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Abstract : Combining ability and heterosis studies for
earliness and quality traits in pea were conducted at Punjab
Agricultural University, Ludhiana. Eighteen genotypes
including fifteen females and three males were crossed
in line x tester fashion during winter 2008 and Forty-
five hybrids along with eighteen parents were evaluated
in 2009. Significant mean squares due to lines, testers,
hybrids, line x tester and parents vs. hybrids were
observed for yield and its contributing traits. The SCA/
GCA variance ratios were less than unity for days taken
to 50% flowering, plant height, pod length, number of
pods per plant, green pod yield, days taken to maturity
and shelling percentage indicating predominance of
additive gene effects for these characters, therefore, it
is suggested that selection in early generation may be
fruitful either following mass selection or progeny
selection or simple recurrent selection. Among the
females, Arkel and MA-6 were found to be the best
general combiner for earliness i.e. days taken to 50%
flowering and days taken to maturity. Some of the
crosses were observed superior for the sca effects as
well as for heterosis which includes Arkel x C-96 for
days taken to 50% flowering and days taken to maturity,
C-308 x C-400 for plant height, MA-6 x C-400 for pod
length, Arkel x C-400 for number of pods per plant,
JM-5 x C-96 and NDVP-10 x C-400 for shelling
percentage. These findings can be further utilized to
develop and enhance the yield potential of pea cultivars.
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Introduction

An improvement in yield of self-pollinated crops like
garden pea is effected mainly through selection of
genotypes with desirable characters from the variation

through recombination followed by selection. Heterosis
in F1 generation is of great importance in vegetable crops
as heterotic crosses may give transgressive segregants
for economic traits in advanced generations. Important
steps for exploitation of heterosis in any crop are to
study the general combining ability of the parents and
specific combining ability of hybrids. The ability of
parents to combine well depends on the complex
interactions among genes and it cannot be estimated by
mere yield performance of the parents. Therefore, the
knowledge of combining ability and nature of gene
effects is necessary for the selection of best parents for
hybridization in order to improve the existing cultivars.
Although, some information on additive and non-additive
effects associated with yield and yield attributing traits
in garden pea is available but that is relevant to the specific
region, genetic material involved and particular
environmental conditions. Therefore the present
investigations were carried out to obtain information
regarding general and specific combining ability effects
and finding out heterotic combinations for yield and yield
attributing characters in garden pea.

Materials and Methods

The present investigation was carried out at the Vegetable
Research Farm of Department of Vegetable Crops, Punjab
Agricultural University, Ludhiana during 2008-2009. The
experimental material consisted of 18 genetically
divergent genotypes of garden pea. Fifteen genotypes
viz. IC-36, PMR-19, C-308, JP-501A/2, PB-88, PB-87,
MA-6, AP-1, PMR-4, Arkel, JM-5, KS-268, P-1, P-2,
NVDP-10 were selected as lines and three genotypes
viz. PB-89, C-96, C-400 as testers for line x tester cross.
All the parents along with their 60 F1’s were grown in a
randomized block design with three replications. The
distance between the plants was maintained at 10 cm
while the rows were spaced 45 cm apart. The standard
plant protections and other cultural practices were
followed to maintain uniform experimental conditions.

P.S. Brar, R.K. Dhall and Dinesh
Department of Vegetable Crops
Punjab Agricultural University, Ludhiana-141004, Punjab
dhallrk2007@rediffmail.com



52 Brar et al. : Heterosis and combining ability in garden pea

Observations were recorded on eight individual plants
taken at random (excluding border plants) from each
genotype  for days taken to 50% flowering, plant height
(cm), pod length (cm), number of pods per plant, green
pod yield per plant (g), number of grains per pod, days
taken to maturity and shelling percentage. The analysis
of variance was done for all characters as per the
method given by Kempthorne (1957) and as modified
by Arunachalam (1974). Heterosis was worked out over
better parent and their significance was determined by t
test as suggested by Rai and Rai (2006).

Results and Discussion

Assessment of gene action

The mean squares due to lines as well as testers were
highly significant for all characters. A perusal of the
table 1 revealed that both the GCA and SCA variance
were significant and GCA variance was greater than
SCA for all of the characters except number of seeds
per pod indicated predominance of additive gene action.
The SCA/GCA variance ratios for days taken to 50%
flowering, plant height, pod length, number of pods per

plant, green pod yield, days taken to maturity and shelling
percentage were 0.11, 0.55, 0.41, 0.50, 0.59, 0.12 and
0.64 respectively indicated predominance of additive
gene action for these characters whereas, it was 1.71
for number of seeds per pod. The present studies
corroborate the views of many workers as Bhullar et al
(1975), Kumar and Aggarwal (1982), Gupta and Dahiya
(1984), Wang et al (1997) and Narayan et al (1999). In
the present case, as all the traits (except number of

Table 2. GCA of parents for pod yield and its components in garden pea

Parents Days taken  
to 50% 

flowering 

Plant height  
(cm) 

Days taken 
to maturity 

Pod length  
(cm) 

No. of pods 
per plant 

No. of grains 
per pod 

Shelling (%) Green pod 
yield per  

plant 
LINES         
IC-36  -9.20** -23.47** -15.41** -0.47** 10.29** -1.21** -15.38** 14.09** 
PMR-19  9.45** -11.71** -7.03** 0.45** 7.90** 0.63** 4.06** 16.56** 
C-308  24.30** 36.96** 11.32** -1.25** 0.42 0.89** 3.76** -6.03** 
JP-501A/2 7.13** -38.37** 2.45 1.31** 3.72** 0.83** 3.46** -10.46** 
PB.88  -2.84** -40.08** 3.57 1.03** -1.21 -1.44** 3.47** 15.45** 
PB.87  8.82** -10.37** 2.87 0.75** 2.52** 0.64** 1.76 * -21.31** 
MA-6  -24.07** -28.13** -20.23** 0.93** 0.58 0.32** -4.59** 10.52** 
AP-1  -5.31** 35.87** 4.67 0.35** 0.35** 2.21** -6.65** 19.87** 
PMR-4 5.36** 7.52** 10.44** 0.01 -1.44 * -1.60** -2.07* -12.03** 
ARKEL -14.77** -51.14** -17.43** 0.95** 1.81** -0.36** -3.03** -19.17** 
JM-5  -9.77** 11.80** 14.51** -2.76** -7.20** -0.07 2.51 * -3.94 * 
KS-268  5.38** 33.31** 0.54 -0.48** 2.98** 0.17 2.06** -32.81** 
P-1  4.57** 21.94** -5.73* -0.96** -4.87** -1.09** 3.68** 20.40** 
NVDP-10  3.71** 11.67** -4.52 -0.36** -7.50** -0.98** 9.24** 5.68** 
P-2 -2.75** 44.19** -6.08* 0.51** -8.33** 1.06** -2.27* 13.40** 
SE 0.812 3.98 4.98 0.124 1.32 0.176 1.87 3.17 
TESTERS         
PB.89  -2.08** -51.67** -4.19** -0.48** -5.69** 0.23** -3.14** -6.11** 
C-96  -7.01** 103.86** -3.22** 0.38** -4.62** -0.12** 2.69** -10.03** 
C-400 9.09** -52.19** 5.66** 0.11** 10.07** -0.01 -0.45 15.14** 
SE 0.345 1.65 1.87 0.065 0.432 0.054 0.687 1.23 
 ** Significant at five per cent level.

Table 1. Analysis of variance for yield and its components
in garden pea for combining ability analysis.

Character GCA SCA SCA/GCA 
Days taken to 50 % 
flowering 

90.24** 10.23** 0.11 

Plant height  1742.32** 965.75** 0.55 
Days taken to maturity 23.43** 2.95** 0.12 
Pod length  0.46** 0.19** 0.41 
Number of pods per plant 96.76** 48.32** 0.50 
Number of grains per pod 0.25** 0.42** 1.71 
Shelling percentage 16.87** 10.94** 0.64 
Green pod yield  251.73** 148.54** 0.42 
 ** Significant at five per cent level.
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seeds per pod) are under the control of additive gene
action, it is suggested that selection in early generation
may be fruitful either following mass selection or
progeny selection or simple recurrent selection.

Identification of best general combiners

In any breeding programme, the choice of parent is the
secret of success in developing high yielding varieties/
hybrids. The broad principles governing the choice of
the parents are their per se performance and general
combining ability effects in desired magnitude and
direction. Among the female parents, IC-36, MA-6 and
Arkel were good general combiner for days taken to
50% flowering and days taken to maturity, whereas,
AP-1, P-2 and C-308 were good general combiner for
plant height and number of grains per pod (table 2).
Moitra et al (1988) and Pant and Bajpai (1993) observed
significance of gca effects for days to flowering and
days taken to maturity. The female parents, IC-36, PMR-
19 and JP-501A/2 were good general combiners for
number of pods per plant, whereas, P-1, AP-1 and PMR-
19 for green pod yield per plant. Similar results have

Table 3. Magnitude of heterosis (over better parent) in three best F1 and top three best crosses showing good SCA effects
and ranking on the basis of their GCA for yield and its components in garden pea

Character Best heterotic  Heterosis (%) Best SCA Ranking on GCA basis 
Days taken to 50 % flowering P-1 x C-400 -7.68** P-1 x C-400 Average x Poor 
 ARKEL x C-96 -2.34** KS-268 x C-400 Good x Poor 
 C-308 x C-96 3.13** C-308 x C-96 Poor x Good  
Plant height  C-308 x C-400 40.97** KS-268 x PB.89 Poor x Good 
 PB-87 x C-400 38.49** C-308 x C-400 Good x Poor 
 ARKEL x C-400 36.43** PMR-19 x C-400 Good x Poor 
Days taken to maturity ARKEL x C-96 -21.66** MA-6 x PB.89 Good x Good 
 NDVP-10 x C-400 1.01 - - 
 PB-88 x C-400 2.08 - - 
Pod length  MA-6 x C-400 14.11** C-308 x PB.89 Good x Poor 
 P-1 x PB-89 12.13** JM-5 x PB.89 Poor x Poor 
 MA-6 x C-96 7.94 MA-6 x C-400 Poor x Poor 
Number of pods per plant ARKEL x C-400 125.78** ARKEL x C-400 Poor x Good 
 PMR-19 x C-96 122.76** MA-6 x PB.89 Poor x Poor 
 P-1 x PB-89 110.31** IC-36 x C-400 Good x Good 
Number of grains per pod P-1 x PB-89 7.95** C-308 x C-96 Good x Poor 
 KS-268 x PB-89 7.62** PMR-4 x PB.89 Poor x Good 
 PMR-19 x C-400 7.39** PB.88 x PB.89 Poor x Good 
Shelling percentage JM-5 x C-96 14.91** P-2 x PB.89 Poor x Poor 
 NDVP-10 x C-400 14.66** JM-5 x C-96 Poor x Good 
 PMR-19 x PB-89 13.36** NVDP-10 x C-400 Good x Poor 
Green pod yield  KS-268 x C-400 117.31** P-1 x C-96 Good x Poor 
 P-1 x C-400 105.37** PMR-4 x PB.89 Poor x Good 
 MA-6 x C-400 103.46** KS-268 x PB.89 Poor x Good 
 ** Significant at five per cent level.

been reported by Bhardwaj and Kohli (1998). Among
the male parents, PB-89 was good general combiner
for days taken to maturity and number of grains per
pod, whereas, C-96 for days taken to 50% flowering,
plant height, pod length and shelling percentage. Female
parent C-400 was good combiner for number of pods
per plant and green pod yield per plant.

Identification of best heterotic and specific
combiners

The top three crosses selected separately on the basis
of heterosis over better parent and high sca effects is
presented in table 3. Majority of crosses showed
significant positive and negative heterosis for all the traits
under study. Some of the crosses were observed
superior for the sca effects as well as for heterosis. For
days taken to 50 % flowering, the cross P-1 and Arkel
x C-96 showed maximum significant heterosis indicating
early flowering for these crosses. Moreover, the cross
Arkel x C-96 also exhibited significant maximum
negative heterosis for days taken to maturity indicating
that the cross ‘Arkel x C-96’ is early in maturity and
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can be exploited for early yield. Katiyar (1994) also
revealed significant heterobeltiosis for days to 50 percent
flowering. The cross combination C-308 x C-400
exhibited maximum significant positive heterosis
(40.97%) over better parent and also recorded high sca
effects for plant height. This suggests that sca indicates
the nature of heterotic performance of the hybrid. Present
findings are in tune with those of Srivastava et al (1986)
and Mishra et al (1993). The cross combination(s) MA-
6 x C-400 for pod length; Arkel x C-400 for number of
pods per plant; JM-5 x C-96 and NDVP-10 x C-400 for
shelling percentage exhibited highest significant
maximum positive heterosis and high sca effect.
Regarding heterosis, cross combinations P-1 x PB-89,
KS-268 x PB-89, PMR-19 x C-400 for number of grains
per plant and Ks-268 x C-400, P-1 x C-400, MA-6 x C-
400 for green pod yield per plant exhibited significant
and positive heterosis.  Regarding the specific combining
ability effects, the crosses C-308 x C-96, PMR-4 x PB-
89, PB-88 x PB-89 for number of grains per plant,
whereas, P-1 x C-96, PMR-4 x PB-89, KS-268 x PB-
89 for green pod yield per plant exhibited high sca
effects.

Lkkjka'k

eVj esa vyhZusl ,oa xq.koRRkk ds y{k.k ds fy;s fHkUukJ; ,oa
la;kstu dh {kerk dk v/;;u iatkc Ñf’k fo”ofo|ky; yqf/k;kuk
esa fd;k x;kA 15 eVj ,oa 3 uj lfgr vBkjg thuksVkbi ykbu
x ijh{k.k QS”ku esa lfnZ;ksa ds nkSjku 2008 vkSj 18 ekrk&firk ds
lkFk&lkFk 45 ladj 2009 esa eqY;kadu fd;k x;kA egRoiw.kZ
eryc ykbuksa ds dkj.k pkSjkgksa] ijh{kd] ladj] ykbu x ijh{k.k
vkSj ekrk&firk cuke ladj mit vkSj mlds ;ksxnku y{k.k ds
fy;s cuk;k x;kA ,lh,@chlh, fopj.k vuqikr de ls de bu
o.kksZ ds fy;s 50% Qqy] ikS/kksa dh mpkbZ] Qyh yEckbZ] gjh Qyh
mit] ifjiDork ds fy;s fy;k x;k vkSj fnuksa izfr”kr ,fMfVo
xzhu izHkko ds ladsr izcyrk ls fyax izfr Qyh dh la[;k ds fy;s
ys tk;k fnuksa ds fy;s ,drk FksA blfy, ;g lq>ko fn;k x;k
gS fd tYnh ih<+h esa p;u mi;ksxh ;k rks fuEu nzO;eku p;u ;k
larku p;u ;k lk/kkj.k vkorZd p;u gks ldrk gSA eknk ds
vykok] vdsZy vkSj ,e, 6&50% Qwy vkSj ifjiDork ds fy;s ys
x;k fnuksa ds vykok ys tk;k vyhZusl ;kuh fnuksa ds fy;s lcls
vPNk lkekU; dEckbuj gksuk ik;k x;kA ikj ds dqN ,lh, ds
:i esa fHkHkkJ; ds fy;s vPNh rjg ls izHkko gSA 50% Qwy]
lh&308 x ikS/kkas dh mpkbZ ds fy;s lh&400, ,e ,&6 ifjiDork
ds fy;s fd;k x;k fnuksa ds fy;s ys tk;k fnuksa ds fy;s vfdZy

x lh&96 ds fy;s csgRrj euk;k x;k x Qyh yEckbZ ds fy;s
lh&400 vdsZy x la;= izfr Qyh dh la[;k ds fy;s lh&400]
ts,e&5 x lh&96 vkSj ,uMhohih&10 x izfr”kr lsfyax ds fy;s
lh&400] bu fu’d’kksZ dks vkxs eVj dYVhoj dh mit {kerk dks
fodflr djus vkSj c<+kus ds fy;s mi;ksx dj ldrs gSA
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