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ABSTRACT 

Sixty· six genotypes of chickpea (Cker arietinum I~.) were grown over nine microenvironments 
created by different contbinations or sowin. dates. spadna 'and fertilizer doses over 3 years, 
Pooled data of nine characters over environments were analysed for I)Z statistic. Clusters of 
genolypes were formed on the _is of I)Z estimates. Joint regtes:sion analysis revealed highly 
significant differences due to .enotypes. environments. and genotype X. environment Interaction 
for all characters. Stability or individual genotypes was worked out on the basis or two 
stability ~n ooeft"lCient (bi) and deviation f .......regressioQ (Szdi). Further, 
14 genotypes were sorteCI out with hi.h Rl'8in yield per plant (higher than grand mean over 
environments) and stable for grain yield and for other yield contributing charaders. On the 
basis of intra- and interduster distances, crossing among these selected genotypes was suggested 
to recombine the genes for stability and high yield. 
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A commercially desirable genotype should be stable for grain yield per plant 
with high mean value. In self-pollinated crops like chickpea, development of hybrid 
varieties is not successful due to crossing barrier and cost of seed production. 
However. it is important to select divergent parents with stable performance for 
yield as well as other morphological characters for hybridization and to obtain 
desirable segregants through selection in the advanced breeding generations. Keeping 
this in view. genetic divergence analysis was done to identify suitable parents on 
the basis of. intra- and intercluster distances for realising heterosis and desired 
recombinants. 

MATERIALS AND METHODS 

Sixty six genotypes of chickpea were grown over nine microenvironments at 
Meerut University Research Farm, Meerut. Microenvironments were created through 
different combinations of sowing dates. spacings and fertilizer doses over three years. 
Nine microenvironments consisted of one environment in rabi 1982·83 with a spacing 
of 30 x 15 cm (row x plant) and fertilizer dose of N : P : K 20 : 50 : 40 kglha 
plus eight environments with different combinations of two sowing dates having 
differences of about a fortnight (spacing in first sowing 50 x 20 cm and in second 
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sowing 30 x 15 cm) and two levels of fertilizers (control and N P: K 20 : 50 : 
40 kglha) in' two years. i.e., rabi seasons 'Of 1983·84 and 1984-85. respectively. The 
material was planted in RBD of three replications in each environment. The plot 
size for each treatment was one row of 3 m length spaced as per combination in 
the environments. 

Data were recorded on niRe morphological chatacters. namely, plant height, 
days to flowering. days to maturity, primary branches per plant, secondary branches 
per plant, pods per plant. l00-grain weight .• harvest index. and grain yield per plant. 
Generalised distance was estimated by D2 statistic [I, 2J and clusters of genotypes 
were formed by Tocher's method given by Rao [lJ. Estimates of divergence were 
calculated based on pooled data of nine characters over nine environments. Further, 

'joint regression analysis was done using the method of Perkins and Jink.s [3]. Stability 
parameters were computed using the method of Eberhart and Russell [4J. A genotype 
having unit regression coefficient (bi = 1) and nonsignificant deviation from regression 
(i.e., S2di = 0) was considered stable. 

RESULTS AND DISCUSSION 

Genetic divergence. The clustering on the basis of D2 values of pooled data 
formed only four clusters. Cluster I had the maximum. 61 genotypes. Cluster II 
had three genotypes, viz. F 370, P 992 and P 6308. while cluster ill and IV included 
only one genotype each (Table 1). Clustering showed that genotypes P 9695, ICC 
8149, F 370, P 992 and P 6308 were distinct from the other genotypes. as the firstI 

'·f 
two were represented in single-genotype clusters and the other three formed different 
clusters. Maximum intercluster distance was observed between clusters I and IV 
followed by II and IV, I and III. II and III, and I and I, (Table 2) .. Least intercluster 
distance was observed between clusters III and IV. Maximum intracluster distance 
was observed for cluster II, followed by cluster I. Cluster III and IV had 0 intracluster 
distance, since each of them was represented llY a single genotype. On the basis of 
intra- andintercluster distances, ft is suggested that for creating maximum genetic 
vanability, crossing between the genotypes of clusters I and IV, II and IV and I 
and III would be useful. 

Table I. Distribution ~ 66 genotypes ~ ehickpea among roar dusters on the basis of OZ analysis 

Cluster Oenotypes 

ICC ro97. P678. WR315. 80212. HMS 17. P289. HMS25. HMS5. HMS 19. Annigeri. P 179. 
PI84-LH77-llI, H77-78. P345--I.ICC 1994, HMS'2I. HMS27, 80209.JO 35.ICCC 3, 
ICCC 4. ICC 1134. NEC 2383, H 77-1(18, H 76-104, H 77-56, P 3765, P 1179, H 77~104. HMS 6 .. 
1'"6 Wilt 1965. NEC 249, F 6 Wilt 315, H 76-105, H 77-19, P 1786, H 77-74,PG 72-84, E lQO, 
ICC 7710, C 235, H 77-1 10, H 77-103, H 77-1 12, H 77-106. L345, H 77-62,JG 221,.P 41 16-1, 
ICCC 2, H 76-101, F 6 Wilt 115. OC665, 12-071-05093. PRR!I, NEC 2305, ICC 3651, 
NEC 1128, H 77-57. H 77-70 

II F370, pm. P6308 

III ICC 8149 

IV P9695 
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Table 1. PeoIed averaae ~ and intel'dusterW .alues 

Ousters II III IV 
in 

"raelnce were 
Further, 
Stability 

senotype 
regression 

data 
Ouster II 

IV· included 
9695, ICC 
as the first 

different 
I and IV 

component against 

lOO-grain weight 

of G x 

Soun:eof U. 
ftriatiOD 

Genotypes 65 

EaYiromneatl 8 

GcDOtypesx 
emiroameut S20 

Uoear 65 

Remainder 45S 

Error 1170 

'.16 18.52 40.68 94.88 

II 9.29 22.21 54.85 

III CUI 15.19 

IV 1.11 

., ."Sipificant at 5'J. ad 1.. ic'teIs apiDst emil" melD squres. n:sprcdiYe1y. 
xxSipificant at 1.. Ie¥elIpiDIt aeaotJpe x emiroameat mean .squares. 
++Sipificant at 1% Im:I apiDst Jemainder melD squares. 

Joint regression analysis. Highly significant differences were observed due to 
genotypes, environments and genotype x environment interaction for all the nine 
characters (Table 3). A highly significant variation due to environments indicated 
presence of significant variation due to different combinations of spacing. sowing 
time and fertilizer doses. Significant linear component of G x E for grain yield per 
plant, cJays to maturity, primary branches per plant, secondary branches per plant, 
pods per plant, and barvest index indicated predominance of predictable component 
for these characters. Linear mean squares as well as remaiqder me~ri squares were 
significant for plant height, days to flowering and lOO-grain weight. Significant linear 

its remainder for days to flowering showed that the major 
component for differences in stability was due to linear regression. Plant height and 

showed nonsignificant linear component against their remainder 
mean squares, indicating unpredictable nature of these characters. However·; predictions 

E interaction in individual lines for plant height and lOO-grain weight were 
also made on tbe basis of their bi and S2di values. 

TIIIIIe .3. JaIat RIll 111'., ....,.,. alae c:Iaanden vl" paotypes vl eIddtpea grown 
... alae lllicroeafiRHullelllS 

Mean!911UeS 

plant daysto days to primary secondary pods per lOO-grain ham:st grain 
beight ftowerina maturity brancbcs·branches plant Wt: index yield 

per per per 
plant plant plant 

130.~·l$ 64J·l$ 9.~1$ O.~·l$ 6.:B·>$ 853.80>$ 88.~·l$ 144.~·~ 18J·~ 
xx3741.~ 41~.JI$ 9129.~1$ 70.-j.~ S96.~1$ 83586.JI$ 7S.~1$ 8131.0" 301dl$ 

9_,)" 4.7'· 2.1'· 0.23" 2.00· 197.4'· 2.00' 36.9'· 6.00· 

10.3' 13.t.t 6.cr· 0.61" 3.12·' S29.00· 2.1" 47.2r 16.1·'. 
9.4" 3.S" 1.7 0.18 1.85 lSO.l 2.00" 35.4 4.6 

7.2 2.1 1.8 0.17 1.84 140 1.3 ·32.9 4.S 

http:83586.JI


352 V. Singh & F. Singh [Vol. 49, No. 3 

Table 4. HIP YieIdinI geootypes stable fer "arIeus dIaraders 

Genotype Stable characters Total stable 
2 3 4 5 6 7 S 9 characters 

P4116-1 + + + + + + + + + 9 
ICCC4 + + + + + + + S 
H77-70 + + + + + + + 7 
H77-103 + +. + + + + 6 
H77-56 + + + + + + + + 8 
NEC2383 + + + + + + 6 
1{:::cC2 + + + + + 5 
PRRI + + + + + + + 7 
H77-110 + + + + + + + + + 9 
H77-62 + + + + + 5 
F370 + + + + + + + 7 
P992 + + + + + + + 7 
ICCS149 + + + + + 5 
P9695 + + + + + + 6 

Characters: 1) Plant height, 2) days to flowe~ng. 3) days to ..maturity, 4) primary branches/plant, 5) 
secondary brancbeslplant, 6) .podsIplant, 7) l00-grain weight, S) harvest index, 9) grain yield/plant. 

Table 5. HIP yieIdIDg geDOtypes stable fer anUa yleld!plant fOl'llliaa dift"ereat dusters GIl the basis 
01 OZ IIOIIIysis 

Ouster 
, 

Geflotype Xi bi S2di No. of other 
stable characters 

P4116-1 H(p.28) 1.1563*- -3.906 S 
ICCC4 .' H(IO.5S) 0.9810" -0.534 7 
H77-70 H (10.23) 1.2093** 2.731 6 
H77-103 H( 9.89) 1.2136"· -1.662 5 
H77-56 H( 9.85) 1.2547·· 0.230 7 
NEC2383 H(.9.69) 0.8366*- -2.351 5 
ICCC2 H( 9.67) 1.1679** 3.026 4 
PRRI H( 9.65) 0.9464** 1.267 6 
H77.... 110 Ii ( 9.5S) 1.2022·· -0.289 8 
H77-62 H( 9.28) 1.0185·" 2.542 4 

II 	 F370 M ( 6.91) 0.9886"· -2.796 6 
P992 H ( 8.92) 1.1734·· -1.402 6 

III ICC 8149 H( 8.33) 1.0147** -2.357 	 .­
IV P9695 M( 7.71) 1.2138** 3.739 	 5 

Note. 1. Grand mean of population 8.27 glplant. 
2. H-high yield (8.27) g and a~ve/plant); M-mediumyield (6.60-8.26 gIpIant). 

·"Significant against error. mean square at 1% level. 
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Stability parameters showed that out of 66 genotypes 26 were stable for grain 
yield"with high mean performance (higher mean than grand mean over'environment). 
These were P4116-]. ICCC 4. H 77-70, H 77-103. H 77-56. NEC 2383. ICCC 2. 
PRR I. H 77-110. H 77-62. H77-112.H 77-111. P 179.P 992. P 1179. H76-101. 
HMS 19. L 345. HMS 27. H 77-104. H 76-104. P 345-1. F", Wilt 1865. Annigeri. 
ICC 8149 and JG 221. Out of these 26 genotypes 14 were sorted out having higher 

. vicIds and stablc for most of the yield contributing characters (Table 4). 

tY ami stability. The ]4 genotypes selected on the basis of stability and higher 
mean for grain yield belong to different clusters. e.g .. 10 belong to cluster I. 2 to 
cluster II. and one each to'clusters III and IV. respectively'(Table 5). Therefore. 
considering the 0 2 analysis and stability of yield and yield contributing characters. 
making crosses among the selected genotypes of cluster I (P 4116-1. ICCC 4. 
H 77-70, H 77-103, H 77-56. NEC 2383. ICCC 2, PRR l. H 77-I1~ and H 77-62) 
with the genotypes of' clusters IV (P 9695) and III (ICC 8149) is recommended, 
Similarly. crossing P 9695 with the genotypes of cluster II (F 370 and P 992) is 
also suggested. Crosses in the above combinations are expected to provide enough' 
genetic variability to select for high yielding and stable J)cgregantsin the segregating 
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