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IN TR O D U CTIO N

Groundnut, the 'unpredictable l e g u m e o c c u p i e s  the 
prime position in the oil seed economy of India. This crop 
accounts for 45 per cent of the total cropped area (15 
million hectares) under edible oil 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 ha'1). The low yield levels are attributed to the 
cultivation of the crop mostly in rainfed marginal areas, 
poor plant populations, lack of adoption 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 cultivars because of the

t

ease in 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 nont dormant seeds. When caught in 
untimely rains at the time of maturity, considerable yield 
losses occur due to viviparous germination inside the 
subterranean pods.
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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, 
generally mature later, possess seed dormancy and have a



very high yield potential. Recombination breeding through 
inter-subspecific crosses holds promise to incorporate the 
dormancy and high yield potential of hypogaea (Virginia 
bunch and runners) into early maturing fastigiata (Spanish 
and Valencia bunches) cultivars.

In groundnut many inherent factors are posing problems
to breeders .preventing any major break through in the
improvement of this crop. The unpredictability of the
productivity of a genotype 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 procedure involving small 
tender flowers at ground level, the indeterminate plant 
type of hypogaea genotypes retaining a large number of 
immature pods and pegs at harvest, are a few factors that 
limit substantial progress in the breeding of the crop.

Before planning 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 ability 
of crosses and study of heterosis will be a prerequisite 
for choice of parents for hybridisation programme for 
evolving high yielding^dormant, early maturing varieties.
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With this background the present investigations were 
undertaken to fulfil the following objectives.

1 . To evaluate twenty eight groundnut genotypes for their 
economic traits and seed dormancy

2. To select three short duration, high yielding, non­
dormant, female parents and five divergent, dormant, 
male parents

3. To assess the general combining ability of selected 
genotypes and specific combining ability of crosses 
for different characters

4. To find out the heterotic effect for different 
characters in different crosses

5. To estimate heritability in different characters

6 . To study the inheritance of seed dormancy from 
different generations

7. To' estimate the various genetic parameters for seed 
dormancy using the three parameter/six parameter 
model.
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REVIEW OF LITERATURE
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The genus Arachis belongs to the family Leguminosae 

[Tribe Aeschynomeneae, sub tribe Stylosanthinae (Gregory 
et al., 1973)]. The genus is subdivided into seven sections 
according to Gregory et al. (1973) and to nine sections 
according to Simpson et al. (1994). The cultivated 
species, Arachis 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 
Arachis hypogaea have been attempted extensively by several 
workers on the basis of plant habit, branching pattern, 
kernel size, colour, 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).



Table 1 Description of the subspecies of groundnut (Arachis hypogaea L.)
I
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Character Subsp• hypogaea Subsp. fastigiata

1. Habit Procumbent, decumbent 
or erect

Erect to decumbent

2. Branching Alternate Sequential
3. Inflorescence Simple and absent on 

main axis
Simple or compound, 
always present on main 
axis

4. First node on 
cotyledonary 
branch

Always vegetative Reproductive

5. Foliage colour Dark green Lighter green
6. Seed dormancy Present Absent

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

Subsp. hypogaea Sub sp. fas t i gi a ta
Var. hypogaea Var. hirsuta Var. fastigiata Var. vulgaris 

Virginia Virginia Valencia Spanish 
bunch runner

Procumbent 
decumbent or 
erect habit

Procumbent
habit

Vegetative 
branches on 
primaries absent 
or regularly 
placed at distal 
nodes

Occasional and
irregularly
placed

Stem not very Stem fairly 
hairy hairy Inflorescence

simple
Inflorescence
compound

Medium late 
maturing

Very late 
maturing
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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



all the favourable * conditions for germination. Roller 
et al. (1962) termed 'dormancy1 as the period during which 
seed regains its ability to germinate. It was termed as 
'rest period1 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 presented 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 

conditions.

2.1.1 Seed dormancy as a breeding objective in groundnut

Lack of dormancy in bunch types of groundnut 
(subspecies 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 harvest period. 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 also1 pointed out that prolonged dormancy in spreading 
varieties needed to be shortened, so as to get a uniform 
germination 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 varieties 
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.



Reddy et al. (1985) developed a Spanish cultigen 
CGC-7, from a cross between J-ll (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 be utilized for seed 
purposes in the succeeding season. Dormancy for a longer 
period is disadvantageous. Maiti et al., (198 8̂) pointed out 
that lack of dormancy not only caused yield loss but also 
produced volunteer plants immediately 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. 1941?)-



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 by 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 genotype.

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.

11



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 varieties into 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 TG—9, TG-17 and EC-119704
recorded seed dormancy between 20 to 30 days. Asok Kumar
et al. (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 1 1 0  days among the different botanical groups.

2.1.4 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 
delayed 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 embryo 
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 endogenous ethylene 
production in seed dormancy. According 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 accumulated in the 
cotyledons and the seed coat, and a germination activator, 
ethylene, produced by the embryo through the action of the 
cytokinin 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 
the 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 water soluble inhibitor in the freshly 
harvested dormant 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 suggested that rest period behaviour 
agreed closely with the theory of multigenic inheritance.

John et al. (1948) observed that progenies were
intermediate in behaviour between the two parents while the 
Fj segregation 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 Fj and Fj 
generations of two crosses they studied.

1,5
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Lin and Lin (1971) determined dormancy of seeds two 
weeks after harvesting from reciprocal crosses between 
Virginia cultivars with different dormancy intensities. 
Based on F2 and F3 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 F3 

embryonic generation behaved like the dormant parents 
indicating the dominant nature of dormancy. A study of F2 

families revealed significant differences between 
individual families in their initial sprouting values. 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 
variation

Herita­
bility
(%)

genetic
advance

(%)

Reported by

Geno­
typic

Pheno­
typic

*

Height of 
main stem

21.40 - 73.70 11.3 Kulkarni and
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
primary
branches

50.80 88.90 6.10 Kulkarni and
Albuquerque
(1967)

45.18 94.50 38.16 Majumdar et al. 
(1969)

31.30 84.50 3.11 Dixit et al. 
(1970)

28.11 15.28 23.70 175.28 Patra (1975)
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Character Coefficient of 
variation

Herita­
bility

genetic
advance

(%>

Reported by

Geno- Pheno­
typic typic

(%)

Number of 
secondary 
branches

10.5 - 10.24 Dixit et al. 
(1970)

89.92 - Sangha (1973b)

Number of
mature
pods

44.22 81.30 8.50 Kulkarni and
Albuquerque
(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 Deshraukh et al. 
(1986)

31.68%
(Narrow
sense

heritabi
lity)

Basu et al. 
(1986a) (in F1 
and parents)
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Character Coefficient of 
variation

Herita­
bility
(%)

genetic
advance

(%)

Reported by

Geno- Pheno­
typic typic

100
kerne1 
weight

87.40 71.00 Dixit et al. 
(1970)

99.60 54.00 Sangha and 
Sandhu (1975)

64.00 Rao 1979)
99.40 Singh et al. 

(1*982)
77.46 14.34 Deshmukh et al. 

(1986)
51.33
(Narrow
sense

heritabi
lity)

Basu'et al. 
(1986a) (in 
generation)

Pod yield 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)
58.66 58.66 88.50 108.41 Patra (1975)

59.75 Basu et al. 
(1986a) (in Fj 

-generation)
12.09 Deshmukh et al. 

(1986)
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2.2.2 Genetic divergence

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 
II 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 geographical 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. In 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
2D 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 
groundnut.

Nadaf et al. (1986) analysed 83 bunch genotypes for 
their D2 values and grouped them under nine clusters 
irrespective of geographic isolation.

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 Sprague, 1952).

Parker et al. (1970) estimated combining ability for 
17 characters in F1 hybrids from a six parent diallel under 
controlled conditions. In his study significant variance 
were found for GCA in 11 out of 17 characters. 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
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significant for 16 out of 17 characters and gca for eight. 
The SCA variance component was 12 times greater than GCA 
component for yield of fruit.

Sadhu and Kehra (1976) report that non-additive effect 
were more important than additive effects for pod yield 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 
that both gca and sea effects were significant for 1 2  

characters. The magnitude of SCA variance was greater than 
GCA variance, for all the characters indicating the 
predominance of non-additive gene effects.

Sigh and Labana (1980) in a six parent diallel cross
A

studied combining ability for nine vegetative and fruit 
characters. The gca and sea 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 g 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 important for number of branches and number of 
developed and under-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-additive 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 characters. Combining ability 
analysis indicated that lines 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 kernels. Majority of the 
crosses exhibited significant sea effects also and gene 
action was largely non additive.

Basu et al. (1987) in a 8x 8 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.



Nadaf et al. (1988) in a 5x5 diallel observed GCA 
variance estimates three to four times greater in magnitude 
than £CA f°r 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 Fj 
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 
yield. 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 yield was ACR-l/CG-2187.

2.2.4 Heterosis

Heterosis is the superiority of a hybrid over its 
parents. It is expressed in relation to better parent, mid 
parent or standard variety. Fj heterosis is of direct 
interest for developing hybrids. But in groundnut where 
flower structure is not suited for outcrossing, 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.
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The manifestation of heterosis in different economic 
traits of groundnut was first observed by Stokes and Hull 
(1930) in 11 groundnut crosses. Higgins (1941) in a 
diallel cross of 16 cultivars observed marked heterosis, 
for vegetative traits and pod yield. Hassan and Srivastava 
(1966) observed F̂  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 6x 6 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 F̂  hybrids from 
Virginia x Valencia 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 Fj 
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
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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. 
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
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among 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 in 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 F1 generation.

Deshmukh et al. (1986) studied 12 morphological 
characters in 4 crosses of groundnut 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 reproductive characters, 
through a half diallel involving 8 genotypes belonging to 
sub-species ftypogaea 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 yield. 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



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 hetero^beltiosis 
for pod yield and its attributes than other crosses.

Vindhiyavarman and Raveendran (1994) observed 
heterosis over better parent for pod yield in hypogaea x 
fastigiata crosses.
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MATERIALS AND METHODS
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Investigations were carried out in the Department of 
Plant Breeding and Genetics, College of Horticulture,
Vellanikkara, during the period 1992-1995. Field
experiments were conducted in the fields of the Department 
(22.5 m above MSL) and that of Agricultural Research 
Station, Mannuthy (1.5 m above MSL) situated between 1CT32'
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 
identified by 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 lines and 
testers respectively to give 15 hybrids. In 10 crosses 

F2 and back cross generations were obtained, for the 
study of gene action' of seed dormancy based on generation



Plate 1 Nondormant parent JL-24





Plate 2 Nondormant parent VRI-3





Plate 3 Nondormant parent Co-2





Plate 4 Dormant parent ICG-/269
I





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

SI.
NO.

Identity Subspecies Botanical
variety

Origin Duration* 
of seed 
dormancyICRISAT Other

NONDORMANT
1 ICG-5461 AH-816 fastigiata fastigiata Unknown 1 0

2 ICG-128 AH-7398 M ii Unknown 1 0

3 - VRI-3 II vulgaris Tamilnadu 10

4 ICG-3501 TMV-9 II II Tamilnadu 1 0

5 - CO-2 II n Tamilnadu 10

6 ICG-5340 TG-14 II ii Maharashtra 1 0

7 ICG-1528 TG-3 M li Maharashtra 1 0

8 - JL-2 4 II ii Jalgaon 1 0

9 ICG-7512 Hung Mein Chao II ii china 10

10 ICG-1994 TG- 6 II ii Maharashtra 1 0

1 1 ICG-154 Pol-2 M ii Tamilnadu 10

1 2 ICG-459 Barberton 11 ir S. Africa 1 0

13 ICG-1231 AH-4218 II ii India 1 0

14 - TMV-2 II ii Tamilnadu 1 0

DORMANT
15 ICG-1883 EC-289622 11 fastigiata Unknown 30
16 ICG-7269 BMP-16/52 II vulgaris Z imbabwe 20

Contd.



Table 3 contd

17 ICG-5341 TG-15 fastigiata vulgaris Maharashtra 30
18 ICG-5343 TG-17 M ii Maharashtra 30
19 - TMV-10 hypogaea hypogaea Tamilnadu 50
20 - Robut-33-1 rt 11 Andhra Pradesh 30
2 1 ICG-6301 NCAC-17 649 ii n USA 50
22 ICG-8281 NC-10468 n Ii USA 50
23 ICG-4861 AH-7652 i i hirsuta India 60
24 ICG-1002 AH - 8 4 II II India 70
25 ICG-1037 AH-7224 N ll Nigeria 80
26 ICG-6193 43-G-44 II M India 40
27 ICG-1063 #648-4(GWALIOR) II n India 50
28 ICG-861 C-118 It ii India 40

♦Measured as number of days to attain 80% germination after harvest

ro
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mean analysis. The pedigree of the lines and testers 
are presented in Table 4.

3.2 Methods

The experimental methods employed can be considered 
broadly under following heads.

1. Methods for analysis of productivity traits
2. Methods for analysis of seed dormancy

3.2.1 Analysis of productivity traits

The experimental methods for the analysis of 
productivity traits consisted of three parts:

1. Analysis of variance of 28 genotypes
2. D2 analysis of 28 genotypes
3. Line x tester 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 
were done as per the package of practice recommendations of 
Kerala Agricultural University (KAU, 1993). Need based 
plant protection measures were adopted to control pest and 
diseases.



Table 4 Pedigree of parents selected for LxT analysis

SI.
No.

Identity Parentage Source Seed
dormancy*

Non--dormant female parents

1 JL-24 Selection from 
EC-94943

Jalgaon -

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

3 CO-2 EMS mutant from 
POL-1

TNAU,
Coimbatore

-

Dormant male parents

4 ICG-7269 Unknown ICRISAT 20

5 TG-17 Dark Green 
Mutant/TGI

BARC Trombay 26

6 TMV-10 Natural mutant 
from Argentina

Tindivanam 47

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 observations 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.

35
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g) Shelling percentage
The weight of kernels after shelling was expressed as 

percentage over weight of whole pods.

h) Oil 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:
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Source df Mean square Expected 
mean square

Replication r-1
2

fle

Genotypes t-1 Mi
2 2 

ye + r <Jg“

Error (r-l)(t-l) M2

2
o r

Total rt-1

2
0^ = error variance

2 = Genotypic variance

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

kharif and rabi seasons.

Genotypic, phenotypic and environmental variances and 
their coefficients of variation, heritability (broad sense) 
and genetic advance were calculated by the methods 
suggested by Burton (1952) and Johnson et al. (1955).

3.2.1.2 Mahalonobis D2 analysis .

The genetic divergence among the 28 genotypes was 
calculated adopting the method suggested by Mahalonobis 
(1936). All possible n(n-l)/2 values 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 

Dnnithan (1996).

3.2.1.3 Line x tester analysis

Three non-dormant genotypes were selected as lines 
(females) based on yield and five dormant genotypes were 
selected as 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 Qm "and 7.30 Om, 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 Fj) represented by 12 plants in a row. There 
was a spacing of 45 cm between 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 among genotypes including parents and 
hybrids were first tested and were found significant. The 
treatment sum of squares were further partitioned into 
components like parents, parents vs. crosses, lines, 
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 df Mean
square

v Expected mean square

Replication (r-1)
Hybrids (lt-1) -

Lines (1-1) Mi Ems+r [(Cov.(F.S)—2 
Cov.(H.S)]+rt[Cov.(H.S.)]

Testers (t-1) Mt Ems+r [(Cov.(F.S)-2 
Cov.(H.S)]+rl[Cov.(H.S.)]

Lines x 
Testers

(1-1) (t-1) Mlt Ems+r [Cov.(F.S)-2 
Cov.(H.S)]

Error (r-1) (lt-1) He Ems

Total (rlt-1)
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Where,
r = number of replications 
1  = 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,

M1+Mt+Mlt-3Me+6rCov. (H.S)-r(l+t)Cov. (H.S.)
Cov.(F.S) = --------------------------------------------3r

+ Mj. —
Cov.(H.S) = -------------

r (1+t)

From the covariance of full sibs and half sibs,
 2

variances due to general combining ability ((igca) and
  2

specific combining ability (6 sea") were calculated as

follows: 2
(j'gea = Cov. H.S.

 2
fisca = Cov. F.S. - 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 
(j"A (F = 1) = 2  (jgea

G D (F =1)
 2
(Jsca



Proportional contribution by lines, testers and their 
interaction to total variance was calculated as per Singh 

and Chaudhary (1985).
ss(1) x 100

Contribution of hybrids

Contribution of lines -
(crosses)ss

ss (t) x 100
Contribution of testers “  -----

(crosses)ss
ss (1 x t) x 100

ss (crosses)

3.2.1.3.3 Estimation of gca and sea effects

The gca and sea effects of parents and hybrids were 
estimated based on the following model.

xm = U + Si + 9j + sjj + eijk

where,
X ijk

g

Value of the ijkth observation, - 
= Population mean

gca effect of the ith line,
: gca effect of the tester,

sea effect of the ijth hybrid 
= error effect associated with ijk^

observation,

gj
sij
ujk
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The individual effects of gca and sea were obtained 
from the two way table of lines vs. testers, in which each 
figure was a total over replications.

gj

s ij

x. ..
rlt
x i • * • * x • * * *

rt rlt
xj.. x....
rl rlt

xij x i ... xj.. x ...
r rt rl rlt

where,
x.... = total of all hybrid combinations
xi... = total of itl! line over t testers and

r replications,
xj . = total of jllt tester over 1 lines and

r replications,
xij = total of the hybrid between i^ line

and j tester over r replications

The standard errors pertaining to gca and sea effects 
were calculated from the square root of variance effects as 
given below:

i), Standard error for testing the gca effects of lines
"ems“I 1/2

SE (gi> =---- ---
rt
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ii) Standard error for testing the significance of 
difference between gca effects of two lines

SE ( g r g j)  =
2 EMS 112 

rt
iii) Standard error for testing the gca effect of testers

'ems“
rl

SE (gj)
1/2

iv) Standard error for testing the significance of 
difference between gca effects of two testers

SE (gr gj) =
2 EMS 

rl

1/2

v) Standard error for testing sea effect of a cross

SE (Si3)
EMS
r

1/2

vi) Standard error for testing the significance of 
difference between sea effects of two hybrids

SE ( S i r s u ) =
2 EMS 

r

1 /2

3.2.1.3.4 Heterosis

Heterosis was worked out as follows:

a) Based on mid parent value (MP):

Relative heterosis (di)
Fj - MP x 100

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

Fj - BP x 100
Heterobeltiosis (dii) =

BP
c) Based on standard variety (JL-24)

F 1 - SV x 100
Standard heterosis (diii) = -------------- -

SV

where,
Fj = 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:

(r-1 ) (lt-1 )
MP - Fj t

3 EMS 
2 r

b) For better parent value

BP - Fj t
(r-1 ) (lt-1 )

2 EMS
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c) For standard variety value
SV -  F j  t------- L- ~ (r-1 ) (lt-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 generations
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 rabi 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 germinated seeds were 
counted and removed on the 10^ 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 attained.



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 
(Ketring and Morgan, 1972). In each generation the 
embryonic genotype is different and one generation advanced 
from maternal genotype. For instance the seeds borne on Fj 
plants possess F2 embryos. To include the effect of embryo 
and maternal genotypes, the dormancy studies were conducted 
in following seeds from different generations.

1 ) Fj seed (represents Fj embryonic generation)
2) F2 seed (represents F2 embryonic generation and F 1 

mature plant generation)
3 ) F3 seed (represents F3 embryonic generation and 

F2 mature plant generation)
4 ) seed (represents embryonic

generation)
5 ) BCj (Dj seed (represents BC^^ embryonic generation)
6 ) BCj (8D) F2 seed (represents BCj (8Dj mature plant 

generation)

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 dishes 
could not be followed. The seeds were found to get 
attacked by fungus within 10 days in petri dishes. Hence 
the media 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 1 seeds and back cross seeds

The crossed Fj seeds 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 9b). 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 F2 plants.



Plate Sa Germination test in Fj seeds

Plate 9b Ethrel treatment for dormant 
Fj seeds 30 days after sowing
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Similarly back cross seeds were also tested for 
dormancy and generation advancement done by ethrel 

treatment.

3.2.2.2.2 Dormancy studies in Fn generation (F2 seed), F2 generation 

(F3 seed) and backcross generations ( B C ^  seeds)

The dormancy of F̂ , F2 BCj and BC^ jpj generations was 
observed on per plant basis by raising the plants in the 
field. For each cross 20 Fj seeds, 40 F2 seeds (bulked), 
20 BC^p) seeds and 20 BC^ jj) seeds were sown along with 
20 and 20 P2 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).
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Comparison of mean germination of F̂ , F2 and backcross 
generations with non dormant parents was done by %t' test. 
Arcsine square root 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 Fj seeds obtained from a single female 
plant was very few, and hence the dormancy test for Fj 
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 F̂ , F2, BCj p̂) , BC^pj, Pj and P2 obtained 
from ten crosses for 1 0 th day and 2 0th 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).
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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 = 2BCKJD) “ Pi " Fi (for back cross to P2)

B = 2^(5) “ F2 " F1 (for bac:k cross to

C = 4Fj - 2Fj - P2 - P2 (for F2 generation) and

V A =  4 ™ C 1{HD) +  V _ P 1 +  V F i

V0 = 4VTC1(D) + VPj +

Vc = 16VF2 + VFj + VPj + VP2

where,

Vfi, V0 and Vc are the variances of A, B and C 
respectively. VP^, VP2, VF^, VF2, VBCjj^j and VBC^gj
are the variances of the generation means.

The standard errors of A, B and C were then calculated 
by estimating the square root of the variance concerned.

S.E. of A =
S.E. of B =
S.E. of C =



The significance of the scales A, B and C was 
determined by comparing the observed and expected 't' 

values.
A

't' for A = --

A
1t ' for B = --

A
' t ' for C = ---

3.2.2.3.2 Joint scaling tests

Weighted least 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), 
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).

52
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m = F2

d = BC1(HD) " BC1(D)
h ■= Fj - 4F^ - i Pj - i P2 + 2BC1{HDj + 2BC1(d)

i = 2BC1{HD) + 2BC1(Dj - 4F2

j = BC1(SD) + i P1 - bc1[D) + i p2
1 = Pj + P2 + 2Fj + 4F2 - 4BCJIJJ) - 4BCJIJJ)

The variances for various parameters were calculated 
by utilizing the following equations.

V , = V ( f j )

Vd =  VBC1 (U | + v b c 1 (D)
Vjj = VFj + I 6VF2 + iVPj + i'VPj + 4VBC^p) + 4VBC^jjj

vi = 4VBC1(HD) + 4VBC1(D) + 16^F2
Vj = VBC1(HD) + *VP1 + VBC1(D) + *VP2
V 1 =  +  ~ ^ P 2 +  4 ^ F 1 +  1 ^ p 2 +  1 6 V B C 1(HD) +  1 6 v b c 1[D)

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' values 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 A nalysis 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 D 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.



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

Genotypes
Days to 50% flowering Plant height (cm) Total number of branches

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
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 33 .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 81 .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 4.80 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

C o n t d . . . .
cnc n



Table 5 contd

Genotypes
Days to 50% flowering Plant height (cm) Total number of branches

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

IX Dormant
ICG-1883 33.00 27.50 30.25 55.30 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
ROBUT-33-1 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 62 .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 I

■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
CD (0.01) 2.94 2.55 5.76 17.09 8.01 33.45 2.16 1.47 2.98 ^

Contd.....
©0



Table 5 contd....

Genotypes
Number of mature pods Pod yield per plant (g) Hundred seed weight (g)

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

I Non-Dormant 
2CG-54 61 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 8. 61 7.04 7 .85 31.00 30. 50 30.75
JL-24 12.90 9.80 11. 35 13.59 9.79 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 25.5 5
TMV-2 9.50 8.90 9.20 6.48 5.71 6.09 31.90 27.90 29.90

Contd....
cn
-si



Table 5 contd

Genotypes
Number of mature pods Pod yield per plant (g) Hundred seed weight (g )

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

11 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 14.39 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-8281 8 .50 6.53 7.52 11.00 7.56 9 . 28 73.40 70.29 71.84
ICG-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 )

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 8.78 7.55 8. 17 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__________ r_ !--------

~ 4-J 00C o n t d . ..



Table 5 contd.... /
Shelling percentageGenotypes ------------ -------------------

Kharif Rabi Pooled
mean

I Non-Dormant
ICG-5461 68.05

(55.52)
62.31
(52.69)

65.65 
(54.10)

ICG-128 64.40
(53.36)

68.71
(50.51)

61.98
(51.93)

VRI-3 71.16
(57.52)

64.74
(55.49)

69.54 
(56.50)

TMV-9 67 .07 
(54.99)

67.38
(56.47)

67.52 
(55,73)

CO-2 70.86
(57.44)

67.97
(57.55)

71.12 
, (57.50)

TG-14 63.67
(52.93)

65 .87 
(56.57)

66. 67 
(54.75)

TG-3 73.05
(58.73)

69.73
(56.70)

71.45
(57.71)

JL-24 69.24
(56.79)

71.25
(58.76)

71.32
(57.62)

ICG-7512 68.91
(56.14)

69.05
(53.00)

67.00 
(54.77)

TG-6 66.86
(54.86)

70.15 
(55.67)

67.43 
(55.26)

POL-2 70 .15 
(56.86)

67 . 26 
(56.65)

70. 00 
(56.76)

ICG-459 72.94
(58.69)

66.52
(57.14)

71.74
(57.90)

ICG-1231 67.91
(55.40)

62.80 
(54.76)

67.32 
(55 . 08 )

TMV-2 69.98
(56.75)

64 . 13 
(56.33)

69. 61 
(55.54)

1

Oil content (%) Yield (kg ha-1)
Kharif Rabi Pooled Kharif ‘ Rabi Pooled

mean mean

37.39
'(37.67)

38.37
(38.20)

37.88
(38.93)

1900 1573 1736

43.00
(40.97)

42.22
(40.48)

42.61
(40.73)

1640 1570 1605

45.08
(42.19)

45.61
(42.48)

45J34
(42.33)

2265 1815 2040

52.30
(46.32)

47.21
(43.47)

49.75
(44.86)

1915 1685 1800

48.75
(44.27)

47.82
(43.74)

48.28 
(44.01)

2063 1815 1939

43.39
(41.21)

45.68
(42.33)

44.53
(41.77)

2115 1735
r

1925

45.05
(42.10)

46.85 
(43.15)

45.9 5 
(42.62)

178B 1485 1636

46.97
(43.28)

50.30 
(45.18)

48.63
(44.23)

. 2165 1850 2008

38.47
(38.29)

38.87
(38.56)

38.67
(38.43)

1188 1138 1163

49.06
(44.48)

51.68
(45.86)

50.37 
(45.17)

2068 1700 1884

44.95
(42.11)

40.65
(39,61)

42 .80 
(40.86)

1765 1653 1709

44 .71 
(41.99)

42.18
(40.28)

43.44 
(41.13)

1628 1480 1554

44.94
(42.10)

39.45
(38.91)

42.20 
(40.50)

1790 1620 1705

50.77
(45.43)

41.44
(40.04)

46. 10 
(42.74)

1990 1590 1790
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Table 5 contd  .

Genotypes
Shelling percentage oil content (%) Yield (kg ha"

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

Kharif Rabi Pooled
mean

II Dormant
ICG-1883 65.45

(54.00)
62.41

(52.10)
63.93 

(53.05)
39.93
(39.21

39.74
(39.09)

39.84
(39.15)

1855 1790 1823

ICG-7269 74.07
(59.39)

68.71
(55.98)

71.39
(57.69)

46.70
(43.08)

43.15 
(41.06)

44.93
(42.07)

1950 1795 1873

TG-15 66.29
(54.52)

64.74
(53.59)

65. 52 
(54.06)

35.95
(36.82)

39.28
(38.79)

37.62 
(37.81)

1938 1838 1888

T5-17 67.50
(55.25)

67.38
(55.21)

67.44
(55.23)

50.58
(45.32)

49.73
(44.83)

50.16
(45.07)

1970 1820 1895

TMV-10 73.43
(59.31)

67 .97 
(55.53)

70.70
(57.42)

50 .89 
(45 .52)

53.79
(47.18)

52.34
(46.35)

2100 1363 1731

ROBUT-33-1 63.71
(52.93)

65.74
(54.16)

64.73
(53.54)

43.42 . 
(41.21)

44.12
(41.61)

43.77
(41.41)

1970 1 1290 1630

ICG-6301 70.01
(56.77)

69 .73 
(56.60)

69.87
(56.68)

38.55 
(38.38)

39.82
(39.08)

39. 19 
(38.73)

1325 1450 1388

ICG-8281 69.00
(56.17)

71.25
(57.62)

70.13
(56.89)

44.50
(41.81)

38.30
(38.24)

41.40
(40.02)

1600 1588 1594

ICG-4861 68.40
(55.81)

69.05
(56.20)

68.73
(56.00)

39.88 
(39 .15)

44.85
(42,05)

42.37 
(40.60)

1700 1775 1738

ICG-1002 71.61
(57.80)

70 .15 
(56.89)

70.88
(57.35)

44.41
(41.99)

50.50
(45.26)

47.46
(43.53)

1250 1070 ' 1160

ICG-1037 63.50
(52.84)

67.26 
(55.10)

65. 38 
(53.97)

44.23
(41.70)

41.39
(40.04)

42.81 
(40.87)

2088 1390 1739

Contd. ... 1̂ 1 a
CD



Table 5 contd.

ICG-6193 - .66. 73 
(5 4. 7.5)

66.52 
(54.64)

67. 63 
(54.70)

48.69
(44.26)

46.95
(43.25)'

47 .82 
(43.75)

1500 1070 1285
ICG-1063 62.80

(52.42)
62 . 80 

(52.42)
62 . 80 

(52.42)
44.74

(41.98)
43.43

(41.18)
44.09 

(41.58)
1060 . 1165

/
1113

ICG-861 64 . 93 
(53.66)

64 . 13 
(53.20) '

64 . 53 
(53.43)

44.11
(41.61)

45.01
(42.13)

44 .56 
(41.87)

1050 .. 1250 1150
Mean 68.26

(55.75)
67 . 60 

(55.30)
67.93 

(55.53)
44.69

(41.94)
44.23

(41.64)
44.56

(41.79)
1773 1549 1661

SED 1.32 1.38 0 . 92 1.85 1.40 ' 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

CO



In the rabi season the range was from 25.50 to 42.50, 
days, recorded hy ICG-7269 and ICG-4861 respectively. The 
mean duration recorded was 31.46 days.

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



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 ICG-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 pooled mean was the highest for ICG-4861 and the
least for ICG-6193 and ICG-459 the values being 14.35 andv -
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 yield 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.

|?3
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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 seed 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 
ICG-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 recorded 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'1)

The per hectare yield recorded for kharif season was 
the highest for VRI-3 (2265 kg ha-*) and the least for ICG- 
861 (1050 kg ha'1). The general mean for the character was 
1773 kg ha'1.



For the rabi season, the range was between 1070 kg ha"* 
in ICG-1602 to 1850 kg ha-1 in JL-24. The general mean was 
1773 kg ha"1..

The general pooled mean recorded for pod yield was 
1661 kg ha'1. The highest pooled yield was recorded by 
VRI-3 (2040 kg ha'1)and the least by ICG-1063 (1113 kg ha"1).

4.1.1.2 Analysis of variance

Data on nine biometric characters recorded on twenty 
eight genotypes for two seasons was subjected to 
statistical analysis. The ANOVA is 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 ). The 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 of mature pods per plant, shelling 
percentage and pod yield, whereas interaction was not 
significant in the case of pod yield per plant, hundred 
seed weight and oil content. For plant height and total 
number of branches, the error mean squares were 
heterogenous and interaction was significant.
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Table 6 Analysis of variance 
twenty eight groundnut

for nine plant 
genotypes during

characters in 
kharif season

Character/source
Mean sum of squares

SI. 
No. Varieties 

df = 27
Error 
df = 27

1 Days to 50% flowering 33.94** 1 . 1 1

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**
I

7.66

7 Shelling percentage 8.18** 1.74

8 Oil content 12.16** 3.43

9 Pod yield (kg ha'̂ ) 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

SI.
NO.

Character/source
Mean sum of squares

Varieties 
df = 27

Error 
df = 27

1 Days to 50% flowering
X

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 Oil content 12.79** 1.96

9 Pod yield (kg ha"1) 123342.82** 9331.06

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



Table 8 Pooled analysis of variance for nine plant characters in twenty eight 
groundnut genotypes during kharif and rabi seasons

I

SI.
No.

Character/source
Mean sum of 
squares for 
varieties 

(MSSV) 
df = 27

MSSV tested against

df MSS

1 Days to 50% f lower ing£> 69.66** Interaction mean square 27 4 .32
2 Plant height? 179 .06NS Interaction mean square 27 145.78
3 Total number of branches^ 31.52** Interaction mean square 27 1.16
4 Number of mature pods<2> 

per plant
26.11** Interaction mean square 27 6.83

5 Pod yield per plants 26.22** Pooled error mean 
square of interaction 
and pooled error

81

\

2 .38

6 Hundred seed weight* 479 .3** Pooled error mean 
square of interaction 
and pooled error

81 7.51

7 Shelling percentage^? 12 .28** Interaction mean 
squares

27 3.37

8 Oil content* 20.77** Pooled error mean 
square of interaction 
and pooled error

81 3.18

9 Pod yield (kg ha-1)^ 148006.5** Interaction mean 
squares

27 28944.00

<2? Error mean squares homogenous, interaction significant
*  Error mean squares homogenous, interaction not significant
7 Error mean squares heterogenous interaction significant
* Significant at 5% level ** Significant at 1% level CDCO



.4.1.1.3 Genetic parameters of variation

The genetic 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 yield per plant and oil content, 
where the phenotypic variance was considerably higher. The 
phenotypic coefficient of variation was higher than 
genotypic coefficient of variation in all the traits but 
the differences were small, except in the 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 oil content in kharif season and 
pod yield 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.

70



Table 9 Genetic parameters for nine characters for kharif season

Parameter Days to Plant Total number of Pod yield Hundred Shelling Oil Pod yield
50% height number of mature per plant seed percen- content kg ha“l

flowering branches pods weight tage
Genotypic 16.42 152.88 15.35 8.25variance 

2
GT

Phenotypic 17.53 190.98 15.96 12.30variance 
2

Gp-
Environmental 1.11 38.10 0.61 4.05variance 

2G®"
Genotypic 12.26 16.55 50.82 27.33coefficient 
of variation 
(GCV) %
Phenotypic 12.67 18.50 51.82 34.70
coefficient of 
variation (PCV) %
Heritability 93.67 80.05 96.18 67.07(Broad sense) %
Genetic advance 8.11 22.78 7.90 4.84
Genetic advance 24.54 30.50 102.46 46.05as fc of mean

6.97

9.97

3.00

30.07

35 .96

69.91

121.76 3.22

129.42 4.96

7 .66

29.40

30.31

1.74

3.22

3.99

4.37 100238.85

7.80 130319.96

3.43 30081.11

4.98

6.66

94.08 67.14 56.03

17.86

20.36

76.92

4.55 22.03 3.07 3.22 571.87
51.82 58.70 5.51 7.21 32.25



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

Parameter

Genotypic
variance

2
(T?

Phenotypic
variance

2
C p~

Environmental
variance

267T
Genotypic 
coefficient of 
variation 
( G C V ) %
Phenotypic 
coefficient of 
variation 
(PCV) %
Heritability 
(Broad sense) %
Genetic advance
Genetic advance 
as % of mean

Days to Plant Total Number of Pod yield Hundred Shelling Oil Pod yield
50% height number of mature per plant seed percen- content kg ha"

flowering branches pods weight tage
19.60 

2044 

0.84 

14 .07 

14.37

95 .89

8.93
28.39

148.74 

157.10 

8.36 

24.00 

24.66

94.68

24 .45 
48 .11

16.87

17 .15

0.28

57.77

58 .25

98.37

8.39 
118.00

5.32 

8 .48 

3 .16 

24.28 

30.65

62.74

3.76 
39 .58

4.73

8.21

3.48

28.80

37.95

57.61

3.40
45.03

115.80 2.67

121.55 4.59

5.75

30.04

95.27

21.64 
58 .97

1.92

29.32 ' 2.96

3 .87

58.17

2 .57 
4.65

5.42' 57005.88

7.38 66336.94

1.96 9331.06

5.59

6.52

73 .44

4.11
9.80

15 .41

16 .63

85 .93

455.92 
29 .43



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 D2 analysis

The data on nine characters in tVenty 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 

values were computed for all possible 28 (28-l)/2 = 378 
pairs of genotypes. By the application of clustering 
technique 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-Ill 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 clusters for Kharif ̂ season

Cluster Total number 
No. of genotypes 

in each 
cluster

Identity Botanical 
v variety

Origin/source

I 14 ICG-5461 Valencia ICRISAT,
Hyderabad

ICG-128 Valencia ICRISAT,
Hyderabad

VRI-3 Spanish Virudhachalam
Tamilnadu

TMV-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
bunch

ICRISAT,
Hyderabad

ICG-4861 Virginia
runner

ICRISAT,
Hyderabad

Contd
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Table 11 contd.

ICG-1002 Virginia 
runner

ICG-1037 Virginia 
runner

ICG-6193 Virginia 
runner

ICG-1063 Virginia 
runner

ICRISAT, 
Hyderabad
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad

III TMV-10

Robut-
33-1

Virginia
bunch
Virginia
bunch

ICG-6301 Virginia 
bunch

ICG-861 Virginia
runner

Tindivanam,
Tamilnadu
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad

IV TG-3 Spanish

ICG-7512 Spanish

TG-15 Spanish

TG-17 Spanish

BARC,
Trombay
ICRISAT,
Hyderabad
BARC,
Trombay
BARC,
Trombay



Table 12 Composition of clusters for Rabi season

Cluster Total number 
No. of genotypes 

in each 
cluster

Identity Botanical
variety

Origin/source

I 16 ICG-5461 Valencia ICRISAT,
Hyderabad

ICG-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.



Robut-
33-1

ICG-1002

ICG-1037

ICG-6193

ICG-1063

TG-15

TG-17

ICG-8281

ICG-6301

ICG-861

ICG-4861

TMV-10 Virginia
bunch
Virginia
runner

Virginia
runner
Virginia
runner
Virginia
runner
Virginia
runner

Spanish

Spanish

Virginia
bunch

Virginia
bunch
Virginia
runner
Virginia
runner

Tindivanam,
Tamilnadu
ICRISAT,
Hyderabad

ICRISAT,
Hyderabad
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad

BARC,
Trombay
BARC,
Trombay
ICRISAT,
Hyderabad

ICRISAT
Hyderabad
ICRISAT,
Hyderabad
ICRISAT,
Hyderabad
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The clustering pattern of genotypes for 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-Ill included Virginia bunch genotypes with the 
exception of ICG-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-Ill 
included two Spanish and one Virginia bunch genotype. Two 
Virginia runner and one Virginia bunch were grouped in 
cluster-IV.

4.1.2.2 Intra and inter cluster average distance
jThe intra and inter cluster D4 and D values among the 

four clusters for kharif and rabi seasons are presented in 
Table 13 and 14 respectively.



Table 13 Inter and intra (diagonal) cluster average of
D values for Kharif season

Clusters I II Ill IV

I 73.51
(8.57)

539.61
(23.23)

360.86
(19.00)

123.58
(11.12)

II - 163.40
(12.78)

276.30
(16.62)

393.42
(19.83)

III - - 93.23
(9.66)

292.7
(17.11)

IV - - - 131.58
(11.47)

Table 14 Ir 
Tr
iter and intra (diagonal) 
values for Rabi season

cluster average of

Clusters I II H I IV

I 91.30
(9.56)

638.81
(25.27)

550.64
(23.47)

748.37
(27.36)

II - 150.61
(12.27)

497.53
(22.31)

434.00
(20.83)

III - - 478.27
(21.87)

981.17
(31.32)

IV - - - 583.98
(24.17)



For the kharif season, the highest inter- cluster 
distance was observed between cluster-I and II (23.23) and 
the least was between cluster-I and IV (11.12). Among the 
rabi season clusters, the inter- cluster distance was 
maximum between cluster-III and IV (31.32). The closest 
clusters were II and IV C20.83).

The intra- cluster distance for kharif season 
was the highest in cluster-II (12.78) and the least in 
cluster-I (8.57). In 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 
III for days to 50 per cent flowering, plant height and 
total number of branches, clusters-III and IV for number of 
mature pods 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 yield. Cluster-I recorded mhximum



Table 15 Cluster means for nine characters

SI. Character General Clusters
No. mean

I II III IV

A. KHARIF SEASON
1 Days to 50% 

flowering
33.05 30.57 39.50 33.13 32.00

2 Plant height (cm) 74.69 74.76 90.27 56.32 55.84

3 Total number of 
branches

7.71 4.90 12.03 13.49 5.18

4 Number of mature 
pods per plant

10.51 10.41 9.85 10.78 11.63

5 Pod yield per 
plant (g)

8.78 8.44 9.55 10.05 7.55

6 Hundred weed 
weight (g)

37.53 33.55 46.13 34.43 41.70

7 Shelling
percentage

68.35 68.71 67.03 68.20 69.00

8 Oil content (%) 44.70 45.52 44.40 44.20 42.40

9 Pod yield (kg ha’1) 1773 1936 1533 1289 1721

B. RABI SEASON
1 Days to 50% 

flowering
31.46 28.38 36.42 32.67 36.83

2 Plant height (cm) 49.13 47.77 52.23 43.95 55.33

3 Total number of 
branches

7.10 4.21 11.82 6.50 13.73

4 Number of mature 
pods per plant

9.50 9.65 8.33 8.53 11.97

5 Pod yield per 
plant (g)

7.55 7.46 7.77 7.87 7.21

6 Hundred seed 
weight (g)

36.87 32.26 42.71 56.03 30.65

7 Shelling
percentage

67.60 67.85 66.75 67.84 67.70

8 Oil content (%) 44.15 43.72 46.65 42.40 43.20
9 Pod yield (kg ha’1) 1549 1643 1225 1811 1429
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cluster mean for oil content, per hectare pod yield, while 
cluster-II registered maximum values for days to 50 per 
cent flowering and hundred seed weight. Cluster-Ill 
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 
yield 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-I 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 III for per hectare yield. Cluster- 
I recorded maximum cluster mean for shelling percentage, 
cluster-II for oil content, cluster-IIl for pod yield 
peer plant, hundred seed weight and per hectare yield. 
Cluster-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

Out of the twenty eight genotypes, eight genotypes 
three non-.dormant and five dormant were selected as 
parents, based on per se performance, dormancy range and 
divergence. To avoid cytoplasmic effect if any, the 
dormant genotypes were taken as male parents. Another 
reason for selecting dormant genotypes as male parents was 
that, the subspecies hypogaea branching habit being 
dominant over subspecies fastigiata habit, it would serve 
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 
yield were given priority and JL-24, VRI-3 and CO-2 were 
selected from cluster I. While selecting dormant parents 
stress was given to divergence as well as range in duration^ 
dormancy. Inclusion of different botanical groups as far 
as possible was also taken care of in the choice of 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
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(Virginia runner) with 80 days dormancy from cluster XI 
(the latter three from subsp. hypogaea) were selected as 
dormant parents.

Each of the three non-dormant genotypes 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 
yield 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 TCG-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 
CO-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 value.

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 CO-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-3 
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

SI. Parent/hybrid Days to Plant Total
N o * 50% height number of

flower- (cm) branches
__________________________ ing
1 JL-24 28. 0 45.3 4.1
2 VRI-3 27.5 37.95 4.0
3 CO-2 28.5 42 .95 4.1
4 ICG-7269 26.5 50.95 4
5 TG-17 28.0 34 .25 4.1
6 TMV-10 34 .5 37.25 13.2
7 ICG-4861 40.0 80.7 11.0
8 ICG-1037 36. 0 85 .25 10.85
9 JL-24/ICG-72 69 28 .0 50.2 4.5
10 JL-24/TG-17 27.5 41.3 7.5
11 JL-24/TMV-10 33 .5 37.55 16.45
12 JL-24/ICG-4861 32 .0 51 .65 10.6
13 JL-24/ICG-1037 33 .5 54.7 10.35
14 VRI-3/ICG-72 69 27.5 5 7.45 4.3

Number of Pod yield 
mature per plant

pods per (g )
plant
10.5 ’ 9.84
11.4 7.82
9.2 7 .97
7.9 7 .23
9.0 8.77
11.3 9.87
8.2 5.96
10.7 7.04
12.9 14.7
10.2 8.10
13.4 9 .84
9.55 15.39
11.9 14.23
16.6 11.66

shelling HUndre
percentage see

weigt
(9

70.18(56.89) 49.1
70.07(56.73) 33. (
69.13(56.23) 31.:
69.38(56.35) U 1 «OsP

70.81(57.30) 51 .<
70.07(56.78) 4 9.;
66.87(54.88) 31 .(
68.57(55.89) 45.:
72.97(58.67) 48.'
71 .88(57.96) 37.S
71 .9(57.96) 43.1
64.43(53.28) 49. C
60.46(54.69 50. t
67.95(55.55) 38.'

Cbnbd.

ooc?



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-103 7 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 CO-2/ICG-4 8 61 34.5 54 .3 11.0 7.6 7.98 66.04(54.37) 29 .87
23 CO-2/ICG-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

oo“sj



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 
higher values than hybrid mean.

4.1.3.1.4 Number of mature pods per plant

The parental mean for 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.

4.1.3.1.5 Pod yield per plant

The parental performance for pod yield per plant 
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 hybrid 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 CO-2 to 51.45 g in TG-17 with a mean of 41.6 g. 
Four parents registered significantly higher values than 
parental mean.

Among the hybrids, the range was between 29.87 g in 
CO-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 squares
Source df Days to 

50% 
flower­

ing

Plant
height
(cm)

Total No. 
of

branches
No. of 
mature 

pods per 
plant

Pod
yield
per

plant
(9)

shelling
percen-r
tage

Hundred
seed

weight

Replication 1 2.17 22.12 0.29 11.54 0.02 2.31 0.30
Treatments 22 32 .49** 298 .57** 29.71** 11.41** 15 . 69** 11.72** 112.07**
Parents 7 49 .96** 796.27** 32.13** 3.79** 3 .75** 1 .12 146.04**
Hybrids 14 25 .5** 70.37* 25 .37** 15.25** 19.48** 17.53** 99.59**
Parents vs. 
Hybrids

1 7.99** 9.52** 73 .53** 10.94** 46.22** 4.69* 48.92**

Females 2 0.50* 28.18** 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 v s . 
Males

8 93.75** 914.16** 78.09** 3.36* 2.18 0.53 121.06**

Error 22 1.49 9 .69 1.00 1.13 0.80 1 .44 3.17
Total 45 16. 66 151 .2 15.02 6.39 8.06 6.49 56 .34

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

cb
CD
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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 
significant. The variance due to females, males and 
females vs. males were significant for plant height, number 
of mature pods and hundred seed weight but not for shelling 
percentage. The variance due to females was not 
significant for total number of branches, pod yield and 
shelling percentage. Variance due to females vs. males was 
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 were 
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 19. 
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 yield per plant and hundred seed 
weight.



Table
Analysis of variance for combining ability

Source

Females

Males

Females/Male 

Error

df

8

Days to 
50% 

flower­
ing

2.51

14 1.49

Mean squares
Plant
height
(cm)

Total 
No. of . 
branches

No. of 
mature 

pods par 
plant

Pod
yield
per

plant
(g)

Shelling
percentage

2 10.3* 132.22** 2 .00 4.12* 40.78**

79.08** 137.95** 79.90** 38.98** 24.70**

21.12**

10.5

3 .95*

1.37

6.01** 11.55**

1.27 0.96 -

35 .20** 

33.48** 

5.00** 

2.10

Hundred
seed

weight

461.33* 

7.30** 

55 .3 0** 

2.62

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

co



Table- 19 Estimation of combining ability variances genetic components and heritability 
(narrow sense) for seven characters

2 2
6 T “2
(F=l )

2 2
Character

\
£)gca Osca 6  D 

(F=l )
6 A
*— 2 C>D

Heritability 
in narrow 

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 
branches

4.62 1.48 9 .25 1.48 6.27 82 .4

"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



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 component was higher than non 
additive component in all the characters except in pod 
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 proportional 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 yield per plant (47.84%).
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Table 20 Proportional contribution to total variance by 
parents and hybrids

Proportional 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 
pods per plant

Pod yield per 
plant

Shelling
percentage

100 seed weight

4.43 73.05

29.90 36.22

28.83 54.80

66.18 2.09

22.52 100

33.88 100

16.37 100

31.73 100
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4.1.3.4 Combining ability effects

The combining ability effects for seven biometric 
characters are presented individually 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 CO-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 sea 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 CO-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 sea 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).



Table 21 Combining ability effects of parents and hybrids
days to 50 per cent flowering

Male parents
sea of hybrids with each 

female parent
gca of 
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**
ICG-1037 -0.90 -0.70 1.60 3.50**
gca of females -1.10* 0.20 0.90*

SE (ĝ ) of females 0.39
SE (gA) of males 0.50
SE (Sjj) of hybrids 0.86

P = 0.05 P = 0.01

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

- CD Sjj - SU ' 2.53 3.45

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



Table 22 Combining ability effects of parents and hybrids -
plant height

Male parents
sea of hybrids with 

female parent
each

gca of 
malesJL-24 VRI-3 CO-2

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** 0.33 3.46**

SE (gi) of 
females

0.98

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 Sij-Ski 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 (JLt-24). Among males TMV-10 and ICG-4861 recorded 
significant positive effects and ICG-7269 and TG-17 
recorded significant negative effects. The gca effect for 
females were not significant.

The sea effects ranged from -2.69 for CO-2/TMV-10 to 
1.46 in JL-24/TMV-10. Cross CO-2/TMV-10 alone recorded 
significant but negative effect. None of the crosses 
showed significant positive sea effects (Table 23).

4.1.3.4.4 Number of mature pods

The 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 sea effects was from -2.33 in the cross 
JL-24/ICG-7269 to 2.5 in the cross VRI-3/ICG-7269. Crosses 
VRI-3/ICG-7269 and JL-24/ICG-1037 recorded significant 
positive sea effects where as JL-24/ICG-7269 and 
VRI-3/ICG-1037 recorded significant negative sea 
effects (Table 24).
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Table 23 Combining ability effects of parents and hybrids - 

total number of branches

Male parents
sea of hybrids with 

female parent
each

gca of
JL-24 VRI-3 CO-2 males

ICG-7269 -0.77 -0.15 0.93 -4.61**

TG-17 -0.24 -1.12 1.36 -2.14**

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 
females

0.32

SE (gi) of males 0.41

SE (Sij) hybrids 0.70

P = 0.05 P = 0.01
CD Gi-Gj (female) 0.93 1.26

CD Gi-Gj (male) 1.20 1.63

CD Sij-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

Male parents
sea of hybrids with 

female parent
each

gca of 
malesJL-24 VRI-3 CO-2

ICG-7269 -2.33** 2.5** -0.18 3.64**
TG-17 -0.80 0.93 -0.13 -0.59
TMV-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 
females

0.35

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



4.1.3.4.5 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 recorded highly significant 
positive effect where as VRI-3 and CO-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 
TMV-10 and TG-17 recorded significant negative effect.

Six hybrids registered significant sea effects for pod 
yield per plant. Among the crosses significant positive
sea 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-1037 recorded significant 
gca effect for shelling percentage. The females recorded 
between -2.15 (VRI-3) to 1.35 (CO-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.

10,2
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Table 25 Combining ability effects of parents and hybrids - 
Pod yield per plant

Male parents
sea of hybrids with 

female parent
each

gca of 
malesJL-24 VRI-3 CO-2

ICG-7269 -1.08 -0.27 1.35* ■ 3.33**
TG-17 -3.18** 2.58** 0.60 - 1 . 1 8 * *
TMV-10 -0.76 0. 67 0.11 - 1 . 8 5 * *
ICG-4861 3.61** -2.79** -0 .82 - 0 . 6 7
ICG-1037 1.41* -0.17 ' -1.24 0 . 3 7

GCA of females 2 . 2 8 * * - 1 . 5 7 * * - 0 . 7 1 *

SE (gi) of 
females

0.28

SE (gi) of males 0.37
SE (Sij) hybrids 0.63

P = 0 . 0 5 P  =  0 . 0 1
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



The magnitude of sea 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 CO-2/TG-17 
recorded significant negative sea 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
CO-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 sea effect. Significant negative sea effect was 
observed for JL-24/TG-17, VRI-3/ICG-4861 and JL-24/TMV-10. 
The range of hybrids for sea effects was from -8.35 
in JL-24/TG-17 to 5.02 in JL-24/ICG-4861 (Table 27).

4.1.3.5 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

Male parents
sea of hybrids with 

female parent
each

gca of
JL-24 VRI-3 CO-2 males

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**
ICG-1037 -0.25 -1.53 1.78* -1.57

gca of females 0.80* -2.15** 1.35*

SE (gi) of 
females

0.38

SE (gi) of males 0.49
SE (Sij) hybrids 0.85

P = 0.05 P = 0.01
CD Gi-Gj (female) 1.11 1.51
CD Gi-Gj (male) 1.44 1.96

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



Table 27 Combining ability effects of parents and 
hybrids - hundred seed weight

Male parents
sea of hybrids with 

female parent
each

gca of 
malesJL-24 VRI-3 CO-2

ICG-7269 1.77 -2.32 0.55 1.05
TG-17 -8.35** 4.61** 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 
females

0.56

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

P = 0.05 P = 0.01
CD Gi-Gj (female) 1.65 2.25
CD Gi-Gj (male) 2.13 2.90

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



i w  ■i-.z-r ah-ni+v effects of parents for 7 characters^ Table 28 General combining ability exre y _________

Parents Days to Plant
50% height

flowering (cm)

Non-dormant females
1. JL-24 -1.10
2. VRI-3 °-20
3. GO-2 0.90*

-3 .79** 
0.33 

3 .46**

Total 
number of 
branches

0.31
-0.51
0.21

Number of 
mature 

pods per 
plant

0.79*
-0.34
-0.45

pod yield 
per plant 

(9)

2.28** 
-1 .57** 
-0.71*

0.80* 
-2.15** 
1.35*

Shelling Hundred 
percentage seed weight

(9)

6.47**
0 .61 

-7 .08**

D o r m a n t  m a l e s
1. ICG-7269
2. TG-17
3. TMV-10
4. ICG-4861
5. ICG-1037

SE (g^ Of 
females
SE (gi) of 
males

-4 .33** 
-3.50** 
2.33** 
2 . 0 0 * *  

3.50**

0.39

0.50

3 .61** 
-3.45 
-6.64** 
2 .25 

4 .23**

0 .98

1 .27

-4.61**
-2.14**
5.11**
0.89*
0 .74

0.32

0.41

3.64** 
-0.59 
1.44** 
-2.65** 
-1.83**

0.35 

0 .43

?  s % « a „ ^ Pr r L ° v Ue\ t a b l e ^ * 1S ^ i 7 i = a n t  a t  1 .  X e v e ,

3 .33** 
-1.18** 
-1.85** 
-0.67 
0.37

0.28

0.37

1 . 68*

1 .64*
1 . 66* 
-3.41** 
-1.57

0.38

0.49

1 .05 
0.44 
0.08 
-1.87 
■ 0.3

0.56

0.73

C3'*si



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

IjDS

Crosses
Days to 

50% 
flower­

ing

Plant
height

Total
number

of
branches

Number
of

mature
pods

Pod 
yield 
per 
plant .

Shelling 
out turn

Hundred
seed

weight

JL-24/ICG-7269 1-43 -0.49 -0.77 -2.33** -1.08 0.48 1.77

JL-24/TG-17 0.10 -2.33 -0.24 -0.80 -3.18** -0.20 -8.35**

JL-24/TMV-10 0.27 -2.89 1.46 0.38 -0.76 -0.21 -2.87*

JL-24/ICG-4861 -0.90 2 .32 -0.17 0.61 3.61** 0.18 5.02**

JL-24/ICG-1037 -0.9 3.39 -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 -4-39**

VRI-3/ICG-1037 -0.7 -,3.98 0.20 -1.63 -0.17 -1.53 -2.54

CO-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* 3.74**

CQ-2/TMV-10 -0.23 0.31 -2.69** 0.92 0.11 0.59 -1.77

CO-2/ICG-4861 -0.4 -2.28 0.33 -0.10 -0.82 0.72 -0.63

CO-2/ICG—1037 1.60\ 0.59 0.08 -0.51 -1.24 1.78* -1.89

SEfS^) 0.86 ?.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 CO-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/ICG-4861 to 5.56 in CO-2/ICG-1037. Significant 
negative heterosis was observed for three crosses 
JL-24/ICG-1037, C0-2/ICG-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 per 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 the mid parent (di), 
better parent (dii) and standard check (diii) ,

Hybrid Days 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 TG-17 -1.79 -1.79 -1.79 3 .83 -8 .83 -8 .83 82 .93** 82 .93** 82.93**
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 4.69 -6 .94 19.6** -16.2** -35.84** 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** -2 .78 25** -16.48** -39.65** 13.58 34.68** -7 .83 143.90*
CO-2 / ICG-7269 0 -3 .51 -1.79 18.85** 9.52 23.18**V 50 .62* 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** -7.58 197.56*
CO-2 / ICG-4861 0 .73 -13.8** 23 .2** -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 

of r, with 
mid parent

1.06 2 .69 0.87

" Male/female 
parent

1.22 3 .11 1.0

" Selected 
parent

1.22 3.11 1.0

Contd



Table 30 contd

SI.
Ho.

Hybrid Number of mature pods Mean pod yield per plant
(di) (dii) (diii) (di) (dii) (diii)

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** 56.35**
5 JL-24 / ICG-1037 12.26 11 .21 13.33 68.29** 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** 77.42** 43.70**
12 CO-2 / TG-17 5 .82 4 .67 -8.29 6.15 1 .31 -9 .71
13 CO-2 / TMV-10 23 .90* , 12.39 20.96 -13.42 -21.77* *21 .49**
14 CO-2 / ICG-4861 -12.64 -17.39 -27.62* 14.5 0.06 -18.95*
15 CO-2 / ICG-1037 -19.6* -25 .23* -23.81* 14.26 7.78 -12.7-

SE for comparison of 
with mid parent

0.92 0.78

" Male/female parent 1 .06 0.90
" Selected parent 1.06 0.90

Contd.... ^



Table 30 contd

SI.
NO.

Hybrid Shelling percentage 100 seed weight
(di) (dii) (diii) (di) (dii) (diii)

1 JL-24 / ICG-7269 3.63 3 .14 3.14 8.09* -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** -13 .00**
4 JL-24 / ICG-4861 -4.66* -6.35** -6.35** 20.85** -1.02 -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 8.75 -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 / ICG-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** -.26 .26*:*
13 CO-2 / TMV-10 4.96* 4.46* 4.26 -24.06** -37.73** -38.12**
14 CO-2 / ICG-4861 -2 .14 -3 .32 -4 .43* -5.40 -5 .55 -39 .74**
15 CO-2 / ICG-1037 2 .15 1.84 0.67 -20.36** -32.75** -37 .92**

SE for comparison of Fl 
with mid parent

1 .04 1 ■ 54 -

Male/female parent 1.20 M S
" Selected parent 1 .20 119

* significant at 5% level ** Significant at 1% level ■>



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 parent ranged from 7.5 per cent to 
119.51 per cent in VRI-3/TG-17 and CO-2/TG-17 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 
direction.

Standard heterosis observed was minimum in VRI-3/TG-17 
(4.88 per cent) and maximum in JL-24/TMV-10 (301.22 per 
cent). Significant positive heterosis was observed in 
eleven hybrids.

4.1.3.5.4 Number of mature pods

Relative heterosis for number of mature pods was 
minimum for VRI-3/ICG-1037, with a deviation of -36.65 per 
cent and maximum for VRI-3/ICG-7269 with a deviation
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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 C0-2/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 over parental mean wass. -
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.



Fig.1 Heterosis for pod yield per plant in 15 groundnut hybrids

Co2
/IC
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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 in 
positive direction for shelling percentage only in one 
hybrid (CO-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 CO-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-3/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 hybrid,



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 
CO-2/TG-17.

Heterosis over better parent was also positively 
significant only in a single hybrid VRI-3/ICG-1037 whereas 
it was negatively significant in 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 C0-2/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



of dormancy

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

si.
Ho.

Identity of 
genotypes

Germination percentage in soil after harvest Duration
of

10 D 20 D 30 D 40 D 50 D 60 D 70 D . 80 D days

1 ICG-5461 95 - - - - - - - 10

2 ICG-128 100 - - - - - - - 10

3 VRI-3 97.5 - - - - - - - 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 ICG-7512 95 - - - - - - - 10

10 TG-6 92.5 - - - - - - - 10

11 POL-2 92.5 - - - - - - - 10

12 ICG-459 90.0 - - - - - - - 10

13 ICG-1231 90.0 - - - - - - - 10

14 THV-2 100 - - - - - - - 10

15 ICG-1883 7.5 95 - - - - - - 20

16 ICG-7269 5 80 97.5 - - - - - 20

17 TG-15 5 27.5 90 - - - - - 30

18 TG-17 7.5 15 95 - - - - - 30

19 TMV-10 0 0 50 65 87.5 - - - 50

20 Robut-33-1 0 0 40 97.5 - - - - 40

21 ICG-6301 0 0 25 85 - - - - 40

22 ICG-8281 0 0 45 67.5 100 - - - 50

23 ICG-4861 0 0 32.5 60 87.5 - - - 50

24 ICG-1002 0 0 0 32.5 50 70 100 - 70

25 ICG-1037 0 0 0 20 62.5 75 82.5 - 70

26 ICG-6193 12.5 45 100 - - - - - 30

27 ICG-1063 7.5 37.5 45 72.5 100 - - - 50
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32 Mean germination of twenty eight groundnut genotypes 
interval after harvest (rabi crop) in soil and their
dormancy

at ten days 
duration of

Identity of 
genotypes

Germination percentage in soil after harvest

10 D 20 D 30 D 40 D 50 D

ICG-5461 91.25 - - - -

ICG-128 100 - - - -

VRI-3 90 - - - -

TMV-9 90 - - - -

CO-2 100 - - - -

TG-14 85 - - - -

TG-3 85 - - - -

JL-24 95 - - - -

ICG-7512 92.5 - - - -

TG-6 100 - - - -

POL-2 100 - - - -

ICG-459 87.5 - - - -

ICG-1231 87.5 - - - -

TMV-2 92.5 - - - -

ICG-1883 0 100 - - -

ICG-7269 0 70 100 - -

TG-15 0 42.5 100 - -

TG-17 10 32.5 97.5 - -

TMV-10 0 20 47.5 92.5 -

Robut-33-1 0 0 40 87.5 -

ICG-6301 0 7.5 60 97.5 -

ICG-8281 0 0 67.5 72.5 100

ICG-4861 0 0 42.5 52.5 82.5

ICG-1002 0 0 22.5 45 67.5

ICG-1037 0 0 25 42.5 62.5

ICG-6193 0 25 65 95 -

ICG-1063 0 22.5 50 70 100

ICG-861 0 0 20 100 -

60 D 70 D 80 D

100
75 97.5

Duration"
of

dormancy
days
10
10

10

10
10

10
10

10

10
10

10

10

10
10

20

30

30

30

40

40

40

50

50

60

70

40

50

40
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33 Mean germination o£ twenty eight groundnut genotypes at ten days 
interval after harvest in pertidishes and their duration of
dormancy -

Identity of Germination percentage Duration 
of ̂  

dormancy
10 D 20 D 30 D 40 D 50 D 60 D 70 D 80 D days

_ _ 10
ICG-5461 ' 95 —

_ 10
ICG-128 100 —

_ _ 10
VRI-3 97.5 —

_ _ 10
TMV-9 97.5 ” ~

_ _ 10
CO-2 92.5 —

_ _ 10
TG-14 100 “

_ _ 10
TG-3 97.5 ” "

_ _ 10
JL-24 90 "

_ _ 10
ICG-7512 87.5 “

_ _ 10
TG-6 97.5 ""

_ _ 10
POL-2 97.5 —

_ 10
ICG-459 90 “

_ 10
ICG-1231 92.5 “

_ 10
TMV-2 90 ~

ICG-1883 0 45\ 87.5 - - - - - 30

ICG-7269 0 85 - - - - - - 20

TG-1S 7.5 17.5 100 - - - - - 30

TG-17 7.5 15 92.5 - - - - - 30

TMV-10 12.5 37-5 57.5 77.5 95 - - - 50

Robut-33-1 0 0 12.5 85 - - - — 40

ICG-6301 0 0 27.5 77.5 B2.5 - - - 50

ICG-8281 0 0 20 60 97.5 - - - 50

ICG-4861 0 0 0 27.5 77.5 32.5 95 - 70

ICG-1002 0 0 0 17.5 27.5 65 80 92.5 80

ICG-1037 0 0 0 7.5 27.5 60 72.5 87.5 80

ICG-6193 7.5 20 62.5 82.5 100 - - - 50

ICG-1063 0 0 0 10 85 - - - 50

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 the rest of 
the fourteen genotypes as dormant. Among dormant 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 days interval 
upto 30 days in Fj seeds, F2 seeds, F3 seeds BC^jjj seeds, 
BC1(D) seeds, BC1(BD) Fz seeds and BC1(D) F/seeds in ten crosses. 
The data are presented in Tables 34 to 39. In the case of 
F2 seeds, F3 seeds and BC3 F2 seeds observations were 
recorded on per plant basis. The frequency distribution 
of F3 and F2 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..

4.2.2.1 Germination percentage in F1 seed (F1 embryonic generation)

The germination percentage of F3 seeds of ten crosses 
are presented in Table 34. All the hybrids recorded zero 
percentage germination on the tenth day just like the 
dormant parents where as the two non dormant parents
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Table 34 Germination in Fj seeds (F, embryonic generation) and
parents 10-30 DAS

Germination percentage . Germination
Designation 10D 20D 30D

dJ-LCi et-ii-LG
treatment

i) Crosses/
JL-24 / ICG-7269 0 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 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 5 25.00 70.00

ICG-4861 0 0 5.00 80.00

ICG-1037 0 0 10.00 70.00

iii) Non-dormant parents 
JL-24 100 _ — -

VRI-3 100 - - -



recorded 100 per cent germination, indicating the dominant 
nature of the character in the heterozygous embryo. 
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.

4.2.2.2 Germination percentage in F2 seeds (F2 embryonic generation -

F1 plant generation)

The mean 10D germination of F2 seeds (Table 37) borne 
on 20 F̂  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-10 3 7 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 VRI-3/ICG-1037 to 92 per cent in JL-24/ICG-7269 

(Table 39) .*

The frequency distribution of Fj plants for 10D, 20D 
and 30D germinations in F2 seeds is presented in Table 40. 
For 10D germination the F̂  plants of fastigiata x fastigiata 
crosses were distributed in the first three classes and the 
F^s 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 BC1(Jd) seeds (BC1(m) embryonic generation) and
parents 10-30 DAS

Germination percentage Germination
Designation 10D 20D 30D _ ✓

after ethrel 
treatment

i) Crosses 
JL-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 -

ii) 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

iii) Non-dormant parents 
JL-24 100 - - -

VRI-3 100 - - -
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Table 36 Germination in BCwjj seeds (BC^j embryonic generation) and
parents 10-30 DAS

Germination percentage Germination
Designation 10D 20D 30D

di-LtSJ. etiuc
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 0 42.86 100 -

VRI-3 / ICG-1037 0 18.18 54.54 45.45

ii) Dormant parents
ICG-7269 0 100 9.00 -

TG-17 0 62.50 100 -

TMV-10 0 0 25 75

ICG-4861 0 0 37.50 62.50

ICG-1037 0 0 0 100

iii) Non-dormant parents
JL-24 100 - - -

VRI-3 100 - - -
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Designation Pj Fi 2̂ ®C1(SD) B 1̂(D)

JL-24 / ICG-7269 87.5 0 34 52 .70 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 47.78 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 87.5 0 11 41 54.29 18

Table 37 Average 10D germination percentage of parents and early
generation populations

VRI-3 / ICG-1037 90.5 0 9 34 58 14



126

Designation P2 F̂  F2 BC1(HD) B Î(D)

JL-24 / ICG-7269 87.50 75 84 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 68.89 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

Table 38 Average 20D germination percentage of parents and early
generation populations

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

Designation ^  h  F1 F2 BCl W  BCUI>)

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 I 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

JL-24 / TMV-10 87.50 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 87.50 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 distribution in Ft plants for germination in the Fa seeds borne on them
(F2 embryonic generation) at 10-30 DAS

Nmmber 10D germination classes 20D germination classes 30D germination
Designation of

plants 0 - 
20%

21 - 
40%

41 -
60%

61 - 81 -
80% 100%

0 -
20%

21 - 
40%

41 -
60%

61 -
80%

81 -
100%

0 - 21 - 
20% 40%

41 -
60%

i) Crosses 
JL-24 / ICG-7269 20 4 10 2 _ 14 6 - -

VRI-3 / ICG-7269 20 10 4 4 2 - - 2 12 6 — - “

JL-24 / TG-17 18 8 4 6 _ - - 4 6 8 - -

VRI-3 / TG-17 18 4 B 6 - - 2 6 6 4 — -

JL-24 / TMV-10 18 12 8 - - 2 4 10 4 - - -

VRI-3 / TMV-10 18 14 4 - - - 8 6 2 2 — — 6

JL-24 / ICG-4861 18 14 4 - - - 14 2 2 - -  ̂ - 6

VRI-3 / ICG-4861 18 10 4 4 - 4 6 2 2 4 - - 6I
JL-24 / ICG-1037 20 16 4 - - 8 6 4 2 - 4 10

VRI-3 / ICG-1037
I

18 18 - - - 4 10 4 - - 4 8

ii) Dormant 
parents1

ICG-7269 20 20 - - - - - 2 16 2 ™ *-

TG-17 20 20 - - - 4 10 6 - - — —

TMV-10 20 20 - - - 12 8 - - - 2 6

ICG-4861 20 20 - - - 8 12 - - - 4 10

ICG-1037 20 20 - - - 16 4 - - - 8 10 2

ill) Non-dormant k
parents

JL-24 20 - - - 8 12 - - - - 20 —  ~

VRI-3 20 - - - a 12 - - - 20 ----=---- -

classes
61 - 81 -
80% 100%

4

6
6

10

10
10
10

2
6

2
12
10
6

20
IS
12

12
8
2
2
2
4

18

4

2

20
20

128



Table 41 Frequency distribution ±n Fj plants for germination in the F, seeds borne on them. (F3 embryonic generation)
at 10-30 DAS

Nnumber 10D germination classes 20D germination classes 30D germination classes
Designation of F, 

plants 0 - 
20%

21-
40%

41-
60%

61-
80%

81 - 
100%

0 - 
20%

21 - 
40%

41 -
60%

61 - 
80%

81 -
100%

0 - 21 - 
20% 40%

41 - 
60%

61 -■ 
80%

81 - 
100%

x) Crosses
JL-24 / ICG-7269 40 10 6 6 12 6 2 2 2 12 22 - - - 40

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 36

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 / TMV-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

VRI-3 / ICG-4861 40 12 8 10 6 4 - 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 - - - - - - 2 16 2 - - 2 18

•TG-17 20 20 - - - - 4 10 6 - - - - 12 4

TMV-10 20 20 - - - - 12 8 - - - 2 6 ’ 10 2

ICG-4861 20 20 - - - - 8 12 - - - 4 10 6 • -

ICG-1037
±±i) Non-dormant

20 20 - - - - 16 4 — — ~ 8 10 2

parents
JL-24 20 - - - 8 12 - - - - 20 - - - 20

VRI-3 20 - - 8 12 - - - - 20 - - - 20

ISp



Fig.2 Frequency distribution of parents, Fj and F 2 populatipns
for 10th day germination in cross JL-24/ICG-7269
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F i g .4 Frequency distribution of parents, Fj and Fj population^
for 10th day germination in cross JL-24/TG-17

Fig.5 Frequency distribution of parents, Fj and F2 populations 
for 10th day germination in cross VRI-3/TG17

Germination classes



Fig.6 Frequency distribution of parents, Fj and Fj populations
for 10th day germination in cross JL-24/TMV-10
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Fig.8 Frequency distribution of parents, Fj and Fj populations
for 10th day germination in cross JL-24/ICG-48S1
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F i g . 9 Frequency distribution of parents, Fj and Fj populations 
for 10th day germination in cross VRI-3/ICG-4861
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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 plants were distributed in the 
last two classes with the exception of a few inter 
subspecific crosses.

4.2.2.3 Germination percentage in the F3 seeds (F3 embryonic generation -

F2 plant generation)

The mean germination percentage of 40 Fj 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 germination 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 Fj 
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 plants were distributed only in 
last three classes.

4.2.2.4 Germination percentage in BC1(KD) seeds 

<BC1(ND) embryonic generation)

The 10D germination percentage in seeds ranged
from zero in VRI-3/TMV-10 to 100 per cent JL-24/ICG-7269.
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For the 20D germination it ranged from 21.43 per cent in 
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 BC1(D] seeds 

(BC1P) embryonic generation)

The 10D germination percentage in BC^j) seeds (Table 36) 
ranged from zero per cent in seven crosses to 28.57 per 
cent in VRI-3/ICG-7269. The 20D germination 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 in JL-24/ICG-4861 to 100 per cent in JL-24/ICG-7269, 
VRI-3/TG-17 and JL-24/ICG-1037.

4.2.2.5 Germination percentage in BC1(ND)F2 seeds (BC1(ND)F2 embryonic generation

■ BC1(ND) plant generation)

The mean germination percentage for 10^ day 
germination in B C ^ j  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 20D 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 BC1(D) F2 seeds (BC1(D) F2 embryonic generation

- BC1(D) plant generation)

The mean germination percentage for 10D germination 
for BC^pj generation (Tab\e 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 germination (Table 38) and from 
40 per cent in JL-24/ICG-1037 to 91.25 per cent in 
JL-24/ICG-7269 for 30D germination (Table 39).

4.2.2.8 Comparison of mean 10D germination of Fr  F2 and back cross generations

with nondormant parent P, 1

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^pj generations of two crosses viz., JL-24/ICG 7269 
and VRI 3/ICG 7269. This indicated that the different 
generations were significantly different from the non 
dormant parent.

4.2.3 Generation mean analysis

The analysis was conducted for seed dormancy over the 
means of six generation P2, P2, Fj, F2, BC^pj and B^p) in 10 
crosses involving two non-dormant and five dormant 
genotypes. The dormancy was assessed by germination 
percentage at 10 days interval. The data from 10D



Table 42 Comparison of average 10D germination percentage of F lt F2, BC1|[JDJ, BC1(D, generations with 
non-dormant parent P t in 10 crosses of groundnut

SI.
No.

Cross
Average 10D germination percentage^ 't' value

Pi P2 Fi F* (D) Pi Vs. 
Fi

Pj Vs.
f 2

Pi Vs. ?! Vs.
b c I(DJ

1 JL-24 / ICG-7269 5.35 0.0 3.31 3.79 4.75 4.06 11.05* 4.05* 1. 84NS 5.78*.

2 VRI-3 / ICG-7269 5 .45 0.0 2.99 2 . 26 5 .40 3.25 6.63* 5.81* 1. 58MS 6.25*

3 JL-24 / TG-17 5.35 0.0 2.75 4. 16 4.72 2 .78 4 .86* 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 7 . 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* 8.87*

&  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 parameter . 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.

4.2.3.1 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.

Scaling 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 inadequacy 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 germination 
(Table 43) showing that non-allelic interactions are 
present and three parameter model was inadequate.



Table 43 Scaling and joint scaling tests and estimates of gene effects
10 crosses of groundnut

tor l g e r m x n a r i o n

Si. Cross 
No.

JL-24 / ICG-7269

2 VRI-3 / ICG-7269

3 JL-24 / TG-17

4 VRI-3 / TG-17

5 JL-24 / TMV-10

6 VRI-3 / TMV-10

7 JL-24 / ICG-4861

8 VRI-3 / ICG-4861

JL-24 / ICG-1037

10 VRI-3 / ICG-1037

0 .84 

1.86* 

1.34* 

1.11 

-1.73 

-0.84 

-0.2 7 

-0.35 

1.61 

0 .92

Scales
B

3.93* 

2.64* 

2.44* 

2.70* 

0.21 

-1.50 

-0. 66 

2.44* 

1.76 

1 . 2 1

2.30 

1.37 

5.44* 

2.73 

4 . 26* 

2.35 

2.55 

3.54* 

4.48* 

2 .18

Joint scaling test
X2 df = 3 -Probability

49 .18 * 

19 .46* 

14 .76* 

5,84

8 .03* 

6.45 

3.67

12.89*

9 . 00* 

3 .47

0.0000 

0.0002 

0.0020 

0.1197 

0.0434 

0.0916 

0.2992 

0.0049' 

0.0,294 

0.3250

♦Significant at 5% level
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Table 44 Scaling and joint 
in 10 crosses of

scaling tests 
groundnut

and estimates of gene
\

effects for 20D germination

SI. Cross Scales Joint scaling test
No. A B C X2 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 / TG-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 0.0 64*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



For the 20D germination (Table 44) seven out of ten 
crosses reached the level of significance indicating 
inadequacy of three parameter model.

4.2.3.3 Estimates of genetic parameters

4.2.3.3.1 10D germination

The estimates of genetic parameters for 10D 
germination are given in Table 45.

For 10 D 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

v •

positive dominance effect, while VRI-3/TG-17,VRI-3/TMV-10, 
JL-24/ICG-4861 and VRI-3/ICG-1037 registered significant 
negative effect.

The dominance effect (h) was significant in the negative 
direction in 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.



Table 45 Estimates of gene effects based on 10D germination data in 10 crosses of groundnut

Si.
No.

Cross Estimates of gene effects
(m) <d) (h) (i) (j) (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 / ICG-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 af 5% level



The additive x dominance interaction effect (j) was 
positive and significant in the negative direction in the 
cross combination JL-24/ICG—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/ICG-7269 and VRI-3/ICG-7269.



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

SI.
No.

Cross Estimates of gene effects
(m) (d) <h) (i) 0 ) (1)

1 JL-24 / ICG-7269 5.08* 0.07 1.81* 1.72* - 0 . 1 1 -2.92*

2 VRI-3 / ICG-7269 5.03* 0.48 1.39 1.52* 0.26 -2.56*

3
1

JL-24 I TG-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
1

JL-24 / ICG-4861 4.30* 1. 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 / ICG-1037 4.50* 1.5* -0. 25 0.2 0.68 -4.67*

O
*Significant at 5% level ^
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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 dominance effect (1) was significant 
in four crosses in negative direction. They are 
JL-24/ICG-7269,VRI-3/ICG-7269, VRI-3/TG-17,VRI-3/ICG-1037
None of the crosses showed significance in positive 
direction.
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DISCUSSION

Developing high yielding early maturing groundnut 
cultivars with seed dormancy has recently been 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 short 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, earliness 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.
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In the present investigations, it was envisaged to 
select appropriate parents and to inquire into the relative 
importance 'of different types of 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 yielding 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 per 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 
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 six generations in ten crosses 
were subjected to generation mean analysis with a view to



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

Out of the twenty eight genotypes maximum per hectare 
yield was recorded by VRI-3 (2040 kg ha"*). Seven 
genotypes, all belonging to subsp. fastigiata, were 
statistically on par with VRI-3. The pooled general mean 
for 18 fastigiata genotypes was 1776 kg ha-* whereas it was 
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

v -
with JL-24, of which only one (ICG-4861) belonged to 
subspecies hypogaea. The general mean for subspecies 
fastigiata genotypes was 1888 kg ha-* and that of hypogaea 
genotypes was 1564 kg ha-*. In kharif season, the 
performance of the hypogaea genotypes was comparatively 
better. The highest yielder was VRI-3 (2265 kg ha-*). 
Thirteen cultivars 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.
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Though the number of fruiting nodes were high in hypogaea 
the number of sound mature pods realised at. harvest was 
only on par with fahtigiata 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 large 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 long 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:



Character Genotypes

Per hectare pod yield VRI-3, JL-24, CO-2, TG-14, 
TG-17, TG-15, TG-6 , ICG-7269

Number of mature pods 
per plant

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

Shelling percentage ICG-459, TG-3, JL-24, ICG-7269

Oil content TMV-10, TG-6 , TG-15

Hundred seed weight ICG-8281, TG-15, TG-17, TMV-10

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

Dormancy, short 
duration and high 
per hectare yield

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 environment 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



advance expressed as percentage over mean, consistently in 
both the seasons indicating that improvement of these 
traits would be possible by selection.

5.2 D2 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 hybridisation. The 
success in obtaining highly heterotic hybrids and creating 
a wide spectrum o f ' variability for selecting desirable 
segregants in advanced generations depends to a large 
extent on the degree of divergence between parents 
chosen (Murthy and Arunachalam, 1966; Bhat't, 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



subspecies fastigiata and Virginia bunches and runners 

belonging to subspecies hypogaea. The statistics 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 II 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 II 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



runners. This might be probably due to modification of 

biometric traits by the stress condition prevailing at the 

end of rabi season. 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 during the kharif season 

also brought out the evolutionary significance. Maximum 

inter-cluster distance was between cluster I and II. 

Cluster I represented the Spanish and Valencia group and 

cluster II contained the Virginia runners which are the 

extreme forms in the evolutionary sequence. Crosses 

between these divergent genotypes are likely 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
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among these genotypes. But crosses between Spanish and 

Valencia 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 genotypes. 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 

highest 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 hypogaea 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 oil content, 

short duration, per hectare yield and shelling percentage. 

This points to the high potential of inter-subspecific
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crosses, for evolving improved varieties with ideal plant 

type, combined with high yield of kernel and oil.

The study of D analysis was repeated in rabi season, 

so 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 III) 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 (1957) 

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



specific combining ability variances 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 choosing 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 mature 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/ICG-1037). Several previous workers, 
have highlighted the importance of subspecies hypogaea in 
contributing the economic traits and involving this 
subspecies in hybridisation for improvement of yield 
(Parker et al., 1970; Singh and Labana, 1980; Labana et 

• t 1981; Dwivedi et al., 1989). Such a superiority of 
sub-species hypogaea and its hybrids for yield 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



number of branches is reported to be highly correlated with 
pod yield by several workers (Bhargava et al., 1970;
Dholaria and Joshi, 1972; Khangura and Sadhu, 1972; 
Dholaria et al., 1973). In the present study, the adverse
soil conditions prevailing during the summer season might
have affected the 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 hybrid 
mean than parental mean was observed for total number of 
branches, number of mature pods, pod yield per plant and 
lesser values for plant height, shelling percentage and 
hundred seed weight.

5.3.2 Heritabifity in narrow sense

- Narrow sense heritability is a useful tool 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

, 1 5 3



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 yield registered the lowest heritability estimate 
of 47.84 per cent. This may be due to the fact that yield 
is a complex character determined 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
\

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 poSd yield, 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 that additive effects were more 
important than non-additive effects for pod yield and 100  

kernel weight. The preponderance of additive effects for 
vegetative characters 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 Manoharan 
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 F2 (biparental approach) in the superior 
crosses of green gram, which will generate higher 
variability for selecting transgressive segregants for high 
yield. Katiyar et al. (1987) have suggested biparental 
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.



5.3.5 General combining ability effects

The gca effects 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 sea 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 sea 
effects for days to 50 per cent flowering, plant height or 
total number of branches. Cross JL-24/ICG-1037 gave
positive sea effect for number of mature pods, pod yield 
and hundred seed weight and cross VRI-3/TG-17 for pod 
yield, shelling percentage and hundred seed weight.

Specific combining ability effects represent dominance 
and epistatic components of 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. In groundnut flower structure is 
not amenable for this. Natarajan et al. (1990) suggested 
that if crosses showing high sea effects involved, both 
parents which were good general combiners, they could be 
exploited for varietal improvement programme. But in the 
present studies such a cross with high sea effect and both 
the parents being good general combiners, could not be 
pointed out.

5.3.7 Heterosis

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 yield 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-7269 
(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 intra-subspecific 
Spanish x Spanish crosses. Reddy (1982) has reported 
Spanish x Spanish crosses were equally 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 heterotic potential 
of Spanish x Spanish crosses.

It is notable that all the crosses with tester 
ICG-7269 (an exotic line 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.



In groundnut, whatever be the magnitude of heterosis, 
at present it cannot be exploited for commercial production 
of hybrid varieties because of the restrictions in the 
flower structure, like, the cleistogamous nature, 
inadequate pollen supply, difficulties in transfer of 
pollen from one 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 sea effect 

of groundnut hybrids

The mean performance, significant and positive 
heterobeltiosis and significant and positive sea effect of 
the best few hybrids for pod yield, 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/ICG-4861, JL-24/ICG-1037, CO-2/ICG-7269 are the 
three cross combinations that have recorded high per se 

performance for pod yield, besides significant 
heterobeltiosis and sea effect. Among them JL-24/ICG-1037 
has also recorded high sea 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. CO-2/ICG-7269 
recorded both high mean and heterosis for number of mature 
pods and heterosis for total number of branches.
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Table 47 Superior hybrids for per se performance, heterobeltiosis 
and sea effect

Per se performance Heterobeltiosis sea effect

Pod yield
JL-24/ICG-4861

JL-24/ICG-7269
JL-24/ICG-1037
CO-2/ICG-7269

Number of mature pods
VRI-3/ICG-7269
CO-2/ICG-7269
JL-24/TMV-10

Hundred seed weight
JL-24/ICG-1037
JL-24/ICG-4861
JL-24/ICG-7269
VRI-3/TG-17

CO-2/ICG-7269
JL-24/ICG-7269
JL-24/ICG-4861
VRI-3/ICG-7269
JL-24/ICG-1037

CO-2/ICG-7269
VRI-3/ICG-7269

VRI-3/ICG-1037

JL-24/ICG-4861
VRI-3/TG-17
JL-24/ICG-1037
CO-2/ICG-7269

VRI-3/ICG-7269
JL-24/ICG-1037

JL-24/ICG-4861
VRI-3/THV-10
VRI-3/TG-17
JL-24/ICG-1037
C0-2/TG-17

Days to 50 per cent flowering
JL-24/ICG-7269
VRI-3/ICG-7269
CO-2/ICG-7269

(in the negative direction)
JL-24/ICG-1037
CO-2/1CG-4861
VRI-3/ICG-4861



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

Plate 10b Fj plant of cross JL-24/ICG-7269





H a t e  11c. plant at cross J'l-?4/HvJ-1037

Plate lib Fi plant of cross CG-2/1CG-7269





Plate 12a Fj plant of cross VRI-.VICG-7269

Plate 12b Pj plant of cross C0-2/TG-17
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5.4 Analysis of seed dormancy

5.4.1 Duration of dormancy in 28 groundnut genotypes

The germination studies revealed 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 (Varisai 
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) 
observed it between 40 and 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



of desirable levels of dormancy, in the popular, short 
duration, bunch cultivars.

5.4.2 Dormancy studies in early generations

Inheritance of dormancy in crop plants has received 
relatively little attention in the past. A possible reason 
may be the fact that genetic analysis of seed dormancy in 
early generations is complicated. In the early generations, 
a non-endospermous 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. In the case 
of F1 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 germination 
inhibitor 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).



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 
generation advanced than the generation of the mother plant 
on which they are borne. The original hybrid seeds possess 
F1 embryos, seeds of Fj plants possess F2 embryos and seeds 
of F2 plants posses F3 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

v  -

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 involved in the.expression 
of this character. Hence in the present case t dormancy 
studies were conducted in the embryonic generations 
(Fj seed, BCjujj seed, BC^jj seeds) and in normal mature 
plant generations (F2 seed, F3 seed, BC1(KD) F2 seeds, and BC1(DJ 
F2 seeds).



In groundnut, due to the indeterminate nature of 
subspecies hypogaea or its derivatives, the pods of same 
plants vary in maturity (Nautiyal et al., 1993). 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. 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 employed 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 
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 the crosses the differences 
between genotypes were negligible (Table 38 and 39). The 
point in a germination 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 (Paterson and Sorrells, 1990). 
In the present study maximum difference between the dormant 
and non-dormant parents was observed for 1 0D 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 dormancy, 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



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 presence of germination inhibitors in cotyledons 
and primary axis showing 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 
Fj 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 Fj 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 
Fj seed 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 Ketring and 
Morgan (1972). This aspect needs further study. The

V

behaviour of F{ seed clearly proved that dormant nature is 
dominant over non-dormancy, in intetsubspecific 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 advantageous over morphological markers, as 
elimination of selves, later from the laid out genetic 
experiments in the field, can be avoided.

The dispersed frequency distribution of generation 
(F2 embryonic generation) and F2 generation (F3 embryonic 
generation indicated that dormancy could be treated as a 
quantitative trait with multiple gene control of the 
trait. The comparison of average germination of Fj, F2 and 
backcross generations, to the non-dormant parent revealed 
that dormancy was largely dominant. Except in the case of 
BCi(jd) generation in two crosses, all the four generations 
of ten crosses were significantly different from the non- 
dormant parent (Table 42). A comparison of average 10D 
germination percentage of Fj generation and F2 generation 
showed that Fj generation had a stronger dormancy than F2. 
Among the two back cross generations generation
expressed a stronger dormancy than BC^^j generation.

Stokes and Hull (1930), Hull (1937), John et al. 

(1948) and Ramachandran et al. (1967) have conducted their 
studies in seeds borne on Fj plants and not in F̂  seeds. 
They have reported the F1 population (F2 embryonic 
generation) being intermediate between parents and dormancy



can be partially or incompletely dominant over non­
dormancy. They have reported a wide range of variability 
within F2 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 F̂  

generation was not seen. Nine to 34 per cent of the seeds 
of F3 plants in various crosses ■ germinated indicating 
incomplete dominance. This might be due to the genotypic 
differences of segregating embryos carried by the F2 seeds 
borne on these Fj 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.



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 genotypes will restrict the universality of its 
application. In the present 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 seed and back cross
seed, produced per female plant/F^ 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 generation 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 1 0 th day and 2 0th 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 discussion the estimates from 10D 
germination was used, since at this point, the parents were 
showing maximum difference. Similar procedure was adopted 
by Paterson et 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 predominantly 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-3/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.



In three out of six crosses in 10D germination 
analysis and seven out of nine crosses in 20D germination 
analysis, dominance effect (h) and dominance x dominance 
effect (1) estimates have opposite signs indicating that

, s '

non- allelic interactions were essentially duplicate in 
nature in these crosses. In rest of the crosses where (h) 
and (1) effects were in the same 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 
yield 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 yield good results. But 
selection postponed to advanced generations would be 
fruitful in fixing the trait.

High yield, short duration with short seed dormancy 
will be an ideal criteria 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



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 should 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 
genotypes 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 fresh 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
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useful. This was called as 'fresh seed dormancy by Wadia 
et al. (1987). They have suggested a laboratory technique 
to identify sources of seed dormancy in fastigiata 

genotypes derived from the crosses between the genotypes 
belonging to two subspecies.

Inter ^ub-specific hybridisation to obtain dormant 
fastigiata types has been successfully attempted by 
Ramachandran et al. (1967); Varisai Muhammad et al. 1969; 
Reddy et al. (1985) and ICRISAT (1981). The observation of 
dormant seeds beyond thirty days dormancy in the Fj and F2 
and heterosis of Spanish x Spanish crosses gave hope for 
obtaining high yielding dormant fastigiata segregants 
without much change in the crop duration.
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S U M M A R Y

Genetic analysis of seed dormancy and productivity in 
groundnut was conducted in the Department of Plant Breeding 
and Genetics, College of Horticulture, Vellanikkara during 
1992-95, with a view to understanding the gene action of 
yield contributing traits and seed dormancy, so as to 
suggest appropriate breeding methodology and parental 
combinations, to evolve dormant, high yielding and early 
maturing varieties.

Fourteen dormant and fourteen non-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^jjj 
and BĈ jjjj generations. The six generations in ten crosses,

pl' p2' Fl' F2' b c 1(HD)' b c 1(D] 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

m



genotypes with regard to pod yield under Vell-anikkara 
conditions. The best yielders among the twenty eight 
genotypes were VRI-3, JL-24 and CO-2. The genotypes which 
could be utilized as donors for specific traits were 
identified as ICG-459, TG-3 and JL-24 for shelling 
percentage, TMV-10, TG-6 and TG-15 for oil 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 branches 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 genotypes 
studied. -The genotypes were grouped into four clusters in 
both the seasons. The clustering pattern was in general 
based on subspecific status. The genotypes belonging to 
cluster I and II of kharif seasons and III and IV in rabi 
seasons were having maximum genetic divergence.

lI
Line x tester analysis revealed that variances 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



characters except total number of branches, shelling 
percentage and pod yield. Variance due to testers was 
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 
yield over hybrid mean viz. JL-24/ICG-7269, C0-2/ICG-7269, 
JL-24/ICG-4861 and JL-24/ICG-1037. Out of seven characters 
studied, higher hybrid mean than parental mean was observed 
for total number of branches, number of mature pods, pod 
yield 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 additive gene effects 
governing these characters. On the other hand the variance 
components of SCA were higher than that of GCA for pod
yield, 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 ICG-7269 were good combiners for pod yield. 
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 cl 
short seed dormancy and could serve as a donor for ^eed 
dormancy as well as a good combiner for yield. Significant 
positive sea effects were recorded for number of mature 
pods per plant, pod yield per plant, shelling percentage 
and hundred seed weight. JL-24/ICG-4861, VRI-3/TG-17 and 
JL-24/ICG-1037 were the crosses which recorded maximum sea 
effect for pod yield.

Relative heterosis, heterobeltiosis and standard 
heterosis were observed for all characters in most of the 
crosses. Significant heterobeltiosis for yield was 
observed in five out of fifteen crosses. CO-2/ICG-7269, 
JL-24/ICG-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 
multilocational testing these genotypes can be recommended



for general cultivation in areas where untimely ra!ins 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 seeds indicated that 
dormancy was dominant over non-dormancy in groundnut. The 
dormancy of F̂  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 Fj 
generation (F2 embryonic generation) and F2 generation (F3 
embryonic generation) indicated that dormancy was a
quantitative trait and multiple genes might be controlling 
the trait. The significant difference of F1# F2, BCj^pj, 
BCi(dj 9enerations from non-dormant parents revealed that 
dormancy was largely dominant.

The generation mean analysis over six generations has 
indicated that, predominantly, non—allelic gene action 
governed seed dormancy. All the three types of epistatic 
effects, viz., additive x additive, additive x dominance 
and dominance x dominance were prevailing in different 
crosses. The interactions were essentially duplicate in 
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 Genetic 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 combinations to evolve dormant, high yielding and 

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

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 governed most of the characters except pod yield and 

number of mature pods, for which, non additive gene effects were important. 

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 sea 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 

F2 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  wish to  express my deep sen se  o f g ra titu d e  and 
indebtedness to*

Dr S Pushkolo, A ssociate P rofessor o f  S o i l  Solonce 
and A gricu ltu re! Chemlotry and Chairmen o f  the advisory  
oonaaittee fo r  suggesting th e problem, for. th e  sustained  
and In sp ir in g  guidance, c r i t i c a l  su ggestion s and con** 
s te n t  encouragement during the course o f  my s tu d ie s  and 
in  tlie preparation o f  the th es is?

Dr H S A iyer, P rofessor and Head o f  the Deportment 
o f  Sopr' Science and A gricu ltu ra l Chemistry, Sri Abdul 
hameed, Professor o f  B o ll Science end A gricu ltu ra l Chemistry 
and Dr s  SeehsdrXnath, P rofessor o f  P lan t P hysiology, 
members o f  the Advisory committee fo r  th e ir  valuab le advice  
and c r it ic is m s !

S ri V V Prabhakaran,' P rofessor  and Head o f 'the 
Department o f  A gricu ltu ra l S t a t i s t i c s  fo r  h is  h elp  in  
design ing  the experiment end th e s t a t i s t i c a l  a n a ly s is  o f  
th e  resu lts



Smt A lice  Abraham* P rofessor o f  S o il  Science and . 
A gricu ltural Ohemiotry* S ri M S A iyer, S r i P Ea^onflran 
AoalGtent P rofessors and a l l  other s t a f f  members o f  the  
Department o f S o il  Science and A gricu ltu ra l Chemistry 
fo r  many c o u r te s ie s . extended•

Dr V K Venugopal* A ssociate Professor* Department 
o f  S o i l  Science and A gricu ltural Chemistry, C ollege o f  
H orticulture* VellaniKJcara Tor th e  h e lp  rendered during  
th e  course o f  the in v e s t ig a t io n s ;

G rateful acknowledgement i s  rendered to  
Dr M M l£oshy» Doan in  charge, C ollege o f A gricu ltu re» 
V ellayani fo r  the favour o f  lab oratory  and o th er fa c i­
l i t i e s  extended fo r  conducting th e work.

X an indebted to  the D irector , Department o f  Agri­
c u ltu r e , Kerala fo r  granting me th e  deputation fo r  the  
com pletion o f  my otudies*

V eilayun it
Bated tlio 19 8 7 ,

p. f t t m s s



vii

CONTESTS

INTROBUCTI OH

Rsvmj op TiXtfhatoeb ,,

MATERIALS AND METHODS 

RESULTS ...

DISCUSSION'

SUMMARY AND CONCLUSIONS ... 

HEPKRERCES ; ,m
i

ABSTRACT ...

Page So.

1 -  5

6 - 3 7  

3 8 - 5 0  

51 -  9 8  

99 -  128 

1 2 5  -  1 3 4  

1 - sonrli



LIST OF TABLES

1 M oisture re ten tio n  c h a r a c te r is t ic s
2 Aggregate a n a ly s is
3  Textural a n a ly s is
4 P h ysica l 'constants
5  Chemical a n a ly s is
6 E ffec t o f  d if fe r e n t  treatm ents on seed lin g  emergence as evaluated by *cv’ » 'T* and *o~*
7 E ffeot o f  treatm entd on p lan t h eigh t
Q E ffe c t o f  treatm ents on I n te r  nodallen gth
9 E ffe c t  o f  treatm ents on le a f  area

10 E ffec t o f  treatm ents on root length
1 1  E ffec t o f  treatm ents on ro o t weight
12  E ffec t o f  treatm ents on volume o fexpansion
13 E ffec t o f  treatm ents on hydraulic condu­c t iv i t y
n  E ffec t o f  treatm ents on water hold ingcapacity
15 E ffec t o f  treatm ents on water reten tiona t f ie ld  cap acity
16 E ffec t o f  treatm ents on water re ten tio na t  w ilt in g  p o in t
17 E ffe c t  o f  treatm ents on bulk d en sity
18 E ffect o f  treatm ents on p a r t ic le  d en sity

Table Ro*

59
39
40 
40 
40 
52

56

59

61
6 3

64

67

69

71

73

74

76
77

Page



19
20 

21
22
25

24
25
26

27

28 
29 
50
31
32

Table !io

E ffect o f  treatm ents on p o ro sity  79
E ffe c t o f treatm ents on mean weight diameter 80
E ffect o f  mulches on p lant n u tr ien ts  82
E ffect o f  water le v e ls  on p lant n u tr ien ts  85
In tera ctio n  o f  treatm ents on plant 84n u tr ien ts
E ffect o f  mulches on s o i l  n u tr ien ts  87
E ffec t o f  water le v e ls  on s o i l  n u tr ien ts  90
In tera c tio n  o f  treatm ents on s o i l  91n u tr ien ts
E ffec t o f  treatm ents on s o i l  m oisture 93content
E ffec t o f treatm ents on c o i l  temperature 94
E ffec t o f d if fe r e n t  treatm ents on y ie ld  98
C orrelation  between d if fe r e n t  fa c to r s  98
Mean monthly c o i l  temperature 100
Mean monthly t  enclose te r  reading 101



LIST OP FIGURES

D escrip tion
M oisture r e ta in  cap acity  o f  the i n i t i a l  s o i l .
E ffec t o f  d if fe r e n t  treatm ents on co­e f f ic i e n t  o f  v e lo c ity  o f  emergence *
D ifference in  neon timo o f  emergence under d if fe r e n t  treatm ents.
D ifferen ce in  p lant h eigh t tinder d if fe r e n t  treatm ents.
D ifferen ce in  in te m o d e l len g th  under d if fe r e n t  treatm ents.
E ffect o f  d if fe r e n t  treatm ents on le a f  area.
E ffect o f  d if fe r e n t  treatm ent0 on root le n g th .
M oisture reta ined  by paddy hush mulched s o i l  under two water l e v e l s .
Moisture reta in ed  by paddy straw  mulched s o i l  under two water l e v e l s .
M oisture retained  by saw d ust mulched s o i l  under two water l e v e l s .
Moisture reta in ed  by dry l e a f  mulched s o i l  under two water l e v e l s .
S o il  m oisture under d if fe r e n t  mulches end water l e v e l .
1-lean s o i l  m oisture and s o i l  temperature under d if fe r e n t  m ulches.
Mean monthly s o i l  temperature under 
20£ water depletion#

teges Between 
44-45

52-53

52-55

57-58

60-61

6 3 - 6 4

72-73

72-73

72-73

72-73

95-94

94-95

94-95



Figure Eo* Description Pages Between

15

16

P la te

Mean monthly s o i l  temperature under 40$ water depletion*
E ffect o f  treatm ents on y ie ld

LIST OF PLATE 

« I n e ta llo t io n  o f  tensjom eter

9 4-92

9 6 -9 7

4 2 - 4 3



INTRODUCTION



1 * 1STR0BU0TI0N

U ncertain wator a v a ila b ility *  u n stab le  crop prices*  
environmental co n stra in ts  and increases in  th e  co o t o f  
energy end labour has overwhelmed th e present day farmers 
to  e  groat e x te n t , h ater has become such an important 
commodity end i t s  management i s  the r e s p o n s ib il ity  o f  th e  
fanners* to provide the proper amount o f  water and a ir  fo r  
h is  crops*

One im portant dimension o f  lend a u a lity  io  i t s
cap a city  to .h o ld  th e  inputs th a t ore applied and to ensure
th e ir  use by the p la n t . . In  th e case o f  water* t h is  q u a lity
i s  ca lled  water hold ing ca p a c ity . To maintain favourable
con d ition s fo r  crop growth* management o f  p h ysica l cond itions
o f  s o i l  io  h igh ly  n ecessa ry . The fa c to r s  to  be considered

»

are moisture* aeration* temperature and the reo io tan ce  to  
ro o t penetration  to  the depth* noro& lly reached by the  
g iven  crop.

M oisture s tr e s s  in  plants* i s  a r e su lta n t o f  combined 
e f f e c t s  o f  s o i l  m oisture s t r e s s  in  the ro o t sone, r e s is ta n c e  ■ 
to  water movement in  the .plant* o to a a ta l control* and



atsoop heric  evaporation demand (Sivekumar and Vlraami* 1979) * 
S o i l  water in  the upper layers*  more than any other factor*  
prim arily dot ermines seed germination and establishm ent o f  

- s e e d lin g s * ; Water absorption by seeds* i s  the f i r s t  event 
in  th e  pro sees  of. seed germ ination • i t  I s  in fluenced  by s o i l■i
tem perature.through i t s  e f f e c t s  on th e v is c o s i t y  o f  th e  water 
and perm eability  o f  shed coat (otssndhary a t  c l .»  1971) *

The;m oisture s itu a t io n  o f  the s o i l  can bo modified  
l a  a  v a r ie ty  o f  ways. The method a used soy  be d ir e c t  
a p p lica tio n  or removal o f  water or through changes l a  
stru ctu re and temperature o f  th e  s o i l#  The q u a lity  o f  
m oisture a v a ila b le  depend a both on the amount end d is t r i ­
b u tion ’ o f  s o i l  water and on the tem perature.

The amount o f water in  the s o i l  has an. In d irect  
a f fe c t  on s o i l  temperature which can be moneged to  soma 

. ex ten t by u sin g  mulches* th e  s o i l  temperature has great  
in flu ence* .r igh t from seed germ ination to  y ie ld in g  s ta g e  
o f  p la n ts .:  S o il  n u tr ie n ts  and p lant uptake are a ls o  in ­
fluenced  by s o i l  temperature*. S o i l  temperature has a  
profound e f f e c t  on the water supplying power o f  tha s o i l*
The fr e e  energy o f  water in crea ses w ith  tem perature.
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Under re in fed  conditions* e s p e c ia lly  a f t e r  the rainy  
season* eK ceseivo ra te  o f  water lo s s  by evaporation should 
bo minimised to  in crease  th e  water a v a i la b i l i t y  end water 
use e f f ic ie n c y  o f  crops* M .ch es  have an im portant r o le  in  
in flu en c in g  the above fe e  to r s  end a lso  th e  p h y sica l aid  
chem ical p ro p erties  o f  s o i l#

Evaporation&L lo s s e s  o f  water from s o i l  I s  co n si­
derably higher in  sem isrld  reg ion s then humid reg ion s and 
c o n s t itu te  s in g le  la r g e s t  lo s s  o f  water from f i e l d . '  In  
h igh er moisture regimes* more water i s  used fo r  evaporation  
ra th er  than crop production, reducing water use e f f ic ie n c y  
(S o lv a ra j, 1976)* lo s s e s  by cvapotronopiration are ir r e ­
coverable end arc u su a lly  considered th e  n et water requ ire­
ment .  .

Wayc and means o f  c u tt in g  th is  was to  had. been th e  
ob ject o f  Deny in v e s t ig a t io n s  in  the past* Many have 
tr ied  in  cre a tin g  a  s o i l  mulch, end spreading fo re ig n  m a ter ia ls  
over th e  s o i l  surface w ith  varying degrees o f  su c c e ss . The 
economic aspect o f  the problems i . e . ,  the p o s s ib i l i t y  o f  
growing orops in  more areas w ith  th e same ir r ig a t io n  water 
I s  o f  v i t a l  importance* j?or most o f  the a g r icu ltu ra l s o ils *  
the reduction  in  evaporation end temperature management



can bo brought about by soma c u lt iv a t io n  p rec tio o s  l ik e  
m ulching and t i l l a g e .  A generous amount o f resid u es  
placed in  and . above the s o i l  con improve th e s o i l  con­
d it io n s ,  Mulohea have an important r o le  in  temperature 
management ciid water r e te n t io n , Numerous typ es o f  mulches* . 
from rocks and ston es to  slow ly  decomposing m ateria ls l ik e  
wood shavings* sawdust and ch ips are tr ie d  (Lamb end 
Chapman* 1943),

Mulching p ro tects  th e  s o i l  from r a in f a l l  impact* 
decreases evaporation and reduces tb s  - a o i l  temperature
f lu c tu a t io n s • -In d irectly*  mulching in crea ses th e  m oisture■ '
Oca ten t o f the s o il*  r a ise s  i t s  heat cap acity  end h elp s in  
slow er warming up o f  the s o i l  in  spring season,.

I t  has been reported th at the s o i l  covering con­
serves s o i l  moisture* kecx>o s o i l  temperature higher than, 
bare c o i l  and d ecreases fr o s t  p en etra tio n ,

'She e f f e c t  o f  a  g iven  mulch depoide on i t s  colour* 
and i t s  porviouoness to  w ater. Crop resid u e  mulches even 
in  em ail q u a n tit ie s  decrease evaporation in  the i n i t i a l  
sta g e  but la rg e  amounts ere required to obtain  water saving
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over extaated period (£rlhar m& Arora# 1QG0) • Appreciable 
conservation a£ moisture could be achieved by concentrating 
on crop residue on a portion of soil surface as wail as by 
leader application o f  water1 •

Tbs comparative e ff ic a c y  o f  th ese  mulches may vary  
under d if fe r e n t  con d ition s depending on d if fe r e n t  aspects*  
Some eralolios*a ct a s  n u tr ien t su p p liers  a ls o .  faddy straw  
can provide about G.03  to  one per cent phosphorus*. Certain  
mulches l ik e  r i s e  h u ll  a c t as r e f le c ta u t  preventing the  
h eatin g  up o f  s o i l  by ra d ia tio n .

Present, study has been m dertoken u lth  th e fo llow in g  
objectives?

1 * To study the e f f e c t  o f  d if fe r e n t  mulches on the  
phyaiao chemical p ro p erties  o f  th e  s o i l*

2 * to  study th e  e f f e c t  o f  mulches on s o i l  temperature 
and se e d lin g  emergence,

3* to  In v e stig a te  the e f f e c t  o f  mulches on s o i l
im oisture ch a ra c te r !stio  *

4* t o  study the in te r a o tio n  e f f e c t s  o f  s o i l  tempe­
ratu re end s o i l  water on p lant growth and y ie ld #  
u sin g  Bhindi ( Abelmoschuo sseulegitua) a s t o s t  crop*
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Several p rocesses l ik e  water transportation*  
movement of; n u tr ien ts  and N itr if ic a t io n  are a ffec ted  by 
s o i l  temperature* S o i l  temporature has profound in ­
flu en ce  on seed germination* root growth* shoot growth* 
n u tr ien t uptake end crop y ie ld .  Research Information©
from d if fe r e n t  stu d ies , r e la t in g  s o i l  temperature and

.1
plant growth* mulch treatm ent e f f e c t  on s o i l  water end 
temperature* n u trien t uptake and other parameters re­
la t in g  to  p lant growth and y ie ld  ,a re  reviewed here} 
under d if fe r e n t  to p ics*

2 .1« E ffect o f  d if fe r e n t  mulches on s o i l  p h ysica l 
properties* w ith  emphasis on s o i l  temperature 
and s o i l  w ater.

2 .2 .  S o il  temperature -  i t s  in flu e n c e  on seed lin g  
emergence* plant growth} y ie ld  end n u tr ien t  
uptake•

2»3 . S o il  m oisture impacts on s o i l  temperature and 
consequent e f f e c t  on p lant growth and y ie ld .

'6
2 ,4 .  In flu en ce o f  s o i l  m oisture and d o il  temperature 

on root grot/th o f  p la n ts .
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2 .1 ,  E ffect of d iffe r e n t  mulche3  on s o i l  p h ysica l 
properties*  w ith emphasis on s o i l  temperature 
and s o i l  water,

j,

Mulches were applied to crops from the dawn o f  
A gricu lture3 mainly w ith a view to conserve the s o i l  
m oisture. S c ie n t i f ic  in v e s t ig a t io n s , on the use o f  
mulches^was d irected  mainly to the s o i l  conservation  
a sp ec ts , as w e ll as the changes in  s o i l  stru ctu re and 
e f f e c t  on s o i l  temperature, in crea se  in  organic con­
te n t o f the s o i l ,  m icrobial a c t i v i t i e s  and a v a i la b i l i t y  
o f  n u tr ie n ts ,

2 ,1 .1  Comparative e f f e c t  o f  d if fe r e n t  mulching m a ter ia ls ,

numerous type o f mulches have been tr ie d  from 
rocks and otones to slow ly  decomiiooing m ateria ls l ik e  
saw d u et, ch ip s and wood shavings, a l f a l f a  and been 
straw, hay and manures (hamb and Chapman, 1943) .

Using dry le a v es  as mulch, the c o st  o f ir r ig a t io n  
end weeding can be reduced and s o i l  stru ctu re can be 
improved (Rongachorylu and ftagabhushenem, i 960) .
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The g rea te st  amount o f  research  w ith  mulches were 
w ith  cheap and rea d ily  a v a ila b le  crop res id u es  end other  
plant wastO’ products l ik e  straw* sto v er  leaves*  wood chops 
etc*  and found to in crease  the ra te  o f  in f i l t r a t io n  o f  
water in to  the s o i l  and r e ta in  s o i l  m oisture fo r  longer  
periods (Horning and Overs on, 1962, Prihar e t  a l  1966 , 
^iegerd e t  a l  1968) •

'I

T ria ls  conducted by Fohanty (1977) on g in ger shows 
th a t dry le a f  mulches arc superior to  grass or s o i l  mulch 
which gave b est r e s u lt  in  rhizome y ie ld ;  sprouting per­
centage suppression o f  weed and prevention o f  s o i l  erosio n .

Dhatacharjee e t  a l  (1979) showed th at by u sin g  straw  
mulch number o f  ir r ig a t io n s  can be decreased by one to  two.

Hoss e t  a l  (1905) proved th at l ig h te r  coloured more 
r e f le c t iv e  mulches are l e s s  e f f i c i e n t  then darker ones, 
D etailed  study conducted by him showed th at medium and heavy 
ajalches reduced the water lo s s  over 6 days by 1 .4  and 2 .7  mm 
r e s p e c t iv e ly .

The economy in weed control using mulches hod been proved
by Green (1961) Knako end 3X1 fe (19 6 2) end Saajecvi (1963)*
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Anon (1966) has observed that the r ic e  h u ll  a ct ao 
the superior r e f le o to n t hut appear to  ‘the th e  moot d i f f i ­
c u lt  mulch to  keep in  p o s itio n  during heavy rains* In  h is  
opin ion  straw mulch io  the most s u ita b le  mulch in  South 
East A sia*" I t  p o ssesses  no draw backs; except th a t the  
la y e r  should he th in  enough to permit th e  emerging plant 
to  gpt through.

Mulches w i l l  hasten  emergence and improve y ie ld *  
This was proved by Yonder Saag e t  a l  (1 9 6 6 )• They tr ie d  
w ith d if fe r e n t  mulches in  d iffe r e n t seasons on p o ta to es.i
A ll mulches hastened th e  emergence ra te  and enhanced the  
y ie ld •

2.1*2 In flu en ce o f mulches on s o i l  temperature management*

The "loss o f  heat energy from the s o i l  i s  mainly by 
ra d ia tio n , convection  and evaporation o f  s o i l  moisture*
The mulches covering th e s o i l  p ro tec ts  the e o i l  from noc­
turnal coo lin g  end a lso  prevents th e evaporational lo o s  
during day time and keeps the s o i l  cooler* Wadleigh end 
Gauch ( 194B) proved th a t as the e o i l  temperature in cr ea se s , 
th e water s t r e s s  a ls o  in cr ea se s .
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Records o f  e o i l  temperature fo r  f iv e  years kept by 
Kohnke ( 1965) at 1 to  4 and 10 Inches depth In a  s i  I t  loam, 
l e f t  bare or mulched w ith  1.5 t /a c r e  straw showed that 
mulched s o i l  woo 1 to  2*P warmer in  w in ter  and 1 to  2*“F or 
3 to  4 'c o o le r  in  spring and summer than bare s o i l .  D aily  
temperature f lu c tu a tio n s  at 1 inch  depth were tw ice co 
la r g o .

An adverse e f f e c t  o f  mulch i o  reported by Dorokhov.1 ,,1
CI969) th a t  the mulching reduces the day tim e temperature 
and in cr ea se s  the n igh t temperature o f  s o i l  and a lso  in ­
creased the p o s s ib i l i t y  o f  plant in ju ry  by n ig h t fr o s t*

.1

The straw mulch considerably lowered th e  maximum 
s o i l  tem perature, e sp e c ia lly  when the p rev a ilin g  temperature 
was high* She minimum temperature was only s l ig h t ly  
a ffec ted  by straw mulch (B anasel eij a l  1971 and L ol, 1972) 
mulching s ig n if ic a n t ly  reduced the maximum s o i l  temperature 
measured a t  5 ,  10  and 20 cm depths, where ao maximum tem­
perature was recorded by unmulched p lo t .  Trip a t h i end 
K atlyar ( 1904) got the same trend in  s o i l  temperature underjstraw mulch which ranged from 19 -  28*7*0. S im ilar r e s u lts  
were obtained by Moody e t  a l  (19 85 ).
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Observations made on s o i l  temperature a t  on© houri
in te r v a ls  by l a l  ( 1978) in d icated  th a t there were phase/
d iffe r e n c e s  o f  d a ily  temperature f lu c tu a tio n s  due to  
m ulching, i,7he maximum fo r  umtulched p lo t s  a t  9 om depth  
©soured at;, about 5  SW followed by a sharp d ec lin es  w h ile  
th e  maximum fo r  the mulched plot® was around 4 EH w ith  a  
gradual d ec lin e  in  th e tem perature,

i,i
Mehta and Prlhar ( 19 7 3 ) observed progressive  

decrease in  maximum s o i l  temperature w ith  in crea sin g  ra te  
o f  wheat straw mulch from 2 tonnes to  6 tonnea/ha aid  a lso  
th e  mulching reduced temperature by 7 ’C a t a  depth o f  5 cm*

ii

Ycrikataoholsia (1976) in  h is  experiment in  s o i l  tem­
perature rev ea ls  th a t th e ra te  o f  heat flow  from th e  s o i l  
during n igh t tim e i s  reduced considerably and heat i s  con-

iserved in  th e  s o i l ,  t h i s  i s  observed fo r  h igh er tempe­
ra tu res  during the morning hours in  the mulched p lot© ,I
S im ilar r e s u lt s  have been reported by Gajeadra G iri and 
Singh (13B3)*

Yenkatach&lem (197&) in  h is  s tu d ie s  have a lso  proved 
th a t th e  mulched plot© recorded lower temperature during



afternoon, hours then hare s o il*  This can he a ttr ib u ted  
t o  the shading e f f e c t  produced by th e mulches, thus  
sh u ttin g  out th e s o i l  from d ir e c t  eun l ig h t  end a slower 
r a te  o f  h eatin g  o f  s o i l  due to  h igher m oisture content 
o f  the s o i l  tinder mulches#

i

Studies conducted by Shuman and Dal (1982) showed 
th a t th e p la s t ic  mulches on a f l a t  su rface  lowered thet
maximum temperature at th e  1 cm depth by 5 *C and r io e  
straw mulch lowered by 16*0  compared w ith  the bare f l a t .  
Those d iffere n c es  decreased w ith d epth .

Redko ( 1982) opined th at the mulches decreases day
itime s o i l  tem perature. Mend a ! end Ghosh (1983) working on 

mulching s ta te s  th at Paddy straw io  more e f f i c i e n t  in  
reducing e o i l  temperature than paddy husk.

iD etailed  experim ents conducted by Hoss ©t o l  (1085) 
rev e a ls  th a t the mulches can reduce s o i l  surface tempera­
ture upto 2Q*C by in tercep tin g  incoming ra d ia tio n . I t!l
d eso ip la te s ' t h is  in tercep ted  energy, <puite e f f i c i e n t ly  by 
fr e e  con vection  without conocaitant in crea se  w ith  tempe­
ra tu re  o f  the underlying s o i l  su r fa ce . Mulch a p p lica tio n



prolongs the process o f  clow evaporation from, the s o i l  
surface* the r e s u lt in g  s o i l  water content a lso  decreases  
s o i l  surface temperature through i t o  e f f e c t s  on s o i l  thermal 
p roperties*

The mulches w i l l  reduce the s o i l  temperature in  hot 
con d ition s and in  w inter i t  w i l l  keep the s o i l  temperature 
higher than surround Inga (Yonder Sang efc a l  1986)

2 ,1 ,3  S o il  p h ysica l p rop erties a s  in fluenced  by mulches,

The p ra ctice  o f  a o i l  mulching has considerab le in ­
f lu en ce  o n ,s o i l  p rop erties ouch o s bulk d e n s ity , water 
h old in g  ca p acity , e o i l  aggregation, p o ro sity , hydraulic  
co n d u ctiv ity , in f i l t r a t io n  e tc ,

-I
t j

T u velle  end He C a lla  ( 19 6 1) reported lo v e r  bulk 
d en sity  end h igher vat e r s t  ab le  aggregation in  s o i l  as a  
r e s u lt  o f  stubb le mulch t i l l a g e  than, c lean  t i l l a g e .

Experiments conducted by Buneseu end Patracha (1969) 
in  a  s o i l  which had a pH o f 7*4 to 7*6, a  humus content o f  
3*75 to  3 .9  $ and f i e ld  capacity  o f  24*8 $ and an in crease
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in  temperature from 10  to  40*0 increased  the amount o f  
reo ln  exferabtable phosphoroua by 50 .6  $ .  Corresponding 
f ig u r e s  fo r  an in crea se  in  hulk d en s ity  from 1 *0 to  1 .4  
g cm”’* and an in crea se  in  m oisture from 11 to  31 £ were 
9*6 end 240.4

i
Lol ( 1976 ) reported n h igher bulk d en sity  in  th e  

unmulcked p lo t .  Again during 1980 ho reported th a t the  
Bulk d en sity  o f  newly cleared tr o p ic a l a l f i s o lo  was de­
creased with in crea se  in  the mulch.

Ksmalam and Kunju ( 1962) conducted experiment on 
th e e f f e c t  o f  mulching on bulk d e n s ity . The e f f e c t  on 
Bulk d en s ity  o f  the s o i l  was found to  bo h igh ly  s ig n i f i ­
ca n t. Mulching in  gen era l decreased th e bulk d e n s ity . 
Minimum bulk d en sity  was obtained fo r  treatm ents which 
received  mulching.

Mathan e t  (1984) observed in s ig n if ic a n t  in flu en ce  
o f  mulches on the bulk d en sity  o f  blaclc s o i l .

The e f f e c t  o f  e o i l  aggregate s iz e  on sugar beet 
seed lin g  emergence was examined by Hammer on (1961)* He 
found th at f in e r  aggregates ( 1mm) have b e tter  m oisture 
supplying ca p a c ity .
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Aggregation increased p orosity  sod oxygen a v a ila ­
b i l i t y  which aro important In  se e d lin g  establishm ent 
(Anderson and Kemper» 1964)* Unger (1569) noted higher  
water stab b le  aggregates under mulched con d itions*

I
Kamalem and Kunju ( 1962), have a lso  reported th at  

the mulching the o o i l  w ith  lea v es  mught have improved 
the organic m atter s ta tu s  o f  the s o i l  which in  turn might 
have increased th e content o f  water s ta b b le  aggregates*
i

S o il  temperature a c c e le r a te s  the in f i l t r a t io n  r o ts  
I n f i l t r a t io n  stu d ies conducted by Moore (1940) rev ea ls  
th a t maximum water content in  th e  wetted la y er  decreased  
w hile the in f i l t r a t io n  ra te  increased w ith  in crea sin g  
s o i l  tem perature.

* iLai o t a l  (1980) reported th a t the hydraulic con­
d u c t iv ity  o f  the newly cleared tr o p ic a l a l f i s a l s  was

iiimproved by m ulching» Mathan e t  a l  .(1984) have a lso  
reported th at the hydraulic con d u ctiv ity  wao in fluencedi'
by m ulches. I t  was 6 .0  cm/hr in  co n tro l p lo t and i t  
varied  from 6 .9  to  7*0 cm/hr in  mulched p lo t * Among the 
mulches there was no s ig n if ic a n t  d ifferen ces*
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mulched c o n tr o l, Mathan e t  a l  (1934) reported th at the  
t o t a l  p orosity  was s ig n if ic a n t ly  in fluenced  by mulches 
during the f i r s t  oropfl th e in crea se  was 16.6 $* The 
d iffere n c e  were not s ig n if ic a n t  fo r  next two crop s. The 
decomposed; organic m atter below the mulches would have 
contributed fo r  th e  above e f fe c t*

In  the ca se  o f p a r t ic le  s i z e  d is tr ib u tio n  the  
percentage o f coarse and medium sand fr a c tio n  were not 
altored* though th a t o f  very coarse sand i s  increased  
w ith  in crea sin g  mulch r a te .  S c o lt  e t  a l  ( 1966) have 
reported that th e  p ra ctice  o f s o i l  mulching has con­
sid era b le  in flu en ce  on e o i l  p rop erties  and co n d itio n s .

2 .1 ,4  E ffect o f  D ifferen t mulehes on s o i l  water re ten tio n  
and r e le a s e .

i \
nMulohoa were applied  fo r  various crops even from 

very an cien t days. The main in te n tio n  behind mulching i s  
to  conserve m oisture, M ajority o f  w r ite r s  conclude th at  
mulches are u se fu l in  m oisture conservation  and tend to  
in crease  y ie id s(M iclk a  .et a l  1978) .

Lai at al (1980) reported that the porosity of the
newly cleared tropical effisolo was higher than the un-

i



DeoiXva Asp (1957) hoa studied  the variou s phases 
o f  mulching and concluded w ith  b e n e f its  l ik e  conservation  
o f  m oisture; prevention o f  erosion* Increased th ick n ess  
o f  ©enable layer* e lim in ation  o f  weed com petition  end 
economy in  i t s  use wore a ttr ib u ted  to  tra sh  mulching*

Hanks cad Woodruff (1958) found th e primary e f f e c t  
o f mulches as in creasin g  the length  o f  vapour path* and 
th e energy absorbed by the mulch had l i t t l e  in flu en ce  on 
th e  water l o s s .

Saver (19&0) was o f  the opinion that a r t i f i c i a l;i
mulches g rea te ly  retard evaporation and p ro tect th e  s o i l  
from d ir e c t  rays o f  the sun and wind current* consequently

i ,the s o i l  woo kept co o l and the vapour pressure o f  the a ir  
in  the mulch weo more n early  the same as th at w ith in  the 
s o i l  a i r .

i|

In contrast to  the findingo o f  the workers mentioned 
above* many do n ot corroborate th e  b e n e f ic ia l e f f e c t  o f  
mulching-Coho on e t  a l  ( 19 6 1) showed th at th e  downward 
movement o f  water was not in  any way d if fe r e n t  in  th e  
mulched p lo ts  than th at in  the unmulched.
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Donald9 I>. Hyhre and Joe* 0 , Sanford (1970) In th eix  
s tu d ie s  proved that mulched rough s o i l  su rface  help  in  
m inim ising e o i l  water d i f l c l t o  and th erefore reduce the  
r isk  when growing a  crop w ithout ir r ig a t io n  and he found 
th at th e  straw mulch was e f f e c t iv e  in  in crea sin g  y ie ld *

Mulches ore used fa r  variou s reasons* However * 
water conservation  and erosion  co n tro l are the most im­

portant fo r  agr icu ltu re  in  dry season  (Unger 1971, Black 
end Siddowey 1979 and Subblah e t  a l  1979)*

i
Lai ( 1972 ) in  h is  experiment w ith mulches in  tro ­

p ic a l  o o i l  s ta te s  th at the water con servation  characters  
o f  s o i l  was improved by mulches and a lso  the mulches 
reduced the weed growth* Observations made by them in ­
d icated  th a t the mulched p lo t  had a  h igher s o i l  moisture 
content throughout th e  growing season than the unmulched 
p lo ts  fo r  both 0—10  and 10 —20 cm depth cad he a lso  n oticed  
that the mulching in d ir e c t ly  in fluenced  the water hold ing

ii

capacity  and m oisture r e le a s e  ch aracters o f  s o i l .
i

Mulches hod b e n e f ic ia l and favourable in flu en ce  on 
s o i l  temperature and reduced s o i l  water lo s s  through eva­
poration which resu lted  in  more a v a ila b le  s o i l  m oisture for

' ii
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a longer period which helped in  improving the .yield  a t t r i ­
buting characters end u ltim a te ly  grain  y ie ld  (Mcndal and 
Ghosh 1983) • the above r e s u lt  corroborated the fin d in gs  
o f  sev era l workers (Bond and W illis  1969 ,  Ilurty and Rao 
1969t l a !  1974- and Hsndol and Vomadevan 1975 Bolyon and 
Malik 1960 'end Gajendra G irl and Singh 1983). M and c l  
end Ghosh opined th a t the consumptive water u se e f f ic ie n c y  
was low est w ith  straw mulch and h igh est with no mulch•
The consumptive u se e f f ic ie n c y  was aloo in flu enced  by 
ir r ig a t io n  l e v e l s  and mulches.

Surface mulching i s  more b e n e f ic ia l in  reduolng  
evep oration a l lo s s  o f  water than sub-surface mulching 
Abdullah Saadmoflaihsh e t  a l  (1985)*

2*1*5 B ffec t o f  d iffe r e n t mulches on y ie ld *
1 ,

S ig n ifica n t in crea se  in  y ie ld  o f  potato and con­
oid erab le decrease in  weed growth had been reported by 
S ap tsr ioh i and Aaariah (1954) when straw mulch was applied  
s im ila r  r e s u lt s  were obtained to  f ie ld h o u se  c t  o l  ( 1968) 
in  Asparagus.
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Kemper (1951) worked on com  has found that th e  
y ie ld  was approximately doubled by a 10*0  r i s e  in  tem­
perature above 20* C. l a  vegetab le  crops y ie ld  in crease  
w ith  use o f  su lohes was reported by P a te l (1985) and 
Saasogand Blanco (1957) eo a lso  Baxter (1970) end Maehara 
(1976) proved th at th e Autumn straw mulching Increased  
the y ie ld *  they  a lso  proved th a t the peach tr e e s  grow 
b e tte r  and; produce more f r u it s  on mulched s o il*

11
L a i  ( 1974 ) a lso  proved th a t th e h igher groin  

y ie ld  con be achieved by mulching.

iStudies on sandy loom s o i l s  a t Ludhiana by Khera 
©t a l  O 978) showed 13-26$ in crea se  in  dry forage y ie ld  
o f  summer taaize w ith  straw mulching* Donald L . Kyhre 
and iFoe 0 Sanford (1970) a lso  got s im ila r  r e s u l t s .

A llen  and Qui combing (1977) showed th at the  
mulching in crea ses  the p lant growth parameters and rhizome 
y ie ld  end starch  content in  g in g er . Coconut lea v es  were 
the b est m ilch  follow ed by r ic e  straw .



Mahoy a t  a l  ( 1 SG0 ) have carried  out ea experiment
on fcurmerio w ith 3  l e v e ls  o f  ir r ig a t io n  and 3 mulches*!'
The r e s u lt  (revealed  th at mulching a ffec ted  growth mid 
y ie ld  fa c t  ore and economised the u se  o f  ir r ig a t io n  w ater.

Kumar e t  a l  ( 19 8 3 ) showed an increased  y ie ld  in
nStraw berry by u sin g  cu t grass a s mulch*

A f i e l d  experiment conducted at IABI by Krishna 
Eturari and Pandey (1983) revealed  that th e straw mulch 
improved h arvest index (36 *4$ ) than with out mulch ( 3 3 *2$)

In  tomatoes* th e  mulched p la n ts  grew t a l l e r  end 
had more branches and a  g rea ter  number end weight o f  
f r u i t s  (O lasantsn 1984)*

Any type o f  mulch w i l l  in crease  y ie ld  (Vender 
2esg 1986) •  S im ilar r e s u lt s  obtained by Marty and Kao
(1963) Black (1970)*

2*2* S o il  temperature -  i t s  in flu en ce  on se e d lin g
emergence* plant grow th ,y ield  and n u tr ie n t uptake*



S o il  temperature profoundly in flu e n c e s  various  
s ta g es  o f  .plant growth end s o i l  cond itions*  from seed

i
germ ination to  y ie ld *  I t  in flu en ces  uptake o f  plant 
n u tr ien ts  end s o i l  n u tr ien t content*

2*2*1 In flu en ce o f s o i l  temperatures on th e seed  
germ ination.

ii

Studies conducted by Woods (1950) showed th at
the germ ination was delayed at s o i l  temperatures below
■ Jl50‘C and in h ib ited  above 30*0* where as Segeta  o t a l
( 1964) reported that d if fe r e n t  genotypes show g en etic  
v a r ia tio n s  in  minimum germ ination tem peratures.

R elationsh ip  between temperature and seed lin g  
emergence in  cotton  seed was studied  by Wanjura a t a l  
( 19S7 ) • they affirm ed th at the emergence ra te  can be 
predicted  by knowing th e  s o i l  temperature? s in ce  the  
ra te  o f  emergence o f  crop i s  constant w ith  various

;iranges o f  s o i l  temperatures*i
j

Black low (1972) and Ml edema e t  a l  (1982) in -
tiformed th at th e  s o i l  temperature r e s tr ic te d  the germi­

n ation  by i t s  e f f e c t  on im bib ition*



Kai lasanethan e t  a l  (1976) observed th a t in  sorghem 
and eowpeai germ ination a t  25 *0 wao poor and a t 40*0 
appeared l e t h e l .  High percentage o f  v igorous seed lin g  
growth was, observed a t  30 and 3 3 *0 .

Miedema e l  (1982) studied  th e  e f f e c t  o f  con­
s ta n t temperature on imbibed seeds sown at a  depth o f  
4 cm end showed th a t the tim e from sowing to  m ergence  
was 23  days at 10 *0* 8 days a t 1 5 *0 ,  4 days a t  2 1*0  end
2 days a t  32*0* In  th e case o f  e lon gation  r a te  o f  primary 
ro o ts  show,a lin e a r  r e la tio n sh ip  betweoa. 10 end 25*0. The 
minimum temperature was around 9*0 ,  the optimum around 
30*0 Elongation r a te  ranged from 0*9 mm/hr at 10*0 to
3  mm/hr a t r30*G.

The .optimum rang© o f  s o i l  temperature fo r  m er­
gence o f  wheat was found to  be 20-26*0 (Pushksla and* i
Kogaraja Sso 1983).

Increasing soil temperature reduced the period
of time between sowing end emergence from 10 to 11 days
(Launders 1371)*



2*2*2 Soil temperature end plant growth*

In flu en ce o f a o i l  temperature on plant growth ore 
manifold w ith  increaoed a o il  temperature emergence was 
hastened end e a r lin e s s  promoted in  maize (W ill is  e t  g l  
19 57 )* fhey a lso  found a lin e a r  growth rate  over a  
temperature range o f  60 «  BO9? .

Brouwer (1959) obtained b etto r  growth o f  peas a t  
higher temperature in  laboratory ee w e ll as f ie ld  studie®* 
Dry m atter production a ls o  follow ed a t same trend*i

Burrows and Larson (1962) reported th at growth ra te  
o f  maize p ro g ress iv e ly  retarded w ith  decreasing s o i l

jiii

temperature •

Research conducted by Chaudhury and G hildyel (1970) 
on the shoot growth and y ie ld  response o f  r ia e  v a r ie ty  
T ♦if—1 to  d iffe r e n t e o i l  temperature revealed  th at maximum 
y ie ld  obtained a t 32 / 20*0 resu lted  from, h igher shoot and 
root dry weight greatemumber o f  e f f e c t iv e  t i l l e r s  and 
© p ik elets per p an ic le  and lower o p ik e le t  s t e r i l i t y  (Lindeman 
and Ham (1979) and Hunevar and Wollum II (1981) have



reported a maximum p lcn t height end dry weight a t  25*0. 
niohkala and Hagaraja Rao (1982) observed th a t th e  l e a f  
area and p lant h eigh t o f  soy bean was found to  be maximum 
at a temperature range o f  26-32*0.

2 .2 .3  E ffec t  o f s o i l  temperature on n u tr ien t uptake *

S o il  temperature in flu en ce  p lont growth by a ffec tin g  
e o i l  moisture# m icrobial a c t iv i t y » ensymatio a c t iv i t y  e tc .*  
thereby e f f e c t in g  the n u tr ien t uptake and low temperatures 
slow down the in tak e o f water by ro o ts  and extreme heat 
mokes p lea t l i f e  d i f f i c u l t .  By mere r a is in g  or low ering  
the tem perature, has pronounced e f f e c t  on the decom position  
o f organic* and m ineral components o f  the s o i l  r e su lt in g  
r e lea se  o f  p lan t n u tr ie n t .

Vender Honest and Hooymsne (1955) determined the  
n itr a te  uptake a t a temperature o f  5-40*C. The uptake 
a t 1Q*C was about 30$ o f  th a t a t 20*G. Shtrausbarg (1958) 
reported th a t the uptake o f  a t 7*0 was 32$ o f  th at 
a t  21*0. So a lso  the potassium content o f  ro o ts  a t  10*C 
was about 40$ o f that a t 20*C, This experim ents show
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th a t the io n  uptake i s  retarded by low ering the temperature*
iBut appreciable amounts o f  n it r a te ,  phosphate and probably 

potassium  ore absorbed a t  around th e m inimum temperature 
fo r  growth* The concentration  o f  n itro g e n , phosphorus, 
calcium* magnesium and minor elem ents was l i t t l e  a ffec ted  
by th e roo t temperatures*

Simpson (1 3 6 0 ), Bonaaar and Keteheson ( i 960) and 
Weilson o t  a l  C1960)* a l l  o f  them have reported that  
increased growth ra te  were n o ticed  w ith  h igh er temperatures 
which were iattrib uted  w ith  the increased uptake o f  n u tr ien ts  
by the crop p lan ts*

low root tem peratures decreased th e BgÔ  and water 
content o f  th e le a v es  and stems o f tomato and snap beans* 
sad th e  ^gO* CaO and KgO content o f  cucumber
P la n ts  (Kori e t  q l* 1368)*

S ig n if ic a n t  in crea se  in  the n u tr ien t uptake with  
in crease  in' temperature i n c a s e  o f  nitrogen* potassium , 
Mengsaess and copper by wheat have been reported by white® 
f ie ld  and i-mlka (1971)* S im ilar  r e s u lt s  were reported by

'ISimpson i 960 in  Soy bean fo r  phosphorus* Ketcheson (1970) 
in  com  fo r  phosphorus and potassium*



The oerbon m ineral! sa t  ion  Increased w ith  r a is in g  
temperature# hut n ot lin ea r ly *  (Raver* 1960)* At h igher  
temperatures (3S*-40*C) shoot and root con cen tration  o f  
nitrogen* phosphorous# potassium and s in e  decreased w hile  
th a t o f  Boron increased*

According to  C om !lion, (1960) th e  absorption o f  
p lant n u tr ie n ts  by tomato roota  were n ot g rea te ly  
in fluenced  by temperature* .the e f fe c t  eeeaa to  be p ri­
m arily on subsequent, tr a n s lo c a t i on •

2*3* S o i l  m oisture impacts on s o i l  temperature and
consequent e f f e c t  on plant growth m d  y ie ld *

S o i l  m oisture M s an, important, r o le  in  deciding  
the p h y sica l and chem ical p rop erties o f  s o i l*  f e r t i l i t y  
o f  s o i l  and p lant growth g rea te ly  depends on the m oisture 
s ta tu s  o f  th e  s o il#  As the temperature In creases the  
water s t r e s s  a lso  in crea ses  V/adXeigh and Gouch (1 9 43 ).

3*3*1 S o i l  water p lant r e la t io n s h ip s .

The l e a f  area index w i l l  be minimum when th e avai­
la b le  s o i l  m oisture I© le e s  due t o  th e fa c t  th a t adequate



w ater was not a v a ila b le  fo r  th e f u l l  expression  o f crop 
growth. S im ilar r e s u lt  have obtained by Gerard and Cowley 
(1963)# l a s h i n g  a l  (1 9 7 0 ).

Research carried  oa t by Geiger (1090) shows th at  
th e s p e c if ic  heat o f  water being high* the ra te  o f  heating  
and co o lin g  w i l l  be ©lowed down r e su lt in g  in  lower tem­
perature in  th e afternoons and h igher temperature during 
n igh t#

For seed germ ination humid (over 98$ R.H) environ® 
se n t i s  required* which i s  normally presen t in  s o i l s  even 
when the e o i l  moisture content approaches th e  permanent 
w ilt in g  percentage (Richards and Ogata, 1998).

Hank© (1960) proved th at a s th e temperature in ­
crease© the evap oration s! ra te  a ls o  in crea ses r e s u lt in g  
th e  © oil drying which lead© to  th e  increased  ©rust strength  
sad decreased a b i l i t y  to  crop growth.

In  cold countries, th© mulches are used to  in crease  
the s o i l  temperature* feJorks carried  out by Clarkson (1950)



and E iaem  J Van (1961) showed that s o i l  covering, con­
served m oisture said kept s o i l  temperature h igher then  
th a t o f  bare s o i l  (2nd decreased fr o s t  p en etra tio n .

Parker and Taylor (1965) have reported th a t In  
gra in  sorghum seed s w ith  the in crea se  in  s o i l  m oisture 
ten sio n  to , 1 bar or more there was a decrease in  th e  
r a te  and amount o f  emergence and s in g le  grain  weight 
was moot a ffec ted  by the m oisture s t r e s s » Bo a ls o  the  
p lan t h eigh t was most reduced when m oisture s tr e s s  
secured before ear emergence*

The experiment carr ied  out on d if f e r e n t  water 
d ep le tio n  s tu d ie s  (100* SO, 60 40 and 20$ o f  a v a ila b le  
s o i l  m oisture) shows th a t more th e q u an tity  o f  water 
supplied* more would be the reduction in  water use  
e ff ic ie n c y *  In  h igh er m oisture regimes* more water io  
used fo r  evaporation ra th er than production* thereby  
reducing th e  water u se  e f f ic ie n c y  (S e lv a  raj# 1976)* 
This i s  in  agreement w ith the fin d in g s o f  Grimes e t  a l  
(1 3 6 9 ).
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S o i l  water io  in flu enced  by th e s o i l  tem perature, 
fh e  raeeoroii conducted by Moore (1940) revealed  th at oven 
though th e  maximum w ater content in  th e s o i l  decreased  
by temperature, the in f i l t r a t io n  ra te  increased  w ith  
In creasin g  s o i l  temperature*

M oisture content i s  the moot important fa c to r  which 
in flu en ces  th e  emergence o f  s e e d lin g s . A©1 the s o i l  tern* 
perature in crea ses#  a t  f i r s t ,  the emergence r a te  in c r e a se s • 
But a f te r  a  l e v e l  i t  decreases (Hughes a t a l  19*36) *
S im ilar research  conducted by spring f ie ld  (1966) on seed 
germ ination a t  6 level©  o f m oisture s tr e s s  in  the range 
o f  0*15 bar end at 5 temperatures revealed  th a t germination  
decreased s ig n if ic a n t ly  a s th e  m oisture © tress increased *

When the e o i l  m oisture i s  maintained a t  f i e ld  
ca p a c ity , th e  emergence and su rv iv a l i s  adversely a ffec ted  
by s o i l  temperature (soscb ee and H erbal, 1969) end when the 
© oil m oisture wee only s l ig h t ly  above w ilt in g  points th e  
r a d ic le  wa© observed to  extend in to  new s o i l ,  fa a t ly  to  
meet the moisture needs (tr o u se . 1971) •

2,3*2 Soil water and eoil temperature In relation to
plant growth.
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As m oisture ten sio n  and s o i l  temperature in creased , 
the r a ts  o f  emergence and t o t a l  emergence o f  a l l  sp ec ie s  
d eclin ed  (Weight c|£ a l  $976), Sanaa (1979) showed that 
a f t e r  germ ination the r a d ic le  must x»emain in  a humid a t­
mosphere to  assure development o f  th e  seed lin go  fo r  
©mergence, which d ecreases w ith  in crea sin g  tem perature.

2 .4 . ,  In flu en ce o f s o i l  m oisture and temperature on roo t
grovrth o f  p la n ts .

According to  Russel (1S&1) the s o i l  plant system  
prim arily re la ted  through the root system  and the r a te  o f  
root growth. This in  turn depends on the temperature# water 
end a ir  supply in  the s o i l ,  the amount o f  carbohydrates 
tran slocated  to  the root system and on the competetion. 
th ey  fa ce  from other r o o ts . With th e  exception  o f  th e  
aquatic p lan ts and a feu  epiphytes# p lan ts  absorb pra- 

. c t l c a l ly  a l l  th e ir  water through ro o ts  and th e  e f fe c t iv e n e s s  
o f  ro o ts  a s absorbing su rface , depends on th is  ex ten t o f  
th e root system and on the e f f ic ie n c y  o f  in d iv id u a l ro o to . 
The importance o f  root system; fo r  proper raaintalnance 
o f  water balance in  th e p lant and c h a r a c te r is t ic s  o f  ”3rought 
hard** v a r ie t ie s#  was observed by Hhcma and Haheja ( 134 7 ) 
and Miera (1 3 5 6 ).
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High and low temperatureo may l im it  root growth 
Arndt (1945) and Wilson (19B1) found the optimum c o i l  
temperature fo r  ro o t elongation* between 55 end 36*0,

ttieloon. and Humpfares (1968) in v estig a te d  th at each 
sp ec ie s  o f  p lant has a minimum s o i l  temperature below 
which no elongation  o coupe s .  Above th e  minimum temperature 
root e lon gation  rate  increased  almost l in e a r ly  w ith tem­
perature increased almos t  l in e a r ly
w&th-teaperaturo to  a maximum temperature* above which 
the e lo n g atio n  d ecreases rap id ly  (Chendhury and G hildyal 
1970).

Natr and Purs (1970) and W ilson (1931) in  th e ir  
experiment w ith  p la n ts  under d if fe r e n t  roo t temperatures 
proved that the dry mater r a t io  o f  root and shoot in ­
crea ses  w ith  in crea se  in  s o i l  temperature*

Hceearoh carried  out by Pearson et, a l  (1970) showed 
th a t th e  ra te  o f  root e lon gation  gradually  Increased w ith  
in crea sin g  s o i l  temperature up to  32'C and then sharply

2,4*1 Soil temperature and root growth*
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decreased with, furth er temperature in crease*  The e f f e c t  > 
o f  temperature m e  most pronounced at h igh  pH and a t  low 
l e v e l s  o f  o o i l  strength*

Allmarao and N eilson ( 19 7 3 ) observed th at the  
in i t ia t io n  o f  ad ven titiou s ro o ts  o f  com  in  th e 0 -  10 cm 
s o i l  depth was dominantly in flu enced  by s o i l  temperature,

i
The croi>o are h igh ly  se n s it iv e  to  h igh e o i l  

temperature at th e seed lin g  stage L ai (1972) was o f  th e  
opin ion  th at during early  stage a , th e  root a c t iv i t y  i s  
confined to  the upper feu  centim eters o f  s o i l  end th e  
growing point o f  crop remains below th e e o i l  surface  
during the f i r s t  week. He a lso  observed oome ch i o r o t ic  
symptoms in  moise and seed lin g s grown in  unmulched p lo t*  
T his may be due to  th e poor root development which r e s ­
tr ic te d  th e  n u tr ien t up bake*

M on (1959) reported th at at h igher temperatures 
the roo t growth was r e s tr ic te d  because o f  th e  h igher  
ethylene con cen tration  ( >  1 ppm) in  s o i l .

The response o f  n o ise  ro o ts  to  s o i l  temperature 
uao showed by Prlhar e t  g l  (1960) * The a lte r a t io n  in
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Korovin and Kamaev (1975) and hahav e t  (1982) 
conducted experiments on temperature and dry matter 
production o f  Avocado p lan ts  and found th e dry n a tter  
production o f  ro o ts  as maximum a t 30*0 and minimum at  
10*C. Above 35*0 i t  suddenly decreased*

Moorby and Hye (1983) sad were o f  the opin ion  
th a t the root growth in creases  w ith  in crease in  ro o t  
temperature•

Por a s o i l  temperature range o f  24 to  37*C, the 
root len g th  and roo t d is tr ib u tio n  was found to  decrease  
a t h igher end lower ranges o f  temperatures in  soy bean 
(Puoiikola and Kagaraja Hgq* 1963). Macduff e t  o l (1965) 
showed th at root temperatures a f fe c t  ro o t ex ten sion , mean 
rad iu s, roo t surface area, number and len g th  o f  roothaira*  
Both low er and higher temperatures are harmful fo r  roo t  
growth and development*

aoil temperature caused by straw mulch significantly
increased rooting density in the upper 10 cm of the soil
but decreased below 15 cm depth*
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S o il  m oisture i s  the d ecid in g  fa c to r  o f  root 
grov)th and development, E xtensive root system was 
shown. to  absorb water from g rea ter  volume o f  s o i l  
(Talonov* 1926),

Sermot and Doss ( i 960) observed th at the lower 
l e v e l s  o f m oisture increased  the ro o t depth in  p lan ts  
where as found as the lower le v e l  o f m oisture increased  
th e root w eigh ts. Increase in  the number o f  roo ts  per 
p lan t end more root h a ir  under such con d itio n s were 
observed by Kmock e t  h i (1957) •

Duncan (1941) found th a t th e  root growth in  tree  
seed lin g s in v er se ly  proportional to  th e a v a ila b le  s o i l  
m oisture co n ten t. Cannon (1911) Weaver (1920) and Weaver 
end Crest (1922) found th a t the depth o f  p en etration  o f  
root system depended on the depth to  which th e s o i l  was 
w otted , But Shouts (1927) Broasale end C rider (1954) 
were o f  th e  opin ion  th at r o o ts  o f  a t  le a s t  c e r ta in  sp ec ie s  
would p enetrate in  to  s o i l  below permanent w ilt in g  p o in t.

2,4*2 Soil coiotuTG and root growth.
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However Hendrickson and Velhaoyor (1957)* Hoed (1939) 
Kauffman ( 1945) and H uller (1946) considered such, a 
p o s s ib i l i t y ,  c o s t  l ik e ly  under f ie ld  con d itions*

Bunder and K elley  (1946) end Trouse (1971) sta ted  
th a t ro o ts  have a  tendency to  move from a  m oist area  to  
dry e o i l  and u t i l i s e  moisture from th a t area* But a t  the  
some time they are unable to  u t i l i s e  the plant n u tr ie n ts  
in  the dry e o i l .

Sard (1959) conducted experiments on maise and 
found th at as th e  s o i l  m oisture s tr e s s  in crea sed , maise 
roots ex tracted  more water from lower depths* Another 
study carried  out by Dargaa e t  a l  (1965) showed th a t by 
w ith  h old in g ir r ig a t io n s  fo r  6 to  7 weeks in  the early  
s te g o s , the root system developed b etter*

Root e lon gation  was appreciab ly  reduced by an 
in crea se  in  s o i l  water auction ssxd v ic e  verse  (T aylor  
e t  a l * 1967) • S o i l  temperature has both d ir e c t  and 
in d ir e c t  e f f e c t  cn water absorption by in flu en c in g  the  
root growth and by in flu en c in g  the sy n th etic  a c t iv i t y  
o f  roots*



Selvaraj (1976) showed that ro o t weight i s  
d ir e c t ly  proportional to  the root le n g th . Root weight 
decreased w ith  the in crea se  in  the a v a ila b le  m oisture 
percentage o f the s o i l .  Mondal end Ghosh (1963) have 
opined th a t the increased  water u se e f f ic ie n c y  w ith  
mulching and ir r ig a t io n  was probably due to  increased  
root development, e f f i c i e n t  moisture ex tra c tio n  and 
decreased consumptive u s e .

Root growth between germ ination and emergence 
fo r  the com  hybrids was stud ied  by Cut fo r th  e t  a l  
(1966) and confirmed that the s e n s i t iv i t y  to  water 
content decreased with d ecreasin g  s o i l  temperature 
and both th is  decreased the root growth rate*
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5. MATERIALS AND METHODS

The experiment woo carried  out a s pat cu ltu re  
w ith Bhindi a s  t e s t  crop in  the n et house a t  the C ollege  
o f  A gricu ltu re, V ellayen i u sin g  the red loam garden s o i l ,  
during May-August 1906.

3»1« C lim atic co n d itio n s .

V ollsyen i i s  s itu a ted  a t  a  la t itu d e  o f  6*5*11, 
lon g itu d e o f  76.9* B and a t  an a lt i tu d e  o f 29 n etera  
M.S.L. During th e period o f  in v e s t ig a t io n , th ere  was 
an average r a in f a l l  o f  154*6 nsa* The average r e la t iv e  
hum idity maintained during the period was 7 5 ,5 $ . An 
average maximum day temperature o f 30.05*0 and minimum 
o f  22*55*0 was recorded during the period o f  in v e s t i ­
gation*

3*2. Pri3Liminary s tu d ie s  on s o i l ,

The i n i t i a l  ana ly s i s  fo r  the physico chem ical 
p rop erties o f  th e  s o i l  were carried  out and arc given  
in  ta b le  1 to  5 .
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3*3* Bot cu ltu re  Experiment.

T1>6 kg a ir  dry a o i l  uao f i l l e d  in  each pot* Pats  
were in su la ted  from so la r  h ea tin g  with th ic k  coatin g  o f  
w hite paint on a l l  exposed phases* 'three seed s o f  Bhlndi 
(Abelmosous asoulentne) v a r ie ty  e s le o t io n - l  were sown in  
each pot* F e r t i l i s e r s  were added co recommended in  the 
package o f  p ra c tice s  o f  KemLe A gricu ltu ra l la lv e r s i t y  
ClJsl3sE a t the ra te  o f  125s50s50). F lm t p rotection
measures were taken whenever needed*

Table 1* Moisture R etention  C h aracteristics*

Pressureapplied in  0*3 0 .5  1 .0  3*0 5 .0  10*0 atmosphere 15 *0

L is t u r a  0 .®  7 .6 7  6 .99  6 .0 2  5 .55 5 .14 4 .29

Table 2 .  Aggregate onalyoia (# ) •

S ise  o f^articles 5*0 2*0 1*0 0*5 0.2 0.1 0.1in  mm

p a r t ic le s  20 ,20  6 ,7 7  1 5 *°°  10,130 19,47 15,45 7 ,24



Table 3* Textural analysis (0).

Coarse esnd , Fine . S i l t Olay

55 *20 11.45 50.20 5*07

Table 4 . P h ysica l const o n to .
waterholdingcapacity$

Bulk P a r tic le  P orosity  d en sity  d en sity  0
- 3  **3geo  ̂ gem

Volume o f expa­n sion0

24 .50 1.42 2 .3  58*63 5 .0 8 ;

Table 5* Chemical a n a ly s is .
A vailab le Bsohangeable 0  

S kgli" 3? icgjT IC Jtgh* SO^kgh* Ca kgbT Mg ligrT 0 .0 *

64.9& 94 .00  306.88  450.2 1276.8 87.36 0.4385

*(Q«C a Organic Carbon)



3.4*1 Design end treatm en ts.

The experiment was conducted in  a f a c t o r ia l  com­
p le te ly  randomised d esign  w ith  treatm ents o f  4 mulches 
and two water le v e ls *  The treatm ent combinations were 
a s follow s*

1 • Dry le a f  mulch w ith  20$ d e p le t io n  o f  water from 
F ield  cap acity

2* Dry le a f  mulch w ith 40$ d ep le tio n  o f  water from 
F ield  cap acity

3* Saw dust mulch w ith  20$ d ep le tio n  o f  w ater from
F ield  cap acity

/4- Saw dust mulch w ith  40$  d ep le tio n  o f  water from 
F ie ld  cap acity

5* Faddy husk mulch w ith  20$ d ep le tio n  o f water from 
F ield  cap acity

6 • Paddy husk mulch w ith  40$ d ep le tio n  o f  water from 
F ield  ca p a city

7 .  Paddy straw mulch w ith  20$ d ep le tio n  o f water from 
F ield  cap acity

0 .  Paddy straw  mulch w ith 40$ d ep le tio n  o f  water from 
F ield  cap acity

9 .  Ho mulch



.A ll the trsata isn ts were rep lica ted  f iv e  times* 
A ltogether 45 p ots were th e r e . Pots were plugged u sing  
cement to  prevent water lo o s*  On the b a s is  o f  water 
reten tio n  stud lee® water treatm ents were given* a s  end 
when the m oisture reached 200 d ep letio n  o f  f i e ld  cap acity  
and 400 d ep le tio n  o f  f i e ld  cap acity  fo r  th e  two water 
l e v e l s .  These le v e ls  were fix ed  by c a lib r a t io n  the ta n o io -  
a e te r  read in g s, u sin g  corresponding gravim etric m oisture 
co n ten t.

3*4.2 I n s ta l la t io n  o f  Tensiom eter end Thermometers*

Manometries type tenaiom eters were fab rica ted  in  
th e laboratory ©nd in s ta l le d  in  th e  pots* w ith the cups 
buried a t  a  depth o f  15  cm from s o i l  su r fa ce . S o il  
thermometers were a ls o  in s ta lle d  a t a depth o f  15 cm in  
each pot to  note th e  s o i l  temperature* The se r v ic in g  o f  
th e  tenalom eters were done d a ily  u s in g  a ir  fr e e  d i s t i l l e d  
water* P la te-1  shows th e  in s ta l la t io n  o f  tenotome te r  a 
end thermometers fo r  the treatmento*

3*4«3 Mulching and w ater l e v e l s .

Mulching was done on th e th ird  day a f t e r  sowing* 
Uniformly measured quantity o f  mulches were applied  in


