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COMBINING ABILITY IN CHICKPEA 

C. L. L. GOWDA* and P. N. BAHL 

Division of Genetics, Indian Agricultural Research Institute, New Delhi-\ 10 012 

To form a sound basis for any breeding programme aimed to achieve higher 
yields, breeders must have genetic information on the nature of the combining 
ability of the elite parents to be used in hybridization programmes. The 
present investigation was undertaken to get information on the combining ability 
for yield and yield components of seven chickpea (Cicer arietinum L.) cultivars 
by diallel analysis. 

MATERIALS AND METHODS 

Seven chickpea cultivars, P-813 (Mexico), P-851 (USSR), P-1139 (India), C-235 (India), P-9624 
(Mexico), ICP-71 (Jordan) and P-1821 (USA) were crossed in all possible combinations, without recipro­
cals. The 21 Fi's and 7 parents were planted during rabi 1973-74 in a randomized block design with two 
replications at the Division of Genetics, IARI, New Delhi. The seeds were dibbled in 1 • 5 meter long rows 
at 15 cm intervals and row to row distance was 60 cm. Observations were recorded on three random 
plants in each plot. In rabi 1974-75, the 21 F2 's and 7 parents were planted in randomized block design 
with four replications. Each entry was sown in a plot of 5 rows of 2 meter length at a spacing of 60 x 20 
cm. Twenty random plants were selected from the middle three rows for taking observations. Data 
were recorded on seven characters, viz., plant height (cm), number of branches per plant, flowering time 
(number of days from seedling to flowering), number of pods per plant, number of seeds per pod (in F2), 
100-seed weight (gm) and seed yield (gm) per plant. The combining ability analysis was done according 
to Model I, Method 2 of Griffing (1956). 

RESULTS 

The analysis of variance for general and specific combining ability are 
presented in Table 1. In F,, mean squares due to general and specific combining 
ability were significant for plant height, flowering time, pod number and seed 
yield. Branch number and 100-seed weight showed significant variation for 
s.c.a. and g.c.a. respectively. In F2, mean squares due to g.c.a. were significant 
for all characters except branch number and seed yield. 

Variance for general combining abilty for plant height (F,, F2) 100-seed 
weight (F,, Fg), flowering time (Fa) and pod number (F2) were higher than 
s.c.a. variances for these traits. The magnitude of s.c.a. variances were higher 
than g.c.a. variances in case of branch number and seed yield in both the 
generations. 

Combining ability effects: Estimates of g.c.a. effects for different characters 
in F, and F2 generations are given in Table 2. P-1821, P-9624 and ICP-71 

A part of thesis submitted by C. L. L. Gowda for the Ph.D. degree of the Indian Agricultural 
Research Institute, New Delhi. 

•Present address: ICRISAT, 1-11-256, Begumpet, Hyderabad-500 016, INDIA. 
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showed g.c.a. for tallness, while P-813, C-235 and P-851 for dwarfness either in 
F, and Ffl. P-9624 and C-235 contributed towards earliness and P-813 and 
P-821 for lateness in both the generations. For high pod number P-813 and 
C-235 were good combiners. P-9624 followed by ICP-71 and P-1821 was the 
best general combiner for 100-seed weight in F, as well as Fa generations. For 
seed yield per se P-9624 and IGP-71 were the good combiners. Also, considering 
the overall performance for all the characters, P-9624 and ICP-71 were the best 
general combiners. 

Estimates of s.c.a. effects of the 21 crosses are summarised in Table 3. 
Four crosses, P-813 x ICP-71, P-813 x P-1821, C-235 x P-9624 and ICP-
71 x P-1821 showed significant s.c.a. effects for seed yield and pod number. 
Out of the five parents involved in these four crosses, two were high combiners for 
yield as well as 100-seed weight, two for pod number and one for 100-seed weight 
only. Two of the crosses, P-813 x P-1821 and P-851 x C-235 exhibited 
positive significant s.c.a. effects for plant height. For higher branch number 
three cross combinations, P-851 x P-1821, P-1139 x P-9624 and P-1139 x 
ICP-71 showed highly significant s.c.a. effects. P-813 X P-1821 gave highly 
significant s.c.a. for earliness though both the parents of this cross are good 
combiners for late flowering. 

DISCUSSION 

In the present investigation, variances due to g.c.a. were of higher magni­
tude than corresponding s.c.a. variances in respect of plant height, 100-seed 
weight, flowering time (F2) and pod number (FQ). However, for seeds per pod, 
both g.c.a. and s.c.a. variances were equally important. Combining ability 
analysis, therefore, suggests that additive genetic variance is playing more 
important role in the inheritance of these characters. Earlier studies by Athwal 
and Sandha (1967), Zafar and Khan (1968), Lai (1972) and Dhaliwal and Gill 
(1973) also showed predominantly additive genetic control for one or more of 
these characters. However, Gupta and Ramanujam (1974) reported non-
additive gene action to be more prominent for these characters in their material. 
In case of branch number and seed yield s.c.a. variances were higher than the 
corresponding g.c.a. indicating the predominance of non-additive gene action. 
Such results were reported earlier by Gupta and Ramanujam (1974). 

Estimates of g.c.a. effects showed that it was difficult to pick good combiners 
for all the characters together because the combining ability effects were not 
consistent for all the yield components, possibly because of negative association 
among some of the characters. However, P-9624 and ICP-71 were found to be 
good combiners for seed yield per se and for most of the yield components. From 
the tabulated data it could be generalized that parents which showed high g.c.a. 
effects for pod number and 100-seed weight resulted in specific cross combinations 
which excelled in seed yield. Also, crosses showing positive significant s.c.a. 
effects for seed yield invariably showed significant s.c.a. effects for high pod 
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ŝ 

^ 

3 

2 

V 
V 

v 
Xi 

•v 8 
Pi d 

60 

V 

o 

« c 

— (J 
PH -d 

* * * * 

u 

o 

55 

O I ^ O J M f f l ^ i ' t ^ M J ' l N ^ ' l N e T t ' - ' C i n ^ Q O O 
o c n t o m e o c o i n i n i o c n t O C T i t o — — co — co-tf ' i^to 
• - O M i f H C t ^ O O N - < 0 - CMCCNCO — CNiOCMuO 

— C O © © c O © © C O C O r ^ . c O — — Ol — r - — r^. — CMCO 

O C ^ J O O O O O O O — i . 
I I I I 

© 0 © 0 © O O C N O O 
I I I I 

' " O i o t v c u D n i n o o i D - ' ^ m o i O ' - ' C O c o i o m 
© • * c o r ^ © c M r ^ c X ) m o r - c o a " > c o i o — t D O e o o i c M 
-*• in CN co CO co — c o w t o t o o j c o o o i o n o c o t o o 
CO — CO — iO — C". tO — CN 
CM — CN CO •* CO I 

ncocotoco — cotoco — co 
I — — en —i CM <M i co 

I I I I 

© i n — ^ n o ^ c ^ f c O t o o - . c o n w - f r ^ + o o i * -
O O n « l D l £ n C < t - ' t O - U 3 - O a ) i n ( D l O O Q 5 t D 
- ^ i n ^ i n ^ N l N - < 0 > C 0 i n i n O C N L 0 r ~ - C T > C 0 C 0 O C 0 
( N O O C N O i n C * - t - ' - ' ! M i n - M ^ - ' O f ) O l - H 
I I I I I I I I 

c o a i ( N i o o i n O ' - N o n c o i r t - ' c c r ~ i j 3 — -*oi!£> 
CO ̂ *- — ' O l N l D " (MCOOl-^rf—. m — OCO-« •* CN m 
o c o t D c o o i - ' - o t ^ * - i o - o c o a ) O i n « N i n 
o o o o o o o o o — • ' i n — ' c o — — © — © © © —> 1 1 

i n T j - T f C 0 C 0 O — — ^ — COCO-4-CCCOrfCOCOCOOCO 

o o o ) - n n i o t o c o o - ' O n c o i ^ * i n * m N i o ( 0 
<N©CMCNOi.OC-": ' -ncOCMOCOCOO — — CO CO CO CN —i 

ai ^ r-* — cr> -^ 
— c o ' 2 c \ i r > < N c o i n c M r ^ 
m — =3 to Q\ co — co to • 

1 i LJ i w •—• - - ^ j 
i i r l i 

PL, P M U P - I 

C^CO'OCsl r7CM'OCM r7CMCsI t^CN r7CN|CN 
co — c o t o ' c o c o t £ ) 0 ' c o c D Q ' c O a L c O c o 

x x x x x x x x x x x x x x x <xxxxx 
CT> C7> CTl 0 1 „ „ _ * •*• """' 

co co co co co, co — — i - H - H - H c o m c o c o ' n i n ' n c v i c u r ^ 
r H ^ P H ^ ^ ^ l O i O i n i n i O ' - ' ^ M - ' ^ c f > c ( 1 t D t D « l 

c o e o c o c o c o c o c o c o c o c o c o — — — — <M CM CN <y> cr> "•< 
I i i i i • • i i i i i i i i • • • i i n 

a^a)CL,OHaiaiC^a,o-DH(i,filcLlal&,ouueL,aiM 

— C N c o ^ m t D t ^ c o c y ) © — cMcoTj-inuDt-^cocT-© — 
— — „ — — — — _ , — —-CMCNJ 

-H 

(M 
© 
CO 

6 

o 
© 
CT1 

-H 

© 

-H 

CO 
• * 

Ol 

o 
-H 

co 
co 
to 

CN 

-u 

s—s 

w 

— 

iv
e 

• w 

u 

u J-« 
t / : 

U 

> u 
—' ^5 
—" 
-o C 
US 

m 
-4-» 

«J 
4_) 

c n! 
o 

tB 
C 
6fl 
C « 

II 
* • 
73 
d 
e« 



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
20

.2
27

.2
42

.2
20

 o
n

 d
at

ed
 1

3-
S

ep
-2

01
1

250 Indian Journal of Genetics & Plant Breeding [Vol. 38, No. 2 

number. These results suggest that grain yield is largely dependent upon pod 
number and 100-seed weight. Similar conclusions were reported earlier bypath 
coefficient analysis in chickpea (Bahl, Mehra and Raju, 1976). 

Predominance of additive genetic variability for plant height, flowering 
time, pod number, seeds per pod and 100-seed weight indicates that genetic 
advance in these characters can be made by simple breeding procedures involving 
selection based on progeny performance. Non-additive genetic variances in case 
of branch number and yield per se, as indicated by the predominance of s.c.a. 
variances, can possibly be exploited through heterosis breeding. However, in 
the absence of biological feasibility—a pre-requisite for heterosis breeding—such 
genetic variability could be exploited by recurrent selection. Also, it can be 
concluded from the data that genetically diverse and high combining parents 
should be used in formulating cross combinations. Selection by progeny testing 
as well as recurrent selection can then be used to evolve lines which may trans­
gress both the combining parents. 

SUMMARY 

The present investigation was undertaken to study combining ability for 
yield and yield components in chickpea (Cicer arietinum L.). Of the seven parents 
in this study, P-9624 and ICP-71 were good combiners for yield per se and also 
for most of the yield characters. It is evident from the results of g.c.a. and 
s.c.a. effects that seed yield is largely dependent upon pod number and 100-seed 
weight. General combining ability variances were higher than s.c.a. variances 
for plant height, flowering time, pod number and 100-seed weight. Simple 
breeding procedure involving selection based on progeny performance, which is 
expected to mop up additive variances effectively, has been suggested for 
improving these traits. For branch number and yield per se s.c.a. variances 
were more important indicating the predominance of non-additive genetic 
variances in the inheritance of these characters. Therefore, genetic advance for 
branch number and yield perse will be difficult by simple selection. Recurrent 
selection can be effectively used for making improvement in these two characters. 
It is further concluded that simple selection by progeny testing and recurrent 
selection should be used to evolve high yielding lines in this crop. 
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