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Abstract

The present study was conducted to evaluate genetic and
epistasis effects governing the inheritance of pod yield and
yield components. Parental material comprising of six
genetically different pea genotypes were crossed to produce
F1, F2 and backcross generations. Means of the six
generations were recorded for seven characters viz. plant
height (cm), node bearing first flower, days to 50% flowering,
pod length (cm), pod girth (cm), number of seed per pod
and, total yield per plant (g). In present  study three crosses
(VRP-6 × GP-55, Pusa Pragati × GP-17 and Arkel × GP-48)
showed significant dominance component [h] for pod yield.
Significant estimates of additive component (d) along with
significance of additive × additive (i) gene interaction with
positive sign pod yield per plant which indicated the
presence of increase alleles and associated pair of genes. It
can be conclude that relative role of gene action was in
general more complex for yield and other associated traits.

Keywords: Pisum sativum L., Generation mean analysis,
epistasis, yield component.

Introduction

Garden pea (Pisumsativum L.) is one of the most
important vegetable crops growing during cool season
in India. It is an annual herbaceous legume vegetable
belonging to the family Fabaceae. It is very nutritious
crop grown for both fresh green pods and dried seed
throughout the world. Pea seeds are rich in protein (23–
25%), slowly digestible starch (50%), soluble sugars
(5%), fibre, minerals and vitamins (Bastianellietal.1998).
As pea is a self pollinated crop, it offers a good scope to
develop high yielding pure line varieties through
hybridization followed by selection (Bishtet al. 2011).
Earlier workers suggested that there would be no
separate gene system for yield per se and the yield is an
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end product of the multiplicative interaction between the
various components of yield (Sharma and Sain 2003).
An understanding of the mode of inheritance of the yield
components, the correlations among them, and the
association between each component with yield is
indispensable for choice of breeding procedures for
developing high-yielding varieties. One of the best
methods for the estimation of genetic parameters is
generation mean analys is (GMA), in which epistatic
effects could also be estimated. Generation means
analysis approach was followed to estimate the nature
and magnitude of gene action for the inheritance of yield
components. GMA belongs to the quantitative biometric
methods based on measurements of phenotypic
performances of certain quantitative traits on as many
as possible plant individuals in basic experimental
breeding generations (parental, filial, backcross and
segregation generations). As it was outlined by Kearsey
and Pooni (1996), GMA is a useful technique in plant
breeding for estimating main gene effects (additive and
dominance) and their digenic (additive x additive, additive
x dominance, and dominance x dominance) interactions
responsible for inheritance of quantitative traits. It helps
us in understanding the performance of the parents used
in crosses and potential of crosses to be used either for
heterosis exploitation or pedigree selection (Sharma et
al. 2003). Considering the fact that yield is the most
important complex traits and that their improvement is
the main objective of pea breeding programmes. We
undertook the present study to estimate genetic effects
for yield and its component traits to select pea lines with
desirable pod characters along with yield.

Materials and Methods

The present investigation was carried out at the Research
Farm, Division of Vegetable Science, Indian Agricultural
Research Institute, New Delhi during the rabi seasons
of the year 2012-13 and 2013-14. The experimental
material comprise of four early bearing and high yielding
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(VRP-6, Pusa Pragati, GP-17 and Arkel) variety and
two late (GP-48 and GP-55) lines.

The lines were used to develop three F1’s, viz. VRP-6
× GP-55, PP× GP-17 and Arkel × GP-48 during winter
2012-13. The F1 seed of these three crosses along with
their parents were sown during winter season of 2013–
14 to develop back cross progenies by crossing each
F1 to both of its parents to obtain backcross generations
(BC1 and BC2). At the same time F2 seed was obtained
by selfing the F1’s. For yield related traits, data were
recorded on the plant height (cm), node bearing first
flower, days to 50% flowering, pod length (cm), pod
girth (cm), number of seed per pod and total yield per
plant (g). The details of statistical procedures adopted
for analysis of six generation viz.,P1, P2, F1, F2, B1, B2 of
selected cross on the nature and magnitude of various
types of gene action are presented below. The data were
tested for the adequacy of the additive-dominance model
using A, B, C and D scaling test as suggested by Mather
and Jinks (1982). The scaling tests (A, B, C and D) as
suggested by Mather and Jinks (1982) was applied to
test the fitness of data to a simple additive-dominance
model. The A, B, C and D values were calculated by the
following formula,

A = 2 B1 - P2 - F1

B = 2 B2 – P2 – F1

C = 4 F2 – 2F1– P1 – P2

D= 2F2– B1– B2

Where,

P1, P2, F1, F2, B1, B2 are the mean values of the respective
generations. Significant deviation of A, B, C, D values
from zero indicates presence of epistasis justifying the
use of six parameter model. To test the adequacy of
additive-dominance model, the individual scaling tests
given by Mather as well as joint scaling tests by Cavalli
(1952) were applied. First, simple additive-dominance
model consisting of mean (m), additive (d) and
dominance (h) gene effects were tried and the adequacy
of the model was tested by the chi-square test. When
this model failed to explain variation among generation
means, successively non-allelic interaction parameters
i.e. additive × additive [i], additive × dominance [d] and
dominance × dominance [j] were included in this model.

Results and Discussion

Mean values for the analyzed traits of the crosses are
presented in Table 2. Parents used in this research
showed difference in almost all the characters studied
in crosses. Simple additive-dominance model was
adequate as depicted with the non-significance of A, B,
C and D simple scaling tests. The significance of A and
B scale indicates the presence of all the three types of
non allelic gene interaction, C scale suggests the
dominance x dominance (l) type of non-allelic gene
interaction and significance of D suggested additive x
additive (i) type of non-allelic gene interaction for several
character implies non-allelic interaction for most of the
characters in different cross combinations (Table 3).
Plant height is an intrinsic component of plant
architecture with effects on yield and its other
components. Mean comparison (Table 2) among the
six generations showed in cross VRP-6×GP-55, GP-
55 is tall variety and effect of tallness is also observed
in segregating generation but desirable plant type in
garden pea is the one with dwarf growth habit which
does not need staking and results in saving resources
both in terms of capital and labour.

For the entire three crosses (VRP-6 × GP-55, Pusa
Pragati × GP-17 and Arkel × GP-48) simple additive-
dominance model failed to explain variation among
generation means. All three crosses exhibited significant
negative additive gene effect which signifies dwarf plants
can be recovered in the early generations. Earliness is a
highly desirable quality in garden pea in the sense that
the prevailing prices in the market are customarily high
early in the season. Days to 50% flowering and node
bearing first flower depict the earliness of a particular
genotype (Sharma et al.2013).Mean value of the first
filial generation F1 was between parental values for the
days to 50% flowering and node bearing first flower in
crosses. VRP-6 × GP-55 cross exhibited significant
positive additive and additive ×additive gene effect which
signifies early plants can be recovered in the starting
generations.

In garden pea, the overall yield depend pod length, girth
and number of seed. It is well known fact that increased
progressively with the advancing age of crop up to 12
to 15 days after flowering.  In this study pod length

Table 1. Salient features of garden pea parental lines used in the study
S. No Parents Source Height Maturity Salient features 
1 Pusa Pragati (PP) IARI, New Delhi Dwarf Early White flower, Long slightly curved green pod, wrinkled seeds 
2 Arkel IARI, New Delhi Dwarf Early White flower, Long green pod, wrinkled seeds 
3 VRP-6 IARI, New Delhi Dwarf Early White flower, Long green pod, wrinkled seeds 
4 GP-55 IARI, New Delhi Tall Late White flower, Long green pod, round seeds 
5 GP-48 IARI, New Delhi Dwarf Medium Purple flower, green pod z, round seeds 
6 GP-17 IARI, New Delhi Dwarf Early White flower, Long green pod, round seeds 
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Table2. Mean performance of parents, F1, F2, BC1 and BC2 for the different characters
Cross P1 P2 F1 F2 BC1 BC2 

Plant height  (cm) 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

    34.94 
32.88 
25.94 

      82.25 
31.53 
22.11 

      76.78 
35.32 
25.46 

      65.54 
33.74 
24.37 

     58.54 
28.40 
25.92 

      78.12 
30.25 
28.05 

Node bearing first flower 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

 
8.87 
7.94 
8.27 

 
14.34 
8.72 
8.62 

 
10.92 
7.12 
7.65 

 
9.88 
8.22 
8.20 

 
8.75 
8.00 
8.67 

 
11.72 
8.04 
8.27 

Days to 50% flowering 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

 
45.23 
40.97 
42.23 

 
85.72 
37.98 
57.92 

 
72.58 
38.21 
54.11 

 
77.22 
40.12 
59.54 

 
65.95 
42.36 
57.73 

 
83.78 
47.92 
54.52 

Pod length (cm) 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

 
9.86 
10.12 
9.98 

 
8.22 
8.40 
7.54 

 
8.08 
8.05 
7.95 

 
8.46 
8.67 
8.41 

 
8.08 
8.23 
8.12 

 
7.76 
7.75 
9.88 

Pod girth (cm) 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

 
1.19 
1.10 
1.09 

 
1.28 
1.19 
1.16 

 
1.07 
1.12 
1.13 

 
1.14 
1.12 
1.07 

 
1.17 
1.02 
1.13 

 
1.12 
1.19 
1.12 

Number of seed per pod 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

 
8.45 
9.98 
9.45 

 
7.29 
7.92 
7.80 

 
6.29 
7.32 
6.16 

 
8.20 
7.79 
7.43 

 
8.43 
7.04 
7.07 

 
7.28 
7.83 
6.81 

Total yield per plant (g) 
VRP-6 × GP-55                       
PP × GP-17 
Arkel × GP-48 

122.00 
128.23 
132.76 

 
98.12 

117.60 
64.23 

 
88.98 
108.23 
88.22 

 
115.00 
116.43 
92.56 

 
105.67 
98.73 
97.65 

 
109.02 
67.22 
82.33 

 Table 3.  Scaling, Chi square test and epistasis effects in six generation crosses of garden pea
Crosses A B C D m d h i j l χ2 

Plant height (cm) 
VRP6×GP55  
PP × GP-17 
Arkel × GP48 

 
19.85±10.45 
26.83**±8.6 
5.84±12.83 

 
14.97**±4.3 
24.12**±3.78 
20.38**±4.74 

 
-11.3±13.5 

30.1**±9.47 
-18.34 ±13.6 

 
-27.3**±2.3 
-43.53**±2.3 
-19.3** ±2.2 

 
85.39**±0.39 
52.37**±0.64 
81.37**±0.64 

 
-8.24**±1.92 
-7.32**±1.9 
-4.06**±1.80 

 
4.80±8.05 
3.15±6.46 
4.00±8.34 

 
4.57±4.6 
3.07±4.58 
3.56±4.32 

 
4.17±6.77 
-0.63±4.5 
-7.57±6.8 

 
-75.88**±15.3 
-29.1**± 6.31 
-64.8**±5.43 

 
11.03* 
9.22* 
8.22* 

Node bearing Ist flower 
VRP6× GP55                    
PP × GP-17 
Arkel×GP48 

 
1.64±1.52 
0.95±1.43 
0.86±1.52 

 
-0.34±0.88 
1.19±0.87 

2.34**±0.88 

 
3.45± 1.89 

6.13**±1.79 
0.17±  1.87 

 
1.11±0.71 

1.92**±0.73 
-1.55*±0.65 

 
11.23**±1.58 

9.08±0.29 
8.29±0.27 

 
-0.38±0.76 
0.03± 0.57 
-0.54± 0.48 

 
-3.76± 4.09 

-4.75**±1.45 
2.34±1.68 

 
- 

3.17*±  1.39 
-3.98**±1.37 

 
- 

-0.11±0.8 
-0.73± .85 

 
- 

1.87±2.53 
-6.24*± 2.55 

 
2.93 
6.55* 
12.34* 

Days to 50% flowering 
VRP6× GP55                       
PP ×GP17 
Arkel ×P-48 

 
14.22  ±7.23 
10.99 ± 6.73 
17.80±8.37 

 
7.65**±1.26 

2.92±1.1 
-1.40±  3.63 

 
13.69±8.04 
-11.8±6.67 
9.31±  9.52 

 
4.09**±0.86 
22.45±1.11 
-3.54±1.30 

 
58.32**± 0.26 
42.66**±4.39 
36.75±   0.26 

 
-0.92±0.68 

13.25**±1.19 
1.38±0.96 

 
11.35**±4.34 

- 
- 

 
8.18±4.34 

- 
- 

 
3.29± .02 

- 
- 

 
30.05**±8.5 

- 
- 

 
9.4* 
2.64 
3.23 

Pod length (cm) 
VRP-6×GP-55 
PP x GP-17 
Arkel x GP-48 

 
0.73± 1.44 
3.99 ±1.27 
1.58±1.47 

 
2.41± 1.78 
4.07±0.86 
4.93±0.93 

 
2.28±1.65 
4.51±1.79 
2.56±1.60 

 
-0.43± 0.54 
-3.75 ±0.55 
-1.00±0.54 

 
7.79**±1.26 
9.47 ±0.17 

8.59**±0.17 

 
0.29±   0.65 
-0.43±  0.42 
1.39± 0.43 

 
4.65±   3.47 
3.29*±1.36 
10.33±1.32 

 
- 

7.50**±1.10 
2.00±1.08 

 
- 

0.96±0.67 
-1.68±0.81 

 
- 

-17.56**± .36 
-8.52**± .45 

 
3.14 
2.84 
7.58 

Pod girth (cm) 
VRP6×GP55                     
PP ×GP-17 
Arkel × GP-48 

 
0.48±0.31 
0.42±0.30 
0.79*±0.31 

 
0.32±0.28 
0.08±0.27 
0.11±0.28 

 
0.21±0.40 
-0.68±0.39 
-0.44±0.40 

 
-0.29±0.20 

0.59**±0.20 
-0.67±0.20 

 
0.68±0.41 

1.13**±0.06 
1.29±0.06 

 
-0.16± 0.11 
1.04±0.15 
3.32*±0.15 

 
2.42*± 1.10 
1.67**±0.42 
1.89±0.42 

 
- 

1.34**±0.39 
4.19**±0.39 

 
- 

0.34 
0.17±0.19 

 
- 
- 

-1.69±0.73 

 
1.54 
4.88 
9.88* 

Number of seed per pod 
VRP6×GP55                       
PP ×GP-17 
Arkel×GP48 

 
-1.19±1.29 
-1.75±1.22 
-1.51±1.34 

 
-3.32**± .53 

-2.92±.31 
0.53±0.49 

 
-2.61±1.38 
-1.93±1.27 
-0.76±1.42 

 
0.85**±0.20 

1.82±0.20 
-0.23±0.20 

 
8.23**±  0.06 

8.33 ±0.06 
6.62*±  0.69 

 
1.04±0.16 
0.17±0.56 
1.08±0.16 

 
2.99±  0.79 
-2.89±0.81 
0.74±   2.00 

 
-1.7± 0.41 

- 
-3.63±0.41 

 
1.06± .66 

- 
0.73±0.67 

 
-6.02**± .53 

- 
1.03±1.56 

 
10.76* 
1.66 
5.54 

Total yield per plant(g) 
VRP6×GP55                     
PP × GP-17 
Arkel×GP48 

 
29.14±18.13 
-2.01±18.47 

23.18*±11.29 

 
38.89**±8.12 
-1.61±  6.88 

43.77**±10.96 

 
69.25**±19.66 

4.06±11.98 
28.29±21.83 

 
-68.64**±4.1 
-27.8±4.94 
-6.74± 5.02 

 
113.92**±1.33 
120.59**±1.33 
82.97**±1.31 

 
45**±13.77 

29.9**±14.04 
83.41**±9.25 

 
-4.76± 4.24 
3.77± 4.17 

-8.71*± 4.26 

 
17**.21±10. 
25.62**±9.88 
13.47*±10.05 

 
5.33±.95 

7.21±20.55 
5.24±7.69 

 
-4.8±9.48 

-22.89*±9.2 
17.39*±6.4 

 
8.65* 
5.88 
6.43 

 *5% level of significance ;**1 % level  of significance.

cross PP×GP-17 showed significance of dominance
component [h]. Genic interaction for pod girth showed
significance of dominance component [h] in cross Arkel
× GP-48. On the other hand, significant dominance ×
dominance [j] effects were noticed for the same cross
indicated for this cross suggesting that both parent
possessed heterozygous loci with dominant alleles for
pod girth and pod length. Number of seed per pod has
a direct bearing on the total productivity of pea crop. In

cross VRP-6×GP-55 significant additive ×dominance
gene action observe for number of seed per pod. Further,
manifestation of duplicate epistasis by the crosses for
several character revealed that this kind of epistasis
generally hinders the improvement through selection as
the presence of duplicate epistasis decrease the variation
in F2 and subsequent generations (Tyagi, 2001). So, the
selection should be delayed until a high level of gene
fixation (additive component) is attained. Three crosses
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(VRP-6 × GP-55, Pusa Pragati × GP-17 and Arkel ×
GP-48) showed significant dominance component [h]
for pod yield. Significant estimates of additive component
(d) along with significance of additive × additive (i) gene
interaction with positive sign pod yield/plant indicated
the presence of increase alleles and associated pair of
genes. This suggested the increased manifestation can
be achieved through single progeny selection (Narain et
al. 2007). It can be concluded that relative role of gene
action was in general more complex for yield and other
associated traits. Eventually, it can be concluded that
the nature and magnitude of gene effects vary with
different cross/character-wise. Hence, specific breeding
strategy has to be adopted for a particular cross to get
improvement in pod yield and its associated traits.
Further, duplicate type of epistasis was also found in
majority of traits in one or the other cross combinations.
In such crosses, the selection intensity should be mild
in the earlier and intense in the later generations because
it marks the progress through selection.
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lkjka’k

izLrqr “kks/k esa lCth eVj dh Qyh mit ,oa mit ?kVdksa ds
oa”kkxfrRo dks fu;fU=r djus okys vuqokaf”kd ewY;kadu rFkk
,ihLVsfVd izHkko dk ewY;kadu djuk gSA vuqokaf”kd #i ls fofHkUu
6 iS=d̀ izHksnksa dks lekfgr dj ,Q1] ,Q2 ,oa i”p ladj.k fd;k
x;kA N% ihf<+;ksa ds ek/; lkr xq.kksa ikuh ikS/k Å¡pkbZ ¼lseh-½] izFke
xkaB ij cuus okyk iq’i] 50 izfr”kr iq’iu ds fnu] Qy dh yEckbZ
¼lseh-½] Qy O;kl ¼lseh-½] izfrQy chtksa dh la[;k rFkk dqy

mit@ ikS/k ¼xzke½ ds fy, vafdr fd;s x;sA rhu ladj.kksa ¼oh
vkj ih&6×th ih&55] iwlk izxfr× th ih&17 rFkk vdsZy × th
ih&48 us lkFkZd izHkkfodrk ?kVd ¼,p½ mit ds fy, iznf”kZr
fd,A lkFkZd vkdyu ;ksT; ?kVd ¼Mh½ ds lkFk&lkFk ;ksT;
×;ksT; ¼vkbZ½ thu izfrfØ;k lkFkZd y{k.k mit@ikS/k gsrq
iznf”kZr fd, ftlls ladsr feyrk gS fd ,yhy dh c<+rh mifLFkfr
rFkk lEcfU/kr tqMs+ thUl ftEesnkj gSaA vr% mit rFkk lEcfU/kr
?kVdksa ds fy, thu izfØ;k lkekU;r T;knk tfVy gSA
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