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Abstract

Among the viral diseases, enation leaf curl virus (ELCV) has now becoming a menace in okra cultivation particularly in the tropics. Okra

parents and hybrids tolerant to ELCV disease were selected based on estimates of combining ability and heterobeltiosis in the Gangetic plains of
West Bengal, the most productive okra growing zones in eastern India. Eight diverse lines were crossed in diallel fashion without reciprocals to
obtain 28 F s. Additive genetic control of ELCV disease severity suggested use of pure line selection in the advanced generations from the highly
heterotic crosses could be the best possible method to improvement of this trait. Two parents 285-1-3A-1-17-1 and VR0O-178 with good general
combining ability effects for tolerance to ELCV disease can now be used in future breeding programme. Partial- to over-dominance reactions
for the inheritance of studied traits were recorded. We could able to isolate two outstanding hybrids 285-1-5-1-16-23 x VRO-178 and 285-1-
3-1-15-2-1 x VRO-178 based on fruit yield and ELCV disease tolerance under field and epiphytotic conditions, and they could be commercially
exploited after critical evaluations. Our study also suggests that either the identified donor parents will be used to develop backcross populations
or exploiting promising hybrids in segregating populations for generating new inbred lines with much higher levels of tolerance to ELCV disease
in okra.
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Introduction

Okra [Abelmoschus esculentus (L.) Moench] is a sexually
propagated hot weather crop sensitive to frost, low temperature,
water-logging as well as drought conditions [1]. Okra is
considered as an important constituent for balanced food due to
its dietary fibers and amino-acid composition rich in lysine and
tryptophan [2]. The process of development of hybrids in okra
is not different from other vegetable crops, viz., development
of in breds, testing of combining ability and production of F,
hybrid seeds. Here, breeding lines/cultigens/varieties stable for
phenotypic characters can be taken as parents to study combining
ability and develop hybrids. Several biotic [yellow vein mosaic
virus (YVMV), enation leaf curl virus (ELCV), fruit and shoot borer,
wilt, powdery mildew] and abiotic (soil salinity) challenges limit
okra production considerably in certain areas. Incorporation of
resistance or tolerance to one or more of these in the F, hybrid

is possible and will help in realizing sustainable yield even under
problematic environment.

Okra production in the Gangetic plains of eastern India is
threatened over the years due to high incidence of YVMV disease
[3]- Now-a-days, ELCV is one of the emerging diseases of okra in
eastern parts of India, particularly in West Bengal [4]. The first
report of the association of an alpha satellite with ELCV from
India was cited by Chandran et al. [5]. The natural transmission
of the disease occurs through whitefly [6]. In our previous study
we observed that okra plants either expressed YVMV or ELCV
symptoms, but not both, in a population [7]. The important
symptoms of this disease are curling of leaves in an adaxial
direction, and mild or bold enations on the under surface of the
leaves which become thick and deformed. The other characteristic
symptoms are twisting of the main stem, lateral branches and leaf
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petiole. In case of heavy infection, the plant growth is retarded.
Fruits from infected plants are small and deformed and unfit for
marketing. Under favourable condition, 100% loss in yield can be
found [8]. Lack of sources of resistance to this virus in cultivated
species has forced breeders to look into the wild species for
resistance sources [9]. However, the transfer of resistance from
wild relatives has also been hampered by sterility problems [10].
Hence continuous search for new sources of resistance among the
cultivated species and development of better hybrids/varieties
with higher level of ELCV disease tolerance would be the prime
objective.

The proper choice of parents is a prerequisite in any sound
breeding programme. Genetic diversity as well as the combining
ability is considered as the most important criteria for the
selection of parents in the production of a hybrid [11]. Combining
ability is an effective tool for generating useful basic genetic
information for the choice of parents and their performance in a
series of crosses [12]. Such studies also simultaneously illustrate
the nature and magnitude of gene action involved in the expression
of desirable traits. Okra offers much scope of improvement
through heterosis breeding [13,14], which can further be utilized
for the development of desirable recombinants. Diallel [15], is a
useful technique for preliminary evaluation of genetic stock for
use in hybridization programme with a view to identify good
general- as well as specific-combiners. The mode of inheritance
of resistance to ELCV disease in okra is still unclear among the
researchers. The genetic background and environment play a
large part in determining the mode of inheritance of resistance to
ELCV disease, and this information is needed for the development
of resistant hybrids in okra. Therefore, the main objective of the
present investigation was to assess the extent of heterobeltiosis in
desired direction and to estimate the dominance reaction for yield
and its components, and ELCV disease severity, and to determine
the nature of gene action for studied traits with a view to identify
good combiners, as well as to frame the breeding strategy for the
genetic improvement of such characters.

Table 1: Disease rating scale of ELCV disease.

Materials and Methods

Eight diverse genotypes 285-1-3A-1-17-1, VRO-104, 285-1-5-
1-16-23, 285-1-3-1-15-2-1, VR0O-178, 299-52-5-6-5-8, BCO-1, and
VRO-106 including tolerant and susceptible to ELCV disease were
selected on the basis of multivariate analysis [7], to raise 28 cross
combinations following diallel mating design without reciprocals
during spring- summer (February to May) season of 2015.

Seeds of 28 F s and 8 parental lines were sown in the third
week of July, 2015 when the activity of whitefly and incidence
of viral diseases reaches its peak in a Randomized Block Design
with three replications at Bidhan Chandra Krishi Viswavidyalaya,
Kalyani, Nadia, West Bengal, India under the research field of All
India Coordinated Research project on Vegetable Crops. Plot size
of 3.0m length and 2.7m width was allotted to each genotype.
Spacing between rows was 60cm and plants within the rows
were spaced by 30cm accommodating 45 plants in each plot for
each genotype. Normal package of practices was followed to raise
the good crop [16]. Observations were recorded on different
characters like days to 1% flowering, days to 50% flowering, node
number at 1% flowering, plant height (cm), number of primary
branches/plant, fruitlength (cm), fruit diameter (cm), fruit weight
(g), number of fruits/plant, days to 1* initiation of ELCV disease,
node at 1% initiation of ELCV disease, PDI of ELCV(%) and fruit
yield per plant (g). Fruits of harvestable maturity (7 days after
anthesis) were taken to record different fruit characters.

All the hybrids and parental lines were grown without any
protective cover of systemic insecticides to take data on percent
disease index (PDI%) of ELCV. PDIs (%) in the genotype were
recorded replication wise at five stages at an interval of 15 days
starting from 30 days after sowing (DAS) up to 90 DAS. Cupping of
leaves and petiole bending of any form in the plant were treated
as ELCV disease incidence. The PDI of ELCV was expressed as
percentage from all 54 plants in a replication using following
disease severity scale as suggested by Alegbejo [17] (Table 1).

Scale Description of symptom
1 Top leaves curled
3 Top leaves curled and slight stunting of plant
5 All leaves curled, twisting of petiole and slight stunting of plant
7 Severe curling of leaves, twisting of petiole, stunting of plant and proliferation of auxiliary branches

Number of plants infected in each entry was recorded and PDI
of ELCV was calculated with the following formula:

Numerical ratings

PDI = x100

Highest grade of rating x total number of plants of the entry examined

Tolerance to ELCV was confirmed by feeding of viruliferous
whitefly as suggested by Nariani and Seth [18], in related species
of okra. Artificial inoculation by viruliferous whitefly for screening
of virus free germplasm and confirmation of presence and/
or absence of the virus was done under poly house condition. A
wooden frame measuring 45 x 45 x 30cm was fixed with glass and

muslin cloth and the frame was fit on a wooden rectangular base
of 45.5 x 45.5 x 10cm. Forty whiteflies were released on twenty
okra plants of two most field tolerant hybrids and one most
susceptible hybrid grown inside the insect proof rearing cages and
subsequently maintained by introducing the young plants into
rearing cage. Whiteflies were collected from ELCV infected plants
by sucking with the help of the aspirator by slowly turning the
leaves slightly upwards. Whiteflies were starved for 1-2 hours and
then they were subjected to artificial inoculation feeding for 4-5
hours using ELCV infected leaves. After the acquisition period, two
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viruliferous whiteflies per plant were released on the seedlings
inside the cages as suggested by Venkataravanappa et al. [6], for
the infection of the disease and the feeding of vector on the plants
was ensured since they were protecting inside the cages.

Combining ability analysis was carried out according to Singh
and Chaudhary [19], based on Griffing’s [15], fixed effect model
using the following formula:

Yi=m+gi+g+sij+ri+1/bcEZiu

Where ij=1, 2.....n; k=1, 2,....b. 1 =1, 2, c; Yij is the
mean of i x j genotype over k and I; m is the population mean; g is
the GCA effect of the i parent; g, is the GCA effect of the j*" parent;
s is the SCA effect; r,is the reciprocal effect; and 1/chSijkl is the
mean error effect.

Heterosis over better-parent (Heterobeltiosis) was estimated
in terms of per cent increase or decrease of the F, hybrid over its
better-parent as per Hayes et al. [20]. Potence ratio often referred
to as “dominance effect” (D.E.) was computed using the method

of Smith [21]. The analysis was computed by using computer
software programme INDOSTAT 8.1 (developed by Indostat
services, Ameerpet, Hyderabad, India).

Results and Discussion

Analysis of variance for parents and hybrids was presented
(Table 2). The parents were highly significant for all the characters
under study. Among the highly significant parental differences,
differences among both parents and hybrids were very high
excepting fruit diameter. These highly divergent parental lines
indicated their suitability for developing divergent hybrids.
Parents vs. hybrids variance was also significant for node at 1
flowering, plant height, node at 1*initiation of ELCV disease, PDI
of ELCV and fruit yield /plant, indicated that average heterosis was
also highly significant for such traits. Thus, considerable amount
of average heterosis was reflected in the hybrids. Significant
differences among the hybrids for all the characters except fruit
diameter meant varying performance of the cross combinations
for all the characters except fruit diameter.

Table 2: Analysis of variance (mean squares) for 13 characters in 8 x 8 half diallel cross of okra.

Days Days Primary . Fruit Num- . Days to st PDI of .
Source of to 1 to 50% Node at Plz_mt Branch- Fruit Diam- | ber of Fr_ult 1 Initi- No.d? a.t 1 ELCV at F_rult
. 1stFlow- | Height Length . Weight . Initiation Yield/
Variation (df) | Flow- | Flower- erin (en) es/ (@nj eter Fruits/ @ ation of of ELCV 90 DAS Plant (g)
ering ing g plant (cm) Plants g ELCV (%) 8
Replication (2) | 0.35 1.04 0.01 0.46 0.01 0.01 0.01 0.28 0.22 0.06 0.15 0.4 0.43
Tree(‘g;’f“ts 37.15% | 26.84* | 716" | 619.77% | 1.66™ | 3.84* | 0.03* | 3581% | 9.74** | 9433** 9.68%* 533.39% | 5657.02%*
Parents (7) 44.95%F | 30.38** 12.57%* | 782.68** | 0.74* | 3.18% | 0.04* | 17.95** | 17.66** | 91.90** 11.95** 591.59** | 1763.40**
Hybrids (27) | 35.97** | 26.73** 5.40%* 592.86** 1.96%* 4.14** 0.03 38.60%* | 7.95%* 98.39** 9.27** 533.25%* 6429.88**
Parentsvs. |1 69 524 | 16.70* | 205.85* | 0.04 025 | 004 |8545% | 250% 1.93 5.01%* 129.77% | 12045.08**
Hybrids (1)
Error (70) 413 3.93 1.16 40.21 0.07 0.07 0.02 0.24 0.08 2.15 0.18 1.01 18.3
* and **: significant at P < 0.05 and P< 0.01, respectively.
Table 3: Analysis of variance (mean squares) for combining ability (Griffing’s Model 1 and Method 2) of 13 characters of okra.
Days to Days NOdf: Plant Nun.lber vl Fruit F.r uit Num- Fruit D?ys.t? N?de. a.t Rkl Fruit
Source of at 1¢ . primary Diam- ber of . 1t Initi- | 1%*Initi- | ELCV at .
A 1**Flow- to 50% Height Length . Weight . . Yield/
Variation (df) erin Flowerin Flow- ] branches/ ) eter Fruits/ @ ation of | ation of | 90 DAS Plant (g)
g g ering Plant (cm) Plant g ELCV ELCV (%) 8
GCA (7) 29.29%* 6.62** 2.07* | 445.46%* 1.33** 1.51% | 0.02** | 34.85* | 7.76** | 110.66** | 13.05** | 748.55** | 6174.96**
SCA (28) 8.16** 9.53** 2.46** | 146.87** 0.36%* 1.22%* 0.01 6.21%* 2.12%* 11.64** 0.77** 35.11%* 813.35**
Error (70) 1.38 131 0.39 13.4 0.02 0.02 0.01 0.08 0.03 0.72 0.06 0.34 6.1
a’a 5.58 1.06 0.34 86.41 0.26 0.3 0 6.95 1.55 21.99 2.6 149.64 1233.77
a’na 6.78 8.22 2.08 133.47 0.34 1.2 0 6.13 2.09 10.92 0.71 34.77 807.25
2
- e 0.45 0.11 0.14 0.39 0.44 0.2 0.54 0.53 0.43 0.67 0.78 0.81 0.6
a a+a na

**: significant at P< 0.01%.

The analysis of variance for combining ability based on
Griffing’s Model 1 and Method 2 illustrated that components of
GCA and SCA mean squares were highly significant for fruit yield/
plant along with other quantitative traits in F, generation except
fruit diameter where SCA mean square was non-significant (Table

3). This indicated that the inheritance of fruit yield/plant, most
of the yield components and ELCV disease severity traits were
apparently controlled by both additive and non-additive gene
action as their GCA variances being higher than their respective
SCA variances.
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A general trend of the genetic control of the character can
be ascertained from the estimates of additive and non-additive
variance components. The relative importance of additive and
non-additive genetic effects for the character was reflected by
the predictability ratio as per Becker [22]. Predictability ratio
close to unity (more than 0.8) indicates predominance of additive
gene effect, ratio varies between = 0.5 and < 0.8 indicates both
additive and non-additive gene effect, and ratio <0.5 indicated
non-additive gene effect for the particular trait. The present study
reflected the preponderance of non-additive gene effects for days
to 1% flowering, days to 50% flowering, node at 1% flowering, plant
height, number of primary branches/plants, fruit length, and
fruit weight (Table 3). On the other hand, fruit diameter, number
of fruits/plants days to 1° initiation of ELCV disease, node at 1
initiation of ELCV disease and fruit yield/plant were controlled
by both additive and non-additive gene action. In contrast,
predictability ratio was higher than 0.80 for PDI of ELCV indicating
additive genetic control for the conditioning of this trait (Table 3).

The
conditioning of most of the yield components in the present study
indicates heterosis breeding to be the best possible option for
improving these traits in okra. While a population improvement
approach in the form of diallel selective mating [23], or mass

importance of non-additive gene action for the

selection with concurrent random mating [24], or restricted
recurrent selection by intermating the most desirable segregants
followed by selection [25], could be followed for the exploitation
of both additive and non-additive gene action for fruit diameter,
number of fruits/plant, days to 1stinitiation of ELCV disease, node
at 1st initiation of ELCV disease and fruit yield/plant. Due to the
predominance of additive gene action in PDI of ELCV inheritance,
selection of such trait should be done in later generation when
the effects of non-additive gene action will be minimized and
those of additive gene action effects will be fixed. The response
of additive gene action for the conditioning of PDI of ELCV was
not so far been reported. The preponderance of both additive and

non-additive gene action for the control of fruit diameter and fruit
yield/plant [26], and number of fruits/plants [27], was also noted.
The overwhelming response of non-additive gene action for days
to 1 flowering, days to 50% flowering, node at 1**flowering, plant
height, number of branches/plants, fruit length, and number of
fruits/plants [14], was documented. In contrast to the present
findings, non-additive genetic control of fruit weight was observed
by Das et al. [13]. Such disparities in the previous reports in
estimation of gene action controlling different characters may
arise from differences in the genetic constitution of the parental
materials, variation in the environment, the mating designs and
the precision of the experiment.

The diallel analysis helps to identify the most promising
combining parents and crosses for the different quantitative traits
under study in addition to provide estimates of combining ability
variances for the characters to be improved. The GCA effects of
the parents used in the present study for thirteen quantitative
traits are given in Table 4. It appeared that the parents differ in
their GCA effects for all the characters under study. No single
parent was found to be a good combiner for all the traits under
study. The maximum significant gca effects in desired directions
were recorded by VRO-178 for eight characters namely, fruit
yield/plant followed by PDI of ELCV disease, days to 1% initiation
of ELCV disease, node at 1% initiation of ELCV disease, fruit
weight, number of fruits/plants, fruit length, number of primary
branches/plants, days to 1* flowering, and days to 50% flowering.
Next to VRO-178, significant GCA effects in desired direction for
fruit yield /plant, PDI of ELCV, days to 1**initiation of ELCV disease,
node at 1% initiation of ELCV disease and number of fruits/ plants
were shown by 285-1-3A-1-17-1. Consequently, 285-1-3-1-15-2-1
exhibited significant and desired GCA effects for fruit yield/plant
followed by PDI of ELCV, days to 1% initiation of ELCV disease,
fruit weight and fruit diameter. However, 299-52-5-6-5-8 also
exhibited positive significant GCA effects for fruit yield/plant and
other desirable traits but their magnitude was low.

Table 4: Estimates of general combining ability (gi) effects and per se performances in 8 parents over 28 F1 s of okra.

Days to t(?Sa zz ” Node at Pl.?mt Primary | Fruit ;::I: ::rn:f Fr_uit Da_y§ t(? 1 Ts?;i:i:if }],E[I):I?If ;:ll;t/
Parents | 1% Flow- 1sFlow- | Height | Branch- | Length . weight | Initiation .
e Fl(?wer- g Tl es/Plant | (cm) eter Fruits/ 0 of ELCV ation of | (%) at90 | Plant
ing (cm) Plant ELCV DAS (g)
285-1-3A. | 013 028 | 0.60%* 1.96 002 | -0.28%* 0 245% | -027% | 3.07** 1.38% | -9.99% | 27.98%*
1-17-1 39 44 7 11833 3.2 8.24 1.66 13.74 12.2 42.67 9 11.7 167.3
0.2 0.02 -045% | 467% | 029% | -0.02 | -0.05% | -0.25% | -1.14* | -1.13%* -0.02 5.52%F | -15.51%*
VRO-104 36 41 6 124.17 3.6 8.82 1.5 11.3 10.35 31.67 5 4343 | 116.87
285-1.5. | -170% | -0.52 0.31 -1.2 20.09 | -0.10% | 0.02 | -1.33% | -0.22%F | -253% | -0.63% | 6.09% | -20.26
1-16-23 39 44 11 103.33 2.8 9.04 1.7 7.91 12.1 28.67 4 462 95.6
285-1.3. | 2:27% | 132% | -0.05 | -4.04* | -0.09 |-042* | 0.08% 0.06 1.06** 0.57* -0.13 2.91% | 1557+
1-15-2-1 43 48 6.66 82 3 8.34 1.8 1098 | 1325 35.67 6 33.56 145.3
287% | -1.12% | 061 | -1.89 0.23* | 0.10* | -0.04 | 222% | 0.89% | 587* 1.88* | -15.01** | 38.09%*
VRO-L7S 36 43 11 96.17 3.6 8.92 1.56 9.87 16.05 4033 8 14.71 158.4
299.52.5. | -0.47 018 | -0.56%* | -13.08%* | -0.81%* | 0.14** 0 0.95% | -0.82%* |  0.80** -0.02 119 | 1445
6-5-8 37 43 9.66 79.17 2.2 8.08 15 13.58 9.25 35 5 402 125.6
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0.5 -0.32 -0.2 7.70%* 0.13** 0.84** 0.04 -3.12%* 1.05%* -4.53** -1.63** 9.34** -29.72%*
peo-t 42 45 7 111.17 3.6 1086 1.7 7.19 15.95 26.33 3 47 114.6
1.93** 1.08** -0.25 5.88** 0.31** | -0.25** -0.03 -0.98** | -0.56** -2.10** -0.82%* 5.86** -17.60%*
VRO-106 47 51 7 96.5 3.4 10.46 1.78 8.77 13.85 32.33 5 42.5 121.42
SE(gi) 0.82 0.8 0.44 2.56 0.11 0.1 0.05 0.2 0.11 0.59 0.17 0.41 1.73

* and **: significant at P < 0.05 and P< 0.01, respectively; Figures in bold letters indicate per se (mean) performance.

could be identified as good general combiners for future use in
breeding programme of okra. Significant and positive GCA effects
for fruit yield/ plant and number of fruits/plants [13,14], fruit
length, fruit diameter and fruit weight [27], were also reported.
While, negatively significant GCA effects for days to 1* flowering
[13,14], days to 50% flowering and node at 1% flowering [14],
were also recorded.

The highest per se performance for fruit yield/plant along
with number of fruits/plants, and minimum severity of ELCV
disease was recorded in 285-1-3A-1-17-1 followed by VRO-178
(Table 4). Thus, two parental lines 285-1-3A-1-17-1 and VRO-178
were found most promising because they produced the maximum
frequency of high yielding hybrids with appreciable ELCV disease
tolerance when crossed with other parents. These two parents

Table 5: Estimates of heterobeltiosis, SCA effects and type of cross combinations for 10 characters in hybrids.

Characters Better Crosses in De- | Significant Hetero- | Range of Hetero- Crosses having sca Effects Type of Combina-
sirable Direction beltiosis (%) beltiosis (%) with per se Performance tions
Days to 50% Flow- 285-1-3-1-15-2-1 x ) " N ) - .
ering VRO-178 9.30 23.26 t0 -9.30 5.66** (39.00) L x Hb
285'1'55;;2'52_3;; 299- -41.41%* 50.00 to -41.41 -8.6598 LxL
Node at 1% Flowering
285'1,'15’(';17%'23 8 -24.27%* -0.02 (8.33) LxH
BCO-1 x VRO-106 19.04** -30.20 to 19.04 19.98** (132.33) LxH
Plant Height (cm)
VRO-178 x VRO-106 13.78** 7.04* (109.80) HxH
Number of Primary 285_%/-R33.—11(-)167-1 ) 2941 -58.82t0 29.41 0.93** (4.40) LxH
Branches/Plant
VRO-104 x VRO-106 22.22%* 0.66** (4.40) HxH
285'1'3?_';_'61_1'_? 299- 19.17%* -39.77 t0 19.17 0.96** (9.82) LxH
Fruit Length (cm)
285'1\;5{3_'11758;2'1 * 17.04** 1.76%* (10.44) LxH
Number of Fruits/ | - vRo-179 89.70%* -45.26 t0 89.70 5.74% (18.72) LxH
Plant
VRO-178 x VRO-106 63.02%* 2.77** (16.09) HxL
285-1-5-1-16-23 x
13.24** -28.12to0 13.24 8.00** (45.67) LxH
Days to 1* Initiation VR0-178
of ELCV 1-3-1-15-2-
285 1\/1201-117582 1x 10.76%* 3.90%* (44.67) HxH
Node at 1+ Initiation | e o 20.00% -40.00 to 20.00 0.02 (6.00) LxL
of ELCV
VRO-104 x BCO-1 20.00%* 1.62** (6.00) LxL
285'\1/'15’;;17%'23 * -19.78** 172.39 t0 -19.78 -12.14** (11.80) LxH
PDI of ELCV (%)
28259';_'32;_2_'5_% * -15.11% -2.57%* (28.49) HxL
285'\1]'15’(';17%'23 8 45.30%* -42.98 to 45.30 61.93%* (230.15) LxH
Fruit Yield/Plant (g) 285'1\;1?;)1_'1175&;2'1 * 41.12%* 19.48** (223.53) HxH
285'1,'1{33_'11;137'1 * 36.26%* 11.50%* (227.97) HxH

* and **: significant at P < 0.05 and P< 0.01, respectively; a Figures in parentheses indicate per se (mean) performance.

bL= Non-significant gca effect; H= Significant gca effect in desired direction.
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Specific combining ability effects represent dominance and
epistatic components of genetic variations which are not fixable
but the crosses with high SCA effects involving good general
combiner parents can be exploited in future breeding programme.
The SCA effects for hybrids pertaining to thirteen characters
are given in Table 5. Significant SCA effects in desired direction
were recorded in seventeen crosses for fruit yield/plant; twelve
crosses for PDI of ELCV; nine crosses for crosses for days to 1
initiation of ELCV disease, seven crosses for node at 1st initiation
of ELCV disease; eight crosses each for plant height and node at
1% flowering; nine crosses for fruit weight, fourteen crosses for
number of fruits/plants, thirteen crosses for fruit length, ten
crosses for number of primary branches/plants, six crosses each
for days to 50% flowering and days to 1% flowering. However, none
of the hybrids showed significant positive SCA effects for fruit
diameter.

The cross 285-1-5-1-16-23 x VRO-178 exhibited the maximum
significant SCA effects in desired direction for fruit yield/plant
along with PDI of ELCV, days to 1°* initiation of ELCV disease,
node at 1% initiation of ELCV disease, number of fruits/plant, and
fruit length having one of the parents as good general combiner
for fruit yield/plant with other desirable horticultural traits,
indicating that this hybrid is expected to produce segregates with
high yield, and better tolerance to ELCV disease of fixable nature
in segregating generations through simple pedigree method.
Moreover, significant SCA effects in desired direction for fruit
yield/plant, number of fruits/plant, and PDI of ELCV, and days to
1%t initiation of ELCV disease were shown by three crosses 285-1-
3A-1-17-1 x BCO-1, VRO-104 x VRO-178 and 285-1-3-1-15-2-1 x
VRO-106 which also involved one of the parents as good general
combiner for fruit yield/plant and other desirable horticultural
traits, suggesting further exploitation of these crosses in
segregation generation to identify superior lines. The highest per
se performance for fruit yield/plant along with number of fruits/

plants, and minimum severity of ELCV disease was recorded in
cross 285-1-5-1-16-23 x VRO-178 followed by the cross VRO-104
x VRO-178 (Table 5).

From the foregoing observations, it appeared that different
cross combinations exhibited different SCA effects and only a
few crosses showed consistently either positive or negative SCA
effects for certain characters. Based on SCA effects and per se
performance two cross combinations namely, 285-1-5-1-16-23
x VRO-178 and VRO-104 x VRO-178 could be identified as good
specific combiners for future use in breeding programme of okra.
Significant SCA effects in desired direction for all the economic
traits of okra involving various combinations of GCA effects of the
parents were reported by earlier workers [28], for plant height;
Kayande et al. [29], for number of branches/plant; Rewale et al.
[30], for number of fruits/plant; Das et al. [13], and Kayande et
al. [29], for days to 1* flowering, fruit length, fruit diameter, fruit
weight and fruit yield/plant].

The perusal of different heterotic cross combinations based
on GCA effects of the parents revealed that the crosses involved
four types of combinations namely, H x H, H x L, Lx Hand L x L,
where H stands for significant GCA effect in desired direction and
L for non-significant GCA effect of the parent (Table 5). In the H x
H type cross combinations, additive as well as additive x additive
type of interactions was involved. These crosses would be very
useful as desirable segregates would be fixed in early advance
generation. On the other hand, crosses of H x L type or L x H type
involved at least one parent with significant GCA effect which
indicated that predominantly additive effect was present in good
combiner and possibly complementary epistatic effect in poor
combiner and these two gene actions acted in complementary
fashion to maximize the expression as suggested by Salimath and
Bahl [31]. In crosses involving L x L category, sca effects seemed to
have played a very important role and high performance was due
to non-additive gene action [11].

Table 6: Per cent infection of ELCV disease in Tolerant and Susceptible hybrids after cross inoculation.

Number of Plants Plants In- Plants Infect- | Plants Infect- Plants Percentage of Plants
Crosses Plants Inoc- | Infectedat | fectedat45 | edat 60 Days | ed at75 Days Infected at Infecte di £90 Davs
ulated with | 30 days after | Days after | afterInocula- | after Inocula- | 90 Days after ~ay
— . . . . . after Inoculation
Whiteflies Inoculation | Inoculation tion tion Inoculation
285-1-5-1-16-23 x
VRO-178 (Tolerant 20 0 0 0 1 3 15
cross)
285-1-3-1-15-2-1 x
VRO-178 (Tolerant 20 0 0 1 3 4 20
cross)
BCO-1 x VRO-106 20 5 8 14 16 18 90
(Susceptible cross)

The estimates of heterosis, relative to better parental values
were presented in Table 5. No hybrid exhibited significant
heterobeltiosis in desired direction for days to 1°* flowering, fruit
diameter and fruitweight. The extent ofheterobeltiosis varied from
27.03% to -6.47% for days to 1st flowering; 50.00% to -41.41% for
node at 1% flowering; -58.82% to 29.41% for number of primary
branches/plants. -39.77 to 19.17% for fruit length; -17.98% to

5.00% for fruit diameter; -45.26% to 89.70% for number of fruits/
plant; -44.51% to 9.84% for fruit weight; -28.12% to 13.24% for
days to 1% initiation of ELCV disease; -40.00% to 20.00% for node
at 1% initiation of ELCV disease; 172.39% to -19.78% for PDI of
ELCV and -37.44% to 45.30% for fruit yield/plant. The maximum
positive heterosis over better-parent for fruit yield/plant was
exhibited by 285-1-5-1-16-23 x VRO-178 (45.30%**) followed by
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285-1-3-1-15-2-1 x VRO-178 (41.12%**) and 285-1-3A-1-17-1 x
VRO-178 (36.26%**). Two most promising hybrids (285-1-5-1-
16-23 x VRO-178 and 285-1-3-1-15-2-1 x VRO-178) along with
one most susceptible hybrid (BCO-1 x VRO-106) were grown
under artificial inoculation condition to confirm the tolerance
against this virus. Out of twenty plants inoculated with whiteflies,
none of the plants of the hybrid (285-1-5-1-16-23 x VRO-178)
was developed any symptom of ELCV disease even after 60 days of
inoculation and grow normally even after feeding by the vectors.
Only three plants after 90 days of inoculation showed 15.00%
disease incidence in 285-1-5-1-16-23 x VRO-178 as compared
to another promising hybrid 285-1-3-1-15-2-1 x VRO-178 which
showed 20.00% disease incidence. However, the susceptible
hybrid BCO-1 x VRO-106 exhibited 90.00% disease incidence
after 90 days of inoculation (Table 6).

On the basis of per se performance, the hybrid 285-1-3A-1-17-
1 x VRO-178 exhibited the maximum fruit yield/plant (227.97g/
plant) and low ELCV disease severity ( 11.62%) and the top
parent was 285-1-3A-1-17-1 (167.30g/plant yield; 11.70% PDI)
which involved 285-1-3A-1-17-1 as one of the parents indicated
the involvement of additive gene action for the control of this
character. The observation on the extent of heterobeltiosis for
these characters was reported by many workers [14,32]. It was
found that closely or distantly related parents exhibited low
heterosis, but crosses between parents of intermediate divergence
classes tended to show higher heterosis for fruit yield and other
important traits.

The values of dominance estimates (Potence ratio) illustrated
in 28 F, crosses are presented in Table 7. In case of days to
15t flowering, they were more than *1 for fourteen crosses,
between #*1 in thirteen crosses and +1 in one hybrid, indicating
over-dominance, partial dominance and complete dominance,
respectively for the inheritance of this trait. Days to 50%
flowering showed that they were more than +1 for seventeen

Table 7: Estimates of dominance effects of thirteen characters of okra.

hybrids, between %1 in ten crosses, and 0 in one hybrid indicating
over-dominance, partial dominance, and absence of dominance,
respectively. Node at first flowering expressed over-dominance in
seventeen crosses, partial dominance in nine crosses, and absence
of dominance in one cross. Plant height showed that potence
ratios ranged from -10.94 to 80.80, and they were more than +1
for sixteen crosses, and between %1 in twelve crosses indicating
over-dominance and partial dominance, respectively towards the
higher plant height. Dominance estimates of number of primary
branches/plants revealed that they were more than +1 in fifteen
crosses, between *1 in eight crosses, +1 in three crosses and 0 in
two crosses indicating over-dominance, partial dominance and
absence of dominance, respectively. In case of fruit length, eighteen
hybrids exhibited over-dominance and ten hybrids showed partial
dominance. Potence ratio of fruit diameter expressed over-
dominance in fifteen crosses, partial dominance in eleven hybrids
and absence of dominance in two hybrids. Regarding fruit weight,
twelve crosses exhibited over-dominance and sixteen crosses
showed partial dominance. Number of fruits/plants exhibited
over dominance in nineteen crosses and partial dominance in nine
hybrids in the inheritance of this trait. Days to 1 initiation of ELCV
disease showed over dominance in eleven crosses and partial
dominance in seventeen crosses. In case of node at 1 initiation of
ELCV disease, six hybrids exhibited over-dominance, nine hybrids
showed partial dominance and nine crosses expressed complete
dominance and four crosses exhibited no dominance. PDI of ELCV
showed that potence ratios ranged from -2.53 to 20.83, and they
were more than +1 for fourteen crosses, between *1 in thirteen
crosses and 0 in single cross indicating over-dominance, partial
dominance and no dominance, respectively towards better
tolerance of ELCV disease. In respect to fruit yield/plant, potence
ratios ranged from -23.58 to 14.63, and they were more than +1
for twenty-three crosses indicating over-dominance, between +1
in four crosses, indicating partial dominance and +1 in single cross,
indicating complete dominance towards the higher fruit yield.

Num-
Days Node . Fruit | Num- . Daysto | Node at Fruit
Cross combina- Days to t050% | at1* Pl:.mt b_e r of Fruit Diam- | ber of Fr.ult 1% Initi- | 1 Initi- PDI Yield/
. 1% Flow- Height | Primary | Length . Weight . . of
tions eting Flower- | flower- cmll | Brand: {em] eter | Fruits/ (@ ation of | ation of ELCV Plant
ing ing es/Plant (cm) Plant ELCV ELCV (8)
285-1-3A-1-17-1
« VRO-104 433 3.67 5 -10.94 -2.4 431 0.75 1.45 0.57 -1.06 0 0.19 1.06
285-1-3A-1-17-1
x 285-1-5-1-16- 433 3.67 -0.5 -3.58 -3 -4.25 -11 1.52 -44 -0.71 0.2 0.17 0.57
23
285-1-3A-1-17-1
x 285-1-3-1-15- 0.17 -0.5 6.88 -0.28 -5 5 -1.29 1.18 1.48 -2.05 -1 0.29 2.93
2-1
285-1-3A-1-17-1
« VRO-178 -2.11 -7 0 -2.22 0 1.24 -1.8 3.4 -0.9 4.42 1 -1.05 | 14.63
285-1-3A-1-17-1
% 299-52-5-6-5-8 -2 -4.34 -1.75 -0.62 0.44 20.75 1.75 20.27 1.81 1.17 1 -0.89 2.82
285-13A117-1 |y 45 -3 -1.75 -2.3 0 -0.19 0 0.95 -0.23 0.27 0 0 1.68
x BCO-1
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285-1-3A-1-17-1

" VRO-106 -0.25 -0.71 -1.75 1.87 11 -0.87 | -3.33 1.46 -1.85 -0.74 -0.5 0.2 1.17
VRO-104 x 285-1-

11623 -1 1.67 -1 -1.85 0.5 7.73 0.8 1.79 -0.6 -0.56 1 216 | 272
VRO-104 x 285-1- 0.71 0.24 5.06 0.44 3 -6.83 0.07 -0.38 0.66 0.83 1 0.01 | 072

3-1-15-2-1
VRO'lf;‘SX VRO- 0.71 8 0.2 -1.65 -8.38 -46.6 | -2.33 8.75 -0.44 1.54 1.67 -1.04 | 3.06
VRO-104 x 299-

575 658 9 3 -1 -0.64 -0.71 408 | -2.33 0.7 0.18 0.4 1.67 027 | 2.26
VRO-104 x BCO-1 0.67 0.5 -034 | -1.95 -0.71 0.67 0.4 -0.96 -0.32 0.5 2 2.1 | -23.58
VRO'lggg VRO- -0.82 -1 -1 0.11 9 005 | -1.29 | -1.41 -0.11 -2.03 2 10.57 | -9.18
285-1-5-1-16-23
x 285-1-3-1-15- -1 -15 -0.38 1.12 1 1.51 -0.2 1.18 2.48 -0.43 1 -132 | 154

2-1
285-1-5-1-16-23

 VRO-178 -2.55 3 -0.38 | -0.12 -0.5 8.67 | -1.86 | 10.03 -0.9 1.92 1.5 -118 | 3.29
285-1-5-1-16-23
% 209.52.5-6.5.8 -3 -7 -6.97 | -0.03 0.33 0.54 0.8 -0.01 1.6 0.05 3 -0.55 | 1.88
285-1-5-1-16-23 -2.33 -1 -1.5 -3.69 1 -0.25 0.8 -8.9 0.56 -0.71 -1 20.83 | -4.19

x BCO-1
285-1-5-1-16-23

 VRO-106 -1.5 -1.29 -15 1.25 2.33 -2.46 -5 -3.8 -1.29 0.45 -1 345 | -2.25
285-1-3-1-15-2-1

VRO-178 -1.29 2.6 -0.84 0.32 3.67 6.24 0 8.55 0.11 2.86 1 -12 | 10.94
285-1-3-1-15-2-1
% 209.52.5 6.5.8 2.33 3 -1.44 | -147 2.5 9.46 0.6 0.46 1.58 3.99 1 -253 | 5.06
285-1-3-1-15-2-1 -1 -0.33 6.88 1.15 -2.33 -0.27 2.6 0.76 -0.59 -0.36 -0.33 1.1 1

x BCO-1
285-1-3-1-15-2-1

 VRO-106 -1 -2.33 6.88 0.02 -1 -2.92 -19 2.36 1.83 0.4 -1 -1.92 | 357
VRO-178 x 299-

A 1 -2.33 -6.46 0.94 -0.14 2.71 3.67 2.24 -0.1 1.25 1 -1 3.25
VRO-178 x BCO-1 | -1.22 -3 -15 1.11 -3.35 0.38 0.43 1.2 -33 -0.29 0.2 011 | 0.41
VRO'1Z§6X VRO- -1.18 -0.75 -1.67 80.8 5 -1.18 | -1.55 | 12.31 -2.64 -0.33 1 -0.74 | 2.92
299'582(':50'_61'5'8 ) -1 0 -1.75 | -0.84 -1.29 0.64 08 | -0.53 0.39 -0.23 0 038 | 0.14
299-52-5-6-5-8 x

VRO-106 -0.2 -0.5 -1.5 -0.98 -2.33 -0.88 | -0.86 1.32 -0.78 -2.5 0 -0.08 | 7.9
BCO-1 x VRO-106 -0.6 -1 -15 3.89 1 -11.9 -6.5 0.76 -5.76 -0.78 -1 299 | -12.33

The above results reflected various degrees of dominance;
i.e. complete, partial- to dominance, over-dominance or absence
of dominance which involved in the inheritance of characters
studied. However, the role of over-dominance and partial-
dominance for most of the crosses in the inheritance of these traits
was recorded. The present study was in accordance with Sharma
and Mahajan [33]; EI-Maksoud et al. [34], who reported that fruit
weight was under the influence of over dominance to partial-
dominance action. Seth et al. [14], observed preponderance of
partial- dominance in most of hybrids in days to 50% flowering
and fruit diameter. They also recorded overwhelming response
of over dominance in majority of the hybrids in conditioning of
characters like node at first flowering, fruit length, number of

fruits/plants, and fruit yield/plant. No previous studies to the
best our knowledge was documented so far in okra to support our
findings regarding disease severity traits of ELCV.

Conclusion

The results suggested that okra breeding programs for ELCV
disease tolerance should use the strategy of selecting parents and
hybrids tolerant to ELCV disease based on estimates of GCA and
SCA for ELCV disease severity under field condition. The breeding
strategies for the improvement of studied traits controlled by
different gene effects are discussed. Among the parents, 285-1-
3A-1-17-1 and VRO-178 were found to be the most promising
combiners for fruit yield along with ELCV disease severity traits,
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and they could be used further in okra hybridization programmes.
The crosses 285-1-5-1-16-23 x VRO-178 and 285-1-3-1-15-2-1
x VRO-178 ranked top in respect of yield, and level of tolerance
under field and epiphytotic conditions against enation leaf curl
virus disease and found promising for commercial exploitation
after its critical evaluation. The present findings also suggested
that all the characters under study could not be evaluated with
equal efficiencies by a single parent or hybrid. Partial- to over-
dominance reactions for the inheritance of fruit yield and other
economic important traits have been realized.
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