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I. INTRODUCTION

Groundnut is one of the principal economic crops of the world. In
India, it ranks third among the oilseeds contributing 36 per cent of the
total oil seed output (Anon, 2000). [t is cultivated in the 96 countries
located between 40°N to 40°S with a world production of 33.07 m.t on an
area of 22.74 m.ha with a productivity of 1.33 t per ha. Of the total world
production, 66.13 per cent is in Asia, 25.13 per cent in Africa, 5.93 per
cent in North America, 2.62 per cent in South America and 0.3 per cent
in Europe. In Asia, India accounts for 56.75 per cent of the area and
33.37 per cent of the production with a productivity of 0.91 t per ha.
Other important Asian countries such as China, Indonesia, Myamnar,
Thailand and Vietnam accounts for 41.26 per cent of the area and 64.72
per cent of the production with productivity ranging from 1.14 t per ha in
Burma to 2.79 t per ha in China (Anon., 1999). Within India, the
principal groundnut growing states are Gujarat, Andhra Pradesh,
Karnataka, Tamil Nadu and Maharashtra which accounts for more than

80 per cent of the all India production as well as area.

Arachis hypogaea L. is the only peanut species to be cultivated and
widely used directly for food or for its oil. Arachis belongs to the family
Fabaceae, tribe Aeschynomeneae and sub-tribe Stylosanthinae. It is an
allotetraploid (2n=40) with two genomes, A and B. It is believed to be
originated in the Bolivian region of South America (Gregory and Gregory,
1976). The gene pool of cultivated groundnut is divided into two sub
species fastigiata and hypogaea, with four and two botanical varieties,
respectively. The subsp. fastigiata comprises varieties fastigiata,

1 g
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peruviana. aequotoriana and vulgaris, whereas subsp. hypogaea includes

varieties hypogaea and hirsuta (Krapovickas and Gregory, 1994).

For a crop improvement programme, it is pre-requisite to maintain
the genetic variability to identify the promising genes in the collection
and to incorporate the desired genes in the development of promising
cultivar. ICRISAT gene bank contains 14880 accessions of cultivated
groundnut and 450 accessions of wild Arachis species and are available
to the national program. These accessions contain a vast reservoir of
genetic variability, which would help to broaden the genetic base of the
cultivars. The wild Arachis species which are not only excellent source of
resistance to ‘biotic’ and ‘abiotic’ stresses but also provide ‘new’ gene for
yield and yield related attributes (Guok et al, 1986; Halward et al,

1991).

The main aim for conservation of genetic resource is for their
utilisation in crop improvement. However, generally the genetic
resources are mainly used as a source of resistance to pests and
diseases. The lack of information on various desirable traits available in
the germplasm, their reaction to ‘biotic’ and ‘abiotic’ stresses, adaptation
along with their poor agronomic potential hindered their utilisation in
crop improvement (Singh and Simpson, 1994). Infact there has been
fewer efforts even in identifying germplasm lines for increasing yield
potential than for pests and diseases resistance and for nutritional
qualities (Halward and Wynne, 1991). The yield and yield related
attributes display a large genotype x environment interaction and to
identifv the desirable parents, it is essential to evaluate the germplasm

collections at different locations in replicated trials. This is very costly
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exercisec and nearly impossible particularly in a view of dwindling
resources. To overcome this problem Frankel (1984) proposed the
strategy of core collection. A core collection is a fixed set of accessions
choosen to be representative of the whole collection, which not only
minimises the cost of genetic conservation but also allows rapid

evaluation of the germplasm and a better access to the base population.

Frankel and Brown (.1984) described the method to select a core
collection using informatién on the origin and characters of the
accessions. In setting a core collection the first issue is its size, Brown
(1989a) using sampling theory of selectively natural alleles argued that
the entries in a core collection should be about ten per cent of the total
collection which retains nearly 70 per cent of the alleles of the entire
collection. The second issue is the degree of genetic similarity among the
accessions and determining groups within the entire collection, hierarchy
of grouping within groups as suggested by taxonomy (species, sub
species, races) followed b_\’:assessing accessions to major geographical
groups (country, state), climate or agro-ecological regions. The clustering
within the broad genetic group could be done using highly inherited
traits. The number of accessions selected from each cluster will depend

on the strategy used.

Upadhyaya et al. (2001) developed a core collection of groundnut
for Asia region from a germplasm collection of 4738 accessions from 21
Asian countries, consisting 267 fastigiata, 2414 vulgaris and 2057
hypogaea types. The germplasm accessions were stratified by country of
origin within each of three botanical varieties. Data on 15 morphological

descriptor traits : growth habit, branching pattern stem (color, hair), leaf
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(color, shape, hair), flower, streak and peg color, pod (beak, constriction,

reticulation), seed (per pod, color), were used for clustering by Ward’s

method (Ward, 1963).

From each cluster 10 per cent accessions were randomly selected
to constitute a 504 accessions core subset consisting of 29 accessions of
fastigiata, 245 of vulgaris and 230 of hypogaea types. Newman Keul’s
test for mean (Newman, 1939; Keul, 1952), Levene’s test (Levene, 1960)
for variance, chi-square test and Wilcoxon’s rank-sum nonparametric
test (Wilcoxon, 1945) for distribution indicated that the available genetic
variation has been preserved in the core subset. The Shanon-Weaver
(Shanon and Weaver, 1949) diversity index for different traits was also
similar in the entire collection and core subset. High co-incidence rate
(80.7°) and variable rate (116.9%) confirmed that the core subset is
representative of entire collection. This core collection provides an
effective mechanism for the proper exploitation of groundnut germplasm

resources through extensive evaluation (Upadhyaya et al., 2001).

In the present investigation an attempt has been made to
characterize Asian core collection of groundnut for morphological,

agronomic traits with the following objectives.
Objectives

1. To characterise the Asian core collection for morphological, and

agronomic traits.

2. To identify the high vielding, high 100-seed weight, high shelling per

cent and early maturing accessions.
3. To study the association between various traits.

4. To assess the diversity.
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II. REVIEW OF LITERATURE

The main aim of genetic resource maintenance and conservation 1s
for their utilization in crop improvement. But the successful utilization of
such resources requires the thorough understanding of the desirable
traits available in the germplasm accessions. So the reviews pertaining to

the different characters is presented in this chapter.
2.1 Morphological descriptor

2.1.1 Growth habit

Upadhvava et al. (2001) compared the entire collection of 14310
accessions comprising 7668 of subsp. fastigiata and 6642 of subsp.
hypogaea with the core collection of 1704 accessions comprising of 916
of subsp. fastigiata and 788 of subsp. hypogaea, no difference was found

with respect to the growth habit both had the mean value of 4.6 for the

morphological descriptor.

Upadhyaya et al. (2001) reported that among the cultivated peanut
germplasm at ICRISAT, Patancheru, maximum number of accessions
showed procumbent type of growth habit and erect type was observed in
minimum number of accessions while decumbent type was noticed in

average number of accessions.

2.1.2 Branching pattern

Gibbons et al (1972) devised a svstem of classification based on
branching pattern, subsp. hypogaea 1s characterized by alternate

branching and subsp fastigiata sequentially branched.



2.1.3 Stem pigmentation

Bhagat et al. (1985) evaluated groundnut germplasm collection of
4030 accessions for nine morphological characters, which consisted of
1290 accessions of var Uuilgaris, 651 of var. fastigiata, 1040 of var.
hypogaea (bunch) and 1049 of var. hypogaea (runner). At maturity 191
accessions of var. vulgaris, 128 of var. fastigiata, 831 of var. hypogaea
(bunch) and 1061 accessions of var. hypogaea (runner), had no stem
pigmentation. While, 1099 accessions of var. wvulgaris, 523 of var.
fastigiata, 209 of var. hypogaea (bunch) and 33 accessions of var.

hypogaea (runner) showed stem pigmentation.
2.1.4 Stem surface

Among the cultivated peanut germplasms studied by Upadhvaya et
al. (2001), stem hair varied between glabrous to wooly, with an

intermediate value for the hairy and very hairy type.
2.1.5 Leaf characters

Mital and Mehta (1951} reported that subsp. hypogaea var.
hypogaea was characterized by dark green deaves, while that of subsp.

fastigiata by light green in colour.

Bunting (1955) observed that variation between shape, size and
hairiness between leaflets of the same variety and even of the same plant
was as great as any variation which may appear berween types. Foliage of
subsp. hypogaea was dark green in colour and that of subsp. fastigiata

light green in colour (Gibbons et al., 1972).

Varisai Muhammad et al. (1973a) studied 691 genotypes for
morphological traits and reported that, leaf colour varied from pale green

(A.h. 6742) to dark green (A.h. 7008), light greer in A.h.32 and green In
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A.h. 7048, a Mexican variety (A.h.7705) showed characteristic bluish
green foliage. The leaflet shape varied from oblong elliptic (A.h.35) to

elliptic obovate (A.h.6954). -

Rajgopal et al. (1991) noticed that the average values for all the
different leaf characters were highest in var. fastigiata and lowest in var.

hypogaea type, but all characters showed continuous variation.

Among the different leaf characters studied bv Chandran and
Pandya (2000) in 35 Arachis accessions belonging to 13 different species,
leaflet shape varied from linear-lanceolate to lanceolate in different wild
species and suborbicular in ICG 8209, in others leaflets were either
obovate or oblong. Leaves were generally free from hairs except for

A diogi, A xempff-mercadoi and A. duranensis which had hairs on both

the surfaces.

2.1.6 Flower colour

In a comparative study of world collection of 14130 accessions of
groundnut with its core collection of 1704 accessions, flower colour
showed non-significant difference, both had the mean value of 4.95 for

this descriptor (Upadhyaya et al.,, 2001).
2.1.7 Peg colour

Out of 4030 accessions studied, 21 of var. vulgaris, ten of var.
fastigiata, 100 of var. hypogaea (bunch) and 44 of var. hypogaea (runner)
had no peg pigmentation. While 1269 accessions of var. vulgaris, 641 of
var. fastigiata, 932 of var. hypogaea (bunch) and 1005 of var. hypogaea

(runner) showed peg pigmentation (Bhagat et al., 1985).

Upadhyava et al (2001) studied the variability in peanut

germplasm collection, most of the accessions had peg pigmentation.



2.1.8 Number of seeds

In 75 accessions of groundnut belonging to different sub species,
number of seeds per pod varied between 1.5-3.5 with mean value of 2.3

and CV of 20 per cent (Retnal et al., 1990).

Yield components analysis of 125 fastigiata bunch type by
Pathirana (1993) revealed that the number of seeds per pod varied
between 1.1-2.8 with a mean of 1.6. It showed significant association

with seed yield (r = 0.215) and shelling percentage (r = 0.417).
2.1.9 Pod beak

Bhagat et al. (1985) evaluated 4030 accessions belonging to four
different botanical varieties. In var. vulgars, no pod beak in 244, slight in
810, moderate in 187 and prominent beak in 49 accessions were
observed. Among the 651 accessions of var. fastigiata, 11 accessions had
no beak, 272 had slight, 356 had moderate and 42 accessions had
prominent beak. In var. hypogaea (bunch) 132 accessions without beak,
635 with slight beak, 237 with moderate and 36 with prominent beak
and in case of var. hypogaea (runner) 94 accessions without beak, 243
with moderate and 15 with prominent beak was reported from a sub

species total of 2089 accessions.

Morphological characterization of 1089 accessions comprising of
578 valencia type (subsp. fastigiata var. fastigiata) and 511 virginia type
(subsp. hypogaea var. hypogaea) by Rajgopal et al. (1997) revealed that
In var. hypogaea type 310 accessions showed slight beak and 92
accessions had moderate beak. While, in var. fastigiata 339 accessions

had slight and 130 accessions had moderate beak.



2.1.10 Pod constriction

Esquivel et al (1993) studied 130 accessions of groundnut
comprising 84 of var. fastigiata, 30 of var. vulgaris and 16 of var.

hypogaea in all the three botanical varieties, predominantly slight

constriction was noticed.

As observed by Rajgopal et al. (1997) in a germplasm collection of
1089 accessions comprising 578 fastigiata and 511 hypogaea types. In
var. hypogaea slight constriction was observed in 309 accessions,
moderate constriction in 158 accessions and in var. fastigiata, 256

accessions showed slight constriction and in 194 moderate constriction

was noticed.
2.1.11 Pod reticulation

Varisai Muhammad et al (1973) observed that in almost all
Valencia genotypes pod reticulation was not distinct. While, 1t was
distinct in virginia genotypes.

Diversity estumation in Australian germplasm collection indicated
that, it was dominated by slight to moderate reticulation (Harch et al.,

1995).

Chandran and Pandya (2000) characterised 35 accessions of
Arachis in which A. validata and A. monticola accessions had the
prominent reticulation and ICG 8198, ICGS 8205, ICGS 8201, ICGS

89357 had smooth to moderate reticulation.

2.1.12 Primary seed colour

Study conducted by Rajgopal et al (1997) on morphological

characterization of 578 accessions of var. fastigiata and 511 accessions



of var. hypogaea indicated that, as many as 12 primary seced colours
were found among the fastigiata and ten among hypogaea type. The
variation in seed colour ranged from off white to blackish purple in 353
(61%), salmon in 91 (15.7%), dark red in 38 (6.6%) and dark purple in 35
(6%), purple was recorded in 32 (5.5%) accessions remaining were
represented by rose, light purple, light red, tan, off white and variegated
ranging from 0.2-1.6%. On the other hand rose seed colour was
predominated in var. hypogeae accessions 424 (83.0%|, followed by
salmon in 44 (8.6%), red in 17 (3.3%) and dark red in nine accessions

(1.6%). The other seed colours light red, off white, tan and variegated

ranged from 0.2-1.2 per cent.

Upadhyaya et al. (2001) studied the primary seed colour in the
cultivated peanut germplas:m collection, dark purple predominated the
collection, with yellow, shades of tan, rose, shades of red, grey and
orange, shades of purple in average number of accessions, while off white

was the least noticed.
2.2 Vegetative traits
2.2.1 Leaflet length and leaflet width (cm)

Bhagat et al. (1985) studied 4030 accessions belonging to three

botanical varieties viz., vulgaris, fastigiata and hypogaea. Leaflet length

varied from 3.30 to 7.43 cm (X = 5.85) in var. vulgaris, 2.83 to 8.3 cm

(X = 6.03) in var. fastigiata, 2.27 to 7.7 cm (X = 4.5) in var. hypogaea
(bunch) and 2.50 to 7.53 cm (;( = 4.62) in var. hypogaea (runner) and
leaflet width varied from 1.5 to 3.8 cm ()—( = 2.56) 1n. var. vulgaris, 1.6 to

3.4 cm & = 2.51) in var. fastigiata, 1.13 to 3.3 cm (X = 2.03) in var.
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hypogaea (bunch) and from 1.10 to 3.47 cm ()_( = 2.04) in var. hypogaea

(runner).

Swamy Rao et al. (1988) evaluated 208 accessions belonging to
two subsp. hypogaea and fastigiata, in which the leaflet length ranged
from 4.05 to 6.40 cm (;( = 5.42) with CV of 8.65 per cent, heritability (bs)
of 18.0 per cent and genetic advance of 0.19 while leaf let width varied

between 1.85-3.25 cm (X =.2.54) with CV of 11.13 per cent, heritability

(bs) of 14.58 per cent and genetic advance of 0.09.

Upadhyaya et al. (2001) found a non-significant difference between
entire collection of 14130 accessions and a core collection of 1074

accessions with respect to leaflet length and width.

2.2.2 Plant height (cm)

In a study carried out by Varisai Muhammad et al. (1973a) on 691
accessions belonging to diffgrent growth habits revealed that plant height
exhibited wide range of variation from 16-35 cm in bunch, 10-13 cm in
semi spreading, 10-35 cm spreading type and a characteristic tall stature

of 41-55 cm was noticed in four accessions viz., A.h. 7205, A.h. 7439,

A.h.7559 and A.h.7444.

Swamy Rao et al. (1988) studied 208 accessions belonging to two
sub species viz., hypogaea and fastigiata in which plant height varied
from 13.90 cm to 32.25 cm (_X = 22.23) with a co-efficient of variation of
10.47 per cent and heritability (bs) of 42.27 per cent and genetic advance
of 3.12. They observed thét a significant positive genotypic correlation

with leaflet length (r = 0.936), leaflet width (r = 0.835) and pod yield

(r = 0.440).
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Characterization of 35 accessions belonging to 13 different species
by Chandran and Pandya (2000) indicated that plant height varied from
7.0 cm (ICG 8164) to 25 cm (ICG 5813) with a mean of 13.3 cm and co-

efficient of variation of 29.2 per cent.
2.2.3 Number of nodes on the main stem

Among the 35 accessions of Arachis belonging to 13 different
species, number of nodes on the main stem ranged from 5.0 (ICG 8164)
to 17.0 (ICG 8139) with a mean of 9.6 per plant (Chandran and Pandya,

2000).
2.2.4 Number and length of the primary branches

Kulkarni and Albuquerque (1967) reported 89 per cent phenotypic
coefficient of variation (PCV) for number of primary branches, while Dixit
et al. (1970) reported 13.63-21.15 of PCV in subsp. fastigiata and 6.25-
25.75 in subsp. hypogaea. Number of primary branches was positivelv

associated with yield (Khanguru and Sandhu, 1972; Chandola et al,

1973).

In different growth habit groundnut accessions studied by Varisai
Muhammad et al (1973a) primary branch length varied between 16-20

cm in erecta, 10-50 cm in bunch tpe, 16-45 cm in semt spreading and

21-25 cm in spreading type, respectively.

Vindhivavarman and Raveendran (1989) in a correlation study of
S0 accessions (37 vulgaris, two fastigiata and one hypogaea) observed
that the number of primary branches were positively associated with
number of pods (r = 0.287), while, length of the primarv branches

associated with pod yield (r = 0.406).
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The variability study of 50 accessions of subsp. hypogaea var.
hypogaea showed a significant variation with range of 5.25 to0 8.50 (X =

©.98), heritability' (bs) of 39.96 per cent and genetic advance of 0.84 for

the number of primary branches (Vaddoria and Patel, 1990).
2.2.5 Number and length of the secondary branches

As reported by John et al (1934) production of numerous
secondary branches is the character of var. hypogaea, in contrast to the

limited number of secondary branches in var. fastigiata.

Dixit et al. (1970} recorded 44.44 to 68.08 per cent genotypic
coefficient of variation (GCV) in var. fastigiata and 32.43 to 35.80 per
cent GCV in var. hypogaea and a genetic advance of 4.9 to 9.31 for var.

fastigiata and 4.83 to 9.23 for var. hypogaea was noticed.

A significant positive:correlation of pod vield with the number of
secondary branches was observed in var. hypogaea (Tripathi et al., 1974).
In contrast to this a negative correlation was observed between pod yield
and number of secondary branches (Chandola et al., 1973). While, Gosh
and Dasgupta (1975) concluded that high vielding plants tend to produce

profuse secondary branches.

Association of different characters studied by Vindhiya varman and
Raveendran (1989) in different botanical varieties revealed, that a
significant positive genotypic correlation (r = 0.406) between number of
secondary branches and pod yield. A significant contribution Secondary

branches (31%) to the total divergence was reported by Reddy and Reddy

(1992).
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2.2.6 Length of the cotyledonary branches and number of nodes on it

Study conducted by Chandran and Pandya (2000} in 35 accessions
from 13 different species revealed that length of the cotvledonary
branches varied from 7.3 (ICG 8126) to 71.5 cm (ICG 8205) with a mean
of 33.4 cm and CV of 44.7, while number of nodes varied between 5.0

(ICG 8126) to 28 (ICG 8139) with a mean of 14.6 cm and CV of 30.1.
2.3 Reproductive traits

2.3.1 Days to initiation of flowering

Initiation of flowering varied between 21-26 DAS in bunch type, 21-
30 DAS in semi spreading type, 24-29 DAS in spreading and 26-30 DAS

in erect type (Varisai Muhammad et al., 1973a).

In groundnut flowering commences from 20-30 davs after
emergence depending on the environmental conditions, at 30°C they
flowered 25 DAS in subsp. hypogaea and 24 DAS in subsp. fastigiata
{Ono, 1979). While, a report of flowering between 24-30 DAS in subsp.

hypogaea var. hypogaea was made by Omaran et al. (1980).

2.3.2 Days to cessation of flowering

Shibuya (1935) observed that flowering was ceased between 69 to
73 days after sowing (DAS) in var. fastigiata and 75 DAS in var.
hypogaea. Cessation of flowering 70-75 DAS in var. hypogaea was

reported by Smith (1950). Divekar (1961) visualized that flowering ceased
within 20 days after initiation in var. vulgaris.
2.3.3 Days to maturity

Mital and Mehta (1954) noticed that var. hypogaea is characterized

by medium to late in maturity whereas, var. fastigiata late in maturity. In
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contrast to this the accessions belonging to both the subspecies matured
in 115 DAS (Labana and Mohinder Singh, 1979). While, Rao and Mwenda
(1987) observed that most of the genotypes belonging to var. fastigiata

harvested within 120 DAS. :

Vaddoria and Patel (1987) observed that davs to maturity varied
from 116 to 137 DAS with mean of 126.90, heritability (bs) of 97.86 per

cent and genetic advance of 15.89.

Pathirana (1993) analysed the various yield components in 123
accessions of var. fastigiata maturity was varied between 81-123 DAS

(X = 104). Among the Greek groundnuts characterized by Kotzamanidis

and Starvoropoulos (1998) Serraiki, Sakania Sandhu and Paoria were

early in maturity.
2.3.4 Number of pegs per plant

Among 206 genotvpes belonging to different growth habits studied,
A h.6919 and A.h.811 showed a significant flowering to peg ratio of 61.2

and 60.0, respectively (Varisai Muhammad and Stephendorairaj, 1969).

Bhagat et al (1984) evaluated 51 accessions of two subspecies
hypogaea and fastigiata, in which number of pegs varied from 6.3 to 18.6
in all bunch type of two sub species with a mean of 4.1, 4.0 and 6.7 in
var. vulgaris, var. fastigiata and var. hypogaea, respectively whereas, in
virginia runner types belonging to subsp. hypogaea var. hypogaea

number of pegs ranged from 6.8 to 17.9 with a mean of 3.75.

Evaluation of 208 accessions belonging to two sub species,
hypogaea and fastigiata revealed that, number of pegs varied from 5.0 to

38.0 (P—( = 15.77) with CV of 27.72 per cent and a significant positive
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correlation was noticed with number of maturc pods (r = 0.927), while,
negative correlation of (r = 0.5907) was observed with peg to pod ratio

(Swamy Rao et al., 1988).
2.3.5 Total number of pods

In 315 accessions of var. vulgars a significant positive correlation
between number of pods per plant and yield per plant (r = 0.63) was
observed by Liqo et al. (1989) and thev suggested that pod yield can be

improved by increasing number of pods per plant.

Number of pods per plant in 130 accessions comprising 84 of var.
fastigiata, 30 of var. vulgaris and 16 of var. hypogaea varied between

11.00 to 33.80 (X = 20.50) with CV of 27.64 per cent in var hypogaea,

from 9.8 to 60.16 (X = 33.17) with CV of 31.30 per cent in var. vulgaris

and 6.0 to 68.0 (X = 31.66) with CV of 27.89 per cent in var. fastigiata

(Esquivel et al., 1993).

Among 125 accessions of groundnut belonging to the subsp
fastigiata, number of pods per plant varied from 11.8 to 37.4 with a
mean of 23.5 and a significant association with seed vield (r = 0.92) and

with shelling percentage (r= 0.223) was observed (Pathirana, 1993).

Kotzamanidis and Starvoropoulos (1998) observed that among the
different Greek groundnut germplasm lines Trangena, Ispaniki and

Proimi-Funtoti showed high pod concentration.

2.3.6 Total number of mature pods

Varisal Muhammad and Stephendorairaj {1969) observed that in

206 genotvpes belonging to different growth habits. A.h.7336 and A.h.
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811 showed significant total pods to mature pods ratio of 91.7 and 85.7,
respectively. While, highest pod number of 44.28 per plant was reported

in case of subsp. hypogaea var. hypogaea (Ali, 1984).

In 50 accessions of var. hypogaea, Vaddoria and Patel (1990)
reported that number of mature pods ranged from 13.25 to 24.75
(X = 21.31) with heritabilitv of (bs) 69.87 per cent and genetic advance of
3.68 genetic advance. Katule et al. (1992) noticed that A.h. 7149 had the

highest number of mature pods.
2.3.7 Pod yield (g)

Phandis et al. (1973) held that pod vield was positively correlated

with the number of pods per plant.

Bhagat et al. (1984) found that among 51 accessions of different
botanical varieties pod yield per plant ranged from 2.2 to 8.1 g per plant
in all bunch types with mean of 5.7, 4.1 and 4.1 1n var. vulgaris, var.
fastigiata and var. hypogaea, respectively. On the other hand in runner
type belonging to subsp. hypogaea var. hypogaea it varied from 1.5 to

11.6 with pod yield of 3.6 g per plant.

Correlation study of 50 accessions comprising 37 of var. vulgaris
two of var. fastigiata and 11 of var. hypogaea revealed that, pod yield was
positivelv associated with height of the main stem (0.7562) followed by
length of the primaries (0.75332) (Vindhiya Varman and Raveendran,

1984).

In a collection of 208 accessions from two sub species viz.,

hypogaea and fastigiata, pod vield ranged from 1.85 to 11.28 ¢ per plant
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(X = 6.74), with a V of 2.09 and heritability (bs) of 13.52 per cent with

genetic advance of 0.66 (Swamy Rao et al., 1988).

2.3.8 Shelling percentage

Ramanathan and Raman (1968) reported that shelling out turn is
significantly and positively correlated with pod weight, kernel weight and
filling of kernels. But Mital and Mehta (1954) did not find any
relationship between shelling out turn and seedsize in both the sub

speciles fastigiata and hypogaea.

Among the groundnut genotypes of different growth habits studied
by Varisai Muhammad et al. (1973a), shelling percentage ranged from
61.6 to 62.3 per cent in bunch type and 60.0 to 81.5 per cent in semi
spreading type and from 62.1 to 83.6 per cent in spreading tvpes. In an
evaluation of 672 genotypes comprising 234 of bunch type, 170 of semi
spreading type and 268 of spreading type, Natarajan et al (1978)
reported that shelling percentage ranged from 61.6 to 62.3 per cent in
bunch type, 60.0 to 81.5 per cent in semi spreading, and 62.1 to 83.6 per

cent in spreading type, respectively.
2.3.9 Hundred seed weight

Natarajan et al. (1978) evaluated 672 accessions having different

growth habits, in semi spreading type 100-seed weight range of 29.4 to

80.8 g (X = 51.21) with CV of 9.98 per cent, from 26.2 to 357.5 g (X =

Q

37.3) in bunch type with CV of 14.65 per cent and in spreading tvpe it

was from 22.9 to 27.3 g (X = 44) with CV of 9.11 per cent.

Esquivel et al. (1993) characterized 130 accessions of different

botanical varieties. The 100-seed weight ranged from 33.7 to ©2.09
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(X = 58.12) with a CV of 32.77 per cent in subsp. hypogaea from 33 to

100 g (X = 44.37) with CV of 28.09 per cent in var. vulgaris, and rom

24.70 to 81.3 (P_( = 44.19) with a CV of 15.17 per cent in var. fastigiata.

Holbrook et al. (1993) compared the germplasm collection of 7432
accessions with its core collection of 831 accessions for 100 seed weight,

non significant difference was observed they had the mean value of

350.81 and 31.46 g, respectively.
2.3.10 Pod length and pod width (cm)

Varisai Muhammad et al. (1973a) studied length and width of two
kernel pods and it was observed that pods were very small in erecta (<1.5

cm) and semi spreading variety possessed big (2.6-3.0 cm) to veryv big

pods (3.1-4.0 cm).

Retnal et al. (1990) evaluated 75 accessions of different sub species

and reported that pod length ranged from 1.81 to 5.82 cm (X = 3.14) with

CV of 21.9 per cent, whereas the pod width varied from 0.93 to 1.9 cm

(X =1.36) with CV of 13.2 per cent.

Chandran and Pandya (2000) characterized 35 wild Arachis
accessions in which pod length and pod width ranged from 2.86 to 3.6

cm (X = 1.46) and 0.46 to 1.52 (X = 0.68) with CV of 43.4, 36.3 per cent,

respectively.
2.3.11 Seed length and seed width (cm)

A morphological study of 75 accessions from different botanical
varieties by Retnal et al. (1990) revealed that seed length varied from 0.97

to 2.07 cm while, seed width ranged from 0.68 to 1.04 cm (X = 0.85) with

a CV of 7.2 per cent.
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Report of Esquivel et al. (1993) on 130 accessions of peanut
belonging to different botanical varieties indicated that sced length varied
from 1.02 to 2.01 cm ()_( = 1.34) with CV of 12.65 per cent and seed

width varied from 0.73 to 1.10 cm (X = 0.83) with CV of 7.74 per cent .

In a study conducted by Singh et al. (1996) the seed length ranged
from 0.8 to 1.6 cm (;( = 1.13) with a CV of 1.92 per cent. Whereas, seed

width varied between 0.38 to 0.8 cm (;( = 0.53) with CV of 19.2 per cent.

2.3.12 0Oil content (%)

Luan and Han (1990) analysed the oil content of 379 different
genotypes of which 38 had the oil content of more than SO per cent and
six had more than 53 per cent. An oil content of 42.2-52.3 per cent was
reported by Jiao et al. (1993). A wide range of 42.5 to 54.5 per cent oil
content was noticed by Misra et al. (1992). While, in 50 accessions of var.
hypogaea oil content ranged 46.9 to 49.5 per cent ()_( = 48.20) with GCV

of 1.28 per cent, heritability (bs) of 84.19 per cent and genetic advance of

1.17 (Vaddoria and Patel, 1990).
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Rangz of variation in cultivated groundnut observed at ICRISAT Centre

Characzer Minimum Maximum Intermediates
Growth habiz Erect Procumbent Decumbent
Branching pzitern Sequential Alternate Irregular
Stem pigmer.iation Absent Present -

Stem hairiness Glabrous Woolly Hairy, very hairy

Peg color Absent Present -

Leaf color Yeliowish Dark green Light green, green
green

Leaflet lengtn 17 mm 94 mm Continuous

Leaflet widtk 7 mm 52 mm Continuous

Leaflet shape Cuneate Lanceolate Obcuneate, elliptic

Hairiness of :eaflet

No.of seed/pod

Pod beak

Pod constriction
Pod reticulation
Pod length

Pod width

Seed color

Seed length
Seed width
100- seed weight
Days to maturity

O1il content

Sub g¢labrous

1
Absent
Absent
Smooth
14 mm

7 mm

Off white

4 mm

S mm
14 ¢

75 days

31.8%

Profuse and long

5
Prominent
Very deep
Prominent
65 mm

20 mm

Dark purple

23 mm
I3 mm

13

(@)}
us

>155 days

55%

Scarce and short, scarce
and long, profuse and
short

2.5.4

Slight moderate
Shght moderate, deep
Shght, moderate
Continuous
Continuous

Yellow, shades of tan,
rose shades of red, grey-
orange, shades of purple

Continuous
Continuous
Continuous
Continuous

Continuous

(Singh er al . 1992)
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III. MATERIAL AND METHODS

Field experiments were conducted to characterize the Asian core
collection of groundnut during 2000 rainy and 2000-2001 post rainy
seasons at two locations. The details of the material used and method

adopted during the course of investigation are described in this chapter.

3.1 Experimental site

Experiments were conducted at Regional Research Station, Raichur
and Agricultural Research Station, Kawadimatti. The soil was red sandy
loam with a pH of 6.5-7.0 at Raichur and sandy in Kawadimatti with a
pH of 7.0. Geographically Both Raichur and Kawadimatti comes under
North-Eastern Dry Zone-2 of Karnataka, Raichur is located at 16°15"' N
latitude and 71°21’E longitude with an altitude of 389 m whereas
Kawadimatti is located at 15°43°N latitude 76°52’E longitude with an

altitude of 432 m.
3.2 Climatic conditions

During the period of experimentation Raichur received a total
rainfall of 622.9 mm and Kawadimatti received 319 mm, with a
maximum and minimum mean temperature of 39°C (March), 11°C
(December) and 38.3°C (March), 14.3°C (December), respectively at
Kawadimatti and Raichur. The weather parameters during the period of

experimentation are presented in Table 1, Fig. 1 and 2.
3.3 Experimental material

The material for the present investigation comprised of 504

germplasm accessions of Asian core collection of groundnut (Arachis
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Fig. 1. Weather parameters during the period of experimentation at Raichur.
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hypogaea L.) (Upadhyaya et al., 2001) and four checks viz., S 230,
Gangapuri, ICGS 44 and ICGS 76. The core collection comprised of 29
accessions of var. fastigiata, 230 accessions were of var. hypogaea, and
245 of var. vulgaris type. The material was obtained from the Genetic

Resource Unit of ICRISAT. -

3.4 Design and layout

The experiment was laid out in augmented design with block size of
18 m x 4 m. There were 14 blocks with an area of 1260 m2. The checks
were repeatedly used after every ten accession in such a way that each

appeared only once in each block.

Blocks Entries

14 S60€¢—— 321
13- 481 —» 320
12 480¢— 44]
11 401—» 440
10 400¢— 361
9 321—» 360
8 3204¢—— 281
7 241—» 280
6 2404¢— 201
S5 161—» 200
4 160€¢—— 121
3 81— 120
2 80€E— 41

1 1 —» 40

Fig. 3. Plan of layout.
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3.5 Cultural operations

3.5.1 Land preparation

Land was ploughed with tractor after harvest of the previous crop

and harrowed twice to crush the clods and smoothened to get a fine tilth.

3.5.2 Manure and fertilizer application

10-12 tonnes of farm yard manure , 25 Kg N, 75 Kg P,Os and 25
kg K2O of Ammonium sulphate, single super phosphate and muriate of
potash, respectively was applied at the time of sowing in band placement,
S5 cm away and S cm deep from the seedline, S00 Kg of gypsum per ha

was applied at the time of pegging.
3.5.3 Seeds and sowing

The seeds were treated with 0.2 per cent ethryl to overcome
possible effects of seed dormancy. Shallow furrows were opened at 40 cm
apart with the help of pick-axe. The seeds were dibbled (hand sown)
uniformly in the furrows and was covered with moist soil immediately
after sowing, sowing was taken up on 19.7.2000 and 8.8.2000 of rainy
season at Kawadimatti and Raichur, respectively. While, in post-rainy
season sowing was taken up on 26.1.2000 and 3.2.2000 at Raichur and

Kawadimatti, respectively.
3.5.4 After care

The optimum plant population was maintained by taking up gap
filling within two weeks after sowing. Hand weeding was carried out twice
at 20 and 35 DAS. Earthing up was takenup to make provision for easy

penetration of the pegs into soil and for better pod development, sorghum
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extract sprav was taken against bud necrosis. monocrotophos- 1.0 ml per
litre against thrips and aphids, Bavistin 0.5 g per litre against leaf spot

disease were taken.

3.5.5 Irrigation

Immediately after sowing irrigation was given and further
irrigations were given based on the rainfall and the availability of water.
In rainyv season three irrigations were given and in post-rainy season

eight irrigations were given.
3.6 Harvesting

Crop was harvested when the plants in an accession attained the

maturity as indicated by the Hull scrape method.

3.7 Collection of data

Observations were recorded on 38 characters in all the entries

(Table 2).
3.8 Sampling procedure

In all the entries five random competitive plants were used for
recording the observations such as morphological (Table 2), vegetative

(Table 3) and reproductive traits (Table 4).
3.9 Statistical analysis
3.9.1 Range

It 1s a simple measure of variability. The difference between the
maximum and minimum value observed for a character, Range (Panse

and Sukhatme, 1967).
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3.9.2 Mean

It is a measure of central tendency. The arithmetic average of the

number of observations.

o 2.X1
X =
n
Where,
P—( = Mean

> x = sum of all the observation

n = number of observation.
3.9.3 Test of mean

Means of the different character at different environments and
botanical variety wise over the environments and across the botanical
varieties were compared using Newman Keul’s test (Newman, 1939; Keul,

1952).

3.9.4 Median
It is the central most value, when the observations are arranged

ascendingly or in descending order.

3.9.5 Test of median

Median test was performed to know the deviations of the
quantitative characters over the environments and also botanical variety

wise over the environments and also across the botanical varieties.

3.9.6 Variance
It is a measure of deviations from the mean. The arithmetic average

of the squared deviations taken from the mean is called as variance.
Y (Xi- X)?
Variance =
n-1



3.9.7 Test of variance 28

Variances of all the quantitative characters over the environments
and botanical variety wise over the environments and across the
botanical varieties were compared using Levene’s test of homogenity of
variance (Levene, 1960). The test gives an idea about the significant
difference of variances at different environments. This was done by using

Statsoft Statistical programme (Anon., 1997).
3.9.8 Co-efficient of variation

It is estimated as the ratio between standard deviation to mean

expressed as percentage.

()
CV = -~ x 100
X

Where,

o = Phenotypic standard deviation

)Z=Mean.
3.9.9 Analysis of variance

Variance component were estimated for all the traits at four
environments separately, in combination and considering botanical

varieties also using Residual Maximum Likelihood (REML) analysis

(Robinson, 1987) in Genstat computer program (Anon., 1993).
3.9.10 Estimation of genetic parameters

In order to assess and quantify the genetic variability of the
groundnut various genetic parameters were estimated which are given

below.
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3.9.10.1 Heritability

Heritability in broadsense was calculated as ratio between

genotypic variance to phenotypic variance.

Vg

h2ys (%) = -------- x 100
Vp

Where.

Vg = Genotypic variance
Vp = Phenotypic variance

3.9.10.2 Genetic advance -

It was calculated using the model given by Johnson et al. (1935).

GA=h2xKxop
Where,
h? = heritability estimate

K = Selection differential equal to 2.06 at 3% selection intensity
(Lush, 1949).

op = Phenotypic standard deviation.

3.9.11 Estimation of correlation co-efficient

Correlation is a measure of relationship between the variables and

was computed using the formula.

Where,
r = correlation coefficient
cov (x. v) = covariance of the characters x and v.

v(x) and v (y) = variance of the characters x and v.
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3.9.12 Diversity estimation
Diversity was computed by Shanon-Weaver diversity index method

(Shanon and Weaver, 1949) which was estimated as

H! = - ¥n Pi x loge Pi)/logen
i=1

Where,
n = number of phenotypic classes for a trait.
Pi = Proportion of the total number of entries in the 1" class.

A lower Shannon Weaver diversity index (H!) indicates an extremely
unbalanced frequency and a lack of genetic diversity. On the other hand,

a higher diversity index indicates the presence of genetic diversity.
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Table 2 : Recording of observations in the morphological descriptors

(Anon, 1992)
Sl. | Traits Recording of Classified as
No. observation
1. { Growth habit | Recorded at poding { 1. Procumbent-1
stage 2. Procumbent-2
3. Decumbent-1
4. Decumbent-2
5. Decumbent-3
6. Erect
7. Others
2. | Branching Determined based 1. Alternate )
pattern on the (n+1) 2. Sequential
cotyledonary 3. Irregular with flowers on
branches at poding main stem
stage 4. Irregular without flowers
on main stem
, 5. Others
3. | Stem colour [t was recorded on O Absent
mature plants + Present
4. | Stem surface Recorded based on | 1. Glabrous
the observation of 3. Sub-glabrous, hairs in one
main axis or two rows along the main
stem
5. Moderately hairy, three or
four rows along the main
| stem ‘
7. Very hairv, most of the |
stem surface covered with :
hairs !
9. Wooly (
S. | Leaf colour Recorded based on | 1. Yellow/yellow-green
the visual 2. Light green
observation at 60 3. Green
DAS 4. Dark green
5. Bluish green
6. Others
6. Leaf shape Recorded based on | 1. Cuneate
the visual 2. Obcuneate
observation of 31 3. Elliptic
apical leaflet 60 4. Oblong-elliptic
DAS 5. Narrow-elliptic
6. Wide-elliptic
7. Suborbicular
8. Orbicular
9. Ovate
10. Obovate

11. Oblong
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Contd...
13. Lanceolate
14. Linear lanceolate
15. Other
7. | Leaf surface Recorded using 1. Almost glabrous on both

lense from the 3rd
apical leaflet at 60
DAS

the surfaces

2. Almost glabrous above,
hairs below

3. Almost glabrous above,

hairs and/or bristles below

4. Almost glabrous below,
hairs above

S. Almost glabrous below,
hairs and bristles above

6. Hairs on both surfaces,
without bristles

7. Hairs on both surfaces,

with bristles atleast on one

surface

8. Wooly without bristles

9. Wooly with bristles atleast
on one surface

|
|
1
10. Others |
8. Flower colour | Recorded from 1. White ‘
fresh; fully opened | 2. Lemon yellow .
flowers 3. Yellow ‘
4. Orange-yellow ‘
5. Orange ‘
6. Dark orange i
7. Garnet/brick red
8. Others
9. Peg colour Recorded from the | O Absent
freshly developed + Present
pegs
10. | Number of Recorded from the 1. 2-1
seeds randomly selected 2. 2-3-1/2-1-3
well developed pods | 3. 3-2-1/3-1-2
4. 2-3-4-1/2-4-3-1/2-3-1-
4/2-4-1-3/2-1-3-4/2-1-4-
3-5/3-2-4-1/3-2-1-4 ,
5. 3-4-2-1/3-4-1-2 |
6. 4-3-2-1/4-2-3-1 :
7.4-3-1-2/4-2-1-3 |
8. 3 or 4 seeds with |
L occasional S seeded pods j
9. Other |
11. | Pod beak Recorded from the O Absent }
well developed and | 3 Slight !
| well cleaned pods | 5 Moderate J

—



Conud... 3
7 Prominent ]
9 Very prominent ‘
12. | Pod Recorded from well | O None ]]
constriction developed and well | 3 Slight !
cleaned pods 5 Moderate ‘
7 Deep {

9 Very deep
13. | Pod Recorded from the O None !
reticulation well developed and | 3 Slight !
well cleaned pods S Moderate ;
7 Prominent l’
9 Very prominent !

14. | Primary seed Primary or major White

colour

colour of the seeds
recorded within one
month of harvest
after complete
drying of mature,
wrinkle free seeds

1

2. Off-white

3. Yellow

4. Very paletan
5. Paletan

6. Light tan

7. Tan

8. Dark ten

9. Greyed orange
10. Rose

11. Salmon

12. Light red
13. Red

14. Dark red

15. Purplish red/red purple

16. Light purple
17. Purple
18. Dark purple

19. Very dark purple

20. Other

e ———
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Table 3 : Recording of observations in the vegetative and agronomical traits

Sl Trait Recording of observation

No.

1. | Leaf let length (cm) (LLN) Ten apical leaflets at the third
node  were used for the
measurement and the average was
taken at 60 DAS

2. - Leaflet width (cm) (LWD) Recorded at 60 DAS, ten apical |

1 leaflets from the 37 node were
measured at the widest point and ;
’ average was taken ‘
3. ~Plant height (cm) (PLHT) Plant height was measured from
I the bottom to the tip of the plant
| ! at physiological maturity
4. . Number of primary branches | Number of primary branches were
| (NPB) counted and recorded at
* physiological maturity
|

3. | Length of the primary [t was taken at physiological

branches (cm) (LPB) maturity

0. ~Number of secondary Number of secondary branches

| branches (NSB) were counted and recorded at
| physiological maturity

7. ; Length of the secondary It was measured at physiological

' branches (cm) (LSB) maturity
8. - Number of nodes on the Nodes on the main stem were
' main stem (NNMS) counted and recorded at
physiological maturity
9. ‘ Length of the cotyledonary Length of the cotyledonary lateral
- branches (cm) (LCB) branches were measured at
f physiological maturity
10. . Number of nodes on the Nodes on the  cotyledonary
- cotvledonary branches branches were counted and
L (NNCB) recorded at maturity |
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Table 4 : Recording of observations in the reproductive traits

Sl.No. Trait Recording of observation !
iy Days to initiation of | Number of days required for first flowering |
flowering (DIF) in any plant within a line was recorded\
based on the visual observation |
2. Days to cessation of | Days to termination of the flowering wasT
flowering (DCF) recorded based on the daily observation |
S Days to maturity Days to physiological maturity was
(DM) recorded based on the visual observation |
as indicated by yellowing of the leaves and |
prominent lines on the seeds j
4. Number of pegs per | Total number of pegs were counted and
plant (NPP) recorded at physiological maturity
3. Total number of Total number of pods were counted and |
pods (TNP) recorded at harvest
6. Number of well Number of well developed pods were 1!
developed pods recorded at harvest !
(NMP) |
7. Pod length (cm) Ten well cleaned and well developed pods
(PLN) were used to measure the pod length and |
the average was taken |
8. Pod width (cm) Ten well cleaned and well developed pods |
(PWD) were measured at the widest point and |
average was taken j
9. Shelling percentage - | Hundred grams of pods were weighed and
(SH) shelled, kernels were weighed ‘
Weight of the kernel
| SP(%) = --mmmm e x 100
\ Weight of the pods
10. Seed length (cm) ' Ten sound kernals were measured for
(SLN) seed length and average was taken
11. Seed width (cm) ' Ten sound kernels were measured at
(SWD) | widest point and average was taken (
12. 100-seed weight (g | Hundred sound kernels were counted |
(SDWT) " and used for weighment \
13. Yield per plant (g) ' Pods of randomized selected five plants.
(PYP) l was weighed and average was taken |
14. Oil content (%) (OIL) ’ Oil content of each accession was {
: ! estimated using 20 g of seeds by Nuclear |
| Magnetic Resonance method (NMR) at {

' RRS Raichur |
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Table 5a : Frequency distribution of various morphological descriptions

for groundnut Asian core collection

Descriptor | Classification Botanical variety Total
{ Fastigiata | Hypogaea | Vulgans
' (FST) (HYPO) (VUL)
1. Growth habit i 1 140 140
| 3 5 5
4 59 3 62
5 17 17
6 29 9 242 280
2. Branching pattern 1 229 1 230
| 2 29 1 244 274
[ 3. Stem colour ) 6 229 239 474
2 23 1 6 30
4. Stem surface ; 1 1 2 3
i 3 22 218 231 471
i S 7 11 12 30
5. Leaf colour ! 2 29 3 232 264
1 3. 226 13 239
4 1 1
| 6. Leaf surface w 1 29 230 245 504 |
f 7. Leaf shape { 3 29 229 245 503 |
|13 . 1 1|
' 8. Flower colour : 5 | 29 230 245 504
! 9. Peg colour ‘ 1 i 2 2
2 ; 29 228 245 502
10. Number of seeds 1 ‘ 2 112 242 356
per pod 2 J 1 113 3 117
| 3 ! 26 5 31
11. Pod beak 1 | 8 6 14
3 | 18 95 123 236
5 11 113 100 224
7 14 16 30
12. Pod constriction 1 2 2 |
3 29 204 50 283
5 22 190 212
7 2 5 7
| 13. Pod reticulation 3 | 18 8 9 35
5 ‘ 9 210 231 450
7 2 12 S5 19
14. Primary seed 1 1 1
colour 2 | 2 2
7 | 4 200 224 428
9 9 9
12 1 1
13 23 9 19 51
14 8 1 9
17 1 1 2
18 1 1




Experimental Results




IV. EXPERIMENTAL RESULTS

To study the variability present and to determine the effect of
environment on the characferization, Asian core collection of groundnut
was planted at two location:s for two seasons. Data on 12 morphological
and 24 agronomic traits were collected and analysed. Results of the
analysis are presented here based on the two trait groups.

4.1 Characterization of morphological traits

4.1.1 Frequency distribution

4.2 Characterization of vegetative and reproductive traits
4.2.1 Variability and related components

4.2.2 Genetic parameters

4.2.3 Correlation coefficients

4.2.4 Diversity estimation.
4.1 Characterization of morphological traits
4.1.1 Frequency distribution

Data on 12 morphological traits were collected, based on the
morphological descriptor (Anon, 1992). Each trait was scored and
grouped into different classes. The frequency of each group was
calculated botanical variety wise and their per cent frequency was

estimated. The results are presented in the Table 3b.

4.1.1.1 Growth habit

There are seven classes for growth habit of which only six classes
were observed in the Asian core collection (Fig.4). All the 29 (100%)]

accessions of fastigiata, nine accessions of hypogaea (39%) and 280



Table 5b : Frequency distribution of different morphological descriptors
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SL. Descriptor Classilicat Bot var Total
A, o] Fastigiata (FST) Hypogae (MYPO) | Fulgaris (VUL)
1. Growth habit 1 - 140 (60.8) - 140 (27.77)
3 . 5(2.17) - 5(0.99)
4 . 59 (25.65) 3(1.12) 62 (12.30)
5 . 17 (7.39) - 17 (3.37)
6 29 (100) 9(391) 242(98.7) 280 (55.50)
2. | Branching pattern 1 . 229 (99.50) 1 (0.48) 230 (45.63)
2 29 (100) 1(0.43) 244 (99.5) 274 (54.36)
5 Stem colour 1 6 (20.6) 229 (99.50) 239(97.5) 474 (94.00)
2 23(79.3) 1(0.43) 6(2.4) 30 (5.95)
4. Stem surface i . 1(0.43) 2(08) 3(0.59)
3 22 (75.8) 218 (94.98) 231 (94.4) 471(93.45) |
5 704.1) 11 (4.70) 12 (4.8) 30590 |
5. Leaf colour 2 29 (100) 3(1.30) 232(94.6) 264 (52380 |
3 - 226 (98.20) 13(53) | 239(4742)
4 - 1 (0.40) ] I 1019
Leaf surface 1 29 (100) 230 (100.0) 245 (100.0) 504 (100.0)
Leaf shape 3 29 (100) 229 (99.50) 245 (100.0) 503 (99.80)
13 : 1(0.40) . 1(0.190)
Flower colour 5 29 (100) 230 (100.0) 245(100.0) 504 (100.0)
Peg colour ! 5 2 (0.80) } 20039) |
2 29(100) 228(99.13) 245 (100.0) 502(99.60) |
10. No, seeds/pod 1 2 (6.89) 112 (48.69) 242 (98.7) 356 (70.60)
2 1 (3.40) 113 (49.13) 3(12) 117(23.21)
3 26 (89.6) 5(2.17) - 31(6.15)
1. Pod beak 1 ; 8 (3.40) 6(2.4) 14 (2.77)
3 18 (62.0) 95 (41.30) 123 (50.2) 236 (46.82) |
5 11(37.93) 113 (49.13) 100 (40.8) 224 (44.44) |
7 s 14 (6.00) 16 (6.5) 30 (5.95)
12. Pod constriction 1 . 2 (0.86) : 2(0.39)
3 29(100) 204 (88.60) 50 (20.40) 283 (56.15)
5 s 22 (9.50) 190 (77.50) 212 (42.06)
7 s 2(0.86) 5(2.00) 7(0.13)
13. Pod reticulation 3 18 (62.00) 8 (3.40) 9(3.60) 35 (6.94
5 9 (31.00) 210 (91.30) 231(94.20) 450 (89.28)
7 2 (6.80) 12 (5.20) 5(2.04) 19 (3.76)
14. Primary seed colour 1 - 1 - 1(0.19)
2 . 2 . 2(0.39)
7 4(13.79) 200 (86.90( 224 (91.40) 428 (84.9)
9 - 9.(3.90) - 9(1.78)
12 . 1(0.43) : 1(0.19)
13 23(79.3) 9(3.91) 19(7.70) 51(10.11)
14 ; 8 (3.40) 1(0.4) 9 (1.78)
17 1(34) ; 1(0.4) 2(0.39)
18 1(3.4) . . 10.19) |

Figures in parentheses indicate per cent frequency.
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(55.5%) of vulgaris exhibited erect type growth habit. While 39 (25.65%)
of hypogaea and three acce;sions of vulgaris (1.12%) showed decumbent-
2 type growth habit. Variety hypogaea is the only varietv in the core
collection which displayed all six types of growth habits observed,
decumbent-1 type in 140 (60.8%) accessions, procumbent-1 in five

accessions (2.17%) and 17 (7.39%) with decumbent-3 type.

4.1.1.2 Branching pattern

Among the different type of branching patterns, alternate and
sequential type were observed in the core collection (Fig.5), out of which
sequential type was observed in all fastigiata, one hypogaea (0.43%) and
244 (97.5%) accessions of vulgaris. While alternate type was exhibited by

229 (99.5%) of hypogaea and one accession of vulgaris (0.48%).
4.1.1.3 Stem colour

Both presence or absence of pigmentation was noticed in the core
collection (Fig. 6) but maximum number of accessions showed absence of
stem colour (six of fastigiata, 229 of hypogaea and 239 of wvulgaris).
Whereas a few accessions, six of vulgaris (20.6%)and one of hypogaea
(0.43%) with considerably number of fastigiata 23 (79.3%) showed stem

colour.
4.1.1.4 Stem surface nature

Out of the five classes, three were observed in the core collection
glabrous type was observed in one of hypogaea (0.43%) and two
accessions of fastigiata (0.8%), glabrous type with hairs in one or two
rows along the main stem maximum number of accessions were grouped,

consisting of all the three types with a contribution of 75.8 per cent from



Fig 4. Per cent frequency of different growth habits in core

collection
1 Procumbent-1
3. Decumbent -1
4. Decumbent -2
9. Decumbent -3
0. Erect

Fig 5. Per cent frequency of different branching patterns in core
collection

1. Alternate
2 Sequential

Fig. 6. Per cent frequency of stem colour in core collection

1. Absént
2. Present

Fig.7. Per cent frequency of different stem surface nature in core
collection

1. Glabrous
3. Sub-glabrous with lor 2 rows of hairs
5. Moderately hairy with 3 or 4 rows of hairs
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fastigiata, 94.98 per cent from hypogaea and 94.4 per cent from vulgars,
respectively. While for a unique type of stem surface with hairy, very
hairy, with hairs covering almost all the surface was recorded in seven of
fastigiata (24.1%) and 11 of hypogaea (4.7%) and 12 of wvulgans

accessions (4.8%) (Fig. 7).
4.1.1.5 Leaf colour

In the Asian core collection of 504 accessions, only three type of
colours out of six were observed. All accessions of fastigiata displayed
light green colour, while three (1.3%), 226 (98.2%) and one accession
(0.4%) of hypogaea exhibited light green, green and dark green foliage
colour, respectively. In vulgaris light green foliage was observed in 232

(94.6%) accessions and green colour in 13 (5.3%) accessions (Fig.8).

4.1.1.6 Leaf surface nature

All accessions of three different botanical varieties to an extent of

100 per cent showed almost glabrous type of leaf surface on both the

sides (Fig.9).
4.1.1.7 Leaf shape

Only two types of leaf shape were observed in the core collection
(Fig.10). All accessions of fastigiata, vulgaris and except one accession of
hypogaea all exhibited elliptic type of leaf shape. Onlv one accession

exhibited lanceolate type in hyvpogaea.
4.1.1.8 Flower colour

Almost all accessions of core collection belonging to three different

botanical varieties exhibited orange type of flower colour (Fig.11).



F:g 8. Per cent frequency of different leaf colour in core collection

2. Light green
3 Green
4. Dark green

Fiz 9. Per cent frequency of leaf surface nature in different
botanical varieties

1. Fastigiata
2. Hypogaea
3. Vulgaris
(All are almost Glabrous )

Fig. 10. Per cent frequency of different leaf shapes in core
collection

3. Elliptic
13. Lanceolate

F:g.11. Per cent frequency of flower colour in different botanical
varieties

1. Fastigiata
2. Hypogaea
3. Vulgaris
(Flower colour is orange in all groups)
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4.1.1.9 Peg pigmentation

There were two classes of peg colour, either absence or presence of

pigmentation. Only two accessions of hypogaea (0.8%) had no colour,

remaining accessions of hypogaea 228 (99.13%) and all accessions of

fastigiata and vulgaris purely had peg colour (Fig.12).
4.1.1.10 Number of seeds per pod

There are ten classes for number of seeds per pod but in the core
collection only three classes were observed (Fig.13). Class-1 with 2-1
seeds and class-2 with 2-3-1/2-1-3 seeds dominated the core collection,
being present in two (6.89%), 112 (48.69%) and 242 (98.7%) of fastigiata,
hypogaea and wvulganis, respectively for class-1 one of fastigiata (3.4%),
113 (49.13%) of hypogaea and three of vulgaris (1.2%) for class-2. But
maximum number of fastigiata fell into the group-3 (3-2-1/3-1-2 seeded)

with five accessions from hypogaea (2.17%).

4.1.1.11 Pod beak

Among the three botanical varieues, fastigiata showed shght to
moderate pod beak with 18 (62.0%) and 11 (37.93%) accessions for each
group. While, hypogaea and vulgaris observed over four groups, eight
accessions of hypogaea (3.4%) and six of vulgaris (2.4%) had no beak, 95
(41.3%) with slight, 113 (49.3%) with moderate and 14 (6.0%) with
prominent beak was observed in hypogaea and 123 (50.2%) with slight,
100 (40.8%) with moderate, and 16 (0.5%) with prominent beak was

noticed in vulgaris accessions (Fig.14).
4.1.1.12 Pod constriction

All the 29 accessions of fastigiata, 204 (88.6%) of hypogaea, and 50
(20.4%) of vulgans exhibited slight constriction followed by moderate in
22 (9.5%) of hypogaea and 190 (77.3%) of wvulgaris. The remaining

accessions prominent and none type (Fig.13).



Fig 12. Per cent frequency of peg pigmentation in core collection

1. Absent
2. Present

Fig 13. Per cent frequency of number of seeds per pod in core
collection

Fig. 14. Per cent frequency of different pod beaks

1. Absent
3. Slight

S. Moderate
7. Prominent

Fig.15. Per cent frequency of different pod constrictions

1. None

3. Slight

5. Moderate
7. Prominent
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4.1.1.13 Pod reticulation

Among the different classes of reticulation, slight type was
observed in 18 (62.0%) of fastigiata, eight of hypogaea (3.4%) and nine of
vulgaris (3.6%). Moderate type was recorded in nine of fastigiata (3.4%),
210 (91.3%) of hypogaea and 231 (94.2%) of vulgaris twpe. While, two
(6.8%), 12 (5.2%) and five (2.04%) accessions of fastigiata, hypogaea and

vulgaris, respectively had prominent reticulation (Fig.16).

4.1.1.14 Primary seed colour

Of the 20 groups of seed colour (IBPGR and ICRISAT), only four
classes were observed in fastigiata type, having tan in four (13.79%), red
in 33 (79.3%), purple in one (3.4%), and dark purple in one (3.4%j
accessions. Five different seed colours were observed in hypogaea type,
dominated by tan colour in 200 (86.9%) accessions, followed by greyed
orange and red in nine accessions (3.9%), dark red in eight accessions
(3.4%) and light red in one accession (0.43%). Out of 245 wulgars
accessions, 224 (91.4%) displayed tan colour followed by red in 19 (7.7%)
accessions, dark red and purple each in one accession (0.43%) only
(Fig.17).

4.2 Characterization of vegetative and reproductive traits
4.2.1 Variability and related components
4.2.1.1 Variance component
Variance component estimated using REML method indicated that
out of 24 traits, three traits (PLHT, DCF and DM) at E1, five traits (PLN,

SWD, SDWT, DCF and DM) at E2, five traits (PWD, DIF, DCF, DM and

PYP) at E3 and three traits at E4 (PLN, DCF and DM) exhibited highly



Fig 16. Per cent frequéncy of different reticulations

3. Slight
5. Moderate
7. Prominent

Fig 17. Per cent frequency of different primary seed colour

1. White

2. Off white

7. Tan

9. Grey orange
12. Light red
13. Red

14. Dark red
17. Purple

18. Dark purple
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significant variance. While, traits PLN, SWD at E1, PWD and OIL at E2,

TNP, NMP, NPP, PLN and SDWT at E3 and PLHT, PWD, LLN and OIL at

E4 were significant (Table 6).

Estimation of Variancé component over four environments revealed
that, among three individual sources of variation season (SEA) was highly
significant for six traits (PLHT, SH, SDWT, LLN, PYP and OIL), location
(LOC) for nine traits (LPB, NNMS, SH, SDWT, DIF, DCF, DM, PYP and
OIL) and entries (ENT) found significant {or all traits except two traits

(NSB and LSB).

Among the two factors interactions SEA X LOC variance was
significant in seven traits out of which six traits (SH, LLN, DIF, DCF, DM
and OIL) were highly signiﬁé:ant and one trait (NSB) was significant. SEA
X ENT interactions were found significant for 13 traits in which three
were (PLHT, NNMS and NPP) significant and remaining 10 were (TNP, SH,
SDWT, LLN, LWD, DIF, DCF, DM, PYP and OIL) highly significant.
Similarly, LOC X ENT. was significant over 15 traits, in which except NSB
all othebr 14 traits were highly significant (PLHT, NPB, LPB, NNMS, LCB,

NNCB, NMP, NPP, SH, SDWT, DCF, DM, PYP and OIL) (Table 7).

The three factors interactions SEA X LOC X ENT were significant
for 18 traits, with significance for two traits (NSB and PWD) and highly
significant for remaining traits. SEA X LOC X REP was highly significant

for one trait (PLN) and significant for 20 traits.

Variance component estimated considering botanical variety as a
source of variation revealed that, for season (SEA) 10 traits were highly
significant (PLHT, LPB, LCB, NNCB, SH, SLN, SDWT, LLN, PYP and OIL)

and significant for two traits (NSB and LSB). For location (LOC) 10 traits
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(LPB, NNMS, SH, SDWT, LLN, DIF, DCF, DM, PYP and OIL) were highly
significant, while LSB was significant. Botanical variety (BOT) was highly

significant for SH and PYP and significant for NSB and LSB.

Similarly, entries were significant for 19 traits except for NPB, LPB,
NSB and PYP, in which except for LSB, NNMS, TNP and PWD all others
were highly significant. In two factors interaction SEA X LOC was
significant and highly significant for two and four traits respectively
(NSB, LSB and SH, DCF, DM, OIL). SEA X BOT interactions were highly
significant for seven traits (NNMS, SH, NMP, SDWT, LWD, DM and OIL),
SEA X ENT significant in one trait (NSB) and highly significant in eight
traits (SH, SDWT, LNN, DIF, DCF, DM, PYP AND OIL). LOC x BOT were
significant in two traits (NSB and LSB) and highly significant in 14 traits.
LOC X ENT was significant in 19 traits and BOT X ENT found significant

over all the traits except LWD (Table 8).

Among three factors interaction SEA X LOC X BOT for 17 traits,
SEA X LOC X ENT for 19 traits, and all traits for SEA X BOT x ENT, LOC

X BOT X ENT interaction were significant (Table 8).

In four factor interaction all traits were significant for SEA X LOC X
BOT X ENT interaction and 20 traits for SEA X LOC X BOT x REP

interaction (Table 8).

4.2.1.2 Mean

Means of different vegetative and reproductive traits (Table 9) were
compared using Newman Keul’s test. Environment wise means differed
significantly for all the traits except shelling percentage. Means of same

botanical variety at four environments were also compared, in fastigiata



47

1911 T

«REY T

«9lC0 ¢

*»49569C1

#alU RS Y

#xlOHRT S

el HRLY

wEOCR O

Lo

*SEFEC

w916 L

«ERLLO

6519

«£0-H16T

«J0dro g

dTA LOFHOTYIS

wsZ0°26S'S

wetO-Hiy R

w£EOR O

w0709

we019T 0

st (-JLIE

«x£0"HSE 6

+ot 099t |

st JICTE

INTLOHOOTY

weCOT2ET 8

wsltllO

e O HOP Y

sat iU |

#aRAT0 A

eSO U

waCOSLLS

wwlOLT

wnlUHEE |

st CTU

«TO-HOT £

[ aUs it

o010

e lOHIOE

PR G il

«0 616

waSOIRR

wet SO T

INZELOH DO

ARy

welYIT U

welO7SLS

L1901

w190 1

PN UG

INTIOgVER

waROIRS S

#ROHRT S

«wRORL T

RGOS S

*e 0031y R

+00-3 e |

s RUTIRE €

wOOLY &

e [0 (

(LSRR o

INGTOO PVHY

USR]

050t 0 sl HlO | w0 R0 T waRUHTO Y el R C #0100 OO YL | «aR0-HOC «s60-319C°C »«80-JOR'Y £O-d01 1 PN T 10d 00T YIS
ettt 10 wx6LTY weOET1T wwOFLRE wnOTH O *T0-HL6 T IS0 waRLOL 1L w099 bl Pt T LOHLOY aslOIRE ENCT LO
seR0730OY | wnl 0L ] seR00F T e ROTIL S w0 NCE O SOP3EY +O0 YL T sel0MEO T

INTOOT

«xLUH6OS 9 w00 HLL | weROIRG | +eROHOT T weROIO T Hlog sl LY L CELIGEIE | wa ROV Y walOHLOL YOI lee, L fod oo
w‘..p.x_.fvf: o H~.:.y? _ R :—lrI:_! : ‘.Ezm. _‘ . B sl :|<1 il».[»nlv!_,..i{x\ oYy © cort | coist t LIYA ) ol1-9e L waO Y O
«007%00 | . loLy o alcro o *elOHTT T i uoLs 0 ttux g ol aat] o PRI VE D Lol (.._x.
.,y:.ﬂ' ; ll‘*“ _1:m l ',H.n_tn*.‘ , S ot - ‘ ‘:M.vﬂt:‘ir !:H.xﬂ_,..,._n_ t ) «e00HEU | Pyt COHRE S Loty s ro-Joo t £ 190 ¢ \ DOTVHS
FTTYA ard «R1OTE *lOLYT w016y *ROLL «ROHLO L RLEEO Lyrd JANH TOMyR Y el 9Lt +et0 LY O eelOTHY INH
n T owwa | e | e | owao | e wovor | wert | owego | owett | cemwr | oo it
RLLS | R016'( $50¢8°T REGY 6 weROHRE T #O0 I cudry 8 wR0°250 | CO-HR8LT Q60 | 11-3967) w0000 0 ReN!
‘ ttyo ¢ £ERO R «eRUTHTYY wa RO L 474 9 U] w60 OO T #aROLY] [qaz 40 waROUSG P 1% 9 waOIEG S
AN ANLL HONN RN SINN HYl HSN 'l iN Kl B aavt NI .:___:,/..
nx—w:::mi

u suoseas Suier jsod [0-0007 PUE LHIRy 900Z SULINP Meanpesey pue ngaiey it suen aanonposdar pue 3ane2adaa Jussappip 10] mauodined MULIEA g LT,




(o o}
S o

T

]

R0 [enuejoy] - LOd

JUEROHIIELS "72 HS/IUdu0duiod dOULLITA 4

(96) oW 1y - 110
(@) wepd 1ad pP pog - gAd TR oy skecp — NG FULAM0L J0 UOHESSId o) SSU( — ) TULRNOY JO tonuiiul 01 SAp - L] (WD) ppIA R) U]~ (JAV]
(W) WPFUD| DY JroT] — NTT (W) IPIN paag - AMS W) Fud| poog ~ NTIS a0 sad Fujioys - v HS WP pod — (M T(02) 1pFu) pog - NI uegd sad sdad
JO J2QUINN = (JdN 'Spod aamjent Jo 10quiny — qpygN spod o 1oquunu o ], - (NLL SOUDueig Uenopagiion 1o Sapou [0 1oquinn
JO BN = g)7] WIS v 1o S9pou Jo adquuing — SIWNN (U0) sayoueig avad o (o (Euar | - gl soyouraq Sewind 1o 0quimN — ¢idN - n0) REFIg ey - 11d

LUy - NG uonesoty - Ol

(NN (112) soyoueiq euopa)j£io ot

MOSLIS - VIS

ueatpuds AN €2 gSAuouodinod DUCLEA 44

~

AEERA D +L6OXY 1 CETTAUSS) welty g w# O ] «FOFO Y PR TS| (B wrlsTt on g £0-3RE T w6ls t AR ISR INIGNAY _.,/1‘
et LY PRI SYth x0T Ll st O3 R wat OO0+ wal0t | waCOIET € wes 03O0 E wet ML w07 lOR G ANGULOH OO TVHS
-
P2 JfLaie ER i welUO 0T «wlNLEQ salsii 0 PRIt (Y s O] RO YA Iy o +etTIT 0O | FTSILNS B wsts L0 AR BRI N
| -
«#RETEO #0010 w4600 | *xlOEL T «+l81c 0 wad S0 g RULEY YA TANE PR AN wat 60 T et (MHELE watt0s NS TOSNHS
S
PSS I i +aR0°78%1 | sl 0-HT0 T w0014 walUTHNG [ARR AR TE-HECE TTAGR I we Q0T E LYoy ¢ 01381 ] «*RO7OR 6 INOO TVHS
AxsO6G6 8 aelOri3a0 1 v aROHTT 6 X0 T T st o [aiRst faR (RS RYAR S *#RORR T Hao L oo eS| waM LY T [ERItIRIONE
- N
4a%ETE 0 st welll8 t aedNIEN #+$0CC 0O wat (0 {00 L axtOMEL T EYNE BN ol seriits O welrHLIOY aatlOY L TN
b t — - —_— - _— A
erSOTHEE S w#R0HOE Y RIS wROHLLE RO Lt ol t s b wat) [ARREIEN tOoL T waRIFHOR ¢ INH DO
FYTERMC TS Krag 0 wxl0-0OT L *a OO ¢ ORT1 O -2l RIS N RS waR0HTO Y LTy L {0 € anl(FHTH T [ERINGIDN]
b N DR e - el .
seNECL O TR I | Lt w00 | - vo ¢ [RERIPRN RIS EYTAL Wil AT o £ 0T RINIE
ae IR Y 990 | w02 T0 ¢ BRYE T uLot [ (A | to-Hot 9 e XUTED R wel 07001 ] SOt | FOHLT € 00RO
0L RENE B «aOFHET T 00100 P NG oy 1-407 s oot wa 80702000y [ RO ISES FUHEO | [V DO VR
2aOEOR T et a wxl9 6 walhtt 1] ##00°3L1 C w0 HTOR Ay waEREE T waSO16 €T *w0HTY E wsCOTHORT 1srtr e TN
toot o [y [BYER S AN toies T UM ong | el O0MOL Y CORS S font
PRt [ I w0 LT walOTL R0 HOY 6 [ [REH BTN (AR IR it f nf ity DO
-
PRI (¢TaRY seliiilor L aL o Tora 9y Sl t SOTLT T w01 6 a0 b | fi-raa to-HEY + Lt AN
1o JAd NG ERIq AL [QRNEN N IS [AE Hs ol N'Li JUN Rl

“Tpine)y g ajqe]


http://�4
http://6.1ls.03

49

14 traits, in hypogaea 22 traits and 20 traits in wulgaris differed
significantly. Comparison of means of different botanical variety across
the environment revealed that except for number of secondary branches,
length of the secondary branches and shelling percentage all traits were

significant (Table 9).
4.2.1.3 Median

Median test performed was significant for all the traits except
shelling percentage and oil content at four different environments
(Table 10). While in the comparison of same botanical variety at four
different environments, 11- traits for fastigiata, 23 for hypogaea and
13traits for wvulgars exhibited significant difference. In the botanical
variety comparison except NSB, LSB and SLN all other traits were found

significant for the median test.

4.2.1.4 Variance

Variance of different traits were compared using Levene’s test of
homogeneity of variance, environment wise variance except for LWD,
NPB, LCB, PWD, SWD and OIL differed significantly, while in the
comparison of same botanical variety at different environments, fastigiata
for three, hypogaea for 15 traits and vulgaris for 14 traits found to be
differed significantlv. But, in the botanical variety comparison 18 traits

were heterogeneous (Table 11).
4.2.1.5 Range and co-efficient of variation

At all four environments, botanical varieties-wise and across the
botanical varieties, range and co-efficient of variation were estimated
both of them displayed wide range of variation for all the traits (Table 12

and 13).
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4.2.1.5.1 Leaflet length (cm) (LL)

A wide variation was observed at all the four environments with a
range of 3.66-7.66, 3.83-7.03, 3.22-7.09 and 3.92-7.74 at E1, E2, E3
and E4, respectivelv with a co-efficient of variation of 13.45, 11.66, 13.40
and 12.88, accordingly. fn El var. fastigiata (5.06-6.92), E3 var.
hypogaea (3.22-7.09) and E1 var. vulgans (3.78-7.44) showed highest
range, with a maximum CV of 9.93 (El), 10.86 (E4) and 9.50 (E1l)
respectivelv. Among botanical varieties hypogaea had wide range of 3.22-

7.20 with CV. of 10.52.
4.2.1.5.2 Leaflet width (cm) (LW}

A wide range of 1.26-3.16 at E1, 1.78-2.97 at E2, 1.38-3.81 at E3
and 1.78-3.22 at E4 were Qbservec with CV. of 12.33, 10.94, 13.58 and
12.47, respectively. Botan.ical variety wise fastigiata exhibited wide
variation of 2.37-2.89, hypogaea of 1.30-3.81 and wvulgaris 1.91-3.19 at
E3 with maximum CV, of 9.21 (E1), 9.86 (E3) and 11.93 (E1) per cent,
respectively. Among botanical varieties hypogaea had highest range

(1.26-3.81) and vulgaris had highest CV (10.50%).

4.2.1.5.3 Plant height (cm) (PLHT)

Variation of 15.2-59.6 (E1), 16.2-52.8 (E2), 9.00-50.6 (E3) and
16.2-46.6 (E4) were observed for plant height, with a CV of 18.20, 19.38,
25.78 and 16.23 per cent, respectively. At E3 for fastigiata (14.0-50.6), at
El for hypogaea (19.4-39.6) and at E2 for vulgaris (17.2-52.8) wide range
was noticed and maximum CV were 27.72 (E3), 21.77 (E3) and 22.19
(E3) per cent, respectively. Similarly, among botanical varieties hypogaea
had wide range (11.2-59.6) and highest CV of 24.11 per cent was

recorded in fastigiata (Table 12 and 13).



Table 12 : Range for different
Kawadimatti during

vegetative and reproductive traits
2000 rainy and 2000-01 post rainy seasons In
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at Raichur and

Karnataka
SEL Tratts Environments FST
No
El E2 E3 Ed E) 12 | E3 L4
]
|
I LLN 3.66-7.76 3.83-7.03 3.22.7.09 3.92-7.75 4.78-7.76 5.06-692 ] 4.48-0.07 1.90-7.74
!
2. LWD 1.26-3.16 1.78-2.97 1.30-3.8] 1.78-3.22 220316 2.12-2.71 ; 237289 2.16-3.1%
' | |
3. PLUT 15.20-59 60) 160.2-32.% 9.00-30.60 16.20-46 60 24.60-31 40 13.20-46.80  14.00-30.60 ) 19.3-40.8 ‘
T ‘( j
4. NPB 1.00-7 .40 1.00-10.00 }.20-8.20 1.00-10.80 1.00-4 20 2.00-3.80 1.00-2.00 ! 1.00-3.20 J
: 1
5. LPB 1.00-32.70 1.70-22.00 1.66-27.30 1.70-20.60 1.80-11.30 2.80-11.66 } 1.66-17 .40 i 1.80-10.80
6. NSB 1.00-5.00 2.00-7.00 1.00-9.00 2.00-6.00 0.00 0.06-1.00 | 0.00 ‘ (.04
7 LsB 2.00-12.00 2.00-6.00 2.00-10.00 2.00-8.00 0.00 0.00-600 | 0.00 ‘ 000
]
X NNMS ¥.33-25.80 10.20-39.30 7.30-26.04) 10.20-26 .80 11.80-25 %0 13.20-22.20 1000-22.40 | 13.20-20.50 1
¢ \
| |
9. LCB 18.5-5%.80 18.50-61.60 15.30-34.00 15.50-60.20 26.10-32.80 24.30-49.00 JLR0-5400 1 20 40-45.80 |
| |
10. NNCB 13.50-47.4 17.80-31.20 §.30-43.20 17.80-50.20 17.00-33 60 19.80-3520 © 17.00-34.00 f 20, 20-38.60 ]
; ]
11 TNP 4.60-50.6 5.30-43.00 1.00-35.20 3.30-40.80 4.60-17 30 9.¥0-22.80 | 4.60-20.30 f 330-23 50 '
| |
12. LMP 2.20-43.00 2.00-34.00 2.00-30.20 2.00-20.0 2.20-12.0m 2.60-17.60 IR0-17.30 0 200-1%00 |
: !
13 NPP 7.20-36.20 9.40-33.20 T.00-48.60 2.40-30 00 720-24 60 14 20-29 00 TO0-23.00 0 9302700 [
; !
| |
14 PLN 1.84-4.30 1.80-3.70 1.80-3.60 1.80-3.90 2,203 350 1.92-332 243383 ! 2.24-380 [
! !
i
15, PWD 0.90-1.78 0.94-1.70 0.82-1.64 0.94-1.80 [.04-1.40 0.95-1.40 [.10-1.40 ! [.03-1.41
f !
16. SH 4L.80-81.00 | 50.20-80.00 | 30.00-82.40° 1 50.20-81.00 | S1.RO-TA0n fubU-T6.60 0 S1.40-79.00 ) 30.30-76.60 i
17. SLN (1.89-2.00 0.90-1.83 0.8%-2.03 0.9%-1.9% = [.oo-13% t.u2-1.39 1.12-1.45 s 1.99-1.32
18 SWD 0.60-1.22 0.56-1.20 0.03-1.04 0.37-1.23 0.64-0094 t1.64-41.86 : 0.66-0.90 0.62-1.02
; !
19. SDW'T 20.3-63.8 18.80-63.60 20.30-68.10 22.30-60.80 20.60-63.20 28.30-32.10 1 30.20-52.40 | 22.30-39.6
p—— : i
20. DIF 20.00-36.00 27.00-39.00 23.00-37.00 25.00-38.00 22.00-32.00 27.00-36.00 : 23.00-30.00 23.00-36.00
21 DCF 60.00-123.0 50.0-100.0 60.00-123.0 45.00-112.0 T0.00-113.0 69.00-103.0 ° 70.00-117.0 6%.00-103.0
22 DA 102.0-152.0 | 110.0-162.0 | 1030-138.0 | 110.0-166.0 | 116.0-130.0 1Z00-1390 - 116.0-152.0 | 119.0-161.0
!
! |
23 PYP 2.08-27.12 2.09-22.75 2.00-23.00 2.413-25.3 2.81-1494 27313000 | 2.20-18.60 3.3%-19.82
24 J OIL 34.00-50.00 - 35.00-49 00 1J IWO0-S000 - - 39.00-4%.00
| ) !



http://24.60-51.4o
http://26.IO-52.8o
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Table 12 Contd ...
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St Trauts HYPO VUL
N
El E2 E3 E- El E2 E3 E4

1. LLN 366-1.20 383.703 3.22.7.09 382068 378.7.44 449.6.95 428-704 1087 14\
2. LWD 1.26-2.9¢6 177-2 68 1.30-3.81 178274 174304 181-2.97 191391 194322
3 PLHT 19.40-59 .60 144416 11.20-33.50 183408 132494 17.2-52.8 9004440 16 2-36 60
4 \PB 1.00-7.40 100-10.00 0.20—3 00 1.20.10 89 1620 1 00-7.60 0.20-8.20 1006 70
3 LPB 3.00-32.70 280-21.3%8 2.20.2193 1 7¢-20 60 P Band 200-220 1.75-27 30 180G-14 70
6. NSB 1.00.2.00 1.00-7.00 0.00-1 00 203600 000 400400 1.00-9.00 0o J
7. LSB 2.00-12.00 200-6.00 2.00-10.00 205800 200 200-6.00 2.00-9.00 0.00 J
N NNMS 11.20-23.20 10 .40-39.30 7.50:26 00 10,4028 80 » 33.23.80 ITO0.28 00 £.20-23 80 10.20-23 60
9 LCB 18.50-38 80 17 36-61.20 183345 60 | 18 Sin6a 20 1r 203390 1 15 K061 60 15 30-53.50 19 82-55 80
10. | NNCB 13.50-47 41 17 00-51 20 17004320 | 17 8re30 20 17 23-37.00 I 17 60-41 40 ¥.50-34 30 18.20-41 80

i

i
11. | TNP 7.40-50 60 66043 (0 5.33.33.20 8.80130 82 FRA33200 5 80.35 20 400.26.25 920-3230
12, 1 LAP 4404500 4003400 2.50.30.20 4303080 344.24.00 360-3200 200-2) 00 360.2060
13 NPP 10 80-56 20 10 00-33.2 7.004% 60 12673060 §1.39.00 : 11 8038 30 700-28 30 12 86231 66

i
14. | PLN 200430 [ ¥0-3 70 [ 80460 I 80.3 90 x4-3 36 154335 1.99-3 10 1 90-3 36
15. | PWD 1.00-1 78 0 84-1 70 0.90.1 64 1.0G-1 %0 1631 6% 080140 0.82-1.50 094-1 50
16. SH 41.80-81 40 30 60-8] 00 50.00-82 40 50.20.81 o0 30 1:).82.60 $730-79 40 S0.0-82 40 50.30-80.20
17. SLN 0.90-2.00 Q90-1 83 1 02-.’.’ 03 1051 (1 8§9-1 63 % 93-1 70 0 §8-] .66 092-153
I8, SWD 0.63-122 036-1 04 0.62-104 056123 s 6-1 00 (160-1.20 0.50-0.99 )57-1 ‘U
19. SDWT 20.60-63 8 18 60-63 60 20.3-6% 1 22 7608 2033030 21 20-536.50 2200-61.20 22.30-49 R0 g
20 DIF 20.00-36 00 2R.00-3% 00 23.00-37 00 28 003500 2203500 27 00-39.00 24 00-37.00 25 00-3% 00
21 DCF 60.00-114 0 SR00-110 00 60.00-1200 4500-1120Q 73 (1230 57 00-109 0 63 00-125.0 7000-1120
22 DA 102.0-149 61 11000-160 00 | 103 0-1430 ] 110 0.160 0 1151320 1200.162 0 108 0158 0 120 0-166.0
23 [P\T’ 256-27.20 230-1722 204.23 00 28725 % 21N 20 2092275 2001522 203-17 30

J OLL

2o DOSD 00

35 060.42 00

34 00.49 00

3% 00-49 00




Table 12 Contd. ..

Si.No Traits Bot comparison

FST HYPO | VUL
. [LLN 148-7.76 122-7200 | 3.78-7.44
2 | LWD 212318 126381 | 1.74-3.22
3. | PLHT 14.00-31.40 11.20-59.60 | 9.00-52.80
4+ | NPB 1.00-3.20 0.20-10.80 1 0.20-8.20
5. | LPB 1.66-17 11 1.70-32.70 1 1.00-27.30
6. | NSB - 0.00-700 | (00-9.00
7. | LSB . 200-12.00 | 2.00-9.00 |
8. | NNMS 10.00-25.80 7.50-39.30 8.20-28.00
9. |LCB 20.40-54.00 17.50-61.20 | 15.30-61.60
10. | NNCB 17.00-38.60 13.50-51.20 y 8.50-41.80
1. | TNP 4.60-23.80 5.33-50.60 { 1.00-35.20
12. | LmP 2.00-18.00 250-45.00 | 2.00-32.00
13, | NPP 7.00-29.00 7.00-56.20 | 7.00-48.40
14 | PLN 1.92-3.83 1.80-4.60 1.54-3.56
15, | PWD 095-141  084-1.80 0.80-1 63
16. | SH 50.30-79 0 ! 41.80-81.40 & 50.00-81.00
17. | SLN 099-145 | 090205 | 088170
is. | SWD 062-102 | 0.56-1.23 (.50-1.20
19. | SDWT 20606320 | 18606810 20304120
20. | DIF 22.0-36.00 | 20.00-38.00 | 22.00-39.00
21. | DCF 68.00-117.0 | 45.0-12000  57.00-125.0
22. | DM 16.0-1450 | 1020-166.0 + 108.0-166.0
23. | PYP 2.20-19.82 | 2.0427.12 | 2.00-22.75
24 | OL 38.00-50.00 | 35.00-50.00 . 34.00-49.00

96

PLHT - Plant height (¢m), NPB — Number of primary branches. LPB ~ Length of the primary branches rcm).
NNMS -~ Number ot nodes on main stem. LCB — Length of the cotvledonany branches (cm), NNCB ~ Number of
nodes on cotvledonury branches. TNP - Tetal number ol pods, NMP — Number of mature pods. NPP - Number of
pegs per plant, PLN — Pod length (cm), PWD - Pod width. SH% - Shelling per cent. SLN - Seed length (cm).
SWD - Seed width (cm). LLN = Leaf let length (cm). LWD - Leat let width (cm). DIF - davs to initiation of’
flowening, DCF — Days lo cessation of lowering. DM - Days to matuntv. PYP - Pod vield per plamt (gj,
OIL -~ Oil content (%).
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4.2.1.5.4 Number of primary branches per plant (NPB)

At all four environments El1, E2, E3 and E4 wide range was
observed having 1.0-7.4, 1.0-10.0, 0.2-8.2 and 1.0-10.8, respectively with
CV of 50.10, 40.81, 57.67 and 41.87, accordingly. Highest range of 1.0-
5.2 (E4), 1.2-10.8 (E4), 0.2-8.2 (E3) were observed for fastigiata,
hypogaea and vulgaris respectively with highest CV of 60.88 (E1), 43.01
(E3) and 71.24 (E3) per cent, respectively. Similarlv. among botanical
varieties hypogaea had highest range (0.2-10.8) and vulgaris had highest

CV (56.40%).
4.2.1.5.5 Length of the primary branches (LPB)

Range of 1.00-32.72 (E1), 1.7-22.0 (E2), 1.66-27.30 (E3) and 1.70-
20.60 (E4) were observed with a CV of 60.46, 40.29, 49.24 and 49.25 per
cent, respectively. For botanical variety at E3 (1.66-17.4), at E1 (3.0-32.7)
and E3 (1.75-27.3) highest range was noticed in fastigiata, hypogaea and
vulgaris, respectively, with CV of 72.90 (E3), 45.76 (E4) and 60.83 (E1)
per cent, respectively. While among botanical varieties range of 1.7-32.7
was highest in hypogaea and CV of 55.08 per cent was highest in

vulgaris (Table 12 and 13).
4.2.1.5.6 Number of secondary branches (NSB)

Range of 1-5, 2-7, 0-9 and 2-6 at E1, E2, E3 and E4 were observed
with CV of 67.28, 41.96, 143.30 and 35.28 per cent, respectively. In
botanical varieties fastigiata had no secondary branches, hypogaea and
vulgaris had a range of 1-7 and 1-9, maximum CV of 106.90 (E3) and
101.9 (E3) per cent, respectively. Among botanical varieties vulgaris had
wide range (1-9), and highest CV (90.85%) for number of secondarv

branches.
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4.2.1.5.7 Length of the secondary branches (cm) (LSB)

Ranges were 2-12, 2-6, 2-10 and 2-8 at E1, E2, E3 and E4 with CV
of 39.61, 21.32, 45.49 and 36.38 per cent, respectively. Fastigiata with
no observations, hypogaea with highest range of 2-12 at E1, vulgaris with
2-9 at E3 and CV of 51.66 and 41.06 at E3 per cent, respectively. Among
botanical varieties hypogaea had maximum range (2-12) and higher CV

(38.57%) (Table 12 and 13).
4.2.1.5.8 Number of nodes on mainstem (NNMS)

Range variation noticed at four different environments were 8.33-
25.80, 10.2-29.3, 7.5-26.0 and 10.2-26.8 at El, E2, E3 and E4,
respectively with CV of 12.46, 16.28, 17.38 and 12.15 per cent,
accordingly. In botanical varieties for fastigiata highest range of 11.8-
25.8 (E1), for hypogaea 10.4-39.3 (E2) and for vulgaris highest range of
10-28 (E2) were observed, v:vhich had maximum CV of 18.13 (E3), 17.59
(E3) and 15.80 (E2) per cent, respectively. Among botanical varieties
hypogaea had wide range (7.5-39.3) and maximum CV was observed in

fastigiata (15.66%).
4.2.1.5.9 Length of the cotyledonary branches (LCB)

For this trait values’r;anged from 18.5-58.8 (E1), 18.5-61.6 (E2),
15.3-54.0 (E3) and 18.5-60.2 (E4) with CV of 19.12, 19.58, 24.41 and
17.96 per cent, respectively. For fastigiata at E3 (21.8-54.0), for
hypogaea at E2 (17.5-61.2) and for vulgaris at E2 (19.8-61.6) wide range
was observed, while maximum CV were at E3 (27.67), E2 (18.04) and at
E3 (21.50) per cent, respectively. Among botanical varieties vulgaris had

highest range (15.3-61.6) and CV (22.81%) (Table 12 and 13).
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4.2.5.10 Number of nodes on cotyledonary branches (NNCB)

The range of 13.5-47.4 (E1), 17.8-51.2 (E2), 8.5-43.2 (E3) and
17.8-50.2 (E4) were observed, with CV of 19.51, 16.55, 21.88 and 17.06
for E1, E2, E3 and E4 per cent, respectively. Highest range of 19.8-38.2
(E2), 17.0-51.2 (E2) and 8.5-34.4 (E2) were observed for fastigiata,
hypogaea and wvulgaris, respectively with maximum CV of 17.44 (E3},
17.87 (E1) and 20.49 (E3) per cent, respectively. Among botanical
varieties hypogaea had wide range (13.5-51.2) while wvulgaris had

maximum CV (19.01%).
4.2.1.5.11 Total number of pods per plant (TNP)

At different environments for total number of pods per plant values
ranged as follows, 4.6-50.6 (E1), 5.3-43.0 (E2), 4.0-35.2 (E3) and 5.3-
40.8 (E4), with CV of 37.82, 30.73, 38.24 and 27.97 per cent,
respectively. For fastigiata at E4 (5.3-23.5), for hypogaea at E1 (7.4-50.6)
and for wvulgaris at E2 (6.8-35.2) highest range were observed, with
highest CV of 34.73 (E3), 36.06 (E3) and 31.11 (El) per cent,
respectively. Among botanical varieties hypogaea had highest range

(5.33-50.6) and fastigiata had maximum CV (38.75%).

4.2.1.5.12 Total number of mature pods (NMP)

For the total number of mature pods at four different environments
ranges observed were 2.2-45.0 (E1), 2.0-34.0 (E2), 2.0-30.2 (E3) and 2.0-
30.6 (E4) with CV of 42.99, 34.25, 42.62 and 34.17 in E1, E2, E3 and E4
per cent, environments, respectively. Highest range of 2.0-18.0, 4.4-45.0
and 3.6-32.0 were observed for fastigiata, hypogaea and vulgaris,
respectively. While the maximum CV at E4 (47.23), E3 (44.34) and at E1
(33.39). Among botanical varieties hypogaea had highest range (2.5-45.0)

and fastigiata had maximum CV (46.21%) (Table 12 and 13).
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4.2.1.5.13 Total number of pegs per plant (TNPP)

The range for total number of pegs per plant was 7.2-56.2 at El,
9.4-53.2 at E2, 7.0-48.6 at E3 and 9.4-50.6 at E4 with CV of 34.20,
27.38, 36.83 and 26.04 per cent, respectively. In botanical varieties for
fastigiata at E3 (7.0-25.6), f(:)r hypogaea at E1 (10.8-36.2) and for vulgaris
at E2 (11.8-48.4) highest ranges were observed with maximum CV of
33.22 (E3) for fastigiata,34.32 (E3) for hypogaea and 30.30 (E1l) for
vulgaris were observed. Among botanical variety hypogaea had highest

range (7.0-56.2) and maximum CV was observed in fastigiata (37.85%).
4.2.1.5.14 Pod length (cm) (PL)

Wide range of 1.84-4.3, 1.8-3.7, 1.8-4.6 and 1.8-3.9 at E1, E2, E3
and E4 were noticed for pod length, with CV of 14.60, 13.28, 14.24 and
13.17 per cent, respectively. In botanical varieties fastigiata, hypogaea
and vulgaris the pod length had highest range of 2.24-3.83 (E4), 1.8-4.6
(E3) and 1.54-3.35 (E2) with maximum CV of 14.69 (E2), 13.72 (E1) and
11.75 (E4) per cent, respectively. Among botanical varieties hypogaea
had highest range (1.8-4.6). While, highest CV (13.80%) was noticed In

fastigiata for this trait.
4.2.1.5.15 Pod width (cm) (PW)

The range of 0.9-1.78 (E1), 0.94-1.7 (E2), 0.82-1.64 (E3) and 0.94-
1.80 (E4) were observed for-pod width with CV of 10.93, 10.95, 9.98 and
9.54 per cent, respectively. At E2 for fastigiata (0.95-1.4) and hypogaea
(0.84-1.7), at E4 and El1 for wulgans (0.9-1.65) highest ranges were
noticed, with maximum CV of 8.47 (E2), 11.04 (E2) and 9.10 (E4) per
cent, respectively. Among botanical varieties hypogaea had highest range

(0.84-1.80) and CV of 9.95 per cent (Table 12 and 13).
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4.2.1.5.16 Shelling percentage (%) (SH)

This trait displayed wide range of variation at different
environments, having 41.8-88.0 (E1), 50.2-87.0 (E2), 50.0-88.4 (E3) and
50.2-87.0 (E4) with CV of 14.55, 12.21, 13.87 and 12.57 per cent,
respectively. Among botanical varieties, fastigiata at E3 (51.4-79.0),
hypogaea at E1 (41.8-84.4) and vulgaris at E1 (50.0-88.0) had highest
range, with maximum CV of 14.85 (E4), 13.72 (El} and 15.32 (E1),
respectively. Among botanical varieties hypogaea had highest range

(41.8-88.4) and vulgaris had maximum CV (13.70%).

4.2.5.17 Seed length (cm) (SLN)

The range displayed by this trait at different environments, E1, E2,
E3 and E4 were 0.89-2.00, 0.90-1.83, 0.88-2.05 and 0.98-1.98 per cent,
respectively with CV of 17.02, 12.33, 15.67 and 13.30. In botanical
varieties fastigiata, hypogaea and vulgaris exhibited highest range of
1.00-1.38 (E1), 0.9-2.0 (El) and 0.88-1.66 (E3), respectively with
maximum CV of 7.58, 12.77 and 11.37 at E1. Among botanical varieties
range of 0.9-2.05 was highest and CV of 12.12 was maximum in

hypogaea (Table 12 and 13).

4.2.1.5.18 Seed width (cm) (SWD)

The seed width ranges observed were 0.60-1.22, 0.56-1.20, 0.50-
1.04 and 0.57-1.23 at E1, E2, E3 and E4, with CV of 10.02, 9.56, 10.54
and 10.76 at E1, E2, E3 and E4 per cent, respectively. In botanical
varieties for fastigiata at E1, (0.64-0.94), for hypogaea at E4 (0.59-1.23)
and for wvulgans at E3 (0.50-0.99) highest range was observed with
maximum CV of 11.17 (Eé}), 11.11 (E4) and 10.17 (E3), respectively.
Among botanical varieties vulgaris had highest range of 0.5-1.20 and

maximum CV of 10.70 per cent in hypogaea was noticed.
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For 100-seed weight ranges observed were 20.3-63.8 at E1, 18.8-
63.6 at E2, 20.3-68.1 at E3 and 22.3-60.8 at E4 and CV of 20.91, 19.38,
22.06 and 17.97 per cent, respectively. In botanical varieties fastigiata,
hypogaea and wvulgaris had highest range of 20.6-63.2, 20.3-68.1 and
22.0-61.2 at E1, E3 and E3, respectively with highest CV of 24.26 (E1),
20.98 (E3) and 21.20 (E3) accordingly. Among botanical varieties highest
range in hypogaea (18.6-68.1) and maximum CV (20.98%) in fastigiata

was observed.
4.2.1.5.20 Days to initiation of flowering (DIF)

Days to first ﬂowerirfg ranged between 20-36 at E1, 27-39 at EZ2,
23-37 at E3 and 25-38 at E4 with CV of 8.92, 7.24, 11.10 and 8.54 per
cent, respectivelv. In botanical varieties for fastigiata at E1 (22-32), for
hypogaea at E1 (20-36) and vulgars at E1 (22-33) highest ranges were
recorded with maximum CV of 7 89 (E3), 7.76 (E3) and 7.93 (E4),
respectively. Among botanical varieties hypogaea had highest range and

vulgaris had highest CV (10.07%) (Table 12 and 13).

4.2.1.5.21 Days to cessation of flowering (DCF)

The range of variation for this trait varied between 60-123, 50-100,
60-125 and 45-112 at E1, E2, E3 and E4, with CV of 19.46, 16.59, 19.50
and 19.08 per cent, respectively. In botanical varieties fastigiata,
hypogaea and vulgaris had highest range 70-117 (E3), 63-125 (E3) and
45-112 (E4) with maximum CV of 12.78 (E1), 20.86 (E4) and 7.4 (E3),
respectively. Among botanical varieties hypogaea had wide range

(45-120) and maximum CV (19.33%).
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4.2.1.5.22 Days to maturity (DM)

Days to maturity at four environment varied as follows, from
102-152 at E1, 110-162 at E2, 103-158 at E3 and 110-166 at E4 with
CV of 10.8, 11.25, 10.17 and 11.08 per cent, respectively. In botanical
variety days to maturity for fastigiata at E4 (119-161), for vulgaris at E4
(110-166) and for hypogaea at E4 (108-158) highest range were recorded
with maximum CV of 8.07 (E4), 10.19 (E1) and 5.3 (E2), respectively.
Among botanical varieties hypogaea had highest range (10.2-16.6) and

maximum CV (10.39%)).
4.2.1.5.23 Pod yield per plant (g) (PYP)

Wide range was noticed for this trait, having 2.08-27.12, 2.09-
22.75, 2.0-23.0 and 2.03-25.3 at E1, E2, E3 and E4, with CV of 42.47,
46.71, 61.36 and 52.39 per cent, respectively. In botanical varieties
fastigiata, hypogaea and wvulgaris had highest range of 2.2-18.6 (E3),
2.56-27.2 (E1) and 2.09-22.75 (E2), respectively with maximum CV of
58.30 (E3), 47.18 (E3) and 50.50 (E4). Among the botanical varieties
hypogaea had highest range (2.04-27.12) and vulgaris had maximum CV

(52.23%).

4.2.1.5.24 Oil content (%)

Oil content was estimated for only two post rainy environments
(E2 and E4). The range of 34-50 and 35-49 with CV of 5.03 and 4.85 per
cent was observed at E2 and E4, respectively. For fastigiata at E2
(38-50), for hypogaea at E4-(35-49) and for vulgaris at E2 (34-49) highest
ranges were recorded with CV maximum at E2 (5.9), E2 (5.49) and at E2
(4.36), respectively. Among botanical varieties hypogaea had wide range

(35-50) and fastigiata had maximum CV (5.69%) (Table 12 and 13).
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4.2.2 Genetic parameters

Genetic parameters like heritability in broadsense and genetic
advance were estimated for 24 traits at all the four environments and for

the combined data of four environments which are presented in the
Table 14.
4.2.2.1 Leaflet length (cm)

Leaflet length had an heritability estimates of 50.78, 29.91, 55.97
and 84.15 per cent at E1, E2, E3 and E4, respectively with GA of 0.52,
0.23 and 0.52 and 0.89 accordingly.

4.2.2.2 Leaflet width (cm)

Heritability of 19.83, 36.79, 50.30 and 48.61 at E1, E2, E3 and
E4, respectively, GA of 0.07 (E1), 0.11 (E2), 0.20 (E3) and 0.2 (E4) were

estimated (Table 14).
4.2.2.3 Plant height (cm)

The plant height had heritability of 58.78 at E1, 51.39 at E2, 42.68
at E3 and 38.42 per cent at E4, with GA of 5.00, 4.58, 3.41 and 2.74 at
El, E2, E3 and E4, respectively.

4.2.2.4 Number of primary branches per plant

Heritability of 25.30, 0.02, 66.48 and 13.82 per cent and GA of
0.37, 0.0003, 1.33 and 0.22 were estimated at E1, E2, E3 and E4,

respectively.

4.2.2.5 Length of the primary branches (cm)

Heritability and GA of 0.019, 9.554, 21.18 and 0.24 per cent;

0.001, 0.41, 1.38 and 0.01 were estimated at El, E2, E3 and E4

respectively (Table 14).
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4.2.2.6 Number of secondary branches

Number of observations were very limited and therefore heritability

and GA were not estimated.
4.2.2.7 Length of the secondary branches (cm)

Number of observations were very limited and therefore heritability

and GA were not estimated.
4.2.2.8 Number of nodes on main stem

The estimates of heritability were 12.28, 27.00, 2.82 and 26.29 per
cent, GA were 0.35, 1.07, 0.08 and 0.83 at El1, E2, E3 and E4,

respectively for this trait {Table 14).
4.2.2.9 Length of the cotyledonary branches (cm)

For the length of the cotyledonary branches the heritability of
26.50, 23.93, 10.42 and 24.29 per cent, GA of 2.66, 2.51, 0.83 and 2.19

at E1, E2, E3 and E4, respectively were estimated.
4.2.2.10 Number of nodes on cotyledonary branches

At four different environments the heritability estimates were 9.77,

11.94, 5.71 and 13.50 per cent, with GA of 0.69, 0.81, 0.32 and 0.90 at

E1l, E2, E3 and E4, respectively.
4.2.2.11 Total number of pods per plant

For this trait the heritability of 32.40 (E1), 26.46 (E2), 87.29 (E3)
and 25.33 (E4) per cent, GA of 3.22 (E1), 2.63 (E2), 8.86 (E3) and 2.12

(E4) were estimated (Table 14).
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4.2.2.12 Number of mature pods per plant

Mature pods number per plant exhibited heritability of 33.77 (E1),
29.03 (E2), 76.49 (E3) and 18.71 per cent at (E4), with GA of 2.92 (E1),
2.33 (E2), 6.11 (E3) and 1.32 (E4).

4.2.2.13 Number of pegs per plant

The heritability and GA estimated for number of pegs per plant
were 41.52, 29.65, 89.64 and 23.26 per cent; 4.74, 3.45, 10.64 and 2.26
at E1, E2, E3 and E4, respezctively (Table 14).

4.2.2.14 Pod length (cm)

For pod length the heritability estimates were 535.85, 72.98, 44.64
and 67.16 per cent at E1, E2, E3 and E4, respectively, GA of 0.31 (E1),
0.41 (E2), 0.24 (E3) and 0.38 (E4) were estimated.

4.2.2.15 Pod width (cm)

The estimates of heritability were 4.77, 47.94, 73.05 and 53.42 per
cent at E1, E2, E3 and E4, respectively,. GA were 0.0007 (E1), 0.08 (E2),
0.13 (E3) and 0.09 (E4), for pod width.

4.2.2.16 Shelling percentage (%)

Heritability of 17.18, 22.63, 49.57 and 27.22 per cent, GA of 2.53,
2.82, 7.16 and 3.48 were observed at E1l, E2, E3 and E4 for shelling

percentage.

4.2.2.17 Hundred seed weight (g)

The heritability estimates were 18.17, 58.57, 45.37 and 16.53 per
cent at E1, E2, E3 and E4-, respectively, GA were 1.93 (E1), 6.59 (E2),

5.79 (E3) and 1.42 (E4) for 100-seed weight (Table 14).



4.2.2.18 Seed length (cm) 59

In seed length the heritability estimates were 26.08, 25.80, 48.11

and 31.84, while the GA values were 0.06, 0.05, 0.12 and 0.06 at E1, E2,

E3 and E4, respectively.
4.2.2.19 Seed width (cm)

The seed width had heritability estimates of 48.93, 69.85, 34.50
and 40.12 per cent at E1, E2, E3 and E4, respectively, GA of 0.06 (E1),

0.09 (E2), 0.038 (E3) and 0.05 (E4).
4.2.2.20 Days to initiation of flowering

In this trait the heritability and GA estimates were different at four
environments having values 61.21, 15.80, 88.03 and 0.019 per cent at

El, E2, E3 and E4, respectively, and 2.27 (E1), 0.48 (E2), 4.15 (E3) and

0.006 (E4), respectively (Table 14).
4.2.2.21 Days to cessation of flowering

This trait showed heritability of 84.19, 82.78, 85.13 and 86.28 per
cent, while the values of GA were 20.64, 17.75, 22.34 and 18.81 at E1,

E2, E3 and E4, respectively.
4.2.2.22 Days to maturity

The davs to maturity: had heritability of 82.33, 79.46, 83.02 and
82.31 per cent, GA of 15.44, 15.16, 15.34 and 16.35 at E1, E2, E3 and

E4, respectively.
4.2.2.23 Pod yield per plant (g)

Pod yield per plant had heritability of 26.32, 93.60, 25.67 and

20.07 per cent, GA of 1.75, 0.48, 1.39 and 1.03 at E1, E2, E3 and E4,

respectively.
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4.2.2.24 0Oil content (%)

Oil content was estimated through NMR in two post rainy
environments (E2 and E4) in which heritability estimates of 56.01 (E2).

56.01 (E4) with GA of 2.14 (E2) and 2.04 (E4) were made (Table 14).

4.2.3 Correlation studies -

Association of various vegetative and reproductive traits at four
different environments were estimated. The results are presented in

Table 15. The correlation coefficient with r > +0.4 are presented below.

4.2.3.1 Leaflet length (cm)

A significant correlation of leaflet length with 18 traits at E1, 16
traits at E2, 20 traits at E3 and 19 traits at E4 were observed. A strong
negative association with LPB (-0.412), SLN (-0.450) at E1, with NNCB
(-0.423), SLN (-0.480), DIF (-0.590), PYP (-0.401) at E3 and with SLN
(-0.401) at E4 was observéd, while a positive association with LWD
(0.629), DCF (0.44), DM (0.434) at E1, LWD, (0.755) at E2, LWD (0.814),

DCF (0.496) and DM (0.461) at E3 and LWD (0.673) at E4 was noticed.

4.2.3.2 Leaflet width (cm)

At four different environments this trait was significantly correlated
with 18, 16, 20 and 18 traits at E1, E2, E3 and E4, respectively. Strong
positive association with LLN (0.629) at E1, LLN (0.755), DCF (0.450), DM
(0.461) at E2, with LLN (0.814), DCF (0.536), DM (0.(0.522) at E3 and
with LLN (0.673), at E4 was observed. A strong negative association with

SLN (-0.484) and DIF (-0.598) at E3 was observed (Table 153).
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4.2.3.3 Plant height (cm) 79

Signiiicant association with 13 traits at E1l, nine at E2, 14 at E3
and 12 traits at E4 were observed for plant height. Plant height had a
strong association with NNMS (0.560), LLB (0.456) at E1 with NNMS

(0.479) at E2, with NNMS (0.555) and LCB (0.507) at E3, and with NNMS

(0.440) at E4.
4.2.3.4 Number of primary branches

For tais, 18 traits at E1, 10 traits at E2, 17 at E3 and 17 at E4
were found significantly associated. At E1, LPB (0.412), DIF (0.412), DCF
(-0.433) and DM (-0.429) ‘were found to be strongly associated with

number of primary branches per plant (Table 13).
4.2.3.5 Length of the primary branches (cm)

This trait exhibited significant association with 18 traits at E1, one
at E2, 19 at E3, and 16 traits at E4, respectively. The length of the
primary branch was strongly associated with NNCB (0.481), PWD (0.419),

SLN (0.483), LLN (-0.412), DCF (-0.551) and DM (-0.559) at E1.
4.2.3.6 Number of nodes on main stem

It was significantly associated with nine traits at E1, eight at E2,
15 at E3 and 10 traits at E4. At E1, plant height (0.560) and LCB (0.402),
at E2 PLHT (0.479), at E3 and E4 PLHT (0.555 and 0.440) were found to

be strongly associated with number of nodes on main stem.

4.2.3.7 Length of the cotyledonary branches

{t was significantly correlated with 14, 15, 20 and 16 traits at E1,
E2, E3 and E4, respectively. The PLHT (0.456), NNMS (0.402), NNCB
(0.732) at E1; NNCB (0.69) at E2. At E3 PLHT (0.507), NNCB (0.764),
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DCF (-0.580) and DM (-0.544) were strongly assoctated with length of the

cotyledonary branches, while at E4 NNCB (0.736) had strong association

with this trait (Table 13).
4.2.3.8 Number of nodes on cotyledonary branches

This trait had significant association with 19 traits at E1, 16 at E2,
20 at E3 and 19 at E4. The different traits viz., LPB (0.481), LCB (0.732),
SLN (0.402}, DCF (-0.499) and DM (-0.503) at E1, LCB at E2 (0.690), LCB
(0.764), TNP (0.401), SLN (0.447), LLN (-0.423), DCF (-0.593), DM (-
0.541) at E3 and PYP (0.411) at E4 LCB (0.736) were strongly associated

with number of nodes on cotyledonary branches.
4.2.3.9 Total number of pods per plant

This trait exhibited a significant association with 16, 14, 15 and 13
traits at E1, E2, E3 and E4, respectivelv. At E1, NMP (0.957), NPP
(0.970), at E2 NMP (0.94), NPP (0.93), at E3 NNCB (0.401), NMP (0.91),
NPP (0.915), PYP (0.450) and at E4 NMP (0.919) and NPP (0.954) were

strongly associated with total number of pods per plant.

4.2.3.10 Number of mature pods

Mature pods number was significantly correlated with 17 traits at
El, 14 traits at E2, 17 at E3 and 13 traits at E4, respectively. This trait
had strong positive association with TNP (0.957), NPP (0.94) at E1. TNP
(0.940) and NPP (0.893) at E2; TNP (0.90), NPP (0.871) and PYP (0.417) at
E3 and TNP (0.919) and NPP (0.902) at E4.

4.2.3.11 Total number of pegs per plant

Total number of pegs per plant had significant association with 17
(E1), 11 (E2), 16 (E3) and 12 (E4) traits. At E1, TNP (0.97), NMP (0.94), at
E2 TNP (0.93), NMP (0.893), at E3 TNP (0.913), NMP (0.831§, DIF (0.406)



17
and PYP (0.481) and at E4 TNP (0.954) and NMP (0.902) were strongly

associated (Table 15).
4.2.3.12 Pod length (cm)

The pod length had significant relationship with other traits, with
14 at E1, 12 at E2, 16 at E3 and 14 traits at E4. PWD (0.615), SLN
(0.552), DCF (-0.499) and DM (-0.452) at El1, PWD (0.595) and SLN
(0.460) at E2, PWD (0.692), SLN (0.635), DCF (-0.508) and DM (-0.466)
at E3 and PWD (0.477), SLN (0.481) and DM (-0.410) at E4 was found to

be strongly associated with pod length.
4.2.3.13 Pod width (cm)

Pod width was significantly correlated with 14 at E1, 14 traits each
at E1 and E2, 16 at E3, and 13 traits at E4. At E1 LPB (0.419), PLN
(0.615), SLN (0.602), DCF (-0.531), DM (-0.506), at E2 PLN (0.595), SLN
(0.419), DCF (-0.413) and DM (-0.431), at E3 PLN (0.692), SLN (0.599),
SWD (0.476), DCF (-0.468) and DM (-0.461) and at E4 PLN (0.477) found

to have strong association with pod width.
4.2.3.14 Shelling percentage (%)

Significant association with six, one, 20 and two traits at E1, E2,
E3 and E4, respectively was observed. But only at E3 few traits showed

strong assoclation.

4.2.3.15 Seed length (cm)

Seventeen traits at E1, fifteen at E2, 18 at E3 and 20 at E4 were
significantly correlated with:seed length. Among those LPB (0.487), NNCB

(0.420), PLN (0.552), PWD (0.602), DIF (0.454), SWD (0.415), LLN (-
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0.450), DCF (-0.582) and DM (-0.559) at E1; PLN (0.460), PWD (0.419),

SWD (0.418) at E2, NNCB (0.447), PLN (0.635), PWD (0.599), SWD
(0.486), LLN (-0.480), LWD (-0.484), DIF (0.493), DCF (-0.625), DM (-
0.587) and PYP (0.464) at. E3 and PLN (0.481), SWD (0.436), LLN (-
0.401), DCF (-0.456) and DM (-0.494) at E4 were found to have strong

association with seed length (Table 15).

4.2.3.16 Seed width {cm)

This trait was significantly correlated with 15 traits at E1, seven at
E2, 17 at E3 and 16 traits at E4. However among these SLN (0.415), E1,
SLN (0.418) at E2, PWD (0.476), SLN (0.486), SDWT (0.424), DCF (-0.448)
and DM (-0.419) at E3 and SLN (0.436) at E4 had significant correlation

with seed width.
4.2.3.17 Hundred seed weight (g)

Among different traits 17 at E1, 15 at E2, 20 at E3 and 17 at E4
were significantly associated while few traits DM (-0.424) at E2, SWD

(0.424), DCF (-0.401), DM (-0.402) at E3 were strongly associated with

100-seed wetight.

4.2.3.18 Days to initiation of flowering

Nineteen traits at E1, five at E2, 20 at E3 and 10 traits at E4 were
found to have significant correlation with days to initiation of flowering.
At E1 NPB (0.412), SLN (0.434), LLN (0.437), at E3 NPP (0.406), SLN
(0.493), PYP (0.447), LLN (-0.590), LWD (-0.598), DCF (-0.479) and DM (-

0.446) had strong correlation with this trait (Table 15).

4.2.3.19 Days to cessation of flowering

At four different environments, 18 at E1, 13 at E2, 20 at E3 and 16

at E4 had significant correlation with days to cessation of flowering. At
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E1 LLN (0.440), NPB (-0.433), LPB (-0.551), NNCB (-0.499), PLN (-0.499),
PWD (-0.531), SLN (-0.582) and DM (0.957), at E2 LWD (0.450), DM
(0.905) and PWD (-0.413), at E3 LLN (0.496), LWD (0.536), LCB (-0.380),
NNCB (0.393), PLN (-0.508), PWD (-0.468), SLN (-0.625), SWD (-0.448),
DM (0.932), SDWT (-0.401), DIF (-0.479) and PYP (-0.437) were found to

be stronglv correlated with days to cessation of flowering while at E4 DM

(0.927) and SLN (-0.456) were strongly associated.
4.2.3.20 Days to maturity:

This trait had significant association was found with 18, 15, 20
and 15 traits at E1, E2, E3 and E4, respectively. At E1 LLN (0.434), DCF
(0.957), NPB (-0.429}, NNCB (-0.503), LPB (-0.539), PLN (-0.452), PWD
(-0.506) and SLN (-0.559), at E2 LWD (0.461), DCF (0.905), PWD
(-0.431) and SDWT (0.424) were the traits which showed strong
correlations. Similarly, at E3 LLN (0.461), LWD (0.522), LCB (-0.544),
NNCB (-0.541), PLN (-0.466), PWD (-0.461), SLN (-0.587), SWD (-0.419),
SDWT (-0.402), DIF (-0.446), DCF (0.932) and PYP (-0.404) and at E4
DCF (0.927), PLN (-0.410) énd SLN (-0.494) had strong correlation with

days to maturity (Table 15).

4.2.3.21 Pod yield per plant (g)

There were 19, nine, 18 and 16 traits at El, E2, E3 and E4,
respectively, which were significantly associated with pod yield per plant.
At E3 TNP (0.450), NNCB (0.411), NMP (0.417), NPP (0.481), SLN (0.464),
DIF (0.447), LLN {(-0.401) and DM (-0.404) had strong association for pod

vield per plant.
4.2.3.22 Oil content (%)

Eight and ten traits at E2 and E4 exhibited significant correlation,

however none of these traits showed strong correlation with oil content.



80

4.3 Diversity estimation

Diversity was estimated by Shano-Weaver diversity indices (H)
which was estimated for each of the botanical varieties at all four
environments (Table 16). The diversitv was also estimated following
Johns et al. (1997) and the mean, minimum and maximum diversity were
estimated in each environment and the accession displaying minimum

and maximum diversity were found (Table 17).

The levels of mean diversity over four environments were 0.511
$0.25, 0.581+0.012 and 0.587+0.013 for fastigiata, hypogaea and
vulgaris, respectively. There was not much difference in the diversity of

three botanical varieties.

The mean diversity of different traits for different botanical varieties
revealed that almost all the traits showed nonsignificant differences
except days to cessation of flowering and days to maturity. While, the
levels of diversity were 0.188, 0.391 and 0.452 for days to maturity In
fastigiata, hypogaea and wvulgans, respectively. Days to cessation of
flowering had low level of mean diversity (0.277) in fastigiata when

compared to other two botanical varieties (0.507 in hypogaea and 0.450

in vulgaris).

The diversity for different traits in the same botanical variety at
four different environments revealed that, in fastigiata, for traits LWD
(0.498), LCB (0.488), NMP (0.413), NPP (0.481) and PLN (0.490) at E3, for
DIF at E2 (0.481) and E3 (0.430) moderate level of diversity was
observed. While, low diversity of 0.237, 0.237, 0.443 and 0.194 at E1,
E2, E3 and E4 were recorded for DCF. Similarly, for DM a low H of 0.194
(E1), 0.173 (E2), 0.194 (E3) Vand 0.194 (E4) for DM were noticed. The PYP
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exhibited moderate level of H’ at E4 (0.484) and at E3 (0.396). All other

traits showed higher level of H’ in the botanical variety fastigiata.

In hypogaea DCF (0.492) and DM (0.419) exhibited moderate level
of diversity at E4, DM at E1 (0.383), E2 (0.364) and at E3 (0.398) showed

comparatively less diversity. All other traits had high H’ in the botanical

variety hypogaea.

In vulgaris DCF at E1 (0.418) and E2 (0.487), DM at E1 (0.482) and
at E3 (0.478) showed moderate level of H’. Comparatively low H’ of 0.364
(E3) and 0.348 (E2) were observed for DCF and DM, respectively all other

traits exhibited high level of diversity.

Mean, minimum and maximum diversities were also estimated
using Johns et al. (1997) botanical varieties-wise (Table 17), for fastigiata
at E1 the mean diversity of 0.315 was observed. The minimum diversity
of 0.143 between accessions ICG 29 and ICG 6205 and maximum
diversity of 0.599 between ICG 380 and ICG 9503 was observed. At E2
the estimates of mean, minimum and maximum diversity were 0.2858,
0.1326 and 0.4488, respectively. While, minimum diversity was between
ICG 7223 and ICG 8360, the maximum diversity was between ICG 9114
and ICG 9503. At E3 0.3192 (Mean), 0.1476 (min) and 0.5443 (Max|
diversity were observed. The accessions involved were ICG 13902 and
ICG 9144 for minimum and ICG 3148 and ICG 9503 and for maximum
diversity. The diversity values at E4 0.3035 (mean), 0.1376 (min) and
0.4868 (max) and the accessions involved were ICG 29 and ICG 57 for

minimum, ICG 13648 and ICG 5238 for maximum.

In hypogaea mean diversity of 0.1994, 0.1937, 0.1862 and 0.1911

were recorded at E1, E2, E3 and E4 respectively. The minimum diversity
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between ICG 5351 and ICG 5880 (0.0507) at E1, between ICG 11428 and
ICG 11436 at E2 (0.0638), between ICG 12209 and ICG 12350 at E3
(0.0439), between ICG 12873 and ICG 13130 (0.0583) at E4 were
recorded while the maximum diversity was 0.0507 between ICG 10171
and ICG 521 at El, 0.41: (ICG-3145 and ICG-4798) at E2, 0.4291
(ICG-10171 and ICG-10413) at E3, and 0.4638 (ICG-15126 and

ICG-4906) at E4.

In wvulgaris mean diversity estimates were 0.1798, 0.1963, 0.1918
and 0.1916 at E1, E2, E3 and E4 respectively, minimum diversity 0.0568
(ICG 12869 and ICG 7037) at E1 and 0.055 (ICG 14807 and ICG 8682) at
E2, 0.0553 (ICG 5833 and ICG 7836) at E3 and 0.0599 (ICG 8351 and

ICG 8657) at E4 were observed.

While maximum diversities were observed between ICG 13370 and
ICG 7713 at E1 (0.4231), between ICG13112 and ICG 7327 at E2
(0.4356), between ICG 13570 and ICG-9973 at E3 (0.4340) and between

the accessions ICG 121 and ICG 14161 (0.3923) at E4.




Disciission



V. DISCUSSION

The main aim of plant breeding programme is to improve the plant
traits for agronomic and economic value. However, these important
quantitative traits are under polygenic control and display a great variety
of genotype x environment interaction. The knowledge about nature and
extent of variability present in the germplasm accessions Is important in
planning a sound breeding strategy. In addition to this, information on
various genetic parameters, association between traits will provided
strong insight into control of those traits. The collection of germplasm
from diverse eco-geographic regions and its evaluation under local
conditions is pre-requisite to identify the superior sources for various

traits and for its efficient and effective utilization.

Therefore, in the present study an attempt has been made to
characterize the Asian core collection of groundnut comprising of 504
accessions. The results of the experiment are discussed In this chapter
under different headings as follows.

5.1 Frequency distribution

5.2 Variability and related cpmponents
5.3 Genetic parameters |

5.4 Correlation coefficients and

5.5 Diversity estimation.

5.1 Frequency distribution

The results of the frequency of different morphological descriptors

are presented in Table Sb.
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Growth habits and branching patterns forms the basis for the
classification of groundnut. Gibbons et al (1972) classified the
groundnuts on this basis, subsp. hypogaea had alternate branching
pattern with erect or prostrate growth habit. While, subsp. fastigiata 1s
erect in habit with sequential branching pattern, Jacquot (1962) and
Maeda (1964) aiter investigating association of floral traits with varietal
differences concluded that vegetative and fruit characters appear to be
more useful characters than floral characters in the classification of
groundnut. Bunting (1955) and Gregory (1951) accepted branching
pattern as the basis of classification. The different growth habits and
branching patterns were reported by different scientists like irregular
type of branching in the subsp. pintoi (Brigitte et al., 1993). Decumbent
type of growth habit, sequential and alternate branching pattern were
noticed in the accessions of subsp. fastigiata and hypogaea, respectively
(Esquivel et al., 1993). In the present investigation six type of growth
habits were observed. All fastigiata and 35.57 per cent of wvulgans
accessions had erect tvpe of growth habit, decumbent-1 (60.8%) and
decumbent-2 (25.69%) were observed in the hypogaea accessions and
other growth habits were decumbent-2, procumbent-1 and decumbent-3.
Almost all the above mentioned growth habits were also noticed by
Chandran and Pandya (2000) and bv Upadhyaya et al. (2001). With
respect to branching pattern alternate and sequential types were
observed in the core collection. Sequential type in all fastigiata and in
97.5 per cent of vulgaris aécessions, alternate type in 100.0 per cent of
hypogaea accessions indicating predominance of alternate and sequential
type branching pattern in the collection. The above result is in

confirmation with report made by Esquivel et al. (1993).
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The | presence of stem colour and hairs are important
characteristics as descriptors for groundnut varieties. But both of these
traits are highly variable. Colour of the stem varies with the presence or
absence and intensity of pigments in the stem tissue, which is highly
influenced by the environment particularly exposure to the sunlight. So
recording of the typical colours becomes almost impossible, as a result
stem colour is recorded as present or absent. In the current investigation
stem colour was absent in the maximum number of accessions {229
hypogaea and 239 wvulgaris) while, presence of colour in all fastigiata
accessions (29) indicating absence of stem colour as a major option in
this core collection. Similar results were obtained by Upadhyaya et al
(2001) and also similar results with respect to presence of stem
pigmentation in fastigiata, absence of pigmentation in vulgaris and a
contrary result on absence of stem colour in hypogaea were obtained by

Bhagat et al. (1985).

Number and length of the stem hairs and number of rows are also
highly variable and even its distribution also varies, which is cultivar
dependent, least influenced by the environment. In the present study
subglabrous type with one or two rows of hairs were observed to the
maximum extent in all the three botanical varieties, 75.8 per cent in
fastigiata, 94.98 per cent in hypogaea and 94.42 per cent in vulgaris
followed bv moderately hairy with three or four rows of hairs. Similar
result of subglabrous to moderately hairy were obtained bv Brigett et al.

(1993).

Leaf characters are important in the sub specific classification of
groundnut. These leaf characters are however, highly variable. Variation

in shape. size and hairiness between leaflets of the different plants of
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same varietv and even of the same plant is as great as any variation
which mayv appear between the plants of different varieties (Bunting,
1972). In our study light green and green colour was noticed almost in
equal proportions. All fastigiata and 232 accessions of vulgaris showed
light green and 226 accessidns of hypogaea exhibited green colour. In our
results light green colour noticed in subsp. fastigiata is in confirmation
with Gibbons et al. (1972) and Mital and Mehta (1951) and contrary to

the leaf colour of green in subsp. hypogaea.

Almost glabrous type of leaf surface and elliptic leaf shape in all the
three botanical varieties and in one accession of hypogaea lanceoloate
tvpe was noticed. Similar results with respect to leaf surface were
reported by Chandran and Pandya (2000). Varisai Muhammad et al
(1973) observed various ty:pes of leaflet shapes like oblong elliptic to
obovate. As the leaf characters are highly variable different results were

reported by the different scientists even in the same material.

Flower colour is one of the distinct feature of the different species
of the groundnut. In the present study to an extent of 100 per cent flower
colour was orange in all the accessions. Whereas, a number of flower
colours were observed by Upadhyaya et al. {2001} in the world collection
of groundnut. Like garnet, lemon yellow, light orange, orange, dark

orange and yellow

Peg colour 1s highly influenced by the environment and it is
culuvar dependent, various grades of colour and differential expression
occur on the same plant depending on the exposure to light. So peg
colour was recorded as just presence or absence of colour. A large

number of accessions in the Asian core collection showed presence of
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colour (29FST, 228 HYPO and 245 VUL). Only 2 accessions of hypogaea

showed absence of peg colour. Similar results were observed in the study

of Bhagat et al. (1985).

The pods and seeds are important traits used in the classification
of groundnuts (Gibbons et al, 1972 and Bunting and Smartt, 1972).
Morphology of pods and seeds have agronomic importance since
moderate or prominent pod characters like constriction and reticulation
may lead to higher pod lo:ss during harvest due to adherence of soil
particles. This will also affect the marketability of the pods. Among the

seed colours, lighter colours are preferred in the confectionery markets.

In groundnut the tip of the indehescent fruit may end in an
appearance called beak. The prominence of beak varies in the different
varieties. In the Asian core collection studied moderate (11 FST,
113HYPO and 100 VUL) and slight (18FST, 95 HYPO and 123 VUL) beak
were observed. While pod constriction is an interesting characteristic as
it affects the developing seed. Non constricted pods generally have seeds
with flattened ends and are in contact with other ends in the pod, which
may result in the damage to the embryo (Coffelt and Hammons, 1974).
Such seeds tend to split during shelling, on the other hand pod with deep
constrictions may also break due to adherence of more soil particles.
Most of the commercial cultivars have slight to moderate constriction
between the seeds. In the present investigation slight constriction in 29,
204 and 50 accessions of fastigiata, hypogaea and vulgaris was observed,
followed by moderate constriction in 22 accessions of hypogaea and 190

accessions of vulgaris.

Reticulation on the pods is a prominent characteristic. In general

most of the groundnut cultivars exhibit reticulation to different degrees.
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Reticulation also contributes to the cleanness of pods at the time of
harvest and have a impact on quality and marketability. In our
investigation moderate reticulation was observed in nine fastigiata, 210

hypogaea and 210 accessions of vulgaris and slight reticulation in 18

fastigiata accessions.

Similar results were noticed by Bhagat et al. (1985) for all the
above mentioned pod characters. While, slight type for all the three pod

characters to the maximum extent was reported by Rajgopal et al. (1997).

Number of seeds may vary from one to five, single seeded pods may
occur in almost all cultivars but single seededness is not cultivar specific
(Bunting, 1955). While, Seshadri (1982) argued that the number of seeds
1s basically a cultivar depeﬁdent. Though it is influenced by season and
other factors. Varisai Muhammad et al. (1973a) reported three or four
seeded pods common in var fastigiata than in var vulgaris and var
hypogaea. Similarly, in the present study 3-2-1/3-1-2 seeded pods were
observed only in fastigiata, 2-3-1/2-1-3 seeded pods in 113 accessions of
hypogaea followed by two or one seeded pods to the maximum extent in
242 accessions of wvulgaris and 112 accessions of hypogaea. Similar
result of two seeded pods followed by three or four seeded pods have

reported by Esquivel et al. (1993).

In the present core collection study tan colour predominated being
present in four fastigiata, 200 hypogaea and 224 wvulgaris accessions
followed by red and dark red. Predominant rose colour followed by red
and dark purple was reported by Bhagat et al. (1985), Darkpurple and

various other colours were reported by Upadhyaya et al. (2001).
5.2 Variability and related components

Estimated variance component gives an idea about the variability

available for a trait. In the present study DM, DCF, DIF and DM at El,
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PLN, DCF, DM and LPB at E2, DM and DCF at E3, PLN, SWD, SDWT,
DCF and DM at E4 showed highlv significant variance component
indicating availability of genetic variability in the core collection for these
traits. Variance for both DM and DCF was highly significant in all four
environments indicating that it can be effectively used to develop varieties

with different days of maturity at different locations.

In the combined analysis entries (genotypes) significant for more
traits except NSB and LSB. Interaction of entry with season was
significant for 13 traits, and with location for 15 traits. Similarly in three
factor interactions also entry was involved in more number of traits
indicating it as an important source of variability and also its role in

interactions.

In the botanical varieties wise analysis entry, except SEA X LOC
and SEA X BOT all other two factors interactions and all three and four
factors interactions found significant for maximum number of traits.
From this it can be concluded that botanical variety alone is not a source
of variation. But its interaction with entrv and other factor is the main

source of variation.

Comparison of means, variance and median for different traits
indicated that, instances of significance were observed in more number of
traits, at four different environments, botanical varieties wise and across
the botanical varieties. This revealed differential performance of the core
collection entries at differerﬁ environments which strengthened the view
that core collection should be subjected to multi location evaluation to

identify the accessions with desirable traits.
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Wide range for all the traits among the germplasm accessions both
within and between varieties was observed indicating availabilityv of wide
variabilitv (Table ). This wide variability enables the breeder in the
picking up of the genotypes for desirable traits for their inclusion in the
breeding programme. Among different environments 10 traits at E1, four
traits at E2, five traits at E3 and four traits at E4 showed highest range.
Botanical varieties wise, in fastigiata, seven traits at E1, three traits at
E2, six traits at E3 and E4 exhibited wider range, for hypogaea 10 traits
at E1, six traits E2, two tréits at E3 and five traits E4 showed highest
range and four traits at El,:nine traits at E2, 12 traits at E2, 12 traits at
E3 showed highest range and no traits at E4 in the botanical variety
vulgaris. While, across the botanical varieties 23 traits in hypogaea and
two traits 1n wvulgans exhibited highest range indicating availability of
variation both within as well as between varieties. The differential
performance of the accessions at different environments is expected as all
these characters are quantitative in nature means controlled by

polygenes and are affected by the environment to a greater extent.

In the present investigation rainy season and Raichur location (E1)
favoured almost all the traits. Botanical varieties-wise fastigiata
performed well at E1 and E4, hypogaea performed well at three
environments (except at E3) and vulgaris performed poorly at E4 than in
other environments. Among the botanical varieties hypogaea performed
well indicating that this group has genes which perform well even under

poor environmental conditions.

In earlier studies also wider ranges have been reported for 14 traits
by Bhagat et al. (1984}, for eight traits by Vaddoria and Patel (1990), for

10 traits by Swamy Rao et al. (1988). for seven traits by Pathirana (1993),
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for 100 seed weight and shelling percentage by Natarajan et al. (1978)

and for seven traits in both rainy and post rainy scasons by Harch et al.

(1997).

The coefficient of variation gives an idea about amount of
variability available for a trait in relation to its mean. In the present study
highest CV was recorded for traits like LPB (60.46%), NSB (67.28%), NMP
(42.99%) at E1, for traits NPB (57.67%), LSB (45.49%), PYP (61.30%) at
E3 highest CV were recorded. The desirable genotypes can be selected for
these traits. Moderate CV for SDWT (22.06%), NPP (36.88%), TNP
(38.24%), NNCB (21.88%), LCB (24.41%) and PLHT (25.78%) at E3. For

other traits low CV was observed.

Botanical varieties wise two traits PYP (58.30%) and LPB (72.90%)
at E3, NMP (47.23%) and NPB (60.88%) at E1 and E4 exhibited high CV.
Moderate CV of 27.72, 27.67 and 34.73 per cent at E3 were recorded for
PLHT, LCB and TNP, respectively. SDWT (24.26%) at El showed

moderate CV and all other traits were low in CV at different environments

for the botanical variety fastigiata.

In hypogaea three traits NPB (43.07), NMP 944.34) and PYP (47.18)
at E3 and LPB (45.76%) at E4 exhibited high CV while PLHT (21.77%),
TNP (36.06%), SDWT (20.98%) at E3 displayed moderate CV. Low CV

were recorded for other traits.

The highest CV values were noticed for LPB (60.88), NPB (71.24)
and PYP (50.50%) at E1, E3 and E4, moderate CV for PLHT (22.19%),
LCB (21.50%), NNCB (20.49%), SDWT (21.20%) at E3, respectively in the
botanical variety vulgaris. In the botanical variety comparison for NMP

(46.2) in hypogaea. For NPB (56.40%), LPB (55.08%) and NSB (20.80%)
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highest CV were observed in vulgaris. PLHT (24.11%), NNMS (22.59%),
TNP (38.75%), NPP (37.55%) and SDWT (20.98%) showed moderate CV in
fastigiata. The results indicated that for NPB, LPB, NSB, NMP and PYP
highest CV were observed at all the environments and even in individual
botanical varieties at different environments as well. So selection can be
practiced to improve these traits at different environments. The
comparison of results of the present investigation with earlier works, it
was found that high CV were reported by Swamy Rao et al (1988) for
NMP, NPP and NPB WhiCh> is similar to the present investigation and
moderate for PLHT, NNCB, LWD, high CV for LCB, PLN, PWD and
moderate CV for LLN, LWD, PLHT, NNCB were reported by Chandran
and Pandya (2000). A similar result of moderate to low CV for SDWT and
low CV for SH was noticed by Natarajan et al. (1978). For most of the
characters moderate to low CV were reported by Esquivel et al. (1993).
While, wider variation even in relatively smaller collection has been
reported for yield and yield related components (Chauhan and Shukla,

1985, Velu and Gopalkrishnan, 1985, Deshmukh et al., 1986).

5.3 Genetic parameters

Eventhough coefficient variation gives an idea about amount of
variability, it does not give true picture about the extent of inheritance of
the character. Heritability estimates by separating out the environmental
influence from the total variability, indicates accuracy with which a
genotype can be assessed by its phenotypic performance. Thus
permitting greater effectiveness of phenotypic selection however, its use
would be limited as it is influenced to a great extent by environment and
genotypes included. The estimation of heritability has a greater role to
play in determining the effectiveness of selection of a character provided
it 1s considered in conjunction with the predicted genetic advance as

suggested by Johnson et al. (1955).
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In the present investigation highest heritabilitv was recorded for
the traits NPB (66.48%), TNP (81.29%), NPP (89.64%), PWD (73.05%),
DIF (88.03%) at E3, for PLN (72.98%), PWD (69.85%), PYP (88.07) at E2.
But for DCF and DM at all four environments highest heritability was
noticed indicating least influence of the environment on the inheritance
of the above traits. Moderate heritability for PLN, SH, SDWT, SLN at E3,
LLN at E1 and E2, except at E3 for LWD, at E4 for SWD and at two post
rainy season environment for oil content were noticed. For other traits
heritability estimates were low at different environments. The genetic
advance except for DM and DCF at all four environments and NPP at E3
all other traits showed low genetic advance. A similar result of high
heritability for NPB by Swamy Rao et al. (1988), for PYP by Dixit et al.
(1971), for NMP, NPP, PYP by Vaddoria and Patel (1990) were observed. A
low genetic advance observed in the present study is similar to the report
made by Lakshmaiah (1978) for most of the traits. High genetic advance
for DM, NPP were noticed by Vaddoria and Patel (1990), for NPP and OIL
high GA, for PLHT, NPB, SH and SDWT moderate GA were noticed by

Swamy Rao et al. (1988).

A reliable value of heritability along with high CV and GA offers the
most effective condition for selection. Results of the present study
indicated that selection for DCF, NMP and NPP at E3 and for PYP and

SDWT at E2 could be effective in improving the vield.

5.4 Correlation studies

The yield in a plant 1s the sum of effects of several yield related
component characters and environment. For a rational approach towards

the improvement of yield, selection has to be made for the components of
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vield. Thus, this assumes a special importance as the basis for selecting
desired genotypes. Correlation co-efficient helps the breeder In
determining relative importance of yield components for indirect selection

for yield.

In the present study the significant associations were observed at
all the four environments among different traits. But at E3 maximum
number of traits exhibited significant correlation with other traits
followed by E4, E1 and E2 respectively. LCB, LLN, LWD, NPB, NNCB,
TNP, NMP, NPP, PLN, PWD, SLN, SDWT, DCF and DM were significantly
correlated with more number of traits at all four environments followed
by PLHT, LPB, SWD, DIF, PX;P and NNMS and SH at E3 OIL at E1 and E3
exhibited significant association with maximum number of traits. Among
vield related components NMP, TNP and NPP at all four environments are

highly correlated with each other.

The proportion of variance in one trait that can be attributed to its
linear relationship with a second trait is indicated by the square of the
correlation co-efficient (Snedecor and Cochran, 1980). Considering the
above criterion, the correlation co-efficients with an absolute value
greater than 0.701 have been suggested to be as meaningful (Skinner et
al., 1999). So more than 50 per cent of the variation in one trait is
predicted by the other. In our study, we found severél such meaningful
relationship in the core collection studied (Table 18). Number of mature
pods and total number of pods (0.957, 0.940, 0.900 and 0.919), number
of pegs per plant and total number of pods (0.970, 0.930, 0.915 and
0.954), number of pegs per plant and number of mature pods (0.940,
0.893, 0.871 and 0.902), days to maturity and days to cessation of

flowering (0.957, 0.905, 0.932 and 0.927) at all four environments,
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Table 18 : Correlation co-efficients with values more than 0.701 between traits in the
core collection

Traits Correlation
co-ctticient
NNCB and LCB (El) 0.732
NNCB and LCB (E3) 0.764
NNCB and LCB (E4) 0.736
NMP and TNP (E1) 0.957
NMP and TNP (E2) - 0.940
NMP and TNP (E3) 0.900
NMP and TNP (E4) 0.919
NPP and TNP (E1) 0.970
NPP and TNP (E2) 0.930
NPP and TNP (E3) 0.915
NPP and TNP (E4) 0.934
NPP and NMP (E1) 0.940
NPP and NMP (E2) 0.893
NPP and NMP (E3) 0.871
NPP and NMP (E4) 0.902
DM and DCF (E1) 0.957
DM and DCF (E2) 0.905
DM and DCF (E3) 0.932
DM and DCF (E4) 0.927
LWD and LLN (E2) 0.775
LWD and LLN (E3) 0.952

E1 — Raichur rainy.,

E2 — Raichur post rainy.

E5 - Kawadimatti rainy.

E4 — Kawadimatti post rainv
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number of nodes on cotyledonarv branches and length of the
cotyledonary branches (0.732, 0.764 and 0.736) at El, E2 and E4 and
leaflet length and leaflet width (0.775 and 0.814) at E2 and E3 exhibited
such meaningful relationship. So from this it can be concluded that to
improve vield it is better to go for selection of plant with more number of
pegs, more number of pods and mature pods. Since days to maturity
and days to cessation of flowering, number of nodes on cotyledonary
branches and length of the cotyledonary branches are strongly
associated. They can also be improved through selection based on the
requirements. Some of th:e earlier works have also reported similar
results. Positive association between pod yield and shelling percentage
(Kumar and Yadav, 1978}, pod yield with number of matured pods
(Kataria et al, 1984), leaflet length with yield (Swamy Rao et al., 1988),
height of the mainstem with length of the primary and secondary
branches (Rao, 1979; Vindhiyavarman and Raveendran, 1989 and
Balaiah et al, 1980), 100-seed weight and pod width (Coffelt and
Hammons, 1974). A positive association with r>0.701 between leaflet
length and leaflet width by Upadhyaya et al. (2000), pod yield with plant
height, yield by Lin et al (1969) with number of mature pods by
Bhargava et al. (1970), 100-seed weight with length of the lateral
branches by Sangha and Sandhu (1970) have also been reported. Badwal
and Singh (1973) found a negative correlation of number of mature pods
with 100-seed weight while, Lakshmaiah (1978) found this trait to be

negatively related with plant height.

5.5 Diversity estimation

Wider diversity in any crop porvides a first step to breeder for its

improvement. Crosses between groups with the maximum genetic
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divergence would be more responsive to improvement since they are
likely to produce desirable recombinations in their progenies estimates of
diversity would also help to chose parents for hybridization in order to
exploit heterosis in the cross pollinated crops and to select desirable

segregants in the self pollinated crops.

In the present study diversity was estimated by Shannon-Weaver
diversity index. A low diversity index indicates an extremely unbalanced
frequency and a lack of genetic diversity. A wider diversity was observed
for almost all the traits in the core collection as indicated by their mean
diversities but DM and DCF had low to moderate diversity. DCF had low
level of mean diversity in fastigiata when compared to hypogaea and
vulgaris. Except this all the traits had moderate to high diversity. The
mean diversities of different traits at four different environments were
similar in three botanical varieties (0.511£0.025 in fastigiata 0.581+0.012
in hypogaea and 0.887+0.013 in vulganis) indicating no difference in the
diversities of different traits among botanical varieties. However, within
the botanical varieties wider diversity was observed and can be exploited

in the crop improvement programs.

Wider diversity for number of mature pods, plant height, 100-seed
weight by Vinodkumar Reddy et al. (1984), for pod yield by Nadaf et al.
(1986), for days to flowering by Sigamani (1981), for pod yield, length of
the primary branch and number of pods bv Sandhu and Sangha (1974),
for 100-seed weight and pod number by Sangha (1971) were reported all

the above are similar to the present investigation.

The best accessiaons were identified for the vield attributes like pod
- yield, 100 seed weight, shelling percentage and oil content are presented

in Table 19.
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Superior accessions like, ICG 3148, ICG 116, ICG 3048, ICG
15126, for oil content, ICG 13942, ICG 6377, ICG 15015, ICG 10707,
ICG 3954, ICG 11197, ICG 13934, ICG 4453, ICG 7867, ICG 121, ICG
11328 shelling percentage, ICG 521, ICG 6996, ICG 15017, ICG 521, ICG
2918, ICG 9581, for seed weight, ICG 2990, ICG 2986, ICG 3048, ICG

13324 for early maturity were identified.

These accessions can be evaluated extensively to select parents for
hybridization. Some of the accessions with acceptable agronomic

characteristics can be released as cultivar.



-Summary



VI. SUMMARY

For any crop improvement program it is pre-requisite to maintain
the genetic variability to identify the desirable genotypes. The germplasm
collection are vast resources énd evaluation of the entire set of collection
is costly and nearly impossible. Considering this, Frankel (1984)
proposed the strategy of core collection. Upadhyaya et al (2001)
developed an Asia region core collection of groundnut consisting of 504
accessions. Since yield and yield related attributes display wide range of

interaction this core collection was evaluated at different environments in

Karnataka to identify desirable accessions.

In the present study core collection was evaluated during 2000
rainy and 2001 post rain;l at Raichur and Kawadimatti with the
objectives like characterization of core collection, identify the superior
accessions, study the genetic parameters, study the association and

assess the diversity in the core collection.

Characterization of groundnut core collection revealed that erect
tvpe followed by procumbent-1 and decumbent-2 growth habit, alternate
and sequential type of branching pattern, absence of stem pigmenrtation,
subglabrous with one or two rows of hairs on the stem, light green
followed by green leaf colour, almost glabrous type of leaf surface, elliptic
leaf shape, orange flower colour, presence of peg colour, 2-1 seeded pods
followed by 2-3-1/2-1-3, slight to moderate beak and constriction,

moderate reticulation, tan followed bv red seed colour dominated the

core collection.
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In the analysis of variance entry and its interaction was found
significant over more number of traits indicating entry as a source of
variation, mean, median and Leven’s tests were found significant
indicating differential performance of the accessions and availability of
wider variation and almost all the traits exhibited wider ranges. Co-
efficient of variations were high for NPB, NPP, NMP at all environments
and even botanical varieties wise, across the botanical variety hypogaea

exhibited high CV for most of the traits.

Heritability estimates were high for NPB, TNP, NPP, PWD, DIF,
PLN, SWD, PYP at different environments. While, for DM and DCF at all
environments. Genetic advances were low for almost all the traits except

DM and DCF and NPP at E3.

Association of different traits revealed that between most of the
traits significant correlation was observed. But between the traits NMP
and TNP, NPP and TNP, NPP and NMP, DM and DCF, NCB, and NNMS at
three environments (E1, E2 and E4) and between LLN and LWD at El

and E2 meaningful associations were observed having r >0.701.

Diversity estimation indicated that almost all the traits showed
moderate to high level of diversity except DCF and DM. DCF exhibited
low level of diversity in fastigiata when compared to hypogaea and
vulgaris. Comparison of mean diversities exhibited no difference between

the botanical varieties.

Superior accessions like, ICG 3148, ICG 116, ICG 3048, ICG

15126, for oil content, ICG 13942, ICG 6377, ICG 15015, ICG 10707,
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ICG 3954, ICG 11197, ICG 13934, ICG 4453, ICG 7867. ICG 121, ICG
11328 for shelling percentage ICG 521, ICG 6996, ICG 15017, ICG 521,
ICG 2918, ICG 9581 for seed weight, ICG 2990, ICG 2986, ICG 3048,

ICG 13324 for early maturity were identified.

From the current investigation on variability, heritability and
genetic advance, association and diversity, it could be inferred that no
germplasm accession had all the desirable characters. Howevér, different
germplasm accessions have been identified as promising for different
traits. A gene pool comprising of best accessions could be created to
utilise as a base population for breeding programmes to evolve superior

lines, varieties.
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Appendix

Details of the accessions in the Asian core collection of groundnut

SI.Ne.  [ICG BOTVAR [identity
1 972{HYR S 230
2 4{FST RS 6
3 29{FST RS 90
4 57|FST B 6/B
5 380(FST P1169294; NCAC 1002
6 1132{FST Small japan
7 1267|FST AH 7229
8 2007|FST AH 63
9 2243|FST AK 8-11
10 3148|FST Almel No.1
11 2738|FST Gangapuri
12 3443|FST Rajkot valencia
13 4725|FST Virginia bunch
14 5238|FST EC 36890
15 5490[FST AH 7179: CP1 14577
16 5584 |FST AH 7835
17 6205|FST P1 268559; NCAC 10121
18 7223|FST EC 123064
19 15119|FST SDR 25
20 8360|FST NCAC 18121
21 13941|VUL ICGS 44
22 8371|FST NCAC 18138
23 8711|FST MJH 39
24 8831|FST A 1132
25 9144|FST 58-589: Latta gieh jableh beladi
26 9376|FST 59-483; Kopergaon
27 9581|FST VRR 472
28 10704 |FST Tai san: Jewel Nut
29 12333|FST ICGM 286
30 12684|FST RV 25
31 13942|HYB ICGS 76
32 12883|FST RT 19
33 12978|FST US 10
34 13570|FST CES 101
35 13627|FST SSI 54
36 13902|FST SS 34
37 14161|FST Ly tay ninh
38 14819|FST SKN 34
39 15016{FST ICGV-SM 88726
40 15021 |HYB ICGV-SM 89786
41 972|HYR S 230
42 17{HYB RS 31
43 212|HYB 511/28
44 512{HYB AH 699
45 521{HYB AH 6609
46 615|HYB TG 1
47 745[HYB Cochin red
48 765|HYB KAR 3-24-11-11




ICG BOTVAR |identity
49 1505/HYB #1025
50 2252|HYB P1269710; NCAC 38
51 2738|FST Gangapuri
52 2425|HYB VRR 18
53 15034{HYB ICGV-SM 92748
54 2745|HYB HG
55 2781)HYB Local Caude
56 2891{HYB #5-8
57 2906|HYB #57-3
58 2986/HYB AH 6795
59 2990(HYB AH 7207
60 3048[HYB ND 8-2
61 13941{vUtL ICGS 44
62 3050{HYB Nimbargh area
63 3053|HYB #275
64 3809/HYB AH 699
65 3820(HYB Virginia bunch; EC 4086
66 3841|HYB Small japan
67 3880{HYB AH 8395; EC 81607: Osmaniya
68 4032{HYB HR 174
69 4036|HYB TMV 10/3
70 4116{HYB AH 8395; EC 81067: Osmaniya
71 13942{HYB (CGS 76
72 4180({HYB AH 7036
73 4186{HYB AH 7049
74 4217|HYB AH 7334
75 4219|HYB AH 7366
76 4598[/HYB Hyderabad
77 4778({HYB KU No. 145; Chiba 43
78 4798|HYB C No. 942
79 4827{HYB AH 7850
80 4906|HYB AH erecta
81 972|HYR S 230
82 4942iHYB AH 7019
83 5232{HYB EC 27485
84 5342[HYB TG 16
85 5616/HYB AH 45
86 5719{HYB NC 2 Line 7; Pl 371856; NCAC 17162
87 5804 |HYB VRR 60
88 6996 HYB KU 126
89 7325{HYB 334 A, EC 123072
90 7596{HYB VRR 409
91 2738|FST Gangapuri
92 7867|HYB 0G 43-4-1
93 7973[{HYB K 489; IN 59-42; Pl 269061; NCAC 9978
94 8352[HYB NCAC 18109
95 8894 |HYB AY 110
96 9402{HYB 61-30; No. 93

119



ICG BOTVAR  [Identity

97 9656(HYB VRR 645

98 9702[HYB VRR 716

99 10302[HYB AH 7780-1

100 10413|HYB Pl 268914; NCAC 16575

101 13941 VUL ICGS 44

102 10707|HYB TCG 1525

103 11197]HYB B 30

104 11673|HYB NS 078

105 11802[HYB Chungju 1: 300317

106 11807|HYB Pungyeong; 300331

107 11820[HYB Woelseong; 300390

108 11828|HYB Cheongyang 1; 300402 |
109 11863|HYB Hwaseongibudo 1; 300529-1 ’|
110 12144|HYB Yeongweol 1; 300411 |
111 13942]HYB ICGS 76 |
112 12353|HYB Suweon 20; 300494

113 12368|HYB AKG 276

114 13324[HYB EC 21886

115 13337]|HYB EC 102587 |
116 13884[HYB SS17 J
117 13890[HYB SS 23 1
118 13895|HYB SS 29
119 13907[HYB SS 38
120 13922[HYB 2245
121 972[HYR S 230

122 13934][HYB CS 13 x CS 9-33

123 13942[HYB ICGS 76 |
124 15105/HYB SDR 10 |
125 14362[HYB SNW 1 |
126 14376[HYB SNW 25 }
127 14378[HYB SNW 27 |
128 14834|HYB Banki |
129 15017[HYB ICGV-SM 88762 |
130 15111[HYR SDR 16 |
131 2738[FST Gangapuri J
132 15112[/HYR SDR 17

133 15126[{HYR AKS 7

134 9[HYR RS 14

135 67|HYR S 68

136 69[HYR Costalroy

137 75[HYR P8 |
138 76{HYR T &7 |
139 91[HYR TG 649

140 116[HYR T 23

141 13941]VUL ICGS 44

142 184[HYR Ginak

143 199[HYR HG 10

144 202]HYR TMV 8

20



ICG BOTVAR  {ldentity
145 736[HYR B. Ceyion
146 739{HYR Culture 830
147 740]HYR Culture 964
148 772{HYR Ohodjas
149 776|HYR Bellary
150 812|HYR A24-11
151 13942|HYB ICGS 76
152 825[HYR C 30
153 839|HYR C75
154 864|HYR C123
155 880{HYR C 145-12-P-6
156 900{HYR C 160
157 1028{HYR AH 6990
158 1048[HYR 47-16
159 1084[HYR AH 7373, 47-16
160 1094[HYR Changja
161 972|HYR S 230
162 1596[HYR AH 7115; Chikodi
163 2281{HYR P1 138870; NCAC 737
164 2366[/HYR Pl 138869; NCAC 28390
165 2452|HYR AH 25; P1 159663
166 2512|HYR C22
167 2548|HYR C113
168 2561 1HYR C133
169 2575[HYR C 149
170 2599|HYR Cc179
171 2738|FST Gangapuri
172 2725{HYR Virginia bunch
173 2748[HYR JH 28
174 2825|HYR RS 4
175 2812[HYR Palitana 226-21
176 2907 HYR #59-9
177 2918|HYR B3
178 2941|HYR 638 of Hyderabad
179 3007|HYR Durgapura 3
180 3145|HYR AK 8-11
181 13941jVUL ICGS 44
182 3818{HYR AH 7194, K138: CPI 17175
183 3857|HYR Haryanawadi
184 3881 [HYR Coe2
185 3882|HYR C 830
186 3884|HYR Hyderabad 477
187 3915[HYR AH 3849
188 3976[HYR 5786
189 3954|HYR C179
190 4006[HYR RS 1
191 13942|HYB ICGS 76
192 4131[HYR AH 6933

P—>

o

Y



ICG BOTVAR _ }ldentity
193 4138|HYR AH 6944
194 4152|HYR AH 6993
195 4161|HYR AH 7111
196 4207 |HYR AH 7295
197 4208{HYR AH 7298
198 4270|HYR C 89
199 43101HYR G 1021
200 4324|HYR IC 22966
201 972|HYR S 230
202 4389|HYR IC 22951
203 43873|HYR AH 7112
204 4877|HYR AH 7010
205 4933(HYR AH 7541
206 4965{HYR AH 7007
207 4969|HYR AH 7666
208 50241HYR FAND 1 #17; NCAC 1248
209 5240(HYR EC 36892
210 4155|HYR AH 7000
211 2738|FST Gangapuri
212 5351|HYR Apau-C 4
213 5626(HYR AH 3262
214 5628|HYR AH 3849
215 5857{HYR VRR 91
216 5880{HYR VRR 114
217 6361 |HYR TMV 3; P1 240567; NCAC 3012
218 6377|HYR WJR 322
219 6686|HYR K 482; IN 59-36; Pl 269056; NCAC 9973
220 7014|HYR VRR 157
221 13941|VUL ICGS 44
222 7019{HYR VRR 162
223 7021{HYR VRR 164
224 7034|HYR VRR 177
225 7086|HYR VRR 230
226 7092|HYR VRR 236
227 7140|HYR VRR 284
228 7152|HYR VRR 298
229 7189|HYR Pl 138870: NCAC 2791
230 7326|HYR EC 123073: K 36
231 13942[{HYB ICGS 76
232 7563|HYR VRR 375
233 8355|HYR Lampang local: NCAC 18114
234 8496(HYR RG 186; 50-50 Mani
235 9301}HYR 58-452
236 9647 [HYR VRR 623
237 9682[{HYR VRR 684
238 9703|HYR VRR 720
239 9721[HYR VRR 757
240 9725|HYR VRR 766

122



ICG

BOTVAR

|dentity

241 972(HYR S 230

242 9732|HYR VRR 781
243 10084 HYR G 143

244 11199|HYR EC99961-1
245 10608|HYR Pl 337317
246 10717|HYR TCG 1543
247 11041{HYR AMR 121
248 11471|HYR Pl 158856
249 11640|HYR CHA 62-3
250 11655|HYR AKG 142
251 2738|FST Gangzapuri
252 11789|HYR RV 116
253 11814|HYR Jungweon: 300348
254 11818|HYR Kangreung; 300359
255 11825|HYR Yeoju 1; 300394-1
256 12209|HYR NS 41 VR
257 12358{HYR AKG 86
258 12370|HYR AKG 280
259 12394|HYR CHA 29-1
260 12619|HYR RAP 100
261 13941 VUL ICGS 44
262 12621 |HYR RAP 107 S1
263 12623{HYR RAP 190
264 12873|HYR RT 9

265 12874}HYR RT 10

266 12886|HYR RT 21-1
267 12890|HYR RT 24

268 13130|HYR RJ14 A
269 13132|HYR RP1A

270 13136{HYR RP 3 A

271 139421HYB ICGS 76
272 13137|HYR RP 3B
273 13139|HYR RR5A
274 13147 {HYR RY 8B S1
275 13148|HYR RY9 A

276 13318{HYR K 3605
277 13319}HYR K 3606
278 13322IHYR S 59

279 14169|HYR Gasan

280 14835{HYR No. 334
281 872HYR S 230

282 15094 |HYR AKS 2

283 15095|HYR AKS 3

284 15101]|HYR SDR 6

285 15108|HYR SDR 13
286 15120|VUL SDR 26
287 15133|VUL 9

288 15227|VUL Taishan zhengeh

123



ICG BOTVAR  |ldentity
289 7{VUL RS 11
290 8|VUL RS 12
291 2738|FST Gangapuri
292 211VUL RS 63
293 24|VUL RS 70
294 25{VUL RS 75
295 27|VUL RS 82
296 32{VUL RS113
297 33{VUL RS 114
298 121|VUL 13/47
299 130]VUL T25
300 149(vUL Philippine pink
301 13941 |VUL ICGS 44
302 190]VUL DH 3-30
303 237|VUL |AR! 687
304 407|VUL Java PL: NCAC 2682
305 1088|VUL Bhagalkot
306 1092|VUL Chandodi
307 1137{VUL Sulebhani Bijapur
308 1207{VUL AH 2615-1
309 1211|VUL AH 2800
310 1216]VUL AH 3275
311 13942[{HYB ICGS 76
312 1249|VUL AH 7044
313 1255fVUL AH 7144 Small Spanish
314 1319|VUL GO 553
315 1344|VUL RB 1
316 1425|{VUL U 4-4.7; EC 21058; Spanish 5
317 1445]VUL U4-7-1; EC 21084; imp Spanish
318 1494|VUL #70
319 1529|VUL 7-1
320 1605|VUL Pei kang pe you: NCAC 37
321 972|HYR S 230
322 1734{VUL D 103-10
323 1868[VUL 654-2
324 1901 |VUL Spanish improved
325 1927[VUL NG 243
326 1965{VUL AH local
327 1977[VUL Nandi kesari
328 2024|VUL AH 3272
329 2075{VUL #924
330 2078{VUL #1630
331 2738|FST Gangapuri
332 2082[VUL #1852
333 2124|VUL Talax 68-4
334 2132{VUL KG 61-240
335 2184|VUL AH 3524
336 2201 VUL #417

124



(CG BOTVAR [ldentity
337 2209{VUL =3273
338 2232{VUL Lin yuch tao
339 2233IVUL Philippine pink
340 22341vVUL Halahrvi local
341 13941{VUL ICGS 44
342 2410{vUL VRR 3
343 2414|VUL VRR 7
344 25421VUL C 103
345 2965|VUL 0G 69-6-1
346 29791VUL AH 70
347 3078|VUL £C 109275
348 3081{VUL AH 34; Small Japan
349 3086|VUL AH 63
350 3098{VUL AH 814-20
351 13942({HYB ICGS 76
352 3122|VUL AH 7232
353 3127{VUL AH 7292
354 3144|VUL AK 3
355 3149{VUL Apaxue
356 3162|VUL Chandra berry
357 3180{VUL DOH 3-20
358 3194)VUL Erect peanut; EC 2215
359 3334{VUL Exotic 5-3
360 3380|VUL JH 357
361 972|HYR S 230
362 3393|VUL Lampang 1
363 3395]VUL Limdi 4
364 3421|VUL NG 268
365 3458{VUL RS 181
366 3465|VUL Sakaria
367 34731VUL Spanish
368 3481|VUL Sukatai
369 3486{VUL Tainan Sel 9; EC 94943
370 3540|VUL You Ka Ich
371 2738|FST Gangapuri
372 3550|{VUL 14-4
373 3560{VUL 26-5-1
374 3570{VUL 29-1-2
375 3572|VUL 31-8-2
376 3581 (VUL 45.24
377 3612|VUL Virginia bunch
378 3628{VUL lsreal 1.2-3
379 3711|VUL AH 7228
380 37151VUL AH 7289
381 13941|VUL ICGS 44
382 3718}VUL AH 7592; Chinese bunch
383 3721{VUL AH 39: Spanish 10
334 3723|VUL AH 7311




ICG BOTVAR _|Identity
385 3725|VUL AH 36
386 3727|VUL AH 3527
387 3750|VUL R 4-A
388 3752|VUL Russian International 2
389 3772{VUL #276
390 4024|VUL X 1107-2-.A-4
391 13942(HYB ICGS 76
392 4044|VUL AH 6677:; Erect
393 4057|VUL AH 7145
394 4069|VUL AH 7406
385 40841VUL AH 7575: R 4
396 4091|VUL AH 7762
397 4453|VUL VAR 154; EC 16660
398 4561|VUL AH 8068
399 4566|VUL C 817
400 4729|VUL Worte Sutuel
401 972[HYR S 230
402 4758(VUL KU No. 154
403 4981 |VUL AH 15(S5)
404 5096{VUL IN 59.2; Pl 268823; NCAC 16495
405 5256(VUL EC 61908
406 5276|VUL EC 97132
407 5345|VUL TG 20
408 5410}VUL AH 7326
409 5430|VUL G. local
410 5440|VUL No. 2257
411 2738|FST Gangapuri
412 5469|VUL AH 6648
413 5494 VUL AH 7234
414 5526|VUL AH 7796
415 5564 |VUL AH 7866
416 5779VUL VRR 35
417 5794|VUL VRR 50
418 5832|vUL VRR 66
419 5833|VUL VRR 67
420 6069{VUL Harbour Local
421 13941 (VUL ICGS 44
422 6680|VUL Pl 268689: NCAC 9605
423 6779|VUL PI 268813: NCAC 16485
424 6957|VUL Tainan 1; Pl 269713: NCAC 2640
425 6997|VUL KU 134
426 7037 |VUL VRR 180
427 7050|VUL VRR 194
428 7088|VUL VRR 232
429 7121|VUL VRR 266
430 7131{VUL VRR 276
431 13942{HYB ICGS 76
432 7160|VUL VRR 306
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433 7262|VUL No. 354; KU 200
434 7327[VUL Kanto #41; EC 123075
435 7530[{VUL VRR 340
436 7531{VUL VRR 341
437 7557 (VUL VRR 369
438 7568]VUL VRR 380
439 7713{VUL Pl 268743; NCAC 16415
440 7827|VUL JL 24
441 972|HYR S 230
442 7836{VUL AH 8451
443 7858{VUL OSN 1
444 7876]VUL JL19
445 7968}VUL Pl 268648; NCAC 9564
446 8274|VUL NCAC 18019
447 8351 |VUL CHANTABURI; NCAC 18108
448 8364|VUL NCAC 18127
449 8368|VUL NCAC 18134
450 8370{VUL NCAC 18136
451 2738IFST Gangapuri
452 8472)VUL RG 89
453 8631 |VUL ACC 434
454 8638|VUL ACC 454
455 8657|VUL ACC 722
456 8682(VUL MJH 1
457 8683{VUL MJH 2
458 8696|VUL MJH 18
459 8703jVUL MJH 28
460 8704|VUL MJH 29
461 13941 |VUL ICGS 44
462 8707|VUL MJH 33
463 8718|VUL Medan
464 8882({VUL Samutsakorn 5; NCAC 18128
465 8887{VUL Red manyema 389; Pl 268601
466 9135{VUL 58-560; Shantung Tsinau
467 9235|VUL 58-498
468 9499|VUL PR 5287
469 9501|VUL PR 5290
470 9502(VUL PR 5291
471 13942{HYB ICGS 76
472 9503{VUL PR 5291.-A
473 9506]VUL PR 5331
474 9585|VUL VRR 480
475 9586|VUL VRR 481
476 9591 |VUL VRR 498
477 9612|VUL VRR 544
478 9637{VUL VRR 600
479 9642{VUL VKR 613
480 9648|VUL VRR 624
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481 972|HYR S 230
482 9973|VUL NCAC 10002-1
483 10171|VUL 47-55
484 10305{VUL AMR 22
485 10306|VUL AMR 28
486 10308{VUL AMR 43
487 10320]VUL Dernut
488 10558|VUL 0310; P1 313139
489 10561|VUL 0318; Pf 313146
490 10562|VUL 0932; PI 313181
491 2738|FST Gangapuri
492 10576{VUL N0.331-34; P1 319749
493 10701 (VUL Shantung
494 10988{VUL V79
495 15135{VUL 11
496 11188{VUL V75
497 11200|VUL Early runner 1, P) 337317-1
498 11302|VUL CS 3
499 11326)VUL CS 31
500 11328|{VUL CS 33
501 13941jVUL ICGS 44
502 11357|VUL CS 807
503 11402|VUL CS 2245
504 11407|VUL CS 2298
505 11414[VUL CS 2374
506 11428{VUL CS 2419
507 11436(VUL CS 2482
508 11444|VUL 180/21
509 11510|VUL Meixianhongyi
510 11511{VUL Maihuadidou
511 13942|{HYB ICGS 76
512 11513jVUL Suixigoubi
513 11579|VUL Kuchcha local
514 11686(VUL RAP 66
515 11701{VUL RV 12
516 11725)VUL RV 44
517 11732}VUL RV 51
518 11752|VUL RV 75
519 11833jVUL Ganghwa 1; 300428
520 11858|VUL Suweon 48; 300524
521 972|HYR S 230
522 11859{VUL Suweon 49; 300525
523 12341 |VUL Bayeo; 300328
524 12343{VUL Jangseong; 300345
525 12464|VUL B4
526 12615{VUL RAP 12
527 12683{VUL RV 23 S1
528 12694 VUL RV 54 S2
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529 12695|VUL RV 54-2 Red
530 12869|VUL RT 4
531 2738|FST Gangapuri
532 12872|VUL RT 8
533 12877|VUL RT 13
534 12976(VUL UsS 8
535 12983|VUL US 15
536 12990|VUL UsS 24
537 12994 |VUL UsS 28
538 13030/VUL UsS 76
539 13588(VUL Ssi 7
540 13594 |VUL SSI 14
541 13941|VUL ICGS 44
542 13606|VUL SSl 33
543|-  13628|VUL £51 55
544 13630|VUL 23| 87
545 13634|VUL SSI 61
546 13644|VUL ssl 70
547 13941|VUL ICGS 44
548 14031 |VUL SSI 34
549 13648|VUL SS! 68
550 14366|VUL SNW 5
551 13942|HYB ICGS 76
552 14393|VUL SNW 70
553 14397|VUL SNW 74
554 14807|VUL SKN 23
555 14823|VUL SKN 38
556 14827|VUL SKN 42
557 14829|VUL SKN 44
558 14830(VUL SKN 46
559 14831 |VUL SKN 47
560 15015(VUL ICGV-SM 87079
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