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ABSTRACT

An attempt was made to develop small fruited ash gourd [Benincasa hispida (Thunb) Cogn] hybrids by crossing
10 genetically diverse ash gourd genotypes in a diallel mating system. The 45 F, hybrids along with their parents
were evaluated for assessing their heterosis and combining ability for 11 important economic traits. The parent P,
(Elevenchery local) was the best general combiner for fruit yield and fruits/plant. The specific combining ability
component of variance (9%s) was higher than general combining ability component of variance (32g) for the all the
11 characters studied which indicated the predominance of non-additive gene action in the improvement of these
characters. The hybrids, viz. P, x P, (Elevenchery local x Chengamanad) which exhibited the highest heterosis
over top parent (79.95 %) and highly significant sca effects for fruit yield, fruit length, flesh thickness, average fruit
weight and days to first fruit harvest followed by P; x P, (Malappuram x IC 392313) which recorded the highest
heterosis over better parent (166.38%) and highly significant sca effects for fruit yield, fruits/plant, flesh thickness
and fruit length were found promising. Both the hybrids were small fruited with average fruit weight (2.04 kg) and

(1.65 kg) respectively.
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Ash gourd [Benincasa hispida (Thunb) Cogn] is the
only species in the monotypic genus Benincasa belonging
to the family Cucurbitaceae. It is commonly called as white
gourd, wax gourd, winter melon or chinese preserving melon,
mainly due to the powdery white wax coating on the surface
of fruit. The ash gourd grown in South East Asia has a
smooth wax texture and is mainly available during winter
and hence the name winter melon. In northern India, mature
fruits are used for preparing ‘Petha’ (ash gourd candy). In
South India, fruits are used for culinary purpose. In China,
a canned beverage is prepared from the fruit. In ayurveda
system of medicine, the juice from mature fruits are used in
the treatment of prostate enlargement and for treating obesity.
The current market demand is for small fruited varieties (1
% - 2 kg) to cater to the needs of nuclear families.

In spite of economic importance and availability of
considerable genetic diversity in this vegetable crop, not
much work has been carried out on genetic improvement
of this crop. A rapid improvement in ash gourd could be
brought about by exploiting the hybrid vigour. Hybrids offer
opportunities for improvement in production, uniformity
in size, earliness and resistance to biotic factors. Heterosis
for fruit yield to the tune of 37.6% (Sureja et al. 2006)
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over better parent and 23.36% over top parent (Verma and
Behera, 2007) had been reported in ash gourd. Heterosis
is a function of specific cross combination. Analysis of
combining ability helps to determine the feasibility of
its utilization and to identify the best combination. The
superior hybrid combinations identified could be utilized for
commercial exploitation of heterosis. Considering the above
facts, the present study was undertaken with 10 ash gourd
genotypes of diverse origin along with their 45 F, hybrids
developed through diallel mating excluding reciprocals to
identify potential parental combinations to develop superior
small fruited hybrids.

MATERIALS AND METHODS

Ten ash gourd inbred lines, viz. P, — Thannyam, P,
— Elevenchery Local, P, — Malappuram, P, — IC 392313
(NBPGR, New Delhi), P — IC 0566995 (NBPGR, New
Delhi), P, — IC 0596989 (NBPGR, New Delhi), P, —
Chengamanad, Pg — KAU Local, P, —AP 12 (Local collection
from Arunachal Pradesh), P ,, — AP 10 (Local collection
from Arunachal Pradesh) selected from a germplasm of 42
collections maintained at Agricultural Research Station,
Mannuthy, were used for the study. The inbred lines were
crossed in all possible combinations excluding the reciprocals
during 2014-15. The 10 parents along with their 45 F,
hybrids were evaluated in the vegetable experimental plot
of Agricultural Research Station, Mannuthy, during 2015-16
in 3 replications with 10 plants/genotype/replication. The



1384

crop was grown in rows spaced 4.0 m apart with 1.0 m
spacing between plants. All the recommended package of
practices for raising a successful crop of ash gourd under
irrigated conditions was followed (KAU 2016). Out of 10
plants, 5 plants were randomly selected and observations
were recorded on 11 important quantitative traits, viz. days
to first male flower opening, days to first female flower
opening, node number of first male flower, node number
of first female flower, days to first fruit harvest, fruit length
(cm), fruit diameter (cm), yield/plant (kg), fruits/plant, flesh
thickness (cm) and fruit/weight (g). The mean data obtained
was analyzed using Statistical Package SPAR-developed by
Indian Agricultural Statistics Research Institute, New Delhi.

RESULTS AND DISCUSSION

The range of heterosis (%) and 3 best F | hybrids in
terms of performance and heterosis for important economic
traits are presented in Table 1. Considerable heterosis was
observed both in positive and negative direction. Heterosis
in negative direction is desirable for days to first male and
female flower opening, node number of first male and female
flower and days to first harvest. Among 11 economic traits
studied, the range of heterosis was maximum in a negative
direction for days to first female flower opening followed
by node number of first female flower. Days to first male
flower opening, node number of first male flower and days to
first fruit harvest recorded lower negative heterosis. Similar
results had been reported by Sureja (2003) and Verma and

Table 1
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Behera (2007). Among the yield related traits, maximum
positive heterosis was recorded for fruit yield/plant followed
by number of fruits/plant and fruit weight. The range of
heterosis was low for fruit length and fruit diameter. Flesh
thickness exhibited positive heterosis over mid parent and
better parent. High heterosis for fruit yield, fruit number
and fruit weight had been reported by Mohanty and Mishra
(1999) and Jha et al. (2009) in pumpkin. Low heterosis for
flesh thickness was reported by Abdein et al. (2017).

Combining ability analysis of 10 parents and 45 F,
hybrids showed significant gca and sca effects for all the
characters studied (Table 2). This revealed the important role
of additive and non-additive gene effects in the improvement
the characters studied. The sca component of variance (s2s)
was higher than gca component of variance (s’g) for all
the characters which indicated the preponderance of non-
additive gene action in the expression of the characters
observed. The predictability ratio observed was also less
than 0.5 for all the traits which again confirmed the role of
non-additive component of variance in the improvement of
economic traits. The analysis of general combining ability
revealed that among the 10 parental lines, the parent P,
exhibited the highest negative gca effect in a favourable
direction for days to first male flower opening followed
by parent Pg (Table 3).

The parent Pg showed the highest negative gca effect
for number of days to first female flower followed by P,
Highest positive gca effect for fruit yield was observed in

Range of heterosis, heterotic crosses, and best F1 hybrids of ash gourd for economic traits

Character Range of heterosis (%) over Three best F, hybrids with heterosis % over
Better parent Mid parent Top parent  Better parent Mid parent Top Parent

Days to first —15.66 to —17.95to 38.46 —-7.25t0 56.52 P, x P, (~15.66) P, x Py (-17.95) P x Py (-7.25),
male flower 52.11 Po x Py (~11.11) P x Pg (-12.82) Py x Py (-1.45),
opening P, x Ps (-8.00) Ps x Py (-12.82) Py x Py (-1.45),

P, x P, (~12.82) P, x P, (-1.45)
P, x Pg (-11.54)

Days to first —46.63 to -54.23t019.72 -38.10t0 61.9 P, x P, (-46.15) P, x Pg (-54.23) P, x Py (-38.1)
female 61.90 P, xPg (—4091) P, x Py (-50.70) Py x Py (-33.33)
flower P, x Py (-40.63) Py xPg(-36.62) Py x Py (-14.29)
opening

Node number  —15.19 to -13.10 t0 25.81 —6.94t0 34.72 P, x P, (~15.19) P, x P, (~13.10) P, x P, (-6.94)
of first male 34.72 P, x Py, (-10.53) Py x P, (-13.10) Py x Py, (-6.94)
flower Py x P, (-9.46) P, x P, (-11.80) Py x Py (-5.56)

Py x Py (—11.80) Ps x Py, (-5.56)
P1 x Pg (-10.51) P,x P, (-5.56)
Py x Pg (-10.51)

Py x Pg (-10.51)

Node number ~ —38.71 to -39.29to 1429 -10.53 to 68.42 P, x P, (-38.71) P, x P¢ (-39.29) P, xPg (-10.53)
of first 52.63 P x Py, (-35.48) P, x Py (-35.71) P, x Py (-5.26),
female P, x Py (-32.00) Pl x Py (-32.14)
flower

P, x P, (-32.14)
P, x P, (-32.14)

Contd.
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Character Range of heterosis (%) over Three best F, hybrids with heterosis % over
Better parent Mid parent Top parent  Better parent Mid parent Top Parent
Days to first —-17.05 to —5.81t0 13.56  0.00 to 20.56 P, x P, (~17.05) P, x P, (-5.81),
fruit harvest 20.56 P; x Py (~17.05) P, x Ps, P, X P,
P, x P (-17.05) P, x P, P, x Py,
Py x Py, Py x Py,
Py x P, P3 xP5,
Py x P, P3 x P,
Py x Pg, P3 x Py,
Py x Py, Py < Py,
P, xPg, P, x Py,
P, x Pg, Py x Py,
P, X Py, Ps x Py,
Py x Py, P x Py,
Pg x Pg, Pgx Py,
P, x Pg, P, x Py,
P x Py, Py x Py,
Py Pyg, Py x Py
Fruit length 27.54 to 61.21 to —66.73 21.15 to —75.00 P, x Py (27.54) P, x Pg (61.21) P, x Py (14.42)
(cm) —59.38 Ps x Py (27.03) P, x Py (52.25) P, x P (21.15)
P, x P (21.15) P, x Py (9.62) P, x Py (9.62)
Fruit 14.29 to 25.21t0-53.00 4.84 to —64.52 P, x P, (14.29) Py x P, (37.95) Py x P, (4.84)
diameter -44.90 P, x P, (11.32) P, x P, (25.21)
(cm) P, x P, (6.59) P, x Py (23.51)
Yield/plant ( 166.38 to — 245.28 to 79.94 to —96.12 P, x P, (166.38) P, x P, (245.28) P, x P, (79.94)
kg) q86.74 -92.55 P, x P (145.64) P, x P, (191.51) P, x P, (51.92)
Pg x P, (144.97) P2 x P (186.79) P, x P (49.46)
Fruits/plant 160.98 to 182.71 to 75.36 to —62.32 P, x P, (160.98) P1 x P, (182.71) P1 x P, (75.36)
—62.32 —41.59 P, x P5 (140.48) P1 x Py (150.00) P1 x Py (55.07)
P, x P, (140.48) P, x P, (150.00) P, x Py (55.07)
Py x P, (114.81) P, x Py (135.98) P, x P, (46.38)
P,x P, (135.98)
Flesh 2.5t03.95 35.89t0—-61.67 0.00to-71.79 P, xPg (3.95), P, x Py (35.89)
Thickness P, x Py, P3 x Py, P, x Py (35.89)
(cm) P, x P, Psx Py, P, x P,(35.89)
P, xPg Pgx Py, P, xP, (30.66)
and Py x P, P, x P, (21.95)
P, x P, (3.90),
P, x P, Py x P10,
P, x P, PsxPIO,
P¢ x Py, P, x P10,
and Py x P,
P, x P, (3.10),
P, x Py, P, x PS5,
P, x P, Py x P,
Py x P, Py x Py
Fruit weight 99.39 to 98.85t0 =75.27 19.12 to —85.18 P; x P, (99.39) P, x P, (98.85) P, x Py, (19.12)
(2) —75.12 P, x P, (45.22) P, x P, (81.15) P, x P, (8.53)

P, % P, (42.30)

P, x P8 (65.38)

P, x Py (~0.92)
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Table 2 Analysis of variance for combining ability for economic traits in ash gourd

Character Source of variation of gca  Source of variation of sca Error 52 o 52S PR
DF MSS F DF MSS F DF MSS

Days to first male flower 9  180.898** 374.006 45 16.603** 34326 54 0.484 0.018 0.165 0.18
opening

Days to first female flower 9 31.532%* 52126 45  8.536%* 14.110 54 0.605 0.023 0206  0.18
opening

Node number of first male 9 85.424%* 184.114 45 18.231** 39.254 54 0464 0.017 0.158  0.17
flower

Node number of first female 9 13.766%* 23.886 45  7.214** 12516 54 0.576  0.022 0.196  0.18
flower

Days to first fruit harvest 9  184.637** 5077.519 45 26.237** 721.519 54 0.036 0.001 0.012 0.14

Fruit length (cm) 9  239.441%*% 841310 45 19.658** 69.071 54 0.285 0.011 0.097 0.18

Fruit diameter (cm) 9 42.812*%*% 202351 45  3.118* 14739 54 0212 0.008 0.072  0.18

Yield/plant ( kg) 9 69.692%* 354742 45 24.118** 122.767 54 0.196 0.007 0.067  0.17

Fruits/plant 9 11.931%*  84.026 45 11.059** 77.888 54 0.142  0.005 0.048  0.17

Flesh thickness (cm) 9 3.104%* 199.886 45  0.410%** 26.390 54 0.016 0.001 0.005 0.28

Fruit weight (g) 9 2.65%%  314.152 45  0.215%% 25479 54 0.008 0.001 0.004 033

*Significant at P=0.05 level, **Significant at P=0.01 level, Predictability ratio (PR) = 202g / 20%g + d%s

parent P, followed by P, and Pg respectively. The parent
P had the highest positive gca effects for fruit weight and
flesh thickness, followed by parent P, . The parent P, had
the highest positive gca effect for fruit length followed by
P,,. Highest positive gca effects for fruit diameter were
observed in parent P, followed by parent P, and P¢. In
most of the cases, per se performance of parents had a
direct reflection on their respective gca effects and the
results were in conformity with the findings of Jha et al.
(2009) in pumpkin, Pandey et al. (2005) in ash gourd and
Reddy et al. (2014) in cucumber. The estimates of sca effects
are presented in Table 4. Out of 45 F, hybrids studied,

P2x P7 (Elevenchery local x Chengamanad)

Fig 1 Promising F, hybrids of ash gourd

significant sca in favourable direction was observed in 22
hybrids for days to first male flower opening, 17 hybrids
for days to first female flower opening and node number of
first female flower, fruit length and yield/plant, 16 hybrids
for flesh thickness, 23 hybrids for days to first fruit harvest,
11 hybrids for fruit diameter, 19 hybrids for fruits/plant
and 12 hybrids for fruit weight. The hybrids which showed
highest significant desirable sca effects for the economic
characters observed were P, x P¢ and P, x P; for days to
first male flower opening, P, x Py and P, x P for days to
first female flower opening, P, x Pg, P, x Pg and P, x P
for node number of first male flower, P¢ x P, P, x Pg and

P3x P4 (Malappuram x IC 392313)
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Table 4. (Concluded)

Parent

DFFO NNMF NNFF DFFH FL FD Y/P F/P FT FW

DFMO

—0.042
0.181%*

0.125%*

—3.024%%*
1.788**

—4.262%%*

-0.24 —0.833%* —1.664** —1.256%*
—2.527%*
0.794**

—3.407**

—0.542
—3.667**
2.875%*

1.755%*

—3.245%%*

-0.162
—3.412%%*

P, x Py

—0.554%*%*

—0.608**

—0.338%%*
0.354**

5.038%*

0.331
—1.402%*
—1.656**
—0.935%%*

—1.75%*
1.000**

P, x Py
PS X P9

—0.316%*

0.568*
2.581%*

-0.013
5.232%%*

1.427%**

0.547
1.047*
0.172
0.454

2.338**

0.072
—0.273%%*

—1.777%*

0.083

-0.74
—0.99*
0.443

1.25%%*
—2.795%*

0.588
—0.995%*

Pgx Py,

4.368** 3.459%*

0.248

0.083

Py x Py
SE S,

0.054

0.024
0.102
0.081

0.269 0.259 0.220
0.308
0.245

0.311

0.111

0.398

0.406

HETEROSIS AND COMBINING ABILITY IN ASH GOURD

0.075
0.

0.362
0.289

0.156 0.436 0.376
0.124

0.568
0.174

0.635 0.556 0.62
0.494

0.568
0.453

SE S;; - Sjj
SE

06

0.300
0.568

0.347
0.521

0.444

0.507
0.748

0.097

0.146
0.114

0.359

0.433

0.712

0.732

0.658

SEij - Sik

0.084

0.420 0.405 0.344

0.487

0.710 0.622 0.693

0.635

SE'S;; - Sy,

0.05, P=0.01. DFMO, Days to first male flower opening; DFFO, Days to first female flower opening; NNMF, Node number of first male flower; NNFF, Node

Significant at P=
number of first female flower; DFFH, Days to first fruit harvest; FL, Fruit length; FD, Fruit diameter; Y/P, yield/plant; F/P, Fruits/plant; FT, Flesh Thickness; FW, Fruit weight.
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P, x P, for node number of first female flower, P, x P,
P, x P¢ and P; x P, for days to first fruit harvest , P, x
Ps, P, x Pg, P, x P, for fruit length, P, x P,,, P, x P, and
P, x Py for fruit diameter, P, x P,,, P, x P; and P, x P,
for fruit weight, P, x P,, P, x P,, and P, x P for fruits/
plant, P, x P, P, x Py and P, x Py for flesh thickness and
P, x P,, P, x P;and P, x P for fruit yield. The two top
performing hybrids for yield/plant had significantly higher
sca effects for yield contributing characters. A comparison
of gca effects of parents and sca effects of crosses revealed
that highly significant gca effects of parents for a particular
character were reflected in sca effects of their crosses for
those characters. F; hybrids showing high heterosis for
yield and its components traits like number of fruits, fruit
length, fruit weight had at least one of their parental lines
having high gca effects for yield and its component traits.
This proved the strong tendency of transmitting higher gains
of parents to offspring.

The results of present investigation revealed that
heterosis breeding could be effectively utilized for exploiting
the non-additive genetic variance for improvement of yield
and its component characters in ash gourd. The cross
combinations that showed highest sca effects and heterosis
over top parent can be utilized for heterosis breeding. The
F, hybrids, P, x P, (Elevenchery x Chengamanad) which
exhibited highest heterosis over top parent and second
highest sca effects for fruit yield and highly significant
sca effects for fruit length, fruit diameter, flesh thickness,
average fruit weight (2.04 kg) and days to first harvest
and the hybrid P, x P, (Malappuram x IC 392313), which
exhibited highest heterosis over better parent and highly
significant sca effects for fruit yield, fruits/plant, flesh
thickness and fruit length and average fruit weight (1.655
kg) can be utilized as promising small fruited F, hybrids
of ash gourd.
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