one cultivar. The inadequacy of information on gene
action of yield contributing traits, éarliness and seed

dormancy, has been a reason for not achieving a major break

through in this line. The distribution of desirable genes

in different subspecies necessitates a combination breeding
programme, where there is possibility for shuffling genes
between the subspecies and botanical forms and widen the
pattern of segregation and to realise recombinants with all

the required traits.



In the present investigations, it was envisaged to
select appropriate parents and to inquire into the relative
importance ‘of different types o0of gene effects of the

biometrical characters and seed dormancy, by involving

different subspecies and botanical forms, with a view to

suggesting appropriate breeding procedures for evolving

high vielding early maturing dormant genotypes.

To achieve the above objective a preliminary
investigation to select divergent parents belonging to
different subspecies and botanical forms was found
necessary. Fourteen dormant and fourteen non-dormant
genotypes belonging to the four botanical groups were
evaluated for two seasons for their Pber se performance and
subjected them for genetic divergence analysis.

After selecting three non-dormant, short duration,
high Yielding female parents and five divergent, dormant
male parents, they were crossed in a line x tester fashion.
Combining ability analysis and study of heterosis helped in

identifying parents with good general combining ability and

14

cross combinations with good specific combining ability and °

the study also brought to light whether additive or non-
additive gene action governed the metric traits. The
germination percentages in éix generations in ten crosses

were subjected to generation mean analysis with a view to

L]
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understanding the genetic effects of seed dormancy so that

appropriate breeding procedures for yield improvement could

be suggested.

5.1 Variability analysis

5.1.1 Per se performance of the genotypes

OQut of the twenty eight genotypes maximum per hectare
yield was recorded by VRI-3 (2040 kg ha4). Seven
genotypes, all belonging fo subsp. fastigiata, were
statistically on par with VRI-3. The pooled general mean

1 whereas it was

for 18 fastigiata genotypes was 1776 kg ha”
only 1452 kg ha™! for the hypogaea genotypes, showing that
the performance of hypogaea genotypes were significantly
inferior to fastigiata in pod yield under Vellanikkara
conditions. In the rabi season the highest pod yield per
hectare was recorded by JL-24. Ten genotypes were on par
with JL-24, of which only one (ICG-4861) S;longed to
subspecies hypogaea. The general mean for subspecies
fastigiata genotypes was 1888 kg ha’l and that of hypogaea
genotypes was 1564 kg hal. In kharif season, the
performance of the hypogaea genotypes was comparatively
better. The highest yielder was VRI-3 (2265 kg ha*).-
Thirteen cultivafé were on par with top ranking genotype
VRI-3. Among them two genotypes Robut 33-1 and ICG-1037
were hypogaea types. Thus, in general, the fastigiata

genotypes were performing better than, hypogaea genotypes,

which must be due to long flowering phase in the latter.



fhough the number of fruiting nodes were high in hypogaea
the numbér of sound mature pods realised at harvest was
ohly on par.with fastigiata genotypes. This may be due to
the adverse soil conditions prevailing at the end of kharif
season and during rabi season. The amount of soil moisture
in the surface soils is fairly restricted near to harvest
in both seasons, thereby leading to pod development and
harvest problems (Virmani and Singh, 1986). Pushkaran and
Nair (1985) have also reported the suitability of .bunch

varieties for the three seasons of Kerala.

Virginia genotypes possess many of the economic traits
especially 1large number of fruiting nodes and branches
which can be incorporated into the Spanish and Valencia
(bunch types) varieties without any appreciable change in
the early maturing nature of bunch genotypes. Early
maturing varieties are now increasingly preferred by
farmers, over 1long duration spreading types. Gibbons
(1976) and Reddy (1980) have also suggested the prospects
of inter-subspecific crosses for evolving high yielding
genotypes.

The genotypes which can be used as donors of specific

traits based on their per se performance are listed below:

e
e



ot
)
=r

Character

Gendtypes

Per hectare pod yield

Number of mature pods
per plant

Shelling percentage
0il content
Hundred seed weight

Early maturity

Dormancy, short
duration and high
per hectare yield

VRI-3, JL-24, CO-2, TG-14,
T6-17, TG-15, TG-6, ICG-7269

Robut-33-1, ICG-861, TMV-10

ICG-459, TG-3, JL-24, ICG-7269
TMV-10, TG-6, TG-15
ICG-8281, TG-15, TG-17, TMV-10

ICG-128, ICG-7269, ICG-5461,
ICG-1231, ICG-1883, VRI-3,
TG-3, TMV-2

TG-17, TG-15, ICG-7269

5.1.2 Genetic parameters of variation

Broad

sense heritability estimates were high for

almost all the biometric traits studied, indicating little

influence of envircnment on these traits.

Selection based

on phenotypic expression should be effective for these

traits.

Johnson et al.

(1955) reported that heritability

values along with genetic advance should be considered

together to arrive at a more reliable conclusion.

In the

present study, total number of branches and hundred seed

weight recorded high heritability coupled with high genetic
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advance expressed as percentage over mean, consistently in
both the seasons indicating that improvement of these

traits would be possible by selection.

5.2 D? analysis

The D! statistic based on multivariate analysis
measures the genetic divergence among genotypes.
Estimation of divergence among genotypes would help the
breeder in the choice of parents for hybridisdtion. The
success in obtaining highly heterotic hybrids and creating
a wide spectrum of variability for selecting desirable
segregants 1in advanced generations depends toc a large
extent on the degree of divergence between parents
chosen (Murthy and Arurachalam, 1966; Bhatt, 1970;

Arunachalam, 1993).

In the present study nine biometric traits were
considered together, both for kharif and rabi season.
Wilk's- criterion was used for simultaneous test of
significance of the differences in the mean values of the

characters. The pooled value was found significant for

both the seasons indicating wide genetic diversity among

the genotypes selected.

The twentyeight genotypes which formed the
experimental material included all the four botanical

groups viz., Spanish and Valencia groups, belonging to
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subspecies fastigiata and virginia bunches and runners
belonging to subspecies hypogaea. The Dzstatistics applied
to these twenty eight genotypes resulted in identifying
four clusters both for kharif and rabi seasons. The
clustering pattern for kharif season showed a clear
separation of the two subspecies hypogaea and fastigiata.
Cluster I and IV contained only fastigiata varieties,
Spanish and Valencia. The clusters 11 and III, contained
the hypogaea varieties, virginia bunch and runners. There
was overlapping of varieties within the subspecies in
different clusters ie: in cluster I both Spanish and
Valencia genotypes were grouped together. In cluster 1I a
virginia bunch was grouped together with £five virginia
runner genotypes. The genotypes belonging to a particular
subspecies were grouped together in one or two clusters
because of their similarity in morphological and biometric
traits and genotypes belonging to different subspecies
separated to different clusters because of" their
divergence. This pattern of clustering was also observed

by Sigamani (1984) and Durgaprasad et al. (1985).

During rabi season, the virginia bunch genotypes were

found to be grouped along with Spanish types and virginia
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runners. This might be probably due to modification of
biometric traits by the stress condition prevailing at the
end of rabi sSeasorn. The virginia bunches which are
transitional forms of the two subspecies, thus got grouped
with immediate related groups, Spanish and virginia
runners. The clustering thus points out the evolutionary
significance of subspecies and botanical groups, subspecies
hypogaea being formed early and fastigiata originated

later.

The inter cluster distance dufing the kharif season
also brought out the evolutionary significance. Max imum
inter-cluster distance was between cluster I and II.
Cluster I represented the Spanish and Valencia group and
gluster II contained the virginia runners which are the
extreme forms in the evolutionary segquence. Crosses
between these divergent genotypes are 1likely to give

desirable, transgressive segregants.

The intra-cluster distance in cluster I which included
the short duration high yielding Spanish and Valencia
types, was the least for both kharif and rabi seasons.

This obviously indicates the lack of phenotypic diversity



among these genotypes. But crosses between Spanish and
Valencié are very potent in the context of breeding for
early maturity and yield. Durgaprasad et al. (1985) have
observed high intra cluster distances within Spanish and
Valencia genqtypes. This may be accounted for large number

of genotypes included in that study (160 accessions).

The study of cluster means of nine character revealed
that the highest mean values for different characters were
recorded by different clusters. Cluster I and IV contained
the subpecies fastigiata genotypes. Cluster I recorded
hiéhest mean value for per hectare yield, oil content and
minimum number of days to 50 per cent flowering. Cluster
IV gave the highest mean for shelling percentage and number
of mature pods per plant. The cluster II and III consisted
of subspecies hypogasa genotypes. Cluster II gave the
highest mean value for hundred seed weight and total number
of branches. The study of cluster means indicated that
subspecies hypogaea could contribute for plant height,
total number of branches and hundred seed weight where as
subspecies fastigiata could contribute for 01l content,
short duration, per hectare yield and shelling percentage.

This points to the high potential of inter-subspecific



151

crosses, for evolving improved varieties with ideal plant

type, combined with high vield oﬁ kernel and oil.

The study of p analysis was repeated in rabi season,
80 as to further confirm the divergence of genotypes. But
for minor discrepancies the clustering pattern was found to
be fairly stable. The virginia bunch genotypes forming
cluster IV of kharif season, were found overlapping along
with Spanish cluster (cluster 1III) and virginia runner
cluster (cluster II) of rabi season. This can be accounted
for the modification of biometric traits due to the effect
of stress conditions prevailing during rabi season. The
seasonal variation in vegetative and reproductive traits in
different botanical groups have been pointed out by
several workers (Joshi and Gajpara, 1971; Scandaliaris et

al., 1978; and Reddy et al., 1984).

5.3 Line x Tester analysis

Line x Tester analysis proposed by Kempthorne (1857)
is a simple and efficient tool for selection of parents and
has been extensively used by breeders in recent years  in

almost all major field crops. It measures the general and
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specific combining ability wvariances and effects and the
genetic components of variances, A (additive) and D (non-
additive) and thus aids in the selection of parents and

also in choésing appropriate breeding procedures.
-

5.3.1 Mean performance of parents and hybrids

A critical evaluation of the performance of parents
and inter and intra- subspecific hybrids revealed the
following facts. Though the subspecies hypogaea recorded
high values for vegetative characters, for pod yield and
number of ﬁature pods they did not record significant

-superiority over the parental mean. Among the four hybrids
which recorded significantly superior yield over hybrid
mean two were intra-subspecific crosses (JL-24/ICG-7269)
and (CO-2/ICG-7269) and only two were inter- subspecific
(JL-24/ICG-4861, JL-24/1CG-1037). Several previous workers,
have highlighted the importance of subspecies hypogaea in
contributing the economic traits and involving this
subspecies 1in hybridisation for improvement of vield
(Parker et al., 1970; Singh and Labana, 1980; Labana et
al., 1981; Dwivedi et al., 1989). Sucﬁ a superiﬁrity of
sub-species hypogaea and its hybrids for vield was not

evident in this study.

Subsp. hypogaea parents and inter~ subspecific crosses,
Spanish x virginia bunch and Spanish x virginia runner were

showing marked increase in total number of branches. Total
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ﬁumber of branches is reported to be highly correlated with
pod vield by' several workers (Bhargava et al., 1970;
Dholaria and Joshi, 1972; Khangura and Sadhu, 1972;
Dholaria et al., 1973). 1In the present study, the adverse
so0il conditions prevailing during the sﬁmmer season might
have affected Fhe pod set and pod yield‘ of the long
duration interspecific hybrids. A repetition of the trial
during kharif season will bring out the full yield

potential of the hybrids.

Out of seven yield characters studied, higher hfbrid
mean than parental mean was observed for total number of
branches, number of mature pods, pod yield per plant and
lesser wvalues for plant heiéht, shelling percentage and

hundred seed weight.

5.3.2 Heritability in narrow sense

- Narrow sense heritability is a useful tocl for
predicting the transmission of characters from the parents
to offspring. It also gives the extent of additive genetic
variation compared to other components of variation for a

character.

In the present study, heritability in narrow sense was
very high for all the characters except for pod yield per
plant and for number of mature pods which was in agreement
with the study of Basu et al. (1986a). Ali and Wynne (1994)

also reported high heritability for seed weight and early



maturity. High heritability in these characters has
indicated that they are controlled by additive gene‘action

and phenotypic selection can be exercised to improve them.

Pod yvield registered the lowest heritability estimate
of 47.84 per cent. This may be due to the fact that yield
is a complex character detefmined by direct and indirect
effects of several attributes which in turn are highly

influenced by environment.

5.3.3 Combining ability

Combining ability measures the potentiality of parents
in hybrid combinations. When a character is controlled by
intra-allelic interaction, additive effects have a major
role and parents can be selected based on per se

performance. But when non allelic interaction governs a

character, the selection of parents based on combining

ability gains importance.

_5.3.4. GCA and SCA variances

A\
In this study characters like days to 50 per cent

flowering, plant height, total number of branches and

'shelling percentage— recorded a higher magnitude of GCA
variance over SCA variance indicating predominance of
additive gene effects in the inheritance of these
characters. On the other hand the variance components of

SCA were higher than that of GCA for pod vYield, number of



mature pods and hundred seed weight. The results obtained
in this study are similar to those of Sadhu and Khehra
(1976), Singh and Labana (1980). Labana et al. (1981),
Labana and Singh (1983) for pod yield, pod number and 100
kernel weight where as Layrisse et al. (1980), Wynne and
Isleib (1980) reported thaf additive effects were more
important than non-additive effects for pod yield and 100
kernel weight. The preponderance of additive effects for
vegetative cﬁaracters like plant height, number of branches
etc. had also been reported by Wynne et al. (1970), Singh
and Labana (1980) and for plant height alone by Mancharan

et al. (1985).

To harness both additive and non-additive type of gene
actions for different characters, pedigree method’ of
breeding with selections in advanced generations will‘be
effective. Natarajan et al. (1990) has suggested
intermating of F, (biparental approach) in the superior
crosses ©of green gram, which will generafe higher
variability for selecting transgressive segregants for high

yield. Katiyar et al. (1987) have suggested biparental

i mating followed by recurrent selection to fix the genetic -

variability of non fixable nature in peas as this
methodology is likely to hasten the rate of genetic

improvement.

oIt
~en
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5.3.5 General combining ability effects

The gca effeéts of parents for different characters
showed that ICG-7269 and'JL—24 were good combiners for pod
yield. ' JL-24 also recorded significant and positive gca
effects for-all characters except for days to 50 per cent.

flowering, total number of branches and plant height.

High gca effects are mostly due to additive gene
effects (Griffing, 1956). Hence JL-24 and ICG-7269 could
be considered as best general combiners in breeding
programmes for development of improved varieties by
pedigree selection or its modified approaches.- ICG-7269
has the added advantage of short seed dormancy and this
line can serve as a donor for seed dormancy as well as a

good combiner for yield attributes.

Virginia bunch genotype TMV-10 and Virginia runner
ICG-4861 were parents with good general combining ability
for total number of branches while ICG-1037, ICG-7269 and
CO-2 were good combiners for plant height. JL-24 was the
best combiner for hundred seed weight. ICG-7269 and TMV-10

were good combiners for number of mature pods per plant.

5.3.6 Specific combining ability effects

Significant and positive sca effect for pod yield was
recorded in four crosses of which two were intra
subspecific crosses (VRI-3/TG-17 and CO-2/ICG~7269) and
two were inter subspecific crosses (JL-24/ICG-4861,

JL-24/ICG-1037).



None of the crosses showed significant positive sca
effects for days to 50 per cent flowering, plant height or
total number of branches. Cross JL-24/ICG-1037 gavé
positive scé effect for number of mature pods, pod yield
and hundred seed weight and éross VRI-3/TG-17 for pod

vield, shelling percentage and hundred seed weight.

Specific=tdmbining.ability effects represent domiﬁance
and epistatic components éf variation which are not
fixable. For the improvement of self pollinated crops high
SCA effect for yield and related attributes will be useful
only if commercial exploitation in the form of hybrid
varieties is feasible. 1In groundnut-flower structure is
not amenable for this. Natarajan et al. (1990) suggested
that if crosses showing high sca effects involved, both
parents which were good genéral combiners, they could be
exploited for varietal improvement programme. But in the
present studies such a cross with high sca effect and both
the parents being good general combiners, could not be

pointed out.

5.3.7 Heterosis

157

Among the three measures of heterosis, heterosis over

better parent can be considered as the most efficient
estimate, since it records only minimum percentage
increase. For heterobeltiosis in pod vyield maximum

expression of 77.42 per cent was observed in CO-2/ICG-7269
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followed by JL-24/ICG-4861 (56.35 per cent), JL-24/ICG-726%
(49.39 per cent), VRI-3/TG-17 (49.10 per cent) and
JL-24/ICG-1037 (44.56 per cent). Thus out of fifteen
hybrids only five hybrids have recorded significant
heterobeltiosis. Among this three are intra subspecific
Spanish x Spanish cross and only two are inter subspecific
Crosses. Several workers ({Syakudo and Kawabata, 1963;
Parker et al., 1970; Durgaprasad, 1981; Isleib and Wynne,
1983) have reported significant heterosis in yield in
intersubspecific crosses, but very few reports are there
regarding the heterotic response of 1intra-subspecific
Spanish x Spanish crosses. Reddy (1982) has reported
Spanish x Spanish crosses were egqually heterotic and
comparable to other crosses. Basu et al. (1986b) studied
heterosis in inter and intra-subspecific crosses and have
recorded high desirable negative heterosis for days to 50
per cent flowering and high positive heterosis for number
of mature pods and pod yield in Spanish x Spanish crosses.
Present study has also highlighted the hetercotic potential

of Spanish x Spanish crosses.

It 1is notable that all the crosses with tester
ICG-7269 (an exotic 1line from Zimbabwe) are giving
significant heterobeltiosis in all the three crosses. This
can be attributed to the geographical diversity. Gibbons
et al., (1972) considered Africa as a secondary centre of
diversity. Layrisse et al. (1980) and Isleib and Wynne,
(1980) have also reported heterosis in crosses having

parents from different centres of diversity.
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In groundnut, whaéZéver be the magnitude of heterosis,
at present it cannot be exploited for commercial production
of hybrid varieties because of the restrictions 1in the
- flower st?ucture, like, fhe cleistogamous nature,
inadequate pollen supply, difficulties in transfer 'of
pollen from 6ne genotype to the other etc. Arunachalam et
al. (1980) and Manoharan et al. (1990) have suggested that
heterotic crosses may produce desirable transgressive

segregants in advanced generations.

5.3.8 Comparison of per se performance, heterosis and sca effect

of groundnut hybrids

The mean performance, significant and positive
heterobeltiosis and significant and positive sca effect of
the best few hybrids for-pod vield, number of mature‘pods
hundred seed weight and days to 50 per cent flowering are

presented in Table 47 and Plates 10-13.

JL-24/1CG-4861, JL-24/ICG-1037, C0O-2/ICG-7269 are the
three cross combinations that have recorded high per se

performance for pod vield, besides significant

. heterobeltiosis and sca effect. Among them JL-24/ICG-1037 .

has also recorded high sca effect for number of mature pods
and hundred seed weight. JL-24/ICG-4861 recorded high mean
and high SCA effect for hundred seed weight. C0-2/ICG-7269
recorded both high mean and heterosis for number of mature

pods and heterosis for total number of branches.



Table 47 Superior hybrids for per se performance, heterobeltiosis

and sca effect

-

Per se performance

Heterobeltiosis

sca effect

Pod yield
JL~-24/1CG-4861

JL-24/1CG-T269
JL~24/1CG-1037
C0-2/1CG-7269

Kumber of mature pods

YRI-3/ICG-7269
CO-2/ICG-7269
JL-24/TMV-10

Hundred seed weight

JL-24/1CG-1037
JL-24/1CG-4861
JL-24/1CG-7269
VRI-3/TG-17

C0-2/1CG-7269

* JL-24/1CG-7269

JL-24/1CG-4861
VRI-3/1CG-7269
JL-24/1CG-1037

C0-2/1CG-7269
VRI-3/ICG-7269

VRI-3/I1CG-1037

JL-24/1CG~4861
VRI-3/TG-17

JL-24/1CG~1037
C0-2/1CG-7269

VRI-3/ICG-7269
JL-24/1CG~1037

JL-24/1CG-4861
VRI-3/TMV-10
VRI-3/TG-17
JL-24/10G-1037
C0-2/7G-17

Days to 50 per cent flowering (in the negative direction)

JL-24/1CG-7269
VRi-3/1CG-7269
C0-2/ICG-7269

JL-24/1C6-1037 .

C0-2/ICG-4B61
VRI-3/1CG-4861




Plate 10a F, plant of cross JL-24/ICG-4861

Plate 10b F; plant of cross JL-24/ICG-7269
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Plate 12a F| plant of cross VRI-3/ICC-7269

Plate 12b F; piant of cross CO-2/TCG-17






Plate 13a Fy plant of cross VRI-3/7G-17

Plate 13L F| plant of cross JL-24/7MV-10
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5.4 Analysis of seed dormancy

5.4.1 Duration of dormancy in 28 groundnut genotypes

The germination studies revealéd that genotypes lacked
definite periodicity. in the expression of dormancy. But it
was observed that the four dormant fastigiata genotypes
recorded only less than 30 days rest period while the
hypogaea genotypes recorded more than 30 days dormancy.
Most of the workers, who have evaluated fastigiata
genotypes for their dormancy have also reported the range
of dormancy between two weeks to four weeks (Varisail
Muhammed and Dorairaj, 1968; Huang, 1982; AICORPO, 1984;
Ashok Kumar et al., 1991; Vindhiyavarman and Arjunan,
1990). The range of dormancy in hypogaea genotypes
observed was between 40 and 80 days. Zade et al. (1986)
obserﬁed it between 40 aﬁd more than 70 days and Presanna
Kumari (1992) recorded the same upto 110 days.

The effect of season and the germination media on
germination was not fully brought to light by the present
studies. A daily count of germination would be necessary

for a clear understanding of the effect.

Three genotypes, ICG -7269, TG-17 and TG-15 were found
to combine high yield short duration and seed dormancy in
the present study. The wide range in the duration of
dormancy and presence of dormancy even in fastigiata

genotypes showed the breeding prospects for incorporation -
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of desirable levels of dormancy, in the popular, short

duration, bunch cultivars.

- 54.2 Dormanc;y studies in early generations

Inheritance of dormancy in crop plants has receiyea
relatively little attention in the past. A possible reason
may be the fact that Qenetic analysis of seed dormancy in
early generations is complicated. In the early generations,
a non—endoépermous seed consists of two genetically
different tissues (a) embryo which results from the
fertilization of the microspore and the megaspore; (b) the
testa with the maternal genetic constitution. 1In the case
of F, seed, embryo is heterozygous while the testa has
maternal genetic constitution. Since dormancy can be
inherent in the embryo or. can be imposed by the extra-
embryonic tissues, its genetics may be complex and the

chance for a true mendelian inheritance is remote.

Physiological factors- which operate in the mother
plant is likely to affect the phenotype of the embryo.

Physiologically, seed dormancy in groundnut is reported to

be the result of hormonal balance between a germlnatlon

1nh1b1tor abscisic acid produced in the aerial part of the
Plant, (which then accumulates in the cotyledons and the
seed coat) and a germination activator, ethylene produced
by the embryo through the action of cytokinin during seed

imbibition (Ketring and Morgan, 1972).

7
G
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In a hybrid seed the genotype of the embryo and that
of the mother plant are different. In the subsequent
generations the genotype of the embryo is always one
generétion advanced than the generation of the mother plant
on which they are borne. The original hybrid seeds posséés
F| embryos, seeds of El plants possess Fz embryos and- seeds
of F, plants posses F, embryos. Johnson (1935) while
studying on inheritance of seed dormancy in Avena fatua x
A. sativa hybrids has stated that in dormancy studies with
different generations, one deals primarily with generations
of embryos, rather than mature plant generations and one
has to look upon the embryo and the plant developed from it

as the same individual in different stages of development.

The recent advances in the biochemical aspects of seed
dormancy has brought to light the hormonal control of the
trait. Presence of inhibitors in the testa (Sondheimer et
al., 1974; Hayashi and Himeno, 1973; Hayashi, 1987), which
is a maternal tissue, and translocation of inhibitors from
mother plant to seed (Ihle and Dure, 1972; Ketring and
Morgan, 1972) have been reported in several crops. These
evidences indicate that not only the embryo genotype but
also the maternal genotype are invo;ved in the.expression_
of this character. Hence in the present case , dormancy
studies were conducted in the embryonic generations
(Fl seed, BC“M) seed, BC”D)seeds) and in normal mature
.plant generations (Fzseed, F3seedJBCHﬁ)Fzseeds, and BCHN

F, seeds).



In groundnut, due to the indeterminate nature of
subspecies hypogaea or.its derivatives,‘fhe pods of same
plants vary in maturity (Nautival et al., 1993). The
dormancy of.seed also appears to be dependent upon its
position in the pod. Toole et al. {1964) and Pafil (1967)
reported that in two seeded groundnut pods the basal seed
always had more dormancy. This reveals that in groundnut,
seeds within a plant differ individually in their degree of
dormancy, which is termed as heteroplasty or polymorphism
by Bewley and Black (1982). This phenomenon further
complicates the data collection. In the present study, from
each plant uniformly matured pods, selected based on the
browning on the inside of pericarp, were used, to minimise
the difference in the maturity of seeds taken for

germination test.

Dormancy of genotypes was assessed by germination
tests. Many different approaches to analysing seed
germination have been employved for various purpose (Scott
et al., 1984). The methods of evaluation for pre-harvest
sprouting resistance in wheat breeding programmes Suggested

by Paterson et al. (1989), chosen for the present study are
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well suited to plant breeding objectives. They suggested'

that rather than conducting germination tests for several
weeks, data collection can be terminated after a sufficient
duration, to be confident of including the period of

maximum difference between genotypes. In the present



studies observations were taken at 10 daY interval'upto 30
days, beyond which in some of fhe crosses the differences
between genotypes were negligible (Table 38 and 39). The
point in a gérmination test at which genotypes are compared
is the time at which the difference between the
corresponding parental lines accounts for a maximal portion
of total phenotypic variance kPaterson and Sorrells, 1990).
In the present study maximum difference between the dormant
and non-dormant parents was observed for 10D germination

(Table 37). Hence 10D germination data was utilized for

comparison of genotypes.

Bewley and Black (1982) recognised basically two types
of dormancy, involving different dormancy mechanism.
Embryo dbrmancy, where control of dormancy resides within
the embryo itself, and coat imposed dormancy in which
dormancy is maintained by structures enclosing embryo ie.
testa. He also stated that in certain species both types

of dormancy might exist simultaneously or consecutively.

The mechanism of dormancy in groundnut reported by a

few workers, appears to be contradictory. Toole et al.

(1964) and Sengupta et al. (1977) have demonstrated that-

removal of seed coat helped in the loss of dormancy. Patil
(1967) has shown that excised embryos from dormant seeds
irrespective of the stage of development had a very high

percentage of germination, while intact seeds did not
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germinate. From this it can be inferred that the factor
for dormancy in groundnut is situated in the seed
coat. In contrast to this, Vaithalingam and Rao (1973)
observed présence of germination inhibitors in cotyledons
and primary axis 'éﬁowing that dormancy resided in the
embryo. Presannakumari (1992) demonstrated that removal of
testa enhanced germinability in dormant seeds upto 58 per
cent where as control seeds recorded zero germination. The
excised embryonic axis without cotyledons recorded 86.05 to
95.12 per cent germination. This indicated that both
embryo dormancy as well as coat imposed dormancy are

present in the seeds of groundnut.

In the present study, presence of dormancy in the
F, seed borne on the non dormant female parent (Table 34)
indicated that embryo dormancy was also present in
groundnut in addition to testa imposed dormancy. Here, in
the F, seed, the inhibitory maternal effect could be
completely ruled out since the maternal genotype was non-
dormant by nature. The expression of dormancy of the
Flseed may be entirely due to the heterozygous genotype of
the embryo. The manifestation of dormancy may be probably
by way of metabolic block in the production of germination
activator, which is reported to be ethylene, by Kétring and
Morgan (1972). This aspect needs further study. The

R

behaviour of F, seed clearly proved that dormant nature is

dominant over non-dormancy. In intersubspecific crosses in
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groundnut, dormancy of F; seed can be taken as a marker
character for selecting true hybrids, if the dormant
subspecies hypogoea is taken as male parent. A seed
marker is édvantageous over morpholdgical markers, as
elimination 5E’selves, later from the 1laid out genetic

experiments in the field, can be avoided.

The dispersed frequency distribution of Fy generation
(FZ embryonic generation) and F, generation (F3 embryonic
gerie¢yation indicated that dormancy could be treated as a
quantitative trait with multiple gene control of the
trait. The comparison of average germination of ¥y, Fy and
backcross generations, to the non-dormant parent revealed
that dormancy was largely dominant. Except in the case of
BCHH) generation in two crosses, all the four generations
df ten crosses were significantly different from the non-
dormant parent (Table 42). A comparison of average 10D
germination percentage of F| generation and F, generation
showed that F, generation had a stronger dormancy than Fy.
Among the two back cross generations BCHN generation

expressed a stronger dormancy than BCIWN generation.

Stokes and Hull (1930), Hull (1937), John et al.
(1948) and Ramachandran et al. (1967) have conducted their
studies in seeds borne on Fy plants and not in F, seeds.
They have reported the Fy population (FZ embryonic

generation) being intermediate between parents and dormancy
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can be partially or incompletely deominant over non-
dormancy. They have reported a wide range of variability
within Fy population with non-dormant, intermediate and

completely dormant progenies, indicating multiple gene

//

control of the trait. In the present study also a
complete phenotypic dominance of the +trait in the Fy
generation was not seen. Nine to 34 per cent of the seeds
of Fy plants in various crosses -  germinated indicating
incomplete dominance. This might be due to the genotypic
differences of segregating embryos carried by the Fzseeds
borne on these F; plants and its interaction with maternal

genotype.

5.4.3 Generation mean analysis

Generation mean analysis was conducted in ten crosses
involving two non-dormant and five dormant parents with the
objective to understand the types of gene effects for the
trait, seed dormancy. The analysis detected the presence
or absence of non allelic interactions for the trait.
This genetic analysis provides information on the mean
effects{ as well as additive and dominance effects when a
simple additive dominance model is satisfied by scaling
tests and in addition, it provides information on additive
X additive, additive x dominance and dominance x dominance

interaction effects when the digenic model is satisfied.
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Gene effects on seed dormancy in groundnut was
previously studied by Khalfaoui (1991) in a single Spanish
X Spanish cross. The limitation of such a study with just
two genotyﬁes will restrict the universaiity of 1its
application. In théfpresent case crosses were effected
with parents having different levels of dormancy belonging

to different subspecies, which would ultimately give a more

generalised picture of the gene action for the trait.

As discussed earlier, both maternal genotype and
embryonic genotype are involved in the expression of
dormancy. Since the number of hybrid éeed and back cross
seed, produced per female plant/Fl plant was very few
(three to four seeds per plant) the germination studies
could not be taken up on a per plant basis and hence
generation mean analysis could not be conducted using
embryonic generations. In this study for deneration mean
analysis, per plant values of mature plant generations were
used with the assumption that maternal genotype determined
the character. A similar situation has been discussed by
Paterson and Sorrells (1990) while studying the inheritance
of seed dormancy in white kernelled wheat.

In this study the arc sine transformation of decimal
fraction of germination percentage on 10th day and 20th day
were utilized for generation mean analysis. From the 30th

day onwards, in some of the crosses, there was no
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appreciable difference in the germination percentage of
parents. For the sake of discussian the estimates from 10D
germination was used, since at this point, the parents were
showing maximum difference. Similar procedure was adopted

by Paterson ef/al. (1989).

The results of the scaling test and joint scaling test
showed that in seven out of ten crosses for 10D germination
analysis and nine out of ten crosses in 20D germination
analysis, the simple additive dominance model was
inadequate showing that predqminantly non-allelic or
epistatic gene action was present for dormancy. Khalfaoui
(1991) has also reported the presence of non-allelic
interactions for dormancy in a Spanish x Spanish cross

studied by him.

In the crosses VRI-3/TMV-10, JL-24/ICG-4861 and
VRI—B/ICG—1037 simple additive dominance model was found to
be adequate. In VRI-3/TMV-10 dormancy was governed by
additive gene effects where as in the latter two, both

additive as well as dominance effects were evident.

In the crosses which indicated presence of epistasis,
additive x additive type of epistasis was present in cross
JL-24/TMV-10, additive x dominance type was present in
cross VRI-3/ICG-4861, both additive x additive and
dominance x dominance in VRI-3/ICG-7269 and both additive

- X dominance and dominance x'dominance in JL-24/ICG-7269.
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In three out of six crosses in 10D germination
analysis and seven out of nine crosses in 20D germination
analysis,-dominance effect (h) énd dominance x dominance
effect (1) éstimates have oppoéite signs indicating that
non-- ﬁilelic interactions were essentially duplicate in
nature in these crosses. In rest of the crosses where (h)
and (1) effects were in the ﬁame direction indicating that
complementary epistasis governed the trait. Considering
the allotetraploid nature of groundnut and control of
several quantitative traits by duplicate genes (Hammons,
1973; Wynne_ et al., 1975), the presence of duplicate
epistasis can be expected to govern seed dormancy also.
Cahaner et al. (1979) and Wynne et al. (1970, 1975) have
also recorded epistatic interaction governing many of the

yvield traits.

The preponderance of epistatic effects observed for
seed dormancy indicated that the trait was non-fixable and
selection in early segregating generations adopting simple
selection procedures might not vield good results. But
selection postponed to advanced geﬁerations would be

fruitful in fixing the trait.

High yield, short duration with shoft seed dormancy
will be an ideal critéria for selection for Kerala
conditions. To fit into the short cropping seasons of
Kerala a short duration genotype of 95 to 105 days will be

ideal (Pushkaran and Nair, 1985). For achieving this, the
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selection for bunch growth habit of subspecies fastigiata
have to be pursued in the segregating generation of inter
subspecific-crosses. | -

A short dormancy period of 20 to 25 days only is
necessary for bunch varieties so that the dormancy in the
seeds of one crop will not hinder germination in the next
crop. The dormancy of seed shoﬁld be just sufficient to
prevent in situ germination, in case of untimely rains near

harvest.

The selection of dormant bunch genotypes from
Segregating generations of inter subspecific crosses is
extremely difficult (Nautiyal et al., 1993). Dormancy is

found to vary with degree of maturity, position of seed in

a pod (apical or basal) or in the plant, even in a fixed

genotype and in a segregating generations it will be all
the more varying. It is observed that in some bunch
genotypeé the seed will germinate only gradually when
attached to mother plant which is green healthy and well
watered near the harvest period, indicating a false type of
dormancy reported as ffesh seed dormancy in ICRISAT (1981).
But this is broken by seed drying after harvest. In the
field if there was a stress period like disease or drought
followed by rain, germination was found to occur in the

field itself. Such type of dormancy is not agronomically

9

[
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useful. This was called as “fresh seed dormancy by Wadia
et al. (1987). They have suggested a léborétory technique
to identiff sources of seed dormancy in fastigiata
genotypes derived from the crosses betﬁeen the genotypes

belonging to two subspecies.

Inter sub-specific hybridisation to obtain dormant
fastigiata types hasf been successfully attempted by
Ramachandran et alI. (1967); Varisai Muhammad et al. 1969;
Reddy et al. (1985) and ICRISAT (1981). The observation of
dormant seeds beyond thirty days dormancy in the F{ and F
and heterosis of Spanish x Spanish crosses gave hope for
obtaining high yielding dormané fastigiata segregants

without much change in the crop duration.
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SUMMARY

Genetic analysis of seed dormancy and productivity in
groundnut ﬁés conducted in the Department of Plant Breeding
and Genetics, College of Hortiqulture, Vellanikkara during
1992—95, with a view to understanding the gene action of
vield contributing traits énd seed dorméhcy, so as to
suggest appropriate breeding methodology and parental
combinations, to evolve dormant, high yielding and early

maturing varieties.

" Fourteen dormant and fourteen noﬁ—dormant genotypes
were evaluated for two seasons for nine biometric traits
and seed dormancy. Three non-dormant, short duration
genotypes were selected as lines and five dormant,
divergent genotypes as testers. Crosses were effected in
a 3x5 line x tester fashion to yield fifteen hybrids. . In
ten crosses, back crosses to both the parents yielded BC”M
and BCIHM generations. The six generations in ten crosses,
Py, PZ' Fl' Fy, BCHHN' Bclw) were evaluated for seed dormancy
by germination tests. The data were subjected to

statistical analysis.

The following conclusions were drawn from the-study:
Wide range of variability existed among the genotypes
for the nine biometric traits studied. The fastigiata

genotypes performed significantly better than hypogaea



genotypes with regard to pod yield under Vellanikkara
conditions. The best yielders among the twenty eight
éenotypes were VRI-3, JL-24 and CO-2. The genotypes which
could be utilized aé donors for specific traits were
identifiea as ICG-459, TG-3 and JL-24 for shelling
percentage, TMV-10, TG-6 and TG-15 for o0il content,
ICG-8281, TG-15 and TG—17_ for hundred seed weight and

ICG-128, ICG-7269 and ICG-5461 for early maturity.

Broad sense heritability estimates were high for
almost all the biometric traits studied. For total number
of brénches and hundred seed weight, both heritability and
genetic advance estimates were consistently high for both
the seasons confirming that improvement of these two very
important yield components was possible by simple

phenotypic selection.

Wide genetic diversity existed‘among the 28 Qenqtypes
studi§d. The genotypés Were grouped into four clusters‘in
both the seasons. The clustering patfern was in general
based‘on subspecifiq Status. The genotgpes belonging to
cluster I and II of kharif seasons and III and IV in rabi

Seasons were having maximum genetic divergence.

i
]
1

Line x tester analysis revealed that varianceé due to
parents, hybrids and parents vs. hybrids were highly
significant for all characters except shelling percentage.

The variance due to lines was significant for all the

~3
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characters except total number of branches, shellinQ
percentage and pod vyield. Variance due to testers Yas
significant for all characters except shelling percentage.
The variance due to lines vs. testers was significant for

all characters except pod yield per plant.

Four hybrids recorded significantly superior pod
yvield over hybrid mean viz. JL—24/ICG—5269, C0-2/ICG-7269,
JL-24/ICG-4861 and JL-24/ICG-1037. Out of seven character
studied, higher hybrid mean than parental mean was observed
for total number of branches, number of mature pods, pod
vield per plant and lesser values for plant height,

shelling percentage and hundred seed weight.

Characters like days to 50 per cent flowering, plant
height, total number of branches and shelling percentage
recorded a higher magnitude of GCA variance over SCA
variance indicating predominance of additige gene effects
governing these characters. On the other hand the variance
components of SCA were higher than that of GCA for pod
vield, number of mature pods and hundred seed weight.
Narrow sense heritability estimates were also high for all
characters except pod yield per plant and number of mature
pods indicating that non-additive gene action governed .
these characters. To harness both additive and non-
additive type of gene action for different characters
pedigree method of breeding with selections in advanced
generations would give better results. Biparental mating

followed by recurrent selection would be an ideal method of
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breeding to fix high yield which is found to be governed by

non-additive gene action.

The analysis of gca effects of parents revealed that
JL-24 and 1ICG-7269 were good combiners for pod vield.
JL-24 also recorded significant and positive gca effects
for all characters except total number of branches and
plant height. ICG-7269 possessed the added advantage -
short seed dormancy and could serve as a donor for sced
dormancy as well as a good combiner for yield. Significant
positive sca effects were recorded for number of mature
pods per plant, pod yield per plant, shelling percentage
and hundred seed weight. JL-24/1CG-4861, VRI-3/TG-17 and
JL-24/ICG-1037 were the crosses which recorded maximum sca

effect for pod yield.

Relative heterosis, hetercobeltiosis and standard
heterosis were observed for all characters in most of the
crosgses. Significant heterobeltiosis for vield was
observed in five out of fifteen crosses. CO-2/1CG-7269,
JL-24/1CG-7269, JL-24/ICG-4861 were the crosses which gave

maximum heterobeltiosis for yield.

The range of dormancy in 14 dormant genotypes varied
from 20 to 80 days. The fastigiata genotypes recorded only
less than 30 days of dormancy while the dormancy in
hypogaea genotypes ranged from 40 to 80 days ICG-7269,
TG-17 and TG-15 were the promising genotypes combining high
yield potential, seed dormancy and short duration. After

multilnca;ional testing these genotypes can be recommended

b

{



for general cultivation in areas where untimely rains are

likely to occur at crop maturity.

Investigations on dormancy studies in different
generations'showed that dormancy is an inherited character.
The hundred percent dormancy of the Flseeds indicated that
dormancy was dominant over non-dormancy in groundnut. The
dormancy of F; embryo in a non-dormant maternal genetic
background indicated that embryo dormancy was also present
in groundnut in addition to coat imposed dormancy so
far reported. The dispersed frequency distribution of Fl
generation (Fz embryonic generation) and F, generation (F3
embryonic generation) indicated that dormancy was a
quantitative trait and multiple genes might be controlling
the trait. The significant difference of Fi, Fy, BCHM)'
BCHD) generations from non-dormant parents revealed that

dormancy was largely dominant.

The generation mean analysis over six generations has
indicated that, predominantiy, non-allelic gene action
governed seed dormancy. All the three types of epistatic
effects, wviz., additive x additive, additive x dominance
and dominance x dominance were prevailing in different

Crosses. The interactions were essentially duplicate in

178

nature in majority of the crosses. The pre- ponderance of

epistatic effects observed for seed dormancy indicated that
the trait was non-fixable and hence pedigree method, with
selection postponed to advanced generations would be

fruitful for the improvement of the trait.
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ABSTRACT

Investigations on Genetlic analysis of seed dormancy and productivity in
groundnut (Arachis hypogaea L.) were carried out in the Department of Plant
Breeding and Genetics, College of Horticulture, Vellanikkara from 1992-95. The
objective of the study was to find out the gene effects of biometric traits and
seed dormancy in groundnut, so as to suggest appropriate breeding
methodology and parental combinéﬁons to evolve dormant, high yielding and

early maturing varieties. The findings of the study are briefed helow.

Evaluation of 28 genotypes (14 dormant and 14 non dormant) for two
seasons revealed that wide range of variability existed among them. Donors
for specific traits were identified. - The genotypes were also genetically diverse

and could be grouped into four clusters.

The line x tester analysis with three lines and five testers revealed that
additive gene effects govern—ed most of the characters except pod yield and
number of mature pods, for which, non additive gene effects were impaortant.
To harness both the types of gene effects pedigree method followed by

selection in advanced generations will be fruitful.

Analysis of gca effects of parents revealed that JL-24 and ICG-7269
were good combiners for yield. Good combiners for specific traits were also

identified. Significant positive sca effects were recorded for the pod characters.



Relative heterosis, heterobeltiosis or standard heterosis were observed
for all characters in most of the-crosses. Significant heterobeltiosis for yield

was observed in five crosses.

The dormancy studies in different generations revealed that dormancy
is dominant over non dormancy. The dispersed frequency distribution in F, and
F, indicated that dormancy is a quantitative trait and multiple genes might be

controlling the trait.

The generation mean analysis over six generations indicated that
predominantly non-allelic gene interactions were present for seed dormancy.
Hence pedigree method of breeding with selection from advanced generations

will be ideal for fixing the character.
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1+ IZTRODUCTION

Uncertoin wator availﬁbillty. ungtable crop prieas.
environmenta_ constraints ong 1narease in the cogt of
energy end lobour hes overwhelmed the preasent dgy formers
t0 @ great extent. Water has become such an importent
conzodl ty and it menegenent is the responsibility of the
farmars, 0 rrovide the prOPar enount of water and air for

hin eropa.

ne inportent dimension of lend auality is L4o

- eapaclty to hold the inpate that are spplied end to ensurc
their ﬁsc by the plent. .In the case of water, thie quality
io called water holding capacity. T0 maintpin favoursble
conditions for crop growth, mmsagement of mhysical conditions
of soil io nighly neceasary; The factors t0 be considorcd
ara moiature, aeration, tempersture and the recistance to
root penetration to the aepth, noﬂmelly reached by the

glven crop.

Hoioture etress in plento, ls o regultent of combined
effects of poil moiatura gbress in the root 20ne, ryeoistance -
t0 weater movemnent in the,plant,.etumétal control, and



X3

aﬁmqspheriéZevaparaﬁian demang {Sivekumar énd_V£rmaﬂi, 1979)
Soil water ‘1n tho upper layers, more thaon eny other factor,
primarily dotormines seed germinniion and esteblishment of

. seeddings. ' Yater pbsorption by seede, i the fLirst event
in the prb%eas of.aeéa germinations It Lo influenced hy aoil
'ﬁemperatugé.thrwgh itp effeotn on the viegoslty of the water
and xremeaﬁil.i,ty of geed aog*b (Chemdhary ¢t gl., 1971).

fho molature situstion 0f the ooil cen be modified
in a verlety of unys. The nothods used moy be éiraa‘t
K giazéﬁéatiuxi or vemovel of waber or throngh changes in
ghructure end tompevaturc of the soil. The elity of
nolsture m"ia.i.l&ble depends both on the epount ond Qistuie

tution of poll water ond on tho Lemperatura.

The emount of water in the soll has an inﬁirat_;‘a
affect on .*';’s;:ail_ senperature which con be meneged to gome
_extent by ueing wilches. The 50il temparature hes grest
influence, I,.;r:i.ght fyrom seed gerninntion %: ¥ielding stage
ef plants.! Soil nuitrionbe and plant uptele are aloo ine
£laenced b,g"f g0l bemperatuye. 30il bLeaperature has a
'px’ﬂfoma e'i!‘feet on the water supplying power of the "sc;ila

Phe fres energy 0f wabter incresses with temperabure.



Under re.h}.fgﬁ conditions, aspecielly aftor the rainy
Beason, cxeeesivo rete of water loss By evaporaticn chould
b nintudioed to increase the vator aveilability end wabter
use efficieney of erops. Mulches have en importent role in
‘influencing the above fastors end elgo the physical and
ohemieal, properties of @oile | |

Evaporational losoes of water fyonm sol) is congiw
derably higher ;n éemi.ar.!.d vegions then humld reglonc and
constitute olngle largest lose of water fron field. In
- bhigher moigture regimes, nore water io used for evapémtion
rether then crop production, reducing wator use efficiency
(Selvaraj, 1976). Losses by cvapobranspiration gre irre-
eovorable and 'are ucually considered the net waber requira-

mﬁnt .

Hoyc ond memns Of ocubbding thio wasto hod. been the
objeet of neny inveatigations in the past. Many have
tried in creating e coll pulch and spreeding forelgn materislo
gver the soll curface vith varying degrees of success. The
econonic eapech o;’." the problems i.e., the poseibility of
grouwing orops in more sreas with the save irrigation water
is of vita; inportence. For most of the egricultural énils.
the reducsion in evaporetion end temperature nenegenent



con be brought about by soze cultivation prastices like
mulohing end t1llege. A generpus sumount of residues
placcd in end . above bus goll con iaprova the scoil con-
ditionne. Nulobed heve an luportcnt role in temperature
nensgenent gnd waley ;epeg?ion; E#mcrgus types of milchea, .
fron rocke and a%mnes pte aléwly decompooing maoterialn like
wood shaminﬁa. sawdust end chips ore tried:(Lamb and
Chapaan, 1943).

. Hulohing protects the solil fron rainfell impact,
Geeronses evpporaticon and reduces the -goll temporature
fluctuations. -Indizvectly, mulchins increases the moioture
ooatent of %he s0ll, wreisen Lto heet capacliy apnd helps in

slover werming up of the soil in sgrinz sensoa,

1t kos been reported thet the soll covering con-
germvesn saii-moistura, keeps ooil temperature higher then.

bare coll end decreases frost penetration,

The effoey of a ‘given mulch depénds on its colour,
endl $tp porvioumncss be water. Crop reaidue mulches even
in szell quentities decrease evaporation in the inidial
atege bu; lérge aghounts ere required o obiein water saving



over oxbented pericd (Prihor and Ayora, 1980). Apprecisble
conservation of meloture could be gchieved by concenbrating
on erop residue on 4 yortion of soll surfoace as well oo by

lergor opplicabion of water.

The comperotive officosy of these oulches agy very
unger different canaitzénﬂ depending on different aspcoto,
Joze umlchos'aoh as nutrient euppliers olgo. Peddy straw
opn provide sboub 0,05 40 ong per cent phogphorus. Cerbaln
malches like ylee bull aset es roflectent preventing the
heating up of soll by radistion.

Preaenﬁfetuﬁy hag been wndertoken with the following
objeotivent

1, To gbudy the offeot of alfferent mulohes on the
yhysgco chemical progperties of the soil.

2, %o gbudy the effect of uulches on goll temperatura
onf peedling onorgence,

3+« T0 luvestigate the effect of mulches on goll
aslobure charasaberigtioc.

4. To e&a&y the interaction cffeckp of soll tempe=
raﬁura and ooil water on plont growth and yield,

using Bhindi (Abalmesahua poculentug) as tesh Crop.



REVIEW OF LITERATURE



2, REVIEY OF LITRRATURB

Several processes like water htrensportation,
movenent of nutrients and Flirification eve affected by
soll tempsrature. Soil temporeture has profouwnd in-
fluence on seed germination, root growth, shoot growth,
nubrient upbtske and erop yleld. Rescerch informotions
fron different studien, relating soll temperature ang
plant growtﬁ. mlch trestvent effeet on so0il water end
tempermturei nutrient upteke and other parsmeters ree
lating to ?ﬁant grouwth and yleld ere revlewed hereg

wnder diffepent topios,

2.1, FEffect of different mulches on poil physical
properties, with emphasis on soll iLenperature
and £0il uwater.

2.2+ B0il tempevaturs - iis inf;uence on geedling
emexgence, plant growhth; yield end matriont
uptske .

2e3+ Soil noisture impacts on goil temperature ong
conceguent effect on plent growth end yielgd,

2+4. Influence of soil molisture ananﬁbil tenperature
ocn yoot growth of plants.



2.1, Effect of Qifferent mulches on goil paysical
properties, with emphasie on soll temperature
end Goll veter.

Hulches were epplied %0 crops from the dawn of
Agriculfure; mainly with a2 view to conserve the soll
molsture. Selenbific investigations, on the use of
mulches was direeted mainly to the soil conservation
agpects, oo well as the changes in soll structure and
effect on soll tempercture, increase in orgomic con-
tent of the soil, mnierobial activitles and avallability

of nutrients.
2.1.1 Conparative effect of differcnt mulehing materials.

umerocus tyse of culches have been %ried fron
racks ond etones to slowly decompooing meteriels like
vaw duot, chips end wood shavings, alfelfo end been

gtraw, hay end nmenures (lamb and Chapmen, 1943).

Using dry leaves as mulch, the cost of irrigation
end woeding cen be reduced end soil atrueture can be

inproved (Rongacharylu end Negebhushenem, 1960).



The ecoaoty in wsed control ueing mulches had been proved
by Green (1901) Xunake and 51ife (162) end Sanjeovi (196%).

The greatest emount of reseerch with aulches were
with cheap end reedlly avellisble crop residues emd obher
plant weste products like straw, stover leaves, wood chops
ctc. end fomd t0 increemse the rate of infiltrasion of
water into the soil and rebeln soil moisture for longer
periods (Horning end Overson, 1962, Prihar gt al 1968,
Wiegerd et al 1968).

Trials conducted by Wohanty (1977) on glnger shouws
that dry leaf mulches are superior 0 grass or soil muleh
which gave pesb recult in rhizone yield; sprouting per—

centage suppression of weed end prevention of soll erosion.

Dhatacharjee gt al (1979) showed that by using straw

mlch number of irrigotiona ecan be decreased by one to two.

Hass;gg al (1965) proved that lighter coloured more
reflective mulches are leos efficient then derker ones.
Dotelled study conducted by him showed theb medium eud heevy
mylchen reduéed the wvater loss over 6 days by 1.4 ond 2.7 un

reapectively.,



Mnon (1980) has observed that the rice hull ect as
the ouperlor refleotont bubt appeer to 'he the mosh @Liffi=
oult mulch to keep in position during heavy rains. In his
opinion etrew wulch io the most sultable mnléh in South
Eant ﬁaiq.h 14 possesdes no draw backs; except that the
leyer should be thin enough to permit the emerging plent
to gpt through.

Mulches will hapten emergence cnd lmprove yield.
This wes proved by Vender Zeeg ot gl (1986). They tried
with dlfferent railches in differsnt seasons on potatoes.
Al mulcheé haotened the emergence rate and enhanced the
yield. |

24142 Infiuence of mulches on s0il temperature menocgement.

Tho .lozs of heat energy from the seil iec mainly by
rediation, conveetion and svaporation of soil molsture.
The mulcheé covering the so0ll protects the goll from noc~
tarmel eociing end alsd prevents the evaporational loeg
during doy time and keepo the soll ecoler. Wadleilgh and
Gauch (1248) proved thot as the coll tempersture inerceses,

the water sbress also incorcases,
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Records of coil temperature for five years kept by
Kohnke (19@3) et 1 b0 4 and 10 inches depth in a silt loaﬁ.
left bare or mmlched with 1.5 t/acre straw showed that a
tmlched soil was 1 to 2°F warmer in winter amd 1 to 2°F or
% t0 4°Q°cooler In spring end suzamer than bare aoil.' Daily
temperaturé fluctustions ot 1 inch depth wore twice as

large.

An pdverse effect of maleh Lo reporbted by Dorokhov
{1969) tha% the tulehing reduces the doy time bemperature
end increeses thé night tcmperature of soil and alse in-
creaged the posslbility of plant lnjury by night frost.

The straw muleh conoiderebly lowered the maximim
poll temperature, eopecislly when the prevalling temperature
was hizh. The pinimus temperature was only slightly
affected by otraw muleh (Benesel gt al 1971 end Lel, 1972)
mulching eignificantly reduced the moxinur soil temperature
measured a2t 5, 10 and 20 cm depths, where £g meximum tem-
perature was recorded by unmulched plot. Tripathi and
Katiyer (1§84) 80t the ssme trend in soll temperature under
straw ﬁulcﬁ which ranged from 19 - 28.7°C. BSimiler results
were obbalried by Hoody et 21 (1985).



Gbg;arvatioas mede on 80il bempersture at one hoqr
intervals by Lal (1972) i_.ndicaf;ed that theore were phase
differenceis of dplly temperature fluctuations due to°
milehlng. The moxleun for unmilched plote et $ onm depbh
osoured ot ebout 3 T followed by o cherp declines vhile
the mmximzm for the mulched plote was arowmd 4 P with a
- praduel ﬁe&llne in the temperature,

Heh;%a end Priher (1973) obaerved progregoive
deorenss 5.3‘; nexivun soil tenperapture with incmaslnglmte
of whent sbrew mmlch from 2 tomnes %0 6 toanes/ha gnd elso
the mulehing refvced temperature by 7°C a% o Gepth nf' 5 ¢

Venkatachalom (1975) in khis experiment in soil tem=
persture revealo thab the rote of heat flow from the soil
Guring -nigﬁﬁ time 18 peduced conslderably and heal is con-
seyved in ﬁhe gell, This is obgerved for higher tempe-
ratures during the moxning hours in the mulched plots.
Slpiler reéults heve been reported b;y Gojendra Givri and
singh (1983).

Venkobtechalen (1976) in bis studies have also proved
that the mgleheﬁ plote recorded lower temperature guring



afbernoon hours than bare soil. Thic ean be atiributed
tc the sheding effect produced by the mulches, thus
ghutting out the soll from direct sun light end a slower
rate of heating of soil due %o higher wmoispture content
of the solil under mulches,

Atudles conducted by Ghuman and Lal (1982) showed
that the plg.st.i.o mulches on a flot surface loyered the
mézim tenperature at the 1 e¢m depth by 5°C ond rice
straw maloh lowered by 16°C compared with the bare flat.

These differences decreased with derth.

Radke (1982) opined thet the mulches dccreages dey
tive soil témpemtura. Mondael and Chogh (1983) working o
maiching otates that Peddy sbrew is more efficlent in
redueing e0il tempersture then poddy husi.

Detahled cxperinents conduchted by ioss @t a8l (1985‘)
raveals that the mulches cen reduce soil surface tempera=
ture upto 20°C by intercepting incoming radiabion. It
aeaaipiatégj: thie interceptod cpergy, gqulie efficiently by
free convection wlthout conocmitant incrzose with tempe=

rature of the wnderlying soll surfece. luleh application
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prolongs the proceas of clow evaporation from the poll

gurface. The resuliting ooil water content Rlso decreanes

p0il surface temperature through its effects on goll thermal

proparties.

The malches will reduce the soil teunperature in hot
conditions and in winter 1t will keep the coll temperature

higher than surrouniings (Vonder Zarg et gl 1986)
2.1,3 Boll physlcel properties &s influenced by uwulches.

The wractice of s0il mmiching has considerable in~-
fluence on.s50il pwoperties such es bulk denslty, waber
holdling eapacliy, so0il aggregetion, porosity, hydraulic
conduotivity, infiltration ate.

|
Tuvelle gnd ¥e Calla (1961) raported lower bulk
denslty ond higher wezterstable sgsregetion in soll es a
result ol mbtubble mulch tillege than clean ﬁillage. -
Experinents conducted by Bumeseu end Petrache (1969)
in a g0il vhich hed a pH of 7.4 to 7.6, a humus content of

3475 0 3.9 % and field cepacity of 24.8 ¥ end en increase
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in temperature from 10 to 40°C incremsed the emount of
repin extractoeble phosphorous by 50.6 A, Corresponding
figures for on incresse in bulk density from 1.0 %0 1.4
& em 2 and en inoreage in moisture from 11 to 31 ¢ were

9.6 and 240,4 .

Ll (1978) reported a higher bulk density in the
wnmnlched plot. 8zain during 1980 he reported that the
Bulk density of nowly clesred tropicel slfisole was de-

creaged with increage in the muleh.

Kamalan end Kunju (1982) conducted exporiuent on
the effect of milching on bullkt demsity. The effect on
Bulk density of the s0il was found to be highly signifi-
cont, ulching in general decremsed the bulk density.
Hinioun bulk denglty was obtained for treatments which
reoeived muiching.

Mathen et gl (1984) observed insigmificent influence
of nulches on the bulk dennity of blaclk soil.

The éffect of soll aggregate plze on sugny beet
seedling emergonoe ves exémined by Hammeron (1961). He
found that £iner oggregetes (1 Ymm) have better molsture
supplying capacity.
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Aggregation inoreased poroslty and oxygen avellp-
bility which are importont in seedling establishment
{ Anderson ond ¥emper, 1964). Unger (1969) noted higher
water stabblé aggregataa under mulched conditiona.,

Kamélam end Kunju (1982) have eloo reported that
the mulcﬁlng thé soil with leaves mught have improved
the organte metter atetus of the soil which in turn might
heve increcesed the content of water stebble aggregetes.

Boll temperature acceleratos the Infiltretion rate
Infiltration studlies conducted by liocore (1940) revezls
that maxiuun water content in the wetted layer decreased
while the infiltrotion rate inéreaseﬂ with increasing

p0ll tenmperaturc.

Tal E&Hg; (1980) reported that the hydreulic con-
ductivity of the newly cleared tropical elfigols was
laproved by"mulohing‘ Mathen et al (1984) have also
reported thét the hydroulic conductiviiy wes influenced
by mulehas: It was 6.0 cn/hr in control plot snd it
varied from 6.9 to 7.0 cm/hr in mulched plot. Among the

malches there was no significant differenced.
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Dal gt gt (1980) reported that the porosity of the
newly cleared troplical effisole was higher then the un—-
mulched control. Hathan gt al (1924) reported that the
total porosity wes eignificantly influenced by milches
during the firot orop, the inorcase was 16.6 ¢, The
difference were not significont for next two erops. The
decompoged, orgenic matter bolow the mulches would have
contrituted for the above effect.

In the case of particle size distribution the
percenboge 0f coarsz and medium sand fraction were nob
altored, tﬁough that of very coarse sond is increased
with increasing uulch rate. G5o0dt et al (1980) have
reported that the practice of soil mulching has con~

piderable influence on soll progertios and conditions.

2.,1.4 FEffact of Different mulches on soil water retention
gnd release.

Muléhes were applied for various crops cven fron
very onclient days. The wmaln intention behind mulching is
o0 conaervé noisture. Hajority of writors conclude that
milehen are useful in moisture conservation and tond to

incrsage ylelds(Miclka et ol 1978).
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Desilva Asp (1957) has studied the various pheses
of mulehing and conoluded with benefits like conservation
of molsture; provention of erosion, incressed thickness
of egerable layer, eleminatlon of weed competition end
eeonony in:its uge were attributed $o trazsh mulehing.

Henks end Woodruff (1958) found the primary effect
of malehes as increcelng the lengbth of vapour path; and
the energy ebsorbed by the mulch had 1little influence on

the woter losg.

Bav$r (1960) weoc of the opinion that artificial
miiches gréately rebard svaporation end protect the soil
from.airecy rays of the sun anﬁ wind current, conoequently
the soil woo kept ool ond the vapour pressure of the aiy
in the muléh Wwao nore nearly the seme as that within the
s0il pir, “ |

In contrast to the findingo of the workers nontioned
above, man§ do not corroborate the benefiecinl effect of
omulcehing.Cohoon gt gl (1961) showed thet the downward
movenenb og vater was not in sny way different in the
mulehed pléts than that in the unnulched,
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Donald, D. Mybhre and Joe, O, Sanford (1970) in thely
éﬁudies proved that tmlchod rough soil surfece help in
rininizing coll water Aificits and therefore yeduce the
rigk when growing & crop without irrigetion and he found
that the sotraw tulch wae offective in inorecasing yield,

Hulehes pre used for various ressons. Howvever,
water conservation and e¢rosion control aere the cost im-
portsnt'fcr agriculiure in dry ecason (Ungér 1971, Black
and Siddowny 1979 ond Subbleh ot el 1979),

Lali(197a) in his ¢xperiment with wulches in tro-
picel eoil stetes that the weter conservation characters
02 poll weg ioproved by culches and also the milcheg
reduced the weed growth. Observations made by them in=-
dicated that the mulched plot had a higher soil nmoisture
content throughout the growing seascn then the uwmlched
plots for both 0~10 and 10-20 om depth ond he elso notlced
that the mulehing indirectly influenced the water holding

capaeity ond wolsture release oharacters of ocoil.

Hulches had beneficlel gnd fovourable influence on
soil tenperature end reduced so0il water loss through eve-

poration which resulted in more aovallable poll rmointurs fop
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a longer period which helped in improving the yield atiri-
buting charvacters emd ultimately grain yicld (Mendal gnd
Ghosh 1983). The asbove result corroborated the findings
of seversl workers (Bond ond Willis 1969, lMurty and Rao
1963, Lol 1974 ond Hendel ond Vanadevan 1975 Bolyen end
Malik 1980 end Cejendra Girl ond Singh 1983). Handpl

end CGhosh oplned that the consumptlve wetor use efficiency
wes lowest with straw muleh and highest with no maleh,
The congumptive use efficiency wes also influenced by

lrrigation levels and mulches,

Surface rmulching ie rore beneficial in reducing
evaporational logs of water them subesurfece zuleching
Abdulleh Sendmodeihsh gt el (1985).

2.145 BEffect of different mulches on yield.

Sigﬁ;ficant increcse in yleld of potato and con-
olderable decrease in weed growth hed been reported by
Septerishi and Azarieh (1954) when siraw muleh wes applied
siniler reéults were obtained to Fieldhouse ct gl (1368)
in Asparagus.
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Kem;%aar (1961) worked on corn has found that the
yleld uns épprazimaﬁely doubled by & 10°C rise in tem-
perature above 20°C. 1In vegetable erops yield increase
with use of milches ves reported by Patel (19565) and
Gassogand Bienco (1967) so plso Baxter (1970) end Maehara
(1976) proved that the Autumn sbraw mulching increased
the yleld. They els¢ proved that the peach trece grow

better end produce more fruits on mmlched soil.

Tal (1974) algo proved that the higher grain
yield cen be achieved by mulching.

Stﬁﬁiea on sondy loom eoils at Tudhiesna by Ehera
et ol (1976) showed 13-26 increese in dry forege yield
of summeriﬁaize with straw mulching. Dongld L. Myhre
end Joe O Semford (1970) also got similar resilis.

Allen end Quisumbing (1977) showed thei the
rulching iperegses the plant growth perameters and rhizome
yield end oterch content in ginger. Coconut leeves were

the hest ﬁuleh followed by rice atrawv,



Mahéy &t al (1980) have cerried out en experimont
on turmeric uith 3 levelg of irrigation and 3 mulches.
5:
The result reveeled that mulching affected growth end

yield factors end economised the use of Lrrigation water,

Kunér et gl (1963) chowed an increased yield in
gbrow barr;"r by using cut grass as mulch,

A £leld ezperiment conducted ab IARI by Krishna
murarl and Pendey (1983) revealed that the straw tulch
lmproved hervest dndex (55.4%) theon with out wulch (33.29)

In tomatoes, the mulched plemts grew teller ond
had wore brenches and e grester numboy end welight of
fruits (Olasantan 1984).

Any type of mulch will incpesse yield (Vender
Zesg 1966): Similer recults obbained by Murty and Reo
(1969) Black (1970),

242« Soll teuperaturs ~ its influence on seedling

eme;"gence, plant growth yicld and nutrient uptoke,
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S0il tewpersiure profoundly influences varlous
steges of plant growth and soil conditions, from eeed
germination to yield, It influences uptake of plant

mibrients end soil nutrient content.

2.2,1 Influence of soll temperatures on the seed
gernination.

Studies conducted by Woode (1950) showed that
the germination wes delayed at soll temperatures below
50°C end inhibited ebove 30°C, where as Segeta gb al
(1964) reported that differcnt genotypss show genstie
varlations in minieun germinstion temperatures,

Relg.tionehip between temyamtﬁre and seedling
euergence in cotton seed wes studied by Wenjura gt gl
(1967). They effirmed that the emorgence rate can be
predicted by knowing tho soil temperaturc; since the
rate of energence of erop 1ls constent with vorlous

ranges of éoil tenperaturas.

Bleck low (1972) end Mledems g% al (1982) in~-
formed that the s0il temperature reotricted the germiw
ration by 1ts effect on imbibition,



Increasing soll temperature reduced the period
. \
of time betucen sowing and energence from 10 to 11 days
(Leunders 1971).

Kallasanathan gt gl (1976) observed that in sorgham
gnd cowpeo, gorminasion st 25°C wes poor and ot 40°C
asppeared lethel. High percentage of vigoroue gesdling
growth was, observed at 30 and 35°C.

Miedema g gl (1962) ctudied the effect of con-
gttt temp%ratura on imbibed secds fown ot @ depth of
4 ¢m epd ohowed that the $ime from sowlng 30 emergence
ves 23 deys et 10°C, 8 daya b 15°C, 4 days at 21°C end
2 deys et %2°C, In the cese of elongation rate of primary
roots show,a linesr zalaticnshly botween 10 and 25°C. The
minimum-te#yerature was around 9°C, tho optimms around
30°C Flongation rate renged from 0.5 mm/hr et 10°C o
3 mn/kr at 30°C,

Thsﬁopbimum ronge of 80il temperature for encre
gence of wheat was found %o be 20~26°C (Pughkela ond
Nogeraja Rgo 1963).



Re2+2 Goll temperature and.plant grouth,

Influence of soil teoporgbure on plent growth are
wenifold with increnned goil temperaoture emergence wes
hostened enf esrliness promoted in medze (Willis gb pl
1957). They alzo found a linear growth rate ovor a

tempsyature range of 60 -~ 80°F,

Brouwer (1959) obtalned better growth of pess at
higheyr tempereture in leboratory 8 well as field studied,

bry matter production elso followed ot semc trend.

Burrows and Larson (1962) reported that growth rate
of maize pqagreasivaly retarded with decreasing solil

temperature.

Desearoh condueted by Chaudhury end Ghildyel (1970)
on the shoot grawth and yleld regponse of rico variety
Teil=1 %0 d%fferent goil tenperature revenled thet maxiom
yield obteined ab 32/20°C resulted freom hipgher shoot and
root dwy weight greeberaunver of effective tillers end
spikelets per panicle and lower opikelet sterility (Lindemen
and Hem (1979) grd liwever and Wollum IT (1981) have



reported a moxioum plent holght cnd dry weight at 25°C.
Fushkela and Fagoreje Reo (1982) obgerved that the leaf
pree and plant height of soy bean was found to be maximum

ab e temperature range of 20=32°C.
2,23 Effecet of soll temperature on nutrient uptoke,

Soil tenmperature influence plent growth by affecting
0Ll moigture, microbial activity, enzymatic activity ete.,
thereby affecting the nutrient uptske and low temporaturos
plow down the inteke of vater by roots and extrene heat
mekes plemt Life aifficult. By mere ralsing or lowering
the tenperaturc, haa pronounced effect on the decomposition
of orgenio 'and wineral components of the soil resulting
release of plent nutrient,

Vander Honest and Hooymens (1955) determined the
nitrate uptake ot a teoperature of 5=-40°C. The upteke
at 10*C wag about 307 of that et 20°G. Shtreusberg (1956)
reported that the upteke of B2 gt 7*C was %2% of that
a% 21°C. So aleo the pokessiun content of roots at 10°C

"I .
weg ebout 405 of that a% 20°C. This experinents chow



what the lon upieke is reborded by loweving the temperoture,
Bﬂt.az:preciable amounts of nitrate, phosphete and probably
potassiun ore eboorbed at eround the minimum temperaturs
for growth: Tha concentration of altrogen, phosphorus,
caleiun, mognesium and minor clemente wes little affected
by the root temperatures.

Slepaon (1960), Dormacy and Kotcheson (1960) and
Wellson 9&25&1;_ (1960)y a1l of them heve reported that
inereased growth rate were noticed with higher temperatures
whlch were 'w atbtributed with the incrsassed uptake of nutrionts
by the crop plantg.

Low ¥oot tenperaturss decrecaged the ?205 end waber
conbtent of the leaves end otems of tomato end snep beang,
and the ?205, Kn0y Hylg Cal and MgO content of oucumber
FPlonts (Hori ot pl, 1968).

sz@ificmt increase in the nmirient uptcke with
incresse in temperature in case of nitrogen, potassium,
Hengenose eam copper by wheat have heen reported by whlte-
field ond smika (1971)., Similar resulte were reported by
Simpaon 1965) in Soy bean for phosthorus, Ketcheson (1970)
in comn for phosphorus end potassium,



The carbon minerslisebtion increased with raieing
tenperaburé, but not lineerly, (Baver, 1960). At higher
tenperetures (35-40°C) choot end root concentration of
nitrogen, phosphorous, potacpiunm end sinc decreaesed while
thet of Doron incroased.

According to Cormillon (1980) the aboorption of
plent nntrienta by tometo rooto werd not greohely
Influsnced by tenperature, the effect gecns to be pri-

marily on subsequent transloecation,

2,3. Soil moimture impacts on soll temperature ond

gongequent cffoct on plant growth esnd yield.

Soil wmoisture has en innorbtant. role in dcclding
the physical end chemical propertics of soil, fertility
of coil and pleut growth greetely depends on the moioturas
gtatus of the soll. As the tempersturc incresses the

vater gtress also inereeses Yadleigh and Gouch (1948).

2¢3.1 Doll water plent relationships.

The leaf aren index will be minimum vhen the avaie
ileble £0il moisture Ls less due to the fmet that sdeguate



woter was not availaeble for the full expression of crop
growth. Slmilar regult hove obtained by Gerazd and Cowlay
(1963}, Lashiu gt pl (1970).

Repearch carried out by Geiger (1950) shous that
the specific heat of weber boing high, the rate of heating
end cooling will be ploved doun resulting in louver ten-
pérat.ufe in the afternoons end higher temperature during
nights

Foy @eed germination humid (over 9875 R.H) environ-
ment 18 required, which is normelly preseut in soils even
vhen the goll moistura econtent approeches the permencnt
wilting percentsge (Richards and Ogeta, 1958).

Henlin (19€0) proved they =23 the tempersture in~

- oreanes the evoporational rate also incresses resulting
the ooil drying which lesds $0 the inecrszased erust strength
and Qeerceged ability to oyop growbh.

In ¢old countries the mulches are used to increase

the ooll temperature. Works cavried out by Clavkson (1960)



and Bimern J Van (1901) shoued thod s0ill govaring, con-
gerved moiopburc ond kept ooll temperature higher then

that of bare soil end decroased froad penet_ration.

Parker end Teylor (1365) have reported thet in
graln sorghun gesds with the inereecse in zoil molsture
dension o, 1 bar or more thore wp3 o decrease in the
rate apd anount of cmergence and single grain wvelight
was wosh aﬂfecteﬁ by the moisture shress,. 80 also the
plont helght was most reduced when wolsture stress

dcoured before our eNergouCes

The experinent carried out on different water
depletion studies (100, £0, 60 40 and 207 of availsble
soll molsture) shows that more the guantity of weter
supplied, move would be the reduction in woter use
efficiencyy In nbigher molgture reglmes, more water is
used for evaporation rather them produoction, thereby
reducing the vater use efficlency (8elve raj, 1976).
Thic is ln‘agreement with the findings of Grimes gt gl
(1969},
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2.,3,2 S0il water end soil temperature in zreletion ho
plant growbh.

' foll water ic inflvenced by tho aoll temperature.
Yhe reseorch comduched by Hoore (1940) revesled thet even
shough the mexitum water content im the z0il decreased
by tempéragura. the infiliration rate increased with

inercaoing =s0il teaperabure.

Holpture conjent ig the most importond fachor which
influences the omergence of seedlings., Ae the eoll temw-
perature increases, ab firsbt, the emorgence ratc inersases.
But after e level it decreases (Bughes gb gl 1966).
Simiiar reseoveh copfunted by spring fleld (1968) on seed
germlnation at 6 levels of nmoisture siress in the rangs
of 0»15 hor end at 5 touperatures roveesled that germination

decraaoed significently as the molsture otress inoressed.

When the eoll moioture is meintelned at field
capacity, the emergence and survival is adversely sffected
by soil teﬁperaﬁure {Soseboe and Herbel, 190Q) and when the
g0il molsture wae anly slightly ebove wilting pointg the
rodicle was observed 4o oxbtend into new moll, fastly to

neet the nolsture needo (Tyrouse, 1971).
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A moloture benoion and o0il temperabture i.ncfaaaed.
the pata of emergence end 4obal energence of all sgpecies
dealined (Welght gt 21 §978). Seroa (1979) showed bhab
afber germinotion the redicle mat remelin in & humid ate
nogphere to caoure developnsnt of the geedlings for

cnorgence, which decroases with increasing temporature.

2efle. Influence of apil wmolsture ond temperature on roos

erowth of »plonts,

According o Humgel (1551) the woil plent system
rrivevily related through the root system snd the prate of
rooh growth. This in turn depends on the tomperature, vater
and aly supply in the soll, the amount of carbohydrates
translocated to the rool system snd on the conpeletion
they feoe from other roots. YHith the excoption of the
aquetlic vlents and & few epiphytes, plants absorb pra-
.etically all thelr water through rooto snd the effectivences
of rooio ag absorbing surface, depends on this extent of
the root system end on the efficlency of individuel »ooto.
The importonce of yoobh syssen; for proper mainbainonce
of water balance in the plent and characteristicg of "drousht
hard” verieties, wao observed by Khomne and Reneje (1947)

and Hiaes (19567,



2.4.1 Soil temperature and root growth.

High and low temperoturese may limlt root gzowth
Armat (1945} end Wilson (1981) found the ophimum soll
tenperature for voot olongation, between 33 and 36°C,

tileloon end Humphves (1966) investigated that each
specico of plent has a ninicun soil temperature below
vhich no elongation ocoupres. Above the ninimun temperature
root elongntion rate increassed almost lineerly with tep-
perature zaob ate incressed elzost linesrly
with-tenperature- t0 o maxioum temperature, above which
the elongetion decrsases rapidly (Cheudbury and Ghildyal
1970) .

o - Ty s
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Natr and Purs (1970) ond ¥ilson (1981) in thelr
experiment with plonts under dlfferent root temperatures
proved that the dry natey rotio o root and shoot ine

creeses with incrcase in soll temperature,

Resenrch carried out by Pearson et al (1970) choued
that the rate of root elongpiion grefually iuncreased with
inoreasing goil temperabure up to 32°C and then sharply



decreased with further temperature incresse. The offect
of temperpture was most pronounced et high pH end at low

levels of coll sirengih.

Allmoras and Neilson (1973) observed that the
initiation of sdventitiovs »ootn of com in the 0 = 10 - cm
soll depth was dominently influenced by soil tenmporaturs,

?helcroPa ayo highly censitive to high coil
temverature at the seedling stege Lal (1972) was of the
opinion thed during early stoages, the root ectivity le
confined to the upper few centineters of goil end the
growing point of crop reuadns below the s0il surface
during the flrot week. He 2lso obgerved oome chloxrotic
pynptoms in meige and sesilingo grown ln untulched plot.
This may be due to the poor root development which res-
tricted the mutrient up Leke. |

Anon (1959) reported theat at higher temperatures
the root growth was restricled because of the higher
ethylene concentration { > 1 ppm) in goil.

The responve of malze roots 4o soll teumperaturce

wao showed by Prihar et gl (1968). The altcration in
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aoll temperature caused by straw mulch asignificantly
incrensed rooting density in the upper 10 co of the goll
but decrcased below 15 cm depth.

Korovin and Nampev (1975) end Lghav et £l (1982)
conducted szeriments on bemperaturs and dry matier
production of Avesado plents and found the dry nmatter
production of roots ap maximum at 30°C end ninimm at

10*C. Above 35°C it suddenly decreased,

Hoorby and Nye (1983) mwd were of the opinion
that the root growth incresses with increese in root

temperabure,

Por p soill temperabure renge of 24 %0 37°C, the
root length and rood distribution was found to decrease
ab higher oid lower ranges of temperatures in soy bean
(Pushkala end Negaraja Reo, 1983). tecduff gt ol (19653)
showed that root tcumperatures affect yoot extension, meon
radiuo,; rool surface crea, number and length of roothalrg.
Both lower end higher tenperatures aere hermful for roob

grouth and development,



2.4.2 Soil molsture and root growth,

Soil moisture is the deelding fector of oot
grouth end develoyment} Extenoive root system was
shown 40 absorb woter from greater volume of soll
(Talemov, 1926).

Dennct and Doss (1960) observed that the lower
lovels of wmolsture incrsased the root depth in plants
where ag found ag the lower lavel of molature increased
the root ueighto, Increase in the number of woots per
plent end more root hair under such conﬁitions wera

obgerved by Kmock eb ot (1957).

pumean 1941) found thet the root growth in tree
gocdlings inversely proportionnl to the available soil
wolsture content., Cennon (1911) Weaver (1920) and Weever
end Crest (1922) found that the depth of penetration of
voot systen depended on the depth to which the soll was
wobted. Bub Shantz (1927) Dreazale erd Crider (1934)
were of the opinlon that roots of at least certain opecies

would panetrete in to soil below permanent wilbing point.



However licndrickeon and Velhmoyer (1937). Reed (1939)
Kauffoan (1945) end Muller (1946) congldered such &
poaslbility, nost likely under field conditions,

Hunder end Kelley (1946) and Trouse (1971) stated
thet roots hove 2 tenfency 40 move from e molet area to
dry soll end utilize moioture from thet srea. But at the
sane Yine they are wnable {0 utilize the plaat nutricnts

in the dry esoil,

Gerd (1959) cenducted experiments on msize and
found that os the soil moisture stress increased, maise
roots extrogted more water from lower depths, Anobhex
study carried out by Dargan gt al (1565) showed that by
with holding irrigations for 6 to 7 wecka in the early

stogoe, the root systen developed betber.,

Root elongation was appreciebly reduced by an
incrense in s0il waiter suction end viece veras (Toylor
et i, 1967), Soil temperature hes both direct end
indirect effect on water shscryption by influencing the
root growth and by influencing the oyathetic activity

of roohs.



Selvarnj (1976) showed that root weight is &x:
directly proportional to the root length. Root weight
decreased with the increase in the avallable noisture
percentage of the soil. WMandal end Ghosh (1383) have
opined that the incremsed water use efficiency with
mulching and irrigation was probably due %o lncreased
root development, efficient moisture extraction and

decreased consunphtive use.

Rooﬁigrowth betyeen gernination and emergence
for the coxn hybrids was stundied by Cutferth gt gl
(1960) end confirmecd that the sensitivity to water
content decreesed with decreasing soil temperature

and both fhis decreased the root growth rate.



MATERIALS AND METHODS



3. MATERIALS AD METHODS

The experiment wWoo cavried oub so pot onlturs
vith Dhindl as test crop in the net house at the College
of Agriculture, Velleyeni using the red loam gerden soil,
during May=August 1986,

3 0,1 e Clinatic conditions,

Vellayenl is situsted at o latitude of B8.5°H,
Jongltude of 76.9°F and at an altitude of 29 metors
MaS.0he During the period of investigetion, there upe
an aversge rainfell of 154.6 mu. The averasge rvelative
hunldity maintoined during the poriod was 75.5%. An
Brerage maxdun dey temperature of 30.05°C and minicun
of 22,55°C was recorded during the period of inveatiw
gation,

3«2+ Priliminery ptudico on soil.
The inltlel enalysis for the physico chemical

properties of the goll were cerried out end are given
in d2ble 1 to 5.



Tede  £0% Ooulture Experlment.

1146 kg olr dry ooll wes filled in esch pot. Fote
wors innulated from soler heating with thick coating of
white paint on gll exposed phasems 7Three peeds of Bhindi
(Abelrosous egoulentus) variety selection=1 were sown in
each pot, Ferillicers werc added oo rescommended in the
package of practices of EKersnle Agricultural Talvereity
(MsP:X at dhe rale of 125:50350). Plent protection

measnpas were taken vhenever needed.

Teble 1. Uolsture hobtenbtion Chovacteristics,

?raasurg' )
applied in Qe3 05 10 30 540 10.0 15.0
atnosphore

potsture BuBY T.67 699 6.02 555  5u14 4429

Table 2. Aszgregate onalyois (99).

S3ieze of

poarticles 5.0 240 1.0 0.5 0.2 0j1 0.1
ir Bm

% pf

p&,aiclea 20.20 8-77 15000 10.!30 19!47 15045 ?'24




s%mf Ca kgb g kgh

2eble 3., Textural onalysis (§).
Gaéxse sand | ¥ine gand ) A A Clay
55.28 11.45 30420 3407

Teble 4. Fhyoicgl conotonbg.

Weter Bulk Partiolé Forosity Volume

holding density densiby 2 of expo-

acaxr%s%city gem - gem -3 ne%on
24450 1442 227 3869 5408t

Table So Chemlcol analysig.

‘ © Aveilable Exchangeable ¢

¥ kah P kgho K keho 0 .0%

64 .96 94 L8 306 +88

450 .2

1276.8

8730 0.4385

#{0.,C = Orgonic Carbon).
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P41 Design and treattsnts,

The experinent was conducted In o fmetorlal con-
pletely rapiomized denign with treatments of 4 rulches
and two water levels, The btreatuent combinetions were

aa follows,

1. Dry leaf nulch with 207 depletion of water from
Field capacity

2, Dry leaf mulch wikh 405 depletion of water from
Pleld capacity

3+ Sow duet oulch with 207 depletion of water from
Fleld oopmolity

4. Sew duss muloh with 407 depletion of waber from
Field capaclby

5. Paddy husk mulch with 207 depletion of water from
Tield oepeecity '

6. Paidy husk muleh with 407 depletion of water from
.Field eapacity :

7+ Peddy strew mulch with 209 depletion of water fronm
Meld copacity

8, Paddy otraw mulch with 407 depletion of water fron
¥ield capaclity

9. o muleh
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A1l the treotiente wers replicated five times,
Altogether 45 pols vere thexe. Tobs were pluzged using
genent to preovent water less, On the basgls of wabor
retention sbudles, water treatmonts were given, as end
when the molsture resched 207 depletion of £16ld capaclty
and 407 depletion of fleld capselty for the two uwater
leveln. These lovels vere fixed by celibration the tenglo-
mabter readings, uwsing corresponding grovimetrio nolsture
nontent .

G2 Instalistion of Tenslometor and lhe'mameterm

Manometric 3ype tensiomoters were fabrleanted in
the laboratory end inmetalled ia the pots, with the cups
buried at o depth of 15 o from soil surfzce, Soil
thermometors were alse instelled at o depth of 15 an in
¢ach pot Yo note the soll temperature. The servioing of
the tensioncters were done dally using sir free disbilled
wator. Tlate-l shows the inshbelletion of tensiometers

and therpenmeiters fopr the breatmenbo.

Bed 3 Hulching and weter levels.

Mulehing was done on the third dey after soving,
Uelfornly mepsured guentity of mulches were applied in



