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Abstract: The present investigation was carried out to identify desirable parents and F; hybrids in okra by involving
eight diverse parents in a diallel mating design excluding reciprocals. Genotypes i.e., P-20 and VRO-4 for earliness;
9801 for first fruit producing node (-0.085), internodal length (-0.659) and fruit length (0.201); HU for average fruit
weight (0.603); Tulsi-I for nodes per plant (0.429), fruit length (0.271) and plant height (12.068) were found good
general combiners appeared to be worthy of exploitation in future breeding. It is suggested that involving these lines,
new genotypes may be developed through multiple crossing for isolating high yielding varieties. The cross combina-
tions VRO-4 x HU, Tulsi-l x SKBS-11, P-20 x Tulsi-l and P-8 x Tulsi-I showed high SCA effects as well as per se
performance for yield per plant. The crosses showing high SCA effects and per se performance for yield per plant
suggested that these hybrids may be exploited in further breeding programme.
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INTRODUCTION selecting desirable parents and crosses with l@ighf& the
, . exploitation of heterosis (Reddyal., 2012; Aliet al., 2013).
Okra (Abelmoschus esculentus (L.) Moench) is an im- peyeioning improved varieties with high yield pdihnis

portant fruit vegetable crop of the tropical, saipical  .ontinyous process and for hybridization, the ehofcpar-
and warmer parts of temperate regions of the world,

. ] ents is based on information on combining abilitparents.
The crop shows preference for the tropical andrsyiizal The concept of general combining ability (GCA) am-
climates, and it is of tremendous significance asgetable

) ; cific combining ability (SCA) was given by Spragaed
in these areas_(Oyetunde and Anyo, 2014)' It kﬁldn_ Tatum (1942). They further reported that GCA isethelent
Malvaceae family and grown kinarif andzaid seasons. It is ainly on additive gene effects and additive x taditype
thought to have been originated in India (Zeven an

; f epistasis, whereas SCA includes both dominance a
Zukovasky, 1975). Its tender green fruits are asedegeta- epistasis. According to them, the GCA is the aefag-
ble and mature fruits, roots and stems are uspdgar in-

. LR formance of line in a series of hybrid combinatiar the
dustry and clearing gur or raw sugar. Green feuésrich in SCA refers to those cases in which certain conibirgatio
vitamins (C, A and B) and minerals (Ca, P, Mg aej Eis

. ; . relatively better or worse than would be expectedte
an interesting crop to the breeders and geneticistis basis of the average performance of the lines viadol

monoadelphous condition of _the stamens and laogeer Griffing (1956) defined techniques for estimating GCA
amendable to easy emasculation and fruit beasstaigber 5,4 SCA effects under different situations. Keepiig in

of seeds. There is a need to increase overall gioduo view, the experiment was designed to have infoomadin

meet the infl_ating demand. This can be a_lc_compliel'rtb_dr general and specific combining ability estimatedokra
by increase in area under cultivation or raisiegafoductiv- through diallel mating

ity. The increase in productivity can be achieveddiopting
the high yielding Fhybrids. The success of a breeding pro- MATERIALSAND METHODS
gramme depends upon the choice of suitable pazedts
their utilization by adopting an appropriate bragdnethod.
The combining ability analysis has been extensiusdd to
identify potential parents either to be used indbeelop-
ment of hybrids or recombinant breeding for gettatige
purelines.

Among several techniques, diallel cross analysinésof the
most powerful tool for characterizing the genetithigecture
of plant genotypes and estimating the GCA of parantl

The material for the investigation comprised eain geno-
types viz., P-20, 9801, VRO-4, Parbhani Kranti (FR}B,
Hisar Unnat (HU), Tulsi-l and SKBS-11 (Table 1) @i
were maintained through selfing during 2011 andsed in
diallel mating design (excluding reciprocals) dgr012 to
generate 28 Fhybrids. All the s along with their parents
and hybrid Tulsi, a standard check were evaluatedRan-
domized Block Design with three replications during
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summer-rainy season of 2013 at Experimental Fartheof

results indicated the presence of additive andadolitive

Department of Vegetable Science and Floriculture,gene action in the inheritance of various traitgolvement

CSKHPKY, Palampur. The field is located at 32° gati
tude, 76° 3' E longitude and 1290.8 m altitude. drbp was
raised in three rows of 2.5m length with inter anch row
spacing of 45cm and 15cm, respectively. The obsanga
were recorded on five competitive plants in eadhyeand
replication for the parameteviz.,, days to 50% flowering,
days to first picking, first fruit producing nodeodes per
plant, internodal length (cm), average fruit weig)t plant
height (cm), harvest duration (days), fruits panphnd fruit
yield per plant (g). For the parameteizs, fruit length (cm)
and fruit diameter (cm), a random sample of fiuddfentry/
replication was drawn from fourth and eighth piginThe
combining ability analysis was computed by methbd
(parents plus one set of crosses but no recipyobédslel |
(fixed effect Model) as described by Griffing (1956

RESULTSAND DISCUSS ON

Analyss of variance for combining ability for
quantitative traits in okra: The analysis of variance for
combining ability effects was carried out for &l ttwelve

of both additive and non-additive components oftdige
variance was also reported by Reddsl., (2012) for num-
ber of branches per plant, internodal length, days0%
flowering, first flowering node, first fruiting ned fruit
length, fruit width, fruit weight, total number @tits per
plant, number of marketable fruits per plant, tgteld per
plant, marketable yield per plant and YVMV infeistaton
fruits and Bhattt al., (2015) for days to first flowering, days
to first picking, plant height, number of nodes pémt,
length of internode, number of primary branchesptesnt,
stem girth, fruit girth, fruit weight, number ofiits per plant
and fruit yield per plant.

| Egimates of combining ability effects for quantitative

traits in okra: General combining ability (GCA) studies
have successfully led to making choice of suitgllents
(Table 3). All the parents exhibited variable rssfdr com-
bining ability as no single parent exhibited sigaifit (<
0.05) GCA effects for all the traits. Genotype VRO-
showed the highest GCA effects for days to 50%dtowg,
days to first picking, internodal length and haingesation.

attributes in I generation and the results are presented it was observed that the parents P-20 for daysO& 5

Table 2. The mean square due to general combihifiy a
(GCA) were found significant £20.05) for all the traits,
except for fruits per plant and fruit yield per mijawhile
mean square due to specific combining ability (SGA)e
significant for most of the traits with few excepi, viz,
average fruit weight and harvest duration. Theifgignt

flowering and fruit diameter; P-8 for first fruirgduc-
ing node; HU for average fruit weight and Tulsier f
nodes per plant, fruit length and plant height sédw
the highest general combining ability effects. -
ent 9801 was good general combiner for first fpud-
ducing node, internodal length and fruit lengthig-S

Table 1. Sources and characteristics of eight parentas lofekra A. esculentus) used in half-diallel at Palampur, India.

S. No. Parents Fruit colour Plant height Source

1. P-20 Dark green Tall CSKHPKYV, Palampur, India
2. 9801 Dark green Dwarf CSKHPKYV, Palampur, India
3. VRO-4 Green Dwarf IIVR, Varanasi, India

4. Parbhani Kranti (PK) Dark green Tall MAU, Parbhani, India

5. P-8 Green Tall PAU, Ludhiana, India

6. Hisar Unnat (HU) Dark green Medium tall CCS HAU, Hisar, India

7. Tulsi-1 Green Tall CSKHPKYV, Palampur, India
8. SKBS-11 Green Tall SKUAST, Srinagar, India

Table2. Analysis of variance for combining ability for qu#ative traits in okra.

M ean sum of square

S. No. Traits Source GCA SCA Error
df 7 28 70

1. Days to 50 % flowering 6.825* 2.732* 0.892
2. Days to first picking 9.474* 2.848* 1.313
3. First fruit producing node 0.278* 0.040* 0.021
4. Nodes per plant 0.873* 1.011* 0.341
5. Internodal length (cm) 3.499* 0.761* 0.115
6. Fruit length (cm) 0.512* 0.266* 0.110
7. Fruit diameter (cm) 2.655* 0.883* 0.300
8. Average fruit weight (g) 1.453* 0.522 0.356
9. Plant height (cm) 744.936* 281.754* 62.676
10. Harvest duration (days) 14.422* 3.889 .153
11. Fruits per plant 0.633 1.692* 0.386
12. Fruit yield per plant (g) 124.085 686.900* 812

*Significant at 5% level
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Table 3. Estimates of general combining ability (GCA) effeof parents for quantitative traits in okra.

Fruit diame- Averagefruit Plant height Harvest duration Fruits/  Fruit yield/

Fruit
length (cm)

Internodal

length (cm)

Daysto 50% Daystofirst First fruit produc- Nodes per

Parents

S.No.

weight (g) (cm) (days) plant plant (g)

ter (cm)

plant

ing node

picking

flowering

1.201
0.414
5.014
-0.829

0.257

-0.247 2,778 1.578*
-10.406*

0.026

-0409  -0.098*

-0.098* 0.354* -0.058

-1.124*

-1.175*

P-20
9801

0.007
0.291
0.291

-0.075
1.705*

0.029
0.058*

0.201*

006

-0.659*

-0.133
0.044
0.081

-0.304 -0.085*

-1.297*

0.092
-1.175*

2.

-12.543*

-0.011
0.478*

-0.960*

-0.135*

VRO-4
PK
P-8

3.

-0.568

2.764
-2.803

0.024
.000

0.088

0.148
-0.129

0.280*

-0.095*

0.322

0.058

Arti Vermaet al. / J. Appl

5.086
3.028
4.819
1.077
3.957
5.982
7.891

0.076
0.209
-0.279
0.283
0.184
0.278
0.367

0.522
0.835
1.752*
-0.575
0.525
0.794
1.048

0.933
12.608*
8.534*
2.342
3.541

4671

0.352

0.327
0.603*
-0.067

0.502*
0.176
0.267

®o4
-0.045*
0.012
0.016
.02
0.032

0.106
-0.392*
-0.243 -

0.098

0.149

0.196

0.271

0.577*
0.801*
0.100
0.151
0.200

0.096
-0.473*
0.429*
-0.208
0.173
0.261
0.344

-0.138*
0.045
0.278*

0.228*
0.043
0.064
0.085

0.291
0.546
1.706*
0.443
0.339
0.512
0.676

0.008
0.392

1.225*

0.592*
0.279
0.422
0.557

HU
Tulsi-I
SKBS-11
SE(gi)x
SE(gi-gj)*
CcD
*Significant at 5% level

5
6.
7
8
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nificant GCA effects for days to first floweringjter-
nodal length, number of fruiting nodes and fruitdéh

in okra were reported by Redéyal., (2012), Kumar
etal., (2014) and Bhatt al., (2015).

Additive parental effects, as measured by GCA ¢dfec
are of great practical use to the breeders whereas
allelic interactions are impracticable and cannet b
manipulated. On the basis of present study, it lman
recommended to include the parents P-20, 9801, VRO-
4 and HU for all the possible matings for selecting
desirable transgressive segregants. An overallystfid
GCA revealed that none of parent was good combiner
for all characters under investigation (Singhal.,
2012; Kumaret al., 2014 and Bhatet al., 2015),
which is due to the different genetic make up d& th
parents included in the study.

Specific combining ability effects represent donmica
and epistatic component of variation which are non-
fixable and hence, SCA studies would not contrittate
the improvement in self-pollinated crops except in
cases where commercial exploitation of heterosis is
feasible. However, in the production of homozygous
lines breeder’s interest usually rests upon trassive
segregation shown in the crosses. The specific icamgb
ability effects of crosses are presented in Tabk wWas
observed that no single cross could reveal sigmifi¢F<
0.05) SCA for all the traits. In the present stuolyt of
twenty eight cross-combinations P-20 x PK (goodera
age) for days to 50% flowering; VRO-4 x HU (good x
average) for days to first picking; P-20 x SKBS{@&od

x poor) for first fruit producing node; VRO-4 x HU
(average x poor) for nodes per plant; P-20 x SKBS-1
(average x poor) for internodal length; P-20 x P-8
(average x average) for fruit length; P-8 x Tulsi-l
(average x good) for fruit diameter; HU x Tulggbod

x average) for average fruit weight; VRO-4 x HUqp®
average) for plant height; VRO-4 x HU (good x ageja
for harvest duration; VRO-4 x HU (average x average
for fruits per plant and fruit yield per plant deyged
highest significant specific combining ability affs.

Majority of the cross-combinations exhibiting dabie
SCA effects, had atleast one of the parent as goader-
age general combiner. Similar views had also beared

by Kumaret al., (2005) and Sing# al., (2012). The pre-
sent findings reveal that it is not necessary gaaents
having higher estimates of GCA effects would als@ g
higher estimates of SCA effects. Sometimes spémtificac-
tion effects (most likely complimentary) in poor poor
crosses may perform better than good x good, gqmubx
and average x poor combinations because of thalgnee

of high magnitude of non-additive component fordbhgeri-
ority of pertinent cross-combinations. In case afss-
combination, HU x SKBS-11 (internodal length) altbio
the significant SCA effect was observed but, thiwid had
both the parents as poor general combiners. Thisagion
corroborate the observations of Kumar and Pathi@tia])
and Singhet al., (2012) who reported in okra that the supe-
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Table5. Specific cross-combinations with high desirable Sgfacts for fruit yield and related traits in okra.

Cross-combinations Per se performance Traitswith high SCA effects
(Fruit yield/plant)

VRO-4 x HU 270.93¢g Fruit yield per plant, days to 50% flowering, dagdirst pick-
ing, nodes per plant, plant height, harvest dunagiod fruits per
plant

Tulsi-1 x SKBS-11 256.87¢g Fruit yield per plant, nodes per plant, averagé freight, plant
height and fruits per plant

P-20 x Tulsi-I 255.93¢g Fruit yield per plant and fruits per plant

P-8 x Tulsi-I 232.87¢g Fruit yield per plant, internodal length and frdiameter

rior hybrids need not necessarily have parentsisgduigh high SCA effects as well as per se performancéuibr
GCA effects. yield per plant. Therefore, it would be worthwhite use
The combinations exhibiting high SCA effects dedive these crosses for improvement in fruit yield panpl

from good or average general combiners will be of

main interest as they certainly perform betterdqrar- REFERENCES
ticular trait. The cross-combination P-20 x VROahc  Ali, H.A.O., Eldekashy, M.H.Z., Helaly, A.A. (2013Fombining

be exploited to isolate transgressive segregargariy ability and heterosis studies for yield and its ponents in
generations as they involve both parents with high  some cultivars of okraAbelmoschus esculentus L. Moench).
GCA effects for early harvest. Similarly, cross d¢m American-Eurasian J. Agric. & Environ. Sdi. 13: 162-167.

nations (P'20 x PK. P-20 x HU. VRO-4 x SKBS-11 Bhatt, J.P., Kathiria, K.B., Christian, S.S., Ag}aarR.R. (2015)

) . : Combining ability studies in okraAlgd moschus esculentus
and VRO-4 x HU) may give transgressive segregants (L.) Moench) for yield and its component charact&tec-

in the later generations if the additive effect afe tronic J. Plant Breed. 6: 479-485
parent and complimentary epistatic effects (if prés  giifing, J.8. (1956). Concept of general and djeecbmbining
in the cross) act in the same direction and maxmiz ability in relation to diallel crossing systeAustralian J. Biol.

the desirable plant character. Specific cross- Sdi. 9: 463-493.

combinations with high desirable SCA effects faiitfr ~ Kumar, R., Yadav, J.R., Tripathi, P., Tiwari, S(R005). Evaluat-
yield and related traits are presented in Tabl@Hg ing genotypes for combining ability through diatielalysis in
high significant positive SCA effects for fruit yieper okra.Indian J. Hort. 62: 88-90.

plant were recorded in VRO-4 x HU followed by Tulsi Kumar. S., Pathania, N.K. (2011). Combining abitiyd gene
I x SKBS-11, P-20 x Tulsi-l and P-8 x Tulsi-l. B e oottt Ut 3ot g ) Moeneh)
. ’ . . o . Research, Punj ricultural Uni. 48: 43-47.

ing for homozygous lines by conventional pedigree Kumar, S., Singh, AK., Das, R., Datta, S., Arya(2014). Com-

and back cross method could be use only partial ex-  pining abilty and its relationship with gene aotim okra

ploitation of additive genetic variance. In orderex- (Abdmoschus esculentus (L.) Moench). J. of Crop and
ploit different types of gene actions in a popuaatit is Weed 10: 82-92.

suggested that a breeding procedure which may accu@yetunde, O.A., Ariyo, O.J. (2014). Genetics ofdsgield and
mulate the fixable type of gene effects and atstnme related traits in biparental crosses of oléhg moschus
time maintains considerable heterozygosity for expl esculentus (L.) MoenchNigerian J. Genet. 28: 8-14.

tation dominance gene effects might prove most beneREdd&” '\F/Ierd HaF:ikéaEu,g.bGaJneDsh,zg/ll.,zRgddy, t}(B]agum,
ficial to improve the population of okra. 1, Reddy, R.S.K,, Babu, J.D. (2012). Genetic aiglior
yield and its components in okrshélmoschus esculentus (L.)

Condusion Moench).Songklanakarin J. Sdi. Technol. 34: 133-141.

Singh, B., Kumar, M., Naresh, R.K. (2012). Comhinability
From the data presented in this study, it coulddre analysis of yield and its components in oKradian J.
cluded that both additive and non-additive gen@&ast Hort. 69: 195-199.

played the major role in the inheritance of various Sprague, G.F. and Tatum, L.A. (1942). General gespecific
traits. P-20, 9801, VRO-4 and HU showed good gen- comblnlrflg ability in single crosses of coth.American
o o ; Society of Agron. 34: 923-932.
eral combining ability for most of the traits appé¢a - .
be worthy forgexploi%/ation of segregation andpsmﬁe Zeven, A.C. and Zukovasky, P.M. (1975). DictionafyCult-
develobment. Cross combinations VRO-4 x HU. Tulsi vated Plants and their Centers of Diversity. Cevitrgri-
Vvelop : inati » LUlSI cultural Publishing and Documentation, \Wegenindke,

-I x SKBS-11, P-20 x Tulsi-l and P-8 x Tulsi-I sheav Netherlands.
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