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Abstract: Generation mean analysis study in bitter gourd was undertaken using six
basic generations viz. P1, P2, F1, F2, B1 and B2 population were developed from
gynoecious (IIHRBTGy- 491) x monoecious (ITHR Sel -19 -1 and ITHR Sel-78-4)
crosses. The gynoecious parent was superior for node for first female flowering,
number of fruits and yield/plant whereas the monoecious parents were superior for
fruit length, fruit diameter and fruit weight. F. showed superior performance over
mid parent for number of fruits, fruit length, fruit weight and yield per plant. F.
plants were significantly diverse. B. and B. population exhibited mean value closer
to their recurrent parents. Signiﬁcance of one or more scaling tests, i.e. A, B, C and
D in most of the traits revealed the presence of epistasis in both the crosses except
for node bearing 1st male flower. Days to 1st female flower opening, node bearing
1st female flower, fruit diameter and yield showed presence of duplicate epistasis
whereas days to 1st male flower opening, number of fruits per plant, fruit length and
fruit weight showed complimentary epistasis in IHRBTGy - 491 x ITHR Sel -19 -1
cross. Node bearing 1st female flower, fruit length, fruit diameter and yield showed
presence of duplicate epistasis whereas days to 1st female flower opening, days to
1st male flower opening, number of fruits and fruit weight showed complimentary
epistasis in IIHRBTGy - 491x IIHR Sel-78-4 cross. Additive gene action may be
predominant for inheritance of node bearing 1st male flower.

Keywords: Bitter gourd, epistatic interactions. gene action and scaling test.

INTRODUCTION

Bitter gourd is an economically important vegetable crop and considered
as one of the most nutritious gourds, grown for its fruit and leaves.
It is a good source of phytonutrients like carbohydrates, minerals like
iron, calcium, phosphorus and vitamin B, vitamin C, and also contains
vitamin A Behera ez 4/., 2010). The primary centre of diversity is India,
and China is considered as the secondary centre of diversity. It is grown
widely throughout India. The primary breeding goal for bitter gourd is
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to increase fruit yield and quality. This gynoecious sex form has been
commercially exploited worldwide in cucumber for increased number
of fruits, earliness, uniformity and mechanical harvesting. It is mostly
useful for hybrid development as it avoids manual emasculation and
pollination. So simply by isolating from other genotypes and with a
desirable parent we can go for hybrid development. Yield is a complicated
trait influenced by polygenes with small but cumulative effects. Therefore,
detailed understanding of the genetics and inheritance that underpins
yield and its component traits is required in order to achieve the actual
yield potential by adopting appropriate breeding and selection strategies.
Generation mean analysis has proven to be a useful tool for estimating
various genetic parameters. Hayman (1960) proposed the concept of
generation mean analysis for estimating various genetic components.
This method gives data on several genetic parameters as well as epistatic
interactions. It is beneficial to have a precise understanding of the nature
and magnitude of gene action of various characters to maximise the use
of genetic potential by choosing of effective breeding methods.

MATERIALS AND METHODS

The sib-mated seeds of gynoecious bitter gourd germplasm, IHRBT Gy-
491 and two monoecious lines ITHR Sel -19 -1 and ITHR Sel-78-4 used as
parents to develop, F1, F2 and back cross generations during 2018-2021
at Vegetable Research Block VIII of Division of Vegetable Crops, ICAR-
Indian Institute of Horticultural Research, Bengaluru. The IHRBTGy-
491gynoecious plant was maintained by sib matting and through the
pollens from silver nitrate 250 ppm induced hermaphrodite flowers in
the gynoecious plant. The data was recorded on 10 competitive plants in
parents and F., 100 plants in F. and 20 plants in backcrosses laid out in a
randomized complete block design in three replications. The observations
were recorded for 9 economical characters viz., days to first female flower
opening,
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Table 1

Generation means for different characters

ICharacter |Cross F1 FZ MF Fi Fz El EZ
Caysto |1 29.10 |37.23 |33.16 [27.96 3525 (3366 [3B.00
+ + + + + +
1st 0.73  |0.83 084 042 (162 [0.90
fernale
flomwer = 23.92 [28.12 [32.53 [39.10 |34.47 [30.10 [ZE.E&
+ + + + + +
ppening 0.27  |0.85 0,71 [0.42 [0E7 1.02
Daysto |1 0.00+29.23 1461 2753 [24.25 (1763 [B1.06
+ + + + +
15t male 0.00  |0.B8 075 [1.49 [E7F1 0.50
floweer 2 0.00 £ |28.92 |14.46 [25.20 [2BE.07 [LE.56 3316
+ + + + +
opening 0.00 083 0.48 |1.45 [5.03 |0.75
MNode 1 000 +EE80 (290 33377 |2E0x[E.ZE+
+ +
learing 0.00  |0.47 026 [0.24 082 [0.32
st male [2 0.00£5.96 [348 [533+425 [R60+[SE3+
+ +
flosrer 0.00  |0.30 0.z4 |[0ze [0EE  [0.Z26
MNode 1 4,260 +£12.40 |23 [3.832£(9.40 [B.46 £ (13.00
+ + +
fearing 0.31 074 0.7z [0.3¥ [L.09 [0E53
1st 2 426 +|13.26 |B76e [11.86 (995 [(FF3 £ (1322
fernale + + + +
flover 0.21 |0.86 044 038 [1.Z20 [0.5OD
MNumber |1 42.10 |26.56 |24.32 [B7.73 |37.57 4195 [29.E56
+ + + + + +
iof fruits 153 [1.03 1.19 077 211 0. BS
[er 2 42.10 |124.49 |23.29 [25.43 [3B.01 dE.26 [30.56
+ + + + + +
lant 1.52 [0.83 1.08 078 |1.83 [0.94
Fruit 1 12.23 [2291 1757 [17.70 [14.42 |1353 [21.15
+ + + + + +
length 0.22 |0.28 0.z6 047 021 027
(Cr) = 12,23 [17.89 [15.06 |1657 |12.14 |12.13 (1852
+ + + + + +
0.22  |0.20 0.47 [0.45 028 [0.2Z0
Fruit 1 415 +457 437 MI1zx426 MHOoaxMdeI+
+ +
Hdiarmeter 011 015 015 (004 014 015
(1T 2 418502 [4El [M29x439 Mdlzxz@Mdr7z2zx
+ +
0.11 |0.08 012 004 (011 0.13
Fruit 1 7958 [108.00E2.78 [36.62 [98.19 |[77.93 |103.46
+ + + + + +
rreight 1.28 [2.04 =55 329 [1L.82 1.27
(=) 2 7956 117.34/98.36 [109.43(103.21[83.69 (12063
+ + + + + +
1.28 [E.18 281 341 (124 1.42
[Field | 1 3.4+ |272 313 [B2ZExE10 28X 218
+ +
lant 0.12 |0.13 021 [01s 025 (011
(12} 2 L4+ 2B 318 [B22£E3068 [EBI31XxR2I3I7+x
+ +
0.12 |0.18 021 [01s 035 [0.29

1 IIHRBTGy - 491x ITHR Sel -19 -1; 2: IIHRBTGy - 491x IIHR Sel -78-4

days to 1st male flower opening, node bearing 1st male flower, node
bearing st female flower, number of fruits per plant, fruit length (cm),

fruit diameter (cm), single Fruit weight (g) and fruit yield/ plant (g).
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Data from three replications was pooled to calculate mean values for
all of the attributes investigated for the parents (P. and P2), F1’s (P1 x
P2), F2’s (F1’s selfed) and their first- generation backcrosses (B1’s = F1
xP1 and B2’s = F1xP.). The ABCD scaling tests of Mather and Jinks
(1982) were employed to detect the presence of non- allelic interactions
before calculating the different parameters. In addition to scaling test
data was further subjected to joint scaling (Deb and Khaleque 2009). The
parameters for the various gene effects employed in this investigation are
the same as those used by Hayman (1960) namely, mean (m), additive
(d), dominance (h), additive x additive (i), additive x dominance (j) and
dominance x dominance (1). The OPSTAT software was used to perform
the generation mean analysis.

RESULT AND DISCUSSION

The information regarding gene action, interaction and inheritance
study is the key factor for designing appropriate breeding strategy for
improvement of any crop. The gynoecious parent IHRBTGy — 491 was
superior for node for first female flowering, number of fruits and yield/
plant whereas the monoecious parents were superior for fruit length, fruit
diameter and fruit weight. The mean performance of F. surpassed the mid
parent for number of fruits, fruit length, fruit weight and yield per plant
(Table 1) in both the crosses (IITHRBTGy - 491 x ITHR Sel -19 - 1 and
ITHRBTGy - 491x ITHR Sel-78-4). The superior performance of F. over
mid parent indicated that these traits can be exploited through heterosis
breeding. These findings are consistent with the findings of Dey ez 4.
(2012) and Mishra ez 4/ (2015). The reduction in mean performance of F.
population than F. for fruit length and yield in both crosses was observed,
implying influence of inbreeding depression. Rathod ez al. (2021) also
obtained similar results in bitter gourd.

Days to 1st female flower opening

In ITHRBTGy - 491 x IIHR Sel -19 -lcross, C scale was significant
(4.25) (Table 2) and dominance component (h ) was also significant
(7.12) (Table 3). The opposite sign of h (7.12) and 1 (-3.38) indicates
presence of duplicate epistasis. Mishra ez 2/ (2015) reported similar gene
interaction for the trait days to first flowering in the cross of DBGy 201
x Pusa Do Mausami indicating selection at later generation. However,
in IHRBTGy - 491x IIHR Sel-78-4 all four scales were significant
which indicate the inadequacy of simple additive-dominance model to
estimate the gene effects. The similar sign of h (2.20) and 1 (16.09)
indicates presence of complementary epistasis. Kumari ez al. (2015)
reported additive gene effect and Rani ez a/. (2014) reported presence of
dominance and epistasis for the trait.
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Days to 1st male flower opening

In IHRBTGy - 491 x IIHR Sel-19-1 cross, B (2.63) and C (3.27) scale
and dominance component (21.29) were significant. The similar sign of
h (21.29) and | (2.52) indicates presence of complementary epistasis.
Similarly, in IIHRBTGy - 491x IIHR Sel-78-4 cross, A (4.06) and B
(-2.20) scales were significant which indicate the inadequacy of simple
additive-dominance model to estimate the gene effects. The similar sign
of h (17.89) and | (4.70) indicate presence of complementary epistasis.
Kumari ez 4/. (2015) and Thangamani (2016) reported additive gene
effect for days to 1st male flowering.

Node bearing st male flower

In both the crosses all the scaling tests, namely, A, B, C and D
were insignificant for node bearing 1st male flower. It was determined
that the additive-dominance model is sufficient to explain the effects.
The sufficiency of the simple additive-dominance model implies
that nonallelic interaction is absent and generation means are solely
dependent on the additive— dominance effect of the gene. Additive
gene action may be predominant for inheritance and selection should
be delayed to later generations for this trait. Similar result reported by
Thangamani (2016).

Node bearing 1st female flower

In IIHRBTGy - 491 x IIHR Sel -19 -1 cross, C (4.72) and D (-2.66)
scale and dominance (9.82) component were significant. Non-additive
component has a significant role in the inheritance of this trait. The
opposite sign of h (9.82) and I (-5.92) indicates presence of duplicate
epistasis. Similarly, in IHRBTGy - 491x ITHR Sel-78-4 cross, C (3.44)
and D (-2.15) scales were significant. The opposite sign of h (8.40) and |
(-5.17) indicates presence of duplicate
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Table 2
Scaling test
Character Cross |A B C D
Cays to 1st 1 -0.26 + -0.80 £+ 4. 25 + -1.16 +
fermale flower 1498 1.27 1.54%¥ 118
CPening 2 783 £ =90 £ 737 £ 2. 13 =
0. 95** 1.234%* 1.44%* 0 BE*¥
Days to 15t male (1 026 + 2 B3 £ 3.27 + -0 18 £
flower opening .61 0. a1** 3BT 2.73
2 4. 06 + -2 20+ -0.97 £ 142 + 3239
5.5B1** 1.03%* =47
[Hode bearing 15t |1 -0.66 = -0.40 £ -0.E1 £ -0.22 £
male flower 0. 96 0 45 0.70 055
= 0.12 £ 063 £ 063+ 0.06 £ 0549
0.9%9 0.37 0.8
[Mode bearing 15t |1 0.16 = -0.76 = 472 £ -2.66 =
fermnale flower 1.24 0BG 1.z2a** 0. B2*
2 -0.33 & -0.53 £ =44 + -2.15 £
1.42 051 1.14%* 0 87
Murmber of fruits |1 5.90 £ 216 £ 13.82 = 162 £ 208
per plant 3. 76% 1.34** ER=I0
2 1.00+ 11.76 £ 1426 £+ -0 80 £+
2 .38 1.35%** 2. 4zE 1.49
Fruit length (crmy |1 2. 75 £ .19 £ 1263 £ -2.84 £
0. 34% 0 45** 1.17%* 0 60*
= 254 £ 152 £ 1079+ -3.36 =
0. S5* 0,47 1.22%* 0. B0**
[Fruit diarmeter 1 -0.02 + -z 10 £+ -3.15 + 001 +£0132
(C1T1) 0,20 021* 0. 23%*
2 0.04 + 2 49 + 4 56 + -0.06 =
0.16 0 17* 0. 19%* 011
Fruit weight g0 |1 47.32 = 1163+ (2403 =% =82 £
2. 047 2. 857" 2. 95% 4. 1%
2 4312 + -5 00 £ 2041+ = B +
2. 15%* = 30** R 4 16%*
[Field ) plant g |1 251 £+ 063 + Z.r9+ 0.7 £ 025
0. 34% 020 0.45*
= 2,44 £ 0.80 £ =93 + 0,65 £ 025
0.24% 0.21 0. 45*"

1 IIHRBTGy

*
>

** significant at 5 and 1% probability respectively

-491 x ITHR Sel - 19 - 1; 2: IIHRBT Gy - 491 x IIHR Sel - 78 - 4

epistasis. Similar result obtained by Mishra e 4/. (2015) and additive
gene action for the trait reported by Thangamani (2016).

Number of fruits per plant

In both the crosses, B and C scales were significant and dominance
component, dominance X dominance components were significantly
higher compared to additive component which indicate the inadequacy
of simple additive-dominance model to estimate the gene effects. The
similar sign of h and | indicates presence of complementary epistasis in
both the cross. Similar result reported by Mishra ez /. (2015) in DBGy
201 x Pusa Do Mausami cross and complementary epistasis observed
in DBGy 201 x S-2 cross. Shukla ez 4/. (2014) reported insignificant c2
value for number of fruits/plant, internodal length, seeds/fruit and yield/
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plant in Gy333 x DRAR-1 cross indicating the absence of non-allelic
interaction.

Fruit length

In IIHRBTGy - 491 x ITHR Sel -19 -1 cross, all the scaling tests, namely,
A, B, C and D were significant and dominance component was higher
compared to additive component. The similar sign of h (3.71) and 1 (5.26)
indicates presence of complementary epistasis. However, in IHRBTGy
- 491x IIHR Sel-78-4cross, A, C and D scales were significant and
dominance, additive x additive components were in positive direction
indicating their significant role in inheritance
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Table 3

Estimates of components of generation mean for different yield related character in bitter gourd

Character Cross d h i j Il Epistasis
Days to 1 3525 |F4.33 [ 12 X232+ -053 |-338xD
+ + +
1st 024 |1.07** 2 44** 2 36% 225 |[456** D
fernale
flower 2 =4.47 |-6.56 [2.20+-436 [-3.93 |16.03 |C
+ + =+ + +
opening 0.25 0.70**|1.81* |1.73%* |1 55** |3 158%* |C
Days to 1 24 25 |-13.4321.29 037 236 [25z2x (C
+ + + +
1st rmale Q.57  |3.3l¥*([7.49** (743 |G.64* [13.74% (C
flower 2 25.07 176017589 |-284 |-6.26 470+ (C
+ + + + +
opening D54 |2 93** |6 79¥* [5.78Y |5 89%* |12 24%% 1T
[ode 1 ST 21277 (L899 045 2027 [F1.E52 £
+ +
oearing 014 0.50* [1.15 (1.18 |1.05 ([1.0%9 -
1stmale |2 4251223 [1.72x-013 |050 D20+ |-
+ + +
floweer 015 n51* 120 119 217 215 -
Iode 1 240 £ |-4.52 [3.82 £ 5.32x-093 |-5 232D
+ +
earing 021 DF0¥* (1 72* 1.65¥* 145 [Z.10** D
1st 2 295 +-460 40430+ -0.20 |-517 D
fernale + +
floweer 021 0F5E¥ |1 7e* 1.74** |1 59 [Z22** D
urnber (1 3757 |2.82 (1040 |-3.24 |-0.73 [20.30 (C
+ + + + + +
of fruits 044 |1.8e** |4 22%* |4 13%* |3 87 [F.B5** (C
er 2 S5.01 425 (1570 leozx|107s 11.1e (C
+ + + + +
lant 045  |1.19** 3. 10%* 2,99 [2.59¥% 5 35¥* T
[Fruit 1 1442 [-362 B7lx3 683244 526 C
+ + +
length 027  [02d4¥* |1 22%* (1 21%* |0.55** 1 53** |C
[ g 2 1414 [-5.39 B 192573 £|-1.02 |F266 =D
+ + +
0,26  0.253*%*|l.24** |1.20%* |0.62 [1e6* D
[Fruit 1 420|205 [226x-102 207 -5 10D
+ + +
diameter 002 |012* [0.28¥ [0.26 |[0.27¥ |0.54%* D
(CITL) 2 435+ |-1.20 [-3.15 213444 (11.40 D
+ + + +
071 010 |0.24** |0.23% |D.21**|044** D
Fruit 1 108.19[-45.21|7.19 £|-11.65|-58.9647.24 |C
+ + + =+ +
mreight 195 [1.33*¥[5.55¥* |B.27%* 3.03¥*|10.43%* |C
2 I 107 2154 70[1.52 £ |-7.71 [-43.1245.34 |C
+ + + + +
197 [L.353*¥[s.67 |B.32** [3.34**|10.68%*|C
[rield | 1 410 +|-0.90 [-4.453 |-1.46 [-1.97 471+ D
+ + + +
plarnt 009 017 [05z2* 050 035 [0Bz** D
ikz) 2 406 +£-090 [-3.67 |-F1.21 [-163 456+ D
+ + + +
008 017 |0.52** |0.50 0.3 |[0.8:2** D

*

**significant at 5 and 1% probability respectively
1 ITHRBTGy - 491x ITHR Sel -19 -1; 2: IHRBTGy - 491x ITHR Sel -78-4

C: Complementary epistasis, D: Duplicate epistasis
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of the trait. Presence of duplicate epistasis is noticed. Similar result
obtained by Mishra ez 4/. 2015 for fruit length in both DBGy 201 x S-2
and DBGy 201 x Pusa Do Mausami) whereas incomplete dominance
effect for fruit length reported by Kumari ez /. (2015).

Fruit diameter

In both the crosses, B and C scale were significant. In IIHRBTGy
- 491x IIHR Sel -19 -1 cross additive (2.05) and dominance (2.26)
components were significant while in IHRBTGy - 491x IIHR Sel -78-
4 cross dominance X dominance (11.40) component was significant. The
opposite sign of h and | indicates presence of duplicate epistasis in both
the crosses. In such circumstances, available populations must be carried
to future generations in order to arrive at the best-fit model (Mather and
Jinks 1982). The opposite signs of h and | neutralize each other, resulting
in reduced heterosis for the trait. Similar result obtained by Mishra ez 4/.

(2015).
Fruit weight

In both the crosses, all the scaling tests, namely, A, B, C, D were significant
and dominance X dominance

(1) component was significantly higher. Non-additive component has
significant role in the inheritance of this trait. The similar sign of h and 1
indicates presence of complementary epistasis. In contrary to the result,
duplicate epistasis with predominance of additive X dominance gene
action reported by Mishra ez 4/. (2015) in both the crosses i.e DBGy
201 x S-2 and DBGy 201 x Pusa Do Mausami and Thangamani (2016)
reported presence of additive gene action for fruit weight.

Yield/plant

In both the crosses, A and C scales were significant and dominance x
dominance (I) component was higher and in positive direction. Non-
additive component has a significant role in the inheritance for yield per
plant. The opposite sign of h and l indicates presence of duplicate epistasis.
Similar result obtained by Mishra ez 4/. (2015) in both the crosses namely
DBGy 201 x S-2 and DBGy 201 x Pusa Do Mausami and Shukla ez 4/.
(2014) in Cross Gy323 x DRAR-1. The opposite signs neutralize each
other. It also shows reduced variability in segregating generations, which
prevents the selection and makes them challenging to use in breeding
programmes (Parihar ez 4/. 2016).

CONCLUSION

The mean performance of F. surpassed the mid parent for number
of fruits, fruit length, fruit weight and yield per plant in both the
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crosses indicating that these traits can be exploited through heterosis
breeding. The reduction in mean performance of F. population than F.
for fruit length and yield in both crosses was observed which apparently
indicated influence of inbreeding depression. Significance of one or more
scaling tests, i.e. A, B, C and D in most of the traits revealed the
presence of epistasis in both the crosses except for node bearing 1st male
flower where additive gene action was predominant. Characters showing
complimentary epistasis have the possibility of considerable amount of
heterosis for the trait and characters showing duplicate epistasis have the
possibilities of obtaining transgressive segregants in later generations in
the particular cross.
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