ESTIMATION OF COMBINING ABILITY AND GENE ACTION FOR FRUIT YIELD
WITH ASSOCIATED TRAITS OF BOTTLE GOURD[Lagenaria siceraria (Mol.)

‘ Standl.]

ABSTRACT

Comment [SL1]: Please change the title of
article

Aims: To Study combining ability effects and evaluate gene action for fruit yield with
associated traits of bottle gourd.

Study Design: Randomized block design.

Place and Duration of Study:The seeds of F; hybrids were produced during summer
2021 at Potato Research Station, S. D. Agricultural University, Deesa.

Methodology: The experimental material consisted of twelve parents, their 35 Line x
Tester crosses and one standard check (ABGH 1).

Results: The analysis of variance for combining ability revealed that the mean sum of
squares due to female (lines) and male (testers) were highly significant for all the traits
except fruit girth, average fruit weight, chlorophyll a, chlorophyll b and total chlorophyll.
The gcaeffects indicated that four male parents ABGS 14-25, ABGS 11-17, ABGS 11-24
and PUNJAB LONG and three female parents DBG 5, NDBG 132 and LOCAL were
found good general combiners for fruit yield per plant and its some of the contributing
traits. Based on estimates of sca effects, the most promising hybrids for fruit yield per
plant were DBG 5 x ABGS 14-27, NDBG 132 x PUNJAB LONG and GPBG 108 x
ABGS 11-24. The good general combiners for fruit yield and contributing traits can be
utilized in intensive crossing programme and select transgressive segregants for desired
characters in segregating generations to develop superior lines.

Conclusion:The ratio of o’cca / o’scawas less than unity for all the characters under
study, which suggested greater role of non-additive genetic variance in the inheritance of
these characters. The genetic components of variance revealed that different type of gene

action were involved for fruit yield associated with different traits in bottle gourd.
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1. INTRODUCTION

Bottle gourd
[Lagenariasiceraria(Mol) Standl.] is
one of the most important

cucurbitaceous vegetables due to
prolific bearing habit, low cost of
cultivation and its utility as a cooked
vegetable. It is only cultivated species
among the six species ofLagenaria
having a somatic chromosome number
2n = 2x = 22. Considerable genetic
diversity exists in this crop, which can
be utilized for the exploitation of hybrid
vigour. The size of the flower and
monoecious condition makes the
hybridization easy and convenient in
this crop. The fruits being larger in size

contain many seeds per fruit.
According to Choudhary [1], the
amount of cross pollination ranges
from 60 to 80 per cent.

In a hybridization programme,
selecting the right type of parents is a
crucial step for a breeder. Combining
ability is a relative ability of an inbred
or a clone when crossed to another
inbred or clone to transmit desirable
traits or a specific trait to its progeny.
The concept of combining ability as a
measure of gene action was proposed
by Sprague and Tatum [13]. It is a
powerful tool to discriminate between
good and poor combiners and select
appropriate parental material. It also



provides information on the nature of
gene action involved in the inheritance
of various traits. Thus, it helps plant
breeders to develop improved hybrids,
high yielding varieties and also helps
to identify the best combiner in the
breeding procedure. The Line x Tester
analysis technique suggested by
Kempthorne [5] has been extensively
used to compare with the other
methods because it provides a more
systematic approach to assess the
combining ability of parents and
crosses for different quantitative
characters and contributing characters.
Besides, it gives an overall genetic
picture of the materials under
investigation in a single generation.

2. MATERIAL AND METHODS

The  experimental  material
comprises five females (ABG 1, NDBG
132, GPBG 108, DBG 5 and Local),
seven males (ABGS 11-24,ABGS 11-
19,ABGS 14-25, ABGS 14-27,
Punjab Long, ABGS 11-17, GPBG
109), and 35 FiHybrids. Parents were
crossed in a Line x Tester fashion
during summer 2021. Hybridization
was carried out through hand
pollination. Simultaneously parental
genotypes were also maintained
through selfing to get pure seeds of
parents for the experiment. The
experimental materials consisted of 48
entries comprising 35 crosses and 12
parents and one standard check
evaluated in Randomized Block
Design with four replications during
Kharif, 202lat Potato Research
Station, SDAU, Deesa. Each genotype
was sown in two rows with the plot
size 4 m x 5m. The distance between
rows and within row was 2 m and 1 m,
respectively.Observations on various
guantitative as well as qualitative
characters were recorded from three

randomly selected plants in each
genotype in each replication. The
average of three plants for each
genotype in each replication has been
worked out for each character
viz.,days to first male flower
appearance, days to first female flower
appearance, node number at which
first male flower appearance, node
number at which first female flower
appearance, number of branch per
plant, fruit length (cm), fruit girth (cm),
average fruit weight (g), number of fruit
per plant, fruit vyield per plant
(kg),moisture content (%),total soluble
solids  (°Brix),chlorophyll a(ug/g
F.W.),chlorophyll b(ug/g F.W.))
andtotal chlorophyll (ug/g F.W.). The
replication-wise mean values for all the
characters were subjected to statistical
analysis. The analysis of variance was
carried out as per the procedure
suggested by Panse and Sukhatme
[8]. The mean value of 48 genotypes
(Parents, their Fj;hybrids and one
standard check) were entered in the
computer and combining ability
analysis was carried out according to
the procedure given by Kempthorne

(5]

3. RESULTS AND DISCUSSION

The analysis of variance for
combining ability and estimates of
variance components are given in
Table 1. The analysis of variance for
combining ability partitioning the total
genetic  variance  into  general
combining ability,



Table 1: Analysis of variance (mean square) for combining ability, estimates of components of variance and their ratio for
various characters in bottle gourd

Days to Days to first  Node numberat  Node number at Number of
s i first male female which first male which first Fruit Fruit
ources of variation d.f. fl branch .
ower flower flower female flower per plant length girth
appearance appearance appearance appearance
Replication 3 1.98 0.24 ** 1.36 0.22 0.99 9.14 1.62
Hybrid (Crosses) 34 53.64** 100.16** 20.64** 38.08** 9.40** 143.09 ** 19.68 *
Female in hybrid 4 52.36** 135.01** 18.63** 50.17** 5.32** 342.52 ** 9.74
Male in hybrid 6 59.68** 92.24** 22.89** 38.95** 3.82*  105)25* 1854 ( comment [SL2]: MENTION THE UNITS )
Female xMale (L xT) 24 52.34* 96/.34** 20.41* 35.84** 11.48%  119.31* 21.62 ** e £ [SL3]: PLEASE CHECK DAYS FOR MALE
Error 102 2.76 1.09 0.93 1.15 0.58 6.51 11.57 [AND FEMALE FLOWER APPERANCE }
Components of variance:
o’ Females 0.00 1.38 - 0.51 - 7.97 -
o’ Males 0.37 - 0.12 0.16 - - -
0 %sca 0.15 0.72 0.01 0.36 - 4.36 -
0% 5ca 12.40 23.81 4.87 8.67 2.72 28.20 251
0%6cal 6°sca 0.01 0.03 0.00 0.04 - 0.15 -
Average Number Fruit . Total
Sources of variation df fruitg of fruit yield per ploisture soluble Chlorophyll Chlorophyll Total
. . content . a b Chlorophyll
weight per plant plant solids
Replication 3 159.04 0.31 0.05 1.87 0.15 76.39 1.88 54.80
Hybrid (Crosses) 34 65607.89** 19.61** 3.83* 27.25% 0.69** 14524.15** 909.94** 13693.55**
Female in hybrid 4 47549.11 11.65* 2.26™ 24.44% 1.29* 24535.18 1928.11* 1910494 [COmment [SL4]: MENTION UNITS AND CHECK }
Male in hybrid 6 69034.73 25.66** 5.58** 38.08** 0.22 17084.93 1510.72* 17390.38 VAL
Female x Male (L x T) 24 67760098  19.42% 3.66* 25.02** 0.71% 12215.45** 590.05** 11867.45** [Comment [SL5]: PLEASE MENTION THE UNITS }
10 82.75 ITS IN GRAMS OR KGS

Error 5 0.20 0.03 1.07 0.11 4534 21.32 60.60
Components of variance:
o’ Females 1695.23 - - - 0.02 874.64 68.10 680.16
o’ Males 3447.60 0.31 0.10 0.65 - 851.98 74.47 866.49
(o} ZGCA 2425.38 - 0.01 0.26 0.00 865.20 70.75 757.79
o2sca 16919.56 4.81 0.91 5.99 0.15 3042.53 142.18 2951.71



0%ceal 0% 5ca 0.14 -0.01 0.01 0.04 0.00 0.28 0.50 0.26

* and ** indicate significant at 5% and 1% levels of significance, respectively. Where, ‘-’ indicates -ve estimate.



representing the additive type of gene
action and specific combining ability as
a measure of the non-additive type of
gene action was carried out for fifteen
characters. The mean squares due to
female (lines) and male (testers) were
highly significant for the traits viz.,
days to first male flower appearance,
days to first female flower appearance,
node number at which first male flower
appearance, node number at which
first female flower appearance,
number of branch per plant, fruit
length, number of fruit per plant, fruit
yield per plant and moisture content,
while for total soluble solids it was
highly significant for lines only and it
was significant for chlorophyll b for
both lines and testers.. This indicated
a significant contribution of both
female and male towards general
combining ability variance components
for days to first male flower
appearance, days to first female flower
appearance, node number at which
first male flower appearance, node
number at which first female flower
appearance, number of branch per
plant, fruit length, number of fruit per
plant, fruit yield per plant and moisture
content.The mean sum of squares due
to males were higher in magnitude for
days to first male flower appearance,
node number at which first male flower
appearance, number of fruit per plant,
fruit girth, average fruit weight,
moisture content and fruit yield per
plant than the female indicated the
greater contribution of male toward
these traits, while in rest of traits
showed more contribution of female.
The mean sum of squares due to the
Line x Tester interaction were highly
significant for all the traits. This
signified the contribution of hybrids for
specific combining ability variance
components.

The ratio of o%cca / 0%sca Was
less than unity for all the characters
under study. Which suggested a

greater role of non-additive genetic
variance in the inheritance of these
characters.The predominant role of
non-additive gene action was also
reported by Patel et al. [10],
Janaranjani et al.[4], Shinde et al. [12],
Rajkumar et al. [11], Hadiya et al. [3],
Khot et al. [7] and Patel and Mehta [9]
in bottle gourd.

The magnitude of specific
combining ability variance was higher
than general combining ability variance
for all of the traits viz.,days to first male
flower appearance, days to first female
flower appearance, node number at
which first male flower appearance,
node number at which first female
flower appearance, number of branch
per plant, fruit length, fruit girth,
average fruit weight , number of fruit
per plant, fruit yield per plant, moisture
content, total soluble solids,
chlorophyll a, chlorophyll b and total
chlorophyli which indicated the
importance of non-additive gene
effects in the inheritance of these
traits, which suggesting exploitation of
these traits for improvement of yield
through heterosis breeding. The above
results were in accordance with the
findings ofGayakawad [2],
Janaranjaniet al. [4], Khot et al. [7] for
days to first male flower appearance;
Gayakawad[2], Janaranjaniet al. [4],
Shinde et al. [12], Khot [6], Hadiya et
al. [3], Khotet al. [7],Patel and Mehta
[9] for days to first female flower
appearance;Gayakawad[2],
Janaranjaniet al. [4] for node number
at which first male flower appearance;
Gayakawad[2], Janaranjaniet al. [4],
Shinde et al. [12], Khot [6], Hadiya et
al. [3], Khot et al. [7] for node number
at which first female flower
appearance; Gayakawad[2], Khot[6],
Khot et al. [7] for number of branch per
plant; Patel et al. [10], Gayakawad[2],
Janaranjaniet al. [4], Shinde et al. [12],
Khot [6], Khot et al. [7], Patel and
Mehta [9] for  fruit length;



Gayakawad[2], Janaranjaniet al. [4],
Hadiya et al. [3], Patel and Mehta [9]
for fruit girth;, Janaranjani et al. [4],
Shinde et al. [12], Khot [6], Hadiya et
al. [3], Patel and Mehta [9] for average
fruit weight; Gayakawad[2],
Janaranjaniet al. [4], Shinde et al. [12],
Khot [6], Hadiya et al. [3],Patel and
Mehta [9] for number of fruit per plant;
Gayakawad[2], Janaranjaniet al. [4],
Shinde et al. [12], Khot [6], Hadiya et
al. [3], Khot et al. [7], Patel and Mehta
[9] for fruit yield per plant; Patel and
Mehta [9] for total soluble solids in
bottle gourd.

The general combining ability
effects of twelve parents for fifteen
traits are depicted in Table 2. The
gcaeffects of parents explicated that
none of the parents was consistently
good general combiner for all the traits
under study. The male parent ABGS
11-17 was good general combiner for
days to first male flower appearance,
average fruit weight, number of fruit
per plant, fruit yield per plant and
moisture content. The female parent
NDBG 132 was good general
combiner for days to first male flower
appearance, days to first female flower
appearance, node number at which
first female flower appearance, fruit
length, number of fruit per plant, fruit
yield per plant, chlorophyll b and
moisture content. The parent LOCAL
was good general combiner for days to
first female flower appearance, node
number at which first male flower
appearance, node number at which
first female flower appearance, fruit
length, average fruit weight, fruit yield
per plant, chlorophyll b and moisture
content. The male parent ABGS 14-25
was good general combiner for days to
first male flower appearance, days to
first female flower appearance, node
number at which first female flower
appearance, number of fruit per plant,
fruit yield per plant and chlorophyll b.
The female DBG 5 was good general

combiner for average fruit weight, fruit
yield per plant and total soluble solids.
The male parent GPBG 109 was good
general combiner for days to first male
flower appearance, node number at
which first female flower appearance,
number of fruit per plant, chlorophyll a
and total chlorophyll. The female
parent ABG 1 was good general
combiner for node number at which
the first male flower appearance,
number of branch per plant, number of
fruit per plant, chlorophyll a and total
chlorophyll. The parent GPBG 108
was good general combiner for
number of branch per plant. Parent
ABGS 11-19 was good general
combiner for node number at which
the first male flower appearance,
number of branch per plant, fruit length
and average fruit weight. ABGS 11-24
was found good general combiner for
node number at which first male flower
appearance, number of fruit per plant,
fruit yield per plant and moisture
content. The parent ABGS 14-27 was
found good general combiner for node
number at which first male flower
appearance, node number at which
first female flower appearance,
number of branch per plant and
moisture content. PUNJAB LONG was
found good general combiner for days
to first female flower appearance,
number of fruit per plant, fruit yield per
plant, chlorophyll a and total
chlorophyll.

The results based on specific
combining ability effects of hybrids
revealed that none of the hybrids was
consistently superior for all the
characters given in Table3.
Considering the performance of the
scaeffects, seventeen hybrids for fruit
yield per plant manifested desirable
and significant scaeffects. In the case
of other component traits, ten hybrids
for days to first male flower
appearance, twelve hybrids for days to
first female flower appearance, ten



hybrids for node number at which first
male flower appearance, fourteen
hybrids for node number at which first
female flower appearance, twelve
hybrids for number of branch per plant,
ten hybrids for fruit length, one hybrid
for fruit girth, thirteen hybrids for
average fruit weight, thirteen hybrids
for number of fruit per plant, nine
hybrids for moisture content, eight
hybrids for total soluble solids, thirteen
hybrids for chlorophyll a, ten hybrids
for chlorophyll b and thirteen hybrids
fortotal Chlorophyli manifested
significant and desirable scaeffects.
Based on estimates of sca effects, the
most promising hybrids for fruit yield
per plant were DBG 5 x ABGS 14-27,
NDBG 132 x PUNJAB LONG and
GPBG 108 x ABGS 11-24.
Furthermore, these crosses also
exhibited a positive significant sca
effects for other contributing traits
viz.Fruit  length, average fruit
weight,



Table 2: The estimates of general combining ability (gca) effects of the parents for various characters in bottle gourd

Sr Days to first Days to first Node number at Node number at Number of
No- Parents male flower female flower which first male which first female branch per Fruit length Fruit girth
) appearance appearance flower appearance flower appearance plant
FEMALE PARENTS (Lines)
1 ABG1 0.14 (A) 1.87** P) -0.42* G) -0.19 (A) 0.41** (G) -1.16*  (P) -0.68 (A)
2 DBG5 1.26** P) 0.75** P) 0.21 (A) 1.11* P) -0.36* P) 0.00 (A) 0.80 (A)
3 GPBG 108 1.13** P) 1.52%* P) 1.24%* P) 1.61** P) 0.43** (G) -4.95* (P) -0.05 P)
4 NDBG 132 -2.10** (G) -3.54** (G) -0.09 (A) -1.05** (G) -0.52** P) 4.54*  (G) -0.41 (A)
5 LOCAL -0.44 (A) -0.60** (G) 0.94** (G) -1.48** (G) 0.04 (A) 1.57* (G) 0.34 (A)
S.Em. + 0.31 0.20 0.18 0.20 0.14 0.48 0.64
MALE PARENTS (Testers)
1 ABGS11-17 -2.06** (G) 1.33** P) 2.01** P) 1.99** P) -0.24 (A) -1.03 (A) 0.06 (A)
2 ABGS 11-19 3.22* P) 2.69** P) -0.73** (G) -0.15 (A) 0.40* (G) 495 (G) 0.39 (A)
3 ABGS11-24 0.62 (A) 1.01** P) -0.51* G) 1.35%* P) 0.26 (A) 0.25 (A)  -1.99%* (A
4  ABGS 14-25 -1.14** (G) -3.32** G) -0.14 (A) -1.75** G) -0.10 (A -1.48*  (P) 0.01 (A)
5 ABGS 14-27 0.29 (A) 0.80** P) -1.15** G) -1.41%* (G) 0.61** (G) -0.60 (A) 0.48 (A)
6 GPBG 109 -1.19** (G) -0.07 (A) -0.27 (A) -0.66** (G) -0.34* P) -1.81* (P) -0.06 (A)
7 PUNJAB
LONG 0.26 (A) -2.44** (G) 0.79** (P) 0.63** P) -0.60** P) -0.29 (A) 1.10 (A)
S.Em. * 0.37 0.23 0.22 0.24 0.17 0.57 0.76
Sr. Average fruit Number of Fruit yield per Moisture Total soluble Chlorophyll Total
No. Parents weight fruit per plant plant content solids Chlorophyll a b Chlorophyll
FEMALE PARENTS (Lines)
1 ABG1 -23.09**  (P) 0.18* (G) -0.48* (P) -0.05 (A) -0.04 (A) 4725 (G) -6.65* (P) 40.60** G)
2 DBG5 3447 (G) -0.67* (P) 0.08* (G) -1.58* (P) 0.30** (G) -26.44** (P) -4.96** (P) -31.40** P)
3 GPBG 108 -47.91**  (P) -0.18* P) -0.01 (A) 0.30 (A) -0.04 (A) 9.22*  (G) -5.72** (P) 3.50** G)
4  NDBG 132 -14.22*  (P) 1.02** (G) 0.21** (G) o0.78* (G) -0.29** (P) -10.68** (P) 5.20** (G) -5.48** P)
5 LOCAL 50.74* (G) -0.35** (P) 0.21** (G) 0.55* (G) 0.07 (A) -19.35** (P) 12.12** (G) -7.22** P)
S.Em. * 1.72 0.10 0.03 0.20 0.06 1.27 1.00 1.47
MALE PARENTS (Testers)
1 ABGS11-17 85.95** (G) 1.10** (G) 0.45** (G) 133 (G) 0.05 (A) -34.05** (P) -8.66** (P) -42.71%* P)
2 ABGS 11-19 69.72** (G) -l1.40* (P) -0.61* (P) 0.13 (A) -0.18* P) 1212 (G) -12.67* (P) -0.56 (A)
3 ABGS11-24 -56.55** (P) 1.08** (G) 0.26** (G) o0.81* (G) -0.07 (A)  -27.38* (P) 3.41* (G) -23.97** (P)
4  ABGS 14-25 -18.30**  (P) 0.23* (G) 0.52** (G) -2.26** (P) 0.14 (A)  -7.18* (P) 13.08* (G) 5.90** (G)
5 ABGS 14-27 S7.47%* (P)  -1.74*»* (P) -0.70** (P) 1.13* (G) 0.04 (A)  -9.33* (P) 4.39** (G) -4.94** P)
6 GPBG 109 -3.63 (A) 0.28** (G) -0.33* (P) 0.41 (A) 0.05 (A) 5247 (G) -2.56* P) 49.91** (G)
7  PUNJAB LONG -69.72*  (P) 0.45** G) 0.41** (G) -1.56** (P) -0.03 (A) 13.36** (G) 3.01** (G) 16.37** G)
S.Em. + 2.03 0.10 0.04 0.23 0.07 151 1.03 1.74

*and ** indicate significant at 5% and 1% levels of significance, respectively. The letters in parenthesis showed the status of parents, where: G = Good general
combiner; A = Average general combiner and P = Poor general combiner.



Table 3: The estimates of specific combining ability (sca) effects of the crosses for
various characters in bottle gourd

Node Node
Days to  Days number number Numbe
first to first atwhich atwhich f
Sr. . male female first first ro
No. Hybrids flower  flower male female branch
appear appear flower flower pﬁ):;t
ance ance appeara appeara
nce nce
1 ABG1xABGS11-17 1.86* 0.74 0.84 2.12** 0.72
2 ABG1xABGS11-19 -3.18**  -6.29**  -0.84 -2.08** 1.01**
3 ABG1xABGS 11-24 -2.07* 0.64 -0.56 -1.91** -0.36
4 ABG 1 x ABGS 14-25 -1.48 0.14 -1.60** -2.06** 0.42
5 ABG 1 x ABGS 14-27 0.26 7.61**  3.99** 5.93** 1.04**
6 ABG 1x GPBG 109 -0.26 -4.27%  -1.63** -5.56** -2.84**
7 ABG 1 x PUNJAB LONG 4.87** 1.43* -0.20 3.56** 0.01
8 DBG5 x ABGS 11-17 0.15 -3.06**  -4.12** -5.93** 1.16**
9 DBG5 x ABGS 11-19 0.04 3.16** = 1.45% 3.71** 0.70
10 DBG5 x ABGS 11-24 3.56** 6.76** 1.23* 0.87 0.66
11 DBG5 x ABGS 14-25 1.74* -1.07* 1.69** 1.64** 1.11%
12 DBG 5 x ABGS 14-27 -7.03*  -3.19*  -0.83 -1.94** -2.10**
13 DBG 5 x GPBG 109 4.04** 0.68 1.33* 1.89** 1.76%*
14 DBG 5 x PUNJAB LONG -2.49%  -3.29**  -0.74 -0.24 -3.30**
15 GPBG 108 x ABGS 11-17 -1.80% 2.93** -0.58 0.07 -3.22**
16 GPBG 108 x ABGS 11-19 6.09** 6.57** 1.64** 0.62 -1.10**
17 GPBG 108 x ABGS 11-24 3.35**  -0.83 1.19* -0.13 0.95*
18 GPBG 108 x ABGS 14-25 0.12 0.25 0.99* -1.28* 0.57
19 GPBG 108 x ABGS 14-27 -3.06** 0.72 -3.17* -1.11* 0.43
20 GPBG 108 x GPBG 109 -3.16*  -7.34%*  -2.54** 1.06* 0.97*
21 GPBG 108 x PUNJAB LONG -1.53 -2.3** 2.47** 0.76 1.40**
22 NDBG 132 x ABGS 11-17 0.51 -2.84 1.17* 1.31* 0.57
23 NDBG 132 x ABGS 11-19 -0.85 0.21 -1.59** -2.38** -0.81*
24 NDBG 132 x ABGS 11-24 0.24 0.31 -1.40** 2.70%* -2.10**
25 NDBG 132 x ABGS 14-25 0.59 2.64*  -2.01** -0.78 0.69
26 NDBG 132 x ABGS 14-27 2.99** 0.36 -0.42 -1.11* -0.03
27 NDBG 132 x GPBG 109 0.06 -0.11 4.62** 3.22%* 1.17*
28 NDBG 132 x PUNJAB LONG -3.55**  -0.58 -0.36 -2.95%* 0.52
29 LOCAL x ABGS 11-17 -0.73 2.22%*  2.69** 2.42%* 0.76*
30 LOCAL x ABGS 11-19 -2.09* -3.65** -0.65 0.13 0.21
31 LOCAL x ABGS 11-24 -5.08**  -6.88** -0.46 -1.53* 0.84*
32 LOCAL x ABGS 14-25 -0.98 -1.97**  0.93 2.48** -2.79**
33 LOCAL x ABGS 14-27 6.84** -550**  0.43 =177 0.66
34 LOCAL x GPBG 109 -0.68 11.04**  -1.77* -0.60 -1.06**
35 LOCAL x PUNJAB LONG 2.71%* 4.74%  -1.17* -1.14* 1.38**
S.Em.*+ 0.83 0.52 0.48 0.54 0.38
Range Minimum -7.03 -7.34 -4.12 -5.93 -3.30
Maximum 6.84 11.04 4.62 5.93 1.76
Significant sca effects 20 22 22 26 21
No. of +ve significant 10 10 12 12 12
No. of —ve significant 10 12 10 14 09

* and ** indicate significant at 5% and 1% levels of significance, respectively.



Table 3 Continued...

‘ . Average Numbgr F.ruit
Sr. HVbri Fruit Fruit X of fruit yield
ybrids . fruit
No. length girth weight per per
plant plant
1 ABG1xABGS11-17 -1.10 -0.50 -7.08 1.15%* 0.75**
2 ABG1xABGS 11-19 0.67 0.25 -13.76** 0.24 -0.28**
3 ABG1xABGS 11-24 2.28 1.55 -41.25%* 1.83** 0.81**
4 ABG 1 x ABGS 14-25 -4.99*  -0.95 76.34** -1.14** -0.17*
5 ABG 1 x ABGS 14-27 0.63 -0.33 3.84 -0.68** -0.06
6 ABG 1 x GPBG 109 -3.65**  -0.72 17.92** 2.05** 0.83**
7 ABG 1 x PUNJAB LONG 6.16** 0.71 -36.00** -3.45%* -1.89**
8 DBG5 x ABGS 11-17 12.90** 7.77%* -80.89** 0.75** -0.05
9 DBG5x ABGS 11-19 -2.67* -0.32 40.77** 0.49* 0.30**
10 DBG5 x ABGS 11-24 -5.39**  -2.10 -116.31** -2.15** -1.42**
11 DBG 5 x ABGS 14-25 -3.99**  -1.35 40.86** -1.46** -0.94**
12 DBG 5 x ABGS 14-27 4.63* -0.48 190.86** 2.00** 1.55%*
13 DBG 5 x GPBG 109 2.68* -0.62 -145.89* -1.02** 0.20*
14 DBG 5 x PUNJAB LONG -8.17*  -2.90 70.61** 1.40** 0.35**
15 GPBG 108 x ABGS 11-17 -4.40*  -1.13 -78.51** -3.99** -0.94**
16 GPBG 108 x ABGS 11-19 1.03 0.54 -59.36** 0.43 -0.55**
17 GPBG 108 x ABGS 11-24 -0.18 0.00 -11.01* 1.86** 1.15%
18 GPBG 108 x ABGS 14-25 6.80**  0.25 -52.17**  -0.23 0.01
19 GPBG 108 x ABGS 14-27 0.42 -0.55 -56.34** 1.35** -0.32**
20 GPBG 108 x GPBG 109 2.88* -0.51 284.83*  -0.42 0.23**
21 GPBG 108 x PUNJAB LONG -6.55** 1.41 -27.44** 0.99** 0.42**
22 NDBG 132 x ABGS 11-17 472 -2.61 -13.03** -0.60** -0.77**
23 NDBG 132 x ABGS 11-19 4.79**  -0.03 -96.38** -1.43** 0.24**
24 NDBG 132 x ABGS 11-24 5.49**  -0.47 -62.62** -2.75%* -0.76**
25 NDBG 132 x ABGS 14-25 1.06 1.44 103.30**  0.86** 0.09
26 NDBG 132 x ABGS 14-27 -6.73** 1.22 25.80** 2.23** 0.24**
27 NDBG 132 x GPBG 109 -3.02* 2.59 -44.70%* 1.05** -0.20*
28 NDBG 132 x PUNJAB LONG 3.13* -2.15 87.64** 0.63** 1.16**
29 LOCAL x ABGS 11-17 -2.67* -3.52*  179.52** 2.69** 1.01**
30 LOCAL x ABGS 11-19 -3.82*  -0.44 128.74** 0.27 0.28**
31 LOCAL x ABGS 11-24 -2.20 1.02 231.18** 1.20** 0.22*
32 LOCAL x ABGS 14-25 1.11 0.61 -168.32**  1.98** 1.01**
33 LOCAL x ABGS 14-27 1.06 0.14 -164.15**  -4.90** -1.41%
34 LOCAL x GPBG 109 1.11 -0.74 -112.15*%*  -1.67** -1.06**
35 LOCAL x PUNJAB LONG 5.43** 2.93 -94.81** 0.42 -0.04
S.Em.% 1.28 1.70 4.55 0.22 0.09
-8.17 -3.52 -168.32 -4.90 -1.89
Range 1290 777 28483 269 1.55
Significant sca effects 23 02 33 33 30
No. of +ve significant 10 01 13 13 17
No. of —ve significant 13 01 20 20 13

* and ** indicate significant at 5% and 1% levels of significance, respectively.



Table 3 Continued...

Total
NSr_ Hybrids Moisture  solubl Chlorophy Chlorophy Total
o content e 1] 1] Chlorophyl
solids a b I
1 ABG1xAB -
I ABG L GS 1117 041 043" -2132%  -9.65%  -30.97*
ABGS 11-19 2.72% 021 17.76% 4.88
3 ABG 1 x ABGS 11-24 058  0.73% 56467 g ot oo
4 ABG 1 xABGS 14-25 1.81%  -0.52% 60** boa o0 oee
4 ABG L . . -46.60 13.98%  -60.58%
1 x ABGS 14-27 140% 022 -32.48% 3
6 ABG 1 x GPBG 109 228% 045 18547 13'3*7&(;)* oy B
. ABG 1x PUNJAB A~ ' ' 19085
v 65%  0.66% -46.38%  26.06%*  -20.32%
8 DBG 5 x ABGS 11-17 120 0 |
9 DBG 5 x ABGS 11-19 471 -o'ig 4322751 2\,
10 DBG 5 x ABGS 11-24 261% -025  -1.03 o \ 007
11 DBG 5 x ABGS 14-25 006 005 94r y ey
11 DBGS : . . -23.94 10220  -13.72%
5 x ABGS 14-27 036  -033* 33.76%
12 DBGS . . 3.76 1.18 34.03%
5 x GPBG 109 336" 014  -31.03% -0.04 31.08%
14 DBG 5 x PUNJAB 00 0.34¢ ' '
Do . 34%  6820%  -8.14%  60.06**
15 GPBG 108 x ABGS 11-
> 025  0.36*  20.00%* 7.84%  27.84%
L GPBG 108 x ABGS 11-
o 220% 002 -1741%  12.33% -4.78
L; GPBG 108 x ABGS 11-
o 3.20%  -0.34%  14.20% -1.28 12.92%
1 GPBG 108 x ABGS 14-
o 152% 037  T7400% 2223 5267
Lo GPBG 108 x ABGS 14-
> 007 013  -450 071 -3.79
20 GPBG 108 x GPBG 109  1.18* - .
2 GBG 108 « creg 18 020  -70.00% 404 -74.12%
CPBC A159%  -0.33%  -17.41% 6.66%  -10.75*
,, NDBG 132 x ABGS 11- |
o 025 -0.61%  41.14% 1.92 43.05%
,3 NDBG 132 x ABGS 11-
S 1.05% 014  -9.47 757+ -1.90
,s NDBG 132 x ABGS 11-
g 014  -0.08 32.75%  -8.42% 2432
o5 NDBG 132 x ABGS 14-
s 028 0527  10.19% 1.85 12.04%
b NDBG 132 x ABGS 14-
e 036  -0.07 -25.48%  11.94%  -13.54%
27 NDBG 132 x GPBG 109 |
27 NDBG 102 x e 040 020 -38.97* 327  -35.70%
NDBC A1.94% 011  -10.15%  -18.13%  -28.28*
29 LOCAL x ABGS 11-17 087 051 343 3
30 LOCAL x ABGS 11-19 5.34% 017  11.53% 5on: oS
31 LOCAL x ABGS 11-24 2014 00 0oor P phed
31 LOCAL X : . 2007 1053 6.03%  17.47%
22 LOCAt QBGS 1425 050  -042% -1455%  24.14% 9.50%
x ABGS 14-2 ' ' :
34 LOCAL x GPBG 109 ! -8'23 82? ig';g: ot agoom
. . -45. -4.57 -49.96*
35 LOCAL x PUNJAB LONG 3.97* 0.56** 5.74 -6.46** -09762




S.Em.x

Minimum
Maximum
Significant sca effects

No. of +ve significant

No. of —ve significant

Range

0.52
-5.34
4.71
19
09
10

0.17
-0.61
0.73
16
08
08

3.38
-70.09
185.47

30
13
17

231
-22.23
26.06
21
10
11

3.89
-74.12
190.85

28

13

15

* and ** indicate significant at 5% and 1% levels of significance, respectively.



Tabled4Topthreerankingparentsconcerningmeanperformanceandgcaeffects;Fihybridsconcerningmeanperformance,scae
ffects,heterosisover betterparentandstandardcheck ABGH1linbottlegourd

Heterosisover

Traits Best Best Best Hybridswithhigh sca GCA scaeffects Standard
performin generalco performin effects ofpare Betterparent check(ABG
gparents mbiners ghybrids nts H1)

LOCAL(50.67) NDBG132 DBGS 2‘49%(8)514'27 DBGS5 xABGS14-27  PxA  -7.03* -8.53¢ 7.70%
Days to B )
firstmale AE}fgé‘Z‘)” ABGS11-17 NDBP%,{SZA;LONG( . LOCALxABGS11-24  AxA -5.08% -12.80% -6.42*
flowerapp ' 2.08)
earance LOCAL x ABGS 11- NDBG132 xPUNJAB
DBG5(46.58)  GPBG109 24(42.58) RONS Gx A -3.55% -16.81% -7.51%*
Nag%g,z NDBG132 NDBP%,ngA;LONG( , GPBGIOBXGPBGIO9 PxA  -7.34 -14.97% -6.13%
Days to ' 2.92)
firstfemale ABGS14-27 LOCAL x ABGS 11-
flowerappea (49.59) ABGS14-25 24(43.00) LOCALXABGS11-24  Gx P -6.88* -9.31% -7.38%*
rance
ABGS11-19 PUNJAB GPBG 108 x
(48.18) LONG Graallh ABG1 xABGS11-19 PxP -6.20% 1.41 2.86
(43.58)
NDBG132 GPBG108x ABGS 14-
Nodenumbera (11.72) ABGS14-27 27(8.00) DBG5 xABGS11-17 Ax P -4.12% -23.32% -21.37%
twhich first ABGS11-19 LOCAL x GPBG GPBG108 x ABGS14-
maleflowerap (10.09) LOCAL 109(6.58) 27 Px G -3.17** -48.34** -33.34%*
pearance ABGS11-17 ) NDBG 132 x ) ) )
(10.00) ABGS11-19 ANC11.19 GPBG108 xGPBG109  Px A 2.54%* 25.58% 17.95%
(7.17)
ABGS14-27 ABG1 xGPBG109
Nodenumbera (11.42) ABGS14-25 (3.50) DBG5 x ABGS11-17 PxP -5.93* -46.19* -37.87%
twhich ABGS11-19 LOCAL x ABGS 14-
firstiomale (12.92) LOCAL 27(5.25) ABG1 xGPBG109 Ax G -5.56%* -73.75% -69.30%
flowerappeara NDBG132 R ABG1 x ABGS14-25 NDBG132 xPUNJAB ) ) )
o (14.66) ABGS14-27 (5.92) L ONG Gx P 2.95%* 46.26% 42.62%
Number ABGS11-19 ABG1 x ABGS14-27
ofbranchperpla (14.50) ABGS14-27 (24.17) DBG5 xGPBG109 PxP 1.76% 63.51% 94 55%
nt GPBG109 ABG1 x ABGS11-19  GPBG108 xPUNJAB
(14.17) GPBG108 (23.92) LONG Gx P 1.40%* 84.23% 95,95+



ABG1(12.92)

ABG1

GPBG108x ABGS 11-
24(23.75)

LOCALXPUNJAB

LONG

Ax P

1.38**

80.93**

92.45**

Valueinparenthesisindicatedmeandata.*and**indicatesignificantat5%and1%levelsofsignificance,respective.Where:G=Goodgener
alcombiner; A = Averagegeneral combiner andP =Poor general combiner.

Table4 Continued...

Heterosisover

. Best Best . . Hybridswithhigh sca GCA sca
Traits performin generalco Bestperforminghybrids effects ofpare effects B;téir Star%dez:\:rkd(ABG
gparents mbiners nts f a 1)
NDBG132 (49.25) ABGS11-19 NDBGlC"éX‘?BS‘);S 11-19 DBG5 xABGS11-17 AXA  12.90%  35.85* 126.39%
Fruit LOCAL(47.25) NDBG132 DBG5 xABGS11-17 (54.33) GPBG108 xABGS14-25 PxP 6.80%* 6.64 78.48%
length( NDBG132xABGS 11-24
cm) GPBG109(40.17)  LOCAL 66.7%) ABG1xPUNJABLONG PxA 6167  22.78% 96.53*
GPBG108(19.58) - DBG5 xABGS11-17 (27.67) DBG5 xABGS11-17 AxA T.77* 43.70** 28.19**
LOCALXPUNJABLONG
Fruitgirth(cm) LOCAL(19.50) ) (23.42) ) ) ) ) )
ABGS11-17 GPBG108 xPUNJABLONG
(19.25) - (21.50) - - ] - -
ABGS11-19 LOCAL x ABGS 11-
750,69 ABGS11-17 e GPBG108 xGPBG109 PxA  284.83* 66.51* 92.35%
Average ABGS14-27 LOCAL*ABGS 11-19
fruitweight (obe.o0) ABGS11-19 ooke) LOCALXABGS11-24 GxP 23118 39.01% 90.31%
ABGS11-17 GPBG108xGPBG109
Q) (o555 LOCAL 74308 DBG5 xABGS14-27 GxP  190.86™  9.32% 88.37*
ABGS14-25 LOCAL x ABGS 11-
158) ABGS11-17 170278 LOCALXABGS11-17 PxG  2.69%  18.60* 7.75%
Number ABGSILIT  ABGS11-24 ABGL*ABGS11-24(12.42) NDBGI32 x ABGS14-27  GxP 223  17.11% -8.46%
offruitperpla (10.75)
nt DBGS(1050)  NDBG132  CPBGL(EFEES 124 ABG1 xGPBG109 GxG 205"  32.72% 0.00
DBG5(4.48) ~ ABGS14-25 \DBG132xPUNJAB DBGS5 xABGS14-27 GxP  155% 363 3.13
LONG(5.48)
Fruit yield ABGSLL17 \BS1117 LOCALXABGS 14-25(.44)  DBG132 xPUNJAB GxG 116"  53.04% 21.64%
perplant(k (4.35) Noas LONG
g) ABaszlé)'% ONG LOCALXABGS 11-17(5.38) GPBG108 xABGS11-24  AxG 115  41.15% 13.17%

Valueinparenthesisindicatedmeandata.*and**indicatesignificantat5%and1%levelsofsignificance,respective.Where:G=Goodgener



alcombiner; A = Averagegeneral combiner andP =Poor general combiner.

Table4 Continued...
Bestgen Heterosisover
Traits Best erformin eralcomb Best erformin Hybridswithhigh scaeffects SfC/;re ef?ecgts
P t iners ph brid tp Better  Standard
gparents ghybrids nts paren check(ABG
t H 1)
ABGS14-27  ABGSIl-  DBGS x ABGS11-19
(94.65) 15 (95.84) DBG5 xABGS11-19 PxA  471%* 453 1.72*
Moisture NDBG132 ABGS14- LOCALXPUNJAB -
content(% (94.50) o LONG(95.53) LOCALXPUNJABLONG GxP  3.97 1.26 1.40
PUNJABLONG ABGS11- LOCAL x ABGS 11-
) (94.34) o 17(95.33) ABG1xPUNJABLONG AxP  265%  -0.77 -0.64
ABGS14-27 pBgs  LOCALxABGS 11- ABG1 xABGS11-24 AXA  0.73%  14.00% 12.40%*
(5.45) 17(5.53)
Total ABGS11-19 ABG1 x ABGS11-24
solublesoli (6.10) - (5.52) ABG1xPUNJABLONG AXA  0.66**  13.43* 11.89*
ds(°Brix GPBG108 ) DBG 5 x ) )
( ) (4.89) . TP, N LOCALXPUNJABLONG AxA  0.56% 7.05 10.70*
G(5.51)
ABGS11- ABG1xGPBG109 185.47*
2a(553.00) ~ GPBG109 (754.88) ABG1 xGPBG109 Gx G " 59.28* 72.73%
Chlorophyll GPBG109 ABG1x ABGS11-19
a(ug/gF W) (529.40) ABG1 (546.82) GPBG108 xABGS14-25 GxP  74.90% 19.14* 25.08*
PUNJAB  GPBG108x ABGS 14-
ABG1 (473.94) o NG 25(546.63) DBG5xPUNJAB LONG PxG  68.20*  -0.87 20.09**
ABGS14-27  ABGSI4- LOCALxABGS14-
(104.75) s 25(90.13) ABG1xPUNJABLONG PxG  26.06%* -1.08 22,98
Chlorophyll ABGS14-25 LOCAL ; LOCALx ABGS14-25 GxG 2414 248 9.83*
b(ug/gF.w.) (92.42)
GPBG109 " " "
(72.33) NDBG132 - GPBG108 xABGS11-19 PxP  12.33* -51.60 -57.69

Valueinparenthesisindicatedmeandata.*and**indicatesignificantat5%and1%levelsofsignificance,respective. Where:G=Goodgeneralcombiner; A =

Averagegeneral combiner andP =Poor general combiner.



ABGS11- ABG1xGPBG109 190.85*
*

rotalehlor Sue0b.62)  GPBG109 oron ABG1 xGPBG109 Gx G 47.07% 5255

ophyli(ug/ PU'Z'SJS%BQ‘QC;NG ABG1 GPBils(zg;zAsBss 14- DBG5xPUNJABLONG PxG  60.06% -6.37* 7.02%
F.W. : taqq.

grwW) GPBG109 PUNJAB  ABGLxABGS11-19 GPBG108 xABGS14-25 GxG  52.67% 11.97% 10.30%

(538.42) LONG (563.40)




Number of fruit per plant, and number
of branch per plant. As, these hybrids
showing significant sca effects can
directly used for a hybrid breeding
programmes.

The best three crosses selected
based on sca effects for various traits
are depicted in table 4. A perusal of
data implied that none of the crosses
had high-ranking sca effects for all the
traits. The data revealed that the high-
ranking sca for most of the traits were
accompanied by high ranking per se
performance, which proved the
predominant role of non-additive gene
effects in the expression of fruit yield
per plant. For fruit yield per plant, they
seem that hybrids with high sca effects
analogue, high heterobeltiosis in some
of the vyield and component traits
suggested that sca performance might
be an essential criterion for choosing
the best hybrids.

The crosses DBG 5 x ABGS
14-27, NDBG 132 x PUNJAB LONG
and GPBG 108 x ABGS 11-24 for fruit
yield per plant, recorded the highest
SCA effects which were also highest
in persent performance which involved
good x poor; good x good and
average x good parent combinations
for fruit vyield per plant parent
combinations, respectively. Thus, the
cross combination with high per se
performance, high SCA effects, and at
least one parent having high GCA
effects would increase the frequency
of favorable alleles.

4. CONCLUSION

The analysis of variance for
combining ability revealed that the
mean sum of squares due to female
(lines) and male (testers) were highly
significant for all the traits except fruit
girth, average fruit weight, chlorophyll
a, chlorophyll b and total chlorophyll.
The ratio of 0%gea / 0%scawas less than
unity for all the characters under study.
Which suggested greater role of non-

additive genetic variance in the
inheritance of these
characters.Thegcaeffects indicated
that four male parents viz., ABGS 14-
25, ABGS 11-17, ABGS 11-24 and
PUNJAB LONG and three female
parents viz., DBG 5, NDBG 132 and
LOCAL were found good general
combiners for fruit yield per plant and
its contributing traits. These good
general combiners can be utilized in
intensive crossing programmes and
subsequently select transgressive
segregants for desired yield traits in
segregating generations to develop
superior lines. The most promising
hybrids for fruit yield per plant were
DBG 5 x ABGS 14-27, NDBG 132 x
PUNJAB LONG and GPBG 108 x
ABGS 11-24.
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