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ABSTRACT

The present investigation was conducted at AgricaltiResearch
Station (ARS), Perumallapalle, Tirupati durimgbi, 2021 to characterize
pearl millet inbred lines for DUS traits and to mti&y potential germplasm
lines by estimating genetic parameters (variabilitgritability and genetic
advance), genetic divergence, character associatidpath coefficient.

DUS characterization of 70 pearl millet genotypsema 28 DUS traits
revealed existence of abundant diversity for thetsmracters. In the present
studied pearl millet inbred lines appreciable défeces were observed for the
traitsviz., anthocyanin pigmentation, leaf sheath length, dade length, leaf
blade width, spike stigma pigmentation, anther eglplant node pubescence,
number of nodes plafhit node pigmentation, internode pigmentation, spike
length, anthocyanin pigmentation of glume, spikistlar, spike bristle colour,
bristle appearance, spike girth, number of prodectillers plant, plant
height, spike shape, spike-density, seed colord steape and 1000 seed
weight. Based on the DUS descriptors inbred linesrewcharacterized
effectively which would be useful for their docunt&tion and registration.
These descriptors would aid in explicit identity iobred lines and help in
maintenance of their purity in field for use indwt breeding programmes.

The analysis of variance carried out among 70 gkxsnp lines for 21
yield and yield attributes revealed significanfeliénces for all the characters
indicating the presence of considerable amountenietic variability for the
characters in the studied material.

The characters such as grain yield plarit0O00 grain weight panicle
weight, green fodder yield plahtdry fodder yield plantand harvest index
showed higher estimates of PCV and GCV indicatingpla amount of
variation among germplasm lines for these traitausTtdirect selection for
these traits would result in further improvement gfain yield. High
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heritability coupled with high genetic advance as pgent of mean was
observed for days to 50 % flowering, spike lengtpike girth, number of
productive tillers plant, plant height, 1000 grain, panicle weight, green
fodder yield plant, dry fodder yield plant, threshing percentage, harvest
index and grain yield plaitindicating the predominance of additive gene
action and direct selection would be effectiveifoprovement of these traits.

D? analysis grouped 70 inbred lines into 12 clust&rsong all the
characters studied, 1000 grain weight, days to 80%ering and number of
productive tillers plant contributed relatively maximum towards the total
genetic divergence. Inter cluster distance was rgbdemaximum between
cluster VI and XII followed by cluster X and Xlluster 1ll and XII and
cluster IV and XIl representing that germplasm dingelonging to these
clusters are more divergent.

Correlation studies revealed that characteis, panicle weight
followed by green fodder yield plahtdry fodder yield plant number of
productive tillers plant, spike girth, plant height, leaf blade length, femof
nodes plant, 1000 grain weight, spike length, harvest indexeshing
percentage, leaf blade width and specific leaf ateéb DAS had significant
positive association with grain yield pldrihdicating simultaneous selection
of these traits would result in improvement of grgield.

Further, path analysis estimates in the preserdgsiiyation revealed
that panicle weight followed by threshing percemetagreen fodder yield
plant! had true relationship with grain yield pldrty establishing significant
positive association and high positive direct effat grain yield plant. Low
residual effects at both phenotypic and genotypiell demonstrated that
choice of traits in the present study were ablexjgain most of the effects on
grain yield.

Superior inbred lines PPBI-3, PPBI-46, PPBI-47, PRBand PPBI-59
identified in the present study could be utilizewt the development of
composites.
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Chapter — |
INTRODUCTION

Pearl millet Pennisetum glaucum (L.) R. Br., 2n = 14) is an annual,
C4 cereal crop with high photosynthetic efficiencydarelongs to the family
Gramineae. It has its origin in central tropicalriéd and is cosmopolitan
throughout Africa and India's dry and semi-aridisag. Cumbu, black millet,
spiked millet and candle millet are popular nambageasajja is the local name
in Andhra Pradesh. It is naturally cross pollinai@dlogamous) and the
adaptation for cross pollination is Protogyny. Wisdhe primary pollinator

(anemophily).

Pearl millet is widely cultivated staple grain criopindia next to rice,
wheat, maize and sorghum. It is grown solely bysgibnce and small-scale
farmers with little resources. It is a multipurpassrse cereal crop cultivated
for grain, fodder and stover in various conditiasoss the world. It can
adapt well to drought and unfavorable agro-ecoklgoircumstances and is
capable of quick and strong development and is filasted in marginal
regions with low soil fertility, less and unpredibte rainfall and high

temperatures, and hence regarded as climate résilie

Pearl millet is commonly known as a poor man's faod important
among nutritious cereals. The composition of grajper 100g) reveals
carbohydrates (67.5g), protein (11.6g), fat (5d)erf (1.2g), mineral matter
(2.39), calcium (42mg) and phosphorus (296mg). §hen consists high
amount of vitamins (thiamine, riboflavin and nigcand minerals (P, K, Mg,
Fe, Zn, Cu and Mn). It being rich source of energycomparable to rice,
wheat, maize and sorghum. Protein content of pedlftét is higher than
barley (11.5%), maize (11.1%), sorghum (10.4%) racel (7.2%). It has a low
glycemic index (Gl), which helps in weight loss aadls in cholesterol
reduction (ICAR - AICRP on pearl millet, 2018).



Pearl millet is majorly grown in Rajasthan, Uttarad®esh, Gujarat,
Haryana, Karnataka, Maharashtra and Andhra Pradieshdia, Pearl millet
Is cultivated in 7.65 million hectares with a protdan of 10.86 million tones
and 1420 kg/ha productivity. In Andhra Pradeshrlpedllet is cultivated in
0.31 lakh hectares with a production of 0.71 lakets and a productivity of
2281 kg/ha (Directorate of Economics and Statis#021).

It has been reported by Ramarabal., in 2019 that pearl millet
production is likely to become more challengingdese of predicted intense
drought stress, rise in temperature, and great®ade incidences and its
production must be increased at a much faster Tais.increasing production
must result through enhancement in productivitgeithere is little scope to
enhance production by expanding pearl millet cation. No doubt,
enormous progress has been made in India to imppoeductivity by
developing high-yielding cultivars and their impeov agronomic
management. The accomplishments of pearl milletding are often referred
to as one of the greatest success stories in Irafjaculture (Yadawt al.,
2021). However, its biological potential has notemefully realized and
recurring downy mildew epidemics in pearl milletbinigs in India prompted
to intensify efforts on genetic diversification bybrid parental lines. The
replacement of old hybrids with new ones that n&tses continuous
development of high yielding diverse trait basdaréa lines that can be used

as hybrid parents (A & R lines) for breeding peaitllet cultivars.

As a result of the growing usage of pearl millebrad lines, it is
essential to characterize, analyze and cataloguéhat they are utilized in
crop improvement programs. Apart from that, theseai need for the
protection of inbred lines under Protection of Pl&farieties Act, which
involves varietal testing for distinctness, unifagymand stability. DUS is the
foundation for the issue of protection to new plaarieties under “The
Protection of Plant Varieties and Farmers’ Rightst’A2001 (AICPMIP,
2006).



Knowledge of multiple estimations of genetic partareis required
for better utilization of the genetic variation peat in the base material for
any improvement in features of economic value. &fiieacy of selection is
known by the proportion of heritable variabilityp the prediction of projected
genetic gain in the trait with selection of bedivmdual genotypes from the
base population, the information on heritabilityndoned with genetic

advance is more relevant than information on hatitg alone.

The measurement of genetic diversity by means oiméiacal
procedures such as Mahalanob# dBatistics plays a pivot role in choice of
divergent parents for hybridization to exploit nrayim heterosis and to

access relative contribution of different charaxtexards genetic diversity.

Grain-yield is a complex character which is affdctby several
component traits. Understanding such inter-relatigm between yield and its
constituents will significantly increase breedinggram efficiency using the
application of proper selection indices. On the eotthand correlation
coefficients, might occasionally mislead the setectand must be divided
into direct and indirect effects. Then path coedinti analysis is used to
calculate the direct and indirect impacts of eaahiable as well as their

contribution to yield.

Based on above perspectives, the present reseamthisvcomposed

with the following objectives.
Objectives of investigation:

1. Morphological characterization of pearl millet ieldrlines as per DUS

descriptors.

2. To estimate genetic variability, heritability andngéc advance for

yield and its attributes in pearl millet inbreddm

3. To assess the genetic diversity for yield and yaidbutes.



To study the character association among pearl tnmitered lines for

yield and yield related traits.

To ascertain the direct and indirect contributiofisyield attributes

towards the seed yield.
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Chapter - 11
REVIEW OF LITERATURE

A complete understanding of the DUS characterinatigenetic
diversity, extent of variation, heritability of theharacter, character
association, path analysis would help in crop inapment programme. The
genetic improvement of economically important #arequires adequate
knowledge of their inheritance pattern, geneticiaklity and relative
contribution of genetic and non-genetic componémttheir expression and

inter-relationships.

A brief review of literature in accordance with tlubjectives of

research programme in pearl millet germplasm isipveed here under.
21 MORPHOLOGICAL CHARACTERIZATION

Characterization of germplasm accessions providextagh information
for the breeding of crop and in the management @fiefic resources.
Information on characterization of a genotype affealuable knowledge for
practical genotype identification and hypothesizumylogenetic relationships
that may pave the way for effective exploitation @énetic resources.
Literature pertaining to characterization and assens of variation in the
germplasm accessions has been reviewed and présientiae following
section.

Kumaret al. (2005) studied 41 genotypes of pearl millet, idahg 12
hybrids and their parental lines, and grouped throtwo distinct categories
based on anthocyanin pigmentation of seedlings rufidiel and controlled
conditions of growth. More genotypes (29) develoggginentation under
controlled conditions than in field (14) possiblyed to availability of
optimum conditions for pigment synthesis. Seedliranthocyanin
pigmentation in combination with seed charactehsas shape, colour and
response to phenol colour reaction could identifefiotypes individually and

group the rest into 9 categories each with 2-7 tyges.



Reddyet al. (2006) characterized 1535 foxtail millet accessiamd
based on plant color, accessions were classifiedl tiiree classes: green,
pigmented and deep purple. The majority were grédrb¢o), followed by
pigmented (23.6%) and deep purple (1.8%). Amonddhe types of growth
habits decumbent, erect, erect geniculate andrpte26.5% accessions were
erect. Leaf colour of the accessions was classdiedyreen, pigmented or
yellow. The majority of the accessions were gre80.71%) followed by
yellow (10.6%) and pigmented (8.7%).

Amgai et al. (2011) studied five landraces of Nepalese foxtallein
based on IBPGR descriptor. Accordingly, two kindsggymwth habit — erect
(4) and erect geniculate (1); two types of bladbgzgcence — essentially
glabrous (4) and medium pubescence (1); two typeemescence — actively
growing (3) and dead (2) were observed.

Bhattaraiet al. (2014) classified 537 accessions of finger mitlased
on ear shape and observed that 280 accessionsemrecompact, 153 were
open, 54 accessions were compact and 27 accesstwasdroopy. For grain
color, 133 showed purple brown grain color wherg28 and 11 accessions
showed light brown and copper brown grain colorpeesively and one

accession showed white grain color.

Nehraet al. (2016) characterized 49 inbred lines of pearl miite 29
morphological traits using DUS descriptors. The t¢raiz., anthocyanin
coloration of first leaf sheath categorized as gme$27%) and absent (73%);
plant node pigmentation classified as green (22%@wn (22%) and purple
(55%); spike shape grouped as cylindrical (59%jca (37%), candle (2%)
and lanceolate (2%); seed colours as grey (43%)p deey (27%), yellow
(22%) and (8%) cream seed color; seed shapes laslgid67%) and obovate
(33%) were studied. Large variation among inbredsewleund for the
guantitative traits like days to 50% flowering (@8.- 58.55 days), leaf blade
length (33.53 -72.13 cm), spike length (13.60 -6@4cm), number of
productive tillers plant (1.60 - 9.57), plant height (115.60 - 160.87 cmj an
1000 grain weight (4.35 - 14.80 g).
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Sapkotaet al. (2016) evaluated 16 agro-morphological traits of 10
foxtail millet accessions using IBPGR descriptoaridtion was observed in
terms of tip of cotyledon leaf, anthocyanin pignadiain, color of the plant
and leaf, growth habit of the plants, panicle shdgee characteristics of the
panicle and inflorescence. All the accessions wepmrted to be erect in
growth habit and had white anther colour.

Singhet al. (2016) characterized pearl millet hybrids andrtparents
based on morphological descriptors with the obyectio identify key
diagnostic characters of the genotypes. They sele@#® pearl millet
genotypes (7 hybrids and their 17 parental lines) abservations were
recorded for 28 morphological and yield charactéh. genotypes were
classified into different groups based on each adtar. Nodal pubescence,
nodal pigmentation, spike shape, spike densitykespip sterility, sheath
pubescence and spikelet glum colour distinguisiHetha 24 genotypes by
assigning them key diagnostic features that wowdamly help the plant
breeders, seed growers and seed certification sgetacuse these diagnostic
characters. Hybrids HHB 216, HHB 226 and HHB 1ludldde differentiated
by bristle length, spikelet glume colour and sgigesterility.

Ahmedet al. (2017) studied 246 foxtail millet germplasm quatlitely
using IBPGR descriptors for plant characters, ldaracters, inflorescence
characters and seed characters. Plant charagergrowth habits — erect
(93.1%) and erect geniculate (6.9%); three clas$gdant pigmentations —
green (95.5%), pigmented (4.1%) and deep purpf4).leaf characteviz,
leaf colour - green (93.9%) and pigmented (6.1%fiprescence characters
viz.,, four types of inflorescence lobes — short (69%)g (32.5%), absentia of
lobes (2%), large and thick (0.5%); four kinds afe¢s compactness - medium
(50%), loose (28%), compact (20%) and spongy (28é&d charactengz.,
four seed shapes — cylindrical (77.2%), pyramidbl.§%), globose to
elliptic(2.5%) and ovate (2.5%); five seed colour&/hite (58.10%), black
(13.4%), orange (11.8%), yellow (12.6%) and ligdllgw (4.1%) were
noticed.



Amarnathet al. (2019) done DUS characterization for 50 foxtailleni
germplasm accessions and grouped them based gnantitative traits. The
results revealed that germplasm accessions hadthenergenetic diversity.

Ankit et al. (2020) characterized 92 accessions of finger tndled
recorded that most of the accessions exhibitedt gmeevth (50%), droopy
ears (27.14%), dark green glume (58.70%), non-pmeck leaf juncture
(67.30%) and non-culm stem branching (67.39%). Mgjoof germplasm
entries exhibited non branched fingers (88.40%).0Ag branched fingers
predominance was for thumb position (63.04 %). dsvmoted that seeds of
majority of genotypes had brown color (55.43 %).

Kalagareyet al. (2020) characterized 31 pearl millet genotypesqisi
DUS descriptors and revealed that most of the Didi&tshowed at least two
classes except for six traits like leaf sheath pabece, stigma pigmentation,
node pubescence, number of nodes, panicle bristte @anicle bristle
appearance which showed no classification. Thiscatdd the presence of
diversity for observed morphological traits amohg tjenotypes.

2.2 GENETIC VARIABILITY PARAMETERS

Genetic variability is essential for initiating affective and successful
breeding programme. Variability in a populationmeasured by phenotypic
and genotypic variances. Since the variances fiteented by magnitude of
the units of measurement of different traits, a snea of coefficient of
variation (CV), which is independent of the unit measurement, is more
useful in comparison between different phenotypElse coefficient of
variation expressed in phenotypic and genotypicelevi.e, phenotypic
coefficient of variation (PCV) and genotypic coeiiint of variation (GCV)
are used to compare the variability observed antloaglifferent characters.

Genetic improvement in pearl millet is possibleotigh selection of
characters which show the significant amount of GEZV, heritability (H)
and genetic advance (GA). Genotypic coefficienvafiation does not give
the idea of total heritable variation. The relatraount of heritable portion of



variation can be assessed through heritabilityregion. Heritability analysis
gives an idea about the effectiveness with whid&csen can be practiced for
the genetic improvement of a particular charactased on phenotypic
performance.

Magnitude of heritability indicates the reliabilitwith which the
genotype will be recognized by its phenotypic egpien. Heritability
coupled with genetic advance as per cent of meaM)Gwill bring out the
genetic gain expected from selection than heritgbtlone (Herbert W
Johnson, Robinson and Comstock, 1955). Previousrteepelated to GCV,
PCV, heritability and genetic advance (as per cdrnmean) in pearl millet

were summarized below.

Singhet al. (2014) evaluated 24 lines (7 hybrids and 17 pafdimes)
and observed high GCV, heritability and GAM for igrgield plant, dry
fodder weight plant, fresh fodder weight plait productive tillers plantand
plant height.

Bika et al. (2015) conducted variability studies with 30 gepets for
green fodder yield and its related characters amdaled high GCV and PCV
for dry matter yield, green fodder yield, while hideritability conjugated
with high GAM for spike length, green fodder yieldd dry matter yield.

Bind et al. (2015) recorded close proximity between GCV and/ @
grain yield plant, panicle length and dry matter yield ptarand high
heritability coupled with high GAM for grain yielplant!, panicle length, dry
matter yield plant, days to 50% flowering and green fodder yield ptdan
their study involving 36 fodder pearl millet genpég.

Yaqoobet al. (2015) studied 25 pearl millet accessions andcadti
high GCV and PCV for grain yield. Moderate to higgritability was noticed
for days to heading and days to maturity; very Hightability for 1000-grain
weight and grain yield. High heritability amalgaeatwith high GAM was

noticed for grain yield.



Naveenet al. (2016) observed moderate to high PCV and GCV for
SCMR, plant height, number of productive tilleramt, ear head length and
grain yield plant, while greater magnitude of broad sense heritglaitbupled
with higher GAM for SCMR, plant height, number ofoguctive tillers
plant!, ear head length and grain yield plam their study involving 250

pearl millet recombinant inbred lines.

Bhaskeret al. (2017a) studied 56 pearl millet genotypes compgisif
40 Fs, 4 male sterile lines and 12 pollinators for geneariability,
heritability and genetic advance and recorded R@lY, PCV and heritability
coupled with maximum GAM for plant height, produwetitillers plant,
panicle length and fodder yield

Nehraet al. (2017) studied 49 pearl millet inbred lines andeed
higher PCV and GCV for number of productive tilleisousand grain weight,
green fodder yield, dry fodder yield and seed yigWhile high heritability
coupled with high GAM was recorded for number afdurctive tillers plant,
thousand grain weight, dry fodder yield, green fadgield and grain yield;
high heritability with moderate to low GAM was olbpged for days to 50%
flowering, spike girth, spike length and plant Hig

Jagdeep and Ashok Kumar (2018) investigated genatiability for
50 advance inbred lines of pearl millet and rewidlee existence of higher
PCV for all the characters than its correspondif@VGHigh estimates of
coefficient of variation along with high to modegdteritability and genetic
advance as per cent over mean was observed for yeddl panicle: and dry
fodder yield indicating the predominance of additigenetic variance for
these characters. Likewise, moderate heritabilitgh wnoderate genetic
advance was observed for grain yield and planthtewhile high heritability,
low genetic advance and low variability for panitdagth and days to 50%

flowering indicating prevalence of non-additive gea variance.

Thomaset al. (2018) studied 22 pearl millet genotypes for dgene
variability. The estimates of genotypic coefficiesit variation were much
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lesser than that of phenotypic coefficient of viwia for all the traits
indicating the role of environmental influence fdnaracters studied. High
heritability combined with high genetic advance s cent of mean was
observed for green fodder yield plantdry matter yield plantand crude

protein content.

Kaushik et al. (2018) studied 48 maintainer lines of pearl mikeid
observed slightly lower GCV than PCV indicating thlght influence of
environment on the expression of all the charactdrgh heritability with
high GAM was observed for number of productivestsl plant, plant height,
1000-grain weight and grain yield plarduggesting the prevalence of additive
gene action in their inheritance.

Patel et al. (2019) investigated 30 genotypes including hybrasl
advance lines of pearl millet and recorded high G@d PCV values for most
of the traits studied. Higher PCV values was sesnntimber of effective
tillers plant!, grain yield plant, harvest index and test weight. Pertaining to
heritability and GAM, high values were obtained fdant height, dry fodder
yield, ear head girth, ear head length, grain yigddt weight and harvest

index.

Priyankaet al. (2019) in their study with 42 genotypes of peaillet)
revealed the existence of higher values of PCV, Giritability and GAM
for grain yield plant, green fodder yield plakt iron content, green fodder
yield planttand zinc content.

Rashitaet al. (2019) included 42 maintainer and 17 restorerlpegiet
lines in their genetic studies and reported higtitdiality and GAM for spike
length, spike girth, plant height, 1000-seed weightl single plant yield.
However, they recorded higher PCV than GCV fotlad traits studied.

Anuradhaet al. (2020) revealed the preponderance of high PCV for
number of productive tillers and moderate GCV fsttweight, while high
heritability coupled with high GAM was recorded fimst weight and fodder
yield plant.
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Annamalaiet al. (2020) assessed genetic variability in 50 peallemi
germplasm lines and recorded high PCV and GCV ffangyield, number of
productive tillers, spike length, 1000 grain weiginid plant height while the
traits viz,, grain yield and plant height recorded high heéirliiy with high
GAM.

Dadarwalet al. (2020) evaluated 30 maintainer lines of pearleh#ind
revealed the presence of high heritability withthi@AM for days to 50%
flowering, plant height, test weight and grain gliplant.

Mithlesh et al. (2020) revealed high to moderate heritability dedp
with moderate to high GAM for the plant height, [géa length, panicle girth,
grain yield plant, grain iron (Fe) and zinc (Zn) content. Higher P@Alues
than GCV values was obtained for all the characterdied.

Narasimhulu and Veeraraghavaiah (2020) studiedoér®rmance of
16 pearl millet genotypes and observed high halitsalwoupled with high
GAM for grain yield and moderate heritability angiihn GAM for number of
productive tillers. In contrast, high heritabiligpupled with low GAM and
GCV was observed for days to maturity and day<#b Howering, indicating
that the role of non- fixable genetic variation.

Ravindrakumagt al. (2020) conducted variability studies composed of
87 hybrids and three checks in pearl millet. Thegenbed high GCV and
PCV for number of effective tillers plaht harvest index and seed yield
plant!, while low GCV and PCV were observed for days @&o5flowering,
days to maturity, plant height and panicle length.

Sai kumaret al. (2020) in their study with 10 maintainer and 27
restorer lines revealed the presence of high G@X/,Meritability and GAM
for panicle length, green fodder yield ptantry fodder yield plant, 1000-
grain weight, harvest index and grain vyield pfanindicating the
preponderance of additive gene action.

Shailjaet al. (2020) evaluated nine parents and their 36developed
through half diallel cross and observed high hbilityg for panicle length,
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plant height, days to 50% flowering and grain yigldnt! and high GAM for

effective tillers plantand grain yield plant

Yadavet al. (2020) conducted genetic variability studies faaigy iron,
zinc, grain yield and its contributing charactensl amoticed highest PCV and
GCYV for zinc content, while the lowest for daysmaturity. High heritability
along with high GAM was noticed for days to 50%wkring, plant height,
number of productive tillers plaht panicle length, panicle diameter, stover
yield plant!, grain yield plant, 1000-grain weight, harvest index, iron content

and zinc content.

Narsimhuluet al. (2021) studied 95 pearl millet hybrids and recdrde
highest GCV and PCV values for number of productillers plant' and
grain yield, while high heritability along with Higgenetic advance as percent
of mean was recorded for number of productiversligant' and grain yield,

indicating the predominance of additive gene effect

Shashibushart al. (2021) evaluated 40 pearl millet genotypes and
observed GCV values were highest for productiViersil plant: and fodder
yield plant!. Plant height, productive tillers plahand grain yield planthad
highest PCV values. Except for days to maturitytedlts had the highest
heritability along with high GAM.

Yadavet al. (2022) studied 45 pearl millet hybrids and recortegh
heritability coupled with high genetic advance a&s pent of mean for plant
height among hybrids, while other traits show laavitability and low genetic

advance as percent of mean.

2.3 GENETIC DIVERGENCE

Genetic divergence is an important factor and alpoerequisite of any
hybridization programme because crosses betweeangdint parents usually
produce greater heterosis than those between glosleted ones (Moll and
Stuber, 1971). Genetic divergence is a result ahghks in gene frequencies of

different populations due to evolutionary forces.
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The concept of Bstatistics for measuring the divergence between the
two populations was introduced by Mahalanobis ()J93Bao (1952)
suggested the application of this technique foessm®ment of genetic diversity
in plant breeding. It gives a result based on ntagdei of divergence and
independent of size of samples. Use of diversenparen hybridization
programme can serve the purpose of combining desigenes or to obtain
recombination. A brief review of work done in thisgard in pearl millet is

presented below.

Choudharyet al. (2013) carried out genetic divergence analysisGn 5
genotypes of pearl millet along with three checkiag I statistics. Their
results revealed that genotypes were grouped #htdusters. The genotypes
of cluster IX had higher mean value for grain yigldnt!, plant heightand
test weight and they suggested to use these gawBp diverse parents in

hybridization programme.

Sathyaet al. (2013) investigated 47 accessions (44 inbred laves 3
checks) of pearl millet to assess genetic diverbyy using multivariate
heirarchial clustering analysis and grouped theim @ight clusters. Cluster IV
had highest number of inbreds (18) followed by &u$ (10) and cluster VI
(9). TNBI 43 of cluster V was early to flower andcorded highest mean
value for ear head length, number of tillers, eaachgirth and grain yield
plant! among 47 genotypes, was suggested for use as daosuparent in

hybridization programme to enhance yield potential.

Sumanthet al. (2013) evaluated genetic diversity among 42 idbre
lines (22 maintainer lines and 20 restorer lindgearl millet and grouped the
parental lines into three main clusters. Amongtlinee clusters, cluster Il was
the largest comprising 34 genotypes which is furitheided into five sub
clusters. Out of five sub clusters in clusterhik fifth sub cluster itself formed
largest group with 25 genotypes consisting 10 resiines and 15 maintainer
lines. Of the maintainers evaluated, ICMB 88004naleemained as single

apart and highly diverse which can be used forrtbe male sterile line
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development programme. Among the twenty restomeesli PT 6065, PT
6243, PT 6066, PT 6064, PT 6033 and PT 6029 were hitijdysified.

Kumar et al. (2015a) assessed genetic divergence among 9T pear
millet genotypes and grouped them into six clustesing [¥ statistics. Mean
of characters for each genotype within a clustes wla@sest to the cluster
mean. Plant height, ear diameter and grain yieldewieund to be best

discriminatory characters for better selectionigétse genotypes.

Kumar et al. (2015b) studied genetic diversity for 26 genotypes
grouped them into eight clusters. Of the 8 clustermed, cluster | and Il
were largest with seven genotypes in each followedcluster Il with 5
genotypes. Cluster IV and VIII had maximum inteuster distance whereas
minimum inter-cluster distance was recorded betwaaster | and cluster
VII. The intra-cluster distance was maximum in ctugtl followed by cluster

Il and cluster V.

Vermaet al. (2015) estimated genetic diversity among 171Ipudlet
germplasm entries and using Blustering grouped them into eight clusters.
Plant height, dry fodder yield and grain yield ednited more towards
genetic divergence. In addition, the study revedihed genotypes superior to
individual trait belongs to different clusters whimdicates that none of the

clusters contained genotypes with all desirableastars.

Athoni et al. (2016) made an attempt to assess the genetiogydivee
among the 243 germplasm lines by using Mahalan@Bisstatistics and
grouped them into 16 different clusters. Clustavds the largest with 129
genotypes followed by cluster 1l (49 genotypes)d aaluster V (24
genotypes), while clusters I, VI, VII, VI, X anXVI were solitary
indicating the grouping of more diverse exotic eclions in definite groups.
Among various characters, seed vyield, panicle giaihd leaf length

contributed maximum towards the divergence.
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Jyothiet al. (2016) evaluated a total of 221 pearl millet cdil@es and
hierarchical clustering method was used for clgsgjf accessions based on
agronomic and disease resistance traits, whichlteglsinto three clusters.
Clusters I, Il and Il comprised of 91, 54 and 7&essions respectively.
Among the traits analyzed, plant height, numbemodles plant, days to
spike emergence, number of tillers, leaf width deaf length were major

contributors towards phenotypic diversity.

Kumari et al. (2016) worked out genetic diversity among 30 pear
millet genotypes including three check varietieg\gd? statistics. Genetic
divergence analysis grouped the genotypes intdusters. Cluster | was the
largest and consisted of 14 genotypes followed lgter IV with four
genotypes and cluster VIl with four genotypes, véas, clusters I, 1ll, V,
VI, VII, IX, X, XI were monogenotypic clusters. Dayo maturity and panicle
length contributed maximum towards genetic diveogehe maximum inter
cluster distance was between cluster IV and clusteBased on divergence
study, the genotypes could be selected from the ah@srgent clusters for

hybridization programme.

Sumathiet al. (2016) evaluated 100 pearl millet genotypes andggd
into 11 clusters. Cluster VII had 41 genotypesoiwktd by 28 genotypes in
cluster Ill, 14 genotypes in cluster | and threaajgpes in cluster Xl. The
highest inter cluster distance was recorded betwkester VIII and cluster X.
The genotypes, PT 2616 and PT 2656 of cluster X hgld tmean value for
plant height, spike length, 1000 seed weight, sirgir head weight and grain
yield per ear head which could be used for effechiybridization programme

to develop hybrid or variety or composite.

Basavarajt al. (2017) conducted genetic diversity studies among 75
restorer lines of pearl millet for nine differentoductivity traits using
Mahalanobis B statistics. Genetically more divergent genotypesanpresent

in clusters Il and V. Among the characters studpethicle weight contributed
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highest towards genetic divergence followed by @angirth and stover

weight plot.

Ramyaet al. (2017) conducted divergence analysis among 6fedhb
lines including 27 maintainer (B) and 33 restor@) (ines of pearl millet
based on gquantitative data of grain yield and ets ¢component characters.
Cluster analysis grouped the inbred lines into teadiiisters and the characters
viz., plant height, 1000 grain weight, dry matter yipldnt' and number of
productive tillers plant contributed maximum towards genetic divergence.
They noticed maximum inter cluster distance betwees of clusters I, Il
with cluster VII indicating that lines included these clusters may have high
heterotic response and produce better hybrids wissad in pearl millet

hybridization.

Employing ¥ analysis, Kaushilet al. (2018) divided 48 maintainer
lines of pearl millet into seven clusters. Resudétgealed that cluster Il and
cluster IV had highest number of genotypes (10 e&lowed by cluster |
and Ill (9 each). For days to 50% flowering highmstan value was possessed
by cluster IV and lowest mean value by cluster togSes between the
genotypes with higher mean values for differentdrand of distantly located

clusters are likely to produce desirable hybridpear! millet.

Utilizing D? analysis, Singret al. (2018) examined 40 pearl millet
germplasm lines and grouped them into eleven clus®ased on cluster
means, cluster IV had highest mean value for gyatd plant!. Maximum
contribution to genetic divergence was exhibited nynber of productive
tillers plant! followed by grain yield plant, days to maturity, days to 50%
flowering, spike length, plant height, harvest idéest weight and spike
girth.

Abdulhakeemet al. (2019) evaluated 35 land races of pearl millet for
morphological and yield parameters and construatei@ndrogram based on
similarity distance and grouped the accessions fimiio clusters. Cluster Il

had 14 genotypes followed by 10 genotypes in dludte six genotypes in
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cluster Il and three genotypes in cluster I. AciesdlGB 528 and NGB 589
were grouped together as a distinct unit in clustexhile similar strong
association was obtained between NGB 514 and N@Brbeluster llI.

Kumar et al. (2020a) investigated 48 maintainer (B) and rest(ir}
lines of pearl millet and grouped the genotypes iinte clusters by using
UPGMA. Cluster | possessed genotypes with high garlength and dry
fodder yield. Cluster 1l comprised only B lines lwhigh panicle girth and late
flowering type. While, cluster IV had both ‘B’ and’ lines with early
flowering habit and high panicle girth. Clusteriofygenotypes from different
geographical locations into same cluster has aqoefir that they are
genetically related and possibly from the same @mdgr, but could have

been separated by geographical or ecological barrie

Swamynathamet al. (2020) conducted genetic divergence studies
among 50 pearl millet germplasms using Mahalandbis statistics for
fourteen different traits and grouped the genotyip&s sixteen clusters. The
maximum inter-cluster distance was observed betvehtgster XV and XVI
followed by clusters V and XV clusters X and XVuslers XlII and XV,
clusters Xl and XV and clusters VI and XVI.

Utilizing D? analysis, Natwariat al. (2021) evaluated 61Fhybrids
and three standard check hybrids and grouped th&alb clusters. Results
of divergence studies indicated the presence oh ldggree of genetic

divergence among the hybrids.

Saikumar et al. (2021) conducted divergence analysis among 37
parental lines of pearl millet (10 maintainer ari@l restorer lines) for grain
yield and its attributes through Mahalanobi$ dbatistics and grouped them
into eight different clusters. Among the charactrglied 1000 grain weight
contributed maximum (25.53%) towards genetic dierfsllowed by days to
50% flowering (19.22%), panicle girth (13.21%), [@éa length (8.71%),
panicle weight (7.81%) and plant height (7.36%).
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Kumar et al. (2022) examined 90 pearl millet hybrids and grouped
them into nine clusters by using Mahalanobis Dfisttes. Cluster | was the
largest with 43 hybrids followed by cluster Ill (24/brids) and cluster II (17
genotypes). In the study, test weight (73.26%) Ihaghest contribution
towards total divergence, which was followed by le@ad diameter (13.91%),
biological yield (3.25%) and days to maturity (3)J0%

Shasibhusarmt al. (2022) evaluated 40 genotypes of pear millet and
grouped them into seven clusters by using Mahalarndb statistics. Among
different clusters the maximum genotypes were ofeskrin cluster V
followed by cluster IV and cluster Ill. Days to Wering was the most
important factor in genetic divergence (18.71%)jofeed by productive
tillers plant' (18.46%), fodder yield pldt (18.20%), and panicle length
(17.30%).

Kalagareet al. (2022) investigated 31 genotypes (containing Rslirge
lines and land races) of pearl millet to assesstyerdiversity by using
Mahalanobis B analysis and grouped them into six clusters. Cfusi®
clusters, cluster | possessed maximum genotypea3ofollowed by four

genotypes in cluster II.
24 CORRELATIONANALYSIS

Correlation studies provide better understandingield components
which helps the plant breeder during the selectiRabinsonet al. 1951,
Johnsoret al.1955b). The concept of correlation was given by @a(tL889),
which was further elaborated by Fisher (1918)rdtves information on the
nature and extent of association between any twmdirical traits, it would
be possible to bring out genetic upgradation inhbtbte traits of a pair
simultaneously. The association between the atgfus measured as

“Correlation coefficient”.

Correlation may be positive, negative or zero.hé thange is same

direction, the correlation is positive and if it iIs opposite direction the
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correlation is negative. The value is zero when wanables are not related.
Positive correlation between desirable characterfavourable to the plant

breeder because it helps in simultaneous improveofdoth the characters.

Correlation may be phenotypic, genotypic or enwmental.
Phenotypic correlation is the association betwéentivo phenotypic values
which can be directly observed and is subjectecthemges in environment. It
involves both genetic and non-genetic causes. @pitotorrelation is due to
genetic association of two breeding values i.editag and (additive X
additive) gene effects (Falconer, 1989) and it imaydue to either pleiotropy
or linkage of genes either in coupling or repulsjgmase. Environmental
correlation is not strictly due to environmentalidéions but merely due to
non-genetic deviations. Selection based on compocdearacters is much
more useful than selection based on ypmEdse performance. Grain yield of a
plant is the net result of several genetic factansl their individual or
combined interplay with environmental factors. Henic is essential to
measure the correlations at phenotypic and gerotgpels under different

environments.

A brief account on correlation studies already qanied in pearl millet

was presented here under.

Bikashet al. (2013) studied 30 elite hybrids of pearl milletastimate
the association between grain yield and its compbcdlearacters. Their study
revealed that, grain yield was significantly andipeely correlated with 1000
grain weight, harvest index, ear girth, number fééative tillers plant, dry
fodder yield plant and biological yield. Ear length had non significan

positive association with grain yield.

Ravi (2013) studies on character association amsalygth 15
maintainer (B) lines and 61 restorer lines (R) eaqh millet revealed that
grain yield planthad strong positive association with panicle lengtmicle
girth and number of productive tillers planivhile negative association of

grain yield was observed with days to 50% floweramgl plant height.
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Sankaret al. (2013) investigated 38 inbred lines of pearl miéad
reported positive and significant correlation f@00 seed weight, spike girth
and leaf blade width with grain yield planivhereas days to 50% flowering
and days to maturity showed significant but negaterrelation with grain

yield.

Vinodhanaet al. (2013) studies on character association analyiis
50 pearl millet genotypes revealed that paniclgtlenpanicle diameter, 1000
seed weight and fodder yield had positive and Baarnt association with
grain yield. Hence selection towards these compsnesill lead to

development of high yielding pearl millet hybrids.

Bhurisinghet al. (2014) studied 55 pearl millet genotypes and sllowe
significant and positive correlation of grain yiefdant® with number of
productive tillers plant, plant height, panicle length, panicle girth, biital
yield plant!, dry fodder yield plant, harvest index and test weight at both

phenotypic and genotypic levels.

Dapkeet al. (2014) assessed 12 maintainer (B) and 12 reqiejdmnes
of pearl millet for ten quantitative traits. Assakon studies revealed that
grain yield had genotypically significant and piv&t correlation with ear
head length, number of effective tillers, biologigéld plant' and harvest
index. Whereas, days to maturity and days to 5@#weting showed highly
significant but negative correlation at both gepatyand phenotypic levels

with grain yield plart.

Kumaret al. (2014a) character association studies with 26| peidet
hybrids traitsviz., plant height, panicle length, number of productiMers
plant! and dry fodder yield plartexhibited significant positive phenotypic

correlation with grain yield plarit

Kumar et al. (2014b) studied 97 diverse pearl millet genotyfms
character association of eight charactrs days to 50 percent flowering,

plant height, effective tillers plaht panicle length, panicle girth, number of
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nodes, internode length and grain yield. Their ltesshowed significant and
positive correlation of grain yield plahtwith plant height, panicle girth,
panicle length, panicle diameter, number of noded mternode length.
Hence, these traits could be considered as suitddetion criteria for the

development of high yielding pearl millet genotypes

Bika and shekhawat (2015) with 30 genotypes inagdhree check
varieties, studied character association amongactens related to green
fodder yield, and concluded that days to 50 perflemtering, plant height,
number of tillers plant, panicle length and biological yield were having

positive and significant correlation with greended yield.

Dhendiet al. (2015) studies on correlation analysis with 28aggpes
of fodder pear millet revealed that negative arghificant association of
grain yield with days to 50 percent flowering, daysnaturity and biological
yield. Similarly, positive and significant assoeat of grain yield with

harvest index.

Haqget al. (2015) evaluated 10 genotypes of pearl millet étednine
the correlation among the yield and yield compomdatracters in randomized
completely block design with three replicationsgrifiicant and positive
correlation coefficient was observed for grain gielith plant height, days to
flowering, ear head length, ear head girth, flagf larea and biomass.
Similarly, positive and strong association was fbdior panicle length with

days to flowering and panicle girth.

Yahayaet al. (2015) studies on correlation analysis of 90 ggres
consisting of 81 hybrids and nine 9 inbred linegpeérl millet revealed that
positive and significant association observed fanpheight, panicle length,
tillers plant! and panicle weight with grain yield at genotypic @henotypic

level.

Kumar et al. (2016) assessed 50 pearl millet hybrids includimge

checks to estimate correlation among seed yieldtpknd its ten component
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characters. They observed that seed yield plaatl significant and positive
correlation with number of effective tillers pldntand harvest index.
Significant and negative correlation of seed yjglaht! was found with days
to 50% flowering and days to maturity at both ggpat and phenotypic

levels.

Bhaskeret al. (2017) conducted a study to determine the cdroela
among the yield and yield component characters3ipdrental lines (5 lines
and 8 testers) and their 40 hybrids of pearl maletl revealed positive and
significant correlation for plant height, effectitibers plant®, panicle length,

panicle diameter, 1000 seed weight and biologiwdtlywith grain yield.

Dehinwal et al. (2017) evaluated 100 inbred lines of pearl mitket
study association among the different biometrical harvest plus traits with
grain yield. Grain yield plartexpressed positive and significant correlation
with dry fodder yield followed by ear weight, tottllers plant!, effective
tillers plant!, spike girth and plant height. There was significamd positive
association between many traits indicating thasehteaits could be improved

simultaneously.

Anuradhaet al. (2018) conducted an experiment to study associafion
agronomic traits and micronutrients in 130 genosypé pearl millet. They
revealed significant and positive correlation o#igryield with number of
productive tillers plant, panicle length, panicle diameter and plant heilyot
significant association was found between graindyiand micronutrient
content. Hence it is possible to select simultasloior higher micronutrient

content without hampering grain yield.

Patil et al. (2018) determined the correlation of yield and ¢iel
component characters in 14 parental populations @ndybrids of pearl
millet formulated by a diallel cross excluding mocals. Strong and
significant genotypic and phenotypic correlationsrev observed between

grain yield with panicle girth, plant height anchpae length.
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Sharmeet al. (2018) evaluated 34 inbreds of pearl millet fasaasation
of grain yield with component traits. The traitsnmher of effective tillers
plant!, ear length, ear girth and seed density showeitiymassociation with
grain yield for which indirect selection can be mawl breeding programme to

enhance grain yield.

Singh and Chhabra (2018) studied 50 advance inlmed of pearl
millet to analyze genetic variability and characéesociation among them
under normal as well as drought situations. Theakd that grain yield
plant! expressed a positive and significant correlatidth ilag leaf area,
number of tillers plant, plant height, dry fodder yield, panicle lengthaig
yield per panicle while it expressed a negativeatation with days to 50%

flowering in both normal and drought conditions.

Subbulakshmet al. (2018) conducted correlation studies in 54 hybrids
of pearl millet for yield and nutritional traits.o@elation studies revealed that
single plant yield has positive significant cortela with the agronomic traits
viz,, plant height, number of productive tillers, testight, single head grain
weight and quality traitsiz., crude fibre, beta carotene and iron; whereas,
days to 50% flowering alone recorded negativelyificant correlation with
single plant yield. It is therefore inferred thahple selection will be effective

against positively correlated characters.

Rasithaet al. (2019) evaluated 42 B lines and 17 R lines anicedt
positive significant correlation of single planeld with plant height, spike
girth and 1000 grain weight. Inter-correlation gse&é showed that plant
height had a significant positive correlation wihike length and it had

significant but negative correlation with numbepobductive tillers plant

Kumaret al. (2020a) investigated 24 maintainer (B) and 24orest(R)
lines of pearl millet and revealed positive anchgigant correlation of grain
yield plant! with plant height, panicle weight and dry foddeelgli plant.
Grain yield plant exhibited neither positive nor negative correlatiwith

micronutrient concentration suggesting improvement yield without
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compromising nutrient content. Significant but negaassociation between
grain yield plarit and panicle weight with days to flowering is an edid
advantage in pearl millet cultivation to fit intoultiple cropping system of

arid and semi-arid environments.

Kumar et al. (2020b) made an attempt to estimate correlatioangm
the yield and yield attributes in 87 hybrids of peaillet along with three
checks. Character association studies indicatetl shed yield plant had
significant and positive correlation with harvestiéx, number of effective
tillers plant!, biological yield plant, test weight and negatively correlated
with days to 50% flowering and days to maturityphéenotypic level which is

desirable for development of hybrids with high grgield and early maturity.

To study the genetic variability parameters and attar association in
pearl millet Annamalagt al. (2020) evaluated 50 pearl millet genotypes for
13 different biometrical traits. Character assoaratstudies revealed that
grain yield was highly significant and positivelgreelated with spike length
(0.69), 1000 grain weight (0.56), number of prodiectillers (0.53), number
of tillers plant! (0.49) and peduncle length (0.42).

Dadarwalet al. (2020) evaluated 30 maintainer lines of pearlehilb
study correlation and path analysis for grain yiefdl its yield contributing
characters. They reported that grain yield pldrad significant and positive
association with ear head length, ear head gir@d0lgrain weigh and
biological yield plarnt at genotypic as well as phenotypic level and harves

index at phenotypic level only.

Pallavi et al. (2020) evaluated 49 parental lines of pearl miftat
extent of genetic variability and correlation faam yield and its attributing
characters and they reported that grain yield sdowesignificant positive

correlation with plant height and ear length.
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Anuradhaet al. (2021) evaluated 16 pearl millet genotypes inclgdi
one check variety (ABV 04). Character associattodiss indicated that grain

yield showed negative association with panicle @item

Patil et al. (2021) made an attempt to estimate correlatiorfficants
among the grain yield and yield contributing chéges in 14 parental lines
(4 lines and 10 testers) and their 40 hybrids drlpaillet. Positive and
significant correlations were observed for 1000dseeeight followed by
fodder yield plant, harvest index, earhead girth, number of effectiNers
plant!, earhead length and plant height. While, negatssociation with days
to 50% flowering at both genotypic and phenotymgel with grain yield

plant?.

Shasibhusamt al. (2021) evaluated 40 genotypes of pearl millet and
noticed that at both the genotypic and phenotypielk, grain yield plarit
demonstrated a strong significant positive assiociavith attributes such as
fodder yield plot, productive tillers plant panicle length and panicle
diameter.

Kumaret al. (2022) conducted correlation studies in 18 hybatipearl
millet and the results revealed that grain yieldnpt exhibited significant
positive association with panicle diameter followeg panicle length and
plant height and exhibited non-significant assemmtwith days to 50%

flowering.

Yadav et al. (2022) investigated 45 pearl millet hybrids andegded
that direct selection for higher values of harvedex, plant height, biological
yield plant! and number of effective tillers plahwill improve seed yield

plant! based on correlation studies.
25 PATH COEFFICIENT ANALYSIS

For rational improvement of yield and its composemnowledge of
character association, cause and effect relatipnsirect and indirect effects

of component characters on grain yield providessishin framing suitable
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selection methods. Simple correlation does not gmnee direct and indirect
effects towards yield. Therefore, path coefficienalgsis is a useful method

of estimating the direct and indirect contributmfrattributes on yield.

The concept of path analysis was initially suggestedVright (1921)
but was applied for first time in plant breeding Dgwey and Lu (1959). A
path coefficient is simply a standardized partiefjiression coefficient. It
measures the direct and indirect effects of inddpenvariable on dependent
variable and allows partitioning of the total cdaten coefficient between
two variables into direct and indirect componerfath analysis assists
breeders in giving due weightage to important yielmmponents while

exercising selection.

A brief review of path analysis of yield and yiedldmponents reported
in pearl millet which will certainly helpful for veetal improvement

programme is presented here under.

Chaudharyet al. (2012) carried out path coefficient analysis am6@g
pearl millet genotypes for nine quantitative chtgexc They showed that ear
head length, harvest index, number of nodes pland fodder yield plarit
were the most important characters manifestingelaasitive direct effects on
grain yield. Positive association of fodder yielthng!, harvest index and
number of nodes plafhwith grain yield and also their large direct effect
grain yield suggested that maximum emphasis shoelldiven on these traits

in selection for improvement of grain yield.

Govindaraj and Selvi (2012) examined 61 indigengesnplasm lines
of pearl millet and found that maximum direct effen grain yield plantwas
contributed by crude fat content followed by dagsrtaturity, panicle girth
and number of productive tillers. Panicle girth a&@d0 grain weight showed

positive and significant indirect effects on grgiald.

Ravi (2013) conducted an experiment with fifteenntaner (B) lines

and sixty one restorer (R) lines for path coeffitianalysis and the results
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revealed that 1000 grain weight, specific leaf aed harvest index showed
positive direct effect on grain yield. Similarlyays to maturity and fodder

yield showed negative indirect effects on graindiie

Dapkeet al. (2014) assessed 12 maintainer (B) and 12 reqiejdmnes
of pearl millet for ten quantitative traits. Pathadysis revealed high positive
direct effect on grain yield plahty ear head length, number of effective
tillers, biological yield plant, days to 50% flowering and harvest index.
While, plant height, days to maturity and flag lesa had direct negative
effect on grain yield plarit

Kumaret al. (2014b) studies on path analysis found that patecigth
and plant height exhibited the highest positive sigaificant direct effect on
grain yield at genotypic level. Hence, these traisild be considered as
suitable selection criteria for the developmenthafh yielding pearl millet
hybrids.

Bakhit and Elgasim(2015) conducted a study in 18 pearl millet
genotypes to determine the direct and indirectcesfef sixteen characters as
yield components on grain yield through path ceedfit analysis. The results
indicated that panicle length had highest diretéatfon grain yield plant,
followed by number of productive tillers plarand panicle girth. The highest
indirect effects on grain yield plahtwere showed by 1000 seed weight
through number of productive tillers pldrand number of seeds per panicle

through panicle girth.

Rakeshet al. (2015) evaluated 50 genotypes of pearl millet ttalyg
extent of association between the yield and itsgmment characters including
direct and indirect effects. Their results revedtet plant height followed by
days to 50% flowering, 1000 grain weight, pani@adth, panicle diameter
and number of productive tillers had high positlect effects towards grain
yield plant'. Whereas, days to maturity and fodder yield-pkthibited direct
but negative effect on grain yield plant
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Naveenet al. (2016) conducted path analysis among 250 recombina
inbred lines (RILs) of pearl millet. They noticed thrmumber of productive
tillers plantt, single ear head weight had high positive andctliedfect on
grain yield plant. High indirect effect on grain yield was exerteg dingle
ear head weight. 1000 grain weight also influengesin yield through
moderate indirect effeefa number of productive tillers plaht

Sowmiyaet al. (2016) studied inter-relationship analysis inahd R
seggregating generations for ten quantitativestiaipearl millet. Their results
indicated that traitsiz., single ear head grain weight, number of productive
tillers plant! had positive and direct effect towards grain yielant®. Single
ear head grain weight showed positive indirect a¢ffhrough days to
maturity, plant height, number of productive tilgslant' and ear head girth.

Sumathiet al. (2016) evaluated 100 pearl millet genotypes anth pat
coefficient analysis revealed that, a very highitpas direct effect on grain
yield was exhibited by days to 50% flowering, spiketh, single ear head
weight and 1000 seed weight. Selection based dy maturity would also be
effective because it shows highly negative dirdfetce on grain yield.

Bhaskeret al. (2017b) conducted an experiment with 13 parditat
(5 lines and 8 testers) and their 40 hybrids inrlpeallet and reported
biological yield had exhibited high direct effegtdapositive association on
grain yield followed by panicle length, 1000 seedight, effective tillers
plant! and plant height at genotypic level. Based on #th pnalysis effective
tillers plant?, panicle length, 1000 seed weight and biologigeltyplant! are
the main yield contributing characters in pearlenil

Dehinwal et al. (2017) evaluated 100 advanced inbred lines oflpear
millet under rainfed conditions. The results reedathat high positive direct
effects on grain yield plaitvas exerted by dry fodder yield followed by total
tillers plant!, ear weight and effective tillers pladntDays to 50% flowering
and leaf width had negative direct effects on graaid plant'. Therefore,
selection for higher yield will be useful if it isased on traits such as dry
fodder yield, ear weight, total tillers plaidnd effective tillers plarit
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Lahhamet al. (2017) assessed 15 hybrids of pearl millet forhpat
coefficient studies. The results revealed that nunabeillers plant!, plant
height and number of leaves platiad a direct effect on green fodder vyield.
Whereas, plant height also had an indirect effeciugh number of tillers and
number of leaves plaht therefore they can be used as selection critédon

improving green fodder yield.

Nehraet al. (2017) evaluated 49 pearl millet inbred lines stireate
path coefficient for yield and its contributing aquigative characters. Their
results revealed that plant height followed by 1908in weight, spike length
and number of productive tillers pldrtad high positive direct effect towards
grain yield plant. Days to 50% flowering had negative phenotypic and
genotypic direct effect on grain yield plantNumber of productive tillers
plant! and green fodder yield also had indirect contridnuttowards grain

yield via plant height and 1000 grain weight.

Sathyaet al. (2017) conducted an experiment with 200 recomltinan
inbred lines (RILs) during two consecutive seasofiskharif, 2013 and
summer, 2013. Path coefficient analysis showed positiveeadi effect of
number of productive tillers plaft single ear head weight, single ear head
grain weight, 1000 grain weight, chlorophyll cortteand beta-carotene
content on grain yield plaktin both seasons. Moreover, single earhead
weight showed positive indirect effect towards grgeld plant through days

to 50% flowering, number of productive tillers pfdand 1000 grain weight.

Talawaret al. (2017) evaluated 52 germplasm lines of pearlemitbr
eight quantitative characters and noticed thattpteight, panicle girth and
panicle length had exhibited high positive dirff¢es on grain yield plarit
Therefore, these characters could be considered aas components for

selection in a breeding programme for higher gyasid.

Govintharajet al. (2018) investigation with 116 forage type hybrid
parents (seed (B) and pollinator (R) parents) redethat total green forage
yield had highest positive direct effect on dryafge yield followed by plant
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height. Among forage quality traits, metabolizableergy had highest direct
effect onin vitro organic matter digestibility in both the cuts. Geuprotein
and cellulose contents also had positive direatcesdf onin vitro organic

matter digestibility in both the cuts.

Kaushiket al. (2018) studied 48 maintainer (B) lines of peaitlahand
noticed that days to 50% flowering, spike lengthl amumber of productive
tillers plant! had high significant direct contribution towardsigryield plant.
They opined that indirect selection based on thbseacters can be adopted

in future breeding programme to enhance grain yield

Patil et al. (2018) examined 14 parental populations and ity of
pearl millet for path analysis studies. The resulticated that panicle girth
and plant height had highest direct effects onngsaeld. Days to 50%
flowering, 1000 grain weight and number of produetiillers plant had the
least direct effects on grain yield. The direceeftfof panicle girth was greatly
reduced by the negative indirect effects of day5G® flowering and 1000
grain weight. Panicle girth, plant height and plnlength were identified as
selection indices for obtaining good parental liard hybrids in a pearl millet

breeding program.

Singh et al. (2018) evaluated 40 accessions of pearl milletfifice
consecutive years (environments) for path coefiicenalysis and revealed
highest positive direct effect of spike girth, stoyield, harvest index, spike
length, number of productive tillers plantplant height and test weight on
seed yield in all the environments. They opined thase characters could be
given prime importance during the selection progremto improve the seed

yield potential of the crop.

Thomos et al. (2018) studied 22 pearl millet genotypes for path
analysis and indicated that the traita, plant height, panicle length, number
of productive tillers plantand dry matter yield plaitmight be responsible

for increasing the green fodder yield ptaint fodder pearl millet.
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Rasithaet al. (2019) conducted an experiment to determine thecdi
and indirect effects of different yield attributes grain yield in 42 B lines
and 17 R lines and revealed that 1000 seed weddloived by number of
productive tillers plant had high positive direct effect on single plantlgie
While, leaf sheath length and spike girth exhib#éeshoderate negative direct

effect on single plant yield.

Annamalaiet al. (2020) evaluated 50 pearl millet genotypes for 13
different biometrical traits and revealed that nemlof nodes plartand
number of tillers plantshowed high positive and indirect effect on graeidy

through number of productive tillers.

Dadarwalet al. (2020) evaluated 30 maintainer lines of pearlehilo
study correlation and path analysis for grain yiefdl its yield contributing
characters. Path coefficient analysis revealed that ear head length,
biological yield plant and harvest index were the most important chamacter
for selection of high yielding genotypes as thegréed highest positive direct

effect as well as positive correlation with graialgt plant.

Kumar et al. (2020b) evaluated eighty seversFof pearl millet along
with three checks in randomized block design witlp treplications. Path
coefficient analysis revealed that charactes, harvest index, biological
yield plant?, test weight and number of effective tillers plamtad direct
positive effect on seed yield plantPath analysis further recorded highest
negative direct effect by ear head length follovegddays to 50% flowering
and number of effective tillers plahtn seed yield plart They observed low
residual effect at phenotypic level which indicatdmbice of traits in the study

were able to explain most of the effects on seeldlyi

Shasibhusart al. (2021) conducted an experiment to determine the
direct and indirect effects of different yield ditrtes on grain yield in 40
pearl millet genotypes and revealed that characlées days to 50%

flowering, productive tillers plart panicle length, fodder yield plahiand
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panicle diameter showed positive direct effectswshg true relationships

with grain yield plant.

Kumar et al. (2022) conducted a study to evaluate the relshign
between grain yield and its components using catioel and path analysis
studies in 18 hybrids of pearl millet and the resuoévealed that the highest
positive and direct effect on grain yield by daps30 percent flowering

followed by panicle diameter (cm).

Yadav et al. (2022) investigated 45 pearl millet hybrids andeaded
that biological yield planthad the highest direct positive effect on seedlyiel
plant!, while days to 50% maturity, ear head length, neinds tillers plant,
and 1000 grain weight had the greatest direct negatfect. This implied
that seed yield was primarily determined by attity traits with direct and

indirect effects.
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Chapter Il

MATERIAL AND METHODS

The experimental material used and methods follomethining to the
present investigation entitle®US characterization and diversity analysis
of inbred lines in pearl millet (Pennisetum glaucum (L.) R. Br.)” were

briefly described here under.
3.1 LOCATION OF THE EXPERIMENTAL SITE

The experiment was carried out duringbi, 2021 at Agricultural
Research Station, Perumallapalle, Tirupati locateti3aN latitude and 79°E
longitude from an altitude of 182.9 m above meam lsgel, and situated in

southern agro-climatic zone of Andhra Pradesh.
3.2 MATERIAL

The experimental material utilized for the presdntg comprised of
70 pearl millet inbred lines §generation) developed at Agricultural Research
Station, Perumallapalle, Tirupati. The lists of mtbrines were furnished in
the Table 3.1.

3.3 METHODS
3.3.1 Field Layout

The experiment was laid out in a Randomized Blocki@ewith two
replications. All the entries were sown in nursery 6" October, 2021 and
transplanted to main field on 2Dctober, 2021 at ARS, Perumallapalle. Each
genotype was sown in three rows of three meteigthewith a spacing of 60

cm between rows and 15 cm between the plants wtiti@imows.
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Table 3.1 List of 70 inbred lines of pearl millet

S. No. Inbred lines Pedigree
1 PPBi-1 XMT-1858/1-1-2-1-1-1
2 PPBi-2 XMT-1858/1-1-2-2-3-2
3 PPBi-3 XMT-1858/2-1-3-4-3-3
4 PPBi-4 86M01/1-1-1-2-1-1
5 PPBI-5 86M01/1-1-3-3-1-2
6 PPBi-6 86M01/1-1-6-4-4-3
7 PPBi-7 86M01/1-1-9-5-1-4
8 PPBi-8 83R/1-1-6-2-1-1
9 PPBi-9 69R/3-1-2-3-2-1
10 PPBi-10 69R/3-1-5-4-2-2
11 PPBi-11 69R/3-1-5-6-5-3
12 PPBi-12 80R/9-1-1-1-1-1
13 PPBi-13 80R/9-1-1-3-1-2
14 PPBi-14 80R/10-1-1-1-1-3
15 PPBi-15 96R/1-1-1-1-4-1
16 PPBi-16 95R/4-1-2-1-4-1
17 PPBi-17 33R/1-1-4-1-2-1
18 PPBi-18 PHB3/2-1-3-4-1-1
19 PPBi-19 PHB3/2-1-3-9-3-2
20 PPBi-20 PHB3/2-1-3-10-2-3
21 PPBi-21 76R/5-1-1-2-1-1
22 PPBi-22 76R/5-1-2-5-1-2
23 PPBi-23 76R/5-1-3-7-3-3
24 PPBi-24 76R/7-1-4-3-1-4
25 PPBi-25 76R/7-1-6-5-3-5
26 PPBi-26 76R/7-1-6-7-1-6
27 PPBi-27 76R/7-1-6-10-4-7
28 PPBi-28 80R/19-1-1-2-3-1
29 PPBi-29 4743/2-1-2-1-1-1

30 PPBi-30 4743/2-1-4-3-1-2
31 PPBi-31 4702/1-1-1-3-3-3
32 PPBi-32 4702/1-1-2-4-4-4
33 PPBIi-33 4702/1-1-2-8-1-5
34 PPBi-34 4702/1-1-3-12-1-6
35 PPBIi-35 15056/3-1-2-4-4-1
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Table 3.1 (cont.).

S. No. Inbred lines Pedigree
36 PPBI-36 15056/3-1-3-5-1-2
37 PPBI-37 4743/17-1-1-1-2-1
38 PPBI-38 4743/17-1-4-2-2-2
39 PPBI-39 15025/6-1-4-2-1-1
40 PPBI-40 15025/6-1-4-5-2-2
41 PPBI-41 BFT31/1-1-1-1-2-1
42 PPBI-42 BFT31/1-1-1-6-1-2
43 PPBI-43 BFT31/1-1-2-8-2-3
44 PPBIi-44 BFT31/1-1-3-11-2-4
45 PPBI-45 BFT39/2-1-1-2-1-1
46 PPBIi-46 BFT39/2-1-2-5-1-2
47 PPBi-47 BFT39/2-1-3-6-3-3
48 PPBIi-48 BFT39/2-1-5-10-2-4
49 PPBI-49 BFT39/2-1-6-12-2-5
50 PPBI-50 BFT27/1-1-1-1-1-1
51 PPBI-51 BFT27/1-1-2-4-1-2
52 PPBI-52 BFT27/1-1-3-5-2-3
53 PPBI-53 48R/2-1-3-1-1-1
54 PPBI-54 48R/2-1-5-2-2-2
55 PPBI-55 48R/2-1-6-3-1-3
56 PPBI-56 15063/1-1-1-1-2-1
57 PPBI-57 15063/1-1-6-3-2-2
58 PPBI-58 15063/4-1-1-2-2-3
59 PPBI-59 15063/4-1-3-4-1-4
60 PPBI-60 15063/4-1-4-7-2-5
61 PPBI-61 15063/4-1-5-9-1-6
62 PPBIi-62 15063/4-1-6-12-2-7
63 PPBI-63 15063/4-1-7-13-2-8
64 PPBIi-64 BFT22/1-1-1-1-1-1
65 PPBI-65 BFT22/1-1-5-6-1-2
66 PPBIi-66 BFT22/1-1-6-7-1-3
67 PPBI-67 BFT22/1-1-7-10-1-4
68 PPBI-68 BFT10/2-1-1-2-1-1
69 PPBI-69 BFT5/1-1-5-2-2-1
70 PPBI-70 BFT5/1-1-6-5-2-2
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3.3.2 Crop Husbandry

The crop was provided with fertilizers to supply 8030 N:P:K kg
ha'. Half of N and entire P and K were applied as bdsae and second half
of N was applied as top dressing after 35 day®wirgy. The crop was raised
under completely irrigated conditions. All the rewoended cultural and

agronomic measures were followed during the cromge
3.4 DATA RECORDING
3.4.1 Morphological Characterization

Twenty eight morphological traits on five randomiygged plants from
each entry in each replication were recorded adlpgonal test guidelines for
Distinctiveness, Uniformity and Stability (DUS) tieg) given by Protection of
Plant Varieties and Farmers’ Rights Authority (PRWVRA, 2001). Based on
mean of tagged plants, the phenotypic appearantmibis known. For the
assessment of DUS, the characteristics and tla&ssas given in Table 3.2 of
characteristics were used. Notes (1 to 9) werengif@ each state of
expression for different characteristics for therpmse of electronic data

processing.
3.4.2 Quantitative Traits

Observations were recorded on five randomly selecdempetitive
plants in each genotype from each replication fbr tlke quantitative
characters except days to 50% flowering and daysdturity which were
recorded on plot basis. Treatment means were wodkgdfrom the data
collected on these five plants for the respectivaracter. The details of data

recorded were as follows.
3.4.2.1 Time of spike emergence/Days to 50% flowag

Number of days taken from the date of sowing torgerce of stigma
on main tillers in 50 per cent of plants in eacimajgpe of each replication
was recorded and were classified as very early ¢a48), early (43-46 days),
medium (47-50 days), late (51-54 days) and vegy (ab4 days).
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Table 3.2 Characteristics of germplasm accessionsidied

i Stage of Type of
S. No. Characteristics States Note observation assessment
1 Plant: Absent 1 Five leaf st
. i ive leaf stage
oo [ ™ ve
first leaf sheath
Erect 1
Plant: Growth . Spike
2. habit Intermediate 5 emergence(45) VG
Spreading 7
Very early 1
Time of spike (<43days)
3 emergence | Early (43-46 days) 3 _
. (50% plants Spike
. VG
with atleast one|  Medium (47-50) 5 | emergence(45)
spike emerged
fully) Late (51-54days) 7
Very late (>54days 9
4 Leaf: Sheath Absent 1 Spike VG
pubescence Present 9 emergence(45)
Short (<11) 3
Leaf: Sheath . Spike
> length (cm) Medium (11-15) > emergence(45) MS
Long (>15) 7
Very short (<41) 1
Short (41-50) 3
Leaf : Blade . Spike
6. length (cm) Medium (51-60) 5 emergence(45) MS
Long (61-70) 7
Very long (>70) 9
Narrow (<3) 3
Leaf : Blade Spike
7. width (at widest|  Medium (3-4) 5 b MS
. emergence(45)
point) (cm)
Broad (>4) 7
8 Spike: Stigma Absent 1 Stigma VG
' pigmentation Present 9 emergence(47)
Cont.
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Table 3.2 (cont.).

39

S.No. Characteristics States Note Stage (.Jf Type of
observation assessment
Yellow 3
9 Spike: Anther colour Brown 5 Anther VG
' ' dehiscence(50)
Purple 7
. Absent 1
10. Plant: Node Dough grain (65) VG
pubescence Present 9
Low (<11) 3
17, | Plant Numberof| o yiim (11-15)| 5 | Dough grain (65) MS
nodes
High (>15) 7
Whitish 1
Green 2
Plant: Node ,
12. pigmentation Brown 3 Dough grain (65) VG
Red 4
Purple 5
Whitish 1
Plant: Internode Green 2
pigmentation .
13. (between & 4t Brown 4 Dough grain (65) VG
node from top) Red 6
Purple 7
Incomplete 1
14. Spike exertion Partial 3 Dough grain (65) VS
Complete 5
Very small (<11) 1
Small (11-20) 3
15. Spike: Length (cm) Medium (21-30) 5 | Dough grain (65) MS
Long (31-40) 7
Very long (>40) 9
Spike: Anthocyani Absent 1
16. pigmentation of Dough grain (65) VG
glume Present 9
Cont.



Table 3.2 (cont.).

S. No. Characteristics States Note Stage (.)f Type of
observation | assessment
Absent 1
17. Spike: Bristle Dough grain (65 VG
Present 9
Yellow 1
A Ry Green 2
18. Spike: Bristle Dough grain (65 VS
colour Brown 3
Purple 5
Non prominent
(Bristle length <2mrn 3
e B from the ear head
19. Spike: Bristle Dough grain (65) VS
appearance | prominent (Bristle
length > 2mm from 5
the ear head)
Spike: Girth at Thin (<1.6) 3
maximum point . . .
20. (excluding bristle Medium (1.6-3.0) 5 |Dough grain (65 MS
(cm) Thick (>3.0) 7
Monoculm 1
(<2 tillers)
21. Plant: Number of | ow (2-3tillers) 3 |Dough grain (65 MS
productive tillers
Medium (4-6tillers)| 5
High (>6 tillers) 7
Very short (<101) 1
, Short (101-150) 3
Plant: Height
22. (including spike)| Medium (151-200) 5 |Dough grain (65 MS
cm
(cm) Tall (201-250) 7
Very tall (>250) 9
Cylindrical 1
Conical 2
Spindle 3
23. Spike: Shape Maturity(75) VG
Candle 4
Lanceolate 5
Dumb-bell 6
Cont.
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Table 3.2 (cont.).

S. No. Characteristics States Note obss teaR/Zt(i)c];n a;-syepsesr(:ent
Club 7
Oblanceolate 8
Globose 9
Absent 1
24, Spike: Tip sterility, Maturity (75) VS
Present 9
Loose 3
25. Spike: Density Semi-compact 5 | Maturity (75) VG
Compact 7
Whitish 1
Cream 2
Yellow 3
26. Seed: Colour Grey 4 Aftezohoe;rvest VG
Deep grey 5
Grey brown 6
Yellow brown 7
Obovate 3
27. Seed: Shape Eliptical ° | After harvest |\
Hexagonal 7 (00)
Globular 9
Very low(<5) 1
Small(5.0-7.5) 3 After harvest
28, | oo wegn O medum(sto0) | 5| )
Bold(10.1-12.5) 7 content
Very bold(>12.5) 9
MG Measurement by single observation of a grouplants or parts
of plants
MS Measurement of a number of individual plantparts of plants
VG Visual assessment by a single observationgsbap of plants or
parts of plants
VS Visual assessment by observation of indiviguahts or parts of

plants
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3.4.2.2 Days to maturity

It was recorded by counting the number of daysrtdkem sowing to

attainment of physiological maturity in each gepaty
3.4.2.3 SPAD Chlorophyll Meter Reading (SCMR)

SCMR was measured on third leaf from the top ofrttaén axis at 45
DAS and 65 DAS using SPAD meter of Minolta Compaxy, USA.

3.4.2.4 Specific Leaf Area (SLA) (crig?)

Specific leaf area was recorded by taking five ésafrom the third leaf
of main tiller of each plant. These leaves werarmés and their leaf area was
estimated using a leaf area meter (LICOR model-3H03)5 DAS and 65
DAS. They were then dried in hot air oven aP@@and dry weight was

recorded. The formula used for calculating SLA was

Leaf area( crﬁ)
SLA = _ ,
Leaf dry weight (g

3.4.2.5 Leaf sheath length (cm)

It was measured from the uppermost node to thdeligind were
categorized as short (<11 cm), medium (11-15 crd)lamg (>15 cm).

3.4.2.6 Leaf blade length (cm)

It was measured from the ligule to tip of leaf amdre classified as
very short (<41 cm), short (41-50 cm), medium (Bleén), long (61-70 cm)

and very long (>70 cm).
3.4.2.7 Leaf blade width (cm)

It was calibrated at the widest point of flag laafl were categorized as

narrow (<3cm), medium (3-4 cm) and broad (>4 cm).
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3.4.2.8 Number of nodes plant

Total number of nodes plahtvere counted, recorded and grouped into
low (<11), medium (11-15) and high (>15).

3.4.2.9 Spike length (cm)

It was the measurement of the length from baskp tof the panicle and
classified as very small (< 11 cm), small (11-20),cmedium (21-30 cm),

long (31-40 cm) and very long (>40 cm).
3.4.2.10 Spike girth (cm)

Measured in centimeters by using vernier calipatsthe diameter was
taken at maximum point (excluding bristles) of g#miat harvest and were
categorized as thin (<1.6 cm), medium (1.6-3.0 ang) thick (>3.0 cm).

3.4.2.11 Number of productive tillers plant

Total number of panicle bearing tillers that arismf the basal portion
of the plant were counted for each individual plamtharvest stage and
recorded as monoculm (<2 tillers), low (2-3tillere)edium (4-6tillers) and
high (>6 tillers).

3.4.2.12 Plant height (cm)

Plant height was measured in centimeters usin@la ss the length of
the main tiller from ground level to the tip of thanicle at maturity and were
classified as very short (<101cm), short (101-15), enedium (151-200 cm),
tall (201-250cm) and very tall (>250 cm).

3.4.2.13 1000 grain weight (g)

Thousand grains collected from five randomly sekkgdants were
weighed, expressed in grams and grouped into wery(£5 g), small (5.0-7.5
g), medium (7.6-10.0 g), bold (10.1-12.5 g) and/vewld (>12.5 Q).
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3.4.2.14 Panicle weight (g)

The panicles of the five tagged plants were hardesteighed together

and average panicle weight was worked out and sgpcein grams.
3.4.2.15 Green fodder yield plant (g)

The plant stalks detached of ear head were harvésiadeach line

separately and fresh weight was recorded in grams.
3.4.2.16 Dry fodder yield plant* (g)

The plant stalks excluding ear head harvested frach éne separately

were sundried and dry weight was recorded in grams.
3.4.2.17 Threshing (%)

Threshing percentage was calculated as average ygedihto weight

of panicle and it is the ability to fill and setagns on panicle.
3.4.2.18 Harvest Index (%)

Harvest Index was expressed as the ratio of tha gigld to biological

yield and was calculated as given below.

Harvest Index= .Gra|.n y|el'd
Biological yield

3.4.2.19 Grain yield plant! (g)

All the sundried ear heads of a plant were thresbledned and dried

to uniform moisture before weighing and recordedriaims.
3.4.3 Qualitative Traits
3.4.3.1 Plant anthocyanin coloration of first leaf seath

The plant anthocyanin coloration of first leaf siheatas determined
based on the observation at five leaf stage ofdadggants which may be

present or absent.
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3.4.3.2 Plant growth habit

The growth habit of plant may be erect, intermedatech was similar
to erect but spaced between tillers and spreadimghwvas widely separated

between tillers.
3.4.3.3 Leaf sheath pubescence

Leaf sheath may show either presence of pubescdnestlelike

appearance on surface) or absence of it.
3.4.3.4 Spike stigma pigmentation

The stigma pigmentation of spike is determined based the

observation of stigma of tagged plants which mapiesent or absent.
3.4.3.5 Spike anther colour

The anther colour is determined based on the obsamvaf anthers of
tagged plants which may show various coloratigizs yellow, brown and

purple.
3.4.3.6 Plant node pubescence

Plant node may exhibit either presence of pubescdhdstle-like

appearance on surface) or absence of it.
3.4.3.7 Plant node pigmentation

Plant nodes may exhibit various coloratiers, whitish, green, brown,

red and purple.
3.4.3.8 Plant internode pigmentation

The internode pigmentation of plamtas determined based on the
observation of portion between third and fourth exddbm top of tagged
plants which may show various coloratiovig., whitish, green, brown, red

and purple.
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3.4.3.9 Spike exertion

It refers to the exerted portion of spike from ledfeath and were

accordingly categorized as incomplete, partial @ndplete.
3.4.3.10 Anthocyanin pigmentation of glume

The glume pigmentation was determined based on lisereation of

glumes of tagged plants which may be present ardabs
3.4.3.11 Spike bristle

The bristle may be recorded as present or absent.
3.4.3.12 Spike bristle colour

The bristle may show various colorationig., yellow, green, brown

and purple.
3.4.3.13 Spike bristle appearance

The spike bristle may appear as prominent (Brisgthgth greater than
2mm from the ear head) or non prominent (Bristiegth less than 2mm from

the ear head).
3.4.3.14 Spike shape

The shape of the spike may be observed as cylindcimaical, spindle,

candle, lanceolate, dumb-bell, club, oblanceolategobose.
3.4.3.15 Spike tip sterility

The spike tip sterility may be recorded as preseabsent.
3.4.3.16 Spike density

It refers to the degree of compactness within thikes and were

accordingly categorized as loose, semi-compactantgpact.
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3.4.3.17 Seed colour

The seed may exhibit variations in coloaz., whitish, cream, yellow,

grey, deep grey, grey brown and yellow brown.
3.4.3.18 Seed shape

Shape of the seed recorded as obovate, elliptloakagonal and

globular.
3.5 STATISTICAL ANALYSIS

The mean data of quantitative characters recordedll dhe genotypes
over two replications were subjected to the follogvstatistical analysis using
INDOSTAT 9.2 software.

3.5.1 Analysis of Variance

The variation among 70 genotypes for different cttera was tested
for significance by using analysis of variance teghe (Panse and Sukhatme,
1961).

Yi=p+g+y+g

where,
Yi = Phenotypic observation on*igenotype in ‘jt" replication.
ML = General mean
g = Effect of I" genotype
y, = Effect of [ replication
e = Random error associated withgenotype and"jreplication.
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The analysis of variance for each character wasedaout as follows:

Source of Degree of Sum of Mean sum of ‘F
variation freedom squares squares ratio
Replications (r-1) RSS M M/ Me
Genotypes (t-1) VSS M Mv/Me
Error (r-1) (t-1) ESS M -
Total (rt-1) TSS
Where,
r = Number of replications
t = Number of genotypes
Mr = Mean sum of squares due to replications
My = Mean sum of squares due to genotypes
Me = Mean sum of squares due to error.

The significance of differences among all the gepesywas tested by
‘F’ test using the error variance by comparing ckted ‘F’ value with table
‘F’ value at 1 percent and 5 percent probabilityels. The significance test
was carried out by referring to standard ‘F’ tabédues given by Fisher and
Yates (1967). After testing for significance offdiences among the means of
different genotypes for each character, further matations were done as

detailed below.
3.5.2 Estimation of Genetic Parameters

In order to assess and quantify the genetic vaitlabamong the
genotypes for important yield contributing charestethe following

parameters were estimated based on mean sum oésdr@an ANOVA
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3.5.2.1 Components of variance

The genotypic and phenotypic variances were cakdlas per the

formulae proposed by Burton (1952)

(i) Genotypic Variancécé) _ MSs due to genotypes .
Number of replications

MSS duertore

=0§+Gg

(i) Phenotypic variancés?2)

o5 = Genotypic variance
og = Error variance

3.5.2.2 Genotypic and phenotypic coefficient of vation
The genotypic coefficient of variation (GCV) and pbg/pic

coefficient of variation (PCV) were computed acdogdto Burton (1952).

Q

(i) GCV(%) ==L x100

x 10(

><|LJQ X

(i) PCV(%) =

where,
GCV = Genotypic coefficient of variation

PCV = Phenotypic coefficient of variation

Og, Op and X were genotypic standard deviation, phenotypic stehd
deviation and general mean of the characters ragplc
Categorization of the range of variation was dosepeoposed by

Sivasubramanian and Madhavamenon (1973)

Less than 10% - Low

10-20% - Moderate

More than 20% - High
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3.5.2.3 Broad sense heritability

Heritability in broad sense refers to the propartiof genotypic
variance to the total variance of the populatioeritdbility in broad sense

[h?w)] was calculated by the formula given by Lush (1940)

2
Broad sense Heritability 2,2 x 100
G p

where,
h?% = Heritability in broad sense
2 _ . .
o; = Genotypic variance
2 = Phenotypic vari £o2
o5 = Phenotypic variances{+c; )
62 = Environmental variance

As suggested by Johnsah al. (1955b), heritability estimates were

categorized as

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

3.5.2.4 Genetic advance

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

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

GA=kopH
where,
GA = Genetic advance
Op = Phenotypic standard deviation
H = Heritability (broad sense)
k = Selection differential at 5% selection inteypgR.06)
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3.5.2.5 Genetic advance as percent of mean (GA a gent mean)

Genetic advance as percent of mean was calculatpdrahe formula.

GA as percent of mean%é x 100

where,
GA
X

Genetic advance

Grand mean of the character

The range of genetic advance as percent of meanclaasified as
suggested by Johnsenal. (1955b).

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

3.5.3 Genetic Divergence Analysis

The genetic diversity among 70 inbred lines for r2ltg was estimated

by using Mahalanobis generalized distanc®.(D
3.5.3.1 Mahalanobis’s B analysis

The data collected on different characters was asdlypy using B

statistics given by Mahalanobis (1936) to deterngieeetic divergence.

3.5.3.2 Test of significance

Variances were calculated for all the 21 characimnsl 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 eaktchthe characters, a
simultaneous test of significance for differencesneen the mean values of a
number of correlated variables with regard to tleoled effect of 21
characters was carried out using ‘V’ statistic, ebhin turn utilized Wilk’s

'0d" criterion (Wilks, 1932). The sum of squares anch i products of error
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and error plus variety, variance and covariancerimatere used for this

purpose.

The estimation ofd' (Wilk’s criterion) was done using the following

relationship:
E
e (é+\)/)
where,
N = WilK’s criterion
(E) = Determinant of error matrix

(E +V) = Determinant of error + variety matrix

The significance of A’ was tested by
X = V = -mlogA
where,

m = n-(p+q+ 1)/2with ‘pq’ degree of freedom

n = Degrees of freedom of error + varieties
p = Number of characters
g = Number of genotypes — 1

loge = 2.3407 logoA
V (Stat) is distributed ag with ‘pq’ degrees of freedom.

3.5.3.3 Transformation of correlated variables

In the present model, computation of &alues were reduced to simple
summation of the differences in the mean valuegaobus characters of the
two genotypes.e. Zdi. Therefore, transformation of the correlated \lHda
into uncorrelated ones was done before working the ¥ values.

Transformation was done using pivotal condensatiethod.
3.5.3.4 Computation of B values

The D’ value between ' and ‘™ genotypes for ‘P’ characters was

calculated as
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D2 = =1 (Y, - Y, )2

where,

Yi = Uncorrelated mean value of*igenotype for ‘t' character
Yo o= Uncorrelated mean value of*jgenotype for ‘t’ character
Di? = D?value between't and ‘j'™ genotypes

3.5.3.5 Testing the significance of Dvalues

The D values obtained for a pair of genotypes was ta&enthe
calculated value of? and tested against the tabulatgédat ‘P’ degree of

freedom where ‘P’ is the number of characters cersd.
3.5.3.6 Grouping of genotypes into various clusters

Grouping of genotypes into different clusters wameal by using
Tocher’'s method as described by Rao (1952). Thermnt was that the two
varieties belonging to the same cluster at leastiroaverage show a smaller
D2 value than those belonging to different clustEs. this purpose Pvalues
of all combinations of each genotype were arranigedscending order of
their magnitude in a tabular form as described mgls and Choudhary
(1977).

To start with, two populations having the smallastahce from each
other were considered, to which a third populati@wing smaller B value
from the first two populations was added. Similatlye nearest next fourth
population was considered and this procedure wasnted. At certain stage
when it was felt that after adding a particular ylagon, there was an abrupt
increase in the average,@hat population was not considered for includimg
that cluster. The groups of the first cluster whentomitted and the rest were
treated in similar way. This process was continiledlltthe populations were
included into one or the other cluster. After toemation of the clusters, the

average inter and intra cluster distances (divargjewere calculated.
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3.5.3.7 Average intra-cluster distance
For the measurement of intra cluster distancefdimeula used was
X Di?/n
where,

> Di? = The sum of distance between all possible comioimst(n)

of the populations included in a cluster.
3.5.3.8 Average inter - cluster distance

Clusters were taken one by one and their distarooe bther 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 gepesyin both the clusters

under consideration.

The inter cluster distances were calculated by dhmdla described by
Singh and Chaudhary (1977)

Average inter cluster distancezDi? /nin;

where,
> Di? = The sum of distance between all possible comioimgt
(nin;) of the entries included in the cluster study.
Ni = Number of entries in cluster ‘I
n; = Number of entries in cluster ‘J’

3.5.3.9 Contribution of individual characters towards divergence

In all the combinations, each character was ramkethe basis of their
contribution towards divergence between two enffies Yi -Yj:). Rank one
Is given to the highest mean difference and rankdRhe lowest difference,
where ‘P’ is the total number of characters. Pemg contribution of each

character (X) towards genetic divergence is catedlas per the formula.
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o = (N x100)

M
where,
N = Number of genotype combinations where the charawas
ranked first
M = All possible combinations of number of genotypairs.

3.5.4 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 alsorgy the yield components.

3.5.4.1 Genotypic correlation coefficient @)

o) = w/S/C):/xg A
g Xi) VglX;
where,
rg (xix}) = Genotypic correlation betweeif™iand ‘| characters
Vg (%) = Genotypic variance ofl character
Vg (X) = Genotypic variance of"j character

Covg)(Xixj) = Genotypic covariance betweeft ‘and ‘| characters.

3.5.4.2 Phenotypic correlation coefficient @)

CoV, (X;X.
rp (XiXj) = OV (%)
\/Vp(xl)vp(xj)
where,
Vp (%) = Phenotypic variance of™icharacter
Vp (%) = Phenotypic variance of"jcharacter

Covp)(Xixj)= Phenotypic covariance betweeft ‘and | characters.
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The significance of correlation coefficients wastedsby comparing
the genotypic and phenotypic correlation coeffitsanith table value [Fisher
and Yates (1967)] at (n-2) degrees of freedom atB#01% probability levels

where, ‘n’ denotes the number of treatments usdlkarcalculations.

3.5.5 Path Coefficient Analysis

Path coefficient analysis was carried out by thecedure originally
proposed by Wright (1921) which was subsequen#paiated by Dewey and
Lu (1959) to calculate the direct and indirect cibntiion of various
characters to vyield. The following set of simultangoequations were

formulated and solved for estimating various diaaad indirect effects.

ry= Puy+ P2y + raPsy+ ....oooooinis + 1iPiy
Foy= r21P1y + Py + f2gPsy + ..oceeennee, + BiPy
liy = liiP1y + li2P2y + Mi3P3y + .o + Py
where,
rytony = Coefficient of correlation among causal factors

pi to py = Direct effects of characters ‘1’ to i on chagacy'.

The above equations were written in matrix formsrader:

A C 5

[ rly\ 4 1 hi2 M3 .iviiinnnnn. Mi A ( P1y )
F2y rnt 1 o T i P2y
l3y [ E T % S ] Pay

\ ny) \ril li2 i< T, 1/ & )
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Then, B = [CItA

where,
[(Cii Ci2 Cizevvvnennnnn., ST
C1 Cxo2 Csevvnnnnn.. G
c1t =
L G G Gsovvvenennnnn. Gi )

Then, direct effects were calculated as foltows

|

Py = é Cai rny
|

Py = é Cai 2y
|

ply = é Cii Fiy

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

scheme was obtained as:

Residual effect (R) = /1-[Py 5, + Pyl +ccvvvvven. +p,T, 12

where,
Pry = Residual effect
py = Direct effect of ‘X on ‘y’

ry = Correlation coefficient of kwith ‘y’.
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The scales for path coefficients as proposed by Leréh Mishra

(1973) are as follows:

Value for direct or indirect effect Rate or 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 present study orDUS characterization and diversity analysis
of inbred lines in pearl millet (Pennisetum glaucum (L.) R. Br.)” was
conducted duringabi, 2021 for recording DUS traits using DUS guidelines
and to study genetic divergence, genetic parametieasacter association and
path coefficient analysis in 70 inbred lines ofbeallet for 28 different DUS
descriptors and 21 yield related parameters. Thairsdd results from the

above investigation were presented here under.
4.1 DUS CHARACTERIZTION

The availability of diverse genetic resources iprarequisite for
genetic improvement of crop. Beside availabilitygehetic resources their
characterization is essential for the effective liagttion in crop
improvement programmes (Reddyal., 2009). Characterization based on
visually assessed qualitative traits provides usefiormation on racial
differentiation and varietal identification. DUS agiacterization of
genotype plays a vital role in understanding phgtaggic relationship as
well as in the maintenance, multiplication and seedtification of a
variety. Hence, in the present investigation 70adblines of pearl millet
were characterized for 28 characters based on PR¥&R001 testing

guidelines and data was furnished in table 4.1.
4.1.1 Plant anthocyanin coloration of first leaf shath

Characterization of 70 germplasm accessions, om llasis of
anthocyanin coloration of first leaf sheath revdaleat it was absent in 34
accessions and present in 36 accessions. Sim#aitsewere reported by
Kumaret al. (2005).
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Present (36 genotypes) Absent (34 genotypes)

Plate 2. Plant anthocyanin coloration of first leaf sheath

All genotypes are ERECT

Plate 3. Plant growth habit
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Present (1 genotype) Absent (69 genotypes)

Plate 4. Leaf sheath pubescence

Short (6 genotypes) Medium (57 genotypes) Long (7 genotypes)

Plate 5. Leaf sheath length (cm)
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Very short Short Medium Long
(13 genotypes) (43 genotypes) (13 genotypes) (1 genotype)

Plate 6. Leaf blade length (cm)

Narrow (31 genotypes) Medium (37 genotypes) Broad (2 genotypes)

Plate 7. Leaf blade width (cm)
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Present (3 genotypes) Absent (67 genotypes)

Plate 8. Spike stigma pigmentation

Yellow (50 genotypes) Purple (20 genotypes)

Plate 9. Spike anther colour
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Present (13 genotypes) Absent (57 genotypes)

Plate 10. Plant: Node pubescence

Purple (23 genotypes) Green (47 genotypes)
Plate 11. Plant node pigmentation

Purple (3 genotypes) Green (67 genotypes)

Plate 12. Plant internode pigmentation (between 3rd& 4th node from top)
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Partial (1 genotype) Complete (69 genotypes)

Plate 13. Spike exertion

Small (38 genotypes) Medium(32 genotypes)
Plate 14. Spike length (cm)
5}‘ oA
o w’ o' v~
‘ »._ g . — ‘ra
b o ™\ - g u‘» ?
Ty ‘3 ?h_" \
Present (26 genotypes) Absent (44 genotypes)

Plate 15. Spike anthocyanin pigmentation of glume
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Absent (62 genotypes) Present (8 genotypes)
Plate 16. Spike bristle

Yellow (2 genotypes) Brown (4 genotypes) Purple (2 genotypes)
Plate 17. Spike bristle colour

Prominent (Bristle length> 2mm from the ear head)(8 genotypes)

Plate 18. Spike bristle appearance
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il .w;w.';f{n;u:

Thick (3 genotypes)
Plate 19. Spike girth (cm)

Mediu (67 genotypes)

g5
—

] \
l )
Very short (2 genotypes) Short (39 genotypes) Medium(30 genotypes)

Plate 20. Plant height (cm)

Oblanceolate (1 genotype) Candle (8 genotypes) Spindle (1 genotype)
Plate 21. Spike shape

64 (viii)



Cylindrical (12 genotypes)  Lanceolate (30 genotypes) Conical (18 genotypes)
Plate 21. Contd.

Compact (26 genotypes) Semi-compact Loose (8 genotypes)
(36genotypes)

Plate 22. Spike density

Absent in all genotypes
Plate 23. Spike tip sterility
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aVar

Deep grey (23 genotypes) Yellow brown (3 genotypes)
Plate 24. Seed colour

Y g el
-%y

b
4

Obovate (6 genotypes) Globular (64 genotypes)
Plate 25.Seed shape
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4.1.2 Plant Growth Habit

Characterization of 70 germplasm accessions, orbdses of growth
habit revealed that erect type is predominant 6K@r other. Similar results
were reported by Reddy al. (2006) and Singht al. (2016) for erect type of
growth habit.

4.1.3 Time of Spike Emergence

On the basis of time of spike emergence, it wasakd that 58
accessions showed very late (>54 days) emergeh@gckssions showed late
(51-54 days) emergence and 1 accession shown €486 days)
emergence. This result was in agreement with théings of Nehraet al.
(2016) and Kalagarest al. (2020).

Due to heavy rains and adverse environmental donditduring crop
season vegetative period of crop was prolonged eagsed delay in
flowering, hence majority of the inbred lines wemeuped into the category

very late flowering.
4.1.4 Leaf Sheath Pubescence

69 germplasm accessions lacked pubescence whaeasst showed
pubescence on the leaf sheath. This result wasr@eagent with the findings
of Nehraet al. (2016).

4.1.5 Leaf Sheath Length

Majority (57) of the germplasm accessions exhibiteeédium, 7
exhibited long while the remaining (6) were shan the trait, leaf sheath
length. This result was in agreement with the fugdi of Singhet al. (2016)
and Kalagaret al. (2020).

4.1.6 Leaf Blade Length (cm)

Majority (43) of the germplasm accessions exhibgbadrt, very short

and medium were exhibited by 13 inbred lines eablewthe remaining one
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was long for the trait, leaf blade length. This fesiin accordance with the
findings of Ahmecet al. (2017) and Kalagaregt al. (2020).

4.1.7 Leaf Blade Width (cm)

Medium blade width for leaf was observed in mayori87) of the
germplasm accessions. Narrow was observed in 3hp@sm accessions,
while remaining two inbred lines showed broad foe trait. Similar findings

were also reported by Amarnadhal. (2019).
4.1.8 Spike Stigma Pigmentation

Characterization of 70 germplasm accessions, onb#sis of spike
stigma pigmentation revealed that, it is abseri7iraccessions and present in

3 accessions
4.1.9 Spike Anther Color

Yellow anther colour for spike was observed in mgjo(50) of the
germplasm accessions. While remaining (20) showagle color for the
trait. Similar classification was reported by Redtgl. (2006) and Kalagarey
et al. (2020) for this trait.

4.1.10 Plant Node Pubescence

Characterization of 70 germplasm accessions, onb#sts of plant
node pubescence revealed that it is absent in &5ssions and present in 13
accessionsThis result is in consonance with the findings cfhika et al.
(2016) and Singket al. (2016).

4.1.11 Number of Nodes Plant
Number of nodes plaitwas low (<11) in all accessions.
4.1.12 Plant Node Pigmentation

Among the germplasm accessions studied, the tastobserved to be
green (47) and purple (23). Similar result was reggbby Kalagareyet al.
(2020) for this character.
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4.1.13 Plant Internode Pigmentation

Among the germplasm accessions studied, the tastobserved to be
green (67) and purple (3). The results found wereanformity with the
findings of Nehraet al. (2016) and Singht al. (2016).

4.1.14 Spike Exertion

The trait spike exertion in the germplasm accessaas classified as
complete (69) and partial (1). Similar results wegported by Ahmedt al.
(2017) for this trait.

4.1.15 Spike Length (cm)

Majority (39) of the germplasm accessions exhibgédrt, while the
remaining (31) were medium for the trait, spikegén The results found
were in conformity with the findings of Bhattaret al. (2014) and Nehra
etal., (2016).

4.1.16 Spike Anthocyanin Pigmentation of Glume

Characterization of 70 germplasm accessions, onb#sis of spike
anthocyanin pigmentation of glume revealed th&t &bsent in 44 accessions
and present in 26 accessiosmilar results were obtained by Ahmeidal.
(2017) and Kalagarest al. (2020) for this trait.

4.1.17 Spike Bristle

Characterization of 70 germplasm accessions, onb#sis of spike
bristle revealed that it is absent in 62 accessiand present in eight
accessionsSimilar result was obtained by Neletzal. (2016) and Singkt al.
(2016).

4.1.18 Spike Bristle Colour

Among the germplasm accessions studied, the tastobserved to be

yellow (2), brown (4) and purple (2).
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4.1.19 Spike Bristle Appearance

Among the germplasm accessions studied, the tastobserved to be

prominent in 8 accessions only.
4.1.20 Spike Girth at Maximum Point

Characterization of 70 germplasm accessions, onb#sts of spike
girth at maximum point revealed that it is mediunti7 accessions and thick

in three accessions.
4.1.21 Number of Productive Tillers Plant

In the studied genotypes 36 accessions were fooiriae tmonoculm
(single tiller), 33 accessions recorded 2-3 (lowy &-6 (medium) in one

accession.
4.1.22 Plant Height

Based on plant height, the germplasm accessions eadegorized into
very short (2), short (38) and medium (30).

4.1.23 Spike Shape

Based on spike shape, the germplasm accessionscatagorized as
cylindrical (12), conical (18), spindle (1), candi®), lanceolate (30) and
Oblanceolate (1). Similar result was obtained byn&tdet al. (2017) for this

trait.
4.1.24 Spike Tip Sterility

Among the germplasm accessions studied, the tastabserved to be
absent in all accessions. This finding is compleamgntwith the result
obtained by Kalagarest al. (2020) for this character.

4.1.25 Spike Density

Based on spike shape, the germplasm accessionscatagorized as
loose (8), semi-compact (36) and compact (26). I8imesults were noted by
Singhet al. (2016) for this trait.
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4.1.26 Seed Colour

Based on seed colour, the germplasm accessionsoatrgorized as
cream (1), grey (18), deep grey (23), grey brows) ¢ghd yellow brown (3).
Similar results were observed by Bhattaghial. (2014) and Nehrat al.
(2016) for this trait.

4.1.27 Seed Shape

Among the germplasm accessions studied, the tastabserved to be
obovate in 6 accessions and globular in 64 acaessidhis finding is
complementary with the results obtained by Reetdy. (2006), Ahmedtt al.
(2017), Amarnathet al. (2019), Ankitet al. (2020) and Kalagaregt al.
(2020) for this character.

4.1.28 Seed: Weight of 1000 Grains (g)

Among 70 germplasm accessions, 1000 grain weiglstsaaall in 11
accessions, medium in 17 accessions, bold in 3@samms and very bold in
10 accessions. This result is in consonance wihfitidings of Amarnath
et al. (2019), Ankitet al. (2020) and Kalagarest al. (2020).

Morphological characterization of 70 pearl millegngtypes using 28
DUS traits highlighted the existence of suffici@atiability for the characters
studied. It was observed in the present study fiaracter plant anthocyanin
coloration of first leaf sheath, presence of pigtagan was predominant over
absence of pigmentation; for character growth haéct was predominant;
for character days to 50% flowering very late doratgermplasm lines are
predominant; for character leaf sheath pubescemltgence of leaf sheath
pubescence was predominant over presence; forshesdth length medium
types are predominant over short and long; for ldafle length short types
are predominant; for character leaf blade width iomad types are
predominant over narrow and broad; absence of sigea pigmentation is
predominant over presence; for spike anther colellow color was

predominant; absence of plant node pubescence wedorpinant over
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presence; number of nodes ptantas low in all; for character plant node
pigmentation green was predominant; for plant mide pigmentation green
was predominant; complete exertion of spike wasl@renant over partial
exertion; short spike length was predominant ovexdiom spike length;
presence of spike anthocyanin pigmentation of glwae predominant over
absence; absence of spike bristle was predominaet presence; brown
coloured spike bristle colour was predominant oyeflow and purple
coloured spike bristles; medium spike girth wasdpreinant over thick spike
girth at maximum point; one productive tiller planvas predominant; short
plant height was predominant over very short andiome types; for character
spike shape lanceolate type was predominant; abssrepike tip sertility in
all genotypes; for character spike-density semimachwas predominant; for
character seed color grey brown was predominanhulhr seed shape was
predominant over obovate seed shape; for charab@d seed weight bold

was predominant. Variability in DUS traits is deapit in Fig. 4.1.
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PLANT TIME OF SPIKE LEAF SHEATH

ANTHOCYANIN EMERGENCE PUBESCENCE
COLORATION OF
FIRST LEAF mEarly mlLate mVery Late mAbsent = Present
SHEATH
1%
mAbsent m=Present 1%

LEAF SHEATH LEAF BLADE LEAF BLADE
LENGTH LENGTH WIDTH
E Short mMedium =Long m Very short® Short mNarrow ®Medium = Broad
®Medium ®Long 3%

1%

SPIKE STIGMA SPIKE ANTHER PLANT NODE
PIGMENTATION COLOUR PUBESCENCE
m Absent = Present mYellow mPurple m Absent mPresent

Fig. 4.1. Pie diagram depicting variability for DUStraits among 70 inbred lines of
pearl millet
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PLANT NODE PLANT INTERNODE SPIKE EXERTION
PIGMENTATION PIGMENTATION

m Partial m Complete
mGreen mPurple m Green mPurple 1%

4%

SPIKE ANTHOCYANIN
SPIKE LENGTH PIGMENTATION OF SPIKE BRISTLE
mSmall =Medium GLUME = Absent mPresent

m Absent ®m Present

SPIKE BRISTLE SPIKE GIRTH AT PLANT: NUMBER OF
COLOUR MAXIMUM POINT PRODUCTIVE TILLERS

11%

® Monoculm mLow ®Medium
mYellow mBrown mPurple . .
mMedium mThick 20
0

4%

96%

Fig. 4.1 cont.
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PLANT HEIGHT SPIKE SHAPE SPIKE

. m Cylindrical mConical DENSITY
mVery short m Short m Medium
m Spindle = Candle mLoose
3% mLanceolate = Oblanceolate m Semi-compact
m Compact

2%

SEED COLOUR SEED SHAPE 1000 GRAIN
WEIGHT

m Small = Medium
= Bold =Very Bold

m Cream = Grey mObovate mGlobular
mDeep Grey mGrey Brown

m Yellow Brown

4% 1%

Fig. 4.1 cont.
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4.2  ANALYSIS OF VARIANCE

Analysis of variance for 21 characters., days to 50% flowering, days
to maturity, SPAD chlorophyll meter reading at 4BE) SPAD chlorophyll
meter reading at 65 DAS, specific leaf area at ABQcn? gl), specific leaf
area at 65 DAS (ctng?), leaf sheath length (cm), leaf blade length (cref |
blade width (cm), number of nodes planspike length (cm), spike girth (cm),
number of productive tillers plaft plant height (cm), 1000 grain weight (g),
panicle weight (g), green fodder yield plar{y), dry fodder yield plant(g),
threshing (%), harvest index (%) and grain yieldnpt (g) were presented in
the Table 4.2. The analysis of variance revealet rttean sum of squares
were highly significant for all the characters s&afj indicating the presence
of ample amount of genetic variation among genaypéhich can be

exploited through selection.
4.3 MEAN PERFORMANCE

Mean is a relatively simple measure used in plaaeding to assess
phenotypic variability and it serves as a basis dliminating undesirable
genotypes. It also measures the genetic potentiaigenotypes. The mean
performance of 70 inbred lines of pearl millet fad yield and yield

contributing characters is presented in Table 4.3.
4.3.1 Days to 50% Flowering

The mean performance for days to 50% flowering rdrigem 44 days
to 80.5 days with a general mean of 58.97 days.#adl inbred lines, PPBI-
44 (44 days) was early to flowering and PPBIi-6 $88ays) was late to
flowering. The inbred lines PPBIi-44, PPBI-12, P®Bi- PPBi-64, PPBI-20,
PPBI-23, PPBI-35 and PPBIi-37 were the earliest tonfower. Therefore,
these genotypes can be utilized in the hybridinafioogramme as donor
parents to evolve short duration hybrids. Out oirtfred lines evaluated, 41
inbred lines were earlier to flowering when complaseith general mean
(58.97 days).
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Table 4.2 Analysis of variance for yield and yieldattributes in 70 inbred

lines of pearl millet

Mean sum of squares

S. No. Characters Replications| Treatments Error
(df=1) (df=69) (df=69)

1 |Days to 50% flowering 16.457 93.477** 4.602
2 |Days to maturity 13.207 87.208** 4.091
3 |SPAD chlorophyll meter reading at 45 DAS10.809 54.131** 19.152
4 |SPAD chlorophyll meter reading at 65 DAS15.114 104.664** 58.820
5 |Specific leaf area at 45 DAS (éqi*) 807.408 1759.898** 511.374
6 |Specific leaf area at 65 DAS (éqi*) 129.601 1891.645** 790.757
7 |Leaf sheath length (cm) 1.629 7.452** 4.205
8 |Leaf blade length (cm) 6.723 67.911* 17.149
9 |Leaf blade width (cm) 0.394 0.384** 0.124
10 |No of nodes plant 0.833 0.977* 0.236
11 |Spike length (cm) 0.003 27.541** 4.859
12 |Spike girth (cm) 0.110 0.239** 0.037
13 |Number of productive tillers plaht 0.001 0.759** 0.083
14 |Plant height (cm) 219.250 917.970* 76.067
15 |1000 grain weight (g) 2.345 10.607** 0.689
16 |Panicle weight (g) 46.173 551.144* 45.659
17 |Green fodder yield plah(g) 286.286 2270.019** 191.920
18 |Dry fodder yield plant(g) 25.766 204.302** 21.248
19 |Threshing (%) 0.140 198.391*4 35.517
20 [Harvest index (%) 1.783 98.552** 21.811
21 |Grain yield plant (g) 20.034 152.866* 13.092

**Significant at 1% level.
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Table 4.3 Mean performance of inbred lines of peannillet for yield and
its component characters

GENO- DF DM SCMR | SCMR | SLA SLA LSL LBL LBW NN SL
TYPES 45 65 45 65
PPBI-1 70.00 | 101.00| 30.25 | 51.55 | 177.63| 173.34| 12.61 | 47.05| 2.95 4.80 | 27.90
PPBI-2 65.00 | 98.00 | 33.75 | 51.90 | 136.33| 145.37| 13.47 | 4995 | 3.18 5.70 | 22.10
PPBI-3 61.50 | 93.50 | 37.00 | 52.25 | 162.96| 160.71| 14.85| 48.70 | 3.53 5.50 | 17.90
PPBI-4 55.00 | 86.00 | 42.25 | 59.05 | 146.43| 171.32| 14.90 | 48.85 | 3.62 5.90 | 21.00
PPBI-5 52.50 | 8550 | 35.55 | 56.60 | 162.15| 200.00| 14.97 | 41.40 | 3.13 6.30 | 22.50
PPBI-6 80.50 | 109.00| 32.40 | 47.65 | 159.17| 199.37| 13.85| 51.85 | 4.40 5.70 | 26.40
(Max) (Max)
PPBI-7 56.00 | 87.00 | 31.25 | 47.95 | 121.86| 186.86| 13.05 | 42.45| 2.53 5.80 | 19.30
PPBI-8 58.50 | 91.50 | 36.20 | 54.95 | 162.46| 113.10| 12.81 | 41.75| 3.18 5.20 | 22.40
PPBI-9 67.00 | 99.00 | 35.35 | 40.85 | 133.93| 156.87| 13.55| 48.15| 3.63 5.20 | 27.20
PPBi-10 | 66.00 | 97.00 | 36.35 | 74.50 | 122.69| 146.43| 13.10 | 41.25 | 3.10 4.80 | 18.20
(Max)
PPBi-11 | 54.50 | 87.50 | 39.45 | 57.30 | 134.14| 164.77| 11.45| 3790 | 2.64 4.80 | 26.60
PPBi-12 | 50.50 | 8250 | 41.85 | 50.15 | 136.76| 152.91| 11.40 | 39.75 | 2.39 4.80 | 16.10
PPBi-13 | 55.00 | 86.00 | 42.85 | 44.95 | 122.30| 130.93| 11.45| 39.40 | 2.64 4.90 | 19.00
PPBi-14 | 74.00 | 107.00| 39.40 | 54.80 | 124.72| 104.79| 14.30 | 46.95 | 3.87 5.20 | 24.90
(Min)
PPBi-15 | 56.00 | 88.00 | 37.95 | 50.95 | 121.94| 134.88| 14.15 | 50.75 | 2.89 5.70 | 22.10
PPBi-16 | 71.00 | 102.00| 31.60 | 49.95 | 190.08| 211.30| 14.05 | 48.40 | 2.87 6.10 | 21.10
PPBi-17 | 59.50 | 92.50 | 34.60 | 45.60 | 137.81| 151.00| 13.95 | 49.14 | 3.00 6.00 | 17.60
PPBi-18 | 72.50 | 104.50| 34.40 | 54.80 | 181.61| 155.94| 18.40 | 57.00 | 2.86 5.30 | 25.60
(Max)
PPBi-19 | 61.50 | 9250 | 31.90 | 46.90 | 156.66| 142.11| 18.15 | 54.40 | 3.47 5.40 | 21.90
PPBi-20 | 51.50 | 84.50 | 31.40 | 47.25 | 106.31| 123.46| 13.40 | 41.80 | 2.31 5.50 | 17.10
(Min)
PPBi-21 | 53.50 | 85.50 | 32.50 | 48.25 | 118.65| 125.52| 10.70 | 35.75 | 3.36 4.40 | 16.00
PPBi-22 | 62.50 | 93.50 | 36.95 | 53.85 | 133.03| 146.26| 14.52 | 4405 | 3.24 6.80 | 21.80
PPBi-23 | 51.50 | 84.50 | 39.40 | 42.80 | 191.03| 210.64| 10.97 | 34.00 | 2.67 5.20 | 13.80
PPBi-24 | 67.00 | 99.00 | 25,55 | 57.60 | 130.67| 143.37| 17.25| 61.40 | 3.28 4.70 | 28.20
(Min) (Max) (Max)
PPBi-25 | 58.00 | 89.00 | 35.85 | 53.35 | 181.43| 182.79| 14.95 | 4850 | 3.20 5.70 | 22.00
PPBIi-26 | 60.00 | 93.00 | 36.80 | 54.00 | 135.20| 148.07| 7.09 | 50.10 | 3.17 5.70 | 21.90
(Min)

PPBi-27 | 53.50 | 85.50 | 31.90 | 53.50 | 113.22| 127.31| 12.45 | 44.05| 3.09 6.00 | 19.00
PPBi-28 | 54.50 | 8550 | 44.20 | 54.60 | 142.09| 143.54| 1450 | 52.30 | 4.39 5.70 | 22.10
PPBi-29 | 60.00 | 93.00 | 33.90 | 41.45 | 217.70| 179.42| 16.01 | 44.15 | 2.62 5.90 | 20.00
PPBIi-30 | 63.50 | 95.50 | 36.85 | 48.60 | 155.86| 164.46| 13.30 | 45.25 | 2.99 6.00 | 17.10
Cont.
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Table 4.3 (cont.).

$$PN§S DF DM Sa'\élR S%'\élR SJ(: SGL: LSL LBL LBW NN SL
PPBi-31 | 67.50 | 98.50 | 28.30 | 46.80 | 118.20| 131.76| 11.14 | 48.05| 3.18 5.40 | 19.70
PPBi-32 | 56.50 | 89.50 | 37.40 | 45.10 | 177.16| 157.64| 1450 | 49.05 | 3.37 6.60 | 21.70
PPBi-33 | 57.00 | 88.50 | 31.05 | 33.90 | 128.08| 136.18| 12.95 | 48,55 | 3.27 | 7.00 | 18.10
(Min)
PPBi-34 | 60.00 | 91.50 | 30.00 | 34.50 | 244.31| 237.85| 13.20 | 45.60 | 2.32 4.90 | 20.20
(Max) | (Max)
PPBi-35 | 51.50 | 84.50 | 33.65 | 41.00 | 192.51| 158.54| 13.88 | 54.36 | 3.31 5.60 | 22.80
PPBi-36 | 59.00 | 91.00 | 45,55 | 53.80 | 156.22| 224.36| 14.60 | 49.40 | 2.59 | 6.10 | 21.70
PPBi-37 | 52.00 | 83.00 | 45.80 | 41.30 | 100.22| 130.12| 14.15| 48.20 | 3.05 | 6.10 | 17.80
PPBi-38 | 54.00 | 87.00 | 27.85 | 45.90 | 173.54| 194.80( 14.17 | 4440 | 3.24 5.00 | 17.90
PPBi-39 | 55.00 | 86.50 | 28.85 | 44.10 | 102.89| 116.76| 10.92 | 35.70 | 2.58 | 6.90 | 17.20
PPBIi-40 | 54.00 | 85.00 | 28.60 | 45.10 | 165.26| 172.05| 12.90 | 36.70 | 2.42 4.40 | 18.50
PPBi-41 | 53.00 | 86.00 | 41.70 | 42.75 | 166.74| 157.66| 13.55| 47.25 | 3.28 5.90 | 23.70
PPBi-42 | 53.50 | 85.50 | 40.05 | 60.60 | 113.76| 154.42| 13.70 | 48.65 | 2.74 5.70 | 17.50
PPBi-43 | 63.50 | 94.50 | 38.15 | 46.05 | 105.71| 115.16| 13.00 | 39.55 | 3.59 4.60 | 19.20
PPBi-44 | 44.00 | 77.00 | 3450 | 65.45 | 163.19| 173.68| 11.60 | 40.50 | 3.29 | 4.60 | 20.40
(Min) | (Min)
PPBi-45 | 68.00 | 100.00| 31.10 | 48.55 | 160.42| 163.27| 12.00 | 39.95 | 255 | 5.10 | 24.20
PPBi-46 | 54.50 | 85.50 | 38.85 | 51.15 | 153.91| 153.78| 12.58 | 49.24 | 3.19 6.20 | 18.20
PPBi-47 | 58.50 | 91.50 | 53.60 | 55.60 | 129.10| 128.13| 14.45| 4255 | 2.71 7.30 | 22.20
(Max) (Max)
PPBi-48 | 59.50 | 91.50 | 41.70 | 41.90 | 152.74| 129.65| 13.95 | 38.10 | 2.80 | 5.30 | 13.40
(Min)
PPBi-49 | 63.50 | 95.00 | 43.80 | 46.05 | 141.85| 236.40| 14.70 | 4429 | 3.43 | 6.70 | 17.20
PPBi-50 | 54.00 | 87.50 | 37.90 | 52.70 | 121.16| 128.03| 13.00 | 51.15 | 2.98 6.20 | 26.80
PPBi-51 | 55.00 | 87.00 | 42.45 | 51.80 | 144.45| 187.23| 12.70 | 45.85 | 2.95 5.40 | 23.80
PPBi-52 | 68.00 | 99.50 | 32.35 | 47.40 | 174.54| 203.11| 14.50 | 50.00 | 3.65 | 5.40 | 27.30
PPBi-53 | 76.00 | 109.00| 29.20 | 47.30 | 185.00| 223.79| 13.95| 52.10 | 3.89 6.40 | 26.60
(Max)
PPBi-54 | 58.00 | 90.00 | 33.00 | 45.30 | 189.11| 155.32| 10.55| 40.90 | 2.60 490 | 17.20
PPBi-55 | 64.00 | 95.50 | 38.85 | 42.35 | 131.77| 148.25| 17.90 | 53.40 | 3.13 | 6.40 | 26.70
PPBi-56 | 57.50 | 90.50 | 33.55 | 50.60 | 116.28| 127.15( 13.50 | 34.35 | 2.68 4.30 | 18.10
PPBi-57 | 66.00 | 98.00 | 35.65 | 40.50 | 145.44| 165.21| 14.82 | 49.90 | 3.23 | 6.20 | 21.70
PPBi-58 | 60.50 | 92.00 | 34.10 | 47.05 | 163.80| 160.55| 13.85 | 45.65| 3.60 | 6.20 | 23.50
PPBi-59 | 56.00 | 89.00 | 30.40 | 44.50 | 154.71| 168.11| 1297 | 4151 | 3.33 6.20 | 24.30
PPBi-60 | 56.50 | 88.50 | 29.20 | 36.60 | 143.47| 160.69| 14.79 | 50.75 | 3.03 | 5.70 | 23.30
Cont.
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Table 4.3 (cont.).

GENO- DF DM SCMR | SCMR | SLA SLA LSL LBL |LBW NN SL
TYPES 45 65 45 65
PPBI-61 5450 | 86.00 | 46.35 | 47.70 | 122.95| 169.41| 12.30| 47.30| 3.10 | 5.40 | 17.80
PPBI-62 61.00| 94.00 | 31.75 | 57.65 | 150.74 | 142.11| 14.22 | 44.30| 2.43 | 4.60 | 16.80
PPBi-63 55.00 | 87.00 | 40.80 | 41.90 | 195.14| 172.98| 13.99| 40.70 | 2.83 | 4.80 | 17.90
PPBI-64 51.00| 82.50 | 36.75 | 54.75 | 118.89 | 122.46 | 14.15| 48.00| 3.05 | 4.80 | 16.90
PPBI-65 54.00| 87.00 | 3580 | 54.90 | 111.21| 134.65| 14.10 | 44.20| 2.97 | 550 | 18.90
PPBi-66 50.50 | 82.50 | 34.40 | 58.20 | 98.71 | 199.51| 13.50| 41.70| 2.89 | 4.90 | 15.40
(Min)
PPBI-67 58.50| 90.00 | 35.25 | 35.25 | 106.63 | 148.41| 10.79| 32.90| 2.55 | 4.70 | 15.00
(Min)
PPBI-68 52.50| 85.50 | 35.95 | 51.05 | 116.92 | 155.74| 10.40| 33.60| 2.58 | 4.30 | 14.80
(Min)
PPBI-69 56.00| 88.00 | 40.10 | 59.10 | 170.45| 19791 | 17.85| 50.25| 3.36 | 5.00 | 18.30
PPBi-70 57.00| 88.50 | 37.80 | 58.70 | 132.62 | 208.53 | 16.75| 45,50 | 2.90 | 5.60 | 17.40
General 58.97| 90.96 | 36.03 | 49.47 | 146.52 | 160.69 | 13.60 | 45.44| 3.07 | 5.53 | 20.56
Mean
Minimum 44.00| 77.00 | 2555 | 33.90 | 98.71 | 104.79| 7.09 | 32.90| 2.31 | 4.30 | 13.40
Maximum 80.50 | 109.00| 53.60 | 74.50 | 244.31| 237.85| 18.40| 61.40| 4.40 | 7.30 | 28.20
C.D. (at5%) | 4.28 4.04 8.73 15.30 | 45.11 | 56.10 | 4.09 | 826 | 0.70 | 0.97 | 4.40
S.E. (m) 1.51 1.42 3.07 3.57 4.35 5.13 5.92 6.70 7.48 826 .55 1
S.E. (d) 2.15 2.02 4.38 7.67 22.61 28.1p 2.05 4.14 0435 0.42.20
C.V. (%) 3.64 2.22 12.15 | 15.50 | 15.43 17.50 | 15.08 | 9.11 | 11.46| 8.79 | 10.72
Cont.
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Table 4.3 (cont.).

GENO- | SG | NPT | PH | 1000| PW | GFY | DFY | TH HI | GYP
TYPES GW
PPBi-1 2.88 | 1.20 | 152.90| 10.87 | 51.60 | 116.60| 34.98 | 33.43 | 19.92| 17.25
PPBi-2 219 | 1.30 | 139.00| 7.64 | 32.00 | 66.60 | 19.98 | 35.47 | 21.92| 11.35
PPBI-3 2.33 3.40 | 151.10( 10.02 | 73.70 | 168.70| 50.61 | 47.36 | 28.06| 34.84
(Max) | (Max)
PPBi-4 297 | 1.70 | 160.60| 14.58 | 38.60 | 96.70 | 29.01 | 50.20 | 28.82| 19.49
(Max)
PPBI-5 241 1.70 | 144.10| 14.46 | 40.10 | 72.70 | 21.81 | 46.07 | 29.78| 18.22
PPBI-6 2.69 | 1.20 | 164.40| 11.74 | 54.60 | 109.50| 32.85 | 43.88 | 27.27| 23.85
PPBI-7 225 | 2.30 | 151.80| 12.72 | 44.90 | 110.80| 33.24 | 50.90 | 28.08| 21.70
PPBI-8 2.96 1.30 | 158.70| 11.37 | 60.50 | 111.20| 33.36 | 42.42 | 27.30| 25.81
PPBI-9 2.69 1.40 | 152.60| 8.59 | 56.20 | 134.50| 40.35 | 26.60 | 15.48| 14.95
PPBI-10 2.47 2.00 | 127.20| 10.79 | 37.00 | 65.70 | 19.71 | 52.11 | 34.14| 19.40
PPBI-11 2.25 1.70 | 120.10| 5.92 | 24.20 | 32.90 | 9.87 44.05 | 31.57| 10.61
PPBi-12 | 241 | 2.90 | 116.00| 10.91 | 40.80 | 54.60 | 16.38 | 53.25 | 38.87| 21.80
PPBi-13 | 2.69 | 1.40 | 138.30| 12.36 | 39.00 | 81.50 | 24.45 | 66.59 | 40.81| 25.70
PPBi-14 | 2.95 | 1.40 | 177.40| 11.37 | 45.80 | 92.90 | 27.87 | 40.16 | 25.06| 18.61
PPBI-15 2.38 1.40 | 153.80| 14.23 | 44.00 | 66.40 | 19.92 | 61.77 | 43.53| 27.10
PPBI-16 2.49 1.30 | 189.60| 12.20 | 32.90 | 100.50| 30.15 | 48.76 | 25.45| 16.11
PPBI-17 2.89 1.60 | 137.20| 13.77 | 49.70 | 95.80 | 28.74 | 48.23 | 31.15| 23.95
PPBi-18 | 3.05 | 1.20 | 192.90| 13.66 | 39.20 | 81.30 | 24.39 | 40.38 | 25.06| 15.90
(Max)
PPBI-19 2.59 1.10 | 174.80| 11.84 | 38.30 | 63.00 | 18.90 | 43.12 | 28.37| 15.70
PPBi-20 | 1.98 | 1.40 | 139.60| 14.31 | 22.30 | 42.50 | 12.75 | 67.26 | 42.58| 14.93
PPBi-21 | 2.38 | 2.10 | 101.70| 8.85 | 19.90 | 40.60 | 12.18 | 60.88 | 37.13| 11.84
PPBi-22 | 2.71 | 1.20 | 161.40| 11.14 | 40.60 | 84.10 | 25.23 | 54.22 | 33.25| 21.85
PPBI-23 1.99 2.00 | 115.30| 12.62 | 16.50 | 29.60 | 8.88 67.28 | 42.23| 10.52
PPBI-24 3.32 1.20 | 155.60| 12.44 | 48.60 | 120.70| 36.21 | 41.57 | 23.81| 20.32
(Max)
PPBi-25 | 3.05 | 2.60 | 170.20| 10.93 | 75.80 | 129.60| 38.88 | 51.53 | 34.01| 39.00
PPBI-26 2.98 1.20 | 140.80| 10.89 | 31.00 | 51.10 | 15.33 | 52.52 | 35.15| 16.28
PPBI-27 2.79 1.00 | 136.00| 8.95 | 46.90 | 77.60 | 23.28 | 49.18 | 32.68| 23.40
PPBI-28 2.92 1.50 | 157.70| 12.39 | 48.90 | 102.40| 30.72 | 56.05 | 34.40| 27.55
PPBi-29 | 1.90 | 1.20 | 135.40| 10.82 | 24.20 | 51.10 | 15.33 | 29.01 | 17.63| 7.05
PPBi-30 | 2.62 | 2.30 | 141.20| 10.48 | 34.10 | 78.60 | 23.58 | 42.76 | 25.29| 14.60
Cont.
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Table 4.3 (cont.).

GENO- | SG | NPT | PH | 1000| PW | GFY | DFY | TH HI GYP
TYPES GW
PPBi-31| 2.30 | 2.30 | 129.40| 10.73| 32.40 | 67.50 | 20.25| 53.16 31.97| 17.70
PPBIi-32 | 2.66 1.70 | 156.30| 10.42 | 43.20 | 138.90| 41.67 | 51.60 26.29| 2251
PPBI-33 | 2.60 1.20 | 150.90| 7.86 | 28.00 | 67.30 | 20.19 | 60.27 35.03| 16.88
PPBI-34 | 1.87 1.40 | 129.80| 6.87 | 25.80 | 7250 | 21.75 | 47.36 25.70| 12.22
PPBIi-35 | 2.24 1.90 | 155.70| 12.47| 50.40 | 122.20| 36.66 | 52.54 30.46 | 26.50
PPBI-36 | 2.72 1.40 | 166.80| 11.14 | 45.70 | 99.60 | 29.88 | 63.96 38.74 | 29.45
PPBI-37 | 2.03 1.20 | 138.40| 9.98 | 25.20 | 53.60 | 16.08 | 75.98 | 46.39 | 19.15
(Max) | (Max)

PPBi-38 | 1.69 | 1.60 | 128.00| 10.96 | 11.00 | 34.10 | 10.23 | 47.96 | 24.96| 5.28
(Min) (Min) (Min)

PPBIi-39 | 1.80 1.00 | 130.60| 8.04 | 13.20 | 31.40 | 9.42 | 56.32 32.92| 7.44

(Min)
PPBi-40 | 1.89 | 2.40 | 136.50| 5.54 | 23.10 | 66.10 | 19.83 | 49.42 | 26.62| 11.42
(Min)
PPBi-41| 2.30 | 2.10 | 156.80| 8.92 | 47.30 | 92.30 | 27.69 | 43.25 27.22| 20.40
PPBI-42 | 2.07 1.30 | 129.80| 6.60 | 16.70 | 37.60 | 11.28 | 47.79 28.15| 7.87
PPBIi-43 | 2.32 1.90 | 148.10| 5.58 | 43.90 | 106.60| 31.98 | 24.82 | 14.29 | 10.80
(Min) | (Min)

PPBi-44 | 2.39 1.30 | 102.70| 7.32 | 26.80 | 57.80 | 17.34 | 35.25 21.40| 9.45
PPBi-45 | 2.50 1.40 | 161.30| 9.49 | 47.80 | 103.00| 30.90 | 39.30 23.77| 18.70
PPBi-46 | 2.78 | 2.90 | 139.60| 13.54 | 64.60 | 116.60| 34.98 | 53.69 34.83| 3441
PPBI-47 | 2.87 1.50 | 192.50| 12.98 | 54.10 | 129.00| 38.70 | 58.16 33.89| 31.45
PPBI-48 | 2.40 1.20 | 120.30| 7.47 | 1450 | 42.40 | 12.72 | 46.11 25.06| 6.70
PPBI-49 | 2.40 1.20 | 163.20| 10.10| 30.10 | 86.40 | 25.92 | 56.36 30.86| 17.12
PPBIi-50 | 2.51 | 4.20 | 156.90| 10.24 | 101.80| 165.30| 49.59 | 57.40 38.61| 58.42
(Max) (Max) (Max)
PPBi-51 | 2.96 | 1.10 | 150.70| 10.41 | 36.10 | 77.00 | 23.10 | 65.89 | 40.02| 23.75
PPBi-52 | 2.87 | 1.40 | 160.50| 8.84 | 42.60 | 122.20| 36.66 | 49.78 | 26.74| 21.20
PPBi-53 | 3.01 1.10 | 171250 7.72 | 54.60 | 118.20| 35.46 | 44.95 27.26 | 24.55
PPBi-54 | 2.45 | 1.60 | 133.70| 7.43 | 28.00 | 92.70 | 27.81 | 56.09 | 28.16| 15.75
PPBi-55| 2.07 | 1.20 | 151.60| 6.93 | 25.50 | 75.40 | 22.62 | 45.93 | 24.14| 11.70
PPBi-56 | 2.57 150 | 114.40| 8.77 | 32.10 | 63.60 | 19.08 | 45.47 27.42| 13.50
PPBi-57 | 2.61 | 2.60 | 144.20| 6.95 | 63.60 | 104.90| 31.47 | 39.47 | 26.43| 25.10
PPBi-58 | 2.03 | 1.70 | 149.30| 7.97 | 33.50 | 96.20 | 28.86 | 44.94 | 24.14| 15.05
PPBi-59 | 2.52 | 2.00 | 155.70| 9.25 | 57.70 | 107.70| 32.31 | 48.27 | 31.01 | 27.85
PPBi-60 | 2.25 | 150 | 149.80| 7.08 | 44.30 | 79.80 | 23.94 | 49.89 | 31.95 | 21.85
Cont.
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Table 4.3 (cont.).

GENO- SG NPT PH 1000 PW GFY DFY TH HI GYP
TYPES GW
PPBI-61 2.37 1.30 | 138.20 10.11 35.50 62.00 18,60 60.59 139.21.25
PPBI-62 2.06 1.20 | 112.80 10.03 16.80 33.50 10J05 4897 532.58.25
PPBi-63 2.46 1.50 | 117.8( 8.56 20.50 33.90 1017 6511 43.28B.32
PPBi-64 2.40 1.60 | 11350 11.62 22.90 41.70 12/51 57.87 537.4.3.40
PPBi-65 2.50 1.80 | 138.80 11.49 34.70 73.50 2205 49.89 030.37.30
PPBi-66 2.39 1.40 | 113.9¢ 9.04 18.60 30.40 9.12 51(64 34.62.81
PPBI-67 2.39 2.15 99.70| 11.06 35.00 56.40 1692 46,50 31.46.10
PPBI-68 2.37 1.30 95.10 11.41 16.60 2460 7.38 | 66.38 | 45.82| 11.28
(Min) (Min) | (Min)

PPBI-69 2.61 1.70 | 131.8( 9.44 42.10 75.00 2250 64[43 42.27.33
PPBI-70 2.61 3.30 | 137.80 13.60 63.60 12140 36{42 47.13 0130.29.95
General 2.49 1.68 | 143.31 10.24 38.88 81.%7 2447 50.23 730.89.17
Mean
Minimum 1.69 1.00 95.10 5.54 11.0( 24.40 7.38 24|82 14.29.28 5
Maximum 3.32 420 | 19290 1458 101.80 168{70 50/61 75.98.3%6 58.42
C.D. (at 0.38 0.38 0.38 1.66 13.4§ 27.64 9.20 11489 9/32 272
5%)
S.E. (m) 0.13 0.20 6.12 0.58 4.74 9.73 3.24 418 3.p8 2|54
S.E. (d) 0.19 0.29 8.72 0.83 6.76 13.85 4.91 5.96 4.67 3162
C.V. (%) 7.70 17.23 6.09 8.11 17.38 16.98 18.84 11|86 15.13B.88

DF Days to 50% flowering SG Spike girth (cm)

DM Days to maturity NPT Number of productive tillers plafit

SCMR 45 SPAD chlorophyll meter reading at 45 DAS PH . Plant height (cm)

SCMR 65 SPAD chlorophyll meter reading at 65 DAS 1000 GW : 1000 grain weight (g)

SLA 45 Specific leaf area at 45 DAS (6gh) PW : Panicle weight (g)

SLA 65 Specific leaf area at 65 DAS ((2:9'11) GFY Green fodder yield pla'nlt(g)

LSL Leaf sheath length (cm) DFY Dry fodder yield plari% (g)

LBL Leaf blade length (cm) TH Threshing (%)

LBW Leaf blade width (cm) HI Harvest index (%)

NN No of nodes plant GYP Grain yield plant (g)

SL Spike length (cm)
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4.3.2 Days to Maturity

Days to maturity ranged from 77 days to 109 dayh wigeneral mean
of 90.96 days. Maturity was early in PPBI-44 (7¥<%)aand late in PPBIi-53
(109 days). The inbred linesz., PPBIi-44, PPBIi-12, PPBi-64, PPBIi-66, PPBI-
37, PPBI-20, PPBI-23, PPBI-35 and PPBI-40 were dotanbe early maturing.
Therefore, these genotypes can be utilized in theidigation programme as
donor parents to evolve short duration hybrids. ©fit70 inbred lines
evaluated, 39 inbred lines were earlier to matuhign general mean (90.96

days).
4.3.3 SPAD Chlorophyll Meter Reading at 45 DAS

The SPAD chlorophyll meter reading at 45 DAS ranfyech 25.55 to
53.6. High reading was observed in PPBI-47 (53ugreas PPBI-24 (25.55)
was found to be low. 32 out of 70 inbred lines rded higher values when

compared to general mean (36.03).

Significant positive correlation between SCMR andJBV and a
negative correlation between SCMR and SLA were idensd as good
indicators of high WUE. Hence, genotypes, PPBI-50, PPBI-28, PPBI-14,
PPBIi-42 and PPBI-43 with high SCMR can be utiliZed development of
hybrids tolerant to drought.

4.3.4 SPAD Chlorophyll Meter Reading at 65 DAS

SPAD chlorophyll meter reading at 65 DAS rangednr®3.9 to 74.5.
High reading was observed in PPBI-33 (33.9), whefBBi-10 (74.5) was
found to be low. 34 out of 70 inbred lines had keighalues of SPAD readings

when compared to general mean (49.47).
4.3.5 Specific Leaf Area at 45 DAS (chAg?)

The mean values for SLA at 45 DAS ranged from 98.it g*
(PPBIi-66) to 244.31 cfrg? (PPBI-34) with a general mean of 146.52gn.
39 inbred lines recorded low SLA at 45 DAS thandbkaeral mean.
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4.3.6 Specific Leaf Area at 65 DAS (cAg?)

Among 70 inbred lines, PPBI-14 recorded the lovepscific leaf area
at 65 DAS of 104.79 chg!, while PPBIi-34 recorded the highest specific leaf
area at 65 DAS of 237.85 érg?. 40 inbred lines recorded less specific leaf
area at 65 DAS compared to the general mean (16806§1).

4.3.7 Leaf Sheath Length (cm)

The mean values for leaf sheath length ranged fr@@ @m to 18.4
cm. PPBIi-26 showed the shortest leaf sheath le(g@® cm) and PPBI-18
showed the longest leaf sheath length (18.40 crmaj. & 70 inbred lines
evaluated, 36 inbred lines showed longest leafebladgth than general mean
(13.6 cm).

4.3.8 Leaf Blade Length (cm)

Among 70 inbred lines studied, PPBIi-67 showed sisbrieaf blade
length (32.9 cm), while PPBI-24 showed longest ldatfle length (61.4 cm).
38 inbred lines recorded longest leaf blade lenghien compared to the

general mean (45.44 cm).
4.3.9 Leaf Blade Width (cm)

The leaf blade width ranged from 2.31 cm (PPBI-204.4 cm (PPBI-
06) with a general mean of 3.07 cm. Out of 70 idblees evaluated,

35 inbred lines showed largest leaf blade widtim i@neral mean.
4.3.10 Number of Nodes Plant

The lowest number of nodes plantvas recorded by PPBI-56 (4.3),
while the highest was recorded by PPBI-47 (7.3)inB4ed lines recorded low

number of nodes plahthan the general mean of 5.53.
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4.3.11 Spike Length (cm)

Among 70 inbred lines evaluated, PPBi-48 (13.4 shgwed minimum
spike length, while the maximum was registered BBiF24 (28.2 cm).

33 inbred lines were recorded high compared t@émeral mean of 20.56.
4.3.12 Spike Girth (cm)

The inbred line PPBI-38 (1.69 cm) recorded minimupikes girth,
while the inbred line PPBIi-24 (3.32 cm) exhibitedxamum. 34 inbred lines

recorded maximum value compared to the general {248 cm).
4.3.13 Number of Productive Tillers Plantt

Number of productive tillers plahtranged from 1 to 4.2 with a general
mean of 1.68. PPBIi-27 recorded the lowest (1) aR8if50 recorded the
highest (4.2). 44 out of 70 inbred lines exhibitedier than general mean
(1.68).

4.3.14 Plant Height (cm)

Among 70 inbred lines, PPBI-68 (95.1) recorded kbwest plant
height, while the highest was recorded by PPBi-l1®(9). 35 inbred lines
recorded highest plant height when compared tgémeral mean (143.31).

4.3.15 1000 Grain Weight (g)

PPBI-40 had the lowest 1000 grain weight (5.54)evAPBI-4 had the
highest (14.58). 38 out of 70 inbred lines had ificamtly high 1000 grain
weight than the general mean (10.24).

4.3.16 Panicle Weight (g)

The mean values for panicle weight ranged from 1(P®BBIi-38) to
101.8 g (PPBI-50) with a general mean of 38.884go@t of 70 inbred lines
recorded high panicle weight than the general nfg&88 g).

84



4.3.17 Green Fodder Yield Plant (g)

The mean values for green fodder yield pfardnged from 24.6 g
(PPBI-68) to 168.7 g (PPBI-3) with a general me&r8b57 g. 31 out of
70 inbred lines recorded high green fodder yielthgl than the general mean
(81.57 q).

4.3.18 Dry Fodder Yield Plant! (g)

The mean values for dry fodder yield ptamanged from 7.38 g (PPBI-
68) to 50.61 g (PPBI-3) with a general mean of 24431 out of 70 inbred
lines recorded high dry fodder yield plarthan the general mean (24.47 g).

4.3.19 Threshing (%)

The mean values for threshing percentage ranged 2kbB82% (PPBI-
43) to 75.98% (PPBI-37) with a general mean of 3@& 39 out of 70 inbred
lines recorded high threshing percentage thanehergl mean (50.23 %).

4.3.20 Harvest Index (%)

The mean values for harvest index ranged from 1%2%PBi-38) to
46.39 % (PPBIi-50) with a general mean of 30.87 3003t of 70 inbred lines
recorded high harvest index than the general n@a87 %).

High harvest index of genotypes represents an asec physiological
capacity to mobilize and translocate photosynthetisiently towards higher

grain yield.
4.3.21 Grain Yield Plant? (g)

The mean values for grain yield pldmanged from 5.28 g (PPBIi-38)
to 58.42 g (PPBI-50) with a general mean of 19.131gout of 70 inbred lines
recorded high grain yield plahthan the general mean (19.17 g). The lines
viz., PPBI-50, PPBI-25, PPBI-3, PPBIi-46, PPBi-47, PPBi+PBi-36, PPBi-
59, PPBI-28 and PPBI-69 exhibited superior meafopmance for grain yield

plant®.
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List of potential genotypes identified basedpen se performance for
grain yield and its components was furnished in @dbfl. Mean performance
of top ten high yielding genotypes for differentrigutes were presented in
Table 4.5.

Considering early maturity traits, the inbred lifeBBi-44, PPBI-12,
PPBI-66, PPBIi-64 and PPBI-20 registered low medonegafor days to 50%
flowering anddays to maturity. Therefore, these genotypes coelduitable
for hybridization programme as donor parents toeltgy short duration
hybrids.

Considering the water use efficiency traits, theaggpesviz., PPBI-50,
PPBIi-28, PPBIi-14, PPBIi-42 and PPBI-43 registered BLA with high
SCMR mean values which confers the drought toleahility of these lines.
For plant height the genotypes, PPBIi-68, PPBi-6lfoviced by PPBI-21,
PPBIi- 44 and PPBI-62 registered lovger se performance hence, these lines

could be utilized for developing dwarf hybrids witllging resistance.

For the remaining traits, maximupg& se performance was registered
by the lines PPBI-18 and PPBI-19 for leaf sheatigtle, PPBi-24 and PPBI-
18 for leaf blade length, PPBIi-6 and PPBI-28 faf Iblade width, PPBi-47
and PPBI-33 for number of nodes pt4nPPBi-24 and PPBIi-1 for spike
length, PPBI-24 and PPBIi-18 for panicle girth, RBBiand PPBI-3 for
number of productive tillers plafht green fodder yield plaritand dry fodder
yield plant!, PPBi-4 and PPBI-5 for 1000 grain weight, PPBiagb@ PPBi-25
for panicle weight, PPBIi-3 and PPBI-25 for panigleight, PPBI-37 and
PPBI-23 for threshing percentage, PPBI-37 and F¥8BBr harvest index.

By and large from the foregoing discussion, it tenconcluded that
the inbred linesiz., PPBI-50, PPBI-25, PPBI-3, PPBIi-46 and PPBIi-47 doul
be utilized as potential inbred lines in future dalmg programme for

improving yield and yield attributes coupled witlrly maturing traits.
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PPBIi-50 PPBi-25

PPBi-3

Plate 26. Top ten high yielding inbred lines of pearl millet for promising
characters
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PPBi-46 PPBi-47

PPBIi-70

Plate 26. Cont.
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PPBi-59

PPBIi-36

PPBi-69

PPBi-28

. Cont.
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4.4 GENETIC PARAMETERS

The estimates of phenotypic and genotypic coefftcigih variation
(PCV and GCV), heritability in broad sense, genetitvance and genetic
advance as per cent of mean for 21 charactersvimgpl7O inbred lines of

pearl millet were furnished in Table 4.6.
4.4.1 Variability

In the present study, phenotypic coefficient ofiatawn was of higher
magnitude than genotypic coefficient of variatioor fall characters
indicating the influence of environment on the @gsion of these characters
(Table 4.6).

The characters such as number of productive tilfdasit! (GCV:
34.70%; PCV: 38.74%), 1000 grain weight (GCV: 2%/5PCV: 23.22%),
panicle weight (GCV: 40.89%; PCV: 44.43%), greedder yield plant
(GCV: 39.52%; PCV: 43.01%), dry fodder yield pfaf&CV: 39.09%; PCV:
43.40%) and harvest index (GCV: 20.07%; PCV: 25.13¥d grain yield
plant! (GCV: 43.61%; PCV: 47.52%) showed higher estimafesoefficient
of variation indicating the ample amount of vanatiamong the inbred lines.
Therefore, simple selection would be effective fortHer improvement of
these characters. This was in conformity with tmelifigs of Yaqoolet al.
(2015), Nehreet al. (2017), Ravindrakumaat al. (2020), Narasimhulet al.
(2021) and Shashibushahal. (2021) for number of productive tillers plant
Saikumaret al. (2020) and Madhavilathet al. (2021) for green fodder yield
plant!; Bhaskeret al. (2017a), Nehrat al. (2017) and Madhavilathet al.
(2021) for dry fodder yield plarif and Dehinwakt al. (2016) and Saikumar
et al. (2020) for panicle weight; Talawat al. (2017) and Annamalat al.
(2020) for 1000 grain weight; Binet al. (2015), Anuradhat al. (2018) and
Shailja et al. (2020) for grain yield plart which corroborates with the

findings of the present study.
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Moderate estimates of coefficient of variation webserved for days
to 50% flowering (GCV: 11.30%; PCV:11.88%), SPADIabphyll meter
reading at 45 DAS (GCV: 11.61%; PCV:16.80%), sped#af area at 45
DAS (GCV: 17.05%; PCV: 23.00%), specific leaf ara65 DAS (GCV:
14.60%; PCV: 22.79%), leaf blade length (GCV: 11.B€V: 4.35%), leaf
blade width (GCV: 11.75%; PCV: 16.42%), number ofles plant (GCV:
11.01%; PCV: 14.09%), spike length (GCV: 16.38%VP@9.58%), spike
girth (GCV: 12.81%; PCV: 14.95%), plant height (GC¥4.32%; PCV:
15.56%) and threshing percentage (GCV: 17.97%; P€1.53%). This
indicated the existence of sufficient variabilitgr fattempting selection to
improve these traits in the genotypes studied. @hfasdings were in
consonance with Choudhaeyal. (2013), Sathyat al. (2013) and Sowmiya
et al. (2016) for both plant height and panicle girtld d&riyankaet al. (2019)
for specific leaf area at 45 DAS.

Low estimates of GCV and moderate estimates of PE€kéwbserved
for SPAD chlorophyll meter reading at 65 DAS (G®/68%; PCV:18.28%)
and leaf sheath length (GCV: 9.37%; PCV: 17.75%).

The character days to maturity (GCV: 7.09%; PCV 3% exhibited
low estimates of coefficient of variation. Similaind of results were also
reported by Sharmat al. (2018), Patekt al. (2019) and Saikumaet al.
(2020) for days to maturity. Since low range ofia@on was observed for
these characters in the inbred lines, there istte Iscope for further

improvement of these characters through selection.

4.4.2 Heritability

The knowledge of heritability enables the plant exeto decide the
course of selection procedure to be followed uradgiven situation. Broad
sense heritability @) is an estimate of the total contribution of trengtic
variance to the total phenotypic variance of tr@befficient of variation

together with heritability estimates would give thest picture of the amount
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of advance to be expected from selection. In tlesemt study, heritability in

broad sense was estimated and presented in Table 4.6

Out of 21 traits studied, high heritability was ebsed for 14 characters
viz., days to maturity (91.04%), days to 50% flowerif§.62%), 1000 grain
weight (87.80%), plant height (84.70%), panicle gii (87.70%), green
fodder yield plant (84.41%), grain yield plarit(84.22%), dry fodder yield
plant! (81.16%), number of productive tillers plan{80.23%), spike girth
(73.47%), spike length (70.00%), harvest index 16%), threshing
percentage (69.63%) and number of nodes pléhit.10%) in decreasing
order of magnitude indicating that these charaochse less influenced by
environment. Higher values of heritability indicatéhat it may be due to
higher contribution of genetic component and thieais were expected to
remain stable under varied environmental conditiofifierefore, for
improving these traits the selection will be mofie@ive in early generation

on the basis gber se performance of these traits.

Moderate estimates of heritability were observediéaf blade length
(59.68%), specific leaf area at 45 DAS (54.97%@f ldade width (52.24%),
SPAD chlorophyll meter reading at 45 DAS (47.73%d apecific leaf area at
65 DAS (41.04%).

Lower estimates of heritability were observed forABPchlorophyll
meter reading at 65 DAS (28.04%) and leaf sheailjthe(27.85%).

4.4.3 Genetic Advance (GA)

Knowledge of heritability coupled with genetic adea is most useful
in predicting the scope for genetic improvemenbtigh selection. Selection
made on the basis of heritability alone is likety he misleading and it
becomes necessary to determine the parameters tardeted production
environment. Thus, selection of traits based ontdtglity and genetic
advance as per cent of mean is of great importentee breeder for making

criteria for improvement in a complex character.n&& advance is the
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improvement in the mean of selected families okerldase population (Lush,
1940). It is the measure of genetic gain underciele Since, magnitude of
genetic advance is influenced by units of measunéngenetic advance as per

cent of mean was computed.

In the present study, high genetic advance wasreésefor green
fodder yield plant (61.01), plant height (38.30), specific leaf as¢@5 DAS
(38.16), specific leaf area at 65 DAS (30.96) amdhigle weight (30.14)
whereas dry fodder yield plah{17.76), grain yield plarit(15.80), threshing
(15.51), days to 50% flowering (13.07), days toumat (12.67) and harvest
index (10.19) registered moderate genetic advahoe.remaining characters
viz., leaf blade length (8.02), SPAD chlorophyll meteadiag at 45 DAS
(5.95), spike length (5.80), SPAD chlorophyll meteading at 65 DAS
(5.22), 1000 grain weight (4.30), leaf sheath langt.39), number of
productive tillers plant (1.07), number of nodes plan{0.98), spike girth
(0.56) and leaf blade width (0.53) exhibited lowmggc advance.

4.4.4 Genetic Advance as Percent of Mean (GAM)

The charactersviz, grain yield plant (82.45%), panicle weight
(77.52%), green fodder vyield plant(74.79%), dry fodder yield planht
(72.55%), number of productive tillers plan{64.02%), 1000 grain weight
(41.99%), harvest index (33.01%), threshing peammt(30.88%), spike
length (28.24%), plant height (27.14%), specifiaflearea at 45 DAS
(26.05%), spike girth (22.62%) and days to 50% #ong (22.17%)
exhibited high genetic advance as per cent of mbkitlerate estimates of
genetic advance as percent of mean were exhibjtexbéxcific leaf area at 65
DAS (19.27%), number of nodes plar{L7.73%), leaf blade length (17.65%),
leaf blade width (17.33%), SPAD chlorophyll meterading at 45 DAS
(16.52%), days to maturity (13.93%), SPAD chlordphyeter reading at 65
DAS (10.56%) and leaf sheath length (10.19%).

In the present investigation, high heritability pted with high genetic

advance as percent of mean was observed days f @Owering
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(% = 90.62%, GAM = 22.17%), spike length?{h= 70.00%, GAM =
28.24%), spike girth @ = 73.47%, GAM = 22.62%), number of productive
tillers plant’ (%, = 80.23%, GAM = 64.02%), plant height’{h= 84.70%,
GAM = 27.14%), 1000 grain weight3h= 87.80%, GAM = 41.99%), panicle
weight (o = 84.70%, GAM = 77.52%), green fodder yield pfant
(h% = 84.41%, GAM = 74.79%), dry fodder yield plan(h?, = 81.16%,
GAM = 72.55%), threshing percentages(lx 69.63%, GAM = 30.88%),
harvest index (f = 63.76%, GAM = 33.01%) and grain yield prar{t?, =
84.22%, GAM = 82.45%) indicating the predominandeadditive gene
action. Early and simple selection could be exedcthee to fixable additive
gene effects. These results corroborates the fisbh@haskeket al. (2017a),
Patelet al. (2019), Shashibushast al. (2021) and Yadawt al. (2022) for
plant height; Sumathét al. (2010), Talawart al. (2017) and Singlet al.
(2018) for spike length; Patet al. (2019) and Yadaet al. (2020) for spike
girth; Singhet al. (2014) and Thomast al. (2018) for green fodder vyield
plant!; Bind et al. (2015), Bhaskeet al. (2017a) and Thomass al. (2018) for
dry fodder yield plant; Dehinwalet al. (2016) for panicle weight; Talawat
al. (2017) and Kaushikt al. (2019) for 1000 grain weight; Pattlal. (2019)
and Sai kumaet al. (2020) for harvest index; Dehinwetlal. (2016), Talawar
et al. (2017), Ravindrakumaat al. (2020) and Shailjat al. (2020) for grain
yield plant?.

High heritability coupled with moderate genetic adee as per cent of
mean was recorded for days to maturit$s ¢h 91.04%, GAM = 13.93%) and
number of nodes plaht(h?, = 61.10%, GAM = 17.73%) indicating that these
characters were governed by additive gene effectd may express
consistently in succeeding generations leading teatgr efficiency of
breeding programme. The results are akin with theifigs of Shashibushan
et al. (2021) for days to maturity.

Moderate heritability coupled with high genetic adee as per cent of
mean was observed for specific leaf area at 45 [I&S= 54.97%, GAM =
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26.05%), while SPAD chlorophyll meter reading at@&S (%, = 47.73%,
GAM = 16.52%), specific leaf area at 65 DAS?%(h= 41.04%,
GAM = 19.27%), leaf blade length¥+ 59.68%, GAM = 17.65%) and leaf
blade width (R = 51.24%, GAM = 17.33%) registered moderate esémaf
both heritability and genetic advance as per céntean which indicated the
preponderance of non-additive gene action. Henasuld be suggested that
improvement of these characters might be diffittbugh simple selection.
These findings corroborates with Ravi (2013) forcHieleaf area at 45 DAS.

Low heritability coupled with moderate genetic adsams per cent of
mean was observed for SPAD chlorophyll meter repdat 65 DAS
(% = 28.04%, GAM = 10.56%) and leaf sheath length, e 27.85%,
GAM = 10.89%). It indicates that the character ighly influenced by

environmental effects and selection would be irctiffe.
45 GENETIC DIVERGENCE

For a successful breeding programme, genetic devex in the
population, especially with respect to the charactevhich improvement is
desired for, is of utmost importance because tlosses made between the
parents with maximum genetic divergence are mdelylito yield better

recombinants in the progenies.

Analysis of genetic divergence has been used

(a) To quantify the genetic distance between #retypes.
(b) To identify specific parents to initiate crogsprogramme.

Greater the genetic diversity in crop species bestehe chance of
evolving promising and desired types. Various temies have been
advocated by several workers, such as metroglygiiysis and hierarchial
methods to estimate genetic divergence in croptglddowever, multivariate
analysis using Mahalanobis’s Btatistics provides a useful statistical tool for
measuring the genetic diversity in germplasm ctbes and to classify the

genotypes on the basis of genetic diversity. Ib gisovides a quantitative
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measure of association between geographic andigafieersity based on

generalized distance (Mahalanobis, 1936).

In the present study, D2 analysis has been apfaiadsess the diversity
available among inbred lines of pearl millet. Itlggein identifying the
divergent inbred lines to perform large numberyfdd combinations within

a short time and evade the advancement and ewwluztredundant hybrids.

The data collected on 70 genotypes for the 21 ctasawere used for
guantitative assessment of genetic divergence kpyptey Mahalanobis

D? statistics. The results obtained frorhdhalysis were discussed here under.

4.5.1 Test of Significance

Wilks /A’ (statistic) criterion was used to test the sigaift
differences among the genotypes based on the pafedts of all the
characters. The significance of\® (statistic) value was tested by at 1449
degrees of freedom. The calculated value Of ‘(statistic) was highly
significant (more than the tabulated value) indicating that genotypes
differed significantly when all the characters $wad were considered
simultaneously together (Table 4.7). Hence, furthealysis was made to

estimate the Pvalues.

Table 4.7 Analysis of variance for dispersion in 7@nbred lines of pearl

millet
Source of variation Degrees of freedom Mean sum &fquares
Genotypes 69 -3.2270E+17
Error 68 3.2744E+17
Total 137 0.00E+00

4.5.2 Estimation of ¥ Values

The mean values of 70 genotypes:-i&) were transformed into

standardized uncorrelated mean values using pivaatensation method
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(Y1-Y2). The ¥ values were computed for all the possible 2415spai
[70 (70-1)/2] of genotypes.

4.5.3 Grouping of Genotypes into Clusters

All the 70 genotypes of pearl millet were groupetbil? distinct and
non-overlapping clusters using Tocher's method (R&%2) such that the
genotypes belonging to same cluster had an averagéler ¥ values than
those belonging to different clusters. The distitou of genotypes into

various clusters was presented in Table 4.8

Out of 12 clusters, cluster | was the largest oomprising of 33
genotypes followed by cluster IX with 12 genotypehljster V with ten
genotypes and cluster VI contains seven genotyfbereas, clusters I, lll,
IV, VII, VIII, X, Xl and Xll had only one genotyp@dicating high degree of
heterogeneity among the genotypes. The genotypéleos$olitary clusters
may be unique and very useful for breeding purplrséhe present study the
genotypes identified in solitary clusters are @ust, cluster Ill, cluster IV,
cluster VII, cluster VIII, cluster X, cluster XI dncluster XIl. Study of
clustering pattern with respect to pedigree of ggmes revealed that
genotypes with common parentage fell in either sahlster or in different
clusters with low inter cluster distances which icaded presence of
parallelism between genetic divergence and pedigree

4.5.4 Intra and Inter-Cluster Average Distance

The average intra and inter-clustet &nd D values among 12 clusters
were given in Table 4.9.

The average intra cluster distance ranged from Q®088.81.
Maximum intra cluster distance was observed intelus< (88.81), followed
by cluster VI (65.36) and cluster V (54.96) indingtthat some divergence
still existed among the genotypes of same clustieich could be made use in

the yield improvement through recombination bregdiSuch intra cluster
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genetic diversity among the inbred lines within Hagne cluster could be due
to heterogeneity, degree of general combining tgb{{GCA) and their
pedigree. Therefore, selection within these clgsteuld be based on highest
mean performance for desirable traits. While thestelrs II, 111, IV, VII, VIII,

X, Xl and XII recorded zero values as they includedly single genotype in

each of them.

While, the inter-cluster Pvalues ranged from 17.55 to 337.24, the
maximum inter cluster distance (337.24) was obstbatween cluster VI and
XIl followed by cluster X and Xl (304.13), clustdd and Xl (296.42),
cluster IV and Xl (289.85) and cluster VIII and IX{272.26). Whereas,
minimum inter cluster distance of 17.55 was recdrdetween cluster Il and
IV, followed by cluster Il and VIII (37.9) and beésn cluster Il and VI
(41.27) indicating that genotypes of these clustasse genetically close and
had maximum number of gene complexes.

Inter-cluster distances were higher than intrateludistance indicating
the presence of wider genetic diversity betweercthsters rather than within
the clusters. Based on inter cluster distancesltister combinationsiz., VI
xXI, Xx XII, I x XII, IV x Xl and VIII x XIl we re found to be more

divergent with high mean performance.
4.5.5 Cluster Means for Yield and Yield Attributes

The cluster means for 21 characters are presentetialie 4.10.
Considerable variation among the cluster means dlbrthe characters

indicated the divergent nature of clusters formed.

Early flowering was observed in the genotypes oftelu VIl (52.5
days) and cluster VIII (52.5 days) while delayesiréring in the genotypes of
cluster VI (72.57 days). Days to maturity rangeairfr(85.5 days) in cluster
VIl and cluster VIII to (104.21 days) in cluster.VI

The genotypes of cluster Xl recorded high SPAD dpbyll meter
reading at 45 DAS (53.6), while genotypes of cluste had low SPAD
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chlorophyll meter reading at 45 DAS (30.25). Theagpes of cluster VII
recorded high SPAD chlorophyll meter reading at BAS (56.6), while
genotypes of cluster Il had low SPAD chlorophyllterereading at 65 DAS
(35.25). Specific leaf area at 45 DAS ranged frd¥8.71 crdg! in cluster X
to 177.63 crag? in cluster Ill. Specific leaf area at 65 DAS radgeom
115.16 cMgtin cluster X to 203.11 chg in cluster IV.

The genotypes of cluster VI showed high leaf shiatbth (15.05 cm),
while genotypes of cluster VIII showed low leaf atielength (10.4 cm). The
genotypes of cluster VI recorded high leaf bladegte (52.26 cm), whereas
genotypes of cluster Il had leaf blade length vdR29 cm). The genotypes
of cluster IV showed high leaf blade width (3.65)cmvhereas genotypes of
cluster Il showed low leaf blade width (2.55 cm)eTdenotypes of cluster Xl
recorded high number of nodes piaift.3), while genotypes of cluster VIl
had low number of nodes planf4.3 cm).

The genotypes of cluster Ill recorded high spikegten(27.9 cm),
while genotypes of cluster VIII had low spike lemg{14.8 cm). The
genotypes of cluster VI showed high spike girtt8@2cm), while genotypes of
cluster V showed low spike girth (2.06 cm).

Similarly, number of productive tillers plahtanged from 1.2 in cluster
lIl to 4.2 in cluster XII, whereas plant height wiaighest in cluster XI (192.5
cm) and shortest in cluster VIII (95.1 cm). 100@igrweight ranged from
5.58 gm in cluster X to 14.46 gm in cluster VIl.nkde weight ranged from
16.6 gm in cluster VIII to 101.8 gm in cluster XThe genotypes of cluster
XIl showed high grain yield plarit(58.42 g), while genotypes in cluster X
showed low grain yield planit(10.8 g).

The genotypes of cluster XlIlI showed high green foddeld plant!
(165.3 g), while genotypes in cluster VIlI showexnvlgreen fodder yield
plant! (24.6 g). Cluster means for dry fodder yield pfanaried from 7.38 g
(cluster VIII) to 49.59 g (cluster XII).
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Threshing percentage cluster means varied from 24.88uster X) to
66.38 % (cluster VIII). Harvest index ranged fro#.29 % in cluster X to
45.82 % in cluster VIII.

4.5.6 Cluster mean analysis

Cluster means of different characters help the dme¢o know the
performance of genotypes with better mean perfoomaagainst cluster
means. All the means were scored across the clisstafl the 21 characters.
The highest cluster mean was given the first rarkthe clusters possessing
next best means were given second, third and aaptmtwelfth rank for all
the traits except days to 50 percent flowering,sd@ymaturity, specific leaf
area at 45 DAS and specific leaf area at 65 DASMaich the lowest mean
was given the first rank. If mean values of twaostdus are similar, then same
rank was given for both the clusters. Accordingtiyster Xl (PPBI-50)
secured first rank with overall score of 68 amadmg 12 clusters followed by
cluster XI (PPBI-47) and cluster VIl (PPBI-5) indiing the presence of most
promising genotypes in them and can be extensiusfd for further crop
improvement programme. The least ranking was redofole cluster V
followed by II, VIl and X.

Cluster VII and cluster VIII registered minimum wuak for days to
50% flowering and days to maturity which is dedieabnd also had lowest
cluster means for plant height, panicle weight grekn fodder yield plart
Of the inbreds evaluated, PPBIi-5, PPBIi-68 both @loemained as single
apart in their respective clusters stating thay e highly diverse and can be

used for development of short duration hybrids.

Furthermore, genotype PPBI-50 of cluster VIII ighly diversified
among 70 genotypes and recorded highest mean f@lurost of the traits
viz., number of productive tillers plahtpanicle weight, green fodder yield
plant!, dry fodder yield plant and grain yield plantwhich can be used as a
potential line to develop dual purpose hybrids whigh grain and fodder
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yield potential. Contrastingly, genotypes of cludtevere inferior for most of
the characters. Therefore, genotypes superior pecic characters from
different clusters may be selected for further ization in breeding
programme.

4.5.7 Relative Contribution of Each Character towads Diversity

Apart from divergence, the performance of genotygresthe character
with maximum contribution towards genetic divergerstiould also be given
due consideration for effective selection of peanillet genotypes. The
number of times each of the 21 characters appeamedirst rank
and its respective per cent contribution towardgemity was presented in
Table 4.11.

Among all the characters studied, maximum contidlouttowards
genetic divergence is recorded by 1000 grain wdight66%) by taking first
rank in 523 times out of 2415 combinations, followby days to 50%
flowering (17.81%), number of productive tillersapt! (12.75%), panicle
weight (9.86%), plant height (8.57%), green fodgiald plant! (5.09%),
grain yield plant (4.93%), spike girth (4.89%), threshing percent@g&8%)
and harvest index (2.65%). The characters leafebleidth (1.66%), number
of nodes plant (1.45%), specific leaf area at 45 DAS (1.20%)ksdength
(1.12%), leaf blade length (0.66%), leaf sheatlytler{0.41%), specific leaf
area at 65 DAS (0.37%), SPAD chlorophyll meter megdat 45 DAS
(0.33%), days to maturity (0.25%) and SPAD chlogdpimeter reading at 65
DAS (0.17%) contributed least towards genetic djeece. Contribution of
dry fodder yield plant(0.00%)was nil to genetic divergence in the study.

In the present study, 1000 grain weight, days & H0wering,number
of productive tillers plant, panicle weight and plant height were found the
best discriminatory characters for better selecobrdiverse genotypes and
contributing maximum towards divergence in inbreaks of pearl millet, so
these traits could be exploited maximum in ordegegbsuperior hybrids with
higher yield.
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Similar results were recorded by the earlier redess for 1000 grain
weight (Ramyeet al. 2017., Singhet al. 2018 and Saikumaat al. 2021); for
days to 50% flowering (Singkt al. 2018 and Saikumagt al. 2021); for
number of productive tillers plahJyothiet al. 2016, Ramyat al. 2017 and
Shasibhusast al. 2022); for panicle weight (Basavasrtjal. 2017 and Kumar
et al. 2022); for plant height (Jyotlat al. 2016 and Ramyat al. 2017); and
for spike girth (Athoniet al. 2016., Basavaragt al. 2017., Singlet al. 2018
and Kumaret al. 2022)

Therefore, hybridization between genotypes from Widdivergent
clusters which showed higher inter cluster distarared high mean values for
the respective traits to be improved would be herafin developing

promising hybrids.
4.6 CORRELATION COEFFICIENT ANALYSIS

Yield amelioration is the ultimate aim of plant éder in any crop
improvement programme which can be achieved throgaining insight
knowledge on association of component characterth wrain yield.
Correlation coefficient is a statistical measur&jch is used to find out the
degree of relationship between two or more varmbldence, correlation
studies were undertaken to identify the magnituttedirection of association

of yield attributes and other traits of interesthwgrain yield.

Phenotypic and genotypic correlation coefficienerevworked out in
order to assess the nature of association exisghgeen grain yield and yield
components and also among themselves. The resulgghefotypic and
genotypic correlation analysis were presented ibldad.12. Genotypic
correlation coefficients were greater than phenotgprrelation coefficients,
indicating the preponderance of genetic variancexjpression of characters
as well as masking effect of environmental pheniotygvel. In the present
study, correlation coefficients estimated betweeadpctivity traits were

discussed here under.
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4.6.1 Correlation between Grain Yield Plant (g) and its Yield

Components

Grain yield plarnt had highly significant positive correlation with
panicle weight =0.890**; r;=0.906**), followed by green fodder yield
plant! (r,=0.718**; r;=0.770**), dry fodder yield plant (rp=0.712**;
r¢=0.777*), number of productive tillers plaht(r,=0.559**; 1;=0.581**),
spike girth (p=0.446**; r;=0.536**), plant height ¢=0.436**; r;=0.477**),
leaf blade length 0.345**; 1,=0.428**), number of nodes plaht
(rp=0.334**; r;=0.381**), 1000 grain weight 0.316**; 1;7=0.372**), spike
length (p=0.313**; rg=0.341**), harvest index {0.307**; rg=0.253**),
threshing percentage,£0.238**; 1;=0.209**), leaf blade width g=0.228**;
r=0.250**) and specific leaf area at 45DAS$H10.217*; g= 0.331*) at both

phenotypic and genotypic levels.

Non-significant positive correlation of grain yighdant! was observed
with specific leaf area at 65 DASy$r 0.134; g= 0.152), days to 50%
flowering (= 0.027; g= 0.019), days to maturity o& 0.025; g= 0.013),
SPAD chlorophyll meter reading at 65 DA$<10.009; g= 0.005) and SPAD
chlorophyll meter reading at 45 DAS%r0.008; = -0.038).

Similar kind of highly significant positive assotian of grain yield
plant! with panicle weight was reported by Dehinvetilal (2017); with dry
fodder yield plant by Vinodhanaet al. (2013), Dehinwakt al (2017), Patil
et al. (2021) and Yadaet al. (2022); with 1000 grain weight by Naveeral.
(2016), Talawaet al. (2017), Singlet al. (2018) and Patit al. (2021);with
harvest index by Dapket al. (2014), Kumaret al. (2016) and Singlet al.
(2018) and Patikt al. (2021). Similarly, positive association of graireld
plant® with plant height, number of productive tillersapt!, panicle length
and panicle girth was reported earlier by Bhagdteal. (2017b), Anuradha
et al. (2018), Patilet al. (2021), Shasibhusaat al. (2021) and Yadaet al.
(2022).
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4.6.2 Inter-se Correlation Among Yield and Yield Components

The studies ointer-se association among yield components will reveal
the favourable or unfavourable association amoegfielves as well as with
grain yield. The improvement in favourable compdsenmill in turn cause the
improvement in yield. Thenter-se correlations among the characters were

assessed in the present study and were brieflysisd here under.
4.6.2.1 Days to 50% flowering

Days to 50% flowering showed highly significant piee association
with days to maturity = 0.989**; ;= 0.996**), plant height g= 0.507**;
r= 0.571*%), spike length = 0.464**; ;= 0.572**), green fodder yield
plant? (rp= 0.358**; ;= 0.401**), spike girth (= 0.330**; ;= 0.411**), dry
fodder yield plant (rp,= 0.354**; ;= 0.407**) leaf blade length {& 0.340**;
r= 0.457**), leaf blade width = 0.305**; ;= 0.494**), panicle weight
(rp= 0.247**; r;= 0.251**), leaf sheath lengthyér 0.215%; = 0.372**) and
specific leaf area at 45 DASpfr 0.178*; g= 0.239**) which was also
confirmed by Dadarwadt al. (2020), Pallaviet al. (2020), Anuradhaet al.
(2021) and Patiét al. (2021) for days to maturity; Pallaei al. (2020), Patil
et al. (2021) and kumaet al. (2022) for plant height; Pallaet al. (2020) and
Patil et al. (2021) for spike length; Anuradiet al. (2021) and Patikt al.
(2021) for green fodder yield plahtand dry fodder yield plarit. It showed
non-significant positive association with specifieaf area at 65 DAS
(rp= 0.133; g= 0.135) and number of nodes plafit,= 0.088; g= 0.142).

Days to 50% flowering exhibited significant and jige association
with days to maturity indicating selection of edittywering and high yielding

genotypes would result in reduction of maturityation.

Contrarily, it expressed negative significant assomn with SPAD
chlorophyll meter reading at 45 DASHr-0.220**; rg= -0.327**), number of
productive tillers plant (rp= -0.170*; g= -0.221**), threshing percentage
(rp=-0.429**; 14=-0.505**), harvest index f& -0.439**; ;= -0.558**). It
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expressed negative non-significant association @RAD chlorophyll meter
reading at 65 DAS g -0.042; g=-0.056) and 1000 grain weight$r-0.022;
re= -0.025). Similar results were reported by Bhaskat. (2017) and Rasitha
et al. (2019) for number of productive tillers plantAnuradhaet al. (2018),
Pallaviet al. (2020) and Patiét al. (2021) for 1000 grain weight; lzge al.
(2006) for threshing percentage; Petiél. (2021) for harvest index.

4.6.2.2 Days to maturity

Days to maturity showed significant positive asabon with leaf
sheath length = 0.215*; g= 0.354**), leaf blade length & 0.341**;
r= 0.440**), leaf blade width g= 0.294**; ;= 0.459**), spike length
(rp= 0.481**; = 0.589**), spike girth (= 0.334**; r;= 0.410**), plant
height ()= 0.508**; ;= 0.563**), panicle weight = 0.253**; ;= 0.252**),
green fodder yield plant(r,= 0.359**; ;= 0.398**) and dry fodder yield
plant! (r,= 0.354*; 1= 0.403**). It showed non-significant positive
association with specific leaf area at 45 DAG=(0.200%; g= 0.247**),
specific leaf area at 65 DASy{r0.128; g= 0.109) and number of nodes pfant
(rp= 0.082; g= 0.155). Similar results were also confirmed bypKmet al.
(2014), Pallavet al. (2020) and Pat#t al. (2021) for spike length; Patt al.
(2021) and Yadaet al. (2022) for plant height.

On contrary, it displayed significant negative a&sstion with threshing
percentage g -0.453**; r;=-0.526**), harvest index g -0.453**;
r=-0.573**), SPAD chlorophyll meter reading at 45 BAR= -0.218**;
r= -0.345**) and number of productive tillers plant(r,= -0.171%;
r= -0.227**). It displayed non-significant negatiwssociation with SPAD
chlorophyll meter reading at 65 DAS#r-0.035; g= -0.044) and1000 grain
weight (K= -0.024; g= -0.029).Similar results were obtained for numbékr
productive tillers plant and harvest index by Kumat al. (2016); productive
tillers planttby Pallaviet al. (2020) and Shasibhusanal. (2021); 1000 grain
weight by Anuradha&t al. (2018), Pallavet al. (2020), Patiket al. (2021) and
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Shasibhusast al. (2021); harvest index by Pa#l al. (2021) and Yadaet al.
(2022).

4.6.2.3 SPAD chlorophyll meter reading at 45 DAS

SPAD chlorophyll meter reading at 45 DAS recordeghly significant
positive association with threshing percentage (0.317**; ;= 0.448**),
harvest index g= 0.302**; r;= 0.526**), SPAD chlorophyll meter reading at
65 DAS (p= 0.185*; g= 0.163). It showed positive and non-significant
association with specific leaf area at 65 DAS (0.008; g= -0.184*), 1000
grain weight (5= 0.143; = 0.217**), number of nodes plah{r,= 0.139; §=
0.355**), spike girth (%= 0.118; g= 0.247**), leaf sheath lengthy& 0.102;
r= -0.119), number of productive tillers plant,= 0.094; = 0.019), plant
height (p= 0.088; g= 0.119), leaf blade width & 0.079; = -0.074), panicle
weight (p= 0.059; = 0.135), dry fodder yield plaht(r,= 0.040; = 0.022)
and green fodder yield plah{r,= 0.033; = 0.034**). While, it has negative
and non-significant correlation with leaf bladedén (r,= -0.011; §= -0.125)
and spike length g -0.101; §= -0.238**).

4.6.2.4 SPAD chlorophyll meter reading at 65 DAS

SPAD chlorophyll meter reading at 65 DAS recordeghly significant
positive association with spike girthp£r 0.265**; ;= 0.495**) and 1000
grain weight (5= 0.181*; g= 0.465**).

It showed positive and non-significant associatieith leaf sheath
length (p= 0.151; g= -0.088), panicle weightgx 0.124; = 0.094), leaf blade
width (r,= 0.107; g= 0.046), leaf blade lengthyf 0.089; g= 0.009), number
of productive tillers plant (r,= 0.074; g= 0.014), green fodder yield plant
(ro= 0.064; 5= -0.094), dry fodder yield planit(r,= 0.067; g= -0.100), spike
length (p= 0.056; g= 0.074) and plant height,ér 0.023; = -0.046).

It showed negative and non-significant associatiaiin specific leaf
area at 45 DAS (¢ -0.162; g= -0.389*%), number of nodes plaht
(ro= -0.127; g= -0.301**), threshing percentagey$r -0.061; = 0.035),
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specific leaf area at 65 DASp€r -0.039; g= -0.078) and harvest index
(rp=-0.013; g= 0.280**).

4.6.2.5 Specific leaf area at 45 DAS (¢ng?)

Specific leaf area at 45 DAS registered signifiqaositive association
with specific leaf area at 65 DASyr 0.511**; = 0.727**), plant height
(rp= 0.206*; = 0.276**), green fodder yield plah{rp= 0.184*; g= 0.249**),
spike length @= 0.177%; g= 0.291**) and dry fodder vyield planht
(ro= 0.176*; g= 0.260**).

It showed positive non-significant association wighaf sheath length
(rp= 0.161; g= 0.345**), leaf blade length (* 0.142; = 0.255**), panicle
weight (= 0.075; = 0.041) and number of nodes planfr,= 0.021;
rg= -0.046).

It showed negative significant association withefiiting percentage
(rp=-0.190%*; g= 0.236**) and harvest indexpfr -0.237**; 1g= -0.400**).

It showed negative non-significant association wéhf blade width
(ro= 0.058; g= 0.198*), spike girth (= -0.020; g= -0.013), number of
productive tillers plant (r,= -0.007; §= -0.064) and 1000 grain weight
(rp="-0.040; = -0.053).

4.6.2.6 Specific leaf area at 65 DAS (¢g?)

SLA at 65 DAS registered significant positive assten with plant
height (p= 0.362**; ;= 0.746**), panicle weight g= 0.170*; g= 0.317**),
green fodder yield plant(r,= 0.190*; x= 0.494**) and dry fodder yield plant
(rp=0.182%; = 0.513**).

It showed positive non-significant associationhwligaf sheath length
(rp= 0.120; = 0.337**), 1000 grain weight g 0.125; = 0.308**), spike
length (p= 0.091; g= 0.060), leaf blade lengthyf 0.083; = 0.126), number
of nodes plant (r,= 0.018; §= 0.208*), leaf blade width & 0.017;
rs= 0.015) and spike girthgr 0.115; g= 0.237**).
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It showed negative non-significant association witkmber of
productive tillers plant (r,= -0.063; g= -0.040), threshing percentage
(rp=-0.140; g= -0.321**) and harvest indexpfr -0.146; g= -0.424**),

4.6.2.7 Leaf sheath length (cm)

Leaf sheath length registered significant positgsociation with leaf
blade length @= 0.519**; ;= 0.761**), plant height (= 0.362**;
r= 0.746**), leaf blade width g= 0.277**; = 0.205**), spike length
(ro= 0.237**; = 0.441**), green fodder vyield plaht (= 0.190**;
r= 0.494**), dry fodder yield plant (r,.= 0.182*%; = 0.513**) and panicle
weight (p= 0.170*; g= 0.317**). These findings are in accordance with
Rasithaet al. (2019) for leaf blade length, spike length andhpleeight.

It showed positive non-significant associationhwitumber of nodes
plant? (r,= 0.147; g= 0.417**), 1000 grain weight ¢ 0.125; g= 0.308**)
and spike girth ¢= 0.115; g= 0.237**).

It showed negative non-significant associationhwitarvest index
(rp=-0.146; §= -0.424**), threshing percentage<Xr-0.140; g= -0.321**) and
number of productive tillers plah{(r,= -0.063; g= -0.040).

4.6.2.8 Leaf blade length (cm)

Leaf blade length showed highly significant positagsociation with
plant height (= 0.547**; = 0.700**), spike length f= 0.495**; ry=
0.699**), leaf blade width g= 0.476**; ;= 0.524**), green fodder vyield
plant? (r,= 0.413**; ;= 0.555**), dry fodder yield plant (r,= 0.413**; 1=
0.555**), panicle weight (= 0.390**; r;= 0.464**), spike girth (= 0.331**;
r= 0.509**), number of nodes plah{r,= 0.288**; ;= 0.448**) and 1000
grain weight (5= 0.180%; g= 0.241**).

It showed negative non-significant associationhwitarvest index
(rp= -0.131; g= -0.196%), threshing percentage=r-0.129; g= -0.146) and

number of productive tillers plaht(r,= -0.027; g= -0.103). These results are
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in agreement with Rasithet al. (2019) for leaf blade length, number of
productive tillers plant, spike length, spike girth and plant height.

4.6.2.9 Leaf blade width (cm)

Leaf blade width showed highly significant positi@esociation with
spike length @= 0.381**; ;= 0.501**), dry fodder yield plarit (r,= 0.362**;
r= 0.544**), spike girth (== 0.353**; ;= 0.516**), green fodder yield plaht
(rp= 0.359**; rj= 0.547**), plant height g= 0.344**; ;= 0.473**), panicle
weight (p= 0.326**; ;= 0.426**) and number of nodes planfrp= 0.175%;
rg= 0.325**),

It showed positive non-significant associationhwi000 grain weight
(rp=0.043; = -0.011).

It displayed negative significant association viltheshing percentage
(rp=-0.174*; g= -0.360**) and harvest indexpf -0.180*; g= -0.394**).

It showed negative non-significant association hwiiumber of
productive tillers plant (r,= -0.034; g= -0.070).

Similar results are obtained for Rasitdaal. (2019) for number of

productive tillers plant, spike girth, plant height and 1000 grain weight.
4.6.2.10 Number of nodes plant

Number of nodes plaitshowed highly significant positive association
with plant height &= 0.502**; ;= 0.659**), panicle weight f= 0.264**;
re= 0.313**), green fodder yield plaht(r,= 0.307**; ;= 0.407**) and dry
fodder yield plant (rp= 0.299**; rz= 0.419**).

It showed positive non-significant association hwispike length
(rp= 0.159; g= 0.293**), number of nodes plah{r,= 0.175%; g= 0.325*%),
spike girth ()= 0.107; g= 0.099), threshing percentage=(0.106; g= 0.124),
1000 grain weight g= 0.115; = 0.202*), number of productive tillers plant
(rp=0.013; = -0.073, and harvest index%$r0.040; g= -0.032).
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4.6.2.11 Spike length (cm)

Spike length showed highly significant positive asation with plant
height ()= 0.610**; r;= 0.696**), green fodder yield plaht(rp,= 0.511**;
r= 0.620**), dry fodder yield plant (r,= 0.511**; ;= 0.620**), panicle
weight (p= 0.470**; = 0.543**) and spike girth g= 0.424**; r;= 0.430**).
These results are in agreement with Bhaskeal. (2017b), Rasithat al.
(2019), Dadarwaét al. (2020) and Patiét al. (2021) for spike girth; Kumar
et al. (2020a) for panicle weight; Kaushakal. (2018), Patikt al. (2021) and
Shasibhusaet al. (2021) for green fodder yield plahtKumaret al. (2020a),
Patil et al. (2021), Shasibhuseat al. (2021) and Yadaet al. (2022) for dry
fodder yield plant.

It displayed negative significant association witheshing percentage
(ro= -0.347**; = -0.497**) and harvest indexyf -0.322**; ry= -0.498**).

It showed negative non-significant association hwiiumber of
productive tillers plant (r,= -0.102; = -0.150) and 1000 grain weight
(ro= -0.015; g= -0.047) which were supported by Pallasti al. (2020),
Anuradheaet al. (2021) and Yadaet al. (2022).

4.6.2.12 Spike girth (cm)

Spike girth showed highly significant positive agation with panicle
weight (p= 0.496**; ;= 0.611**), plant height g= 0.467**; r;= 0.483**),
green fodder yield plant(r,= 0.461**; ;= 0.573**), dry fodder yield plant
(rp= 0.461**; ;= 0.575**) and 1000 grain weighty& 0.330**; ;= 0.374**).
These findings are in accordance with Navetral. (2016) for panicle
weight; Sowmiyaet al. (2016), Anuradhat al. (2018), Rasithat al. (2019),
Dadarwalet al. (2020), Pallaviet al. (2020) and Patiét al. (2021) for 1000
grain weight; Dadarwadt al. (2020) and Shasibhusahal. (2021) for green
fodder yield plant; Dehinwal et al. (2017), Dadarwakt al. (2020) and
Shasibhusast al. (2021) for dry fodder yield plant
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It showed negative non-significant association hwithreshing
percentage f -0.069; = -0.113), number of productive tillers plant
(rp=-0.055; = -0.052) and harvest index%r-0.017; g= -0.034).

4.6.2.13 Number of productive tillers plant

Number of productive tillers plafhtshowed highly significant positive
association with panicle weight€r0.549**; r;= 0.565**), green fodder yield
plant? (r,= 0.406**; ;= 0.408**) and dry fodder yield plafht(rp,= 0.405**;
r= 0.410**). Similar kind of association was revahlearlier by Ranet al.
(2007) and Kaushilkt al. (2018), Shasibhusaat al. (2021) and Yadaet al.
(2022) for green fodder yield plahtand dry fodder yield plait Naveen
et al. (2016) and Dehinwadt al. (2017) for panicle weight.

It showed positive non-significant associationhwi000 grain weight
(ro= 0.070; g= 0.116), harvest index pfr 0.073; g= 0.110) and threshing
percentage g 0.001; g= 0.044) which were akin with the findings of
Dadarwalet al. (2020) for 1000 grain weight; Patt al. (2021) for harvest

index.

It showed negative non-significant association hwlant height
(rp=-0.056; = -0.128).

4.6.2.14 Plant height (cm)

Plant height showed highly significant positive agation with green
fodder yield plant (rp= 0.636**; ;= 0.701*%), dry fodder yield planit
(rp= 0.637**; ;= 0.701**), panicle weight = 0.513**; ;= 0.560**) and
1000 Grain weight f&= 0.247**; rj= 0.289**).

It displayed negative significant association wittarvest index
(rp=-0.246**; 1= -0.301**).

It showed negative non-significant association withreshing
percentage g -0.164; = -0.199%).
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These results are in consonance with Sowraiya. (2016), Dehinwal
et al. (2017) and Anuradhet al. (2018) for panicle weight; Kaushi al.
(2018) for green fodder yield plahtdry fodder yield plantand 1000 grain
weight; Rasithaet al. (2019) and Dadarwadt al. (2020) for 1000 grain
weight; Patilet al. (2021) and Yadaet al. (2022) for harvest index.

4.6.2.15 1000 grain weight (g)

It recorded highly significant positive associatiaith harvest index
(rp= 0.266**; rg= 0.382**), threshing percentage<r0.228**; ;= 0.325**)
and panicle weight g 0.227*; rg= 0.251**).

It showed positive non-significant association wgtieen fodder yield
plant! (rp,= 0.152; g= 0.176*) and dry fodder vyield plaht(r,= 0.150;
rg= 0.178%).

These results corroborates with the findings of éawt al. (2016),
Sowmiya et al. (2016) and Sumathet al. (2016) for panicle weight and
Rasithaet al. (2019) for dry fodder yield planit Patilet al. (2021) and Yadav
et al. (2022) for harvest index; lzg al. (2006) for threshing percentage.

4.6.2.16 Panicle weight (g)

Panicle weight exhibited highly significant poséiassociation with
green fodder yield plant(r,= 0.851**; ;= 0.909**) and dry fodder yield
plant? (r,= 0.843**; ;= 0.919**),

It displayed negative significant association wvttiheshing percentage
(rp=-0.198*; g=-0.199%).
It showed negative non-significant association withrvest index

(rp= -0.082; = -0.137).

These results corroborates with the findings of éawt al. (2016),
Sowmiyaet al. (2016) and Sumattet al. (2016) for dry fodder yield planit
and grain yield plant
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4.6.2.17 Green fodder yield plant ()
This character had registered high significant pasiassociation with
dry fodder yield plant (r,= 0.996**; r;= 1.006**).

It displayed negative significant association wiltarvest index
(rp= -0.335**; ;= -0.342**) and threshing percentage=(-0.255**; rg= -
0.301*¥).

The observed correlations are in consonance witliitidengs of Ravi
(2013) and Kaushikt al. (2018) for dry fodder yield plaht

4.6.2.18 Dry fodder yield plant* (g)

It displayed negative significant association witheshing percentage
(rp=-0.249**; 5= -0.310**) and harvest indexpfr -0.342**; rg= -0.331**)

Similar results were reported by Padlal. (2021) and Yadaet al.
(2022) for harvest index.

4.6.2.19 Threshing (%)

It had recorded highly significant positive asstiomm with harvest
index (K= 0.903**; rg= 0.973**).

Foregoing discussion on character association esudievealed
significant and positive correlation of grain yigithnt! with panicle weight
followed by green fodder yield plahtdry fodder yield plant, number of
productive tillers plant, spike girth, plant height, leaf blade length, imemof
nodes plant, spike length, harvest index, threshing percentéeg blade
width and specific leaf area at 45 DAS at both pitygmic and genotypic
levels. This indicated possibility of simultaneouslestion of all these

characters for yield improvement.
4.7 PATH COEFFICIENT ANALYSIS

Path coefficient analysis defines partitioning ofrelation coefficient
into direct and indirect effects to know relativeportance of the component

characters. It provides a clear cut picture abause and effect relationship
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between yield and yield attributes which is usefulformulate effective
selection criterion.

In the present study, path coefficient analysis wasducted using
grain yield plant as dependent variable and all other charactershwhi
showed significant correlations with grain yieldapi® as independent
variables. Various direct and indirect effects oimponent traits on grain
yield were discussed here under and the results prsented in Table 4.13
and 4.14.

4.7.1 Direct Effects of Yield Components on Grain ¥ld Plant? (g)

Among the yield components, panicle weight (P=1,@2-0.297) had
very high positive direct effect on grain yield pfé& Threshing percentage
(P=0.530; G=-0.571) exhibited a high positive direffect on single plant
grain yield. Hence direct selection based on thesaracters would be
rewarded in increasing the grain yield planGreen fodder yield plant
(P=0.139; G=-3.382) exhibited a low positive direttect on single plant
grain yield. The charactewsz., number of productive tillers plahtP=0.056,
G=0.540), leaf blade length (P=0.041, G=0.132), loeimof nodes plarit
(P=0.039, G=0.503), spike length (P=0.032, G=0.7%PAD chlorophyll
meter reading at 45 DAS (P=0.031, G=-0.288), spgieh (P=0.018,
G=0.626) exerted negligible positive direct effemt grain yield plant

indicating direct selection for improving these id@ers might be ineffective.

Similar positive direct effects of component traotsserved with grain yield
plant! were reported by Dapket al. (2014) and Nehrat al. (2017) for leaf
blade length; Dapket al. (2014), Kumaret al. (2014b) and Naveed al.
(2016) for spike length; Dapket al. (2014) and Naveesrt al. (2016) for
panicle weight and Nehet al. (2017) for green fodder yield plaht

On contrary, the traitsiz.,, 1000 grain weight (P=-0.002, G=-0.352),
plant height (P=-0.017, G=-0.335), leaf blade widi+=-0.034, G=0.253),
harvest index (P=-0.136, G=1.729), dry fodder y@hht' (P=-0.139, G=3.820)
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depicted negligible and negative direct effect oairgyield plant. Similar
results were revealed by Dehinwatlal. (2017) and Nehrat al. (2017) for
leaf blade width; Dapkeet al. (2014) for plant height and Yadav
et al. (2022) for 1000 grain weight.

4.7.2 Indirect Effects of Yield Components on GrairYield Plant*
4.7.2.1 SPAD chlorophyll meter reading at 45 DAS

SPAD chlorophyll meter reading at 45 DAS registemagnificant
positive association with grain yield plan{r,= 0.217*%; g= 0.331**). The
direct effect of this trait on grain yield plantvas positive but negligible
(P=0.031; G=-0.288). It showed positive and lowinect effects on grain
yield plant! via threshing percentage (P=0.168, G=-0.256). It shgvessitive
and negligible indirect effects on grain yield glanvia panicle weight
(P=0.060, G=-0.040), number of productive tillerdarng® (P=0.005,
G=0.010), green fodder yield plantP=0.005, G=-0.114), number of nodes
plant! (P=0.005, G=0.178), spike girth (P=0.002, G=0.1%Hf blade length
(P=0, G=-0.019) and 1000 grain weight (P=0.000,033+6).

On contrary, it had negative and negligible indirféect on grain yield
through plant height (P=-0.002, G=-0.04), spikeggten(P=-0.003, G=-0.189),
dry fodder yield plant (P=-0.01, G=0.084), leaf blade width (P=-0.03,
G=-0.019), harvest index (P=-0.041, G=0.909). Thes@nt results were in

consonance with Naveehal. (2016) for spike length and panicle weight.

4.7.2.2 Leaf sheath length (cm)

Leaf sheath length exhibited significant positiveaasation with grain
yield plant!* at both phenotypic and genotypic levels @.215%; =0.372**).
Direct effect was high and positive on grain yipldnt! (G=0.926).

This trait exhibited low positive indirect effeat grain yield plant via
leaf blade width (G=0.190); moderate indirect effega spike girth
(G=0.220), 1000 grain weight (G=0.285) and panmsleight (G=0.293);
whereas high positive direct effects via numbenaodfles plant (G=0.386),
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spike length (G=0.408), green fodder yield pfa®=0.457), dry fodder yield
plant! (G=0.475) and leaf blade length (G=0.704).

However, it showed negative negligible indirecteefs on grain yield
plant! via number of productive tillers plaht(G=-0.037), negative low
indirect effects via SPAD chlorophyll meter readiag45 DAS (G=-0.111);
moderate negative indirect effects via threshingcegmtage (G=-0.298),
whereas high negative indirect effects via harueséx (G=-0.393). Similar
results were revealed by Nelsaal. (2017) for leaf blade width and Yadav
et al. (2022) for 1000 grain weight.

4.7.2.3 Leaf blade length (cm)

The direct effect of days to maturity on grain yipldnt! was positive
but negligible (P=0.041; G=0.132). Its significapbsitive association
(rp= 0.345**; ;= 0.428**) with grain yield plant was due to moderate and
positive indirect effect by panicle weight (P=0.3@F-0.138) coupled with
positive and negligible indirect effect through @mefodder yield plant
(P=0.057, G=-1.876), spike length (P=0.016, G=05%himber of nodes
plant! (P=0.011, G=0.225), harvest index (P=0.018, G38).3spike girth
(P=0.006, G=0.318), SPAD chlorophyll meter readmgl5 DAS (P=0.000,
G=0.036) and 1000 grain weight (P=0.000, G=-0.085)

It exerted negative and negligible indirect effettteough number of
productive tillers plant (P=-0.002, G=-0.056), plant height (P=-0.009,
G=-0.235), leaf blade width (P=-0.016, G=0.132)re¢ihing percentage
(P=-0.068, G=0.083). It exerted negative and loghrect effects through dry
fodder yield plant (P=-0.102, G=2.121). These findings were suppoited
reports of Dehinwadt al. (2017) for number of productive tillers planplant
height, leaf blade width, spike length, spike gatid 1000 grain weight.

4.7.2.4 Leaf blade width (cm)

Leaf blade width exhibited significant positive agation with grain
yield plant! (r,=0.228**; r;= 0.250**). The direct effect of this trait on gnai
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yield plant' was negative and negligible (P=-0.034; G=0.258)sHowed
positive and moderate indirect effect on grain d/iplant! through panicle
weight (P=0.330, G=-0.126), along with positive liggle indirect effectvia
green fodder yield planit (P=0.050, G=-1.85), harvest index (P=0.025,
G=-0.682), leaf blade length (P=0.019, G=0.253)kesgength (P=0.012,
G=0.402), number of nodes plar{P=0.007, G=0.163), spike girth (P=0.006,
G=0.323), SPAD chlorophyll meter reading at 45 D@S-0.002, G=0.021)
and 1000 grain weight (P=0.000, G=0.004).

On contrary, it had negative and negligible indireffect through
number of productive tillers plaht (P=-0.002, G=-0.038), plant height
(P=-0.006, G=-0.159), dry fodder vyield plant-1 (@689, G=2.076),
threshing percentage (P=-0.092, G=0.205). Thesenfisdvere supported by
reports of Dehinwadt al. (2017) for number of productive tillers planplant
height, leaf blade length.

4.7.2.5 Number of nodes plant

Number of nodes planitexhibited significant and positive correlation
with grain yield plant (r,=0.334**; r;= 0.381**). The direct effect of this
trait on grain yield plantwas positive and negligible (P=0.039; G=0.503). It
expressed moderate positive indirect effect onngyald plant: via panicle
weight (P=0.267, G=-0.093). Similarly, it showedyhgible positive indirect
effects through threshing (P=0.056, G=-0.071), grémdder yield plant
(P=0.043, G=-1.377), leaf blade length (P=0.0120.0G82), spike length
(P=0.005, G=0.233), SPAD chlorophyll meter readmgl5 DAS (P=0.004,
G=-0.102), spike girth (P=0.002, G=0.062), numUdegsroductive tillers plant
1 (P=0.001, G=-0.039) and 1000 grain weight (P=0,@®8-0.071).

It exerted negative and negligible indirect effdabugh the traitsiz,
harvest index (P=-0.005, G=-0.056), leaf blade Wwi=-0.006, G=0.082),
plant height (P=-0.009, G=-0.221), dry fodder vyighdant! (P=-0.074,
G=1.601). Similar results were obtained by Kuraaal. (2014b) for plant
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height and Nehrat al. (2017) for plant height, leaf blade width and dry
fodder yield plant.

4.7.2.6 Spike length (cm)

Spike length registered significant positive catiein with grain yield
plant! (r,=0.313**; r;= 0.341**). The direct effect of this trait on gnayield
plant! was positive and negligible (P=0.032; G=0.794).slitowed high
positive indirect effect on grain yield plantia panicle weight (P=0.475,
G=-0.161) and negligible positive indirect effettsough green fodder yield
plant! (P=0.071, G=-2.096), harvest index (P=0.044, @B60), leaf blade
length (P=0.020, G=0.128), number of nodes plaf®=0.006, G=0.148),
spike girth (P=0.008, G=0.269) and 1000 grain we{§k0.000, G=0.017).

The characters SPAD chlorophyll meter reading abAS (P=-0.003,
G=0.069), number of productive tillers plan{P=-0.006, G=-0.081), plant
height (P=-0.011, G=-0.233) and leaf blade width=-(F013, G=0.128)
registered negative and negligible indirect effeatgrain yield plant. The
characters dry fodder yield plan(P=-0.126, G=2.369), threshing (P=-0.184,
G=0.284) registered low and negative indirect éffae grain yield plant.
These findings were in agreement with Kureal. (2014b) for spike girth
and number of nodes plant Kumar e al. (2022) for plant height;
Shasibhusaet al. (2021) for spike girth; Talawaat al. (2017)for number of
productive tillers plant, Dehinwalet al. (2017) for spike girth, plant height
and leaf blade width; Yadaat al. (2022) for 1000 grain weight; Dapleeal.
(2014) for threshing percentage.

4.7.2.7 Spike girth (cm)

Spike girth had positive and significant assocratwith grain yield
plant? (r,=0.446**; r;= 0.536**). The direct effect of this trait on gnayield
plant! was positive and negligible (P=0.018; G=0.626).sliowed high
positive indirect effect on grain yield plahtia panicle weight (P=0.501, G=-
0.181). It exhibited negligible positive indiredfext on grain yield plantvia
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green fodder yield plait(P=0.064, G=-0.181) followed by SPAD chlorophyll
meter reading at 45 DAS (P=0.040, G=-0.071), ldafi®d length (P=0.014,
G=0.130), spike length (P=0.013, G=0.342), numbérnodes plant
(P=0.004, G=0.050), harvest index (P=0.002, G=9).05

On contrary, it registered negative and negligibidirect effects
through 1000 grain weight (P=-0.001, G=-0.132), hanof productive tillers
plant! (P=-0.003, G=-0.028), plant height (P=-0.008, G6@), leaf blade
width (P=-0.012, G=0.130), threshing percentage-qR36, G=0.064). It
registered negative and low indirect effects thtodgy fodder yield plant
(P=-0.114, G=2.195)

Such conformity results were also given Kunasaral. (2014b) for
number of productive tillers plaft Shasibhusaet al. (2021) for number of
productive tillers plant and spike length; Dehinwat al. (2017) for spike
length, plant height, 1000 grain weight and leaidel width; Yadawet al.
(2022) for 1000 grain weight; Navees al. (2016) for SPAD chlorophyll
meter reading at 45 DAS; Kumetral. (2014) for plant height.

4.7.2.8 Number of productive tillers plant

Number of productive tillers plaftrecorded significant and positive
correlation with grain yield plart(r,=0.559**; r;= 0.581**). The direct effect
of this trait on grain yield plartwas positive and negligible (P=0.056;
G=0.54). Positive correlation was mainly due tohhmpsitive indirect effect
through panicle weight (P=0.555, G=-0.168) on grgield plant' and
negligible positive indirect effect through greenlder yield plant (P=0.057,
G=-1.381), SPAD chlorophyll meter reading at 45 D@&S0.003, G=-0.006),
leaf blade width (P=0.001, G=-0.018), number ofemgdlant (P=0.001, G=-
0.037), plant height (P=0.001, G=0.043), threslpagcentage (P=0.001, G=-
0.025) and 1000 grain weight (P=0.000, G=-0.041).

Whereas, it exerted negative and negligible indieféect on grain
yield plant! through leaf blade length (P=-0.001, G=-0.018)kesmjirth (P=-
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0.001, G=-0.033), spike length (P=-0.003, G=-0.1h8)vest index (P=-0.01,
G=0.19). It exerted negative and low indirect effec dry fodder yield plarit
(P=-0.100, G=1.566). These results corroborates tiwétindings of Dapket
al. (2014) for panicle weight and dry fodder yieldampt'; Kumar et al.
(2014b) for spike length; Naveas al. (2016) for SPAD chlorophyll meter
reading at 45 DAS, plant height and 1000 grain Weidpehinwal et al.
(2017) for leaf blade length, spike girth, 1000igreveight and leaf blade
width; Shasibhusasgt al. (2021) for spike girth and Yadaat al. (2022) for
1000 grain weight.

4.7.2.9 Plant height (cm)

Plant height recorded significant positive coriielatwith grain yield
plant! (r,=0.436**; r;= 0.477**). It displayed negligible and negativeedit
effect on grain yield plart(P=-0.017; G =-0.335) and showed high positive
indirect effect on grain yield plahtthrough panicle weight (P=0.519, G=-
0.166). It expressed negligible positive indireffeets on grain yield plarit
via green fodder yield plait(P=0.089, G=-2.370), harvest index (P=0.033,
G=-0.52), leaf blade length (P=0.022, G=0.119), bemof nodes plarit
(P=0.02, G=0.331), spike length (P=0.019, G=0.55p)ke girth (P=0.008,
G=0.302) and SPAD chlorophyll meter reading at 48SD(P=0.003, G=-
0.034)

While, negative and negligible indirect effect wasorded through
1000 grain weight (P=-0.001, G=-0.102), number rafdpctive tillers plant
(P=-0.003, G=-0.069), leaf blade width (P=-0.012:0Q@19), threshing
percentage (P=-0.087, G=0.114). Negative and lodireot effect was
recorded through dry fodder yield plar(P=-0.157, G=2.678).

Such conformity results were also given by Dagkeal. (2014) for
spike length and harvest index; Kunaral. (2014b) for spike length and
spike girth; Dehinwakt al. (2017) for leaf blade length, plant height, 1000
grain weight and leaf blade width; Kurneiral. (2022) for spike girth.
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4.7.2.10 1000 Grain weight (g)

1000 grain weight registered significant positiverelation with grain
yield plant! (r,=0.316**; r;= 0.372**). The direct effect of this trait on gnai
yield plant! was negative and negligible (P=-0.002; G=-0.3%2gxhibited
moderate positive indirect effect on grain yieldrg! through panicle weight
(P=0.230, G=-0.074). It expressed negligible pesitndirect effects on grain
yield plant' via green fodder yield plait(P=0.021, G=-0.595), leaf blade
length (P=0.007, G=-0.003), spike girth (P=0.0060@34), number of nodes
plant? (P=0.005, G=0.102), number of productive tillelanp* (P=0.004,
G=0.063) and SPAD chlorophyll meter reading at 48SD(P=0.004, G=-
0.063).

It also showed negative and negligible indireceetffthrough spike
length (P=-0.001, G=-0.037), leaf blade width (P66, G=-0.003), plant
height (P=-0.004, G=-0.097), harvest index (P=-6,086=0.66) and dry
fodder yield plant (P=-0.037, G=0.681). It showed negative and losréct
effect through threshing (P=0.121, G=-0.186). Samilesults were revealed
by Naveenret al. (2016) for SPAD chlorophyll meter reading at 4B$®and
spike girth ; Nehrat al. (2017) for days to 50% flowering.

4.7.2.11 Panicle weight (g)

Panicle weight displayed highly significant and igee correlation
with grain yield plant (r;=0.890**; ry= 0.906**) due to high positive direct
effect on grain yield plart (P=1.011; G=-0.297). It expressed low positive
indirect effect on green fodder yield plar(=0.118, G=-3.075). It expressed
negligible positive indirect effect on grain yiejlant! via number of
productive tillers plant (P=0.031, G=0.305), leaf blade length (P=0.016,
G=0.108), spike length (P=0.015, G=0.431), harwvedex (P=0.011, G=-
0.237), number of nodes plan{P=0.010, G=0.157), spike girth (P=0.009,
G=0.383) and SPAD chlorophyll meter reading at 4BASD(P=0.002,
G=-0.039).
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On contrary, it exerted negative and negligiblerect effect through
1000 grain weight (P=-0.001, G=-0.088), plant heidgh=-0.009, G=-0.188),
leaf blade width (P=-0.011, G=0.108). It exertedjatere and low indirect
effect through threshing (P=-0.105, G=0.114). Itertad negative and
moderate effect through dry fodder yield pla(®=-0.208, G=3.512).

4.7.2.12 Green fodder yield plant (g)

Green fodder yield plaitrecorded significant and positive correlation
with grain yield plant (r,=0.718**; rg= 0.770**). The direct effect of this
trait on grain yield plant was positive and low (P=0.139; G=-3.382). The
positive correlation was mainly due to high pogtimdirect effect of panicle
weight (P=0.861, G=-0.270) on grain yield ptarand negligible positive
indirect effectvia harvest index (P=0.046, G=-0.591), number of pradec
tillers plant' (P=0.023, G=0.220), leaf blade length (P=0.0170.G38),
spike length (P=0.016, G=0.492), number of nodeantpl (P=0.012,
G=0.205), spike girth (P=0.008, G=0.359), SPAD abytyll meter reading
at 45 DAS (P=0.001, G=-0.010) and 1000 grain wef{Bk0.000, G=-0.062).

On contrary, it showed negative and negligible nect effectvia plant
height (P=-0.011, G=-0.235), leaf blade width (P81@, G=0.138). It
showed negative and low indirect effect througheshing percentage (P=-
0.135, G=0.172). It showed negative and moderdéetethrough dry fodder
yield plant! (P=-0.246, G=3.841). The present findings wer&anformity
with Nehraet al. (2017) for leaf blade length, number of nodes plaspike
length, spike girth and 1000 grain weight.

4.7.2.13 Dry fodder yield plant! ()

Dry fodder yield plant showed negative and moderate direct effect
(P=-0.247; G=3.82) on grain yield planand displayed significant and
positive correlation with grain yield plaht(r,=0.712**; ri= 0.777**). The
positive association was due to high positive iclircontribution through

panicle weight (P=0.853, G=-0.273). It showed posiand low association
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with green fodder yield plait(P=0.139, G=-3.400). It showed positive and
negligible association with harvest index (P=0.06%-0.573), number of
productive tillers plant (P=0.023, G=0.221), leaf blade length (P=0.017,
G=0.137), spike length (P=0.016, G=0.492), numbérnodes plant
(P=0.012, G=0.211), spike girth (P=0.008, G=0.35AD chlorophyll meter
reading at 45 DAS (P=0.001, G=-0.006) and 1000hgnegight (P=0.000, G=-
0.063).

On contrary, it registered negative and negligibléirect effectsvia
plant height (P=-0.011, G=-0.235) and leaf bladétwiP=-0.012, G=0.137).
It registered negative and low association witheshing (P=-0.132,
G=0.177). The present findings were in conformityhwNehraet al. (2017)
for leaf blade width, number of nodes ptanhumber of productive tillers

plantland 1000 grain weight.
4.7.2.14 Threshing (%)

Threshing percentage exerted significant positige@ation with grain
yield plant! (rp=0.238**; r;= 0.209**). The direct effect was positive and
high (P =0.530; G =-0.571) on grain yield plantt expressed negligible
positive indirect effects on grain yield plantia SPAD chlorophyll meter
reading at 45 DAS (P=0.01, G=-0.129), leaf bladeltvi(P=0.006, G=-
0.091), number of nodes plan{P=0.004, G=0.062), plant height (P=0.003,
G=0.067) and number of productive tillers pla@®=0.000, G=0.024).

It also showed negative and negligible indireceetfivia spike girth
(P=-0.001, G=-0.071), 1000 grain weight (P=-0.0G%-0.114), leaf blade
length (P=-0.005, G=-0.091), spike length (P=-0,03%-0.395), green fodder
yield plant' (P=-0.036, G=1.019) and dry fodder yield plafP=0.062, G=-
1.184). It showed negative and low indirect effiacough harvest index (P=-
0.123, G=1.682). It showed negative and moderdtectethrough panicle
weight (P=-0.200, G=0.059).
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4.7.2.15 Harvest index (%)

Harvest Index exerted significant positive asscmmatwith grain yield
plant? (r,=0.307**; 1;,=0.253**). The direct effect was negative and IdRv=-
0.136; G=1.729) on grain yield plahtlt showed positive and negligible
effect through SPAD chlorophyll meter reading at @AS (P=0.009, G=-
0.151), leaf blade width (P=0.006, G=-0.100), numbie productive tillers
plant! (P=0.004, G=0.059), plant height (P=0.004, G=0)1@imber of
nodes plant(P=0.002, G=-0.016) and spike girth (P=0.000, G320).

It showed negative and negligible association Wid0 grain weight
(P=-0.001, G=-0.134), leaf blade length (P=-0.085;0.100), spike length
(P=-0.010, G=-0.395), green fodder yield ptafP=-0.047, G=1.156), panicle
weight (P=-0.083, G=0.041), dry fodder yield pta(®=0.085, G=-1.266). It
showed negative and high association with thresipigcentage (P=0.478,
G=-0.556).

Similar results were observed by; Dapdteal. (2014) for number of
productive tillers plant and Yada\et al. (2022) for 1000 grain weight.

Path coefficient analysis reflected that paniclagiwehad very high
positive direct effect on grain yield planand most of the characters exerted
high positive indirect effect through panicle wdighNhile, threshing
percentage exhibited a high direct and positivectfbn grain yield plarit
Results further revealed that grain yield was nyamlproduct of direct and
indirect effects of panicle weight, threshing paetege and green fodder yield
plant!. Hence, major emphasis should be given on theseacters in
selection programme to isolate superior parentasliwith higher genetic

potential for grain yield.

In the present study, phenotypic (0.158) and genot{p.191) residual
effects were of low magnitude, indicating the ajppiateness of characters
chosen and insignificant effect of other charactersincluded in the present
study.
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To sum up with genetic parameters, high GCV, halhitaland genetic
advance as per cent of mean were observed for nuoflproductive tillers
plant!, 1000 grain weight, panicle weight, green fodd&dy plant?, dry
fodder yield plant, threshing percentage, harvest index and grald piant!
indicating scope for genetic improvement througmpde selection for all
these traits with an implication of genetic vanatmainly due to the presence
of additive gene action.

The charactersiz.,, 1000 grain weight, days to 50% flowering, number
of productive tillers plant, panicle weight and plant height were contributing
maximum towards divergence in inbred lines of paaitlet, so these traits
could be exploited maximum in order to get supehgbrids with higher

yield.

Correlation and path analysis in inbred lines ddrpenillet suggested
that characters like panicle weight, threshing getage and green fodder
yield plant' should be considered as major components for tameof
parental lines in breeding programmes for develppigh yielding hybrids in
pearl millet.

From the above results, it is to conclude thateddmesviz., PPBI-50,
PPBI-47 and PPBI-5 belongs to different divergduasters with considerable
phenotypic diversity and possess desirable combmatf characters studied.
Hence, these promising lines can be exploited ituréu hybridization
programme to obtain superior heterotic expressiok’s for yield and yield
attributes in pearl millet.

The genetically diverse genotypes for specific ottara can be used in
hybridization programme to bring the new gene paopopulation and to
expand the range of adaptation.
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Chapter V
SUMMARY AND CONCLUSIONS

The present work titled “DUS characterization and diversity analysis
of inbred lines in pearl millet (Pennisetum glaucum (L.) R. Br.)” was
conducted at Agricultural Research Station, Perumallapalle, Tirupati during
rabi, 2021 in a RBD with two replications. In this study 70 inbred lines of
pearl millet were comprehensively characterized for 28 DUS traits and genetic
parameters were estimated for 21 quantitative traits viz.,, days to 50%
flowering, days to maturity, SPAD chlorophyll meter reading at 45 DAS,
SPAD chlorophyll meter reading at 65 DAS, specific leaf area at 45 DAS
(cm? g, specific leaf area at 65 DAS (cm? gl), leaf sheath length (cm), leaf
blade length (cm), leaf blade width (cm), number of nodes plant?, spike
length (cm), spike girth (cm), number of productive tillers plant?, plant height
(cm), 1000 grain weight (g), panicle weight (g), green fodder yield plant™ (g),
dry fodder yield plant? (g), threshing (%), harvest index (%) and grain yield
plant™ (g).

DUS characterization of 70 pearl millet genotypes using 28 DUS traits
revealed existence of abundant diversity for these characters. In the present
studied pearl millet inbred lines appreciable differences were observed for the
traits viz., anthocyanin pigmentation, leaf sheath length, leaf blade length, |eaf
blade width, spike stigma pigmentation, anther colour, plant node pubescence,
number of nodes plant?, node pigmentation, internode pigmentation, spike
length, anthocyanin pigmentation of glume, spike bristle, spike bristle colour,
bristle appearance, spike girth, number of productive tillers plant?, plant
height, spike shape, spike-density, seed color, seed shape and 1000 seed
weight. Based on the DUS descriptors inbred lines were characterized
effectively which would be useful for their documentation and registration.
These descriptors would aid in explicit identity of inbred lines and help in

maintenance of their purity in field for use in future breeding programmes.
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Table 5.1 Distinguishable characters of top ten hlgyielding inbred lines

of pearl millet

S. No.| Genotype Characters

1 PPBI-50 Yellow anthers, purple node and green internode,
semi-compact lanceolate spike, medium number of
productivetillers, globular grey brown bold seed

2 PPBi-25 Purple anthers, green node and internode, medium
spike length and girth, yellow prominent bristle,
compact spindle spike, globular grey brown bold seed

3 PPBI-3 Yellow anthers, green node and internode, compact
conical spike, globular deep grey bold seed

4 PPBI-46 Yellow anthers, green node and internode, semi-
compact conical spike, globular deep grey very bold
seed

5 PPBI-47 Yellow anthers, green node and internode, cylindrical
compact spike, globular deep grey very bold seed

6 PPBI-70 Yellow anthers, purple node and internode, semi-
compact lanceolate spike, globular grey bold seed

7 PPBI-36 Yellow anthers, purple node and green internode,
purple prominent bristle, semi-compact lanceolate
spike, globular deep grey bold seed

8 PPBI-59 Yellow anthers, green node and internode, semi-
compact lanceolate spike, globular grey brown
medium seed

9 PPBI-28 Yellow anthers, purple node and internode, semi-
compact candle spike, globular grey bold seed

10 | PPBI-69 Yellow anthers, green node and internode, compact

lanceol ate spike, obovate deep grey medium seed
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The analysis of variance reveadled the existence of highly significant
differences among the genotypes for all the characters studied. On critica
observation of mean performance, the inbred lines PPBi-50, PPBi-25, PPBI-3,
PPBi-46, PPBi-47, PPBi-70, PPBIi-36, PPBI-59, PPBi-28 and PPBi-69 have
registered desirable per se performance for most of the yield contributing and

physiological traits.

The high estimates of GCV and PCV recorded for grain yield plant?
followed by 1000 grain weight, panicle weight, green fodder yield plant?, dry
fodder yield plant™ and harvest index indicated the presence of high genetic
variability for these characters. Thus, direct selection for these traits could

result in further improvement of grain yield.

Moderate GCV and PCV values were observed for days to 50 %
flowering, SPAD chlorophyll meter reading at 45 DAS, specific leaf area at
45 DAS, specific leaf area at 65 DAS, leaf blade length, leaf blade width, no
of nodes plant?, spike length, spike girth, plant height and threshing
percentage. Contrarily, low estimates of coefficients of variation were
recorded for SPAD chlorophyll meter reading at 65 DAS and leaf sheath
length which indicated that these characters were highly influenced by the

environment and selection would be ineffective.

High heritability coupled with high genetic advance as per cent of mean
was recorded for days to 50 % flowering, spike length, spike girth, number of
productive tillers plant?, plant height, 1000 grain, panicle weight, green
fodder yield plant?, dry fodder yield plant?, threshing percentage, harvest
index and grain yield plant! indicating the preponderance of additive gene
action. These characters can be further improved by following simple
selection procedure. Whereas, days to maturity and number of nodes plant™
showed high heritability combined with moderate genetic advance as percent

of mean.

Moderate heritability coupled with high genetic advance as per cent of
mean was observed for specific leaf areaat 45 DAS, while SPAD chlorophyll
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meter reading at 45 DAS, specific leaf area at 65 DAS, leaf blade length and
leaf blade width registered moderate estimates of both heritability and genetic
advance as per cent of mean which indicated the preponderance of non-
additive gene action. Low heritability coupled with moderate genetic advance
as per cent of mean was observed for SPAD chlorophyll meter reading at 65
DAS and leaf sheath length indicating the environmental effects and selection

would be ineffective in those characters.

Based on divergence studies through D? statistics, the experimental
material was assigned into 12 clusters with wide range of inter cluster
distances, revealing the existence of substantial diversity among the inbred
lines for the traits studied. Cluster | was the largest one comprising of 33
genotypes followed by cluster IX with 12 genotypes, cluster V with ten
genotypes and cluster VI contains seven genotypes. While, remaining clusters
[, 11, 1V, VIIL, VI X, X1 and X1 were solitary demonstrating the impact of

selection pressure towards genetic diversity.

Higher inter cluster distance was recorded between cluster VI and XI|
followed by cluster X and XII , cluster |11 and XII and cluster IV and XI1. The
clusters XIl and VIII recorded high mean values for yield components like
SPAD chlorophyll meter reading at 45 DAS, number of productive tillers
plant!, plant height, panicle weight, green fodder yield plant?, dry fodder
yield plant?, threshing percentage, harvest index and grain yield plant?* and
also they were divergent from each other. Genotypes from divergent clusters
with high mean performance for the respective traits to be improved may be

selected depending on the objective of the breeding programme.

The maximum contribution towards genetic divergence was recorded
by 1000 grain weight followed by days to 50% flowering, number of
productive tillers plant?!, panicle weight, plant height, green fodder yield
plant?, grain yield plant?, spike girth, threshing percentage and harvest index.
Hence, mgjor emphasis could be given to these characters to formulate

selection procedures.
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Correlation studies revealed that characters viz, panicle weight
followed by green fodder yield plant?, dry fodder yield plant?, number of
productive tillers plant®, spike girth, plant height, leaf blade length, number of
nodes plant!, 1000 grain weight, spike length, harvest index, threshing
percentage, leaf blade width and specific leaf area at 45 DAS had significant
positive association with grain yield plant™ at both phenotypic and genotypic
levels. This indicated possibility of simultaneous selection of all these

characters for yield improvement.

Critical analysis of path analysis results implied that panicle weight
followed by threshing percentage, green fodder yield plant?, number of
productive tillers plant?, leaf blade length, number of nodes plant?, spike
length, SPAD chlorophyll meter reading at 45 DAS, spike girth showed
positive direct effect on grain yield plantt. The maximum positive indirect
effects on grain yield plant? were exerted by spike length, number of
productive tillers plant?, plant height, green fodder yield plant™, dry fodder
yield plant via panicle weight. Hence, direct selection for yield improvement
through these characters would be rewarded. Low residua effects at both
phenotypic and genotypic level demonstrated that choice of traits in the

present study were able to explain most of the effects on grain yield.

In conclusion, it is evident that grain yield could be improved by
selecting the inbred lines for higher number of productive tillers plant?,
panicle weight, green fodder yield plant?, dry fodder yield plant! and
threshing percentage.

Differentiation of selected inbred lines into B and R lines upon test
crossing with a male sterile line and observation of F1 for sterility/fertility.
Then the selected inbred lines based on test cross may be tested for GCA to
know its performance in series of crosses and the identified ones will be

converted into A lines by backcrossing.
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FUTURE LINE OF WORK

1. Superior inbred lines PPBI-3, PPBi-46, PPBi-47, PPBi-50 and PPBi-59
identified in the present study could be utilized for the development of

composites.

2. Developing heterotic pools of B and R lines, utilization of diverse

inbreds for production of promising hybrids and synthetics.
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ABSTRACT

The present investigation was conducted at Agricultural Research Station (ARS),
Perumallapalle, Tirupati during rabi, 2021 to characterize pearl millet inbred lines for DUS traits
and to identify potential germplasm lines by estimating genetic parameters (variability, heritability
and genetic advance), genetic divergence, character association and path coefficient. DUS
characterization of 70 pearl millet genotypes using 28 DUS traits revealed existence of abundant
diversity for these characters. In the present studied pearl millet inbred lines appreciable differences
were observed for the traits viz., anthocyanin pigmentation, leaf sheath length, leaf blade length, leaf
blade width, spike stigma pigmentation, anther colour, plant node pubescence, humber of nodes
plant?, node pigmentation, internode pigmentation, spike length, anthocyanin pigmentation of
glume, spike bristle, spike bristle colour, bristle appearance, spike girth, number of productive tillers
plantl, plant height, spike shape, spike-density, seed color, seed shape and 1000 seed weight. Based
on the DUS descriptors inbred lines were characterized effectively which would be useful for their
documentation and registration. These descriptors would aid in explicit identity of inbred lines and
help in maintenance of their purity in field for use in future breeding programmes.

The analysis of variance carried out among 70 germplasm lines for 21 yield and yield
attributes revealed significant differences for all the characters indicating the presence of
considerable amount of genetic variability for the characters in the studied material. The characters
such as grain yield plant, 1000 grain weight panicle weight, green fodder yield plant?, dry fodder
yield plant? and harvest index showed higher estimates of PCV and GCV indicating ample amount
of variation among germplasm lines for these traits. Thus, direct selection for these traits would
result in further improvement of grain yield. High heritability coupled with high genetic advance as
per cent of mean was observed for days to 50 % flowering, spike length, spike girth, number of
productive tillers plant, plant height, 1000 grain, panicle weight, green fodder yield plant?, dry
fodder yield plant?, threshing percentage, harvest index and grain yield plant® indicating the
predominance of additive gene action and direct selection would be effective for improvement of
these traits. D? analysis grouped 70 inbred lines into 12 clusters. Among all the characters studied,
1000 grain weight, days to 50% flowering and number of productive tillers plant* contributed
relatively maximum towards the total genetic divergence. Inter cluster distance was observed
maximum between cluster VI and XI1 followed by cluster X and XII, cluster 111 and X1l and cluster
IV and XII representing that germplasm lines belonging to these clusters are more divergent.
Correlation studies reveaed that characters viz., panicle weight followed by green fodder yield plant
1, dry fodder yield plantt, number of productive tillers plant?, spike girth, plant height, leaf blade
length, number of nodes plant?, 1000 grain weight, spike length, harvest index, threshing
percentage, leaf blade width and specific leaf area at 45 DAS had significant positive association
with grain yield plant* indicating simultaneous selection of these traits would result in improvement
of grain yield. Further, path analysis estimates in the present investigation revealed that panicle
weight followed by threshing percentage, green fodder yield plant? had true relationship with grain
yield plant! by establishing significant positive association and high positive direct effect on grain
yield plant®. Low residual effects at both phenotypic and genotypic level demonstrated that choice
of traits in the present study were able to explain most of the effects on grain yield. Superior inbred
lines PPBi-3, PPBi-46, PPBi-47, PPBi-50 and PPBI-59 identified in the present study could be
utilized for the development of composites.
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