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ABSTRACT

Combining ability (gca and sca) was studied in muskmelon (Cucumis mefo L.) involving a
2 X 32 line X tester croms. The variances due to malen, females and their cross combinations
were significant for afl the characters of earliness, yiell and quality. Additive genetic vatisnces
were more important for earliness while nonadditive for yield and qiiality. Of the two females,
ms-1 was & good combiner for eariiness, and ms-2 for yield and quality. Among male parents,
15 out of 32 combined significantly well for three or more characters, indicating their promise
in heterosis breeding. Indian parents Harela, Haras Madhu, Lucknow Safeda, Arks Jeet, Pusa
Madhuras, Allahabad Kajra, Punjab Sunchri and Kutana, and exotic parents Sweet Gold,
Gold Silver, Edisto-47, R, L. Hales Best, Honey Dew, Rio Gold snd Persiiskii-5 held promise.
Among the crosses, six ms-1 combinations with Cremshaw, Sheep Head, Campo, Arka Jeet,
Sweet Gold, Pusa Sharbati and five ma-2 combimations with PMR-6, Durgapura Madhu.
PMR-45, Top Mark, ﬂjmhmwmmmmmmm&mormm
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Although the two male sterility genes, ms-1 and ms-2 in muskmelon were
discovered as early as 1949 by Bohn and Whitaker. [1] and in 1964 by Bohn and
Principe [2], these have not been utilized for commercial production of hybrids. For
commercial exploitation of heterosis, it is necessary to test the combmmg ability of
these male sterile .lines with .commercial varieties of diverse origin as male parents
under Indian conditions. Bhattacharya et al. [3] in Japan and Nandpuri et al. [4]
in India tested the combining ability of these male sterile lines only against two
‘and four male parents, respectively. The present study was undertaken making use
of 2 male sterile lines and 32 testers of diverse origin at the Indian Agricultural
Research Institute, New Delhi.

MATERIALS AND METHODS

The 2 female parents, viz. ms-1 (100) and ms-2 (200), 32 commercial varieties
(males), viz., Lucknow Safeda (001), Arka Jeet (002), Kutana (003), Hara Madhu
(004), Durgapura Madhu (005), Punjab Sunehri (006), Harela (007), Pusa Madhuras
(008), « Pusa Sharbati (009), Allahabad Kajra (010) from India; PMR-45 (011),
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Edisto-47 (013), Planter’s Jumbo (014), Campo (016), Golden Perfection (017),
'Honey Dew (018), Top Mark (019), Crenshaw (020), Wescan (021), Gulf Stream
(022), Heart of Gold (025), Rio Gold (026), Jacumba (027), Red Land’s Hales Best
~ (028), Casaba Golden Beauty (029), Perlita (030), PMQ (032), from U.S.A.;
Sheep Head (015) from U.S.S.R.; Yanco Treat (012) from Australia, and Persiiskii-5
{(031) from- Bulgaria and their 64 cross combinations (101 to 132 and 201 to 232).
were used as experimental material.

These male and female lines and their crosses were grown in randomised block
design with three replications. Each plot was represented by a 4.5 m long channel
spaced at 2.0 m. Six hills spaced at 0.75 m were prepared on one side of each
channel-and two plants were grown on each hill maintaining thereby 12 plants per
plot. The crop was raised during February-June under irrigated conditions using 120
N: 80 P: 60 K/ha. V

Observations were recorded on all the twelve plants in a plot on eight economic
characters, viz. days to first harvest, early yield (%), total yield per vine, number
of fruits per vine, average fruit weight, early TSS (total soluble solids %}, TSS and
flesh proportion. Number of days from sowing to first fruit harvest were averaged
from all the 12 plants to compute days to first harvest. Fruit number, fruit weight,
total yield and TSS of the fruits were also averaged for all the 12 plants. The TSS
of fruits was recorded using hand refractometer. The Vield obtained within 80 days
of sowing was taken into account for recording early TSS, and early yield which,
‘again, was converted into percentage of total yield. Flesh proportion was depicted
as ratio between (fruit diameter-cavity diameter) and cavity diameter, and averaged
plant wise and plot wise as was also done for TSS. Variance, its components, and
general and specific cambining ability effects (gca and sca) were analysed following
the line X tester model of Kempthorne [5].

RESULTS AND DISCUSSION

It can be.seen from Table 1 that the variances due to male parents and hybrid
combinations were highly significant for all the characters studied. Female parents
showed significant variances only for days to first harvest, early yield (%) and TSS.

The observations on variance components and combining ability effects (Tables
1 and 2) are discussed for various characters grouped under earliness, yield and quality.

EARLINESS

High genetic diversity within the male and female parents was indicated tl;r(mgh
large and highly significant variances due to male as well as female parents for days
to first harvest and early yield proportion. Highly significant gca for both male and
female parents indicated preponderance of additive genme action for these two
characters as also reported earlier [3, 6, 7, 9-13].

Among the female parents; ms-2 exhibited highly significant gca for both the
eatliniess cnaracters. Eighteen hybrid combinations, viz, 102, 107, 115, 120, 122, 123,
124, 126, 128, 203, 205, 211, 213, 218, 219, 227, 229 and 232, showed significant
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Table 1. m«mwwmmum«dvmm

Source/ MSS for different characters
component -
days ealry total No. of average  carly TSS fiesh
to yiekd yiek fruits fruit TS (%) propor-
first (% of per per weight (%) - tion
‘harvest total vine vine (kg)
yield) (kg)
Source of variation:
Females 803.60** 7982.84** 0.00 0.86 0.01 . 0.04 3.80* 0.01
(lines)
Males . 9717 726.23** 6.54** 8.50** 0.44** 2474 1.79*  0.09*
{testet:a)l
Female x male - 21.25*  268.50* 0.67** 0.69** 0.06**  13.00** 1.94**  0.01**
{Hybrids)
Error } 4.46 164.64 0.39 0.31 0.03 6.55 0.59 0.00
Variance components
o’ gea (females) 8.15 80.35** 001 0.00 ~0.00 ~0.14 ~0.02 -0.00
o” gea (males) 12.65**  76.12** 0.98** 1.30** 0.06** 1.96** 098  0.01**
o’ gea (parents) 8.42**  so.10** 0.05** 0.08** 0.00**  -0.01** 0.08* 0.00**
o sca (hybrids) : 5.60**  34.95** 0.09** . 0.13** 0.01**= 215 0.45**  0.00*
grafu-"' sca 1.50 229 0.55 0.62 025 <0.01 0.17 033 -
o geal{Q)o? sca * 146 2.30 ~0.08 0.0t ~005  —0.06 oM -0.02
o geatdio? sca 2.26 2.18 10.62 10.38 5.41 0.91 217 4.81

*+ ** Significant at 0.05 and 0.01 levels, respectively.

sca for days to first harvest and eight combinations, viz., 117, 120, 124, 128, 211,
216, 219 and 232 for early yield (%). As such hybrid combinations 120, 124, 128,
211, 219 and 232 showed significant sca for both the earliness characters studied.
These observations are in conformity with earlier reports [3, 4]. Among the 32 male
parents, 13 parents, viz., 001, 002, 004, 007 and G05, 009, 010, 016, 023, 024, 026,
028 and 031 showed significant gca for days to first harvest and 7 parents, viz.,
016, 023, 024, 025, 027, 028 and 031 for early yield. As such five parents, viz..
016, 023, 024, 028 and 031 exhibited significant gca for both the earliness characters.

A comparison of the ratios o® gca ( §)/ r? sca and o® gea (9)/5% sca (Table
1) indicates that in most of the hybrid combinations earliness was influenced to a
greater extent by the behaviour of the male parent. Some of the varieties tested
here have also been reported as good combiners against andromonoecnous [9, 11,
13] and against monoecious [10, 14] female parents.

YIELD

Highly significant variances due to male parents (Table 1) are suggestive of
high genetic diversity among the male parents for the three yield characters studied.
Higher estimates of o* sca than o gca indicated that non-additive components
contributed more than the additive components for the expression of total yield as
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Table 2. Estimates ofennbidn'g ability effects of promising parents (gea) and hybrids (sca)

Parent : Daysto  Earlyyield Total Number Average Early TSS Flesh

or first (% of total  yield of fruit T8 (%) proportion
hybric harvest  yield) (kg)  fruits weight (%) :
: ; pervine  (kg) )

1 2 3 4 5 6 7 8 9
Limes: -
Male sterile-1 100 — — 0.00 0.07* — 0.01 0.14** 0.01
Male sterile-2 200 2.05** 6.45** — — 0.01 — — e
S..E. *(g) 0.123 0.748 0.036 0.033 0.010 0.149 0.045 0.003
SE *(g-g) 0.303 1.852 0.09%0 0.081 -0.024 0.370 0111 0.008
Tesiers: : v .
Lucknow Safeda 0013 4.19** 0.52 1.32+* 2.22% — 1.24 0.74** o
Arka Jeet S0 6.01** — 1.93** 2.61** — 1.57 1.07** —
Kutana 0038 e — 0.63** 0.98** — — 0.90** e
Hara Madhu 0048 1.42¢ — LSO 1.61** - 2.01* 1.30** —
Durgapura Madhu 005 310 749 — — —_ 1.32 0.37 —
Punjab Sunchri 006§ — — 0.04 — 002 1.86* 1.04** 0.25**
Harela 0078 2.38** — 0.54** 1.00** — 2.56** 1.95** —
Pusa Madhuras 0088 0.46 — 1.86** 1.2 0.09 2.76** 1.58** -
Pusa Sharbati 009 474 328 — — — — - 0.09**
Afishabad Kajra 0108 1.93+* — 2.50** 1.47** 021 069 — - .
PMR-45 o —_ — —_ — 0.03 — — 0.12**
Yanco Treat 012 — 27 — R 0.26** — — 0.12**
Edisto-47 0133 — — 0.61** 0.67** — 1.83* 093** —
Planter’s Jumbo 014 — — — - 0.23** — e 0.12**
Sheep Head 015 o — - — 052" — — _
Campo 016 2245 4M" — — — - - -
Golden Perfection 017 - 0.51 —_ — — 0.38 — e
Homney Dew 0188 — — 0.54** —_ 0.69* 1.56 0.89** —
Top Mark 019 - - - — 017 0.64 — a2
Crenshaw 020 —— 5.10 e e 0.45** — 014 0.06%*
Wescan 021 — — — — - - - 0.02
Gulf Stream 02 — 2.9 - — - o.M - 0.12%*
Gold Sitver 0238 318 IL1* 004 206 — 2020 145 —
Sweet Gold 0248 10.19** 460" — 067 — 367 257 —
Heartof Gold 025 078 1006 — — — 0.2 - 0.07**
Rio Gold 0268 223 135 LI2** 09 00 — -~ —
Jacumba 027 - 794 — — - - - 0.16%
Red Land’s 0288 418 106I** 065 059"  — e —

Hales Rest ’ ’
Cassba Golden 029 - - - - 0408  — - 0.01
Beauty .

Perlita 030 - - - 015" — 0.25 - —
Persiiskii-5 0318 364 30.85** — — 0.02 — 0.06 0.15**
PMR-6 032 —- e - - 0.2 — - 0.13**
SE () 0685  4.0167 0203 0.8 0053 0831 045 0018

SE+(g-g) B B B 7.408 0.361 0.323 0.095 1.478 .11 0.033
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Table 2 (comtd.)
1 2 3 "4 5 6 7 8 9
1628 187*  0.86 0.30 X7 - 0.10 0.4 0.04*
107 1414 — 0.13 0.28 — 0.07 0.1 0.03
108 — 0.96 - — — 0.75 0.81**  0.04°
198 118 470 052 044 04 205 035 —
1 — —_ 0.28 0.03 0.13* — —_ —
113 —- 139 —_ _ 0.04 — — 0.07
114 1.27 1.85 050 0.09 0.16**  0.17 —_ 6.01
1158 174 149 T I g— 0.9 279**  L12** 0.08**
1168 1.01 - 0.84** 085 0.4 228 1682 —
117 — 8 - — — 0.39 0.03 0.01
. 19 — - - — 0.14** 029 — —
1208 384 97 — 0.1 — 265** 080"  0.06*
1b2] 1644 — 0.2 — 0.09 0.19 0.10 —
123 241* 3B 0.01 0.56* — 0.29 0.20 0.03
1243 1.84%  1L97**  0.19 0.36*  — 0.63 - —
- 125 1.18 — — 0.06 0.0t 0.16 0.27 0.01
126 L3 190 —_ — — — — 0.03
127 — — — —_ 013 — — —
128 272 885 . 0.07 — 0.03 — — 0.03
13¢ 0.28 5™ — — — 0.07 0.15 —
203 320 187 — — — ‘1.28 — 0.09**
204 0.86 0.25 - - —_ 0.07 065** —
205$ 206 — 82 096* 0.32 093"
208 0.75 — 043 004 o — — —
218 289 1573 — — — 217 071 —
1 — 5.41 — - 015 — 0.2 0.06**
213 254 — 0.16 040° — 0.21 0.47 —
216 — 1519 — — — —_ — 0.15*
218 1T L — - 0.2 — — — —
219% 328 82 008 027 — - 0.68*  0.02
20 S - 0.35 — 0.39* — —
i — — 020 0.31 — 192* 0.8 0.02
27 147" 566 0.04 0.26 - .37 079" 0.04"
29 182~ 284 —_ 0 - 1.40 0.18 0.01
2% — - 0.44* 008 0.10 — — 0.01
2324 267 9R* 0.9 0.57** 5.09°* 074 001
SE +(S) 0685 417 0.20 0.18 0053 083 0249 0018
SE +(S; - Syy) 1.6% 1031 0.50 045 0132 2057 0617 0.5
SE £ (S, - S)) 1214 141 0.36 0.32 0.095 1478 0443  0.033

* ** Significant at 0.05 and 0.01 levels, respectively.

$ indicate parents/hybrids having significant gea/sca for three or more characters,

well as number of fruits per plant and average fruit weight in the hybrids in the
present studies. The significance of ¢ gca (5) as observed here has also been

reported earlier [4].

Among females, significant gca effects were observed with ms-1 for number
of fruits per vine and with ms-2 for individual fruit weight. For total yield, ms-1
exhibited positive but nonsignificant gca.
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Among the cross combinations, seven hybrids exhibited significant sca for total
yield per vine, an equal number for average fruit weight, and eight hybrids for
number of fruits per vine. All the seven specific combiners for total yield were
statistically at par. Of these combinations, crosses 109, 116, 205 and 232 combined
well for number of fruits also while 114 and 208 were good combiners for total .
yield as well as individual fruit weight. Specific'combinations which gave significant
sca for individual yield characters were: 230 for total yield; 102, 123, 124 and 213
for number of fruits; and-111, 119, 127, 212 and 220 for average fruit weight. These
observations are in agreement with .those of [4] who also observed good specific
combiners to have either or both parents with high gca for yield and fruit weight.

Among the male parents, 002, 001, 004, 010, 008, 007, 003, 026, 013 and 028
were good general combiners for fruit number and also for total yield, and 010 and
018’ for total yield along with average fruit weight. The parents 015, 020, 029, 012,
014 and 019 exhibited good combining ability effects for.average fruit weight but
not for total yield. In total, 13 out of 32 male parents were good general combiners
for fruit number, 8 for average fruit weight, and 12 for total yield. Some of these
male parents have also been reported as good combiners for yield characters [4, 9, .
10, 13].

e

QUALITY

Like yield characters, quality characters also exhibited higher magnitude of
o? sca than o® gca indicating comparative importance of nonadditive components of
variance even for quality attributes, viz., TSS and flesh proportion. The comparisons
of o* gca (&) and o® gea (?) with o? sca (hybrids) (Table 1) indicated that gca of
male parent has contributed more to the hybrid performance than the gca of female
parent or sca of the hybrid combination. In the earlier studies [3, 6, 8], the
comparative importance of nonadditive genetic variances was not observed probably
because their material comprised a close group of only a' few varieties. Since we
have tested varieties of diverse origin, these observations seem to be more representative
of the crop behaviour.

Of the two female parents, ms-1 had highly significant gca for TSS while ms-2
registered positive but nonsignificant gca for early TSS and flesh proportion. Favourable
gea in male sterile lines for quality characters were also reported earlier [3]. Among
the 64 hybrid combinations, 9 hybrids exhibited significant sca for flesh proportion,
7 for early TSS, and 10 for TSS. Among these, cross combination 116 had highest
sca effects for TSS, 232 for early TSS, and 216 for flesh proportion, and these were
significantly different from other combinations for the respective characters. The
cross combinations 115 and 120 had highly significant sca effects for all the three
quality characters. Combinations 232, 211 and 116 showed high specific combining
ability for the TSS of fruits of both early (80 days) and total harvests, while significant
sca effects for TSS and flesh proportion were observed in crosses 108 and 227. The
specific combiners for individual characters were 102, 203, 113 and 212 for flesh
proportion, 205, 219 and 204 for TSS, and 109 and 221 for early TSS.
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Out of the 32 male parents, 12, i.e., 006, 027, 031, 019, 011, 032, 014, 022,
009, 025 and 020, exhibited significant gca effects for flesh proportion. None of
these except 006 also combined well for TSS and early TTS. Parents 004, 006, 007
008, 013, 023 and 024, which combined significantly for TSS, also combined for
early TSS. However, parents 001, 002, 003 and 018 were late ripening hence combined
for TSS only. The earlier observations of Sharma [9] and Chadha and Nandpuri
[13] against andromonoecious female parents and More [10] against monoecious
female parents about the combining ability of such parents as 002, 004, 005, 009
and 030 are in conformity with the present observations.

To sum up, a perusal of Table 2 indicates that ms-2 was a good general
combiner for earliness and ms-1 for the remaining characters. In the present
experiment, 11 specific cross combinations utilizing the two male sterile females
exhibited good combining ability for these or some more characters. All these
combinations, except crosses 109 and 116, behaved similarly for days to first harvest
but differed for the remaining characters. Hybrid combinations 120, 127 and 115
‘gave significant §; for flesh proportion along with earliness and TSS and in the former
case for early yield also. Hybrid 232 combined well for all the characters except
average fruit weight afd flesh proportion; 211 for earliness, early yield, early TSS
and TSS, 219 for earliness, early yield and TSS, and 124 for earliness, early yield
and fruit number. Hybrid combination 109 combined well for number of fruits per
vine and total yield along with early TSS.

A look at the important §; values of the male parents for various characters
indicated that 15 out of 32 male parents exhibited significant effects for three or
more characters. Parents 023, 024, 007 and 004 showed hxgh combining ability for
‘days to first harvest, number of fruits and total yield per vine, TSS and early TSS,
and the former two parents also contributed to higher propomons of early yield.
~ Parents 008, 003 and 013 had high gca effects for these characters, except for days
to first harvest, while 018 combined well for fruit weig’-ht' rather than for fruit
number, besides total yield, TSS and early TSS. Parent 010 combined well for early
harvest and yield along with its component factors but not for .quality while 006
combined well only for quality characters and 031 for earliness characters and flesh
proportion. Sigmﬁcant geca effects for twin characters 'like average fruit weight and
flesh proportion were exhibited by parents 012; 014, 019, 020; for days to first
harvest and flesh proportion by 009; for early yield and flesh proportion by 025
and 027; and for the two characters of earliness by 016. Since the female parents
used in these studies are purely genetic stocks, further improvement in yield and
quality of these stocks and incorporation of these male sterility genes into well
adapted commercial varieties having good gca should be a rewarding proposition.
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