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Abstract

Thirty-nine crosses of pea made in line x tester design were
evaluated and SCA/GCA variance ratios for majority of the
traits were more than uni ty which indicated the
predominance of non-additive gene effects except for
number of primary branches per plant, crude and soluble
protein and total sugars. Among the females, 09/PMVAR-7
and NS-3 were considered to be best combiner for earliness
whereas VRP-8, 10/PMVAR-4, PB-89, 09/PMVAR-4 were
good general combiners for pods per node, 100 seed weight,
green pod yield per plant, primary branches per plant on the
basis of having per se performance and gca effect. The cross
combination 09/PMVAR-7 x PM-65 was observed to have
high per se performance along with  high sca effects over
better parent for days to 50%  flowering and days to
marketable maturity. Whereas, none of  the cross
combinations exhibited desirable significant heterosis over
both the checks Arkel and MA-6 for earliness. The cross
combination Arka Sampoorna x 08/PMVAR-4 and  PB-89 x
PM-65 were observed to have high heterosis over both better
parent and two checks (Arkel and MA-6) along with high
sca effects and mean performance  for green pod yield per
plant.  Though the development of hybrid varieties does
not seem to be economically feasible in garden pea but the
development of pure line from the segregating material of
hybrid combination can be used to develop a variety.
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Introduction

Garden Pea (Pisum sativum L.) is one of the most
important winter vegetable crops grown on commercial
scale the world over and is consumed either as a fresh
succulent vegetable or in processed form. India is the
largest producer of peas in the world and accounts for
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21% of the world production. Punjab is the 5th largest
producer of peas in the country and accounts for 6.7%
of India’s production. It is the 2nd important vegetable
crop of Punjab and is grown on an area of 31.3 thousand
ha with an annual production of 315.87 thousand tons
(Anonymous 2016). 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 investigation 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 Science,
Punjab Agricultural University, Ludhiana during 2010-
2012. Thirteen genetically divergent genotypes of garden
pea were selected. Thirteen diverse genotypes were taken
as female parents and three as tester male parents and
they were crossed in a line x tester fashion to generate
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thirty nine crosses. The F1s along with their parents
were sown in the field 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 protection and other
cultural practices were followed to maintain uniform
experimental conditions. The observations were
recorded on randomly taken five plants (excluding border
plants) for days taken to 50% flowering, 100 seed
weight, number of pods per plant, green pod yield per
plant, primary branches per plant, days taken to
marketable maturity, crude protein, soluble protein and
total sugar. The analysis of variance was done for all
characters as per the method given by Arunachalam
(1974). Heterosis was worked out over better parent
and their significance was determined by t test. Heterosis
was expressed as per cent deviation of F1 hybrid
performance from the better parent. The crude protein
content was estimated by Kjeldahl method of nitrogen
estimation (McKenzie and Wallace 1954) and soluble
protein content was estimated by Lowry’s method
(Lowry et al. 1951). Total sugar (%) content was
estimated using the method given by Dubios et al.
(1956).

Result and Discussion

Genetic variation: Analysis of variance for combining
ability for different characters is presented in Table 1.
The mean squares due to lines as well as testers were
highly significant for most of the characters whereas
mean sum of square due to lines x testers were highly
significant for all traits except for number of pods per
node both at 5 and 1 per cent level of significance. The
above result indicates the role of both additive and non-
additive gene effects in inheritance of all the traits under
study. A wide range of variation was observed in
estimating the components of genetic variance (Table
1). The SCA/GCA variance ratios for days taken to 50%
flowering, green pod yield per plant, days taken to
marketable maturity, number of pods per plant and 100
seed weight were 2.00, 9.05, 3.46, 5.40 and 1.70,

respectively indicated the predominance of non-additive
gene effects for majority of the traits studied whereas it
was 0.85 for number of primary branches per plant,
0.33 for crude protein, 0.12 for soluble protein and 0.57
for total sugars. Similar finding have also been reported
by Bhullar et al. (1975), Gupta and Dahiya (1984),
Katiyar et al. (1987), Sirohi et al. (1993), Narayan et al.
(1999) and Borah (2009). In this present investigation,
all the traits studied are under the control of non-additive
gene action except pod length. The general approach of
selecting parental lines based on mean performance does
not necessarily give fruitful results; therefore before
drawing any conclus ion, we have determined
combining, gene action, heterotic potential and potence
ratio for all the traits under study.

Estimation of general combining ability: GCA is the
average performance of a strain in a series of cross
combinations, estimated from the performance of F1’s
from the crosses. Estimates of general combining ability
effects of parents for various characters are presented
in Table 2. Among the females, 09/PMVAR-7(-2.73),
NS-3(-5.78), were considered to be best combiner for
days taken to  50% flowering and days taken to
marketable maturity, respectively on the basis of having
low per se performance and significant negative gca
effect. Similar finding have also been reported by Ceyhan
et al. (2008) as they observed significance of gca effects
for days to 50% flowering. Based on high per se
performance and positive gca effects, VRP-8(0.02), 10/
PMVAR-4(5.90), PB-89(16.57), 09/PMVAR-4(0.66)
were good general combiners for number of pods per
plant, 100 seed weight, green pod yield per plant, primary
branches per plant. Borah (2009), Bhardwaj and Kohli
(1998), Singh et al. (2005) reported general combiner
for 100-seed weight, yield and yield traits and number
of branches. Whereas, PB-89 (3.49), 10/PMVAR-
4(0.81), PB-89 (5.07) showed highly significant and
positive general combining ability effects for crude
protein, soluble protein and total sugars, respectively.
Borah (2009) revealed that parent HUP-2 was best
general combiner for protein content. Similar results

Table 1: Analysis and component of variance for combining ability for different characters

*, ** significant at 5% and 1% level, respectively

Source of 
variation 

d.f Days taken to  
50% flowering 

100-seed 
weight 

Pods/ 
plant 

Green pod  
yield/plant  

Primary 
branches/ 

plant 

Days taken to 
marketable 

maturity 

Crude 
protein 

(%) 

Soluble 
protein 

(%) 

Total sugars
(%) 

Line in hybrids 12 45.73 81.82** 67.28** 1235.33** 0.98* 75.61 24.60** 2.82* 55.84** 
Tester in hybrids 2 215.13** 61.65** 53.11* 538.25* 2.02** 249.47* 4.52 0.76 110.16** 
Lines × Testers 24 33.32** 22.36** 45.53** 712.71** 0.34** 70.85** 5.60** 1.49** 6.18** 
Error  76 0.70 9.37 12.64 135.87 0.14 1.05 0.15 0.03 0.24 
Components of genetic variance 
σ2GCA 5.40 2.71 2.11 15.41 0.07 6.73 1.81 0.48 3.45 
σ2SCA 10.84 4.63 11.41 139.56 0.06 23.30 0.60 0.06 1.97 
σ2SCA/ σ2GCA 2.00 1.70 5.40 9.05 0.85 3.46 0.33 0.12 0.57 
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were reported Borah (2009) as they revealed that parents
having best general combining effect also have high per
se performance. Among the male parents, PM-65 was
good general combiner for pods per node, green pod
yield per plant, primary branches per plant, days taken
to marketable maturity and total sugars, whereas, 08/
PMVAR-4 for days taken to  50% flowering, 100- seed
weight, crude protein and soluble protein.

Estimation of specific combining ability: SCA is the
deviation in performance of a cross combination from
that predicted on the basis of general combining abilities
of the parents involved in the cross (Table 3). Out of 39
crosses, 12 crosses showed significant negative
estimates for days taken to 50% flowering and the best
crosses were 09/PMVAR-7 x PM-65 (-8.14), VRP-8 x
08/PMVAR-4 (-4.00), NS-3 x 10/PEVAR-1 (-3.31), Arka
Karthik x PM-65 (-3.25), 09/PMVAR-4 x 10/PEVAR-1
(-2.97) and Arka Ajit x PM-65 (-2.80) respectively. The
gca combination of good x good and good x average
resulted in more sca effects. Singh et al. (1985) and
Borah (2009) reported that at least one parent should be
good combiner for maximum sca effect. The cross 10/
PMVAR-4 x 10/PEVAR-1 (-7.75) exhibited significant
maximum negative sca effect for days  taken to
marketable maturity followed by Arka Sampoorna x 08/
PMVAR-4 (-7.00), Vasundhra x 08/PMVAR-4 (-5.67),
09/PMVAR-7 x PM-65 (-5.58), PB-89 x PM-65 (-5.36),
Arka Ajit x 08/PMVAR-4 (-4.78) and NS-3 x 10/PEVAR-
1 (-4.53) . It was also noted that good x poor gca
combination resulted in more sca effect for the character.
Gupta and Lodhi (1985) reported that all the best cross
combination for this trait involves at least one good

combining parent. Singh et al. (1985) and Hasan Mitu
et al. (2004) revealed that the best crosses maintain their
performance in next generation those involve one parent
with good and another with poor combining ability. Out
of 39 crosses, three crosses exhibited significantly
positive sca effects for number of pods per node and
the best crosses were 10/PMVAR-4 x PM-65, Arka
Sampoorna x 08/PMVAR-4 and Arka Ajit x 10/PEVAR-
1 with sca estimates of 0.04. Six crosses exhibited
significantly positive estimates for 100-seed weight,
which is considered desirable and the best crosses were
PB-89 x 08/PMVAR-4 (4.68) followed by Arka Karthik
x 10/PEVAR-1 (4.44), Arka Ajit x 08/PMVAR-4 (3.1),
09/PMVAR-4 x PM-65 (2.98), Angoori x 10/PEVAR-1
(2.77) and Vasundhra x 10/PEVAR-1 (2.65). It was also
recorded that average x good and poor x poor gca
combination resulted in more sca value for 100-seed
weight. Venkateswarlu and Singh (1982) reported high
sca effects in cross Early December x Arkel and revealed
that good x poor combination results in more sca effect
for seed weight. The sca effects for green pod yield
per plant revealed that five crosses exhibited significantly
positive and seven crosses significantly negative sca
estimates. The cross combination Arka Sampoorna x
08/PMVAR-4 (32.21) was observed to be highest
specific combiner for green pod yield per plant followed
by Arka Ajit x 10/PEVAR-1 (18.71), VRP-8 x PM-65
(18.59), 10/PMVAR-4 x PM-65 (13.72) and Arka Ajit x
08/PMVAR-4 (11.13). It was also observed that poor x
poor and poor x average gca combination resulted in
more sca values for green pod yield per plant. Karmakar
and Singh (1990) reported that superior crosses involve
parents only in combination of good x poor general

Table 2: General combining ability (GCA) effects of parents for different characters

*, ** significant at 5% and 1% level, respectively

Parents Days taken to  
50% 
flowering 

100-seed 
weight 

Pods/ 
plant 

Green pod  
yield/plant 

Primary 
branches/ 
plant 

Days taken to 
marketable 
maturity 

Crude 
protein 
(%) 

Soluble 
protein 
(%) 

Total 
sugars 
(%) 

Lines          
Arka Ajit -1.40** 0.88 -4.41** -11.43* 0.07 4.11** 0.98** -0.29** 1.90** 
Arka Karthik 4.71** -2.39* 1.12 4.55 0.14 3.68** -1.38** -0.39** -1.45** 
Arka Sampoorna 0.37 -3.32** -1.55 -5.96 -0.55** -2.00** -0.11 -0.31** 2.00** 
C-308 1.82** 4.50** -1.58 4.21 -0.30* 0.56 0.39** 0.45** -2.24** 
PB-89 -2.62** 1.48 0.37 16.57** 0.06 -2.33** 3.49** 0.53** 5.07** 
VRP-8 0.15 -2.84** 3.51** 7.77** 0.21 1.44** -1.15** -0.12 -1.63** 
Vasundhra -0.51 -2.67** -0.12 -11.63** -0.08 3.00** -0.1 -0.59** 0.14 
GS-10 -0.4 -2.40* -0.31 -19.16** 0.45** 0.33 0.24 0.73** 3.20** 
Angoori -1.62** 0.27 3.78** 1.31 -0.08 0 2.40** -0.05 0.83** 
NS-3 -1.85** 2.19* 2.50* 13.69** -0.2 -5.78** -1.08** -0.18** -0.15 
09/PMVAR-4 3.49** 2.92** 2.88** 14.53** 0.66** 1.67** -2.95** -0.80** -1.85** 
09/PMVAR-7 -2.73** -0.13 -1.77 -0.1 -0.39** -3.44** -0.67** 0.21** -2.33** 
10/PMVAR-4 0.6 5.90** -4.42** -14.32** 0.01 -1.22** -0.07* 0.81** -3.43** 
CD at 5% 0.59 1.83 2.11 6.96 0.24 0.64 0.28 0.13 0.35 
CD at 1% 0.79 2.43 2.8 9.3 0.32 0.86 0.37 0.17 0.47 
Testers          
PM-65 -0.42** -0.79* 0.87* 2.90* 0.24** -2.75** -0.35** -0.03 1.30** 
08/PMVAR-4 -2.11** 1.45** -1.33** 1.29 -0.21** 2.22** 0.33** 0.15** -1.89** 
10/PEVAR-1 2.53** -0.66 0.46 -4.19** -0.02 0.53** 0.03 -0.12** 0.60** 
CD at 5% 0.28 0.74 0.85 2.84 0.11 0.31 0.13 0.06 0.17 
CD at 1% 0.38 0.99 1.12 3.79 0.15 0.41 0.17 0.08 0.22 
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combiners for green pod yield per plant. The significant
positive estimate for number of primary branches was
obtained in GS-10 x PM-65 (0.61) followed by VRP-8
x PM-65 (0.46) and Angoori x PM-65 (0.43). The
analysis of sca effects for crude protein revealed that
sixteen crosses showed significant and positive sca
effects ranged from 0.57 (NS-3 x 10/PEVAR-1) to 1.74
(Arka Sampoorna x 08/PMVAR-4). The present study
revealed that good x poor gca combination resulted in
more sca effects for crude protein. These results also
have the close agreement with findings of Borah (2009).
Among the fourteen cross combinations which exhibited
significant positive sca for soluble protein, the highest
sca effects were recorded in C-308 x 08/PMVAR-4
(1.38) followed by 09/PMVAR-7 x PM-65 (1.07), VRP-
8 x PM-65 (0.99), 10/PMVAR-4 x 08/PMVAR-4 (0.70)
and GS-10 x PM-65 (0.60). These results also have the
close agreement with the findings of Borah (2009). Eight

crosses showed significant positive sca effects for total
sugar and maximum sca effect was observed in GS-10
x PM-65 (3.07), followed by Angoori x 08/PMVAR-4
(2.61), Vasundhra x 08/PMVAR-4 (1.69), PB-89 x PM-
65 (1.58), NS-3 x 10/PEVAR-1 (1.16), Arka Sampoorna
x PM-65 (1.09), Arka Karthik x PM-65 (0.95) and 10/
PMVAR-4 x 08/PMVAR-4 (0.81). The present study
revealed that good x good and good x poor gca
combination resulted in more sca effects for total sugar.

Estimation of heterosis: Majority of crosses showed
significant positive or negative heterosis for all the traits
under study.  The heterosis effect for 39 crosses
determined as per cent increase over better parent and
two checks i.e. Arkel and MA-6 have been presented in
Table 4. For days to 50% flowering, cross PB-89 x 08/
PMVAR-4 had exhibited highest negative better parent
heterosis (-10.44%). Present findings are in tune with
those of Srivastava et al. (1986) who reported significant

Table 3: Specific combining ability (SCA) effects of hybrids for different characters

*, ** significant at 5% and 1% level, respectively

Hybrids Days taken to  
50% 

flowering 

100-seed 
weight 

Pods/ plant Green pod  
yield/plant  

Primary 
branches/plant 

Days taken to 
marketable 
maturity 

Crude 
protein 

 

Soluble 
protein 

 

Total 
sugars 

 
Arka Ajit  x  PM-65 -2.80** -0.90 -4.80** -29.84** 0.07 0.86 -0.08 -0.35** 0.09 
Arka Ajit  x  08/PMVAR-4 1.22* 3.1** -0.12 11.13* -0.23 -4.78** 0.43 0.48** 0.51 
Arka Ajit  x  10/PEVAR-1 1.58** -2.19 4.93** 18.71** 0.16 3.91** -0.35 -0.14 -0.60 
Arka Karthik  x  PM-65 -3.25** -5.46** 2.00 -4.50 0.00 -3.03** 0.58* -0.11 0.95** 
Arka Karthik  x  08/PMVAR-4 0.11 1.01 0.18 3.93 -0.01 -1.33* -1.63** -0.21 -1.52** 
Arka Karthik  x  10/PEVAR-1 3.14** 4.44** -2.19 0.57 0.00 4.36** 1.05** 0.32** 0.57 
Arka Sampoorna  x  PM-65 1.09* 1.55 -1.85 -13.01* 0.12 5.64** -1.59** -0.55** 1.09** 
Arka Sampoorna  x  08/PMVAR-4 -0.22 -0.68 6.24** 32.21** -0.39 -7.00** 1.74** 0.53** -1.02** 
Arka Sampoorna  x  10/PEVAR-1 -0.86 -0.87 -4.39** -19.20** 0.27 1.36* -0.16 0.02 -0.07 
C-308  x  PM-65 -0.03 2.20 0.35 1.86 -0.22 4.42** -1.46** -1.15** -0.09 
C-308  x  08/PMVAR-4 0.33 0.35 1.48 -0.63 0.36 -3.56** 0.78** 1.38** 0.31 
C-308  x  10/PEVAR-1 -0.31 -2.56 -1.83 -1.23 -0.14 -0.86 0.68** -0.22 -0.22 
PB-89  x  PM-65 1.09* -0.90 0.98 4.65 -0.21 -5.36** 0.79** 0.31** 1.58** 
PB-89  x  08/PMVAR-4 -2.56** 4.68** 2.71 7.73 0.40 2.00** 0.41 -0.35** -1.09** 
PB-89  x  10/PEVAR-1 1.47** -3.78** -3.69* -12.38* -0.19 3.36** -1.20** 0.04 -0.49 
VRP-8  x  PM-65 2.97** -0.02 -2.54 0.95 0.46* 1.53* -0.05 0.99** 0.31 
VRP-8  x  08/PMVAR-4 -4.00** 0.01 -0.69 -0.92 -0.21 0.89 -0.05 -0.70** -0.84** 
VRP-8  x  10/PEVAR-1 1.03 0.02 3.24* -0.03 -0.25 -2.42** 0.11 -0.29* 0.53 
Vasundhra  x  PM-65 -0.03 0.01 1.46 -2.88* -0.34 -2.03** 1.30** 0.25* -1.18** 
Vasundhra  x  08/PMVAR-4 0.33 -0.02 -3.62* 0.22 0.18 -5.67** -2.37** -0.58** 1.69** 
Vasundhra  x  10/PEVAR-1 -0.31 0.01 2.15 2.65* 0.16 7.69** 1.07** 0.33** -0.51 
GS-10  x  PM-65 -1.14* -0.01 0.32 1.22 0.61** -0.36 0.92** 0.60** 3.07** 
GS-10  x  08/PMVAR-4 2.56** -0.01 -1.07 -0.71 -0.49* 4.33** 0.86** 0.15 -1.89** 
GS-10  x  10/PEVAR-1 -1.42** 0.01 0.74 -0.51 -0.12 -3.97** -1.78** -0.75** -1.18** 
Angoori  x  PM-65 2.09** -0.01 -1.11 0.69 0.43* 1.64* 0.80** -0.26* -2.59** 
Angoori  x  08/PMVAR-4 -1.56** -0.01 -0.92 -3.46** -0.25 0.33 1.20** 0.03 2.61** 
Angoori  x  10/PEVAR-1 -0.53 0.01 2.03 2.77* -0.18 -1.97** -1.99** 0.23* -0.01 
NS-3  x  PM-65 -0.03 0.00 0.72 0.82 -0.43* -0.25 -0.01 -0.03 -0.89** 
NS-3  x  08/PMVAR-4 3.33** 0.01 1.58 -0.18 0.15 4.78** -0.56* 0.08 -0.27 
NS-3  x  10/PEVAR-1 -3.31** -0.12** -2.31 -0.63 0.28 -4.53** 0.57* -0.05 1.16** 
09/PMVAR-4  x  PM-65 5.64** 0.02 4.44** 2.98* -0.31 0.64 0.13 -0.18 -0.66* 
09/PMVAR-4  x  08/PMVAR-4 -2.67** 0.01 0.80 -1.61 0.17 -1.97** -1.04** -0.10 0.47 
09/PMVAR-4  x  10/PEVAR-1 -2.97** -0.03* -4.52** -1.36 0.15 -0.64 0.91** 0.28* 0.19 
09/PMVAR-7  x  PM-65 -8.14** -0.01 -5.47** -0.63 -0.14 -5.58** 0.14 1.07** -0.48 
09/PMVAR-7  x  08/PMVAR-4 3.89** -0.01 -0.41 0.02 0.10 4.11* -1.31** -1.41** 0.23 
09/PMVAR-7  x  10/PEVAR-1 4.25** 0.02 5.89** 0.61 0.04 1.47* 1.18** 0.34** 0.25 
10/PMVAR-4  x  PM-65 2.53** 0.04* 5.48** 0.35 -0.04 1.86** -1.46** -0.58** -1.21** 
10/PMVAR-4  x  08/PMVAR-4 -0.78 -0.05** -5.43** -1.83 0.21 5.89** 1.53** 0.70** 0.81* 
10/PMVAR-4  x  10/PEVAR-1 -1.75** 0.01 -0.05 1.48 -0.17 -7.75** -0.07 -0.12 0.39 
CD at 5% 1.03 0.03 2.98 2.58 0.42 1.12 0.48 0.22 0.61 
CD at 1% 1.37 0.05 4.01 3.43 0.56 1.49 0.64 0.30 0.81 
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heterosis over better parent for days to flowering.
Katiyar (1994) and Khalche and Narsinghani (1994) also
revealed significant heterobeltiosis for days to 50 per
cent flowering.  For early maturity, 24 cross
combinations (out of 39 crosses), exhibited significant
negative heterosis over better parent. The range of useful
heterosis for early maturity varied from -1.53% (10/
PMVAR-4 x PM-65) to -12.53 % (Arka Karthik x PM-
65). Whereas, none of the cross combinations exhibited
desirable significant heterosis over both the checks viz.
Arkel and MA-6 for early maturity. Khalche and
Narsinghani (1994) also reported maximum significant
heterosis in Arkel x JP-9 and JP-4 x JP-9 over the better
parent. Bora et al. (2009) reported heterosis upto 7.64%
for days taken to marketable maturity. The cross
combination(s) for number of pods per plant, 100-seed
weight, primary branches per plant, crude protein,

soluble protein and total sugars exhibited maximum
significant positive heterosis over better parent. Number
of pods per node is the important primary component
of total yield and cross combination 09/PMVAR-7 x 10/
PEVAR-1 (14.05%) and Arka Kartkik x 10/PEVAR-1
(8.98%) exhibited maximum s ignificant positive
heterosis over better parent for the trait.  The
heterobeltiosis for number of pods per node ranged from
10.49 to 20.41 per cent over check ‘Arkel’ and 17.04
to 27.55 per cent over check ‘MA-6’. Significant
heterosis for 100-seed weight over respective better
parent was 16.75 per cent (PB-89 x 08/PMVAR-4) to
26.93 per cent (10/PMVAR-4 x 08/PMVAR-4) whereas,
heterosis over check Arkel and MA-6 ranged from
15.30% to 33.29 % and 14.38% to 26.84%, respectively.
For primary branches per plant, range of heterosis over
better parent varied from 27.96% (Arka Karthik x PM-

Table 4: Summary depicting best heterotic combinations over better parent (BP) and checks
Character Best heterotic hybrids over better parent Best heterotic hybrids over check (Arkel) Best heterotic hybrids over check (MA-6) 
Days taken to  
50% flowering  

PB. 89 x 08/PMVAR-4,  
VRP-8 x 08/PMVAR-4,  
Angoori x 08/PMVAR-4 

_____ _______ 

100 seed weight  10/PMVAR-4 x 08/PMVAR-4, 
10/PMVAR-4 x 10/PEVAR-1,  
10/PMVAR-4 x PM-65, 
09/PMVAR-4 x PM-65, 
Arka Ajit x 08/PMVAR-4  

PB-89 x 08/PMVAR-4, 
10/PMVAR-4 x 10/PEVAR-1,  
C-308 x 08/PMVAR-4, 
 C-308 x PM-65, 
10/PMVAR-4 x 08/PMVAR-4  

PB-89 x 08/PMVAR-4, 
10/PMVAR-4 x 10/PEVAR-1,  
C-308 x 08/PMVAR-4, 
 C-308 x PM-65, 
10/PMVAR-4 x 08/PMVAR-4  

Number of 
pods/plant  

09/PMVAR-4 x PM-65, 
VRP-8 x 10/PEVAR-1,  
NS-3 x PM-65, 
Arka Karthik x PM-65, 
C-308 x PM-65 

09/PMVAR-4 x PM-65,  
VRP-8 x 10/PEVAR-1,  
Angoori x 10/PEVAR-1, 
Arka Karthik x PM-65, 
NS-3 x PM-65  

09/PMVAR-4 x PM-65,  
VRP-8 x 10/PEVAR-1,  
Angoori x 10/PEVAR-1, 
Arka Karthik x PM-65, 
NS-3 x PM-65  

Green pod  
yield/plant  

Arka Sampoorna x 08/PMVAR-4, 
NS-3 x PM-65, 
Arka Karthik x PM-65, 
C-308 x PM-65, 
Arka Karthik x  PM-65  

09/PMVAR-4 x PM-65,  
VRP-8 x PM-65,  
Arka Sampoorna x 08/PMVAR-4, 
NS-3 x PM-65,  
NS-3 x 08/PMVAR-4, 
PB-89 x PM-65  

09/PMVAR-4 x PM-65,  
VRP-8 x PM-65,  
Arka Sampoorna x 08/PMVAR-4, 
NS-3 x PM-65,  
NS-3 x 08/PMVAR-4, 
PB-89 x PM-65   

Number of 
primary 
branches/plant 

GS-10 x PM-65, 
Angoori x PM-65, 
09/PMVAR-4 x 10/PEVAR-1, 
09/PMVAR-4 x PM-65, 
Arka Ajit x PM-65 

GS-10 x PM-65, 
 VRP-8 x PM-65,  
09/PMVAR-4 x 10/PEVAR-1, 
Angoori x PM-65,  
Arka Karthik x PM-65 

GS-10 x PM-65, 
 VRP-8 x PM-65,  
09/PMVAR-4 x 10/PEVAR-1,  
Angoori x PM-65, 
Arka Karthik x PM-65 

Days taken to 
marketable 
maturity 

Arka Karthik x PM-65, 
09/PMVAR-7 x PM-65, 
PB-89 x PM-65,  
NS-3 x PM-65, 
Arka Sampoorna x 08/PMVAR-4 

______ _______ 

Crude protein 09/PMVAR-7 x PM-65, 
PB-89 x PM-65, 
PB-89 x 08/PMVAR-4, 
Angoori x 08/PMVAR-4  

PB-89 x PM-65, 
PB-89 x 08/PMVAR-4, 
Angoori x 08/PMVAR-4, 
Angoori x PM-65 

PB-89 x PM-65, 
PB-89 x 08/PMVAR-4, 
Angoori x 08/PMVAR-4 

Soluble protein  09/PMVAR-7 x PM-65, 
VRP-8 x PM-65,  
09/PMVAR-7 x 10/PEVAR-1, 
Arka Karthik x PM-65, 
Vasundhra x PM-65  

C-308 x 08/PMVAR-4,    
10/PMVAR-4 x 08/PMVAR-4, 
GS-10 x PM-65,  
09/PMVAR-7 x PM-65,  
PB-89 x PM-65 

C-308 x 08/PMVAR-4,    
10/PMVAR-4 x 08/PMVAR-4 

Total sugars  Arka Karthik x PM-65, 
GS-10 x PM-65,  
VRP-8 x PM-65,  
PB-89 x PM-65,  
Arka Sampoorna x PM-65 

PB-89 x PM-65,  
GS-10 x PM-65,  
PB-89 x 10/PEVAR-1, 
Arka Sampoorna x PM-65  

PB-89 x PM-65,  
GS-10 x PM-65,  
PB-89 x 10/PEVAR-1, 
Arka Sampoorna x PM-65 
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65) to 66.90% (GS-10×PM-65). However, significant
positive heterosis over check Arkel and MA-6 ranged
from 35.40 to 133.08 and 32.76 to 107.76 per cent,
respectively for primary branches per plant. Significant
desirable heterosis over the better parent for number of
primary branches per plant was observed by Ceyhan
and Avci (2005) and Bora et al. (2009). For green pod
yield per plant, 31 crosses expressed the positive and
significant heterosis over better parent and range of
useful heterosis over better parent varied from 18.88%
(09/PMVAR-7 x 08/PMVAR-4) to 41.48% (Arka
Sampoorna x 08/PMVAR-4). All the cross combinations
exhibit significant positive heterosis over both the checks
viz. Arkel and MA-6 for green pod yield per plant and
range varied from 89.67 to 192.60 and 80.54 to 178.53
per cent, respectively. For crude protein, range of
heterosis over better parent varied from 3.67 (NS-3 X
PM-65) to 12.02 per cent (09/PMVAR-7 X PM-65)
whereas, positive heterosis over check Arkel and MA-6
ranged from 3.84 to 25.94 and 4.99 to 6.25 per cent,
respectively. Bora et al. (2009) reported maximum
positive heterosis over better parent (11.23%) in cross
HUP-2 x DMR-7. For soluble protein, range of heterosis
varied from 6.20% (10/PMVAR-4 x 08/PMVAR-4) to
44.85 % (09/PMVAR-7 x PM-65) and positive heterosis
over check Arkel and MA-6 ranged from 10.51 to 37.53
and 9.64 to 15.91 per cent, respectively. For total sugars,
the range of useful heterosis varied from 5.08 (Arka
Sampoorna x PM-65) to 20.53 per cent (Arka Karthik
x PM-65) and range of heterosis was 4.86-36.59 and
8.55-24.91 percent over checks Arkel and MA-6,
respectively. Similar results were corroborated by
Sarawat et al. (1994), Tyagi and Srivastava (1999) and
Bora et al. (2009).

Lkkjka’k

eVj esa ykbu x VsLVj iztuu fof/k ls 39 ladjksa dk ewY;kadu
fd;k x;kA fof”k’V la;kstu {kerk@lkekU; la;kstu fofHkUurk
vuqikr vf/kdka”k xq.kksa gsrq ,drk ls vf/kd ik;k x;k ftlls
v;ksT; dh izHkko ds izcyrk dk ladsr feyk ysfdu ;g izcyrk
izfr ikS/k izkFkfed “kk[kkvksa dh la[;k] v”kksf/kr ,oa foys; izksVhu
rFkk dqy “kdZjk ds fy;s ugh ik;kA eknk fi=ksa esa] 09@ih ,e
okj&7 o ,u ,l&3 dks vxsrhiu ds fy, vPNk lkekU; la;kstd
ik;k x;k tcfd oh vkj ih8] 10@ih ,e okj&4] ih ch&89]
09@ih ,e okj&4 Qfy;k¡ izfr xkaB] 100 cht Hkkj] izfr ikS/k gjh
Qyh mit o izfr izkFkfed “kk[kkvksa dh la[;k ds fy, izfr izn”kZu
o lkekU; la;kstu {kerk ds vk/kkj ij mÙke la;kstd ik;s x;sA
blds lkFk gh fof”k’V la;kstu {kerk dk csgrj fir̀ ds mij 50
izfr”kr iq’iu o cktkj ;ksX; Qy idus ds fnu ij izHkko ik;k
x;kA tcfd okafNr o lkFkZd vkst dk izn”kZu izHkko fdlh Hkh
ladj.k la;kstu dk nkuksa fu;a=d vdZsy ,oa ,e ,% 6 ij
vxsrhiu dh rqyuk esa ugh ik;k x;kA ladj.k la;kstu vdkZ

lEiw.kkZ x 08@ih ,e okj&4 rFkk ih ch&89 x ih ,e&65 esa mPp
vkst nksuksa fir̀ rFkk nks fu;a=d ¼vdsZy o ,e ,&6½ dh rqyuk esa
ik;k x;k ftlesa fof”k’V la;kstu {kerk ,oa izfr ikS/k gjh Qyh
mit vkSj vkSlr fu’iknu lfEefyr gSA ;|fi lCth eVj dh
Qly esa ladj iztkfr iztuu vkfFkZd :Ik ls mi;ksxh ugha gS
ysfdu fola;ksth lkekxzh tks ladj la;kstu ls fodflr “kq)
fodflr oa”kØe dk mi;ksx ,d mÙke iztkfr ds fodkl esa fd;k
tk ldrk gSA
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