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Abstract

Gene action and combining ability for some traits were analyzed in 49 crosses along with their 14 parents
in randomized complete block design consist of three replications. All the characters under investigation
showed high significant difference for genotypes, general and specific combining ability. The SCA effect
for all the character greater than GCA effects that showed variance due to non-additive gene action for all
the characters. The parent DBG-35 is good combiner for node at which first female flowers appear,
number of fruits per plant, days to last harvest and vitamin-C. The parents Punjab Kareli-1, Arka Harit,
Pant Karela were good combiner for number of fruits per plant, total and marketable yield, and days to
last harvest. However, Punjab-14, PAUBG-4, PAUBG-13, and Arka Harita were good combiner for total
sugar. The cross PAUBG-4 x Pant Karela was recorded highest significant sca effect for day to first
female flowers appear, number of fruits per plant, fruit weight, total and marketable yield. The hybrid
Punjab-14 x PAUBG-20 and PAUBG-13 x VR-1 were showed highest significant for SCA effects for
vitamin-C and total sugar, respectively.
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Introduction

Bitter gourd (Momordica charantia L.) is an important commercial cucurbit belonging to the
family cucurbitaceae, genus Momordica (Jeffrey 1990) [, It was probably originated and
domesticated in Asia, possibly in eastern India having secondary centre of diversity in China
(Grubben 1977) [, It is a large genus with many species of annual or perennial climbers
among all the species, Momordica charantia L. is cultivated largely due to its nutritional and
medicinal properties (Satkar et al. 2013) 1. It has been used for centuries in the ancient
traditional medicine of India, China, Africa, and Latin America as its extract possess
antioxidant, antimicrobial, antiviral, antihepatotoxic, antiulcerogenic properties and could
lower blood sugar (Welthinda et al. 1986, Raman and Lan 1996) [3* 24 During the past
decade, the antidiabetic properties of the crop have been studied extensively and a
hypoglycemic principle called “Charantin” has been isolated. The bitterness of bitter gourd is
due to the cucurbitacin like alkaloid momordicine and triterpene glycosides viz.,
momordicoside K and L (Jeffrey 1980 and Okabe et al 1982)[% 2l One of the possible
approaches for achieving the targeted production is to identify and develop suitable hybrids
with high yield and good quality. Bitter gourd remains an unexploited crop from genetic and
breeding point of view.

In bitter gourd, Indian variability is quite distinct than that of African, South-East Asian region
(Seshadri and Chatterjee1996) ?7), There are several cultivars with wide range of variability in
size, shape and colour of fruits available in this country (Behera 2008) 1. Many varieties and
F1 hybrids have been developed utilizing those variability. It is a monoecious and highly cross-
pollinated crop and has been known to offer good potentialities for increased vyield.
Considering these facts, it is essential and desirable to carry out a successful breeding
programme utilizing the land races available in Indian subcontinent (Verma et al. 2013) Bl
The concept of general and specific combining ability was introduced by Sprague and Tatum
(1942) 01, The estimation of combining ability and genetics variance components is important
in breeding programs for hybridization (Fehr 1993) [1. In any breeding programme, the choice
of the correct parents is the secret of the success. Before initiating any crop improvement
programme, it is necessary to understand the genetic nature of the parents. Combining ability
analysis helps in identifying the parents and these parents can be used for hybridization
Programme in order to produced superior hybrids. As a general rule general combining ability
(GCA) is the results of additive gene effects, while the specific combining ability (SCA) is the
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results of non-allelic interaction (Jinks 1954) 2. The
estimates of combining ability are useful to predict the
relative performance of different lines in hybrids
combinations. The information on the nature and magnitude
of gene action is important in understanding the genetic
potential of a population and deciding the breeding procedure
to be adopted in a given population. Though many reports on
combining ability are available in bitter gourd (Sirohi and
Choudhury 1977, Pande et al. 2008, Singh et al. 2013 and
Rani et al. 2014) 5 2. 21 jnformation on identification of
better parents for F; production is lacking. The objective of
present study was to identification of bitter gourd parental
lines and hybrids with desirable combining ability, nature and
magnitude of gene action governing various economic traits.

Material and Methods

Experimental Material

The experiment was conducted on research farm at
Department of Vegetable Science, Punjab Agricultural
University, Ludhiana, Punjab (India) during the spring season
of 2014. The experimental materials of comprised 14 diverse
genotypes. The seven lines viz. DBG-45, PAUBG-13, DBG-
35, Punjab-14, PAUBG-4, WBBG-28, PAUBG-1 and seven
testers viz. VR-1, PAUBG-20, PAUBG-50, Punjab Kareli,
ArkaHarit, Pant Karela and Pusa Do Mausami, along with one
commercial check (Prachi).

Experimental Design

The experimental plant material comprised of 7 lines, 7
testers, 49 F; hybrids and one check (Prachi) was sown in
plug tray on 18 Feb 2014. The transplanting was done in the
field on 26 March 2014 in a Randomized Block Design with
three replications. For the experiments, five plants were
grown on raised beds of width 1.5 m at plant to plant spacing
of 0.45 m. The recommended NPK fertilizer doses and
cultural practices along with plant protection measures were
followed using recommended package of practices
(Anonymous 2013) @1,

Data Collection

Data were recorded on five randomly selected vines for
fifteen characters viz. Anthesis of first male flowers appear
(DAS), Anthesis of first female flowers appear (DAS), Node
at which first male flowers appear, Node at which first female
flowers appear, Fruit length (cm), Fruit width (cm), Number
of fruits per plant, Fruit weight (gm), Number of seeds per
fruit, Total yield (kg/plant), Marketable fruit (kg/plant), Days
to last harvest (DAS),Vine length (m), Vitamin-C (mg/100 g)
by Albrecht (1993) [ method and Total sugar (g/100g) by
Dubios et al. (1956)! method.

Data analysis
The data were compiled for analysis of variance of different
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traits using method suggested by Panse and Sukhatme (1985)
1238, The data recorded was statistically analyzed following
standard procedures for the estimation of components of
genetic variation. Combining ability analysis was done in the
line x tester fashion as given by Kempthorne (1957) 131,

Results and Discussion

Analysis of variance for experimental design

The analysis of variance revealed highly significant difference
among the parents and crosses for all the 15 characters (Table
1). Interaction between parents and crosses showed significant
difference for all the characters except for days to anthesis of
first male flower and node at which first male and female
flower appears. These results are in line with the findings of
Rani et al. (2014) 5 who have reported similar results for
these traits. It indicates parents and their hybrids possessed
high genetic variation for most of the characters.

Estimates of genetic components of variance

The data presented in Table 2 revealed that SCA effects
greater than GCA effects. Which were indicates the non-
addative gene effects in governing the inheritance of 15
characters of bitter gourd. The ratio of GCA to SCA variances
(Average degree of dominance) was observed to be more than
unity for all the characters revealing over dominance,
indicating that predominance of non-additive gene effects
representing non-fixable dominance and epistatic components
of genetic variance. This indicated that maintenance of
heterozygocity would be highly fruitful for improving the
characters. These results are in accordance with Singh et al.
(2006) 2, Sundhariaya and Shakila (2011) [BY. These
characters indicated that may beimproved through
hybridization. However, Mishra et al. (1994) [°1 Devadas and
Ramdas (1997) ¥, Matoria and Khandelwal (1999) ¥ and
Kushwaha and Karnwal (2011) 161 reported both additive and
non-additive gene action for number of fruits per plant, fruit
length, fruit width, fruit weight and yield. The differences in
the results might have been due to the differences in the
genetic material studied.

Estimates of general and specific combining ability effects
Estimation of general combining ability (GCA) effects and
specific combining ability (SCA) effects are tabulated in
Table-3 and Table-4, respectively. In respect to days to
anthesis of first male flower parents Punjab-14 and PAUBG-
20 recorded significantly negative GCA effects that is -2.16
and -1.18 and are best combiners. The highest significant SCA
effects were recorded in cross combinations viz., DBG-35 X
Pant Karela (-4.14), PAUBG-1 x VR-1 (-4.00), PAUBG-13 x
PAUBG-50 (-4.05) and PAUBG-4 x Pant Karela (-3.95),
whereas GCA effects both parents of all the four crosses were
non-significant indicating that heterosis breeding can results
in early flowering. Kumara et al. (2011) %1, Dey et al (2010)
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1] and Panda et al. (2008) 2% has also recorded GCA and SCA
effects for day to anthesis of male flower in bitter gourd. For
days to anthesis of first female flower the best combiner were
Punjab-14, WBBG-28 Arka Harit and VR-1 recorded
significant negative GCA effects (-1.84, -1.46, -1.07 and -
1.12, respectively). The cross combinations viz., PAUBG-4 x
Pant Karela (-4.63), PAUBG-13 x PAUBG-20 (-3.11) and
DBG-45 x Pant Karela (-3.92) were showed significant
negative sca effects. Similarly results of significant GCA and
SCA effects repoted by Munshi and Sirohi (1994) %, Panda
et al. (2008) 24 and Laxuman et al. (2012) 1 in bitter gourd.
PAUBG-20 (-0.73) was best general combiner for node at
which first male flower appears because negative significant
GCA effects. The cross combinations viz.,, DBG-35 x
PAUBG-50 (-2.40), PAUBG-1 x Pusa Do Mausami (-1.86)
and DBG-35 x ArkaHarit (-1.79) were showed significant
negative SCA effect fornode at which first male flower
appears. The best general combiner for node at which first
female flower appears were DBG-35 (-1.41), Punjab-14 x
ArkaHarit (-3.68), DBG-45 x Pant Karela (-2.77), DBG-35 x
PAUBG-20 (-2.77) and PAUBG-4 x Punjab Kareli-1 (-2.68)
had high significant negative SCA effects. So DBG-35 could
be could be utilizedfor development of high performance
inbreds. The findings similar results to Dey et al. (2010) [,
Panda et al. (2008) 2 and Kumara et al (2011) %1 for these
characters.

The parents PAUBG-13 (0.65), WBBG-28 (0.64), DBG-45
(1.50), Punjab Kareli-1 (2.69), Pusa Do Mausami (0.57) and
Pant Karela (0.9) showed significant positive GCA effects for
fruit length. The cross combinations viz., PAUBG-4 x Pant
Karela (5.53), PAUBG-1 x Punjab Kareli-1 (2.53), PAUBG-4
x Arka Harit (2.52) and DBG-45 x Pant Karela (2.46) showed
significant positive SCA effects for fruit length. The parental
lines Punjab Kareli-1 and Pant Karela could be utilized for
development of high performance inbreeds. The significant
GCA and SCA effects were also reported by Munshi and
Sirohi (1994) 2% Khattra et al. (1994) 1 for fruit length in
bitter gourd. For the parents DBG-35 (4.14), DBG-45 (9.32)
Punjab Kareli-1 (2.37), Arka Harit (4.78), Pant Karela (3.42)
and VR-1 (2.32) significant positive GCA effects were
recorded number of fruits per plant. Significant positive SCA
effects were recorded in hybrids viz., DBG-45 x Pusa Do
Mausami (24.47) and DBG-45 x Pant Karela (17.50),
PAUBG x PAUBG-50 (15.96) and PAUBG-4 x Pant Karela
(15.54). These results agreement to Munshi and Sirohi (1994)
(201 Panda et al. (2008) 22, Thangamani et al. (2011) 2, and
Kumara et al. (2011). The parental lines PAUBG-1, PAUBG-
13, WBBG-28, PAUBG-50 and Punjab Kareli-1 showed
significant positive GCA effects (2.97, 4.54, 2.78, 3.01 and
3.25, respectively) for fruit weight. The cross combinations
viz.,
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PAUBG-4 x Pant Karela (13.89), PAUBG-13 x VR-1 (13.12),
PAUBG-13 x Pusa Do Mausami (10.93) and DBG-45 x
PAUBG-20 (10.79) were observed significant positive SCA
effects for fruit weight. Parents DBG-45 (-1.17), PAUBG-20
(-0.72), Pusa Do Mausami (-0.76), and Arka Harit (-1.37)
were observed as good combiner for number of seeds per
fruit. The hybrids PAUBG-4 x Pusa Do Mausami (-4.09),
Punjab-14 x PAUBG-50 (-3.63), PAUBG-1 x Pant Karela (-
3.59) and PAUBG-1 x PAUBG-50 (-3.5) were showed
significant negative SCA effects for number of seeds per
fruits. Similar results reported by Kumara et al. (2011) 1%,
With the respect to total and marketable yield parents
PAUBG-1 PAUBG-4, DBG-45, Punjab Kareli-1, Arka Harit
and Pant Karela recorded significant positive GCA effects.
PAUBG-13 x Arka Harit, DBG-45 x Pusa Do Mausami,
Punjab-14 x PAUBG-50, PAUBG-4 x Pant Karela, PAUBG-1
X VR-1 and PAUBG-1 x PAUBG-20 were the best crosses
respectively for these characters which had positive and
significant SCA effects. High SCA and GCA effects reported
by Thangamani et al. (2011) 2, Kumara et al. (2011) *°! and
Luxuman et al. (2012) 171,

The parents PAUBG-1 (2.16), DBG-35 (3.59) Punjab Kareli-
1 (3.97), Arka Harit (4.63), Pant Karela (2.20) and VR-1
(1.59) showed significant positive GCA effects for days to last
harvest. The hybrids viz.,, PAUBG-1 x PAUBG-20 (18.03),
PAUBG-13 x Arka Harit (13.65), WBBG-28 x VR-1 (11.51)
and PAUBG-4 x Pant Karela (9.27) were significant positive
SCA effects for days to last harvest. Significant negative GCA
effects was observed in parent Pusa Do Mausami (-0.4),
DBG-35 x VR-1 (-38.63), DBG-45 x Pant Karela (-30.77) and
DBG-35 x Pusa Do Mausami (-27.58) had high significant
SCA effects for vine length. High significant GCA and SCA
effects were also reported for vine length by Munshi and
Sirohi (1994) 2% panda et al. (2008) [,

Line DBG-35 and testers PAUBG-50, PAUBG-20, Pusa Do
Mausami and VVR-1 were observed as good combiners due to
their significant positive GCA effects (12.19, 9.13, 3.01, 7.77
and 12.53, respectively) for vitamin-C. Hybrids viz., Punjab-
14 x PAUBG-20 (29.28), PAUBG-1 x Arka Harit (21.12),
PAUBG-13 x VR-1 (18.74), WBBG-28 x PAUBG-20
(17.04)and DBG-45 x Pusa Do Mausami (17.04) significant
positive SCA effects were observed for vitamin-C.
Thangamani et al. (2011) B2 reported significant SCA effect
for vitamin-C, it ranged from -7.11 (Preethi x UB) to 11.65
(Priyanka x CO-1).The parents Punjab-14 (-0.43), PAUBG-4
(-0.44), PAUBG-13 (-0.68) and Arka Harit (-0.93) depicted
significant negative GCA effects for total sugar. The hybrids
viz.,, PAUBG-13 x VR-1 (-2.28), Punjab-14 x PAUBG-50 (-
2.27), WBBG-28 x VR-1 (-2.06) and DBG-45 x Punjab
Kareli-1 (-2.05) were recorded significant negative SCA
effects for total sugar.

~2591 7™


https://www.thepharmajournal.com/

The Pharma Innovation Journal

https://www.thepharmajournal.com

Table 1: Analysis of variance for experimental design for different traits of bitter gourd

Mean sum of square
Source of variation| df | Anthesis of |Anthesis of 1 NOdStat which N°2’Fat which | Fruit F.““t No of fruits/| Fruit No of T_otal MarketableYield/Plant |Days to last Vine Vitamin C | Totalsugars
1%'male flower| female flower 1% male 1 female length width plant  |weight (g) | seeds/fruit Yield/ (kg) harvest length (mg/1009) (9/1009)
flower flower (cm) (cm) plant (kg) (m)
Replication 2 106.98** 21.37* 0.383 3.33 1.01 2.92%* | 111.47** 7.50 2.65 0.34 0.19 13.7 1.4** 260.9 0.116
Parents 13 26.25** 20.74** 5.47** 10.44** 23.93** | 0.246 95.44** T77.27** 22.49** 0.16 0.13 99.61** | 0.23** | 1324.06** 2.36**
Lines 6 19.31** 26.93** 6.2** 18.52** 15.66** | 0.102 139.98** | 87.66** 16.28** 0.15 0.12 85.88** | 0.21** | 1469.51** 2.14**
Testers 6 22.31** 13.31* 1.07 0.761 28** 0.254 44.19** 72.07* 27.9%* 0.12 0.09 87.85** | 0.29** | 989.65** 2.91**
Lines vs Testers | 1 91.52** 29.16* 27.52** 20.02* 49.07** | 1.06** | 135.72** 46.09 27.36** 0.46 0.35 252.56** 0.02 2457.87** 0.343*
Parents vs Hybrids | 1 23.6* 1.93 0.199 7.09 17.82** | 4.92** | 1164.71** | 957.87** | 75.54** 0.91 0.75 371.12** | 1.6** 1272.68** 12.57**
Hybrids 48 22.11** 18.69** 5.15** 12.21** 19.51** | 0.219 436.95** | 229.75** | 19.59** 0.44 0.35 219.49** | 0.27** | 802.34** 6.33**
Error 124 5.2 48 0.895 3.45 0.621 0.17 9.52 26.56 1.06 0.02 0.02 2154 0.025 87.34 0.0721
Table 2: Estimation of gene action and Contribution of Lines, Testers and their interaction for different traits in bitter gourd
Anthesis of | Anthesis of 1% |Node at which No‘ff‘at which| - Fruit F.““t NO.Of Fr_un No of .| Total Yield/ | Marketable |Days to last Vine Vitamin C | Totalsugars
Source 1%'male flower| female flower |15t male flower 1" female | length | - width fruits/ | weight [seeds/frui plant (kg) | Yield/Plant (kg)| harvest length (mg/100g) | (g/100g)
flower (cm) (cm) plant (9) t (m)
o’gca 0.057 0.3 -0.044 0.012 1.2 0.013 4.61 0.003 -0.11 0.004 0.003 2.14 0.003 46.63 -0.922
o%sca 5.53 4.08 1.49 2.9 4.18 -0.007 134.41 67.73 6.37 0.132 0.104 62.22 0.07 156.71 1.92
c?gca/ o’sca 0.01 0.074 -0.03 0.004 0.287 | -1.857 0.034 0 -0.017 0.03 0.03 0.034 0.043 0.298 -0.48
Contribution of Lines, Testers and their interaction
Lines 22.64 296.18 149.54 134.53 227.54 | 472.55 89.49 424.64 | 101.47 2.23 2.23 7.79 53.92 111.34 139.34
Testers 3.39 23.96 71.96 45.64 134.75 | 216.06 120.07 54.83 66.15 26.10 26.22 400.82 221.25 346.08 322.03
Lines x Testers 73.95 90.05 95.59 104.15 67.17 | 45.62 97.4 67.58 | 103.12 71.61 71.56 92.08 87.84 64.34 66.24
c?gca = Estimates of general combining ability variancec?sca = Estimates of specific combining ability varianc
Table 3: GCA effects of female and male parents for different traits of bitter gourd
Anthesis of | Anthesis of 1% NOdg at NO?Fat which | Fruit NO.Of F_rmt Fruit Noof [Total Yield/| Marketable Days to Vine Vitamin C | Totalsugars
Source 1%'male flower| female flower whichl*male | 1° female length fruits/ | width weight (g)| seeds/fruit | plant (kg) | Yield/Plant (kg) [last harvest| length (mg/100g) (9/1009)
flower flower (cm) plant (cm) (m)
Female parents
Punjab-14 -2.61** -1.84** -0.26 0.63 -2.23** | -3.62** | -0.03 -0.75 -0.37 -0.08* -0.07* 0.16 -0.06 -2.09 -0.43*
PAUBG-1 0.1 1.12* -0.14 0.25 -0.7* -2.02** 0.28 2.97** -0.66 0.04 0.03 2.16** -0.11 -6.85** 0.68**
PAUBG-4 0.48 0.31 0.71* 0.63 0.26 -0.55 0.04 0.73 0.37 0.04 0.04 -0.56 0.09 131 -0.44*
PAUBG-13 1.82** 0.93 -0.67 -0.89 0.65* -5.26** 0.14 4.54** 0.54 0 0 -1.37 0.22 -1.07 -0.68**
WBBG-28 -0.76 -1.46** 0.44 -0.37 0.64* 2% 0 2.78** 1.31** -0.06 -0.05 -2.18** -0.08 -1.75 -0.21
DBG-35 0.34 1.02 0.19 -1.41** -0.11 4.14** -0.22 | -4.65** -0.02 -0.04 -0.03 3.59** 0.05 12.19** 0.21
DBG-45 0.63 -0.07 -0.27 1.16* 1.5%* 9.32** -0.21 | -5.61** | -1.17** 0.09* 0.08* -1.8* -0.12 -1.75 0.87**
CD (p=0.05) 1.09 1.06 0.7 0.97 0.62 1.26 0.46 1.63 0.72 0.07 0.06 1.54 0.29 2.19 0.37
CD (p=0.01) 1.43 1.39 0.92 1.28 0.81 1.66 0.61 2.14 0.94 0.09 0.09 2.03 0.38 2.88 0.49
Male parents
PAUBG-50 0.05 0.54 0.58 0.73 -1.3** | -6.58** 0.2 3.01** 1.19** -0.19** -0.17** -5.75** 0.06 9.13** -0.13
Punjab Kareli-1 0.15 0.35 -0.06 0.3 2.69** | 2.37** -0.08 | 3.25** 0.59 0.23** 0.20** 3.97** -0.08 -8.55** -33
PAUBG-20 -1.18* -0.5 -0.73* -0.56 -1.58** | -6.99** | -0.03 -1.22 -0.72* -0.29** -0.26** -6.27** -0.2 3.01** 0.44*
Pusa Do Mausami 0.2 0.83 -0.42 -0.22 0.57* 0.67 -0.09 0.49 -0.76* -0.03 -0.03 -0.37 -0.4** 7.07** -0.15
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ArkaHarit 0.1 -1.07* 0.21 0.63 -0.69* 4.78** 0.03 0.49 -1.37** 0.29** 0.26** 4.63** 0.2 -12.63** -0.93**
Pant Karela 0.29 0.97 0.31 -0.13 0.9** 3.42** 0 -2.65** -0.1 0.05 0.05 2.2%* 0.03 -11.27** 0.07
VR-1 0.39 -1.12* 0.1 -0.75 -0.59 2.32** -0.04 | -3.37** 1.16** -0.06 -0.06* 1.59* 0.03 12.53** 1.03**
CD (p=0.05) 1.09 1.06 0.7 0.97 0.62 1.26 0.46 1.63 0.72 0.07 0.06 1.54 0.29 2.19 0.37
CD (p=0.01) 1.43 1.39 0.92 1.28 0.81 1.66 0.61 2.14 0.94 0.09 0.09 2.03 0.38 2.88 0.49
*Significant at 5%**Significant at 1%
Table 4: SCA effects of hybrids for different traits of bitter gourd
Source Aqg‘;zfe of Anthesis of 1° whi,;lggs?'ntwale v’\)lr?igﬁitst I:r:;g] vI\:nrclthll: f’:,lgi?sf/ vferiglhtt No of _ Total Yield _Marketable Days to last|  Vine Vitamin C SEZ:,IS
flower female flower flower female flower | (cm) (cm) plant @ seeds/fruit | plant (kg) |Yield/Plant (kg)| harvest |[length (m)| (mg/100g) (g/100 g)
Punjab-14 x PAUBG-50 -1.62 0.93 0.81 -0.1 0.29 0.21 3.63** | -3.63** 1 0.55** 0.49** 8.51** -0.38 -5.39** -2.27**
Punjab-14 x Punjab Kareli-1 -1.38 -1.21 -0.67 0.65 -3.1%* 0.12 -1.25 -12.2%* | -2.63** 0.08 0.08 3.79** 0.04 -9.13** -0.75*
Punjab-14 x PAUBG-20 -1.38 0.97 -0.4 -0.15 0.77 -0.14 -2.55* 7.27** -1.52** -0.16 -0.14 -5.63** 0.39 29.28** 1.21*%*
Punjab-14 x Pusa Do Mausami -0.43 -1.02 0.02 1.51 -1.07* -0.26 -0.35 -1.77** -0.08 -0.27 -0.25* -8.53** 0.24 5.48** 1.16**
Punjab-14 x ArkaHarit -1.67 -2.44** -0.24 -3.68** 1.24* -0.17 2.23* 7.55** 4.79** 0.07 0.06 3.12* 0.27 -9.81** 0.99**
Punjab-14 x Pant karela 1.46 0.83 -0.24 1.08 -0.17 0.04 -13.49** | 7.03** -2.24%* -0.20 -0.08 -7.44%* -0.3 -8.79** 0.08
Punjab-14 x VR-1 5.04** 1.93* 0.36 0.7 2.04** 0.19 11.79*%* | -4.25** 0.69 -0.08 -0.07 6.17** -0.26 -1.65 -0.37
PAUBG-1 x PAUBG-50 0.32 2.31** -0.06 -0.72 1.06* 0.18 9.06** 7.31** -3.5%* 0.19* 0.17* -1.82 -0.16 4.12** 0.87**
PAUBG-1 x Punjab Kareli-1 0.56 -0.49 0.84 1.36 2.53** -0.2 -7.21** | 13.08** 1.61** 0.04 0.04 -0.2 -0.18 7.52** 1.46**
PAUBG-1 x PAUBG-20 2.23** -0.3 -0.82 -1.44 -0.39 0.18 9.64** 5.55** 0.69 0.45** 0.41** 18.03** -0.16 -13.55** -1.13**
PAUBG-1 x Pusa Do Mausami -2.48** -2.63** -1.86** -1.77* 0.45 0.3 11.58** | -6.15** 1.76** 0.06 0.06 -0.53 0.35 -20.69** -1.47**
PAUBG-1 x ArkaHarit 2.94** 2.26** 2.14** 2.7** -0.71 0.15 -8.79** | -4.82** -1.42* -0.68** -0.61** -10.53** -0.24 21.12** -0.25
PAUBG-1 x Pant Karela 0.42 0.88 0.03 0.12 -2.11** | -0.19 | -17.42** | -3.68** | -3.50** -0.53 -0.47** -5.44** 0.19 7.86** 0.5
PAUBG-1 x VR-1 -4 -2.02* -0.25 -0.25 -0.82 -0.41 3.13*%*  |-11.29%*| 4.44** 0.46** 0.41** 0.51 0.2 -6.41** 0.01
PAUBG-4 x PAUBG-50 1.61 1.78* 0.84 2.55** -1.86** | -0.25 15.96** | -15.1** -0.3 -0.09 -0.09 0.55 0.48* -1.65 0.27
PAUBG-4 x Punjab Kareli-1 0.85 -1.68* -1.44** -2.68** 0.8 0.35 -3.44** | 7.31*%* 4.61*%* 0.15 0.14 5.17** -0.26 16.02** 0.56
PAUBG-4 x PAUBG-20 0.18 -0.16 -1.01 -0.48 -2.28** | -0.08 -5.75** | -4.87** 0.2 -0.24* -0.21* -3.58** -0.29 -24.09** 0.52
PAUBG-4 x Pusa Do Mausami -2.19** 2.5%* 2.08** 0.17 -4.46** 0 -8.88** |-11.25%*| -4.09** 0.05 0.05 1.84 0.22 -0.29 -0.84**
PAUBG-4 x ArkaHarit 1.56 -0.59 -0.71 0.31 2.52** -0.01 -7.25** | 5.08** 0.34 -0.24* -0.22** -1.15 -0.016 -6.07** -0.36
PAUBG-4 x Pant Karela -3.95%* -4.63** -1.15* -0.25 5.53** -0.12 15.54** | 13.89** -0.58 0.52** 0.46** 9.27** -0.16 13.98** -0.66*
PAUBG-4 x VR-1 1.94* 2.78** 1.39* 0.36 -0.24 0.11 -6.16** | 4.93** -0.18 -0.14 -0.13 -12.1*%* 0.03 2.08 0.5
PAUBG-13 x PAUBG-50 -4.05** -2.49** 0.43 -1.25 -2.25** | -0.21 -6.19** | -8.25** 0.05 -0.46** -0.36** -7.63** -0.39 3.1 0.37
PAUBG-13 x Punjab Kareli-1 0.517 0.69 -0.79 -2.15** -1.11* -0.24 -0.44 -0.48 0.14 -0.10 -0.09 -6.01** 0.31 -10.15** 1.66**
PAUBG-13 x PAUBG-20 -0.81 -3.11** -0.42 0.36 0.91 -0.05 14.91%* |-17.34** -0.7 0.17* 0.15 -1.44 0.27 -7.43** 0.2
PAUBG-13 x Pusa Do Mausami-0.17 1.46 -0.11 0.1 0.36 0.83 0.16 -5.11** | 10.93** 2.66** 0.03 0.03 -0.34 -0.28 4.46* -1.87**
PAUBG-13 x Arka Harit0.02 0.56 1.12 1.14* 1.84* -0.3 0.05 9.34** 3.27* -2.95** 0.79** 0.70** 13.65** -0.15 -8.45** 1.11**
PAUBG-13 x Pant Karela-0.30 2.7%* 4.07** 0.3 2.27** 1.1* 0.2 -10.45** -1.25 2.53** -0.29 -0.25* -4.58** 0.38 -0.29 0.8**
PAUBG-13 x VR-10.17 -0.38 -0.16 -0.75 -1.44 0.82 0.08 -2.05* | 13.12*%* | -1.75%* -0.19* -0.17* 6.36** -0.13 18.74** -2.28**
WBBG-28 x PAUBG-5-0.550 2.51** -2.44** 1.78** 0.55 1.45** -0.33 | -10.25** | 9.51** 3.02** 0.02 0.02 0.17 0.07 10.92** 2.47**
WBBG-28 x Punjab Kareli—0.131 -1.91* -0.92 -1.73** -2.01** 1.19* 0.004 6.26** | -4.06** | -3.11** -0.34** -0.30** -10.2** -0.01 7.18** -0.83**
WBBG-28 x PAUBG-200.41 -1.24 1.93* 0.49 151 1.16* -0.004 | 12.05** -0.25 -3.17** 0.19* 0.17* 2.7* -0.24 17.04** -1.2%*
WBBG-28 x Pusa Do Maus0.38ami -0.62 -1.06 -1.74%* -2.48** 0.68 0.24 -18.96** | 5.36** -1.66** -0.62** -0.55** -11.87** -0.37 -25.79** 0.85**
WBBG-28 x Arka Harit0.04 -1.5 -0.49 -0.3 1.98* -1.19* 0.03 -5.07** | -3.29* 3.94** -0.14 -0.13 -0.53 0 -5.39** -0.22
WBBG-28 x Pant Karela0.13 5.6** 5.12** 1.79** -0.58 -3.71** 0.05 9.02** | -7.15** 0.97 0.46 0.41** 8.22** 0.05 0.38 1**
WBBG-28 x VR-1-0.29 -2.81** -2.11* -0.29 1.03 0.4 0 6.94** -0.1 0.01 0.44** 0.38** 11.51** 0.49* -4.37* -2.06**
DBG-35 x PAUBG-500.07 0.42 -0.92 -2.4** -1.72* 1.27* 0.2 1.34 3.27* -0.41 0.04 0.04 4.08** 0.08 4.12* -1.55%*
DBG-35 x Punjab Kareli-10.31 -2.34** 0.26 2.74** 2.7%* -0.05 -0.18 3.66** -0.63 -0.62 0.14 0.13 2.7* 0.16 -1.99 -0.06
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DBG-35 x PAUBG-20-0.14 3.32** 2.45** 0.34 =277+ 0.38 0.27 -11.34** | -1.15 1.79** -0.33** -0.29** 0.15 15.7** 0.72 -0.62*

DBG-35 x Pusa Do Mausami 3.27** 1.45 0.43 3.55** 1.97** -0.2 -2.74** | 9.46** 0.29 0.07 0.07 -0.27 -27.58** 19.76** 0.56
DBG-35 x ArkaHarit -1.95* -0.92 -1.79*%* -2.63** 0.29 -0.11 13.64** -2.2 -2.59** 0.35** 0.31** 0.11 11.6** 2.08 -0.71*

DBG-35 x Pant Karela -4.14** -2.35** -0.23 0.12 -3.09** 0.2 -0.68 -5.06** 2.93** -0.15 -0.14 0.14 14.51** 11.17** -0.42
DBG-35 x VR-1 1.42%* 0.07 0.91 0.74 -0.77 -0.18 -3.88** | -3.68** -1.38* -0.03 -0.12 -0.38 -38.63** -13.5** 2.81**

DBG-45 x PAUBG-50 0.8 0.83 -1.4* 0.7 0.03 0.2 -13.56** | 6.89** 0.13 -0.30** -0.27** 0.3 30.27** -15.25** -0.17
DBG-45 x Punjab Kareli-1 3.7*%* 3.36** 1.06 2.12%* -0.26 0.14 2.41* -3.01* -0.004 0 0 -0.05 -5.44** -9.47** -2.05**
DBG-45 x PAUBG-20 -2.29** -1.78* 1.46** 2.98** -0.55 -0.16 | -16.95** | 10.79** | 2.71** -0.8** -0.07 -0.12 -12.58** -1.99 1.01**
DBG-45 x Pusa Do Mausami 0.99 0.88 96 -1.34 1.59** -0.24 24.47** | -6.58** 1.11 0.66** 0.59** 0.11 11.12** 17.04** 1.67**

DBG-45 x ArkaHarit 0.08 1.12 -0.23 -0.53 -1.84** 0.07 -4.09** | -5.58** -2.1%* -0.15 -0.13 0.03 1.31** 6.5** -0.54
DBG-45 x Pant Karela -2.1* -3.92*%* -0.5 =277+ 2.46%* -0.2 17.5%* | -3.77** -0.01 0.20* 0.18* -0.3 -30.77*%* -1.99 -1.31**
DBG-45 x VR-1 -1.19 -0.49 -1.35* -1.15 -1.41** 0.2 -9.76** 1.27 -1.83** -0.34** -0.30** 0.06 6.08** 5.14** 1.39**

CD (p=0.05) 1.69 1.66 1.09 1.53 1 0.72 1.97 2.56 1.14 0.17 0.16 2.42 0.45 3.44 0.58

CD (p=0.01) 2.23 2.18 1.43 2.01 1.31 0.94 2.59 3.36 15 0.23 0.21 3.18 0.59 4.52 0.76

*Significant at 5% **Significant at 1%
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Conclusion

The highest significant SCA effects were recorded in cross
combinations viz., DBG-35 x Pant Karela (-4.14), PAUBG-1
X VR-1 (-4.00), PAUBG-13 x PAUBG-50 (-4.05) and
PAUBG-4 x Pant Karela (-3.95) in early flowering. The cross
combinations viz., PAUBG-4 x Pant Karela (5.53), PAUBG-1
x Punjab Kareli-1 (2.53), PAUBG-4 x Arka Harit (2.52) and
DBG-45 x Pant Karela (2.46) showed significant positive
SCA effects for fruit length. The cross combinations viz.,
PAUBG-4 x Pant Karela (13.89), PAUBG-13 x VR-1 (13.12),
PAUBG-13 x Pusa Do Mausami (10.93) and DBG-45 x
PAUBG-20 (10.79) were observed significant positive SCA
effects for fruit weight. The hybrids viz., PAUBG-1 X
PAUBG-20 (18.03), PAUBG-13 x Arka Harit (13.65),
WBBG-28 x VR-1 (11.51) and PAUBG-4 x Pant Karela
(9.27) were significant positive SCA effects for days to last
harvest. Hybrids viz., Punjab-14 x PAUBG-20 (29.28),
PAUBG-1 x Arka Harit (21.12), PAUBG-13 x VR-1 (18.74),
WBBG-28 x PAUBG-20 (17.04) and DBG-45 x Pusa Do
Mausami (17.04) significant positive SCA effects were
observed for vitamin-C. The SCA effects and per se
performance the crosses hold great promise in
improving the fruit yield in future breeding programme
of bitter gourd.
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