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ABSTRACT

A total of 54 groundnut genotypes were evaluated for 31 morphological,

physiological and biochemical characters at the College Farm, S.V. Agricultural College,

Tirupati from kharif, 2002 to kharif 2003. Nine parents from 54 genotypes were selected

based on association, variability and divergence analyses. The 20 F; crosses obtained

through L X T mating of nine parents were evaluated for combining ability effects, gene

action and heterosis to suggest a breeding strategy for developing high yielding,aflatoxin

resistant groundnut cultivars.

Evaluation through ranks and scores given for mean values of morphological and

biochemical characters related to quality revealed that TPT 4, M 13 and ICGV 86564 were

the best genotypes suitable for cultivation and trading as HPS varieties. Whereas, ICGV

86552 was identified as the most physiologically efficient genotype for end-of-season

drought.



Based on the association analysis, pod volume, shelling percentage, mature pods
per plant, immature pods per plant, 100 seed weight, protein content, non-reducing sugar
content, SLA at 60 DAS, SLW at 60 DAS, CGR at 60 and at 90 DAS, LAR at 90 DAS,
harvest index and pod weight per plant might be selected for their improvement in the

§

positive direction and shell volume, free space in pod, oil percentage and carbohydrate
=

content in negative direction
When variability, heritability and GAM were considered together, shell volume,

pod volume, free space in pod, immature pods per plant, mature pods per plant and 100
seed weight among morphological characters; reducing sugar content and non-reducing
sugar content among biochemical characters and CGR at 60 and at 90 DAS among
' !

physiological characters were found to be a better choice of characters. '
D? values for the characters suggested that there was considerable diversity.in the
material studied. This range of variation allowed for grouping of 54 genotypes into 11
clusters for morphological and biochemical characters and in to 17 clusters for

physiological characters.

Combining ability studies revealed that non-additive genetic variance was higher
in magnitude for majority of the characters indicating the preponderance of dominance
gene action in controlling the expression of these characters. GCA variance was greater in
proportion than SCA variance for the characters; pod volume and aflatoxin content. As
such, these characters can be improved by employing breeding methods, which exploit

additive gene action.

Results on the combination of both per se performance and gca effects revealed
that identification of superior segregants in the crosses involving ICG 3245,"M 13 and

TPT 4 might be possible for most of the characters studied. The cross, ICG 7633 X M 13



showed promise for recombination breeding with its non-significant sca and significant

gea of its parents for kernel weight per plant.

The classification of crosses based on mean, sca and heterosis for all the characters
identified ICG 1326 X ICGV 86564, and ICG 7633 X TPT 4 as superior crosses for
increasing kernel weight and aflatoxin resistance. As their parental gca effects were highly
significant for more than 50 % of the characters they can be persuaded in developing
recombinant genotypes with high yield coupled with aflatoxin resistance by adopting
simple breeding methods like pedigree method and selecting both in early as well .as

advanced stages of segregation to exploit both additive and non-additive gene effects.

The efforts made in identifying the characters (low shell volume, low free space in
pod, low carbohydrates, high shelling percentage, high 100 seed weigﬁt, high protein
content and high crop growth rates during end-of season moisture stress), the genotypes
(ICGV 86564, 1ICG 3245, M 13, and TPT 4) and the crosses (ICG 1326 X ICGV 86564
and ICG 7633 X TPT 4) related to aflatoxin resistance were successful to initiate a

breeding program that could produce high yielding varieties with aflatoxin resistance.
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CHAPTER -1

INTRODUCTION

: .,’ !
' Y’r -

Agriculture has always been a core sector of Indian econoﬁ'iy:contributing 30% to
the country’s GDP. In addition, agricultural commodities also account for about 20% of
total exports earning of the country. The country has enjoyed the fruits of “green
revolution” and was able to cross 200 million tons mark in food grain production from a
meager SO million tons prior to independence. On oil seeds front, the country also
experienced “yellow revolution” with a quantum jump in the production from 11 to 25
million tons just in last one decade (Paroda, 2002). India on an average accounted for
9.9% of the global oilseeds production, 8.7% of protein meal and 9.2% of oil meal
exports. In India gré)undnut_ ranks first in terms of ﬁroduction, contributing 36% of thg
total oilseeds production. And its share in global p‘rgduction is 27.31% and is second

largest producer next to China (Rai mangala, 2002).

“Yellow revolution” has ushered a quantum leap in oil seeds production due to
successful outcome of a National Technology Mission on Oii seeds. However there are
problems of sustainability of the nationalr E;ains and growth achieved by way of the yellow
revolution, which we need to look into %or appropriate mid-course correction for further
strategy and action. This is evident by the fact thatki\n 1998-99, about 45 lakh tons of
edible oil valued at Rs 9000 crores was imported. ‘On:tﬁh‘e contrary, huge quantities of
export have been witnessed in the years 1999-2000 and 2000-01, particularly in
groundnut extractions, sesame seed and castor oil. A quantity of 1,87,000 tons valued at

Rs 14 crores of groundnut extractions were exported but the quantity of HPS groundnut

exceeded the exports of groundnut extractions and it was 13,67,000 tons valued at

-



Rs 316.78 lakh during 2000-01 (Damodaram and Hegde,'2000 and Rai mangala, 2002].
However exports of peanuts constitutes only 1-3% of total domestic production. Most of
the groundnuts produced are locally consumed. About 80% of the production is used for
oil extraction and a small proportion is consumed as roasted, salted or fried nuts or as
meal in various recipes (Kadam and Chavan, 1991). In tﬁﬁe USA and in some other
countries such as those of Western Europe it is utilized primarily as whole seeds (Desai et
&l., 1999). As many as 400 products from groundnut are available today for direct
consumption;(Chandrasekhar, 1991 and Sulochana et al., 2000). There is no denying the
fact that demand for confectionery grade oilseeds used for direct human consumption is

steadily increasing (Tushar Tanna, 2002).

Oil seed as an export item has caught our attention only recently. Value added
groundnut food products could earn large amounts of foreign exchange. Value addition
through quality enhancement and processing of oil and by-products has assumed
importance both from domestic and international perspective (Dayanatha Jha, 2002).
Conf'ec.tionery grade oilseeds are premium oilseeds highly priced in the international
market. As Indian oilseeds markets are globally integrated and domestic demand becomes
more sophisticated, it will be essential to pay greater attention to quality standards, value-
addition and processing. This potential scope in world market for HPS groundnut requires

!

to be targeted. The country does have the ﬁot?éntial to supply medium and small seeded

groundnut varieties. There is now a rekindled awareness among policy makers and oil
seed researches about the advantage of developing confectionary grade oilseeds. We have
to develop large seeded varieties for international market. The one important aspect of

such varieties we have to concentrate on is quality as the international standards havie

become very stringent over the years. Various physical, sensory and biochemical factors

determine the quality of groundnut seed. Physical factors include intact testa, Size and

2



shape of the seed, ease of blanching and resistance to seed splitting. Sensory factors
include seed colour, texture and flavor. Biochemical factors are mainly concerned with

low oil, more protein and more sugars.

The quality requirements for groundnut in the world food market are rather rigid
and exacting. Natural Resources Institute of the U.K. Ministry for overseas development
listed many quality requirements for groundnut pods and kernel and the over-riding
consideralion with regard to quality is without doubt freedom from aflatoxin. Aflatoxin, a
toxic metabolite, contamination is of major concern in confectionary groundnuts.
Aflatoxins are now known to be hepatotoxic, carcinogenic and teratogenic (Mehan ef al.,
1991). AFB, is the most common and also the most toxic aflatoxin produced by
Aspergillus flavus and Aspergillus parasiticum (Dube, 1990). Semi-arid tropics, of the
dcveloping countries fronﬁ which most of groundnut produce is coming, are considered to
be high-risk areas for aflatoxin contamination. India has no exception. At present some 50
countries impose aflatoxin regulations and most countries have a separate maximum
acceptaBle level for food and feed (Van Egmond, 1989). The ministry of commerce, GOI
vide public notice No. 68 (RE) 1997-2002 dated 3.2.99 announced that exports to
European Union will be allowed subject to compulsory registration of contracts with
Agricultural and Processed Food Products Export Development Authority (APEDA)
along with controlled aflatoxin level certificate as a part of export development given b);
agencies/laboratories nominated by APEDA before shipment. In some countries the
problem was predominantly post-harvest and in others it was largely preharvest. Adoption
of recommended cultural and produce handling procedures (Mehan et al., 1991) had been
reasonably effective in reducing levels of aflatoxin in groundnut products in developeC}

countries, there was little evidence of small-holding farmers in tropical developing

countries adopting the improved practices. Therefore the effective solution to:the problem
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would be to grow groundnut cultivars that were immune to infection or those cultivars, if

colonized by the fﬁngus did not support production of aflatoxins.

Resistance to Aspergillus flavus in groundnut operates at three sites in the plant,
namely pod, seed coat and cotyledons (Nigam et al., 1991). Three different genes
controlled the three mechanisms (Utomo et al., 1990). However, with excep.tion for seed
testa resistance, genetic mechanism of no other resistant trait was worked out (Murthy
and Ghewande, 1996). Resistance to preharvest seed infection, in vitro. seed colonization
and aflatoxin production per se was also identified (Knauft and Wynne, 1995). All these
types of resistance are not necessarily correlated, nor do laborgtory, green house, and field
studies show consistent findings. Therefore prevention of 4. flavus initial infection into
the groundnut plant .may be an important strategy for developing genetic resistance to the
organi;sm because of two reasons; one reason is that 4. flavus is a weak pathogen and the
other reason is that it finds its entry in to the pods when the plant is experiencing drought
stress and ‘when the soil temperatures in the pod zone are high (Cole, 1989). Hence, on
one hand, development of pre-harvest resistance against a weak pathoge\n and on the other
hand, the development of drought tolerant lines may be usefui in reducing the infection of

: ;
the fungus as well as the effect of drought. The components of proximate analysis of
groundnut cotyledons like lipids (Holbrook et al., 1994) and proteins (Ghewande et dl.,
1987) have some association with reduced aflatoxin contamination. Deleterious effects of
mycotoxins produced by the fungus on these component characters were also establishled
(Mehan et al., 1991). But studies related to quality attributes that are related to low lor

high levels of aflatoxin are not many. Furthermore, to what extent a compromise can be

made on quality aspects with permissible levels of aflatoxin has to be investigated.

u
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Assessment of variability, diversity, heritability, genetic advance and association
analyses form the basis for crop improvement programme by way of formulating
selection criteria. The success of hybridization in self pollinating crops like groundnut

mainly depends upon the genetic divergence of the parents involved, the nature of gene

-

action and combining ability which gains an insight into inheritance of the traits and helps
in identifying par:ents with good GCA and crosses with high SCA effects. Variability and
diversity in edible groundnuts for carbohydrates, oil and protein in total were worked out
but not for their components. Genétic analyses of quality parameters aﬂ)so arfjlimited.
Furthermore, we need to understand the relévance of physiological characters to suggest a
holistic approach for the development of high yieldiﬁg, aflatoxin tolerant groundl;ut
varieties. Hence, present investigation was taken up with the following objectives.
.
» To estimate genetic variability and divergence of morphological, physiological

k)
and biochemical characterswiﬂr_ij':groundnut.

» To screen edible groundnut varieties for aflatoxin content in post harvested

1

seeds.

» To workout relationship of morphological and biochemical chéracters with
aflatoxin content in seeds as well as with yield.

» To understand the relationship of physiological characters with yield.

» To study nature and magnitude of gene action in inheritance of morphological,
physiological and biochemical characters. |

» To estimate heterosis and combining ability of selected characters.

» To suggest a suitable breeding strategy for the development of aflatoxin

tolerant edible groundnuts. . RN
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CHAPTER -1II !/

REVIEVW OF LITERATURE

A brief resume of relevant literature is presented under the following sub headings:
2.1 Quality and aflatoxin content
2.2 Association analysis
2.3 Variability and genetic parameters .
2.4 Genetic divergence
2.5 Combining ability and

2.6 Heterosis

2.1 QUALITY AND AFLATOXIN CONTENT

211 Quality

Quality in groundnut is a broad term, which encompasses physical, chemical, and
functional properties. The quality attributes that are important for end uses of groundnL}t
vary among the developed and developing countries. In developed countries, groundnut is
mainly used for making peanut butter and consumed as roasted groundnut or in
confections, while in several developing countries including India, it is mainiy processed
for its oil. It was pointed that by exporting 1 t of premium priced HPS groundnut, India
could earn a foreign exchange that could be used to import 2 t of cheaper substitutes-like
palm oil (Chandras:.ekhar, 1991). In this context quality in groundnut should be referred to

those characters that are required by the developed nations.

Misra et al. (2000) evaluated groundnut cultivars for their worthiness for export.
Among physical attributes high SMK, high 100 kernel mass, light pink colour testa,

clongated kernels with tapering ends and seed size uniformity were considered to be

'



desirable while among the chemical"attributes, low-oil, high stability index, high protein,

high sucrose, low reducing sugar and low free amino acids were considered desirable. *

Ahmed and Young (1982) reported that the high stability index of oil gives longer
shelf life in groundnut products. They also indicated that low calorie (low oil) groundnuts
are preferred from confectionery point of view due to increasing figure and health

awareness among the consumers.

Nigaxﬁ et al. (1989) considered highef values for SMK, 100 seed mass, kernels
with elongated shape, tapering ends which facilitate easy blanching and pink to light

brown testa colours as desirable quality traits.

[

Newell et al. (1967) reported :‘th;at higher the prétein content, the more was the
nutritional value. Among carbohycir’:tes, sucrose was considered desirable from
organoleptic point of view. Sugars, especially monosaccharide (reducing sugars) and the
free amino acids reacted during roasting to impart characteristic colour of roasted
groundnut and also nutty flavour (characteristic feature of Indian groundnuts which is
desirable). However if reducing sugars and free amino acids are present in higher
quantities, the discoloration of the cooked product occured due to. excessive browning

(Misra et al., 2000).

Natural Resources Institute of the UK Ministry for Overseas Development listed
quality requirements for groundnut pods and kernels (Chandrasekhar, 1991). Pod quality
included, pod colour and type; size (12-14 pods oz'); pod texture; cleanliness; freedom
from aflatoxin and damage; absence of blind nuts; and ease of dehulling. Kernel quality
included, kernel size (>1 g kernel™); uniformity in size and shape, resistance to splitting,

ease of testa removal (tapering ends), flavour (nutty), colour (pink or light brown testa), -~



sugar content and freedom from aflatoxin (< 5 ppb). The over-riding consideration with

regard to quality was without doubt freedom from aflatoxins. ' |
2.1.2 AFLATOXIN CONTENT

Aflatoxins are toxic metabolites produced by certain fungi belonging to the group of
Aspergillus growing in groundnut foods and feeds. A concise presentation of the relevant
scientific literature on various aspects of aflatoxin problem in groundnut is made under

appropriate sub-headings as under.

2.1.2.1 What is aflatoxin?

ty

~
~

Aflatoxins are highly oxygenated heterocyclic compounds. Among eight forms
(AFB), AFBy, AFG), AFGa, AFM), AFM;, AFB;a, and AFGya), aflatoxins, AFB,, AFB,,
AFG, and AFG; are more commonly encountered and AFB, (C\7H),04) is the most
common and also the most toxic aflatoxin produced by Aspergillus flavus and Aspergillus
parasiticum (Dube, 1990). Aflatoxins are now known to be hepatotoxic, carcinogenic and
teratogenic (Mehan et al., 1991). Childhood cirrhosis in Indian children is one among the

many abnormalities caused by aflatoxin (Bhat, 1989).
2.1.2.2 Fungi

Among the four most economically important species Aspergillus flavus and A.
parasiticus produce aflatoxins. 4 flavus belonging to the family Eurotiaeae is ubiquitous
saprophyte and successful facultative plant pathogen. Not all wild-type strains of 4. flavus
produce aflatoxins. In a literature survey of published studies encompassing 3343 isolates,
a total of 1847 or 56 % were aflatoxigenic. It invades and contaminates groundnuts before

harvest, during post harvest field drying and during storage. Many modes of pre-harvest

~



infection were observed and late-séason drought stress, particularly in the semi-arid
tropics, observed by Mehan (1987) was a major factor associated with aﬂatc')xin
contamination. Fluctuating soil moisture conditions are prone to pod splitting and
subsequent invasion and contamination (Graham, 1982). Pods on a developing plant seem
predisposed to A. flavus infection when plants are undergoing drought stress and soil
temperatures in the pod zone are high (Cole, 1989). Therefore, the development of
drought-tolerant peanut lines may be useful in reducing the effects of 4. flavus as well as
of drought. lsieib' et al. (1994) opined that as 4. flavus was a weak pathogen, prevention of
its initial infection in to the plant might be an important strategy for developing genetic

resistance to the organism.

2.1.2.3 Regulations ,

Aflatoxins cause economic and trade p{oblems at almost every stage of marketing
of groundnut especially during export. At present some 50 countries impose aflatoxin
regulations and most countries have a separate maximum acceptable level for food anld
feed (van Egmond, 1989). For domestic use, the U.S. Department of Agriculture (USDAT)
requires three 22 kg laboratory samples to average less than 15 total ng g of aflatoxin for
acceptance. Where as the European Union requires one 30 kg laboratory sample to test
less than 15 total ng g for raw groundnuts and three 10 kg laboratory samples to all tests
less than 4 total ng g”' for consumer-ready groundnuts sold for direct human consumption
(Adams et al., 2004). Australia set maximum permissible limit for groundnut at 15 ppb
kg? seed. In India permissible level for aflatoxin in groundnut is 30 ppb kg™ seed (ICAR,
1987). Pitt (2004) recommended ]5},{g kg'] aflatoxins in groundnuts as maximum
permitted level in international trade. Various surveys conducted in different parts of the
country (Sahay and Rajan, 1990 and Verma et al., 1997) had shown a range of aflatoxin

levels in groundnut food products; raw kernels (0.8 to 2200 kg"), edible flour (0'to 200
, pE
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P8 kg™, unrefined oil (up to 786fa g kg™"), and cake (27 to‘il 122/ug kg") depending upon'
the agro-climatic location and storage conditions (Ghewande; 1997). In Andhra Prad.esh
groundnut samples contain 15-19 per cent excess aflatoxin than the permissible level. ’In
order to protect the international trade, in 29" meeting of codex committee on food
additives and contaminants (CCFAC) a draft level of 15 micrograms per kilo for total

aflatoxin in groundnuts intended for further processing was proposed as’ the maximum

level.
2.1.2.4 Screening and estimation of aflatoxin content

Mixon and Rogers (1973) developed a laboratory inoculation method for screening
groundnut genotypes for resistance to Aspergillus flavus invasion and qollonization of
seeds. Naguib et al. (1989) observed that sporulation and growth of 4. flavus was dense on
the seeds of susceptible cultivars but was sparse on resisftant lines. They regarded that
genotypes with 15 % or fewer seeds colonized as resistant. Likewise a range of 3-16 % of

|

seed colonization was considered as resistance to screen groundnut cultivars by Li Sinlin

et al. (1996).

Field screening techniques involving imposing late season drought or creating a

water-deficit gradient or adding artificial inoculum have been perfected to screen material

for A. flavus infection and aflatoxin contamination (Mehan, 1989). 1

Dowell et al. (1992) recommended ELISA for idel;tiﬁcation of contaminated loads
of farmers’ stock groundnuts. Ramakrishna and Mehan (1993) made a comparison
between direct and indirect methods and concluded that both were useful for routine
analysis of AFB, in groundnuts. The precision of ELISA was'comparable with HPlic

(Azer and Cooper, 1991).



Reddy er al. (2003) applied inoculum @ 2.5 g per meter row length at 25 and 40

days after sowing and screened the genotypes for pre harvest aflatoxin resistance.
2.1.2.5 Management

In some countries the problem was predominantly post-harvest and in others it was
largely pre-harvest. Adoption of recommended cultural and produce handling précedures
(Mehan er al., 1991) had been reasonably effective in reducing levels of aflatoxin in
groundnut bltOdUCtS in developed countries, there was little evidence of small-holding
farmers in tropical developing countries adopting the imprO\}ed practices. It was suggested
that effective solution to the problem would be to grow‘ éroundnut cultivars that were
immune to infection or that cultivars, if colonized by the fungus did not support

production of aflatoxins (Ghewande e al., 1993).

Palanisami et al. (1990) observed that inc‘idde'ﬁce of storage fungi ranged from 4-34

% depending on the moisture content of fresh pods (22 36 %) and drying conditions. They

also repdrted that immature and shriveled pods were 2-3 times more heavily contaminated

than mature pods. C

Harvesting the crop beyond optimum maturity was correlated with increased pod

damage by many soil borne insects, which in turn enhance the invasion by A. flavus

(Eeden et al., 1994).

Krishnappa et al. (2003) observed that the percentage and number of storagl

mycoflora increased with increasing storage period in all packaging materials. They
further observed that the most common storage fungi, 4. flavus and A. niger infection was
less when stored in moisture impervious containers rather than moisture pervious

containers.

v



2.1.2.6 Genetic Resistance to A. flavus infection "

Nigam ef al. (1991) summarised that resistance to A. flavus in groundnut operated ~

-~

at three sites in the plant, namely pod, seed coat and cotyledons. Seed-coat resistance had> -

b

been attributed to the presence of chemicals such as tannin and dimethoxyioflavone, and
to the contents of soluble amino compounds and arabinose. Seed-coat resistance was only
operative in seeds with an intact testa. Varietal differences had been reported in seed
ability to support aflatoxin production. However, very little was known about its;
mechanism. Differences in pod shell structure, presence of antagonistic mycoflora iri thy

shell and the presence of thick-walled parenchyma cells had been cited as responsible for

varietal differences in pod resistance.

//

:\_JJN

The three mechanisms of resistance; pre-harvest infection resistance (PIR), dry seed
resistance (DRS) and aflatoxin production resistance (APR) as described by Reddy and
Murthy (1994) had different genetic controls and had heritability ranging from 0.2 to 0.7

(Utomo et al., 1990).

Seed testa characters of the host such as thickness, cell structure, cell arrangement,
permeability, waxy surface, tannin content were found to be associated with seed/pod

colonization and aflatoxin development (Murthy and Ghewande, 1996).

Intact testae, coloured testae confer greater resistance to invasion than damaged
testae, white or variegated testae (Carter, 1973). In all reported cases of resistance to seed
colonization, the protective role of the seed testa has been embhasized. Resistance has
been correlated with thickness, density of palisade cell layers, absence of fissures and
cavities, presence of wax layers on the testa, fungistatic phenolic compounds in testa, ldw

levels of certain amino acids and carbohydrate compounds in testa etc. (Mehan et al,

1991). The groundnut shell has logically been considered a barrier-to peﬁetréiion by fungi



(Nahdi, 1989). The genetic mechanism of any of the host! traits described above, except
seed testa resistance, has not been worked out so far (Murthy and Ghewande, 19§6).
Resistance could result from combinations of physical, chemical and biological factors

operating in the testa rather than being due to a specific mechanism.

Waliyar and Bockeiee-mor Van (1989) reported significant varietal differences in
levels of seed invasion by A. flavus at harvest. They also showed that under field
conditions, resistance was positively correlated. with in vitro seed colonization. Mehan et
al. (1991) indicated that none of the 13 coﬁ%éétizinary groundnut genotypes showed stable
resistance to A. flavus although there was certain degree of resistance to seed colonization
in the genotypes studied. Ghewande et al. (1993) observed that the E:erelation between A.
Jflavus infection in-bold-seeded groundnut and colonization was high and that in between
colonization and afTatoxin productiokljfwasf,low. They also reported high regression
coefficient for infection and colonization.-D'avidson et al. (1982) opined that the levels of
A. flavus seed infection cannot be directly correlated to the aflatoxin production because
levels of A. flavus infection and aflatoxin contamination were related primarily to
environmental conditions especially to drought stress during pod maturation, soil insect
pod damage, leaf drop due to foliar diseases and antagonistic mycoflora present in the soil.
The relationships between different resistant mechanisms, and their interaction.s have not

been clearly established and there is a need to elucidate the mechanisms of resistance to

pod/seed infection and aflatoxin production (Waliar, 1997).

‘

The heritability estimates for resistance to seed infection had been reported to be

!

low in USA (Utomo et al., 1990) but moderate to high in India (Upadhyaya et al., 1997).

In a diallel study, significant reciprocal effects were noticed in some crosses

indicating maternal influence on testa structure (Rao et al., 1989). The allelic relationship

¢

-
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among various sources for each resistance trait needs to be‘elucidated to enable breeders to

pyramid the non-allelic genes for each resistance mechanism.

At ICRISAT, a mass-pedigree method of selection and its modifications have been
practiced to develop eight stable derivatives (ICGVs 86168 to 86171 and 86173 to 86177)
having seed coat resistance levels equal to those of the donors J 11 and UF 71513 (Rao et
al., 1989). Recently ICRISAT has identiﬁed ICGVs 91278, 91283, and 91284 as iméroved

lines for pre harvest seed infection (Upadhyaya et al., 2001).

2.1.2.7 Genetic resistance to aflatoxin production

Breeding for resistance was relied on information obtained in the assessment of 4.

flavus infection in harvested, mature, dried seeds; as the laboratory screening test can

I~
T

readily be u§cd to compére progenies for resistancev(Rao et al., l989).lHowever, when
dealing specifically with resistance to natural seed infection in the field, resistance
mechanism may operate at the pod surface, within the shell at the seed surface and within
the testa/cotyledons. This makes it difficult for breeders to specify particular resistance
traits to aim for. There appear to be different genes in conferring resistance to seed
colonization, pre-harvest seed inféét;on and alf:;toxin production. Reddy ef al. (2003) also

—

reported that seed colonization and aflatoxin content had no consistent relationship.

Although several factors of seed testa have been reported to contribute towards A.
flavus resistance, no efforts have been made to breed for these traits (Rao et al., 1989).
This may be due to their susceptibility to environmental factors (Mehan et al., 1991).

Nahdi (1996) reported that late drought stress increased aflatoxin contamination in seeds

of testa resistant genotypes like J 11 and Pl 337394. Waliyar et al. (1994) also reported --

environmental influence on aflatoxin resistance. Anderson et al. (1996) reported low broad
h 1

-
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sense heritability for aflatoxin resistance. For resistancg to aflatoxin production,'the

! -
heritability estimates were reported to be low to moderate (Utomo et al., 1990). ,‘: ’
e
Ghewande er al. (1993) observed that the correlation between A. _ﬂavg(S'Jinfection
and colonization in bold-seeded groundnut was high and that in between colonization and

v

aflatoxin production was low.

Cultivars resistant to fungus invasion in the soil would be particularly desirable for
semi-arid regions where pre-harvest aflatoxin contamination is a serious problem. It also
reduces plant stand due to aflaroot disease. Significant correlation between A. flavus

contamination in groundnut seeds and low germination pércentage in field was observed

-

]

by Kanntl'yan and Sithanatham (1991).

g

The importance of lipids report'_ebéi'"-in groundnut to support infection' by A.
parasiticus aﬁd production of AFB, by Reddy er al. (1992) indicates a possible resistance
of low lipid genotypes. Ghewande ef al. (1989) observed that low protein content in seed
showed less aflatoxin contamination. The aflatoxin content of inoculated seeds of nuts like
almond, walnut and groundnut was observed to be positively related to moisture content
and was not significantly related to protein, fat and total carbohydrate contents (Zafar

Iqbal et al., 2004).

Many sources of resistance have been reported; PI 337409, Pl 337394 F, UF 71513,
J 11, Ah 7223, U-4-47-7, 55-437 and 73-30 for pre-harvest field infection and in vitro seed
invasion, colonization and aflatoxin production (IVSCAF); U-4-7-5 and VRR 245 for
aflatoxin production. Two wild sps., Arachis chardenassi and A. duranenesis were also
resistant to [VSCAF. The resistant lines to pre-harvest seed infection did not show
resistance when tested for IVSCAF and vice-versa was also true (Nigam et al., 1991).

Murthy and Ghewande (1996) compiled 33 aflaroot resistant sources in groundnut. Harish

-
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babu ef al. (2003) recorded lower infection on TG 49 (f.69) than the resistant genotype,

111 (2.87).
2.1.2.8 Alternate strategies

Holbrook er al. (2000) evaluatea 20 genotypes of groundnut having drought
tolerance and susceptibility. These results indicated that susceptible genotypes héd greater
pre harvest aflatoxin contamination and drought tolerant genotypes had less pre harvest
aflatoxin contamination. The susceptibility of peanuts to aflatoxin contamination was
observed to be related to kernel moisture content and temperatures during pre-harvest and
post-harvest conditions (Cole et al., 1995). Under prolonged drought conditions,
groundnut genotypes, which maintain high kernel moisture, showed enhanced resistance
and produced low aflatoxin (Cole ef al., 1993). Venkataramanamma et al. (2004) reported
similar results by indicating that the genotypes, which maintained high pod and kernel
moisture, had low aflatoxin contamination. End season drought stress had significantly
increased the seed infection with A. flavus in all the tested genotypes (Nahdi, 1996).
Drought and temperature stress on peanut as observed by Musingo ef al. (1989) increased
accumulation and/or synthesis of carbohydrates and certain polypeptides and might be
thus enhaced Aspergillus invasion and aflatoxin production. Nageswara Rao et al. (2001)
suggested that management of drought, by escape, tolerance or avoidance mechanisms
may therefore have a significant impact on genotype’s ability to resist. aflatoxin
production. Reddy er al. (2003) indicated that aflatoxin production in groundnut was
negatively related to pod wall moisture during terminal drought and genotypes tolerant to

moisture stress by maintaining high water content, had reduced levels of aflatoxin.

Scientists have focused on understanding the aflatoxin biosynthesis pathway. They ™

have identified o-methyl-sterigmatiocystin as the last known precursor, and the enzyme



i

osido-reductase, that catalyses the conversion of this precursor to aflatoxin By. When the

gene responsible for the enzyme is located, it could be removed or altered to stop

production of aflatoxin (Nigam et al., 1991).

2.2 ASSOCIATION ANALYSIS

Among the quantitative characters, pod yield is the most complex and was reported
10 be associated ;vith over 40 other. characters. Among these, number of mature pods, 100-
seed weight had been reported to affect pod yield directly, as revealed from path analysis
studies (Reddy and Murthy, 1994). With respect to mature pods per plant, irrespective of
group, habit and duration, many research workers had observed positive significant
estimates of correlation‘. A phenotypic correlation less than its genetic counterpart,
together with a small positive environmental correlation will occur where the genes
governing two traits are similar but where the environments pertaining to expression of

these traits have low correlation (Searle, 1961).
2.2.1 Morphological characters

Varisai Muhammad et al. (1973) concluded that bold-seeded nature was
associated with low shelling outturn. Rama Reddy (1991) in his correlation studies stated
that shelling percentage and number of mature pods had high positive correlation with pod
yield per plant. Suresh Kumar (1993) in his studies revealed that in both parents ana
crosses, number of mature pods, shelling percentage and harvest index had significant
positive association with pod and kernel yields. In parents, all the characters had positive
indirect effect on pod yield through kernel yield and pod yield showed highest positive

effect on kernel yield.
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Positive association of seed size with 100 seed weight was reported by
Borate ef al. (1993). Ursal et al. (1995) reported significant and positive direct effec‘t of
100 kernel weight, number of developed pods, kernel weight and shelling% on pod yield.
According to Mishra (1995) pod yield was found to be positively and significantly
correlated with harvest index and number of pods per plant, whereas number of pods:per
plant had significant positive correlation with harvest index. Anuradha (1995) i'na{cated
through correlation analysis that number of mature pods per plant; 100 kernel weight and
kernel yield 'were the major components contribuﬁng to pod ‘y}leid. She also showed high
direct effects on pod yield. Uddin ef al. (1995) reported that at genotypic level, seed yield

per plant was negatively associated with shelling percentage and 100 seed weight. Tf;ey

“also observed large direct effects of pods per plant on seed yield per plant.

-
r

. -
Vindhiya Varman and Raveendran (1996a) observed positive and significant

i
association of pod yield with number of mature pods per plant and kernel weight per plant

M ¥

with shelling outturn. They have also obs¢:rv2;d significant negative association of mature
Ty
L:

pods with kernel weight per plant. Salara and Gowda (1998) recorded high correlation of

pod number and test weight with pod yield in the F, progenies of groundnut.

Genotypic correlation of pod yield per plant as observed by Cherian Mathews et al.
(2000) was positive and significant with kernel yield per plant and 100-kernel yield.
Maximum direct effect was also observed by them to be exhibited by kernel yield on pod
yield per plant. Sah et a/. (2000) studied 24 genotypes of mutant cultures of groundnut and
reported that pod yield per plant was positively and significantly correlated with number
of pods per plant, 100 seed weight and oil yield per plant and it had negative association
with shelling percentage. The direct effects of seed yield on oil and plant yield were also
reported to be high. The characters, number of pods per plant, 100 seed weight indirectly

through seed yield per plant effected pod yield.
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Singh e «l. (2000) observed highly significant positive association of pod yicld

with 100-kernel weight and number of mature kernels. Venkataravana er al. (2000a)
revealed that the genotypic correlation coefficients were observed to bcﬂrg:lati;c;ly of
higher magnitude than the corresponding phenotype correlation ‘éoefﬁcients, which
indicated the strong inherent association between the characters, existed in the study. Pod
yield had significant positive association with number of mature pods, shelling percént,
100 kernel weight and kernel yield. Furthérmc;re, mature pods, shelling percent, 100
kemel weight, kerr'1el yield and oil per cent w,‘erei'r reported to be positively associated with
one another, They also reported high and positive direct effects of kernel yield and number

of mature pods on pod yield. Mathews et al. (2000) revealed maximum direct effect of

kernel yield per plant on pod yield per plant.

-

Singh and Singh (2001_) studied 15 genotypé&s,of Spanish bunch groundnut for
seven characters and observed that number of pods had the highest phenotypic correlation
with pod yield per plant followed by harvest index. They also observed high positive
direct effect of 100-kernel weight, harvest index on pod yield. Maximum direct effect on

pod yield was also observed for 100 kernel weight and harvest index and most of thé

characters were observed to influence pod yield via ]Ob_ kernel weight.

Kernel yield was found to be correlated with pod yield and expressed positive

!
direct effect on pod yield (Dhaliwal et al., 2003). Jayalakshmi (2003) reported highly

significant and positive phenotypic correlation between kernel yield and mature pod

number per plant.
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12,1 Physiological characters

In groundnut conventional breeding methods to improve drought adaptation have
been based on selection for pod yield in a given drought environmenf. ‘While direct
selection for yield can be effective (Wright ef al., 1994), the limitations of this approach
are high resource investment and poor repeatability of the results due to the large G X E
interaction for yield (Cooper and Hammelri 1996). Study 6n physiological procésses
contributing to yield, which are relativel"'y‘; stable, needs to be investigated. Simple
analytical crop models should be devised ‘for understanding of ggnotybic variation for

these characters and their relationship. to drought and yield. A brief review on the

physiological characters related to yield and the influence of drought on their expression is
NS

N A
cited in this chapter.

Pallas and Samish (1974) reporte}d;_ no correlation between SLW and net
photosynthesis in peanut. Williams e/ aI.f!?l'975) reported that kernel growth rate early in

the reproductive phase of groundnut was influenced by CGR.
5 .
Natarajaratnam (1979) found that the harvest index was highly correlated with
economic yield and concluded that a high harvest index indicated a favorable partitioning
of dry matter towards pods. A positive correlation between SLW and dry weight, and

SLW and yield was observed in black gram (Subramanyam and Pandey, 1981).

Madhavi (1988) on correlation studies indicated that LAI in the initial stages was
positively correlated with pod yield, kernel yield, number of pods, and SLW at maturity.
She has also observed strong correlation of LA from 60 days with pod yield, kernel yiel«‘j
and total dry matter. She concluded that initial LAl together with initial dry matter could

be employed profitably as selection criteria to select productive genotypes in groundnut

breeding. o
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Correlation studies carried out by Madhavi (1988) revealed that SLW at maturity
as associated with LAI at 45 and 60 DAE. SLW at 45 and 60 DAE was also posit’ive
with LAl in the initial stages. She reported non-significant, positive correlations for SLW
at 30 DAE with pod yield, kernel yield and number of pods, while at rest of the stages
SLW was negatively correlated with the these characters. Pod weight in the her study was
found to be correlated positively and significantly with kernel weight, LAI from 60 DAE,
while a non-significant but positive correlation was observed with SLW at 30 DAE. Its‘
correfation withi harvest index was negative but non-significant. The correlation of kernel.
yield with LAl form 60 DAE was positive and significant but with LAI at 30 and 45 DAE,

!

SLW at 30 DAE was non-significant though positive. Harvest index on the othcl:fv hand -

exhibited negative correlation with SLW and LAI. e

Wright et al. (1991) identified harvest index, as a major factor in improving pod
yield in response to drought stress and it was associated with a more synchronous
development. Venkateswarlu et al. (1991) in their correlation studies revealed that pod,

yield was closely associated with harvest index.

Suresh Kumar (1993) in his correlation studies revealed that harvest index showed
significant positive association with number of pods, and shelling percent. He further
stated that harvest index showed high positive direct effect on pod yield |;oth in parents
and crosses. Positive significant correlations were found for pod yield with harvest index

and for harvest index with oil percent from the studies of Arunachalam (1993).

The importance of physiological traits such as harvest index, crop growth rate and
total dry matter accumulation as yield contributing traits had also been established by
character association studies (Reddy and Murthy, 1994). Similar positive association

between harvest index and yield was reported by Mishra (1995).

s
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Sharma and Varshney (1995) indicated the possibility of improving harvest index in
groundnut by increasing pod yield, pod number and shelling percentage because of tl‘meirl
positive significant correlations. The direct effects of pods per plant, kernels per plant, pod

|
yield per plant and shelling percentage on harvest index were high and positive. The
residual effect of factors was high suggesting thereby that considerable amount of:

2

variation manifested in harvest index remained unaccounted by other characters not

measured in the study.

Ursal et al. (1995) reported significant and positive direct effect of harvest index'
and’ dry matter production on pod yield. Among physiological characters studied by
Anuradha (1995) crop growth rate between 30-60 DAS and harvest index expressed

significant positive association on pod yield.

Patra et al. (1995) found that LAI at 50 and 70 DAMS had positive and significant
influence on number of pods pe; plant, shelling percentage, 100 kernel weight, pod yield,
oil content and oil yield per plant. Yield components such as number of pods per plant,
number 6f kernels per pod, shelling percentage, 100 kernel weight and oil content were
positively and significantly correlated with each other and also influenced pod and oil
yields. It was concluded that LAI at 70 DAS along With dry matter accumulation at 70

DAS {;;E:re key growth variables positively influencing pod and oil yields in groundnut.

Harvest index and mature pods- per iE)la}nt were positively associated with kernel
yield per plant in the segregating generations studied by Jayalakshmi (1997) implying the
usefulness of these attributes in selecting for High I;ernel yields. Harvest index was
associated positively with SLA in parents and F;s, but exhibited non-significant
association in F3 generation suggesting that concurrent improvement in both the characters

might be possible in the advanced geg;erations.



Arjunan ef al. (1997) observed that LAl had the highest significant positive
corelation with pod weight and harvest index had the”’ﬁegative correlation before stresé (at
40 DAS), after imposing stress (at 75 DAS) and at final harvest. Plant growth and leaf
expansion were much affected due to limited water supply and hence total dry matter

production and LAI had significance in pod filling. They indicated that correlations

between physiological traits were much easily affected during the developmental stages -

with the imposition of stress. It was opined that this was to adjust the altered pl1y§iology of
the plant due to stres;ed environment., Further SLA showed positive correlation with
harvest index and carbon isotope discrimination. They concluded that leaf was thei
photosynthetic apparatus wherein the more leaf area in tﬁ;;n higher total dry matter
production resulting in accumulation of photosynthates for high pod yield. They indicated
that SLA might be employed ir} selection for carbon isotope discrimination since SLA was
simple and inexpensive one as compared to the more expensive carbon isotope

measurement.

-~

Arjunan et al. (1999) reported that leaf area and harvest index were positively
associated with pod yield. SLW exhibited negative correlation with transpiration rate.
They indicated that the increased leaf thickness (SLW) resulted in reduced t(anspiration.
The direct effect of SLW and harvest index on pod yield was negative and high. The
indirect effect of SLW on leaf area was positive and high. They suggested that use of total
dry matter production and number of functional leaves at harvest can be used as selection

indices for development of drought resistance.

In a growth analysis study Sanjeeva Kumar et al. (2000) reported that GCR
increased as crop growth progressed and was highest between 60 and 90 DAS in all the

cultivars belonging to Virginia and Spanish groups. LAI, LAR and CGR significantly
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affected pod yields in Virginia group but had no definite trend in cultivars of the Spanish

group.

Nigam ef al. (2001) opined that in groundnut, water use efficiency was correlated
with specific leaf area and suggested that the latter could be used as a surrogate trait for
selecting for water use efficiency. They also reported that partitioning of assimilates as

t

measured by the harvest index Had the greatest effect on pod yield.

Some studies showed that SLA was influenced by factors such as time of sampling‘,
lez}f age (Wright and Hammer, 1994; Nageswara Rao et al., 1995; and Rao et a.l., 200]?
and accuracy of the measurement. In another study Nageswara Rao et gl. (2001a)
highlighted- the importance of a standardized sampling method to select for SLA in large-
scale peanut breeding programs. This study has also shown significant correlations
between SLA with SPAD Chlorqphyll Meter Readings (SCMR) and suggested that SCMPlt
could be used as a rapid, low-cﬁbst, non-destructive technique to screen large breedin{g
populations for SLA. Similarly Rlao et al. (2001) showed that a hand-held portable SPAD
chlorophyll meter could be used effectively follo;zving necessary protocols for rapid
assessment of SLA and specific leaf nitrogen, as surrogate measures of water use

efficiency in groundnut.
* Nautiyal et al. (2002) observed that water deﬁgit imposed at various stages of crop

growth in four groundnut cultivars influenced LAI, harvest index and pod yield. LAI
increased rapidly from 40-100 DAS. Plants experiencing stress at vegetative phase had
higher LAI during reproducing phase (80-120 DAS). Irrespective of cultivars LAI

decreased during stress and increased after the relief producing more new leaves in their

studies.



The hypothesis that, since transpiration efficiency in groundnut was controlled
mainly by mesophyll rather than stomatal factors (Udayakumar er al., 1998), paramét?rs
such as SCMR which was strongly linked with mesophyll efficiencies was also proved to
be linked with transpiration efficiency in correlation studies of Bindu Madhava et al.
(2002). Jayalakshmi (2003) observed highly significant and positive phenotypic

correlation between kernel yield and SLA.
' Jd

An inverse relationship was observed by Redd-y et al. (2004) between SLA and
SCMR in groundnut. A positive correlation between SCMR and seed yield, and a negative

correlation between SCMR and SLLA observed in this study further substantiated the

conclusion that SCMR was a potential physiological trait to employ as a surrogate for -

transpiration efficiency.

John et al. (2004) reported positive and significant regression coefficients of
SCMR with pod yield per plant and kernel yield per plant. Clavel et al. (2004) opined
that as water deficit affected leaf area index and transpiration at approximately two weeks
after thé occurrence of water deficit at the soil level and as genotypic differences seemed
to be greatest at this time, measuring physiological traits during this period might provide
useful information for breeding early groundnut cultivars under end-of season water

deficit conditions.

2.2.3 Biochemical characters

Penning de Vries et al. (1974) have estimated that 1 g of glucose produced by
photosynthesis can be used by the crop to produce 0.83 g of carbohydrates or 0.4 g of

protein when nitrate is the nitrogen source and opined that an increase in protein content



requires more photosynthate, thus decreasing available photosynthate for starch synthesis

and thus grain yield.

During seed development, sucrose translocated to the seed is metabolized to
precursors of protein and oil. Enzymes of protein and oil (PEP carboxylase and pyruvate
kinase) activities appeared to contribute significantly to protein and oil biosynthesis during -

seed development in maize (Smith er al., 1990). 1

The negative correiation observed between seed weight and percentage protein in

the seeds of bread wheat is a function of the fact that increase in seed size is commonly -

associated with a disproportionately larger deposition of starch relative to protein (Diehl er
al, 1978). The difficulty in simultaneous selection for both high-protein and high yield
was implicated to negative correlation between them (Simmonds, 1995). He further op;—e’dj
that nitrate reductase activity (NRA) was a physiological criterion for selection of high
protein and high yield. Singhal es al. (1977) working with wheat linked the negative
correlation between grain protein content and grain yield to the negative correlation
between grain protein content and 1000 grain weight. Kitbite (1990) suggested that the
inverse phenotypic correlation between grain yield and grain protein qoncentration are not

caused by genetic factors such as linkage or pleiotropy, but arise from the intrinsic

physiological and mathematical relationships, the two characters have in common.

In groundnut bold seeds had more protein content than the small seeds (Deodhar et
al,, 1973). The negative relationship between oil and protein, pod and kernel yield with oil
and protein and positive relationship between protein and sugar content was observed by

Layrissc ¢/ al. (1980). Seed size has also been reported. to have correlation with lipids

(Raheja et al., 1986).
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Oil and protein contents were reported to be positively correlated though not

1

significantly even though yield of groundnut pods was negatively correlated with oil and

f *
protein contents (Makne and Bhale, 1987). L ‘

-f'.
. . . . 'J'. .
Protein content was considered to influence aflatoxin contamination le:ve:lsJ

(Ghewande ef al., 1987).

i
P
4

Kale et al. (1988) recorded a positive and significant "correlation between oil
content per seed and 100 seed weight and concluded that medium-sized seeds should be.

used to assess oil content as maximum percentage of oil was in medium sized seeds. Bold

seeds were observed to possess more oil content than the small seeds (Sahoo et al., 1988).

Inverse correlation between protein and oil contents was reported by Dwivedi et al.
(1990). Their study with 64 groundnut genotypes revealed that seed weight had no
relationship with oil or protein content. However when 64 genotypes were graded on seed
weight basis, oil content within a genotype showed a significant linear increase as seed
weight increased in the graded samples, but no such relationship was observed for protein
content. Misra et al. (1992) also reported negative correlation between oil and protein

contents.

Reddy et al. (1992) in a study with different crops including groundnut observed
that groundnut cotyledons, with most lipids, supported the greatest production of AFB,
and suggested that lipids were more important in determining growth and AFB,
production by 4. parasiticus. Ghewande et al. (1993) screened bold seeded groundnut
genotypes for dry seed resistance to 4. flavus and for the production of aflatoxin under
artificially inoculated conditions. They did not observe any correlation between sugar
content and infection, colonization or aflatoxin content. Holbrook et al. (1994) reported

some association of fatty acids with reduced aflatoxin contamination.

A
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Ursal et al. (1995) reported significant and positive! direct effect of oil percent anq
protein percent on pod yield. Positive association of kernel weight per plant with oil
content was evident in the studies of Vindhiya Varman and Raveendran (1996a). Further
more, they have observed the kernel weight had high positive direct effect on"dil content.
The highest direct effect of pod yield on oil content ‘was nullified by indirect effect via

shelling out turn. Oil content and yield were observed to be positively associated from the

studies of Ali et al (1996).

Amino acid components (Murthy and Ghewande, [996) of seeds also were

considercd to influence aflatoxin contamination levels.

Kale er al. (1988) observed that T'gdium size seeds contain more oil percentage

and more protein pcrcentage compared to large and small seeds.

Bera and Das (1998) recorded correlation between seed yield and oil content and
no significant association between 100 seed weight and oil content. They observed that P\l
314817, a Valencia type not only had a very high seed oil content, its seed yield per plant
and 100 seed weight were also very high and indicated that the genotype combined

i

effectively high seed yield potential with high oil yielding capacity.

A significant negative correlation between protein and oil contents was noticed by
Sadhana Kumarjand Snehalatha Reddy (1998) in groundnut. Venkataravana et al. (2000a)
revealed that pod yield had positive and significant association with oil yield per plam!;.
Path analysis also revealed direct effect of oil yield on pod yield. Oil yield per plant was

observed to be associated positively with number of pods per plant, 100 seed weight and

seed yield per plant (Sah ef al., 2000).

Vindhiya Varman (2000) reported maternal effect of oil content in seven out of

fifteen reciprocal crosses of groundnut.
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Singh and Singh (2001) observed negative correlation of 100-kernel weight with
protein content. They concluded that as oil content had no correlation with any other
characters independent improvement for oil content was suggested. A strong inversé
relationship between oil and protein (0.69) was also recorded in F| crosses of groundnut
(Parmar et al., 2001). Parmar et al. (2002) indicated positive and significant relationship

between pod yield and protein content and negative association between oil and protein.

Dobaria et al. (2004) encouraged the direct selection for high protein content that

may eventually result in high sugar but low oil content .based on the correlations they

7
4

observed in their studies. They had also observed positi\ﬁe’ correlation of protein content
» i

with sugar and negative correlation with oil contents. -

T

23 VARIABILITY AND GENETIC ""P;&RAMETERS

Successful plant breeding rests on the availability of information on variation,
either continuous or discontinuous present in crop plants. Variation in groundnut was
. ]‘/'
conveniently categorized as morphological, physiological and biochemical variation and
discussed in this chapter. Genetic variability in groundnut is extensive (Singh and

Simpson, 1994) and much of this variability had been described by Murthy and Reddy

(1996). Many pod and seed characteristics including seed composition were generally
!

4

observed to be quantitativel\)‘/j inherited (Knauft and Wynne, 1995). Bandyopadhyay er al.
(1985) suggested two selection indices for the evaluation of Fis and further generations.
First method was the use of yield components, and the second was the use of both

physiological traits and yield. They concluded that the second method was the best one.
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131 Morphological characters

Arunachalam and Bandyopadhyay (1986) reported variation in kernel yield and

explained that this variation was due to pod yield, shelling percentage and 100-kernel

weight.

Velu and Gopalakrishnan (1985) reported wide variatiqns in yield and harvest
index among the varieties and habit types. They concluded that quality characters were
associated wish .h;xb.ir sypes. The values of shelling percentage and 10D-seed weight
increased from bunch to semi-spreading to spreading t;pes; bunch being particulafly

heterogenous for those two characters.

Chauhan and Shukla (1985) studied 20 ;trains each of bunch and spreading

groundnuts and reported that the GCV, heritability in broad sense and genetic advance

were high for pod yield per plant in both groups.

Reddy and Gupta (1992) reported high estimates of GCV, heritability and GAM
for kernel weight in groundnut. On the other hand they recorded higher estimates for all

the genetic parameters viz., GCV, heritability and GAM for mature pods per plant.
¥
Mishra and Yadav (1992) reported a high GCV, PCV, heritability and GAM for
100 seed weight. Chaudhary (1993) studied a collection of 404 genotypes of all types of

groundnut and reported high GCV, heritability and GAM for immature pods per plant.

Ali and Wynne (1994) observed fairly high estimates of narrow and broad sense
heritabilty in F, progenies for seed weight (g/100g seed) and suggested that selection for
the character could be practiced in early segregating generations. Heritability estimates for

pod yield in various studies ranged from 0.13 to 0.98 (Reddy and Murthy, 1994),
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g v in most of the studies recorded low to medium heritability (0.1 to
0.42) estimates in populations (Reddy and Murthy, 1994). Therefore they opined that e‘arly
generation selection might not be fully rewarding. They also indicated that shelling out-
wm could also be increased beyond 70 % by genetically manipulating shell thickness

which was a qualitative trait.

Moderate GAM was reported for pod weight by Chavan and Dhoble (1994).
Medium heritability was reported for pod weight (Sumathi and Ramanathan, 1995).
Kemel weight per plant was found to possess low GCV and GAM in the studies of Nisar
Ahmed (1995). Ganesan and Sudhakar (1995) recorded medium values for GCV,

heritability in broad sense and GAM for mature pods per plant.

Uddin et al. (!995) obtained High GCV, heritability and genetic advance for seed
yield per plant and 100 seed weight. They reported moderate to high genetic advance for
shelling percentage. Low GCV estimates for shelling outturn as observed by Vindhiya
Varman and Raveendran (1996a) indicated limited scope for improvement due to low

magnitude of variability. They also reported low heritability and GAM for shelling

outturn.

Ali et al. (1996) reported high GCV and heritability for pod weight. Sufficient
variability existed in the crosses made by Salara and Gowda (1998) between Spanish and
Virginia cultivars for pod yield and'jpod number. They reported that the GCV and genetic

advance was high for test weight and Ehelling percentage.

Naik er al. (2000) revealed high GCV and GAM for pod weight per plant and 100-
kernel weight and low GCV for shelling percentage. Heritability in broad sense for 100

seed weight alone was observed to be high.



-

Vijayasekhar (2002) reported high GCV, PCV, /high heritability coupled with
genctic advance as per cent of mean for harvest index, 100-seed weight and shefling

percentage indicating that these traits could be improved by simple selection methods.

Higher GCV, heritability and genetic advance for pod yield were observed by
Dhaliwal ef al. (2003). Makhan Lal et al. (2003) reported. high PCV than GCV for number
of mature pods per plant.

Amit Vikram ef al. (2003) con;;rtigr{ed selection index for 33 lines of groundnut
based on the relative magnitude of varie:.tion (harvest index and yield per plot), correlation
analysis (harvest index and yield per plant), regression analysi‘s (yield per plant), and
importance from breeder’s point of view (n'umber of mature pods per plant, yield per
plant, harvest index, shelling percentage and yield per plot). They also reported maximum

genetic gain for 12 traits, which included mature pods per plant, harvest index, shelling

percentage and yield per plant.

Moderate values of heritability, GCV, PCV and genetic advance were reported by
Vasanthi et al. (2004) for mature pods per plant, immature pods per plant and pod weight

per plant.

John et al. (2004) observed high to moderate estimates of PCV and GCV for
number of mature pods per plant and kernel yield per plant; high PCV for pod yield per
plant; high GAM for mature pods per pl;ant, pod yield per plant and kernel yield per plant,
and suggested selection for improvement of these characters as they were under th::
control of additive gene action. They also reported the presence of additive gene action for
mature pods per plant, pod yield per plant and kernel yield per plant as they exhibited high

I

heritability coupled with high GAM.
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13.2 Physiological characters ;

Breeders too often rely on the two most unstable morphological characters;
pod number and weight for formulating selection indices and as such could not make
much progress over the already existing varieties in terms of yield. The significance of

physiological traits though envisaged (Duncan et al., 1978; Obraztsov, 1983; Prasad et al.,

1984 and Nageswara Rao, 1992) could not be framed in the breeding programmes due to

the lack information on genetic variability, heritability and genetic control of these traits.
Therefore a very little progress has been made in terms of exploite{tion of genetic traits for

2

physiological factors influencing yield components. Furthe;rmore, there is a need to
,.’ra'

develop simple screening techniques for such desirable traits.
!

- ”
£
’

A review of groundnut varietal imk[;rovement work in India indicates that more
emphasis was laid on improvement on pod size (Reddy, 1988) and number of pods per
plant (Prasad et al., 1984) as selection criteria. However, very little progress has been
made in terms of identification and exploitation of variability present in physiological

characters.

The slow early growth of groundnut was found to be due to the slow development
of LAI (Kaiam el al., 1975). They also reported that LAI reached large values up to 5.5 to

7and a large leaf area was normally maintained until just before maturity.

The leaf canopy of the peanut crop though not very well defined, the density of
canopy measured as LAl increased from very low levels early in the season to maximum

values which ranged between 4 to 7 (Enyi, 1977). He further reported that maximum LA[

occurred during carly to mid-pod filling stage.
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Duncan ef al. (1978) showed that for a canopy of groundnuts, light interception
reached @ maximum at a LAL of 3. They reported that selection for higher yields in
groundnut through traditional breeding methods did not show corresponding increases in

crop growth rates.

According to Sivakumar and Shaw (1978), the marked increase in CGR at later
part of the growing season could be due to a combination of decreased leaf area and
increased dry weights. Dyncan et al. (1978) reported non-significant differences for mean

CGR values among the varieties.

Sudhakar Rao (1980) reported that the cultivars of groﬁndnut differed in total
chlorophyll content of leaves and opined that the dark green colour and leaf thickness

might be due to higher chlorophyli content.

Santos and Sutton (1982) showed that in Virginia bunch varieties of groundnut,
LAl before pod filling was much larger than needed. Maximum LAl was observed at 75

DAS by Murthy er al. (1983). 3

Hari Singh ef al. (1982) from studies on genetic variability and heritability for
morpho-physiological attributes in groundnut revealed significant differences among
genotypes and high range of variabil-‘i‘ty for number of undeveloped pods, harvest index,
number of pods per plant and pod yield. The differences between phenotypic and
genotypic variations were reported to be high for harvest index, pod yield and a low
heritability values, while shelling percent and number of undeveloped pods had high

heritability values.

Heritability was reported to be high for harvest index in the studies of

Nagabhushanam ez al. (1982) in their investigation on Spanish and Valencia groups. High
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genotypic variation and high broad sense heritability for /harvest index was reported by

Qadri and Khunti (1982).

Murthy et al. (1983) reported the highest CGR at 50 DAS and again at 75 DAS.
Specific leaf weightis one of the many characters considered useful to the selection of

varieties. SLW was reported to be an indicator of the photosynthetic efficiency of a
. 7

-

genotype (Hiremath et al. 1984).

7y

Low heritability values were reported for harvest index by Chauhan and Shukla

-

(1985).

. -
1 3
——

Differences among five bunch varieties of groundnut in respect of LAI, CGR were
reported by Patil e/ al. (1986). A higher LAI in the initial stages was observed by Madhavi
(1988) and she opined that it would result in higher dry matter production in groundnut. In
some strains despite a relatively higher LAI in the initial stages, a decline in the leaf area
at 60 days was observed and it was implicated that LAI before pod filling begins, might be
larger than the needed. CGR of 'moé't of the varieties showed an increase in the initial
stages from 45 to 60 DAE. She recorded increased SLW in groundnut varieties up to 60 to
75 DAE and thereafter it remained constant. Significant differences in the overall mean

va;ues of SLW observed by her reflected variability for photosynthetic efficiency.

Wells et al. (1991) found that the newer, higher yielding cultivars in United States

allocated a greater proportion of dry matter to reproductive tissue than older cultivars.

Reddy and Gupta (1992) recorded high GCV for harvest index. Similarly high

GAM values for harvest index were also reported.
W

Genotypes with lower SLA (thicker leaves) are known to have more of

photosynthetic machinery i.e., more chlorophyll content (Rao and Wright, 1994).
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Anuradha (1995) studied advanced generation pure line; cultures of 28 genotypes of
groundnut for variability and genetic diversity in physiological attributes and reported low
values of GCV, heritability and genetic advance for SLA at 90 DAS. LAI at 30 DAS was

observed to exhibit moderate heritability.

Vindhiya Varman et al. (1990) reported that the CGR increased up to pod
formation (50-70 DAS) and then decreased. LAI was maximum during pod formation (50-

70 DAS) then decreased while LAR decreased markedly after flowering (50 DAS).

In a study with different habit groups of groundnut, Sharma and Varshney (1995)
‘ fouﬁd that the extent of variability observed for pod yield per plant, biological yicq:ld‘per
plant and harvest index was high with high heritability in broad sense, and genetic advance
indicating thereby that variability in these traits was largely accounted by fixable
components and considerable imi)rovement in these traits could be achieved through

selection.

High heritability estimates for harvest index (Vaddoria and Patel, 1990) were
reported. Narrow sense heritability values were recorded by Jayalakshmi (1997) for SLA,
SLW despite low genetic variance. She also recorded high GCV and high heritability for

harvest index.
1

Desai ef al. (1999) reported that leaf area in groundnut ranged from 4 cm? in young
seedling up to 80 cm? in the fully developed plants, with the specific leaf weight of 4.1 to
6.7 mg cm™. Several authors have reported that groundnut plant canopy in terms of leaf
area index increases from very low levels early in the season to maximum values, ranging
from about 4 to 7 and the maximum LAI occurs during the early-to-mid pod filling stage.

The crop growth rate estimates increase from a very low value early in the season to a



maximum at about 60 to 90 days after planting. The maximum values of crop growth rate

estimates reported in different experiments averaged 19.6£4.2 g m™ day™.

Moderate to high genctic advance were reported in F, generation in a study of five

crosses by Vasanthi and Raja Reddy (2002) for harvest index and pod yield per plant.

The study of Nautiyal and Joshi (2003) indicated that groundnut genotypes with
lower SLA (thicker leaf) might perform better under water deficit environnjerjtf Vasanthi
et al. (2004) in their studies on heritability observed moderate values of heritability, GCV,
PCV and genetic advance for SPAD chlorophyll metre reading. They al.so réported that the
traits that conferred water use efficiency, high SPAD and low SLA showed moderate to
high heritability and moderate to low GAM. They inferred that there was more scope for

bringing improvement in SPAD through phenotypic selection than in SLA.

2.3.3 Biochemical characters

Oil content expressed low estimates of GCV, heritability and GAM (Nadaf and'

Habib, 1987). High heritability was recorded by Basu et al. (1988) for oil content.

A wide range of variability for protein content has been reported in groundnuts,

" from 162 to 36 % (Dwivedi et al., 1990).

.o
Nagaraj (1996) compared different botanical groups and observed that Virginia

bunch group was rich in oil followed by Spanish bunch while, Valencia’s had higher

protein content and Virginias were rich in soluble sugars.

Misra et al. (1992) analyzed protein and oil contents in 38 groundnut genotypes
and reported that oil content ranged from 42.5 to 54.5 % and protein content ranged from

1541026.5 %.
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Variability for oil content in groundnut genotypes m the study of Jambunathan et
al. (1993) ranged from 31-55 %. In a review, Reddy and Murthy (1994), observed that low
to medium heritability of oil content and absence of high variability within cultivated
groundnut have so far hampered the programmes aimed at improving oil content in

groundnut seeds.

The comparative studies of seed size on seed quality as observed by Prathiba and
Reddy (1994) revealed that protein content of small seeded varieties was high compared

with bold seeded varieties, whereas sugar content of bold seeded varieties was higher.

Rajgopal et al. (1994) evaluated 15 Virginia bunch and 25 Virginia runner
accessions for the preferred quality traits of low oil, high sugar and protein contents, and
tolerance of Aspergillus flavus ¢olonization and identified that two each Virginia bunch
(NRCG 2863 and NRCG 5505) and Virginia runner i(NRCG 1005 and NRCG 2746)
genotypes had the best overall combination of desirable quality traits with high pod yield

and seed weight.

Inheritance of oil content was reported to be paternal and segregation followed a

monogenic 3 : 1 normal : low-oil ratio (Knauft and Wynne, 1995).

Carbohydrate contents between 22 and 33 % have been reported for groﬁndnuts
}

but few studies have examined genetic differences. Carbohydrates in the seed include
disaccharides (primarily sucrose), oligosaccharides (primarily starch), and insoluble

compounds (Knauft and Wynne, 1995).

Vindhiya Varman and Raveendran (1996a) observed low GCV for oil content and

o !
opined that high heritability coupled with low genetic advance for this trait indicated the

e

contribution of non-additive genetic effect.



Nagaraj (1996) reported that the variability in groundnut ranged from 40-50 % for

oil, 35-55 % for protein, 7.4-14.2 % for total sugars and 2.86-6.35 % for sucrose. -

Modcrate heritability values for oil content were reported by Jayalakshmi (1997).
Wide variation was noticed by Sadhana Kumariand Snehalatha Reddy (1998) for oil and

fatty acid composition in groundnut varieties.

Pattee et al. (2000) observed high broad sense heritability for 18 carbohydrate
components in groundnu:t. The observed high genotypic variation in carbohydrate
components was similar to the high genotypic variation observed for the sweetness
attribute in roasted peanuts indicating possible interrelationships. The establishment ofi
such interrelationships was felt to be most beneficial to peanut breeding programs to

ensure the maintenance of flavour quality in future peanut varieties.

Misra et al. (2000) reported high variability for reducing sugar content, moderate
for protein content and the least in oil content. Moderate to high heritability for proteinl
content was recorded and Jow environmental influence on this trait by Parmar et al. (2001.
a) suggesting its usefulness in selection. Parmar et al. (2002) reported low heritability
estimates in narrow sense for oil and high estimates for protein content in Fy and F,

senerations of groundnut crosses.

24 GENETIC DIVERGENCE

Genetic divergence studies conducted on groundnut could not be categorized under
morphological, physiological and biochemical characters as the available literature
contained reports that analyzed all these characters collectively but not separately. Hence a

brief resume of work reported for these characters is presented.
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Bhagat et al. (1984) reported wide diversity .in most-of the characters studied
among Virginia, Spanish and Valencia types. They suggested a classification based‘ on

100-seed weight.

Rajkumar (1991) grouped 48 groundnut-genotypes into eleven clusters based on D’
analysis. The characters, harvest index and shelling out-turn were the major contributing

traits towards divergence. -

-y
Reddy and Murthy (1994) reviewed genetic divergc;‘:nc"é studies conducted with

parents of different habit groups and summarized that an optimum level of genetic
divergence, irrespective of habit forms, was enough between the parents to realise

heterosis in F, generation.

Anuradha (1995) based on canonical:root analysis grouped 30 genotypes into 13
clusters and reported maximum contribution of harvest index, pod yield and kernel yield

towards divergence.

Vindhiya Varman and Rax‘eendran (1996) observed that 60 cross combinations
were grouped into five clusters. The clustering pattern revealed that the crosses, which had

common pistillate parent ICGS:44, clustered mostly in clusters, I and II. ' '

o
Nayak and Patra (1997) studied 128 genotypes of groundnut belonging to Spanish,

Valencia, Virginia bunch and Virginia runner types on 18 characters using D? statistic and
grouped them into 15 clusters. D? clustering pattern revealed lack of relationship between

geographic origin and genetic diversity of genotypes.

The observations of John Joel and Mylsamy (1998) revealed that the analysis of

dispersion using Wilk’s criterion showed highly significant differences among the

.

genotypes for the aggregate of nine characters. D? analysis established the presence of
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moderate genetic diversity among these types by forming of three clusters. The minimum
intra and inter cluster distances observed were implicated to the common origin of*the

genotypes.

Venkataravana es al. (2000) studied genetic divergence in 144 groundnut
genotypes by using Mahalanobis D? analysis for 15 characters and gr{oupcd them into
seven clusters. They found that the distribution of genotypes in different clusters was not
according to their geographical origin. They also observed thgt Cluster VII with only one
genotype, ICGV 86564 recorded the highest mean values for- most of the traits viz., pod
yield per plant, shelling percentage, 100-kernel weightF;J'SMK weight, kernel yield per

plant, harvest index, oil percentage and oil yield per plant.

The studies of Vijayasekhar (2002) revealed that the Mahalanobis D* analysis
formed ten cIustérs for 64 genotybes. The mode of distribution of genotypes to various
clusters was at random suggesting that there~wasv ;10 correlation between geographical
distribution and genetic diversity. The characters harvest index, 100-seed weight and
shelling percentage contributed maximum towards genetic dive{gence in both D? analysis

and canonical root analysis. !

Jain et al. (2003) reported that the highest contribution towards total divergence

(:;j

was through haulms yield per plant (26.22%) followed by dry pod yield per plant (19.66
%) and opined that the genotypes involved in the diverse cluster could be used as
promising parents in intermating for obtaining high heterotic response and bettelr

segregants.

Olorunju ef al. (2003) evaluated 25 early maturing cultivars of groundnut by
considering the parameter shelling percentage over five locations. Their results showed

differences between the genotypes and between the locations with respect to the pattern of

i1
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ausiermg. 1ney nave indicated that the use of clustering imethod provided a suitable tool
for the farmer or plant breeder to make a choice of alternative genotype from a given
group of lines that formed a cluster for any given trait or parameter studied. The procedure -

was more useful where genotype x environment interaction is high for a specific crop.

2.5 COMBINING ABILITY .

Most of the pod and seed traits were largely controlled by additive genetic

effects. Maternal and maternal interaction effects were also significant in many cases
N S et

(Dwivedi et al., 1989). In general, additive gene effects are likely to play more important
role in the inheritance of quantitative traits in groundnut, if the selected parents were less
divergent (Isleib and Wynne, .1983). Both additive and non-additive components of

genetic variances were important for yield and related traits, although in most of the

studies conducted so far, additive genc action has been reported to be preponderant for pod

yield per se (Reddy and Murthy, 1994).

2.5.1 Morphological characters

Manoharan et al. (1985) ré’f)orted predominance of additive gene action for
shelling percentage and yield fo_f groundnuts form line X tester analysis and suggested th.lat.

M
improvement of these characters could be achieved through pedigree breeding. They also

reported non-additive gene action for pod number.

According to Basu ef al. (1987) both gca and sca effects were significant for
number of mature pods. Shelling percentage expressed maximum additive gene effecis.

They also reported additive gene effects for pod yield per plant.



~

i
For kernel yicld per plant both additive and non-additive gene effects were
reported (Reddy and Reddy, 1988) to be important. As kernel weight was an important
uiterion deciding the premium price of the export groundnuts Basu er al. (1988)

advocated early generation selection for the improvement of kernel weight in the crosses

ivolving small seeded genotypes.

Non-additive gene effects were reported for pod yield in groundnut by Dwivedi et
dl. (1989). Both additive and dominang@ iv’genetic eff(:cts'were reported for mature pod:
mber by Vindhiya Varman et al. (1990). For kernel yield per plant, addjtive gene effects

were reported by Hariprasad, (1990). Predominance of additive génetic effects for nutmber

P
r 3

of mature pods per plant was reported by Upadhyaya et al. (1992). L

The genetic studies by Chaudhary (1993) on 100-kernel weight indicated that the
variation was due to additive gene action. Where as, Anderson et al. (1993) indicated that

the variation for 100 seed weight was due to non-additive gene action.

Suresh Kumar (1993) in his combining ability ahalysis revealed that predominance
of non-additive gene action for number of mature pods, kernel and pod yield per plant. For
shelling percentage both additive and non-additive gene actions were observed to be

cqually important. .

Vindhiya Varman and Raveendran (1994) observed the role of both additive and
non-additive gene action for :§helling out turn in their line x tester analysis and non-
additive gene action for mature pods. Studies by Reddy and Murthy (1994) on inheritance
of shelling percentage revealed that both additive and non-additive genetic effects were

important for shelling percent. For kernel yield per plant non-additive gene effects were

reported by Nisar Ahmed, (1995). ' ,
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ieed size was reported to be dominant to small size and monogenic control

Murthy and Reddy, 1996).

Jayatakshmi (1997) reported non-additive pene effects for kernel yield per plant

~d pod yield per plant. She also reported both additive and dominance genetic effects for

~ature pod number.

Vindhiya Varman and Senthil (1998) studied combining ability studies in inter-sub
specific crosses in groundnut. They observed that the variance due to sca was hi—gher than

gea for number of mature pods, pod yield, shelling out-turn and hundred kernel weight and

3

indicated predominance of non additive gene action in Virginia x Spanish crosses. The
worthiness of M 13 for more traits was revealed. Out of 30 crosses 11 combinations for.

shelling out turn and ten combinations for hundred kernel weight recorded significant sca

effects. '

Predominance of non-additive gene action was evident in semi-spreading x bunch’
crosses made by Senthil and Vindhiya Varman (1998) for mature pods, 100 kernel weight

i

and pod yield. Importance of additive gene effects for shelling percentage was reported by

Kumar and Patel (1999). -

Vindhiya Varman (2000) reported greater sca variance than gca variance for the
number of mature pods, pod yield, shelling outturn and oil content where as, the reverse
was true for kernel weight jn 30 F, groundnut hybrids studied. He has observed additive
gene action for pod yield in two crosses involving JL 24 as male parent due to greater sca
for these crosses which could be used for further selection to obtain high yielding
progenies. Seven out of the fifteen crosses observed to have significant reciprocal effect

for the traits, pod yield and oil content indicating maternal effect on these economic traits.



Non-additive gene action for number of mature pods was found to be predoming‘ht

Ll

in the studies of Mathur et a/. (2000). Dobaria et al. (2004) observed non-signiﬁcancé of

cenetic components and indicated that additive-dominance variance was inadequate to

explain the observed variation and the role of complex genetic systems governing pod
b3

. . o .
yield and 100-kernel weight. They cautioned early generation selection and advocated

postponing of selection to later filial generations to isolate superior large seeded

genotypes.

Shelling out-turn is an important quality trait that determines the market value of
bold secded groundnut genotypes either for local consumption or for export purpose.
Predominance of dominance genetic effects for shelling out-turn was observed by Dobaria

el al. (2004) for all the crossed studied.

2.5.2 Physiological characters

There are conflicting reports concerning information on genetic control of harvest

Lot
index in groundnut. Harvest index was reported to be governed by additive genes (Suresh
Kumar, 1993, Nisar Ahmed, 1995; Jayalakshmi, 1997; Dwivedi et a/., 1998 and Nigam e¢

al.,, 2001), both additive and non-additive genes (Makne, 1992 and Vindhyavarman and

Raveendran, 1994) and non-additive (Makne, 1992).
!

Devi (1997) during- a genetic study on F, generation observed that most of the
physiological characters (leaf area index, leaf area ratio, specific leaf area, and specific
leaf weight) were under the control of non-additive gene action with an exception to crop

growth rate, which was observed to be under the control of both additive and non-additive

geres.
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SLA in groundnut in a diallel study involving seven parents, Jayalakshmi et al.

(1999) reported predominance of additive gene effects and identified breeding lines TMV

2NLMand ICGV 86031 as good general combiners for SLA.

The significance of additive effects as observed by Nigam et al. (2001)

contributing to SLA and harvest index in three crosses suggested that ef_feciive selection

for SLA and karvest could be practiced even in the early generations in all the crosses.

]

-

L
—_ v
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-

25.3 Biochemical characters

Oil content showed additive gene action (Skyes and Michaels, 1986) as well as
non-additive gene action (Basu et al., 1987). Bansal et al. (1992) reported predominance
of additive gene effects both for oil content and protein content in groundnut inter and

intra growth habit crosses.

In most of the studies as observed by Reddy and Murthy (1994) both additive and
non-additive genes action were important for inheritance of oil content in groundnut.
Similarly they have observed the importance of both additive and non-additive gene action

for inheritance of seed protein content.

Makne et al. (1994) reported that the analysis of variance for combining abilit);
(gea) and sca mean squares were highly significant in F; and suggested that additive as
well as non-additive gene effects were important for protein content. Highly significant
differences observed among parents, F, crosses and parents vs F; crosses indicated thar
sufficient variation in protein content among genotypes. In F; generation 13 crosses haczl

positive and highly significant sca effects and suggested that non-additive interallelic gene

interactions were quite important in determining protein content.

46
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Jayalakshmi (1997) reported that oil content showed both additive and non-
additive gene action. Parmar er al. (2001a) reported preponderance of non-adc!itive éené
effects in the inheritance of oil content while additive and non-additive geng effects for
protein content. They suggested that breeding procedures like pedigree and or biparental
mating and exercising selection at later generations might be followed to mop up additive

and non- additive gene effects of respective traits.

Parmar et.al. (2002) performed genetic analysis of oil and protein contents on 28
non-reciprocal diallel set of crosses involving eight bold seeded Virginia groundnu\t
genotypes. The estimates of genetic components of variance indicated that dominance

1
genetic effects were significant for oil content while additive and dominance components
were significant for protein content in F, and F, generations. However dominancé
components were greater in magnitude than additive compdnents suggesting the
predominance of dominance in governing these two important quality attributes. Thc:(/
suggested that to breed for high protein and low oil content, breeding procedures, whiclp

effectively mop up non-additive variance like biparental mating or reciprocal recurrent

selection scheme for simultaneous improvement of yield and protein may be adopted.

Findings of Dobaria et al. (2004) indicated that lthe confectionery qualities like
sugar and protein contents are predominantly under additive gene action while pod yield
and oil content are controlled by dominance. They suggested breeding procedures aiming
to improve confectionery qualities and pod yield in a population should accumulate
favourable  additive genes while simultaneously maintaining the heterozygosity.
Populati(;n improvement procedures as followed in other self-pollinated crops may be
difficult to apply in groundnut owing to the difficulties associated with cleistogamous

inflorescence of groundnut. However use of recurrent selection scheme as followed in
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other seli-pollinated crops (Hanson et al., 1967) was suggested 1o improve the protein and

sugar content.

Isleib er al. (2004) observed that GCA for oil content was closely followed vélues
of the parental lines and reciprocal cross differences for starch and sugar contents
suggesting influences of cytoplasmic genes on these traits.

&

P

2.6 HETEROSIS

Heterosis is a complex biological phenomenon often manifested in the superiority
of a hybrid over parental forms according to the rate of development of one or complex
charactelrs (Konarev, 1974). Wit{? the realization of the possibility of producing F, hybrid‘s
on a large scale, increasing attention has been given to heterosis in self-pollinated crops

(Hays and Foster, 1974).

2.6.1 Morphological characters
i

Wynne et al. (1970) reported higher levels of heterosis for vegetative characters in
' !
the crosses involving Valencia x Virginia and greater degree of heterosis for yield and

fruit characters in the crosses involving Valencia x Spanish types.

Heterosis over mid parent in certain crosses for pod and seed size, pod and seed
number and shelling percentage was reported by Garet (1976). High hererosis over mid
and better parent was observed in groundnut by Sridharan and Marappan (1980) for

number of mature and immature pods per plant, 100 kernel weight and pod yield.
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Arunachalam er al. (1982) identified heterosis in majority of the crosses involving
prents with high and low general combining abilities. Heterosis was recorded over the

mean parental value for pod yield, pod size and seed yield.

sleib and Wynne (1983) measured heterosis as a deviation of the F; performance

from the mean parental value, and also observed heterosis for all traits studied. Heterosis

upto 19 per cent above the better parent occurred for pod size. They opined that for pod

and seed yield dominance was the more important source of non-additive genetic

variation, while epistasis was more important for pod and seed number.. They also found a

E finear and increasing relationship of heterosis to divergelﬁj'z:e between parents, for the traits,
5

which exhibited more dominance while, for the others a curvilinear relationship was

observed. ‘

Negative heterosis in most of the crosses for the characters for 100 kernel weight
and pod yield per plant and positive heterosis was found for shelling outturn (Sivakumar,

i

1984).

Arunachalam er al. (1984) studied heterosis in relation to genetic divergence. They
concluded that the frequency of heterotic crosses and the magnitude of héterosis for yield
_and its components were high in crosses between parents in intermediate divergence‘:
tlasses than the extreme ones. Deshmukh et al. (1986) also suggested that geneti?
divergence of parents was most important for greater magnitude of heterosis.
Arunachalam and Bandyopadhyay (1986) postulated that the chances of high frequency

and magnitude of heterosis were greater in crosses between parents with high genetic

divergence.



suggested by Dwivedi ef al. (1

|
iti i its’ i -al crosses as
The significant positive heterotic effects for fruits' per plant in several cro ‘

989) was due to predominance of non-additive genetic

ffects.

Reddh el al. (O9) 1n 2 6 % 6 SRl 2nalySs Tepotied el DRIRTOTS Was POBhNR
for mature pods per plant, pod yield and kernel yield. For most of the yield components

they observed that Spanish X Virginia combination resulted in positive heterosis and

heterosis was comparatively higher in magnitude when Spanish lines were used as ovule
: 4

parents.

For kernel weight per plant Vanisree (1992) recorded.high positive heterosis.
b A

Bansal et al. (1993) recorded positive and significant heterosis for mature pods per plant.

Positive and significant heterosis was reported by Dwivedi et al. (1994) for pod weight per

plant.

Prasad (1996) indicated that greater heterosis than that of the best parent was
expresséd for pod size in intrasubspecific crosses and heterosis in pod and seed yield was

primarily due to dominance, but epistasis was more important in heterosis for pod and

seed number and protein content.

Jayalakshmi (1997) reported high average heterosis for kernel yield followed by
mature pods per plant. ‘High heterobeltiosis for mature pods, 100-kernel weight and yieltij
were observed by Senthil and Vindhiya Varman (1998 in inter sub-specific crosses of
groundnut. They opined that although there was no feasibility of exploiting hybrid vigour
in groundnut owing for constraints in the production of large scale F; seeds if heterosis lls
due to epistatic éene action, particularly additive x additive type or due to linked loci

exhibiting partial or complete dominance, it shou!ld be possible to fix allele at the

interacting loci to preserve the heterotic effect in the pure lines isolated from such
/‘M‘ﬁﬁ_ﬁ_«
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porulations. The allopolyploidy of this crop will also favour preservation of such fixed

hybrid vigour for a considerable number of generations.

1.6.2 Physiological characters

Swe and Branch (1986) reported that crosses of Spanish x runner type parents
showed negative heterosis for harvest index. Positive and significant heterosis for harvest.
Py .

index was reported by Nisar Ahmed (1995).

Madhavi (1988) reported positive heterosis for LAI in most of the crosses over the

better parents and negative heterosis for LAI in the F; s involving Valencia or Spanish

P
Fi

variety as female parent. Almost all the F|s were observed to be heterotic as compared -
with their better parents for SLW. None of the crosses were positively heterotic for harvest

index. SLA was the least heterotic character among various physiological characters

studied by Jayalakshmi (1997).

2.6.3 Biochemical characters

Positive and significant heterosis was reported for oil content by Makne and Bhale
(1991). Low average heterosis was reported for oil by Jayalakshmi (1997). Parmar et al.
(2001) observed very low mid-parental heterosis (0.72 -6 %) for oil compared to the

protein content in majority of the crosses.



CHAPTER Il

MATERIAL
AND
METHODS




CHAPTER - III ¢

MATERIALS AND METHQDS

The experimental materials used and the methods followed during the course of

present investigation are briefly described here under.

31LOCATION OF THE EXPERIMENTAL SITE- :

The present investigation entitled “ngetic analysis of some morphological,
ph);siological and biochemical characters in rei:ation to yield and quality in groundnut
(Arachis ,hypogaea L.)” comprised of two experi;ﬁe}]ts. In the experiment-], (;i1'zir"215ter
association, variability and divergence< were worked out on data obtained during the rainy
season (kharif) of 2002. The experim'ent-II was executed during rainy season (kharif) of
2003 to estimate the hete‘rosjs 3nd combining ability effects of crosses generated during
post rainy season (rarbi)_;qf;:’).(j()/Z. Both the experiments were conducted at wetland block of
S.V. Agriculturalri(f”c")'l—l{cge farmi, Tirupati, Acharya N. G. Ranga Agricultural University,
which is located at an 4ltitude of 182.9 m above mean sea level on 79° E‘longitude and 13°

N fatitude and situated-in the Southern Agroclimatic Zone of Andhra Pradesh. According

to th JTroll’s climatic classification, the experimental site falls under Semi Arid Tropics

(SAT). N

3.2 WEATHER DURING THE CROP PERIOD

Data on two crucial weather parameters in the present investigation; rainfall and
soil temperafure were observed during kharif, 2002 and 2003. The rainfall data pertaining
to the crop period recorded at S.V. Agricultural College Meteorological Observatory are

presented year wise separately (Appendix B and Fig. 1a and 1b). A total rainfall of 382.6
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Fig. 1a: RAINFALL AND SOIL TEMPERATURE DURING
KHARIF, 2002 (30.08.02-28.12.02)
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Fig. 1b: RAINFALL AND SOIL TEMPERATURE
DURING KHARIF , 2003 (27.08.03-25.12.03)
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am was received in 27 rainy days during the crop period (kharif. 2002) against_ ﬁiq
jecennial average of 598.17 mm in 31 rainy days. During tHe crop period of kharif, 2003 a
otal rainfall of 303.8 mm was received in 17 rainy days as against the decennial averagé
of $83.42 mm in 31 rainy days. There were dry spells in between 10.11.02 to 7.12.02 for

17days and between 14.11.03 and 25.12.03 for 41 days during crop growth periods in the

two seasons respectively.

Soil temperatures at F0 — 15 cm depth were recorded at 7.12 LMT (7.00 IST) in the
morning and at 2.12 LMT (2.00 IST) in the afternoon. The average soil temperature during

-the crop period of kharif 2002 was 29.5 %c. Where as during the crop period of kharif.

2003 it was 28.67 O.
33SOILS

Soil samplés were drawn from 0-30 cm depths of the experimental field at 10
random spots. They were analysed for different physico-chemical properties. The results
of the énalysis revealed that the soils were sahdy loam in texture, slightly alkaline in
reaction (pH = 8.1} with normal 'I;Z'C (0.16 dS m™ at 25° C). They were low in organic

carbon (< 0.5 %), low in Py0s (:6.4 kg ha") and medium in K;O (112 .kg ha”'). The

p‘r‘e\)/ious crop grown was groundnut during kharif, 2001.

I's

-

34MATERIALS

3.4.1 Plant material

The experimental material consisting 54 genotypes provided by [CRISAT,
Patancheru; NRCG, Junagadh; BARC, Trombay; RARS, Tirupati and ARS, Kadiri are

furnished in table 1 along with their salient features.
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34 Pathogen

The virulent strain of the pathogen (dspergillus flavus) was made available by the
Department of Plant Pathology, RARS, Tirupati. It was considered to be aggressive and,

foxigenic strain (plate 2).

35METHODS o _ |

351 Field trials - \ )

Meticulous care was taken to provide common crop management methods during;
the two seasons of experimentation. The experimental pldts"d(uring the two seasons were
suppliéd with fertilizers at the rate of 30 kg N, 60 kg Pzdsl and 45 kg K,0 per hectare. The
trop was provided with irrigation at suitable intervals but was withheld between 80 and
100 days after sowing when the crops during two seasons were experiencing moisture
stress. However, a life saving irrigation was given during the stress period in kharif, 2003.
Necessary plant protection measures were taken during crop growth period ’on the plant
but not z;s soil application. The mass multiplied inoculum of A. flavus was applied at 45
days after sowing by opening a furrow on a side of the plant row. As a matter of fact the
fingus was mass multiplied by organic-matrix method as per the modified procedure
gii/éﬁ by Will et al.,(i 994. Cracked pearl millet seeds were soaked in water overnight and
sterilized in an autoclave at 121°C for 15 min. A 5 mm disc of 4. flavus from actively
growing ten days old cultEfe was transferred to the sterilized seeds and incubated at 25-
30°C for seven days. The cracked pearl millet seeds treated in this manner were applied at
the rate of 2.5 g per one-meter length of the crop to facilitate the infection of the pathogen

to the crop. Care was taken to keep the soil wet at the time of application of the fungus.

After harvest, the pods were shade dried for seven days and stored in a galvanized iron

container. ANGRAU Central Librarg
HYDERABAD-500 030.
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3501 Experiment I (kharif, 2002). Fifty four " genotypes were grown in a'
randomized block design (RBD), replicated thrice during rainy season (kharif) of 2(;02.i
The crop was sown on 30.08.02. Each genotype was grown in two rows, each 4.5 m length
with spacing of 45 cm X 15 cm. Five random plants per replication were uprooted at 30,
00 and 90 DAS for estimating physiological characters. Another five random plants pet
replication were used to record data on morphological and biochemical characters. Thus in

all data were recorded for 31 plant characters.

3.511.2 Hybridization (rabi, 2002). Nine genotypes out of 54 were selected as
parents (selection criteria explained under 3.5.5.6) for the crossing programme in Line X
Tester mating design to generate 20 Fys. Four lines and five testers were grown on raised
bunds for convenience (plate 1). The length of the row was S m with an intra-row spacing
of 20 cm. Three staggered sowings of the male parents were taken up at ten days interval
to have synchrony in flowering between lines and testers. Crosses were effected on 25
plants fgl‘ each line by hand emasculation and pollination to generate sufficient F, seed for

various analyses.

3.5.1.3 Experiment II (kharif, 2003). Twenty Fs (generated during.rabi, 2002)
alongLvith their parents were raised in a randomized block design, replicated thrice duriﬁg
kharif, 2003. The crop was sown on 27.08.03. Each entry was raised in two rows of 4.5 m
length. A spacing of 45 cm X 15 cm was adopted. Data were recorded on five random
plants per replication on mbrphological and biochemical characters. Five random plants
were picked up to record data on physiological characters at 30, 60 and 90 DAS. Based on
the analyses carried out during kharif, 2002 observations were recorded on only the most

important 14 plant characters (selection criteria is described under 3.5.5.6 in this chapter).

29

e



60

35.2 Data recording

Data for the following characters were recorded on sampled plants:
<

3521 Morphological characters

35211 Shell volume per pod (cc):

Ten random pods were shelled and théir volume was estimated by water

displacement method. 1t was cxpressed as cc per pod.

352.1.2 Pod volume per pod (cc):

o=
¢
[ -

‘--_; .
The volume of ten random pods was estimated by water displacement method and

xpressed as cc per pod.

15.2.1.3 Seed volume per pod (cc):

1

Seeds from ten random pods were used to estimate seed volume by water

displacement method and expressed as cc per pod.

35.2.1.4 Free space in pod (cc):

Seeds obtained from ten random pods were used to estimate seed volume per pod;
by water displacement method. The seed. volume per pod and shell volume per pod were

subtracted from pod volume per pod to estimate free space in pod and expressed in cc.

Free space in pod = pod volume - shell volume - seed volume

bt
i
I




352.1.5 Shelling percentage (%):

Shelling percentage was calculated using the following formula:

Kernel yield / plant (g) X 1
Pod yield/ plant (g)

00

Shelling percentage =

7

3.5.2.1.6 Mature pods per plant: S .

The mean value of total number of mature pods stripped from five random plants

gave the number of mature pods per plant. "

35.2.1.7 Immature pods per plant:
i

The number of immature pods per plant was estimated from the average of total

— s
number of immaturé pods-collected from five random plants.
o
3.5.2.1.8 100 seed lu_jéight (e):
S ’

Hundred random seeds were counted and weighed on an electronic balance (0.01 g

graduation) for each genotype in each replication.

3.5.2.1.9 Pod weight per plant (g):
i
Weight of mature pods from five random plants was recorded and the mean was

worked out for estimating pod weight per plant.
3.5.2.1.10 Kernel weight per plant (2):

Kernel weight per plant was derived from the mean value of kernel weight from

five random plants.



352111 Shape of kernel:
|

Shape of kernels, an important quality parameter was recorded as per the scale
(1) suggested by Misra et al. (2000). An clongated shape was considered the best and

was accordingly given a rating of 1 while round (spherical shape) was assigned the lowest

rating. .

35.0.1.12 Seed size uniformity:

Seed size uniformity is a quality character and was measured as per the scale
(1-10) provided by Misra et al. (2000). A rating of 1 was assigned to the genotype, which
gave the maximum uniformity in size of kernels and a rating of 10 to that which, showed

maximum variation in size, i.e., a mixture of small-medium-large kernels.

N

3.52.1.13 Testa colour:
OJ

The colour code for testa was assigned to the genotypes by visually comparing the
colour of testa with those given by Nigam e al. (2004). Pink to light brown testa colours
were considered desirable (Nigam et al., 1989) and were given a rating of 1, where as dark

red to purple as undesirable and were assigned a rating of 10.

3.5.2.2 Physiological characters

The basic data on leaf area, leaf weight and total dry matter weight (without roots)

were used to calculate the following growth parameters.’
35.2.2.1 Specific leaf area (cni® g'):

Specific leafl area (SLA) was recorded at 30, 60, and 90 days after sowing. Eight

leaves (3" fully expanded leaf from the top on the primary branch) were collected from
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i '
each treatment in each replication for calculating SLA. These leaves were cleaned and

their leaf area was estimated using a leaf area meter (LI-COR Model — 3100). They were

dried in a hot air oven at 80 °c and dry weight recorded. The formula used was:

Leaf area (cm?)
Leaf dry weight (g)

SLA =

35.2.2.2 Specific leaf weight (g cm™):

Specific leaf weight (SLW) was recorded at 30, 60 and 90 days after sowing as

follows:

_ Leaf dry weight (g)

SLW >
Leaf area (cm®)

35.2.2.3 Crop growth rate (g m* day'l ):

Crop growth rate (CGR) was recorded at 60 and 90 days after sowing using the

—

P

formula: L |

-

CGR=—qu
tZ-tl p v

O Where, w; and w; are the plant dry weights per square meter at times t; and &

respectively and p is the land area.
Y

35.2.2.4 Leaf area ratio (cmi’ g'l):.

Leaf area ratio (LAR) was estimated at 90 days éfter sowing as follows:

Leaf area (cm?)

LAR =
Total plant dry weight (g)




35.2.2.5 Leaf area index:

Leaf area index (LAY) was estimated at 90 days after sowing as follows:

LAl = Total leaf area

Unit ground area

3.5.2.2.6 Harvest index:

Harvest index (Hl‘) was estimated after harvest using the formula:

_ Economic yield/ plant (g) X

HI 100

Biological yield / plant (g)

3.5.2.2.7 SPAD Chilorophyll Meter Reading (SCMR):

-

SPAD Chlorophyll Meter Reading (SCMli) was recorded at 30 days after sowing
with SPAD (Soil Plant Analytical Development) chlorophyll meter (SPAD-502, Minolta

0 . :?‘"_- i '
Corp., Ramsey, NJ). The instrument is a simple hand held and portable instrument which,

provides-information on the relative amount of leaf chlorophyll. Measurements were made

on the 3™ leaf on main axis of five randomly selected plants.

3.5.2.3 Biochemical.characters: V ‘

Two days after drying, 20 grams of seeds of each genotype, replication-wise, were
powdered in a blender and were used for recording the data on biochemical characters like
protein, carbohydrate, reducing sugar and non-reducing contents. For estimating seed

moisture percentage and oil percentage the seeds were not powdered. But for estimating

aflatoxin content seeds were powdered after one month of storage and used.



3.5.2.3.1 Seed moisture percentage:

Seed moisture percentage was estimated from shade dried seeds using the formula:

Shade dried seed weight - Oven dried secd weight X 100
Shade dried seed weight

Seed moisture percentage =

35.2.3.2 Oil percentage:

Oil in the seed*was estimated with the help of NMR (Nuclear Magnetic Resonance,
Model New Port Analyser, Oxford Analytical Instruments, England) analyzer. About 12 -
15 g of oven dried seed samples (130°C for one hour) were taken in a test tube and feeded
into the analyzer and the oil content was recorded directly as percentage of oil. Precision

ﬂ . . .
of the NMR analyzer was 2 min; integration period was + 2 units, which is equivalent to

oil content of 0.1 %. A;alu.e of 48.4 % obtainéd-\zvith a groundnut variety, CoOGN-4 was

s =7 )
J

used as standard.

35.2.3.3 Protein content (mg g']):

| P ;‘f’;; o

Protein cg’ﬁtent in this study refers to the total protein content in the seed. The
method of Lowry cgltr"?al. (1951) was adopted for estimating protein' content with Folin-
Ciacalteu reagent. 500 mg of defatted (with hexane) seed sample was homogenized with
10 ml of cold 10 :)-/P TCA (Trichloro Acetic Acid). Seed sample in TCA was collected in z;
test tube and kfeptjlﬂn ice for 15 min. The contents were centrifuged at 6,000 x g for 15 min.l
The pellet was washed thrice with 5 ml of TCA, 3 ml of hexane and 1 ml of acetone. It
was suspended in 4 ml of 2 N NaOH, thoroughly mixed, and incubated at room
temperature overnight. The contents were centrifuged at 3,500 x g for 15 min. Two ml of

the supernatant was collected and the volume was made up to 10 m! with distilled water.

Then 0.1 m! of the sample extract was used to estimate the protein content by adding 5 mi



of alkaline copper sulphate solution. After 10 min., 0.5 ;'nl of freshly prepared Folin-
Ciacalteu reagent was added, thoroughly mixed and allowed to stand for 30 min. for
colour development. The optical density was measured at 660 nm in a spectrophotometer
against a reagent blank. 0.1 ml of distilled water was used in place of the sample in
preparation of a blank. Standard curve was prepared with a range of 0 to 300p.g ml” of
bovine serum albumin and it was linear within the range (R* = 0.9793). The protein
content (mg g™') of the sample was calculated substituting sample OD values in the
formula derived from the graph (y = 0.0023 x). Where, y = OD value of the sample and
X= concentration (g ml") of the protein.

35.2.3.4 Carbohydrate content (mg g'): -

s e
The supernatant, obtained with TCA while extracting total proteins was directly

used for the>estimatioh‘:of total carbohydrates using anthrone reagent as per the procedure
described by Sadasivam and Manickam (1996). Anthrone reagent was prepared with 200
mg anth.rone dissolvi‘c:{)in 100 ml cold concentrated H,SO4 (95%). The total anthrone
positive substances referred here include free sugars and polysaccharides. Anthrone
reagent (4 ml) wag;added to 0.1 ml (made up to 1 ml with distilled water) of the sample
solution, mixed well and the test tubes covered with aluminium foil were placed in a
boiling water bath for 8 min. They were then cooled and the extinction was read at 630
nm against a reagent blank (Iml of distilled water). A set of standard glucose solutions (0
to 200)e g ml") was taken for standard curve preparation. From the linear graph (R2 =
0.9783) a formula was derived (y = 0.0057 x). The sample OD values were substituted t(.)

arive at carbohydrate concentrations (Fg ml"). Total carbohydrate content was expressed

inmg g seed. |
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35.2.3.5 Reducing sugar content (mg g" ):

Reducing sugar content includes some of the reducing sugars like, glucose,
galactose, lactose and maltose. The method described by Nelson (1944) and modified by
Somogyi (1952) was employed for estimating reducing sugars. Reagent A was prepared
by mixing 4 m\ of copper sulphate solution (15 g of CuSQ, dissolved in a small volume of
distilled water and one drop of H,SO4 was added then the volume was made up to 100 ml)
and 96 m! of alkaline cépper tartrate reagent (2.5 g anhydrous NaﬁjOﬁ;, 2 g of NaHCO;,
2.5 g of potassium sodium tartrate and 20 g of anhydrous sodium sulphate were dissolved
in 80 m| water and made up to 100 ml in a volumetric flask). Reagent B was prepared by

dissolving 2.5 g of ammonium molybdate in 45 m! of distilled water adding 2.5 mi H,SOq,

Separately 0.3 g of disodium hydrogen arsenate (Na;HSO4. 7H,0) was dissolved in 25 ml |

distilled water, apd both solutions were mixed and placed in an incubator at 37°C for 24 h.

r——

500 mg of—:scca was grinded with mortar and pestle. Sugars were extracted with 5

-

ml of hot 80 % gbaqol ‘twice. The extract was centrifuged at 3,500 x g for 10 min.
Supernatant was i;lected and the ethanol was evaporated by keeping the test tubes in a
water bath{,at 80°C for 3-4 h. Sugars collected at the base of the teét tube were dissolved
with 5 ml distilled water, and thoroughly mixed. Aliquot§ of 0.5 ml of sample were
| 'pipetted out in separate test tubes and the volume was made up to 1 ml with distilled
water. One m| of reagent A was added to the sample and placed in boiling water bath for

10 min. After cooling the test tubes, 1 ml of reagent B was added and the volume was

made up to 8 ml with distilled water. The absorbance of the solution was measured in a

spectrophotometer at 620 nm.” The amount of reducing sugars was estimated using a '

standard graph (R2 =0.9921 and y = 0.011 x) prepared with glucose.



352.3.6 Non-reducing sugar coutent (mg g”):

Non-reducing sugars, which include sucrose, were extracted from alcohol and
estimated by the method of Nelson (1944). The alcoholic extracts obtained during
reducing sugars extraction were directly used for estimating non-reducing sugar content in
groundnut seed. 3 ml of 3N HCI was added to the extract and kept in boiling water bath
for 3 min. It was then cooled and neutralized with 30 % NaOH. 0.1 ml of the sample was
drawn and made up to [ ml with distilled water. The same method of estimation of

reducing sugars was employed to estimate non-reducing sugar content.

35.2.3.7 Aﬂat()xiﬂ.tg)ntent (ppb kg" seed):

The pods after harvesting and shade drying were stored in a galvanized iron
container under normal storage conditions. Aflatoxin content in groundnut kernels was
estimated after’ orie month of storage- by indirect competitive Enzyme Linked

immunosorbent Assay (ELISA) as per the procedure given by Reddy er al. (1988).

) Sample extraction:

Fifty grams of sceds were collected at random and powdered. Twenty grams of
L
this powder was grinded in a blender with 70 per cent methanol containing 0.5 g KCI. This

=

extract was transferred to a conical flask and kept in a shaker for 30 min at 300 rpm. The
extract was filtered through Whatman No.41 filter paper and the filtrate was collected in

glass test tubes for cstimating aflatoxin.

Health groundnut (HGN) extract was also prepared with the same extraction

procedure and this is free from aflatoxin.
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Infected groundnut pod Pure culture of Aspergillus flavus

OCH.

Mass multiplication Aflatoxin, AFB; (C,7H,,0)

Plate 2: Aspergillus flavus and Aflatoxin




b) Aflatoxin estimation:

Coating:

ELISA plates were coated with 150 pl of AFB;-BSA conjugate (1 ul AFB-BSA in
10 ml of 0.2 per cent carbonate buffer). They were incubated in an incubator at 37°C for
one hour. The plates were washed thrice with PBS-T 20 (phosphate buffer saline-tween)

for three min.

Blocking:

To these plates, 160 pl of 0.2 per cent BSA (bovine serum albumin) was added and

incubated at 37°C for one hour. The plates were washed thrice with PBS-T 20.

Competition:
—_ L';;:’
il

100 ul of pure _tgxin of AFB, (50 ng mI™") was added to first two wells of first
column of ELISA plate. It was serially diluted from 50 to 0.9 pl in the remaining well of
first row. Then 100 pl of diluted HGN extract was added to the wells of first two rows.
The rest of the wells were loaded with 90 pl of BSA + 10 ul of sample extract that had to
be ar)glysqd. Then 50 pl of pre incubated antiserum (1 : 2000 dilution in 0.2% BSA) was

&
loaded to all wells of ELISA plate and kept in shaker for 10 min. The plate was incubated

for one hour at 37°C to facilitate reaction between toxin and antibody. It was then washed

thrice with PBS-T20.

Conjugation:

150 pl of goat anti-rabbit 1gG with labeled enzyme (alkaline phophatase) was
loaded to all wells. Plates were incubated for one hour at 37°C and then washed thrice with

PBS-T20.
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Substrate: .

150 \l of substrate buffer [PNPP (P-Nitro Phenyl Phosphate) in 10 percent
diethanolamine] was added to each well. Substrate alone was added to top left corner well
of ELISA plate as blank. The plates were incubated at normal temperature in dark for
colour development for 5 min. AbsorBance was measured at 405 nm in ELISA reader.'

AFB, content was estimated by the following formula:

AFB, conc.(mg ml™) in sample extract X (times dilution with

buffer) X extract solvent volume used (ml)
sample weight (g)

AFB, content =

and expressed as ppb kg_'l seed.

%
w3

Q
3.5.2.3.8 Seed colonization percentage.
. -

After one month ofgtorage in a galvanized iron container, groundnut seeds were
studied for seed colonizationtnFo‘rty sound mature seeds with intact seed coat and free from
any damage were selected from each genoty‘pe for in vitro inoculation by A. flavus
according to the procedure given by Mixon and Rogers (1973). They were placed in a 2Sd
ml beg\fer,‘ soaked for 15 to 20 min. in sterile distilled water using two .changes of
approximately 100 ml-each in the soaking process. After the second change, the water was
drained from the seed and the sample was inéculated with one ml of spore suspension (4 X
10° spores ml™) obtained from 10 days old culture of Aspergillus flavus multiplied on
AFPA medium. Seeds were plated on three layers of sterile blotting papers and kept in a
petridish @ 10 seeds per plate. Sterile water was added to adjust the seed moisture ta

about 30 per cent. They were incubated in a humid chamber (98 % relative humidity) for

. - N
seven days at 25°C. The fungus infected seeds produced green coloured conidia on theit
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.face. Seeds with infection were counted and the percentage of seed colonization was '

.culated with the following formula:

Number of seeds infected X 100
Total number of seeds

%ced colonization percentage =

35.3 Media used

A) Potato Dextrose Agar (PDA) medium was used for maintaining Aspergillus

"mus culture throughout the experimental period.

Composition of PDA

Peeled potato slices :200 g .

Dextrose - :20¢g
Agar :20g %

g \

. . ‘ﬁ)
Distilled water : 1000 ml 4

The medium was sterilized'in an autoclave at 15 psi for 15 min.
' 9

B) The Aspergillus flavus / parasiticus Agar (AFPA) medium was used for

estimation of Aspergillus flavus population in soil,

~ompasition of AFPA medium (Pitt, 1982)

Bacteriological peptone :10g
Yeast extract :20g
Ferric ammonium citrate :05¢
Chloramphenical :02¢g
Agar ‘ :15g
Dichloran :2mg

Distilled water 1L
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354 Estimation of the fungal population in soil

Population of the fungus, Aspergillus flavus was estimated at thr‘ee—tjiﬂmes; 6'rlce
before sowing, second 10 days after soil inoculation and third after harvest to observe
sufficient load of the pathogen in the soil to cause pre-harvest infection to the pods during
both the seasons of experimentation by the method suggested by Johnson and Curl (1972).

b
3.54.1 Soil sample 'collection. The experimental plqt i‘n two seasons was divided into
convenient number of blocks forming bunds for ease m ;rrigation. Each block comprised
five genotypes of two rows each. About half a kilogram of soil was collected from each
comer and center of all the blocks at S — 10 cm depth in pod zone. All the soil samples

were composited and mixed thoroughly. A representative sample of 2 kg was drawn from

the composite sample for use in estimating fungal population. ‘

354.2 Serial dilution method. The representative soil sample was shade ‘dried for three,
days. The dried sample was sieved through 1 mm sieve. 10 g of this soil was added to 90
ml of sterile distilled water and shaken thoroughly. One ml of this soil solution was taken
and added to nine ml of sterile distilled water. This dilution was con'tinued.up to 10
dilutions. One ml of final diluted soil solution was added t'o sterile petriplates containing|
AFPA medium and incubated at 25+ 1°C for four days. Brilliant orange yellow colonies of]
4. flavus were observed and were counted. The number of colonies per plate was counted

and multiplied with the dilution of the soil sample used and represented as number of

colony forming units per gram of soil as follows:

Number of ¢.f.u. per gram of soil = Number of colony forming units per plate X 10°
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35.5 Statistical analyses

The data obtained on various quantitative characters were subjected for estimation

of character association, variability, diversity and combining ability analyses..

3551 Analysis of variance. Analysis of variance for each character was carried out by

the method suggested by Panse and Sukhatme (1979). The significance was tested by

g

referring to "F" table values of Fisher and Yates (1963). .

&
&

v

. 3552 Estimation of genetic parameters. GCV and PCV were calculated using the
formulae suggested by Burton (1952). Heritability in broad sense was worked out
according to the formula given by Allard (1960). Genetic advance and Genetic advance as

percentage of mean were estimated as per the methods provided by Jahnson ez al. (1955).

» Genotypic coefficient of variation (GCV %) = (og /X ) x 100
» Phenotypic coefficient of variation (PCV %) = (op/ )—() x 100
Where, -
op = Phenotypic standard deviation
og = Genotypic standard deviation
X = General mean of the character

Categorization of the range of variation was effected as proposed by

Sivasubramanian and Menon (1973).

<10% - Low
10-20% - Moderate
>20% - High

» Heritability in broad sense (h’y,)) = 5‘—;— X 100
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The heritability classification as high, moderate and low was followed as suggested

by Stansfield (1969).

Genotypic variance

Phenotypic variance

More than 50% - High
20-50% - - Medium
Below 20% - Low

> Expected Genetic Advance (GA)

Where,
GA =

K =

G =

(0

» Expected Genetic Advance as percentage of mean (GAM)

Where,

GA

X

it

Expected genetic advance under selection

Selection differential in standard units which is 2.06 at 5%

selection intensity
Phenotypic standard deviation

Heritability in broad sense

Expected genetic advance under selection

General mean of the character

(K) * (op) * (h’x)

= (GA/ X)X 100

75

The range of genetic advance as percentage of mean was classified as suggested by '
;

Johnson et al. (1955).
Less than 10%

10-20%

More than 20%

Low

Moderate

High
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3553 Simple correlation coefficients. Simple genotypic and phenotypic correlation
wefficients of morphological and biochemical characters with kernel yield and aﬂato‘xin
wntent and that of physiological characters with kernel yield were calculated by using
covariance technique (Falconer, 1964).

Cov(xi.xj)

r (xi Xj) m

Where, . 'L

th

r(Xi x;) = Correlation between i and j characters

Cov(xix) = Covariance between ifh and j"' characters

V(xy), V(x;) Variance for the i"" and j™ characters
Significance of correlation was tested by referring to ‘r’ table values (Fisher and

Yates, 1963).

3554 Path analysis. Path coefficients were worked out for morphological and
biochemical characters on kernellyield and on aflatoxin and that for physiological
tharacters on kernel yield by solving the following simultaneous equations as suggested

by Wright (1921) and elaborated by Dewey and Lu (1959).

My = Piy+ Pagrip + P3yrl3 +......... Pyy Mk
Where,
iy = Simple correlation coefficient between x; and y
Piy ' - Direct effect of X; on'y
P2 = Indirect effect of x; on y through x, .
Payri3 = Indirect effect of x; on y through x3
I3 = Correlation coefficient between x; and x>
13 = Correlation coefficient between x; and x;

PryFik = v Indirect effect of x| on y through k variables



i B t
4

Similarly, equations for ryy, r3y, ray up to ryy, were written and path coefficients viz.,
drectand indirect effects were calculated.

The residual effect was calculated by using the formula,

R = \/T— (ply.rly F Py oy F Py Ty F v )2
Where,
R = Residual effect "
Py f = Direct effect of xlr ony |
Ry = Correlation coefficient of x; and y |

The direct and indirect effects were classified based on the scale given Lenka and

Misra (1973).
More than 1.0 - very high
0300099 -  high
020t00.29 - moderate
0.10t0 0.19 - low
0.00t00.09 -

negligible

I
3555 Genetic divergence. The genetic diversity among 54 .genotypes for 15
morphological and biochemical characters and 13 physiological characters were estimated

separately by using Mahalanobis D Statistic (1936).

Multivariate analysis using D? statistic:

A measure of group distance based on multiple characters was given by
Mahalanobis D* — technique (1936) with the help of which, genetic diversity between
genotypes can be estimated. The D? value between i™ and j*" genotypes for ‘P’ characters

was calculated as:

D'y = PZ='(? - Y30
t=]

1



Yhere,
Yi = Uncorrelated mean value of iy, genotype for (t) character
Y p= Uncosrelated mean value of iy, genotype for (1) character and
Dzij = D? between iy, and i genotype

The steps involved were,

. Test of significance. was calculated from all the characters studied. Analysis of
covariance for the cflaracter pairs was estimated on the basis of mean values (Pansé and
Sukhatme, 19%Y). From the estimates, a dispersion table was prepared. After testing the
differences between genotypes for each of the characters, a simultaneous test of

significance of differences between the mean values of a number of correlated variables

£
was done (Rao, 1952) by using ‘V’ statistici;};.which in turn utilizes Wilks’ criterion
: 2

N .
(Vilks', 1932). The sum of squares andySur of products of error and error variety

variance, covariance matrix were used for this purpose.

J

The estimates of ‘A’ (Wilks’ criterion) were done using the following relation,

Where, ' ) ‘
L = Wilkgs’ criterion
¥

s
= detegninant of error matrix

S = determinant of error + variety matrix
]
Vi = -mlog, A=- [n —E—Jr—gi—} loge A
Where,
0 _ n-(p+q+l)
2
p = ]numbers'of variables or characters

q = number of genotypes —1
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i
degrees of freedom of error + varieties

=
1l

2.3026 log 10 A

loge A

V. is distributed as % with pq degrees of freedom,
f

2 Transformation of correlated variables. In the present model, computation of D? values

was reduced to simple enumeration of differences in mean values of various characters of
e two genotypes i.€., yd-i, therefore, transformation of correlated variables into
wandardized uncorrelated ones was done before working out D? values. Transformation

was done using pivotal condensation method. ”

3, Computation of D* values. For a given combination of ‘i” and ‘j’ genotypes the mean

deviation, ?i, .Y fort=1,2,........ P variables were computed and the D? values were

caleulated as sum of squares for the deviation i.e.,
P — = X
Z (Y it~ Y jl)
t-1

4. Testing of significance of D? values. The D? values obtained for a pair of genotypes was

taken as the calculated value of % and tested against tabulated 3> at ‘P’ degrees of

freedom where ‘P’ is the number of variables or characters considered.

5. Grouping of genotypes into various clusters. Grouping of the ge11otypes into different

clusters was done by using Tocher’s method as described by Rao (1952). The criterion
used in clustering by this method is that any two genotypes belonging to the same cluster,

should at least, on an average, show a smaller D? value among themselves than those

belonging to two different clusters.

The first step in grouping the genotypes into different clusters was to arrange the

genotypes in order based on their relative distances from each other. For this purpose, D?



s*h, the two genotypes having the smallest distance from each other are considered to
wich a third genotype having the smallest D? from the first two genotypes were adc‘ied.
silarly, the fourth one was chosen to have the smallest average D* fron;m the first three
<4 this procedure was continued. At certain stage when it was felt that after adding a
ticular variety, there was an abrupt increase in the average D? then that variety was not
vnsidered for inclusion in that cluster. This process was continued till all the genotypes
vere included into one or the other cluster. After the formation of the clusteré; the average
nira and inter cluster d'ivergences were calculated by taking into consideration all the
amponent D? values possible between the members of two clusters. The square root of
e average D? value obtained from thej: ‘above represent the distance. ‘D’ between and

within clusters.
‘.’_‘:b

35.5.6 Selection criteria ™
Q‘_I

3) Selection of important characters

Not all the plant characters under all circumstances are helpful to a plant breeder in
omulating selection criteria for crop improvement. Also, selection criteria vary with
lant material studied. Only a few of the humpty number of plant characters defined have
dlevance in solving specific crop problems. The problem identified in the present
westigation was improvement of aflatoxin resistance and yield in groundnut. As both the
haracters are quantitatively inherited, indirect negative selection for aflatoxin content and
ssitive selection for kernel yield should be applied. Hence, data on 28 morphological,
wsiological and biochemical characters contemplated to have some relevance in the
present context were subjected to six biometrical techniques viz., correlations, path
analysis, coefficients of variation, heritability, genetic advance and diversity to frame a
selection criteria. Greater emphasis was given for characters association studies and the

plant characters that had strong negative association with aflatoxin content and strong
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psitive association with kernel weight per plant were s‘lelected (table 34). Then their
mportance was adjudged based on the extent of variability available, their heritability and
gnetic advance. Due importance was given to their contributionAtowards genetic
dvergence. Accordingly, 14 important characters were identified to formulate a seléction

rilerion,

bi Selection of genotypes.

The nine genotypes identified for crossing programme were selected on the basis
of significant mean values recorded for fourteen selected characters. The fourteen selected
dharacters based on the association, variability aB:d divergence analyses were assigned
with arbitrary scores. Priority was given to low aﬂétoxin and a score of three was assigned
t this character. A compromise was made on kernel weight per plant to avoid selection of
aflatoxin susceptible genotypes and a score of two was given to it. The remaining 12
sharacters were assigned with a score of one. Thus the overall score was worked out to be
7. The genotypes with a total scoring more than 45 % (= 7.65 score) of the overall score

were considered superior than the rest and they were selected.
15.5.7. Combining ability studies.

Combining ability analysis in a line x Tester design was carried out following

empthorne (1957). The mathematical model for combining ability analysis is given

elow.
Yixk = Pt git gt syt t e
there,
Yiik = Any measurable character of the cross i x
g = gea effect of the i female parent

g = gca effect of the ‘jth’ male parent



Sij = sca effect of the ‘ix)
Mk = k™ replication effect
Cik T Environmental effect particular to (ijk) individual

)

ANOVA for Line x Tester analysis

cothy

|
cross’

Population mean effect

Source of variation d.f. SS MSS Expectations
Replications (r) r-1 rSS ™S
Entries (en) en-1 enSS enMS
Parents (p) p-1 PSS pMS
Females (/) J1 fSS M8
Males (m) m-1 mSS mMS
fvs.m 1 fmSS JfmMS
Hybrids (¢) -1 " ¢SS cMS N
faMS '
Females in hybrids (/7)) f-1 fHSS G’ +r Cov (FS) -2 Cov (HS) + mr Cov (HS)
(M) '
mhMS °
Males in hybrids (mh) ~ m-1 mhSS o?e+r Cov (FS) -2 Cov (HS) + fr Cov (HS)
My
JmhMS §
fixmh(LXT) (1) (m-1)  fmhSS cle +r1ﬂCov (FS)-2 qu (HS)
(Mlxl) ' *
pvs.C | peSS pcMS 4
eMS
Error (¢) (e-1) (1) eSS cle
(M)
Total (er-1) TSS

a, Estimation of combining ability effects

The individual effects are estimated as follows:

X ..

X...

) geaeflect of line g, = -—

lr



N geaeffectof tester g, = X \
I ltr ‘
n scaeffect of crosses s = Yo X X + 2 .
' r r Ir
Where,
X = Total of female parent over all males and replications
X = Total of male parent over all females and replications |
X = Total of all cross combinations over all replications
Xi. = It combination total over all replications |
t = Number of testers
I = Number of lines
r = Number of replications

I

b, Estimation of standard errors for combining ability effects

The standard errors pertaining to gca effects of lines and testers and sca effects of

different cross combinations were calculated as shown below:

. Error variance
S.E. £ lines =

|

=3

: Error variance
S.E. g testers = ~————-]———-———
r

Error variance
S.E. gaxy = \/:
r
. 2 E L e
S.E. (g-g) line = rror varianc

rl

2 Error variance

S.E. (g-g,) tester =
Kt

2Error Variance

S.E. (su-sk) =

r



Cov. H.S. (line) = M-Myx/ tt !

Cov. H.S (tester) = Mi-Mi / 1l

Cov. LS (average) = L (l-‘)(M')ﬁ'(t-])(M‘)-M“
r2lt-1-1t) [+t-2 ”

(M, M)+ (M, - M,)+(M,, ~M,) 6r Cov Hs—r(I+1)Cov(HS)

Cov. (FS) = 3 3
o’gea = CovHS= (I—Z—Ejz c’A ‘
a’sca = Mix—Me /t or [I—;T o’D :
o’gea s osca =  olgea
c’sca

3558 Estimation of heterosis. The mean values of crosses were used for the estimation
of heterosis percentage under three categories (Fonseca and Patterson, 1968). Estimates of
heterosis were tested for significance at error degrees of freedom as suggested by Turner

(1953). |

a) Relative lzel?osis (di)

PN

The superiority of F; over ' rid parental value (Matzinger et al., 1962) was

estimated as follows,

di = %100
. M

‘" for relative heterosis = el W el
Me
A / Y
r 2



b Heterobeltiosis (dii)

The superiority of Fy over better parent was estimated as follows,

F, -BP

dii = e x 100
BP
.. F, -BP
1 for heterobeltiosis = -t
Me
—x2
r

¢ Standard heterosis (diii)

T
g

The superiority of F over the standard variety was estimated as follows,

F —
diii = '_SV x 100
SV
. F, -SV
1 for standard heterosis = —
Me
—x2
;

The variety, TPT 4 was used as standard variety in the present study.

Where, .
l?I = mean value of hybrid
MP = value of mid parent
BP = mean value of better parent
sV = mean value of standard variety
Me = error variance

r = number of replications
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CHAPTER IV




|

CHAPTER -1V '

RESULTS

The results of two experiments conducted during the seasons, khcy*gf 2002 and
tharif, 2003 are presented in this chapter. During the first season oﬁ'experiﬁentation data
were recorded on 13 morphological, six biochemical and twelve physiological characters.
Among the 31 characters studied, 14~ characters that were contemplated to bear some
association with aflatoxin content (a toxic substance produced by the fungus, Aspergillus
flavus) were included in one group. They were pod V6i;ume, shell volume, free space in
pod, shelling percentage, number of mature. pc;dsge? blz;nt, number of immature pods per
plant, 100 seed weight, seed moistw‘ck‘péfrcentage, oil percentage. protein content,
carbohydrate content, reducing .sugar content, non-reducing sugar content, pod weight per
plant and kernel weight per plant. These characters were referred to as morphological and
biochemical characters. Another group consisted of 12 physiological characters, which
were SLA at 30 days, SLA ét 60 days, SLA at 90 days, SLW at 30 days, SLW at 60 days;
SLW at 90 days, CGR at 60 days, CGR at 90 days, LAR at 90 days, LAI at 90 days,

'

SCMR at 30 days and harvest index.

The data recorded on these characters were subjected to character associationl,
ariability, heritability, genetic advance and divergence analyses. After [ season of
experimentation, a crossing programme in L X T fashion with nine parents was carried out
during rabi, 2002. The 20 F, crosses bred along with nine parents were evaluated for their
performance on 14 selected characters (pod volume, shell volume, free space in pod,

|

shelling percentage, mature pods per plant, 100 seed weight, protein content, reducing

sugar content, non-reducing sugar content, CGR at 60 DAS, CGR at 90 DAS, harvest



1
index, aflatoxin content and kernel weight per plant) in the Il season of experimentation’

The data thus generated was used to estimate heterosis and combining ability effects.

As the crop was sown late, it experienced terminal moisture stress in both seasons
of experimentation, which was required to establish an association of the pathogen with
the developing pods. Water-deficit from 72 DAS to 99 DAS for 27 days and from 77 DAS
to 118 DAS for 41 days during kharif, 2002 and 2003 respectively was utilized in
imposing moisture stress in the end-of-seasons in both the years. Irrigations to the crop
during the moisture stress period were withheld in first year while a life saving irrigation
was given in the second year. During the two seasons (kharif, 2002 and kharif, 2003) of
experimentation soil load of the pathogen, 4. flavus was estimated before sowing, ten days
after soil inoculation of the pathogen and a day a“%f;er harvest. Initial population of the
fungus during kharif, 2002 was 2.61 X 10* c.fu. g of soil and that during kkarif, 2003
was 1.02 X 10% c.fu. g . The fungal population at 10 days after soil inoculation i.e. at 55
DAS in the two seasons (kharif, 2002 and kharif, 2003) was 15.03 X 10* c.fu. g and
1297 X 10* c.fu. g’ respectively. A day after harvest, fungal population of 15.68 X 10*
cfu. g’ and 13.39 X 10* c.fu. g' was observed during )charif, 2002 and kharif, 2003

respectively. This explains that the water stress and the soil load of the pathogen were

. aufficient to draw valid comparisons between the genotypes.

The experimental results are presented under appropriate sub headings as detailed

hereunder.

41 MEAN PERFORMANCE

The mean performance of morphological and biochemical characters of group [ are
presented in table 2 and that of physiological characters of group Il in table 4. The

analyses of variance furnished in tables, 5 and 6 revealed the existence of significant
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§
differences among the genotypes for all the characters.! The mean values along with
rankings for morphological and biochemical characters related to quality are presented in

-
table 3. The results on mean values for morphological and biochemical characters were

discussed later in the chapter 4.3. However the results of morpho-biochemical characters ‘.

related to quality and that of physiological characters are discussed in this chapter.

4.1.1 Morpho-biochemical characters related to quality

Fifty four groundnut genotypes were evaluated for some of the morphological and
biochemical characters_;_related‘to quality to ascertain their relative export worthiness (table
3). The ‘genotypescj differed significantly in their kernel weight per plant, shelling
percentage, 100-seed weight, aflatoxin cor‘ltent, oil percentage, protein content, reducing

“ L)
a0
sugar content and“non-reducing sugar content. The results on relative ranking of genotypes
A
for these characters and scores for Seed size uniforinity, testa colour and shape of kernel

o
are presented as follows.

4.1.1.1 Kernel weight per plant. The order of ranking given for 54 genotypes for

kernel weight per pIant revealed that TPT 4 (15.23 g) was the best genotype and it was
followed by M 13 (15.16 g), ICGV, 89214 (15.13 g), ICGV 86564 (14.99 g) and ICGV

U
86584 (14.83 g) in that order.

4.1.1.2 Shelling percentage. The genotype ICG 3542 (72.68 %) ranked first for
shelling percentage and the genotypes in descending order were ICG 4893 (72.11%),
ICGV 86584 (71.54%), ICG 10352 (71.36%) and ICG 2411 (71.22%). Eleven genotype's

recorded more than 70% shelling. Notable among them were ICG 7633, ICG 3245, K 134

and ICG 1326.
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113 100 seed weight. Only three genotypes viz., ICG 8325 (66.75 g), BAU 13
629g) and TG 42 (63.87 g) recorded 100 seed weight, which was more than 60 g. "l:he
| euht genotypes that produced bold seeds weighing between 50-60 g in descending order
o wking were TCGS 617, ICGV 86564, TCGS 61, M 13, TG 45, TG 49. TG 39 and |

I(GV 89214

{114 Seed size'uniformity. The ratings for seed size uniformity ranged from 1 to 9.
Relatively more uniform seed size with less mixed sizes was observed in 1CG 50, ICG
1326, ICG 3509, ICG 3643, ICG 4893, ICG 7633, ICG 10352, 1CG 13938, JL 24, K 134,

TPT2, TCGS 29, and TCGS 634.

{115 Testa colour. Pink to light brown testa colours were considered as the most
dosirable and dark red to black, the most undesirable. Accordingly the ratings for
unotypes were assigned and they ranged from 1 — 10. Thirty four out 54 genotypes were ‘

abserved to possess the desirable testa colours.
|

4116 Sltape of kernel. The ratings for shape of kernels were assigned from 1 - 5.
Among 14 genotypes which had ratings better than the average of 3, ICG 8325, ICGV
80564, ICGV 89214, TG 40, and TCGS 617 possessed elongated kernel shape which was
wnsidered preferable to round kernel shape of the genotypes like ICG 2184, ICG 4893

!
glc.

The total ranking for the aforesaid morphological characters indicated that TPT 4
vith a total rank of 42 emerged as the best genotype for morphological characters related

oquality. The genotypes, ICGV 86584, TG 40, M 13 and ICG 7633 closely followed it.

4117 Aflatoxin content. Fourteen out of 54 genotypes contained < 5 ppb kg seed

aflatoxin content in their seed. The best genotype that had recorded the lowest aflatoxin

9o
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content of 2.83 ppb kg" was ICG 1326. The next best geﬁotypes were TPT 4, K 134, M,

13,7G49, TG 45, ICGV 88448, ICG 8666 and ICG 3245.

4118 Oil percentage. Low oil percentage was considered to be desirable in Hand
Piked and Selected (HPS) varieties. Accordingly the genotypes were ranked in the
scending order. The lowest oil percentage assigned with rank 1 was present in TPT 1
(48.53%). The other low oil containing genotypes were ICGV 89214 and ICG 5502. The

rest of the genotypes recorded more than 49% of oil.

4119 Protein content. Protein content was highest in the genotype, ICG 1416
(47.72 mg g']). TPT 1, TG 41, ICG 3509 and ICGV 86584 followed it. Twenty six

genotypes recorded protein content higher than the general mean (204.95 mg g" ).

41.110 Non-reducing sugar content. Average non-reducing sugar content was
15.89 mg g". Almost 20 genotypes have recorded more than the average value. The best
genotype, which ranked 1 was 1CG 7637 which was followed by ICGS 91, ICGV 86564,

ICG 7633 and TCGS 617.

The genotypes, TPT 4, TPT 1, TCGS 584, ICG 1326, ICG 3643, ICG 3509 and TG
49 were observed to be best rankers in the descending order when total ranking for

biochemical characters were taken into consideration.

A combined rank totaling for both morphological and biochemical characters
related to quality revealed the superiority of TPT 4 over other genotypes involved in the

study. The other best four genotypes were M 13, TPT I, ICGV 86564 and 1ICG 1326.




1.2 Physiological characters

4101 Specific leaf area. Specific leaf area (SLA) was recorded at three stages i.e., at
30,60 and 90 days after sowing (DAS). Mean SLA at 30 DAS was very high (213.37 cm?
g')and declined steeply at 60 DAS (178.63 cm? g").‘\At 90 DAS an increase (196 cm? g")
was recorded. TG 39 recorded the highest SLA at 30 DAS (283.17 cm? g”'). Nine other
genotypes exhibited superior performance over general mean. For SLA at 60 DAé, ICG
8666 was the best, which recorded 247.1 cm? g leaf area. Ten genotypes excelled over.
general mean for SLA at 60 DAS. It was TPT 4, the only superior perform.er over general

mean for SLA at 90 DAS with 238.2 cm® g’ specific leaf area.

41.2.2 Specific leaf weight. In general, specific leaf weight (SLW) recorded at 30,
60 and 90 DAS indicated a raise in weight from 30 DAS to 60 DAS al;d thereafter
declined at 90 DAS. At 30 DAS, ICG 8325 (6.33 g cm™) excelled other genotypes in
recording the highest values. Ten genotypes each at 30 DAS and at 60 DAS and only two
a1 90 DAS were si'gniﬁcantvly superior over mcan. The genotype, ICGV 86031 recorded

significant values in all the three stages for SLW.

4.1.2.3 Crop growth rate. Crop growth rate (CGR) was recorded only at two periods;

oneat 60 DAS (30 — 60 DAS) and the other at 90 DAS (60 —90 DAS). An increasing trend
in majority of the genotypes was observed from 60 to 90 DAS. ICG 7749 (14.47 g cm™
day") and ICGV 86552 (20.55 g cm™ day™) were the superior genotypes over their
‘ |

respective general means at 60 DAS and at 90 DAS respectively. More number of

genotypes (22) recorded significant values at 60 DAS where as only seven genotypes were

significant at 90 DAS.
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, 412.4 Leaf area ratio. Leaf area ratio (LAR) was recorded only at 90 DAS. The

gnotype, TCGS 634 with 52.94 cm’g' stood as the best genotype for LAR at 90 DAS.

Six genotypes recorded significant values.

41.2.5 Leaf arca index. Leaf area index (LAI) was also recorded at 90 DAS only.

The highest value of 3.87 was recorded by the genotype, ICGV 86552 that was significant

over the average. Eleven genotypes apart from ICGV 86552 were found to be significantly

superior over the average (2.49).

412.6 SPAD chlorophyll metre reading (SCMR). Ten genotypes showed
superior performance over the general mean (41.16) for SPAD chlorophyll metre reading

(SCMR) recorded at 30 DAS. The best among them was ICGV 86031 (45.5).

412.7 Harvest index. Among the 54 genotypes studied only four exhibited better

performance over general mean for harvest index. They were TG 39 (0.4), TG 40 (0.44),

TG 42 (0.43) and TG 49 (0.4). The best among them was TG 40.

42 ASSOCIATION ANALYSIS
4.2.1 Correlation studies

4211 Correlations of morphological and biochemical characters with

kernel yield

Genotypic and phenotypic correlation coefficients for .kernel yield with
morphological and biochemical characters were estimated and the results are furnished in
table 7. Genotypic and phenotypic correlations. followed almost similar trend of

association, the former being a little higher than the latter in most of the cases. As the
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gnotypic correlations indicate the correlations of breeding values they were only referred
& follows. ©

The genotypic correlations revealed that single. plant kernel weight per plant
rcorded positive association with pod volume (0.2421), free space in pod (0.2708),
mature pods per plant (0.6497), immature pods per plant (0.2865), 100 seed weight|
(02708), seed moisture percentage (0.2228), carbohydrate content (0.1999) and non-
reducing sugar content (0.1639). The association of kernel weight  per plant  with
potein content was negative (-0.2132). Kernel weight per plant did not establish any

association with shell volume, shelling percentage, oil percentage, reducing sugar and

aflatoxin contents.

4212 Correlations of morphological and biochemical characters with

aflatoxin content

Table 7 reads genotypic and phenotypic correlations of morphological and
biochemical characters with aflatoxin content. The character, aflatoxin content, expressed
positive éssociation with shell volume (0.3885), pod volume (0.1844) and ca'rbohydrate
content (0.1930). Where as its relation with shelling percentage (-0.4164), protein contenf
(0.1828) and oil percentage (-0.1718) was negative. The other morphological and

biochemical characters did not show any significant association with aflatoxin content.

4213 Inter correlations among morphological and biochemical

characters

42.1.3.1 Shell volume. Positive relationship was noticed between shell volume and

the characters viz., pod volume (0.9021), free space in pod (0.5806), immature pods per
plant (0.3399), 100 seed weight (0.7461), seed moisture percentage (0.4178), carbohydrate

content (0.2306) and aflatoxin content (0.3885). Shell volume registered negative
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association with shelling percentage (-0.7707), mature pocis per plant (-0.4191), protein

content (-0.3372), and reducing sugar content (-0.1739). '

42.1.3.2 Pod volume. Apart from shell volume (0.9021), free space in pod (0.8355), |

immature pods per plant (0.4106), 100 seed weight (0.8415), seed moisture percentage
(0.4573) and carbohydrate content (0.2714) registered positive association with pod
volume. Where as, negative relationship existed between pod volume and the characters
like shelling percentage (-0.7232), mature pods per plant (-0.4400), protein content

(-0.2895) and reducing sugar content (-0.1998).

42.1.3.3 I'ree space in pod. This character had positive correlation with shell volume

(0.5806), pod volume (0.8355), immature pods per plant (0.3200), 100 seed weight
(0.6953), seed moisture percentage (0.3551) and carbohydrate content (0.3886). It showed
negative correlation with shelling percentage (-0.5268), mature pods per plant (-0.3288),

oil percentage (-0.2542) and protein content (-0.3251).

42.1.3.4 Shelling percentage. Shelling percentage showed positive correlation with

mature pods (0.3009) and protein content (0.2771). Where as its association was negative
with most of the characters viz., shell volume (-0.7707), pod volume (-0.7232),’free space
i pod (-0.5268), immature pods per plant (-0.3052), 100 seed weight (-0.6348) and seed

moisture percentage (-0.6429).

42.1.3.5 Mature pods per plant. Positive association was observed for mature pods

per plant with shelling percentage (0.3009), carbohydrate content (0.1715), reducing sugar
content (0.1755) and non-reducing sugar content (0.2904). Where as the correlations with

100 seed weight (-0.3428), shell volume, pod volume and free space in pod were negative.
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! H
42.1.3.6 Immature pods per plant. This character was positively associated with

100 seed weight (0.5822), seed moisture percentage (0.3615), oil percentage (0.2995), |
shell volume, pod volume and frec space in pod but was negatively associated — with

shelling percentage (-0.3052).

42.1.3.7 100 seed weight. The character, 100 seed weight exhibited strong positive !

association with seed moisture content (0.4044), carbohydrate content (0.1899), shell
volme, pod volume, free space in pod and immature pods per plant. However its

association with slielling percentage and mature pods per plant was negative.

42.1.3.8 Seed moisture percentage. Seed moisture percentage registered positive

correlation with carbohydrate content (0.1919), non-reducing sugar content (0.1905), shell
volume, pod weight, free space’ in pod, immature pods per plant and 100 seed weight.
Where as it expressed negative association with protein content (-0.2734) and shelling

percentage.

42.1.3.9 Oil percentage. The character oil percentage was positively associated with

protein content (0.2401) and immature pads per plant but negatively with carbohydrate

content (-0.2986), reducing sugar content (-0.2205) and free space in pod.
,

42.1.3.10 Protein content. This character was positively associated with shelling

percentage and oil percentage but negatively with carbohydrate content (;0.1924), pod

volume, free space in pod and seed moisture percentage.

42.1.3.11 Carbohydrate content, Positive association was established by this

character with non-reducing sugar content (0.2610), shell volume, free space in pod, 100
seed weight, mature pods per plant, seed moisture percentage and pod volume. However

tne character exhibitcd negative association with o1t percentage and protein content.



42.1.3.12 Reducing sugar content. Reducing suga% content expressed positive

C . i
twrrelation with non-reducing sugar content (0.5310) and mature pods per plant. Whereas

isassociation with oil percentage, shell volume, pod volume were negative.

42.1.3.13 Non-reducing sugar content. Non-reducing sugar content exhibited

positive relation with mature pods per plant (0.2904), seed moisture percentage (0.1905),

carbohydrate content (0.2610), and reducing sugar content (0.5310).

4214 Correlation of kernel weight per plant with physiological

characters

Genotypic and phenotypic correlations were worked out and presented in table 8.
A similar trend of association as was identified for morphological and biochemical
tharacters were also observed both at genotypic and phenotypic levels with the former

being higher than the latter in most of the cases.

Kernel yield per plant established positive association with SLA at 90 days after
sowing (DAS) (0.3415), CGR at 90 DAS (0.3119), LAR at 90 DAS (0.4506), LAI at 90
DAS (0.4519), harvest index (0.3504) and pod weight per plant (0.8944). Its association

with SLW at 90 DAS was negative (-0.2814).

42.1.5 Inter correlations among physiological characters

421.5.1 SLA at 30 DAS. Positive association was expressed between SLA at 30

DAS and SLA at 90 DAS (0.1768). With SLW at 30 DAS (-0.9906), SLW at 90 DAS
(0.1750), LAR at 90 DAS (-0.2863) and LAI at 90 DAS (-0.3080), the character exhibited

negative association.
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421,52 SLA at 60 DAS. This character expressed positive association with SLA at

90 DAS (0.3455) and CGR at 90 DAS (0.2090). Where as its association with SLW at 60

DAS (-0.9774), SLW at 90 DAS (-0.4048), CGR at 60 DAS (-0.2748) and SCMR at 30

DAS (-0.2995) was negative.

42.1,5.3 SLA at 90 DAS. SLA at 90 DAS showed positive relation with SLA at 30

DAS, SLA at 60 DAS, CGR at 90 DAS (0.2630) and pod weight per plant (0.2163). Its
relationship with SLW at 60 DAS (-0.3533), SLW at 90 DAS (-0.1.000), CGR at 60

DAS (-0.4630) SCMR at 30 DAS (-0.5537) and harvest index (-0.2176) were negative.

42.1.5.4 SLW at 30 DAS. Positive association of SLW at 30 DAS with LAR at 90

DAS (0.2960) and LAI at 90 DAS (0.2831) was observed. The association of the character

with SLA at 30 DAS was found to be negative (-0.9906).

4215.5 SLW _at 60 DAS. The character, SLW at 60 DAS exhibited positive

association with SLW at 90 DAS (0.3985), CGR at 60 DAS (0.2096) and SCMR at 30
DAS (0.2456). Where as its association with SLA at 60 DAS (-0.9774) and SLA at 90

DAS was negative.

4.2.1.5.6 SLW at 90 DAS. SLW at 90 DAS was positively associated with SLW at 60

DAS, CGR at 60 DAS (0.4675), SCMR (0.5215) and harvest index (0.2296) and

negatively with SLA at 90 DAS (-0.1000), SLA at 30 DAS and SLA at 60 DAS.

42.1.5.7 CGR at 60 DAS. Negative relationship was recorded between CGR at 60'

DAS and the characters viz., CGR at 90 DAS (-0.6012), LAR at 90 DAS (-0.2328),\

harvest index (-0.1953), SLA at 90 DAS (-0.4630) and SLA 60 DAS (-0.2748). However,
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with respect to SLW at 60 DAS (0.2096) and SLW at 90 DAS (0.4675) positive

relationship was observed.

42.1.5.8 CGR at 90 DAS. The association of CGR at 90 DAS with LAR at 90 DAS

(0.4887), LAI at 90 DAS (0.7115), pod weight per plant (0.2895), SLA 60 DAS (0.2090)
and SLA at 90 DAS (0.2630) was observed to be positive. It was negative with SLW at 90

DAS (-0.2596) and CGR at 60 DAS (-0.6012).

42159 LLAR at 90 DAS. LAR at 90 DAS expressed positive relationship with LAT at

90 DAS (0.8420), pod weight per plant (0.5962), SLW at 30 DAS (0.2960) and CGR af 90
DAS (0.4887). The character exhibited negative relationship with harvest index (-0.4217),

SLA at 30 DAS (-0.2863) and CGR at 60 DAS (-0.2328).

42.1.5.10 LAI at 90 DAS. The character, LAI at 90 DAS had positive association

with pod weight per plant (0.5638), SLW at 30 DAS (0.2831), CGR at 90 DAS (0.7115)
and LAR at 90 DAS (0.8420). Its association with harvest index (-0.3583), SLA at 30

DAS (-0.3080) was negative.

421.2.11 SCMR at 30 DAS. High positive correlation of SCMR at 30 DAS was

chserved with SLW 60 (0.2456) and SLW at 90 DAS (0.5215). The correlation with SLA

at60 DAS (-0.2995) and SLA at 90 DAS (-0.5537) were negative.

42.1.5.12 Harvest index. Harvest index exhibited positive relationship with pod;

weight per plant (0.3656), SLW at 90 DAS (0.2296) and negative relation with LAR at 90
DAS (-0.4217) and LAl at 90 DAS (-0.3583), CGR at 60 DAS (-0.1953) and SLA at 90’

DAS (-0.2176).
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42.1.5.13 Pod weight per plant. Pod weight per planf expressed positive association

with CGR at 90 DAS (0.2895), SLA at 90 DAS (0.2163), LAR at 90 DAS (0.5962), LAl

at90 DAS (0.5638) and harvest index (0.3656).

4.2.2 Path coefficient analysis !

The genotypic correlation coefficients of different component characters with:

kemel weight per plant and aflatoxin content were partitioned into direct and indirect

effects by path analysis and the results are present in tables 9, 10, 11 and 12. |

422.1 Direct and indirect effects of morphological and biochemical

characters on kernel yield

The results on genotypic path analysis are presented in table 9.

422.1.1 Shell volume. Shell volume did not express any correlation but exhibited

high direct positive effect on kernel weight per plant (0.3635). The indirect effects through
mature pods (-0.4279) and shelling percentage (-0.3731) were negative and high.
Moderate positive indirect effects were recorded through free space in pod (0.2029) and

100 seed weight (0.2228).

422.1.2 Pod volume. Pod volume had high positive correlation with kernel weight per

plant, Where as it’s direct effect was low (0.1353). Shell volume (0.3279) and free space
inpod (0.3012) had positive and high indirect effects and shelling percentage (-0.3502)
and mature pods per plant (-0.4491) expressed negative and high indirect effects on pod

volume. The indirect effect of 100 seed weight (0.2513) was positive and moderate.
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422.1.3 Free space in pod. This character recorded high positive correlation with’

kemel weight per plant. Its direct effect was also high (0.3605). The indirect effects of free
sce on kernel weight per plant were high and negative through mature pods per plant -
(0.3355), moderate and negative through shelling percentage (-0.2550) and moderately

positive through shell volume (0.2111) and 100 seed weight (0.2076).

422.1.4 Shelling percentage. Shelling percentage did not express any correlation

with kernel weight per plant. How ever its direct effect on kernel yield was positive and
high (0.4842). The indirect effect through shell volume (-0.2802) was negative and
moderate. High positive indirect effect through mature pods per plant (0.3071) was also

recorded. Most of the indirect effects were negligible.

42.2.1.5 Mature pods per plant. Mature pods per plant had the high positive

correlation with kernel weight per plant and also exhibited very high direct effect on

kernel weight plant (I.OZQT‘S). Most of the indirect effects were negative and negligible.
L

42.2.1.6 Immature pods per plant. The character immature pods per plant though

had positive and high correlation with kernel weight per plant, its direct effect was
negative and negligible (-0.0317). lts indirect effects through most of the characters were

low to negligible.

42.2.1.7 100 seed weight. This character established a high positive correlation with

kemel weight per plant. The direct effects on kernel weight per plant were positive and '
moderate (0.2986). High negative indirect effects through shelling percentage (-0.3073)
and mature pods per plant (-0.3498) and moderate positive indirect effects through shell

volume (0.2712) and free space in pod (0.2507) were recorded. |
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42.2.1.8 Seed moisture percentage. The correlation coefficient of seed moisture

percentage on kernel weight per plant was positive and high. Where as, the direct effect on
kemel weight per plant (0.1629) was low. Seed moisture recorded high negative indirect

effect on kernel weight through shelling percentage (-0.3113).

42.2.1.9 Oil percentage. Oil percentage did not record any correlation with kernel

weight per plant. The direct effect was negative and moderate (-0.2299). Where as, the

indirect effects through all the characters were low and negligible.

422.1.10 Protein content. Negative and high correlation was recorded for protein

content* with kernel weight per plant. Not only its direct effect (0.0849) but also the

indirect effects via all the characters were negligible.

422.1.11 Carbohydrate content. Carbohydrate content had expressed positive

correlation with kernel weight per plant. However its direct effect was negative and high

(0.3272). Indirect effects through most of the characters were negligible.

422.1.12 Reducing sugar content. Correlation was not established for reducing

sugar content with kernel weight per plant. This was reflected in its negative low direct

afect (-0.1626) on kernel weight per plant and negligible indirect effects through all the:

characters studied.

42.2.1.13 Non-reducing sugar content. Correlation of non-reducing sugar content

I
with kernel weight per plant was positive and high. However its direct effect (0.0486) was

negligible. Similarly the indirect effects via all the characters were also negligible with an;

exception through mature pods per plant (0.2963) wherein it was positive and moderate.
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£22.1.14 Aflatoxin content, Aflatoxin content exhibited no correlation with kemel

weight per plant. It followed suit with direct (0.0716) and indirect eftects on kernel weight

perplant where in negligible effects were observed for both the effects.

1222 Direct and indirect effects of morphological and biochemical

characters on aflatoxin content

Genotypic direct and indirect effects of morphological and biochemical characters

onaflatoxin content were worked out and the results are presented in table 10. ‘

122.2.1 Shell volume. Shell volume recorded high positive correlation with aflatoxin '

wntent. The direct effect on aflatoxin content was also positive and very high (1.4484).
Similar trend was observed for indirect effect through shelling percentage (0.3494), which
was positive and high. Moderately positive indirect effect was recorded through the !

tharacter, free space in pod (0.2765). Indirect effect through pod volume (-1.2871) was

tegative and very high. Through 100 seed weight (-0.2254) shell volume exhibited

negative moderate indirect effects on aflatoxin content.

422.2.2 Pod volume. The character, pod volume exhibited high positive correlation

with aflatoxin content ?vhere as it’s direct effect (-1.4267) on aflatoxin co‘ntent was
negative and very high. The very high -positive indirect effects through shell volume
(13066) and moderate negative indirect effects through 100 seed weight (-0.2543).
However it’s indirect effect through free space in pod (0.3979) and shelling percentage

(0.3279) were positive and high.

422.2.3 Free space in pod. The correlation coefficient between free space in pod and

aflatoxin content was not established. But its direct effect was positi\\?e and high (0.4763).

The indirect effect through pod volume (-1.1920) was very high negative and through 100
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wd weight (-0.2100) it was moderately negative., High' positive indirect effect was
dbserved through shell volume (0.8409). Through shelling percentage (0.2388) free spéce

npod exhibited positive moderate indirect effect on aflatoxin content.

12224 Shelling percentage. This character had high negative association with

aflatoxin content. The direct effect was also high and negative (-0.4533). Its indirect effect
trough pod volume (1.0318) was positive and very high and that through shelling
percentage (-1.1162) very high and negative. Through free space in pod (-0.2509) shelling

pircentage expressed moderately negative indirect effect.

42.2.2.5 Mature pods per plant. Mature pods per plant did not show any correlation

with aflatoxin content. It exhibited moderate direct effect (0.2235) on aflatoxin. The

ndirect effect through pod volume (0.6278) was positively high and that through shell
|

volume negatively high (-0.6071).

i

122.2.6 Immature pods per plant. Correlation of immature pods per plant was not

gtablished with aflatoxin content. The direct effect on aflatoxin content was negligible."
Mowever, its indirect effect through shell volume (0.4923) was positively high and

[ .
through shell volume negatively high (-0.5857).

42.2.2.7 100 seed weight. Correlation was not present between 100 seed weight and

aflatoxin content. Where as it’s direct effect on aflatoxin content was negative and high
(03021). The indirect effect through shell volume (1.0806) was positive and very high.
Whereas, through pod volume (-1.2005) it was negatively very high. Free space in pod
(03312) the indirect effect was highly positive and through shelling percentage (0.2878) it

was moderately positive.
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422.2.8 Seed moisture percentage. Seed moisture percentage did not establish any °

wrelation with aflatoxin content. The direct effect was negative and low. Seed moisture
prcentage expressed high positive indirect effects through shell volume (0.6051) and

moderate positive through shelling percentage (0.2914). Its indirect effect through pod |

vlime (-0.6524) was negative and high.

12.22.9 Oil percentage. Oil percentage exhibited negative correlation with aflatoxin

wntent. Negligible direct (-0.0487) and indirect effects through most of the characters
were recorded for this character. However the indirect effect through pod volume (0.2136)

was moderately positive.

422.2.10 Protein content. This character was negatively correlated with aflatoxin

content, However, its direct effect was pdsitive but low (0.1572). The indirect effect on
aflatoxin content through shell volume was negatively high (-0.4884) and through pod

volume positively high (0.4130).

4222.11 Carbohydrate content. Carbohydrate content exhibited positive high

wrelation with aflatoxin content but did not effect aflatoxin content either directly or
indirectly through other characters except through shell volume (0.3340) and pod volume

(0.3872) which were positively and negatively high respectively.

4222.12 Reducing sugar content. This character neither showed correlation not

direct effect on aflatoxin content. The indirect effects though all other characters were also
regligible with an exception to shell volume (-0.2519) and pod volume (0.2850) wherein it

recorded moderate negative and positive indirect effects respectively.
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12228 Seed moisture percentage. Seed moisture percentage did not establish any !

comelation with aflatoxin content. The direct effect was negative and low. Seed moisture
percentage expressed high positive indirect effects through shell volume (0.6051) and
moderate positive through shelling percentage (0.2914). Its indirect effect through bod [

yolume (-0.6524) was negative and high.

42229 Oil percentage. Oil percentage exhibited negative correlation with aflatoxin

content. Negligible dircct (-0.0487) and indirect effects through most of the characters
were recorded for this character. However the indirect effect through pod volume (0.2136)

was moderately positive.

4222.10 Protein content. This character was negatively correlated with aflatoxin

content. However, its direct effect wal% pdsitive but low (0.1572). The indirect effect on
aflatoxin content’ through shell volume was negatively high (-0.4884) and through pod

volume positively high (0.4130).

4222.11 Carbohydrate content. Carbohydrate content exhibited positive high

coelation with aflatoxin content but did not effect aflatoxin content either directly or

indirectly through other characters except through shell volume (0.3340) and pod volume
v

(0.3872) which were positively and negatively high respectively.

422212 Reducing supar content. This character neither showed correlation not

R iR T AR CRTIERE TR AR AR RS TR 2 aRie SORrREens WRRR, Aen
L RDTHR 1R 20 SHERTIISN I TR ehned LRI 200 1R iadinmms QIR weesam

recorded moderate negative and positive indirect effects respectively.
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422.2.13 Non-reducing sugar content. It did not"register any correlation with

aflatoxin content. Its direct effect on aflatoxin content was low and negative. The indirect

effects through all other characters were negligible.

4223 Direct and indirect effects of physiological characters on kernel
‘ !
weight per plant |

The results on genotypic path analysis of physiological characters on kernel weight

per plant are presented in table 11.

4223.1 SLA at 30 DAS. SLA at 30 DAS had negative correlation with kernel weight

per plant. The direct effect was also observed to be negative and moderate (-0.2926). High
positive indirect effect was recorded through LAI at 90 DAS on kernel weight per plant
(06149). Through LAR at 90 DAS (-0.3241) it expressed highly negative and through

CGR at 90 DAS (-0.2269) moderately negative indirect effects..

422.3.2 SLA at 60 DAS. The character did not record correlation on kernel weight

per plant, Where as its direct effect on kernel yield was positive and high. Indirectly SLA
at 60 DAS affected kernel weight per plant through CGR at 60 DAS (-0.3068), which was
negative and high. Through SLW at 60 DAS (-0.2374) and LAl at 90 DAS (-0.2181) it

i
was negative and moderate.

42.2.3.3 SLA at 90 DAS. The correlation between SLA at 90 DAS and kernel weight

per plant was positive and high. However the direct effect of SLA at 90 DAS on kernel
weight per plant was negative and high (-0.3694). Positive high indirect effect waé‘
observed through SLW at 90 DAS (0.5840) and CGR at 90 DAS (0.3919). Whereas, the ~

indirect effect through CGR at 60 DAS (-0.5168) was negative and very high.
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42234 SL.W at 30 DAS. Correlation was not registered between SLW at 30 DAS

iemel weight per plant. The direct effect of SLW at 30 DAS on kernel weight per pl‘ant
was negative and low (-0.1584). The indirect effect via LAR at 90 DAS (0.3351) was
psitive and high and through SLA at 30 DAS (0.2899) and CGR at 90 DAS (0.2068) it
was positive and moderate. The indirect effect through LAI at 90 DAS was negative and

high (-0.5651).

422.3.5 SLW at 60 DAS. Although the correlation of SLW at 60 DAS with kernel

weight per plant was not registered. SLW at 60 DAS expressed moderate positive direct
effect on kerncl weight per plant (0.2429). Where as through SLA at 60 DAS (-0.2993),
SLW at 90 DAS (-0.2301) and CGR at 90 DAS (-0.2106) it exhibited moderate negative
indirect effect on kernel weight per plant. Moderate positive indirect effect was recorded

trough CGR at 60 DAS (0.2339).

<

422.3.6 SLW at 90 DAS. High negative correlation was recorded between SLW at’

90 DAS and kernel weight per plant. The direct effect on kernel weight per plant was also
negative and high (-0.5776). The indirect effect through CGR at 60 DAS (0.5219) and

SLA at 90 DAS (0.3735) were positive and high and through CGR at 90 DAS (-0.3869) it

was negative and high.

o -
S. Though correlation was not recorded between CGR at 60

42237 CGR at 60 DA
per plant, the direct effect of CGR at
(1.1162). CGR at 60 DAS through

|

60 DAS on kernel weight per
DAS and kernel weight -
s observed to be very high and positive

plant wa N
DAS (-0.2635) contributed indirectl

90 DAS (-0.8959), LAR at 90

yin a negative manner

to kernel weight per plant.



41238 CGR at 90 DAS. This character exhibited positive and high correfation with

kemel weight per plant. The direct effect on kernel weight per plant was also positive and
ery high (1.4901). The indirect effect via LAR at 90 DAS (0.5531) was also very high
nd positive. Similarly moderately positive indirect effect was recorded through pod
wight per plant (0.2565). In contrast, high negative indirect. effects were observed

brough LAl at 90 DAS (-1.4203) and CGR at 60 DAS (-0.6711).

42239 LAR at 90 DAS. This character had positive high association with kernel

weight per plant. Its direct effect on kernel weight per plant was also positive and very
high (1.1320). The indirect effects were also high and positive through CGR at 90 DAS
{0.7281), and pod weight per. plant (0.5283). Where as the indirect effects through LAI at
90 DAS (-1.6810) was very high and negative and that through CGR at 60 DAS (-0.2559)

was moderate and negative.

4223.10 LAI at 90 DAS. Although LAI at 90 DAS recorded high positive

worrelation with kernel weight per plant, its direct effect on kernel weight per plant was
very high and negative (-1.9963). However it had also recorded very high positive indirect
effects on kernel weight per plant through CGR at 90 DAS (1.0602) and high positive

.. indrect effects through LAR at 90 DAS (0.9532) and pod weight per plant (0.4996).

422.3.11 SCMR at 30 DAS. This character did not record any relationship with

kemel weight per plant. The indirect effect through SLA at 90 DAS (0.2045) was

moderately positive and through SLW at 90 DAS (-0.3012) highly negative.

4223.12 Harvest index. Harvest index had high positive correlation” with kernel

weight per plant. However the direct effect was low (0.1093) and the indirect effects

trough LAl at 90 DAS (0.7153) and pod weight per plant (0.3239) were positive and

122

—



high. Harvest index through LAR at 90 DAS (-0.4773) exhibited high negative indirect
effect. Whereas, its negative indirect effect through CGR at 60 DAS was moderate

(-0.2180).

42.2.3.13 Pod weight per plant. Strong positive association was recorded for pod

weight per plant with kernel weight per plant. The direct effect of pod weight per plant on
kernel weight per plant was also high (0.8861) and positive. Similarly high and positive
indirect effects were observed through CGR at 90 DAS (0.4313), LAR at 90 DAS
(0.6749). The indirect effect through LAL at 90 DAS was negative and very high

(-1.1255). The other indirect effects on kernel weight per plant were low and negligible.

42.2.4. Direct and indirect effects of physiological characters on

aflatoxin content,

An attempt was made to understand the relationship of physiological characters on.

aflatoxin content. Their direct and indirect effects on aflatoxin content are presented in
table 12. None of the physiological characters except CGR at 60 DAS showed significant
correlation with aflatoxin content. The association of CGR at 60 DAS with aﬂatoxin was
positive and high. The physiological characters that exhibited high to very high positive
direct &3fect on aflatoxin were SLA at 60 DAS (0.4459), SLA 90 DAS (1.3038), SLW at
90 DAS (1.1287), CGR at 60 DAS (1.0473), CGR at 90 DAS (1.0549) and LAR 90 DAS
(0.7456). Moderate positive direct effect was observed by SCMR at 30 DAS (0.2451),
where as low to negligible positive direct effects were recorded by SLW at 60 DAS and
harvest index. High negative direct effects of SLA at 30 DAS (-1.5284), SLW at 30 DAS

(-1.3467) and LAI at 90 DAS (-1.4122) on aflatoxin were also recorded.

123
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SLA at 30 DAS expressed very high positive indirect effect through SLW at 30
DAS (1.3340) and high positive indirect effect through LAI at 90 DAS (0.4350). Whereas,
trough LAR at 90 DAS it was negatively moderate (-0.2134). SLA at 60 DAS cxhibited

high positive indirect effect through SLA at 90 DAS (0.4504) and through SLW at 90

DAS it was highly negative (-0.4569). Through SLW at 90 DAS (-1.1412), the character

SLA at 90 DAS had a very high negative indirect effect on aflatoxin content. A high

negative indirect effect was observed through CGR at 60 DAS (-0.4848).

Very high positive indirect éft'ecl was recorded on aflatoxin by SLW at 30 DAS
through SLA at 30 DAS (1.5139). High negative indirect effect through LAl at 90 DAS
(0.3997) was also recorded. SLW at 60 DAS recorded high negative indirect effects on
aflatoxin content through SLA at 60 DAS (-0.4358) and SLA at 90 DAS (-0.4606).
Whereas, high positive indirect effect of SLW at 60 DAS was recorded through SLW at
9 DAS (0.4497) on kernel weight per plant. SLW at 90 DAS registered very high
negative indirect effects through SLA at 90 DAS (-1.3182) and high positive indirect

effect through CGR at 60 DAS (0.4896).

High negative indirect of CGR at 60 DAS through CGR at 90 DAS (-0.6342) and

SLA at 90 DAS (-0.6036) was observed. Whereas, through SLW at 90 DAS (0.5277) it

" was positive and high. CGR at 90 DAS was observed to exhibit very high (-1.0048) and

high (-0.6296) negative indirect effect through LAI at 90 DAS and CGR at 60 DAS
respectively. High positive indirect effects through SLA at 90 DAS (0.3429) and LAR at

9 DAS (0.3643) was also recorded.

A very high negative and high positive indirect effects were recorded for LAR at
90 DAS through LAI at 90 DAS and CGR at 90 DAS respectively. The indirect effect of
LAl at 90 DAS through SLA at 30 DAS (0.4708), CGR at 90 DAS (0.7505) and LLAR at

50 DAS (0.6278) were positively high.
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SCKM at 30 DAS recorded high negative indirect éffects through SLA at 90 DAS
{7219) and highly positive indirect cffect through SLW at 90 DAS (0.5887) on aﬂatéxin
anent. High positive indirect effect was observed on aflatoxin content by harvest index
trough LAI at 90 DAS (0.5060) and highly negative indirect effect through LAR at 90

D45(-0.3144) was also recorded.

{JVARIABILITY, HERITABILITY AND GENETIC ADVANCE

The results on range of variability, phenotypic (PCV) and genotypic coefficients of
wiaion (GCV), heritability in broad sense (h* () and genetic advance as percentage of
nen (GAM) are furnished in table 13 for morphological and biochemical characters and

ntable 14 for physiological characters. The mean values for various characters from table

Iwere presented at appropriate places.

{31 Morphological and biochemical characters

13.1.1 Shell volume. The variability estimates of shell volume ranged from 0.4 - 2.43
x with an overall mean of 1.09 cc. The genotypes exhibited significant difference for thisI
haracter. The genotype, 1CG 10352 (0.4 cc) Had the lowest and BAU 13 (2.43 cc) had thei
lighest shell volume. Notable among the genotypes that possessed the lowest shell volume
were ICG 1326 (0.47 cc), 1CG 2411 (0.467 cc), 1ICG 3245 (0.47 cc) and ICGV 86564
)47) (table 2). A high magnitude of GCV of 42.77 and PCV of 43.70 were recorded for

iell volume. The heritability of 95.80% and GAM of 86.24% were also high.

312 Pod volume. Mean values for pod volume ranged from 1.13 cc to 4.83 cc with

toverall mean of 2.48 cc indicating optimum variability. The lowest pod volume was

served in ICG 2184 (1.13 cc) and the highest in BAU 13 (4.83 cc). The GCV and PCV

£

26
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bethis character were 37.49 and 37.79 respectively. This character recorded high values

feheritability (98.40%) and GAM (76.61%).

3.1.3 Free space in pod. Free space in pod exhibited mean values ranging from 0.10
xto 1.7 cc with an overall mean of 0.57 cc. It exhibited high estimates of GCV (63.31)
wd PCV (65.36). Further more, the heritability (-93.8(.)%) and GAM (126.36%) recorded
fr the character were also very high indicating great amount of variability for the
taracter and success in improvement. The lowest free space in pod was observed in ICG
184(0.10) and K 134 (0.10), and the highest was found in ICGV 89214 (1.57 cc). The
gnoypes, ICG 1418, ICG 10352, ICGS 11, TPT 2, TCGS 407 and TCGS 634 also

reorded a low free space in pod (0.20 cc).

1314 Shelling percentage. The character shelling percentage expressed a low range
inmean values ranging from 55.27% to 72.68%. Similar trend followed for all the other
gnetic parameters viz., GCV' (6.05), PCV (7.29), GAM (10.36%) except heritability
169%), which was high. The highest shelling percentage was recorded in ICG 3542
(1.68%) and it was closely followed by ICG 4893 (72.11%), ICGV 86584 (71.54%) and

10G 10352 (71.36%).

4315 Mature pods per plant. A good amount of variation was recorded for mature
wds per plant, which was reflected in recording high range in mean values (12.97 to
7210). Its overall mean was 22.07. The genotype, ICG 11386 produced more number of
mawre pods per plant (32.10) followed by ICGS 11 (30.80) and ICGV 86234 (29.20). The
daracter recorded a moderate GCV (18.73) and high PCV (23.33). Its heritability was

high (64.40%) but GAM was moderate (30.98%).
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G.L6 Immature pods per plant. This character 1~egi§tered a high range of variation
amean values ranging from 3.03 to 17.50 with an overall mean of 9.08. It also recorded|
hghGCV (45.14) and PCV (48.46). Immature pods were more in the genotypes viz., [CG
138 {17.50), TG 45 (16.00), M 13 (16.33) and BAU 13 (15.97). Less number of
mmaure pods was observed in ICG 1326 (3.03), ICG 3245 (3.20) and ICG 6690 (3.10).

i

Highestimates of heritability (86.80%) and GAM (86.63%) were manifested for the traits.

1317 100 seed weight. The variation of genotypes for 100 seed weight was quite'
mpressive. This was evident from the high range (27.6 to 66.75 g), high GCV (25.88) and ,
hgh PCV (26.81). The overall mean was also high 40.58 g. The genotypes that had
weighed more on scale were ICG 8325 (66.75 g), BAU 13 (66.29 g), TG 42 (63.87 g),!
10GS 617 (58.85 g) and ICGV 86564 (55.61 g). High heritability (93.20%) and GAM

31.46%) were registered for this character.

1318 Seed moisture percentage. Seed moisture percentage was estimated to study
i impact on biochemicgl characters including aflatoxin content during storage.
Differences in seed moisture percentage in genotypes, even after uniform drying, were
anemplated to be relevant in the present investigation. Though the 'genotype.s differed
smificantly for seed moisture’ percentage the variation was negligible as indicated by low
tnge (9.57 to 11.27), GCV (4.06) and PCV (4.45). Heritability estimates were recorded as

high (83%) but GAM was low (7.60%).

1319 Oil percentage. The mean values for oil percentage ranged from 48.53 to
$47% with a high over all mean of 51.68 %. The high oil containing genotypes in
tescending order were TCGS 407 (56.47 %), TG 41 (54.40%), TG (45 (54%) and TCGS

%6 (54.27%). In contrast TPT 1 (48.53 %), ICGV 89214 (48.60%) and 1CG 5502 (48.77
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%) processed low oil. Low GCV (3.07), PCV (3.35) and GAM (5.78%) were recorded for

/

the character. The heritability value was very high (83.70%).

43.1.10 Protein content. Protein content registered an overall mean of 204.95 mg g

seed with the individual means ranging from 162.30 to 247.72 mg g”'. The range, GCV
(1092) and PCV (13.06) indicate moderate variability for the character. Protein content
had high heritability (69.90%) but GAM was low (18.80%). High protein lines observed in
the study were ICG 1416 (247.72 mg g'') and TPT 1 (246.01 mg g™").

43.1.11 Carbohydrate confent. The overall mean value recorded for carbohydrate

¢

content was 120.66 mg g with a range of 89.67 to 131.71 mg g"'. This charter exhibited‘
low values for GCV (5.16), PCV (7.95) and GAM (6.89%). The heritability was moderate
(42.10%). Higher carbohydrate content was recorded in M 13 (131.71 mg gy and TG 39

(131.71 mg g') where as TCGS 407 (89.67 mg g™ recorded the lowest estimate.

|
43.1.12 Reducing sugar content. High variation was observed for reducing sugar
content. .lt was reflected in recording high range in mean values (0.12 to 10.33 mg gh and
high GCV (94.54) and PCV (96.09). It also recorded high estimates for heritability
(96.80%) and GAM (191.61%). The overall mean was 2.76 mg g". 1ICG 1326 (10.33 mg
¢'),1CG 10352 (9.49 mg g, ICG 3245 (7.65 mg g') and ICGV 86564 (7.73 mg g™) are

some of the genotypes rich in reducing sugar content.

43.1.13 Non-reducing sugar content. With an overall mean of 15.89 mg g, the
mean values for non-reducing sugar content ranged from 2.30 to 67.54 mg g indicating
high variation, which was again reflected in high GCA (78.74 mg g’') and PCV (80.20 mg

¢"). Non-reducing sugar content was rich in the genotypes; ICG 7637 (67.54 mg gh,



=

TCGS 91 (45.95 mg g"') and ICGV 86564 (42.96 mg g'l)". This character registered high

heritability (96.40%) and high GAM (159.30%).

43.1.14 Aflatoxin content. The highest variation was recorded for aflatoxin with an

overall mean of 47.15 ppb kg seed and a range of 2.83 to 626.67 ppb kg'. The GCV
(251.25) and PCV (257.38) were also very high. This character also possessed high
estimates for heritability (238.24%) and GAM (505.24%). The low aflatoxin containing
genotypes were, [CG 1326 (2.83 ppb kg™) followed by ICG 3245, ICG 8666, ICGV
88448, TG 49, TG 45, K 134 and TPT 4 which had recorded 3.67 ppb kg aflatoxin

content,

43.1.15 Kernel weight per plant. Kernel yield recorded an overall mean of 11.69 g

with a range from 7.78 to 15.23 g. The GCV (14.72) and PCV (17.99) were moderate. The
high yielding genotypes identified were TPT 4 (15.23 g), M 13 (15.16 g), ICGV 89214
(1513 g), ICGV 86564 (14.99 g). The heritability estimate observed for the character was

high (67%) and the GAM was moderate (24.83%).

In géneral high variability was recorded for aflatoxin content, reducing sugar
content, non-reducing sugar content, free space in pod, immature pods per plant, shell
* vowme and pod volume. Environmental influence was profound in the expression of the
tharacters; aflatoxin content, mature pods per plant, wmmature pods per plant, kernel

weight per plant, protein content, carbohydrate content and free space in pod as indicated

W Srences Gerween ACV ana GCV. Al tie ciaracters except carbofiyarare conent
ae highly heritable. Greater scope of improvement is present for aflatoxin content,
rducing sugar content, non-reducing sugar content, free space in pod, shell volume, pod

vlume, mature pods per plant and 100 seed weight.
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31 Physiological characters

1301 8LA at 30 DAS. SLA at 30 DAS registered an over all mean of 213.40 cm?® g’

' with means ranging from 158.91 to 283.20 cm® g”'. High SLA at 30 DAS was recorded by

7639 (283.2 em” g') and it was followed by ICG 3509 (266.1 cm® g'') and ICG 2411
13 em’ g'). Both the coefficients of variation; GCV (12.99) and PCV (14.82) were

moderate. The character was highly heritable (76.90%) with moderate GAM (23.47%).

1302 SLA at 60 DAS. An overall mean of 178.60 cm® g and high range in mean
wlies from 121.00 to 247.10 cm® g, moderate GCV (15.04) and PCV (17.15) were
roorded. The character had high heritability (76.90%) and moderate GAM (27.18%). ICG
8666 recorded the highest SLA at 60 DAS (247.10 cm? g') and it was followed by ICG \

133024330 em? g'), 1ICGS 11 (239.00 cm? g™') and TPT 2 (232.90 cm? g™).

)

1323 SLA at 90 DAS. High range of 151.30 to 238.20 cm® g with overall mean of
196.00 cm.2 g" was recorded for SLA at 90 DAS. GCV was low (5.78) where as PCV was
moderate (13.80). Both the heritability (17.50%) and GAM (4.90%) were low. TPT 4 .
rgistered high SLA at 90 DAS (238.20 cm? g™'). The other genotypes that had recorded

b

ligh values were TCGS 320 (227.60 cm® g'), ICG 8666 (226.40 cm?® g') and M 13 -

(22630 em?g™).

1324 SLW at 30 DAS. This character ranged from a low value of 3.70 g cm™ to a
igh value of 6.33 g cm™ with an overall mean of 4.8 g cm™. Besides having moderate
iCV (13.32) and PCV (15.03), this component character exhibited high heritability
18.50%) and a moderate GAM (24.30%). The top ranking genotypes for this character

ere ICG 8325 (6.33 g em™), ICG 7332 (6.27 g cm™) and TPT 4 (6.10 g cm™).
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{325 SLW at 60 DAS. The mean values for this character ranged from 4.10 to
167g em” and recorded a mean of 5.76 g cm™. The heritability was high (77.70%)
whereas the GAM was (27.40) moderate. The variability observed for this character was

do moderate which was reflected in moderate estimates of GCV (15.10) and PCV

(17.13).

1326 SLW at 90 DAS. SLW at 90 DAS recorded a range in mean values from 4.30

gen’ 10 7.10 g em”? with an overall mean of 5.21 g cm™. GCV (6.12) was low. Where as,
PCV (15.53) was moderate. This character recorded low estimates of heritability (15.50%)

ud GAM (49.70%).

1327 CGR at 60 DAS. The observed range of variation was from 2.34 g cm™ day™

01447 g cm? day™ with an overall mean of 8.34 g cm™d™'. The highest growth rate was
sherved at 60 DAS in ICG 7749 (14.47 g cm™ day™), ICG 7637 (13.66 g cm™ day™) and

I0GV 96235 (13.47 g em™® day™). This character exhibited high variation in terms of GCV

(1288) and PCV (33.34). Similarly the character recorded high heritability (97.20%) and '

high GAM (66.79%).

1328 CGR at 90 DAS. CGR at 90 DAS followed a similar trend of recording higher

valus for all the genetic parameters as was expressed for CGR at 60 DAS. The overall
mean was 9.79 g cm™ day™ and the mean values ranged from 5.31 to 20.55 g cm? day™.
The GCV was 37.61 and PCV, 39.43. The estimates of heritability and GAM were 91.00%
and 73.90% respectively. The genotypes [CGV 86564 was the highest to recorded 20.55 g
m?day’ CGR at 90 DAS and it was followed by ICG 8666 (19.50 g cm™ day™') and ICG

3542(18.56 g em? day™).

134
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1309 LAR at 90 DAS. Moderate to high variability i)vas recorded for the chara%‘ter
witwas expressed in recording high range from 19.50 to 52.94 ecm® ¢!, GCV of 17.29
5iPCV 0f 22.10 with an overall mean of 41.07 cm? g . TCGS 634 exhibited high LAR
£% DAS (52.94 cm? g). The values recorded by the genotypes; ICGV 86552, ICGV
#i84,1CG 7332, ICG 4749, ICGV 89214 and TCGS 596 were more than 50 cm? g". The

1

.~ wriability was high (61.30%) and GAM was moderate (27.89%).

13210 LAI at 90 DAS. Variability, heritability and GAM were high for this
surcter. It recorded a mean value of 2.49, a range from 0.94 to 3.87, GCV of 27.10, PCV
A 3119, heritability of 75.50% and GAM of 48.51%. A value of more than 3.5 was

~orded by the genotypes, ICGV 86552, TPT1, TCGS 634 and ICGS 21.

13011 SCMR at 30 DAS. The mean values ranged from 34.93 to 45.50 with an

aerall mean of 41.16. Though the heritability was high (76.80%), the variation and GAM
{

w5 low. The genotype, ICGV 86031 expressed higher mean value (45.50) and ICG 4893'

te lower (34.93).

{3212 Harvest index. Harvest index recorded moderate values for all the genetic

yrameters with a mean of 0.33. The mean values ranged from 0.25 to 0.44. GCV was
182and PCV was 16.67. The values for heritability and GAM were 50.30% and 17.26%

spectively. Higher values were observed in the genotypes, TG 49 (0.44) and TG 42

43).

3213 Pod weight per plant. Moderate to high values were recorded for the genetic

rameters. The mean was 18.23 g with a range from 12.12 to 27.64 g. Moderate GCV

5.68) and high PCV (26.59) were observed. The heritability was 35% and GAM was



W10%. The genotype, TCGS 617 recorded the highest pod weight (27.64 g) and it was

bllowed by ICGV 89214 (24.36 g) and ICGV 86564 (26.65 g).

The results on genetic parameters for physiological characters in brief are as
fllows. Moderate to high variability was observed for all the physiological characters'
ecept for SLA at 90 DAS, SLW at 90 DAS, and SCMR at 30 DAS. High heritability was.
reorded for all the characters -excepting those two characters (SLA at 90 DAS and SLW
4% DAS), which showed less variability. The environmental influence in the expression |
of characters was more on pod weight per plant, SLA at 90 DAS and SLW at 90 DAS.
(AM was high for CGR at 60 DAS, CGR at 90 DAS, LAI at 90 DAS, LAR at 90 DAS,
SLW 60 DAS, SLA at 60 DAS, SLW at 60 DAS. When variability, heritability and GAM
were considered together, CGR at 90 DAS, CGR at 60 DAS, LAI at 90 DAS, LAR at 90

DAS, SLW at 60 DAS, SLW at 30 DAS and SLA at 60 DAS were found to be a better

choice of characters.

{4 GENETIC DIVERGENCE

The quantitative assessment of genetic divergence was taken up by utilizing

Mahalanobi’s D? statistic.iigifty four genotypes of groundnut were subjected for the
analysis
¢ to find out the most important characters contributing to total diversity among
morphological, biochemical and physiological characters chosen for the study,
o to frame clustering péttern of genotypes based on D? values,

+ toassess the contribution of different characters to total diversity and

¢ toidentify suitable parents for hybridization considering the means and divergence.

36
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441 Test with Willc’s criterion |

Divergence studies were carried out separately for morpho-biochemical characters
od physiological characters. Analyses of variance revealed significant differences among
the genotypes for all the 15 morphological and biochemical characters and 1%
physiological characters. Wilk’s ‘A’ criterion was used to test the differences among the
genotypes based on the pooled effect of all the characters. The significance of ‘V’ statistic
was tested by #Cat 795 degrees of freedom. The ‘V" statistic was highly significant when

dllthe characters were considered simultaneously for both groups of characters.
44.2 Grouping of genotypes into different clusters

The 54 genotypes ot groundnut were grouped into different clusters using Tocher’s
method with the criterion that the intra cluster average D* values should be less than the

inter cluster D* values, for morphological and biochemical characters at one time and

physiological characters at the other.

When data on morphological and biochemical characters together were subjected
to D? analysis, the 54 groundnut genotypes were grouped into eleven clusters. On the other

Py w

hand, they were grouped into seven'tc;en clusters when physiological characters were

co idered.

The grouping pattern for morphological and biochemical characters revealed that
cluster ['was the largest in which 33 genotypes were grouped. Cluster [1 followed it with
next largest number with seven genotypes. Cluster VI accommodated five genotypes and
cluster X with two. The remaining clusters had one genotype =ach. Table 15 contains the

genotypes falling in different clusters and plates from 3 to 6 display the genotypes under

different clusters.
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ICGY 88448 K 134

ICGYV 96234 ICG 4749

Plate 3: Groundnut genotypes evaluated for morphological and
biochemical characters in cluster I
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Plate 3 (cont.)

TCGS 407
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1CG 2411 1CG 8666
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te 3 (cont.)

1CG 3509 TG 39

1CG 6690 1CG 7332
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ICG 1326 in cluster 11 TPT 1 in cluster Il

Plate 4: Groundnut genotypes evaluated for morphological and
biochemical characters in cluster I and 11
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ICGY 96235 in cluster VI

TG 42 in cluster VI

Plate 5: Groundnut genotypes evaluated for morphological and
biochemical characters in cluster I, IV, V and VI




Table 15: Clustering pattern of 54 groundnut genotypes on D? statistic
for morphological and biochemical characters '

Cluster No. of Name of the genotypes
genotypes
1 33 ICGV 96234, K 134, ICG 3643, ICGV 88448, ICGS 11, ICG 4749,

ICG 50, TPT 2, TCGS 634, JL-24, ICG 4893. 1CG 2411, 1CG 8666,
ICGV 86031, ICGYV 86552, ICG 1416, TCGS 407, TCGS 320,

ICG 7749, ICG 11386, ICGS 21, TCGS 29, TG 49, TG 45, TG 39,
TCGS 584, ICG 7332, TPT 4, ICG 3509, ICGV 86584, 1CG 13938,

ICG 6690, TG 40

i 7 ICG 3542, ICG 3245, TPT 1,1CG 2184, ICG 1326. 1CG 10352,
TCGS 91
i L TG4l
v ! 1CG 7633
\ 1 MI13
Vi 5 ICGV 89214, ICGV 96235, ICG 8325, TCGS 617, TG 42
vl I ICG 7637
St 1 TCGS 596
X 1 ICGV 86564
X 2 ICG 5502, TCGS 61

Xl 1 BAU 13




146

Table 16: Clustering pattern of 54 groundnut genotypes on D?
statistic for physiological characters

Cluster  No. of Name of the genotypes
genotypes
I 22 ICGS 21, TCGS 91, ICG 3245, JL 24, ICGV 96234, TCGS 596,
ICGV 88448, ICG 11386, TCGS 617, ICG 3509, M 13, TCGS 320,
TG 42, ICGS 11, ICG 36“13, ICG2184. TG 41. TG 49, ICG 3502,
TPT 2, TG 39,1CG 2411
[l 11 ICG 50, [CG 1326, ICG 6690, ICG 10352, K 134, TG 40, BAU 13,
ICGV 86564,ICGV 89214, ICG 7633, ICG 4749
1 2 TG 45, TCGS 584
\% 6 ICG 7749, ICGV 96235, TCGS 634, ICG 7637, TCGS 61,
ICG 1416
\Y 1 ICGV 86584
Vi 1 TCC;S 29
Vi 1 ICG 3342
VIl 1 TCGS 407
IX 1 ICG 4893
X ! ICG B325
X1 ] TPT 4
X1 1 1ICGV 86031
Xl 1 1CG 7332
X1V 1 ICG 13938 .
XV 1 1CG 8666
XVi 1 TPT 1
XVIl 1 ICGV 86552




ror pysiological characters, cluster 1 with 22 genotypes stood as the largest
werand cluster H with eleven genotypes, cluster IV with six genotypes and 11 with two
“mnpes followed it in descending order. The other thirteen clusters held one genotype

ah The genotypes falling in different clusters were given in the table 16.
{3 Clustering pattern in relation to geographic diversity

The constellation of genotypes into different clusters for both groups of characters
sfimished in tables 15 and 16. The results in table 15 revealed that the distribution of
gnatypes into different clusters for morphological and biochemical characters was at,
adom and independent of each other. For instance, the genotypes developed at Tirupati,
hiia had fallen in the clusters, 1, 1I, VI, VIII and X. Cluster | consisted the genotypes‘
woued from ICRISAT, Kadiri, Tirupati, Junagadh, Tanzania, Argentina, Indonesia,y
Sudan, Nigeria, Trombay, Brazil and Zimbabwe. Like wise, cluster 11 possessed genotypes

whose origin hails from India, Zaire and Zimbabwe. Therefore no relationship was’

served between geographic origin and genetic diversity.

Distribution of genotypes for physiological characters in various clusters is shown
ntable 16. When clustering pattern was related to geographical 6rigin, no <x‘egular{
kmarcation was discernible in the pattern of constellation of genotypes into various
Jdusters. For example, four genotypes from Tirupati, four from Trombay, seven from
ICRISAT, two from Argentina, one each from Zaire, Jalgaon and Tanzania were grouped
ider cluster 1. The genotypes from one center i.e., Tirupati had fallen in clusters I, 11l and

V. Further more they had occupied solitary position in the clusters, VI, VIII, XI and X VL.

147
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{4 Inter and intra cluster distance (D?) values ' '

The inter and intra cluster distances for morphological and biochemical (table 17) -

rirhysiological characters (table 18) showed that the genotypes were highly divergent.

The maximum inter cluster distance, for morphological and biochemical
- ariters, was observed between cluster I and X1 (46.75) followed by cluster VII and
iser X1 (44.76), while the minimum inter cluster distance was observed between cluster
Jad V (12.55) followed by V and VI (16.48). The clusters separated by maximum inter
wstr distance showed maximum divergence. The intra cluster distance ranged from 0

agterlL IV, V, VI VL X and XT) to 15.46 (cluster X).

Perusal of the results furnished in table I8 for physiological characters indicated
=tintra cluster distances varied between 0 (cluster V to XVII) and 8 (cluster 1). Most of
s mira cluster distances were at par. Maximum inter cluster distance was observed
ween cluster IV and cluster XV (26.74) followed by cluster VI and XVII (26.37).
\inmum inter cluster distance was observed between clusters IX and XI (6.7§) and

wween clusters X and X1 (6.99).

145 Cluster means

(45.1 Cluster means for 15 morphological and biochemical characters

The estimated cluster mean values for 15 morphological and biochemical
wacters are presented in table 19. Analysis of the data indicated considerable
flerences between the clusters for most of the characters studied. The most remarkable

fferences between the clusters were noticed for shell volume, pod volume, free space in

Wt
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w mature pods per plant, immature pods per plant, 100:/seed weight, protein content,
seing sugar content, non-reducing sugar content and aflatoxin content. The differences
meen cluster means for shelling percentage, oil percentage, carbohydrate content and

nelweight per plant were narrow.

The individual cluster means of each of the characters were compared with their
wctive overall averages. Based on the direction of association with kernel weight per
sptand afltoxin content, higher and lower values above the overall means were utilized

oifentify the best clusters for the characters.

The cluster means for shell volume ranged from 0.61 cc (I) to 2.43 cc (XI). The

disters with lower shell volume than the overall mean were 1 (0.94 cc), Il (0.61 cc), V
iTec)and VII (1 cc). Pod volume was the highest in X1 (4.83 cc) and the lowest in 11 |
139¢cc). Apart from the cluster XI, high cluster means for pod volume were recorded in
f(35¢cc), V (3.4 cc), VI (4.21 cc), VIII (3.5 c¢) and IX (4.17 cc). Free space in pod
mged between 0.24 (I1) and 1.13 cc (V). The other clusters apart from 11, which had low !
neans, were 1 (0.48 cc), 11 (0.24 cc), 1T (0.5¢cc), 1V (0.73), VII (0.43), VIII (0.5) and X
03 ¢«c). The cluster IV (70.83 %) showed the highest meén for shelling percentage.
fhere as cluster X1 showed the lowest value (56.34 %). The clusters on positive side over
1eoverall mean \;vere 1 (66.69 %), I1 (70.11 %), H1I (67.38 %), IV (70.83 %) and V (65.08
). The highest, and the lowest mean number of mature pods per plant were recorded in
utsters 1X (28.3) and Xl (17.13) respectively. High values were recorded for Il (24.61),
IV(25.03), V (25.13) VII (24.53), 1X (28.3) and X (23.03). Cluster 1V (4.93) recorded the
lwest mean number of immature pods. While cluster V recorded the highest (16.33).
Lower mean number of immature pods per plant were recorded in | (8.87), 11 (6.15), VI
(10.61), VIII (7.33) and X (7.37). The cluster mean values for 100 seed weight ranged

from 31.16 g (1I) to 66.29 g (XI). High mean values were recorded. in J1I (49.76 g), V

L‘T!
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‘Emég). VI(57.81 g), VIII (49.23 g) and IX (55.61 g). THe lowest cluster mean for seed
meure percentage was observed in [V (9.6). The other low values were recorded 'for

waers[(10.15 %), 11 (10.04 %), 111 (9.97 %), VII (10.33 %) and 1X (11.27 %). :
The values for oil percentage ranged from 49.9 % (I1X) to 54.4 % (1II). Lower:

es than the overall mean were obtained by the clusters I (51.82 %), II (51.09 %), \2
{165 %), VI (5129 %), IX (49.93 %), X (50.52 %) and XI (50.17 %). The range in
mein content values was between 167.43 mg g' (XI) to 239.75 mg g' (Il). Higher!
| wues were recorded in [ (208.81 mg g™), 11 (204.96 mg g”), V (215.83 mg g") and VII
182 mgg”). The cluster means for carbohydrate content ranged from 118.85 mg g'
517 mg g'l (V). The lower values were observed in II (120.18 mg g"), [II (123.3 mg
{11V (12097 mg gy and VIII (12331 mg g"). Cluster means for reducing sugar
arentwere high in 11 (7.4 mg g), IV (3.72 mg g, VII (6.69 mg g") and IX (7.73 mg g
\ The highest cluster means for non-reducing sugar content were recorded for VII (67.54
1 ¢')and the lowest for 111 (3.45 mg g™'). The other higher values than overall mean
@M75 mg g (1), 38.59 mg g' (IV) and 42.96 mg g’I (1X). With respect to
Tnoxin content the lowest and the highest values were recorded in clusters V (3.67 ppb
“yand X (613.33 ppb kg™") respectively. All the other clusters recorded cluster mean
les lower than the overall mean. The range in cluster mean values for kernel weight
sfom 10.72 g (VII) to 15.16 g (V). The clusters, 1V (14.24 g), VIII (12.83 g) and 1X

99 g) were the others apart from V, which recorded the higher values.

Based on the association analyses and on the direction of association, cluster
ns that were higher or lower than the overall average were taken into account to
| dntify the important clusters across all the 15 morphological, biochemical characters.

Cster 1l was considered to be the best as it exhibited higher cluster mean values than

orerall means for eleven characters. Clusters; IV and V (superior for nine characters each)



)

and clusters; 1 and 1X (superior for eight characters each) were the other clusters from
which superior genotypes could be selected. The clusters X and XI were considered to be
of little importance in the present study as they were better for only four and three

characters respectively.

4.4.5.2 Cluster means for physiological characters

The cluster means for each of the fourteen physiological characters were presented
in table 20. They had wanifested appreciable variation. The differcnces were more
pronounced for SLA at 30 DAS, SLA at 60 DAS, SLA at 90 DAS, SLW at 60 DAS, CGR

at 60 DAS, LAR at 90 DAS, pod and kernel weights per plant.

The cluster means for SLA at 30 DAS ranged from 158.04 cm®g-' (X) to
247.74 cng" (II1). Lower values than the overall mean (199.9 cng") were recorded by
the clusters, 1V, V, IX, X, X1, XIl, XIII, XVI and XVII. The range in cluster means for
SLA at 60 DAS was from 121.05 cm’g™ (XIV) to 247.08 cm’g (XV). The cluster means
higher than the average (173.19 cm?®g™") for SLA at 60 DAS were recorded in the clusters, .
L IL V, VI, VII, XI, XV and XVII. At 90 DAS, SLA recorded lower cluster means in the
clusters, 111, IV, V, VI, X, XII, XIV, XVI and XVII than the average of 196.22 c'ng". The-

-

lov&ést and the highest values recorded in the clusters, XII and XI respectively were
151.32 cm*g” and 238.22 cm’g’. At 30 DAS, SLW recorded lower values than the!
average (5.12 g cmz) in the clusters, 1, I, III, VI, VII, VIII, XIV and XV. Its cluster means
ranged from 4.14 g cm? (VII) to 6.33 g cm? (X). The overall cluster mean for SLW at 60
DAS was 5.96 g cm?. The clusters, 111, IV, VIII, XTI, XIII, X1V and XVI recorded higher
values than the overall mean. The range in cluster mean values was from 4.05 g cm? (XV)

t0 7.3 g cm? (X11). At 90 DAS, SLW recorded an overall mean of 5.2 g cm?. The cluster

means higher than the average were recorded in the clusters, VII, VIII, IX, XI, XIII and
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A 1)

XV. The minimum and maximum values were recorded in tl'le clusters, XI (4.3 g cm?) and

XIl (6.62 g cm?). CGR at 60 DAS registered cluster means ranging from 2.34 g m> 4’

(XV) to 12.95 g m™ d™' (IV) with an overall mean of 7.65 g m™ d™'. The clusters that had

recorded higher values over their average were clusters, I, III, IV, V, VI, VIII, IX, X, XI

and XVI. At 90 DAS, CGR recorded the values ranging from 5.79 g m? d* (11I) to 20.55 g

m? d" (XVII) with an overall mean of 11.03 g m? d". The superior cluster means were

recorded for the clusters, I1, VII, X1V, XV, XVI and XVII. The values ranged from 23.31

em’g’ (1) to 51.54 cm’g" (XVII) for LAR at 90 DAS with an overall mean of 42.62

cn12g". The clusters that had recorded higher values than 42.62 cng" were 11, IV, V, XI,
XIIEL, X1V, XV, XVI and XVII. LAI at 90 DAS exhibited an overall mean value of 2.67
with cluster means ranging from 1.07 (I1II) to 3.87 (XVII). The inferior values below the
average were recorded by the clusters, I, II, III, VI, VIII, IX, X, XII and XIV. The cluster
mean value for SCMR at 30 DAS was low in the cluster 1X (34.93) and high in the cluster
XII (45.5). Lower values than the overall mean of 40.87 were recorded in the clusters, I,
VI, VIII, IX, XI, XV, and XVI. Harvest index recorded cluster means ranging from 0.25
(VIH) to 0.38 (X) with an average value of 0.33. The clusters, 1, 11, VII, IX, X, XII, XIV,
XVI and XVII recorded higher means than the overall average. The superior clusters for
pod weight per plant over their overall mean (17.94 g) were I, II, IV, V, V..I, X1, XVI and
X\{H Their values differed Between 12.31 g (VIII) and 21.93 g (XI). Kernel weight per
plant registered cluster means ranging from 7.91 g (VIII) to 14.83 g (V). The superior
clusters having cluster values higher than the overall mean of 11.93 g were II, V, VI, VII,

IX, XVIand XVII.

The exercise as was done for morphological and biochemical characters was
carried out for physiological characters also to identify the important clusters from which
genotypes could be sclected for crossing. Cluster XVI ranked first with superior

performance for eleven characters. The clusters, Il with ten characters, XVII and VI with
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Table 21: Contribution of morphological and biochemical characters
towards genetic divergence among 54 genotypes of groundnut

S. Characters Times Contribution
No. ranked towards divergence
first %

1 Shell volume 39 273

2 Pod volume 506 . 35.36

3 Free space in pod 129 9.01

4 Shelling percentage 1 0.07

5 Mature pods/plant 5 0.35

6 Immature pods/plant 42 2.94

7 100 seed weight 63 4.40

8 Seed moisture percentage 13 0.91

9 Oil percentage 22 1.54

10 Protein content 12 . 0.84

11 é%rb;hydrate content 1 0.07

12 Reducing sugar content 245 17.12

13 Non-reducing sugar content 216 15.09

14 Aflatoxin content 135 9.43

15 Kernel weight/plant 0.14
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Table 22: Contribution of physiological characters towards
genetic divergence among 54 genotypes of groundnut

S. Characters Times ranked Contribution
No. first towards divergence
%

1 SLA at 30 DAS 65 4.54

2 SLA at 60 DAS 58 4.05

3 SLA at 90 DAS 1 0.07

4 SLW at 30 DAS 2 0.14

5 SLW at 60 DAS 18 1.26

6 SLW at 90 DAS 3 0.21

7 CGR at 60 DAS 822 | 5744

8 CGR at 90 DAS 173 12.09

9 LAR at90 DAS 139 1971

10 LAl at 90 DAS 14 0.98‘

11 SCMR at 30 DAS 73 5.10

12 Harvest index 9 0.63

13 Pod weig_ht per plant 7 0.49

14 Kernel w;ight per plant 47 3.20




eight characters, V, IX, XI and XIV with seven characters and I, 1V, VII, VIII and XV

with six characters may also be considered for picking up the best genotypes.

4.4.6 Relative contribution of each character to total divergence

The relative ranking of different morphological and biochemical characters for D?
is furnished in table 21 and depicted in fig. 3a. Among the total 1431 pair combinations,
pod volume ranked first for 506 times and contributed 35.36% towards total divergence. It
was followed by reducing sugar content (17.12%), non-reducing sugar content (15.09%),
aflatoxin content (9.43%), free space in pod (9.01%),.100 seed weight (4.4%) and
immature pods per plant (2.94%). The contribution of protein content (0.84%), mature
pods per plant (0.35%), kernel weight per plant (0.14) and shelling percentage (0.07%)

was minimum towards genetic divergence.

The relative contribution of physiological characters to total divergence is
presented in table 22 aﬁd illustrated in fig. 3b. It was found that maximum contribution to
total divergence in terms of percentage waé found from CGR at 60 DAS (57.44%), CGR
at 90 DAS (12.09%), LAR at 90 DAS (9.71%) SCMR at 30 DAS (5.1%) and SLA at 30 |
DAS (4.54%). However, LAI at 90 DAS (0.98%), harvest index (0.63%), pod v‘veight per

N
plant (0.49%), SLW at 90 DAS (0.21%), SLW at 30 DAS (0.14%) and SLA at 90 DAS

(0.07%) contributed less to divergence.

4.5 COMBINING ABILITY ANYALYSIS

Four lines viz., ICG 1326 (L}), ICG 3245 (L), ICG 3542 (L3) and ICG 7633 (L4)
were crossed with five testers viz., ICGV 86564 (T,), TG 42 (T,), TG 49 (T3), M 13 (Ty)

and TPT 4 (Ts) (table 23) and the resultant 20 crosses were evaluated along with their
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Table 23: Salient features of parents selected for crossing programme

S. Lines | Genotypes | Origin Genotypes falling in clusters Salient features
No. Ly/ for
Testers
(M Morphological Physiolegical
and characters -
biochemical
Characters ;
1 Ly ICG 1326 | Junagadh. Il Il Spanish bunch, resistant
India to Aspergillus flavus,
medium duration, and
high oil content.

2 L, ICG 3245 Zaire I ] Spanish bunch, medium
duration, high oil
content,

3 L; ICG 3342 India Il VIl Spanish bunch, medium
duration, low oil
content.

4 Lg ICG 7633 USA v Ml Spanish bunch, medium
duration, resistant to
Aspergillus flavus.

5 T ICGV | ICRISAT IX Il Spanish bunch, fong

86564 India duration, high dry
matter production, bold
seeded, tolerant to leaf
spot.

6 T, TG 42 Trombay, Vi I Spanish bunch, early .

India | duration, high harvest
index, bold seeded. -

7 Ty TG 49 Trombay, I 1 Spanish bunch, early

India duration, high harvest
index, bold seeded.

8 T, M 13 Junagadh, \Y ! Virginia runner, long

India duration, bold seeded,
tolerant to leaf spot.

9 Ts TPT 4 Tirupati, I Xl Spanish bunch, medium

India : duration, bold seeded,

high yield.
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parents for understanding the gene action, combining ability' and heterosis for selected 14

morphological, biochemical and physiological characters. The selection criteria followed
'for selecting the 14 most important characters was explained in materials and methods.
The results obtained by subjecting their mean values to statistical analysis are presented

here under.
45.1 Analysis of variance

The analysis of variance revealed that the crosses taken for study differed

significantly for all the selected characters (tables 24).

45.2 Analysis of variance for combining ability

The analysis of variance for combining ability using line X tester mating design
(with parents) for 14 characters is given in table, 25. The estimates inferred that the
parents (line and testers) and their interaction (line X tester) were highly significant for all

the characters.

45.3 Components of variance

The additive and dominance genetic variances and their relative proportion for '

morphological, biochemical and physiological characters are presented in table 26 and
ilustrated in fig. 4. The results revealed that the additive genetic variance was higher in
magnitude than the dominance genetic variance for pod volume and aflatoxin content. A
perusal of the data indicated that the magnitude of dominance variance was higher for
most of the characters (shell volume, free space in pod, shelling percentage, mature pods
ser plant, 100 sced weight, protein content, reducing sugar content, non-reducing sugar

'ontent, CGR at 60 and at 90 DAS, harvest index and kernel weight per plant).
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Table 26. Magnitude of genetic variance for morphological, biochemical and V
physiological characters

ﬁ |

" Character GCA SCA c’A o’D Ratio
variance variance ~ o’A, oD
Shell volume 0.02 0.05 0.04 O.QS:“, 0.83:1 |
Pod volume 0.04 0.07 0.09 0.07 1.27:1 |
| Free space in pod 0.01 0.09 0.02 0.09 0.25:1
| Shelling percentage 2.96 6.32 5.91 6.32 094:1 |
Mature pods per plant 9.98 29.47 19.97 29.47 0.68 :1
5, 100 seed weight 2.66 8.66 5.33 8.66 0.44:1
Protein content 409.31 1065.50 818.61 1065.50 0.54:1
3 Reducing sugar 1.28 7.52 2.55 7.52 0.34:1
- content
| Non-reducing sugar 60.76 169.80 | 121.51 169.80 0.72:1
CGR at 60 DAS 1.95 9.11 3.89 - 9.1l 0.43:1
~ CGR at 90 DAS 2.53 23.06 5.05 23.06 0.23:1
Harvest index 0.0006 0.0036 0.0013 0.0036 035:1
| Aflatoxin content 5.73 10.43 11.46 10.43 1.10: 1
Klernel weight per 2.92 8.66 5.83 8.66 0.67: 1
plant
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454 Mean performance of parents |

The mean performance of parents for all the 14 morphological, biochemical and
physiological characters is presented in table 27. The importance of the characters as
understood from the association analyses, for positive (+) and negative (-) selections were

highlighted in the tablcs.

45.4.1 Shell volume. Sheli volume ranged from 0.58 cc (L) to 1.03 cc (L) among the

fines and from 1.01 cc (T3 and Ts) to 1.65 cc (T}) among testers. The {ine L (0.58 cc) and

1,(0.63 cc) and the testers, T3 and T4 (1.01 cc) recorded significantly lower shell volume.

45.4.2 Pod volume. Among the lines, pod volume ranged between 1.4 cc (L2) and 2.02
¢ (Lg) while the range was between 2.04 cc (Ts) and 4.43 cc (T)). The lines Ls (1.81 cc)
and Lq (2.02 cc) and the tester T (4.43 cc) and T (4.23 cc) were found to be significantly

superior in volume when compared with respective means.

454.3 Free space in pod. This character varied from 0.17 cc (L, and L3) to 0.42 cc

(L)) in lines and frém 0.18 cc (Ts) to 1.8 cc (Ty) in testers. Ly and Ls (0.17 cc), T5 (0.74

ec), T4 (0.26 cc) and Ts (0.18 cc) recorded significantly less free space in pod.

45.4.4 Shelling percentage. Minimum and maximum shelling percentage were
recorded by Ly (65.48 %) and L3 (69.49 %) respectively among lines and by T4 (50.14 %)
and T3 (62.62 %) respectively among testers. Two lines (L2 and Ls) and two testers (T3 and
Ts) recorded significantly more shelling percentage than their means, which were 68.37 %

(La), 69.49 % (Ls), 62.62 % (Ts) and 60.94 % (Ts).
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434.5 Mature pods per plant. Number of mature pods per plant varied between

2667 (L) and 44.67 (L;) in lines and ‘between 16.4 (T;) and 31.2 (Ty) in testers.‘L\

(44.67), T; (30), T4 (31.2) and Ts (28.07) showed significant values over their means.

454.6 100 seed weight. The values of the character 100 seed weight ranged from
3287 g (L)) to 39.48 g (L) in lines and from 45.08 g (Ts) to 70.59 g (T,) in testers.
* Significantly higher seed weight was recorded in L, (39.48 g) among lines and in T,

(10.59g), T2 (70.37 g), Ts (6(5.17 g) and T4 (69.3 g) among testers over their respective

means.

454.7 Protein content. A range from 152 mg g”' (L)) t0 206.2 mg g (L,) and from

192 mg ¢! (T3) to 192.13 mg g'I (T1) for protein content among lines and testers

rspectively. Among lines, L, (206.2 mg g') and L; (202.47 mg g”') and among testers, T
(192.13 mg g), T, (182.03 mg g') and Ts (183.2 mg g"') recorded significantly higher

protein content than their general mean.

45.4.8 Reducing sugar content. Reducing sugar content showed a range of 3.14 mg

i (L) to 6.02 mg g (L,) among lines and a range of 3.14 mg g (T; and Ts) to 7.31
mgg' (T,) among testers. The line Ly (6.02 mg g) and the testers T, and T, recorded

significance for this character.

1549 Non-reducing sugar content. The minimum and maximum non-reducing

sigar content among lines were 32.95 mg g' (L, and L) and 5322 mg g (L)
rspectively. Ty (40.88 mg g') and Ts (64.1 mg g') were the 'minimum and maximum
wn-reducing sugar containing testers noticed. Significantly higher non-reducing sugar
wntent over their respective general means of 42.59 mg g’ (Iines) and 52.17 mg g’

(esters) was registered by L3, Ls in lines and T, and Tj in testers,
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454.10 CGR at 60 DAS. CGR at 60 DAS ranged from 2.84 gm? d” (Ly)to 5.71 g
w?d’ (L) in lines and from 2.13 gm?d! (Ts) to 6.37 gm? d”' (Ty) in testers. Among
lnes, Ly and L3 and among testers T, were found to be significant over their respective

means.

454.11 CGR at 90 DAS. A wide range of variation for CGR at 90 DAS was observed

id it ranged from 6.9 g m? d™ (Ly) to 12.9 gm? d’! (L,) among lines and from 7.95 g m*
i (Ty) to 16.66 g m™? d”' (Ts) among testers. However only one line (L) and two testers

(T and Ts) showed significant results when compared with general mean.

454.12 Harvest index. Harvest index showed a variation ranging from 0.29 (L;) and

04 (L, and Ls) in lines and from 0.27 (T4) and 0.45 (Ts) in testers. Two lines, L, and L4

\"‘\a\m\es\ers, T, and T; recorded significant superiority over general mean.

5413 Aflatoxin content. Among lines L; (5 ppb kg™') and L; (29.5 ppb kg™ had |

xlowest and the highest aflatoxin content. Like wise, T3 and Ts (3.67 ppb kg') were the
westand T, (16.83 ppb kg") was the highest among testers. L; and L, in lines and T, T3

1Ty in testers recorded significantly lower values than their means.

5414 Kernel weight per plant. L; (11.45 g) and L, (15.45 g) were the lower and

Jir yielders among the lines and T4 (10.89 g) and T1 (16.98 g) among testers were the
serand higher yielders. L; and Ly in lines and T, and T; in testers significantly out

lied their general means.



Table 28: Mean performance of crosses for morphological, biochemical and
physiological characters

Crosses Sheli Pod Free space Shelling % Mature 100 sced Protein
volume volume in pod pods per weight content
(cc) (cc) [(29) plant (g) _(mg gl
LXT 0.82° 211" 023" 68.46 " 5020° 33.21 204.33°
LXTy 0.82° 2027 0.37 63.30 ©30.60 39.69 " 122.17
LXTy 099" 1.82 0.02" 70.38 " 37.73 31.61 191.83*
LXT, 0.84" 1.45 0.06" 66.60 39.20 3759 170.23
LXTs 0.20° 1.62 0.94 65.63 39.07° 36.61 192.67 *‘
LXT) 0.64 " 1.42 0.37 66.70 129.00 38.57° 105.53
LXT, 0.64" 1.64 0.37 62.06 29.07 35.93 125.70
LXT; 1.00° 2.03° 0.34 67.55* 32.33 34.45 172.00
LX Ty 1.07 2027 0.12° 7118 30.33 42,037 179.47 *
X Ts 0.82° 1.59 0.15° 69.01* 35.13 41.717" 164.40
LXT 0.79" 1.64 023" 65.57 33.20 37.97° 192.63 *
LXT, 0.82° 1.71 0.09° 61.08 43.00" 34.35 166.87
LXT 0.61° 1.62 0.53 65.54 30.80 34.70 205.90
LiXT, 036" 1.52 0.74 72.50 % 45207 31.80 203.17°
XTs 0.81° 2.04* 0.40 65.73 37.20 3L 151.67
LXT 1.02 245" 024" 67.35" 35.33 3406 © 176.70
LXT, 1.05 245" 0‘5‘8 63.78 26.80 33.56 141.60
LXTs 1.41 241" 0.42 61.71 35.27 34.81 155.97
LX T4 1.01° 2.05° 0.03 " 66.49 38.47° 37.75 . 21633 "
LiXTs 0.82° 201° 0.77 68.17* 35.53 37.67° 266,27 *
Mean 1.06 1.88 0.35 66.44 35.67 35.96 175.27 |
SEd 0.02 0.03 0.01 0.42 1.06 0.80 0.96
CD (5%) 0.04 0.06 0.02 0.84 2.15 1.62 '1.95 |

*Significantly higher at 5 per cent level

* Significantly lower at 5 per cent level
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Table 28 (cont.)
Crosses Reducing Non- CGRat60  CGRat90 ilﬂrvcs( Aflatoxin Kernel
sugar reducing DAS DAS index content weight per
content content plant
mgg')  (mgg') (@gm’d) (gm’dh) (ppb ke (@
LXT 10.46 * 46.39* 9.76" 7.51 0.38° 133" 19.18°
LXT, 4.45 82.24" 5.45 16.13* 0.28 13.83 11.98
LXT; 915" 40.49 11.62° 16.43" 0.28 1217 15.35
LXTy 7.60 41.90 11.80 10.36 0.33 7.83 13.99
L X Ts 7.60 38.10 5.06 | 10.94 0.30 10.83 16.91
LXT 4.45 33.92 5.04 2114 0.27 6.33 13.42
LXT, 4.18 24.58 6.94 8.49 0.43" 6.50 15.27
LXT; 7.60 27.02 3.26 14.38 037" 5.00 14.94
L X T, 4.71 22:48 13.98" 11.52 0.36 3.83° 17.25
LXTs 7.48 36.02 425 13.64 0.47" 3.67° 21.61°
LXT 10.46 " 25.63 3.11 14.47 0.40" 6.00 18.04 "
L;XT, 3.14 40.49 3.23 15.52" 0.38" 125 14.91
LXTs 7.48 38.10 8.91° 8.86 0.30 12.17 14.14
Ly X Te 13.61° 43.60* 6.80 14.54 0.40* 11.67 2267
L3 X Ts 4.18 40.38 8.86" 16.47° | 0.30 1033 14.44
LXT, 6.93 33.94 8.07" 22.28" 0.33 6.00 18.98 "
LiXT, 9.16 " 39.82 9.12" 11.14 0.31 6.00 12.95
LXTy 8.78 " 39.82 6.50 20.15" 0.31 17.17 1532
LXT, 5.37 36.02 7.96 6.69 0.43" 6.00 19777
L X Ts 7.60 70.90" 6.47 13.00 041" 3.67° 23317 |
Mean 722 40.09 731 13.68 0.35 8.14 16.72
SEd 0.44 1.05 0.33 0.51 0.01 1.58 0.37
CD (5%) 0.89 2.12 0.66 1.04 0.02 3.19 0.74
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*Significantly higher at 5 per cent level

~ Significantly lower at 5 per cent level
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i 435 Mean performance of crosses e

The mean performance of crosses for 14 characters is presented in table 28.

155.1 Shell volume. Among the crosses shell volume ranged from 0.2 cc (Ly X Ts) to'

141 cc (Ls X T3). Out of 20 crosses, 16 were significantly lesser in shell volume as
wmpared to the mean (1.06 cc).

1

45.5.2 Pod volume. Pod volume ranged from 1.42 cc (Ly X T)) to 2.45 cc (Lsy X Ty and

Ly X Ty). Ten crosses had higher values significantly differing from the mean value of|

trosses (1.88 cc).

135.3 Free space in pod. The cross, L X T recorded smaller free space in pod (0.02

«) and Ly X Ts recorded greater space (0.94 cc). Nine crosses had smaller values

significantly deviating from the mean (0.35 cc).

455.4 Shelling percentage. The values of shelling percentage varied between

61.08% (L3 X T2) and 72.5 % (L3 X T4). Eight crosses had significantly higher percentage

sscompared with the mean (66.44 %).

4555 Mature pods per plant. The minimum and maximum number of mature pods

per plant were possessed by the crosses Ly X T (29) and Ly X T (50.2) respectively. Six

. wosses registered significantly more number of mature pods per plant than mean (35.67).

1556 100 seed weight. The mean performance for this character varied between

Mg (Ly X Ts) and 42.03 g (L, X T4). A total of eight crosses recorded highly

sgnificant values than mean of 35.96 g.



455.7 Protein content. Seed protein content of the crosses ranged from 105.53 mg g’!

(X T)) t0 266.27 mg g (Ls X Ts). A total of nine crosses recorded significantly higher.

motein content over the mean (175.27 mg g™).

435.8 Reducing sugar content. Among the 20 crosses, the cross L3 X T, (3.14 mg

¢') showed the lowest value. Where as, the cross Ly X T4 (13.61 mg g') possessed the
highest value. Six crosses registered significantly higher values as compared to the mean

(122mg g™").

45.5.9 Non-reducing sugar content. Non-reducing sugar varied between 22.48 mg

g'l (Ly X Ty) and 82.24 mg g (L, X T2). Four crosses recorded highly significant values

for non-reducing sugar content over the mean (40.09 mg g™).

45.5.10 CGR at 60 DAS. The variation for this character was between 3.11 g m? d*

(LbX T))and 11.8 g m? d"' (L; X Ty). Seven out of 20 crosses registered significantly

more CGR as compared to the general mean of 7.31 gm?>d™.

45.5.11 CGR 90 DAS. The range in variation for CGR at 90 DAS was between 7.51 g

m?*d! (L, X T)) and 22.28 g m?d! (Ls X T)). Seven crosses e>.(celled their general mean

(13.68 gm™> d") for CGR at 90 DAS.

45.5.12 Harvest index. Harvest index showed a variation in range from 0.27 (L, X

T) to 0.47 (Lo X Ts). Nine crosses were found to be significantly superior over mean

(0.35).

45.5.13 Aflatoxin. Among the crosses, aflatoxin ranged from 1.33 ppb kg” (L, X T))

w1117 ppb kg (Ls X T3). Four crosses showed significant lower aflatoxin content when

wmpared with mean (8.14 ppb kg™).
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Table 29: Proportional contribution of lines, testers and line X tester
interaction towards variation in the crosses of groundnut

S. Characters Contribution percent of
No. Lines Testers Line X Tester
interaction

1 Shell volume 32.86 17.82 49.32

2 Pod volume 52.45 6.72 40.83

3 Free space in pod 4.97 20.99 74.04

4 Shelling percentage 5.37 52.11 42.53

5 Mature pods per plant 30.96 14.16 54.89

6 100 seed weight 28.51 14.28 57.22

7 Protein content 19.45 31.08 49.48

8 Reducing sugar content 12.00 19.16 " 68.84

9 Non-reducing sugar content 31.80 14.71 53.539

10 Aflatoxin content 24.98 32.44 42.58

11 CGR at 60 DAS 10.89 25.96 63.15

12 CGR at 90 DAS 4.15 19.66 76.19

13 Harvest index 15.75 15.53 68.72

14 Kernel weight per plant 8.33 40.46 51.21
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4.5.5.14 Kernel weight per plant. The cross, producing lower kernel weight per plant

was Ly X T; (12.95 g) and the maximum kernel yield per plant was produced by the cross,
1

Lo X 15 (23.31 g). Seven crosses out yielded the general mean significantly (16.72 g).

45.6 Proportional contribution of lines, testers and line X tester

interaction

Results on the proportional contribution of lines, testers and line X tester

t

interaction towards variation in the crosses are furnished in table 29 and depicted in fig. 5.
Contribution to the total variation was mainly due to line X tester interaction for all most
all the characters except pod volume and shelling percéntage. Variation in crosses was
contributed by lines to the tune of 52.45 % for pod volume. Similarly for shelling
percentage 52.11 % of total variation was contributed by testers. On relative terfns, lines
had contributed more than testers to variation for more characters except for free space in
pod and shelling percentage for which testers contributed more than lines. For biochemical

characters, excepting non-reducing sugar content, testers’ contribution was greater than

that of lines. When physiological characters were considered, lines contributed more than

testers.

45.7 General combining ability effects

Estimates of general combining ability (GCA) effects of parents (lines and testers)
are presented in table 30 for 14 morphological, biochemical and physiological characters.

Fig. 6 illustrates gca effects of parents for aflatoxin content and fig. 7 for kernel weight.

4.5.7.1 Shell volume. The gca effects ranged from —0.148 (L) to 0.234 (L) in lines

and from —-0.163 (Ts) to 0.176 (T3) in the testers. The lines Ly (-0.092) and L; (-0.148) and:

the testers T (-0.01) and Ts (-0.163) exhibited negative and significant gca effects.
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45.7.2 Pod volume. For pod volume, the lower value of gca was shown by the line L;

(0.175) and the highest by L4 (0.393). Where as for tester the range was from —0.122 (T4)
0 0.091 (Ts). Significantly negative values of gca were obtained by L; (-0.078), L, (-0.14)

Ly (-0.175), T4 (-0.122) and Ts (-0.067).

45.7.3 Free space in pod. The gca effects for this character varied between —0.079

(L) and L4 (0.058) among lines and between —0.112 (T4) and 0.216 (Ts) among testers.
The lines Ly (<0.027) and L, (-0.079) showed negative significant effects and the testers T,

(0.083), T5 (-0.022) and T4 (-0.112) were negatively significant.

45.7.4 Shelling percentage. Among the lines, the gca values ranged from —0.939

(L) to 0.863 (L) and for testers the range was from —3.886 (T») to 2.754 (T4). The gca
effects were positive and significant in lines L, (0.432) and L, (0.863). They were

significantly positive in the testers, T, (0.581), T4 (2.754) and Ts (0.697).

43.7.5 Mature pods per plant. For number of mature pods per plant, the gca values

176

fell betwéen —4.5 (L,) and 3.687 (L) for lines and between —3.307 (T,) and 2.627 (T,) for

testers. Positive significant effects were observed for L (3.687), L3 (2.207), T, (1.26), T4

(2627) and Ts (1.06).

43.7.6 100 Seed weight. Among the lines, gca effects for 100 seed weight ranged

from ~1.973 (L3) to 2.578 (L) among lines and from -2.066 (T3) to 1.332 (T4) among

testers. T4 (1.332) and T (0.819) had positive significant effects.

43.7.7 Protein content. The gca effects ranged from —25.852 (L) to 16.102 (Ly) in

lines and from —36.188 (T,) to 18.478 (Ts) in testers. The lines, Ly (16.102), L; (0.975),



L4

i

oLy (8.775) and the testers, T (6.153), T4 (17.028) and Ts (18.478) had positive_and

aificant gea effects.

18 Reducing sugar content. Among lines, minimum gca for reducing sugar
ment was recorded by Ly (-1.536) and maximum by L, (0.632). Among testers, T
947) showed minimum value for reducing sugar content while, T3 (1.033) had the

‘zr.uimum. The lines, L1 (0.632), L; (0.555), L4 (0.348) and the testers, T (0.855), T3‘

'153)and T4 (0.603) showed significant values.

1819 Non-reducing sugar content. The gca effects for non-reducing sugar content
anged from =11.289 (L2) to 9.732 (Ly) in lines and from =5.121 (T;) to 6.689 (T3) in
«@rs. Significantly higher values over their respective means for non-reducing sugar

atent were recorded in Ly (9.732) and L4 (4.009) among lines and in T, (6.689) and Ts

22%9) among testers.

7
/

13710 CGR at 60 DAS. The line L3 had the lowest values of —1.127, while L,

ahibited the highest value 1.429 for gca effects. The gea of the testers ranged from
1148 (Ts) to 2.825 (Ty). The lines L; (1.429) and L, (0.314) recorded positive and

spificant gea effects. Like wise, T3 (0.263) and T4 (2.825) showed positive and

sgnificant values.

15711 CGR at 90 DAS. For CGR at 90 DAS, the gca values fell between —1.409,

L)and 0.968 (L4) for lines and between —2.907 (T,) and 2.666 (T)) for testers. Positive

171

nd significant gca effects were observed by Ls (0.289) and L4 (0.968) in lines and by T,I _

2666y and T3 (1.274) in testers.
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45.7.12 Harvest index. Among the lines, gca effects for harvest index ranged from

-0.036 (L) to 0.025 (L) and from —0.037 (T5) to 0.027 (T4) among testers. Positive

significant gca effects were recorded by L, (0.025), Lg (0.007), T4 (0.027) and Ts (0.018).

45.7.13 Aflatoxin content. A minimum gca effect for aflatoxin content of -3.075 and

amaximum of 2.392 were recorded by L, and Ls respectively among lines. Where as T}
(3.225) and T; (3.483) among testers had the minimum and maximum gca effects

respectively. Ly (-3.075) in lines and T (-3.225) in testers showed significant gca effects
for aflatoxin content.

'

45.7.14 Kernel weight per plant. For kernel weight per plant, the lowest value of

ga was shown by the line L; (-1.24) and the highest by Ly (1.344) in lines. Where as in
testers, the range was from -2.942 (T,) to 2.345 (Ts). Significantly positive values for gca

were obtained by Ls (0.119) Ly (1.344), T; (0.682), T4 (1.7) and Ts (2.345).

45.8 Specific combining ability effects of crosses

The specific combining ability (sca) effects of crosses for 14 characters were

; {
. present in table 31. Fig. 8 and 9 depicts sca effects of 20 Fy crosses for aflatoxin content

and kernel weight per plant respectively.

45.8.1 Shell volume. The specific combining ability effects for shell volume ranged

- from -0.368 (L; X Ts) to 0.297 (Ls X Ts). Out of twenty crosses, eight had negative

+ sgnificant sca effects.

45.8.2 Pod volume. The range of sca effects was noticed from ~0.343 (L, X T)) to

0401 (L3 X Ts). Eight combiners were found to have significant positive sca effects.
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15.8.3 Free space in pod. Free space in pod had sca effects between —0.337 (Ly X Ts)

ud 0454 (Ly X Ts). Out of 20 cross combinations, nine had negative significant sca

effects.

158.4 Shelling percentage. Among the crosses, sca effects differed from —3.647 (Lq

XTs)t0 3.666 (L3 X T4). Eight out of ten positive crosses showed significant sca effects.

158.5 Mature pods per plant. The minimum and maximum sca effects recorded

mong crosses for this character were —5.94 (L; X T,) and 9.58 (L, X T,) respectively.

Seven out of ten positive sca effects were significant.

458.6 100 Seed weight. The cross combination, Ly X Ts (-3.692) and L; X T,

(4022) showed the lowest and the highest sca effects for 100 seed weight. Seven cross

wmbinations showed significantly positive sca effects.

45.8.7 Protein content. Protein content-exhibited minimum and maximum sca effects

0f-50.858 (L3 X Ts) and 56.415 (L4 X Ts) respectively. All the eleven positive sca effects

were significant.

158.8 Reducing sugar content. The sca effects for reducing sugar content varied

between —3.088 (L3 X Ts) and 5.235 (L3 X T4). Six crosses out of twenty were having

positive and significant sca effects.

438.9 Non-reducing sugar content. The lowest and the highest sca effects for this

tharacter were exhibited in L; X Ts (-17.981) and L; X T, (25.722) respectively.

Altogether seven cross combinations showed positive significant gca effects for non- |

rducing sugar.
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- 45.8.10 CGR at 60 DAS. The sca effects for this character expressed a range from

| .

- 37(Ly X Ty) to 4.462 (L, X T,). Eight out of nine positive sca effects were significant.
45.8.11 CGR at 90 DAS. The lowest sca effects of =7.43 (L) X T)) and the highest

effect of 4.96 (L4 X T)) and the highest effect of 4.96 (L4 X T;) were registered for CGR at.

90 DAS. Eight crosses expressed positive significant sca effects for this character.

|

45.8.12 Harvest index. The cross combinations Ly X T (-0.104) and L; X T; (0.074)

- exhibited the minimum and maximum gca effects for harvest index. Significantly positive

sca effects for this character were established in nine cross combinations.

45.8.13 Aflatoxin content. Among the crosses, the range of sca effects for aflatoxin
f
content was from —4.642 (L; X T)) to 5.917 (Ls X T3). Only four combinations had

negative significant values.

45.8.14 Kernel weight per plant. The minimum and maximum sca effects for this

character ' were —4.748 (L3 X Ts) and 4.134 (L3 X T,) respectively. Positive significant sca

. effects were recorded for seven crosses.
4,6 HETEROSIS

The percentage of heterosis over mid parent (relative heterosis (di)), better parent
heterobeltiosis (dii)) and standard variety, TPT 4 (standard heterosis (diii)) for all the 14
characters were furnished from tables 32 to 35. They were graphically represented for the
5 wmost important characters; aflatoxin content and kernel weight per plant in fig: [0 and

I respectively.
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11 Shell volume

The cross combination 1) X Ts exhibited the lowest heterosis over mid parent,
(714.48), better parent (-79.93) and standard variety, TPT 4 (-79.93). On the other hand the
mwss, Ls X T3 expressed maximum heterosis over mid parent (37.91), Better parent\
(7.01) and standard variety (38.82). A total of |5 crosses showed negative signiﬁcant1

rlative heterosis, 17 crosses expressed significant negative heterobeltiosis and 13 crosses

apressed significant negative standard heterosis over the standard variety, TPT (T5). ;

16.2 Pod volume A :

Heterosis over mid parent for pod volume differed from -51.29 (L, X T)) to 6.07/
(3 x Ts) with only three crosses showing positive significant relative heterosis. Heterosis
over better parent rangeéi from —67.92 (L; X Ty) to 0.001 (L3 X Ts). None of the crosses
ethibited positive significant heterobeltiosis. Heterosis over standard variety showed a
minimum value of —=30.39 (Lz X T)) and a maximum value of 20.26 (L4 X T,). Four cross

wmbinations were positively significant for standard heterosis.
46.3 Free space in pod

Mid parental heterosis for this character varied from —96.55 (L, X T3) to 241.54
(; X Ty). Fifteen out of 20 cross combinations expressed negatively significant relative
heterosis. Heterosfs over better parent varied between —97.3 (L; X T3) and‘18l.01 (Ly X
T) with 16 negative and significant crosses. Heterosis over standard parent exhibited a
range from —89.09 (L, X Ts) to 410.91 (L; X Ts) with six superior crosses, which were

negative and significant.
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46.5 Mature pods per plant

46.4 Shelling percentage

The minimum and maximum percentages of relative heterosis for this character
were recorded by Lz X Ty (-3.67) and Ly X T4 (21.21) respectively. Fifteen combinations |
rgistered positively significant relative heterosis. The crosses L3 X T, (-12.11) and Ly X |
T; (6.25) had the minimum and maximum percentage of heterobeltiosis over the better
prent, respectively.  Seven cross combinations showed significant and positive
heterobeltiosis. The lowest and the highest standard heterosis were recorded by L3 X T»

(022) and L3 X T4 (18.97) respectively. Eighteen heterotic crosses were significant for

standard heterosis.

The cross, Ly X T, recorded the minimum percentage of heterosis over mid parent
(022) and better parent (-31.49). Similarly the cross L3 X Tz recorded the maximum
percentage of heterosis over mid parent (94.57) and over better parent (54.68). Sixteen
aosses for relative heterosis and thirteen crosses for heterobeltiosis showed positive
significant values. The cross Lg X T3 (-4.51) had the lowest standard heterosis and L; X T
(78.86) the highest. Seventeen out of 19 positive standard heterotic vaiues were

significant.

4,6.6 100 Seed weight

The lowest relative heterosis (-38.04) and heterobeltiosis (-54.3) were recorded by‘

the cross, Ly X Ts. Like wise, the highest relative heterosis (-1.34) and heterobeltiosis

(-747) were shown by L, X Ts. Where as the cross, L3 X Ts registered the lowest standard

! heterosis (-30.98) and the highest (-6.77) by L X T4. All the cross combinations possessed
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ignificant negative values for all the three forms of heterosis except the cross Ly X Ts

shich did not show significant relative heterosis.
1.7 Protein content

The lowest heterosis percentage over mid parent (-47.01), better parent (-48.82)
nd the standard variety (-42.39) were established by the cross, L, X T,. Like wise, the
highest relative heterosis (50.99), heterobeltiosis (45.34) and standard heterosis (45.34) ,
wre registered for the cross, L4 X Ts. Eight crosses each for relative heterosis and

sndard heterosis and seven crosses for heterobeltiosis were positive and significant.
6.8 Reducing sugar content

The cross, L3 -X Tz not only recorded a minimum heterosis over mid (-48.9) but ;
dso over better parent (-49.92) and standard variety (0.001). Where as the cross Ly X T,
reorded @ maximum heterosis over both mid parent (219.88) and better parent (207.65). |
The cross Ly X T registered maximum heterosis over standard variety (333.55). A total of |

14,13 and 19 crosses registered significant positive heterosis percentage respectively for

elative heterosis, heterobeltiosis and standard heterosis.

16.9 Non-reducing sugar content

Among the crosses, L.; X T, had the highest percentage of heterosis over mid
nrent (88.36), better parent (51.24) and standard variety (61.46). The crosses, L3 X T,
(50.61), Ly X T3 (-57.84) and L, X T4 (-55.87) recorded a minimum relative heterosis,
heterobeltiosis and standard heterosis respectively. Among 20 crosses, only four for
rlative heterosis, two each for heterobeltiosis and standard heterosis showed positive

significant values.
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46.10 CGR at 60 DAS |

The cross combination, L3 X T, recorded a minimum heterosis percentage over
mid parent (-39.07), better parent (-45.56) and standard variety (46.08). Like wise,
maxmimum heterotic values were recorded by L, X T4 over mid parent (203.69), better
parent (119.58) and standard variety (557.37). Altogether, 16 crosses for relative heterosis,
13 for heterobeltiosis and all the 20 crosses for standard heterosis showed positive and

significant heterotic values.

46.11 CGR at 90 DAS

Mid parental heterosis for CGR at 90 DAS varied between —45.55 (L, X T;) and

136.14 (L4 X T3). Similarly the minimum and maximum heterosis percentages over better

. parent (-48.85 and 98.23 respectively) were recorded by the same crosses, L.y X T| and L4

X T; respectively. In case of standard heterosis, minimum and maximum heterosis
percentages were recorded by Lg X T4 (-59.86) and L4 X T, (33.71) respectively. Positive
significant heterosis percentage over mid, better and standard parents was recorded in

fourteen, nine and three crosses respectively.

- 46.12 Harvest index

Harvest index had relative heterosis percentages ranging between —26.85 (Ls X T3)

and 35.92 (L, X Ts) with ten positively significant crosses. The minimum and maximum

percentages of heterobeltiosis were exhibited by L, X T3 (-38.24) and L3 X T; (25). .

Heterobeltiosis was positive and significant in six crosses. The lowest percentage of
standard heterosis was recorded by L; X T; (-2.33) and the highest by L, X Ts (62.79). '

Fourteen cross combinations exhibited positive and significant standard heterosis.

188



183

19A9) a0 Jad | 1e Jueoyubig ,, jonal 1Wad 1ad g Je weoubis

LE0 1£0 Z£0 85} 85} 9g') 100 10°0 100 pas
++ £9°€6 + 04°T5 w¥L0L 000 w8LLL o VOEY = 20'EY 6o’} - 1881 S1X™M
«+GCP9 « €567 » 0215 ¥9'€9 « V9EY w0829 00005 199 wll'le 1X"™
w €02 60 « 169 « 81'89€ yo'y G201 +0€6 - 88°0€- « G892 T1X™

+652L w9161 90'}- ¥9'€9 « V9€9- w0006 06 617 A A LxX"
« 99'/G w8l wCllL 7969 « 9E'V9- = 0019 « 8091 = 982} « 86'9° LX "
= V661 s V661 w£67C = 28181 o 1679 w6908 18G 126 000 1X"0
v L£88 « 20'86 o 10°E0L »8181C « GY°09- - 96°L1- s £G6E + 0062 + 6G°GE 1X 5

SVl 7S +9L€) w2816 « 91'8G" « £9'92- 69y v 28°CE w W fLx®™
«06°€2 « GZ0E o LEEE - 1607 €96 w EV'TE w CLEE w9l <55 1xX®
+ 8867 929 2692 ¥9'€9 996/ w OLYL = £56€ 0062 w2892 LXE®Y
956/  62GL = OV'LL 000 gee'ee- 00°02- «61729 w1991 w CB'GE LXHy '
o LEEY  06°6€ « 09°8Y 5y « 006/ 029 A A7 - £8°01 w79 1X®
wSLYT Wbl w79l 9¢'9¢ 606" 60'6 o L062 -+ 8E81- AR 11X
« 98°9C « V8'€C «B6E1E [Tl eeel- 000 0005 e0'y w VLG a1XA
w IV w 160 8- £L2L - 8829 8T EY £ 86'0- o £8EE" w £2°SC "1 X A
« OV0F w GV'6 w€0E2 - = SPS6L 19911 .+ 00054 19 e 097 SLX M
€291 « EV6 £ 629 LPIELL 168 6622 8291 »P9EL wPE8L 1xXh
0622 69°0- w689 . = 28'1€2 « ECEPL o 117081 €8T A « 00'G2- 1x*h
pr0- w VT «» 806 AN VY8 w E8121 9’} - GY e o 1861 D4
+ GE'6S = 8671 - 181 ¥9'€9- 8076 6018 s OLEE w V8T w [£°92 '1xX M

(mp) (np) (ip) (mp) (up) (ip) (mip) (up) (1p)
s|soJtajay sisoi} S1S019}9y sS§soJajay sison sisolajay SI1S043}9y s|sol} sisolajsy
pJepuelg -joqoJajoH EYNFLTEDY] pJepuelg -j9qoJaj}oH CY TR | piepuelg -}2qo.t9)5H aAne|ay S9SS04)D

uCN_Q Jad ur_m_m; Uiy JUUOID UIXO)elY Xopul }seAleH

Jueid g5d IYSIom [SUIIN PUE JUDIUWOD UIXOIBJE ‘XIPUI 1SSAIEY A0J SISOAD12Y JO 2381UadIag SE 21Q¥L

ad



190

46.13 Aflatoxin content {

Aflatoxin content had relative heterosis ranging from —74.1 (Ls X T)) to 180.77 (L,
XTy). Heterobeltiosis for this character varied between —92.08 (L X T\) and 143.33 (L, X
Ty. Where as standard heterotic percentages ranged from —63.64 (L; X T)) to 368.18 (L4
XTy). Relative heterosis was negative and significant in 12 crosses. Similar negative and
significant values were obtained for heterobeltiosis in 13 crosses. Contrastingly none of

the crosses exhibited negative standard heterosis.

46.14 Kernel weight per plant

The cross combination, L; X T, recorded the lowest relative heterosis (-9.08),
heterobeltiosis (-22.42) and standard heterosis (-0.44). A similar trend was observed in the
woss Ly X Ts4 where in al.l the three forms of heterosis viz., relative heterosis (103.01),
heterobeltiosis (98.02) and standard heterosis (88.37) were the highest. Seventeen crosses
exhibited positive heterosis over mid parent, 13 over better parent and 19 over standard

heterosis.”



DISCUSSION




CHAPTER V {

DISCUSSION

It is predicted that in a liberalized economy the cropping pattern will shift in favour

“of rice, wheat, chickpea, cotton etc. and crops like groundnut face declaration in their area
epansion (Gulati and Sharma, 1997). It has to be accepted that crop scientists have failed

to suggest an alternative crop to the dry land farmer who cannot dispense the cultivation of

goundnut even in the near future. As there is no other alternative to groundnut in these

aeas, breeding for its improvement still shows promise. The liber;llization promotes

gobal trade, which warrants the production of quality produce. Though Indian groundnuts

are price-competitive, they may not get access to markets of developed countries for non-

wmpliance with the l1¢alth and safety standards. The changed scenario adds yet another

objective of breeding for quality produce, which includes resistance to aflatoxin content

also, to the already existing two priorities; yield and drought tolerance.

Yield, drought tolerance and quality, however, are not unitary characters but are
the result of interaction of a number of factors inherent both in the plant as well as in the
envionment in which the plant grows. So before attempting an exhaustive breeding
pogramme for the three objectives, it is essential to have a knowledge on the association'
of various plant characters with yield and quality, variation and diversity existing for the
characters, their gene actions, combining ability effects and heterosis. Such a study
through advanced biometrical procedures such as correlations, path analyses, coefﬂcientl
of variation, heritability, genetic advance, genetic divergence., combining ability analysis

and heterosis will be of immense value for effective selection from the breeding material

fo design a crossing programme and to select the best cross combinations. Experiments



were executed with this background and the results on these aspects and their bearing on

gnetic improvement of groundnut are discussed.

A total of 54 groundnut genotypes were evaluated for 31 morphological,

ticchemical and physiological characters in the: first year of experimentation to select
sitable parents. The nine selected parents were mated in L X T design to generate 20
uosses, which were evaluated in the second year of experimentation along with nine

mrents. The genetic analyses are discussed in this chapter.

The physiological aspects of improvement of drought resistance in
mundnut is possible only by understanding the inter-relationship between various
iysiological characters under targeted environments. The better understanding of these
mysiological characters will help for pyramiding genes that regulate different specific
mysiological characters in.to single cultivars to fit into the moisture deficit environments.
Inthe present investigation end-of-season drought was the target environment. As the crop
ws sown late, water deficit occurred from 72 DAS to 99 DAS for 27 days during kharif,
002 and from 77 DAS to 118 DAS for 41 days during kharif, 2003. Approximately two
weks of water deficit was enough to observe genotypic diff‘erences and measuring

iysiological characters during this period might provide useful information for breeding

moundnut cultivars for resistance to end of season water deficit (Clavel es al., 2004).

Sufficient load of the pathogen, A. flavus was maintained through soil inoculation
n the rhizosphere of the genotypes to cause pre-harvest infection and to screen the

gnotypes to aflatoxin resistance.

192
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SIMEAN PERFORMANCE

Data were recorded on 18 morphological and biochemical characters and on 14
physiological characters. However, data on ten morphological and biochemical characters
tlated to quality were utilized to evaluate the 54 genotypes for quality and the data on the

rest of the characters were used in various biometrical analyses.

51.1 Morphological and biochemical characters related to quality

Besides high yield, the kernels of confectionary types should possess good
morpho-biochemical characters. Higher values for 100 seed weight,‘ kernels with
dongated shape, tapering ends, and pink to light brown testa colours were considered
desirable by Nigam et al. (1989). Misra et al. (2000) opined that high seed uniformity, low
oll, high protein and high sucrose contents weré desirable to assess the export worthiness .
of hand picked and selected (HPS) genotypes. They also reported that tapering ends of
kenels for easy blanching, low oil for better health, higher protein for more nutritional
food value and sucrose (non-reducing sugar) from organoleptic point of view, were the

st desirable attributes to the end user of confectionery groundnuts. As per the
wmmendations of Natural Resources Institute of UK Ministry for Overseas
Yelopment (Chandrasekhar, 1991) freedom from aflatoxin (< 5 ppb) was considered as

roverriding principle in deciding the quality in groundnut.

With this back ground a comprehensive evaluation of genotypes for their nct hand-
-thed and selected worth with an integrated evaluation of morphological and biochemical
anacters was carried out. For this evaluation each genotype was ranked according to
-merical value and desirability of the character. Among the morphological characters,
‘hkemel yield, high shelling percentage, high 100-seed weight, maximum uniformity in

al size, light pink or light brown colour testa and elongated shape of kernels with
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wpering ends were considered desirable characters while among the biochemical
characters, low aflatoxin content, low oil percentage, high protein content, and high non-
rducing sugar content were considered desirable and accordingly the ranks were

1

assigned.

The genotype, TPT 4 with a rank total of 42 was adjudged the best for
morphological characters (table 3). Further more, its kernel yield was the highest among
the 54 genotypes tested. With a rank total of 43, the genotype ICGV 86584 ranked second.‘
Next in order were TG 40, M 13, and ICG 7633 with rank totals of 50, 57 and 59.
rspectively. Among the best five, except TG 40 all the genotypes recorded significantly
higher kernel weight. Kernel weight was significantly higher in all the best five genotypes'

ealuated for morphological characters related to quality except TG 40 whose kernel
|

weight was higher than mean but not significant. The best 18 (1/3 proportion of total
gnotypes) genotypes were superior for both kernel weight and the rest of the

morphological characters related to quality.

For biochemical characters, TPT 4 with a rank total of 59 was identified as the best
genotype. lts kernel weight was also the highest. The second best genotyp;, TPT | with a
rank total of 60 recorded moderate kernel weight, which was at par v\;itlm the average.
TCGS 584 stood third (91) but its kernel weight was inferior. The genotypes, ICG 1326
md ICG 3643 ranked 4™ and 5" respectively. But their kernel weights were not

~ significantly superior over mean. Hence TPT 4 was adjudged as the best genotype for

biochemical characters related to quality. It was also observed that most of the high

- yielders were not superior for biochemical characters.

On the basis of a combined evaluation of genotypes for morpho-biochemical
- characters, the genotype, TPT 4 with a combined rank total of 101 and M 13 with 130

were identified as the I and I best genotypes respectively. Incidentally the former was the



highest kernel yielder and the later also produced significantly higher kernei weight per
plant. TPT | was identified as the third, ICGV 86564 the fourth, and 1CG 1326 as the fifth
best genotypes with combined rank totals of 133, 144, and 147 respectively. However the
kernel weight of ICG 1326 was low, that of TPT | was at par with mean and that of ICGV

§6564 was significantly superior over the average.

Thus a combination of kernel yield as well as superior quality chéracters was
difficult to find. In view of the relative desirability of quality characters vis-a-vis kernel
weight per plant, the genotypes TPT 4, M 13 and ICGV 86564 were identified for
cltivation and trading as HPS varieties. The worthiness of M 13. (Vindhiya Varman and
Senthil, 1998) and ICGV 86564 (Venkataravana ef al., 2000) for many characters were
reported earlier. The other genotypes found superior for respective quality characters

might be used in the breeding programs for gene pyramiding to produce genotypes with

. high yield and quality as well.

5.1.2 Physiological characters

Specific leaf area (SLA) indicates leaf density and is the mean area of leaf
displayed per unit of leaf weight. Arjunan et al. (1997) opined that more leaf area in turn
higher dry matter production results in accumulation of photosynthates for high pod yield.
According to Desai et al. (1999) leaf area in groundnut ranged from 4 cm? in young
seedlings up to 80 cm? in the fully developed plants. In the present study, SLA in the
nitial stages of crop growth (30 DAS) was higher than other stages (table 4). 1t declined at
60 DAS and again rose at pod filling stage (90 DAS). Incidentally there was a dry spell of
11 days from 72 to 99 DAS, which facilitated to evaluate the growth parameters for end-

Wiseason drought. Water-deficit did not affect SLA as the genotypes produced more leaf

zeaat 90 DAS. TPT 4 was the only genotype that showed significant performance over

195
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gneral mean at 90 DAS. A steady increase was observed in this genotype from 30 - 90
DAS and the stress did not affect it. Similar consistent performance was recorded in [CG
#5and 1ICG 10352, These three genotypes may be selected for maintenance of leaf area

ill harvest.

Specific leaf weight (SLW) is the ratio of leaf weight to leaf area and is one of the
mny characters considered useful for selection of varieties. SLW in most of the
gnotypes studied, increased up to 60 DAS and there after declined. A similar increase in
LW up to 60 ~ 70 DAE was recorded by Madhavi (1988). The peak values of SLV\t’
ralized by the genotypes were also found to be different in most of the stages. Eight
gnotypes out of 54 exhibited increasing trend in SLW from 30 — 90 DAS. Among them
ICGV 86031 recorded significant values and exhibited increasing trend in all the threé¢
sges. The next best genotype on which drought had no effect was ICGV 88448. Both the

|
znotypes can be utilized to improve SLW. |

Crop growth rate (CGR) is the increase in dry matter per unit‘land area per unit
fime and is used to estimate the productivity efficiency in crops. According to Duncan et
d. (1978) selection for higher yield through traditional breeding had resulted in varieties
which portioned more of the assimilate to fruit, but had not resulted in cofresponding
ncrease in crop growth rates. In this study an increase was registered in CGR of most of
he genotypes. Dry spell at later part of the life cycle did not reduce the crop growth rate
fom 60 — 90 DAS. The marked increase in CGR at later part of the growing’ season could
be due to a combination of decreased leaf area and increased leaf weight (Sivakumar and
Shaw, 1978). CGR as observed by Madhavi (1988) increased in the initial stages from 45 -
060 DAE. Desai ef al. (1999) summarized that CGR in groundnut increased from a very
bw value early in the season to a maximum (19.6 £ 4.2 g m day") at about 60-90 days

afier planting. In contrast, Vindhiya Varman et al. (1990) reported an increase up to 50 —
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NDAS but decreased thereafter. Two genotypes, ICGS 21 and TCGS 91 showing higher

velues in both the stages were suggested as parents to improve CGR in groundnut.

Leaf area ratio (LAR) indicates the ratio between photosynthesizing surface to that
of respiring material. TCGS 634 and ICGV 86552 were adjudged as the best genotypes

fat maintained photosynthesizing surface even during water deficit.

Leaf area index describes the size of assimilatory apparatus of a crop stand or the
mop canopy expansion. A decrease in LAl in mung bean was reported to be due to
gnescence and  shadowing, which limited the photosynthesis in lower leaves
Madhavilatha, 1998). According to Duncan et al. (1978) maximum light interception
xcurred when the LAI was three. In the present study, LAT values greater than three for
15 genotypes indicated that growth rate was significantly maximum in these genotypes.
The highest was recorded by ICGV 86552. It was interesting to note that this genotype
ecorded significant values for all the growth parameters at one or the other stage. It
noved its importance in selection for drought as it recorded significant values during

tress (af 90 DAS) for all growth parameters studied except for SLA.

Ten genotypes showed significant values for SCMR recorded at 3Q DAS and
CGV 86031 was found to be the best. Only four genotypes showed significant superiority
ver mean for harvest index and all of them were from Trombay. They were TG 40, TG
1,7G 49 and TG 39 in the decreasing order of superiority. They invariably should find a

lce in breeding programs intended to improve harvest index.



52 ASSOCIATION ANALYSIS

5.2.1 Correlations

Correlation studies provide reliable information on nature and extent of
relationship between different characters. Information on the association of traits of
economic worth is of great value to plant breeders as_it will help in assessing the scope of
simultaneous improvement of two or more characters. These relationships may be positive
or negative. Negative associations are limiting factors in selection for higher yield. Bﬁt for
selecting those characters like days to maturity, anti-nutritional factors, toxic contents etc.
where lower values are important, negative correlations show immense importance. It is,
therefore, imperative to find out the characters that are positively correlated to yield and
negatively correlated to aflatoxin content in groundnut. Further more, information on
relationship of physiological characters with drought tolerance is necessary to suggest a
holistic approach to solve the problem envisaged in the present investigation. The
association between two characters that can be directly observed measures the phenotypic
correlation, whereas genotypic correlation is the correlation of breeding value. Hence,
even though genotypic and phenotypic cgjlf“relations both were worked out on kernel yield

as well as on aflatoxin content, discussion is restricted to genotypic correlations only.

The genotypic and phenotypic correlations amongst the characters followed almost,
similar trend of association, the former being a little higher in most of the cases, indicating

the strong inherent association between the characters existed in the study (Venkataravana'

etal. 2000 a).
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5.2.1.1Correlations of morphological and bigchemical characters with

kernel weight per plant.

The characters in order of strong and positive correlation with kernel weight per
plant were; pod volume, mature pods per plant, immature pods per plant, 100 seed weight,
free space in pod, seed moisture percentage, carbohydrate content and non-reducing sugar
content (table 7). Kernel weight per plant showed negative and high correlation with
protein content. The rest of the associations were negligible. These observations
corroborates with that of Venkataravana ef al. (2000 a) who reported that kernel yield was
positively associated with mature pods and 100 kernel weight. They along with Ali et al.
(1996) and Bera and Das (1998) also reported positivé association of oil percentage with
kernel yield. But the association reported by Layrisse et al. (1980) was negative. Vindhiya
Varman and Raveendran (1996) observed negative association of mature pods with kernel
weight. Where as high posi‘tive phenotypic correlation between kernel yield and mature
pod number per plant was reported by Jayalakshmi (2003). The association of seed yield
per plant with shelling percentage and 100 seed weight observed by Uddin et al. (1995) at

genotypic level was negative.

52.1.2Correlations of morphological and biochemical characters with

aflatoxin content.

The character, shelling percentage exhibited negative and strong association with
aflatoxin content (table 7). Strong positive association of aflatoxin content was observed
with shell and pod volume. Ghewande et al. (1993) reported infection and colonization in
bold-seeded groundnuts. Large pod surface might invite infection than small pod surface.
Carbohydrate content also expressed a high positive correlation with aflatoxin content. But

carbohydrate components, reducing and non-reducing sugars, did not establish significant
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relationship with aflatoxin. Similar non-significant correlation between sugar content and

aflatoxin content by Ghewande ef al. (1993) and non-significant correlation between total

carbohydrate and aflatoxin by Zafar Iqbal et al. (2004) were reported earlier.

Protein content and oil percentage exhibited negative and strong association with
aflatoxin content. The results were contradictory with that of Ghewande e al. (1987) for
protein and with that of Reddy et al. (1992) for lipids. Where as the results of Zafar Iqba;l
et al. (2004) indicated that protein and fat were not related to aflatoxin content. The
positive inter correlation between protein content and oil percentage and their negative
inter correlation with carbohydrate content might have led to the negative association of

|

aflatoxin content with protein content and oil percentage. Carbohydrates seemed to be

preferred to protein and oil by the pathogen in producing aflatoxin in groundnut.

52.1.3 Inter correlations among morphological and - biochemical

characters.

Shell volume, which was positively associated with aflatoxin content, had also
expressed strong positive correlation with pod volume, 100 seed weight, free space in pod,

immature pods per plant, seed moisture percentage and carbohydrate content. However, it

i

showed strong negative correlation with shelling percentage, mature pods per plant,
protein content and reducing sugar content. Similar trend of correlations were observed for
pod volume with all the characters that are related either positively or negatively with shell

volume in addition to positive and strong correlation with kernel weight per plant.

The correlation of shell volume and pod volume with morphological and

Wochemical characters indicated that large poded varieties not only produced high kernel

weight per plant having high test weight but also possessed higher quantities of



carbohydrate content and aflatoxin contents. The large pods with greater free space in pod
contained more seed moisture percentage and produced more number of immature 6ods.
All these characters might have favoured the pathogen to grow in them and produce more
aflatoxin content. This can be furtﬁer substantiated by the negative and strong correlation
of the two characltcrs, shell volume and pod volume with mature pods and shelling
percentage. The results also revealed that the higher the shell and pod volume, the higher
was the carbohydrate content and the lower was the protein conter/:t. Further more, the
pathogen might have preferred carbohydrates to protéin. It can be summarized that the
large pods not only produced high kernel weight per plant but also contained more
aflatoxin in their seeds. N

The character, free space in pod showed positive strong association with kernel
weight, which might be due to its positive and high association with pod volume and 100
seed weight. The higher the space, higher was the moisture percentage in seeds. The free

space in pod increased with immature pods per plant and decreased with mature pods per

plant and shelling percentage.

Shelling percentage was strongly and positively associated with mature pods per
plant and protein content. Similar positive relationship between shelling percentage and
mgyre* pods was observed by Rama Reddy (1991), Suresh Kumar (1993) and
Venkataravana et al. (2000 a). Its association with shell volume, pod volume, free space in‘
pod, immature pods per plant, 100 seed weight, seed moisture percentage and aflatoxin
content was negative and high. It can be inferred that bold seeded nature as observed from
negative correlation of shelling percentage with shell volume, pod volume and 100 seed
weight was associated with low shelling percentage (Varisai Muhammad et al., 1973).l

However positive association of shelling percentage with 100 kernel weight was reported:

by Venkataravana ef al. (2000 a). High shelling percentage in turn compact filling of the

L

01
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pod seemed to be related to low free space in pod and facilitated uniform drying which

resulted in low seed moisture percentage in seed.

Very strong positive correlation was established between mature pods per plant
and kernel weight per plant, which makes it the most important character to bank upon for

realizing higher kernel yields. Observations of a similar relationship between mature pod:\;

-
P

and kerne! weight were also made by Ursal et al. (1995) and Venkataravana et al. (2000’

}
a). Gupta (2000) reported that in the seed of groundnut, c'arbohydrates reached a maximym
just beyond middle maturity and then remained constant, sugar content increasec
throughout maturation, and lipid content reach its maximum at full maturity and then
declined at over maturity. In the present investigation the associati%n of mature pods was
also positive and high With non-reducing sugar content but positive and weak withl
carbohydrate content and reducing sugar content. Whereas, its association with oii
percentage was non-significant. It indicated that more the pods were mature, the more was
the accumulation of carbohydrate content and its components (reducing and non sugars) in
seed. Mature pods per plant were positively and strongly correlated with shelling
percentage but negatively and highly with ]09 seed weight, shell volume, pod volume and

q

free space in pod. Which in turn indicated that mature pods were produced more in small

seeded varieties rather than in large seeded varieties.
e

Immature pods exhibited correlations, which were in contrast to the correlations
expressed by mature pods per plant though the correlation between them was insignificant.
The correlation between immature pods per plant and 100 seed weight was strong and
positive. As the p'od volume, shell volume and free space in pod, which were strongly
associated with 100 seed weight, exhibited high positive correlation with immature pods
per plant, the correlation of immature pods per plant with 100 seed weight was also found

to be high and positive. It is interesting to note that immature pods per plant exhibited



positiye and high relationship with oil percentage. This!was again substantiated by the
observations of Gupta (2000) who reported a raise before and a decline after maturi‘ty in
oil content. Comparison of the correlations oBserved with mature pods per plant and
immature pods per plant for biochemical characters revealed that the varieties in which
more number of mature pods per plant were present contained more quantities of
carbohydrate and its components (reducing and non-reducing sugars) in their seeds

whereas, the genotypes producing more immature pods per plant produced more oil

percentage.

A strong positive correlation was observed between 100 seed weight and kernel
weight per plant. The results were not in agreement with that of Uddin et al. (1995) who
had reported negative association of 100 seed weight with secd yield per plant at
genotypic level. However they. were in agreement with those of Mathews et al. (2000).
This was because of its positive association with pod volume, shell volume, free space in
pod, immature pods per plant and seed moisture percentage. It showed high negative
correlatipn with shelling percentage and mature pods per plant. Whereas, the observations
of Singh ef al. (2000) on the association between 100 kernel weight and mature kernels
and that of Venkataravana et al. (2000 a) on the association of 100 seed weight with

mature pods and shelling percentage were highly significant and positive.

o | '

Seed moisture percentage was strongly and positively associated with shell
volume, pod volume, free space in pod, immature pods per plant, 100 seed weight an(i
kernel weight per plant. Its association with shelling percentage was highly negative.‘
Though the pods were uniformly shade dried, there were differences in seed moisture
percentage. It can be inferred that the large pods, which were characterized by higher test

weight, shell volume, pod volume, free space in pod and immature pods retained moisture

I

AR
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and were not completely dried. This might also be the reason for the positive and strong

association between seed moisture percentage and 100 seed weight. ‘

Oil percentage expressed strong positive correlation with protein content‘ but
negative and high association with carbohydrate and reducing sugar contents. Similar
positive correlation between oil and protein was reported by Makne and Bhale (1987().
Where as, Layrisse et al. (1980) reported negative relationship between oil and protein anid
positive relationship between protein and sugar content. Such reports on inverse
correlation between oil and protein content were also observed by many workers (Dwivedi
et af, 1990; Misra et al., 1992 and Sadhana Kumar)and Snehalatha Reddy, 1998). Its
negative association with aflatoxin might be attributed to the fact that the pathogen,
Aspergillus ﬂavus,. producing aflatoxin preferred carbohydrates to protein which was
indicated by the positive correlation of aflatoxin content with carbohydrate content and
negative correlation with protein content. Earlier reports indicated positive (Reddy ef al.,
1992 and Holbrook et al., 1994) and non-significant (Zafar Iqbal er al., 2004) association

W

of oil with aflatoxin content.

Protein content exhibited an increasing tendency with oil content but it was at the
cost of carbohydrate accumulation. Penning de Vries et al. (1974) opine;j that-an increase
in protein content requires more photosynthate, thus decreasing available photosynthate
for starch synthesis and thus grain yield. The negative correlation between protein and
kernel weight indicated the difficulty in simultaneous selection for both high yield and
protein content. This negative correlation might be ilﬁplicated to be a function of the fact
that an increase in kernel weight was associated with a disproportionately large deposition
of carbohydrates relative to protein (Diehl et al., 1978). For simultaneous improvement of

protein and kernel weight, it can be suggested that selection should be made initially for

high yield and with in families, plants having the highest percentage of protein should be
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identified for further selection and intermating. Kitbite (1’1990) suggested that the inverse
phenotypic correlation between grain yield and protein was not caused by genetic factors
such as linkage or pleiotropy, but arise from the intrinsic physiological and mathematical
relationships, the two characters have. Protein content was also observed to be inversely
related with aflatoxin content and carbohydrate content. Ghewande et al. (1989) observed
positive and Zafar Iqbal ef al. (2004) a non-significant relationship between protein and

aflatoxin content. This might be due to the positive correlation of carbohydrate content

with aflatoxin content and kernel weight per plant.

Carbohydrate content had positive strong correlation with non-reducing sugar
content and aflatoxin -content. It recorded strong positive correlation with kernel weight
per plant. Its association with shell volume, pod volume, free space in pod and 100 seed
weight indicated that larger the pod size, greater was the carbohydrate content in seed.
Hence, the character was a natural favorite of the pathogen. On contrary, earlier reports
indicated that total carbohydrates (Zafar Igbal et al., 2004) and sugar gontent (Ghewande

etal., 1993) were not related to aflatoxin content.

Reducing sugar content registered a strong positive relationship with non-reducing
sugar content and mature pods per plant. However its association with oil percentage, shell

volume, pod volume and free space in pod was negative. The results revealed that thel:

smaller the size of the pod, greater was the accumulation of reducing sugars in the seed.

Non-reducing sugar content was positively correlated with kernel weight. This
might be due to its positive association with carbohydrate content and mature pods per

plant.
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32.1.4  Correlations of physiological characteérs with kernel weight per

plant

A perusal of the correlation coefficients (table 8) between physiological characteis
and kernel weight per plant revealed that the physiological characters; LAl at 90 DAS,
LAR at 90 DAS, harvest index, SLA at 90 DAS and CGR at 90 DAS in that order
including pod weight per plant were positively and strongly associated with kernel weight
per plant. However, SLW at 90 DAS expressed negative association with kernel weight
per plant. The crop experienced moisture stress at 90 DAS, hence, the significance of most

of the growth parameters was observed at 90 DAS.

SLA at 30, 60 and 90 DAS followed a similar trend of association with most of the
characters. The associations among themselves were positive. But with SLW at 30, 60 and

90 DAS, CGR at 96 DAS and SCMR at 30 DAS the correlations were negative.

Nageswara Rao et al. (2001a) showed significant correlation between SLA and SCMR and '

suggested that SCMR could be used as rapid, low-cost, non-destructive technique to
screen large breeding population for SLA. Time of sampling (at 30 DAS) of SCMR might

have influenced its relationship with SLA in a similar way it influenced SLA as was

reported in the studies of Wright and Hammer, (1994) and Nageswara Rao ef al. (1995).

The results of Reddy et al. (2004) also supports the inverse relationship obtained between
SLA and SCMR. SLA at 30 DAS showed negative correlation with LAR at 90 DAS and
LAl at 90 DAS. Where as, SLA at 90 DAS showed negative relationship with harvest
index. Positive significant association of SLA with harvest index was reported by
Jayalakshmi (1997) and Arjunan et al. (1997). SLA at 90 DAS exhibited positive and high
correlation with pod weight per plant and kernel weight per plant. Jayalakshmi (2003) also

observed highly significant and positive correlation between kernel yield and SLA. It can



be inferred that SLA at later stages of crop growth was more important than at early
stages.

The negati.ve association of SLW at 30, 60 and 90 DAS with SLA at three different
periods might be due to the presence of thicker and smaller leaves in the material studied.
Their association with SCMR at 30 DAS indicated that thicker leaves were dark green in
colour and contained more chlorophyll. However SLW at any stage did not contribute to
kernel weight per plant. The association between SLW at 90 DAS and kernel weight per
plant was negative and high. But the relationship observed by Subramanyam and Pandey
(1981) between SLW and yield was positive and that observed by Madhavi (1988) at 30
days after emergence was also positive but non-significant. Pallas and Samish (1974)
reported that SLW and net photosynthesis were not correlated. Hence efforts to reduce leaf

1

weight and increase leaf area at later stages of crop growth assume greater importance.

The study indicated the presence of an inverse relationship between CGR at 60
DAS and at 90 DAS. Moisture stress prevalent between 72 and 99 DAS might be thie
reason _for the negative relationship between CGR at 60 and at 90 DAS. Plants that had
produced good growth rate despite the stress produced more pod and kernel weights per
plant as indicated by positive and strong correlation with kernel weight. CGR at 90 DAS
was also strongly and positively associated with LAR at 90 DAS and LAI at 90 DAEE.
Hence CGR at 90 DAS emerged to be the most important physiological character in th;;e
study. The findings of Williams ef a/. (1975) indicated that ke@;&sl growth rate early in the
reproductive phase of groundnut was influenced by CGR. The importance of crop growth
rate as yield contributing characters had also been established by character association
studies of Reddy and Murthy (1994). Similar positive relationship between CGR and yield

was observed by Anuradha (1995) and Sanjeev Kumar et al. (2000).
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LAR and LAI at 90 DAS followed a similar tr’lend of association with al‘l the
physiological characters. The correlations among themselves and with SLW at 30 DAS,
CGR at 90 DAS, pod and kernel weights per plant were strong and positive. Similar strong
association of LAI from 60 DAE with pod, kernel yield was obtained by Madhavi (1988),
but it was not significant with SLW at 30 DAS. Patra et al. (1995) found that LAI at 70
DAS was the key growth variable positively influencing pod yield. Arjunan et al. (1997)
observed that LAI had the highest significant positive correlation with pod weight before
stress (at 40 DAS) after imposing stress (at 75 DAS) and at final harvest. Sanjeev Kumar
et al. (2000) reported that LAl and LAR significantly affected pod yields in Virginia
groundnuts. Nautiyal ef al. (2002) observed that LAI decreased during stress and increased

after the relief producing more new leaves.

SCMR at 30 DAS expressed positive associgtion with SLW at 60 and at 90 DAS
but negative with SLA at 60 DAS and at 90 DAS. [t can be inferred that leaf weight rather
than leaf area is related with higher chlorophyll content. SLW in the sttfdies of Arjunan et
al. (1999) exhibited negative correlation with transpiration rate indicating the reduced
transpiration due to increased leaf thickness (SLW). S?MR, wHich was strongly linked
with mesophyll efficiency controlling transpiration, was also proved tc‘)- be linked with
transpiration efficiency in cor.relation studies of Bindu Madhava et al. (2002). An inverse
relationship as observed in the present study between SLA and SCMR indicated that
SCMR was a potential physiological trait to employ as a surrogate for transpiration

efficiency (Reddy et al., 2004).

Harvest index had a direct bearing on pod and kernel weights per plant as indicated
by strong positive correlations. Its correlation was also strong and positive with SLW at 90
DAS but was strongly and negatively associated with SLA at 90 DAS, CGR at 60 DAS,

LAR and LAT at 90 DAS. Wright er al. (1991) identified harvest index as a major factor in

[
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improving pod vyicld. Similar positive correlations were observed by Venkateswarlu ef al.

(1991), Suresh Kumar (1993), Arunachalam (1993), Reddy and Murthy (1994), I\;Iishx'a

(1995), Sharma and Varshney (1995), Anuradha (1995), Jayalakshmi (1997) and Nigam et

al. (2001). Negative correlation of harvest index witg pod weight, SLW and LAl was also
{1437

reported (Madhavi, 1988). Whereas Jayalakshmikreported positive association of harvqst

index with SLA both in parents and Fs.

Pod weight per plant, as presumed, was associated with kerne! weight per plant.
Several reports corroborated these findings (Anuradha, 1995; Vindhiya Varman and
Raveendran, 1996; Cherian Mathews er al, 2000; Singh et al. 2000; Venkataravana et al.,
2000 a; and Dhaliwal er al., 2003). The positive and strong association was due to tli1e
similar strong association with SLA at 90 DAS, CGR at 90 DAS, LAR at 90 DAS, LAI at
90 DAS and harvest index. SLW at 90 DAS also had positive correlation with pod and

kernel weights per plant. !

,’;“\ .
5.2.1.5 Relationship between aﬂatgﬁin content and seed colonization

percentage.

Healthy sound mature seeds with intact seed coat and free from‘ any damage were
selected from each genotype for in vitro inoculation By A. flavus to observe seed
colonization percentage. The data on seed colonization percentage presented in annexure
A revealed that the genotypes ICG 3542 and TCGS 91 were least infected with the
pathogen (0%). ICG 1326, ICG 7332, M 13 and TPT 4 closely followed them with 10%
seed colonization. Higher percentage of seed coloniz:ation (> 70%) was observed in ICG

5502, ICGV 88448, TG 41 and TG 42.

The genotypes ICG 1326, M 13 and TPT 4 also recorded low aflatoxin content in

their seed. However when all genotypes were taken into consideration there was no
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Fig.2: Relationship between aflatoxin content and seed colonization percentage
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relationship  between seed colonization percentaée. and aflatoxin production
(R2 = - 0.0322) (fig. 2). The results were in agreement with earlier findings of Ghewande
(1993), Davidson et al. .(1982) and Reddy e al. (2003). This might be primarily due to the
differences in seed sampling. For in vitro studies healthy seeds were sampled and for
aflatoxin estimation a random sample of seeds was taken. Common sampling could not be
followed as the presence of single infected seed in ‘the petridish for in vitro studies
produced 100 percent seed colonization. Hence, screening the genotypes for aflatoxin
resistance (the ultimate concern), instead of screening for in vitro resistance was followed

and recommended.

5.2.2. PATH COEFFICIENT ANALYSIS

The correlation coefficients measure the relationship between pairs of characters.
But a dependent character is an interaction product of many mutually associated
component characters and change in any one component disturbs the whole network of
cause and effect system. The path coefficient analysis, which takes into account the cause

and effect relation between variables, is unique in partitioning the association into direct

and indirect effects through other independent variables. This analysis also measures the

- relative importance of causal factors involved. Hence in the present study path coefficient

analyses were worked out not only for kernel weight per plant but also for aflatoxin

content.

5.2.2.1 Path analysis of morphological and biochemical characters on

kernel weight per plant.

Genotypic path analysis of morphological and biochemical characters on kernel

weight revealed that the direct effect of mature pods on kernel weight per plant was very

[N
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l high (table 9). The other characters, shell volume, free space in pod, shelling percentage
exhibited high direct positive effects. Moderate positive direct effects were recorded for

100 seed weight where as high direct negative effect was observed for carbohydrate
| tontent-and moderate negative direct effect for oil percentage. However high direct effects
of seed yield on oil were reported by Sah er al. (2000) and Vidhiya Varman and
. Raveendran (1996a). The rest of the chéracters had low to' negligible direct effects on'
: kernel weight per plant. Earlier reports directed the path towards pod yield. Suresh Kumar

‘

’ (1993) revealed that number of mature pods, shelling percentage had positive indirect

effect on pod yield through kernel yield. Similarly Sah er al. (2000) reported that 100 seed,

weight indirectly through seed yield effected pod yield. The order of importance as
indicated by direct effects of characters on kernel weight per plant was for mature pods per‘
plant, shelling percentage, shell volume, free space in pod and 100 seed weight. Selection

in positive direction for these characters and against oil percentage might be perceived to

improve kernel weight. _ S_

: 52.2.2 Path analysis of; morphological and biochemical characters on

aflatoxin content.

When correlations obtained for morphological and biochemical characters were
partitioned by genotypic path into direct and indirect effects on aflatoxin content, shell
volume exhibited very high direct positive effecf on aflatoxin content followed by free
space in pod and mature pods per plant (table 10). Whereas, pod volume, shelling

percentage and 100 seed weight recorded very high to high negative direct effects.

The characters, shell volume and pod volume were strongly correlated among
themselves. However their direct effects were in one direction (positive) on kernel weight

and in opposite direction on aflatoxin content. Shell volume expressed positive but pod
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“wlume the negative direct effects on aflatoxin content. Both the characters, shell and pod

“Jolume expressed a proportional increase with respect to harboring the soil born pathogen,
[which was reflected by their positive correlations with aflatoxin content. The high

regative indirect effects expressed through 100 seed weight, which exhibited high

213

negative direct effect on aflatoxin content, nullified the positive correlation of pod volume .
)

"o aflatoxin content. The inclusion of genotypes like, ICG 50, ICG 5502, ICG 7633 etc.

that possessed 3-4 seeded long pods having thin shell, might have allowed the pathogen to'
r enter the pod, infect the seed and produce more aflatoxin content. A rise in shell volume
| can be anticipated because of the presence of such material in the study (anhexure A). The[

. observations reiterate the importance of shell thickness (Nigam et al., 1991 and Nahdi,,

~ 1989), which was not studied in the present investigation. However contradictory results

indicating the unimportance of shell thickness were also reported (Venkataramanamma etal.,

' 2004).

Free space in pod is yet another important character which showed high direct

, positive effects on aflatoxin content. It was reported (Venkataramanamma et al., 2004)
~ that the genotypes, which maintained high pod and kernel moisture during dry spells in the

* standing crop, had low aflatoxin contamination. The free space in pod estimated in dried

pods might have contained moisture in them at the time of harvest. Because the pods in
this study were shade dried, and as the moisture in the pods might have served as a
medium for the pathogen to find access to the seed and produced aflatoxin. The high

positive indirect effécts through shell volume, along with low positive indirect effects

. through carbohydrate content collectively aided free space in pod in establishing a high

positive direct effect on aflatoxin content.

Shelling percentage not only registered strong negative correlation but also

B
recorded high negative direct effect on aflatoxin content. The idea of compact seed filling

r
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had low aflatoxin content was brooded from the fact that/shell volume, pod volume, free

. space in pod had strong negative correlation with shelling percentage.

Mature pods per plant showed moderate positive direct effect on aflatoxin content.
- Iis indirect effects through most of the morphological and biochemical characters were
low to negligible. Aflatoxin content increased with an increase in number of mature pods.

Over mature pods seemed to have attracted the pathogen and most of them were observed

to be infected by the saprophytic pathogen (Eeden et al., 1994).

Immature pods per plant did not exhibit direct effects on aflatoxin because they
were not retained in the stored produce. So the production of immature pods on the plant
did not have any effect on aflatoxin production by the pathogen. If they were retained in

" the stored produce, they could have been attracted by the pathogen because of more pod

moisture present in them.‘ This gives an indication that the estimation of pod moisture at

- the time of harvest might have some relevance to aflatoxin resistance if the pods suffer
" from improper drying. L

'

The negative very high indirect effects through pod volume might have registered

" ahigh negative direct effect of 100 seed weight on aflatoxin content. The large.:r the seed‘

weight, the lesser was the aflatoxin content. This gives a scope to produce large seeded,

varieties having low aflatoxin from the breeding material studied.

The importance of seed moisture percentage was found to be low as indicated by
its low direct effect on aflatoxin content. Not only the seed moisture percentage but also’
all of the biochemical characters viz., oil percentage, protein content, carbohydrate

~ content, reducing and non-reducing sugar contents had either low of negligible direct and |

indirect effects on aflatoxin content except through shell volume and pod volume. The

- impact of these characters was felt in correlation studies but not in path analysis. A large
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residual cffect of 0.7306 indicated that apart from the characters chosen for the

L] [
investigation some other characters also might be associated with aflatoxin production,
which needs further investigation. A continuation of the work was proposed to analyze the

association of component characters of*oil, protein, carbohydrate including polyphenols,

fannins etc. with aflatoxin production.

5.2.2.3 Path analysis of physiologicdl characters on kernel weight per plant

Specific leaf area recorded at 30 DAS and 90 DAS showed negative direct effects
on kernel weight per plant (table 1). Where as, the direct effect of SLA at 60 DAS on
kernel weight per plant was positive. SLA at 60 DAS was found to be more important
character than SLA at 30 or 90 DAS. The moisture stress prevailed between 72vand 99
DAS made the character less important at 90 DAS. Most of‘ the plants might have
senesced their leaves at 90 DAS. Similar results on direct effects for SLW at 30, 60 and 90
DAS reiterates the importance of the character, SLW at 60 DAS. The direct effect of SLW
recorded by Arjunan et al. (1999) on pod yield was negative and high.

Crop growth rate before the stress (at 60 DAS) and during stress (at 90 DAS) did
not change their direct effects on kernel weight per plant. Both were ;‘)-ositive and very
high. Where as the very high positive direct effects of CGR at 90 DAS on kernel weight
per plant was due to the cumulative action of the low to moderate positive indirect effects

of SLW at 90 DAS, LLAR at 90 DAS and pod weight per plant.

Leaf area ratio at 90 DAS established very high positive direct effect on-kernel
weight. Its indirect effects through CGR at 90 DAS, and pod weight per plant were
positive and high. LAR at 90 DAS might be selected to frame selection criteria for

increasing higher kernel weight per plant.
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On the other hand LAI at 90 DAS exhibited very high negative direct effect on
|
kernel weight. This had no importance in the selection criteria to be formulated for

icreasing kernel weight per plant.

SCMR at 30 DAS with its negligible direct and indirect effects for most of the

i traits could not find a place in the selection indices developed for increasing kernel weight
per plant. Though harvest index exhibited negligible direct because of its positive high
- correlation with kernel weiéht and its indirect contribution to kernel weight through pod
weight per plant it assumed importance. Previous studies indicated that harvest index had
high positive direct effect on pod yield (Singh and Singh, 2001; Suresh Kumar, 1993;;
Ursal et al., 1995). Negative direct effect of harvest index on pod yield was also reported

(Arjunan et al., 1999).

|

Pod weight per plant expressed high positive direct effect on kernel weight per
plant. Similar high positive effect of pod yield on kernel yield was observed by Suresh
Kumar (1993). In most of the earlier studies high positive direct effect of kernel yield was
observed on pod yield (Anuradha, 1995; Uddin ef al., 1995; Cherian Mathews et al., 2000I;

' Venkataravana et al., 2000 a; Mathews et al., 2000; and Dhaliwal et al., :2003). [ts indirecit
effects through CGR at 90 DAS and LAR at 90 DAS were also positive and high.
Consequently more emphasis was laid on these characters for improving kernel weight per

plant.
5.2.2.4 Path analysis of physiological characters on aflatexin content.

In the carly part of the plant growth SLA at 30 DAS and SLW at 30 DAS exhibited
very high negative direct effects on aflatoxin content (table 12). But in the later part, LAl
at 90 DAS expressed very high negative direct effect on aflatoxin content. The rest of the

- characters showed low to very high positive direct effects. The direct effects recorded



-

~during stress period (at 90 DAS) except by LAl were highly positive. CGR at 90 DAS

and LAR al 90 DAS though cxpressed positive direct effects their indirect effects lln"ough
LAI at 90 DAS were negative and very high. The indications that the SLA and SLW in the

carly stage and LAI at later stage of plant growth were related to reduction in aflatoxin

" content require further probe and analysis to draw a meaningful conclusion.

It can be inferred from the association analysis that selection criteria in positive

and negative directions could be formulated with shell volume, pod volume, free space in

* pod, shelling percentage, mature pods per plant, immature pods per plant, 100 sced

" weight, protein content, oil percentage, carbohydrate and non-reducing sugar. contents,

SLA at 60 DAS, SLW at 60 DAS, CGR at 60 DAS, CGR at 90 DAS, LAR at 90 DAS,
harvest index, and pod weight per plant for improving kernel weight per plant and at the

same time reducing aflatoxin content (table 34).

53 VARIABILITY

Varietal improvement work in groundnut indicates that more emphasis was laid on
improvement of morphological characters like pod size (Reddy, 1988) and number of pods
per plant (Prasad et al., 1984) as selection criteria. However, very littlé progre‘ss has been
made in terms of identification and exploitation of variability present in physiological
characters. Similar is the case with biochemical characters, which have profound influence
on quality of groundnuts. The success of breeding programmes for yield and quality
depends not only on mere inclusion of desirable characters identified based on their
association analysis but also on the existence of transferable genetic variability for these

characters.
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The genetic parameters; range, genotypic coefficient of  variation (GCV),
phenotypic coefficient of variation (PCV), heritability and genetic advance as per cent of
mean (GAM), estimated for morphological, biochemical and physiological characters are

discussed separately to make meaningful relative comparisons between the characters, ‘
|

Among the morphological characters, high PCV and GCV were present for shel|
volume, pod volume, free space in pod and immature pods per plant (table 1). Similar high
GCV for immature pods per plant was observed by Chaudhary (1993) and moderate
values of GCV and PCV by Vasanthi et al. (2004). Where as, mature pods per plant, 100
seed weight and kernel weight per plant showed moderate estimates for PCV and GCVK.
The results were in agreement with that of Ganesan and Sudhakar (1995), Vasanthi et al,
(2004) and John es al. (2004) who had recorded moderate values for mature pods per

_plant. In contrast high estimates of GCV for mature pods per plant were recorded by[’
Reddy and Gupta (1992) and Amit Vikran et al. (2003). Similar high GCV and PCV for
100 seed weight was reported by Mishra and Yadav (1992), Uddin et al. (1995), Naik et
dal, (200Q) and»r\v;ijayasekhar (2002). Low GCV for kernel yield was "reported by Nisar
Ahmed (1995). Where as Uddin et al. (1995) obtained high GCDV for seed yield. Moderate
etimates of PCV and GCV for kernel yield were observed by John etal. (2004). This
indicated that the existence of variability in the material studied for these chaﬁcters and
the scope of their exploitation. However, low estimates of GCV and PCV for shelling
percentage indicated the limitation in the scope of improvement made for this character.
Similar low GCV estimate for shelling percentage was observed by Vindhya Varman and
Raveendran (1996a) and Naik et al. (2000). However Vijayasekhar (2002) reported high
PCV and GCV for shelling percentage. The environmental influence was profound on the

- expression of the characters viz., aflatoxin content, mature pods per plant, immature pods

" per plant, kernel weight per plant and free space in pod as indicated by the difference

between PCV and GCV.
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High estimates for both heritability and GAM forishell volume, pod volume, free
space in pod, immature pods per plant and 100 seed weight and high heritability‘ and
moderate GAM for. mature pods per plant and kernel weight per plant revealed that all
- these characters were most likely influenced by additive gene action. Reddy and Gupta
(1992) and Uddin et al. (1995) reported high estimates of heritability and GAM for kernel
weight. Mishra and Yadav (1992), Uddin et al. (1995), Salara and Gowda (1998), Naik e!
- al. (2000) and Vijayasekhar (2002) reported high heritability coupled with high GAM for
100 seed weight. Chaudhary (1993) observed high heritability and GAM for immature
pods per plant. Reddy and Gupta (1992) reported high estimates of heritability and GAM
for mature pods per plant. Where as low GAM for kernel weight was reported by Nisa;
| Ahmed (1995). Ganesan and Sudhakar (1995), Vasanthi et al. (2004) and John et al.
(2004) recorded moderate values of heritability in broad sense and GAM for mature pods

per plant.

i

High heritability with low GAM W;\s recorded(for shelling percentage. This-
indicated the Eresence of non-additive gene action and simple selectic;n to improve this
character might not be possible. This observation on shelling percentage was similar to
that of Vindhiya Varman and Raveendran (1996). Shelling percentage as observed by
Reddy and Murthy (1994) in most of the studies recorded low to medium heritability.
However reports of moderate to high genetic advance (Uddin er al., 1995), high

heritability and high genetic advance (Vijayasekhar, 2002) were not uncommon.

Both GCV and PCV were high in magnitude for some of the biochemical
characters; reducing sugar content, non-reducing sugar content and aflatoxin content
which indicated ample scope for improvement. Where as the GCV and PCV values for oil
percentage, protein, and carbohydrate content revealed low variability and the response to

selection for these characters would be less. Misra et al. (2000) reported high variability
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for reducing sugar content, moderate for protein content' and least in oil content. Patteees
al. (2000) observed that high genotypic variation in carbohydrate components was s;milar
to the high genotypic variation observed for sweetness. Low estimates of GCV for oil
content were also reported by Nadaf and Habib (1987), Reddy and Murthy (1994) and

v

Vindhiya varman and Raveendran (1996a)."Where as the variability reported for protein
"

content was high (Dwivedi ef al. 1990). High heritability and GAM f.o"r f'educing sugér
i
content, non-reducing sugar content and aflatoxin content indicated the preponderance of

additive gene action and simple selection would be effective in the improvement of these
characters. The heritability estimates for resistance to aflatoxin pro“dt:ction were reported
to be low to moderate (Utomo et al., 1990). The characters; oil percent, protein content,
carbohydrate content had high heritability and low GAM which indicated the influence of
non additive genes in the expression of these characters. Low estimates of heritability and °
GAM for oil content were reported by Nadaf and Habib (1987). High heritability (Basu es
al., 1988)‘,3low to medium heritability (Reddy and Murthy, 1994), high heritability coupled
with low GAM (Vindhiya Varman and Raveendran,' 1996a), moderate heritability
(Jayalakshmi, 1997) and low heritability (Parmar er al., 2002) were reported for oil
content. Moderate.to high heritab'ilityjfor protein content (Parmar et a[.:_2001 a) and high
heritability for protein in Fiand F, generations of groundnut crosses (Parmar et al., 2002)

were also reported. Where as for carbohydrate components heritability was reported to be

high (Patteeet al., 2000). '

Relative comparisons made between physiological characters for génetic
parameters revealed that moderate to high variability as indicated by GCV and PCV was
observed for all the physiological characters except for SLA at 90 DAS, SLW at 90 DAS
and SCMR at 30 DAS {(table 14). SLA at 90 DAS and SLW at 90 DAS recorded low GCV
and moderate PCV indicating low genetic variability and the low influence of the

environment. Where as SCMR at 30 DAS showed low GCV and PCV estimates indicating



!
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' the presence of low magnitude of variability. High genotypic variation for harvest index

was reported by Qadri and Khunti (1982), Reddy and Gupta (1992). Sharma and Var§I1ney

(1995) and Jayalakshmi (1997). High variability for SLW (Madhavi, 1988) was also

| reported. The environmental influence in the expression of character was more on pod
weight per plant, SLA at 90 DAS and SLW at 90 DAS. Similar high differences between
PCV and GCV were reported for pod yield by Hari Singh et al. (1982). High heritability
was recorded for all the characters excepting those two characters (SLA at 90 DAS an'd
SLW at 90 DAS), which showed less variability. GAM was high for CGR at 60 DAS,
CGR at 90 DAS, moderate for SLA at 30 DAS, SLW at 30 DAS, LAI at 90 DAS, LAR at
90 DAS, SLW at 60 DAS, SLA at 60 DAS and harvest index. High heritability coupled
with high GAM for the characters; CGR at 60 and at 90 DAS indicated the involvement of
additive gene action‘ and simple selection would be rewardin_g for improvement of these
characters. SCA at §O DAS and SLW at 90 DAS recorded low heritability and GAM,
which indicated non-additive gene action. For harvest index high heritability (Hari Singh
et al., 1982;' Qadri and Khunti, 1982; Jayalakshmi, 1997 and Vaddoria and Patel, 1990),
low heritability (Chauhan and Shukla, 1985), high GAM (Reddy and Gupta, 1992), high
heritability and GAM (Sharma and Varshney, 1995) and moderate to high GAM (Vasanthi
and Raja Reddy, 2002) were reported. Anuradha (1995) reported low heritability and
GAM for SLA at 90 DAS and mod‘erate heritability for LAI at 30 DAS. Where as
Jayalakshmi (1997) recorded high heritability for SLA and SLW despite low GAM.
Though SCMR at 30 DAS recorded high heritability the scope of improvement was
restricted due fo low variability and GAM. Where as Vasanthi et al. (2004) in their studies

observed moderate values of heritability and GAM along with GCV and PCV for SCMR.

When variability, heritability and GAM were considered together, shell volume,
pod volume, free space in pod, immature pods per plant, mature pods per plant and IOll)

seed weight among morphological characters; reducing sugar content and non-reducing
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Fig. 3a : Contribution (%) of morphological and biochemical characters towards divergence
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Fig. 3b : Contribution (%) of pysiological characters towards divergence
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swigar content among biochemical characters and CGR at 60 and at 90 DAS among
physiological characters were found to be a better choice of characters. Improvément

“cither in positive or negative direction is possible with the available quantum of variability

. forall these characters (table 36).

54 GENETIC DIVERGENCE

Genetic divergence studies are the tools for the evaluation of gerﬁplasm lines and

- selection of parents for breeding programme (Arunachalam, 1981). The multivariate
aalysis using Mahalanobi’s D? statistic provides a useful statistical tool for measuring the
magnitude of genetic diversity available in a given population in respect of the chara'cters
considered together. It also discriminates the characters based on their contribution to total
diversity. In the present investigation, if was observed that pod volume, free space in pod
and100 seed weight among morphological characters; reducing sugar content, aflatoxin
content and non-reducing sugar content arﬁong biochemical characters and SLA at 30 and
at 60 DAS, CGR at 60 and at 90 DAS, LAR at 90 DAS and SCMR at 30 DAS among
physiological characters had contributed more to diversity (figure 3a and 3b). The
characters harvest index (Rajkumar, 1991; Anuradha, 1995; Vijayasekh\é;r, 2002), shelling
percentage (Rajkumar, 1991; and Vijayasekhar, 2002), pod and kernel yields (Anuradha,
1995) and 100 seed weight (Vijayasekhar, 2002) were observed to have contributed
towards genetic divergence in the previous reports. The inférmation thus generated on the
importance of the characters through genetic divergence studies can be effectively utilized,
along with character association, variability, heritability and GAM in formulating

selection indices.

The data on 28 characters grouped into two, one group with morphological and

biochemical characters and the other with physiological characters including pod and



kernel weight per plant were collected from 54 groundnut genotypes, were subjected to
- multivariate analyses and the genetic diversity was estimated separately for the two gr‘oups
of characters. Test with Wilk’s 'V’ criterion was highly significant when all the characterfl

Y
were considered simultaneously for both groups of characters. The magnitude of D? values
for both the groups of characters suggested that there was considerable diversity in the
material studied. This range of variation allowed for grouping of 54 genotypes into 11
clusters for morphological and biochemical characters and into 17 clusters for
physiological characters which in turn substantiated maximum diversity for both the
groups of characters. Nayak and Patra (1997) studied 18 characters and grouped 128
genotypes belonging to all botanical groups into 15 clusters using D? statistic. Where as

John Joel and Mylsamy (1998) reported moderate genetic diversity among the genotypes

studied for nine aggregate characters as they were grouped into three clusters only.

The clusters framed for morphological and biochemical characters had a minimum
of two genotypes (cluster X) and a maximum of 33 genotypes (cluster I). The formation of
largest cluster I comprising 33 genotypes might be due to the free ﬂéw or exchange of
breeding material from one place to another or /and the unidirectional selection practiced
by breeders of different locations. Seven genotypes could not be clubbed with any other
clusters as they maintained separate identify from all others. They were grouped in thei:

clusters, M1, IV, V, VII, VIII, IX and XI each exhibiting high genetic diversity with most

of the clusters.

Similarly the range in D* values allowed the constellation of 54 genotypes in 17
clusters for physiological characters. The minimum and maximum number of genotypes
were present in the clusters 1l (2) and [ (22) respectively. The clusters with solitary
position were from V to X VIII and each genotype in these clusters was distinctly different

with other cluster.
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Constellation of genotypes into different clusters for morphological, biochemical
and physiological characters was at random and independent of each other. When
clustering pattern was related to geographical origin, no regular demarcation was
discernible in the pattern of constellation of genotypes into various clusters. For instance
thg genotypes developed from one center i.e., Tirupati had fallen in different clusters in
both the analyses carried for both the groups of characters. Similar lack of relationship
 between geographical origin and genetic diversity of genotypes was also reported by

Nayak and Patra (1997), Venkataramana et al. (2000) and Vijayasekhar (2002).

Inter cluster distances were greater in magnitude for both the groups of characters
confirming the presence of diversity among clusters. Moll and Stuber (1971) opined that
crosses between divergent parents usually produced greater heterosis than those between
closely related ones. Where as Arunachalam (1981) pointed out that .extreme divergence
may not produce the highest frequency of heterotic crosses. The maximum inter cluster
distance for morphological and biochemical characters was observed between clusters [1
and X1 suggesting wide diversity between these two groups. On the other hand the
minimum intercluster distance between IV and V indicated that most of the characters had
similar magnitude for these two clusters. The presence of only one genotype in the clusters
- like 11, TV, V, VII, VI, X and X1 was the reason of obtaining 0 values for‘ their intra
cluster distance. Maximum intra cluster distance was found in clusters X, VI and [ as
selection of genotypes from cluster I having maximum number of genotypes (33) might be

fruitful to produce good recombinants.

Most of the intracluster distances for physiological characters were at par. This
could be implicated to the common origin of genotypes (John Joel and Mylsamy, 1998).
Maximum intra cluster distance was observed in clusters I, I and V. As the clusters [ and

[l comprised maximum number of genotypes (2 and Il respectively), parents for
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hybridization can be selected from these clusters. Maximum intercluster distance between
" cluster 111 and XV and between VI and XVII indicated greater diversity between these
clusters. In contrast the minimum intercluster distance between 1X and XI and X and XII

indicated the close relationship between the clusters.

t

As the méterial consisted of high diverse forms belonging to all botanical groups,
“unforeseen crossing barriers were contemplated and some of the parents were chosen
within the clusters, which were having high intra cluster distances. However major
emphasis was madc on cluster means and scores (explained in materials and methods) l'(l)r

selecting the best parents for crossing program.

i

Mgans for morphological and biochemical characters in clusters, I, II, 1V, V, VI,
(X were higher than their overall means. Two genotypes, from clusters I and I and orie
each from clusters, 1V, V, VI ana l‘X were selected based on overall scoring for
morpholoéical and biochemical characters (table 36). Similarly for physiological

characters, four genotypes from cluster I, three from cluster Il and one each from clusters

2

VI and XI were selected based on the same criterion followed for selecting genotypes for

morphological and biochemical characters. The commonv genotypes selected for their
efficiency in both groups of characters were finalised as nine (table\23). ‘Bold seeded
genotypes (ICGV 86564, TG 42, TG 49, M 13 and TPT 4) were used as testers for easy
identification of Fys as the large seed size was reported to be dominant (Murthy and
Reddy, 1996). The remaining four genotypes, ICG 1326, ICG 3245, 1CG 3542 and I1CG

7633 were used as lines. The four lines and the five testers were crossed in line X tester

fashion to obtain 20 crosses.

2
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SELECTION CRITERION |
A) Selection of important characters

As per the methodology described under 3.5.5.6 six morphological (shell volume,
pod volume, free space in pod, shelling percentage, 100 seed weight and mature pods per
plant), three each among physiological characters (CGR at 60 DAS, CGR at 90 DAS,
harvest index) and biochemical characters (protein content, reducing sugar c‘ontent and
non-reducing sugar content) were considered to formulate a selection criterion (table 36).
Though the importance of protein content was observed only}in correlation studies, it was
selected because of its relevance to quality and its negative c'c.>rrelation with aflatoxin
content. Similarly harvest index exhibited strong positive correlation with kernel weight.
And its significance in other biometrical analyses was not observed. Because of its
universal acceptability as an import1'zint yield contributing character it was also included as
. an additional character. As all the analyses in the present investigation were directed

towards reduction of aflatoxin content and improvement of kernel weight these two

characters were included in formulating the selection criteria.

b) Selection of genotypes

The genotypes with high overall scoring were ICG 1326, ICG 3245, 1CG 3542,
ICG 7633, ICG 11386, ICGV 86564 and TG 49 (tgble 37). Among these nine genotypes
M 13 and ICG 11386 had spréading habit. The habit of the rest of the genotypes was erect
and they are of short duration with ‘an exception to ICGV 86564, which was erect, and of
. lng duration.  The genotypes, which were significant for aflatoxin resistance and kernel
yield, wer‘é selected unconditionally even if their overall score was less than the sclection1

aiterion. Accordingly, M 13 along with TPT 4 was selected as one of the parents for,

hybridization. The superiority of ICGV 86564 was also observed for pod yield per plant,

~

"
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Table 37: Selection of genotypes for crossing in L X T design based on significant mean values

Genotype Shell Pod Free space  Shelling Mature 100 seed  Protein  Reducing Non. CGRat CORat HMarvest Aflatoxin Kemel Overall
volume volume in shell percent  pods/plant  weight content sugar reduclng 60 DAS S0 DAS index content yiald score
content sugar per plant

content

1

1

1

2

-

16 50 ~

t1C61326 -
T G141

KG 2184 -
166 2811 -
ga s .
1CG 3509
g6 -
1CG 3643 -
ICG 4748 -
1CG 4893 -
ICG 5502
1C6 6630
166G 7332
K683
16G 7637
ICG 7749

" 1668325

. 1CG 8666

166 10352 -
G 11386 -
G 13038 -
LOVEE03Y
IcGV 86552
CGY 86564
ICGV 86584 -
ICGV 88448 -
1cGV 89214
10V 96234 -
cov9s23s
IcG814 -
65 21 -
AUY
639 -
1640
641
1542
1645
1643
w3
Lo
K134 -
14 -
T2
P14 -
1668 29
1665 61
1665 91 -
1065 320
166S 407 -
1668 584
166S 596
1C68 617
1C6S 634 -
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sielling percentage, 100 kernel weight, SMK weight, kernel weight per plant, harvest
.ndex and oil percentage and oil yield per plant among 144 genotypes studied by
- Venkataravana er al. (2000). Although M 13 and ICG 11386 were long duration and
: spreading genotypes, ICG 11386 was dropped and M 13 was only selected, as it possessed
| low aflatoxin content and high kernel weight per plant as well. M 13 was also found to be

superior for most of the traits in an carlier report (Vindhiya Varman and Senthil, 1998). A
| biased selection was made for Té 42 (overall score was 5) as it had high harvest index,
: bold seeds and short duration. As a matter of fact early duration is related to escape from

" end-of-season drought, which in turn related to escape from A. flavus infection.

55 COMBINING ABILITY ANALYSIS

¥,
The choice of parents in the hybridization programme is of immense importance

for getting better seggregants in a crop like groundnut where hybridization followed by
pedigree method of breeding is the most commonly used breéding method. The
information generated through genetic divergence analysis on parents can be utilized for
further analysis to find out their combining ability for se‘lectled characters and also the gene
action involved. Among the different methods adopted .to generaté the aforesaid
information, the line X tester analysis has been recommended for early ev;iluation of

parents because of its simplicity in both experimentation and analysis (Dhill"gn, 1975).

The knowledge on the association of kernel weight and aflatoxin resistance with
the morphological, biochemical and physiological characters, their variability and
diversity would be of paramount importance not only in identifying the better parents and
their crosses but also the best high yielding aflatoxin resistant seggregants. Accordingly 14
out of 28 morphological, biochemical and physiological characters were selected

(explained in 3.5.5.6) for combining ability and heterosis analyses. Hence, the discussion
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is restricted to 14 characters viz., shell volume, pod volume, free space in pod, shelling
- percentage, mature pods per plant, 100 seed weight, protein content, reducing éugar
_content, non-reducing sugar content, CGR at 60 DAS, CGR at 90 DAS, harvest index,

* aflatoxin content and kernel weight per plant.

It was with this background, nine genotypes out of 54 were selected based on the
~ aforesaid analyses. Bold seeded genotypes (ICGV 86564, TG 42, TG 49, M 13 and TPT
' 4) were used as testers for easy identification of F, s as the character was reported to be
" dominant (Murthy and Reddy, 1996). The remaining four genotypes, ICG 1326, ICG
3245, 1CG 3542 and ICG 7633 were used as lines. ;Fl1e four lines and the five testers were

~ crossed in line X tester fashion to obtain 20 crosses. The results thus obtained are briefly

discussed hg)reunder. L

I

5.5.1 Analysis of variance

The mean sum of squares due to females (lines) and males (testers) provide a
measure of their general combining ability while the interaction of L X T provide a
measure of specific combining ability. In the present study, simple randomized block
design analysis indicated that for all the 14 characters studied. the crosses differe(ii
significantly. This information facilitated to subject the material to combining abilit;J
analysis. The analysis of variance for combining ability revealed significant difference
among parents (lines + testers), line and tester per se for all th.e characters .thus justifying
the selection of parents for the study. This has further resulted in substantial variability
among the crosses also as evident from significance otl‘ mean squares due to crosses. This
was also reflected through the presence of average heterosis in the crosses as evident from

significance of single degree of freedom comparison (parent vs crosses) except for

aflatoxin and harvest index. The significance of variance due to lines was found for the
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Proportional contribution of lines, testers and line x tester interaction towards variation
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pod volume and that due to testers for shelling percentage. The non-significant variances
for the others characters indicated that there were no differences among lines and testers.

However, the line X tester interaction for all the characters indicated that the lines did not

appeared to behave consistently over ditferent testers and vice versa.

Relative contribution percentage of lines, testers and line x tester interaction
fowards variation illustrated in fig. 4 revealed that more than 50 per cent of variation in
arosses for pod volume was contributed by lines, and the testers for shelling percentage.
Relatively, lines had contributed more than testers for morphologicél and physiological
characters whereas the reverse was true for biochemical characters. However, the line x
tester interaction component apportioned greater percentage of the total variation for

majority of the characters.

55.2 Gene action

An overall understanding of the gene action for different characters is possible by
making comparison of variances due to GCA and SCA. The breeding methods might be
decided based on the relative importance of general and specific combining ability
variances. In groundnut, a self pollinated crop, high SCA eftects of a particular cross
:ambination will be useful it it is accompanied by high GCA effects of respective parents.
o the present study, partitioning of combining ability variances into fixable additive
zenetic variance and non fixable dominance variances revealed that non additive genetic
/ariance was higher in magnitude for majority of the characters indicating the
sweponderance of dominance gene action in controlling the ekpression of these traits
figure 5). They were; shell volume, free space in pod, shelling percentage, mature pods
er plant, 100 seed weight, protein content, reducing sugar content, non-reducing content,

'GR at 60 DAS, CGR at 90 DAS, harvest index and kernel weight per plant. Most of
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studies on inheritance pattern of these characters reported varying results. Shelling
percentage was reported to exhibit preponderance effects of additive genes (Manohar‘an el
al. 1985; Basu et al., 1987 and Kumar and Patel, 1999), non-additive genes (Vindhiya
Varman and Senthil, 1998; Vindhiya Varman, 2000; and Dobaria er al., 2004), and both
additive and non-additive genes (Suresh Kumar, 1993, Vindhiya Varman and Raveendran,

1994 and Reddy and Murthy, 1994).

For number of mature pods per plant, the predominance of gca variance over sca
variance (Basu ef al., 1987 and Upadhyz‘{fe't al., 1992), sca variance over gca variance
(Suresh Kumar, 1993, Vindhiyq Varman, 2000; Vindhiya Varman and Senthil, 1998 ancil
Mathur ef al., ZOQO) and equal magnitude of gca and sca variances (Jayalakshmi 1997 an(i

Vindhiya Varman et al., 1990) were reported.

Additive (Chaudhary, 1993) and dominance (Aﬁderson et ul.. 1993); Vindhiya
Varman and Senthil, 1998 and Senthil and Vindhiya Varman, 1998) gene effects for 100
seed weight were observed. Bansal ef al. (1992) and Dobaria et al..(2004) found that
protein content was under the control of additive genes. However Reddy and Murthy
(1994), Makne ef al. (1994), Parmar et al. (2001 a) and Parmar et al. (2002) observed that
both additive and non-additive gene effects were important for inheritance” of protein
congnt.*Sugars in groundnut were reported to be predominantly under additive gene
action (Dobaria et al, 2004). Devi (1997) observed that crop growth rate was under the

control of both additive and non-additive genes.

There are conflicting reports concerning information on genctic control of harvest

239

index in groundnut. Harvest index was reported to be governed by additive genes (Suresh

Kumar, 1993, Nisar Ahmed, 1995; Jayalakshmi, 1997 and Dwivedi ef al., 1998 and Nigam
et al., 2001), both additive and non-additive genes (Makne, 1992 and Vindhiya Varman

and Raveendran, 1994) and non-additive genes (Makne, 1992).
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All the three types of genc action were reported for kernel yield. Prepondcran—{ ’
aditive gene effects (Hariprasad, 1990. and Vindhiya Varman, 2000), dominant gene
effects (Suresh Kumar, 1993, Nisar Ahmed, 1995 and Jayalakshmi, 1997) and both
additive and dominant gene effects (Reddy and Reddy, 1988) were found to be important

inthe inheritance of kernel yield.

Non-additive gene action for majority of the characters indicated that the
improvement of these characters was possible through exploitation of heterosis breeding.
But groundnut being a self-pollinated crop, heterosis breeding is not advisable due to the
onstraints involved in the synthesis of commercial hybrids. Therefore, to get better
xenotypes by way of recombination breeding: hybridization followed by selection in later
senerations was suggested for exploitation of dominance gene action. GCA variance was
reater in proportion than SCA variance for the charactérs pod volume and aflatoxin
ontent. As such, these traits can be improved by employing breeding methods, which

xploit additive gene action.

553 EVALUATION OF PARENTS

The parents with high order per se performance would be of gréater importance in
’breéding program (Singh et al., 1983). The potentiality of a genotype participating in a
cross is best judged by its per se performance and gca effects (Singh et al., [985). Hence,

1
parents were evaluated based on their per se performance and gca effects. Based on the
results of association analysis, positive or negative direction of selection was applied to
the characters. Parents that had positive and significant values were considered as
lesirable ones for pod volume, shelling percentage, mature pods per plant, 100 seed

veight, protein content, reducing sugar content, non-reducing sugar content, CGR at 60
{

JAS, CGR at 90 DAS, harvest index and kernel weight per plant. While for other
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tharacters, viz., shell volume, free space in pod and/aflatoxin content, parents with

negative and significant values were taken in to consideration.

13.3.1 Per se performance

Four parents viz., L;, Ly, Ts and Ts were identified with significantly lower shell
yolume. ngh per se performance for pod volume was recorded by Li, L4, Ty and To.
Where as significantly low free space was observed in Ly, Ls, T3, T4 and Ts. The lines; L,
- Lyand the testers; T3 and Ts had high per se performance of shelling percentage. Likewise

for mature pods; Ly, Ty, T4 and T5, for 100 seed weight; Ly, Ty, Ta, Ts and T4, for protein
content; Ly, L3, T, T2 and Ts, for reducing sugar content; L3, T, and Ty, for non-reducing
sugar content; Ly Lq, T2 and T3 for CGR at 60 DAS; Ly, L3 and Ty, for CGR at 90 DAS;
L, Ty and Ts; for harvest index; Ly, Ls, T, and T3 and for kernel weight; L, L4, T| and Ts
exhibited high per se performance. For aflatoxin content, Li, Ly, T2, T3 and Ts were

observed to show low per se performance.

Several parents had significant mean performance for more than one character. The
parents that exhibited significant per se performance for more than six -characters which
accounted for 50 per cent of total characters, were considered as the best one;. They were
L (ICG 1326), L, (ICG 3245), L; (ICG 3542), T, (TG 42), T3 (TG 49) and Ts (TPT 4).
The line L; showed significance for shell volume, mature pods per plant, CGR at 60 DAS,
CGR at 90 DAS, aflatoxin content and kernel weight per plant. Like wise, the line, L, for |
shell volume, free space in pod, shelling percentage, 100 seed weight per plant, protein
content, harvest index and aflatoxin content, and the line L; for pod volume, free space in
pod, shelling percentage, protein content, reducing sugar content, non-reducing content
and CGR at 60 DAS. Similarly the tester Ty expressed significant per se performance for

shell volume, free space in pod, shelling percentage, 100 seed weight, non-reducing sugar
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content, harvest index, aflatoxin content and kernel weight. Ts showed significance for
shell volume, free space in pod, shelling percentage, mature pods per plant, p;‘otein
content, CGR at 90 DAS and aflatoxin content. While T, had significant mean values for
pod volume, 100 seed weight, protein content, reducing sugar content, non-reducing sugar
content, harvest index and aflatoxin content. Hence, these parents were considered
desirable for developing high yield Agroundnut varieties with aflatoxin resistance. The fine,
Ly (ICG 1326), a small seeded genotype and the tester, T3 (TG 49) a bold seeded genotype
expressed significance for aflatoxin content and kernel weight per plant as well. The
resistance of 1CG 1326 to aflatoxin production was a proven fact since it served as donor
parent for aflatoxin resistance in many breeding programmes. With respect to TG 49 also
the same fevel resistance was observed in both the seasons of the study. Infact TG 49
recorded lower infection than the resistant genotype, 1ICG 1326 (J 11) in earlier repo‘rt
(Harish Babu er al., 2003). But yield of the two genotypes seemed to be fluctuating in the
two seasons. They did not significantly out yielded the general mean during kharif, 2002.
However they can be directly recommended as aflatoxin resistant varieties to the probler‘n
prone areas for immediate use and can be utilized in the breeding programmes for later use

to enhance yield and reduce aflatoxin content levels.

£5.3.2 General combining ability effect

The gca effects of parents were estimated to evaluate the ability of parents to
transmit desirable characters to their offspring. The combining ability of parents gives
useful information on the choice of parents in termé of expected performance of their
progenies (Dhill;‘on, 1975). Tiwari et al. (1993) suggested that parents having high gca
effects could produce transgressive segregants in the segregating generations. The gca

effects of parents had been attributed to additive genetic effects. Hence, if additive gene
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Fig.6: General combining ability (gca) effects of nine parents for

gea effects
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action is predominant in self-pollinated species, the breeder can effectively select at
various levels of inbreeding because additive genetic effects are readily transmissible from

one generation to another.

The gca effects indicated that the number of testers with good gca were either
equal or more than the lines for all the characters under study. Among them the tester, Ty
(M 13) was adjudged as the best general combiner. Since it expressed good gea effects for
nine characters (free space in pod, shelling percentage, mature pods per plant, 100 seed
weight, protein content, reducing sugar content, CGR at 60 DAS, harvest index and kernel
weight per plant). This was followed by T; ICGV 86564) and Ts (T,PT 4) both were better

for eight characters each. T, was a good combiner for pod volume, shell volume, free

—w—v")

space in pod, shelling percentage, mature pods per plant, reducing sugar cdntent, CGR at
90 DAS, aflatoxin content and kernel weight per plant (figure 6 and 7). Where as Ts was
good for shell volume, shelling percentage, mature pods per plant, 100 -seed weight,

i .
protein content, non-reducing sugar content, harvest index and kernel weight per plant.

Among the lines, L; (ICG 1326) was proved to be the best with good gca for eight

characters (shell volume, free space in pod, shelling percentage, mature pods per plant,
protein content, reducing sugar content, non-reducing sugar content and CGR a'; 60 DAS.
The d%aeraline, L4 (ICG 7633) was good combiner for seven characters viz., pod volume,
protein content, reducing sugar content, non-reducing sugar content, CGR at 60 DAS,
CGR at 90 DAS, harvest index and kernel weight per plant. It was observed that T, (ICGV
86564) was the only parent with good gea for both aflatoxin content and kernel weight per

plant.

=
\e
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53.3.3 Per se performance and gca effects

.

Per se performance of parents was not always associated with high gca effects. For
example Ly and T3 performed better in mean values for kernel weight per plant but were
not good general combiners. Similarly T, possessed good gca despite its poor per se
performance for aflatoxin content. So, it was felt that evaluation of parents based on per se
performance and gca effects separately might lead to contradicti'gn in selection of
promising parents. Instegd, combination of both per se performance and gca effects will
result in the selection ol parents with good reservoir of superior genes. So the parents were
evaluated for significant per se performance coupled with good gca effects (table38). The

direction (positive or negative) of selection was observed to identity parents with good per

se performance and good gea.

The parents, Ly (ICG 3245), T4 (M 13) and Ts (TPT 4) emerged as the best parents|
vith significant mean values coupled with good gca effects for five characters each. Lzl
1ad significant per se performgnce and good gca effects for free space in pod, shelling
Jercentage, 100 seed weight, harvest index and aflatoxin content. Like wise, T4 was better
or free space in pod, mature pods per plant, 100 seed weight, reducing sugar content and
:GR at 60 DAS. Another tester, Ts (TPT 4) was adjudged the next best parent since it
howed significant mean and gca values for four characters v?z., shell volume, shelling

ercentage, mature pods per plant and protein content.

Ranking of parents based on per se performance and gca effects showed that
arallelism between per se performance and gca effects did not always existed. It was
oflected in the performance of the line, Ll, L; and L, and the testers, Ty, To, Tz and Ty, For

stance, L3 and T, showed significant mean values for six characters but their gca was



Table 38: Desirable parents selected based on mean and gca effects

: Mean
S. Characters Mean gca effects and gca
No. effects
| Shell volume Ly Ly T3, Ts Ly, Ls, Ty, Ts Li, Ts
2 Pod volume Ly, Ly T, T Ls T, T, T3 Ls T, To
3 Free space in pod L, L3, T3, Ta, Ts Ly, L Ty, T3, Ty Ly, Ts, Ty ‘
4 Shelling percentage Ly, L3, T3, Ts L, Ly, Ty, Ty, Ts L, Ts
5 Mature pods per plant L, Ty, T4 Ts Ly, L3, Ty, T4, Ts Ly, T4, Ts
6 100 seed weight Ly, Ty, Ty, Ts, Ty L, Tq, Ts L,, Ty
7 Protein content L,, L3, Ty, Ta, T Ly, Ly, Ls, T3, Ty Ts Li, Ts
8 Reducing sugar content L3, T2, Ty Li, Ly, L, Ty, T3, Ty L, T4
9 Non-reducing sugar content  Lj, Ly Tz, Ty Ly, Lg, T3, Ts Ly
10 CGR at 60 DAS L, L;, Ty Li,Ls, T, Ty Ly, T4
1T CGR at 90 DAS Ly, T\, Ts Ly, Ly, Ty, Ts T,
12 Harvest index Lo T Ty L,, Ly, Ty, Ts L,
13 Aflatoxin content L, Ly, T2, Ts, Ts L., Ty L,
14 Kernel weight per ptant Ly, Ly, Ty, Ty Ly, Ly, Ty, T4, Ts L, T,
OVER ALL Ly, Ly, L, Ty, Ty, Ly, Ly, Ty, T, Ts Ly, Ty, Ts

Te
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god for two characters only. On the other hand, L4 fiexpressed good gca for seven

tharacters where as its per se performance was significant only in three characters,

Results on the combination of both per se performance and gca effects reveale(]l
hat identification of superior segregants in the crosses involving L, (ICG 3245), T4 (M 13)
ad Ts (TPT 4) might be possible for most of the characters studied. The parents Ly (ICG
7633) and T; (ICGV 86564) though had significant gca effects for seven and eight

characters including kernel weight and aflatoxin content (T)), failed to show significant

”

per se performance for more than 50 % of the characters. The significant gca effects J
these two parents for more than six characters indicated that the characters were under t-he
control of additive genes and thercfore they can be utilized in the hybridization
programme and the segregants can be screened for superior genotypes. The importance of
the parents, Ly (ICG 3245), L4 (ICG 7633) and T; (ICGV 86564) which expressed
significant mean and gca values for aflatoxin content and kernel weight per plant
respectively could not be elucidated in the present study. However their recombinants

cannot be ignored in the present context of developing aflatoxin resistant high yielding

groundnut varieties.

354 EVALUATION OF CROSSES

Combination of favorable genes present in the parents is the main aim of
hybridization. The hybrids thus developed can be utilized either as commercial hybrids
which is a remote possibility in groundnut or selecting superior segregants from the

crosses in the subsequent generations and realizing best recombinants.
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5341 Evaluation of crosses for recombination breeding

Recombination breeding has been the major avenue in groundnut improvement
programmes aver decades. The crosses selected for this purpose should satisfy the criteria
that they should possess non-significant sca effects with their parents showing significant
égca effects. The basic principle involved in this concept is that the segregation of these
trosses is likely to throw more recombinants possessing favorable additive genes from
both the parents. Therefore the information on the parents with significant gca effects and-
their crosses with non significant sca effects were pooled into the table 39 for valid

¢omparison.

The number of crosses with non-significant sca effects for each character was very
iess. For characters fike sheil vofume, pod vofume, sheifing percentage. mature pods per
plant, 100 sced weight, protein content, non-reducing sugar content, CGR at 90 DAS,
harvest index and aflatoxin content, none of the crosses, whose parents had significant gea
effects, showed non significant sca effects. Hence no cross could be suggested for
recombinﬁ[ion breeding for these characters. One cross each for the characters, free space
inpod (L; X T;), CGR at 60 DAS (L; X Ts) and kernel weight per plant (L: X Ta)
exhibited non-significant sca with significant gca for their parents. They can be petsuaded
for obtaining superior segregants. Reducing sugar content was the only character that had‘
two crosses, Ly X T3 (ICG 1326 X TG 49) and Ly X T3 (ICG 7633 X TG 49) showing non-,
significant sca with high gca of their parents, these two crosses can be recommended for

rcombination breeding. [t was very fortunate to obtain a cross, Ly X T, (ICG 7633 X M-

245

{3) that showed promise for recombination breeding with its non-significant sca and

significant gca of its parents for kernel weight per plant (plate 7).



Table 39: Crosses chosen for recombination breeding

Parents with

Crosses chosen’

S. Characters significant based
No. gca effects on non-
significant
sca effects
I Shell volume Li, L3, Ty, Ts -
2 Pod volume Ls, Ty, To, Ts -
3 Free space in pod L;, Ly, Ty, T3, T4 L XT,
4 Shelling percentage L, Ly, Ty, Ta, T -
5  Mature pods per plant Ly, L3, T4, Ts --
6 100 seed weight Ls, Ty, Ts -
7  Protein content Ly, La, L4, T3, T4, Ts -
. 8 Reducing sugar content Li, Ly, Ly, Ty, T3, T4 L1 XT3, La XT3
9  Non-reducing sugar content L, L4, T2, Ts --
10 CGR at 60 DAS Ly, La, T3, T L' X Ts.
l 1 CGR at 90 DAS L3, Ls, Ty, T3 -
12 Harvest index Ly, L, T4, Ts --
13 Aflatoxin content L,, T, -
14 Kernel weight per plant L; Ly Ty, T LiXTy

246
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55.4.2 Evaluation of crosses for heterosis breedipg

As there were only a few crosses available and as there was no single cross
showing significance for more than two characters for recombination breeding, focus was
made on the exploitation of non-additive gene action. Heterosis breeding offers an
opportunity to accomplish this endeavor. Heterosis breeding has three bases of selection
criteria. The primary criterion is to evaluate the crosses on their mean performance. The
second important criterion is the significance of sca effects. And high heterosis forms the
third basic criterion. Any single criterion alone in the present]investigation had little

importance in the selection of the best heterotic crosses across more number of characters.

In the present study, the cross L; X T, recorded significant mean values for all the
characters except 100 seed weight and CGR at 90 DAS. It was followed by Ls X Ts which
showed significant mean values for nine characters viz., shell volume, pod volume,
shelling percentage, 100 seed weight, protein content, non-reducing sugar content, harvest
index, aflatoxin content and kernel weight per plant. Next in line were L, X Ts, Lz X T4
and Ly X T4 with significant mean values for eight characters each. The common
characters having significant mean values for the three crosses were shell volume, harvest
index and kernel weight per plant. They were differing for other characters for their mean’
ivaliies. The other cross combinations; L} X T3, Ly X T4 and L3 X T; had shown signiﬁcant\
mean performance for more than 50 % of the characters.

I
A character wise analysis revealed that there were 16 out of 20 crosses, which

showed significantly lower shell volume. Significant low mean values were recorded for:
free space in pod by nine crosses. More than six crosses were identified for each character
with significant mean performance. Where as, only four crosses were identified for

reducing aflatoxin content.



Therefore, the crosses; Ly X Ty (1CG 1326 X ICGV 86564), Lg X Ts (ICG 7633 X
IPT4), Ly X Ty (1CG 7633 X M 13), L, X Ts (1ICG 3245 X TPT 4), L3 X T4 (ICG 3542 X

VI3), Lo X T4 (ICG 3245 XM 13), Ly X Ty (ICG 1326 X TG 49) and L3 X Ty (ICG 3542

{ ICGV 86564) were considered as outstanding ones for improving kernel weight per’

lant with aflatoxin resistance based on per se performance.

5.4.3 sca effects

The index to determine the usefulness of a particular.pross combination for
exploitation of heterosis is the sca effect. The sca effects are due to non-additive and
epistatic gene action (Sprague and Tatum, 1942) and have also been attributed to the
combination of positive favorable genes from different parents, which might be due to the
presence of linkage in repulsion phase (Sarsar ef al., 1986). Hence, sca effects were
considered as the second important criterion for evaluation of crosses. |

Significantly higher sca effects were recorded in a reasonable number of crosses

[
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for each character. There were more than six crosses for each cross with an exception for -

!

aflatoxin content. Protein content had the highest number of crosses at its disposal for it s
improvement (11 crosses). It was followed by free space in pod. CGR at 90 DAS and
b A o . .
K.fvest index with nine crosses each. Where as kernel weight had seven crosses with

significant sca effects (fig 8 and 9).

A cross wise analysis indicated that the cross L; X Ty with significant sca effects
for ten character values.(pod volume, shelling percentage, mature pods per plant, protein
sontent, reducing sugar content, non-reducing sugar content, CGR at 60 DAS, harvest
ndex, aflatoxin content and kernel weight per plant) was adjudged as the best cross

rombination. The crosses L3 X T4 and Ly X Ts were the next best specific combiners for
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eight characters each. The former recorded high sca effects for shell volume, shelling

#

percentage, mature pods per plant, protein content, reducing sugar content, non-reducing

sugar content, CGR at 90 DAS, harvest index and kernet weight per plant. Where as in the

latter cross. high sca cffects were noticed in the - characters; shell volume, shelling
preentage, 100 sced weight, protein content, non-reducing sugar content, harvest index,
aflatoxin content and kernel weight per plant. The other cross that had high sca effects for
more than 50 % of characters (seven) was Ly X Ts. It had significant sca effects for free
space in pod. shelling percentage, mature pods per plant, 100 seed weight, reducing sugar

content, harvest index and kernef weight per plant.

Hence, from the above discussion, it could be concluded that the crosses, Ly X T,
(ICG 1326 X 1CGV 863564), L: X Ty (ICG 3542 X M 13), Ly X Ts(1CG 7633 X TPT 4)
and Ly X Ts (ICG 3245 X TPT 4) were considered as good specific combiners for majority

sf the characters.

14.4.4 Heterosis

Manifestation of heterosis, which depends on directional dominance, must
wariably result in favorable direction for crop improvement. Shull (1948) emphasizcd the
jnpoﬂ[ance of heterosis to result always in desired direction for economic gains but should
not be negative and said that reporting of negative heterosis should be avoided, Hence, the

desired direction of a trait should be defined before hand. Accordingly, negative direction
was followed for the characters; shell volume, free space in pod and aflatoxin content and

positive direction for rest of the characters,

Among the three types of heterosis, relative heterosis is of limited importance since

it is only the deviation of F, from mid- parental value (Grakh and Chaudhary, 1985).
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for kernel weight/plant

Fig.11: Relative heterosis (di), heterobeltiosis (dii) and standard heterosis (diii) of 20 F, crosses
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Further, the need c;f computing standard heterosis for commercial exploitation of hybrid
vigour hasvbeen stressé:d by Swaminathan et al. (1972), Kadambavax%‘undaram (1983)and
Siddiq (1987). Where as, Bhandari (1978) insisted the import'ance of standard heterosis
and heterobeltiosis for exploitation of heterotic cross. Hence in the present study the
crosses were evaluated based on standard heterosis over the standard variety, TPT 4 for all
the characters except aflatoxin content, which was evaluated, based on heferbbeltiosis.
This is because, none of the crosses had significant negative values for aflatoxin content
when evaluated for standard heterosis. As one of the major objectives in the investigation

was to develop aflatoxin resistance in groundnut, the importance of this character could

not be ignored (fig.10 and 11).

Significant heterosis over the standard variety, TPT 4 was observed in 12 out of 14
characters studied. The two characters that had no significant crosses for standard.
heterosis were 100 seed weight and aflatoxin content. The character 100 seed weight did
not possess any cross that was significant for any of the three types of hcterosis. Howevcr‘
aflatoxin had 13 crosses significant for heterobeltiosis. So the crosses for this character|
were con;pared with heterobeltiosis instead of standard heterosis. More than 17 crosses
were found to have significant standard heterosis for shelling percentage, mature pods per;
plant, reducing sugar content and kernel weight per plant. All the 20 cross cor‘nbinations

- I

wer?signiﬁcant for standard heterosis for CGR at 60 DAS.

i
The cross combinations L; X T, and L4 X Ts had significant standard heterosis for

ten characters each. The former cross had significant standard heterosis for shell volume,
pod volume, shelling percentage, mature pods per planf, protein content, reducing sugar
content, CGR at 60 Das, harvest index, aflatoxin content and kernel weight per plant.
While the latter cross possesscd significant standard heterosis for shell volume, shelling

percentage, mature pods per plant, protein content, reducing sugar content, non-reducing



sugar content, harvest index, aflatoxin content and kernel yweight per plant. All the crosses
except; Ly X Ty, Ly X Ty and L, X T; recorded significant heterotic values for more than

50 % of the characters (more than six).

High positive (Siva Kumar, 1984) and mid parental (Garet, 1976) heterosis were

2

reported for shelling percentage. Bansal et al. (1993) recorded postive and significant -

heterosis for mature pods. High average heterosis (Jayalakshmi, 1997) and high
heterobeltiosis for mature - pods were also reported. For 100 seed weight positive
(Sridharan and Marappan, 1980 and Siva Kumar, 1984) heterosis were reported. Where as,
Senthil and Vindhiya Varman (1998) recorded high mid parental heterosis for 100 seed
weight. Prasad (1996) observed high heterosis for protein content. Where as, low mid
parental heterosis was recorded by Parmar et al. (2001) for protein content. Reports— of
both positive (Nisar Ahmed, 1995) and negative (Swe and Branch, 1986) heterosis for
harvest index were observed. Most of the earli(;,r reports indicated high positive heterosis
for kernel yield (Wynne et al., 1970; Reddi et al., 1989; Vanisree, 1992) in groundnut,
which also included reports on average heterosis (Jayalakshmi, 1997) ;md heterobeltiosisl

(Senthil and Vindhiya Varman, 1998).

Combining standard heterosis for majority of the traits with heterobeltiosis for
¢ sflafoxin content, L, X Ty (ICG 1326 X ICGV 86564) and Ly X Ts (ICG 7633 X TPT 4)

were observed to be the best heterotic crosses.

5.5.4.5 Evaluation of crosses for exploiting hybrid vigour

Instead of analyzing the crosses and interpreting individually, the classification of
crosses based on mean, sca and heterosis for all the characters would reward perfect
estimates to draw sound conclusions. The crosses with desirable mean, sca effects and

heterosis percentage (standard heterosis/heterobeltiosis) were presented in table 40. Based'

-~
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on these, three scﬁlccticm criteria, the crosses Ly X T, (JICG'1326 X ICGV 86564), [y X li
(ICG 3245 X M 13) and Ly X Ts (ICG 7633 X TPT 4) were found to be suitabl(; for
heterosis breeding since they expressed high values for more than 50 % of the characters,
viz.,, pod volume, shelling percentage, mature pods per plant, protein content, reducing
sugar content, CGR at 60 DAS, CGR at 90 DAS, harvest index, aflatoxin content and
kernel weight per plant. The other crosses L3 X T4 and Ly X Ts expressed significance at
the three levels for seven characters each. The common characters for Which they were
significant were; shell volume, shelling percentage, protein content, harvest index and

kernel weight per plant.

The cross combinations, L; X T, (ICG 1326 X ICGV 86564), and Ly X Ts (ICG
7633 X TPT 4) have shown signiﬁcancg for aflatoxin content and kernel weig4ht at all the
three selection criteria (plate 8) (fig. 12 and 13). When the three types of heterosis were
considered together (table 41), the same combinations proved to be the best for eight
characters each. Further more, their parental gca effects were highly significant for more
than 50 % of the characters which means that these crosses: possess d01;ble advantage and
can be cultivated either as commercial F, hybrids or can be persuaded to develop
recombinant éenotypes through transgressive segregation. As groundﬁut being a self

p%lylingted crop and commercial feasibility of F, hybrid is of remote possibility,
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transgressive segregants can be developed into out standing genotypes with high yield

coupled with aflatoxin resistance by adopting simple breeding methods like pedigree

method and selecting both in early as well as in advanced stages of segregation to exploit

both additive and non-additive gene effects.



HIGHLIGHTS:

»

>

A comprehensive evaluation of the 54 genotypes for morphological and
biochemical characters related to quality indicated that the genotypes, TPT 4, M 13
and ICGV 86564 can be straight away recommended for cultivation for their
higher yield and quality.

The study could not elucidate common varieties for yield, quality ar;d drought
tolerance. However, ICGV 86552 can be grown successfully in environments
characterized with end-of-season moisture stress.

Aspergillus flavus seemed to prefer carbohydrates to protein and oil in producing
aflatoxin in the seed. 'b

Large poded varieties not only produced high kernel weight per plant but also
possessed higher quantities of(;;rbohydrates relative to protein.

As higher test weight is negatively associated with aflatoxin content it gives a
scope to produce large seeded varieties having low aflatoxin from the material
studied. ' '

More number of mature pods were produced in small seeded genotypes rather than
in large seeded genotypes.

Compact filling (high shelling percentage, and low free space in pod) was not
favoured by the pathogen to produce aflatoxin. Selection for the character may
redtice the aflatoxin risk in groundnut.

Protein content exhibited an increasing tendency with oil content but it was at the
cost of carbohydrate accumulation in the seed. |

Increase in crop growth rate despite acute moisture stress during pod filling stage

o h;s a direct bearing on enhanced pod and kernel yields.

>

SCMR, a potential physiological character can be employed as a surrogate for
transpiration efficiency.

A selection criteria with shell volume, pod volume, free space in pod, shelling
percentage, 100 seced weight, mature pods per plant, CGR at 60 and at 90 DAS,
harvest index, protein content, reducing sugar content, non-reducing content may
be formulated for sclecting high yielding aflatoxin resistant genotypes.

The genotype ICGV 86564 expressed significant gca for both aflatoxin content and

kernel weight.
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r When perse performance, sca and heterosis were considered together the crosse's,'
ICG 1326 X ICGV 86564 and ICG 7633 X TPT 4 emerged as the best

combinations for persuasion and selection for transgressive segregants.

FUTURE LINE OF WORK:

% The relationship of pod moisture at harvest and shell thickness with aflatoxin
resistance may be worked out as they gave some indications in the present study.

% The negative association of aflatoxin content with total protein and oil contents
may be further analysed for their components, which may enable to alter the
composition of amino acids and fatty acids for developing resistance to aflatoxin at
cotyledonary stage.

w Althoug‘h some of the physiological characters like SLA and SLW in early stage
and LAI at later stage of plant growth expressed positive association with aflatoxin
resistance, the possible reasons require a deeper probe and analysis.

% The insighiﬁcant relationship between seed colonization and aflatoxin production
observed not only in the present study but also in the literature surveyed might be-
due to the difference in seed sampling methods. To overcome this difficulty, seeds
may be powdered and the same powder may be used for both the screening
techniques. w

% Inclusion of ICG 11386 with high score and ICGV 86552 with physiological
efficiency in the crossing programme may throw some useful segregants for

drought tolerance. .

% The crosses, ICG 1326 X ICGV 86564 and ICG 7633 X TPT 4, identified for high
yield and aflatoxin resistance may be persuaded to develop varieties to solve the
problem envisaged in the present investigation which may in turn boost groundnut

exports.
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CHAPTER VI '

SUMMARY

_ Groundnut is grown primarily for edible oil in developing countries and for edible
}! protein, in the form of value added products, in developed nations. The crop is grown in an
area of 26.46 m.ha. world wide with an estimated tot'al. production of 35.65 m.t. and an
average productivity of 1.35 t ha™ (FAO, 2003). Developing countries contribute about 60
% to the total world groundnut production. In lndia‘ it is cultivated in 8 m.ha. with a total
poduction of 7.5 m.t. and productivity of 0.94 t ha' (FAO, 2003). Besides low
productivity, which ranges from 0.7 to 0.8 t ha™ in these regions, drought particularly the
one which occurs at the end of season, predisposes the crop with invasion by the aflatoxin
producing fungus, Aspergillus flavus, which impairs the quality of the produce, though not
yield. The marketability of the produce coming from these areas where aflatoxin
management practices are difficult to adopt is not possible in the international market due
to stringent standards of permissible limits on aflatoxin contamination set by the importing
countries. I.Enhancement of yield and quality levels in groundnut assumes importance in

4

the changed global trading system with the advent of WTO regime.

. 4A.§pergillus flavus can invade groundnut seed in the field before harvest, during
J

post harvest drying and curing, and in storage and transportation. Therefore the right
strategy is the development of resistance to pre harvest infection by the pathogen at the
entry stage itself by developing resistant lines. Development of groundnut varieties with
resistance to pre harvest infection and aflatoxin contamination requires a reliable screening
technique to estimate genetic variance for resistance. The theory that cereal based

inoculum would serve as a carrier for the fungus and result in more stable pathogen load in

the pod zone, and that water deficit during pod development was conducive for the fungus
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to infect the pods, was utilized in the present study to sereen the 54 groundnut genotypes
for aflatoxin resistance. The drought that prevailed during end of season in the two years
of experimentation was utilized to impose moisture stress by with holding irrigations for
20 days. In the first year (kharif, 2002) of experimentation 54 genotypes were evaluated
for 31 morphological, biochemical and physiological characters along with aflatoxin
resistance to select parents. While in the second year (kharif, 2003), 20 F, cros.ses obtained
by mating the selected nine parents in L X T fashion were evaluated for 14 seleéted

characters. The study did not depend on screening the genotypes for resistance to seed

colonization as it did not establish significant correlation (-0.0322) with aflatoxin content,

the ultimate concern.

The 54 genotypes were evaluated during kharif, 2002 for 10 morphological and
biochemical characters related to quality. For morphological characters like high kernel
yield, high shelling percentage, high 100 seed weight, desirable testa colour and elongated
shape, TPT 4 along with ICGV 86584, TG 40, M 13 and ICG 7633 were adjudged as the
best genotypes. Whereas, TPT 4 along with TCGS 584, ICG 1326 and’ICG 3643 were
identified ;15 superior genotypes for biochemical characters like low aflatoxin content, low
oil percentage, high protein and high non-reducing sugar content. Though combination of
kernel yield with quality was difficult to find, in view of the relatiye desirability of quality

) , . .
characters vis-a-vis kernel yield the genotypes; TPT 4, M 13 and ICG 86564 were

identified as the best genotypes suitable for cultivation and trading as HPS varieties.

The performance of the genotypes for their physiological efficiency was observed
for end-of-season soil moisture stress. Data recorded‘ at 90 DAS on most of the
physiological characters made it possible to screen the genotypes for terminal drought.
TPT 4 was the only genotype that showed significant and consistent performance over

general mean during entire crop growth period for specific leaf area. TPT 4, ICG 8325 and

2
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ICG 10352 m'aintaincd steady increase in leaf area at 30, 60 and 90 DAS. The genotypes,
ICGV 86031 and ICGV 88448 recorded significant values for SLW and exhib-ited;
increasing trend in all the three stages of crop growth. Two genotypes, ICGS 21 and
TCGS 91 showing higher values for CGR at 60 and 90 DAS might be utilized ini
improving CGR in groundnut. The genotypes, TCGS 634 and ICGV 86552 were adjudged |
as the best genotypes that maintained photosynthesizing surface even during water deficits
as indicated by high LAIL. ICGV 86552 recorded significant values not only for LAR at 901
DAS but also for all the growth parameters at one or the other stage. ICGV 86031 W;S
found to be the best for SCMR at 30 DAS while TG 40, TG 42 and TG 49 for harvest

index. Based on the mean values of physiological characters, ICGV 86552 was identified

as the most efficient genotype as it recorded significant values during stress (at 90 DAS)

for most of the growth parameters. ¢

Association analysis of 28 morphological, biochemical and physiological
characters with aflatoxin and kernel weight provided information on these chargcters to
identify indirect selection tools for improving yield and quality in grounddnut. They might
also be used to surrogate the costly selection procedure for low aflatoxin contamination.
Correlation studies of morphological and biochemical characters re\‘)'ealed. that the
characters in order of strong and positive correlation with kernel weight per plant were
pod volume, mature pods per plant, immature pods per plant, 100 seed weight, free space
in pod, seed moisture percentage, carbohydrate and non-reducing sugar contents. Kernel
weight exhibited high "negative correlation with protein content. The rest of the
associations were negligible. The correlation of shell volume and pod volume with other
characters indicated that large seeded varieties not only produced high kernel weight
having high test weight but also possess higher quantities of carbohydrates. Mature pods -
per plant was the most important character that can be indirectly selected to improve

kernel weight. It was indicated in the correlation studies that more the number of pods



e m;uurc, more was the accumulation of carbohydrate and its components (reducing i
ad non-reducing sugar contents) and that mature pods were produced more in small
veded varicties rather than in large seeded varicties. The relationship of mature pods with
arbohydrate content and immature pods with oil percentage indicated that oil percentage
fclined after maturity with a corresponding increase in carbohydrate content and its
amponents. While oil percentage expressed negative association with carbohydrate, its
ssociation with protein content was positive and strong. It indicated that protein content
ahibited an increasing tendency with oil percentage but it was at the cost of carbohydrate
xcwmulation. The negative correlation between protein and kernel weight might be
mplicated to be a function of the fact that an increase in kernel weight was associated
with a disproportionately large deposition of carbohydrates relative to protein. The
difficulty in simultaneous selection for both high yield and protéin content might be solved
by making selection initially for high yield and later in the selected families, plants having
the highest percentage of protein should be identified for further selection and inter
“ :
mating.
The order of importance as indicated by direct effects of characters on kernel
weight was for mature pods per plant, shelling percentage, shell volume, free space and

100 seed weight. Selection in positive direction for these characters and against oil

percentage might be perceived to improve kernel weight per plant.

Aflatoxin content exhibited negative and strong correlation with shelling
percentage, protein content, oil percentage and strong positive correlation with shell
volume and pod volume and carbohydrate content and non-significant correlation with
reducing and non-reducing sugar contents. The positive inter correlation between protein
content and oil percentage and their negative inter correlation with carbohydrate content

might have led to the negative association of aflatoxin content with protein content and &il.

"
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The fungus might have preferred carbohydrate to protein and oil percentage in producing |

aflatoxin in seeds. Positive correlation with shell and pod volume indicated that aflatoxin

was produced more in large seeded varieties.

When these correlations were partitioned by genotypic path into direct and indirect
effects on aflatoxin content, shell volume followed by free space in pod ar-1d mature pods
per plant exhibited very high direct positive effects on aﬂatox.in content. Whereas pod
volume, shelling percentage and 100 seed weight recorded f]igh negative direct effects.
The character free space in pod recorded high pegltive direct effect on aflatoxin conte;nt.
Losing pod moisture during drying process creates free space, in pod. Because the pods
were shade dried, and as the moisture in pods might have served as a medium for the
pathogen to find access to the seed and produced aflatoxin. The high positive indirect
effects through shelvl volume, along with low positive indirect effects through carbohydrate
content might have collectively aided free space in pod in establishing high positive direct
effect on aflatoxin content. The idea of compact seed filling is related to low aflatoxin
content was brooded from the fact that shelling percentage not only registered strong
negative correlation but also recorded high negative direct effect on aflatoxin content.
Mature pods per plant rather than immature pods recorded positive. direct effect on
_égato_xin content. Over mature pods seemed to have attracted the pgthogen. The positive
correlation of pod volume with aflatoxin content when further analyzed to understand the
cause and effect relationship showed that the moderate negative indirect effects expressed
through 100 seed weight which exhibited high negative direct effect on aflatoxin content
nullified the positive correlation of pod volume on aflatoxin content. This gives a scope to
produce large seeded varieties having low aflatoxin content. The indications that SLA and
SLW in the carly and LAl in the later stage of plant growth were related to low aflatoxin

require further probe to draw a meaningful conclusion.
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f‘\n examination of the correlation coefficient between physiological characters and
v fenel weight revealed that AL at 90 DAS, LAR at 90 DAS, harvest index, SLA at‘90
DAS, CGR at 90 DAS in that order including pod weight per plant were positively and
gongly associated with kernel weight plant. HoWever SLW at 90 DAS expressed
negative association. The crop experienced moisture stress at 90. DAS. Hence, the
significance of most of the growth parameters at 90 DAS was observed. SLA and SLW at '
f0 DAS was found to be more important than at 30 or 90 DAS as indicated by their high

positive direct effects on kernel weight per plant. Crop growth rate before the stress (at 60

DAS) and during stress (at 90 DAS) did not change their direct effects on kernel weight
per plant. LAR at 90 DAS also established very high positive direct cffect on kernel
weight per plant. On the other hand LAl at 90 DAS exhibited very high negative indirect
effect. SCMR at 30 DAS did not show any association with kernel weight per plant. Its
asociation with SLA was negative and with SLW was positive. This relationship

indicated that SCMR was potential physiological trait to employ as a surrogate for '-
transpiration efficiency. Pod weight showed both positive correlation and high positive

direct effect on kernel weight per plant.

Mere inclusion of these charactérs based on association ar’falysi; will not
suffice but the existence of transferable genetic variability is required for characters’
improvement. Among the morphological characters high PCV and GCV were present for
shell volume, pod volume, free space in pod and immature pods per plant. Where as,
mature pods per plant, 100 seed weight and kernel weight per plant showed moderate
estimates for PCV and GCV. This indicated the existence of variability in the material
studied for these characters and the scope of their exploitation. However, low estimates of
GCV and PCV for shelling percentage indicated the limitations in the scope of

improvement made for this character. High estimates for both heritability and GAM for

4
3

shell volume, pod volume, free space in pod, immature pods per plant, 100 seed weight
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é

ind high heritability and moderate GAM for mature podsg and kernel weight per plant

! revealed that all these characters were most likely influenced by additive gene action.

High heritability and low GAM for shelling percentage indicated the presence of non-
additive gene action and simple selection to improve these characters might not be
possible.
The magnitude of GCV and PCV were high for the biochemical characters viz.,
: .
reducing sugar content, non-reducing content and aflatoxin content which indicated ample

scope for improvement. Whercas, the variation as indicated by GCV and PCV values for

oil percentage, protein and carbohydrate contents was low and the response to selection

for these characters would be less. High heritability and GAM for reducing sugar content,

non-reducing content and aflatoxin content indicated the preponderance of additive gene
action' and simple selection procedures would be effective in the improvement of these

characters.

Moderate to high variability as indicated by GCV and PCV was observed for all

t the physiological characters except for SLA at 90 DAS, SLW at 90 DAS and SCMR at 30

DAS. Whereas, SLA at 90 DAS and SLW at 90 DAS recorded low GCV and moderate
PCV indicating low genetic variability. Low values of GCV and PCV for SCMR at 30
DAS revealed low magnitude of variability. High heritability- was recorded for all the
characters excepting those two characters (SLA at 90 DAS and SLW at 90 DAS), which
showed less variability. High heritability coupled with high GAM for the characters; CGR

at 60 and at 90 DAS indicated the involvement of additive genes in the expression of these

212

characters and simple selection would be rewarding for improvement of these characters.

Whereas SLA at 90 DAS and SLW at 90 DAS recorded low heritability and GAM which

indicated non-additive gene action and simple selection would not bring out improvement.

!
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Duc importance was given to the discrimination ‘of characters bascd on their
contribution to total diversity in divergence analysis. It was observed that pod volume, ﬁ"ee |
space in pod, 100 seed weight among morphological characters, reducing sugar, aflatoxin
and non-reducing sugar contents among biochemical characters and SLA at 30 DAS and at
60 DAS, CGR at 60 DAS and at 90 DAS, LAR at 90 DAS and SCMR at-30 DAS among

physiological characters contributed more to diversity.

Based on all the biometrical analyses carried out so far, shell volume, pod volume,
free space in pod, shelling percentage, 100 seed weight, mature pods per plant among
morphological characters, CGR at 60 DAS, CGR at 90 DAS and harvest index among
physiological characters and protein, reducing sugar and non-reducing sugar contents
among biochemical characters were selected for further analysis. The 14 characters thus
selected formed the basis of selection for developing high yielding aflatoxin resistant

groundnut genotypes.

The information generated through genetic divergence analysis, carried out
separately‘for two groups of characters; one group with morphological and biochemical .
characters and the other with physiological characters along with mean values for the 14
sclected characters, was utilized for selecting parents for hybridization. The magnitude of |
'D? hvalues for both the groups of characters suggested that there was considerable diversity ‘
in the material studied. This range of variation allowed for gr;)'uping of 54 genotypes into
I1 clusters for morphological and biochemical characters and into 17 clusters for !
physiological characters and substantiated maximum diversity for both t.he groups of
characters. The formation of largest cluster I for morphological and biochemical
characters comprising 33 genotypes and for physiological characters comprising 22
genotypes might be due to the free flow or exchange of breeding material from one place

to another or /and the unidirectional selection practiced by breeders of different locations.
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Constellation of genotypes into different cluster for all the characters was at random and
independent of each other. When clustering pattern was related to geographical origin, no
regular demarcation was discernible in the pattern of constellation of genotypes into

various clusters.

Maximum inter cluster distance between cluster Il and X[ and maximum intra
cluster distance in cluster, X, VI and | was observed for morphological and biochemical
characters. Where as for physiological characters maximum inter cluster distance between
cluster 111 and XV and between VI and XVII indicates greater diversity between these
clusters. Cluster means for majority of morphological and biochemical characters in
clusters, 1, 11, IV, V, VI and IX were higher than their overall means. Similarly higher
cluster means for more physiological characters were observed in clusters I, 11, V, VI, VII, |
VI, 1X, XI, X1V, XV, XVI and XVIL. Major emphasis was made on cluster means and 1
scores rather than cluster distances for selecting the best parents for crossing programme.
Two genotypes from clusters; I and Il and one each from clusters; [V, V, VI and IX were ;
selected based on overall scoring for selected morphological and biochemical characters.

While fou.r genotypes from cluster I, three from I, and one each from VII and XI were

selected based on the important physiological characters. A total of nine genotypes were !

selected from the divergence analysis. Five bold seeded genotypes (ICGV 8656;1, TG 42,
o TG 49, M 13 and TPT 4) were used as testers and the remaining four genotypes, ICG

1326, 1CG 32435, ICG 3542 and ICG 7633 were used as lines and crossed in line x tester

fashion to obtain 20 F; crosses during rabi, 2002.

’ The 20 F, crosses thus generated were evaluated along with their parents in a RBD
design during kharif, 2003 to find out gene action and heterosis for 14 selected characters.
| The analysis of variance for combining ability revealed significant differences among

parents and crosses thus justifying the selection of parents for the study. Relatively
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wntribution of lines x testers interaction apportioned gréater percentage of the total

-

wriation for majority of the characters.

Partitioning of combining ability variances into fixable additive genetic variance
ad non fixable dominance variances revealed that non additive genetic variance was
higher in magnitude for majority of the characters indicating the -preponderance of
dominance gene action in controlling the expression of these traits. They were; shell
wlime, free space in pod, shelling percentage, mature pods per plant, 100 seed weight,
potein content, reducing sugar content, non-reducing sugar content, CGR at 60 DAS,
CGR at 90 DAS, harvest index and kernel weight per plant. Non-additive gene action for
majority of the characters indicated that the improvement of these characters was possible
through exploitation of heterosis breeding. But groundnut being a self-pollinated crop,
heterosis breeding is not advisable due to the constraints involved in the synthesis of
commercial hybrids. Therefore, to get better genotypes by way of recombination breeding,
hybridization followed by selection in late generation was suggested for exploitation of
dominance gene action. GCA variance was greater in proportion than SCA variance for
the characters pod volume and aflatoxin content. As such, these traits can be improved by

§

employing breeding methods, which exploit additive gene action.

Mean performance of parents indicated that the line, L; (ICG 1326), a small seeded
genotype and the tester, Ts (TG 49) bold seeded genotype expressed significance for
aflatoxin content and kernel weight per plant as well. However they can be directly
recommended as aflatoxin resistant varieties to the problem prone areas for immediate use
and can be utilized in the breeding programmes for later use to enhance yield and reduce

aflatoxin content levels.

Among the lines, L; (ICG 1326) was proved to be the best with good gca for eight

3

characters (shell volume, free space in pod, shelling percentage, mature pods per plant,

Il
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protein conte‘nt, reducing sugar content, non-reducing sugar content and CGR at 60 DAS).
The other line, Ly (ICG 7633) was a good combiner for seven characters viz., pod volume,
protein content, reducing sugar content, non-reducing sugar content, CGR at 60 DAS,
CGR at 90 DAS, harvest index and kernel weight per plant. It was observed that T (ICGV
§6564) was the only parent with good gca i‘"or both aflatoxin content and kernel weight per

plant.

Results on the combination of both per se performance and gca effects revealed
that identification of superior segregants in the crosses involving L, (ICG 3245), T4 (M 13)

and Ts (TPT 4) might be possible for most of the characters studied.

The crosses selected for recombination breeding should satisfy the criteria that they
should possess non-significant sca effects with their parents showing significant gca
effects. It was very fortunate to obtain a cross, Ly X T4 (ICG 7633 X M 13) that showed
promise for recombination breeding with its non-significant sca and significant gca of its

parents for kernel weight per plant.

As there were only a few crosses available and as there was no single cross .

showing significance for more than two characters for recombination breeding, focus was

¢1made on the exploitation of non-additive gene action through heterosis breeding. The
crosses; Ly X Ty (ICG 1326 X ICGV 86564), Ly X Ts (ICG 7633 X TPT 4), Ls X T4 (ICG
7633 X M 13), Ly X Ts (ICG 3245 X TPT 4), L3 X T4 (ICG 3542 X M 13), L, X T4 (ICG
3245 X M 13), L), X T3 (ICG 1326 X TG 49) and Ly X T; (ICG 3542 X ICGV 86564)
were considered as outstanding ones for improving kernel weight per plant with aflatoxin
resistance based on per se performance. While, the crosses, Ly X T, (ICG 1326 X ICGV
86564), Ly X T4 (ICG 3542 X M 13), Ly X T5 (ICG 7633 X TPT 4) and L; X Ts (ICG

3245 X TPT 4) were considered as good specific combiners for majority of the characters. -
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Combining standard heterosis for majority of the traits with heterobeltiosis for aflatoxin

e

cwntent, Ly X T, (1ICG 1326 X ICGV 865604) and Ly X Ts (ICG 7633 X TPT 4) were

observed to be the best heterotic crosses.

Instead of analyzing the crosses and interpreting individually, the classification of
trosses based on mean, sca and heterosis for all the characters woulci reward perfect
estimates to draw sound conclusions. The cross combinations, L; X T, (ICG 1326 X
ICGV 86564), and Ly X Ts (ICG 7633 X TPT 4) have shown significance for aflatoxin
content and kernel weight at all the three selection criteria. When the three types of
heterosis were considered together, the same combinations proved to be the best for eight
characters cach. Furthermore, their parental gea effects were highly significant for more
than 50 % of the characters which means that these crosses possess double advantage and
can be cultivated either as commercial F; hybrids or can be persuaded to develop
recombinant genotypes through transgressive segregation. As groundnut being a self
pollinated crop and commercial feasibility of F, hybrid 4s of remote possibility,
transgressive segregants can be developed into out standing genotypes-with high yield

coupled with aflatoxin resistance by adopting simple breeding methods like pedigree

method and selecting both in early as well as advanced stages of segregation to exploit

both additive and non-additive gene effects.
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Appendix A: Ancillary data

S.No Genotypes  No, primary No. secondary  Plant Daysto  Haulms Sced Seed Three or
branches per branches per  height  maturity yicld per  colonization volume more sceded
plant plaut (cm) plant (g) percentage (cc) pods
1 ICG 50 5 0 37.6 111 32.50 50 073 P (>50%)
2 ICG 1326 5 7 327 110 30.17 20 0.37 A
3 ICG 1416 6 0 37.5 112 30.67 30 0.67 P
4 ICG 2184 5 0 40.7 110 35.00 30 047 A
5 ICG 2411 6 11 36.2 110 40.50 50 0.60 A
6 1CG 3245 4 4 35.3 109 30.83 60 . 043 A
7 ICG 3509 8 0 38.5 116 37.17 20 1.23 P
8 ICG 3542 11 3 38.4 110 34.17 0 0.43 P
9 1CG 3643 6 1 39.6 109 33.33 60 0.57 A
10 ICG4749 7 0 38.1 111 36.67 40 0.63 A
11 ICG 4893 5 3 45.3 111 37.17 40 0.63 A
12 1CG 5502 5 0 31.4 112 35.50 70 0.70 P (>50%)
13 1CG 6690 9 6 323 113 37.17 30 0.77 A
14 ICG 7332 4 6 37.4 120 4217 10 0.60 A
15 1CG 7633 5 0 33.1 109 31.67 30 0.77 P (>50%)
16 1CG 7637 6 5 237 123 . 3367 40 0.60 P
17 1CG 7749 12 21 26.6 124 47.33 20 . 0.73 A
18 ICG 8325 9 7 34.6 114 35.50 30 1.50 A
19 1CG 8666 5 4 40.6 110 37.67 40 0.97 P
20 1CG 10352 6 3 34.9 109 30.50 30 0.60 A
21 ICG 11386 9 6 39.4 123 50.33 20 0.87 A
22 ICG 13938 8 9 26.7 113 36.50 30 0.53 A
23 ICGV 86031 10 0 281 115 32.33 20 0.63 A
24 ICGV 86552 12 10 323 120 37.67 40 0.97 A
25 ICGV 86564 12 20 26.3 122 44.83 30 1.30 P
26 ICGV 86584 7 16 30.4 123 50.83 20 0.90 A
27 ICGV 88448 9 0 29.2 112 .33.83 70 0.83 A
28 ICGV 89214 9 11 37.2 123 39.17 20 1.03 A
29 ICGV 96234 7 0 344 112 35.17 60 0.60 A
30 ICGV 96235 4 0 30.3 117 36.17 20 1.13 A
31 ICGS 11 6 0 26.9 113 31.83 40 0.67 A
32 1CGS 21 10 0 326 115 39.50 20 . 060 A
33 BAUI3 13 10 28.5 125 48.83 20 AR A
34 TG39 5 2 218 108 24.83 30 0.77" A
35 TG40 4 0 19.3 101 25.50 40 0.97 P
“TG 41 5 0 18.2 95 26.50 70 1.50 P
37 TG42 5 0 29.4 95 23.67 90 1.20 P
38 TG45 5 0 20.5 100 22.83 30 1.00 P (25%)
39 TG49 6 2 222 96 24.00 .70 0.93 P
40 M3 6 7 34.6 125 42.67 10 1.10 A
41  JL24 7 11 36.9 108 39.67 40 1.00 P
42 K134 6 0 30.6 108 36.33 40 0.63 A
43  TPTI1 4 0 51.8 109 42.50 50 0.77 A
44  TPT2 4 0 436 110 4467 30 0.87 A
45  TPT4 5 0 37.4 110 45.67 10 1.10 A
46  TCGS29 4 0 44.9 109 4117 30 0.77 A
47  TCGS 6} 11 8 36.2 118 45.33 20 073 A
48  TCGS9! 12 13 36.2 114 47.33 0 0.67 A
49 TCGS 320 6 0 34.8 111 45.83 50 0.57 A
50  TCGS 407 6 4 247 113 37.83 20 0.70 A
51 TCGS 584 4 0 23.9 113 2417 60 . 0.87 P
52 TCGS 596 7 0 34.3 112 46.00 20 1.07 A
53 TCGS 617 11 11 29.1 123 5017 . 20 1.03 A
54  TCGS 634 9 7 30.1 111 47.67 50 1.03 A

A

P = Present A = Absent
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