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At the dry land farm of S. V. Agricultural Colleg€irupati, duringrabi
in 2021-2022, a randomised block design with theggications was used to
conduct the present study which was titled "Genatialysis of yield, yield
attributes and water use efficiency related tramsgroundnut Arachis
hypogaea L.)." It included 36 genotypes comprised of 26 aubeal breeding
lines and ten released varieties. Data was obtainefive randomly chosen
plants in order to identify the most promising ggpes to estimate genetic
parameters, evaluate genetic diversity among gpestyand examine
correlations and path co-efficient analysis for relegeristics linked to the
yield, yield attributes and water use efficiency.

Analysis of variance (ANOVA) indicated extremely gmsificant
differences for all the characters among all theogyges for each character
under study demonstrating that genotypes differsiciamably. The traits
include days to 50% flowering, days to maturityardl height, number of
primary branches plaht number of secondary branches pfarkernel yield
plant! (g), hundred kernel weight (g), shelling per cesoiind mature kernel
per cent, harvest index (%), SPAD chlorophyll metading at 60 DAS,
specific leaf area at 60 DAS (érgnT!), relative water content (%) and pod
yield plant* (g).

A thorough examination ofer se performance showed that the
genotypes TCGS-2223, TCGS-2040, TCGS-2039, TCGS-2280TQ@GS-
2053 were superior for the majority of traits retato yield, yield attributes
and water use efficiency.

Number of secondary branches ptaahd number of primary branches
plant! showed higher estimations of GCV and PCV. Numbfeprimary

Xiv



branches plartt number of secondary branches planpod yield plant,
kernel yield plant, plant height and specific leaf area at 60 DASasttbhigh
heritability coupled with high genetic advance a&s pent of mean which
suggests that predominance of additive gene astitime expression of these
characters and that selection would be effectivenimancing these traits.

Thirty six groundnut genotypes were grouped inteerglusters using
D? analysis. The clusters VI-IX, VI-VIII, I-IX, V-IXand VII-VIIl were
discovered to be increasingly divergent in decreperder of their magnitude
based on the inter cluster distances. Hence thetymas of these clusters
could be used as parents in the hybridization progne and crossing
between them would produce transgressive segregaflt®e cross
combinations K-6 x TCGS-2053 and TCGS-2235 x TCGS-20%8d be
recommended to improve water use efficiency relatads. Greeshma x
TCGS-2053 and TCGS-2223 x TCGS-2230 could be suggéstedbtain
transgressive segregants for yield and yield aited in groundnut by
comparing the genetic divergence between clusteipa se performance of

genotypes.

The most significant contribution to diversity wasde by shelling per
cent followed by pod yield platit SPAD chlorophyll meter reading at 60 DAS,
kernel yield plant, number of secondary branches plaand specific leaf area
at 60 DAS. This proved that these traits could bkiad when segregating
populations are selected during hybridization.

Character association analysis revealed a higlgpifsiant positive
correlation between kernel yield planinumber of primary branches plant
SPAD chlorophyll meter reading at 60 DAS, harvestex and the sound
mature kernel per cent with the pod yield pfaas well as between these
traits at both the phenotypic and genotypic levilsorder to develop these
characteristics and boost the pod yield ptamroper emphasis should be
placed on these attributes.

The path analysis revealed that the direct impadhefkernel yield
plant! on the pod yield plaftwas highly positive and it was followed by the,
SPAD chlorophyll meter reading at 60 DAS, harvadex and plant height.

Overall analysis of the present study showed tiegenotypes TCGS-
2053, K-6, TCGS-2235, Greeshma, TCGS-2223 and TCGS-288re
determined to be promising for yield, yield attitiesiand water use efficiency
related traits. Hence these genotypes can be iedlud the crossing
programme for the development of high yielding eaeis with high water use
efficiency.
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Chapter |
INTRODUCTION

The cultivated groundnutAfachis hypogaea L.) is a self —pollinated
crop and allotetraploid with 2n=4x=40. It belongs the sub-family
Papilionaceae of the family Leguminosae. Groundnatso known as peanut,
goober nut, monkey nut, manilanut, earthnut andupies pre-eminent
position in national edible oil economy and is kmoas “King of oilseeds”
and “Poor man’s Cashewnut”. It is a native of Bofitmerica where it was

first domesticated in Paraguay valleys.

Groundnut is widely accepted as the most impodantce of nutrition
to both human and animals due to its high oil (8%6% and protein (25%)
content. Besides oil and protein, groundnut alsotaios carbohydrates (8-
14%), minerals, vitamins A, B and some members oigiup especially
thiamin and niacin. Groundnut also provides nutdeto the soil and its
cultivation improves soil fertility by nitrogen fation that makes it an
important component for crop rotation. It is groasa sole crop, intercrop or
mixed crop (Raat al., 1990; Ghosh2004). These multiple uses of groundnut
makes it an excellent cash crop for both natiomal mternational trade in

several emerging and also developed countries.

Globally, it is cultivated in an area of 29.92 Mheth annual
production of 55.30 Mt and productivity of 1851 kg! (FAOSTAT, 2020-
2021). In India, groundnut covers an area of 6.0d8aMith a production of
10.21 Mt and productivity of 1676 kg fialn Andhra Pradesh, it is cultivated
in an area of 0.87 Mha with a production of 0.78avitl productivity of 894

kg hat! (Directorate of Economics and Statistics, 2021).

Mainly groundnut is cultivated as a rainfed crog Isualso grown as
irrigated crop. Duringrabi season, due to the depletion of ground water
resources water shortage is usual during the ceopg Hence, there is urge

to find out water use efficiency (WUE) genotypesgnoundnut. WUE is an



important trait which contributes to productivityhen there are limited water
resources. The productivity of the crop can be pobad by identifying the
genotypes that use the limited resources of watee refficiently (Arunkumar
et al., 2017). The natural capacity of groundnut to matidy tolerate drought
renders it suitable to be grown largely under rdeapendent conditions

especially by the resource-poor farmers.

The development of genotypes with high water useieficy (WUE)
under limited water availability is necessary sifi@guent droughts are one
of the limiting factors that negatively affect grmnut yield especially in
rainfed areas. In groundnut, WUE is associated with SPAD chlorophyll
meter reading (SCMR), specific leaf area (SLA) aelhtive water content
(RWC). SCMR, SLA and RWC can be utilised as sun®dgaits to choose
genotypes with high WUE. When these physiologicaltdr are used as
selection criteria in breeding programmes or in $lkeéection of productive
genotypes, we will be greatly assisted in bringyametic improvements for
improving WUE in groundnut genotypes ultimately legdto the evolution

of better genotypes adapted to drought conditions.

Because of the practical difficulties involved imedt measurement of
WUE; indirect methods of WUE like SPAD chlorophylleter readings
(SCMR), specific leaf area (SLA) and relative watemtent (RWC) are
calculated (Babithat al., 2006). SCMR measures the green colour intensity
and this is associated with chlorophyll densitygmoundnut. Under water
stress conditions, maintaining the high chloroplag@hsity is associated with
high WUE in groundnut. SLA is inversely associatethWVUE. SLA is the
measure of leaf thickness and low SLA genotypeslymes high dry matter
during drought conditions (Janihal., 2015).

Lack of genetic variability even between the botahigroups of
groundnut as evidenced by molecular analysis lithissimprovement of the
crop. Hence, the groundnut genotypes were evaluatagsess the nature and

magnitude of genetic variability among the genosyfue further utilization in



the breeding programmes. Genotypic coefficientarability estimate gives
good implication for genetic potential in crop irmpement through selection.
The variability in the population is largely due genetic cause with least
environment effect; the possibility of selectingpstor genotype is a
prerequisite for obtaining higher yield which ithiltimate expression of

various Yield contributing characters.

Genetic variability is essential for crop improverhas it provides
large scope for selection. The effectiveness @csiein depends on the nature,
extent and magnitude of genetic variability presarthe population. Hence,
PCV and GCV estimates are calculated to know tleeafthe environment in

the expression of characters (Gugtal., 2015a).

It was found out earlier that genetic improvemerit ptants for
guantitative traits requires reliable estimate efitability in order to plan an
efficient breeding programme. Heritability is thegio of phenotypic variance
to the genotypic variance. Heritability estimateslps in the effective
selection for desired traits and there by maximuemegic gain can be
achieved. Genetic advance is the genetic improvemieprogeny selection
over the original population. High Heritability qoled with high genetic

advance is more reliable for the selection ofdréftakeetaet al., 2019).

Yield is a complex character that is polygenic aimghly influenced by
the environment. Thereby, selection based on yidtmhea restricts the
improvement. But, selection based on the highlytélgle yield attributes is
most effective. The correlation between characteag exists due to various
reasons such as pleiotropy and genetic linkage.uAderstanding of the
direction and extent of association of the compbokaracters with economic
yield is an essential prerequisite for formulatingst selection strategy in
groundnut breeding programmes. Correlation stuukédss to know the nature
and extent of association of yield with differemtlg components. Hence, for
better improvement of vyield; it is essential to arorate the correlation

studies in breeding programme (Praldbwal., 2015). Genotypic correlation



revealed the existence of real association whehsaphenotypic correlations

may occur by chance (Bhargatial., 2017b).

The correlation coefficient may be confounded wittiriect effect due
to common association inherent in trait interrelaships. Therefore,
information derived from the correlation coefficisrcan be augmented by
partitioning correlation coefficients into direchdh indirect effects by path
coefficient analysis and gives more realistic iel&hip of the characters and

help in effective selection (Korat al., 2010).

The diversity study is a pre-requisite for any hglt@ation programme.
Most of the times selecting the parents for hylzadon based only on the
phenotypic characters does not give effective tesBut, selection of parents
based on intra cluster and inter cluster distanoéscluster means helps in the
production of transgressive segregrants or betgmsmbinants (Hampannavar
and Khan, 2018a).

Realizing the impact of drought on yield attritajtéhere is a need to
study on genetic potential of groundnut genotypdb tigh WUE and yield.
Hence, the present investigation was framed wigtfalowing objectives:
Objectives:

1. To identify the promising genotypes for yield, yieddtributes and

water use efficiency (WUE) related traits.

2. To study genetic variability, heritability and geneddvance for yield,
yield attributes and WUE related traits.

3. To study correlations among the yield, yield attrdsuand WUE

related traits.

4. To study the genetic diversity among the genotysasgul?’ statistics
for the yield, yield attributes and WUE relatedtBai
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Chapter — II

REVIEW OF LITERATURE

The genetic improvement of economically importaait$rin groundnut
requires adequate knowledge of their inheritandéepa genetic variability
and relative contribution of genetic and non-genebmponents in their

expression and inter-relationships.

A brief review of available literature related teetobjectives of present
investigation in groundnu¢achis hypogaea L.) is presented in this chapter

under the following headings:
2.1 Genetic parameters (variability, heritabityd genetic advance)
2.2 Genetic divergence
2.3 Character association
2.4 Path co-efficient analysis
2.1 GENETIC PARAMETERS

Genetic variability is the basic requirement fooimprovement as it
provides wider scope for selection. Thus the effeoess of selection
depends on the nature, extent and magnitude otigeraiability present in
the population and to the extent to which it isitabte. The PCV and GCV
estimates are calculated to know the role of enwviment in the expression of
the characters. Genotypic coefficient of variapilistimates gives good

implication for genetic potential in crop improvemé¢hrough selection.

The study of genetic advance with variability esties further clarify
the nature of the character that can be improvemligh selection. Heritability
IS an important parameter as it determirtbg response to selection.
Heritability and genetic advance are very usefahi@trical tools for breeders
in determining the direction and magnitude of dsdec The degree of

success depends on the magnitude of heritability asasures the relative



amount of the heritable portion of variability. Hidneritability alone is not
enough to make efficient selection in the advangetherations unless
accompanied by substantial amount of genetic advane study of genetic
advance with heritability estimates further clarthe nature of gene action
controlling character which decides the breedinghodology for the genetic
improvement of the character. Hence, the estimategenetic variability,

heritability and genetic advance had an immenseaevial identifying superior
genotypes.

A brief review of work done on variability, heriisity and genetic

advance in groundnut is presented below.

John et al. (2005) studied variability among yield and vyield
components and stem necrosis disease that hefgdeiction of high yielding
varieties with stem necrosis resistance. High P@ntGCV was recorded for
all the characters. High PCV and GCV was recordedpbd yield plant
followed by plant stand at harvest which indicatest sufficient variation is
present for these characters. High heritability lhigth GAM was observed for

plant stand at harvest.

Genetic variability studies conducted by Koettal. (2009) on 80
diverse groundnut genotypes revealed high PCV aG¥ @®r number of
secondary branches plantThey have also observed high heritability along
with high genetic advance as per cent of mean fonber of secondary
branches plartand number of aerial pegs planwhich indicated that these

characters were governed by additive gene action.

Shobaet al. (2009) carried out crosses to develop diseasstaesi
parents using TMV-2 as female parent and determivatdous genetic
parameters like variability, heritability and ganeadvance as per cent of
mean for nine characters and observed that althiaeacters exhibited high
PCV than GCV for all the characters.



Dolma et al. (2010b) reported the highest genotypic and plypnot
coefficient of variation for kernel yield plahtplant height, pod yield plaht
and 100 kernel weight in groundnut. Similarly, higéritability coupled with
high genetic advance was observed for these tradisating the scope for

their improvement through selection.

Meta and Monpara (2010) evaluated 50 groundnut tgpas and
examined that high GCV and PCV for pods plantod yield plant and
kernel yield plant. High heritability and high genetic advance as gt of
mean for plant height and hundred pod weight irtdigaadditive gene

expression on these characters.

Raut et al. (2010) observed high values of GCV, PCV and genetic
advance for number of primary branches ptanilant height, number of
mature pods plart number of immature pods plantkernel yield plant and

pod yield plant in most of the crosses of groundnut.

Johnet al. (2011) studied that JL-220 of groundnut recordaghér
performance for protein per cent, number of matwds, hundred kernel
weight and harvest index and ICGV 99029 recordeghdri performance for
stomatal conductance, number of secondary branplaes’, kernel yield
plant! and pod vyield plart High heritability and high genetic advance per
mean was recorded for number of secondary bramlhas' which indicates
additive gene action and thereby less influencéhefenvironment on these
characters and hence selection is effective. Maoeenaritability and high
GAM was observed for number of pods ptanBLA and dry haulms plant

which indicates both additive and non-additive gacton.

Nandini et al. (2011) reported that pod yield planin groundnut
recorded maximum GCV followed by kernel yield pidnhumber of pods
plant!, sound mature kernel per cent, SLA, number of dras plant,
shelling per cent, plant height and SCMR while logvitability and moderate

genetic advance as per cent of mean was obserw&CHdR.



Vekariya et al. (2011b) studied 50 genotypes of groundnut and
recorded highest GCV and PCV for number of matwéspplant, protein
content, kernel yield plaft harvest index, biological yield plahtand
hundred kernel weight. They have also observed higtitability coupled
with high genetic advance as per cent of mean twnlber of mature pods
plant!, kernel yield plant and pod yield plant indicating that these traits

were governed by additive gene action.

Narasimhuluet al. (2012) conducted genetic variability studies & 1
genotypes for nine characters and recorded higitabgity along with high
genetic advance as per cent of mean for pod yieldath kernel yield plant
and shelling per cent which indicates additive gacteon for these characters

and improvement can be made by selection of theseacters.

Johnet al. (2013) evaluated 37 advanced breeding lines anddfou
phenotypic coefficient of variation was slightly gher than genotypic
coefficient of variation for all the traits indicagj presence of environmental
effect for the traits. The highest genotypic co&fft of variation was
observed for days to 50 % flowering (45.58%) fokamivby pod yield planit
(46.67%), stem rot incidence (36.51%), number ofmature pods plarit
(35.80%) and number of secondary branches pk&%.75%).

Patil et al. (2014) investigated variability of 58 Spanish bunch
groundnut genotypes for 16 characters and foundima® broad sense
heritability for days to 50% flowering followed kplant height and hundred
kernel weight. The traits days to 50% flowering,nplaeight, hundred pod
weight, hundred kernel weight, shelling per centl &arvest index showed

moderate to high heritability coupled with moderatdigh genetic advance.

Dewanganet al. (2015) investigated on 50 groundnut genotypes and
significant variability was recorded for days to%0lowering, plant height,
number of branches plahtdays to maturity, number of pods ptanhumber
of kernelsper pod, seed index (hundred seed weight), pod pi@int!, sound
matured kernel (%) and shelling (%). High heritdypivas observed for plant
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height (99%), seed index (94%) and pod yield plai@3%). High value of

genetic advance was observed for plant height 221.9

Guptaet al. (2015c¢) and co-workers studied 60 genotypes ajinia
groundnut and evaluated durikbarif 2013 for variability parameters. For
characters like plant height, number of branchestp] number of mature
pods plant, hundred pod weight, hundred kernel weight, keyield plant
and harvest index; the PCV and GCV were high. Hightability and genetic
advance as per cent of mean was observed for hdipada weight, hundred
kernel weight, kernel yield plahtwhich indicates that these traits are mainly
governed by additive gene action and there by respe for selection for

further improvement of these traits.

PCV was greater than GCV for all the characterdist by Jibriret al.
(2016) which indicates the influence of environmemt the characters.
Heritability was moderate to high except for kersgle which indicates that
selection of such traits would enhance the oil eenhtand other agronomic

traits in groundnut.

Three k populations derived from crossdég., KCG-6 x ICGV-91114,
KCG-6 xv TG-69 and TMV-2 x ICGV-00350 were assesse&lmashikumara
et al. (2016) and found high PCV and GCV for pod yieldinas yield, total
pods, matured pods and oil yield ptarin all the crosses indicating wide
range of variability. High heritability coupled Withigh genetic advance of
mean (GAM) was noticed for matured pods, kernddyieil yield, pod yield
plant!, harvest index and shelling per cent in all thee¢hcrosses which

indicated the involvement of additive gene actiocaontrolling these traits.

Srivalli and Nadaf (2016) studied the genetic Jality of 299 RILS
for the physiological traits of groundnut under arastress. The observations
revealed that RWC at 30 days after stress has @medey high heritability
coupled with high genetic advance per mean whidicates that selection is

effective at later stages of stress. SLA and SCMR low to moderate



heritability and genetic advance per mean whiclicatds that these characters

are influenced by the environment and hence lithiégsselection.

Bhakal and Lal (2017) conducted variability studies yield and its
contributing traits in groundnut and reported thighest genotypic coefficient
of variation was observed for plant height at 209DAnd high heritability
coupled with high genegtic advance as per centad#mior plant height at 60

DAS which indicates predominant additive gene &ctio

Bhargavi et al. (2017a) evaluated 20 Spanish bunch groundnut
genotypes for variability, heritability and genesidvance as per cent of mean
for 19 characters. The results indicated that tighh PCV and GCV were
observed for number of mature pods plartiigh heritability coupled with
high genetic advance as per cent of mean werededdor number of mature
pods plant, biological yield plant, pod yield plant, pod yield per hectare,
kernel yield plant, kernel yield per hectare, hundred kernel weigid ail
yield per hectare indicating the preponderancedditave gene action which

might be exploited through simple selection procedu

Chavadhariet al. (2017b) evaluated 70 groundnut genotypes for
guantitative and yield parameters and observed @@V for kernel yield
plant? followed by the number of branches ptantharvest index and
biological yield plant. High estimates of heritability coupled with high
genetic advance as per cent of mean was observdceifoel yield plant,
hundred kernel weight, plant height, hundred podgkte biological yield
plant!, harvest index and number of branches plamtdicating the

preponderance of additive gene action.

Kamdi et al. (2017) evaluated 18 local collections of grourtdand
reported higher phenotypic coefficients of variattban genotypic coefficient
of variation. They also observed small differencetween genotypic and
phenotypic variability for number of mature podamif, weight of dry haulms
plant! and weight of dry pods suggesting that these chemrsa were less
influenced by the environment.
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Mandalet al. (2017) evaluate the genetic variability for 13 reuders in
19 genotypes and observed high GCV, high heritgbdoupled with high
genetic advance as per cent of mean in case o¢lkgeid plant', number of
pods plant, number of kernels plahtand hundred kernel weight indicating
the role of additive gene in expressing thesestraid effectiveness of

selection.

Yusuf et al. (2017a) evaluated 16 groundnut genotypes for 12
guantitative characters and observed high to moel@stimates of GCV and
PCV for all the characters except for shelling pent and number of
secondary branches which indicates that these aieasacan be selected for

yield improvement

Nayak (2018) studied genetic variability, henliyp and genetic
advance among 20 groundnut genotypes dumabg2016-2017 and observed
high GCV, heritability and genetic advance per méan characters like
hundred kernel weight, hundred pod weight, dry pteld and these are
governed by additive gene action. Traits like sheglper cent, sound mature
kernel and final plant stand shows moderate helitialand high genetic

advance which shows predominant additive generactio

Hampannavaet al. (2018b) studied genetic parameters like varighilit
heritability and genetic advance as per cent ofmieal3 different characters
among 144 groundnut genotypes durligarif 2015. The traits plant height,
number of primary branches plantnumber of mature and immature pods
plant?, kernel yield plant, hundred kernel weight, haulm yield pfrand dry
pod yield plant had high GCV, PCV, heritability and genetic adwaas the
per cent of mean which indicates additive gene oactand thereby
improvement can be effectively done by phenotypitedion for these

characters.

Sabet al. (2018) studied genetic variation and associatian nine
characters for 34 advanced breeding lines of gnounhdenotypes for WUE
and yield traits. High PCV and GCV were observed god yield plant,
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kernel yield plant and number of pods plahtvhich indicates that variability
Is present between these characters. High heityahild high genetic advance
per mean was recorded for SLA and yield relateiistraligh heritability and
low genetic advance per mean was recorded for SQMIA; to first flowering
and primary branches plahtvhich indicates additive and non-additive gene
action. The observations revealed that SCMR antl yielated traits are
strongly correlated with pod yield plahtvhile SLA has negative correlation
with pod yield plant.

Nagaveni and Khan (2019a) assessed 49 terminaghkiraroundnut
genotypes and recorded high PCV and GCV for imneapads plant, dry
pod yield and haulms yield under normal and colgtdolconditions. They
have also observed high heritability coupled withhgenetic advance as per
cent of mean for plant height, primary branchesitglamature pods plant
haulms yield, dry pod yield, hundred kernel weidbitA, SPAD chlorophyll
meter reading and harvest index indicating thatsdhé&aits are mainly

governed by additive gene action.

Shindeet al. (2019) studied variability and diversity studieaang
progenies of eight crosses of groundnut and regohntzt PCV was higher than
GCV for all the characters and higher GCV and PC&swbserved for
number of branches plahtfollowed by number of immature pods pfant

number of mature pods planand dry pod yield plarit

Veer (2021) investigated on 14 groundnut genotypek evaluated for
12 quantitative characters. Maximum GCV and PCV veasrded for kernel
yield (18.45 g/ha). Maximum heritability was receddfor plant height (31.97
cm) and high genetic advance as per cent of mearfidlll emergence
(235.5%). Hence these characters can be seleatddrfioer improvement in

the future.

Mitra et al. (2021) investigated on 31 groundnut genotypes and
observed high GCV and high PCV for number of potintd, secondary
branches, kernel width, and pod yield. Pod lengtd yield and number of
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pods plant showed high heritability and high genetic advawbéch indicates

additive gene action for these traits.
2.2 GENETIC DIVERGENCE

Success of plant breeding programme depends laogetiie choice of
appropriate parents. It is expected that the atilin of divergent parents in
hybridization results in promising recombinantsn&& improvement mainly
depends upon the amount of genetic variability gmesn the population.
Selection of parents based on Mahalanobfs skatistics (1936) is more
reliable method as the requisite knowledge in retspka mass of characters

is available prior to the crossing programme.

A brief resume of work done on genetic diversity groundnut is

presented here under:

Dolma et al. (2010a) evaluated 33 genotypes of groundnut from
different geographical regions and grouped them six clusters. The inter
cluster distance was maximum between cluster IV \aridllowed by cluster
Il and V. Based on inter cluster distance goa se performance the
genotypes from these clusters are suggested flusion in the hybridization

programme to evolve high yielding and late leaftgpsistant genotypes.

Kumar et al. (2010) conducted Panalysis in 64 groundnut genotypes
(39 new germplasm accessions and 25 advanced hgeddes). These
genotypes were grouped in to seven clusters whlerger VIl was the largest
followed by cluster | and cluster VI. Maximum inteluster distance was
recorded between IV and VI representing wide digaog among these
clusters. On the basis of intercluster distanceduster means the genotypes
from these clusters were widely diverse therefomey e considered for

future breeding programmes.

Nikam and Thaware (2010) studied genetic divergeacwng 38
genotypes of groundnut by using MahalanobfssEatistics. The genotypes

were grouped into nine clusters. The maximum inkester distance was
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observed between cluster VI and VII, followed bystér Il and 1X indicated

that these groups of genotypes were highly diveérggam each other. The
genotype in above clusters revealed substantidrdiices in the means for
important yield contributing characters and wenenfb to be potential parents

based on cluster mean and genetic diversity.

Venkateswarluet al. (2011) studied 74 groundnut genotypes and
grouped them into 12 clusters based drabalysis and suggested that there is
no relationship between geographical distributiod genetic diversity. They
also reported that the characteis, hundred kernel weight, shelling per cent

and harvest index contributed maximum towards gexetergence.

Suneethat al. (2013) carried out diversity analysis for 29 releéd and
pre-released groundnut genotypes durkigrif and classified into nine
clusters. Intra- cluster Dvalues and distances (D) were high within the grou
V i.e, 26.83 and 5.18 respectively. Inter-cluster averBdevalues ranged
from 11.02 (between group IV and VIII) to 57.76 tileeen group V and IX).
Hence the genotypes from these clusters can betesgilor obtaining better

transgressive segregants.

Yadav et al. (2014) evaluated 60 genotypes of groundnut fa& th
genetic variability and genetic diversity by comsidg D analysis and
grouped them into 12 clusters. They found that rtteximum inter-cluster
distance between clusters Ill and X carrying ore taro genotypes from each
cluster and minimum inter cluster distance was ofeskbetween clusters VII
and XI.

Guptaet al. (2015b) evaluated 60 groundnut genotypes and gubup
them into thirteen clusters. They observed that imam inter-cluster
distance (D=36.51) was observed between clustérand V followed by
clusters IV and V (D=32.67) and Il and IV (D=24.2ihgicating that the
genotypes from these clusters can be consideredoldaining better

segregants in the future breeding programmes.
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Vivekanandeaet al. (2015) classified 31 genotypes into seven clusters
which cluster | contains largest number of genagypdaximum intercluster
distance is between cluster | and cluster VI. Basethe cluster distances and
cluster means the genotypes from cluster I, [1gnd VI could be selected for

hybridization programme.

Bhakal and Lal (2015) studied genetic divergenceguEf statistics of
40 genotypes of groundnut of different geographigio for 11 characters.
The cluster VI was the largest consisting of 12 ¢ypes followed by cluster
V which comprises of seven genotypes, cluster | @ndter VII have six
genotypes each, cluster lll, Il, and IV comprisdsfaur, three and two
genotypes respectively. The diversity among theotygres is measured by
intra-cluster and inter-cluster distance and theotges that present in
diverse clusters can be used as promising paremts hybridization

programme.

Vasanthiet al. (2015) evaluated 29 groundnut genotypes and gobup
into eight clusters based on tehysiological charactersiz., leaf area
duration, leaf area index, crop growth rate, netnaation rate, specific leaf
area, SCMR, harvest index and pod yield ptatfiirough B3 statistics. The
highest inter-cluster distance was recorded betwester VI (Tirupati-4 and
K-134) and VIl (TCGS-647). Based on intra and inteustdr distances and
cluster means, parents were identified for furthexeding programmes for

isolation of useful transgressive segregants.

Kushwahet al. (2016) conducted divergence studies on 29 breeding
lines of groundnut and classified them into eighisters where maximum
inter-cluster distance was observed between chisteand VIII followed by
cluster VI and VII, indicating that genotypes fraimese clusters could be
selected as parents for hybridization. Shelling et contributed maximum

to the divergence followed by harvest index.

By conducting genetic diversity studies Raghuwarethal. (2016)
grouped 50 groundnut genotypes into 27 clusteragu§f analysis. The
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maximum inter-cluster distance was found betweastel XXVII and XVIII
followed by cluster XXVI and XVIII, XXVII and XXIII indicating that
genotypes from these clusters could be used abpdeants for improvement

in groundnut.

Chavadharet al. (2017c) grouped 70 groundnut genotypes into eleven
clusters based on Mahalanobi$diatistics where the maximum inter-cluster
distance was observed between clusters IV and XP289.0) followed by
clusters VIII and IX (D=235.65) and clusters Il andll (D=228.02)
indicating that the genotypes of these groups aveerdivergent from each
other and the genotypes from these clusters carsée as ideal parents for

further improvement.

Fifty groundnut stem necrosis tolerant groundnutieti#gs were
evaluated for their genetic diversity with respdct kernel vyield, yield
attributing characters and qualitative traits byedithaet al. (2017). The
genotypes were classified into eight clusters basedMahalanobis B
statistics. SCMR at 60 DAS, protein content, hariadex and hundred
kernel weight accounted for 80.98 per cent of thialtgenetic divergence
indicating their importance in the choice of paserfor hybridization

programme.

Reddy et al. (2017) investigated on 30 drought tolerant growndn
genotypes and classified them into six clustersedhasn Mahalanobis D
statistics and observed that maximum diversity betwgenotypes of cluster |
and VI and maximum intra-cluster distance for @udlV which indicates
high variability within this cluster and the genp#s from these clusters could

be selected for hybridization programme.

Waghmodeet al. (2017) estimated the ?values and observed the
presence of considerable amount of genetic diyeraihong the 121
groundnut genotypes. Among the clusters, maximutra inluster distance
was recorded within Cluster VIl followed by clustét and cluster I. The

maximum inter cluster distance was observed betvabester VI and VII
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followed by cluster Il and VII, cluster Il and Vlhdicating wide divergence
between these clusters. Variance of cluster mearealed that dry pod yield
plant!, number of kernels per pod, shelling per cent,dneah kernel weight
and number of pods plahtwere the main characteristics contributing to
divergence. Based on intra and inter cluster digtsncluster means apdr

se performance of genotypes., Pratap Mungphali- 2, TGLPS-3, M-lll, TG-
37 A, TKG-Bold, M-548, R200%1 and TMV (GN)'3 were recommended for

future breeding programme.

Genetic diversity studies by Ganettal. (2018) using Mahalanobis?D
analysis revealed that maximum contribution to ltatwergence was by
hundred pod weight followed by shelling per cengrriel yield plant,
hundred kernel weight, plant height and days to S@#ering. Based on
maximum genetic distance, they advised that crgssingenotypes from
cluster X and IX, IX with Il and cluster VIII withl which may lead to broad
spectrum of favourable genetic variability for yielimprovement in

groundnut.

Hampannavar and Khan (2018a) measured geneticsiivesy D
statistics among 144 genotypes for 13 charactehgesd genotypes were
grouped into 16 clusters. The maximum inter-cluslistance was observed
between the cluster-XI and XVI followed by clust& and XVI. Thereby
crossing between these two clusters helps in themlugtion of better

recombinants or transgressive segregants.

Nagaveni and Khan (2019b) conducted genetic diyeesiperiments
by using [ statistics of 49 drought tolerant groundnut genesymnd
classified them into seven clusters. Cluster lihsists of maximum number
of genotypes followed by Cluster | and ClusterThe genotypes from the
most diverse clusters could be used for the exglor of heterosis in further

crop improvement programmes.

Mitra et al. (2021) conducted an experiment with thirty one ganut

accessions and grouped them into thirteen clubsed on Bstatistics. The
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intercluster distance is maximum between the alaste(two accessions) and
XIl (one accession) which indicates that the cragdietween these clusters

helps in the production of transgressive segregartetter recombinants.
2.3 CHARACTER ASSOCIATION

Yield is a complex quantitative character goverbgd large number
of genes and is greatly affected by environmentndde the selection of
superior genotypes based on yield alone will notega fruitful result.
Association of yield components and yield thus as=ii special importance
as the basis for selecting desired strains. Gepetrelation between different
characters often arises due to its tight linkagepiotropy. Correlation
coefficient reveals the type, nature and magnitfdeorrelation between any
pair of characters. Phenotypic correlation is tlssoaiation between two
characters which can be directly observed and stdgeto changes in the
environment. It measures the environmental dewatitogether with non-
additive gene action. Genotypic correlation isdbeelation of breeding values

l.e. additive x additive gene action.

A brief review of literature on the association oharacters in

groundnut is presented here under.

Abraham (1990) studied 42 bunch varieties of grouménd observed
that kernel yield had significant positive correatwith pods plant, kernels

plant!, hundred kernel weight and shelling per cent.

Jayalakshmi and Reddy (2003) estimated that hamesix, mature
pod number plantand specific leaf area were associated with efieér @and
also kernel yield which indicated that selectiom these traits would be

helpful in improving the yield of groundnut.

Reddyet al. (2003) observed a positive correlation between SG&R
seed yield and negative correlation between SCMIRSIMA and concluded
that SCMR was a potential physiological trait topdoy as a surrogate for
transpiration efficiency.
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Meta and Monpara (2010) studied correlation forelie genotypes
and reported that pod yield planhas strong positive association with kernel
yield plant!, number of pods plait shelling out turn and oil content that

indicates that these characters significantly iaseethe yield.

Hiremathet al. (2011) conducted correlation studies and obsettvad
number of primary branches, pod weight pfanhundred kernel weight,
sound mature kernel per cent and oil yield showgpmifscant positive

association with pod platt

Vekariya et al. (2011a) revealed that the magnitudes of genotypic
correlation coefficients were higher as comparedthe corresponding
phenotypic correlation coefficients. The pod yieldang® had highly
significant and positive correlations at phenotyfgeels with number of
mature pods plart hundred pod weight, hundred kernel weight, keyielt

plant?, biological yield plant and harvest index.

Zamanet al. (2011) observed high significant positive assocratf
seed vyield with nut size, number of nuts pfankernel size and days to

50 % flowering.

Babariya and Dobariya (2012) conducted correlastuaies by using
hundred genotypes and revealed that the traitsdées to maturity, plant
height, number of pods plahtkernel yield plant, number of mature pods
plant!, hundred kernel weight, biological yield pldrand harvest index have

strong positive correlation with pod yield.

Narasimhulu et al. (2012) recorded that pod yield planthad
significant positive association with kernel yiglhnt!, shelling per cent and

sound mature kernel per cent at both genotypigéiediotypic levels.

Makinde and Ariyo (2013) studied correlation an@slys 22 genotypes
for ten characters under two environments. They daimat number of pods
plant! showed significant positive correlation with yiefdant! in both
environments and also had the largest direct pesgifect on yield plant
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(0.66 and 0.70). They observed significant genotygpel genotype x

environment interactions on yield plant

Alam (2014) conducted correlation studies in 45ugdnut genotypes
for pod yield and its yield components and obsentbdt genotypic
correlation coefficients are higher than phenotypicorrelation
coefficients which indicates that there is strongerent association between
these traits. Secondary branches plahiarvest index, hundred pod weight,
hundred kernel weight, pod size, disease incidemok canopy temperature
have strong positive association with pod yield.

Rao et al. (2014) studied inter-relationships among 50 gdown
genotypes and revealed significant positive cotigeiaof dry pod yield with
kernel yield, number of pods plahthundred kernel weight and dry haulms
yield.

Guptaet al. (2015c) carried out correlation studies in 60 ggoes and
revealed that pod yield plahthad high significant and positive correlation
with number of mature pods planthundred pod weight, shelling out turn,
kernel yield plant, biological yield plant and harvest index.

Manjubhargaviet al. (2015) carried out correlation analysis and
revealed that kernel yield plahtvas significantly and positively correlated
with days to 50% flowering, primary branches pfartbtal number of pods
plant!, number of mature pods plantpod yield plant, harvest index,
hundred seed weight and protein content.

Prabhuet al. (2015) studied that genetic association playg@fecant
role to study the interrelationship and relativentabution of different
characters towards crop improvement. Correlatioalyans with yield and
other yield components were carried out to idertifg selection indices Iin
BCoF1 generation of two crossesz., CO-7 X GPBD-4 and CO-7 X COG-
0437. From this study of correlation analysis, &@& can be done based on
number of pods plaft hundred pod weight, hundred kernel weight andl she
weight for improving pod yield and kernel yield pta in groundnut.
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Character association studies was done by Kuetaila (2015) among
fourteen characters in2lSegregating generations of three groundnut crosses
and revealed that SLA had significant negative etation with SCMR, total
pods plant, matured pods planht kernel yield and pod yield. They have also
observed significant positive correlation of tr&#§MR, matured pods plaht

harvest index, kernel yield, oil yield and SMK pent with pod yield.

Six R crosses of groundnut genotypes were evaluated Haracter
association among vyield attributing and physiolagicaits by Vinuthaet al.
(2015) and revealed high association of pod andeterield with number of
pods plant and sound mature kernel at phenotypic level. Thesiplogical
traits SLA and SCMR showed significant negative elatron with each other
in all the crosses except in cross GKVK-5 x GPBD-4.

Aparna et al. (2017) carried out correlation for pod yield aitsl
contributing characters and reported that pod ym#ht! was significantly
positively correlated with harvest index, hundresinel weight, kernel yield
plant!, number of mature pods pldntiotal number of pods plahtshelling

per cent and number of pegs plant

Correlation and path coefficient analysis for yiakd its contributing
traits in groundnut germplasm was studied by Bhakal Lal (2017). The
phenotypic and genotypic correlation analysis riagethat plant height at 40
DAS and hundred kernel weight was significantly gouditively correlated
with pod yield plant. They also observed that the highest positive tlirec

effect on pod yield plartwas exerted by kernel yield and kernel uniformity.

Bhargaviet al. (2017b) carried out correlation studies for poeld/iand
its component characters in 10 genotypes of Viegiminch groundnut and the
results obtained revealed that hundred kernel weigt kernel yield plarit
were found to have significant influence on poddiidience, simultaneous
selection based on hundred kernel weight and ketakl plant' seems to be
more promising in improving the pod yield in Virganbunch groundnut. On

contrary, negative significant association of pegld/with SCMR at 60 DAS,

21



SCMR at 70 DAS and SCMR at maturity was observethbyn at genotypic

level.

Hugar and Savithramma (2017) studied 230 RILs okxrBRCG
12568 x NRC@E2326 along with two checks TMV-2 and KCG-2 recorded
that pod yield plant was significantly and positively associated witimary
branches plartt SCMR, pods plartand kernel yield plartwhereas it was

negatively associated with SLA and SMK per cent.

Mandal et al. (2017) conducted correlation studies and found tha
genotypic correlation was found more significararttphenotypic correlation
indicating that there was prevalence of environ@emteraction and strong
association between characters genetically ance tinxs some scope for
selection of better yielding types. Plant heightymber of pods plart
number of kernels plaft shelling per cent, SMK, harvest index reflected
significantly positive correlation with the numbafr pods plant and number
of kernels plant both at genotypic and phenotypic levels. So tlvbseacters
might be considered for selection of better yiejdyenotypes.

Studies on character association for kernel yield @s component
characters in six parents and their fifteaercfosses in groundnut by Redely
al. (2017) revealed higher genotypic correlations thithe phenotypic
correlations indicating strong inherent associatibetween the two
corresponding characters and selection for thesaracters might be
rewarding. They also observed that the charactedsyield plant, mature
pods plant, hundred kernel weight, pods planpegs plant, harvest index
and shelling per cent had highly significant andifdee association with
kernel yield plant and also exhibited significant positive inter-edations

among themselves.

Character association studies by Yusifal. (2017b) in sixteen
groundnut genotypes for twehaharacters and revealed that the kernel yield
per hectare showed positive and significant geneticelation with pod

weight plant, seed weight plaritand hundred kernel weight. They also
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reported that kernel yield was negatively correlangth number of kernels

per pod at genotypic, environmental and phenotigviels.

Nayak (2018) conducted correlation studies foted@h groundnut
genotypes and revealed that hundred pod weightydsawature kernel and
hundred kernel weight had significant positive agsmn with pod yield
plant! and will significantly contribute to the pod yigidant.

Hampannavaret al. (2018b) conducted correlation studies on 144
groundnut genotypes and observed that kernel yiddat!, mature pods
plant!, sound mature kernel and haulms yield ptamad significant positive
correlation with dry pod yield at both phenotypicdagenotypic level but
hundred kernel weight showed the significant pesittorrelation with pod
yield only at genotypic level. They also observedttthe traits like days to
50% flowering, days to maturity, number of immatyveds plant and
shelling per cent had negative correlation with dod yield plant at both
phenotypic and genotypic level, whereas shelling gent had significant

positive correlation at phenotypic level.

Rathod and Toprope (2018) conducted correlatiamiss in 18
groundnut genotypes and inferred that pod yieldhtglaexhibited positive
significant association with number of pods pfarnbtal sugar, kernel yield,
non-reducing sugar, 100 kernel weight, SCMR, harmvekex, oil content and

shelling per cent.

Sabet al. (2018) studied 34 advanced breeding lines of grouhd
genotypes for WUE and yield traits. The observatitnsealed that SCMR
and yield related traits are strongly correlatethwiod yield plant while

SLA has negative correlation with pod yield ptant

Correlation analysis by Kumagt al. (2019) for pod yield and quality
traits in 20 genotypes of groundnut revealed tlogt yaeld had significant and

highly positive correlations with plant height, mery branches plait pods
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plant!, hundred pod weight, hundred sound mature kekeehel yield and

harvest index, while negative and significant faysito 50% flowering.

Kumari and Sashidaran (2020) conducted correlasimaies in 50
groundnut genotypes and revealed that the kermddl yias strong positive
correlation with number of mature pods pigntod yield plant and hundred
pods mass which indicates that these traits caeleeted for improvement of

crop yield.
2.4 PATH COEFFICIENT ANALYSIS

Path co-efficient analysis is a statistical devitesreloped by Wright
(1921) which helps in partitioning of the corretaticoefficients into direct
and indirect effects of independent variable onedéent variable. The
correlation coefficients do not give a completetynie of the causal basis of
association. Path co-efficient analysis of différasomponents of yield
provides a true picture of relative importance loéit direct and indirect
effects and gives a clear understanding of theio@ation with yield. Thus,
path co-efficient analysis helps in formulating gedection criterion based on
these direct and indirect effects. Hence, pathffioient analysis is of much

importance in any plant breeding program.

A brief review of literature on the path coefficie analysis in

groundnut is presented here under.

Korat et al. (2010) tested 80 bunch groundnut genotypes goaitesl
highest positive direct effect of biological yighdant! and harvest index on
pod yield as well as positive indirect effect ofndued kernel weight

contributedvia biological yield plant and harvest index on pod yield.

Zamanet al. (2011) revealed high positive direct effect ofhier of
mature nuts plartfollowed by kernel size, shelling per cent, dags50%
flowering and days to maturity on seed yield pecthee. It was also found

that branches plafit plant height, nuts plaht nut size, kernel size, days to
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50% flowering, shelling per cent and days to m&tuwere identified as

important characters which could be used in serdbr yield.

Kumaret al. (2012) evaluated 50 genotypes of groundnut anelated
that high direct effects of kernel yield plarand harvest index on pod yield
were identified as important characters which cdagdused in selection for

rapid improvement in pod yield of groundnut.

Path analysis studies conducted by Shailzh (2012) in k generation
for three crosses (TMV-2 x COG-0437, TMV-2 x COG-84thd TMV-2 x
ICGV-97150) of groundnut indicated that pod yieldri® exerted maximum
positive direct effect on kernel yield planfiollowed by shelling per cent and
hundred kernel weight in all the three crosses. tidits viz.,, plant height (for
the cross TMV-2 x ICGV- 97150), number of branchisg (all the three
crosses) and number of pods pfaffior the cross TMV- 2 x ICGV-97150)

indicated negative direct effect on kernel yieldntt.

Alam (2014) carried out path analysis for pod yiedd its yield
component characters in 45 genotypes of groundmltralicated that harvest
index had highest positive direct effect on poddyi®llowed by secondary
branches plart and primary branches plahtwhile SPAD meter reading
exerted the maximum negative direct effect on pmddyfollowed by pod
index. They also noticed that high indirect conitibn was observeda pod

index on pod yield.

Raoet al. (2014) tested 50 genotypes of groundnut and regdtat
number of pods plaritand hundred kernel weight contributed high positiv

direct effect on pod yield.

John and Reddy (2015) reported that pod yield plaat high positive
direct effect with kernel yield plaitfollowed by days to 50% flowering and
hundred kernel weight. They also found that theatlieffects of dry haulms
yield plant!, protein per cent, days to maturity, number oflsfitkéd mature

pods plant, number of primary branches plardand oil per cent were found
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to be positive with kernel yield plahtwhich had maximum positive direct
effect on pod yield plart indicating the importance of kernel yield in
determining the pod yield.

Patil et al. (2015) evaluated 49 groundnut genotypes and wbddhat
the number of mature pods plaritad high positive direct effect on pod yield
plant!. Hence, they opined that branches plafiteight of main axis, pods
plant!, kernel weight plant, days to 50% flowering, shelling per cent and
days to maturity were identified as important chtees which could be used

in selection for yield.

Rasheedt al. (2015) evaluated 13 diverse origin groundnut ¢ygres
for path analysis and revealed that there is a mmaxi positive direct
contribution towards pod yield by pod length, hwediikernel weight and
sound mature kernel per cent. Hence, selectiorthfiese characters would
help in rapid improvement in pod yield plant

Jainet al. (2016) carried out path analysis of yield andcasnponents
in a study involving 24 genotypes of groundnut aegdorted high direct
effects of kernel yield plarit plant height and matured pods plamin pod
yield plant. Hence, selection for these characters would helpapid

improvement in pod yield plart

Path coefficient analysis by Praneghal. (2017) in 64 M mutants of
groundnut genotypes revealed that pod vyield plahtindred seed weight,
plant spread and plant dry weight had high diresitpye effect on seed yield
and pod yield had highest indirect effect on saeltly

Reddyet al. (2017) carried out path analysis for kernel yialtd its
component characters in six parents and tiifeéen F crosses in groundnut
and inferred that pod yield exerted the highesttpesdirect effect on kernel
yield followed by shelling per cent and pegs plarthey also observed the

positive indirect effects of pod yield on kernetlg through days to maturity,
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plant height, pegs plahtpods plant, mature pods planit harvest index and

hundred kernel weight.

Hampannavaet al. (2018b) evaluated 144 groundnut genotypes for
path analysis and revealed that kernel yield pléwaid highest direct effect on
dry pod yield. The traits like number of mature pisnt!, sound mature
kernel and haulms yield had the high and posithdéreéct effect on dry pod

yield via kernel yield.

Path analysis of 30 groundnut genotypes by Kaddhnal. (2018)
revealed that characters like dry biomass, freskldo yield plant exhibited
high direct effect as well as strong associatiothvdry pod yield plant

indicating true and perfect relationship betweeamth

Rathod and Toprope (2018) studied path analysi8@panish bunch
groundnut genotypes and revealed that total sukgainel yield, 100 kernel
weight, SCMR, days to maturity and oil content ¢éx@rthe positive direct
effect on pod yield whereas, shelling per cent draivest index had

maximum indirect effects on pod yield plant

Johnet al. (2019) reported that pod yield pladnhad high positive
direct effect with number of primary branches pfafbllowed by sound
mature kernel per cent, hundred kernel weight andber of well filled and

mature pods plariit Hence direct selection for these traits woulahective.

Path analysis of 20 groundnut genotypes by Kuetaal. (2019)
revealed that hundred sound mature kernel and jplads' had high positive
direct effect and also highly significant positigerrelation with pod yield.
Therefore, they suggested that selection for thests tmight be helpful in
identifying genotypes with high pod yield in groumd.

Mahmoudet al. (2020) evaluated 16 groundnut genotypes for path
analysis and observed that the maximum positivarant effects were
obtained by pods weight plaht followed by number of pods plaht

indicating that the indirect selection for pod gelthrough these traits would
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be effective for groundnut improvement. The secondeio path analysis
showed that seeds weight pfarhad the considerable positive direct and

indirect effect towards number of pods piaahd pods weight platt

Mohapatra and Khan (2020) studied fouw dfosses of groundnut

genotypes and observed that high positive dirdeteby kernel yield plant

in two crossesiz, Kadri-9 x GPBD-4 and ICGV-00351 x Sunoleic-95R.
Indirect effects of kernel yield plahibn pod yield through number of mature
pods plant, haulm yield plant and hundred kernel weight in cross Kadri-9 x
GPBD-4 and ICGV-00351 x Sunoleic-95R and indireifeats of protein
content on pod yield through plant height, numbemature pods plarit
kernel yield plant and shelling per cent in cross ICGV-00351 x GPBand
Kadri-9 x Sunoleic-95R were important contributingjts.
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Chapter 111
MATERIAL AND METHODS

The experimental material used and methods follopexthining to the
present investigation entitled “Genetic analysisyield, yield attributes and
water use efficiency related traits in groundnétathis hypogaea L.)” are

briefly described here under.
3.1 LOCATION OF THE EXPERIMENTAL SITE

The field experiment was conducted at dry land fasfnS. V.
Agricultural College, Tirupati duringabi 2021-2022, located at an altitude of
182.9 m above mean sea level, 13°N latitude an#& T&fgitude and situated

in Southern agro-climatic zone of Andhra Pradesh.
3.2 MATERIAL

The materials used in the present study consist&b ajenotypes (26
advanced breeding lines + 10 released varietiegyoundnut. The materials
were made available for the study by the Princifalentist (Groundnut
breeding), Regional Agricultural Research StatiBARS), Tirupati, Andhra
Pradesh. The list of 36 genotypes of groundnut drvar tpedigree are
furnished in Table 3.1.

33 METHOD
3.3.1 Field Layout

Thirty six genotypes of groundnut were sown durialgg 2021-2022 in
a Randomized Block Design (RBD) with three replmasg (plate 1). All the
entries were sown on %0December, 2021. In each replication, every
genotype was sown in three rows of 3m length witdpacing of 22.5 cm

between the rows and 10 cm between the plantsnatiiei row.
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Table 3.1.

List of 36 genotypes of groundnut (26 advanced breeding

lines + 10 released varieties) and their pedigree

S. No. Entry Pedigree
1 TCGS-1694 K-6 x ICG(FDRS)79
2 TCGS-1798 ICGV-06188 x TCGS-1043
3 TCGS-2004 TCGS-1157 x TCGS-1043
4 TCGS-2038 TCGS-1157 x TCGS-1043
5 TCGS-2039 TCGS-1157 x TCGS-1073
6 TCGS-2040 TCGS-1157 x TCGS-1073
7 TCGS-2041 TCGS-1157 x TCGS-1043
8 TCGS-2044 TCGS-1157 x TCGS-1073
9 TCGS-2049 TCGS-1157 x TCGS-1073
10 TCGS-2051 TCGS-1157 x TCGS-1073
11 TCGS-2052 TCGS-1157 x TCGS-1043
12 TCGS-2053 TCGS-1157 x TCGS-1073
13 TCGS-2055 TCGS-1157 x TCGS-1073
14 TCGS-2057 TCGS-1157 x TCGS-1043
15 TCGS-2060 TCGS-1157 x TCGS-1043
16 TCGS-2068 TCGS-1157 x TCGS-1043
17 TCGS-2217 Dharani x Narayani
18 TCGS-2219 Dharani x ICGV-06100
19 TCGS-2223 Dharani x ICGV-06188
20 TCGS-2227 K-6 x ICG (FDRS) 79
21 TCGS-2229 K-6 x ICGV-06100
22 TCGS-2230 K-6 x ICGV-06100
23 TCGS-2233 Dharani x ICGV-06188
24 TCGS-2235 Dharani x ICGV-06045
25 TCGS-2278 K-6 x ICG (FDRS) 79
26 TCGS-2317 TAG-24 x Dharani
27 Dharani VRI-2 x TCGP-6
28 Dheeraj Narayani x JAL 30
29 Greeshma TIR 46 x JUG 37
30 K-6 JL-24 x Ah 316/S
31 K-9 Kadiri 4 x Vemana
32 Narayani JL-24 x Ah 316/S
33 Rohini Tirupati-4 x TIR-45
34 TAG-24 TGS-2 x TGE-1
35 Tirupati-1 E.C-106983/3
36 Tirupati-4 JL-24 x Ah 316/S
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Plate 3.1. Field view of the experimental plot
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3.3.2 Crop Husbandry

The field was ploughed and harrowed until a finéhtibf soil was
obtained. FYM @ 10 t hawas applied at the time of field preparation. Seed
treatment was done with Bavistin @ 3g'kgrhe crop was raised under
irrigated conditions and recommended dose of chanféctilizers at the rate
of 30 kg N, 40 kg POsand 50 kg KO halin the form of urea, single super
phosphate, muriate of potash and 500 kg of gypsaihwhs applied at peak
flowering stage. Cultural practices like weedingrevéollowed to maintain
good crop growth apart from need based plant pioteeneasures adopted

during the crop season for controlling diseasespasts.
3.3.3 Data Recording

Observations were recorded for all the genotypgsarsgely on
randomly chosen five competitive plants in eachoiyre in each replication
for all the characters except days to 50% floweramgl days to maturity
which were recorded on plot basis. The detailshefdata recorded were as

follows.
3.3.3.1 Morphological, yield and yield attributing traits
3.3.3.1.1 Daysto 50% flowering

Number of days required from sowing to day on wht®6 of the

plants flowered was recorded as days to 50% flowgeri
3.3.3.1.2 Daysto maturity

The total number of days were recorded from sowmgcdmplete

physiological maturity of the crop.
3.3.3.1.3 Plant height (cm)

Plant height was measured in centimeters usingade,sérom the

ground level to the tip of main axis at the timeaturity.
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3.3.3.1.4 Number of primary branchesplant

Total number of primary branches originating frora thain axis were

counted at the time of harvest and recorded.
3.3.3.1.5 Number of secondary branchesplant*

Total number of secondary branches originating fribra primary

branches were counted at the time of harvest amtded.
3.3.3.1.6 Kernel yield plant™ (g)

The kernels obtained from each individual plant weeeghed in grams

using electronic top pan balance (precision of D@0
3.3.3.1.7 Hundred kernel weight (Q)

The weight of randomly selected hundred kernels feath genotype
for each replication was recorded as hundred kemegjht using electronic

top pan balance (precision of 0.001 g).
3.3.3.1.8 Shelling per cent (%)

The shelling per cent was recorded based on thehtvefghe kernels
recovered from the pods using the following formula

Kernelyield perplant(g) «

Shelli t= 1
eling per cen Podyield perplant(g) 00

3.3.3.1.9 Sound maturekernel per cent (SMK) (%)

The per cent of good, sound mature kernels sepafiaded hulls for

each genotype in each replication were recorded.
Sound mature kernel per cent was calculated usmfptlowing formula

Weight of sound mature kernefs)

. 2100
Weight of total kernel§ )

SMK (%) =
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3.3.3.1.10 Harvest index (%)

The ratio of economic yield (pod yield) to biolodigaeld (total dry
matter with pods) was taken as harvest index apdesged in percentage. It
was estimated by using the formula

_ Economic yield per plan )g><100
Biological yield per plan{ Y

3.3.3.1.11 Pod yield plant™ (g)

The weight of all those pods obtained from eachviddal plant was
recorded in grams with the help of electronic t@m palance (precision of
0.001 g).

3.3.3.2 Water use efficiency (WUE) related traits

Data for the following characters were recordedhensampled plants.
3.3.3.2.1 SPAD chlorophyll meter reading (SCMR) at 60 DAS

SPAD chlorophyll meter reading (SCMR) was measuoed five
randomly selected plants from each genotype in eeglication at 60 DAS
using Minolta SPAD-502 chlorophyll meter. The measuents were taken

on the third leaf from the terminal bud of mainsaxi
3.3.3.2.2 Specific leaf area (SLA) (cm? g') at 60 DAS

The leaves were collected from five randomly setbgiéants from
each genotype in each replication at 60 DAS anfl deea was estimated
using Leaf area meter (LICOR model-3hundred). Drygivewas recorded by
keeping the samples in hot air oven at@6or atleast 48 hours and used for

estimation of specific leaf area using the follogviormula

Leaf area( crﬁ)
SLA= -
Leaf dry weight( 9
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3.3.3.2.3 Relative water content (%)

Relative water content was measured according ® niethod
described by Barrs and Weatherley (1962). Relatiar content is a reliable
drought avoidance parameter adopted by plants. éteaflere collected from
the third leaf from the top of the main axis of r@enotype and were soaked
in water for 6 hours and were allowed to gain witgi Turgid weights were
recorded and dried in hot air oven aP@dor atleast 48 hours to record dry
weight. RWC was estimated and expressed in perusamg the formula

(fresh weight - dry weight
(turgid weight - dry weight

x 100

34 STATISTICAL ANALYSIS

The treatment means for each character over thy@eEatons were
subjected to the following statistical analysis. Bheistical package used was
INDOSTAT.

3.4.1 Analysisof Variance

The data collected on individual characters wergestdd to method of
analysis of variance commonly applicable to randechiblock design as per
mathematical model proposed by Panse and Sukhagtéa)

Y, =HTG Y te

Where,
Yij = Phenotypic observation on*igenotype in ‘j" replication.
K = General mean
Oi = Effect of I" genotype
Y =  Effect of J" replication
& = Random error associated withgenotype in'f replication.
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The analysis of variance for each character wasedanut as follows:

Degrees M ean Expected
Sour ce of < Sum of M ean ,
. of sum of Fratio
variation squares sum of
freedom squares
squares
Replications  (r-1) RSS Mr - Mr/Me
Genotypes (g-1) GSS Mg  g+ro; Mg/Me
Error (r-1) (g-1) ESS Me o’ -
Total (rg-1) TSS
Where,
r = Number of replications
g = Number of genotypes
Mr = Mean sum of squares due to replications
Mg = Mean sum of squares due to genotypes
Me = Mean sum of squares due to error.

The significance test was carried out by referrmgtandard ‘F’ table

values given by Fisher and Yates (1967).
3.4.2 Estimation of Genetic parameters
3.4.2.1 Variance

The genotypic and phenotypic variances were cakedlais per the

formulae proposed by Burton (1952)

MSS due to genotypes - MSS due to e
Number of replications

Genotypic varianced; ) =

Phenotypic variancgo?) = o2 + o7
o, = Genotypic variance

o? = Error variance
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3.4.2.2 Genotypic and phenotypic coefficient of variation
The genotypic (GCV) and phenotypic (PCV) coefficieftvariation

were computed by the formulae given by Burton (3952

GCV (%) =% x 100
PCV (%) =% x 100

Where, ag, Op and X were genotypic standard deviation, phenotypic

standard deviation and general mean of the chanadpectively.

Categorization of the range of variation was dosepeoposed by

Sivasubramanian and Madhavamenon (1973).

Less than 10% - Low
10-20 % - Moderate
More than 20% - High

3.4.2.3 Broad sense heritability

The proportion of genotypic variance to the totaliarace of the
population is referred to as heritability in broaénse [Ry] and was
calculated by the formula given by Lush (1940).

2

g
hz(bs) =—Ix 100

2
p

Where,

Rwbsy= Heritability in broad sense

o, = Genotypic variance

—_ H H 2 2
g> = Phenotypic variande? +?)
o = Environmental variance
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As suggested by Johnsah al. (1955b), heritability estimates were

categorized as

Less than 30 % - Low
30-60 % - Moderate
More than 60% - High

3.4.2.4 Genetic advance

Genetic advance refers to the expected geneticagamprovement in
the next generation by selecting the superior idd&sis under certain amount
of selection pressure. From the heritability estesathe genetic advance was

estimated by the following formula given by Johnsbal. (1955a).

GA = K ap Nps)
Where,
GA = Genetic advance
Op = Phenotypic standard deviation
h%ps) = Heritability (broad sense)
K = Selection differential at 5% selection intepg2.06)

3.4.2.5 Genetic advance as per cent of mean (GAM)

Genetic advance as per cent of mean was calcwdatpdr the formula.

GAM A x 100

X
Where,
GA = Genetic advance
X = Grand mean of the character

The range of genetic advance as per cent of meanclassified as
suggested by Johnsenal. (1955b).
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Less than 10% - Low

10-20 % - Moderate

More than 20% - High
3.4.3 Genetic Divergence Analysis:
3.4.3.1 Mahalanobis D?analysis

The data collected on different characters was agdlyusing

Mahalanobis B analysis to determine the genetic divergence antbeg

genotypes.

3.4.3.1.1 Test of significance

Variances were calculated for all the characterestigated and test of
significance was done. Analysis of covariance fog tharacter pairs was
estimated on the basis of mean values (Panse akithitne, 1961). After
testing the difference between genotypes for eatchhe characters, a
simultaneous test of significance for differencasthe mean values of a
number of correlated variables with regard to thelgd effect of characters
was carried out using ‘V’ statistic, which in tuakilizes Wilk’s criterion. The
sum of squares and sum of products of error ara erwariety, variance —

covariance matrix were used for this purpose.

The estimation of Wilk’s criterion was done usinge tiollowing

relationship.

. (®
—(E+V)

/\I b

Where,
A = Wilk’s criterion
(E) = Determinant of error matrix and

(E+V) = Determinant of error + variety matrix
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The significance of A’ was tested by
X’q =V =-mlogA
Where,
m=n-(p + g+ 1)/2 with ‘pq’ degree of freedom
n = Degrees of freedom of error + varieties
p = Number of characters
g = Number of genotypes — 1
loge A = 2.3407 logo A
V (Stat) is distributed ag with pq degrees of freedom.
3.4.3.1.2 Transformation of correlated variables

Transformation was done using pivotal condensatioethod.
Transformation of correlated variables into standaal uncorrelated ones
was done before working out thé {alues, because computation ghalues
was reduced to simple enumeration of differencesi@an values of various

characters of the two genotygdess, Zdi?.
3.4.3.1.3 Computation of D? values

The ¥ value between™ and 'f" genotypes for 'p' characters was

calculated as

D? = pzl(vit -Y,)

Where,

Y. isuncorrelated mean value i§fgenotype for character ‘'

ﬁis uncorrelated mean valuej#fgenotype for character ‘t’

Djj? is D? betweeri!" andj™ genotype.
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3.4.3.1.4 Tegting the significance of D? values

The ¥ value obtained for a pair of genotypes is takercalsulated
value ofy? and is tested against the tabulated valug?dbr p degrees of

freedom where ‘p’ is the number of characters aersid.
3.4.3.1.5 Grouping of genotypesinto various clusters

The grouping of genotypes into different clusterswlane using the
Tocher's method as described by Rao (1952). Thermiit was that, two
varieties belonging to the same cluster at leastroaverage show a smaller
D2?value than those belonging to different clusters. this purpose, Pvalues
of all combinations of each genotype were arrangedscending order of
magnitude in a tabular form as described by Simgh@houdhary (1977).

To start with, two genotypes having the closestadist from each
other were considered, to which the third genotigpeing the smallest D
value from the first two genotypes was considenmed $0 on. Similarly, the
next nearest fourth population was considered dmd procedure was
continued. At certain stage when it was felt thii¢raadding a particular
genotype there was an abrupt increase in the awedpggthat the genotype
was not considered for including in that clusteheTgenotypes of the first
cluster were then eliminated and the rest werdddem a similar way. This
procedure was continued till all the genotypes weckided into one or other
cluster.

3.4.3.1.6 Averageintracluster distance

For the measurement of intra cluster distancestaimula used was

2.0
n

Where,

ZDi2 = the sum of distances between all possible
combinations (n) of populations included in a chust
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3.4.3.1.7 Averageinter cluster distance

Clusters were taken one by one and the distanoes dther clusters
were calculated. The distance between two clustassthe sum of Pvalues
between the members of one cluster to each of thebars of the other
clusters divided by the product of number of gepegyin both the clusters

under consideration.

. . D?
Average inter cluster dlstanc%
nxn,)

Where, n and n are number of genotypes of two clusters.
3.4.3.1.8 Cluster diagram

The clusters and their mutual relationships were sqred
diagrammatically. The square root of averagevithich was an approximate

measure of divergence between groups, had beertaidedote the distance.
3.4.3.1.9 Contribution of individual characterstowar ds divergence

In all combinations, each character was rankedhenbasis of their
contribution towards divergence between two enfiies Yit- Yjt). Rank 1 is
given to the highest mean difference and the rami the lowest difference,
where, P is the total number of characters. Pemgentontribution of each

character (X) towards genetic divergence was cafed| using the following

formula.
Percentage contribution of the characte N>100
Where,
N = Number of genotype combinations where theradtar was
ranked first
M = All possible combinations of number of germmtypairs
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3.4.4. Character association analysis

Genotypic and phenotypic correlation coefficientgrev calculated
using the method given by Johnsaral. (1955b) to determine the degree of
association of the characters with yield and atsoray the yield components.

3.4.4.1 Genotypic correlation coefficient (rg)

Cov, (xx;)

o R e ()

Where,
rg (Xix;) = Genotypic correlation betweefi“iand ‘| characters
Vg (i) = Genotypic variance of"i character
Vg (X)) = Genotypic variance of"j character
Covg (xix)) = Genotypic covariance betweef ‘and ‘i characters.

3.4.4.2 Phenotypic correlation coefficient (rp)

rp (XiXj) = Cov, (xx,)
o (X)V, (Xi)
Where,
Vp (Xi)= Phenotypic variance of™ character
Vp (%)= Phenotypic variance ofj character

Cow, (Xixj))= Phenotypic covariance betweefi @and i characters.

The significance of correlation coefficients wastedsby comparing
the genotypic and phenotypic correlation coeffitsenith table value [Fisher
and Yates (1967)] at (n-2) degrees of freedom aah#1% level where, ‘n’
denotes the number of treatments used in the edlons.

3.45 Path coefficient analysis
Path coefficient analysis was carried out by thecedure originally

proposed by Wright (1921) which was subsequen#ip@iated by Dewey and
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Lu (1959) to estimate the direct and indirect effecf the individual
characters on yield.

The following set of simultaneous equations weremidated and

solved for estimating various direct and indirefte&s.

ry= Puy+ P2y +raPsy+ ...oooooinis + 1iPiy
r2y = |’21p1y + pZy + r23p3y o + Eipiy
liy = l1P1y + P2y + l3P3y + oot + Py
Where,
riytory = Coefficient of correlation between causal dastl to i

and dependent character 1

Coefficient of correlation among causal factors.

12 to i1

P1y tO py Direct effects of characters ‘1’ to i on chdeacy'.

The above equations were written in matrix formarader:

A C B
[ Ty /1 SPN CT- SUPU m\ [ py
ray 1 1 [ N 2i P2y
I3y R I32 1. B3i Pay
Fiy li1 2 M3 e 1 Ry

./ L J) U )
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Then B = [C]'A

Where,
/" G1 Ci2 Cizevrvvrvnnnnnn. Cii
C1 C Cuaueenn...... G
] =
\Cil Co Gz.covevnnnnnn G )

Then, direct effects were calculated as follows:

|

Py = é Cii ny
|

Py = é Cai r2y
|

Py = ; Gi liy

Besides the direct and indirect effects, the redideffect which
measures the contribution of the characters nosidered in the causal

scheme was obtained as:

Residual effect(p= \/1—[ Pty + Paylay + et plyriy]2

Where,
Ry = Residual effect
py = Direct effect of ‘X on 'y’
Fiy = Correlation coefficient of ‘xwith ‘y’.

The scales for path coefficients as proposed bykdeand Mishra

(1973) are as follows:
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Valuefor Direct or Indirect effect Rateor Scale
0.00-0.09 Negligible
0.10-0.19 Low
0.20-0.29 Moderate
0.30-0.99 High
More than 1.00 Very high
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Chapter IV

RESULTS AND DISCUSSION

The variability, genetic parameters, genetic divecge character
association and path analysis for fourteen charastere examined in 36
groundnut genotypes. The information gathered orsetheharacters was

subjected to statistical analysis; the findingsvbich were provided here.
4.1 ANALYSIS OF VARIANCE

The results of the analysis of variance on the daldected using
fourteen characters were shown in Table 4.1. Fathellcharacterse., days
to 50% flowering, days to maturity, plant heightymber of primary branches
plant!, number of secondary branches pfarkernel yield plant, hundred
kernel weight, shelling per cent, sound mature éleper cent, harvest index,
SPAD chlorophyll meter reading at 60 DAS, specifiaf area at 60 DAS,
relative water content and pod yield ptahighly significant differences were

found among all the genotypes.
4.2 PER SE PERFORMANCE

Table 4.2 provides information on thger se performance of 36
groundnut genotypes in terms of yield, yield atitds and water use

efficiency related traits.
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4.2.1 Days to 50 % flowering

The mean number of days to 50% flowering ranged fB&200 days
(TCGS-2044) to 31.33 days (TCGS-2233). When comptrdtie average,
nineteen genotypes reached blooming early (26.§8)dAs a result, these
genotypes can be used as donor parents in thedigdiron programme to
develop short duration genotypes.

4.2.2 Days to maturity

The mean number of days to maturity ranged from.GIOITCGS-
2233) to 112.00 days (TCGS-2052). Twenty one genstypached maturity
sooner than the average of 106.25 days. In ordelet@lop short duration
genotypes, these genotypes can be used in thedlzgiion programme as
donor parents.

4.2.3 Plant height (cm)

With a general mean of 35.41 cm, the mean valueplent height
ranged from 25.67 cm (TCGS-2051) to 45.97 cm (TCGR2R0Eighteen
genotypes showed betigar se performance than the average (35.41 cm).

4.2.4 Number of primary branches plant

Number of primary branches pldntount ranged from 3.87 (TCGS-
2230) to 8.82 (TCGS-2053). Fifteen genotypes reabn®re number of
primary branches planhthan the average of 5.26.

4.2.5 Number of secondary branches plarit

Number of secondary branches planere between 0.20 (TCGS-2068
and Narayani) and 2.73 (TCGS-2229). Nineteen gemstypcorded more
secondary branches plaithan the average of 1.50.

4.2.6 Kernel yield plant!(g)

Kernel yield plant mean varied from 7.74 g (Greeshma) to 15.36 g.
(TCGS-2053) and twenty genotypes showed higher yitldn general mean
of 10.93 g.
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4.2.7 Hundred kernel weight ()

The mean values for hundred kernel weight ranged .67 g
(TCGS-2068) to 66.40 g. (TCGS-1798). Sixteen genatypeorded hundred

kernel weights greater than the average of 50.40 g.
4.2.8 Shelling per cent

Nineteen genotypes had higher shelling per cemt tha overall mean
of 71.73%, with mean values for shelling per cemging from 57.26%
(TCGS-2230) to 79.87% (TCGS-2235).

4.2.9 Sound mature kernel (%)

With an overall mean value of 51.00%, the mean e&lior this
character ranged from 34.03% (Tirupati-4) to 72.1{6hini). Seventeen
genotypes registered sound mature kernel percenthgé were higher than

the average of 51.00%.
4.2.10 Harvest index (%)

Nineteen genotypes recorded higher harvest indi@asthe average of
51.17%. The genotype means varied from 24.95% (TC®B!4)2to 71.45%
(TCGS-2053).

4.2.11 SPAD chlorophyll meter reading (SCMR) at 6@AS

With a general mean of 47.55, the mean values lher $PAD
chlorophyll meter reading (SCMR) at 60 DAS rangeoht 43.30 (K-6) to
50.77 (TCGS-2223). Eighteen genotypes obtained hi§R&D chlorophyll

readings than the average of 47.55.
4.2.12 Specific leaf area at 60 DAS (SLA) (chg?)

The mean values of specific leaf area at 60 DA f119.22 crhg?
(TCGS-1798) to 265.35 cmg! (TCGS-2068) and seventeen genotypes

showed lower specific leaf area than their overaan of 207.55 chyg.
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4.2.13 Relative water content (%)

The mean percentages of relative water content daffgen 69.24%
(TCGS-2060) to 92.53% (TCGS-2217). Twenty one genatypevealed

higher relative water content than their averagel®).
4.2.14 Pod yield plant ()

Genotypes for pod yield plahtranged from 11.28 g (TCGS-2229) to
24.14 g (TCGS-2053) and eighteen genotypes shovgbeihpod yield plant

than the general mean of 15.32 g.

The top five genotypes for each character was ni@ted based oper
se performance, and they were listed in Table 4.3. 84dbt provides a list of
the promising genotypes that were identified fowvesal traits. These

genotypes are deserving of use in the improvenmeritaracters.

For pod yield plant; the genotypes TCGS-2223, TCGS-2040, TCGS-
2039, TCGS-2230, TCGS-2053, TCGS-2055, TCGS-2317, TCHES8;2
TCGS-2233 and TCGS-2052 shown improved performartoe pErformance
of TCGS-2223 was also better in terms of days to 3@¥ering, days to
maturity, primary branches plahtnumber of secondary branches pfarkernel
yield plant!, hundred kernel weight, shelling per cent, souradune kernel
per cent, harvest index, SPAD chlorophyll metedieg at 60 DAS, specific
leaf area at 60 DAS and relative water content. idathlly, the genotype
TCGS-2040 outperformed other traits such as harvedex, SPAD
chlorophyll meter reading at 60 DAS, specific l@méa at 60 DAS, days to
50% flowering, days to maturity, plant height, nienbf primary branches
plant!, number of secondary branches pfarghelling per cent and sound
mature kernel per cent. The genotype TCGS-2039 peeidrbetter in terms
of plant height, number of primary and secondamnbhes plant kernel
yield plant!, hundred kernel weight, sound mature kernel pet,c8PAD
chlorophyll meter reading at 60 DAS, relative watentent and days to 50%
flowering. In terms of days to 50% flowering, dagsmaturity, plant height,
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number of secondary branches pfaritundred kernel weight, harvest index,
SPAD chlorophyll meter reading at 60 DAS, relatwater content and pod
yield plant! the genotype TCGS-2230 performed better. Planthhemgimber
of primary branches plaht kernel yield plant, sound mature kernel per cent,
harvest index, SPAD chlorophyll meter reading at0BAS, relative water
content and pod yield plahperformed better with the genotype TCGS-2053.
The genotype TCGS-2055 outperformed other genotypdsrins of plant
height, sound mature kernel per cent, harvest in88XAD chlorophyll meter
reading at 60 DAS, specific leaf area at 60 DAS rahative water content. In
terms of days to maturity, number of secondary ¢hias plant, kernel yield
plant!, hundred kernel weight, sound mature kernel pet, specific leaf area
at 60 DAS and relative water content, the genoty@&S-2317 recorded

higher values.

The genotype TCGS-2278 showed bettepbpaence for plant height,
number of primary branches plantkernel yield plant, hundred kernel
weight, shelling per cent, sound mature kernelgeert and specific leaf area
at 60 DAS. It also came to flowering and maturiyrlier. The genotype
TCGS-2233 reached flowering and maturity earlier ambwn superior
performance in terms of number of secondary bragiant!, the kernel

yield plant! and the relative water content.

For the parameters number of primary branches pldvarvest index,
SPAD chlorophyll meter reading at 60 DAS and poeldyiplant; TCGS-
2052 showed improved performance. In light of thie genotypes TCGS-
2223, TCGS-2040, TCGS-2039, TCGS-2230, TCGS-2053, TAWBS;2
TCGS-2317, TCGS-2278, TCGS-2233 and TCGS-2052 wereigirgrand
may be used as parents in a breeding programmagmove yield and the

contributing characteristics.

K-6 exhibited light rose lustrous testa, low SLAdamatured earlier
than TCGS-1694. However, TCGS-1694 was short statexbditing foliar
disease resistance, high SCMR and high RWC than K-6
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TCGS-2278

Plate 4.1. Promising genotypes of groundnut based on per se performance for pod
yield plant”
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TCGS-2223

TCGS-2055

Plate 4.2. Promising genotypes of groundnut based on per se performance for pod
yield plant”

53 (i1)



$S0T-SDDL PUB £2TT-SODL “8LTT-SOIL ‘0F0T-SOIL ‘€S0T-SODL (3) wepd pPik pod | #1
§S0T-SODL PUB 6+0Z-SOIL ‘6~ ‘62ZT-SDOL ‘LITT-SDIL (95) JURUOD 1918M ATRIY | €]
SS0T-SODL PUB 9-Y ‘61TT-SODL ‘L1€T-SDDL “86L1-SDIL (W3 uw) §y 09 ® vale yeaf oywadg | 7]
LSOT-SODL PUe 6-M ‘TSOT-SODL “L1TT-SOIL ‘€7CT-SOIL | SV 09 e Sutpear 1w [[AydoIofyp qvds | 11

TS0T-SDIL PUE 0+0T-SOIL ‘€TTT-SOIL 0£7T-SDIL “€50T-SDIL (%) XepurisealeH] | (I

00Z-SDIL PUE $Z-DV L “€S0T-SDIL ‘L1€2-SDIL ‘TuIyoy (%) [Pu1ey 2mmjew punog | 6
€2TT-SODL PUE $+07-SODL ‘T-hednii], ‘p-nednIl], ‘Ge7z-SOIL (%) 2o 1od Surpays | 8
#69T-SDDL PUC #40T-SOOL ‘THOT-SOIL ‘LS0T-SDIL ‘86LT-SDIL (B) WBrom [UIY paIpuny | /L
6S0ZT-SOOL pue [-nednii] ‘0v0Z-SOIL “€TTT-SDIL ‘€S0T-SOIL (8) (uerd poif [puroy | 9
6£0T-SOD.L Pue Werey ‘0£zZ-SOIL $00T-SOIL ‘6TTT-SOIL Aued sayouerq Arepuodas jo JequinN | ¢
£2TT-SODL PUE $691-SDDL ‘TSOT-SDIL ‘TS0T-SOIL ‘€S0T-SODL jduerd seyouerq Arewnd jo JequinN | §
¥T-OV.L PU® 1$07-SOIL ‘8€0T-SODL ‘0€TT-SOIL ‘1S0T-SOIL (wo) Sy jueld | ¢
9- PUB 0£TT-SODL ‘8LTT-SDIL ‘BUIYSARID ‘€£TT-SODL LAumew o) skeq | ¢
TueIet pue $691-SDDL ‘8LTT-SDIL “BWYSRID ‘€€TT-SODL SuLIPMO[J %0 01 she | |
sadAyoudn) sId)peIRY) | ON °'S

NupuUNoI3 ur dueurioyrad as £ad uo paseq sadLjoudd day doy Jo IST'T €4 dqe L

54



(8) Juerd eI pod : dAd
SV 09 e Surpea sajaw [[Kydoio[yo qVdS : DS (%) Xopurisaaley 1 H

(8) 1yStom TouIey patpuny : MMH

(WS ;wo) gy 09 W vae jea] oyads : v7IS

(%) 1020 1ad Surays . 4S (8) querd prath (susay @ AN

Juerd sayouerq Arewrtxd jo aquiny - gdN (wo) W1y Jued : Hd Liumyew 03 sAed @ INA

(95) W20 IdeMm 2ANR[Y : DMY

(95) [ouIay 2Injew punos : YIS

(uepd sayourlq A1epuooas jo raquiny : gSN

SureMmory 9506 01 sked @ 44d

‘dAd PUe YOS ‘TH ‘ddN ¢S0T-SDOL 01
‘dAd Pu DMY ‘dAY ‘dSN ‘Nd ‘ddd £€CC-SDOL 6
‘dAd Pue VIS ‘dAM ‘ddN ‘Hd ‘Wd ‘d4d 8LCT-SDOL 8
‘dAd PU® DAY VIS NS “M3H ‘dAX ‘SN ‘INd L1€T-SDOL L
‘dAd PuB DAY VIS MNDS TH MINS ‘dA ‘Hd €50T-SOOL 9
‘dAd Pu® DM MINDS TH NS ‘dAM ‘ddN ‘Hd £60C-SDOL ¢
"dAd PUE DM UINDS ‘TH “MMH ‘dSN ‘Hd ‘INd ‘A4d 0€¢T-SDOL 14
‘dAd PuB DAY FINDS NS “MMH ‘dAY ‘dSN ‘ddN ‘Hd ‘J4d 6£02-SDOL &
‘dAd Pue VIS MINDS TH MIAS ‘dS ‘dA "dSN "ddN ‘Hd ‘NA ‘A4d 0r0C-SOIL [
'dAd PuB DMY VIS "YINDS TH MIAS dS “MIH ‘dAY ‘dSN ‘ddN ‘WA ‘J4d €CCC-SDOL I
sapRIRY) sadAjoudn) "ON ‘S
jnupunoas

ul Sjrea) pajeRI (1AL AJUSIJJD SN J9jesm pue snqLije pPRIA ‘ppRIA 10 sadLjoudd Fuistwoad jo uonedynuapl v dqel

55



4.3 VARIABILITY AND GENETIC PARAMETERS

Genetic diversity is necessary for crop improvensamte it gives more
options for selection. Depending on the natureemtxtand magnitude of
genetic variability present in the population; séten may or may not be
effective. Therefore the estimates of PCV and GC¥ generated to
determine the level of variability. Estimates of itaility and genetic
advance further defines the nature of character ¢aa be enhanced by

selection.
4.3.1 Estimation of Variability and Genetic Paraméers

In Table 4.5, the genetic advance and genetic agvar per cent of
mean for fourteen traits involving 36 genotypesgobundnut were shown

together with the phenotypic and genotypic coedfits of variation.
4.3.1.1 Variability Studies

It was discovered that the phenotypic coefficientvariation for every
character under study was higher than the genotgedficient of variation,
showing that the environment had an impact on tlgesdities. The findings
of Johnet al. (2005), Shobat al. (2009), Narasimhulet al. (2012), Jibrinet
al. (2016), Kamdiet al. (2017), Hampannavaet al. (2018b), Nagaveni and

Khan (2019a) and others reported similar results.

Number of secondary branches ptafGCV: 48.48%; PCV: 51.55%)
and number of primary branches ptaniGCV: 21.20%; PCV: 22.11%)
showed high GCV and PCV indicating sufficient amioahvariation among
genotypes and the need for further improvemenhes$d characters and the

selection would be effective.

The findings of Korakt al. (2009) and Johmet al. (2012) support the
current study of significant GCV and PCV for numbéisecondary branches
plantl. According to Rautet al. (2010), Guptaet al. (2015a) and
Hampannavaet al. (2018b); higher estimations of GCV and PCV werenfbu

for number of primary branches plant
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Harvest index (GCV: 19.54%; PCV: 25.32%) and soundture
kernels (GCV: 15.44%; PCV: 23.71%) exhibited moter@CV and high
PCV.

The reports of Johmt al. (2012) and Guptat al. (2015a) were in
agreement with the harvest index's moderate GCVhagid PCV. Moderate
GCV and high PCV for sound mature kernel per cesimilar to the findings
of the results of Meta and Monpg&010).

Pod vyield plant (GCV: 16.38%; PCV: 17.54%), kernel yield plant
(GCV: 15.83%; PCV: 17.04%), specific leaf area @iBAS (GCV: 15.71%;
PCV: 18.47%) and plant height (GCV: 11.70%; PCV:21%6) exhibited
moderate GCV and PCV.

The results of Nandinet al. (2011) was in agreement with the
moderate estimations of GCV and PCV for pod yigtthp. In terms of plant
height, kernel yield plartand pod vyield plant Bhakal and Lal(2017)'s
findings were consistent with the current reportnoddest GCV and PCV.
Moderate estimations of GCV and PCV for specifaf larea were consistent
with Nagaveni and Khan's findings (2019a). GCV &1V estimates for
plant height were moderate, in line with studiesvokufet al. (2017a) and
Chavadharet al. (2017a).

Hundred kernel weight (GCV: 8.05%; PCV: 12.69%) ahelling per
cent (GCV: 9.54%; PCV: 11.16%) showed low GCV arutlarate PCV.

Lower estimations of GCV and moderate PCV for huddkernel
weight agreed with Johet al. (2005) findings. The results of Dewangaral.
(2015) and Guptat al. (2015a) were consistent with lower estimates of GCV

and moderate PCV for shelling per cent.

Low values for GCV and PCV were recorded for theratigrs days to
50% flowering (GCV: 7.52%; PCV: 9.74%), relative tetacontent (GCV:
3.85%; PCV: 6.88%), SPAD chlorophyll meter readatg60 DAS (GCV:
3.18%; PCV: 5.55%) and days to maturity (GCV: 2.2F%6V: 2.52%).
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Lower estimates of GCV and PCV for days to 50% flomge were
consistent with the findings of Chavadhatial. (2017b), Nayak (2018),
Hampannavaet al. (2018b) and Nagaveni and Khan (2019a). Whereas, low
variability for relative water content was consmte/ith Nagaveni and Khan's
findings (2019a). The SPAD chlorophyll meter regdex 60 DAS in the
current investigation revealed low values of GC\ &CV. These findings
were consistent with those of Joainal. (2008) and Bhargawt al. (2017a).
The low variability estimates for days to maturityt@ined were in consistent
with the results of Chavadhaatial. (2017b) and Rathod and Toprope (2018).

4.3.1.2 Heritability

High heritability was found for the number of pripdranches plarit
(91.90%), number of secondary branches pld88.40%), pod yield plarit
(87.20%), kernel vyield plant (86.30%), plant height (78.40%), days to
maturity (76.60%), shelling per cent (73.10%) apectfic leaf area at 60
DAS (72.30%) indicating that the environment has ldast influence on the

expression of these characteristics.

Characters with moderate heritability included day$0% flowering
(59.60%), harvest index (59.60%), sound matureetgyer cent (42.40%) and
hundred kernel weight (40.20 %), the SPAD chlordipimeter reading at 60
DAS (32.90%) and relative water content (31.30%).

4.3.1.3 Genetic advance

Specific leaf area at 60 DAS (57.09%) showed highegic advance
but harvest index (15.90%), shelling per cent (3% and sound mature
kernel per cent (10.56%) recorded moderate geadtiancement. Other traits
including plant height (7.56%), hundred kernel vieig¢5.30%), pod vyield
plant! (4.83%), days to maturity (4.23%), relative watentent (3.73%),
kernel yield plant (3.31%), days to 50% flowering (3.18%), number of
primary branches plaht(2.20%), SPAD chlorophyll meter reading at 60 DAS
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(1.79%) and number of secondary branches pldht41%) recorded low

genetic advance.
4.3.1.4 Genetic advance as per cent of mean

Higher genetic advance as per cent of the meanfaasd for the
number of secondary branches pfa(@3.90%), number of primary branches
plant! (41.86%), pod yield plarit(31.50%), harvest index (31.07%), kernel
yield plant! (30.28%), specific leaf area at 60 DAS (27.51%anpheight
(21.34%) and sound mature kernel per cent (20.7ib¢hgating that these
characters were controlled by the additive genecefind selection for these

characters is effective.

Characters such as shelling per cent (16.80%), ta$8% flowering
(11.95%) and hundred kernel weight (10.51%) showemtlerate genetic
advance as per cent of the mean. Relative watetlernbi4.43%), days to
maturity (3.98%) and SPAD chlorophyll meter readatg60 DAS (3.76%)
were the features that showed the lowest genetiare@ as per cent of the

mean.

Heritability in broad sense includes additive, doamce and epistatic
gene effects, it will be reliable only if accompaahiby high genetic advance.
High heritability coupled with high genetic advarasper cent of mean were
recorded for charactexéz., number of primary branches planth?ss= 91.90
%, GAM = 41.86 %), number of secondary branchestpi®s= 88.40 %,
GAM = 93.90 %), pod vyield plarit(h?,<= 87.20 %, GAM = 31.50 %), kernel
yield plant! (FPbs= 86.30 %, GAM = 30.28 %), plant heights 78.40 %,
GAM = 21.34 %) and specific leaf area at 60 DA%£h72.30 %, GAM =
27.51 %) which indicates preponderance of adddmee action in expression

of these characters and the selection would beteféefor these characters.

Johnet al. (2012) and Mitraet al. (2021) revealed strong heritability
together with high genetic advance as per cent earmfor number of

secondary branches plantSimilar types of findings for kernel yield plant
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and pod yield plantwere published by Dolmet al. (2010b), Vekariyaet al.
(2011b) and Narasimhulet al. (2012). Dolmaet al. (2010b), Chavadhaet
al. (2017b) and Razet al. (2018) reported strong heritability together with

high genetic advance as per cent of mean for pleight.

Sabet al. (2018) and Nagaveni and Khan's findings (2019ahigih
heritability and high genetic advance as per cémeaan for specific leaf area

at 60 DAS are similar to these findings.

Shelling per cent @s 73.10%, GAM= 16.80%) showed high
heritability and moderate genetic advance as parafanean. The findings of
Dewangaret al. (2015), Guptaet al. (2015a), Mandaét al. (2017) and Veer
(2021) were comparable in that they had high Hatita along with moderate

genetic advance as per cent of the mean for sgedkn cent.

Days to maturity (Bs 76.60%, GAM= 3.98%) showed high
heritability and low genetic advance as per cenneén which suggested the
presence of non-additive gene action. Selectiorsfich features may not be
profitable since high heritability results from thmositive influence of

environment rather than genotype.

Ashusthoslet al. (2017), Nayak (2018) and Veer (2021) demonstrated
high heritability and little genetic advance as pent of mean for days to

maturity.

For the characters harvest indeX,éh 59.60%, GAM = 31.07%) and
sound mature kernel per cenfus 42.40%, GAM = 20.71%); moderate
heritability and substantial genetic advance as @emt of mean were

recorded.

John et al. (2012) and Guptaet al. (2015a) revealed moderate
heritability along with high genetic advance as pent of mean for harvest

index.

For the characters, days to 50% floweringosh 59.60%, GAM =
11.95%) and hundred kernel weight?¢h 40.20%, GAM = 10.51%);
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moderate heritability and moderate genetic advasceer cent of mean were

recorded.

Patidaret al. (2014) and Shashikumaeh al. (2016) reported modest
genetic advance as per cent of mean and modendzbiigy for days to 50%
flowering. Patilet al. (2014) and Shindet al. (2019) both reported results for
moderate heritability along with moderate genetilvaace as per cent of

mean for hundred kernel weight.

For the SPAD chlorophyll meter reading at 60 DA%<h 32.90%,
GAM = 3.76%) and relative water contenfys 31.30%, GAM = 4.43%);
moderate heritability and low genetic advance as qant of mean was
observed had moderate heritability and low genaticance as per cent of
mean, indicating that these traits were heavilyuariced by environmental

factors and that selection would be unsuccessful.

However low heritability and low genetic advancepas cent of mean
were identical to the findings of Jolehal. (2012) for the SPAD chlorophyll
meter reading at 60 DAS.

4.4. GENETIC DIVERGENCE

The choice of the appropriate parents plays a kleyimathe success of
plant breeding programme. The best recombinantpraxduced by crossing
most genetically diverse parents. The level of paijpah heterogeneity has a
major impact on genetic progress. By using Mahdanb? statistics (1936)
analysis, 36 genotypes of groundnut were quanihti evaluated in the
current study. Table 4.6 provides an analysis of dspersion of 36

groundnut genotypes.
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Table 4.6. Analysis of variance for dispersion 0f36 genotypes of

groundnut
Source of variation Degree of freedom Mean sum ofjgares
Genotype 35 -5.0833E+07
Error 69 2.5785E+07
Total 104 0.0000E+00

4.4.1 Genetic divergence

Using Tocher's approach (Rao, 1952); 36 groundeubtypes were
divided into nine clusters. Table 4.7 and Fig 4Hoves the distribution of
genotypes into several clusters. The largest aluste Cluster | contains
fifteen genotypes. Cluster IV includes seven gegpesy Cluster VI has five,
Cluster V has three, Cluster VII contains two arlds@r V contains three

genotypes respectively.
The remaining clusters (11, 1, VI, and 1X) araonogenotypic.
4.4.2 Inter and intra cluster distances

Average inter and intra cluste? @nd D values are provided in Table

4.8 and a cluster diagram is shown in Fig 4.2. €u¥I and IX had the
greatest distance between them (2611.50) followedtlbster VI and VIII
(2438.09), cluster | and 1X (2080.02), V and 1X 46308) and cluster VII and
VIII (1684.13). The genotypes of these clusters wegenetically
near and had the most gene complexes as evidencddebsmallest inter-
cluster distance of 24.99 between clusters Il amdcluster Il and IV
(199.08) and cluster Il and 1V (201.24).

Cluster VI (304.88) had the largest intra-clustestathce followed by
Cluster IV (235.43), Cluster | (199.27) and Clusi#f (136.87). Since they
are monogenotypic clusters, the intra-cluster ditafor the remaining

clusters namely I, IlI, VIl and IX is zero.
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The presence of greater genetic diversity betweenctusters than
within them is indicated by the fact that interstler distances were greater
than intra-cluster distances. The clusters VI-IX:-¥lI, 1-IX, V-IX and
VII-VIII were discovered to be increasingly divengen decreasing order of
their magnitude based on inter cluster distanclsréffore, it is possible to
use the genotypes from these clusters as potg@atiahts and it is advised to
cross them in order to produce a wide range ofrdiyefor the efficient

selection of different traits.
4.4.2.1 Cluster means

Cluster means for yield, yield attributes and Watse efficiency

related traits in 36 genotypes were presented iteTab.

Days to 50% flowering cluster averages ranged fria4n33 days
(cluster VIII) to 27.33 days (cluster IX) with a are of 26.24 days overall.

The cluster means for clusters VIII, VIl and V wéwe/er than the average.

Days to maturity cluster averages ranged from I08dys (for cluster
VIIl) to 107.33 days (for cluster IIl), with a meaverall of 105.91 days.
Lower cluster means than the overall mean were fonradusters VI, 1X,
VIl and VI.

Cluster means for plant height varied from 26.13l[jMo 39.50 (V)
with a general mean of 34.65. Lower values thangdeeral cluster mean

were recorded for clusters VIII, I, I, IX and II.

For the number of primary branches ptan€lusters 1X, VII and I
showed greater values of cluster means than thelb¥&uster mean (5.60).
The range of the cluster means was 3.87 (VIII) 82§1X).

For the number of secondary branches pta@tusters ViIll, II, VIl and
VI showed cluster means that were greater tharoteeall cluster mean of
1.67. The range of the cluster means was 0.80t@d2)47 (VIII).

64



Clustering by Tocher Method
1 Cluster TCGS-2057
Rohini
TCGS-2227
TCGS-2038
TCGS-2219
TCGS-2068
TCGS-1798
TCGS-2044
Narayani
Dheeraj
TCGS-2004
TAG-24
Dharani
TCGS-2060
TCGS-2051
2 Cluster TCGS-2039
3 Cluster TCGS-2055
4 Cluster TCGS-2052
K-9
TCGS-2233
TCGS-2317
TCGS-2278
TCGS-2041
TCGS-2217
Cluster TCGS-1694
TCGS-2049
Greeshma
Cluster TCGS-2235

w

o

Tirupati-1
Tiurupati-4
K-6
TCGS-2229
Cluster TCGS-2040

<

TCGS-2223

(U] L L L L

8 Cluster TCGS-2230
9 Cluster TCGS-2053

500 1000 1500

Fig. 4.1. Grouping of 36 genotypes of groundnut intaine clusters using
Tocher’'s method
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Tocher Method

Fig. 4.2. Average inter and intra-cluster (B) distances among nine clusters of
groundnut
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Kernel yield plant displayed an overall cluster mean of 11.66. The
range was 8.04 (V) to 15.36. (IX). The cluster meanglusters IX, VI, Ill,

and Il were greater than the average (11.66).

With a general mean of 50.40 g, the hundred kenmadjht recorded
the greatest cluster mean in cluster Il (53.93mg) the lowest cluster mean in
cluster V (48.22 g). Clusters Il, VII, | and Vlillahad higher values than the

overall mean.

Shelling per cent ranged from 57.26% (VIII) to &% (V1) with a
general cluster mean of 68.86%. Clusters VI, V]lllland Il displayed

higher percentages of shelling than the averagalffatusters (68.86%).

With a general mean of 53.55%, cluster meansdon@ mature kernel
per cent ranged from 43.70% (V) to 63.80% (IX). $Zé&w means for Clusters

IX, 11, VIl and Il were greater than the averadester mean (53.55%).

The cluster means for the harvest index ranged #&6m33% (I) to
71.45% (IX). The cluster means for clusters IX, YW and V were greater

than the average cluster mean (56.55%).

With a general mean of 48.07, the cluster meamstie SPAD
chlorophyll meter reading at 60 DAS ranged from74%\VI) to 49.70 (V).
Clusters VII, IX, IV, I, VIII and 1l had higher SMR values than the overall

cluster mean.

The range of the cluster means for specific leahat 60 DAS was
165.61 cr gnt?! (Ill) to 226.22 cm gnt! (VIII). Clusters Il and VIl showed
lower SLA than the average for the cluster (2047 gnt).

With a general mean of 85.17%, cluster values rédative water
content ranged from 82.79% (1) to 88.60% (llI). Talesters Ill, V, IV, Il and
VIII were found to have higher relative water coritthan the average cluster

mean.
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For pod yield plant, cluster values ranged from 13.41 g (V) to 24.14 ¢
(1X) with a cluster mean overall of 17.02 g. Poelgti plant' was higher in

Clusters IX, VI, Ill, and VIII than the overall gster mean.
4.4.3 Relative contribution of individual charactes towards divergence

Table 4.10 illustrates the contribution of differamaits to genetic
divergence. The trait shelling per cent was rankest for 234 times and
contributed the most to genetic divergence (37.1#8Qwed by pod yield
plant! (36.35%), SPAD chlorophyll meter reading at 60 DAX.59%),
kernel yield plant (3.81%), number of secondary branches pigft79%)
and specific leaf area at 60 DAS (0.32%).

The traits plant height, number of primary brancipént®, sound
mature kernel per cent, hundred kernel weight, day®% flowering, days to
maturity, harvest index and relative water contBdtnot contribute to genetic

divergence.

This leads to the conclusion that it would be atkg®ous to hybridise
across divergent clusters with high mean valuesherspecific qualities that

need to be enhanced in order to produce supenimties.

Comparing genetic divergence between clusters gmd se
performance of genotypes, the cross combinatiorg K-TCGS-2053 and
TCGS-2235 x TCGS-2053 could be recommended to inEresder use
efficiency related traits in groundnut. Wherease tbross combinations
Greeshma x TCGS-2053 and TCGS-2223 x TCGS-2230 coeld b

recommended to obtain transgressive segreganysefdr yield attributes.

TCGS-2053 (Cluster IX) registered highest pod yielant! than all
the other genotypes. However it is late maturingnofpe with lower
performance for kernel yield plahthundred kernel weight, shelling per cent,

sound mature kernel per cent and specific leaf atré8 DAS.

K-6 (Cluster VI) matured earlier and also registelower specific leaf
area at 60 DAS whereas less pod yield plah€GS-2235 has low pod yield
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plant! but had good shelling per cent (85.50%). Greesli€laster V)
bloomed and matured earlier but has a lesser peld plant. Hence the
crosses K-6 x TCGS-2053, TCGS-2235 x TCGS-2053, Gmnegesh TCGS-

2053 were recommended for utilization in the breggirogramme.

TCGS-2223 (Cluster VII) exhibited lesser speciéaflarea at 60 DAS
and also registered higher performance for kermeldyplant! and sound
mature kernel per cent which are lacking in theofygre TCGS-2230 (Cluster
VIIl) whereas it shows greater performance for plagight and number of
secondary branches plantTherefore, the cross TCGS-2223 x TCGS-2230
can be suggested to obtain transgressive segreganteld, yield attributes

and water use efficiency related traits in grourtdnu

4.4.4 Cluster diagram

D? values were used to create a cluster diagramilthatrates the
relationship between var