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Austract 

Wurld cole coll(:cliul' flf Clw:kpcn (Clcer orielfmll/l LJ 1Iiong wilh local 

accc::;siulls {"n1icclcti from ul! nvc, the country \Va." evaluated for six qualitative ~tl(l fOllr 

quantitative trail s including discl1se (Ascorhy la rall;e;) reaclion al Nationa l Agricu lhua l 

Research Centre (NA RC), Islamahad under l'IIinfed cond itions. Q ui of lolnl 423 ilccessiolls, 

)60 acccs:-:io lls were exo tic, sixty were loca l and three were improved vari eties. The 

accessions dilTered s ignificantl y lo r planl Irails of qua li Ta ti ve Ilnlllre with distinct classes 

like growth hilbit, iron deficiency_ nower colour, plant pubescence, planl pigmentation and 

pod s ize. AlIlhe exotic gennplas111 WilS badly infected with Ascochyta blight, hence sixty 

local nccess;om: were selected for further investigation, These were evaluated on single 

plan! progeny basis during winter 1997 for genelic di versity ba,~ed on morphologica l, 

quantitative trait s al1(\ biochemical markcrs. 1'01' quantitative trait s, CV and genetic 

varirlllce revealed thnt the re~ar l ts cou ld be of broader spectrum . 'nle negati ve association of 

days 10 flowering with days to maturity in the tolal gerl11plasm. may be d\le to disease 

inrection at the time of pod ICll ma tioll, caused rorced mall!! ity ;1nd little seed W(1S obtrl;ncd . 

The lotal gerlllpl:1sl11 (1173 aCfc~si(lns) was grollpcd into 10 d1lsters h<lsed Oil 

average linkage distance. Cluster I consisted of 60 accessions. cluster 11 -5(,; cluster HI -7]; 

cluster IV-53, chisler V-62, cluster VI·26, cluster VII-35, cluster VIII·20, cluster IX·23 and 

clusler X-15 accessions, Al l the exotic tlccessions were grouped in the clusters I, II , III, IV. 

VIU and X. whereaS' ot ll er clusters C(lTlsi,c:led of 111ixed 8(',cessiOlls of loca l and exotic ori gin. 

011t of6J locrl l accessions (including 3 va ri eti es), eleven were in the cluster V, sixteell in 

cluster VI, seventeen in cluster VII and l1l11eteen in the cluster IX. As the Ilumher of 

accessions from various SOI I1'ces were grouped in a systematic way, thcrelore, relatiollship 

may be establ ished between origin and clustering pattern, The selected accessions from 

v~l ri Olls clusters <lrc s lIgge.c:tcd to be \1 sed ill crop improvement in fu ture. 

Variance studied by [leA revealed that cluster analyses greJll ped together access ions 

with greater genet ic similarity, but cl1Isters did not necessaril y include all the accessiolls from 

some origin. Severa l potentially illl port:lllt (lgrol1omic types from particular groups have been 
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iden!i lied which nlny be exploited ror genetic lIuteHlia! 10 trullsfer Ihe desirah le genes and 

this, along with biochemical nnalyl'>cs, will f"cilitate ill Hl'il'iemhling a COre collection 11 0m th¢ 

large genetic resotll'ces. 

The 3cccs . .,iollS co ll ected rrom Ln yyah dislrict were better in eva luation as compared 

In other four Illnjor chickpe.'l growing districts o r Pakistan. Therefor I the selected 

al:ccssiolls rrom thi!> area cO\lld he tested under 3 wide I1l llge of environment!' or tlsed in 

hybridi 7o tion pmgrn mllle. As locnl ma terial is better adapted, indicating the worth lor 

improvitlg seed weight in chickpea, hence it could be util ized by the breeders or chi ckpea by 

involving local and exotic c hi ckpea parents in the breeding programme. In the present study, 

Illultivariate npproach has proved to be 1110re useful too l, it produced five clusters on the 

bas is of prov inc ial d ist ribllti on I1lllch more differentiated w hen compared to the initia l 

subdi vision according to geograp hi c s ites o r chickpea. The stud y confimled the ex istence 

o r a wealth of phenotypic divergence in the 10c:'!1 chickpea gemlp lasll1 . Further, co ll ecting 

missions 10 main chic kpea growing areas with greater divers it y cou ld concentrate ellorts on 

sa mpling as man y geographica lly and ecologica ll y d isLinct a reas as poss ible, ra th el' th,m 

coll ecting extens ive ly fhun fi elds c lose to ll1otorable roads within individll!ll province. 

Conclalion und path coe((icient ami lyses cvnd w.:teJ in a replicated trial reveal ed 

th:'!t pods pe l' plant {lnd IOO-seed weight had the max.i l1H1nJ co ntribution in dete rmining 

gr" in yie ld , the IIItil11<1te product in chickpea under ra in red conditions . further, il was 

observed thai hi gh indirect contribution was ex hihited via secondary branches and harvest 

index by most o f the yie ld components, hence these two traits along with pods per plant 

and IOO-seed weight <Ire s uggested to be given emphasis while selecting hi gh yie lding 

chi ckpea cu iti v<lrs for minfed condi lions. Correla tion and pa th coeffic ien t analyses 

ind icated th at pods per plant and IOO-seed weight were potent con tri butors to grai n yield 

through direct e rfects. A lthough, biologictll yie ld had s ignifi ca nt associa ti on but ex hi bited 

negative direct efrects. On the basis o r performance, seven access ions produced higher 

grai n yield than hot h the checks hence were se lected for fl lrthe r evahwtion under a wide 

range ofellv ironrnent<1 1 co ndi ti ons . 
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rhe access ion ... evaluat ed for agronomic traits were also used ror the analyses or 

SJ)S~PA(jE throllgh s lnb type gel electrophoresis IIsing 10 samples for each accc~~ion. 

Although. a\l of these were not hllll107.yguUS and polymorphism did exist fnr r)Oc or lhe 

ntht!r Incus with ill va ri(lu ~ SIUllrlt!S of [he I;lccessiol1s. Sns-pJ\CiE Icvealetl that 11 .25% 

aCfylamitic gel concentra tion. 6 ~t uf sample gave the best resoilitioll. Out of s ixty two 

accessions, 41 were homozygous on the basis of SDS~PAGE whereas others were 

heterozygous hence single seed descents cmlld be isolated from these heterogeneous lines 

to estl'lb li sh pll re~ lines for future breeding programme. In lola I, 14 protein bands were 

recorded nl1lgi ng frulll the Molecul ar Weight (MW) o f 24 tn 66 KD<l . In the present 

stl1di es, intr<l speci li c variation was limited and it was ohserved that SJ)S~ PJ\GE alone did 

not exhibit high level o f' intraspec ifi c varifltion, there fore, d iverse access ions based on 

SDS-PAG E are sll ggesled 10 be acqu ired from vari ous SOllrces , preferabl y from centre o f 

div er~il y to bui ld a hroad ba~ed gene-pool wi th mflxi mum vari<lbilily. Further, fo r be tter 

management of gene blink, a precise comprehensive knowledge o f agri cultura l and 

biochem ica l dat~ (protein iJlHl DNA) is essenli ul tu elim inate dupli cates whi ch wil l 

ultima tely help ill making core collet.liol l "I' chickpea gcrlllp lus11l. 

In order to ensure the emcienl and eITeclive lise ('If crop gcrmplasm. it !> 

ChtU';Jctcli sat ioll is impcll1tivt!. [n the l" csenl investigation, chl ster analyses based 011 SOS. 

PAGE il1lncn l chickpea gcr1llplllSI11 did nOl re necl :'Illy clue either for agronomic preference 

and/o r geographic d istribution. fo r 1110st access ions find prolein subunits, no clear 

observation was recorded which could fac ilitate selection 0 11 the basis of SDSwPAGE for 

improving agronomic tra its in chickpea rrolll the maleriallillder inveslig;Jlion. Further, hi gh 

variance for most of th e characters in a ll1lost all the clusters also revea led that th e 

genotypes ill various chl sters may be from dilTercnl origins but sharil1g similar prolein 

peptides. 

Cluster analyses hased on m01111101 0gica l characters was observed more reliable 

thfl n on th e basis o f protein peptides which indi c<l ted th<lt cl uster anal yses on fhe basis of 

quanti tat ive characters ho ve Illore breeding va lue in chi ckpea, but simultaneous study for 

both agronomical and biochemical ana lyses (protein ancl ONA) is s ll ggcsted. From the 
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rHcsenl ~Iudie", il wal! com~llIoed Ihat local chickpea gemlplaslll coll ected from main 

chickpea glO\vil lg .HCill'l ~xhihjlt::d :<;igniricant va riation fill' all the qlUlIllittltive chaHl.clcrs 

except secus/pm.! lIud IOU seed weigh!. Although, varin liml was observed fOI total seed 

plo/ein hUllhc levcl W,IS low. S lJS~ I'AGE. was !lol very cffective for studying intra·specific 

gene ti c di versity in cu ltivated chickpca alo ne ralht!r wild chickpcll spp. could be included, 

purther, biuchemical mlll'kel's are suggested 10 increase by adding DNA techniques (RAPD, 

Rf'LP, ALP) for stud ying di vers ity related to gcnnpiasnl co ll ections. PCA ancl cluster 

nnnlyscs proved their va lidity to es tabli sh geneti c diversity, and thesc ~Ia ti s tics on !he basis 

o r quantitati ve characters revea led more reliabil ity than SDS· PAGE. Little geographic 

relationsh ip was observed Ihal cOldd be enhanced by involving more diverse access ions in 

research material. Gro uping or ad vance breeding lines in one cluster I'cvcaled thai on ly a 

portion or genetic va riance has beell exploited for chickpea improvement in the past. If aile 

o f the goa ls is to bring together culti va rs with genetica lly s imilar characteri stics. 

quonlitativc c h8mct er~ may bc lIscfnl for gro llping. Nevertheless. the qlla lit~tive tra its must 

be onen Iised for separating varieties when 8 limited I1'Inge of quan tit at ive Imits is found , 

From the r lesen t inves ti gation, it was concluded thnt chickpea gennplnsll1 

displayed a wide lallge ur dlvero.; il y fM must of the traits s tudied and Ihal Ihere were only /I 

few accessions wilh unique characters. The sludy revealed thai Ihe eMilie access ion." are 

nut well ada pted 1o OU I local CIIVilOI1l11enl and are reported to be bad ly infected by 

A,~coc"yln /"(Ibid. Among Ineul chick pea growing areas, district Layyah is reported to be 

the best region for obtai ning higher grain yield . Multivariate approach proved to be very 

useful 1001 in Ihat il produced different clus ters on the basis o f geogra phic di stribution. 

COITclation and pnlh coeflicient a nnl y~es revea led thnt pods per plant and I OO~seed weight 

had the maximulll contributioll ill detenllining grain yield, the ultimate product in chickpea 

under raillfed conditions. On the basis ofperfonllanee. seven accessions (Pak·S2984. Pak· 

52983, l'.k·5298 1, l'.k·52979, 1'.k·52978, Pak·52975, and i'ak·52974) produced higher 

gra in yield Ihan the check varieties. These high yielding accessions can be o f grea t 

importance to the future chickpea breeders in producing Slll}e ri or ctllti vars during 

hybridization programme. 
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INTRODUCTION 

Chickpea (CicCI' arlellllulII 1...,) is;t .self I)ollinatt:d. t.lipluid <HUlUl!! gU1II1 h.:gUfll\: 

with 20=-16 chromosomes. It belongs to lhe lamily Lt:g,llminosoe/Febaccac and Wu:: one 

of the firi>! grain legumes to be domestica ted in the world , It is an important crOj) or the 

Indian-Pak subcon tinent. West Asia , North Africa, South Europe, North and Cent"l) 

America. Chickpea most probab ly origi nated in an area of present da y soul h-eastcl1l 

Turkey and adjoining Syria . Vavi lov (192(i) indica ted Hindlis ian and M cJilcrr:H1I!;tn 

region as the centre or origin a long with Ethiop ia as a secondary ccnLr~ or diversi ty. 

According to Lad izinsky ( 1975), Ihe centre of origin is south-eastern Turkey. 

The legume famil y has such d istinctive characterist ics that its Illclllbcrs can 

freq uentl y be recognised with onl y lillie cK pcricnce. Il is one oj' the three l;.\rgcst fam ilies 

with 600~genera and 12000-species. A ll mujor growth fo rms arc rcprescnh:d: herbs, b()th 

annuals and perennials, shrubs, vines and trees , It is or worldwide d is tribution, Wllik:, 

less heterogeneous than the rose famil y, considerable variation is found among its 

members. 

The genus Cicer includes both annuuls und pen::lll1ials, PIAltts a re shrubby, 

gellcrally grow less than one meter high. and arc pubescent with glandular or aglandtdlll' 

hai rs, Roots are robust, long and ri ch in sta rch. Stems are branched. nle stipult! is 

genera lly toothed and its shape is use ful in chickpea taxonomy. AKi llary racemes show 1-

5 flowers, which :lfe 5-50 mm long. Flowers <I re papi lionaceolls and 4 to 30 111m long. 

The general noral fb rmula is K5/CS/A(9)+l/G I. Pods arc aCllmil1<llc.::, pubescent, 

characteri stica ll y in l1a ted, and up to 3 CIll long. They con tain I to 10 st:eus ( 1-3 in C 

arietil/ llm). Seeds vary from globular to bilobu lar, showing a characteristic beak. The 

maxi mum length oJ'sceds of wild species is 4-6 mm bu t in culti vated specics it can reach 

up to 15 nll11 . Seed co lour is genera ll y bluck, excepting in C. arietillum. which shows a 

wide variation. There are th ick cotyledons wi thout endosperm in the mature seed. Tht: 

hilum is sma ll . Germination is qu ick <Ind hypogeal. The plants of anOllal species can 

complete their lire cycle in from 90 to 180 days. depend ing on the climat ic conditions. 

Chickpeas are u n ell d ivided into two mujor groupings (van cl ef Macscn 1972 : Cubero 

1975; All ckland anJ VUIl del' MaeseLl 1980) th .. t corre~poncl to difference in S I7C. shupe 



Jnd seed colour. TIlt: types that produce large round seeds (600rng) with ram head shape 

and are while or pale crc3rn/belge coloured are referred to as kabuli types. Flowers of 

kabuli types are non-PIJ~~mt::nled. The types that produce smaller seeds (20mg), Ihal h:iVC 

In angular appearance with ~harp edges. and are vanously pigmented. are referred as desi 

types. These generally have pigmented flowers. stems and some times leaves. 

Legumes have played a cmcial role in agricultural production throughout history. 

This is obviously due to the ir capacity to lix nitrogen in association with rhizob ia, Cost 

escalati on of fossil fuel req uired for the manufactu re of ni trogenolls fertilizer has helped 

to increase awareness of the importance of the rh izob ium- legume symbios is. Chickpea is 

one of the most important legume crops of the world and cultivated under a wide range of 

agro-ecologicaJ conditions mainly of min fed nature. Drought to lerance is a desirab le 

characteristic for a crop such as chickpea which grows mainly on conserved soil moisture 

(Saxena, N.P. 1984). It is economical in production and gives good yield of grain with 

excellent source of protem. Its greal popularity as a human food is due to its mild. 

acceptable flavour and to the unique ability of its principal proteins to form a good 

combinnl1on with cereals. A large proportiOn of its total nitrogen requirement can be mel 

through symbiotic fixation (Islam and Saxena.. 1981). Chickpea is considered to be an 

imponant low-input crop in the cropping 3yslems of the seml·and tro~ics. It is 

commonl y believed 10 be a hal'dy crop which can be grown on marginal soils which arc 

not suitable for other cereal crops such as wheat (Moolani and Chandra, 1970). 

It has generally been found to be an ideal crop for rotation in the Indian-Pak 

subcontinent, as any crop succeeding chickpea grows weB (Argikar, 1970). The nutritive 

value of a com diet was significamly improved when it was supplemented with chickpeas 

(Usha et al., 1972). Chickpeas have a higher protein digestibility. which tends to place 

them on a par with other Widely used pulses (Sumathi and Parrabiraman, (976). It has 

relatively few insect pests and generally suffers linle pest-caused loss when compared 

with most other semi-tropical leguminous crops. There appears to be two major reasons 

why insect pests are of relatively little importance on chickpea. The first being the plants 

are covered with glandular hairs which exude acid-droplets containing high 

concentrations of malic acid . The second is the early sowing of crop or just after the 

winter in almost all areas of the world in which it is of importance, so that it grows during 

2 



the period when insect activity and populations are at 11 minimum . Chickpea has staged a 

comeback in rainfea. or partially irrigated areas because of its low cost of production. 

good price and relatively low mfestation by insects (Singh. 1983). 

Environmental conditions greatly affect the growth of crops. Among these. biotic 

stresses (disease) and <lbiotic stresses (main ly moisture) have the most severe effect on its 

productivity. Among biot ic stresses (mainly diseases) that affect chickpea, Ascochyta 

blight is the most devastating worldwide, causing up to 100% yield losses in severely 

affected fields (Nene, 1984). Resistance breeding has relied on the use of screening 

gemlplasm or nurseries where disease epidemics are created artificia lly by inoculation 

with the pathogen and frequent sprinkler irrigation. With this approach, Ascochyra blight 

resistance sources have been identified and many resistant cultivars have been developed 

(Reddy and Singh, 1984; Nene and Reddy, 1987; Malik, 1991). 

Further research is needed to reduce the risk of crop fai lure by understanding 

genetic diversity fo r disease and agronomic traits. [0 develop high yielding disease 

resistant cultivar. According to estimates conducted by United Nations and others. it is 

the general conclusion that world population will increase from 5 to 8 billion in the next 

two or three decades which means that we have to produce more food. If this task is to be 

accomplished, increased production must come not only from land already available but 

also from new lands brought under cultivation and by increasing cropping intensity. 

Genetics of disease and other characters have been reported by Malik (1991), however, 

the locations of the genes conferring resistance are not known. Since multiple genes 

appear to be responsible for most of the disease and agronomic traits, hence, knowledge 

of their genomic locations and linkage to molecular markers would facilitate gene 

transfer and pyramiding of the genes into acceptable genetic backgrounds through 

marker-assisted selection. 

Molecular markers have been used to establi sh linkage maps for many crop 

species and they have been utilized to determine gene number for particular traits and for 

gene tagged in various crops (Welsh and McClelland, 1990). RAPD markers (Williams e( 

al .. 1990; Welsh and McClelland, 1990) are simple and fast and have been empjoyed 
Ir.' 

widely for mapping genomes and for tagging resistance genes. Plant breeding has helped 
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10 promote agricuhural development and has caused s ig nlfic,Ull yield incrcH"cs und 

quality improvement In different crops. For Instance, during 1970 to IlJfW " .. Il!';,\(. I icc and 

com yield increased by 22.6%, 18.7% and 3 1.6%, respectively in the world WhelCil!:i 

soybean and bl'oadbcall yic ld increased by 13,51)/ .. aod 17.3%, respcc livdy (Stoskopr, 

1985). 

During the last fcw yea rs, although chickpea never failed totall y due 10 na lurul 

ca lamities but n wide Oucluatiull in the production is in evidence (T<lble 1.1). Crop 

production o n dry lantls nucluales widely Ii'o lll yt:or 10 yeoI' dill: tu vugurll:S o f' wcalhl:l . 

There is an immense nced o f improvement by best utilization of our cxisting gCJlclk 

resources, Data on ilgronomic, morphologica l and physiological plant traits arc gcnera ll y 

used to characteri ze the va ri eties, however, such data may not provide an accurate 

identification o f genetic di vers ity because environmen tal influence upon the expression 

of observed traits are difficult in scoring due to the presence of multiple alle le or genes. 

Moreover. field-testing and eva luation of' plant materials is onen labo rious rind time 

consuming. Considering these difficulties, bio-chemical markers received more alientiull 

in recent years from the crop geneticists lor the assessment of genetic variabil ity. Further, 

the data reflecllndy the genetic variability as bio-chemicalmurkers nrc prodLlct!' of' genes 

and their ex-pression ill not influenced by the environment. 

Among biochemical techniques, Sodium Dodecyl Slilphate l>olyacl'ylamicie Gel 

Electrophorcsis (SDS-PAGE) is Illost widely lLsed due to its va lidity <lnd si mplicity for 

describing genetic structure o f crop germplasm. Seed storage proteins have becn lIsed :.IS 

genetic markers in rOll r majur <lfCns: I) anal yses of geneti c diversity within and bclwccn 

accessions, 2) plant domestication in relation to geneti c resources conscrvnlion and 

breeding, 3) genome relationship and 4) as a tool in crop improvement SOS-PAGE is 

considered to be a practical reliab le method because seed storage proteins arc largely 

independent of environmental nuctuation (Gepts, 1989, Murphy ef al., 1990). The lise or 

seed protein electrophoresis have been ab le to detect qualitat ive and quantitative 

differences among cuhivurs for cu lti var analysis in various crop species (Righett i and 

Bosisio, 1981 ;Cooke. 1984, Gupta and Robbelen , 1986; Gordi ner and rorde. 1988: 

Gilli land, 1989). 
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Table 1.1: Area, production and yield of chickpea in Pakistan, India and World. 
Year Area (000 ha.) Production (000 t) Yield (kg/ha) 
PAKISTAN 
1980-81 842.9 336.9 400 
1981-82 901.6 293.7 326 
1982-83 892.9 491.0 550 
1983-84 919.6 521.9 568 
1984-85 1013.7 523.7 517 
Average 914.1 433.4 474 
1985-86 1033.3 586 .2 567 
1986-87 1082.1 583.3 539 
1987-88 820 .6 371.5 453 
1988-89 979.4 456.0 466 
1989-90 1035 .4 561.9 543 
Average 990.2 511.9 517 
1990-91 1091.5 53l.0 486 
1991-92 996.9 512.8 514 
1992-93 1007.6 347.3 344 
1993-94 1045 .0 410.7 393 
1994-95 1064.5 558 .5 524 
Average 1041.1 472.1 453 
1995-96 1118 679.6 607 
1996-97 1100.2 594.4 540 
1997-98 1102.3 767. 1 696 
1998-99 1076.9 697.9 648 
1999-00 971.8 564.5 581 
Average 1074 660.7 615 
INDIA 
1989-99 7300 5754 788 
WORLD 
1989-99 11194 9587 767 

Source: Agricultural Statistics of Pakistan; FAO year book of Asia statistics, 1999. 
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In Ihis 1L."Chnique. re!:iearchcr can identily variation in the physil:.d .tntl Chl'01icill 

properti es of proteins. The size (or length) of a protcin . RNA or DNA lllolecule IS one 01 

the mos l frequenl mcasurements ill molccul:lr biology. Molecule:. or RNA. DNA and 

protein can be separa led >leearding 10 their size by electropho resis. !'1m. tt.!cluuqul: 

depend upon the rael that di ssolved molecules in an ell!Ctric fi eld m(}\'c al a spt.!cd 

determined by the !'alio of their charge to the ir mass. Mo lec ul es of proteins and nLlci cit 

acids are subjected to electrophoresis in a semi solid ma terial made or ngurose (a plant 

polysacchnride) or of a synthetic polymer such as polyacrylamide. T he s izt.! of the s lLeh 

gels limits the rate at wh ich molecules can move through them. Nucleic acids ha ve 

identica l charge to mnss ratios that separate according to length , with the longer ones 

moving more slowly through the pores of" the gel. Even very long nllch!ic acids(chaill 

containing from 10,000 to 20,000 residues) that diITer in length by a fcw pcrc l.:nwgc 

points can be separutcd from one another. and each indi vidual chain can he iso lat l.!d in 

mixtures containi ng chains of" 500 nucleotidcs or less. Proteins chains 1.:<111 al st) he 

separated according to length . Both befo re and during d ectl'ophorcsis. the proteins an: 

continuously exposed to detergen l 50 S (Sodiu l11 Dodecyl Sulphatc:). iJ t:O\llllton cleaning 

agenl found in toothpaste; its chemica l fo rmul et is C' J 11 «(,I h)ll S04 Nil' Appnlxill lill cly. 

one molecu le of detergent binds to each amino acid i.e., lAg or SDS hinds 1(1 c.,,:h gram 

of protein. Alncutrul pH, the detergen t is nega tive ly Charged. SDS molec ules repel Olle 

another, which forces the proteins with bound detergent in to rod like slHlpes ell dowcu 

with s imilar mass to charge ralios. Proteins in thi s case are said to be denalltrcd . As with 

nucleic ncids, chain length (which is equivalent to mass) is the determinnnt lor the 

separation of proteins during electrophores is through polyacrylamide gels containing 

SOS. Again, even chains Ihat dif"fer in molecular weight by less th an one percent can be 

separated. porms of the same protein that are separated in thIS way arc c.lll cd all ozymcs. 

Because a llozymes are spec ifi ed by difi"t:rent alleles, all ozymic varia ti on is a dircci 

I'enection ofllnderl ying genetic varia tion. 

Band colollr on the gel mark the loca ti ons o f vt!ry speci lie enzymes. Thl.: numb!!1 

or bands reveal the Ilumber or enzymes capable of reacting wi th the subslrate. WlleLl 

members o f a species are analyzed in thi s way, many of" the bands arc idenlJ cal. reveailng 

a high degree of" geneti c similol'il y. btl l there s till Itlay be cons iderabl e \' ol'iatin11 . I he 
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Jegree of genetic relationship between different species. genera. famIlies and even 

(.hv islons can be est lmateu In the same way. The closer the band ing pattern compare. the 

closer the genetic Similarity IS presumed to be. 

Polyacrylamide gel electrophoresIs (PAGE) of cereal stomge proteins is a 

valuable 1001 for gauging variation in populations of landraces and cU!livars. It appears 

to be as good marker systems as ll il ozymes for this purpose. There are some limitlltions 

to the method. BaSica ll y, it underestImates the amount of genetic va riation. First all 

types of enzymes are equally variable . If a researcher picks a "conservative" gro up o r 

enzymes. he will now show as much variation as ifhe had picked another group . Second. 

not all cbanges in amino acid sequence of an enzyme will result in change in the 

electrical charge or shape of the molecule. This means that two slightly different 

molecules will still migrate to the same point on the gel, and in those cases, they will be 

scored by the experimenter as identical. even though they actually are different. Despite 

these drawbacks, ge l elec trophoresis allows taxonomists to estimate the degree o r genetic 

similarity between organisms quickl y and conveniently. Such an estimate is much more 

accurate than one based on morphologica l similarities (like leaf shape and flower 

!':truCLUre). Most morpho logical trails are controlled by many genes. not smgle genes. and 

C.:1n be strongly JITected by environment. But wi th many amino acids. we are deal ing 

\\lith s ingle genes. and envi ronmenLaI in flu ences are eliminated. 

Over the last few years. there has been continuous increase in the number of 

systems applied for molecular genetic markers available. But, RAPD (random amplified 

polymorphic DNA) is the most widely used efficient method for identification of 

polymorphism at DNA level (Dos Santos et al .. 1994 and Thormann et al .. 1994). The 

RAPD markers are based on the amplification of DNA by polymemse cham reaction 

(peR) using primers hOlllologues to random target si te in the genome. The advantage of 

this technique is in technical simplicity than RFLPs; the protocol requires less DNA and 

it produces results in a short time without radioactivity. While, its disadvanlage lies in the 

fact that the random markers are dominant and the method needs sticker standardization 

for reproducibility (Williams el al .. 1990, Paran e/ al .. 1991 and Welsh el al .. 1991). The 

advantages make th is method appropriate in genotype identification and in genetic 
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diversity ~tudics (Vcirling ("I (I/. IQ911, Dwcik:11 el a l 1993 , T inker ,'t 111 1 t)1.('I :lI1d YII ,I( 

Nguyen 1994). 

Plant breeding. the induced evolution changed the phylO~ llIstory 111 11ll' recent pasl 

and the improvemcnt in crop planfs nrc mainly based ('In the pre:-.ente of gcnet l"; vMi.uion 

either natural 0 1' inducell through gene recombination , mutation clc. C'cn::;!ls nrc more 

resea rched as compared to legumt:s, a lthough among legumes. chickpea is tht: mOSI 

researched crop because of two international centers, i.e., ICA R.DA and ICR ISAT which 

ha ve world mandute Ibr this important legume. The scope o f plant geneti c improvt:lllenl 

through the manipulation of available genetic variability is st ill equally beJicv(.xi by all the 

plant scientists. Sound breeding pl'Ogramme in any field crop depends mainly upon the 

availability of geneti c va riabilit y either ex isting an(Vor c reated. i.e .• llluHHion, gene 

recombination etc. (Ghafoor et al. , 200 I). 

Variances of relatively hi gh ly heritable. q uanti tat ive genet ic markers providc OIlC 

estimate of gene ti c d ivers ity. Sokal, ( 1965) n(\vt}coted calcu la ting gClle riJli l.L-o viJrium.:c

covariance matrix derived from mo rphological chiJrJcters us indil:cs t)f inlfiJ-pnpu lal iull 

diversity. Vario us numericul taxonomic techniques (Nei , 1987; We ir, 1990; BmwlI & 

Weir, 1983) have been successfully useJ to c lassi fy and mca~u(t! tbt:: PUUCIII or 
phenotypic diversity in the relationship of germplasm collect ions 11l u varielY of l:rops by 

ma ny scientists as in blackgrum (S hunmugam & ShreerangaswullIY. 1982; Dasgllpla & 

Das, 1984 & 1985). ye llow yalll (Akoroda, 1983), l11ul1gbea Jl (Singh , 1988; Ramunu & 

Singh, 1987). lndian mustard (G upto et (II.. 1991), kale crops ( Dos et (1/ .. 1(89). corn 

(Revilla & Tracy, 1995), pea (Alllurrio el ,,/ .. 199 1, 1993, t(95); soybean (Pc rry & 

McIntosh , 1991); ryegrass (Humphreys, 199 1); foxtail mill et (Li el al .. 1(95); a lfalfa 

(Smith el al .. 1991,1995; Warburton & Smith, 1(93), cotton (Brown, 1991 ; Goodmon, 

1968), and lentil (A hmad, el (1/., 19(7). One of the approaches lur build ing gcne-poo l is 

10 co llect materia l fro m lIiverse geographica l ori gins wi th a concent ration or m;ct'ssiuns 

rrom proposed centres of d iversi ty in individual somples. Representati ve samph:s from 

the complete geographica l range o f the crop species co n hclp to cns urc conservation or 

co-adapted gene compie)(es (franke l, 1984; foranke l & Soule, 1981; Frankel, (II al,. 

1995 ; Brown, 1978; Beuselinck & Steiner, 1992), becallse genet ica ll y heterogeneolls 

populatiol lS produce more and stuble yi~ ld than gl.:nelically hOlllogcneous linl.::', 
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More Ih:m., decade has passed since plan! biotechnology !;tartcd :miJl'ling special 

atlcnlJon which IS the witness of many successes and lallure llull ullll1H1lely IlHHIc m:lJI 

ena ble 10 see the true capability of plant biotechnology. B~ctluse of the expressioll!; 

"engineering of genes" and "gene controllmg cverytlling", people tend to have a ll illus ion 

that genes are a live. Those hav ing such ill usion outnumber those who do nol by far 

among scienti sts, however. gen es are 110t liv ing things; they arc merely m'lcro rno\ecular 

compounds. The understanding of the gene knowledge mude ge nelic lJ"an slortllfl tiol1 

possible which is the most promising technique because o r its ab ili ty to il1 trodllc~ onl y 

the targeted genes . Successful examples can be observed in a variety o r crops incl ll ding 

legumes (Nakajima, 1994). 

Landraces arc OJ use ful so urce of genetic va riation, l.\Ild the grc:lI t.:r the vari:.lIi oll. 

the greater the chances o f Q land race possess ing gene combina ti ons of" interest 10 plant 

breeders. Evaluatio ns o f gemlplasm co llections may take over three years. With th l.! 

rapid genetic erosion occurring in many pa l1s of the world, precious gennp lasm may be 

lost be fore additio nal collections can be made. Since the forma ti on or tht.! Intcrnationa l 

Board for Plant Genetic Resources (IBPGR) in 1974, germplaslll co ll ecting :Ictivilies 

have been intensified in the centres of diversity of major crops as wcll as in peripheral 

areas. A lthough, 1110s1 of these collections have been lodged safcly in vnrious gene banks 

around the wo rl d for long~tenn storage, little evalua tion has been undermken to 

detenninc their worth as future SQUI'CCS of valuable genes. 

Chickpea has abundant gClle ti c variati on ror llualitat ivc and quant itative tra ilS. 

Some o f the variations were described by Ayyar and Balasubramanian ( 1936, 37) when 

they reported th e inheritance of nower co lour. S ingh el a l. . t1982) also reported 

variations in qua li tntive and many quantitatively inherited lrails. The knowledge of 

genetic di versit y is useful 1001 in gcne~bank management and planning experiments 

because it facilit ates effic ient sampling and uti lization of germ plasm either by idcmi fyi ng 

and/or e liminating dupliciltes in the gene stock ult imately resulti ng in the development or 

core coll ec ti on philosophy. The rescurchers ..:a ll use geneti..: s imilarity infOlm atio n to 

make dec is ion rega rd ing the cho ice ror select ing superior geno types fo r improvement 0 1 

to be utilized as parents for the developmen t of fu ture cul li vars through hybrid iZOl tion. 



Puls~s, in generol . b';ve lower yield than I, .. ereals ;J.nd th" reason for Ihis is not difficult 

to understand. Unlike cerea ls. pulses have been grown for centuries under marginal 

conditions of nlOls[Urc and sot! fertil ity. Keepmg In view the Importance oi the crop. a wide 

range of local germplasln of chjckpea collected from v:trious pans of Pakistan In the laSI 

decade was evaluated under field condition for various qualitative and quantitative traits lor 

further utilization by the breeders. 

The objective of the present study is to multiply and se lect better land races to 

assess and evaluate the genetic variability based on biochemical (storage proteins) gene 

markers in local chickpea gennplasm co llection. The study also aims to relate the storage 

protein polymorphism wi th the genetic variation in morphological/physiological plant 

traits as means to enhance the breeder's efficiency for manipulating the desirable traits 

and to introgress economically important traits from the wild species to cultivated 

chic\...llea . 
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btUI1Ull!S of g~nctic (Iiversl!Y and rclul ionship htlween gcrmpJus1l1 

(!()lkctiom; an: very important tor tacjlitatm~ cfticlCnt gCllnpla~1l1 collection. 

evaluation and uli1 i7.11 llon. Many too l~ are now av:ti lable fo r identifying dcsirubk 

variation in the gennplasm Including Iota I seed protein, isozymes and various types 

of DNA markers. However, morphologica l characterization is the first step in the 

description rind classification of crop germplasm (Smith & Smith. 1989; Singh & 

Triptllhi . \985). Broscha t. (1979) considcn:d PC 1\ a useful Jata reuut.: lion 

Icdll1ique which worked by removing intcrcorrc1 (l1 iolls a mong va riables 

(compont!nlsL By using PCA. not only the Illllllhcl o r l:o lllparisons between 

Ireallnent means reduced, but al so the meaning fulness or these cOlllpnrisolls is 

enhanced. Interactions among two or more variables may be poin ted out by sllch 

analysis . In taxonomy, it ean be lIsed (0 express multid imensional inler-OTU 

(Operatiollul Taxonomic Unit) distances in 3 or fewer dimensions which can be 

readi ly conceptuali zed. Add itional applications of this technique wi ll certainly be 

(I.Hlnd as i t ~ use becomes more widespread ill fie lds o f biologica l sc iences. where 

it h[TS be~n usctl extcnsively (or more thun lWO d(.:cades. 

lhe se lection criteria vary Crom erop to crop dcpl!Ild ing upon the yie ld 

components and the ir contri bution to gram YIeld. Some of these components have 

di rect effect on Ihe yield while others have indirect influence. Adhikari and 

Pandey (1982a) reported that seed yield per plant in chickpea and Significant and 

positive corre lation with pods per plant and primary and secondary branches per 

plant. Katiyar ct al.. (1981) a lso ;ndic:ned that pods pcr plant had the highest 

di ll:ct effec t un yidd ur chi ckpea but OVe.!ra ll pos iti ve.! corn: lation between pods per 

plant and seed yie lds was reduced hy a hi gb ncgative indircl:l ef!cl: t of pods per 

plant on seed yield via sceds per pod. Similar assoc iations were reported by Khan 

et aI., (1983), Sa li h (1982) found very litt le assoc iations among seed size. the 

number o r pods per plant, seeds per plan I. and pLan t height in chickpea. According 

to Pandya and Pandey (1980), seeds per plant had a pos iti ve and high associat ions 

With nUl11ber or pod per plant. number of branches and days to J10wing tl nd very 
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little association with IOO~seed weight while plant height showed a negative 

correlation with seed yield Such studies were cDrried out mainly wiUI pure line~ 

and s1nlllsr information for segregating populattons In limited 

Ram el 01., (1980) slUdlcd the segrcgatmg populations III cl1Id.pca tlmJ 

reported that pods and seeds per plant consistently showed the highest positIVe 

Jircct cffcct on seed yield in F2 and FJ gcneralion~ ill all the crosses studied 

KnOll (1972) l!urried out Ihe f3 yield lesL in wheat und found that te:. lirlg on ,1 plot 

basis was more effective than on an individuul plant basis, alld expressing the 

yield of F3 lines as percentage of adjacent checks. fo llowing the Ill{)v in l:!, avcmge 

of check method. increased the effic iency of these tcsts. But Knntt ami Kumar 

(1975) \(lllnd cll rl y I:!,c ncra tinl1 yield test ing or vcry littl e usc in wheal. ·nley 

concluded that reliable yield testi ng in wheat cuu ld he done ollly whclI U 

reasonab le degree o f homozygosity is rcached . 

Dasgupta & Das, ( 1984) conducted mult ivariate anal ysis in blackgram a-:td 

considered it a method of choosing parents for hybridization using D2 analysis. 

Data on 12 charac ters of forty strain ... of blackgram coll ec ted frolll India and Ncpa l 

were used The genotypes wcre I:!,rouped into seventeen d iffe rcni c lusters and M 

t.:.lcllr associatlllO was observed between clusters and geograpillcal on gill 

Sinlliarly genetic divergence was l.'onul1ctcd in JR genotypl:s of hlackgrn01 h) 

J)as~upt<l & Oas, (11)85) using D" stati stil:s No fl:lationshlp was oho;crvcd 

hetween geograph ic distributioll and genetic divergence of till: val'ieties. 

Flowering time and seed s ize exhibited max imum contribution to the lotnl 

divergence. Environmental conditions exerted considerable impuct on the number 

and composition of clusters. Suggest ion has been made for se lec ting su itable 

stable diverse parents so as to mitiatc a cross ing programme for increased grain 

yll.!ld III blackgralll. 

Seventy two landraces of pea lP1.'01W1 sal/vuIII) l:va luatcd for 19 

morpho logica l ch~rac ters exhibited broad genetic diversity ilS repofted by 

Amurrio e/ a/.. (1993). Significant positive co rrelation o f !lowering was also 

I'eported with shoot height, and maturity and seven land races were selected for 

~pccial attention for having promising breeding va lue. Amurrio el al .. ( 1995) 

reported [l wide genetic diversity in 105 pea Inndraces al Ihe intraspec ific level 
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hused on 19 quantitative characters. Taxonomically usclu l n::sulls were provided 

and 6 groups were established but the grouping pattern of these landrllces did 1101 

reflect any IIssoci3tion with geographic origin. 

Smith I!I ul.. (1991) studied principal componenls and average cluster 

Imalysls In alfalfa OInd established six goographically distinct grollp!' . SiKTlificanl 

regional variation wa::. observed wlliun tht! gennp lasnl ~val1l3lcd but ccotypcs 

frolll ncighbollring cOllntries \\c rc generally closely aS~t)cl~ted . 1\11 eille 

gc nnplasm fell in one group and Ihis n:vealed thai on ly a lOmall purtion of ~enctlt,; 

diversity has been used in fomlal breeding, Multivariate ana lysis have bcen used 

to successfull y classify and order variation observed in both qualitat ive and 

quantitative traits in a co llection of crap gcrmp lasm (Singh. 1988; Pceters & 

Martinelli. 1989; Caradus et al., 1989) . Rumbaugh /!I (II.. (1988) used discriminant 

ana lysis of morphological and agronomicai characters 10 place 146 accessions '01' 

alfalfa from Morocco into five geogra phical groups tlmt were defined initially 

based on the area of collection. 

Virmam I!I al .. (1983) classified mungbean ~t:Ollp l asm inlo vunous ~rollP:lo 

for different trails. Bakhsh el ai, ( 1992) ca tegorised lentil germplasm on the basis 

of quantitative traits and suggested !he utilization of short st.ltufed lenttl 

gemlp lnsm for crop improvement. TIle high yie lding accessions selected rrolll the 

local gCnl1plasm might prove thcII' superiority In advance testing under various 

agro-ecolog.ica l conditions (GhMoor el ul, 1989) They class ified blnckb'Tam 

germplasm and selected cleven pure-lines for further exploitation. In an other 

study on mllngbean, Ghafoor (:1 (II.. (1992) se lected twenty eiglll genotypes on the 

basis of high yield potential and I'csistanct; to dii'cascs Singh & Srivastava, 

(1985) categorised pea germplasm into various grOllps. The genetic diversity 

between V. radiaIa and V. mllngo was reported by Chen el 01 .. (1983) and Egawa, 

(1988) who observed Irregular meiotic configuration with a high frequency of 

unjvalcnt formation in fI radio/a and V. mill/go hybrids with low pnllen fertility 

(MiYD",.ki.1982). 

GermpJasm evaluation musl be considered the first step in plant breeding 

programme and it is commonly based on a simultaneous examination of a large 

number or populations for several characters of both agronomic and physiological 
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mlen:SI (Pezzoni ct aI. , (191)4\' Resu lts reported by i':llcmdh 1'1 til, (II)~H) and 

Vernnesi & Faicinelli . ( 1988a. b) showcd ll1ultivarlatc analysis 10 be a va lId 

system to deal with germplasm coll!;!ction. Neve;rlhele.ss. tbc qual twtive. traits must 

be often used for separating varieties when <I limitl.:d range of quantitative traits IS 

liJUtid in certaIn grour~ (Sneedon, 1(70). Smith ef (II, (191)5) conducted :-IVcrngc 

linkage clll '\ ter and IJ( A ann reported ,hI.' utility III tht:s!' n.:suhlo. III prc.,.crv::lllnn 

nnd Ulilizatlon of gcmlplasm 

The land races of tetraploid wheat from two provinccs (Shewa Jnd Tigray) 

of Ethiopia were found to be distinctly different (!lccctti (.'/ aI .. 1996). 'nlis 

divergence was auributed to the differences in environmental conditions between 

them . Wide differentiation among land races within each province was also 

present . The proportion of total variance due to differences among agrotypes 

with in lamlraces was by far the greatest found in this study. Variolls reasons were 

advocated for the occurrence or a great divcrsity in whcat , such as iso lation from 

othl!r whellt gennplasm, primitivc lill'mlllg systems, heterog.cncous cnvironmcnts, 

lidd mIxture and natural cross fcnilimtlon dlle to Ileid mixtures. Knowledge on 

!.he patlern of variation for important l11orpho~agrononlic trailS is needed for a 

propcr improvement and better exploitation of gene pool (Jain ef al. . 1975). 

!:i table grail1 yield is the most important tr~iit the plant breeder wants to 

improve. It IS the final product of several cOlllnbutory factors alld their 

IlltcT<lctions. It IS naturally u comple>: charac ter of Illany nther traits. which again 

have \Illcr re lations alllong themselves. These Inter-relatiuns can be pusitive lIr 

negative. It is therefore important to determine such inter-dependence ~lmong 

these contributory characters which may lacilitate the interpretation of results 

already obtained and provide the basis for planning more efficient breeding 

programs for the future. Correlation coeffic ients show patterns of association 

among yield components and growlh attributes. indicating what complex ities 

delel1l1ine yield, Most of the studies Oil associations between yield and yield 

components have been carried Olll on homozygous popUlations, but it is realized 

that these fixed genotypes have some limitutiuns in extrapolating data to 

genotypes in segregating populations. Such studies are therefore to be conductcd 

011 both homozygous genotypes and heterozygous and heterogeneous populationf: 
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III delennine the jm~orlant and stab le l-hartlC ICr or ~ har:Jc t t: l s 011 wlll !.;h ... clecllon i:; 

10 be based. 

Information It> available for ch ickpea whIch ~howc; the relntionships 

bt.:twt:en yie ld Jlld its components and also aJ1lI)TI £ ~tlmponenl!o III pure Ime 

cu ltl vim •. nll~ relationships studIed among eight difrerc,,' characlcrs in nmc 

duckpCd hne:, showed that high positive corre lat Ion eX ist between planl helghl 

and mter node length , between number of days 10 floweri .. !; ,md number of nodi.:s 

up to the firs t flower, between height at flower initiation and seed Yield , between 

number of pods per plant and seed yie ld and between seed liize and seed yic:ld 

(Ba luch und Soomro. 1968). 

ShUl11la el (JI •• (1969) also can-ied out stud ies on correlation between yield 

and other characters in chickpea and found out that yield was positively co rrela ted 

wi th eight morphological characters in the 44 lines studied .It was hi gh ly 

correl:lIed genorypicnJly. phenotypica ll y and cilvironlllcntilly with number of 

flowers, number of pods, number of brunches. Ilumber of seeds per pod and I OO~ 

seed weight. Plant hcight and pod length were also found to ex hibit high 

significant genotyp ic .,;o rrelations with y ield . whereas pml wid th revealed a 

positive but non-significant corre lUllon with YII;:ld . Important lraits rcgistered by 

Gill and Bral ( 1980) include plant height. protein and ascorbic aCid content of the 

seed_ I"hcsc chnr:tcters should be consh.lered while making selection for YIt~ld and 

protcin improvement. Yield and six component s of Yield were studied by Sandhu 

and Singh (1970) on StXly lines from thirteen COlL lltrleS and the res ults obtalncd 

I cvcah~d Ihlll the expec ted genetic advance for IOO-seed weight ami pod number 

per pi",,, was hi ~h. 11le seed y ield was louod to he posilivc ly correlated with the 

number of primary branches. secondary branches and pods per plan!. 111c 

imparlAnce of these three characters was further confirmed by the results obtained 

by Rang el 01 .• (1980), Khoragade I!I al., (I 985). Setty eta/., (1977) and Singh el 

01 .• (1978). TIle correlation and path ana lysis carried out by Singh et 81.. (1978) on 

six yield components of 75 chickpea lines showed thai a selection index based on 

high pod and primary branch number and a low secondary branch number should 

improve yield . The analysis of yield components by Adhikari and Pandey (1982a) 

ill chickpea also emphasizcd the ill1ponance of number of pods per plan! and hOlh 
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pnmary and secondary branches whi l,;1\ were po;,;itively 3!tsoclutcd with seed YIC: ld 

' ·artial correlation and regression studies uf Khorgade ttl 01 .• (1985) revealed that 

I OO~seed weighl and number of hr:mches per planl were the most imponanl yield 

JClcrmlncf::. 

rile selection indicl!s stuliled bv lilem mJkalcd thaI the U~ of sin~1c 

,huTill,;lcr IndIces exhibited no hl~her etfic lency than stralghl ~clcc ti on for yicld 

aJonc except 100· seed weight. Setty e( al .. (1977). Tya~i el al .• (1982), Shahl d 

Ill . (1984) and C howdhry and Khan (1974) observed a positive association of 

yield with IOO~sccd weight. Hundred seed weight was a lso found to be positively 

co rrela ted wi th nllmber of seeds per ten pods and secondary branchcs per planl 

(Chowdhry and Khan. 1974). On the other hand. Dobho lka r (11)73) and Raju t'f 

al .. (1978) obtai ned results which exhib ited a negalive correlation between seed 

yield and IOO~sced weight, but a posit ive correlation betwt;en yield und numbcr of 

pods per plant and seeds per pod. The results obtained by Oahiya el (II .• (1983a) 

were not in ravour or using IOO·seed weight as a selection criterion since the 

varieties used were unstable ror this character. 

According to Selty ef al.. (1977), days 10 nowering dllti days to matunty 

"ho,o,.cd a negatl\-c corre lation with seed yitld TIlis wa~ further supported by the 

rcpOrl of Sallh ( 19H2) wh ich revealcd the slgl1llicant neg,atlve cO ITclation between 

:ieed Yie ld and day~ to 50% flowering and matunly and the pos ltt ve eorrclu tllln 

between yie ld and plant population at harves t indicatin~ lhe imparlance or 

carlincss and good plnnl stand for high seed yields . The work or Setty ef "I .. 

(\977) showed thaI :iced yield had a positive correlation wi lh or branches. pods 

per plant, seeds per pod, pod yield and seed volume. Tht; analysis ofdala collected 

on thirteen trailS in 132 lines of chickpe/l showed that pods per plant anJ seed per 

pod were among the important componcnts (Rang e( al., Pl80). T yagi ef {II .. 

(19&2) and Shahl e( (II.. (1984) stressed the Importance of pods per plant smce it 

was significantly and positively correlated with seed yield per plant. They also 

noted that pods per plant had a positive association wilh number or primary and 

second<lry branches, while seed protein exhibited a sign ificant negati ve correlation 

with sced yield per plant, seed weight and plant hei ght. Dobholknr (1973), 
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observed that the munber t.)f po4.l,; per pl.lltt wu:; positively corrdate4.1 with number 

of seeds per pod. 

In chickpea, Dahiya et aI , (1983b) found positive :md signi ficant 

I,;orrelaflon 's between F2 ilnd n, r2 und F4 and FJ and " 5 genera tion,> l)ah ljU d 

11/ .. (19H4) also reported that the 173 yield tria] "election method resuht!d ill 

signilicani yield incrl:itst:~ ovcr hoth random and visulll se lectIOn, Thc!\c resu lts 

have also shown lhal "isUitl selection Ihat visunl se lection and random ~c l l!cti()n 

were equn lly ineffective in the ilientificulion of hi gh yie ldmg lines. On the Olher 

hand. Mckenz ie and Lambcrt ( 1961) conc luded that F3 yield tests were of little 

value in pred icting F6 yields in barley. Among the components stud ied by 

Adhikari and Pandey (1982a), plant height and node number between first and last 

pod ex hi bi ted a high negat ive genotypi c co rrelatio lL with the seed yie ld though the 

phenotypic correlations were non ·s ignificant <lnJ negati ve corn: la tiol1 with seeus 

per pod while il hlld a hi ghl y signi ficant and pos it ive correlation with plant hei ght. 

Thi s rcport also showed the hi ghly signifi ca nt and negative con·e lation (-0.95) 

between plant he ight and pods per plant can nol be improved si multaneously. 

Signi ficant negative corre la tion of plant he ight with number of pods per plant wns 

observed in soybean while the associa tion of plan! height with seed yield per pli:lOt 

WIlS posit ive (ShamHl el "I .. 1983). Islam ct 01. , (1982) found the number of pods 

per plant uno the seed weight to be Important com ponents of yield . They a lso 

obt<Hnt.:d a negative relalionship hctwccn seed yic:ld and plllnt height as Adhikan 

lind Pandey ( J 982a) . Singh (-,[ til., (1980) proposed to incrca!\c thc number of pods 

pcr plant, the seed si:w. the number of seeds per PI)tI iLtld tile I1Ulll hcr of plants per 

uni t area in tall plant types of chickpea. 

Dahiya et at" (1976) conducted an experiment to identify phys iologica ll y 

efficient genotypes in chickpea and found no corre lation be tween to tal plant 

we ight and effective and number. l1le results furthe r indicated that in large-seeded 

types, the I DO-seed we igh t contributed to an improwd harvest index . whe reas in 

small-st!cdcd types the number o f seeds per pod was important. The major yield 

contributing characters were, according to Govil III al .. ( 1980 ) vigorous g rowth, 

erect habit, early flowering but late maturing. numbers pods per secondary branch 

and per plant, numerous seeds per pod, res istance to Fusarium oXY{JoriulII f. sp, 
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CU .. t" i and :.mJti and le!;s wrinkled ~ct:d~_ The number uf pods PCI plant , !lower 

co lor Ilnd ~ced co lor. which were positively corn:lntcd with sect! yield. were 

negatively correlated with leaf characters. heighl. days In nowerlllg. pod 'ii/c. scctl 

SIlt: and dcgn .. -c of sl.'ed wrinklinl; (Govil. 1980) 

Khan t:t "I .. (1983) studied the variability, interrelationships and palh 

coc;fficlcnb rOt l!oome characters in chickpea and found out the highest hcntnbility 

v:dues of 96% for number of pods per plant and 93% lor number of pnmary 

branches. Other characte rs such as plant height, 1 OO~seed weight and seed yield 

per plant exhibited 77%. 57% and 53%. respectively . The findings of Khorgade e' 

al., (1985) and Mohanty and Sahoo (1974) were Similar to th Ose of Khan Iff III .• 

(1983) ind icating that severa l characters arc not much affected by the 

env ironment. Accordi ng to th ese results yield WIlS posit ively and sign ificllnlly 

associated with number of bnHlches and number of pods per plant and thus these 

two characters are idea l for effective selection for seed yield 

The general. similar associations were reported for other pulse crops sllch 

as len til. per. soybean, green gram and black gram For Instance. a positive as 

association between number of pods per plant and seed yield was observed in 

lentils (Tikka et al .. 1973) and Narsll1ghanl ,'1 !II .• 1(78). "oybcans (Sharma el 111 .. 

IIJH3, and Malik antl Singh. 19M2). pigcol1pca (Shoran. 191:(.2). mungbean (GupLa 

ef 01 .• 1983), hlack gram (Rani and Rao. 1981). Arecn l;mlll (Malik ct ,,1.. 1983). 

Analysis or tht.! components of yidd done by Smgb und Srivastava, (19H5) for 

peas showed thilt days to 50% Oowenng.. days to maturity, plant hcight and 

number of primary branches per plant were positivcly associated with grain yield 

as well as with each other indicating their efficiency for evolving high yielding 

varieties. 

Number of primary and secondary branches was highly associated with 

seed yield in lentils (Dixit. I ~74 and Tikka ef ,,/., 1973). Hundred seed weigh t was 

also found to have a signili cnnt pos it ive correla tion with seed Yield in green gram 

(Mulik el (II .. t983), plgconpea (Shorsn, 1982). soybean (Malik and S ingh, 1982) 

and black gram (Rani and Rao, 1(81). But Narsinghani l" al.. (1978) obwined 

significant nega ti ve genotypic and phenolypic correlation of seed weight with 

seed y ield . days 10 flowenng and pods per plant. Sandhu Iff 01 . ( 1980) stressed the 
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impurtfim':t! uf varieties wilh longer flowering durution and grain-filling pc:nl,d. 

I e. tlowermg earlier and mature lalC wi ll fl!sult Hllllorc pHldudive varldies 

Chandra's report (1961:1) has shown Ihat plant chamctcrs of chickpea are 

affected by environment , particular plant height and number of secondary 

branchc!.. High genelic gains accompanied hy the high hcri t:J.bihty were observed 

ror pods per planl, pod setting percentage. flowering duration and pnmary 

branches per plant while selection progress were expected to be greatest tor seed 

weight and foliage colour. TIle association between variuus parameters s uggested 

that select ion for number of pods per plant and grain yield should lead to higher 

Yields in favourable environments (Ramanujam and Gupta, 1973). These authors 

al so sll ggcstcd that an increase in numher of pods pel plant shou ld be brought 

about by more pods per branches rather than by more branches per plant. -nlC 

results obwined by Benjamini. (1981) and Gupta and Ramallujam. (1974) 

indicated lhat the number of pods per branches and the percentage of pods 

ca rrying two seeds instead of one. cause an increase in seed yield. 

In summary most of the results reported all correi:lliol1 between yield and 

yich.! components ha\lc shown Ihal yield is positively associatcd with the numher 

of primary and secondary branches and pods per plant. Selection based on the 

numbe r 01 branches. number of pods. number of seeds, vo lume and weight of 

seeds was suggested to be very Important and reliable in imprOVing Ihe y ield 

(Setty elal .. 1977). 

The review made by Smithson, (1985) showed that fruit number per plant 

has been s ignifican tly corre lated with seed yield per plant tn a1l of more than s ixty 

CaSes rep{)rled. wilh corn:lation values ranging fmm 0.28 to 0.%. Also the number 

\If seeds per plant was significantly and positively correlated wi th seed yie ld and 

fruit number per plant. Both primary and secondary branches play important roles 

since they are positively correlated with fruit number and yield per plant. For yield 

improvemen t in chickpea, Jain el 01 .. (1981) recommended to consider IOO-seed 

weight, pods per planl , nowering period and hnrvest index in that order. TIle 

stability of y ield was correlated with the stabil ity uJ' pod number and seeds per 100 

grams The partial regression analy$is cl\rried out by Sandhu and Singh. (1970) 

confirmed Ihe importance of pod number per plant which had the slrongesL 
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mnucnce on yield and indit::ated thallhe se lection Index based on lhis character 

accounted for 28% of variation III seed yield . Simi lar analysis done by Gupta ~I 

u/.. ( I (72) exhibited that yield IS mainly detemllllcrl by the IHllnlx:r:; of secondary 

branchc!I. of pods per plant and of seeds per pod and a :;elecilon mdcx based on 

these Ihlcc characters was found to account for 80% of the tolal vanallon m yie ld 

Pod number dclc:rmined Yield per plant In plgennpca (Sin!!h ,./ til 19H2). 

soybean (Marwan. 191s3). and lentd (fikka I.'f ul. \'J73). Tllil'> Wal'> mainly because 

it co ntains two primary components (Singh el u/, 1982). the number of seeds pcr 

pod and size of seed. According to Singh ef u/ .. (1982) pods per plant had 

maxi mum efficiency followed by heighl at l11!1turilY when s\.!ICClioll was bused on 

single eharocters in pigconpea. Selection based Oil a comhiml!i nll or these IwO 

chanteters lead to higher efficiency (110(%) and wa:-. superior to selection for yh: lc.l 

alone. Similurly. Shuhi IJt ul.. (19M) found pods per plant :111<1 IOO·sced we igh! to 

be the most imporumt characters in chickpea. Yield alone WaS good indica tor for 

expected genetic improvement and the expec ted gain from index selection was 

considered nol worth since it IIlvolves intensive labuur lind cfforts or data 

recording. 

Bekde. (1985) thoroughly discussed the importance of n hierarchical 

approach tu quantitatively define thc variance in the centre of genetic diversity 

IlV~r fl range of micro cnvironment~. Suhdlviding Ihl! vurium;c illlU its componellts 

may assist in genetic resources conservation and utilizatioll by determining thc 

relative contribution of different levels of variability to the tolal diversity available 

In anyone area. This would enable planning of future gennplusm sampling. 

e;:Slablislllucnt of ill-silll gene conservation, or use of appropriatl! gene pools in 

crop improve ment for spec ific plallt attributes (Bcke lc. 1984; Pecett! ef u/ .. 1992). 

Ahmad (!i til., (1997) reported Ihat lirst two canonical components contributed 

lSS'% ui" the variation between lentil gcnOlype:-.. It WtlS \\bservt::t.l that c luster 

analysis on the basis of quantitative characters were phenotypica lly more distinct 

and exhibited more breeding value. Though cluster analys is grouped togcther 

accessions with greater morphological similarity. the c luster did not necessarily 

inc lude all the accessions/genotypes from the same or nearby siles. 
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Ahmad et a/ . (1997) reponed phylogenctil; relntionshll} of 15 genotypes of 

the genus Lens and 7 of their mterspecific hybnds were dctennmed by 

morphological (quantitative and qualitative) characters The first mull ivnrinle 

.1I131Y51S was conduct\!d orl qUJlltllauvc characters and ~L:L:ond .maly~is Wit;" 

~ollductcd on qualitutive traits. Perry & Mdnto!>h. ( I C)Q I) • haractcTlscd soybean 

I:tcm\pln~lll from 7R t.;Qllntne:'O for ~ev~ntccn tralls and uctcnlllncd \;Jrt:lllull withm 

;lnd among all regIons for most nl lhe chaHlClcr.- ("lInOlllclil d'~cnmlllnnt :mulysl~ 

and clustenng of the canonical means delmeated f(lur rcgiona l duste rs: i) India 

and Africa: ii) China, Europe. New Wo rld and Southeast AS Ja ; iii) Korea and 

Japa n: and iv) Southwest Central As ia T he cluste rs cOlltai ning the Korean [l nd 

Chinese accessions were the most diverse. Based on the di vers ity and number of 

accessions. Africa, India and Sou Lh t!8St As ia sec lm.:u undcrn.:presenlcd in the 

collection. One approach for bui ldi ng gene poo l is 10 co llect/acqu ire pl,lIIt 

gcrmplasm from diverse geographical origins with a concentra tion o f access ions 

from proposed centre o f dive rsity. This should capture inhcrcnt :md unexploited 

d iversity in the individual samples. \{C'presentativc samples from the complete 

geograph ica l r:mge of the crop species can help to ensu re that co-adapted gene 

complexes (or correlated adaptations) are conserved (Frankel. 1984). According to 

Brown. (1978), l1laltimum genetic conservation would be achieved by sampling 

popu lations ffom as many distinct envi ronments a<; possible The breeding 

progrilmmc mainly depends upon magnilutJe of gem:tlc variahdllY as suggested by 

Sh;ulI11Ugum & ShrccTUllga:-;wamy. ( 19~2) in blal.:kgl a III 

Singh et {II .• (1990) exam ined the organizati on of d iversity for 

morp hological and agronomic characters in 306 landraces of cultivated common 

bean (Plws(!o/lis VII/gllri.~ L.) by anal y~ing data for mult ivariate sta tisltca l analysis 

and observed genetic variance wi th in and bdwcen groups. Kumar & Arora. 

( 11)92) presented observat ion on 40 genotypes of chick pea col lected from various 

geographica l regions for 18 charac ters includ ing, seed yie ld. Multivaria tc analys is 

revealed 10 clusters. No definite relationship was observed between genetic 

diversity and geographical distribution. Bas~d on inter-cluster d istance, maximum 

hybrid vigour was observed among mos t d iverse genotypes. Tawar eI al., ( 1988) 

conducted gene tic divergence using 0 2 ana lys is in 34 d iverse genotypes of 

rnungbean and observed five clusters. ( lu ster I and cluste r II bad eIght genotypes 
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cilch while c luster III had six gt!nl1 lypl!S SImilarly c luster IV .mti V hau five "'lid 

~\!vt:n gcnutypc~. (C::>pccttvel> Variability ohservcd In the parents wn .. rdated tn 

~enclie diversity of the parenL~ selec ted under sludy. r' lrsl cano ni cal roul 

rOntribul crl gg% of the total vana tlon. Inclusion of such g.enotypes from distinct 

clusters and thcir Implication ill mungbea n breeding programme was suggested. 

Malhou"3 &. Singh. (1971) while v.:orktl)~ nn genetic dIvergence In 

blackgram reported narrow range of vanl.lbiluy for IO()·:.ccd \~c l ght ilnd pod 

length. whcrcns Shanmugam & Shreerangaswamy. (19821 whilt.: stud ying 45 

gClllltypCS tlfhla c kgram rcptlrtcd thaI Ylckl per plant t; tllltriillil ed maXimllf11 to the 

gent:lic diversity. Mish ra & Ruo. (1990) reported tlmh.:cn clusters in n 

compurativl! study of D2 and rnch.:roglyph analysis in 117 ge notypes of chi ckpea. 

Cluster I hud the maximum number of genotypcs. Mclcroglyph al1alysis did not 

show simila r type of clustering as observed in 0 2 analys Is. but canon ica l ana lysis 

showed similar type of cluste ri ng. Gupta er ul.. (1991) and Das et (1/" (1989) 

reported no association between morphological characters and geographical 

origin. whereas Revilla & Tracy. (1995) observed a low level of morphologica l 

variability amongst widely used open·pollinated sweet com cultivars. 

C lements & Cowling, (1994) investigated the pattern of morphological 

di ve l::>IIY tTl relation 10 geographical origins of 157 al.:cessions of w ild Lllpillll.,· 

(llIgllSfI!O/IIfS usmg mulli va riate techmque. lJcnctlc diversity was ex.tremel y larg..: 

for most of ih..: morphological traits. with ~lgnificant v,malton detec ted among 

lucalitit:!S in Greece, and wi1hin and between collection si tes lor same Inttl. 

Thirtecn groups were identified by hierarchical c lusters analys;s. Acccssions from 

lIorthem Greecc grouped together as later flowering. shorter, and smaller seed 

sizc. but some accessions rrom southcm Greek Islands were grouped with the 

northern mainland types. Multivariate analysis prov ides a good evaluation of 

landraces by Identifying those that shou ld be further evaluated at the genetic level 

(RoltHmbn ellll.. 1996). Laghetti el ul .. {I 998) suggested collectmg expedition to 

the arcas whcre genetic erosion takes place in cowpea along with areas where 

existing genelic diversity has not yet gathered (Padulosi. 1993). 

Rabbani el (II .. (1998) detennined the extent of diversity and relationship 

among 52 accessions of Brassica gennl>lasm rrom I)akistan for 35 morphological 
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churHclcrs IIt'1Hlg clu~ter and pnncipal component ann lyses,. rhl! germplaslll W3~ 

calegonst:d Into SI)( groups. Landrace group wu~ primMily .lssocHHed with 

morphological differences among the accession~ and !>r.!wndarily wilh the 

breeding nbJeclives (jnd hOlli(;uhural usc!'; Tht! gcn-npl.bm (:n llec lt!d lrum Pnklslan 

showed a comparative ly low level of phenotypic vanal lOIl whu.:h revealed Ihat the 

evaluated germplasm appean. to have a narrow genetic base which undergocs 11 

high level M genetic erosion. Though cluster analysIs grouped together accessions 

wilh gn:ater morphological s imilarity, the clusters dId not necessarily Include all 

the (lcccs!'aom. from the same or nea rhy si tes . Simply inheri ted charoctcrs arc 

Importam rur plant dt:;cription (Kurlcw ich, 1998) lind !Ire mamly "f'lcclI.:d by the 

cunsumcni preference. socio-economic scenario and naUlml sclcctiOl'. Nakayama 

I!f fIl .. (1998) reported that foxtail millet landraccs with low nmy lose alle le wen.: 

distributed on ly in Southeast Asian mainly because of preference followed by 

selection . Bakhsh el al.. (1998) carried out experiments 10 estimate genetic 

variab ility ami level of assQ(.;i:ltion o f grain yield with its various components. 

separately in 18 parenla llines, 28 F-I and 19 F-2 generat ions. lIi ghly sign ificant 

genotypic differences were noted III these populations for c haracters like plant 

height. number of pnmary and secondary branches, pads per plant, IOO-seed 

weight. biological yield, harvest index and gram Yield A comparison between Fl . 

F2 and parental lines revealed thai the range of inter-genotypic variation for the 

above mentioned characters in F-I and 17-2 was wid~1 than Ihal ofparcntall ines. 

Generally . the genetic correlallon coe ffi cients were greater thon those of 

phenotypic <.:orrelations In nil the populations Positive and hi ghly signilicnnl 

genetic cOl'fci<lliOIl of yield with plant height, IIUlnbcr of pnmary and secondary 

branches. number of pods per plant, 100 seed \\cight and hiological yield was 

observed in parental lines. 

Sodium Dodecyl Sulphate Poly ACly lamide Gel 

Electrophoresis (SDS-PA GE) 

Seed protein pallems obtained by electrophoresis have been successfully 

used to resolve the t",xonomic and eVOlutionary problems of several crop plants 

( Ladizi nsky & Hymowitz. 1979; Murphy el cli.. 1990; Khan, 1992: Das & 

Mukarj ee. 1995). It can also be used as a promising tool for distingUlshmg 
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cultlvurs of partIcular crop SpCCII;:i) (CooJ,;,e. 1984 . ferguson & (irabe. 1986: 

Gardiner & Forde, 1988. Gadgll, i'I (I/., 1983; KOr3nyi, 1989; Moller & Spoor. 

1993; Ahmad, 1'/ al 1992: Jha & Ohri, 19961 However. f{~w studie~ ind icated 

thai cultmlT u.\cntlfl(;utJon WtlS FlOI posslhle with the SDS·PAGI method. as 

electrophoretIc path!mS of proteins "ere "'"lIilar among the eu ltlvars (I...a.dil.lII~ky 

& Adler. 1975. Raymond t"I al. )()I)I; Ahmad & Slinkard. l'I'n. de Vrit.:". 1996). 

In case when! the seed pWH:ins fail 10 dCICCI ditfcrcnccs 10 IJcnttry the particular 

spec ie, 2·0 e lectrophoresis is suggested. 

Seed protein pol ymorphi~m may serve as ge netIc markers lor plant 

gemlplasm management bcc<lllse they can hc quile po lymorphic . g.ene rull y 

substant ially morc so than are isozymcs (Gepts. 1990 ). and the variability is 

genera lly highl y heriHlble (Smith & Smith . 1986) . Such protc ins le.g., zcins (Zea 

L.), gluten (Triticulli L). phaseolins (Phaseo/lis L.)l. often orga n or tissue specific. 

gel assayed from seeds where they orten function in storage. 

Although seed proteins can be fractionated by high·pcrfomlance, liquid 

ehtOlIlatogtaphy (S lIIith & Smith, 1986) and other tcchn i4ut!s. Polyacrylamidc Gel 

Electrophoresis (PAGE). genera lly in Sodiulll Dodecy! Sulpha te (SOS) ge ls is 

cUIT~ntly the favoured h.:clullquc lor rapid anal ysis (eooh. 19K4). whereas two· 

uimcnsl011al electrophoresIs. often Incorporating Is()ekc tnc fncus lllg. Illay bc 

required for cel1ain more demanding appitcatlons l( clis & Or,wo, 1984; 

Beckstrom-Sternberg. 1989). Protein fract ionat ion by SDS·PAGE is relati vely 

rapid ilnd inexpens ive compared 10 isol.ymc [lnd DNA annlYl\cs. In contrast, two

dimensiona l (2·0) electrophores is will often revea l an as tou ndin g number of 

differelll seed protein s simu ltaneous ly, Ollt il is re lati vely s low and demands 

conside rable technical ski ll and experience . Furthcnnore. sophisticated and 

expensive computer ana lytical so ftware ma y be needed for reproducible analysis 

of the pauems romlcd by the hundreds of different polypeptides so revealed 

(Higginbotham e/ al .. 1991). 

In order to determ ine the distribut ion of diversity in gcmlplnsm, 

phenotypic and geno typic variation wi thin and between co untries and regiom; 

ha ve been examined fo r several important erop spec ies including barley (To lbert 

Ifl 0/.. 1979, Rui z el (1/.. 1997); du mm wheat (Jam l'1 01. 1975; Bogyo ef 01 .. 
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1980): rice (Holcomb ('I al., 11)77); orchnrdgras<; ( P l'17t)UI f'l ul 11)/)4); lenni 

(Erskinc & Muehlbauer. 1991); Lupin (Clements & Cowling, 1994) and soybcun 

(Perry & Mcintosh, 1991). Variation partitioned in a hiera rchical fashion by area 

indicated Ihal greater IC\'clb or diversity were found 10 !be IJrgcr geographic suh· 

rllvlo;lOIl 'i but chillacters differed III thell contnbutlon to this lhvcrsny. Van Hintun! 

&. l:lll1g~. (1991 I l.:oll!:tllicl Cd lare Jlldc.s.lICCUlllllg III tJlIC! UI tWO apparently random 

popu lations III be mlltJflt!>. ml~nninn (IT the rcsu Its uf (\Ihcr utim: ic\cnttll cvelll.s. 

As with isozyme analYSIS. seed p.-OIeln polymorplusT1l may he interpreted 

according to u locus/allele model (with co-dominant alleh:SJ followi ng 

determination of their genetic control (Gepts. 1990). Conventional biometrieal 

approaches ha ve been used to estimate variance duc to genotypes x env ironment 

inler-actions. and to estimate the number of genes controlling individual 

quantil<ltive character. The lise of molecular markers to locate genes control ling 

qUllntitMive fraits has further rllciliwIcd 1he Ilnalysis of Stich traits (Stuber et (1/., 

1982; Kahler & Wehrhahan. 1986; Edwards et til .. 1987; Kjucr el 01" 1991 ; 

Mansur el al .. 1993; Tahir & Muehlbauer. 1995). Detect;un o f QTL into 

individual gem:: tic components by use of biochcmlcal markers has been 

demonslTaled in tomalo (Tanksley et 01. 1982). gardc n pea (Kneen ttl Ill.. 1984) 

and hm!11 (llolTman eta/ .. 1986. Tahir& Mueh lbauer. 1995). 

lad i7.lIlsky (197c)) and L.ldli'In:.l\y & II Yl1l0WIII (19"/9) c~ms idcrcd seed 

protL:ln all aclliilionol approach Ii.)r ~pC(,' lCS idclltificlHlon and a usefu l 1001 lor 

truclng back thc evo lution uf v<lnous gluLipS uf plant :.. ' I hey rceuml11enoed this 

technique for resolving some spec ific taxonomic problems in crop plants. -Ille 

highly unilonn protein profiles of cultivated polyploid plants not only permits :\ 

relatively quick identification of their diploid progenitors but is also of pract ical 

value for plant breeders, Unifonnity o f protein proliles suggests that these 

polyp loid:. evolve from a few diploid genotype." and conseq1lentl y represent on ly a 

SIll<l1l segment o f genetic variabili ty. 

Damania et al .. (1983) uscd PAGE of storage proteins (prolamines) to 

sc reen 64 landraces of wheat and barley from Nepa l and the Yemen Arab 

Republic lind two culti va rs for comparison. Altogether. 3 168 single seeds were 

examined and the advantages gained by lIsing the vt.:rtical !'lab gel method were 
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ICCOgllizcu nte extent of vlt rlallnn prl!.o,;cnl withm plipulalll.ll), of Inndruccs could 

lIc t.I!iM!sst!d t:asily ilnu rap ltll) uSlIlg SU~-PA( ,I :, IJllfc rcnccs III plOidy levels of 

wheal were a lso detected and In vestigated Ferguson & trrabe, (19ts(.) idcllIIfied 

Ute ~l!nelleaUy dtfferent pere nmal ryegrass by SOS·PAGE of seed plotellls. TIley 

nlsa observed that the bundlllg pattelns ""ete 1I0t affected hy ycar and locallon 01 

productloll, d .. ss ull.:cI11fied seed, or variah ility and vlguur o j .. ced 

Thakare d al., (1987) reported major differences of t 'I('llIw, the mlljor seed 

storage prote in using SDS-PAGE ill Vigllo IIIllIIgO and" radwfO V mill/go ancl 

V rudwlII showed species spcc llic l)attcl11 with a cons ldcrable homo logy. They 

observed 4 major peptides in all V. /lillI/go accessions except one (U- 196) which 

was a radiated mutant. Low level of intra-specific variation was also reported for 

V. f/Hmgu. Kum amuru el al., ( 1988) screened 3000 mutan! lines of rice lI sing SDS

PAGE and compared with that of original variety. Determination of ex trac ted 

protein in the sta rchy endospe rm of mlltl.lnts revealed chan ges ;n th t.: contents of 

prolamin and glutelin but not glohu lin . 

Ahmad & Slinkard . (1992) reported phylogenctlc relationship among 

Ciwr spec ies based on SOS-PAGE data and suggested Ciet!! rei willa tum as the 

Wlld progenitor of cultivated chickpea. TIle basic cCtlerion of phylogenetic 

relationship is ~ene homology, which In m:'lny cases Clln nol he measured directly 

because of n::prot!llc tl ve harricrs hclween spcc ic:.. The fractiollation 01 "noll

essential" seed ~Iorage prolt.!in by polya(.;rylalllide gcl e lectrophoresIs (pAGE) is 

used as an additional too l for assess ing ~pec l Cs relat ionsh ip (Ml.lrgoliash & Fitch. 

1968; Sumillollr, 1989). 'l omonka ef al. (1992) ana lysed 581 <l cccssions of 

mungbean by 50S-Polyacryla mide gel elc(.;lrophoresis and reported e ight protcin 

types based on the combination of four albumin bands and three globu lin bands. 

The frequency of each prolein type sirain s howed a clear geographical c linc. Rat> 

('/ at .. (1992). wh ile conducting biocht!mical analy~i~ on Vigna spp .• observed lhal 

seed pro tei ns were use ful 10 detect inter-specific variation from mixed germplasm, 

and n:conunendcd SDS-PAGE as use ful technique for gene bank management. 

Moller & Spoor, (1993) used SDS-PAU!;. for discrimlllation and 

ident ificat ion of LoliwlI spp. and reported differences in Ihe resulting seed protein 

banding patterns for idcntifica tion. Das & Mukarjcc. (1995) while wo rkin g on 
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_~ecd prolein for species hmnolngy ~nd l\cIlCI1C rdltlillnshlp IIlllC>nH mne wild , two 

hnrllculturul IlJ1(J one scnll-cu lUVOllcd SpeCICS III Il't"'''j~d reponed three mnJpr 

groups on the basis of cluster analysIs Przybylska & Przybylska, (J 995) reported 

8 marked differences In smoolh-seeded and rou~h-secded SPL"C Il:S of LUPUIII'I 

based 011 SDS-PAGF Rlinlysl!>. The rough-seedcd 'ipccle~ furmed a rathel 

hOlllogcnou!lo group, well dIstinguishable from the smooth-seeded spec ies 

de Vries, (1996) reponed pallerns of achene prOlClllS of Lae-lllea ... utll'll 

cu itivnTs, mutuall y compared with /..(I(:/UC(I :mflg"" . L. serr/olu and L. vi ro:m on 

the baSIs oj SDS-eb.:trophuresI:-'. t Vlrfl.'W and t .'W11!;1111 wcrc CllS II), hJcnl ificLi 

and characterised by typicill banding. pattems. L saliv(I and J .w!rrio/a shared the 

salllc banding pullcfII s. They further reported thlll culti var idell tification WitS nllt 

pos:;ible Willi Ille help or SDS·PAGE techn iq uc. Jim & Ollri. ( 19%) conductcd 

eKpcrimcl1t on sced protein in 9 accessions of culti vated Cajallus ('aj clII and 10 

wi ld CajwlII.\· species using 50S-PAGE. They reported a considerable variation 

among protein profiles or difTerent accessions of Capillus Cllllll t whi le those of 

wi ld spec ies were very specific and di st inctl y differen t from each other. Rclative 

similari ties between vanous taxa were estllnated by Jaccard 's Similarity mdex and 

cluster analysis was perfomled to produce a UPGMA dendrogram n't! elustenng 

of 10 wild species and C {'a)al/ more or less agree with tlu,!lr sectIOnal 

c1as:;iJiealion and available data based on morphological characters, crossabilty, 

genome piliring in hybrids and nuclt:ar RFLPs. S itlgh el al .. (J 996) reponed JittJc 

variation ror protein bands in grou ndnut which ind icated tha t 1110s1 of the 

access ions were the members of same conse rvative species . 

Tahir c:1 al .. (J 996) detected a novel high moleculal we ight glutenin 

subunit in a heKapioid whea t land races co llected from Baluchistan. Pakistan using 

5 DS-PAGE. Relationships between geographical parameters and morphological 

and biochemical characters were studied in land races of barley b)' Ru;z el til., 

( 1997). TIley reported high correlation between morphological and geographical 

pa rameters. Assoc iations for some proteins and altitude were al so detected . 

However, obvIOUS geographica l patterns were not found fo r characters such as 

growth habit, spike density and Lillering capacity. The geographica l parameters 



thllit had the most corre lation w ith morphological lmit~ wa~ the longitude at the 

co llection site 

Yoshida tH at .. (1997) used 50S·PAGE In blackgram for Investigation or 

globu lin properties In burter (pH 3, 8 or 10) and one major 8S band was observed 

In 1111 three environment!> rjlobLlhn III Vigna mllllgo was observed il~ u group of 

heterogeneous protems and separated mto two rractions (0: and 11). SOS-PAGE uf 

8S globulin protein indicated three major bands with apparent molecular weIghts 

of 55, 45 and 33 kd, and several other minor bands. 
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MA TERIALS Al'ID MFTHODS 

The research project comprlseu o r ~xpc:nJl\ents conducled umler 

laboratory. green-house and li eld condition. 

3.1 Genetic Diversity Based on Morphological Characters 

3./ I Genl1plasm Collection 

Legumes are very imponant crops of Pakistan and widely grown espec ially on the 

margi nal lands for sustainable agriculnlre. The local germplasmtland-races are valuable 

source for agricultural prosperity due to wider adaptllbility, good in quality and resistance to 

biotic and abioti c stresses. Collection of chickpea germplasm started during 1981 and the 

expeditions cominued till 199610 collect the gennplasm which is under the threat of genellc 

erosion with the inrreduction of improved varieties. The germpiasm collected represents a 

wide eeo-geographic variation from dry mouinamous region to irrigated plnins and sandy 

arid region of Pakistan. These areas lie between 24 and 37Q >l latinlde and 61 Jnd 780 E 

longitude. nle altitude or collcctlon .. jl~~ mnged from less than 100 to mure! titan 30M 

metetS Jbuve sea level 

3.12 Experimelll Malerial 

Four hundred and twenty three chickpea gennplasm accessions were evaluated for 

various agronomica l tr:lits in an augmented design under field conditions at Natiomll 

Agricultura l Research Centre (NARC), lslamabad P3.40 0 Nand 73.07° E). Out of these. 

360 represented a core colleclion received from USDA. 60 accessions were collected from 

five districts of Punjab and other three were approved varieti es used as checks. The ongin 

and characterization of all the accessions are given in the appendix I. The experiment was 

planted on 251
1> October 1995 for morphological characterization and agronomic eva luation. 

One row 4 meIer long fo r each accession was planted with 50 and 10 cm inter 

and intra~row spacing, respectively. Three approved varieties, viz., Punjab 91 , Noor 91 

and Paidar 91 were repeated as check after every 20 rows. Recommended cultural practices 
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\VCIt: Iillluwcd throughout t.he ~rop scaMlIl. "or pkmt ~hMllctcN; nnd Ilgnmomic 

traits. data was recorded following II'GRl descnptors lor chickpea (II:WUR, 19M5) 

3.1.3 '\'latistical Al/a~VS1S 

"fllt! dma record(..'t1 was avcraged and analYfcd for simplc -;tLltistics (meLlI\. 

"landan:i dC\'i:ltlon, variance), frequency dl!itnbution and simple correlu ll"ln 

\,:OI:!TIclcnls uS ing cOlllputcr SUnWRIC 'Mlcruson EXCEl , VCIMOIl 7 0" fur wmoo ...... " 

')'\ 10110\1,1111/\ Ih .. , rm:lhnd .. III Skd.~ IOflll-'. (l'lX]) (Jllnlltllnllvt' !nut.. were ulso 

analyzed by numerica l taxonomic techniques usmg the procedure of Principal 

Component (11(') Anulysis (Sneath & Sokul, 197J) II sing the conlputcr soJ\warc 

"STATISTlC'A" and "SPSS" for windows. To avo id the effect due \() difTerence in 

sca le. Illeans of each character were stLlndardized prior to analysis. 

3.2 Eva luation of local s ixty accessions 

3.2.1 Experiment Material 

During 1995, all the exotic gcrmplasm was badly affected by Ascochyla 

blight, hence 60 local accessions were selected for further evaluation. These were 

selected o n the basis of geographic origin and studied for morphological nnd 

protein pauc:-ns. Four hundred and twenty three accessions/genotypes were 

cvalufilcd and charoclerized for vunous 3b"TOnOmlcal and m()rphol{)gieultra l l~ under 

rield condition at NARC. Islamubad during 1995 . O UI of these, 60 accessions 

resistant to Aschocyra blight were selected on the basis of geographic distribution 

and two check varieties (Punjab 91 and Paidar 91) werc also included in the study. 

Ten plnnts of each access ion/genotype were sampled at random during 1995 and 

their progenies were planted during November 1996 and harvested during Apri l. 

May, t 997 Two rows 2 meter long for each plant progeny werc plan ted with 75 em 
and 10 em inter and intra-row spacing. respectively. Recommended cultural 

practices were followed throughout the crop seilson 10 get healthy crop. Pesticides 

and fungicides were sprayed to save the crop from the infestation of pests and 

diseases. Plant and agronomic characters were recorded following IPGRJ 

descriptors for ch ickpea. Days to flowering were recorded when 50% plants started 

flowering and days to maturity were recorded at 90% maturity when pods turned 
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brownlblack. Other quantitative data I.e., bral1ch~, pods, gram Yield (gJ ami bIOmass (g) 

were recorded on lell competitive plants selected randomly and then averaged to per plant 

hasis. Seeds per pod wCle recorded on tell pods selected at random WUhUl c3ch 

accession/genotype. I)ods per branch were calculated and expressed us pods pCI' unit branch, 

whereas seed weighl was recorded after counting 100 seeds by seed COllnh:r ami wl!lght:LI 11\ 

grams. Harvest index was detenniucd as economic yield expressed in perccntage o\'er total 

biomass. 

3.2.2 Statistical Analysis 

The data recorded were averaged and analYLed for simple statistics (mean. standard 

deviation , v<lriance) using computer software "Microsoft EXCEL" for windows 95. The 

data was grouped according to provincial distribution. agro-ecological zones and :Iltitude for 

comprehensive pattern of geographic distribution. 

3.3 Genetic and path analyses in selected pure-lines 

3.4.1 Plant lIIaterial 

Thirty two genotypes of chickpea including two checks (I'unjab ~ lund Paiti3r ( 1) 

were evaluated ror agronomic traits under field conditions al Nut lonal Agricultural 

Research Centre (NARC). Islamtlbad, Pakistan. The experiment was plantcLl during 

winter season of 1999 in randomised complete block des ign (RCBO) with rOllr 

rep li cations. Two rows 4 meter long for each genotype were planted in each replicate with 

10 cm intra-row spacing, whereas intcr~row distance was kept 50 cm. Pesticides and 

fungicides were sprayed to save the crop rTOIll infestation of pests and Ascoc.:llyta m/Jiei. For 

evaluation, data were recorded following descriptors for chickpea (I.BPGR 1985). The dat'l 

for days to nowering and maturity were rccordcd on line basis at 50% of !lowcring and 90% 

pod maturity and each genotype was represented by a single value. Other llutHltilative datH, 

i.e., plant height, primary and secondary branches. pods, grain yield (g) and hiological yield 

(g) were recorded 011 ten pi:lIlts sampled nmdomly. Seed weight was recorded ancl' 

counting 100 seeds in grams and harvest index was determined as economic yield expressed 

in percentage over lotlll hiomass. 
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.1.3.2 Data analysis 

TIle data recorded were armlyzed for simple statistics, i.e .• mean, stand.lrd deviation, 

\:mance. broad sense heritability nnd geneti c advance. Broad sense hentability was 

est imated as a rat io between genotYPIc and phenotypIc varirulcc (Singh and Chaudhry. 

I tJRS), The averaged dnta were analYi'cd hy lIutncrlc:.d laxo l1 ()m ic IcclllllqlJCS lISlng the 

procedure or cluster and principal component tina lyses (Snc,llll und Sakal 11)73 ) with the 

hl.:lp or computel' software "Stati slica" and "SPSS" for Windows, 

3.4 Biochemical (SDS-PAGE) Basis of Genetic Diversity 

3.4.1 Plalll Material 

From chickpea gennplasm consisting of 423 accessions and evaluated during 

1995, sixty accessions were ll sed for SDS~PAGE analysis. On ly those accessions which 

w,.;rc observed homozygous on the basis of prole in pallcrns were included in thi s study , 

3.4,2 Protein extraction 

for the extraction of proteins, single seed was ground to fine powder with mortar 

and pestle. Sample buffer (400 ~I) was added to 0.01 g of seed 1101lr as extraction liquid 

;.md Illlxed thorough ly in eppendorf tube wi th a small glass rod , The ex traction buffer 

contai ned the rollowing final concentrati ons: 0.5 M Tris~ H C I (pH 6.8) , 2.5% SDS. 10% 

glyccrol and 5% 2~mercaptoelhal1ol. Bromophenol Blue (BPB) was also added to the 

sample buffer as tracking dye to watch the movement of pro te in in the gel. To purify 

extract ion, the homogenate samples were mixed thoroughly by vortexi ng and centrifuged 

at \5,000 rpm for 5 minutes at room temperature , The extracted crude proteins were 

recovered as clear supernatant, transfelTed into new 1.5 01 1 eppelldorf tubes and stored at 

-20 °C until electrophoresis, 



3.4.3 Electrophoresis 

Seed prOlem was an.lyzed through slab type SDS-PAGE using 11.25% 

Polyacrylamide gel. Electrophoresis was earned out at 100 V for halran hour and then 

at 150 V unlll the Bromophenol blue marker reached the bottom of the gel 

(U{Jpro:<IIDately two and half hour), In order to check the reproducibility of the method 

twO separate gels were run under similar eleclTophoretic conditions. The molecular 

weights of the dissociated polypeptides were determined by using molecular weight 

protein standards "MW·SDS·70 kit" containing Albwnin, Bovine Plasma (66 KDa). 

Albumin, Egg Ovalbumin (45 KDa). Pepsin Porcine Stomach Mucosa (34.7 KDa), 

Trypsinogen, Bovine Pancreas. PMSF treated (24 KDa), p-Lactoglobulin. Bovine Milk 

(IB.4 KDa) and Lysozyme. Egg White (14.3 KDa) from Sigma Chemical Company, 

USA. 

SOS-PAGE of total seed protein was earned oul in Polyacrylamide slab gels 

In the discontinuous buffer system according to the method of Laemrnli, (1970). 

Vertical gel slabs were prepared in a glass sandwich which was tightened by a set of 

plastic clips lined with a band of foamed silicon ntbber. The separating gels 

contained 11.25% of Acrylamide and 0.135% by weight of N.N-methylene-bis

acrylanllde In I M Tns-HCI buffer (pH B.8) with 0.27% SDS. The gels were 

polymerised chemically by the additIon 0[20 111 by volume of tetramethylethylene

diamine (TEMED) and 10% ammonium persulfate (APS). The stacking gels 

consisted of )0% Acrylamide and 0.8% N.N-methylene-bis-acrylamide in 0.25 M 

Tris-He} buffer (pH 6.S) containing 0.2% SDS. The stacking gels were polymerised 

chemically in the same way as for the separation gel. The electrode buffer contained 

Tris-glycine (9.0 g Tris Hel and 43.2 g glycine per 3 iirres buffer solution at a pH 8.9) 

with 3.0 g (0.1%) SOS. Six III of protein supernatant were applied into the wells in 

stacking gel sample wells with a microsyringe. 

3.4.4 Stailling and destaillillg 

After electrophoresis, the gels were stained with 0.2% (w/v) coomass]e 

brilliant blue R250 dissolved in a solution containing 10% (v/v) acetic acid, 40% (vlv) 

methanol ant..l water in the ratio of 10:40:60 (vlv) for one hour. Gels were 
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then deshuued by waslung with a solution COl1lUlI1 inlt 5% ('11'1) acetic acid. 20% 

('11'1) methanol and water In the ratio of 5:20:75 ('11'1 ) until the colour of 

background disappeared and c:h:ctrophoresis bands were clearly visible. Aller 

destaulIlIg.. the gels were dlled uSing Clel Drymg. Processor fOI about 100 minutes_ 

3.4 5 /)nta nllnlysl~ 

Depending upon tht: presence or absence of polypeptide bands, sml1larily 

index was ca lcula ted for all possible pairs of protein types. To avoid taxononlLC 

weighing, the intensity of bands was not taken into consideration, only the 

presence of the bands was taken as indicati ve. "nle scores were "I" for the 

presence and "0" fo r the absence of a band. Presence and absence of the bands 

were ente red in n hinary da la matrix. Rased on rcsultc; of electrophoretic band 

spec tra, Jaccard's s imilarity imlcx (S) WIlS calculated for ;111 possible pairs nf 

protein Iypes dectrophoregrams by the following fomlllia (Snt.:alh & Soka l, 

1973): 

S = W/(A + B - W) 

where "W" is the number of bands of common mObility, "A" the number 

of bands III protein IYIll! "A" and "8" is the number of Imni.Js 111 prole III Iype 

"R" 

nlC sillliinrity matrix thus generaled was converted 10 a dlsslmdanlY 

matrix (Dissimilarity"" I· similarity) and used to construct dendrogram by the 

unweighed pair-group method with arithmetic means (Sneath & Sakal, 1973). All 

the analyses were carried oul using a statistical package NTSYS-pc, version I.R 

(Rohlf, 1993) and "STATISTICA" for windows 95. 

From the perspective of statistical genetlc analysis, genetic-marker dala fall 

into IWO broad categories; I) quantitative trailS (e.g. many agronomical features) 

with cont inuous variation governed by several to many genes; and 2) biochemical 

data e.g., molecular gene markers with discrete phenotypes governed by one to 

severa l genes. lmportantly, these two types of traits may simply be variants of a 

single genetic theme, distinguishable only by the magnitude of allelic substitution 

effects (Comstock. 1978: Robertson. 1(89). 1111.': quantitative data and SDS-PAGE 

34 



datu were .tnalyzed for simple statistics. cllIstc:r ana lYS1fi and peA hy using the 

standard procedures with the help of conlpu tt.!r softwtlrc "STATISTIC'A" and 

"SPSS" lor windows 95. 
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RESULTS 

".1 EvaluatIon of World CollectIOn Germplasm. 

-4 I I f)istrihwiml of qualitative trmls 

A world core collt:ction of chicktx:n gcrmplasm comprlsmg of 423 

acceSSIOllS was sown at National Agricultural Research ('enlre (NARC) In tin 

Augmented Design during winter 1995 . Plant traits of qua litative nature wilh 

distinct classes like growth habil , iron deficiency, nower co lour, plant pubescence, 

plan I pigmentation and pod size were recorded on line basis fo llowing IPURI 

dcsc r i plor~ fo r chickpea and the tabu lated results are presented in Ti.lblc 4.1 . 1. 

(;ruwlh halJ. 1 was recorded as cn.!(;t, s!.!ll1i-crcc\ and spreadi ng or prostate types. 

Among the germplasm characterized, 201 accessions were crecl types which were 

47.5% of the total popu la tion, whereas, 184 accessions (43.5% ) we re semi-erect 

and thirty eight were spread ing. Some of the chickpea genotypes show response to 

iron deficiency due 10 some physiological disorder. therefore. this tru it WIIS 

recorded n~ iron deficient Of non-deficient types . OUI ('If 423 accessions. 312 did 

not ~hu .... ~)'II1J>toms of iron defiCIency and these \\ ere 73.8% of the population. 

whereas rest of 26.2°ltl exhibited Iron deliclcncy 

Flower colour was recorded as dark pink. pink. lighl pink and white. Three 

hundred forty S IX accessions were pink nowered and only 77 (\8.2%) gave white 

flowl:rs, and these were all white seeded or Kabu li lypes. rwelve accessions wem 

glabrous and all others (97.2 !%) wen.! pubesccnt. Out of these. 235 access ions were 

with less hairs while others were with dense hairs. Out of lhe total gcnnpiasill 

I!valuated for plant pigmentation. 173 accessions which were 40.9% of the 

population, had no anthocyanin pigmentation, 248 (58.6%1) had weak pigmentation 

and only two had strong anthocyanin pigmentation. Pod size was observed as small 

« 15 mm), medium (l5-20mm) and large (> 20mm) pods. One hundred and 

eighteen accessions wh ich were 27.9% of the total popu lation beard small pods. 

two hundred and lifteen (50.8%) were. medium and 90 accessions (21.3%) gave 

large pods. l11e accessions with larger pods arc suggested to be utilized for future 

-;e lection and improvement for high secd weight as large pods contain bold seeds. 
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Table 4.1.1:- Classification of 423 accessions of chickpea for 5 qualitative traits and 
Ascochyta blight 

Growth habit 
Erect 
Semi-erect 
Spreading 

Iron deficiency 
Non deficient 
Iron deficient 

Flower colour 
Dark pink 
Pink 
Light pink 
White 

Plant Pubescence 
Non-hairy 
Less hairy 
Dense hairy 

Plant pigmentation 
No anthocyanin 
Weak anthocyanin 
Strong anthocyanin 

Pod size 
Small < 15mm 
Medium 15-20mm 
Large> 20mm 

Ascochyta 
Disease present 
Disease absent 

Frequency 

201 
184 
38 

312 
III 

3 
242 
101 
77 

12 
235 
176 

173 
248 

2 

118 
215 
90 

372 
51 

Percentage 

47.5 
43.5 
9.0 

73.8 
26.2 

0.7 
57.2 
23.9 
18 .2 

2.8 
55.6 
41.6 

40.9 
58.6 
0.5 

27.89 
50.83 
21.28 

87.9 
12.1 
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As(ochYla rabicd infection was observed under n~llUr.)1 cunditiuns Ilfld three 

hundred and seventy two accessions were infected with disease and only fifty one 

accessions were free of disease. Out of the total gennplasm. 360 accessions were 

exotic, sixty were local and three were improved vancties. All the exottc gcmlplruoOl 

WUli b~Jly illfectoo with disease and destroyed and no seed wu~ 1mrvesled from exotic 

acceSSion, hence for fut\lfC s n1dy. ~Ix ty at::CC~lons were' ~clcclcd lor lurthcr 

tll\'cstlgalI011. 

4.1.2. Distribution o/QUolltitallve Traits 

"requcm;y distributions for four quantitative traits (days to nowcring. days to 

maturity, branches and plant height) are presented in the graphic foml (Figs. 4.1.1 to 

4.1.4). For days to flowering. maximum accessions (152) which were 35.93% of .the 

total populution. llow1.!red in less than 1]0 days aflcr planting. It was followed by one 

hundred and one accessions which nowered from 131 to 135 days after planting (Fig. 

41.1). Five accessions along with olle check (Pi\K~52925. PAK~53098, PAK~ 

53299. PAK~53300, PAIDAR-9I , PAK·53099) matured lale, i.e .. > 150 days after 

plan ting Maximum acr.e~s.innr;; (2 10) which Wf"'re 4<) 6~ Pt!rC!t!nt nf the tnlal, matured 

between 211 and 215 days, followed by one hundred 3Ild (orty five accessions with 

maturity range of 216-225 days. Nine accessions along with three checks (PAK-

53250. PAK-52979. PAK-52980. PAK-5298 1. PAK-52983. PAK-53251. PAK-

53252. PAK-52984. PAK-53251. PAIDAR-91, NOOR-?I alld PUNJAB-91) took 

mOl e than 220 days to ITlllture aner pluntmg (Fig. 4.1.2). 

~'or branches/plant the result.<i are depicted in Fig. 4. 1.3. II wa~ observed thtH 

one hundred and sixty four accessions which were 38.77% of the total have 6 to 10 

branches per plant, and it was followed by 125 accessions which had II to IS 

bronches per plant Eighteen accessions and three checks (PAK-52964, PAK-52965. 

I'AK-52966. I'AK-52967. PAK-5296S. PAK-52?69. PAK-52970. l'AK-52971, 

PAK-52972. PAK-52973. PAK-52974. PAK-52975. PAK-52978. PAK-52979. 

PAK-52980. PAK-52981. PAK-52983. PAK-52984. PAIDAR-91, NOOR-91 alld 

PUNJAB-91) were observed bushy and produced more than 25 branches per plant. 

Frequency distribution for plant heigh t presented III the Fig. 4. 1.4 revealed that 99 

accessions which were 23.40 percent of the total population were short statured and 

gave less than 40cm plant height Maximum acccssions (172) which were 40.66% of 

the population were in the rnnge of 41 -50C111 and these were followed by 102 
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accessions which were In the range of SI-bOcm of plant height. Sixteen acceSSions 

IPAK-53359. PAK-53360. PAK-53361. PAK-53362. PAK-53363. PAK-53364. PAK-

53305. PAK-53366. PAK-529 I 8. PAK-52919 PAK-S2921 . PAK-52922. I'AK-52924. 

PAK-52925, PAK-52926. PAK-52917) were tall wIth plant hcigill > 70cm. 

4.1.3. Correlnliol1 Allalysi" 

Simple con'e lation eocrricients were (;nmputed among ,III the four quantitative 

traits; days to flowering, days to maturity. branches. and plant height. Due to disease 

infection, other data could nol be recorded and only tour qU<.lIltitativc traits were analyzed 

for correlation coefficients, COll'elation analys i ~ was conducted for tolal chickpea 

germplasm and the accessions selected on the basis of disease tolerance under went Further 

cvuluatiol1 because only sixty three accessions along with 3 checks could surv ive. The 

results regarding correlation revealed that days to flowering was negatively correlated 

with days to maturity in the total gClTIlplasm, whereas it was positively significant in the 

accessions selected. The negative association of days 10 flowering with days to maturity in 

the lotal gcnnplasm was may be due to disease mfeelton at the time of pod formation thai 

caused forced maturity and little seed was obtained. Days to flowcnng and plant height 

had similar correlation, i.e .• signifieunlly positive in both the cases (Table 4.1.2). This 

association was Similar due to latc inrection because maximum plant height had been 

atlained befort! infection or pod formation. Days to matUlity was positively correlatcU with 

branches per plant in tolal population and negatively in sc\ec ted accessions. Similarly. 

bnmchcs per plant were also positively associated with P];.IIIt height In total gennplasm 

and negatively associated in selected accessions. Days to ll1utunty exhibited positive 

con'c lation WIth planl hcighl m both the population ahhough it was slightly higher in 

selected accessions but 8% of total germplasrn was of course higher than 10% of the 

selected accessions. The results in general revealed that maturity and branches per plant 

wcre more affected by environmental factors. The simple correlation coefficients 

preselHcd in the Table 4.1,2 revealed negative correlation of days to Oowcring with 

maturity plant height, whereas other correlations were positivc and maximum 

association (0.2145) was observed between plant height and number of branches per 

plant. The results indicated that the genotypes selected for early flowering may not 

necessarily mature early because maturity time IS more influenced by 
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Table 4.1.2:- Phenotypic correlation coefficient among four quantitative traits in total 
germplasm and selected accessions of chickpea during 1995 and 1997 

Quantiative GermplasmJ Days to Days to Branches per 
traits Accessions flowering maturity plant 
Days to maturity Total germplasm -0.3376 

Selected accessions 0.1425 
during 1995 
Selected accessions 0.6429 
during 1997 

Branches per plant Total germplasm 0.0124 0.1234 

Selected accessions 0.2452 0.0984 
during 1995 
Selected accessions 0.1411 -0.0065 
during 1997 

Plant height Total germplasm -0.2007 0.0870 0.2145 

Selected accessions -0.1885 0.1245 0.1845 
during 1995 
Selected accessions -0.2504 0.1027 -0.1965 
during 1997 
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t.:nvlrolllllclHal conditions at thc tlille or hatve:-.ul\~ Jurlll!! the months of April and 

May. 

4.1.4. Cluster AnalysIs 

The ana lysis of va riance! revealed significant differences for all the three 

'-lualIIlIltI IVC tm llS (Table 4.1.3). TIle ),tcmlplasm WilS gnlllped Into to dusters based 

on averagc linkage (Tablc " t A). C!u:-.h.:r I consislI:cl of 60 aCCC!.Slun:-., duslcr II uf 

56; cluster 111 of 73; c luster IV of 53. cl ll ::, l..:! V 01"62. cl lI).ler YI IlI' 26. duster VII 

of35. cluster VIII 0[20. cluster IX of23 and cluster X of 15 access ions. Approved 

cultivar. Paidar 91 was in the cluster VI. whereas as other IWO varic ties (Noor 91. 

Punjab~c)I) werc included in cluster Vill. 

Greater number of exotic a(;cessions were grouped in the clusters I, II , III. 

IV. Viti und X whereas other clusters consisted of mixed accessions of local and 

exotic origin . Out of 63 local accessions (including 3 va rieties), eleven were in the 

dus ter V, s ixteen in duster VI. seventeen In cluslcr VII and nineteen in the cluster 

IX. As Ihe number of accessions from va rious sources were grouped in a 

systematic way, therefore, relationship may be establi shed between origin and 

elustermg pattern. Out of this total germplasm. sixty accessions which wen: of 

loeul origin were funher eva luated 10 investigate the genetic di versity and ils 

relationship wit h geographic oTll;pn based un quantitat ive lrait!> 11m.! SDS·PA(i1.:. 

unalysl!';. I'xotic gcnnp l.lslll W~<; 1011tll) Jcstroyct.l d\ll.~ tl\ Ihe dlsl!n:ic, A.\'wc1l\frJ 

IlIbiel. 

The germplasm was divided in 10 ten clusters and the results reguTlhng 

genetic distance among different cluster is prt:sented in the Table 4.1.5. The 

genetic distance based on average. linkage ranged from 0.5952 fo r the clusters II 

and IV to \.5786 for the clusters I and IX. The genetic distance of cluster I was 

higher with most of the other clusters ran ging from 1.0945 {with cluster X} to 

1.5584 (with cluster VIII). Both of these cluster consisted of exotic gemlplasm and 

it is also important to nOle Ihal cluster I consisted of nil the 60 accessions of exotic 

origin. Simi larly cluster 11 exhibited high genetic d istan(;e with cluster V, VIII and 

X. Out of these, cluster V consisted of both the exotic (51 accessions) and loca l 

gennplasm (II accessions). Cluster UI exhibited genetic distance fTom 0.6524 

(cluster III vs IV) to 1.3976 (with cluster I) and the cluster IV g\lve high range of 
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Table 4.1.3 :- Analysis of variance for 423 chickpea accessions/genotypes evaluated during winter season, 1995. 
SOY df Growth Iron Days to Flower Days to Plant Plant Ascochyta 

habit deficiency flowering colour maturity height Qubescence blight 
Between 9 30.50 0.30 30.07 35.91 45.68 36.18 0.55 2.93 

Within 413 0.36 0.19 0.37 0.24 0.03 0.23 0.24 0.07 

F. ratio 85.44 1.58 82.05 150.07 1739.84 155.01 2.25 44.40 

Significance P 0.00 0.12 0.00 0.00 0.00 0.00 0.02 0.00 



Table 4.1.4:- Chickpea gennplasm classified in to 10 clusters 
('luster Number of Exotic Local Status 

acceSSlOns 

Cluster 1 60 All 0 Destroyed due to disease 

Cluster 2 56 All 0 Destroyed due to disease 

Cluster 3 73 All 0 Destroyed due to disease 

Cluster 4 53 All 0 Destroyed due to disease 

Cluster 5 62 51 1 1 Further evaluated 

Cluster 6 26 10 16 Further evaluated 

Cluster 7 35 18 17 Further evaluated 

luster 8 20 All 0 Destroyed due to disease 

Cluster 9 23 4 19 Further evaluated 

"- Cluster 10 15 All 0 Destroyed due to disease 
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Table 4.1.5:- Genetic distance among 10 clusters of 423 chickpea accessions/genotypes based on 5 qualitative and 3 
quantitative traits evaluated during winter season , 1995 . _____ ____________ _ 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9 Cluster 10 

Cluster 2 1.3260 

Cluster 3 1.3392 0.7083 

Cluster 4 1.3976 0.5952 0.6524 

Cluster 5 1.4159 1.1019 0.7480 0.8215 

Cluster 6 1.2646 0.8454 1.0489 0.8667 0.7926 

Cluster 7 1.4498 0.9808 0.7767 1.0730 0.6647 0.7936 

Cluster 8 1.5584 1.2280 0.7804 0.7343 0.7849 1.301 7 1.2946 

Cluster 9 1.5786 0.8614 1.1139 0.8998 0.91 34 0.5 173 0.8022 1.4222 

Cluster 10 1.0945 1.2230 0.9869 1.1971 0.8826 0.9530 0.9827 1.1857 1.3745 



).!,cllt.:tic distance \ViUI all 01l1(:r clusters. \lusters \. VI alld VII cxhlbllcd low hl 

lIIc:diunl genetic diversity among one another, whereas medium to high gcnetic 

diversity with the clusters consisting of exotic germplasm. Cluster VIII also 

~onsistcd nf all the germplasm of exotic origin and had medIUm to high genetic 

distance WiUl other clusters. \\h~reas cluster IX consisted of holh exotic (4 

accession!» and lueal (19 Ilcc~ssions), t.:xhihltcd the luwest ~Cl\chC di!>t3ncc 

(O,51'.l) with cluster VI and the hlght.:st (1.57X(») with du~tcr I riu:rcfnre, tlll~ 

c luster might consist ur diverse accessions un the baSH. of tbe 4ualitallvc traits 

Table 4. 1.6 represents lh~ accessions grouped into Icn clusters based on an average 

linkage distance. 

4.1,5. Prlllcipal Compollent II llaly.H.\' 

Varia nce was further studied by PC'A, <tnd a pruH;i p;:d components matrix 

for five qualitative traits (plant pubescence, grow th habit. iron defic iency. flower 

culour. plant pigmcntation), three quantitative cha racterS (d:Jys to Ilowering. Cl<iyS 

to maturity. plant height) and disease reaction under natural infection is given in 

Tab le 4.1.7. The first rour components with eigenvalues more than I contributed 

70.6% of the variability amongst 423 accessions (both exotic and loca l) evaluated 

for nine traits. PrincIpal camponcllI I had 23.64% or the Iota I variUlioll, 1'('2 

IS.99"(i •. PCl 14.3K% <lIld P('~ had 13.61%1 tlf th..: tntal va riatiun Cha racters that 

~untn hllh.:d more Il(I ~ItI\'C ly 'll P<- I \\crc days \I) IlhltUtit) (0.8(,7) and pl;1Ol height 

(0.546), whereas day:; to nowcring. ~lualilUtivc- tratl:; and diseuse reaction 

contributed lellsl to first componenl. Iron dcliciencYI flower co lour, plant 

pigmentation and disease reaction gave negative contribution towards this 

component. Plant pigmentation and disease reaction contributed maximum genetic 

variance to PCz; plant pubescence, growth habit and flower cu lout were assessed 

significant for pel. although the variation for growth habit was also contributed by 

I'el was 0.52 1, that was slightly lower than varia tion by PCI (0.510). Iron 

deficiency and days to flowering contributed maximum for P('4 with values of 

0,763 and 0.365. respectively, The first PC which explained 23,64% of the 

variance is positively associated with fi\'c characters and out of thesc. two werc 

quantitatively inherited. The populatiun$ with high PC I values tlrc latc in maturity 

and ta ll staurcd 
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Table 4.1 .6:- ClassificatIOn ot chIckpea germpIaSlll llllU le ll \" lU:' IC I " va",-u vu u. ~'~e~ "'_ .. _ .. ___ ._ .. . 
Cluster f Accessions 

Ciuster I 60 53007,53008,53019.53020, 53021 , 53022, 53023, 53024, 53025, 53026.53027.5~02 8 . 53029, 53030, 53031,53032,53033, 
53034,53035,53036,53037, 53038, 53039, 53040, 53041, 53042, 53043.53044, 5 30~5,53046,53047,53048,53049,5 3050, 

53051,53052,53053, 53054,53055, 53056, 53057, 53058,53254,53255.53256. 5325 7, 53258,53259,53260,53261,53262, 
53263,53264,53265,53266,53267, 53268,53269,53270, 53271 

Cluster2 56 53009,53010,53011, 53012, 53013, 53014, 53016, 5~017 , 53095, 53098, 53112, 53115, 53116, 53127, 53 129, 53133, 531 35, 
53136,53155, 53157, 53 158,53 160,53161, 53164, 53165, 53166,53169.53170, 53 172, 53173,53193, 53 194, 53195, 531 97, 
53199, 53203,53205,53209,532 10, 5321 1, 532 12, 53218, 53219,53220.53221. 53223, 53224,53225,53227, 53236, 53237, 
53238,53243,53245,53246,53252 

Cluster 3 73 53015,53018,53059,53060,53061, 53062,53063, 53064, 53065,53066,53067, 53069, 53070,53071,53074, 53075, 53078, 
53079,53080,53081,53082,53083, 53084, 53086, 53087, 53088,53089, 53090,53091,53092,53093, 53 101, 53 102, 531 03, 
53107,53109, 53137,53138, 53139,53 140, 53141 , 53142, 53143,53145.53146.53147, 53148,53149, 53 151, 53152, 531 53, 
53154, 53156,53174,53175,53176,53 177,53178, 53180, 53181, 53182,53184, 53185,53189, 53190,53200,53201, 53202, 
53206,53232,53233,53234,53253 

Cluster 4 53 53077, 53094, 53096, 53097, 53099, 53 110, 53111 , 53113, 53114, 53121, 53122, 53123, 53124, 53125, 53 126, 53130.5313 1, 
53132,53134,53159,53162,53163, 53 167, 53168, 53171 , 53191, 53192,53196. 53198, 53204,53207, 53208,5321 3, 53214, 
53215,53216, 53217,53226,53228,53229, 53230, 53231 , 53235,53239. 53240. 53241 , 53242, 53244, 53247,53248,53249, 
53250,53251 

Cluster 5 62 53272,53274,53275,53277,53278, 53279, 53283, 53285,53286, 53287,53288, 53291 , 53292, 53293, 53294,53295,53296, 
53297,53301, 53302,53303,53305,53306, 53307,53308,53309,53311 , 53312,53313, 533 14, 53315, 53340, 5334 1, 53344, 
53346,53347,53348,53350,5335 1, 53352, 53353, 53355,53356,53357,53358, 53360,53361, 53363, 53364, 53365, 53366, 
52938, 52942, 52944,52956,52957, 52961, 52962, 52965, 52973,52974.52975 

Cluster 6 26 53318,53319, 53320, 53321,53322, 53323, 53324,53325,53326, 53327, 52926. 52927,52928, 52929, 59230,52931,52932, 
52933,52934,52935, 52963,52964, 52966, 52967, 52968, PAIDAR-91 

Cluster 7 35 53273, 53276,53280,53281,53282,53284, 53289,53290,53304,53310,53316,53317, 53339,53345,53349,53354,53359, 
53362, 52918, 52937, 52939,52941, 52943, 52945, 52946,52947, 52948,52949, 52950. 52951 , 52952,52958, 52959, NOOR-
91, Punjab-91 

Cluster 8 20 53068, 53072, 53073, 53076,53085, 53 100, 53 104, 53105,53106,53108. 53128. 531~4.53150, 53179, 53183, 53186,53187, 
53188, 53222,53298 

Cluster 9 23 53299, 53300, 53342,53343,52919,52921, 52922,52924,52925, 52953, 52954.52955,52960, 52969,52970,52971, 52972, 
52978,52979,52980, 52981,52983, 52984 

Cluster 10 15 53117, 53118,53119,53120,53328, 53329, 53330,53331,53332,53333,53334, 53335,53336,53337,53338 



Table 4.1 .7:- PrinciEal ComEonents {PCsl for 9 characters in 423 accessions of chickEea 
PC I pe2 PC3 PC4 

Eigen value 1.89 1.52 1.15 1.09 

Proportion of (52 23.64 18 .99 14.38 13.61 
Commulative (52 23.64. 42.63 57.01 70.62 

Eigen factor 

Plant pubescence 0.362 -0.665 0.414 -0.115 

Growth habit 0. 150 0.521 0.570 0.065 

Iron deficiency -0.065 0.259 0.076 0.763 

Flower colour -0.822 -0.3 80 0.079 0.039 

Plant pigmentation -0.11 7 0. 218 -0.378 -0.576 

Days to flowering 0.149 -0.105 -0.699 0.365 

Days to maturity 0.867 0.296 -0.098 -0.085 

Plant height 0.546 0.2 14 0.142 -0.099 

Ascochyta rabiei -0.521 0.670 00.040 -0.133 



4.2. EvaluatIon of Sixty Local AccesSIons 

4.2, I. Genetic Variation 

Haste stallSt\CS for mea::.ured quanlltanvC trait;" VIZ. days to Ilowering, day::. 

{o IIl tiluril)l . plant height, branches per plant, pod$ per plnnt. pods per brunch, ..;ecd .. 

per poo. IOO~sc".:d weigh t, hmlntm:1I1 yidd. b'TtllTl Yield and harvest mtlcx is presented 

m I"il hlc '" 2 I Iligh variance lc.'iprcsscd as percent o j mcan ... , .. \'~<; nh"t'rvcd ror 1111 

the {riuls ulli.lcr study eKcepl seeds per pml where. 11 low v.trlunee ""IS obsclVed and 

hence improvement ror this trail secnll.:d to be difficult inlbl! local gcrmplnsm used in 

present study. Oays to flowering ranged from 124 to 155 days after planting wilh 1\ 

mean vullle or 140±O,61 duys. Maturity period ranged from 16)· 185 days uner 

planting with II mean vallie of 170±O.S8 days. Although. maturity ran ge was not very 

high and {\ diftcrem:e or only 3 weeks was obscrvt::d betwcen carly and latc matunng 

accessiolls. hut at the time of harvest Iht; t;arlincss up 10 J wt;eks is cons idered 

suflicien t ror the preparation of land lor next sowing. Plant height ranged rrom 37.6 

to 66 .9 and average va lue for this traits was 51±O.74 em. High varia nce and range 

was observed for plant height. Branches ranged from 5.8 to 22.6 branches per plant. 

pods from 7.5 to 122.7. Pods per branch were calculated to find the best plnnt 

type/shape With maximuln replodllcuve branch~ and it ranged from 0.7 to 13 .1 pods 

per hnlllch "igh VAriance for pod characters (hranches and pod num1x:r) was 

llbscrvcd in the material 1I ~c.:d HI Ihe prcscnl sWdy Ihal '(lul d he cxpluitcd for crop 

1111provCml!nl. Sl!eds per pod I1tn~ed belwcen () 5 and 1.8 !'ccdslpod with (I Illc.:an 

value of 1.l:tO.03 seeds along with low variance . Seed weight ranged from 10.88 to 

27.49 g. biological yield from 1414 to 50.65 g. grain y ie ld from 1.74 to 18.35 g and 

harvest index from 7.15 to 56.62%. High variance for yield contrihuting trai ts was 

observed in the present material that cou ld be ulililcJ for improving yield potentia l of 

chIckpea in future breeding programmt!. 

4.2.2 Qualitative Traits 

The germplaslll compris ing 62 accessions of c hickpea along with 2 checks 

were a lso chamcterized for plant traits of qualitative nature with distinct classes 

like growth habit , iron deficiency. flower colour, p lant pubescence. p lant 

pigmentation and pod size following IPGRJ descriptors for c hickpea and the 

tabulated resuhs are presented in Table 4.2 .2. G rowth habit was recorded as erect, 
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Table 4.2.1 :-Range, means, SE and variance for 11 quantitative traits in 62 chickpea 
accessions along with two checks evaluated during 1997. 

Quantitative traits Mean±SE a a 2 Minimum Maximum 

Days to flowering 140.03+0.61 4.80 23.05 12400 155.00 
-

Days to maturity 170.48+0.58 . 4.60 21.20 163 .00 185.00 

Plant height (cm) 51.00+0.74 5.83 33.98 37.60 66.90 

Number of branches 12.31 + 0.46 3.60 12.99 5.80 22.60 

Pods per plant 39.66+3.04 23.93 572.44 7.50 122 .70 
-

Pods per branch 3.70+0.30 2.37 5.62 0.68 13 .10 
-

Seeds per pod 1.13+0.03 0.22 0.05 0.47 1. 81 

1 OO-seed weight (g) 15.78+0.60 4.72 22.3 1 10.88 27.49 

Biological yield (g) 29 .18+ 1.0(, IU4 (,<) .48 14.14 50.65 

Grain yield (g) 7.1 9+0.44 3.47 12 .05 1.74 18.35 

Harvest index (%) 25.21+1.27 10.03 100.68 7.15 56.52 
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Table 4.2 .2:- Classification of 62 accessions of chickEea for gualitative traits 

Growth habit Frequency Percentage 

Erect 45 72 .6 
Semi-erect 16 25.8 
Spreading 1 l.61 

Iron deficiency 
Non deficient 17 27.4 
Iron deficient 45 72.6 

Flower colour 
Dark pink 1 l.6 
Pink 39 62.9 
Light pink 22 35.5 
White 0 0 

Plant pigmentation 
No anthocyanin 32 5l.6 
Anthocyanin present 30 48.4 

Pod size 
Small < 15mm 35 56.5 
Medium 15-20mm 23 37.1 
Large> 20mm 4 6.4 
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l)Cnl l-en:CI ilml sprcud1n1; (,It prost.lh: typt:~ An1(1I1~ IlU.: ~lo.:m lpla"lII churactcrucJ, 

45 access ions were erecl lypes whu;h were 72.6"'/(\111' Ihe lotal population, wherca~, 

I() accessions (25 8°/11) were seml-crect and ant ;leeCSSl\lO (I 6%.) was spreadln~. 

liolh the ehcck!J were crect typc and" \\.IUS noted Ihal al\(lul ~lnc third or Ihe local 

!,!.c llnplasl11 colledcd from Jive dislri(IS or Punjah was en.:..:1 111 n<llllie. Some of th(! 

chickpea ~cnotypcs show respollse to Iron detielency due 10 some physiological 

disorder, tht:refore this traiL was recorded as iron defic ient or non-deficienl IYPCII 

Seventeen accessions, which were 27.4%, o f the mate ria l, did not show symptoms 

of iron defic iency. whereas rest of Ihe (orlY fi ve access ions (72.6%) exhibited iron 

deficiency. One check variety (Punjab-91 ) exhibi ted response to iron de ficiency 

although under major chi ckpea growing areas Cnlall dcserl) , it does noL respond to 

iroll chloro!> is. Flnwer colour wa!> reco rded as dark pink, pink, li ght pink and white. 

All the access ions involved in Ihis study were having pink flowers and none gave 

wh ile flowers, and hence all these accessions were of desi types. Further, a ll the 

access ions were pubescent and IOlerant to disease. Out of the lOla I gennplasm 

evaluated fo r plant pigmentat10n. 32 accession»', which were 51.6% o f the 

populat ion. had no anthocyanin pigmenl:1tiun, whe re ;l ~ rest of the material (30 

acces»'i(Jns) had anthocyanin pigmc nltHion Pod sile was ohservcd [I:> small « 15 

mm), medium (15-20mm) ami larg\! (> 20mm) pods. 1111 rty live a«':C«':SS lons which 

were 56,5l'/o of the lo ta l population beard sJllall pod~, twc nt y 'h ree (37 t lX,) \\lcrl: 

medium and other 4 access ions which were 6.5v/.., g.ave lurge pods. The a«.:CCSSHH1S 

with larger pods arc suggested to be ulllized for futli n.:: selec tion and improvement 

for high seed weight as large pods contain bo ld seeds. 

4.2.3. DistributioN a/Quantitative Traits 

The frequency distributions for various quantitative traits (days to flowering, 

days to maturity, plant height l branches, pods/plant. podslbrnnch, seeds/pod. IOO-seed 

weight. biological yield, grain yield/plant and harvest index) arc presented in the 

graphic form (Figs. 4 .2.1 to 4.2.11). For days to flowering, maximum number of 

accessions (30) which were 48.4% of the population, flowered within the range of 

136- 140 days afte r plan ling and it was foll owed by twenty three accessions which 

flowered (rom 141 to 145 days aOer planting (Fig. 4.2. 1). Fi ve accessions (Punjab-9 I, 

Paidar-9 1, PAK-52983. PA K-52932 and PAK- 52922) were selected on the basis of 

t:arly flowering os presented in Table 4.2.3, Maximum ac«.:cssi()ns (30) which were 
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Fig. 4.2.1: - Frequency distribution for days to flowering in 62 accessions along with 2 checks 
of chickpea collected from five districts of Punjab 
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Fig. 4.2.2:- Frequency distribution for days to maturity in 62 accessions along with 2 checks 
of chickpea collected from five districts of Punjab 
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4!t4 percell! of Ihe lowl, nHHurcd l'l(!lwcen 166 tlnd 17(1 J<lY~. li1lluwcu hy fifteen 

acccssions with malunly ranl!,c or 171·175 days. TCIl ac(;cssions (PAK·529K3. PAK-

52932, PAK-52922, PAK-52975, PAK-52931, I'AK-52935, I'AK-52953, PAK-

52%6, PAK-5297I. PAK-5297~) took Itss than 165 days to mature after planting 

~lIld hence were considered short duration (Fig. 4.2 .2). Seven ar.:ccsSlulls were latc in 

1I1atullly lind tuuk ' 180 days to harvest alter pldnt.mg. for plant height, maximum 

accessions (22) which were 35 .5% of the popu lahon. gave from ~ 1 to )) em plant 

he ight and the~c were lollowed by mneteen accessIOns (30,7%J which wen:: fmm 46 

to 50 em tnll (Fi g. 4.2.3). Eleven accessions (PAK-52983. PAK-52955, PAK-5297l), 

PAK·52922, PAK-52933. PAK-52921, PAK-52984. P.'\K-S2965. PAK-52937. 

PAK-5296 1. PAK-52942) were se lccte;d on the; baSIS 01 shU!1 Slatu!"c alllililcse wl.!rc 

less than 45 l:m wll . whereas three gcnotypes (PAK·529ML Punjah-l} l . PaiJar~91 ) 

including o ne accession and two varieties were lall s tature. 

For branc hes/p lant the results Jepicted in fig . 4.2.4 revea led that twenty 

:>ev(:11 access ions whi ch wcre ': 3.6% of Iht! tOllll ha ve 10 to 12 branc hes per plan t. 

and it WClS fo llowed by the range 13- 15 with the frequency va lue of 14 accessions 

(22.6%) . T welve accessions (l'AK-52971. PAK-52()70. PAK~5297J, PAK·52972. 

PAK-52975, PAK-52974, PAK-5297~, PAK-52979, PAK-52980. PAK-5298 1, 

l'AK-529KJ. PAK-52984) were obscrveJ I() be bushy anJ produced morc than 15 

hrilllt.: hes per 111.101. hence thCfiC could be! inct")rpor:Jlcd in tht: brccdml:; programme 

t(\ improve hrJ.llcl\cs in l:hickpea . Pods per plan! ranged rrom 7.5 10 122.75 and on 

the basis o f class interva l, it was observed that twenty nine uccessions produced 21 

tn 40 pods per plant which was followed by the grou p from 4 1 to 60 pods with {l 

frequency of fourtee n access ions and these two groups constituted about 69%1 or 
the popUlation (Fig. 4.2.5). Eight accessions (PAK-52974, PAK-52975, PAK-

52978, PAK-52979, PAK-52980, PAK-5298 1, PAK-52983, PAK-52984) 

produced morc than 60 pods/plant, hencc these arc sugges tcd to be tes led under II 

wide range of agro-ecQ logica l conditions to develop superior cuhi va rs. 

Fifty two al;ccss ions whic.h \;.en: 83.9%1 ur the pupulation, produced up to 6 

pods/branch. Ten access ions ( IJAK~52961, PAK·52949. l'AK·52966, PAK~52962. 

PAK-52964 , PAK-52973, PAK-52960, PAK-52070, PAK-529~4, PAK-52968) 

produced morc than 6 pods per unit branch (Fig. 4.2.6). For seeds per pod. thirty 

fi ve access ions which were 56.5% of the lotal produced 1. 1 10 1,25 seeds per pod 
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.Ind It \Nas lollowed by 13 accessions in the range lip to one seed per pod (Fig 

4.2.7). lwo checks (Puidar-91 lind Punjub-91) and (Inc lIu.;e~sion (PAK-S2984) 

produced high number of seeds per pod. hence wcre se lected (Table 4 .2.3) TIIC 

frequency dl~mibuliun legarding seed welghl .IS (.h . .'pich.:d ill the Fig ,J 2.8 revealed 

thlll Iw~nly "IX accc~sions which \\ en! 41.4)"1" of Ihe population wert.! Imvlng 12.1 10 

16.0 g 100-seed wClght, lollowed by tht! range up 10 12 g where founeen 

accessions were observed. Eleven acce:-;slons (PAK-52972. PAK-S297J. IlAK_ 

52974. PAK-52975. PUNJA O-9 1. PAK-5297R_ PAK-5297')_ I'AK-529HO. I'AK

'i29}{ 1. PAK-529S3. PI\ K-529!'14) plUdm:ctl high :-;ccd we ight (mure than 20.0 g) 

and henec could he utilized for the manipul ation 11f Ih is trail in deve lop ing bo ld 

seeded chic kpea culti vars as high seed weighl in any grai n crop is pre ferred by the 

consumer!> il nd hi gh seed weight III des I Iypes is not very freq ue ntl y ava ilable i ll 

chickpea gennplasm. 

The bio logical yie ld rangl.x! from 14.14 to 50.65 g per plant Frequency 

distribution revealed that maximum number of accessions (29) which were 46.8% of 

the population produced 20.1 to 30.0 g bio logica l yield alld it was fullowed by thc 

range 30. 1-40.0 g where 18 accessIons were observed (Fig. 4.2.9). Seven access ions 

IPAK-52975. PAK-52978. PAK-52979. PAK-52980. I'AK-52~81. PAK-52983. 

PAK-529M) whIch \Vere II 3%1 01 the tala I. produced morc thu n 40 g biological 

yield whereas on ly one accession (PAK-52984) produced more than "0 t; biologica l 

yield per plant and henee could be utili7.ed for breeding Chickpea for high biological 

yie ld produc tion. On tile basis of grain yield per plant, the germpla~1\1 runged from 

1.74 \0 18.35 g and the frequency distribut ion presented in Fig. 4.2. 10. rcvcal l.'CI lhal 

the thirty three accessions which were 53.2%1 of the population produced 4 1 \n 8.0 g 

grain yicldlplmu which was followed by fourteen access ions (22.6%) which produced 

8. 1 to 12.0 4.0 g. About 90% of the lo tal germplasm undcr investigation, produced 

th t.:: grain yie ld up to 12.0 g per planl which is considered 10 be the medium range of 

gra in yield in chickpea. In the present material. tivt.:: accessions (I>AK-52979. PAK~ 

52980, PAK-5298 1, PAK-52983, PAK-52984) and one check (Punjab-91) were 

observed as high yie lding since they produced more than 24 g grain yie ld per plant . 

The access ions which produced more than 12 g gra in yie ld per plant are listed in 

rablc 4.2 J and could he util ized for Improving yield polt l1t ial of chi ckpea. 
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Table 4.2.3:- Selected accessions for various traits 

Character Selection 
range 

Accessions 

Days to flowering < 135 days Punjab-91, Paidar-91" 52983. 52932,52922 

Uays to maturity . 165 days 52lJ~U, 52<)32, 52lJ22, 52')75. 52lJ3 I, 52<)J5, 52lJ53, 
52966,52971,52978 

Plant height < 45 cm 5298}, 52955, 52979, 52922, 52933, 52921, 52984, 
52965,52937,52961,52942 

Branches per plant > 15 
branches 

Pods per plant > 60 pods 

Pods per branch > 6 pods 

Seeds per pod > 1.5 seeds 

1 OO-seed weight >20 g 

Biological yield >40 g 
per plant 

Grain yield per > 12 g 
plant 

Harvest index > 30 

5297 1,52970,52973,52972,52975,52974,52978, 
52979,52980,5298 1,52983,52984 

52974,52975,52978,52979,52980,52981,52983, 
52984 

52961,52949,52966,52962,52964,52973,52960, 
52970,52984,52968, 

Paidar-91, 52984, Punj ab-9 1 

52972,52973, 52974, 52975,C44, 52978, 52979, 
52980,52981,52983,52984 

52975,52978,52979,52980,5298 1,52983,52984 

52979, 52980, 52981, 52983, 52984,Punjab-91 

52968,52969,52970,52971,52972,52973,52974, 
52975,52978,52979,52980,52981,52983,52984, 
Punj ab-91, Paidar-91 
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Frequency distribution rt:HarJing h:uvcst index 111 chickpea as presented in tht: 

FIR 4.2.11, revea led that the maximum ucces:-'Ions (29) which were 46.8% of the 

\olul, pro<iuccll harvest index ranging from 20 I III }OO% and these wen:: fo llowed by 

minc~n .1c(1.'ssiol1s plOducing, 10.1 tu 20.0"'il harvc:.t index Sixteen .:.t\.ce:-.siun~ (flAK· 

·52968. PAK·52969. PAK·52970. PAK·52971, PAK·52972, PAK·52973. PAK· 

52974. PAK·52975, PAK·52978. PAK·52979. PAK·52980. I'AK·52981, PAK· 

52983. PAK·52984. Punjab·91. P;lIdar·YI) gave more Ihan 3Uu/" hurveslllldex in the 

present study (Table 4,2.3) Both tht.: c hecks a lso produced h.igh harve!-.t index and the 

accessions with hi gher harvesl index than hOlh Ihe checks a rc suggested to be 

incorpor:tted in the bn.::cding programme. From the gcrll1plasllI analyzed io. 
frequency distribution and simple statistics, thl! acces!:) ions with the be};! performance 

for individua l characters were selected and presented in Table 4.2.3 which can be 

exploited for the ir genetic potentia l in future breeding programme. 

4.2.4. Correlation Analysis 

The correlation coefficient. ... wcre computed among all the quantitati ve traits; 

day:-. to flowering. duys to maturity. plant he ight, branches per plont , pods per plant, 

pooslbtanch, seeds per pod. IOO-seed we ight. bio logical yield, grain yie ld ilnd harvest 

index. l1le results regarding correlation analysis are presented in the 'I able 4.2.4. 'n le 

results regarding corre lation revealed that days to Oowering was significantly positive 

wllh days to maturity, whereas it was negative With plant height. seeds per pod, b'fam 

Yield and hnrvc:;1. Brunches per planl exhibited signi ficMt ly po~u t ivt.: .tssl)ci l.l lion with 

nil the tra ils except days 10 nowellng, days; to mut uri ty and plant hClght. Similarly, 

pods per plant had sign ificantly positi ve corre lation with all the traits except with 

day:. h) Il owering. days to matllrity and plant heigh\. IOO-seed wl:ight l:xhihitcc! 

pOSitive assoc iation with branches pcr plant. pods p Cf plan I, pods per branch, seeds 

per pod. grain yield, biOlogical yie ld and harvest index. The positive association of 

loo-seed weight with secds per pod was only possible because of U1C presence of 

large pod size accessions in the present material. G rain yie ld. bio logical and harvest 

index showed positively significant associalion with all the tra its excepl with days to 

nowcring, days 10 malurity and plant he ight. In the present study. out o r cleven 

characters, e ight were observed to be yield contributing for chickpea improve ment. 
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Table 4.2.4:-

Quantitative 
Traits 

Simple correlation coefficient among eleven quantitative traits III 62 
accessions of chickpea eval uated during 1997 
Days to Days to Plant Number Pods per Pods per Seeds 
flowering maturity height of plant branch per pod 

(cm) branches 

1 OO-seed Biological Grain 
weight yield (g) yield (g) 
(g) 

Days to maturity 0.6429" 

Plant height (cm) -0 .2504" 0.1027 

Number of 0.1411 -0.0085 -0.1965 
branches 
Pods per plant 0.0745 0.0459 -0.1449 0.9683" 

Pods per branch 0.0803 0.1054 0.1345 0.572 1" 0.5946 

Seeds per pod -0.3093" 0.0324 0.1449 0.7343 " 0.7887 0.5496" 

100-seed weight -0 .0461 0.0779 -0.0 162 0.9 160" 0.9580 0.5539" 0.8321" 
(g) 
Bio logical yie ld 0.0704 0.0180 -0.0754 o C)636" 0.9537 0.6076" 0.8 106" 0 .9400" 
(g) 
Gra in yie ld (g) -0.2043" 0. 11 37 0. 1259 0.80 19" 0.8698 0.5428" 0.9498" 0.9379" 0.8753" 

Harvest index (%) -0.3207" 0.0970 0.2354 ' 0.6999" 0.7755 0.5 162" 0.9568" 0.8475" 0.7871" 0.9531" 
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4.1.5. PrlllClpa/ Componellt I l l1ul\'SIS (/-'CA) 

V:1riilll(;C d lle 10 quantllllll\t! tra ils wa~ lurthcr sl ud h!d hy pel\, and a 

prinCipal "omponcnts matrix lor cleven quanlllutlvc characters IS glvell III lilhlc 

42.5 lllC first three prinCipal components With eigenvalues morc than I 

cOlllrihulcd KS.58% nf the variabihty amongSi (12 genotypes eVAluated for cleven 

qllanLltatlve trailS. Olher components (PC4 to PCII) were less Lhan lIllIl)' hence 

coultlnol prove their Importance. Principal component 1 had 60.39')/0 of the 10la1 

variation. pe2 16.45% and PC, 11.75% o f the IOla l variat ion. Only Ilel ex hibited 

morc than hair o f variability, hence considered cumulati ve or other components. 

C haracters that contributed more positi vel y to PC!. were. branches (0.91 7). pods 

]lcr planl (0.953 ), pods per branch (0 .057). seeds pcr pod (0 .911) ). I ~O-seed weight 

(O .96 ~ ) , biological yie ld (0.957). grain yield (0.963) and harvest indcx (0 .909). 

whereas days to flowering contributed least to fi rst component. Days 10 flowering 

(0,%4) and Illlllurity (0.689) contributed maxi mum genet ic vari ance to PCl and 

plant height was assessed significant fo r PC,. Days 10 maturity were contributed by 

,111 1111..' f:lc tllr!'. but high effec l!'. w~n! {}b!'.~fV~d lilf 1'( ~. 

;\11 the clmmetcrs umkr ~ludy con lnhult:J gcnt:ue vanall~c pmil ivdy 

towards PC, except days 10 flowering where ,I was m!galivc. bglll characters 

(branches. pods per plant. pods per branch. seeds per pod. IOO-seed we ight. 

biological yie ld, gram yield lind harvest ,ndex) exhibited mllximum dTc(;1 on PC, 

and seven charac ters were posItIve fOl PC), oul or which days 10 flowering und 

lIuy~ to maturity conti ihutt:d maxi mum. III n\llft; Jeta i1. the lirst PC wh ich 

exp luined oO.39'Yo of the va ri ance b pos iti ve ly assoe iulcd with all the charuc lcrs 

except one nnd e ight important yi eld contribu ting characte rs ex hibited more 

pos iti vely, whereas days to nowering eonlributed least. This means Ihat the 

populations wi th high PC, values are high yielding and formed by medium 

matu ring pla nts characterized by high seed weight and ha rvest index. Seven 

characte rs contributed positi vely fo r PCI where days to nowe ring and days to 

maturity were observed with highest values for PC!. It is ev iJenllhat len impo rtant 

plant characters contri bu ted morc pos iti vely to fi rst 2 principa l components and 

hence these coul d be estab lished il1lportam ror the ma lc riul under in vestiga tion. 

The compo nent 3 contributed max imum for plant he ight . altho ugh it had good 

share for days to maturity. 
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Table 4.2.5:- Principal Components (PCs) for 10 quantitative characters in 62 genotypes 
of chickpea 

PC I PC2 PC) 
Eigen value 6.64 1.8 I 1.29 

Proportion of (52 60.39 16.45 11.75 

Commulative (52 60.39 76.83 88.58 

Communality Eigen factor 

Da ys to flowering 0.944 -0.082 0.964 0.087 

. Days to maturity 0. 872 0.667 0.689 0.627 

Plant height 0.836 0.316 -0.41 5 0.814 

Branches per plant 0.952 0.91 7 0. 209 -0.261 

Pods per plant 0.966 0.953 0.162 -0.1 79 

Pods per branches 0.479 0.65 7 0.120 0.179 

Seeds per pod 0.913 0.919 -0.234 0.120 

I OO-seed weight (g) 0.943 0.968 0.048 -0.057 

Biological yield per plant 0.951 0.957 0.128 -0.139 
(g) 
Grain yield per plant (g) 0.954 0.963 -0.116 0.117 

Harvest index (%) 0.934 0.909 -0.245 0.217 

68 



I he lilst component is strongly associated with high yield potential lind 

Yield contribution tmilS, thus more related to reproductive phase, whereas second 

component il' associated with days to f10wenng and days to maturity contributlllg 

17.2% of the toLaI vUnance, hen,,\! Ihc populalions 11\ this <;n mpoll!.!nt arc mUlc 

likely rcl.lIcd 10 vcgctall\C !nuts_ nle population with high PC} va lues :Ire 

, hllranerl/cd hy latc nO\~clLnl! and tnilhHII)" I he fl\)pulatllms 111 tins cOmpOlh!IH 

.11e assocl,lIcd negatIvely wi th plant height. seed .. pt:r pod , gnlln yield and harvest 

IIldcx which revealed that the Ilccess ions in the populatio n fu ilcd in appropriate 

I>tl rli tioning of economic yield which ulti mately reduced harvest index 

Fi rst 3 components which contributed 88.6'YQ of the total vari ance, were 

plotted graphica ll y to observe the reliltionship bc twcc li 62 act.:css ;OIlS of chi ckpea 

fo r these components. The fac tor I t.:nnll'ih ll ting 60 .... % of Ih!! v a rla bi l ltywa~ ke pt 

us x-ax IS III both the ca~es. wherl.! a~ factor 2 and :'\ werc plolted aga inst y-axIs 

simultuneously. The separation on the basis of both graphs gave similar res ults. As 

the accessIOns were plo tted on the baSIS of geograph ic ori gin and source of seed 

collection. hencc these were inves tigated 10 see whether the gc ne llc d ivers ity wus 

related to geographic origin or not. The PC. and 2 revealed one group in lhe left 

upper ha ir. one in the right upper half. one In between of these two groups and one 

COIlMSI11l,!; checks was obsl!rved III the luwer half or tht.: gmph (Fig. 4 .2. 12 ). Similar 

fl·suh .... \\C lt.: ob~l.!"ed 111 th t: Fig_ ~ .2.D Whl.!lC factor 1 wa:,; plotted against y ;P\1S 

IllstCtuJ of faum 2. Thrc!c cluster:. Cl>lls l ~tlTlg of a~ec"''''luns WCI'I.! 111 the Imdtile 01 

the grnph with simi lar pallern as in tilt.! graph plotted 1'01 f'uctor I :lltU 2. Thl.! only 

difference was that the van e tl es were shifted III Ihe upper hull' of lhe graph . 

4.2.6. CllIster analysis 

A Euclidean disl' imll arity coefficienl matri X wa ... ca lculated for ()2 chid,pea 

.Icccssiolls from the morphologIcal dutu and phenogra m cOI1 !'. lrucled 1)0 prcscnh::d III 

Ihl.: Fig. 4.2 . 14 anu the ;r ecessions In t.:ach cluslel arc prc.:-cntcd in the Table 4.2,6 

The cl uster d iagram USing Ward 's method revealed 2 major groups and if It IS 

observed crit icall y, six c lusters were observed, The group A conSisted of 4 and 

group B consisted of 2 c lusters, Both the checks were grouped togethe r in cl uster 

II , Cluster 1 cons isted of five accessions, c luster II consisted of 2 checks (Punj ab-

91 and P:l idar 9 1). C lus ter III comprised of 12 accessions. c luster IV of seven 

accessions. c luster V of 22 accesl'ions and chiMer V J consisted of 13 access ionS. 

69 



3 3€ 

2 

o 

N 

,....., 
...... 

• 
rfI 

o 

~ 0 

oci) 

• 0 

o 

00 

o 

o 
o 

~ -1 o 
o 

--() ro 
LJ... 

-2 

* 
-3 

-4 
~----------------~------~--------~------~--------~ 
-2 -1 o 2 3 4 

Factor 1 (60.39%) 

Fig.4.2.12: - Scattered diagram based on quantitative traits for first and second 
factors in chickpea. The marks represent as 0- District Layyah, 

. - District Bhakkar, 0- Districh Khushab, +- District Mianwali, 
3€- Bahawalnagar and *- approved varieties 

' ... 
, 

'~,\ " . . ,.r 

70 



...-... 
~ 
V) 

r---

'-'" 
~ 

I-
0 ...... 
u 
('OJ 

w... 

4 

¢ 

3 

3€ 0 
2 

0 

0 •• 0 

, "'cP • 
• t 3€0[tJ .. 0 0 3€ 0 0 0 ~"- 0 

3€ o 0 0 • • 0 0 
0 • 0 

0 
-1 

0 0 

-2 

-3 
0 

-2 -1 0 2 3 4 

Factor 1 (60 .39<Yo) 

Fig.4.2.13:- Scattered diagram based on quantitative traits for first and third 
factors in chickpea. The marks represent as 0- District Layyah, 
.- District Bhakkar, 0- Districh Khushab, +- District Mianwali, 

3€- Bahawalnagar and Q- approved varieties 

71 



ZL 

Linkage Distance 
'Tj -. ;:; N "" .... '-" 8 -..J qCI <::> <::> <::> <::> <::> <::> 

~ 
e , , u , 0 , , u' 0 U i 

N 52984 
52983 ..- 5298 1 

~ 52980 
I 52979 n PAIDA R 91 
2" PUNJAB 91 
Vl 52978 
'"* 52975 ~ ..., 

52971 
~ 52973 
Pol 52974 
~ 52969 

3 52968 
52970 

0 52966 
....., 52964 
0\ 52960 
N 52959 
(') 52967 
a: 52965 
(') 52963 
::0:;- 52962 

'"0 5296 1 ~ 52972 Pol 
Pol 52958 
(') 52957 
(') 52954 ~ 
Vl 52953 
Vl 52952 o· 5295 1 
::l 52950 Vl 

52947 Pol 

0- 52944 
::l 52948 

(fQ 52943 

~. 
52941 
52956 

'"* 52955 :::r' 52949 
N 52946 
(') 52945 :::r' 52939 ~ 
(') 52938 
::0:;- 52942 
Vl 52937 
CT 52933 
~ 52934 
~ 52929 0. 52932 
0 52935 ::l 52931 .c 52928 s:: 52930 § 52926 
O. 52927 
'"* 52925 Pol 
'"* 52924 <' 52921 
~ 52922 
'"* ..., 529 19 
~. 529 18 
'"* Vl 



Table 4.2.6:- Clusters based on quantitative characters in chickpea 
Group Cluster Frequency Accessions 
Group A Cluster I 5 52984, 52983, 52981, 52980, 52979 

Cluster IT 

Cluster III 

Cluster IV 

Group B Cluster V 

Cluster VI 

2 

12 

7 

23 

13 

Paidar 91, Punjab-c)J 

52978,52975,52971,52973,52974, 
52969,52968,52970,52966,52964, 
52960,52959 

52967, 52965, 52963, 52962,52961 , 
52972,52958 

52957,52954,52953,52952,52951 , 
52950, 52947, 52944, 52948, 52943, 
52941,52956,52955,52949,52946, 
52945,52939, 52938, 52942, 52937, 
52933, 52934, 52929 

52932,52935,52931,52928,52930, 
52926,52927, 52925,52924, 52921, 
52922, 52919,52918 
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/'\\ HlI ~ clU'StCI umllyrmi l!i MiI'ied on agru':U1 111r:tlly Impnr1;lnl ch.anl!';lcr~. hl;nce oolll 

the checb were clllcgonzcd In one group thaI mil)' he hccaU!lC of :.cicc tl on prc~'lIrc 

rur high yh: ld potential and othl~r r~lalcJ chanll'tcf' 

Five acceSSlon!i (PAK·52984. PAK·52983, PAK·5298 1. PAK-52980. 

PAK-52979) we're observed m Cluster I. two approved varieties were In c hJster 1I , 

I\\cl\e ilcce.!.!<,H1!1S (pAK·5297R. PAK·52975. PAK·52971. I)AK·52973. PAK· 

52974. PA K·52%~. PAK·5296~. PAK·5297U. PAK·52966. PAK·52964. I'AK· 

52960, PAK·52959) were In clusler III. seven uccessions (PAK-52967. I'AK· 

52965. I'AK·52963. PAK·52962. PAK·52961. PAK·52972. l'AK·52958) were ill 

cluster IV . Group B comprised of two clusters. i.l!, . duster V and VI which 

C011.~l s tcd uf twenty three uno thirteen 'ICCC!>.Slons. rc!>.pcc tlvcly . The avcmgc 

performance and range along with gcm.:!ie variance 1'01 :>.IX dusters ure presented III 

the Table!>. 4.2.7 to 4.2.12. 111e members or duster 1 were lute In flowenng 

( 142±2.74 days), having high number of pod.!. (9R.5±6.16) lind grain yicld 

( I J.68±O,95 g). The members of tlH~ cluster might he tesled und!!r:l \Vide rangc of 

Clivi rOnmCl1lS to se lect the bcSI cuhiv .... s. nle cluster 11 consisted of two approved 

Vanetles and hl ~ cluster ga"e hIgh awr.tge values lor most of the characters and 

cx.lubited the highest grain yield ( 15.15±3.20 g). Oul lugh vari:mcc for gram yield 

rcvC!aled th at onc of the va rletlcs could flOI perform cOfl'waclltl y thus gave high 

vali;.mcl.! thai tou lo he lowered hy simpl\! se!cl: tH)I\ of , upenor p l ~ll1:' and funhtl 

multlpliciltlon for general cult Ivai mil. 

Cluster JlI consisted of 12 genotype!>. whIch gave average of 140±O.57 days 

to flOWering, 169±O.92 days to maturity and 9.43±Q,46 g grain yield, therefore. 

were classified as early to medium maturing with low 10 medium grai ll yield 

(Table 4.2.9). High genclle variance for yield and its contributing characters was 

observed that could be exploited through simple selection. Cluster tV consisted of 

7 genotypes and gDve the average gra in yield of 8.W±O. 11 g with low genetic 

vuriunce. therefore. selec ted access ions frc m this c luster Illlghf be uti lized in hybrid 

programme for crop imprnvemenl. Tim duster was al /'1u caleg,mizt!iJ II:>. medium 

IIlaturing lI75±2.06 d:tys} , 

Cluster V consisted of maximum number (23) of genotypes that were 

categorized as early maturing (170±O.51 da ys) and low yie lder (5.79±O.17 g) . The 

acces~ lons of tl1is cluster g.I\·c 13 19±O.20 g lOOk'oecd welgln along with low to 
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Table 4.2.7:- Range, means, SE and variance for 10 quantitative traits for cluster 1 
in chickpea 

Quantitative traits Mean±SE 0' 0'2 Minimum Maximum 

Days to flowering 142±2.74 6.12 37.50 132 148 

Days to maturity 172+2.69 6.02 36.30 163 178 

Plant height (cm) 43.8±1.91 4.27 18.27 37.6 48.0 

Number of branches 20.7±0.78 1.74 3.03 18.5 22.6 

Pods per plant 98.5±6.16 13.78 189.79 89.6 122.7 

. Pods per branch 6. 1±1.32 2.95 8.73 3.9 11.2 

Seeds per pod 1.5±0.08 0.18 0.03 1.4 1.8 

1 OO-seed weight (g) 26.50±0.42 0.94 0.89 25.40 27.49 

Biological yield (g) 45.27± 1.44 3.22 10.40 42.32 50.65 

Grain yield (g) 13.68±0.95 2. 12 4.49 12.02 17.36 

Harvest index (%) 40.41±1.76 3.93 15.46 35.71 45.14 

Table 4.2.8:- Range, means, SE and variance for 10 quantitative traits for cluster 2 in 
chickpea. This cluster consisted of 2 approved varieties, i.e., Punjab 91 
and Paidar 91 

Quantitative traits Mean ±SE 0' 0'2 Minimum Maximum 

Days to flowering 124±0.00 0.00 0.00 124 124 

Days to maturity 175±1.00 1.41 2.00 174 176 

Plant height (cm) 66.7±0.20 0.28 0.08 66.5 66.9 

N umber of branches 9.0+0.78 1.10 1.20 8.3 9.8 

Pods per plant 78.3 ±0.55 0.78 0.61 37.7 38.8 

Pods per branch 4.3±0.31 0.43 0.19 4.0 4.6 

Seeds per pod 1.7±0.12 0.16 0.03 1.6 1.8 

100-seed weight (g) 20.25±3.27 4.62 21.39 16.98 23 .52 

Biological yield (g) 27 .57±6.40 9.05 81.92 21.17 33.97 

Grain yield (g) 15.15±3.20 4.53 20.48 11.95 18.35 

Harvest index (%) 55.44±1.08 1.53 2.33 54.36 56.52 
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Table 4.2.9:- Range, means, SE and variance for 10 quantitative traits for cluster 3 in 
chickpea 

Quantitative traits Mean ±SE 
? 

Minimum Maximum cr cr" 

Days to flowering 140±0.57 1.96 3.84 136 143 

Days to maturity 169+0.92 3.17 10.06 164 174 

Plant height (cm) 55.4±1.12 3.88 15.02 49.7 62.7 

Number of branches 15.1 ±0.46 1.59 2.54 12.9 17.5 

Pods per plant 57.1±3 .67 12.71 161.53 39.3 86.7 

Pods per branch 6.0±0.82 2.84 8.05 2.8 13: 1 

Seeds per pod 1.2±0.02 0.07 0.00 1.13 1.33 

I OO-seed weight (g) 19.52±0.82 2.83 8.02 15.37 24.35 

Biological yield (g) 36 .88± 1.03 3.56 12.64 30.47 41 .93 

Gra in yield (g) 9.43±0.46 1.59 2.54 7.33 11.73 

Harvest index (%) 31.01±0.85 2.94 8.64 26.42 34.68 

Table 4.2.10:- Range, means, SE and variance for 10 quantitative traits for cluster 4 in 
chickpea 

Quantitative traits Mean +SE cr cr2 Minimum Maximum 
Days to flowering 145±2. 02 5.34 28.48 140 155 

Days to maturity 175±2.06 5.44 29.62 170 185 

Plant height (cm) 48.0±1.54 4.07 16.58 44.1 54.4 

N umber of branches 13.8±0.44 1.17 1.36 12.9 16.4 

Pods per plant 47.5±2.86 7.56 57.10 36.1 58.6 

Pods per branch 4.3 ±0.58 1.54 2.37 2.6 6.7 

Seeds per pod 1.2±0.02 0.06 0.00 1.1 1.3 

100-seed weight (g) 17.09±0.78 2.05 4.2 1 14.99 2 1.19 

Biological yield (g) 33.87±1.13 2.98 8.87 30. 11 38.72 

Grain yield (g) 8.l0±0.44 1.15 1.33 7.01 10.56 

Harvest index (%) 28.27±0.91 2.39 5.74 25.85 32.93 
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Table 4.2.11: - Range, means, SE and variance for 10 quantitative traits for cluster 5 in 
chickpea 

Quantitative traits Mean ±SE 0- 0-
2 Minimum Maximum 

Days to flowering 140±0.35 1.66 2.75 137 143 

Days to maturity 170±0.51 2.44 5.96 165 175 

. Plant height (cm) 50.1 ±0.91 4.35 18.94 4 1. 8 57.2 

Number of branches 10.9+0.15 0.71 0 .51 9.5 12:3 

Pods per plant 28.8±1.02 4.91 24.07 18 .8 35.2 

Pods per branch 2.6±0.27 1.31 1.72 1.0 6.3 

Seeds per pod 1.1±0.01 0.04 0.00 1.0 1.1 

1 OO-seed weight (g) 13 . 19±0.20 0.94 0.88 11.63 14.81 

Biological yield (g) 26 .07±0.54 2.59 6.71 20.83 29.90 

Grain yield (g) 5.79±0.17 0.80 0.65 4.05 6.90 

Harvest index (%) 22.29±0.58 2.80 7.82 15.48 25.57 

Table 4.2. 12: - Range, means, SE and variance for 10 quantitative traits for cluster 6 in 
chickpea 

Quantitative traits Mean ±SE 0- 0-
2 Minimum Maximum 

Days to flowering 139.9±1.35 4.86 23.58 134 153 

Days to maturity 169.5±1.66 5.98 35.77 163 185 

Plant height (cm) 50.5±1.28 4.62 2 1.36 42.8 58.2 

Number of branches 8.6±0.37 1.3 5 1.82 5.8 10.1 

Pods per plant 16.2±1.21 4.36 19.02 7.5 21.1 

Pods per branch 2.1±0.27 0.97 0.95 0.7 3.9 

Seeds per pod 0.9±0.05 0.17 0.03 0.5 1.0 

100-seed weight (g) 11.37±0.12 0.45 0.20 10.88 12.09 

Bio logical yield (g) 19.11 ±0.66 2.39 5.72 14.14 23. 15 

Grain yield (g) 3.39±0.26 0.93 0. 87 1.74 4.88 

Harvest index (%) 12.87±0.97 3.49 12 .20 7.15 18.33 
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h.gh gcnctl c 'tu •• a.,cc 10. \"I"OU,'lo I,;h;.l I;JCIl!r:" T ll l rtL!l! 11 .IIXe,'lo:"iOll)' gr~JUpcd together 

UI elllSh!r V Ithut were ea tegorilc\J curly 10 medlulll matunng (169± 1,66 day:,,), low 

gra in weight (I 1.37:t{U2 g IOO-seed weight) und low grain yield (3.39:tO.26 g) 

1 hI! aCCCs.<;mn!. ()f Iht!> dusH:r gruup\!:d togcther wt lh gr~:.tlcr ~lImIJrit)' in poor 

IlCrforlllancl.!. The t;cnotype~ in thc (:Iu)"er!> lund 11 wcrc nh,t:!'veJ high Ylcldlng 

,me! mcdlulll In,llurtng alon~ \",nh hIgh '\ct!d w~lgh' whcrl!"l, t!~· nn t Yrc:.1, 0 1 L!u..,tcr 

[11 welC carly and IIIc(lIulIl YIC!lc.lIllt! _ Sdccted ge n(llyp<" 1rt\Il1I:hll,tcr~ I .lnd III arl' 

slIgge:.(eu to be u~cd III erop lInprOVCmclH programllu,,' 

4.2.7. HOI'Ves/ Index, GnimpOrUlIll Selecfion Parameter 

Harvest index is an importan t trait ill dctemli ning yield potential of grain 

crops. Gn.:cn revolution in cereals is largely considered due to tremendous incre..1sc in 

harvest index that enhanced the worldwide cerea l productivity. Simi lar emphasis is 

being given in legumes to sdcct genotypes wit h appropriate harvest index. Harvest 

jlldex in lcgumi,:s is very much sensitive to environmcntal fluctuat iuns and it is 

imperative to find the optimum range of harvest index . In order to find the optimum 

harvest index a long with other desirable traits. alt the accessions were classified mto 

various groul)s on the basis of harvest index classes (Table 4.2.13). QUI of 62 

genotypes. eight gave harvest index < 15 percent, nine have produced < 20 pcrcent 

h:lrvcst index (Fig. 4.2. 15). MaXimum genotypes (1 7) exhibi ted horve"t index rrom 

20.1 tn 25.0 percent and tht:se \\crc follmvcd hy 12 genotypes whith produced from 

25.1 10 30.0 percent harvest IIlde~. NlIle gCll(l typCS wt: le l)hst:1 Vl!d JtI the range of 

30.1·35,0 percent harvest index. whereas seven genotypes gave morc than 35 percent 

harvest index and thcse were suggested to be utili:t..ed in future breeding programme, 

The accessions with harvest index less than 10.0%, produc{,"d 16.59±O.92 g 

biological yield and low grain yield of 2.35±O.21 g Similarly, the accessions 

producing lcss than 20 percellt harvi,:st index did not shuw any wurth and could be 

d,scarded at this stage from rurthel evaluation. The accessions which gavc harvest 

index of more than 25 percent were observed better for most or the characters. It was 

observed from the present study that the accessions wilh high harvest index should be 

evaluated for further crop improvemcnt and the accessions with hig.h harvest index 

might be used as one of the parents in hybridization programme. 
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Table 4.2.13:- Analysis on the basis of harvest index in 62 accessions 

Characters < 10 harvest index < 15 harvest index 

Mean±SE SD Min. Max. Mean±SE SD Min. 

Days to flowering 143± 3.92 7.83 135 153 140± 0.75 1.50 138 

Days to maturity 173±4.73 9.46 163 185 170± 0.85 1.71 168 

Plant height 47.8± 3.07 6.15 42.8 56.3 51.6± 1.25 2.50 49.1 

Branches/plant 6.9± 0.45 0.90 5.8 7.9 8.9± 0.09 0.19 8.6 

Pods/plant 11.0± 1.86 3.72 7.5 15.7 16.6±0.1 7 0.34 16.2 

PodslBranch 1.1± 0.18 0.37 0.7 1.5 2.7± 0.58 1.16 1.3 

Seeds/pod 0.7± 0.09 0.18 0.5 0.8 0.9± 0.02 0.04 0.9 

100-SW 1O.92± 0.0 1 0.03 10.88 10.95 11.25± 0.14 0.29 10.95 

Biological yield 16.59± 0.92 1.83 14.14 18.21 18.73± 0.26 0.53 18.23 

Grain yield 2.35± 0.21 0.43 1.74 2.67 3.23± 0.1 7 0.34 2.87 

Harvest index. 8.61± 0.56 1.11 7.15 9.55 12.89± 0.73 1.46 11 .04 

< 20 harvest index 

Max. Mean±SE SD Min. Max. 

141 139± 0.99 2.96 134 143 

172 169± 1.42 4.27 163 175 

53.8 49.5± 1.56 4.69 43.1 58.2 

9.0 9.8± 0.11 0.33 9.2 10.2 

17.0 20.3± 0.44 1.31 17.6 21.7 

3.9 2.6± 0.28 0.84 1.7 4.6 

0.9 1.0± 0.01 0.04 0.9 1.1 

11.50 11 .88± 0.07 0.20 11.57 12.10 

19.33 21.95± 0.41 1.24 20.26 23.79 

3.63 4.45± 0.13 0.38 3.85 4.94 

14.26 16.69± 0.45 1.36 15.01 18.97 

-cont. -



00 
o 

Characters 

Days to flowering 

Days to maturity 

Plant height 

Branches/plant 

Pods/plant 

PodslBranch 

Seeds/pod 

100-SW 

Biological yield 

Grain yield 

Harvest index. 

< 25 harvest index 

Mean±SE SD Min. Max. 

139± 0.33 1.35 137 142 

169± 0.45 1.84 165 173 

51.0± 1.03 4.27 41.8 57.2 

11.0± 0.1 1 0.45 10.3 11.6 

30.0±O.76 3.13 21.8 34.7 

2.6± 0.33 1.38 1.0 6.3 

l.l± 0.01 0.03 1.1 l.l 

I3 .30± 0. 17 0.69 12.31 14.27 

26.45± 0.48 1.99 23 .93 29.40 

5.95± 0. 14 0.57 5. I I 6.72 

23.1O±0.34 1.41 20.69 24.98 

< 30 harYest index < 35 harvest index 

Mean2: SE SD Min. Max. Mean±SE SD Min. Max . 

142± 1.27 4.40 138 155 140± 1.21 ·3.63 136 149 

172± 1.48 5.12 165 185 169± 1.59 4.76 164 180 

50.8± 1.62 5.60 44.1 59.9 54.5± 1.36 4.09 49.7 62.7 

13.2± 0.15 0.52 12.2 13.9 16.I±O.32 0.97 14.7 17.5 

43.9± 1.99 6.88 35.1 53.1 62.4± 3.44 10.32 54.4 86.7 

4.8± 0.52 1.80 1.6 7.1 5.6± 1.13 3.39 2.6 I3 . l 

1.2± 0.01 0.04 I.I 1.2 1.3± 0.01 0.03 1.2 1.3 

16.09± 0.31 106 14.77 17.87 21I5± 0.56 1.67 19.33 24.35 

32.37± 0.65 2.25 29.81 36.47 38.99±0.45 1.36 37.62 41 .93 

7.59± 0.14 0.50 6.85 8.23 10.29± 0.39 1.18 8.49 11.73 

27.12±0.38 1.33 25 .45 29.81 32.84±0.40 l.l9 30.82 34.68 

-cont.-



Cahracters < 40 harvest index < 45 harvest index > 45 harvest index 

Mean ±SE SO Min. Max. Mean ±SE SO Min. Max. Mean ±SE SO Min. Max. 

Days to flowering 145 ±0.50 0.71 144 145 137 ±4.50 6.36 132 141 132 ±8.00 13.86 124 148 

Days to maturity 176 ±0.50 0.71 175 176 167 ±3.50 4.95 163 170 176 ± LI5 2.00 174 178 

Plant height 44.9 ±2.70 3.82 42.2 47.6 42.8 ±5.20 7.35 37.6 48.0 59.1 ±7.63 13.22 44 67 

B ranches/p lant 19.1 ±0.60 0.85 18.5 19.7 21.4 ±0.95 1.34 20.4 22.3 13.6 ±4.55 7.88 8 23 

Pods/plant 90.1 ±0.45 0.64 89.6 90.5 94.9 ± 1.35 1.91 93.5 96.2 66.4 ±28.15 48.76 38 123 

PodslBranch 4.7 ±0.33 0.46 4.4 5.0 4.9 ± 0.91 1.29 3.9 5.8 6.6 ±2.32 4.02 4 11 

Seeds/pod 1.4 ±0.01 0.01 1.4 1.4 1.4 ±0.04 0.05 1.4 1.5 1.7 ±0.07 0.13 2 2 

100-SW 25.56 ±0.17 0.24 25.40 25.73 26.94 ± 0.44 0.62 26.50 27.37 22.66 ±3.06 5.3 1 16.98 27.49 

Biological yield 42.91 ±0.59 0.83 42.32 43 .50 44.96 ± 0 56 0.79 44.40 45 .51 35.26 ±8.53 14.78 2U7 50.65 

Grain yield 12.29 ±0.26 0.37 12.02 12.55 13.24 ±0.05 0.08 13.19 13.30 15.89 ± 1.99 3.45 11.95 18.35 

Harvest index. 36.36 0.64 0.91 35.71 37.00 42.10 0. 14 0.20 41.95 42.24 52.01 3.49 6.04 45.14 56.52 
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Fig. 4.2.15 :- Frequency distribution for harvest index in 62 accessions along with 2 checks 
of chickpea collected from five districts of Punjab 
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On tht.: basl~ of penonllance and rC:iuhs ba:icd 011 hal vest Index, c leven best 

accessions were identified and listed in Table 4.2.14. It wa:; Importnnt to note Lhat all 

these accessions were co llected from the district Layyuh from field ar~as. In [Olal. Ih( 

gerrl1piasm wa::; coll~led frorn five chickpea growinJ:; dbu-icts of Punjab Ilud st:cd 

was collected from field or markel, bUI only the accessions co llected from fie ld area .. 

uf Distn ct Lilyyah coul d prove their superiority. Although, all the scll.'Cted acccssion~ 

wt:rc lnwer In grain Yie ld than nne nfthe chcck ( l)ul~ah-I) 1 ). hilt superior si ngle plnnt:

could be selected from these accessions for further tcsting. 'nU! pnJgc.nics of seleetoo 

.. mglc planls could be tested under adaptive yicld tnalto find better adaptive cullivars 

producing highcr grain yield. 

4.2.8. Correlatioll Analysis 

The correlation coefficients were computed among all the quantitative traits; 

days to noweong, days to maturily, plant height, brancht:s. pods. podslbranch. 

seeds/pod. lOO·seed weight, biological yield, grain yield and harvest index 

Correlation analysis was conducted for all the six duslcrs observed in the analysis 

Crable 4.2.15). Cluster II consisted of 2 approved varietie.'>. therefore correlation 

coefficients for this cluster was not calcu lated. Funher, both o r thc!>e were approved 

varieties ilnd selection from purc·lincs cou ld not be practiced nay~ to nowcrin~ 

revealed positive ly significnnl correlation wi th days 10 maturity in all the clusters. 

Seeds pt:.r pod vs pods per plant. seed weight vs br:tnchcs per pl,mt am.! hiolugical 

yield per plullI vs pods per plant also exhibited significantly positive correlallon 

coefficients among each other in all the clusters, Grain yie ld pcr plant gave 

significantly positive association wilh pods per plant, seeds per pod ilnd biological 

yield per plant in all the clusters under study. Harvest index exhibited significantly 

positive correlation with branches per plant, IOO·seed weight and biological yie ld per 

plant in all the clusters, Similar correlation coefficients for a ll the cluster could be 

exploited for chickpea improvement through simple seleclion from the gennplasm. 

Cluster I consisted of 5 accessions, and if this cluster wa!> not taken III 

consideration, the character pairs. i.e,. pods per plant vs bnmches per plant and seeds 

per pod vs branches per pod gave significantly po!>ilivc a:.soc iation , 'me IOO·sccd 

weight exhibited significantly positive correlation with pods per plant nnd seeds per 

pod. Biological yield and brrain yield gave positively signi ficant association with 

branches and IOO·seed weight in both the cases. Harvest index showed significantly 
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I (..IV"'\'- -'-. _ .1 I ....... '- .......... \,. ..... - ........................... ..... "" ....... .... _- --_.- _ •••• Q- - Il. _.- I 

Accession No. Origin Source D.F. . D.M . P.Ht. 

52971 Layyah Field 138 165 52.3 

52972 Layyah Field 149 180 53 

52973 Layyah Field 141 170 50.2 

52974 Layyah Field 140 170 54.9 

52975 Layyah Field 136 164 54.8 

52978 Layyah Field 138 165 49.7 

52979 Layyah Field 144 175 42.2 

52980 Layyah Field 145 l76 47.6 

5298 1 Layyah Field 141 170 48 

52983 Layyah Field 132 163 37.6 

52984 Layyah Field 148 178 43.8 

Punjab-91 Variety 124 176 66.5 

Paidar-91 Variety 124 174 66.9 

Br.No. 

15.6 

16.4 

16.4 

16.9 

16.9 

17.5 

18.5 

19.7 

20.4 

22.3 

22.6 

9.8 

8.25 

Pds/pt. PdslBr. Sds/pd . 100S.W. B.Y. G.Y. H.I. 

56.8 4.4 1.3 19.97 38.17 10.52 32.88 

58.6 2.6 1.3 21.19 38.72 10.56 32.93 

59.6 6.9 1.3 21.46 38.97 10.74 33.29 

65.3 4.4 1.3 21.57 39.43 10.81 33.40 

69 2.9 1.3 22.92 40.09 11. 71 33.95 

86.7 5.2 1.3 24.35 41.93 11.73 34.68 

89.6 4.4 1.4 25.40 42.32 12.02 35.71 

90.5 5.0 1.4 25.73 43.50 12.55 37.00 

93.5 5.8 1.4 26.50 44.40 13.19 41.95 

96.2 3.9 1.5 27.37 45.51 13.30 42.24 

122.7 11.2 1.8 27.49 50.65 17.36 45.14 

38.8 4.0 1.8 23.52 33.97 18.35 54.36 

37.7 4.6 1.6 16.98 21.17 11.95 56.52 



Table 4.2.15: - Phenotypic correlation coefficient among eleven quantitative traits in 62 
genotypes of chickEea 

Cluster I DF DM PH. Br/PI Pods/ Pods/ Seeds/ SW BY GY 
PI Br P 

Oays to maturity Cluster I 0.99"' 
Cluster 3 0.97" 
Cluster 4 0.98 " 
Cluster 5 0.95" 
Cluster 6 0.99" 

Plant height Cluster I 0.63 0.56 
Cluster 3 0.1 I 0.22 
Cluster 4 0.94" 0.9 I " 
Cluster 5 -0.20 -0. 19 
Cluster 6 0.33 0.32 

Branches/plant Cluster I -0.27 -0.3 I -0.39 
Cluster 3 -0 .57 -0.50 -0.5:\ 
Cluster 4 0.1 2 0.14 0.3() 
Cluster 5 -0.52 -0.52 0. 19 
Cluster 6 -0.71 " -0.7 1 " 0.13 

Pods/plant Cluster I 0.39 0.35 -0 . I 0 0.74 
Cluster 3 -0.65 ' -0.62' -0.52 0.90" 
Cluster 4 -0.37 -OAO -0.09 0.82" 
Cluster 5 -0.54" -0.55 " 0.25 0.95 " 
Cluster 6 -0.72" -0.73" 0.04 0.99" 

Pods/branch Cluster I 0.63 0.58 0.2 1 0.54 0.95" 
Cluster 3 0.32 0.38 0.51 -0.21 -0.19 
Cluster 4 -OA8 -0.41 -0.55 -OA5 -0.37 
Cluster 5 0.06 -0.06 -0.13 -0.04 -0.01 
Cluster 6 -0.27 -0.29 0.06 0.67' 0.66' 

Seeds/pod Cluster I 0.29 0.25 -0. I 8 0. 81 0.99" 0.9 1 
Cluster 3 -0.68" -0.63" -OA6 0.95 " 0.89" -0.13 
Cluster 4 -0 17 -0.22 0.07 0.86" 0.92"' -0.44 
Cluster 5 -0 .58 -0.57 0.09 0.94"' 0.90"' -0.06 
Cluster 6 -0.71"' -0.71"' 0.00 0.96" 0.96" 0.65 

I OO·seed weight Cluster I -0.32 -0.37 -OAI 0,99"' 0.73 0.53 0.80 
Cluster 3 -0.64" -0.5 8" -0.50 0,98"' 0,95 "' -0.18 0.96" 
Cluster 4 -0,04 -0.06 0.23 0.97"' 0.92"' -0.47 0.94"' 
Cluster 5 -0.51 ' -0.5 I' 0.19 0,98"' 0,94"' -0.03 D.92"' 
Cluster 6 -0.5 5" -0.58' 0.29 0.85"' 0.84"' D.46 0.78

00 

i3lo logica l yield Cluster I 0.25 0.20 -0, 13 0,85 D.98"' 0.90' 0.99" 0.84 
Clustcr 3 -0.65"' -0,58' -0.43 0.94" 0.91"' -0.08 0.99" 0.97"' 
Cluster 4 -0.24 -0.28 0,02 0.87"' 0.98" -0.43 0.97" 0.96" 
Cluster 5 -0.54"' -0.55"' 0. 17 0.98"' 0.93" -0.05 0.96

00 

0.98"' 
Cluster 6 -0.73" -0.74"' 0.03 0.95 " 0.95 "' 0.57' 0.93 " 0.90"' 

Gra in yie ld Cluster I 0.38 0.33 -0.04 0.77 1.00" 0.95' 0.99" 0.75 0.99"' 
Cluster 3 -0.66" -0.62" -0.6 I' 0.97" 0.89" -0.32 0.92" 0.95 " 0.90" 
Cluster 4 0.03 0.04 0.27 0.99" 0.86"' -0.44 0.90" 0.98" 0.90" 
Cluster 5 -0.55" -0. 56" 0.21 0.98" 0.96" -0.04 0.96" 0.98" 0.99" 
Cluster 6 -0.67" -0.69" 0.17 0.94" 0.93 " 0.57' 0.89" 0.96" 0.98" 

Harvest index Cluster I -0. 12 -0.20 -0.15 0.92" 0.79 0.68 0.84 0.95 " 0.88" 0.83 
Cluster 3 -0.65 ' -0.59' -0.48 0.97" 0.87" -0. I 9 0.99" 0,97" 0.98" 0,94" 
Cluster 4 -0,05 -0,07 0.2 1 0,96" 0.91 " -OA3 0.96" 0,99" 0.96" 0.97" 
Cluster 5 -0.6 1" -0,60" 0.25 0,94" 0.97" 0.00 0.94" 0.92" 0.93" 0.96" 
Cluster 6 -0.62" -0 .62" 0.27 0.95" 0.93" 0.60' 0.90" 0,95 " 0.96" 0.98" 
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POMl ivc correluli()ll wi lh pod:-- per plant. M.:ed:-. per pnd ,111<1 gram Yield I he cluslen-. 

III, IV. V and VI rCl'rc~enl KX 7 percellt nf the gell1l lli1blll ev~d uak:d, hellce Ihe 

correhttion coefficients observed Ibr these clllsler~ could a lso be considered in 

broader spectrum, hence USl.:d to improve ch1\:kpca through simple sch.:elion from the 

loca l gemlpa,ism, In cluster IV, plant hClght e.xhibitcll positive eorrclalion with days 

lO nowcrinA and days to maturity. whereas in other dUsters ,"si~nilicanl association 

ror thc!'t' chilraclcr~ wns oh~crvcd 

In cl usters V and VI, branches per plnrH had sig11lficant ly nc~at l ve associatIon 

wllh Jays to flowering and day:-- to maturity, whe reas ill o ther d usters II WII:-

lll s i~n i ficant. Similarly. polls p l.! l' plan! ex hibited :-. i~nilic;.lI1tl y llcga tl Vl.! eOll'dal1on 

with days 10 flowering and maturity in clusters 11(, V and VI. Pods per plant. seeds 

per pod, I OO~seed weight, biological yield, grain yield and harvest index had 

significant ly negati ve correlation with days to flowering and Ol<l tllnty in c lusters 111. 

V and VI. 

These d usters consisted of fOrly e ight accessions, hence from these 

accessions these results are needed 10 be given consideration while selecting superiol 

cuillvars of chickpea. In c luster III. gram yield a lso ex hibited siglllliclIlltl y negative 

correlation with plant height, whereas it was insignificant in other clusters, In c luster I 

and VI. pods per branch exhibited significant ly positive association with pods per 

plant. whereas this character pair was mSIgOlfic31l1 and negative 111 Olher clusters 

Similarly. 111 d uster:. I dnd VI, biolugll:al yield anJ ~raln yield cxluhited POSItIVe' 

currcinl iull wit h pods per branch find this ",:haracter pu il' was 1I1signifieanlty ncgat lve 

III olher d usters. The correlation codfic icnts obscrved with simi lar magnitude in 'aU 

the cluster:) or clusters 111 , IV, V and VI, could be exploited fo r chic kpea 

Improvement. In the clusters where speci fic correlation pattem was observed. could 

be studied more prec ise ly for bener utilization of these linkages and to break 

undcsimbles linkages observed in some clusters, bi-parental selecti ve mating system 

cou ld be rollowcd. 

The graphic presentation of mean values and variance for grain yield based all 

S IX clusters revea led that c luster II which consisted of check varieties were high 

yie lding and gave high standard cn·or and vari ~U1cc (Fig, 4.2. 16), lI igh standard error 

observed in check vari eties revealed that these might be influenced more by 

environment.'ll fluctuations and yield under stress might be poor as compared to local 
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Fig. 4.2.16:- Mean, standard error and variance for grain yield in six clusters 
constructed on the basis of quantitative traits in chickpea 
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lanJraccs I hI! dll~lcr j ~uns lsled ut II .. '..: ,1\;eCS'slom. (PAh.-S2CJK4, l'AK·52')XJ. I'AK-

52981. PAK·52980. PAK·S2979) gave high avernge grain yield and medium 

variance Ihat gave an indication that sek:cted acccssiun from IlIi<; cluster miW"lt be 

c"pioiteu for chickpea Impro\cment. 

nil: [Iccessions nf duster VJ gave low gram yield :dong with low variance 

Similarly. gntph for IO(l-sccd wClght ""'as also ploned for average. standard error :md 

VunilllCC III tile hg... '" 2]7 SIlH ihu lTeml Wtt'; alst) ubselved I" (hiS (wit 1111.: 

acee:;~10tl <; of cluster I gave hIgh average value f()f IOU·:-,eed weight along With low 

,t;.mdllrd cn"Or ilnd low vu riance. rllese acccssions cuuld hI.! h.:sled lIndel a widl.! range 

of e llviron mental conditions of the country 10 identify the best high Yielding bo ld 

seeded cultivars for future use. TIle clusters V and VI consisted of thirty six 

accessions and these gave low average IOO-seed weight. Mo~t of the gcnnplasm 

co llected locatly was low yielding but better adapted and exhibitcd low deviation that 

lIldicatcd the worth thai cou ld be ut il ized by the breeders of chickpea hy invo lvillg 

local and exotic chickpea parclHs in the breeding progfJlllmc. 

,/.2.9. Seleclion o/Superior Gel/olypes 

On the basis of agronomic perfonnance and statistical analysc!'. thlny onc 

genotype." were identified and presented in the Table 4.2.3. Three accessions were 

sdected fOf early nowering. 10 for maturity. II ror short stalure . 12 for branches per 

plun t. ~ for I>ods per plant. 10 fo r pods per branch, ant.: tor Sl..'Cds per pod, I I) for 1110-

sct.:d wtlght. 7 for bIological yield 5 for grilln yield anti 14 were ident ified for high 

harvest index Some of' Ihese accessions were hetter for more Ihan one agronomic 

traIts. The accessions PAK-52975 lind PAK-5297~ were heuer fiJr dnys to maturity, 

brunches per plant. pods per plant, IOO-seed weight . biological yield and harvest 

index. The accessions PAK·52979, PAK·52980 and PAK-52981 \vere selected for 

the best performance for branches per plant, pods per pl:ml , IOO-seed weight. 

biOlogical yield. gra in yield and harvest index. 

The accession PAK·52983 was obselVed better for nine importanL agronomic 

t.:haracters. i.e .. days to nowering, days to maturity. planl height. branches per plant. 

pods per plant. IOO-seed weight. biological yield. b'Tain yield and harvest index 

Simi larly. accession PAK·52984 was identified supenor 0 11 the basis of plant heIght, 

branche3 per plant. pods per plant. pods per branch. seeds per pod. IOO-seed weight, 
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Fig. 4.2. 17:- Mean, standard error and variance for 100-seed weight in six clusters 
constructed on the basis of quantitative traits in chickpea 
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hiological yield . grain yield and harvest iudex_ Other iu.:ccss iuns Wel t uhsclved hellcr 

tor IIldlvit.iuul clmructt:r and 30fllt.! as!'OlXialctl wilh mlllt:. I'ile t:hcd.. I'ulljnb I) I wa:-. 

better ror days to flowering, seeds per pod and harvest index. whereas other check, 

Paidar 91 was beller fOl day!) to now~tillg. !'O~cJ.s pcl ~R1. 100~sccd weight, ~rain 

yield allJ harvest mdex. The access Ions with beller pcrfnnnancc lhan hoth tht.: chct:ks 

~ould be CXplUltcd for ruturc chickpea hreedlng. 

4.3 Classification Based 011 Geographic lJislribulion 

4.3. 1. Genetic Diversity 

All the six ty accessions included in the experiment were collected from live 

major chickpea growing districts o f the Punjab, i.e., Bahawalnllgnr, Bhakklll', 

KJmshab, Layyah und Miunwal i (Table 4.3 .1). -nlcse acct;:ssions along with 2 checks 

were studied for genetic variation attributed to various co llection sites. Funiler, these 

IIccessions were either collected from the field areas or obtained rro m markets . TIle 

variancc was also in vestigated according to the source o f sel..:d. OUI of sixly 

accessio ns, I I were collected rrom 8nhawalnagar and out of these. 4 access ions were 

collected rrom the fie ld areas and 7 were obta ined from markets of the area . From the 

District Bhakknr, 14 accessions were collected from the fie ld arcas "nd 3 from 

markets. 

I ~\clvc.; ac.;c.;eSM(lIlS replCscllt tht: District Khushah, alld 1)111 III Ulesc, l} were 

co l lc~led 1'1 0 111 frtnncrs' fie lds and other as market samples. FU)1l11hc IJl :!ouict Layyuh. 

14 IIcceSSlUllS were collectetl /i'om UII..! lidu!) nnd 4 WI..!I"C colll.:l.:tcd as JTl.1fk...:1 sumplcs. 

where 2 accessions were obtained from market of Mianwu li . These li ve dislricu; of 

Punjab represents the major chickpea growing areas of the country becuuse more than 

80 percent of des i types are being culti vated in these fi ve distric ts . -n le data was 

analyzed on the basis or co llecting sites nnd sources, i.e., licit! or murket . 

4.3.2. Collecting Sites 

llle agronomic characters were analyzed on the basis of collecting siles lIn,d 

the results are presented in the Tables 4.3 2 to 4.3.6. Eleven accessions co llected from 

Bahawalnagar ranged from 135 10 153 days to flowering with an average of 141±1.4 1 

days after planting (Table 4.3 _2). l bc accessions collectcd from th is arca were 

homogeneous in nalurt! and low 10 medium varia lion was observed for most of the 
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Table 4.3.1; - The origin and source of chickpea germplasm evaluated during 1997 
District Collected from field Market samples Total 

Bahawalnagar 4 7 11 

Bhakkar 14 3 17 

Khushab 9 3 12 

Layyah 14 4 18 

Mianwali 2 2 

4 1 19 60 
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dl8.racters, Average gr3m Yield Wel'!! l{lw (' 13.!.023 g) ilhmg wIth low harvcst I11dc.\ 

(12.00±O.92) fnr the accessions collected from Ihh.lwlllnagar. I.uw II) medIum 

variance IIond low avcrage perfomlancc ror most Ill' UIC charact(:rs indicated thai 

l111prOvcment tfom these acceSSions for turther ~ICClhJn was limllcd. ll1CSC 

accessions could better bt: utilized in the hybridization programme to create ~enctie 

vanallon 

fllc results 01 17 aeceSSIOIlS collected from the Dlstnet Bhakhar are presented 

in the Table 4 3.3. 11,e accc8sions cQ llected from Bhakkar ranged from 165 to 175 

day~ for maturity with nn overage of 1702:0.73 days. Inc vllrioncc lor pods per plant 

was high in the group of accessions that could be exploited through s imple selection. 

11,e average pod number in tile accessions collected from this district was 38.8j).35 

pods per plant with a range of 21.1 to 53. I pods. 111(': mean grain yield of the 

accessions collected from Bhakkar was 6.97.±O.24 g per plant alon~ with medium 

range or harvest index, i.e .. 18.33-29.81 %. This group consisted of 17 accessions and 

out of these, 14 were \:ollected rrom famlcrs' fi elds and 4 wer\: co llected <IS market 

samples. 111is district it> u major chickpea growing "rell lInd the germplasm collected 

from this area can be used in hybridization programme IIlvolving improved 

germpiasm from either sources. The variation for seeds per pod was not enough for 

the gemlplasm evaluated in the present study. 

I\\'clve i.lcceSSlon~ collected from the d,stnct Khusil:lh ..... en.: early 10 

fluwering 1111d l11atunty Wltl! tJle average valucs uf 140.!..I.U3 alld 170.t1.2 days for 

flowering and maturity, respectively (Table 4.3.4). Low to medium varia tion WIIS 

observed for most of the characters in the accessions collected rrom this arell. 

Average grd in yield was low (6.QO±O.25 g) with a range of 4.94 to 7.0 1 g per plant. 

The accessions with maximum limits for grain Yield and otJler components could be 

selected to test under a wide fangl! of environment">. Low to medium harvest index 

range (I ~.97-25.85%) was observed for the accessions collected from Khushab. Low 

to medium variance and low average performance for most of the chamctcrs indicated 

that improvement from thesc accessions for furthcr selection \VIIS limitcd, therefon: 

UllS materia l could be utilized III thc hybridlz.ation programme to create genetic 

variation. 

Basic statistics presented in the Table 4.3.5 rcvealed that thc accessIons 

collected from Layyah ranged from 132 to 149 for days to flowering and fTom 163 to 
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Table 4.3.2:- Range, means, SE and variance for II quantitative traits in II chickpea 
accessions collected from District Bahawalnagar 

Quantitative traits Mean ±SE 0' 0'2 Minimum Maximum 

Days to flowering 141 ± 1.41 4.69 22.02 135 153 

Days to maturity 172±1.71 5.66 32.07 163 185 

Plant height (cm) 50.7±1.44 4.77 22.77 42 .8 58.2 

Number of branches 8.3±0.38 1.27 1.62 5.8 9.6 

Pods per plant 15.2±1.21 4.0 1 16.11 7.5 19.9 

Pods per branch 2.0±0.31 1.02 1.04 0.7 3.9 

Seeds per pod 0.8±0.05 0.16 0.03 0.5 1.0 

100-seed weight (g) 11.23±0.10 0.34 0.12 10.88 11.73 

Biological yield (g) 18.49±0.61 2.02 4.08 14.14 21.06 

. Grain yield (g) 3.13±0.23 0.76 0.58 1.74 4.19 

Harvest index CYo) 12.00±0.92 3.05 9.30 7.15 15 .54 

Table 4.3.3: - Range, means, SE and variance for II quantitative traits in 17 chickpea 
accessions collected from District Bhakkar 

Quantitative traits Mean ±SE 0' ci Minimum Maximum 

Days to flowering 140±0.48 1.99 3.97 137 144 

Days to maturity 170±0.73 3.02 9.13 165 175 

Plant height (cm) 51.3±1.21 4.97 24 .74 44.1 59.9 

Number of branches 12.3±0.30 1.25 1.56 10.1 13.9 

Pods per plant 38.8±2.35 9.71 94.19 2 1.1 53.1 

Pods per branch 4.4±0.46 1.90 3.62 1.1 7.1 

Seeds per pod 1.1 ±0.01 0.06 0.00 1.0 1.2 

1 OO-seed weight (g) 15.07±0.42 1.73 3.01 12.09 17.87 

Biological yield (g) 30.15±0.92 3.78 14.25 23.15 36.47 

Grain yield (g) 6.97±0.24 1.00 1.0 I 4.88 8.23 

Harvest index (%) 25.44+0.69 2.84 8.07 18.33 29.81 
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Table 4.3.4:- Range, means, SE and variance for II quantitative traits in 12 chickpea 
accessions collected from District Khushab 

Quantitative traits Mean ±SE (j (j2 Minimum Maximum 

Days to flowering 140.6±1.40 4.85 23.54 137 155 

Days to maturity 170.5±1.51 5.23 27.36 165 185 

Plant height (cm) 50.0±1.36 4.70 22.08 41.8 54.6 

Number of branches 11.2±0.27 0.93 0.86 10.2 12.9 

Pods per plant 29.9±1.51 5.23 27.34 21.7 36.1 

Pods per branch 2.5±0.29 1.00 1.00 1.0 4.6 

Seeds per pod 1.1 ±0.0 1 0.04 0 .00 1.1 1.1 

1 aO-seed weight (g) 13.44±0.33 1.1 3 1.28 12. 10 14.99 

. Biological yield (g) 26.83±0.84 2.9 1 8.45 23.79 30.11 

Grain yield (g) 6.00±0.2S 0.86 0.74 4 .94 7.01 

Harvest index (%) 23.14±0.69 2.38 5.65 18.97 25.85 

Table 4.3.5:- Range, means, SE and variance for II quantitative traits in 18 chickpea 
accessions collected from District Layyah 

Quantitative traits Mean ±SE 0' 0'2 Minimum Maximum 

Days to flowering 140±1 .03 4.37 19.06 132 149 

Days to maturity 170± 1.22 5.17 26.68 163 180 

Plant height (cm) 49.9±1.46 6.1R 3R. 16 37.6 62 .7 

Number of branches 16.0±0.95 4.04 16.34 9 .8 22.6 

Pods per plant 63.2±7.01 29.73 884.17 20.4 122.7 

Pods per branch 5.0±0.74 3.12 9.76 1.8 13.1 

Seeds per pod 1.3±0.05 0.19 0.04 1.0 1.8 

1 OO-seed weight (g) 20.59±1.28 5.43 29.49 11.91 27.49 

Biological yield (g) 36 .99±2.08 8.82 77.85 21.07 50.65 

Grain yield (g) 9.96±0.84 3.57 12.75 4.41 17.36 

Harvest index (%) 31.36±2. ll 8.95 80. 09 15.84 45.14 

94 



180 for days to maturity with an average or 140±t.03 and 170:+:1.22 days for flowerUlg 

and maturity, respectively. The variance [01' pods per plant was high with a mean va lue of' 

62.3±7.01 pods per plAnt in the grol lJl of accessions that cOllld h~ eXllloilt!d l111'OUgil :-. i1l1pl l.! 

selection. The range for pod per plnnt in the accessions collected from this district WilS 

from 20.4 10 122.7 pods per plant and the accessIons with high Ilumbcr of pods "long \\'Ith 

other yield cOlll l>onellts are suggested 10 be evaluated fM fun her seiccl1oll. The IOO-seed 

weight in this group of accessions was also high with a mean value of 20.591: 1.28 g pcr 

I DO-seeds with H runge of I L91-27.49 g. The mean grain yield of the accessions collec ted 

from the district Layyah was high with a mean value of9.96+0.84 g per plant with a range 

from 4.41 to 17.36 g per plant. The harvest index in these accessions nmgcd from 15.84 to 

45.14 percen t with a mean valueof3 1.36±2. 11 percent. 

This group consisted of l1l<lximull1 number of accessions included in the material, 

and out of 18 accessions these 14 were co llected ITom ranllerS' lields and 4 were co llectcd 

as market samples. This district is included in the major ch ickpea growing area and the 

gennplasm collected from this area was bettcr in evaluation as compared to the gcnnplnslll 

co llected from other districts, therefore, the selected accessions from this group can be 

tested under a wide runge of environments or used in hybridization programme involving 

improved gennplnsl11 from other sources. 

Two ilccessions were collecled from the Distliet Mianwalt and both the nccesslons 

were obtained from market. This might be due 10 the off seuson 01 Ic:ss <lrea ullder 

chickpea cultivation during the expedition year. Both of these accessions were of low to 

medium impol1ance for most of the characters under study. The average clays to flowering 

were 141±0.02 with a range Ii'olll 141 to 143 days to flowering Crable 4.3.6). Days 10 

maturity ranged from 170 to 172 with a mean value of 17 1 ± 1.00. The variation for most at' 

the characters was low along with low mean values, therefore, these accessions could be 

rejected at this stage from further evaluation. The graphic presentation ormean values and 

variance for grain yield based on collecting sites along with checks revealed thm the 

varieties gave the highest mean yield along with high standard CITer and variance (fig. 

4.3.1). This was followed by the accessions co ll ected frolll the dish;cl Layyah which gave 

high mean va lue and variance. High standard elTor and variance obselved in check 

varieties indicated the innuence of env i ronl1lent~1 1 fluctuations . The perfonmmce 



Table 4.3.6:- Range, means, SE and variance for 11 quantitative traits in 2 chickpea 
accessions collected from District Mianwali --

Quantitative traits Mean±SE 0- 0-2 Minimum Maximum 

Days to flowerin g 141 ±0.00 0.00 0.00 14 1 14 1 

Days to maturity 171±1.00 1.41 2.00 170 172 

Plant height (cm) 50.7±3.75 5.30 28.1 3 46.9 54.4 

N umber of branches 10.9±0.15 0.21 0.04 10.7 11.0 

Pods per plant 29.9±0.35 0.49 0.24 29.5 30.2 

Pods per branch 2.0±0.96 1.35 1.83 1.0 2.9 

Seeds per pod 1.1±0.01 0.01 0.00 1.1 1.1 

100-seed weight (g) 12.91+0.11 0.16 0.02 12.80 13.02 

Biological yield (g) 25 .30±0.12 0.16 0.03 25.19 25.42 

Grain yield (g) 5.74±0.05 0.07 0.00 5.69 5.79 

Harvest index (%) 22.61 ±0.07 0.09 0.01 22. 54 22.67 
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Fig. 4.3.1 :- Mean, standard error and variance for grain yield in chickpea based on 
collecting sites of Punj ab 
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undCf lavuulablc CIIVirolll llcllt,,1 I.:tJflJjtlUIl~ nllght he bclh:r , I ~ 1..\1Il1IMIl!i.I to stress 

COI'luitil}lls 

'Ille loca l ~ermplasm IS adaptIve to vunous ellVlrtl/llllc ntal sl rcs:.cs that could 

be lI tlhud by involving these 111 the hybridi7.atlon programme. TIll: uccessi~ns 

~ollccled from the rllstncts of Bahawaln~gar and Mlanwali \ .... cre of poor performance. 

hence could be excludt:d at this stage The <tccc."siou:. mi).\lllitted flOI11 KJll1shah wefc 

!llso of pOOl' perfonnance hut due to high number of accessions. Ihese ai'C preferred to 

be tested fu rther for their perfomlance. For IOO*seed weight. the nvcragc values, 

stllndard C1Tor and vnriancc wcrc plollcd in the Fig. ·-l,.l .2. rhl! lIcccss ions collected 

from Layyah exhibitcd beller 100*sced weigh t along wilh hi gh varia tion. 11)is 

variation could be exploited through simple selection for improving IOO*sced weight 

in chickpea. Although, varieties gave high IOO-seed weight along with high variance 

but due to high standard error these may not be exp loited further. The accessions 

colkcted from Bahawalnagar and Mianwali also gave poor pcrfomlancc for 100·sced 

weight as they gave low seed weight and lowest variance that itnllted any further 

improvement through selection from these accessions Most or the gcmlplasm 

collcc ted loca lly gave low seed weight except the at:ccssions co llected from Layy!lh . 

As loca l material is bener adapted. thaI indicated the worth lo r improvi ng seed weight 

in chickpc<I, hence thai could be utIlized by the breeders of chickpea by inVOlving 

local and CXt)tH.: chickpen p:ucntl\ III Ihl.! hrc:l:ding plogral1llllc . rhe gCllllplasm w!ls 

collected elLh~ 1 troll! lield areas 01 i'mm mal kets alld the d:1I3 wns analysed for ba~It: 

statistics on the basis of collection sources and rcsults Me presented in the Tab les 

4.37 and 'U.S, Higb avcl'tlgc pcdormnnce wus observed by Ihe material collected 

from farmers' fields that revealed scope o f impro\'cll1l!nt through SclCl'\lOI I from thiS 

gemlplasm. 

4.3.3. Cluster analysis 

Sixty accessions, collected from five chickpea growing districts of the 

Plinjab. were studied for c luster analysis based on 'Igronomie churaeters, As 

<llre3dy mentioned , both the checks were grouped logether in the c1u ~tcr II. Cluster 

I consisted of five accessions, i.e., PAK*54984, PAK·52983. PAK-5298 1. PAK-

52980 and PAK*52979, all of these were collec ted from the District Layyah. 

Cluster If I comprised 12 accessions and out of these cight accessions (PAK-52978, 

PAK.52975, PAK·52971, PAK·52973, I'AK·52974, PAK·52969, PAK·52968, 
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Fig. 4.3.2:- Mean, standard error and variance for IOO-seed weight in chickpea based on 
collecting sites of Punjab 

99 



Table 4.3.7:- Range, means, SE and variance for 11 quantitative traits in 41 chickpea 

.- accessions co llected fro m field areas of 5 p istricts of Punjab 
Quantitative traits Mean±SE 0' 0'2 Minimum Maximum 

Days to flowering 140±0.59 3.76 14.15 132 155 

Days to maturity 170±0.68 4.38 19.19 163 185 

Plant height (cm) 51.1 ±0.84 5.36 28.76 37.6 62.7 

N umber of branches 13.6±0.55 3.55 12.57 9.0 22.6 

Pods per plant 46.9±3 .95 25.30 640.20 17.0 122.7 

Pods per branch 4.2±0.40 2.54 6.46 1.0 13.1 

Seeds per pod 1.2±0.03 0.16 0.03 0.9 1.8 

100-seed weight (g) 17.08±0.77 4.91 24.07 11.50 27.49 

Biological yield (g) 32.25+ 1.22 7.80 60.77 19.33 50.65 

Grain yield (g) 8.00±0.48 3.05 9.3 2 3.63 17.36 

I larvest index (%) 27.34±1.15 7.38 54.45 14.26 45 .14 

Table 4.3 .8:- Range, means, SE and variance for 11 quantitative traits in 19 chickpea 
accessions collected from markets of 5 Districts of Punjab 

Quantitative trai ts Mean±SE 0' 0'2 Minimum Maximum 

Days to flowering 141 ±0.95 4.13 17.06 134 153 

Days to maturity 171 ± 1.1 8 5.1 3 26 .36 163 185 

Plant height (cm) 49.1 ± 1.03 4.49 20.1 7 42 .8 56.3 

N umber of branches 9.9±0.49 2.15 4.62 5.8 13.5 

Pods per plant 24.1 ±2.74 11 .93 142 .3 1 7.5 50.2 

Pods per branch 2.5±0.37 1.60 2.55 0.7 6.7 

Seeds per pod 1.0±0.04 0.19 0.04 0.5 1.2 

100-seed weight (g) 12.48±0.42 1.83 3.37 10.88 16.83 

Biological yield (g) 22.74±1.26 5.51 30.40 14.14 33.81 

Grain yield (g) 4.61±0.42 1.85 3.43 1.74 8.01 

Harvest index (%) 17.43±1.53 6.66 44.34 7.15 27.50 

100 



PAK-52970) wc:rc ctJ lh:clecl from I .ay~'uh, where other lour ... U':Cl·'iS rOn 'i (PAK-

52%6. I>AK-52964. PAK-52960, PAK·52959) ungrnHtt!d IInrn the Olstnct 

Bhakkat 130th of these dlstnclS arc adjuining and well knllwll due to ch ickpea 

cultivation ('luster IV consisted of seven acces!iiolls, OUI or which rive dl.:CC!;Slons 

(PAK·52967. PAK·52965. PAK·\2963. I'AK-52962. l'AK·52<J61) were co llected 

from Bhakkar . one (PK-52972) from Layyah and one (PK ·52958) ongmated hOUl 

Khushab. Twenty three ae(.e~~il)m. \\ere grouped together in Clul>ler V and out tlf 

Ihese eleven (l'AK-52957. PAK-52954. PAK-52953. PAK-52943. PAK-5294 I. 

I'AK-52956. I'AK-52955. I'AK-52939. PAK-5293~. I'AK-52?42. PAK-52937) 

wcre co ll ec ted from the District Khushab and it i ~ imp{lll<lllt to no Ie that in lota l 

twelve accessions we re co llected from Khushab and Ollt of these II were grouped 

together in this cluster, 

Seven access ions. VIZ., PAK·52952 , PAK-52Q5 I, PAK ·52950. PAK-

52947, PA K· 52948, PAK·52949 and PAK-52946 werc co llected from Khushab 

were grouped ill this cluster. BOIh the acct,;s~ lons orig inated from the district 

Mianwa li wen! a lso observed in this cluster. I\vo il et:e~s ions (I'AK-52933 and 

PAK-52934) of th is cl uster were collLc ted from LaY}'Jh IIntl one ( PA K-52929) 

originated from Bahawalnagar. Thi s cluster con~ ish:d of a mix population of 

accessions collected from various silt:s. C luster VI consisted of thirteen accessions 

and Out of these two (PAK-S2912 3nd PAK-52931l were collected from Lnyyah, 

one WAK-52935) from Bhakka r and all others WAK-52928, I'AK-52930. PAK· 

5292&. PAK·52927. PAK-52925. PAK ·52924. I'AK·j2'J2I. PAK-52922. I'AK-

5291\), PAK-529 (8) were frol1l !3;lhawalnagar. 

It IS Important to nute thai In cluster I. all the fi ve accessions were from Ihl.: 

Di strict Layyah and all of these were collec ted as marke t samples. In cluster III , 

four accessions originated from Bhakkar and out o f Ihese J we re market samples, 

whereas one was collec ted from famler' s field . Other eight accessions ill this 

cluster originated from Layyuh and all of these were co llected from ramJers' fields. 

Cluster IV comprised seyen accessions lind all of these wcrt! co llected from fie lds' 

arcas, five rrolll Bhakkar, and one from Khushah and La yyah in each case. C luster 

V consisted of 23 accessions frolll various sources and origin. Seven were 

collected from fie lds' areas of Bhakkar. two from Layyuh and Miallwali as marke t 

sa mples in each casco Eleven accessions wen~ from Kh ushab a nd out of these eight 
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were collectcd frolll field areas und three from markets. whereas aile nccession \V'IS 

collected from Bllhawolno.gar area. Oul of thirteen accessions of cluster VI. len 

originated from Bahawalnagar and out oftl1ese three were co llectcd from fanncrs' field 

and seven from markcts. One accession originated from field area of Bhakkar, whereas 

two accessions were collected fronl Illurkets of district Layyah. 

4.3.4. Prillcipal COlllpollelll Allalysis (PCA) 

Variance for principal componcnts revealed Ihm first th ree principal 

components with eigenvalues> I contributed 88.58% of the vari ab ili ty amongst 62 

genotypes evaluated for cleven CJuantitative traits. All the chanlctcrs under study 

contributed genetic variance positi ve ly towards PCI except days to flowering where it 

was negative. The first PC which explained 60.39% of the variance is pos it ively 

associated with all the characters except one and eight important yield contributing 

characters exhibi ted more positively, whereas days to flowering contributed le.1St. Ten 

important plant characters contributed more positively 10 first 2 principal components 

and hence these could be eswblished important for the ll1ateri:.li under investigation. The 

component 3 contributed maximum for plant height. although il had good share for 

days to maturit y. first 3 components which contributed 88.6% or the total varinllcc, 

were plotted graphica ll y to observe the relationship hetwecll 62 acceSSIOIll) 01 chickpc-iI 

ror these components. The factor I con tributing 60.4!Yo of the variabthty was kept as.x 

a.xis ill both the cases, wherens factor 2 and 3 were ploued against y·uxis 

simultaneousl y. The separation on the basis of bolh graphs gave sim ilar results. As tile 

accessions were plotted on the basis of geographic origin and source or seed co llection, 

hence these were investigated to know whether genetic di vers ity was relatcd \0 

geographic origin or nol. The PC I and 2 revea led one group in the len upper half, one 

in the right upper half, one ill between of these two groups and one consisti ng checks 

was observed in Ihe lower half of the graph. The accessions co llected from 

Bahawalnagar were grouped together in the left side of the graph. The accessions rrom 

the di stri ct Blmkkar and Khushab were grouped in the middle of the accessions from 

Layyah und Bahawalnagar. FOllf accessions collected from the distri ct L<lyyah werc 

grouped closer to the accessions originated rrom Bahawalnagal'. Fourteen 

accessions oul of 18 ori gin ~lIe~1 rrom Layyah were clearly sepuratcd rrom 

other accessions. This cluster was 011 Ihe right half or the graph. Two accessions 
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collected (rom Mlunwuh were closer to lhe ~CCC1<o~IOIlS on~ullatcd from 

Uuhawulnagur and Khushab. 

Th<." cJh!cks welc separatt!d from all the germpliJsTll anll were (lh~erved III 

the lower half of the glaph Similar results were tlhscrvcd where factor 3 was 

pinned agalnSi y-ax i.') IIlste<ld of laclor 2. Three clustcr~ cons isting of acccsslon~ 

from LnyyJh (Ihree). Khushab. Miunwali and Bhak.kar were III lhe middle of the 

graph WJlh simil ar pattern as in the graph plolted for f<lCIOt I and 2. The accessi()n~ 

collec ted from Bahawal nagar were grouped together III the left half. whereas 

fifleen accessions collecled from the district Layyah we re observed ill the ri ght ha lf 

of Ihe fi gure. Tile approved .... arielies we re 5hiftcd 10 the upper s idc. I.c .. above 3,0 

llo!vd ugainst y-ax is. 

l11C fi rst 3 components we re a lso plotted 10 observe the rela tionship 

between 60 access ions along wi th 2 checks on the basis of source. The gcrmp lasm 

was co llected from five districts e ither from the fie ld areas (4 1 accessions) or 

markets (19 sn mples) and graphic presentation gave a separation on the basis of 

source. F~u.; IOI I was p loued agilinst x-axIs in hoth the C<lSCS. whcrr.!;.ts fac tor 2 and 

1 wen.: kl:PI aga inst y-ux is simullan{.!()usly Thc a.;ce:o.MO!l:' were ploued on thc 

baM:" \If !ll.!cd ~OUlCC .;ollC(;llon, hencc these wcre Invc~llgalcd to ~cc whether rhe 

gcnetlc dIvers ity was related to salll ee Of ILOt. l1le 1'(' , a lld 2 Ic .... ca led Ihal s ix 

tlccessions collected as market sample!. wcrt! sCj>aI'alcd Jmm others. whereas others 

were mixed with 111 the len half of the graph (Fig. 4.3.3). In ge llcral. a ll lhe market 

samples c,'(ccpt three were grouped In thl! lefl side of the graph. T wen ty two 

accessions out of 4 1 coll ected frolll farmers' fie lds were separated Hl the ri ght hulf 

of the gruph. whereas others were on the ri ght ha lf und OUI of Ihe~e c leven 

access ions were grouped toge ther closer 10 the ori gin und e ight ucccssio ns werc 

l11i ~ed wit h the marke t samples. Both the checks mcluded in the c~perimcnl were 

elearly separated In the lower ha lf of the graph. Similar find ings were observed in 

the Fig. 4.3.4 where factor 3 was plo tted against y-axis instead of f;.t etor 2. The PCI 

and 3 revea led that ten accessions instead o f SIX in case of PCI and 2 co llected 

from marke ts were separated from others. whereas o ther nine samples were mi xed 

With o the rs, Three samples collected from markets were grouped in the right half 

of the gra ph ill this case al so and .. til o thers, e ithe r separ:l1 cd or m ixl.!d were in the 

left Iwlf, Twcn ty two accessions out of 4 1 collected from f,JrIncrs' fi e lds were 
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Fig.4.3 .3:- Scattered diagram based on quantitative traits on the basis of collection criterion for 
first and second factors in chickpea. The marks represent as 0 - market, .- field 

and ¢ - approved varieties 
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Scattered diagram based on quantitative traits on the basis of collection criterion for 
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and Q- approved varieties 
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licpnraled III the nghl half of 'he gruph. \.\here;l\ ntiler'i "ere on the left half. Nine 

;U':ccsslons collected from field IIre~IS were mi xed with m .. r~el 'tllnplcs In the lell half. 

whereil~ others could be observed clearly. Both the ch('ck vilncl1c~ PUIlJ<,h 91 and 

Pald"r YI were c lcllrly sepuliued in the upper h'llf of the grJph 

-1.4. Genetic and Path Analysis in Selected Pure-lines 

4.4.1 . Gelletlc Variallce 

Genotypes included in the study differed significant ly fol' all the traits under 

study (Tablc 4.4.1 ). Medium to high gcnetic variance was obscrved for days to 

flowering. maturity. secondary branches and IOO-seed weight, whereas fol' olhcr 

charactcrs, low to medium habitability (broad sense) !llong with low to medium genetic 

'Idvancc was observed (Table 4.4.2). lmprovcmcnt of these traits through simple 

selection might he limited fTom gemlplas1l1 used in the presen t sllIdy_ 

4.4.2. Multivariate Analyses 

The first three components, with eigenvalues ::-> 1 contributcd 83.3 8% of the 

v;lriability amongst genotypes evaluated for I () qu;m11 1altvc traits (Table 4.4.3). Other 

PC's (4 to 10) hnd eigcnvalucs less than I. The first PC was more rclated to days to 

mmmity, plant height, primary branches. IOO-seed we ight, gra in Yield and hf'lrvest 

tndex. whereas the second PC contrasts variables that relate solely to vegetative 

growth (flowenng. maturity) wilh those that are <lssocialCd with reproductive 

devclopment. I.e., pods and biological yield . The v;II' julion for plant height and 

biological yie ld was distlibutcd among all the components . Seven characters 

cont ributed positively to PC" thus this component is 11 weighted average of the 

characters. The characters wi th the greatest weight on this component suggested that 

this component reneets the yield potential of each accession. The characters with the 

grcatest posilivc weight on pe2 were pods and biological yield. whcreas days to 

nowering and maturity had a subsl<U1tial negative weight. These results suggest thai 

this componcnt reflects the tendency of each accession to emphasize vegetative, as 

opposed to reproductive growth. Although. pel c'{h ibilCd positive effccts ror all the 

characters bllt tile magnitude was low except secondilry branches, pods and biological 

yield. This suggests thaI the genolypc1J Ihal emphasize vegetative 

growth tend 10 have low yield. whereas those that emphasize 
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Table 4.4.1: - Average performance of Chickpea accessions evaluated during 1999. 
Genotypes DF DM PH PB SB Pods SW BY GY HI f'--

0 
52984 123 171 73.3 2.9 8.1 35.5 22.17 29.13 16.35 56.35 
52983 123 174 62.5 3.3 8.4 26.2 20.84 27.26 14.15 50.64 
52981 125 177 66.9 3.2 11.2 37.0 22.40 35 .66 19.1 5 53 .77 
52980 122 174 49.5 3.1 7.9 40.1 21.22 32.66 17.75 54.34 
52979 123 174 65.3 3.3 lOA 36.0 23.98 35.30 20.05 57.00 
52978 124 174 64.6 2.7 8.2 38.6 21.11 37.52 18.75 52.08 
52975 122 178 59.6 3.9 11.5 33.9 22.57 27A9 14.95 54.31 
52974 121 174 66.5 2.9 8.2 39.1 23.52 28.68 15.50 53.48 
52973 11 8 175 73.6 3.1 8.8 32.2 23.80 27.97 15.90 56.99 
52972 11 7 174 72.2 2.4 9.6 36.6 20.90 27.82 16.20 58.35 
52971 124 178 58.2 3.5 10.8 32.4 20.25 24AI 13.90 57.05 
52970 123 179 51.5 2.7 8.9 30.7 21.50 18.08 10.85 59.31 
52969 126 175 39.2 3.8 9.4 19.3 21.75 15.36 8AO 55.94 
52968 124 178 64.3 3.8 9.1 28.5 22.52 27.17 15.30 56.55 
52967 122 177 60.8 3.3 10.5 40.5 22.71 29.72 17.10 56.80 
52966 124 179 65.0 3.9 11.6 41.4 21.62 29.97 15A5 51.59 
52965 123 171 65.2 3.4 8.1 39.2 22.17 32.02 17.25 53 .97 
52964 122 171 63.2 2.6 lOA 28.9 21.23 20.90 11.65 55 .97 
52935 137 165 52.3 2.1 10.1 52.6 12.09 24.06 5.11 18.33 
52937 142 173 44.5 2.7 10.2 64.6 12.1 0 24.11 5.16 18.97 
52938 138 168 49.4 2.8 10.3 62.0 12.31 24.14 5.34 20.69 
52939 140 170 50.0 2.3 10.3 72.4 12.36 24.32 5.50 20.77 
52941 138 168 54.6 2.1 10.5 81.9 12.44 25.19 5.69 21.18 
52942 142 173 44.6 2.3 10.5 2.69 12.48 25.42 5.79 22.06 
52963 123 170 69.5 3.2 9.4 29.6 20.66 37.25 14.10 47.60 
52962 123 173 57.2 2.8 8.8 28.3 20.85 22.15 12.50 57.35 
52961 124 173 59.8 2.8 8.8 30.6 23.71 24.48 13.60 55.49 
52960 122 171 66.5 2.9 8.7 36.0 22.78 26.90 14.90 55.67 
Punjab-91 124 176 66.5 3.4 9.8 38.8 23.52 33.97 18.35 54.36 
Paidar-91 124 174 66.9 3.1 8.25 37.7 16.98 21.17 11 .95 56.52 
MS(V) 15.30 27.63 242.45 0.69 7.07 149.47 9.14 186.98 41.52 47.77 
MS(R) 15.44 1.47 125.00 1.23 18.83 899.01 .006 298.68 69.27 67.14 
MS(E) 1.67 2.56 63.66 .31 1.17 71.18 0001 61.46 10.26 11.19 
F.RATIO(V) 9.13** 10.78** 3.80** 2.19** 6.04** 2.09* 242.1** 3.09** 4.05** 4.27** 
F.RATIO(R) 9.21 ** .57ns 1.96ns 3.88* 16.09** 12.63** 149.5** 6.75** 6.75** 6.00** 
ST.ERROR .64 .8 3.98 .28 .89 5.03 .003 5.27 2.25 2.79 
CDI 1.81 2.24 11.17 .78 2.49 14.08 .009 14.78 6.30 7.81 
CD2 2.39 2.96 14.76 1.04 3.29 18.61 .011 19.53 8.33 10.33 
DF- Days to 50% flowering, DM- days to 90% maturity, PH-Plant height (em), PB-primary branches per plant, SB- Secondary branches per plant, Pods- number 
of pods per plant, SW- IOO-seed weight, BY- Biological yield per plant (g). GY- Grain yield per plant (g), HI- Harvest index (%). 



Table 4.4.2:- Basic statistics for ten guantitative traits in 30 genotypes of chickEea 

Quantitative Traits Mean±SE 0' 0'2 Minimum Maximum 

Days to flowering 126.10±1.29 7.09 50.30 117 142 

Days to maturity 173.57±0.63 3.43 11.77 165 179 

Plant height (cm) 60.11 ± 1.65 9.03 8 1.52 39.2 73 .6 

Primary branches per plant 3.01 ±0.09 0.50 0.25 2.1 3.9 

Secondary branches per plant 9.56±0.20 1.10 1.21 7.9 11.6 

pods per plant 38.44±2.82 15.43 238.20 2.7 81.9 

100-seed weight (g) 19.95 ±O.75 4.12 16.97 12.09 . 23.98 

Biological yield per plant (g) 27.34±O.99 5.41 29.26 15.36 37.52 

Grain yield per plant (g) 13.22±0.86 4.69 21.96 5.11 20.05 

Harvest index {%) 48.12+2.62 14.33 205.47 18.33 59.31 
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reproductive growth tend to h;we lower vegetative growth rill": fi r~t ] princIpal 

components contri buted more than 80 percent of the v'lriability. hence these wcre 

plolted to observe relationships between the clusters (Fig. 4.4.1 and ~.~.2). In hath the 

figures. PC I that contributed 54.97% of the \'Miation was kept as in thl.! X axis. whcrl.::1s 

pe2 alld PC; were plotted simultaneously against Y-axb. Bolh of Iht.:sc ligures gave 

similar result s, a lthough PC I vs. PCl gave clear separation of two groups. All the five 

accessions collected from the District Khushab were grouped ill the leO h:df and one 

accession from Blmkkar was mixed with Ihese. Group B in cluster analysis was 

separated and clearly visible in the right half of the graph. This c luster consisted of 

accessions co llected frol11 the Districts of Ghakkar and Layyah along wi th two checks 

included in the muterial. 

Euclidean dissimilarity coefficients of 30 genotypes ranged between 1.83 :1I1d 

7.4 1 (Tab le 4.4.4). At the 25 percent linkage distance three clusters wen:. observed. 

whereas clusters II and III unite to foml one group (8) and cluster I constituted group 

A. Six accessions were grouped together in the group A (cluster I) and out o r these 5 

accessions werc collected rrom the areas of District Khushah, whereas one (PAK· 

52935) was collected rrom District Bhakkar (Fig. 4.4.3). The group B consisted or 

twenty four accessions including two checks. These accessions were co llec ted rrom the 

Districts of LaYYilh and Bhllkkar. Cluster 1I consisted of seven and cluster III Ii rteen 

accessions. whereas one check (Punjab-9 1) was in cluster 11 and othcr (Paid!!1' c) I) was 

ill cluster Ill. Mean values along with standard deviation for each cluster prescnted in 

Table 4.4.5 revealed that accessions collected from the Distri ct Khushab (cllIster I) 

were late in flowering but early in maturity, sh0l1 statu red and low yie lder, The average 

perfonnance of the accessions grouped in cluster U and 111 (group B) were similar, us 

both of these were late in maturity and high yielding along wi th high seed weight and 

harvest index, 

Genetic variance, phenotypic variance, heritability and genetic advance 

presented in the Tnble 4.4.6 revealed high proportion of genetic variation ror days to 

nowering, days \0 maturity. secondary branches and 100-seed weight. The range for 

days to Jlowering. days to maturity and number of primary branches W:'lS low, but due 

to fhe adaptation of chickpea to Thall desert. the crop duralion docs 1I0t lllaHcr 

because of sole crop culture. For other characters, cons iderable range of the 

I (I') 
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Fig. 4.4.1 :- Scattered diagram based on quantitative traits for first and second 
factors in chickpea. The marks represent as 0- District Layyah, 

.- District Bhakkar, 0- Districh Khushab, and .:. - approved varieties 
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Table 4.4.3:- Principal Components (PCs) for 10 quantitative characters in 30 genotypes 
of Chickpea 

PC) PC2 PC3 

Eigen value 5.49 1.58 1.27 

Proportion of cr2 54.97 15.75 12.66 

Commulative d 54.97 70.72 83.38 

Communality Eigen factors 

Days to' flowering 0.915 -0.938 -0.065 0.178 

Days to maturity 0.818 0.647 -0.584 0.243 

Plant height (cm) 0.779 0.688 0.542 0.105 

Primary branches 0.737 0.667 -0.446 0.305 

Secondary branches 0.8 17 -0.291 -0.389 0.762 

Pods/plant 0.608 -0.577 0.392 0.348 

I OO-seed weight (g) 0.924 0.959 -0.029 -0.059 

Biological yield/plant (g) 0.830 0.429 0.596 0.539 

Grain yield/plant (g) 0.958 0.927 0.253 0.185 

Harvest index {%} 0.952 0.948 -0.114 -0.201 
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2 4 6 7 9 10 II 12 13 14 15 16 17 IS 19 20 21 22 23 24 25 26 27 28 29 30 

1.97 3.72 2.93 2.95 2.18 4.50 1.29 1.64 2. 13 3.97 4.20 5.55 3.09 3.25 4.55 148 3.09 6.25 6.66 6.1 3 6.45 6.57 6.72 2.27 2.57 2.09 1.08 2.69 24 7 

2 3.44 2.22 2.90 2.60 3.37 1.50 1.84 2.68 2.68 3.01 3.93 1.80 2.51 3.67 175 2.81 6.06 5.91 5.61 6.10 6.51 5.70 2.52 1.67 1. 51 1.57 2.39 1 88 

3 

4 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3.77 1.30 3.09 2.46 3.35 3.07 3.12 2.74 4.77 5.88 2.96 1.61 2.08 3.45 3.97 7. 10 6.62 6.52 6.74 6.98 6.64 2.97 4.09 3.65 3.50 1.45 4 40 

3.07 2.11 4.1 7 2.21 3.13 3.49 3.65 3.69 4.64 3.04 2.93 4.42 2.07 4.02 6.41 6.05 5.91 6.23 6.61 6.34 3.20 2.74 2.51 2.59 2.78 3.32 

2.51 2.76 2.70 2.53 2.86 2.99 4.72 5.63 2.72 1.64 2.70 2.49 3.70 7.06 6.87 6.56 6.90 7.10 6.89 2.33 3.65 3.10 2.75 0.99 4.09 

4.56 1.97 2.63 2.72 4 .15 4.58 6.11 3.41 3.05 4.45 1.99 4.14 6.51 6.50 6.28 6.43 6.62 6.58 2.30 3.40 2.9 1 2.46 2.29 3.61 

3.89 3.50 4.00 1.37 4.02 4.22 2.31 1.71 1.04 4.02 3.76 7.27 6.42 6.36 6.82 7.25 6.54 4.00 3.82 3.68 3.90 2.55 4.13 

1.28 1.98 3.32 3.32 4.93 2.47 2.54 4 .02 1.58 2.97 6.33 6.33 6.03 6.27 6.50 6.54 2.59 2.10 1.50 1.10 2.23 2.33 

1.78 3.11 3.65 5. 19 2.18 2.40 3.59 2.13 3.01 7.03 7.05 6.71 7.02 7.22 7.00 2.70 2.60 2.10 1.64 2.08 2.60 

3.38 3.68 5.67 3.39 2.67 4.05 2.96 2.41 6.31 6.63 6.25 6.37 6.44 6.57 2.95 2.60 2.33 1.91 2.77 2.83 

2.84 3.51 1.98 1.59 1.89 3.72 2.94 6.53 5.70 5.71 6.10 6.60 5.73 3.89 2.78 2.85 3.29 2.63 3.10 

3.08 3.28 3.45 4.53 4.38 3.07 6.43 5.74 5.95 6.08 6.65 5.60 5.08 2.06 2.46 3.48 4.24 2.80 

4.00 4 .56 5.04 5.16 4.14 6.70 5.91 5.91 6.57 7.30 5.59 5.80 3.38 3.83 4.70 5.31 4. 13 

1.97 2.54 2.67 3.66 7.26 6.55 6.49 6.94 7.41 6.52 3.38 2.85 2.62 2.80 1.99 2.81 

1.84 2.89 3.13 6.74 6.14 6.05 6.33 6.66 6.40 3.11 2.94 2.6 1 2.71 1.33 3.37 

4.12 4.20 7.34 6.38 6.38 6.74 7.12 6.79 3.96 4.30 4.08 4.13 2.38 4.32 

3.62 6.38 6.46 5.97 6.43 6.65 6.77 1.99 2.82 2.36 1.60 2.20 2.85 

5.15 5.64 5.09 5.46 5.68 5.31 3.55 1.78 1.96 2.22 3.71 2.69 

2.95 1.80 2.06 2.17 4.19 5.93 5.47 5.73 5.78 7.00 5.61 

1.68 1.46 2.55 4.11 6.33 5.53 5.79 6.13 6.56 549 

1.36 2.00 4.31 5.70 5.22 5.48 5.59 6.38 5. 18 

1.13 4.66 6.21 5.60 5.80 5.96 6.69 5.54 

5.49 6.35 6.00 6.15 6.14 6.96 590 

6.15 5.28 5.62 6.21 6.76 5.81 

3.45 3.05 2.33 2.39 3.62 

0.93 1.73 3.37 1.78 

1.21 2.82 2. 17 

2.55 2. 16 

3.56 

1-52984, 2-52983,3-52981,4-52980,5-52979, 6-52978, 7-52975, 8-52974,9-52973, 10-52972, 11-52971, 12-52970, 13-52969, 14-52968, 
15-52967, 16-52966, 17-52965, 18-52964, 19-52935,20-52937,21-52938,22-52939, 23-52941, 24-52942, 25-52963, 26-52962, 27-52961, 
28-52960, 29-Punjab 91, 30-Paidar-91 



Table 4.4.5:- Analysis on the basis-of clusters for 30 genotypes o'f chickQea 

Characters Cluster I Cluster 2 Cluster 3 

Mean ± SE IT Mean ± SE IT Mean± SE a 

Days to flowering 140 ± 0.89 2.17 124 ± 0.38 1.07 122 + 0.55 2.22 

Days to maturity 170 + 1.28 3.15 177 ± 0.55 1.55 173 + 0.55 2.21 

Plant height (cm) 49.2 ± 1.66 4.07 63.3 ± 1.1 7 3.32 62.6 ± 2.34 9.36 

Primary branches per plant 2.4+0.12 0.30 3.5 ± 0.10 0.29 3.0 ± 0.09 0.34 

Secondary branches per 
10.3 + 0.07 0.16 10.6 ± 0.30 0.86 8.7 + 0.17 0.68 plant 

Pods per plant 56.0 ± 11.41 27.94 36.1 ± 1.53 4.34 33.0 ± 1.45 5.80 

100-seed weight (g) 12.30 ± 0.07 0.17 22.45 + 0.40 l.14 21.57 ± 0.41 1.62 

Biological yield per plant 
24.54 ± 0.25 0.60 30.46 ± 1.46 4.14 26.83 ± 1.58 6.31 (g) 

Grain yield per plant (g) 5.43 + 0.11 0.28 16.78±0.78 2.22 14.36 ± 0.69 2.78 

Harvest index (%) 20.33 ± 0.57 1.41 55.18 + 0.70 1.99 55.00 + 0.74 2.97 

--
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Table 4.4.6:- Anal~sis of variance and basic statistics for 30 genotypes of chickEea 
Quantitaive traits Mean SE CD) CD2 Ga2 Pa2 h2 GA 

sguares 
Genotypes Replicates Error 

Days to flowering 15.30** 15.44** l.67 0.64 l.81 2.39 3.41 5.08 0.67 2.62 

Days to maturity 27.63** 1.47 2.56 0.80 2.24 2.96 6.27 8.83 0.71 3.65 

Plant height (em) 242.45** 125 .00 63.66 3.98 11.17 14 .76 44.70 108 .36 0.41 7.43 

Primary branches 0.69** 1.23* 0.31 0.28 0.78 l.04 0.10 0.4 1 0.23 0.26 

Secondary branches 7.07** 18.83** l.l 7 0.89 2.49 3.29 1.48 2.65 0.56 l. 57 

Pods per plant 149.47* 899.01 ** 7 l.1 8 5. 03 14.08 18.6 1 19.57 90.75 0 .22 3.55 

I aO-seed weight (g) 9 .14** O.Olu 0.20 0.00 0.01 0.0 1 2.24 2.44 0.92 2.48 

Biological yie ld (g) 186.98** 298.68** 6 1.46 5.27 14.78 19.53 3 1.38 92.84 0.34 5. 63 

Gra in yield (g) 4 l. 52** 69.27** 10.26 2.25 6.30 8.33 7.82 18.08 0 .43 3. 18 

Harvest index (%) 47.77** 67. 14** 11.1 9 2.79 7.8 1 10.33 9 .1 5 20 .34 0 .45 3.5 1 
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mealls was observed that indicated the scope (lr selection rrom these genotypes for 

crop improvement. Medium to high genetic variance was ob:.erved ror days to 

flowering, matunty, secondary branches and 100-seed weigh!. whereas for other 

characten.. low to medium heritability (bro.1.d sense) was observed. Improvement of 

these traits through s imple selecrion might be ImHted Ir0l11 gemlplasm used In the 

prc:-;enl 3tudy Fur the characters like. days to nowerlng. days to matunty arid 100· 

!it:ed weight. high heriUlbilily coupled with high gcnl!lic ndvul1CC revealed tilt: 

presence of ndditive gene effects. hence crop improvement through these important 

Irnlls could bl! possible throu gh simple selection . Genetic advance along with 

heritability estimates gives an ind ication for gene-action and lhe characters with high 

heritability coupled with high genetic advance are supposed to be conlrolled 

additive ly. hence could be exploited through simple selcclion. Chickpea breeders 

should consider heritability estimates along with genetic advance because h2 alone 

is not a good indicator of the amou nt of usable genetic variability 

4.4.3 Correlatioll Coefficiellt Analysis 

The results regarding genotypic. phenotypic and env ironmen tal correlation 

coefficients given in the Table 4.4.7 revealcd that the genotypic correlauon's were 

:ihghUy higher than phenotypic ones ror most of the characters. exhibiting high 

degrees of j!cne tic t1ssocinllon <lmong trait3 under considcrJ tion. '11C 

I!nvironmc.ntul correlation coerticien ts were not much imp()rtant in most of the 

cases c>.:cepl live combinations, i.e .• primary branches Vs secondary branches. 

pods Vs biological yield , pods Vs grain yield, biological y ie ld Vs grain yie ld where 

it was positive and biological yield Vs harvest index whcre it was negative . The 

significant environmental co rrelation indicated env ironmental influence which is 

quitc expected in a crop like chickpea. The experimen t was conducted under 

rain red condition and hence environments played important role to deleoninc 

correlation among characters, therefore. these results could only be valid ror 

sdection under rainfed conditions. Days to flowering ex hibited s ignificantly 

positive correlation with primary hranches (0.5687) , whereas negati ve with plant 

height (-0.5505), pods per plant (-0 .7241) and harvest index (-0.8992) . Shorl 

durution cuhivars could be selected to improve the yicld potential from presellt 

mlltcriDI. 
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Table 4.4.7:- Genotypic, phenotypic and environmental correlation among ten 
guantitative traits in chickpea 

OF OM PH PBR SBR PIP sw BY GY 

OM rG 0.1218 

r p 0.0368 

r E -0 .1527 

PH rG -0 .5505-' -0.34 19 

r p -0 .2426 -0.1950 

r E 0.1064 -0.0242 

PBR rG 0.5687" 0.7097" -0.6098 " 

r p 0.2870 0.2277 0 .0223 

f'E 0. 1261 -0.1254 0.3 127 

SBR rG 0.2240 0.9 120" -0.0800 0.4986-

r p 0.0 134 0.2888 0.02 18 0.4315 -

r E -0.0985 0.0233 0.0564 0.4218 ' 

PIP rG -0.7241 " 0.1988 0.9325 " -0.5589" -0.2000 

r p -0.0507 0.0068 0.3371 0.0468 0.0884 

r E 0.1291 -0.0532 0.2835 0.1196 0.1134 

SW rG -0.1770 0.0902 0.1254 0.1406 02336 0.2179 

r p -0.1449 0.0764 0.0809 0.0677 0.0844 0.0455 

r E -0.0095 0.1996 0. 1232 0.0640 0.0466 0.0605 

BY rG -0.0732 -0.2 198 0.9411" -0 .356 1 -0 .2473 0.8 11 2'· 0.67 10" 

r p -0.0807 -0.1247 0.3090 0.1924 0.14 16 0.52()O" 0.1565 

r E -0.1195 -0. 1557 0.1 755 0.2721 0.1789 0.5020' 0.093 1 

GY rG -0.32 80 0.07 19 0.7880" -0.3029 -0.1422 0.8345 " 0.7044" 0.9121 " 

rp -0.1030 -0.0282 0.3679 0.1563 0.1620 0.6616 " 0.2464 0.8690" 

r E -0.0172 -0.0978 0.2662 0.25 19 0.2058 0 .6376" 0.11 9 1 0.8603" 

HI rG -0.8992" 0.5097' -0.6249" -0 .5512" 0.0878 -0.988 1" 0. 177 -0.8058·' -0.85 11 " 

r p 0.0069 0. 1928 -0.042 5 -0. 1937 -00323 0.0440 0.0296 -0.485 1' -0.0699 

rE 0.2779 0.2211 0.0319 -0. 1679 -0.0398 0.0862 -0.0187 -0.4600' -0.0211 

DF- days to flowering, DM- days to maturity, PH- plant height (cm), PBR- primary 
branches per plant, SBR- secondary branches per plant, P/P- pods per plant, SW - 100-
seed weight (g) , BY -biological yield per plant (g), GY - grain yield per plant (g). 
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Duys to muturity gave positive correlation With pnnmry branches (0 7097) 

and harvest index (0.5097), whereas plant height ha.d s ignifican t positive 

correlation with biological yie ld and negative with primary brunches IOO-seed 

'Wl!ight showed siE,"llificanl association WIth bIO logIcal YIe ld and gram YIeld. Gram 

vlcld was poslIlvcly corrclOltcd wllh all the c.:haracrch. c.'Ccep l for harvest tIldex 

whi¥H': 11 was negauve It WitS m:g.al lvcly Illslgmficam Wit h days to Ilowenng and 

:.t!colldary branches. Genetic improvement in c1l1ckpea is m..tinly focused on grain 

yield by the breeders of the country. Grain yield is a complex character which is 

the lina l product of many (some known and others unknown) independent 

variables. 1n the present study, grain yie ld was positively assoc iated with biological 

yield and I ~O-seed weight but negatively with harvest index. To improve grain 

Ylcld cll1phasi:-; should be given on development of Chickpea Clilti va TS with higher 

seed weight and biological yie ld . The genotypes with low grain yield and high 

biological yie ld consequently produced low harvesl index and thi s importanl 

combination, high biological yield and harvest index could bc attained using bi

parental mating to break unwanted linkage for further improvcment of the crop. 

4.4.4 Path CoefJiciellt Analysis 

The gc.:notypic correlation eoefl1cicnt ... were parttlioncd illl n direct and 

indirect effec ts by various yield contributing churac h.:r:. (Tab le 4.4.8). The path 

coefficiem analysis wa~ carried out in Utis study to ulili :rc a complete represent of 

the causal factors involved in detemlining the end product i.e., grain yield. The 

direct effecis exhibited by secondary branches, pods and I ~O-seed weight were 

pos itive. whereas all the other characters gave negative direct effec ts. The highest 

direct eff~ct of 1.9242 was exhibited by pods per plant and it was followed by 

secondury branches (1.2356) and 100-sced weight (1.2 t 77). IOO-seed weight and 

pods per plant also exhibited significant positive association with grain yield. 

hence could more confidently be exploited for crop improvement. 

In the present slUdy conducted under rain fed conditions, it is indicated that 

p()(b per plant and I ~O-seed weighl had the maximllm contribution in dClennining 

grain yield , the ultimate product in chickpea under rainfed conditions. Further, it 

was observed that high indirect contribution was exhibited via secondary branches 

and harvest index by most of the yield componcnts, hence these two traits along 

WIth pods per plant and I ~O-seed weight aft! suggested to be g iven t! l1lphasis while 
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Table 4.4 .8:- Direct (parenthesis) and indirect effect of independent variables with dependent variable (grain yield). The last column shows genotypic 
correlations of independent variables with grain yield. 

Variables Days to Days to Plant Primary Secondary Pods per 100-seed Biological Harvest RG with 
flowering maturity height branches branches plant weight yield per index Grain yield 

plant per plant 
Days to (-0.4438 ) -0. 1477 0.8294 -0.4247 0.2768 -1.3934 -0.2155 0.0788 1.1 121 -0.3280 
flowering 

Days to -0.0541 (-1.2127 ) 0.5150 -0.5300 1.1 269 0.3825 0.1098 0.2366 -0.5022 0.0719 
maturity 

Plant 0.2444 0.4146 (-1.5065 ) 0.4554 -0.0988 \.7942 0.1527 -1.2835 0.6157 0.7880 
height 

Primary -0.2524 -0.8607 0.9187 (-0.7467 ) 0.6 16 -1.0755 0.1712 0.3833 0.5431 -0.3029 
branches 

Secondary -0.0994 -1.1 059 0.1205 -0.3723 ( 1.2356 ) -0.3848 0.2845 0.2662 -0.0865 -0.1422 
branches 

Pods per 0.32 14 -0.2411 -1.4048 0.4174 -0.2471 ( 1.9242 ) 0.2654 -1.1 458 1.1 742 1.0638 
plant 

100-seed 0.0785 -0.1093 -0.1889 -0.1050 0.2887 0.4 193 ( 1.2177 ) -0.7222 -0.1744 0.7044 
weight 

Biological 0.0325 0.2666 - \.7964 0.2659 -0.3056 2.0482 0.8170 (-1.0764 ) 0.7939 1.0458 
yield per 
plant 

Harvest 0.5010 -0.6181 0.9414 0.41 16 0.1085 -2.2933 0.2155 0.8674 (-0.9852 ) -0.85 11 
index 
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<;electmg high Yielding chickpea cultl vars for ra/nfed condition!;. Correla llon 3Jld path 

coefficient analyses mdlcaled Ihat pods per plant Jlld IOO-seed weight were poten! 

contributors to gram Yie ld throligh direct etTects. On the basIs of performance. seven 

acceSS ions produced higher grain )'lc:ld than both the checks. hence were selected and 

presented in the Table '+04.9 for further eva luation under a wide range of 

environmen(a l conditions. 

-1.5. Biochemical (SDS-PAGEj Basis a/Genetic Diversity 

All the accessions eva luated for agronomic traits were also used for the 

anal ysis of SOS- PAGE through slab type gel elec tropho res is using 10 samples for 

each accession. Al though, all of these were not homozygous and polymorphism did 

eXist for one or another locus within various samples of the accessions. 50S-PAGE 

was conducted in variolls combinations and it was revea led that 11 .25% acrylamide 

ge l concentration . 6 J.l.1 of sample gave the best resolution. The electrophoretic seed 

prolein profi les for most of the accessions were similar. Out o f these sixty two 

accessions, 41 were homozygous on tnc basis of SOS-PAGE whereas others were 

heterozygous hence single seed descents could be isolated from these heterogeneous 

Jines to es tablish pure-hnes for future breeding programmme. Tn totnl. 14 protein 

bands were recorded rnnging from the Molecular Weight (MW) of 24 to 66 KOa. 

Many protein subuni ts of lower MW were also observed but due to inconsistency in 

reproducibility they were not recorded. Occasionally, variation was also observed In 

the density or sharpness of a few bands but this variati on was not taken into 

consideration . 

Out of 14 pro tein subunits, 8 were polymorphic and 6 were monomorph ic. 

Only polymorph bands were included in PCA and constructing of dendrogram. On 

the bas is of banding pattern, ge l was divided into three regions (Fig. 4.5 . 13 & b). 

Region I had 4 bands of more than 66 KDa MW of which 3 were polymorphic. 

Region II ranged from 24 to 66 KDa having ten protein peptides. out of which 5 

were polymorphic. In this region. the protein bands were observed with high degree 

of variat ion in quantitative lenn. The quantitative intensity of bands were not 

recorded at present, although, these may provide some information specific to 

Chi ckpea. Weak protein bands were obserVed in the region 111 o f lowel' molecul ar 
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Table 4.4.9:- Perfonnance of chickpea genotypes selected on the basis of evaluation 
during 1999 

Genotypes OF OM PH Pods SW GY HI 
52984 123 171 73 .3 39.5 22.17 18.35 56.35 
52983 123 174 62.5 42.2 20.84 19.15 50.64 
52981 125 177 66.9 37.0 22.40 19.15 53.77 
52979 123 174 65.3 46.0 23.98 20. 05 57.00 
52978 124 174 64.6 38.6 2 1.11 18.75 52.08 
52975 122 178 59.6 39.9 22.57 19.95 54.31 
52974 121 174 66.5 39.1 23.52 19.50 53.48 
Punjab-91 124 176 66.5 38.8 23.52 18.35 54.36 
Paidar-91 124 174 66.9 37.7 16.98 11.95 56.52 
F.ratio (V) 9.13** 10.78** 3.80** 2.09* 242.1 ** 4.05** 4.27** 
F.ratio (R) 9.21** .57ns 1.96ns 12.63** 149.5** 6.75** 6.00** 
COl 1.81 2.24 11.17 14.08 .009 6.30 7.81 
CO2 2.39 2.96 14.76 18.61 .0 11 8.33 10.33 
DF- Days to 50% flowering, DM- days to 90% maturity, PH-Plant height (em), Pods-
number of pods per plant, 
SW- 100-seed weight, GY- Grain yield per plant (g), HI - Harvest index CYo) . 
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weight. hence not recorded due to II\con5 lst~ncy in pr~scllcc. Weakly "tamed bands 

may nOt be:: r(!J>loducible. 

The resul15 ()btulncd nficr rapid SDS-I'AGr elcctnlphon.!;)is ~11t,wcd that the 

method provided a powerful tool for reliable gemlplaslll discrimination based on 

geneti c differences in sec..-d storage protein comparison in chickpea. Many 

accessions which were observed simi lar hllscd nil protcln p:tllcrn were excl uded 

frum cluster and PrinclplIl Component Ana lyscs. 

4.5.1 PCA Based 011 Proleill Peplides 

As already mentioned that om of 62 access ions/genotypes. 41 accessions 

were homoz.ygous and others were heterozygous . The analysis was performed for 

total material and homozygous lines separately. -nle variance was rather marc 

scattered on the basis of protein pattern as compared with quantitati ve characters. 

The first three components contributed 56.41 'Yn of the varintion amongst 62 

accessions (Table 4.5.1). Principal component I had 25.30% of the total variation, 

PCz 16.85% and PC] had 14.25% of the total variation, respectively. Other 

components exhibited eigenvalues less than unity. hence did not contribute for 

variance significantly. The protein bands which contributed more pOSitively to 

PCI. were 82, 84 and B13. FOUT bands (85. 87. 812. 814) contributed maximum 

genetic variance to PC 2 . whereas one protem subunit (811) exhihltcd thc highest 

value for PC l . 

First three compollcnL" which contributed 56.41 n;., of the Iota I variation 

were plaited as scatter diagram. 111C scatter diagram Oil the basis of PC 1 and 2 

where Factor I was used as x· axis and factor 2 as y·axis is presented in the Fig. 

4.5.2. The accessions were plotted on the basis of' their origin. Many accessions 

overlap each other duc to simi larity on the basis of SDS·PAGE markers. Two 

approved variet ies were separated in the left upper part of the graph whereas few 

access ions were marked separate ly in other cases. Two accessions from District 

Khushab and fOllf from Distric i Layyah were clearly sepa rated whereas others 

were mixed together or overlapped to cach olher. Similar pattem was observed for 

PC I and 3 where Facior 1 was kepI as ~·a~is and faclor J as y.axis (Fig. 4.5.3). 

Approved variet ies were clearly separated in the left half of the graph. From others. 

five accessions originated from the District Layyah were grouped in10 2 groups, 
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Table 4.5.1:- Principal Components (PCs) for 8 SDS-PAGE markers in 62 
accessions of chickpea 

PC I PC2 PC3 

Eigen value 2.02 1.35 1.14 

Proportion of 0'2 25.30 16.85 14.25 
Commulative 0'2 25.30 42.15 56.41 

Communality Eigen factors 

Band 2 0.700 0.830 -0.075 -0.078 

Band 4 0.754 0.859 -0.102 0.075 

Band 5 0.557 0.257 0.701 0.016 

Band 7 0.539 -0.047 0.459 -0.571 

Band 11 0.550 0.274 -0.151 0.672 

Band 12 0.447 -0.169 0.556 0.331 

Band 13 0.489 0.475 -0.209 -0.469 

Band 14 0.475 0.447 0.505 0.143 
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one consisting of three ;lccessions was in upper right p .. rt amI one compris ing ur 2 

accessions was observed in the lower right pari oflhe graph. Two <.Icc~ssiolls \)l'Igutatco 

from K.llushab and Bahawalnagar in each C:lse were also, clcarly sep ... .tIed from othi.'rs, 

whereas others were Illixed together or overll1pped to each uthel' Altlhlligh. hoth tlte 

graphs revealed slmilar pnttem and did not indicate any clear differences on the ba51s or 

origin when analysed for 8DS-PAGE, hence the separation on the hasls of PC I nnd 2 

could be considered bener than on the basis of PC I .lI1d 3, because of high Illtlgnillide. 

ofvariabilily contributed by factor 2 than 3. 

4.5.2 Cluster analysis 

The dendrogram of total seed proteins based for all the 62 accessions (including 

2 checks) on di ss imilarity matrix llsing UPGMA showed a division inlo five clusters 

(Fig. 4.5.4). Clusters 1 consisted of two approved varieties, cluster II consisted or olle 

accession (PAK-52946), cluster m comprised of four accessions, viz., PAK-52984, 

PAK-52935, PAK-52934. PAK-52931. whereas cluster IV consisted of PAK-52932 

accession. All the other accessions were grouped together to const itute one cluster at 

1.5 linkage distance. Out of these 62 accessions, 41 were homozygous and others were 

heterozygous when analysed 10 samples in each accession. Homozygous accessions 

Were used to constnlct dendrogram on the basis of SDS-PAGE separ;,le ly as prcsc.! l1tcu 

in the Fig. 4.5.5. The heterozygous accessions gave no information when combined 

with pure-lines, hence heterozygous accessions were suggested to evaluate undcr field 

conditions for isolation of superior lines for future breeding programme. 

The dendrogram based on biochemical markers for 41 access ions exhibited 

seven clusters when cut at 1.2 linkage di stance. Cluster I, II and III consisted of one 

accession in each case as PAK-52984 in c luster I, PAK-52935 in 11 and Paidar 91 in 

cluster Ill. Cluster IV consisted of four accessions (PAK-52972, PAK-52930. PAK-

52952, PAK-52928), whereas c luster V comprised eight accessions (PAK-52978, PAK-

52965. PAK-529fi4, PAK-52979, PAK-52966, PAK-52957. PAK-5295 1, PAK-52945). 

Twenty four accessions including one check were grouped together in cluster 

VJ and remaining four accessions (PAK-52980. PAK-5298 1. PAK-52950, 

PAK-52924) were observed )n cluster VII . In general, cluster analysis 
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hased on SOS-PAGE III loca l chI ckpea gcrmplasm did nOI len\!C1 any due euhc, 

I'm awonomic preference undlor gl!()graphi c distributIon . 

T he g.enelic dissnmlanlies lor vanou» protem »uhunm prcM.:nlcd III the 

Table 4.5.2) revealed thai genetic dlstallce varit:d from \.00 (nand 2 ... 5 Band 7) to 

4.12 (Band II v~ Band 13). FOllr protem types were ohst'rvcd at J .O linkage 

dIstance when compared among all the polymorphic bands . The protein subumls 

I I and 13 were obvious ly different from other prolt:in subullll~. I.e .. bands 2. 4. 5. 

7. 12 and 14 For most accessions and protein subunits. no clear observation was 

recorded which could facili tate select ion on the basis of SOS-PAGE for Improv ing 

agronomic traits in chickpea from the material under in vestigation. Further. high 

vuriancc for most of the characters in almos t all the c lusters also revealed that the 

ge notypes IU various clustc:rs were may he from dlffcn.:.nt llfigms hu t »h .. ring 

slinilar protein pcplidcs. 
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Table 4.5.2:- Genetic dissimilarities among various erotein subunit types in chi ckeea 

B4 B5 B7 B 11 B12 B13 B 14 

B2 1.73 2.24 1.00 3.32 2.45 3.16 2.45 

B4 2.45 2.00 3.16 3.00 3.61 3.00 

B5 2.45 3.74 3.00 3.61 2.65 

B7 3.46 2.65 3.00 2.65 

B 11 3.6 1 4.12 3.6 1 

B12 3.74 2.83 

B 13 3.74 
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DISCUSSION 

5.1. Germplasm Evaluation 

Idcnlificntion of the supe rior genotypes 01 a plant species has always been 

ImporLant for crop improvement, genellc research .md breeding programme 

(Ghafoor ct al.. 200 1). Genetic improvement in any quunW3twc (nlll depe nds on 

effecti ve se lection among indiv iduals that dIffer III pbenulYPIC va lue, amI cflcct lYC 

select ion is possible only when genetic variabi lity is prc.<;cnt. In order to utilize 

gennpiasm eflkicntl y and effecti ve ly, it is important to investigate the ex tent of 

genetic ui versi ty they conta in. Many tools arc now uvailable for identifying 

desirable variation in the gcnnplasm including total sccu protein. iso7.ymcs .lnd 

valious types of DNA markers. lI owever. morphological churaclcriza tion is the 

III'S! s tep in th e desc ription and classi llcali nn o r crop gCl'mptaslll (Smilh and 

Smith, 19:59; S ingh and Tripnlh i, 19X5), O llcntLl1lcs. I!\,flluallon may be regarded 

as an end in ilscll~ but the besl eV31lHltion IS one tlKH n; l<ltcs \0 the plant breeder's 

needs 

In th is study, world collection o f chi ckpea gcrmplaslll along with local 

m:cessiOIl!) co llec ted from al l over the country was eva luated for s ix quahtative 

and fUlll' t]uu!1titativl: traits ineludint; di!)case (A.\'COL 111'111 rabid) reuctlon at 

N:llion:1I Agricultural Research ('entre (NARC), 1~lamab(HJ under minted 

cOLllli lions. World core collec tion of chickpr.:l1 comprising 423 accessions differed 

significantly fo r plant traits of qualitative nature with di stinc t classes like growth 

habit. iron deficiency. nower co lour. plant pubescence. plant pigmentation and 

pod size. Two hundred and one accessions we re creel types, 184 accessions were 

semi ~ercct and thirty eight were spreading. 

Three hund red arld twelve accessions did not ~huw symptoms of irol1 

dcficicncy. 1l1cse symptoms of iron defic iency nrc: associ:lIed with colder climate, 

because the accessions showing iron defi ciency under colder reg ion seldom show 

simila r reac tion under wann regions (Anonymous, 200 I). nlree hundred forty six 

·uccessions were pink Oowered and only 77 gave white nowers, and these were all 

whi le seedt::i.l or Kabuli typt::s. White coloured Jlowers urr.: associa ted with Kabu li 

typt::s but these two genes are independent or euc h other nlthollgh these may be 
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c.lo~ely linked r we lve accession~ were glabrous ;lIId all others were pubescent 

OUI of these. 235 accessions were with less hairs while others were with dense 

hairs. TIle accessions with larger pods are suggested to be utilized for future 

seh:ction and improvement fl)r higll sced weight as lar):!c pods contain bold seeds 

QUdliwtivc characters are important for pldl1t oescriptilln (Kurluvich. 1998) illid 

an: mainl y mtlucnc.cd by the conSlimers preference. S(K; I\)-CI.:OnOlllli; sc.cnano and 

natural selec tion. Nakayama l'f (fJ (1998) reported thai fmttall !lullet landraces 

wilh low :J1TIylosc allele were distributed only in Sou theaS1 Asia Illuinly hcelluse of 

preference followed by selection. Som~ of lill!se tr:lIt:-. arc rcncc1ed to some 

biotic/abiotic stTesses. Prostate plant type is preferred filr planting under min fed 

conditions U$ it lacilitales in moisture conservation. TIle plants with large pod size 

could bl! used to improve pod and sc:ed size in chickpea, because these two traits are 

interlinked 10 e:lch other. Ilairiness in crop gives mmc- tolerance against some 

insects, whereas glabrtlus cultiv:u"s faci litate in harvesting and threshing (G hafoor ('f 

til .. 20() I). 

The range of CV and genetic variance (01
) rcvl!illed that the results cou ld 

be of broader spectrum. All the exotic germplasm lines badly inrl!Clcd by disease 

and sixty accessions could produce good quality seed and hence selected for 

fUriher evaluation and study . Superior genotypes selected from preliminary 

cvaluulloll Ill' il blUad baseu gellllpiasm laclhtatc IIllptUVClIlellt or YIe ld potenti.ll 

(patel & Shah. 1982 and GhafooJ' (! llIl 1993b), In Ihe total gcnnplasm, days to 

ilowl!ring was negatively correlat ed wilh days 10 matul'ity, whereas it was positivcly 

!'ignifie,llll ill selected accessIons. The negative associat iun of days to flowering with 

days to maturity in the total germplasm was may be due to disease infection at the 

time of pod formation that caused forced maturity and little seed was obtained. 

Days to maturity was positively correlated with branches per plant in total 

population and negatively in selected accessions. Simil<lrly. branchc:-. per plant were 

also poSitively cOlTelated with plant height in tntal gel'mplasm and negatively 

flssociated in se lected accessions. Days to maturity exhibited positive correlation 

with plllilt hcight in both the population ahhough it wa:-; slightlY higher in selected 

accessions but 8% of total germplasm WaS of course higher than IOlY" of the selected 

accessions. 111e results in general revealed that matu rity and branches pcr plant were 

more affected by environmental factors. 
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On the basis of perfonnance and to lerance to Ascoc/r)'ta rablcl, sixty 

acccss ions wcrc selected for furthcr cvaluatlon and suggcsted for further testing 

undcr wide range of agro-ecologlca l conditions to utillzc tor selcclionlbrecding of 

hIgh yield ing ch ickpea cultivafS . Sek-ctlOn on the baSl~ 1\1 best pCrfllnrlllrlct! has 

already bt:1!1\ l>ul;l!.I!~ lcd by matlY re;;'l:archers Ilk!! Donald, ( 1(62), LJI. (1967), Smgh 

d aI, (1977). S ingh c:t at (1980) and Khan & Mulik , (1989) Vlfmuni I!I (1/ (1983) 

eva luated mungbcan gcnnplasm and classIfied it intQ va nous groups based on 

different trailS and identified accessions with high y i~ld potential fOf future 

IItili zation. Bnkhsh er al. (1992) categorised l~nlil gcr1l1plasm urI lhl.: basis of 

quantilativ~ traits and observed thaI :;hort stall1n.:d knlil gcnot ypcs wcre high 

yie ldIng witl1 other good agronollllc characl\.:rs. They ""ggC"lt.!U ...:xptoilation ·of 

selected genotypes for lentil improvement in ru ture. 

According to Ghafoor l!1 al.. (1989), high y ickling accessions selected 

from the local gemlplasm might prove their superiority in advance testing under 

various agro-ecological conditions. They c lass ifi ed black gram loca l germplasm 

for various agronomic characters lind selected cleven high yielding pure-lines for 

ti1l1hel explOItation. From these initially selected pure-lines. three varieties have 

been dcvdnped llnd approved for general cuhivl.Ition In il study nn mllngbcnn 

Ghafoor ef (/1., (1992) selected Iwenty e ight genotype~ on the basis of high yield 

rotctlllai and res Istance to dl sease5. SlI1gh & Srivastav,l, (1985) cuH.:gofl scd pea 

glolrmplasm into various g roups. 

Gl.:rrllplasm eva luation i:; the first step in any plullt breeding programme 

Ilnd it IS commonly based on a simultaneous cxaminatlon or a large number of 

populations for severul characte rs of both agronomic and physiological intercst 

(Pczzolti l'f al. (1994). Dotlac il ef ,,/ (2000) report~d Ih:1I landraccs and obsolete 

cultivars wcr...: better able to compensate for ad\lerse elWlronmcnl, but at i\ lower 

level of yield potential than modem cuitivars, hence loeul accessions selected 

from the present material need careful evaluation for utilizing its pOlential in crop 

improvement. II is suggested thnt cuiti vars with tills broad environmental 

adaptation could give better results in org.anlC Of ex tensive fanning systems. 

Whereas Kr~jewski and Drzazga (1999) showed no strai ght relati onship between 

Ihl,; ch:mlctcristics nf the lines and tlwir origin . wilh it Clm<; i"ll!nl tendency In 

produce stable, hi g.h yielding genotypes. 
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The effect of plnnt breeding on yield and its phY~ IiJI()gu;al dc lcnnin:mls 

has been widely studied in chickpea . Howcvt:r. it I:; poorly understood. how, and 

(0 what extent, yield stabili ty has been modified. There was II c lear decrease in 

yield slabilil y a!;sesscd In absolute lL:mlS as a consequence of cluckpca hrced lOg . 

Bratu:ourt and Slinkard (199S) fclt complications In hreedlng I'M llI1provt:d 

"BflCtICS :..nldying genotype envIronment interaction:... 1\ thorough IIl1drrstandlng 

of the e nvlI'Onmcnts can Impro ve the eftic lenc), ul hrecdlllg methods 

Subdi vid ing the "ariance into iL" componc.:nts us!:>ists the gene ti c resource 

conservation and their utilization, It ena bles planning fo r lise of appropriate gene 

pools 10 crop Improvement lOr speci tic plant atlributes (Peec\tl ('I (I I 19(6). Large 

seil ic testing of broad-based gemlplasm needs to be bUIlt up by IlWkl!lg extensive 

local colkction and introductions to develop a sOlLnd breeding programme lGhaloor 

t!1 til. 1992). Lagilelli. c/lll. (1998) ad vocat1.!d thatlllilXlI11lU1\ genetic conservation 

wou ld be ach ieved by sampling populations frolll as many environments as possible. 

Correlation coeffic ients revea led negative corre lation of days to !lowering with 

maturity and plant height, whereas other correlations were positi ve and maximum 

assocm lion was observed between plant height and number of branches per plant. 

The result:; indicated that the genotypes selected for early flowering may nOI 

necessarily mature early beca use maturity tUlle IS more IIlnllenccd by 

cl1 \' lrUl1lln:ntall.:ondi tions at the time of hnrvcstmg durmg Ihl! months of April and 

Moy 

rhc geOllplasm was grouped into 10 c lusters based on avera ge linkage 

disl<tncc. C luste r I consisted of 60 accessions, clustcr II of 56; c luster III of 73; 

cluster IV of 53, cluster V of 62, cluster VI of 26. c luster VII of 35, cluster Vil t of 

20. cluster IX of23 and cluste r X of 15 access ions, Approved culll vnr. Pa idar 91 

was in the c luster VI, whereas as other two vari eties (Noor 91. Punjab·91) were in 

c\ui.tel VIII A ll the exotic accessions were grouped in the c\ustl!rs I. 11 . Ill . IV, 

VII I find X whereas other clusters consisted of mixed IIcl:css ions of Im:ul and 

exotic on gi n. Ou t of63 local accessions (inc.:lud ing 3 va rieties) , eleven were in the 

c luster V. sixteen in cluster VI, seventeen in cluster VII and nineteen in the cluster 

IX. As the number of accessions from various sources wcre g roupcd in a 

syslematic way, therefore relationship may bc established betwcen origin and 

cluste rin g pattern. Out of this tOlal gcnn piasTll , six ty access ions which werc of 
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IOC,lJ ongm were further eva luated to Investigate th~ genetic diver.m y and It:; 

relationshIp with geogmphic origin baM!d on qualilitliLI\t.! Lfalb. ami SDS-PACiE 

.a llulys i ~. 

(icncllc distance hascd on average IInkng.e ranged Irolll 0.5952 fo r the 

duster!:. II and IV to I 5786 tm the cluster.; I 'In l.! IX I he genet1\: dIstance 01 

cluster I W IIS higher with must of the olher dusters ralll!lIlg from I 0945 (\'.'lIh 

c\Ul'fCr Xl to LS5R4 (with c luster VIII). Rolh 01 ihcsc du"ters co nsisted of exotic 

gennp laslll llnn it is also impnrt:lllt to note tbllf duster I cOllsisted Ilf all Iltl! ·60 

accessions of exotic origin . Similarl y. cluster II exhibitcd high genetic distance 

with cluste r V, VIII and X. Out of these. c luster V consistcd o f both the exotic (51 

accessions) and loca l gemlplasm (II access ions). e lllsl!.::r III exhibited genetic 

dista nce from 0.6524 (cluster III vs IV) to 1.3976 (w it h cluster I) and the cluster 

IV gave high range of genetic distance with all other dus ters. Cluster V. VI and 

VJl exhibi ted low to medium genetic diversity among one another. whereas 

medium to high genetic di versity with the cluster consisting of exo tic gemlplasm. 

Cluster VIII also consisted of all the gemlplasm of exotic origin and had medium 

to high genet ic distance with other clusters. whereas cluster IX consisted of both 

the exotic (4 accessions) and loca l (19 accessions) exhIbited the lowest genetic 

distance (0.5173) with clus\t: r VI and the highest (1.5786) w ith cluster l. 

Ihcrcfoll!. thIS c lust!!r might consi~t (If til verse nCceSSI{I,,:-' 011 the basis of the 

qtHl.litntl\c traits. The sckc tcd accessions I"rOll\ va flou~ d Uste rs arc sugges ted 1o be 

used in cwp improvement in future (Singh r:I III. 11)97:.) 

Variance studi ed by PCA revealed that first four components with 

eigenva lues more than I contributed 70.6% of tJle variabi lity amongst 423 

accessions evaluated fo r nine tra its. Principal component I had 23.64'Yo o f the to tal 

variation. 1'('2 18.99%. PC) 1-t.3~%1 and PC.! had lJ .(tI'X, of the lota l variation. 

Characters tha t contributed more positively to PC I werc (jays to maturity and plant 

height. whereas days to nowering. qua litative traits and disease reaction 

con tributed least to first component. Iron deficiency. nower ~() I ollr , plant 

pigmentation and disease reactiun gave ncga ll vc contribution IQwurds Ihis 

component. 

Plant pIgmentation and disease reaction contnbuted max.lmum genet Ic 

variance to pe2. whereas plant pubescence. growth habit and nower co lour were 
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assessed significant for IlC1 Although, the variation for growth habit was a lso 

contribu ted by PCz (0.521), it was sl ightly lower than variation hy PC 1 (0.570). 

Iron deficiency and days to flowering contributed maximum for PC", with values 

o f 0.763 and 0.365. r~pccti vely . The first PC which explained 23.64% of the 

variance is positively assoc iated with five characters Itnd out of thcse two were 

quantitatively inhented. The populations with high PC I valucs arc latc in maturity 

and tall staurcd. 

Though, c luster analysis grouped together access ions with greater gcnel ic 

sim ilarity, the clusters did not necessarily include all the accessions from same 

-origin. Gupla Cf 01. ( 1991). J)as ef al. ( 1989). Amlln-io ('I (II. ( 1995). Rubbani e/ af. 

(1998) und Ghafoor el 01., (200 I) also reported i:1ck of associat ion between 

agronomic trails and origin . 

5.2. Evaluation of Sixty Local Access ions 

Green revolution was introduced by a tremendous increase in harvest index 

that enhanced cerea l productivity, but due to low yield ing abi lity of legumes, this 

group of crops could nOI be bene fi ted through b'l"een revolution. To increase harvest 

index , high b'l"ain yield coupled with optimum biomass along with other yield 

components arc suggested to combine together. High variance for mca~ured traits 

was observed except for seeds per pod where. a low variance was observed and 

hence improvement for this trait seemed to be difficult in the local germplasm used 

in present snldy. High genetic variab ili ty observed for yield com ponents could be 

exploited th rough simple se lection for isolation of the best cultiva rs. Al though. 

maturity range was not very high and a difference of only 3 weeks was observed 

betw<.:cn early and late matu ring access ions, but at the time of harvest the carliness 

up to 3 weeks is considered sufficient for the preparation of land for next sowing. 

High variance for yield contributing traits was observed in the present material lhat 

could be utilized fo r improving yield potentia l of chickpea in future breeding 

programme. 

The gennplasm charac terized for pla nt trail,> of qual ita ti ve na ture wit h 

distinct classes revealed genetic variation for most of the characters. Some o f the 

chickpea genotypes show response to iron deficiency due to some physjo ogical 

disorder and it was observed that few lines ex hibi ted response to iro cfefic iency 

138 



although under mnjor chickpea g lOWing areas ITha!! tlesert), these does nol 

respond to Iron ch!orosi& (Anonymous. 2002). In order to maintain , eva luate and 

utilise !!crmplasm efficiently and effecth·l!Iy, it is impurhinl I~) illve\'!tlgate Ihe 

extent of !;cnctlc dlvcr<;uy It Clintalll~_ Snllth & Smith. (11)89) considered 

morphuiugH.:al Chllrllchcruatl0l1 ,. .. first 'itep 111 dc .. ..:npllnn and da .. siliealtun of 

crop gcm'piasm I he breedmg prO~T!lmlllC matn ly depend ... upon nmgllltude of 

ge neti c "anabl lity (Shanmugan & Slu cl.;rallgils" <Lilly. I QX2. South ('I IIf 19fJ 1). In 

the prcsc llI Ill vcstig.uion. local chickpea gcmlp lasm wa .. cva lU:lI ed for qualillltivc 

and quantitative characters along with chickpea blig.hl feac tlon . 

For quul itative charocters. II con .. iclerable level of" variahi lity was observed 

for most of the traits. Qualitative char3cters an.: important for plant description 

(Kurlovich, 1998) and are mainly innuenced by the consumers preference, socio

economic scenario and natural selection. Nakayama (!I (II. ( 1998) reported that 

foxta il millet landraces with low amylose allele were distrihuted on ly in Southeast 

Asia mainly because of preference followed by selection Ghafoor et al .. (200 I) 

considered that these traits reflect some biotic/abiotic stresses association . rros(ale 

plant type is preferred fOl' planting under minfed conditions as it facilitates moisture 

conservation . TIle plants wilh narrow lesve$ in mma cascs nrc dmught tolerant and 

hence. Ihe planlS with these eha-aeter::. ma y be utilized /\)1 breeding chickpea for 

thollght ,]1\:<1 .. , 

(\mcl:llion is a measu re of the d\!~rt:e to Which \,mnb le:, vary togclher Of 

a measUic o f illlcnsity of association. The results regall.ling !.:unclation revealed 

that days to nowering was significantly positive with days to maturity . whereas it 

was negative with plant height, seeds per pod, g,ram yield and harvest mdex. 

Branches per plant exhib ited significantly pos iti vI;! as!>ocHLlion wilh all the traits 

t.!xccpt cla ys to nowcl'ing, days to maturity and plant he ight. Simi!;"'ly pods per 

plant had significantly positive correintion with all the tnlit:. except with days to 

nowering. days (0 maturity and plnnt height. IOn-seed weigh I exhib itcd positivc 

assocIatIon with branches per plant. pods per plant, pods per branch, seeds per 

pod. grain yield. biological yield and harvest index . The positive association of 

100-sced we ight with seeds per pod was only poss ible because of the presence of 

large pod size access ions in the present material. Grain yield, biological yield and 

harvest index showed positively significant association wi th all the tmits except 
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with days to nowering, days 10 maturity nnd planl ht!lghl In the: prcst!nl study. nul 

of eleven characters. eight were observed to be ),Ield contributing for chickpea 

improvement. 

Siv,nificanl positive correlation of grain yield with other Yield contributing 

character::- hn~ also been reponed by Rani & Rao. (19~ I) in blackgram. In 

mungbean. fomar et al (1973) and Khalid et al (19~4) also observed positive 

corre lation of Yield with Yield components. whereas, Malik er ul. (1987) reported 

negative correlation of yield with maturity. pod length and seed weight. Malik el 

al. (1983) investigated max imum relative se lection effic iency for branches per 

plant in mungbean, nnd Malhorln et ul. (1974) observed posi tive association of 

yie ld with days to maturity. plant height. pod number and length. whereas 

negative wilh seed weigh t. Grain yield, the ultima te objec tive in chickpea breed ing 

programme exhibited posit ive association with all the characters under study with 

varying degrees of significance. High correla tion of grain yie ld with yield 

contributing churaclers revealed 'he imponance of these characters for increasing 

yield potentia l to chickpea. Ma lik c:t (II. (1987) and Ghafoor etal. {I 993b) reported 

positive association of grain yield with biological yield. Negative association of 

biological yield with harvest index showed physiological Inefficiency for appropri:ue 

panHioning of total dry matter towards economic yield. Consequently the varieties 

with low ~ram yit!lu attaint!d low harvest index. 

Baluch and Soomro (1968) and Shamla et 31 (1969) also reponed that pods 

per plant and seed weight had significant pos itive corre lations with seed yield per 

plant. Sandhu and Singh (1970), Rang et (II (1980), Khorgade c:t til (1985), Setty et 

al (1977) and Singh ef al (1978) obtained correlation between seed yield per plant 

and number of primary and secondary branches and pods per plant. Singh et (II 

(1978) indicated that selection based 011 high pod number, primary branch number 

and a low secondary branch number would be en'ccl ive to improve chickpea yield. 

But. the results obtained from the presen t experiments revealed stTong 

associations of seed yie ld with number of pods per plant and branches per plan I. 

This indicates that improving number of pods, seeds and secondary branches 

simultaneously wi ll directly increase the yield per plant. Khorgade el al (1985) 

found I aD-seed weight and number of total hrnnches per plant as the most 

impOrlflnt yit:ld determiners. Adhiknri and Pandey (1982a) found a signilicant and 
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negatIve corrc latioll between plant heIght and pods number per plant _ Ishull cI ul 

(1982) found also a negative relationship between seed yield per plant and plant 

height which IS contrary to the results of the presen t study. 

Similar studi es wert tarried oul by Dahlya r.!1 01 (IIJH6). Nludu eJ a/ 

(1982). lamar et (II (J 9~2), Ram ~I (II (19~W) and others In II segregating 

popuilltion and most of the fmdings showcd thai seed yield per plant was 

positively correlated with the number of pods and seeds pcr plant. Aner 

comparing diffe rent selection cri teria, Oahiya et (II (1986), recommended to use 

the number of fruiti ng branches as the criterion 10 increase seed yie ld in chick pea. 

Ram ef 01 (1 <)80) found out thai the number of pods per plant and seeds per plants 

as e rfect ive yie ld measures in the F2 and F3 generation of chi ckpea. These 

fi ndings a re s imilar to the resu lts obtained in the present exper iment. 

The results regarding corre lation coefficients arc in agreement with the 

resu lts obta ined by Rani and Rao (1981 ). Singh /.:1 ul. ( 1985) Sinha 111 0/. (1986). 

Malik ., al. (1987), Malik el al (1988), GhafiHlr ('I al. (1990), Tariq (1990), 

lIussain ctal. (1991), Bakhsh el ul. ( 1991) nle positive assoc iation between 

yield and these parameters revealed that increase in the hcight, number of 

branches. number of pods per plaot. IOO-seed weight, bIOlogical yield and 

increase in harvest index. would have direct and proportionate impact on grain 

yield in chickpea. These strong relationships between yield and these parameters 

would enh.1nce the grain yield. TIlese results gel support from the findings of 

research wo rkers like Bahl et ai, (1976). Buhl and Jain ( 1977), Singh c:t 01. (1985), 

Ali (1985) and Sinha el al. (1986). Vad.v. ( 1973), Singh and Singh ( 1974) also 

reported pos itive and significant corre lations of grain yield with branc hes pcr 

plant. pods per plant in Brassi(:(J j llflcea. Katiyar and Singh (1974) also found 

positive association of seed yie ld and plant height in mustard . Katiyar and Singh 

(1978) reponed positive correlation between yield and pods pe r plant. Singh el al. 

(1977) observed that plant yield was positively correlated wi th IOO-seed weight. 

plant he ight, number of pods per plant and number or branches per plant. The 

reports of Johnson el al. ( 1955) for pods per plant and Malhotra f!t al. ( 1979) for 

plant height were simi lar to the present inves tigation. 

Chullan and Sinha (1982) reported posi ti ve correla tion of yield with yield 

components. Shaml:! and Maioo, S.R. (1988), Sandhu et 01. ( 1989), Singh el al. 
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(1989) Wndood nnd Yaqoob ( 1989), Singh III rtl. ( 1990). ("agore and Singh (1990). 

Chhino el al. (1991), Chaudhry el al. (1991) reported positive correlation between 

yield and yield components In cowpcas. However, Wadud and Yaqoob (198811, 

1988b) reported a negauve relationship between grain yield and plant height. 

11u~sain cf al. (1991), Akbanl el al. (1990), Kumhhar et al. (1983). Soormro and 

Lurik (1981) reported nt;gative association lx:twc;cn gram Yield and harvest index 

In chickpea. wheat and peanut respce!ively. Wadud and Yaqoob, (1989) reported 

a negative and non~s ignificanl correlation between grain yield and plant height. 

Chaudhry e l al. (1991) observed negative association between yir.:Jd and number 

of branches per plant in cowpea. This dev iation may be due to differences in 

genotypes used and dirferent ecological condi tions. 

There was a strong and hi ghly significant co rrelation of biological yield 

with grain yie ld and plant height. branches. pods per plant and I OO~seed weigill . 

Singh and Malhotra (1970). l'lussain el (II. (1991) reported non~s ignificant but 

negative correlat ion between 100~seed weight and pods per plant at both leve ls. 

However, Katiyar (1978) observed positive assoc iation . lOO~secd weight showed 

nolHignificant negative association with secondary branches. Such a negative 

:lssoelation occurs when two developing structu res of plant compete for a 

common lIutrient su pply and negative corrdlilion Illay arise if one structure IS 

fuvoured over the other in the amount of nUlficllt ~lIpply (Adam, 1967). In the 

above diSCUSSion, It has been observed thal grain yield had strong pOSitive 

correlation with biological yield, plnnl height, branches per plnnt, pods per plant 

and I OO~seed weight. so yield can be increased by inc reasing secondary branches, 

plant height, pods per planl, biological yield and seed weight. It may be concluded 

that yield in ch ickpea can be increased by improving the above positive 

responsive parameters. 11 is also suggested that branches per plnnt and harvest 

index can never be missed while making selection for high yie lding varieties of 

gram. 

-nle selected acceSSions were disease tolerant and possessed high yield 

potential along with medium to high harvest index. Patel & Shah. (1982) and 

Ghafoor c:t al. (I 993b), considered 25 to 35% harvest index range best for legumes. 

On the basis of these results, high yielding accessions combined with other good 

agronomic characters were identified from the groups constmclcd on the basis of 
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harvest iudex and these selected accessions are suggested for further testing under 

wide range of agro~eco logical cond itions to utilize fo r seleclioillbrccding of high 

yielding chickpea cultivars. Virmani c:1 al. (1983) evaluated mungbean gcrmpJasm 

;In<1 clilssilied inlo various b'l'OUPS based on diflerent trails and idenlifieJ 

aCl.)essions with high yield potential for fUlOn..: utililanon. Bakhsh cr ul. (1992) 

I,;.degonsed lentil gemlplasm on U1C basis of quantitative traits and observed th:tt 

short statu red lentil genotypes were high yieldi ,lg with othcr good agronolll ic 

characters. They suggested exploitation of se lec ted genotypes for lentil 

improvement in future. Germp laslll evaluation must be considered the fi rs t step in 

any plant breeding programme and it is commonly bascd on a simultaneoll s 

exam inafion of a large number of popUlations for several charac te rs of both 

agronomic and phys iological interest (Pezzotti el ,II. (1994) . 

In the present study. first three principal componcn~ with eigenvalues 

more than 1 contributed 88.58% of the variability amongst 62 ge notypes evaluated 

for eleven quantitati ve traits. Other components (PC" to PCII ) were less than unity 

hence could no t prove the ir importance. Principal component I had 60.39% of the 

10Iai variation. PCl 16.45% and P(') 11.75% or Ihe 101:1 1 variation. O nl y PCI 

exhibited morc than half o f varlabililY. hence conside red cumulative of other 

components. Characters tha i con tribu ted more positive ly to Pl l were, branches 

per plant, pods per plam, pods pt!r bmllch, sec:d~ pl!r pod, I OO~st!ed weight, 

biological yield. grain yield and harvest Lndex, whereas days to flowering 

cOlllribuwd least. to li rs! component. Days to flowering and maturi ty contributed 

max imum genet ic variance to PCl and plant height was assessed s ignificant for 

PC). Days to maturity were conlrihuted by a ll the factors but hi gh effects were 

observed for pel ' 

All the characters undcr study contributed genetic variance pos iti vely 

towards PCI except days to flowering where it was negat ive. Eight characters 

(branches, pods per plant, pods per branch, seeds per pod, I OO~seed weight, 

biological yie ld, grain yield and harvest index) exhibited maximum effect on PCI 

and seven characters were positi ve for pe2, out of which days to flowering and 

days to malurity contrib uted max imu m. 111 more de ta il , the fi rst PC which 

ex pla ined 60.391.>/0 of !he va riance is posItive ly assoc iated with a ll the characters 

except one and e ight important yield contribu ti ng characte rs ex hibit ed more 
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posilively, whereas days to J10wering conlributcd lea:,t fhis means that the 

p()pulatioll!) with high PC, va lues are high yielding and fonnel.! by medium 

matunng plallts characte ri zed by l11gh seed weight and harvesl mdex Seven 

characters cOlllCibutcd pos iti vely for PCl where daYl> to maturity was observed 

with high,;st values for pe2. It i:-. evident that ten important pl.1nt charactl!l~ 

contributed more positively to tirst 2 principal componenl') and hence these could 

be establi:.hed Important fOI the lIlatel ial uud!!r II1 Ycsligat ioll TIle component 3 

contributed maximum for plant height, although it had good share for days to 

matunty. 

11K: first component is strongly associated with high yield potential and 

yield contributing trailS, thus more related to reproducti ve phase. "Dlc second 

component is assoc iated with days to nowering and days to matu rity. contributing 

17.20/0 of the totnl varia nce , hence lhe populations in thi s component are more 

likely related to vegetative traits. loe population with high PC l va lues nre 

characterized by late nowering and malurity. The populations in this component 

are associated negati vely with plan I height, seeds per pod. gra in yield and harvest 

index which revealed that the accessions in lhe popu lation failed in appropriate 

partitioning or economic yield which ultimately reduced harvest index. TIle 

access ions were pla ited on Ihe hasis or geognlphic origin and source of seed 

cn itcclion, hence these were investigated to see whelher the genetk diversity wns 

lelat~o to geographic origin or nol, The PCI and 2 rcvel.lled one group in Iht! It! ft 

upper half, one ill the right upper hall: One in between of these two groups and one 

consisting checks was observed in the lower half of the graph. S imilar results were 

observed where factor 3 was plotted against y~axis instead of factor 2, 

Three clusters were in the middle of the graph wi th similar pattern as in the 

graph ploned for fac tor I and 2. The only difference was that the varieties were 

shifted in the upper half of the graph. Results reported by Falcinelli ct al. 1988 

showed multi variate analyses to be a va lid system to deal with gennplasm 

collections. Grouping of accessions by multivariate methods in the study is of 

practical value to the chickpea. breeders. Representative accessions may be chosen 

rrom panicular groups for hybridization programs with other approved culti vars 

Several potentially important agronomic types have been identified whi ch may be 

exploited fo r genetic potential to tnmsfer the des irable genes and lhis, along with 
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hiochcmical analysis. will facilitate in assembling a core colleclion from the large 

gent!tic resources (SillJ:!,h, 1988 and ClemenLf.; & Cowlinl;. 1994). 

From tht! present iIlVC:>llgutlOn. II was concludt:d lhat chiCkpea gcnnplasTll 

dbplayed a wide range of diversity for mO:-)l of the traits studied and thllt there 

were few accessions with unique characters. This cou ld enable u~ to identify. 

select and combine lundrac.:.s to obtain impurtanl traits ill one lim: wi th a blOaI.l 

genetic basco Grouping of advance breeding lines in one clmaer revettled that ulLly 

a portion of genetic variance has been exploited for ch ickpea improvement in the 

past. If aile of the goa ls is to bring together cultivars with genetica lly s imilar 

charac teristics. quantitative characters may be useful for such gro upin g. 

Nevertheless . the qualitative tmits must be often lIsed for separn tin g varieties 

when a limited range o f quantitative traits is found. 

It is estimated that in the absence o f environmental s tresses, known 

physical, chemical and bio logical management methodologies peml1t farmers of 

the world to produce potential grain yields of 4 lIha . Ilowever. current average 

world yields arc in the rang(: of I tlha and c1imiJlic ca tastrophes. the on ly 

unmanaged and unmanageable phenomena, docs not explatn the shortfall. This 

brief presentation examines the extent to which biotIC and a-biotic stresses can be 

overcome by breeding for genetic resistance with emphasis on resi stance to 

chickpea blight and drought. The; important yield troils; days to Oowcnng, maturity. 

branches. pods, podslbmnch. biomass, grain yield and harvest index exhibited high 

range along with high variation which, in genera l revealed that the selection for these 

economic tra its is effective in developing high yielding varie ties of chickpea. 

Subdividing the variance into its components ass ists genetic resources 

conselvation, utilization and it enables planning for use of appropriate gene pools in 

crop improvement for specific plant attributes (Bekele. 1984, 1985; Pecctti et al. 

1992, 1996). For characters where low genetic variability seemed 10 restric t the 

scope of selection for these traits in the present germplasm collection, the genes for 

these important economic trails should be investigated or exp loited from other 

sources, i.e., inter-specific hybridization. mutation etc. urge sca le I,.'st ing of broad 

base gCnllplasm needs to be built up by making ex tensive local collection and 

obtaining gcrmplasm from :.Ibroad to develop a sound breeding programme (Jain el 

01 1975; Gil.roor <I 01 1992), Brown (1978) and Lughclt i, et 01 (1998) advocated 
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that maximum genetic conservation would be achieved by sampling population from 

dS many environments as possible. 

Results reported by various rese3fches (Holcomb (.'/ 01. 1977; Camussl et 

fll 1985; Falcinelli CI III 1988 and Veronesi & Falcinell i. 1988a. 1988h) showed 

lUult lvaliatc ana lysis to be a valid system to deal with germplasOl ~tl llections. TIle 

groupin~ of access ions by mullivariate methods in this study is of pn1ctical value to 

the breeders of chickpea. Representative accessions may be choscn from particular 

gloups for hybrid programme with other approved variet ies. Several poteutially 

importanl agronomic types have been identified and these may be exploited for 

genetic potential to transfer the desirable genes and thi s along with biochemical 

ana lysis will also facilitate in assembling a core co llection of accessions ITom the 

large gcnetic resources co llection (Tolbert et 01. 1979; Frankel. 1984; Singh, 1988; 

Clements & Cowling, 1994 and Vierling, el al. 1994). Tawar 1:( al. (1988) 

conducted gene tic divergence in 34 diverse genotypes of mungbean and grouped 

into five clusters. TIley observed that variability in the parents was re lated to 

genetic diversity. Inclusion of such genotypes from dist inct clusters ilnd their 

implication in mubgbean breeding programme WDS suggested . 

From the present investigation, it was detennincd that local chickpea 

gt!nllplasm displayed a wide range o f diversity for mo~t of the trails studied along 

with some accessions w Ith unique characters. I his could enable us to Identiry, 

select and combine some potential landraces to induce evolution ror important 

traits in one genotype with broad based genetic background. Quite often, the 

quantitative trai ts are economically important (Amurrio af al. 1995). Moreover, if 

one of th(! goals is to bring together varieties with g(![lutica lly s imila! 

characteristics, quanlilntive characters 111ay be use ful for grouping. Nevertheless. 

the qualitative traits must be often used for separating varieties whcn a limited 

range of quantitative traits if found in certain groups (Sneedon. 1970) . Malhotra & 

Singh, (1971) reported a narrow range of variabi lity for I OO~seed weight and pod 

length in blackgram, whereas Shanmugam & Shreerangaswamy. (1982) reported 

thai yield per planl contributed maximum to the genetic diversity. Mishra & Rao~ 

(1990) reponed thirteen clusters in (I comparat ive study of 0 2 and mcteroglyph 

analyses in 11 7 genotypes of chickpea. 
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5.3. Classification Based on Geographic Distribution 

To determine the distribution of diversity in gemlp lasm. variation withfn 

and between countries and regions for various crops have been examined by many 

researchers as; Tolbert et aJ. (1979), Ru iz Itt al. (1997), Jain el al. (1975), Bogyo 

111 (II (1980). Holcomb ef al (1977), Pezzoni et 01. (1994). Erskine & Muehlbauer, 

(199 1). Clements & Cowling. ( 1994), Perry & Mcintosh, (1991) and Ghafoor et 

al., (2001) in a variety of crop species. 

All the sixty accessions included in the experiment were collected ITom five 

major chickpea growing districts of the Punjab, i.c. , Babawalnagar, Bhakkar. 

Khushab, Layyah and Mianwali . These accessions along with 2 checks were studied 

for genetic variation attributed to various collection sites. Further, these accessions 

were e ither collected from the field areas or obtained from markets. Twe lve 

accessions represent the district Khushab, and out of these, nine were collected from 

fanners's fie lds and o ther as market samples. From the distric t Layyah, fourteen 

accessions were collected from the fie lds and 4 were co llected as market samptes, 

where two accessions were obtained from market of Mianwali . These five districl<; of 

Punjab represe nts the major chickpea b'fowing areas of the country because more 

than 80 percent of desi types are being cultivated in these five districts. 

Low to medium variance and low average perfonnancc of the accessions 

collected from Bahawalnagar was revealed for most of the chamcters which 

indicated that improvement from these accessions for further se lection was limited. 

ll1cse access ions cou ld better be utili zed in the hybridization programme to create 

genetic variation rather than to exploit through simple selection. 

Seventeen accessions were collected from Bhakkar, and out of dlese 14 were 

collected from fanners ' fields and 4 were collected as market samples. This district 

is a major chickpea growing area and the germplasm collected from this area can be 

used in hybridization programme involving improved gemlplasm from either 

sources. The variation for seeds per pod was not enough for the gcnnp lasm evaluated 

in the present study. Twelve accessions collected from the district Khushab exhibited 

low to medium variation for most of the characters. Low to medium va riance and 

low average perfonnance for most of the characters indicated that improvement from 

these accessions for fu rther selection was limited, therefore this ma!S?~ould be 
, 
" 
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utilized in the hybridization programme to create genetic variation. The accessions 

collected from Layyah consisted of maximum number, and out of 18 accessions, 14 

were collected from farmer's fields and 4 were collected as market samples. This 

district is included in the major chickpea growing area and the germplasm collected 

from this area was better in evaluation as compared to the germplasm collected from 

other districts, therefore the selected accessions from this group can be tested under a 

wide range of environments or used in hybridization programme involving improved 

germplasm from other sources. 

Two accessions were collected from the District Mianwali and both the 

accessions were obtained from market. This might be due to the off season or less 

area under chickpea cultivation during the expedition year. Both of these accessions 

were of low to medium importance for most of the characters under study. The 

varieties gave the highest mean yield along with high standard error and variance. 

This was followed by the accessions collected from the district Layyah which gave 

high mean value and variance. High standard error and variance observed in check 

varieties indicated the influence of environmental fluctuations. The performance 

under favourable environmental conditions might be better as compared to stress 

conditions. 

The local germplasm is adaptive to various environmental stresses that could 

be utilized by involving these in the hybridization programme. The accessions 

collected from the districts of Bahawalnagar and Mianwali were of poor 

performance, hence could be excluded at this stage. The accessions collected from 

. Khushab were also of poor performance but due to high number of accessions, these 

are preferred to be tested further for their performance. As local material is better 

adapted that indicated the worth for improving seed weight in chickpea, hence that 

could be utilized by the breeders of chickpea by involving local and exotic chickpea 

parents in the breeding programme. 

The accessions were plotted on the basis of geographic origin and source 

of seed collection, hence these were investigated to know whether the genetic ~ 
diversity was related to geographic origin or not. The accessions collected from I :::: .. ~f 

• i ~ . . 

Bahawalnagar were grouped together in the left side of the graph. The accessions •.• ~'" 

from the district Bhakkar and Khushab were grouped in the middle of the 

accessions from Layyah and Bahawalnagar. Four accessions collected from the 
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JbtricL Layyah welC: grouped cluser to lhc accessio u..; uriglllBtt:d lioltJ 

HHhnw~lnagar. Fourteen accessions out of 18 unglllt11ed from L.tyyah were clearly 

SCPM3h::d rrom uther U!';!';CSS IOI1S. This cluster WdS 011 thc right hllir or Ihe graph 

Twu u!,;ccssions collected fTcun Mianwali were clo~er 10 the accessions originated 

from Bahawall1:lssr and Khu!>nnb. The two checks (l>unjab-91 and Paidar 91) 

were separated from all the gcrmplnsm and were observed m the lower half of the 

graph. 

On th e bas is of seed sou rce collection. s ix accessions co llected as market 

samples were separated from olhers, whereas others were mixed with in the left 

half of the graph. In general. all the market samples except three were grouped in 

Ihe left side of the graph. Twenty two access ions out of 41 coll ected from famler' s 

fields were separated in the right half of the graph, whereas others were on the 

right half and out of these e leven access ions were grouped together closer to the 

origin and eight access ions were mixed with the market samples. Both the checks 

included in the experiment were clearly separated in the lower half of the graph, 

Accord ing to Perry & Mcintosh. (199\). di fferentiation according ' to 

geographical regions of origlO IS lIseful 10 subst3ntlatlllg the postulated regions of 

diversity or genc centres. 111C rare alle les, each only o~currinb in one or two 

apparently random populations can be considered to be mutatlls. migration or the 

rcsuhs of other coincidental events tVan HUU\lIn & Ehngs. 191)1). Alle les common 

in the restricted .. reus occur mostly in the areas of high genetic diversity. This cou ld 

md icate thai gene tic material might have migrated [TOIll one place to new regions. 

fol lowed by somc debrree of con tamination by mixture or out crossing with other 

landraccs. 11le areas with a high level of stress will present interesting tolerance to 

environmental stresses, but homogeneous mixlures need less ex tensive sampling for 

genetic resources conservation purposes. Laghetti el a l . ( 1998) considered 

oppressive prolonged drought a serious threat to the conservation of gene pool of 

Viglla S(l V; in natural hab itat and thus recommended gennplasm collection miss ion 

for conserva tion of maximum gene tic d iversity [rom the areas under 

environmen tal slresses. 

Cluster anal ysis showed thaL many accessions from same ori gins were 

grouped separ:llcly whic h m:JY be because of frequen t exchange of gCnllplasm by 

the breeders or transport of gra in to difrerent markets from where the seed of 
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various origins is disseminated t! lfou£h oUllhe cuuntry_ According 10 Smith d ut. 

{I 995). linbge cluster and PCA are useful for preservation and utili zation of 

gcrmplasm. 1110ugh accessions grouped togeth~r with greater morphological 

'i imilBrity 111 Ii cluster did not nec-:ssaril y include all the ac~cs~ I\.UlslgenQtypl'& 

from the sallle or nea rby sites. n lC grouping "altern of landrac~s rcnccled 

a~M>C iatluli wilh gcogldplliC ongln which IS in conuadic ti on to the rcsults 

presented hy Singh & Tripathi , (1985) and Amumo td af (1995). Further Gupla t!1 

ul. (1991), OilS et at (1989), unci Rabbani el at.. t 1998) also reported no 

association between morphological characters ancl geograp hic origin. 

In the present study. multivariate approach has proved to he vcry use ful 

1001 It produced five c lusters on the basis of provincial distribution much more 

differentiated when compared to the initial subdivision accordi ng to geographic 

sites of chickpea, The srudy confirmed the existcnce of a wea lth of phenotypic 

divergence in the local chickpea gemlp lasm. Further collecting missions to main 

chickpea growing areas with greater diversity could concentrate efforts on 

sampling as many geographically and ecologica lly distinct areas as possible, 

ratber than collec ting extcnsivcly from fields close to motorablc roads witbin 

individuRI province as alrc3dy has been suggestcd by Pccctti t,t al. (1996) for 

tctraploid wilC;:H. Laghetli l!1 fl l (\908) suggested collecting expedition to Ihe 

aleall where genetl t: ero~ ion takes place in cowpea along With the areas where 

CX lsllng genellc di ve rsity has nol yl.!l bcen gathered (Pudulosi. 1(93). 

5.4. Genetic and Path AJ1alysis in Selected Pure-lines 

Gene tic variance. phenotypic variance, heritability nnd genetic advance 

revealed high proportion of genetic variation for days to flowering, days to 

maturity, secondary branches and IOO-seed weight. The range for days to 

flowering. days to maturity and number of primary branches was low, but due to 

the adaptation of chickpea to Thall desert. lhe crop duration docs not matter 

because of sole crop culture (Gull. 1995). For other characters. considerable range 

of the means was observed that indicated the scope of selection from these 

genotypes for crop improvement. Medium to high genctic variancc was observcd 

fur days to Oowering. maturity. secondary branches and lOO-sced wcight, whereas 

for other characters, low to medium heritability (broad sense) was observed. 
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Improvemt!nl of these trailS through simple selection might be lil11ilt:U from 

gennplasm used m the present slUdy, For the characters like, days 10 nowenng, day:> 

to ma.turity and IOO-seed weight. hlgb henlability couplec.l with high gene tic advance 

r..:vealed the pre!>Cnce of additive gene effect!). hence crop improvement through 

lh~sc important traits could be possible: through simple selection (Cihafoor f!t al., 

2000). Genetic advance along with heritability estimates gives an indicntion for 

g~lIe-actio li and the characters with high heritability coupled with high genetic 

advance are supposed to be controlled addilively. hence could be exploited through 

simple selection. Chickpeil breeders should consider heritabili ty estimates along 

with genetic advance because b2 alone is not a good indicator of the amount of 

usable genetic variab ility (Ghafoor ef al., 1998). 

The resu lts regarding genotypic. phenotypic and environmental correlation 

coefficients revea led that the genotypic correlations were slightly higher than 

phenotypic ones for most of the characters. exh1biting hi gh degrees of gcnetic 

associalion among Irails under consideration, The environmental correlation 

coeffic ients we re not much important 111 Illost of the cases except five 

combinations. j,e,. primary bronches Vs secondary branches, pods Vs biological 

yield, pods Vs grain yield , biological yield Vs grain yield where it was positive 

and biological yield Vs han'cst indcx where it was negative 111e significant 

environmental I.:orrelaliun indh;ated environmental innuence whi(.h is quite 

expectetl III a crop like chickpea. 

Tht:: eXperilll l!llt was conducted under minfed condition lind hCIIl!C 

environments played imporlant role to detemlinc con·c la tion among characters. 

therefore, thl!se result::. could only be valid for se lection under rainl"ed conditions, 

Days to nowcring exhibited significant ly positive cotTelation with primary 

branches. whereas negative with plant height. pods pCI' plant and harvest index. 

Short duration cu ltivars could be selected to improve the yield potential from 

prl!Sellt material. Days to maturity gave positive correlation with primary branches 

and hal veSI index. whereas plant he ight had significant positive correlation with 

biologici.ll yield and negative with primary branches. I ~O-seed weight showed 

significant tl ssociation with biological yield and groin yield . Grain yield wa~ 

positively corrcla ted with all the characters, except harvest index where it was 

negati ve. whereas it was negat ively insignificant with doys to flowering and 
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secondary branches. Genetic improvement in chickpea is mainly focused on gram 

Yield by the breeders of the country (l3a khsh (!t al .. 1998). Grain yield is a 

complex character which is the final product of many (some known and othe ls 

unknown) independent variables In the pre:::;cnt study. gruin yield was positively 

associated with biological Yield and IOO-seed weight but negatively With harvest 

index. To improve gralll yield emphasis should be givell 011 (]cvelopment of 

chickpea cu lti vars with higher seed weight and biological yield. The genotypes 

with low grain yield and high biological yield consequently produced low harvest 

index and this important combination, hi gh biological yie ld and harvest index 

could be attained using bi-parental mating to break unwanted linkage for further 

improvement of the crop. Positive correlation of grain y ield with branches, pods 

and seed weight has already been reported by Gul l. (1995) and Bakhsh et al .• 

(1998) that indicated the consistency of these associations in ch ickpea, hence 

could be exploited for crop improvement. 

The path coefficient anal ysis was carried out in this study to find ou t the 

causa! factors invo lved in delennini ng the end product i.e .. gra in yie ld. The direct 

effccts exhib ited by secondary branches, pods anu IOO-seed weight were positive. 

whereas all the other characters gave negative direct e ffects. TI1C highest direct 

effect was exhibited by pods per plant and it was followed by secondary branches 

and IOO-seed weight. IOO-sced weight and pods per plant nl:::;o exhihited 

significant positive assoc iation with gram yield, hence CQuid more confidentl y be 

exploited for crop improvement. 

In the present study conducted under rain fed conditions. it hi indicated that 

pods per plant and IOO-seed weIght had the max imum contribu tion in detemlining 

grain yield , the ultimate product in chickpea under min fed conditions. Further, it 

was observed that high ind irect contl·ibution was exh ibited via secondary branches 

and harvest index by most of the yield components. hence these two traits along 

with pods per plant and 1 DO-seed weight are suggested to be given emphasis While 

selecting high yidding chickpea cultivars fo r rainfed conditions. Correlation and 

path coefficient analyses indicated thaI pods per plant and IOO-seed weight were 

potent con tributors to grain yield through direct effects. Although. bio log ica l yield 

had sign ificant association but exh ibi ted negative direc t effects. whereas Singh el 

al .• (1995) reported high direct effecls by biological yield, pods per plant and 100· 
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.seed weigh!. nle contradlC:tion for biological yield may b~ related to til t! 

experimenta l conditions as present study was conducted under rain fed conditions. 

On the basis of pcrfomlance, seven accessions produced higher grain yie ld tlmn 

both the checks, hence were se lected for further evaluation under a wide range of 

environmental cond ttiol1s. rhest! findmgs are in agreement WiUl Malhotra r::1 til., 

(1974), Songh "' "I. , (1977), Oh'nI (1984), C'houbery ond Our" (1986), Bakhsh cI 

01 (1991). Dhuma tc and Mishra (1979). whereas SlI1gh ( 1988). Ghafoor el al. 

(1990) and Tariq ( 1990) showed negative direct effect of plant height on grain 

yield in ch ickpea, mash and maize respectively. The direct effects of primary and 

secondary brunches were also positive. 111cse resulls are in agreement with Ghalli 

(1984), Sandhu and Singh (1972) , Bakhsh eta l. (1991). 

Number of pods per plant sho\ved positive direct effect on grain yield as 

shown by Bahl et al. ( 1976). Dns et al. (19S9), whereas, Malik et al. (1987) .• 

Singh (1988), Ghafoor /:1 al. (1990). Bakhsh c l (II (1991) reported negative direct 

e ffect of pods per plant on grain yie ld . IOO-seed weight showed moderate and 

positive direct e ffect on grain yield as reported by Singh et al. (1985) and Singh 

(1988), whereas Ghafoor el 01. (1990) reported a negative direc t effect of 100-seed 

weight on grain yield . The direct effect of biological yield on grai n yie ld was 

negallve . Singh ( 1988) also reported negative direct em.:ct of biologica l y ield on 

grain Yield per pl41nt in (;hickpc:I . Singh ef til. (1977). Sandhu d al. (1980). Singh 

ct III. (199U) and Jl ussaln f!t al. (1991) reported positive dm,.:ct effect of harvest 

index on grain yield . It cun also be used as rel iab le criterion in the selection of 

high yie lding chickpea genotypes with other parameters . 

In improv ing the yield potential of chickpea, varieties under the present 

invest igation, direct simultaneous selection based on branches, number of pods 

per plant. 100-sccd weight and biological yie ld would be advantageous in parents, 

as the corre lation between grain yield and these characters were positive and 

hi ghly significant. High heritability coupled with high genetic advance for days to 

Oowering, days to maturity, secondary branches and 100-seed weight revealed 

add iti ve type of gene effects. hence simple se lection cou ld be practiced for 

exploi lu tion of genetic variation to improve this crop. Panitioning of variance into 

its components assists the genetic resources conservation and lheir utilization. It 

enables planning for use of appropriate ~ene pools in crop improvement for specific 
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plant altribll!C~ (PCCCtil et al 1996, Ghafoor et (II. 200 1 ). Medium M high variance 

wa~ observed for days to nQWcrin~, maturity, secondary branche~ and IOO-M:t:d 

weighl, whereas for other characters. low to medium variance indicated UIC limited 

scope of improvement lhrough the exploitatiou o f present materia l Genes for yield 

ami yield componcnb should bl! exp lored fTOm other sources through 1ll0lt: 

wllcCllon~ trom thc tuC;IS I)f IllUXllnUm di\<crsity or at.quisilion 01 gc rmplasm frol11 

other sources 

In chickpea. due to breeding work and epidemics of AscochYla blighL, 

important landraccs might have extinc t and hence acquisition of exotic gemlpiasm 

Seems to be more lIseful for developing broad based gene-pool. Laghetti. c!1 (II. 

(1998) advocated that maximum genetic conservation would be achieved by 

sampling populations from as many environments as poss ible. Superior accessions 

from distinct clusters are suggested to be utilized in breeding programme as stich 

genotypes give better hybrids (Ghafoor ('I 01. 2000). Elite accessions could also be 

utilized directly because such culti vars give better perfOnllanCe under wide range of 

environments (Ghafoor el til. 1992). Cluster analysis grouped together accessions 

with grea ter genct ic similarity and the clusters include accessions from same origm 

in one group. TI1C group A consistcd of all the accessions collected from the Distric t 

Khushab except one accession and group B consisted of all UIC accessions originated 

lronl IIlI: Districl'> of Layyuh tint.! Bh:ikbr. Tht:st: two dist.dcts ale adjoining and 

tradllionally these have s imilar geographic and soil features. Hence .. Ihe grouping 

pattem cou ld be related willI geographic distribution of the crop and both the 

statistics con finned results that indicated the validity of these two statistics for 

gennplasm classification . 

First PC was more related to days to maturity, pl;ml height, primary 

branches, IOO-seed weight, grain yield and harvest index , whereas the second PC 

contrasts variab les that relate to vegetative growth. First PC was a weighted 

average of the characters as seven characters were positive to this PC' and out of 

thcse live contributed maximum. The findings suggesI tha t thiS component 

reOects the tendency of each access ion to emphasize vegetative and reproductive 

growth, Although, PCl exhibited positive errecl .. for a ll the characters hut tile 

magnitude was low except secondary branches, pods and biological Yie ld. This 

suggests that the genotypes that emphasise vegetative growth tend 10 have low 
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yield, whereas those that emphasise reproductive growth tend to have lower 

vegetulive growth. Results reported by Falcinclli el al 1988 and Ghafoor ci al 

(2001) showed multivariate analyses to be a valid system to deal with germplas lll 

collc.ctions Grouping of accession!) by multivariate methods in the study is or 

pmclI~31 vulue 10 the breeders of chickpea Rcpresenlati\ c accessions may be chosen 

from parllculal grou pllo lor hybndlzatlon program!oo wilh other .IPPloved cuilivars. 

Clusters with superior agronomic types have been identified which may be exploited 

for genetic potential to transfer the desirable genes to improve yield potential of the 

crop (Singh, 1988 and Clements and Cowling, 1994). 

5.5. Biochemical (SOS-PAGE) Bas is of Geneti c Diversity 

Seed proteins ha ve been successfully used to reso lve the taxonomic and 

evo lutionary problems of seveml crop planls (Ladizinsky & Hymowitz, 197Q; 

Khan, 1992; Das & Mlikarjee, 1995; Akhtar. 2000). It is a promisi ng tool (or 

distingu ishing cuit ivars of a particu lar crop spec ies (Cooke, 1984; Ferguson & 

Grabe, 1986; Gardiner & Forde. 1988; Gadgil , Itt ul. 1983: Koranyi, 1989; Jha & 

Ohri , 1996). Studics also indicated that cultivar identification wus not possible 

with the SDS-PAGE (Ladizinsky & Adler, 1975; Raymond ct al 1991 ; Ahmad & 

Slinkard, 1992, dc Vries. 1996: Ghafoor 1:1 al .. 200 I) . 

The \'3riance lor SDS-PAGE was low for the samples i1nalysctl and similar 

resu lts have also been reported by TIlakare. ct til (1987) In blackgram who 

reported limited intraspecific genelic diversity in blackgram, However, Darnania 

cl ul. (1983), Kumamura et al. (1988), Fergouson & Grabe, (1986) and flla & 

Ohri, (1996) have reported .. considerable range of variat ion among cerea ls, rice, 

ryegrass and pigeonpea genotypes, respectively on the basis of' seed proteins . 

Moller & Spoor, (1993) suggested 5 reg ions in Lolium spp. and observed major 

differences in the regions B. C and D, The present study supported the previous 

results of Murphy et al. ( 1990) who used different crops but indicated potentia l 

power of electrophoresis techniques for determining the ex tent of genetic variation 

in crop gennpiasm. In the present studies, some spec ific protein bands were 

observed for some genotypes nnd hence these pep tides may serve as markers for 

specific genotypes (Gepts, 1990; Smith & Smith, 1986). Przyby lska & 

Przybylska. (1995) rcp0l1cd markers fo r smooth -seeded and rough-seeded species 
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or LllpltlliS based on SDS·PAGE analysis, PhylogenetIc relationships have also been 

reporled by Margoliash & Fitch. (1968). Sammoul. (1989). Tomooka ef al. (1992) and 

Akhtar. (2001) in legumes. 111 the present srudies, illlTa·specific vanallon was limited 

:l111ong ch ickpea nccessions . Similar results had already been reponed by Thakare eft al, 

(1987) [Iud Iqbal. (2001) 10 l 'IK'lO and Mehrilr'll , (2002, m p/$WIJ sal/vlim who observed 

low mlra·specific variation within one species in their study. 

The accessions evaluated for agronomic trailS were also used for the analysis of 

SDS·PAGE through slab type gel electrophoresis using J 0 samples for each accession. 

Although, all of these were not homozygous and polymorphism did exist for one or the 

other locus within various samples of the accessions. SDS·PAGE revealed that 11.25% 

acryJamide gel concentration. 6 ~l of sample gave the best resolution as suggested by 

Ghafoor et a1.. (200 I). Out of sixty two accessions, 41 were homozygous on the basis of 

SDS·PAGE whereas others were heterozygous hence single seed descents could be 

isolated from these heterogeneous lines to establi sh pure· lines for future breeding 

programme. In total , 14 protein hand!; were recorded rang.ing from the Molecular 

Weight (MW) of 24 to 66 KDa. Many protein subunits of lower M'V-; were also 

observed but due to inconsistency in reproducibility they were not recorded. 

Occasionally, variation was also observed in the density or sharpness of a few bands but 

this variation was nul taken in consideration. The results oblal1led after rap id SOS· 

PAGE electrophoresis showed that the method provided 8 powerful 100\ for reliable 

gemlplasm dlscnmination based on genetic differences in seed storage protein 

comparison in chickpea. Many accessions which were observed similar based on protein 

pattern were excluded from cluster and Principal Component Analysis. 

The accessions with similar banding patterns may be duplicated 10 the 

gemlplasm. but these are suggested to be confinned by the use of 2·0 

electrophoresis focusing as suggested by earlier researchers (Cel is & 

Bravo. 1984: Beckstrom-Sternberg. 1989 and Higginbotham el al. 1991). 

Tahir et al. (J 996) detected HMW glutenin subunit 111 hexaploid wheat 

using 50S-PAGE which was specific for some accessIOns collected 

from Baluchistan, Pakistan. in the present studies, intraspecific 

variation was limited and il was observed that SDS-PAGE alone 

did nol exhibit high level or inlraspeciflc variat ion. therefore. diverse 
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acccs!:iions based 011 SDS-PAGE are suggested (0 be acquired from vanoul) 

sources, preferably from centre of diversiry to build a broad based gene-pool with 

maXlIllUm vanab illty. Further. for better management of genebank, a precise 

comprehensive k.nowledgt: or ugricuhural and biochenllcai data (protei u and 

DNA) IS essential to ehmin.:Hc duplicates which will ultimately help in O1akill~ 

core collel,;tion or chickpea g\.:mlplasllI. 

Principal component I had 25.30'VlI of the lotal variallon, pe2 16.85% und 

PC] had 14.25% of the tOlal variation. respectively 1lle protein bunds which 

contributed morc pos itivcJy to PC I • were B2, 84 and 813. Four bands (BS, 87. 

B 12, B 14) contributed maximum genetic variance to PC 2 ' whcrca!:i one protein 

subunit (B II) exhibited the: highest value for PC' J. Approved varieties were clearly 

separnted 011 the basis of SOS-PAGE markers. Two accessions originated from 

Khushab und Bahawalnagar in each case were also clearly separated from others, 

whereas others were mixcd together or overlapped to each other. Clear differences 

on the basis of origin were not observed when analysed for SOS-PAGE. Many 

researchers (Akh tar. 200 I; Iqbal. 2001; Mehrani , 2002) did not observe any 

relationship betwecn 50S· PAGE and origin or source of seed in legumes, whereas 

link of protein pattern has bt:en reported by Murphy et al. (1990) but Moller & 

Spoor. (1993) could not dcteclllny link for days to maturity. winler hardiness and 

diseuse. Mehrani. (2002) reponed SOS·PAGE as a powerful tool for germpluljlll 

eva luation in peas. Cluster analysis based on SOS-PAGE markers, qualitative and 

quantitative traits was found independen t of origin or source, hence the use of 

DNA markers is suggested for detailed studies. 

In order to ensu re the effic ient and effective use of crop gcrmplasm, its 

characterisa tion is imperative. In the present investigation, cluster analysis based 

on S DS-PAGE in local chickpea gemlpJusm did not renect any clue e ither for 

agronomic preference and/or geographic distribution. For most accessions and 

protein subunits, no clear observation was recorded which cou ld facilitate 

selec tion on the basis of SOS-PAGE for improving agronomic traits in chickpea 

from the material under investigation. Further. high variance for most of the 

characters in a lmOSI all the clusters also revealed lhal the genotypes in various 

c lusters may be from different origins but sharing similar pmtein pcptides. 
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Multivariate analyses provide a good evaluation of IlIndraces by 

identifying those that should be further evaluated at the genetic level (Rouamba et 

al. (1996) and Ghafoor el al., (200\). Broschat, (1979) considered peA a 

powerful tool for data reduction v.hich removes intercorrelalions among 

components. Additional applications of this technique will certainly be found as 

its use becomes more widespread in fields of biological sciences. where it has 

been used extensively for more than two decades . Dasgupt8 & Das. (1984) 

cons idered multivariate analysis best for choosing parents for hybridization. 

Suggestion has been made for selecting suitable stable diverse parents so as to 

streamline a crossing programme for increased grain yie ld in chi ckpea. Such 

studies would allow more efficient enhancement and use of genetic resources with 

a view to introduce desirable characteristics from landraccs into improved 

culti vars. 

Kresovich & McFerson, (1992) considered genetic diversity important . in 

assessment of PGR management. Ahmad el al. (1997) reported that first two 

canonical components contributed 85% of the var iation between lentil genotypes. 

It was observed that cluster analysis on the basis of quantitative characters were 

phenotypically more distinct and exhibited more breed ing value. Though cluster 

analysis grouped together accessions with greater morphological similarity, the 

cluster did not neccssmily include all the accessions/genotypes from the same Or 

nearby s ites. Kumar & Arora, ( 1992) observed in chickpea that the varieties wiUl 

narrow genetic base were affected more by seasonal va riation than those with 

broader genetic base, particularly under rainfed conditions. Under such 

circumstances, availabilily of genetically diverse genotypes for hybridization 

programme becomes imperative. Gupta el at. (1991). Das el al. ( 1989). Amurrio 

e( al. (1993. 1995) and Rabbani el al. (1998) also reported no association ~~ . ,.~ 

morphological characters and geographic origin. Revilla & Tra .~. (1995) 

observed low level of morphological variability amongst widely used open

pollinated swect com cultiva rs. The grouping of some of the accessions based on 

irrigatcd areas and Oood plains exhibi ted the association between morpholOgical.--J 

characters and geographical origin This was due to easy exchange of germplasm 

between the neighbouring regions and perhaps same ancestors. Cluster analysis 

based on morphological characters was observed more reliable than on the basis 
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of proteiu pe.:ptides which indicuted that cluster analysis on the basis of 

quantitative.: characters have more breeding value in chickpea, but simultaneous 

study for both agronomlcai and biochemical analysis (protem and DNA) IS 

suggested, Multivariate anJlysis have been used [Of clas:::Olfying both qualiUlti\'e 

and quantitative traits in collection of crop g~nnpJi'lsn\ (Peeters & Martinelli, 

1989; Caradus ttl af. 1989. Rumbaugh ttl al. 1988). 

hom lhe present studies. ;1 was concluded tlllit local chickpea gennplasm 

co llected from main chickpea growing areas exhIbited significant variat ion for nil 

the qualHitativc characters except seeds/pod and 100 seed weight. Although, 

variation was observed for total seed protein but the level was low. SDS~PAGE 

was nol vt:ry effecti ve for studying inlTlHpecific genetic diversity in cultiva ted 

ch ickpca alone rather wild chickpea spp. could be included. Further, biochemi~al 

markers afe suggested to increase by adding DNA techniques (RAPD. RFLP. 

ALP) for stUdying diversity related to germ piasm co llections. peA and cluster 

analyses proved their va lidity to establish genetic diversity, and these statis tics on 

the basis of quantitative characters revealed more reliability than SDS~PAGE. 

Linle geographic relationship was observed that could be enhanced by involving 

more diverse accessions in research material. The management of both qualitative 

and quantitative matrices is suggested to workout indcpendenlly at the beginning 

and then the mixed one has advantages like, a) one gets a synthetic description of 

the most important characters of each cluster. b) results havc It useful biological 

sign ificance because some or the traits chosen are directly related \0 adaptability 

to agronomic cond itions. c} clus te rs analys is gives a genera l, morphological and 

physiological description of the main characteristics and the possible use of each 

one of the groups and d) use of morphological characters give a better resolution 

which hos more significance for varietal description. 
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Appendix I 
Sr.No.ACC.NO. PI No Country Plant name G.H. LD. D.F. F.e. D.M. PJl r . P.P Blight 

1 PAK-53007 115449 India NEC-2307 138 6 165 I 2 I 

2 PAK-53008 193480 Ethiopia 127 6 169 2 

3 PAK-53009 193482 Ethiopia 135 4 21 4 2 
4 PAK-5301O 193485 Ethiopia 137 4 21 4 2 
5 PAK-53011 193486 Ethiopia 138 4 21 4 2 
6 PAK-53012 193487 Ethiopia 138 4 21 4 2 
7 PAK-53013 193767 Ethiopia 140 4 215 2 
8 PAK-53014 195561 Ethiopia 139 5 215 2 
9 PAK-53015 196840 Ethiopia 130 4 216 2 
10 PAK-53016 203142 Jordan ICC 9517 143 4 216 2 
II PAK-53017 207470 Afghanistan No. 12620 I 134 5 217 
12 PAK-53018 212091 Afghanistan ICC 8167 2 131 4 218 
13 PAK-53019 212595 Afghanistan lLC 3342 I 127 6 163 2 
14 PAK-53020 214311 India ILC 211 2 128 6 164 2 2 
15 PAK-53021 215588 India ICC 8178 138 6 164 2 2 
16 PAK-53022 215702 Peru lLC 213 1 131 6 165 2 
17 PAK-53023 219728 Pakistan ICC 8184 0 135 6 165 2 2 
18 PAK-53024 222774 Iran ICC 9492 2 1 138 6 165 2 2 
19 PAK-53025 223433 Afghanistan No. 1094 0 139 6 165 2 
20 PAK-53026 244333 Ethiopia 0 136 6 166 2 2 
2 1 PAK-53027 250143 Pakistan ILC 219 2 127 6 168 2 1 
22 PAK-53028 250144 Pakistan ILC 220 0 132 6 168 2 2 
23 PAK-53029 251024 Afghanistan ILC 221 2 134 6 168 2 2 
24 PAK-53030 251027 Iran lLC 226 I 134 6 168 2 
25 PAK-53031 251514 Iran NOKHODSIAH 134 6 168 2 2 

-cont.-
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26 PAK-53032 251781 Furmcr SO Ylel Union ICC'JSI4 134 • 16' 1 , 
21 PAK-5 3033 251782 Former SOlliet UnIOn ICC ~2U3 127 • 169 2 
28 PAK-53034 253227 l'tukey ILl' 219 135 6 16" 1 
19 I'AK -:53035 253228 T UI"Lc:y Tvu ]578 127 • 170 , 
30 I'AK-53036 254547 Syria ILC 232 132 • 170 1 
31 PAK-53031 254548 Syria !I.e 233 134 6 170 2 

32 PAK-53038 254549 Iraq ILCHS 134 6 170 1 

33 PAK-53039 254889 Spain JlC 23~ 1l< 6 170 2 
34 PAK-S3040 255138 India, Unar Pmdc:sh ICC S944 1 138 6 170 2 
35 PAK-S3041 256060 Afghanista n ICC951; 2 0 138 6 170 2 , 
36 PAK-:53042 257584 Ethiopia Il.e 239 2 138 • 170 2 
37 PAK-53043 257586 Ethiopia ICC 1ll7? 142 6 170 2 2 

38 PAK-53044 268376 AfghanisI3u I1.C 2<10 127 • 171 2 2 
39 PAK-53045 269883 Pakistan CP ~45 1 127 6 172 2 1 
40 i'AK-53046 273879 Ethiopia I(;C ~215 2 0 134 6 172 2 1 

41 PAK· S3047 288315 India ICC S9-1 !1 2 0 136 6 172 2 2 

" PAK-53048 315781 India 11.(' 2.14 1 138 " 172 2 
43 I'AK-S3049 315790 lnd ia ICCSH5 1 132 6 173 2 1 
44 PAK-530S0 315803 Ind ia ICC 82-1 0 2 127 • 175 2 2 
.; PAK·53051 3158iO India I(,C 8243 2 m 6 175 2 1 

4. PAK·53052 3 15813 India 1CC'S245 13' 6 175 2 2 
47 PAK-53053 315826 India ICC 8254 1 139 6 175 2 2 
48 PAK-53054 331381 Elhiupia SlIlMBRA 2 127 6 176 2 
49 PAK-53055 ])9165 ISPANYOL 141 6 176 2 2 
SO PAK·5 3056 339221 I('C9511 2 147 6 178 2 
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51 PAK·53057 339223 ILl' 263 I 127 • 185 1 

52 PAK-53058 34301-1 Formtr SovII:1 UIIIUIi KUB:\N'::; 16 3 137 • I" 
, 

53 PAK·53059 343015 Former Soviet Ulllon ALl':KUA IDLAN'S 853 2 130 , 212 , 
54 PAK-53060 343016 Former Soviet UI\lOIl KARASNOKl;TORIl 195 2 130 , 211 , 
55 PAK-5306J )43017 Former SO\'icl Umon K-116/s 130 , 112 2 
56 PAK-53062 343018 Former Soviet Union MILYUTN'$ 04 130 , 112 I 
17 PAK_510fiJ 143019 Fonm:r Suvil:l I Jninn SOVH()J. 1-1 2 '" 4 '12 , 
58 PAK-53064 343021 Former Soviet UOIOII TALL ]U I 30 4 112 2 2 
59 PAK·S3065 347261 hotly SUI.MONA 1 30 , 212 2 
60 PAK-53066 357649 Yugoslavia VOJNICKI I 30 , 212 2 
61 PAK·5)067 377653 Yugoslavia BEL KRUPEN 2 30 4 212 2 
62 PAK-53068 357654 YugosJ(lvi:. nOMA-SEN 3 I 30 , 212 2 I 
63 PAK-53069 358914 InJia RI'IP 12-000-01527 1 0 30 4 111 2 I 
64 PAK·53070 358916 india RP)P 12-000-15335 2 3" 4 212 2 2 
65 PAK·5307} 358922 ludiOl ItPI .. 11-000-01552 2 30 4 112 2 2 
66 PAK-S3072 358930 lr.tn 11.(:207 3 30 • 212 2 2 
67 PAK-530n 358935 Iran I(I'IP 12 u71-00-175 3 I 30 4 112 2 
68 PA K-53074 358938 Morroco IU)tp 12 100·00825 I 0 30 4 212 2 
69 PAK ·S3075 359007 ludi., RPIP 12 069 -00005 2 3' 4 112 2 2 
70 PAK-53076 359009 India RillP 12-U69·0OOO7 3 34 4 21l I , 
71 PAK·53071 359014 india ({PIP 12 -069-000IS 2 135 , 212 , 2 
72 PAK-S3078 359041 India RI'IP 12-069-00055 2 125 4 2:13 2 I 
73 PAK-53079 359051 India Rl'IP 12-069-00069 2 I 125 , 113 2 2 

7. PAK·530S0 359061 India RPIP 12-069·00083 1 0 115 4 213 2 2 
75 PAK-530SI 359075 India RPlP 12-069·00103 2 125 , 113 2 2 
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7(> 

77 
78 
79 
80 

8 1 
82 
83 
8. 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 

95 
96 
97 
98 
99 
100 

PAK·S3082 
PAK-53083 
PAK-53084 
PAK-53085 
PAK-53086 
PAK-53087 
PAK-53088 
PAK-53089 
PAK-53090 
PAK-5309J 
PAK-53092 

PAK·53093 
PAK-53094 
PAK-53095 
PAK-53096 
PAK-SlO97 
PAK-53098 

PAK-53099 

PAK-53100 
PAK·53101 
PAK-53102 
PAK-53103 
PAK·53104 
PAK-53105 

PAK·53106 

359085 Imlia ({PIP 12 -0(}~ -OUII7 

359099 India RPiP 12-00\.1-00\ -10 

359100 Illuia RI'IP 12-069-001 42 

359115 Imha RI'U' J2 -069-00ltll 

359127 India RPIP 12-069-00178 
359150 India RPIP 12-069-00212 

359159 ilJdill RI'l!' 12-0c>9-00223 
359170 India RillP 33-07 1-10885 
359179 IIIIJia KPIP 12-069-00255 
359186 Lndia RPIP 12-069-00264 
359213 India RPIP 12-069-00306 
359219 India ICC 9036 

359228 India ILC272 
359239 India RPIP 12-069-00337 

359241 Imlia RP1P 12-069-00340 

359145 lud ia RPW 12-069-00348 
359249 Imlia RI'IP 12-069-00354 
359257 India RPII' 12 -069-00372 

359260 India RPIP 12-069-00375 

359268 IndIa RPU' 12-06900387-
359277 lndia KPIP 12-069-00-W5 

359289 India RPIP 12-069-0~24 

359304 India RPIP 12-069·0'''50 
359307 India RPIP 12-069-00453 

359311 india RPiP 12-069-00458 

2 I 120 , 21J 2 2 

0 127 , 213 2 , 
2 13" , 213 2 , 
3 130 , ltl 1 I 

1 131 4 21J 2 , I 
2 131 4 113 1 , 
2 131 , 213 2 1 

131 4 213 2 1 
131 , 213 2 2 

I 131 4 213 2 I 
2 131 • 213 , 
2 131 4 113 2 , 
2 139 • 213 2 , 

139 • 213 2 1 
2 141 4 213 2 1 
2 141 4 213 2 , 
I 154 4 213 2 2 
3 156 • 213 2 2 
J 127 5 213 2 1 

127 5 213 2 1 
127 5 213 2 1 
130 5 213 2 1 

J 130 5 213 2 J 

3 13" l 213 2 1 
J 131 5 213 , 1 
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101 PAK-S3107 359313 luJin RPIV 1 2-U69·00.J6 1 1 III 5 113 1 I 
102 PAK-53108 3593 16 111(111.1 RPW 12 -069-00-16-4 3 131 5 213 2 
103 PAK-53i09 359329 llldl3 RP1P 12-069·00-188 2 131 5 213 2 2 
104 PAK·53110 ]59335 India RPIP 12-069-00495 2 141 5 213 1 1 
105 PAK-53111 359348 India RPlP 11-069·005 1-1 2 141 5 213 2 > 
106 PAK-53111 359363 India RJlU' 12 -069-00538 144 5 213 2 2 

107 PAK·53113 359372 lodia RPIP 12-069-00556 2 144 5 213 2 2 
108 PAK-53114 359]74 India RPIP 12·069·00558 2 148 5 213 2 > 
109 PAK·S3115 359406 India RPI}' 12-069·00605 I 148 5 213 2 2 

110 PAK-53116 359-117 India RPIP 12-069-00620 148 5 213 2 2 
III PAK-53117 359-1 29 ludia RPIP 12-069-00637 127 6 213 2 2 
112 PAK-531IS ]59450 Illdia Rl'jp 12-069-00663 I 127 6 213 2 2 

III PAK-53119 359-1 60 India RI'II' 12-069-00678 2 0 127 6 213 1 2 

I" PAK·53 120 359471 illdiu RPIP 12·0(1)·O(J690 127 6 113 2 2 

11 5 PAK·'3121 359-181 Ind ia RPIP 12·069·00701 2 135 4 214 2 2 
116 PAK·S3122 359489 Jndi .. KI'JP 11-069-00712 2 135 ·1 214 , , 
117 PAK-53 12) 359498 Indill Rill!' 12-069.00723 2 IJ5 4 21, 1 
118 PAK-53 114 359502 InJ ill RI'II' 12·069-00727 2 135 4 214 2 1 
119 PAK-53125 359525 InJill RPIP 11-069·00788 , 0 136 4 114 2 
12O PAK·53126 359531 Indill Rill? 11-069-00869 2 136 4 214 2 2 
121 PAK-53127 359544 India RPIP 11-069·01027 I 137 4 214 , 1 
122 PAK-53128 359555 India RP1P 12·069-01088 3 137 4 214 , 2 

123 PAK-53129 359560 India RPIP t 2 -069-0 1102 138 4 214 2 
124 PAK-53130 359582 India ItPIP 11-069-01135 2 I 138 4 214 , 
125 PAK-53131 359588 India RPIP 12-069-01145 2 0 138 4 214 2 1 

-COllI,-
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126 PAK-53132 359591 India IUIIP 12-069-0J148 2 0 m < 21< , , 
127 PAK-S3133 359595 India RJIII'12.U69·01154 13K , 21< 2 1 
128 PAK-53134 359607 India RPIP 12-069-0 1169 2 0 13M 4 1101 2 2 
129 PAK-53135 359611 India RPIP 12-069-01175 0 13, 4 214 , , 
130 PAK-53J36 369631 India I~PW 12-069-01206 I I 139 < 21< 1 1 
131 PAK-53J37 369641 lndia RP1P 12-069-01218 2 0 J27 3 215 2 
J32 PAK-53138 369658 India RI'IP 12-069-01239 125 • 215 , 
J33 l'AK-53139 359673 India Rl'lP 12-069-01259 125 < 215 , , 
13' PAK-53140 359687 India RPIP 12-069-01276 2 0 125 4 215 2 , 
135 PAK-53141 359692 Judia RPIP 12-069-01282 2 I 125 • 215 2 I 
136 PAK-53142 359697 India RP1P 12-069-01287 2 0 129 4 215 2 2 
137 PAK-53J43 359715 India RPIP 12-069-01321 , 0 129 4 215 2 , 
138 PAK-53144 359716 India RPIP 12-069-01323 J /29 , 115 2 2 
139 PAK-53145 359738 ludi" RJlIP 12-069-01353 129 4 215 2 2 
140 PAK-53146 ]59746 Imlia Rl'lP 12-009-01361 129 4 215 , 2 
141 PAK-53147 359751 india l(1'lP 12-069-01367 1 J2!J 4 215 2 
142 PAK-53148 359753 India Rl11P Il -OW-OI369 J 129 • 215 , 
143 PAK-53149 359769 India RPIP ll-tl69-0 1392 2 129 4 2 15 2 
14' PAK-53150 359773 InJJ3 RP1l' 12 -069-0 1397 3 129 < 215 1 1 
145 PAK-53151 359801 India RPII'I1-009-0 1432 J I 130 • 215 , 
1<6 PAK-53152 359805 India ICC 6778 2 0 130 4 215 2 1 
147 PAK-S3IS3 359815 india RPIP 12-069-01454 2 I 13. 4 215 2 2 
148 PA.K-53IS4 359827 India RPIP 11-069-01468 2 0 13. • 215 2 2 
1<9 PAK-53155 359830 India RPIP 12-069-01474 13. 4 215 2 2 
150 PAK-S3156 359836 India RPIP Il-069-014::S1 J 134 4 215 2 , 

-<0111 • 



151 PAK·53157 359841 India RPIP 12-069-01486 IH 4 215 2 2 

152 PAK·53158 359844 India RPIP 12-069-01491 134 4 215 2 , 
153 PAK-53159 359862 India RPlP 12-069-0 1569 2 0 140 4 215 2 2 

154 PAK-53160 359878 InJia Rrl? 12-069-01606 148 4 215 2 2 

155 PAK-53161 359891 India RPIP 12-069-0 1628 148 4 215 2 2 

156 PAK-53162 359899 India RPIP 12-069-01639 3 148 4 215 2 2 

157 PAK-53163 359913 India RPIP 12-069-0\667 2 149 4 215 2 

158 PAK-S3164 3599 14 India RPIP 12.069-0\670 I 150 4 215 2 2 

159 PAK-53165 359916 ludia R..PIP 12-069-01674 0 135 5 215 2 

160 PAK-53166 359919 India ICC 13132 136 5 215 2 2 

161 PAK-53167 359922 India RPIP 12-069-01683 2 138 5 215 2 2 

162 PAK·53168 359924 India RPII) 12-069-01687 2 I 138 5 215 2 2 

163 PAK-53 169 359944 india ItPlP 12-069-017 19 0 139 j 215 2 2 

164 PAK-53170 359968 India RPIP 12-069·01765 0 139 5 215 2 
165 PAK-53171 359969 India RPIP 12-069-0\766 1 141 5 215 , 
16G PAK·53 172 359975 India RPIP 12 -0W-OI773 141 5 215 2 

167 PAK·53173 359986 India {{PIP 12-069-01789 141 5 215 2 , 
168 PAK-53174 359988 lm.liu RPIP 12·069·01792 I 127 4 216 2 , 
169 PAK·53J75 360010 India RPIP 12-069-06075 I 0 127 4 216 2 

170 PAK-53J76 360011 Im.lia RPIP 12·069-06076 2 I 127 4 216 2 1 

171 PAK-53 177 360029 India RPIP 12-069-06\13 2 127 4 216 2 2 

172 PAK-53178 360050 India ICC 13579 2 127 4 216 2 2 

173 PAK-S3J79 360063 India RPIP 12·069·06198 3 127 4 216 2 , 
174 PAK-53180 360070 India RPIP 12-069-06212 2 128 4 216 2 

175 PAK·S3181 360078 India RPIP 12-069-06223 0 128 4 216 2 2 
-coul.-
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00 .. 

176 
I7J 
178 
179 
180 
181 
182 
18) 
184 
185 
186 
187 
188 
189 
190 
191 
192 
19) 
194 
195 
196 
197 
198 
199 
200 

PAK·53IS2 
PAK-53183 
PAK-53184 

PAK-53IS5 
PAK-53186 
PAK-53187 
PAK-5318~ 

PAK-53189 

PAK-53190 
PAK-53191 
PAK-53192 
PAK-53193 
PAK-53194 
PAK-53195 
PAK-53196 
PAK-53197 
PAK-S3J98 
PAK-53199 
PAK·53200 
PAK·53201 
PAK-53202 
PAK-53203 
PAK-53204 
PAK·53205 
PAK-S3206 

360090 india lOll!> 12-069·00245 

360095 luJia RPII' 12-069-00256 

360108 ludia RPJP 12-069-06278 
360111 India RYIP 12-069·06188 
360121 India RPIP t 1-069-OU302 
360122 India ICC 13593 

360133 Ir;lll RPII'12 -07 1-00!:J02 
360159 Iran RPIP 12-071-01841 

360162 Ir3n kPIP 11-071-01855 

360180 iran ICC 13151S 
360189 Iran RPI P 11-07 1·02021 
360193 Iran Itt' 11S3 
36019~ Iran ICC 6::;25 
360211 Iran RPIP 12-069-02126 
360130 hall RPI P 11 -07 1 02]95 

3602·14 Ir<lll RPIP 11 -07 1-02552 
360253 1rall RPIP 12 ·07 1 U1637 

360258 Iran RPII' 12·071 02793 
360262 lfan RI'II'12-071·01825 
360268 Iran kPIP 12·071-07102904 

360288 Iran H.!'IP 12·071-03223 
360291 Iran RPIP [2·071·03212 
360292 Jran ICC 13247 
360304 "an RPIP 12·071-03 576 

360315 Iran IlC j(j7 

2 130 4 216 2 ! 
3 130 , 216 2 , 
2 I 130 , 216 2 , 
I 0 130 4 21b , 
) 0 110 4 216 2 
3 0 1)1 4 21. , 
) 0 III 4 216 2 , 
2 0 132 4 216 2 
2 I 1)4 4 21. , 1 
3 0 143 4 "6 2 j 

2 I 143 4 216 , 
0 143 4 216 , , 

143 4 216 2 
I 143 4 216 , 
2 14) 4 216 2 

I4l 4 "6 2 
2 143 4 2 16 2 

143 4 216 2 
I III 5 2[6 , 
2 131 5 216 , 
2 IJI 5 216 2 
I 134 5 116 , , 
2 I 134 5 216 2 2 

0 148 6 216 2 
2 127 4 217 2 1 
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'" 

10' 
101 
203 

20' 
205 
206 
207 
208 
209 

"0 

'" 212 

"3 
21 ,; 

"5 
116 
217 
118 
219 
220 
221 
222 
223 
224 
225 

l'AK -53 207 )60328 
PAK-53208 3603~2 

PAK-53209 360344 
PAK-53210 360347 
PAK-532il )60)-18 

PAK-S3211 360350 
PAK-53213 360358 
PAK-53214 360365 
PAK·5321S )60383 
PAK-53216 360399 
PAK-53217 360410 
PAK·532 18 360-1 18 
PAK·53219 36(}.U2 

PAK·S3220 360425 
PAK-53221 360-133 
I'AK-53222 360439 
PAK·5J223 360-156 
PAK ·53224 360470 
PAK ·5322S 360472 
PAK-53226 360-11$5 
PAK·5 3227 360493 
PAK-S3228 36OS05 
PAK ·53229 3605ll 
PAK ·53230 360530 
PAK-532J' 3605-15 

Jrltn Il l" 377 1 
Iran IU'U' 12·071 O-lI()5 2 
lian RPU' 12-071 0-1172 , 
Iran RP II'11-U71·0-l2U3 
I.-all ICC b910 
II ail ({PIP 12-U71 0421-1 
Jran RPIP 12-071-04230 2 
Iran ItJ'l !' 11-071-0-114-1 2 
Iran RPiI'I2 -071-0-1278 , 
Iran L<.PIP 11-071-0431-1 , 
han ({i'll' 12-071-0.057 2 , ..... i{P1P 12·071-04386 
ll all RPIP 12-071-0.1-146 
Ir&.n IH'IP 12-0-/1·0-149-1 
han ({PII' 12-071-0-1600 , 
Ir~n 1(1'11' Il-071-0-l 73b 3 
Irilll IH'JI) 12·071-041$1)2 
kao we 1351-1 
IrdO !(PIP 12·U71·05UI7 
Iran ItPIP 12·071-0511 6 2 
In n RllW 12·071·(j5203 
11'0111 RPJ!I 12·071·05282 2 
Iran RPIP 12·{)71·0S]45 2 
Iran itP1P 12·07)·05401 2 
Imn RPll) 12·071·05-132 2 

139 ·1 117 1 
l39 4 '" 1 
l39 4 211 , 
13!J 4 217 2 

l3' S 11 7 2 
114 S 217 2 , 

,. l34 5 2ll 2 2 , l34 5 217 , 2 
l34 S 2ll 2 2 

1 ll4 5 217 2 
0 l34 5 2ll 2 1 

l34 5 217 2 2 
l34 5 217 2 , 
1lS 5 217 2 , 

0 1lS S 2ll I , , [ ]5 5 2ll 2 
0 1-15 S 217 2 2 
0 )-IS 5 2[7 2 2 , 145 5 117 2 2 
0 1-15 5 217 2 2 , 145 5 III 2 2 
0 .. , 4 "8 , 2 
0 141 4 218 2 2 
0 1-l2 4 liS , 2 

'" 4 "8 2 2 
:olll . 



226 PAK-53232 360561 IfllII .{(lU' 12-071-05478 0 130 ; 21. 2 1 
227 PAK-S3233 360574 Iltll\ KI'IP 12-07\ -05493 2 0 130 5 218 1 2 

228 PAK-53234 360585 fran /CelloOl , 0 130 ; 21~ 1 1 
229 PAK-53235 360596 Jrall ICC-l3bO-l , 0 143 4 220 2 1 

230 PAK-53236 360599 I .. an RPU' 12-071-06359 144 4 220 1 1 
231 PAK·53237 360609 Iran ItPIP \2-071-06425 144 4 22" 

, 2 
232 PAK-53238 360630 Iran ItJJIP 12-071 -00488 144 4 22(1 , 1 

233 PAK-53239 360641 Iran ICC 13620 , 144 4 120 1 
134 PAK-53240 360642 Iran RI'IP 12-071-06540 2 144 4 120 2 
135 PAK·5324 I 360649 Iran KPIP- 12-U71 -06592 2 14. 4 220 1 
136 PAK·53242 )60655 Ir.m 11.('410 2 I 144 4 220 2 
237 PAK-53243 360657 ISI"ad RPII'12-074-01013 I 0 144 4 220 2 1 

13' PAK-53244 360658 brad RPIP 12·074·tl6623 2 0 145 4 220 , 1 

239 PAK-532-15 360659 ISfotd RPIP 12-074-06625 I 145 4 220 2 , 
240 PAK-53246 360660 Isrllei RPIP 12-074-06626 0 145 4 220 2 
241 J'AK-53247 360662 Holly IH'II' 12-074·00858 , 145 '1 220 , 
242 "AK·53248 360663 M~ko RPIP 12-074-00799 2 145 4 220 , 1 

243 PAK-53249 36066-1 Mt'xico RPIP 12:-074 00802 J 145 4 22U I 
244 PAK·S3250 360665 Ml:xicu j<i'iI' 12·074-00809 I 145 4 no 2 ! 

245 i'AK·53251 360667 M..:xico RI)J!' 12-074-00811 2 147 4 220 , 
246 PAK-53252 360669 Mexico RPIP 12:-074-00813 t) 148 4 22U 2 , 
247 PAK-53251 360670 Morocco fU'IP 12-U74-oo827 I3U 4 221 2 1 

248 PAK-53254 360672 Morocco RPIP 12-074·010\ I 130 6 163 3 2 
249 PAK·53255 360673 Morocco RI'IP 12-07-1-01015 0 1:.14 6 163 3 
250 PAK-S3256 360674 Pakistan RPIP 12-014-00i590 132 6 16' 3 1 

.conl -



251 PAK-53257 360680 Pakistan I{PIP 12·07"-OO9~6 0 13, 6 168 3 I 

252 PAK-S3258 36068-1 Pakistan KPII' 12-074-00997 I 0 115 6 168 3 2 
253 PAK-53259 360686 Paki~lan RPIP 12-074-01069 2 0 127 6 169 3 
25, PAK-53260 360687 Sapin RPIP 12·074-00922 2 0 138 6 169 3 
255 PAK-53261 360688 Tur"ey RPIP 12-074-05499 I 130 6 170 3 1 

256 PAK·53262 360690 TUlkey RPIP 12·074-0()OII I 0 134 6 170 3 2 
257 PAK-53263 360691 Egypt RPIP 12-07~-OOS48 2 0 115 6 170 3 2 
258 PAK-53264 360695 Former Sovit:1 Union RPIP 12-074-00849 I 137 6 170 3 I 

259 PAK-53265 360696 Former Soviet Uniull RPIP 12-074-00850 2 138 6 170 3 2 
260 PAK-53266 360697 Former Sovicl Union R}lIP 11-07~-OO851 2 138 6 170 3 2 
261 PAK-53267 360698 Forma Sovit:1 Union RPIP 12·074-00852 2 131 6 173 3 I 

262 PAK-53268 368485 Yugoslavia KRNJVESKI 2 131 6 173 3 1 
163 PAK-53269 368492 Yugoslavia LOKALEN 13K 6 173 3 I 

264 PAK-53270 3704 16 Yugoslavia LOKALEN 137 6 174 3 2 
265 PAK-5327I 3704 J7 Yugosli:lvia STIPSKI I 138 6 180 3 2 
266 PAK-53272 370419 Yugoslflvia VINC'.l::NSKI 2 0 130 • 212- 3 1 
267 PAK·53273 372596 Iflln KPIP 12·069·005 19 I I 13" 4 212 3 
268 PAK·53274 374079 Bulgaria OURALOCOV CIFUK 2 0 134 4 212 3 
269 PAK·53275 374080 Bulgaria f'LOVDOV 1<) 2 0 135 • 212 3 
270 PAK·53276 374085 Morocco 66 I 0 115 4 213 3 
271 PAK·53277 374093 Inm BR 17 1 0 125 , 213 3 
272 PAK· 53278 379217 Yugoslavia GORliBINSKI 3 I 126 4 213 3 
273 PAK·53279 379220 Yugoslavia KLiSURSKI 2 0 116 , 213 3 2 
27, PAK·53280 379221 Yugoslavia PESAK 127 4 213 3 2 
275 PAK·53281 420907 Jordan 9 127 4 213 3 2 

-~ont.-



27b PAK-53282 420908 Jurdan 411 I 0 130 4 213 3 , 
277 PAK+53283 426190 AfglJ<lllislOlIl K·)OHI 2 0 130 4 213 3 

278 (lAK -,3284 n6193 Afghanistan "--1031 130 4 213 3 

279 PAK-53285 426194 Afghill1lslall K-I056 , 130 4 213 3 

280 PAK-53286 426195 Afghanistan K-I057 2 130 4 213 3 

281 PAK-53287 426196 Afg,llanislan K 10bl 2 131 4 213 3 

282 PAK-53288 426535 Paki:.lan K-187 , 0 131 4 213 3 1 

283 PAK-S3289 426536 PakiStan K-202 131 4 213 J 

284 PAK-53290 426546 Pakblan K-](I8 I I 131 4 213 3 2 

285 PAK-53291 426552 Pukislan K-343 2 0 139 4 213 3 

286 IlA K-53292 426554 Pakistan 1\.-35') 2 0 139 4 213 3 , 
287 PAK-53293 426556 Pakistan K·3(17 2 139 4 2\3 3 

288 PAK-53294 426561 Pakistan K-449 3 140 4 213 3 , 
289 PAK-53295 426569 Pilkistan K-516 3 140 4 2Jl 3 

290 PAK-53296 426571 Pllkistall K-Slt; 3 140 4 213 3 

29 1 PAK-53297 426583 P"kiS(:ln K -59Y 3 140 4 213 -' 
292 PAK-53298 426586 Pilkistan K !lIS , 141 4 2Jl 3 

293 PAK·S3 299 426587 Pakistan K·(lIb 0 154 4 2 13 3 

294 PAK~53300 426591 Pakislan K-63!> 2 I "4 • 213 3 

295 PAK-5330 1 426593 Ptlkislan K-646 2 0 127 5 213 3 2 
296 PAK·53J02 426608 Puk iSlan K-795 , 127 5 213 3 I 

297 PAK-5J30J 439756 India, Audhta Pradc:sll 182 2 127 5 2IJ J 2 

298 PAK·53304 439779 Imlia, Andhra Prudc:sh 959 128 5 213 3 2 

299 PAK-53305 439785 India, AlldlU1l. l)radesh 1749 2 I 130 5 213 3 2 
300 PAK-5ll06 '39801 India, Andhra Prad~sh 2:835 , 0 130 5 213 3 

-wnt.-



301 PAK·53307 439810 India, Am.lhra J'radesh 3426 , I IlU ; 213 J 1 

302 PAK-53308 439829 l.ndia, AnJhr3 PUHksh 5721 2 I 110 , 11l 3 

303 PAK·5)309 439831 India, Andhr:. PC3dcsh 5901 2 0 110 5 213 ) 1 

30-1 PAK-53310 439832 India, AlIdhra Pladesll 6081 I 110 5 213 3 

3D' PAK·5)311 439834 indIa, Alldltnl Pradc:.h 6462 3 130 ; 11l 3 

306 PAK-53312 439847 India, Audhra Pradesh 8222 2 110 5 213 3 

301 PAK·53313 439858 India, Andhra Pradc:.h 10301 2 III 5 213 3 I 1 

308 PAK-53314 450553 Afghanistan «PIP 12-002-04235 , U III 5 213 3 I I 
309 PAK-53315 450564 India RPI? 12-069-0038 1 III 5 113 3 1 
310 PAK-53316 450575 India RPIP \2·069-00077 I III 5 213 3 1 

311 PAK-53317 450577 India RJ'JP 12-069-00082 U 131 5 21l 3 2 

312 PAK-53318 450585 India RPIP 12-069-00125 0 141 5 213 J 1 
31l PAK-533J9 450600 ludill ICC 1.30\3 0 141 5 11l ) 1 

314 PAK-53320 450603 hldill RI'JP 12 ·(}69-002 1~ 0 142 ; 213 3 1 
315 PAK·5332J 4506 15 India RI'IP 12·0()9·Q0254 2 I 14' 5 213 3 I 

316 PAK·53322 450622 India ICC IjnH! I 0 143 5 213 3 , 
311 PAK-53323 450634 ludla RI'II' II-06!J-00343 2 143 5 1I3 3 2 

318 PAK·53324 450640 India RPIP \2-009-00357 2 143 5 213 3 I 
319 PAK-53325 450654 ludiil NP 19 , 144 5 213 J 2 
310 PAK-53326 450658 India HPII'12-069·00·134 2 148 5 113 ) 2 

321 PAK-53327 450669 India R.PIP \2-069-00475 2 148 5 113 J 2 
322 PAK-53328 450670 India RPIP 12-069-00-190 2 126 6 213 3 , 
323 j)AK-53329 450684 India ICC ))05 1 3 126 6 213 3 2 

314 PAK-53330 450693 India ICC 1)054 ) I 121 6 213 1 2 

315 PAK-53331 -150717 India RPIP 12-069-00711 2 0 111 6 213 1 , 
':Olh.-



326 PAK-53332 450728 /Jldia RillP 12-069-007H9 0 127 6 213 j 2 

327 PAK-53333 450734 Inoia I{I'IP 12-069·00807 0 127 6 213 3 , 
328 PAK·5 )3)4 450738 (mila RPIP 12-U69·00811 I 0 127 6 2 13 3 

329 PAK-53335 450739 India HPIP 12-069-00812 2 127 6 213 3 2 
330 PAK-53336 4507-10 India RPIP 12-069·00813 2 I 127 6 213 3 

331 PAK·53337 450755 InJia kPIP 12 -069-00993 I 0 127 6 213 3 2 

332 PAK-53338 450760 India ICC 13081 2 127 6 213 3 2 

333 j'AK-53339 450763 hKlia ICC 13089 I 0 135 4 214 3 

334 PAK-53340 450772 Illdia ICC 14459 2 0 \38 4 214 3 1 
335 PAK·53341 450778 India ICC 13097 , 138 , 'I< 3 

336 PAK-5334 2 450782 India ICC 13102 m , 
21' 3 

337 PAK-53343 450786 India RPU' 12-069-01 191 0 139 , 21 . 3 2 
• 338 PAK·5334-1 450787 India ICC 13107 2 I 128 3 215 3 1 

339 PAK·533-15 450806 India RPI P J2·tJ69·0l293 I 0 125 , 215 3 1 

340 PAK-53346 450817 India RPII'12 -069-U1318 2 125 4 215 3 , 
341 PAK-S3347 450820 Indiu IC(,13 119 2 '" 

, 215 3 1 
342 PAK-53348 450825 IIl(ha ({ I' IV 11-069-0\350 , I 129 4 215 3 2 

343 PAK-53349 450832 Indhl IUJU' 12·069·01395 0 129 4 115 3 2 

344 PAK·53350 450843 luJIil RPIP 12·069·01490 , 129 4 liS 3 , 
345 PAK·53351 450851 lu.lia RPIP 12·069·01522 2 129 4 215 3 2 

346 PAK·53352 450852 India RI'I!' 12·1109-01524 2 129 4 215 3 2 

347 PAK-53353 450867 India RPIP 12·009·01588 2 129 4 215 3 

348 PAK-53354 450870 Imha ICC 13133 I 0 129 , 215 3 

349 PAK-53355 450871 India RPIP 12-069-04436 3 129 , 215 3 

350 PAK-53356 450876 Indl3 RPJI' 12-069-06093 1 129 , 215 3 2 
·conl· 



351 PAK-53357 -150884 India RPIP 12-069-0665 2 , 2. , 21 5 3 1 

352 PAK-53358 450902 Iran ICC 13 155 3 1 3 1 4 215 ] 1 

353 PAK-53359 450906 1run RPI!' 11-071-019~1 0 34 4 21 5 3 , 
35. I'AK-I3360 450908 Iran RPIP \2-069-01992 , 34 4 21 5 3 

355 PAK-5336 1 450911 1run RPIP 12-07 1-02255 2 1 34 4 21 5 3 1 

356 PAK-53362 450930 lrun ICC 13 19!! I 0 34 4 21 1 3 2 

357 PAK·53363 450955 Iran RPIP 12·07 1·03099 3 34 4 215 3 1 
]58 PAK-53364 450965 Iran RPIP 12-071-03151 3 l4 4 215 3 1 

359 PAK-53365 450975 Iran Rl)JP 12-07 1-03249 2 34 4 21 5 3 2 

360 PAK·53)66 450977 Iran RPIP 12-07 1-03258 2 34 4 21 1 3 I 

361 PAK-52918 Pakistan 34 , 215 3 2 0 

362 PAK·52919 Paki",[ilU 1 40 4 115 3 2 0 

363 PAK·52921 P:lkis[an 0 40 • 215 ] 2 0 
]64 PAK-5292 2 Pakistan 148 , 215 3 2 0 
]65 PAK·S2924 Pakistan 0 148 , 211 ] 2 0 
366 PAK-52925 PakiStan 0 15] 4 215 ] 2 0 
367 PAK-52926 Pakistan 0 136 I 215 3 2 0 

368 PAK ·52927 Pakistan 137 5 215 3 , 0 
369 PAK-52928 Pakistan 138 I 215 ] 2 0 

370 PAK-52929 Pakistan 138 I 2 15 ] 2 0 

371 PAK-52930 Pakistan 139 I 215 3 0 
372 PAK-52931 Pakistan 2 139 5 215 3 0 

373 PAK-52932 Pakistan I'O 5 215 3 I 0 

m PAK·52933 Pakistan 2 140 I 215 3 2 0 

371 PAK·52934 Pakistan I'O 5 215 3 1 0 
-cont.-



37. PAK·52935 Palu!.lilll 140 S 211 3 " 377 PAK-52937 Pakist:m 127 4 21. 3 2 II 
378 PAK-52938 Pakistan 2 127 4 21. 3 2 " 379 PAK-52939 Pakistan 0 127 4 21. 3 0 

380 PAK-5294J Pakistan 0 127 4 21. 3 2 0 

381 PAK-52942 Pakistan 2 128 4 21. 3 0 
382 PAK-52943 Pakistan 128 4 21. 3 2 0 
383 PAK·52944 Pakistan 2 128 4 216 3 2 0 
38' PAK-52945 Pakistan I 128 4 21. 3 U 

385 PAK-52946 Pa1dS1<1O 0 110 4 21. l I 0 
386 PAK-52947 PakIstan 0 130 4 216 J 2 0 
387 PAK-52948 Pakistan 0 110 4 ". 3 " 388 PAK-52949 Pakistan 0 III 4 216 3 0 
389 PAK-52950 P"kis\(ln III 4 216 3 " 390 PAK·52951 Pakistan (j 132 4 21. 3 0 
391 PAK-52952 Pltkistan 0 134 4 21. 3 0 

392 PAK -52953 Pakistan 0 143 4 216 3 0 
393 PAK-52954 'Jakistan I 1.:1 3 4 lib 3 0 

39. PAK-52955 p .. kislan I I '" 4 21. 3 I U 
395 PAK·52956 Pakistan 2 0 132 5 21. 3 2 0 

39. PAK·52957 Pakistan 2 0 127 • 217 3 I n 
397 PAK-52958 Pakistan 127 4 117 3 2 0 

398 PAK-52959 Pakistan 127 4 217 3 2 0 
)99 PAK-52960 Pakislall I I Il. 4 217 ) I 0 
.00 i'AK·5296I Pakistan 2 0 139 4 217 3 2 0 

-cont.-



401 PAK-52962 Pakistan 2 0 134 5 217 -, 2 0 -' 

402 PAK-52963 Pakistan 1 134 5 217 3 0 

403 PAK-52964 Pakistan 1 134 5 217 3 0 

404 PAK-52965 Pakistan 2 134 5 217 3 2 0 

405 PAK-52966 Pakistan 2 144 5 217 3 2 0 

406 PAK-52967 Pakistan 146 5 217 3 2 0 

407 PAK-52968 Pakistan 1 147 5 217 3 2 0 

408 PAK-52969 Pakistan 2 141 4 218 3 0 

409 PAK-52970 Pakistan 1 142 4 218 3 2 0 

410 PAK-52971 Pakistan 2 142 4 218 3 0 

411 PAK-52972 Pakistan 1 143 4 218 3 0 

4 12 PAK-52973 Pakistan 3 130 5 218 3 0 

413 PAK-52974 Pakistan 2 130 5 2 18 3 0 

4 14 PAK-52975 Pakistan 2 130 5 2 18 3 0 

4 15 PAK-52978 Pakistan 144 4 220 3 0 

4 16 PAK-52979 Pakistan 1 145 4 220 3 0 

4 17 PAK-52980 Pakistan 2 145 4 220 3 0 

4 18 PAK-52981 Pakistan 145 4 220 3 2 0 

4 19 PAK-52983 Pakistan 145 4 220 3 0 

420 PAK-52984 Pakistan 148 4 220 3 0 

421 PAIDAR-91 Pakistan 155 6 22 1 3 0 

422 NOOR-91 Pakistan 130 4 223 3 0 

423 C-44 Pakistan 127 3 224 3 0 

GH : growth habit, i.e., (I -erect, 2-semi-erect, 3-spreading) 
ID: iron deficiency, i.e., (O-tolerant, I -susceptle) 
DF: days to flowering, i.e., (from sowing to the stage when 50% of plants have begun to flower) 
FC: flower colour, i.e., (1 -Blue, 2-light blue; 3-Dark pink; 4-pink; 5-Light pink; 7-Wbite, pink striped) 
DM: days to maturity, i.e ., (from sowing to the stage when all plants have mature pods) 
PHr: plant hairiness, i.e., (1 -no hairs; 2-less pubescence; 3-dense pubescence) 
PP: plant pigmentation, i.e., (1 -no anthocyanin, stems and leaves pale green; 2-no anthocyanin, stems and leav.es .green; 3-w-eak 
anthocyanin, stem and leaves partly light purple; 4-strong anthocyanin, stems and leaves predominently purple) ..... 
Blight I-tolerant; 2-intermediate; 3-suscept le. 

1..0 
w 


