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AN ABSTRACT OF THE THESIS OF:

DOCTOR OF PHILOSOPHYSAEED AHMAD FOR
Major: Plant Breeding and Genetics

TITLE: INHERITANCE OF SOME CHARACTERS IN OKRA

(ABELMOSCHUS ESCULENTUSL MOENCH) UNDER

DROUGHT CONDITIONS.

The drought related studies of okra (Abelmoschus esculentus L. Moench) were carried

out in field conditions. In an experiment, the most sensitive growth stage to drought in five okra
varieties and one strain was studied. For this purpose the drought was given at various growth

stages. It was concluded that the flowering and podding stage was the most sensitive to

drought, as at this stage maximum reduction in yield and yield components was found.

The inheritance of characteristics of okra under drought was studied. For this purpose

6x6 diallel was carried out to study gene action, general combining ability (GCA), specific

combining ability (SCA) and heterosis under both normal and drought conditions. On the basis
of the highest mean performance, the highest general combining ability and moderate to high
specific combining ability for fresh fruit yield per plant, number of pods per plant and seed yield ;
per plant, three crosses were selected under drought conditions. The six generations (P|,P2, |
F,,F2,BC| & BC?) of the three crosses were generated to study heterosis, inbreeding -
depression, dominance, heritability, genetic advance and gene action under both normal and
water stress conditions. Positive heterosis and inbreeding depression were observed in the
crosses for water content of fruit, fresh fruit yield per plant, number of pods per plant, number of
branches per plant, 100 seed weight and seed yield per plant under both normal and stress

conditions. On over all basis the crosses showed reduction in heterosis and inbreeding
depression due to water stress. However, progress in these parameters due to stress was also
observed for fresh fruit yield per plant, number of pods per plant, diameter of fruit and seed yield
per plant. Most of the crosses showed partial and over dominance under both conditions except
for number of branches per plant, where only one cross showed complete dominance under
normal conditions.

Water stress caused reduction in heritability and genetic advance but progress due to
stress was observed in some crosses for days to 50% flowering, water content of fruit. 100 seed
weight, relative growth rate of fruit, fresh fruit yield per plant, number of pods per plant. Additive
variance components were decreased by giving stress for fresh fruit yield per plant, seed yield
per plant and increased for number of branches per plant. However additive variance was not
affected by water stress for number of pods per plant. Additive genetic effects for height of first
flowering node, days to maturity, plant height and number of seeds per pod were observed
under normal conditions. On the other hand the crosses under stress conditions showed
additive effects for days to first flowering and days to 50% flowering The crosses exhibited
additive genetic effects under both conditions for relative growth rate of fruit and number of
branches per plant. Dominance was observed for fresh fruit yield per plant under normal '
conditions and for number of seeds per pod. relative growth rate of fruit and days to 50%
flowering under stress conditions.

In both normal and stress conditions, none of the genetic effects and interaction j
component appeared to be involved in all the crosses for the expression of seed yield per plant, j
number of pods per plant and 100 seed weight. The results for these characters show that most I
of the variations were due to environment.

(v)



f

CONTENTS

PAGE No.PARTICULARSCHAPTERS

Approval Certificate by Supervisory
Committee

ii

iiiThesis Release Form.

ivAcknowledgements

Abstract v

viContents

viiiList of Tables

xiList of Figures

011. Introduction

2. Review of Literature 05

3. Materials and Methods 23

Determination of sensitive growth stage to drought 233.1

Genetic analysis 253.2

Diallel analysis 253.2.1

3.2.2 Analysis of diallel table 26

Assumptions of diallel analysis and tests for the adequacy 273.2.3

3.2 4 Combining ability analysis 28

Inheritance studies using six generations3.3 30

Heterosis, heterobeltiosis, dominance estimates and
inbreeding depression

3.3.1 32

3.3.2 Heritability and genetic advance estimates 34

Generation mean and generation variance analysis3.3.3 34

4. Results and Discussion 37

4.1 Drought and growth stages 37

4.1.1 Comparison of treatments 38

4.1.2 Comparison of genotypes 44

Gene action, combining ability and heterosis4.2 51

4.2.1 Days to first flowering 51

4.2.2 Height of first flowering node 53

Days to 50 % flowering4.2.3 56

(vi)



61Relative growth rate of fruit4.2.4

64Water content of fruit4.2.5

65Fresh fruit yield per plant4.2.6

70Days to maturity4.2.7

73Diameter of fruit4.2.8

76Number of pods per plant4.2.9

794.2.10 Plant height (cm)

82Number of branches per plant4.2.11

4.2.12 Number of seeds per pod 85

884.2.13 100 seed weight

894.2.14 Seed yield per plant

Heterosis, heterobeltiosis, inbreeding depression and
dominance

1104.3

1104.3.1 Days to first flowering

4.3.2 Height of first flowering node 115

Days to 50 % flowering 1174.3.3

4.3.4 Relative growth rate of fruit 117

1204.3.5 Water content of fruit

Fresh fruit yield per plant 1224.3.6

Days to maturity4.3.7 124

4.3.8 Diameter of fruit 126

4.3.9 Number of pods per plant 128

4.3.10 Plant height (cm) 131

Number of branches per plant4.3.11 131

4.3.12 Number of seeds per pod 135

4.3.13 100 seed weight 135

4.3.14 Seed yield per plant 138

4.4 Components of variations and broad sense heritabilities 141

Generation variance analysis, narrow sense heritability
and genetic advance

4.5 150

4.6 Generation mean analysis 160

5. Summary .Conclusion and Suggestions 170

Literature Cited 176

Synopsis 192

(vii)



f

LIST OF TABLES

TABLE DESCRIPTION PAGE No.

Analysis of variance for method-1 giving expectations of mean squares
for the assumption of model II.

291

Coefficients for the mean (m), additive (d). dominance (h), additive x
additive (i). additive x dominance (j) and dominance x dominance (I)
parameters for the weighted least squares analysis of generation means
(Mather and Jinks. (1982).

2

35

3 Coefficients of the D, H. F and E effect for the weighted least squares
analysis of generation variances (Mather and Jinks) 1982).

36

4 Mean squares for various plant traits in six okra genotypes under normal
and stress conditions.

37

5 Mean values for various characters of okra under normal and stress
conditions.

40

6 Individual analysis of variance (mean squares) of various characters of
okra at each treatment.

48

7 Means of six varieties for various characters of okra under normal and
stress conditions.

49

8 Array mean and mean days to first flowering of diallel crosses averaged
over blocks under normal (Ti)and drought (T2) conditions.

53

9 Array mean and mean height of first flowering node of diallel crosses
averaged over blocks under normal (Ti)and drought (T2) conditions.

56

10 Array mean and mean days to 50% flowering of diallel crosses averaged
over blocks under normal (T,)and drought (T2) conditions.

59

11 Array mean and mean relative growth rate of fruit of diallel crosses
averaged over blocks under normal (T,)and drought (T2) conditions.

62

12 Array mean and mean water content of fruit of diallel crosses averaged
over blocks under normal (T,)and drought (T2) conditions.

65

13 Array mean and mean fresh fruit yield per plant of diallel crosses
averaged over blocks under normal (T,) and drought (T2) conditions.

68

14 Array mean and mean days to maturity of diallel crosses averaged over
blocks under normal T, and drought T2 conditions.

71

15 Array mean and mean diameter of fruit of diallel crosses averaged over
blocks under normal (T,) and drought (T2) conditions.

74

16 Array mean and mean number of pods per plant of diallel crosses
averaged over blocks under normal (T,) and drought (T2) conditions.

77

17 Array mean and mean plant height of diallel crosses averaged over
blocks under normal (T,) and drought (T2) conditions.

80

(viii)



fi

DESCRIPTION PAGE No.TABLE

Array mean and mean number of branches per plant of diallel crosses
averaged over blocks under normal (T,) and drought (T2) conditions.

8318

Array mean and mean number of seeds per pod of diallel crosses
averaged over blocks under normal (Ti) and drought (T2) conditions.

8619

Array mean and mean 100 seed weight of diallel crosses averaged over
blocks under normal (T,) and drought (T2) conditions.

8920

Array mean and mean seed yield per plant of diallel crosses averaged

over blocks under normal (T,) and drought (T2) conditions.
9221

Mean squares for various traits in 36 crosses, including seifs, F| of okra

under normal and drought conditions.
9722

Estimates of components of variation for various characteristics of okra
under normal (T,) and drought (T?) conditions.

23 98

Mean squares of general, specific combining ability and reciprocal in
method I (model II) for various traits in okra under normal and drought
conditions.

24 99

Estimates of general combining ability effects for various characters in a
set of diallel crosses among six okra varieties under normal (Tj) and
drought (T2) conditions.

10025

26 Estimates of specific combining ability effects for various characters in a
set of diallel crosses among six okra varieties under normal (T,) and
drought (T2) conditions.

101

27 Estimates of reciprocal effect for various characters in a set of diallel
crosses among six okra varieties under normal (T,) and drought (T2)
conditions.

103

Heterosis and Heterobeltiosis in 30 Fi crosses of okra under normal and
drought conditions.

10528

Scaling test for adequacy of the additive-dominance model under normal
(T,) and drought (T2) conditions.

10929

11130 Mean squares for various trails in three okra crosses under normal (T,)

and water stress (T2) conditions.

112Estimates of heterosis, potence ratio and inbreeding depression for
various plant characteristics in three okra crosses under normal (Ti) and
stress (T2) conditions.

31

114Generation means and variances for days to first flowering in the three
okra crosses under normal (T,) and drought (T2) conditions.

32

Generation means and variances for height of first flowering node (cm)
in the three okra crosses under normal (T0 and drought (T2) conditions.

11633

118Generation means and variances tor days to 50 % flowering in the three
okra crosses under normal (T,) and drought (T2) conditions.

34

(ix)



t

DESCRIPTIONTABLE PAGE No.

Generation means and variances for relative growth rate of fruit in the
three okra crosses under normal (T,) and drought (T2) conditions.

11935

Generation means and variances for water content of fruit in the three
okra crosses under normal (T,) and drought (T2) conditions.

12136

Generation means and variances for fresh fruit yield per plant in the
three okra crosses under normal (T0 and drought (T2) conditions.

37 123

Generation means and variances for days to maturity in the three okra
crosses under normal (Ti) and drought (T2) conditions.

38 125

Generation means and variances for diameter of fruit (mm) in the three
okra crosses under normal (T,) and drought (T2) conditions.

39 127

40 Generation means and variances for number of pods per plant in the
three okra crosses under normal (T0 and drought (T2) conditions.

129

41 Generation means and variances for plant height in the three okra
crosses under normal (T,) and drought (T2) conditions.

132

42 Generation means and variances for number of branches per plant in
the three okra crosses under normal (T,) and drought (T2) conditions.

134

43 Generation means and variances for number of seeds per pod in the
three okra crosses under normal (Ti) and drought (T2) conditions.

136

44 Generation means and variances for 100 seed weight in the three okra
crosses under normal (T,) and drought (T?) conditions.

137

45 Generation means and variances for seed yield per plant in the three
okra crosses under normal (T,) and drought (T7) conditions.

139

46 Estimates of genotypic, environmental and phenotypic components of
variance, coefficients of variability and broad sense heritability in the
three okra crosses under normal (T,) and drought (T2) conditions.

143

47 Variance components, D (additive) and E (environmental) following
weighted analysis of components of variance, narrow sense heritability
(h? n.s) and genetic advance (G.A) for various okra plant traits in the
three crosses under normal (T,) and drought (T2) conditions.

152

48 Estimates of Ihe best fit model for generation mean parameters, mean
(m), additive (d) dominance (h), additive x additive (i), additive x
dominance (j) and dominance x dominance (I) for various okra plant
traits in the three okra crosses under normal (T,) and drought (T2)
conditions.

162

(X)

;



V.

LIST OF FIGURES

PAGE No.PARTICULARSFIGURE

39Fresh fruit yield per plant of six genotypes in a control
(Ti) and three water stress Treatments (T2-T4)

1

Number of branches per plant of six genotypes in a

control (T,) and three water stress Treatments (T2_ T4)
392

Number of seeds per pod of six genotypes in a control
(T\) and three water stress Treatments (T2-T4)

413

Number of pods per plant of six genotypes in a control
(T?) and three water stress Treatments (T2-T4)

414

Seed yield per plant of six genotypes in a control (T,)
and three water stress Treatments (T2-T4)

435

V,/Wr graphs for days to first flowering under normal and
drought conditions

546

VrAA/r graphs for height of first flowering node under
normal and drought conditions

7 57

8 Vr/Wr graphs for days to 50% flowering under normal
and drought conditions

60

V,/Wf graphs for relative growth rate of fruit under
normal and drought conditions

9 63

10 Vr/Wr graphs for water content of fruit under normal and
drought conditions

66

11 V,/Wr graphs for fresh fruit yield per plant under normal
and drought conditions

69

12 Vf/Wr graphs for days to maturity under normal and
drought conditions

72

13 Vr/Wr graphs for diameter of fruit under normal and
drought conditions

75

14 Vr/Wf graphs for number of pods per plant under normal
and drought conditions

VrAA/r graphs for plant height under normal and
drought conditions

78

15 81

16 V,/W, graphs for number of branches per under normal
and drought conditions

84

(xi)



m

PAGE NoPARTICULARSFIGURE

VfAN, graphs for number of seeds per pod under normal
and drought conditions

17 87

18 Vr/Wr graphs for 100 seed weight under normal and
drought conditions

90

19 VrAA/r graphs for seed yield per plant under normal and
drought conditions

93

(xii)



"T

I. INTRODUCTION

Drouglil is one of the serious agricultural stresses in most countries of the world.

About 36% of the land area is classed as arid to semi-arid receiving only 13cm to 78 cm

of rainfall annually (Raheja. 1966). Much of the other 64% land area undergoes

temporary drought during the crop season annually, in recent years there has been serious

drought in the world. The UNO economic reports for the year 2000-2001 indicated that

2.18 billion hectares of the world's area was under drought. About 1 10 countries were

affected by drought. Countries like Afghanistan. Ethiopia, part of India. China and United

States were under serious drought. But the scenario emerging in Pakistan was quite

different and very serious in consequences in agriculture, industry and rural uibnn

dwellings. In the year 2000-2001. 75% of country was under drought. The percentage of

rainfall was lowered to 66% in Sindh. 52% in Bolochistan. 20% in NWFP and 13% in

Punjab (Metrological Report. Government of Pakistan. Islamabad 2000-2001). The

national economy was estimated to suffer a loss of about $2 billion due to water shortage.

Severe water shortages were arising in various parts of country like C'holistan.

Balochislan and some parts of Sindh affecting millions of human beings and animals. The

experts claim that the magnitude of the shortage of irrigation water would be in the itinge

of 35 to 40 percent for the Rabi season 2001. In order to face the calamity it is necessary

to improve irrigation management system and to develop such plants, which can

withstand water stress.

Drought can be defined as the absence of rainfall for a period long enough to

result in depletion of soil water and cause injury to plants (May and Millhrope. 1987). In

arable agriculture drought describes a condition in which available soil moisture is

reduced to a point when plant growth is severely affected (Osmanzai el al. 1987), It

influences growth by affecting cell elongation directly, and more indirectly mineral up

take and allocation, and especially photosynthesis (Hsiao. 1973). However, plants varied

in their qualitative and quantitative response to water stress and were not all affected in

the same way by a particular soil moisture regime. There are three strategies of crop

adaptation to drought stressed environment (Ludlow, 1989):

1



(i) Drought escape, where the crop completes its life cycle before the onset of

terminal drought.

(ii) Drought avoidance, where the crop maximizes its water uptake and minimizes

its water loss.

(iii) Drought tolerance, where the crop continues to grow and function at reduced

water contents.

The most important aspect of water relation studies is the degree of stress, which

controls the physiological and biochemical process ultimately determining the qunliu and

quantity of plant growth (Kramer. 1963). Similarly the stage of the plant growth at which

stress. was imposed was also very important. Therefore, the extent of yield reduction

depends not only on the magnitude of the moisture deficit but also on the stage ol plant

growth in which water stress was given (Salter and Goode. 1967). The greatest reduction

percentage in fresh fruit of okra occurred when moisture stress was imposed at the

flowering stage. Moisture stress during the pod filling stage resulted in a reduction of

more than 70% in fruit yield of okra (Ahehnosvhits escit!aitus L. Moawli). while the

lowest reduction in fruit yield occurred with moisture stress during the vegetative stage.

(Mbagwu and Adesipe, 1987). Water stress in the early flowering period increased

shedding of squares of cotton before they (lowered, while late stress reduced (lowering

rate and boll retention (Grimes cl ill. 1970). Moisture delicil during the period from hoot

to bloom reduced the grain sorghum yield through flower abortion. Reduction in plant

growth, grain yield and dry matter production of corn was determined in all growth

stages due to water stress (Denmead and Shaw. I960).

Yield improvement under drought conditions may be brought about by devising

management strategies, which maximize the amount of water available to the crop

(Turner and Begg. 1981; Loomis 1983). Another possibility is to breed plants for drought

resistance (Blum. 1979: Fischer, 1981: Fischer ct til. 1982). Over the last three decades.

substantial progress has been made in understanding the processes, which determine the

yield of crops subjected to plant adaptation to water stress (Turner and Kramer. 1980).

However little progress has been made in using this knowledge to breed genotypes

adapted to water limiting conditions. Progress in plant breeding for drought resistance has

been limited by at least two major problems. First drought resistance is a complex

1
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attribute of a crop community (Blum. 1979) and it is not clear how specific mechanisms

at the tissue or organ level are integrated in determining yield under water stress (Ilsiao

and Bradford, 1983). The genetics of drought related characteristics are complex and not

adequately understood (Osmanzni el til. 1987). This complexity arises because of the

number of physiological, morphological and biochemical systems within plant, which are

related to drought tolerance. Compensation of one system for another and interaction

with environment make even more difficult to correlate physiological and morphological

trails with yield under drought conditions. An integrated approach to drought resistance

in a breeding program should therefore consist of several major steps, which arc as

follows:

Define the drought problem and propose an ideotype.

Identify drought resistant trails and develop screening techniques.

Evaluate trait heritability and relationship to yield.

Screen germplasm for the suitable sources of the trail.

Utilize appropriate sources in breeding program.

Water stress is not always injurious. Although it reduces vegetative and

reproductive growth of the plant, some times it improves the quality of plant products.

Water stress was said to improve the quality of apples, pears, peaches, and prunes

(Richards and Wadleigh. 1952). Similarly stress in carrot at harveslable stage increased

sugar contents, which was desired by the people and water stressed onion bulbs at

harvesting showed longer period of storage due to lower moisture content. Water stress in

common bean accelerated maturity during some specific stages (Singh. 1995). However

horrible consequences of drought on crops are dominant.

Okra (Ahelmoschits esculen/nx LMoench) is a mnlvnceous and tropical crop

grown in two seasons i.e. Spring (March sowing) and Summer (June sowing), both in

plain and hilly tracts of Pakistan. In Punjab its production during the year oT 1999-201)0

was 44000 tons, produced from an area of 4300 hectares (Directorate of Crop Reporting

Service, Govt, of Punjab. Lahore, 2001). Both area and production are increasing

gradually every year. Nutritionally it contains protein, thiamin, ribollavin, niacin, vitamin

C and energy. Average nutritional value per 100 grams of edible portion of okra has

protein 1.8 g. thiamin 0.07 g, riboflavin 0.08g. niacin 0.8g . vitamin C 18.0 g and energy

a)

b)

c)

d)

c)

3



1

C and energy. Average nutritional value per 100 grams of edible portion of okra has

protein 1.8 g, thiamin 0.07 g, riboflavin 0.08g, niacin 0.8g , vitamin C 18.0 g and energy

31.0 kcal. (F A O., 1972). Medicinally mucilage from the fruit and seed is used as

demulcent, emollient, laxative and diuretic. This study was carried out keeping in view

the importance of okra vegetable in respect of its nutritional value and area under

cultivation in Pakistan and alarming condition of occurrence of drought. It might be

helpful to increase the production of okra in Pakistan by the utilization of the information

gained through this study. Moreover selection of genotypes of okra through different

breeding strategies with considerable drought tolerance and good economic

characteristics is considered to be an economic and efficient mean of alleviating

agricultural problems in water stressed areas

4



II. REVIEW OF LITERATURE

Okra (Abehvoschus esculen/us (L) Moench) is a major vegetable grown in

Pakistan. Due to its medicinal value and as a favorite vegetable it is given due

importance. However, very little literature is available regarding the aspects of drought

and inheritance of this vegetable. Therefore literature relating to other crops, c.g. cotton.

sorghum, soybean, cowpea. sunflower and rice was also reviewed.

2.1 Drought and Growth Stages.

Thompson (1970) reported that in soybean seed yield response to water supply

during reproductive development was more sensitive to water deficits than vegetative

growth. Hiller el al. (1972) concluded that plant growth rate in pea was reduced

progressively with increasing water deficits during vegetative stage. Seed yield was

minimum when water stress was imposed at flowering and plant height was much

affected when water stress was given at flowering and early pod formation stage.

Sionil and Kramer (1977) observed that occurrence of stress during seed tilling nl

soybean caused greater reduction in yield than at other reproduction stages and was

associated with a reduction in duration of seed-nil and early senescence of leaves, lick

and Musick (1979) reported that moisture deficit during the period from boot to bloom

reduced grain sorghum yield through abortion of florets. However, when stress was

imposed at heading stage or later, only seed size was reduced.

Turk el al. (1980) reported that drought at reproductive stage of cowpea had

significant effect on seed yield compared with control resulted in substantially lower

yields. The number of seeds per pod was influenced less by drought than yield and

number of pods per square meter. Garrity el al. (1982) reported 41-45 % reduction in

yield of grain sorghum when water stress was given at grain-filling stage.

Daulay and Singh (1983). explained that achene yield of sunflower was

significantly decreased when severe drought was given during flowering stage.

Korte el al. (1983a) conducted an experiment on soybean and missed three irrigations al

reproductive stages i.e. flowering, seed enlargement and pod elongation. Soybean

maturity was delayed gradually al later reproductive stages from 2 to 6 days. Therefore

5



maturity was delayed gradually at later reproductive stages from 2 to 6 days. Therefore

pod elongation and seed enlargement stages were sensitive to drought showing maximum

loss in seed yield.

Fereres et al. (1986) conducted an experiment on drought response of sunflower

and reported that reduction in harvest index due to water deficits was due to reduction in

seed number and seed weight which ultimately affected the yield at greater extent.

Gimenz and Fereres (1986) conducted an experiment on eight genotypes of sunllower

under water stress condition and reported the reduction in number of grains per head and

seed weight.

Bakheit (1987) concluded that the most effective moisture stress treatment in

reducing grain yield, panicle weight and plant height was during the llowering stage.

While moisture stress during grain filling period affected 1000-kernel weight. Mbagwu

and Adesipe (1987) observed the effect of water stress on fresh fruit yield and yield

components during the growth stages of okra. The greatest reduction in fresh fruit yield

occurred when moisture stress was imposed at the flowering stage. In all cullhnrs.

moisture stress at both the flowering and pod filling stages resulted in a reduction of more

than 70 percent in fruit yields. While the lowest reduction in this trait occurred with

moisture stress during the vegetative stage.

Gharti-cliharl and Lales (1988) reported a significant reduction in grain filling of

wheal due to water stress imposed for 16 days during llowering and the greatest reduction

in grain production was observed when water stress was imposed at silking pollination

stage. El-Wakil and Gaafar (1988) observed that seed yield of sunflower was lowest

when irrigation was stopped at tire beginning of flowering and highest when irrigation

was stopped at maturity.

Acosta et al. (1989) reported reduction caused by water stress in dry hcan

cultivnrs for seed yield. 100 seed weight and days to maturity. Hedge and llnwinagi

(1989) concluded that the greatest reduction in seed yield (27,3 %) occurred when water

stress was imposed during late llowering followed by stress at seed lilling (23.5%). al

vegetative stages (16.4%) and at early flowering (14.0 %) in sunllower cultivars. I usscll

et al. (1991) concluded that grain yield was reduced up to 49 percent in pearl millet when

water stress was imposed al flowering and grain filling stage. Jainro and l.arik (1991)

demonstrated that water stress during seed filling to maturity adversely affected rate of

6
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photosynthesis, N2 -fixation, leaf area, dry matter and grain yield in soybean.

Re-prodnctive growth stages were the most sensitive to water stress as compared to

vegetative growth stages.

Sapra el al. (1991) screened out some drought tolerant genotype of wheal by

giving water stress al germination and seedling stages. Me reported few cultivar showing

performance with respect to plant height, fresh weight and dry weight in compaiison to

the other cullivars. Hussain el al. (1994) concluded that drought in sunflower ndversly

influenced the trails of leaf area, days, to maturity, head diameter. 100 acliene weight and

achene yield per plant, whereas number of leaves per plant and plant height were

comparatively less affected. Effect of drought on various growth stages showed that

button was most critical as compared to 50 percent flowering and seed formation.

Teama and Mahmood (1994) concluded that water stress in sunflower before

flowering gave the greatest reduction in plant height, number of days to mid-flowering

and bead diameter. Seed yield per plan was reduced when plants were water stressed

during flowering. Singh (1995) concluded that water stress reduced seed yield. 1(H) seed

weight and accelerated maturity in common bean.

Mahmood and Khan (1996) induced water stress at tillering, flowering and giaiu

formation stage of rice. The results indicated that slress at tillering delayed panicle

emergence. Water stress at flowering caused reduction in seed set and number of tilled

grains and stress at grain formation stage affected 1000-grain weight and final economic

produce.

Desclaux el al. (2000) conducted experiments on different growth stages of

soybean. Giving water stress during pod formation significantly affected number of puds.

Early stress during seed fill reduced the number of seeds per pod. where as late siless

decreased seed weight.

2.2 Gene Aclion and Combining Ability.

Estimates of gene effects have diiecl concern for the selection of breeding

methods and selection, which should be adopted in specific breeding programs. Ibe

magnitude oT additive effects is particularly useful to the okra breeder involved in

developing pure line varieties under different environments, whereas information
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concerning dominance and perhaps epistatic gene effects can be valuable in the

development of okra hybrids.

Gad el al. (1974) detected significant additive effects for yield, boll number per

plant, boll weight, lint percentage and lint strength Dominance was significant for boll

number, boll weight, seed index, lint index, fineness and strength. Additive and additive x

dominance epistasis was significant for boll number per plant. Dominance x dominance

epistasis was detected for seed cotton yield per plant, boll weight, lint percentage, lint

length, fineness and strength.

Kao el al. (1974) studied five yield components in fifteen hybrids from a diallel

cross of six varieties of Hibiscus escu/entus. Additive type of gene action was observed

for pods per plant, seeds per fruit and seed yield but over dominance for 100 seed weight

and number of branches per plant

Singh cf at. (1978) observed genotype x year interaction for some quantitative

characters of okra Additive gene effects were indicated for days to flowering, seed yield

per plant and number of fruits per plant. McConnel and Gardner (1979) reported additive

and dominant gene effects for grain yield of maize by using generation mean analysis.

Kao (1979) made a diallel cross amongst six Hibiscus eseulen/us varieties for

days to flowering, number of fruits per plant and plant height. Additive genetic effects

vvcic ohseivcd for number of fruits per plant and plant height Parlap el al. (1980) used a

7x7 diallel cross technique excluding reciprocals to study days to 50 percent flowering,

number of fruits per plant, fruit length, fruit diameter, plant height and fruit yield per

plant in okra. Partial dominance was found for number of days to 50 percent flowering,

plant height and fruit length, complete dominance for fruit diameter and number of fruits

per plant and over dominance for fruit yield per plant. Variance-covariance regression

graph confirmed the days to 50 percent flowering and partial dominance for fruit

diameter

Gill and Kalsy (1981) partitioned the components of generation means for yield of

seed cotton, bolls per plant, boll weight for four intervarietal crosses. Epistasis was

involved in the inheritance of all characters in all crosses except for boll weight in one

cross. Additive genelie effects were important for most of the characters and dominance

effects for boll height. Kood and Major (1981) conducted an experiment on early
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maturing maize by using diallel technique under field and growth room environments.

Over dominance for plant height and incomplete dominance for flowering time was

recorded.

Singh and Ramanujan (1981) used generation mean analysis in oat and reported

both additive and dominance gene effects for days to flowering. He reported significant

negative dominance x dominance interaction (I) in this case. Poshiya and Shukla (1985)

selected okra hybrids on the basis of Fi performance and combining ability effects by

using diallel technique for yield per plant, number of fruits per plant, number of seeds per

pod and pod length

Ruddy cl al. (1985) crossed eight Ahchnosdms (Hibiscus) escnfc/Hns varieties in

all possible way with out reciprocals The Fi hybrids showed additive genetic effects for

plant height, number of pods per plant, number of seeds per pod, branch number, fruit

yield, height of first fruiting node and seed yield per plant. Poshiya and Shukla (1986)

studied fruit yield per plant and five related characters in a half-diallel cross of seven

varieties of okra Specific combining ability effect was significant for fruit yield per

plant. General and specific combining ability effects were significant for days to 50%

flowering, fruit length , number of fruits per plant and nodes on the main stem. One

promising cross was selected for the improvement of fruit yield on the basis of SCA.

Reddy ei al. (1986) observed duplicate epistasis in sesame seed yield per plant by

using generation mean analysis. Yadav and Yadava (1987) investigated the nature of

gene action for yield, boll number and boll weight in F1.F2, BCi and BC2 of three crosses

in (iossy/iimn arhomum. All the characters appeared to be governed by only additive

gene effects.

Kalsy and Garg (1988) performed generation mean analysis for yield of seed

cotton per plant, number of bolls per plant, boll weight and plant height. The results

showed that additive, dominant gene action and epistasis, were important for inheritance

of seed cotton yield and boll weight. Muhin ci al. (1988) made PI.PJ.FI.Fÿ.FT and Bi and

B2 generations of the intervarietal crosses of cotton varieties to evaluate for days to

flowering, days to boll opening and first fruiting branch node number at two locations.

Generation mean analysis showed that inheritance of earliness characters was complex,

as digcnic or higher order cpistatic effects were present. Invariable additive and additive

«
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x additive effects were significant for al! the traits across locations. Dominance and

dominance x dominance effects were detected only for days to flowering and boll

opening,

Pandey and Tiwari (1989) estimated the nature and magnitude of digenic allelic

interactions involved in the expression of yield and its components of chickpea by

generation means under two environments. Plant height, primary branches and secondary

branches showed simple inheritance by additive and dominant genes. Both additive and

non-additive gene effects were important for (lowering and maturity. Complimentary

epistasis was exhibited for yield, pods and seed number. While duplicate epistasis was

recorded for seed size. Second order interaction showed greater sensitivity to

environments. Epistasis was absent in one cross for almost all the characters.

Shukla elal (1989) studied 19 lines and their F| hybrids of okra and reported that

Parbhani karanti had high GCA for number of fruits per plant, number of seeds per pod,

number of branches per pod and seed yield per plant. 1C122205 x Parbhani karanti had

the best SCA followed by KS310 x Pusa Sawani Changani and Shukla (1990) studied

gene elVects using means of six generations viz. Pi. P2, F|,F2,B| and B2 in six crosses of

okra for nodes on main stem, inter-nodal length, plant height, branches per plant and pods

per branch. Simple additive-dominance modal could not explain the inheritance of all the

characters. The estimates of gene effects showed that both additive (additive and additive

x additive) as well as non-additive genetic component (dominance, additive x dominance

and dominance x dominance) played an important role for the inheritance of all the

characters. Duplicate as well as complimentary type of epistasis was found to be more or

less equally important for all the characters.

Gupta el al. (1990) studied gene action for oil yield and its components in four

crosses of linseed using six generation set (Pi, P2, F|, F2 ,B| and B2 ). All the interacting

crosses exhibited duplicate epistasis and only one cross showed complementary epistasis.

Both additive and non-additive gene effects were recorded. Pre-dominanee of additive

gene action was noticed for days to maturity, seeds per 10 capsules and test weight. None

of the crosses showed pre-dominance of additive gene action for seed yield per plant and

oil content. Both additive and non-additive gene effects were operative for the traits

studied Jawili and Rasco (1990) reported that Smooth Green parent of okra was the best
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combiner for fruits per plant, number of seeds per pod, 100 seed weight, days to

flowering, days to 50 % flowering and fruit yield per plant

Singh and Singh (1990) conducted an experiment on twelve elite varieties of pea,

their parents. Fi and F2 progeny. Variance of GCA and SCA was significant for number

of pods per plants, seeds per pod and seed yield per plant in the Fi and F2. It indicated the

imponance of both additive and non-additive genetic components of variations, which

mainly govern complex characters such as seed yield and pods per plant. Vicharat (1990)

conducted an experiment on certain crosses of okra to study gene action using generation

mean analysis involving Pi, P2, Fi,F2,BCP] and BCP2 generation of crosses. Additive

gene effect was more important than dominant gene effect and epistasis on plant height

(at first flowering and at maturity), days to flowering, first fruiting node, pod number per

plant and yield per plant While branch number per plant was controlled only by

considering Fi generation means of crosses

Chaudhary cl a/, (1991) used eight parents of okra and reported that one line was

proved to the good general combiner for yield, fruits per plant, number of seeds per pod,

pod length, fruit diameter and days to first pick. The most promising Fi hybrid has high

SCA\ for yield per plant, fruit per plant and days to first picking. Koechlin (1991) made

diallcl cross of okra cultivars to get inter-specific hybrids among different okra species

(tetraphyllus, caillei and esculentus) and reported the additive effects for number of

branches, days to flowering and days to 50% flowering.

Vceraragavathatham and Irulappan (1991) used 7 parents for 7x7 full diallel

analysis in okra. The GCA variance was higher than the SCA variance for fruit weight,

fruit length, fruit girth, plant height and yield per plant. The reciprocal efiect was

significant for first four trails. The best general combiner for yield per plant with the best

specific combination was determined. Veeraragavathatham and Irulappan (1991) selfed

okra genotypes for six generations and were crossed in a full diallel fashion to give 21

direct and 21 reciprocal hybrids. Promising combinations for high yield were achieved

showing good hybrid vigour.

Mandal and Das (1992) reported highly significant GCA and SCA variances in

okra for the number of fruits, number of branches, height of first fruiting, node, number of

seed per pod, diameter of pod, fruit length and yield per plant. Pusa Swani was a good
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combiner for yield and most other characters. While the cross (Punjab Padmani x

Selection-10), showed the best SCA effects for yield per plant.

Sutulhari ef al. (1992) derived informations from the data on number of fruits per

plant, number of branches, number of seeds per pod, plant height, fresh fruit yield per

plant and seed yield per plant in six inbreds of okra and their hybrids from a full diallel

cross. The GCA / SCA ratios were lower than one, indicating the role of non-additive

gene action One of the crosses was the best combiner for yield and number of fruits per

plant

Tuigul cl al. (1995) studied the inheritance of grain yield, ear diameter, ear

length, number of grain rows and 100 grain weight in an 9 parent half-diallel cross of

maize using Jinks-Hayman diallel analysis. Both dominance and additive effects

appeared significant for all the traits. But the dominance component of genetic variance

was more important for all traits except 100-grain weight.

Saeed cl al. (1996) studied gene action in intraspecific hybrids of G.hirsiilnm L.

for plant height, number of bolls per plant, ginning outturn percentage and seed cotton

yield. The results showed that all these traits were controlled by additive type of gene

action

Ahmad cl al. (1997) studied inheritance of lint yield and quality characters in

cotton (G. lursulum L) and reported over dominance type of gene action for lint

percentage, staple length and fiber fineness, while additive type of gene action with

partial dominance for lint index. No cpistatic effects were observed in the inheritance of

these characters. Paxasia cl al. (1998) studied combining ability for number of

monopodia per plant, number of sympodia per plant and height in upland cotton

(G. hirsn/nni L.) and reported additive gene action for these traits as the variance due to

GCA were higher than variances due to SCA.

Yingxin and Xinagming (1998) studied inheritance of 12 economic characters in

upland cotton (G. hirsiilum The results indicated that bolls per plant, seed cotton

yield, lint percentage were controlled by additive and non-additive gene actions. Non¬

additive gene effects mainly controlled boll size. Fiber length, strength and fineness were

mainly under the control of non-additive gene action. Broad sense herilability was high

and narrow sense heritablity was medium lor these traits.
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Jagtap and Mehtari (1998) studied genetic variability in intervarietal crosses of

upland cotton (G. hirsulum L.) and reported high genetic co-efficient for bolls per plant

and seed cotton yield per plant. Heritability (broad sense) was moderate to high for all the

characters except number of sympodia per plant. High heritability estimates coupled with

low genetic gain were found for days to (lowering, ginning outturn percentage, indicating

that variation in these traits was due to non-additive gene effects

Kalwar and Babar (1999) studied combining ability in upland cotton for number

of sympodia per plant, number of bolls per plant, boll weight, ginning out turn

percentage, staple length and seed cotton yield per plant and reported that the variance

due to SCA for number of bolls per plant, boll weight and seed cotton yield were higher

than the GCA variance indicating the non-additive type of gene action.

I lussiiin cl ul. ( 1999) analyzed gene action in upland cotton for seed cotton yield,

lint percentage and reported additive type of gene action with partial dominance.

Dominant alleles were more frequent in both l72 generations Recessive alleles were more

pronounced in lint percentage of F| generation. Hussain el al. (1999) studied quantitative

inheritance in cotton and reported that fiber strength was governed by additive with

partial dominance type of gene action. There was no non-allelic interaction for many

traits Additive dominance model was adequate in both the F| and F2 generations

I’untha cl al (1999) conducted combining ability analysis for quantitative

characters in coloured linled genotypes (G. hirsulum x G harhadense) and concluded non

additive type of gene action for days to first boll open, days to maturity, plant height,

sympodia per plant, bolls per plant, boll weight and seed cotton yield per plant.

Khan el al. (1999) conducted 4x4 diallel cross experiment to study gene action in some

quantitative characters of cotton (G. hirsulum I,.). The height of the main stem, bolls per

plant and boll weight were controlled by additive type of gene action with partial

dominance.

1

Esmail el a!. (1999) studied genetic architecture of yield and yield components in

inter and intra-specific crosses of cotton and reported additive and dominance gene action

for boll number, boll weight, lint percentage, seed cotton yield and lint yield. Both broad

and narrow sense heritibility estimates were high and difference in magnitude existed for

all traits, indicating the presence of additive and non-additive genetic variance for these
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traits. Rady el al. (1999) computed combining ability of seed cotton yield, number of

boils per plant, boll weight, lint percentage and lint yield. GCA and SCA mean squares

were highly significant for all traits, indicating the importance of both additive and non¬

additive genetic effects in determining the performance of these traits.

Hendnwy el al. (1999) studied inheritance of fiber length, uniformity ratio, fiber

strength and fiber fineness in inter specific crosses (G. barbaden.se x G. hirsulum) and

concluded that bothtJCA and SCA variances were highly significant for all traits while

GCA/SCA ratios revealed that additive and additive x additive type of gene action were

of greater importance in the inheritance of the studied traits. According to Dayman

(1954) approach the additive genetic variance (D) and dominance variance (Hi and H?)

was highly significant for all the above mentioned traits, but dominance genetic variance

(Hi & II2) was greater in their magnitude than the corresponding additive genetic

variance. Parental varieties carried more dominant genes than recessive genes for these

traits. The average degree of dominance (Hi/D) was greater than unity, revealing the

presence of over dominance in the inheritance of these traits. High broad sense

heritability values were detected for the four traits, while values for narrow sense

heritability were much lower as compared to broad sense heritability.

i

Godoy and Palomo (1999) studied inheritance of earliness in upland cotton

(G. Hir.siituiii h.) and reported significant additive genetic variance for days to first

square, days to first flower, days to first boll open and node to first fruiting branch.

Heritability estimates were medium for these trails. Correlation analysis showed that the

lower the node to the first fruiting branch the shorter was the plant, and earlier was the

onset of squaring, flowering and boll opening. Baloch el at. (2000) studied combining

ability and genetic parameters for yield and fiber traits in upland cotton and results

showed that the proportion of variance due to GCA (based on the mean squares) was

higher than SCA for seed cotton yield, lint % and staple length which suggested that

these trails arc predominantly controlled by additive genes.

Khorgade elal. (2000) used three male sterile lines and eight testers of pigeon pea

and observed the pre-dominant role of additive gene effects for seed yield per plant, and

all yield attributes except plant height. Among male sterile lines one line was determined

14
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the best general combiner for number of clusters per plant, protein content, 100 seed

weight and number of seeds per pod. Among the testers two lines were found to be the

good general combiners for seed yield per plant, number of pods per plant, number of

clusters per plant and days to 50 % flowering. One cross was determined as the best

combination for seed yield per plant and number of pods per plant.

Kumaresan et a/. (2000) carried out genetic analysis of seed cotton yield, days to

first flower and bolls per plant in cotton (G. hirsntiwiL) and observed additive dominant

gene action for these traits. High values for broad sense heritability estimates for these

traits were noted. Shekhawat (2000) conducted an experiment on twelve generations of

two crosses of wheat. Inheritance was observed by using generation mean analysis for

tillers per plant, grains per spike, 1000-grain weight and grain yield per plant. The grain

yield per plant and tillers per plant were mostly the governed by dominance, dominance x

dominance and dominance x dominance x dominance type of gene effects with larger

magnitude but were unexplainable due to duplicate type of gene action. 1000-grain

weight was found to be under control of both additive and non-additive gene effects with

inadequate trigenic epislasis

Vcrma (2000) reported additive and non-additive type of gene action in Brassica

junct’ti involved in the inheritance of days to flowering, plant height, number of primary

and secondary branches, number of seeds per siliqua, days to maturity, 1000 seed weight

and seed yield per plant. Five parents showed higher GCA effects for seed yield, 1000

seed weight, number of seeds per siliqua and days to maturity. Three parents showed five

best crosses for these traits.

2.3 Heterosis

Hybrid vigor in the first generation generally reflects potentiality of its segregates

in succeeding generations. Generally, the crosses manifesting good heterotic expression

in Fi are likely to give better segregates when non-additive genetic effects arc low. In

genetical sense heterosis refers to increase or decrease of Fi value over the mean of the

parent value (Matzingcr et at. 1962). From breeder point of view the increase of Fi value

over the better parent (heterobcltiosis) is more important (Fonseca and Patterson, 1968).

El Adi and Miller (1971) inferred that in cotton F| yielded 33 percent more than

the mid parent and exceeded the higher parent by 13 percent. The hybrids also excelled
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their parents for the yield components like lint percentage, weight per boll, number of

bolls, lint and seed indices. Parkash (1982) analyzed parental, BCi, BC2 and F2

generations of the crosses in Gossypinni arboreum revealing significant heterosis over

mid parent for yield per plant.

Khan and Tariq (1984) studied the inheritance of the height of main stem, yield

and yield component from the data on P|, P2, F| and F2 generations of the crosses of

cotton cultivars and reported positive heterosis for all characters. Poshiya and Sluikla

(1986) studied yield related characters in a 7x7 diallel cross of A. (Hibiscus) esculen/us.

Heterosis was highest for number of pods per plant and yield per plant. Positive heterosis

and heterobeltiosis were observed in a cross. High heterosis for yield was attributable

mainly to many pods per plant.

Reddy cl til. (1986) reported 0.0 to 0.7 1% heterobeltiosis in sesame and -38.1 to

57,5 % inbreeding depression for seed yield. Yadnv and Yadava (1987) investigated the

nature of gene action for yield, boll number and boll weight in F|, F2,BC| and BC2 of

three crosses in Gossypinni arboreum and reported positive heterobeltiosis in two crosses

of cotton.

Korla and Sharma (1988) studied six populations (PI,P2,FI,F2,BCI and BC2) of

A. escnlcnlns for three seed characters Heterosis over the better parent was observed in

none of the crosses for seed per fruit, in one, for seed weight per fruit and in two for 100

seed weight. In heterotic crosses the magnitude of dominance gene effects were high.

Shukla el at. (1989) studied 19 lines and their F| hybrids of okra and reported the highest

heterosis over the better parents for number of pods per plant and seed yield per plant.

Chaudhary el at. (1991) reported the best crosses of okra showing significant

hclcmsi.s for yield and number of fruits per plant. Mandal and Das (1991) studied

heterosis from a diallel set involving eight parents of okra and their 28 F] hybrids

(excluding reciprocals). Greatest heterosis over better parents was observed for yield per

plant followed by fruits per plant.

Kalngcri ei al. (1992) estimated positive heterosis over the mid parent for seed

cotton yield and boll number in inter-racial crosses ofGossypinni hirsulum L. None of the

hybrids showed significant heterosis over the mid parent for boll weight. Number of

i
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bolls, boll weight and seed cotton yield showed inbreeding, depression. The magnitude of

inbreeding depression for boll weight was lower than for boll number and seed cotton

yield. Mehetre et «/.(1992) studied heterosis in F( hybrids involving pigeon pea parents in

halfdiallel manner. Majority of the crosses exhibited significant heterosis over mid and

superior parents. The maximum heterobeltiosis was observed for days to maturity.

Sivagamasundhari el al (1992) recorded positive heterosis and heterobeltiosis in

okra combinations for fruits per plant, fruit weight, fruit length and yield. Hoque el al.

(1993) used 6x6 diallei crossing technique and reported significant heterosis over mid

parental and better parental values in okra for number of branches, number of seeds per

pod, 100 seed weight, diameter of pod and seed yield per plant.

Kuinbhani el al. (1993) worked on eight diverse genotype of okra crossed in all

possible combination. High heterosis for yield per plant seemed to have resulted from the

combined effect of heterosis for yield component characters such as number of pods per

plant, pod length, pod girth, plant height and inter nodal length. Turgut e! al. (1995)

studied the inheritance of grain yield, ear diameter, ear length, number of grain rows and

grain weight in a nine parent diallel cross of maize using Jink-Hayman diallel analysis.

Heterotic effects were considerable for all traits except 100-grain weight

Rai el al. (1998) used partial 7x7 diallel set in tomato and reported high heterosis

over mid and better parent and inbreeding depression for plant height, number of primary

branches, number of fruits per plant, fruit diameter, fruit weight and yield per plant.

Heteiosis was negative for days to flowering, days to first picking and days to last

picking

Khorgade et al. (2000) reported significant heterotic effect over mid parent for

seed yield per plant in hybrids of pigeon pea. The highest magnitude of heterosis over

mid parent was observed for number of pods and low to medium for number of branches

per plant. Negative heterosis for days to 50 % (lowering in crop like pigeon pea is

desirable, as it is grown mainly as rain fed crop. Rajan el at. (2000) reported significant

heterosis over mid and belter parent in cotton hybrids for plant height, number of

simpodia per plant, number ofbolls per plant anil seed cotton yield.

!
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2.4 Herilability and Genetic Advance

Singh el al. (1974) reported high heritability values and estimates of genetic

advance in okra for fruit diameter, fruit length and moderate for marketable fruit yield,

plant height, number of fruits per plant, number of flowers per plant, fruit weight and

number of branches per plant. Low estimates were observed for number of leaves per

plant and stem diameter. Lai el al. (1977) reported highest estimates of heritability and

genetic advance in okra for number of fruits per plant, number of seeds per pod, days to

first flowering and internodal length. Fruit thickness exhibited the lowest estimate of

genetic advance while seed yield per plant showed low heritability estimate.

Singh and Singh (1978) reported significant and higher estimate of broad sense

heritability and genetic advance in okra for days to flowering, yield per plant and fruits

per plant. These estimates were low for plant height and fruit length. Rao (1979) studied

a diallcl cross amongst six Hibiscus escnlenliis varieties for days to flowering, number of

fruits per plant and plant height. Moderate to high heritability estimates were reported for

all the characters.

Singh and Singh (1979) made crosses between 25 lines and five testers of

(Hibiscus) escnlenliis in a 125 Ft and F2 populations over a period of two years High

esliamtcs of heritability and genetic advance were shown by genotype for inter nodal

distance, plant height and height of Fust fruiting node. For fruit width high herilability

with low to moderate genetic advance was observed.

Partap e! al. (1980) reported high heritability in the narrow sense in okra for days

to 50 percent flowering, fruit diameter and fruit length and it was low to moderate for

yield per plant, number of fruits per plant and plant height. Bainiwal el al. (1981)

reported high estimates of heritability in pigeon pea for days to flower, days to maturity

and seed yield. The estimates were moderate for plant height, pod length, seeds per pod

and 100 seed weight while low for primary and secondary branches. Genetic advance was

high for secondary branches, plant height and seed yield and it was low for days to

maturity, seeds per pod and pod length.

Vashistha elal. (1982) reported high values of herilability and genetic advance in

okra for fruits per plant, plant height and root length and low to moderate for number of

ridges per fruit. Korla and Sharma (1984) studied 28 A (Hibiscus), esculenlus accession
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sown as rainy crop and evaluated for plant height, the node at which the first fruit set,

number of fruits per plant and yield per plant. All the characters exhibited moderate to

high heritability and genetic advance.

Palve et al. (1985) reported high magnitude of heritability and appreciable

expected genetic advance in 15 varieties of okra for the yield, number of fruits, length of

fruit and days to flower. Rao and Singh (1985) conducted an experiment to observe

genetic variability of linseed and reported high estimates of heritability for days to

maturity, primary branches, secondary branches, number of capsules, number of seeds

per capsule and yield per plant. Heritability was low to medium for plant height and 1000

seed weight, respectively. Genetic advance was high for primary and secondary branches,

number of capsules, 1000 seed weight and yield per plant while it was low for days to

maturity, plant height and number of seeds per capsule

Reddy et al (1985) reported that genotypic and phenotypic variances were

highest in okra for yield per plant and plant height, indicating wide variability High

genetic advance and heritability were noted for fruit yield per plant, branch number and

plant height. Godawat et al. (1986) reported the highest heritability estimates in sesame

for days to flowering, days to maturity and grain yield per plant and moderate to high for

plant height, number of efTective branches per plant and number of seeds per five

capsules. Genetic advance was higher for number of effective branches per plant, number

of capsules per plant and grain yield while moderate to low for days to flowering, days to

maturity, plant height and number of seeds per five capsule

Govil and Kumar (1989) observed high estimates of heritability and genetic

advance in chickpea for days to flower, days to maturity and plant height, moderate for

pods per plant and seeds per ten pod and low for leaf size under three different

environment. Ariyo (1990) reported considerable heritability estimates in okra for pods

per plant, pod yield and number of leaves per plant in two seasons.

Mandnl and Das (1991) studied heritability and genetic advance from a diallel set

involving eight parents of okra and their 28 F| hybrids (excluding reciprocals). Moderate

to high estimates and genetic advance were observed lor yield per plant and number of

fruits per plant. Rath et al. (1991) reported highly significant heritability estimates and
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genetic advance in okra for number of seeds per pod (99.7 %) and number of branches

per plant (69.7 5).

Yadav and Chankar (1991) used diverse homozygous okra (Abefmoschtts

esculentns) lines and practiced of 6 x 6 full diallei technique. Heritabilily estimates in the

narrow sense were high for first fruiting node and number of branches per plant and

moderate for days to 50 percent flowering and plant height. Jevapandi and Balakrishnan

(1992) leported high values of heritability in okra for fruit weight seed yield per plant and

plant height. Heritability coupled with genetic advance was highest for yield per plant

and plant height.

Patel and Dalai (1992) derived high estimate of heritability and genetic advance

in seven okra genotypes and their F| hybrids for days to first flowering, fresh fruit yield,

iiumhci oI seeds per pod, diameter of pod and number of branches per plant, while pods

per plant showed moderate heritability. White e( of. (1994a) reported that water stress

tolerance in common bean is a heritable trait. Heritability and genetic advance for seed

yield were higher under water stress than under no stress.

Bluitla et al. (1995) repoiled that moisture stress reduced tiller number and

number of spikelets per spike in wheat. Moderate to high and low to high heritability

estimates were obtained in broad sense and narrow sense, respectively for spike length

Drought caused lowering of heritability for spikelets per spike. Khorgade (1995) studied

thirty genotypes of green gram for various genetic parameters and did regression analysis

for number of branches, seed yield, number of pods and number of clusters per plant. All

these character exhibited high genotypic coefficient of variation. High genetic advance

was found to be accompanied by comparatively high estimates of heritability in case of

100 seed weight, number of branches, number of clusters, number of pods and seed yield.

Partial regression studies indicated the importance of number of pods, number of seeds

per pod and 100 seed weight in influencing seed yield in green gram.

Lamkey et at. (1995) studied six generations experiment in maize and reported

moderate heritability and genetic advance for grain yield and grain moisture. Singh

(1995) concluded that water stress reduced seed yield, 100 seed weight and accelerated

maturity in common bean. Heritability estimates for seed yield were comparatively low

to high for 100 seed weight and days to maturity under both environments. In general,
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heritability was slightly higher under no stress, compared with stressed environment for

seed yield.

Chandra et al. (1996) reported high heritability and genetic advance for pod yield

of okra and moderate for plant height, number of seeds per pod, 100 seed weight and

length of pod. Rehman et at. (1996) reported high broad sense heritability and genetic

advance in chick pea under water stress conditions for 100 seed weight, grain yield, pods

per plant and plant height While heritability was moderate and genetic advance was low

for seeds per pod,

Schneider et at. (1997) reported slight reduction in heritability estimates and

genetic advance due to water stress in common bean for seed yield and increase in these

parameters was exhibited due to water stress for 100 seed weight. Siddique (1997)

derived information of genetic variability and hcriability for eleven yield and quality

related traits in hirsutum cotton. Estimates of heritability and genetic advance were high

for seed cotton yield per plant, fiber length and fineness, plant height and 25 boll weight.

Yingxin and Xiangming (1998) studied broad sense and narrow sense heritability

for 12 economic characters in upland cotton Results indicated that broad sense

heritability were high and narrow sense heritability was medium for number of bolls per

plant, seed cotton yield, days to first llower and ginning out turn, while low for number

of sympodia per plant. Yankun. et at. (1998) reported high heritability estimates for

number of bolls per plant, boll weight, lint percentage and fiber strength in upland cotton

Esmial et al. (1999) studied heritability of yield and yield components in inter and

intra specific crosses of upland cotton. The results indicated that both broad and narrow

sense heritability estimates were high for number of bolls per plant, boll weight, lint

percentage and seed cotton yield. Hcndawy et at. (1999) studied inheritance of fiber

length, fiber strength and fiber fineness in interspecific crosses (C. barbadense L. X G.

hirsutum I..) and concluded high broad sense heritability for these traits, while values for

narrow sense heritability were much lower as compared to broad sense heritability.

Godoy and Palomo (1999) studied heritability estimates for earliness in upland

cotton and reported medium value of heritability in broad sense for days taken to first

square, days to first flower, days to first boll open and node to first fruiting branch. Shanti

and Ravcendran. (1999) Studied genetic variability in F2 population in cotton
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(G.hirsulumL.) and recorded high variability for seed cotton yield per plant plant height,

sympodia per plant, bolls per plant and boll weight. High mean expression, high

lieriability and moderate genetic advance was observed for all characters. Kumaresan

ct al. (2000) reported high value of broad sense heritability for days taken to first flower,

number ofbolls per plant and seed cotton yield in upland cotton.

!
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III.MATERIALS AND METHODS

EXPERIMENT NO.1

3.1 Determination of most sensitive growth stage to drought.

These experiments were conducted at Central Cotton Research Institute, Multan under

the supervision of department of Plant Breeding and Genetics, Sindh Agriculture University,

Tando Jam. The purpose of the experiment was to determine the growth stage most sensitive to

drought. The experimental field was thoroughly prepared Nitrogen at the rate of 80 Kg per

hectare in the form of urea and 65kg per hectare phosphorus in the from of supper phosphate

was added as basal dose. At flowering and podding stages 80kg per hectare nitrogen in the

form of urea was also applied in two split doses.

Sowing was done on 2911’, February 1996. Five varieties of okra namely Chinese Red,

C-lemson Spineless, Dwarf Long Pod Green (DLPG), Parbhani Karanti, Green Velvet, and one

experimental line No.8 were included in these studies. Clemson Spineless, Green Velvet, and

DLPG were imported from U S A., while Chinese Red and Parbhani Karanti were imported

from China and India, respectively. The seed of No.8 was collected from Ayub Agricultural

Research Institute, Faisalabad. Split plot design was used with three replications. Treatments

were randomized in main plots and varieties in sub plots. Inter row and interplant distance was

maintained at 75 cm and 20 cm, respectively. Recommended insecticides i.e., Methamidophas,

Chlorpyrifos and Diafenthiuron were applied against insects. Following treatments were

applied to find out the most sensitive stage of growth in respect of drought:

Tl: Control (Weekly irrigation)

T2: Water stress during pentafoliate and budding stage

T3: Water stress during flowering and podding stage

T4: Water stress during seeding and maturity stage.

In the control treatment normal irrigation was given at an interval of 7 days. For each

stress treatment three consecutive irrigations were missed and then irrigation was resumed. By
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this way the irrigation was not given for an interval of 21 days for each of the treatment. The

data were recorded on the following characters from 20 plants of variety/treatment.

I Fresh fruit yield per plant (g).

Number of pods per plant.

Number of branches per plant.

Number of seeds per pod.

Seed yield per plant (g).

2.

3.

4
i

5

Fresh fruit yield per plant:

Fresh fruit yield per plant was recorded at an interval of three days. All the picks were

summed up to determine fresh fruit yield per plant.

Number of pods per plant, number of branches per plant and number of

seeds per pod.

Number of pods per plant and number of brandies per plant were determined at

harvesting stage, in each genotype under both control and stress conditions Number of seeds

per pod was calculated by counting the seeds of each pod separately.

Seed yield per plant:

Seed yield of each genotype was recorded under control and stress conditions

Data were subjected to analysis of variance to find out the significant differences among

various treatments and genotypes Comparison of treatment means was performed using LSD

test. A separate analysis of variance for each treatment was carried out to compare the

genotypes at given treatments.

Statistical Analysis.

The data regarding different characters in each progeny were averaged and subjected to

statistical analysis. Standard analysis of variance technique was applied to determine

significance of means. Only where significant genotype differences were found, data were

further subjected to genetic analysis as given in Steel and Torrie (1980).

1

r
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EXPERIMENT NO.2 Gene Action Studies

3.2 Genetic Analysis.

3.2.1. Diallel Analysis.

The results of experiment number I indicated that flowering and podding stage of okra

the most sensitive stage to drought as compared to other stages These results were

concluded on the basis of the fact that plants showed maximum reduction in yield and yield

components, when water stress was given at flowering and podding stage. Therefore in this

experiment only two treatments control and water stress (stress at flowering and podding stage)

were utilized to study inheritance. The six accessions (as mentioned in experiment!) were

crossed in all possible combinations in a complete diallel fashion and the seed of each cross

was collected.

was

The seed of all the crosses (FO) was sown in next season (March 15. 1998) in order to

get F| population Seed bed preparation, fertilizer application and plant protection measures

\vere same as discussed in section 3.1 Sowing was done on both sides of ridges by using

Randomized Complete Block Design (RCBD) with three replications. Row to row and plant to

plant distance was kept as 75 cm and 20 cm. respectively. Thinning was done to keep 15 plants

of each genotype in both treatments. The data for days to first flowering, height of first

flowering node, days to 50% flowering, relative growth rate of fruit, water content of fruit,

fresh fruit yield per plant, days to maturity, diameter of fruit, number of pods per plant, plant

height, number of branches per plant, number of seeds per pod, 100 seed weight and seed yield

per plant of all genotypes were recorded in both the treatments (control and water stress).

To carry out a biometrical analysis for genetic information and to determine the

adequacy of genetic model, it is essential to collect data from a number of successive

generations or from different mating systems, when a sufficient number of inbred lines are

available, while according to Mather and Jinks (1971,1977,1982), an alternate approach is

possible where inbred lines are crossed in all possible combination including seifs. If parents

are crossed in such a fashion, it defined as diallel cross and their analysis is called diallel

analysis. This method allows a genetic analysis to be carried out aller one generation. The

variation in diallel cross can be ascribed to the, differences among maternal, paternal parents or

due to interaction between them. These variations can be recognized by the analysis of diallel

table In diallel table, p* observation from diallel cross system are arranged in such a fashion

!
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that each row and column of the data table corresponds to measurement of offspring with a I

common parental genotype. In this way each row has common male parent and each column I

has common female parent, thus the p parent lie on leading diagonal of table.

In the present experiment, diallel analysis was carried out after subjecting the data In |
ordinary analysis of variance (Steel and Torrie. 1980) to sec whether significant differences j
existing among the genotypes for the character under study. Only signiliennt genotypic

differences allowed proceeding lor diallel analysis.

3.2.2. Analysis of Diallel Table. .

The theory of diallel was developed by .links and Ilayman ( 1953) and was expended by

Dickson and Jinks ( 1 956). This theory was applied by Whilehou.se el al. { 1 958) and Mather anil

Jinks (1971,1977.1982). Since there is no restriction on the number oT parental lines in an j
undefined diallel analysis (when the differences among the parental genotypes arc undefined). j

six parents were used for diallel analysis.

Analysis of diallel table provided preliminary information about the presence or

absence of non-additive variation. According to Mather and Jinks (1982). where additive-

dominance and additive environmental models are adequate and there arc no reciprocal

differences, the mean squares of most of items in the analysis of variance can he interpreted in j

relatively simple terms.

Array variance and covariance were used to produce a regression line with in the

limiting parabola (wr2=vp.vr). From the property of regression, some inferences about genetic J

basis may be drawn:

(i) A regression line of unit slope reveals that each gene is independent of all other

genes in its action. A deviation from unity implies the interaction ofnon-allclie (j
genes in the manifestation of character.

(ii) Full dominance at all loci is indicated when regression line passes through origin
(D=H,).

(iii) Partial dominance is revealed when the line intercepts wr axis above the origin
(D > Hi).

(iv) Over-dominance is indicated when the regression line intercepts the w, axis on
the negative side (D< Hi).

(v) When the line touches the limiting Parabola, it is an indication of absence of
dominance.

i

'
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The order of array points reflects the distribution of dominant and recessive genes

among the parents. Those parents with most dominant genes have their points nearest to the

origin, those parents having most recessive genes are located away from the origin, and those

parents with equal frequencies of dominant and recessive genes have their points in the middle.

3,2.3. Assumption of diallcl analysis and test for the adequacy.

The validity of information from a group of genotypes obtained from the diallel cross

method is based on the following assumption (Crumpacker and Allard, 1962).

Diploid segregation of chromosomes.

Homozygous parents.

Absence of reciprocal effects

Absence of epistasis

No multiple allelism.

Independent distribution of genes among the parents.

Though the diallcl model was originally developed to analyze data collected from

parental material meeting all the above conditions but other literature involving broader

applications of the additive-dominance model, has questioned necessity of some of the

assumptions For instance regarding the homozygosity of parents, Griffing (1956) and Oakes

(1967) reported that the technique could be applied to cross between heterozygous clones Later

on, the diallel technique was again used in the potato, also using heterozygous clones

(Tai, 1976, Kamiiiiski, 1977; Killick, 1977). From the genetical point of view, the assumptions

of independent distribution of genes in the parents and absence of epistasis was critical in

attempt to interpret the results of diallel analysis (Baker, 1978). He explained the linkage of

genes in the population from which the parents were chosen or the sample size of the parental

lines involved in diallel crossing may bring about failure of material to meet the assumption.

Feyt (1976) suggested that limited number of parents, and genes at n loci cannot be

independent unless a minimum of 3n parents is used in a diallel cross.

3.2.4. Combining ability Analysis.

The F1 hybrid data thus collected was also subjected to analysis of variance technique as

outlined by Steel and Torrie (1980) lor all characters under study to observe the level of

significance among various Fi hybrids and their parental lines.

10

00
(iii)

(iv)

(v)

(vi)

I
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All the characters under observation exhibited highly significant differences. further

analysis for combining ability effects were performed by using Griffing.s (1956) Method-1.

Model-II. Combining ability was computed as under.

i

I) General Combining Ability (GCA) Effects.

gi=l/2p (Xj. + X.;)-l/P2/X..

Where

gj=Gcneral Combining ability effect Tor line i.

PÿNo.of Parents/Varietics.

Xj.=Total of mean value of F|.s resulting from crossing j line with i th lines.

X.pTotal of mean values of Pi's resulting from crossing i line with j th lines

X..=Grand total of all the mean values in the table.

s
I

;

2) Specific Combining Ability (SCA) Effects.

Sr1/2 (Xij+Xjj)-I/2P (Xi. + X.i + Xj.+X.i)-i- l/P?X..

Where

Sij= Specific combining ability between ilh and jth lines.

Xij= Mean value of F| resulting from crossing the ilh and jth lines with ith lines.

Xj-,= Mean value for the F| resulting from crossing the jth and ilh inbreds.

Xj= Total of mean values of F|.s resulting from crossing jth line with ith inbred.

X.i= Reciprocal values of Xi.

X.j= Total values for the F|.s of X.j

Xj.= Values of reciprocal Fi.sofXj.

X. = Grand total of the observations.

3) Reciprocal Effects.

Rij= 1/2 (Xij-Xji)

Where

Rij= Reciprocal effects of the ith and jth varicties/lines.

xy= Mean values for the Fi resulting from crossing the ith and jth line.

Xj-,= Reciprocal values of F| resulting from Xjj.

I
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The variance due to crosses was partitioned into the variance due to general combining j

ability effects, specific combining ability affects and reciprocal affects, by the following

formula for method I. and model II {Griffing. 1956) Table.

;

i

Table- 1 Analysis of variance for mcthod-I giving expectations of mean squares lor the

assumption of modcl-II.

Sum of
Squares

Mean Squares Expectation of Mean SquareSource D.F

82+ 2fp-n8:s + 21* cVgGeneral
combining ability

P-l s* M.s P

Specitlc

combining ability
P (P- 1 )/2 Ss M>

P‘

5 % 2S-VReciprocal effects P (P-l) 2 S, M,

(VError M S. Mc

Where

Sg=l/2I>Ii(Xi.-EX.i)--2/I,2X2..
Ss= 1/2IjZj Xij (xii+xji) - I/2P Zj (X.i+X-,.)2 4 1/P2 X2..
Sr- 1/2 Zi Zj (Xij-Xji)2

P= Number of parents.

Mc= Mean square for error.
Mg= Mean squares due to general combing ability effect.
Ms= Mean squares due to specilic combining ability effects.
Mr= Mean square due to reciprocal effects.
b2s= Components of varinnee for specific combining ability.

82r= Components of variance for reciprocal effects. !

Variance components are estimated by equating the observed and expected mean
Table-l. The estimates recomputed as follows.

S2g= I/2P [Mg-Me + P (P-l ) MJ

S2s= P2/2C [ Mr-Me ]
and

82r- 1/2 [Mr - Ml. )
Where
C= P2-P+l

square in

i

ii
4c

I

I
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EXPERIMENT NO.3

3.3 Inheritance studies using six generations.

The promising crosses (DLPG x Parbhani Karanti, No.8 x Green Velvet and Parbhani

Karanti x Green Velvet) showing high mean performance, high GCA and moderate to high

SCA under drought conditions for fresh fruit yield per plant, number of pods per plant and seed

yield per plant may be utilized for further segregating generations. These selected drought

tolerant crosses were used to generate F2 and back crosses (BCi & BC2). F2’s were generated

by selfmg Fi’s and back crosses were evolved by crossing the FI 's to their respective parents as

mentioned below:

BCI’s:

(DI.PG x Parbhani Karanti) x DLPG

(No. 8 x Green Velvet) x No. 8

(Parbhani Karanti x Green Velvet) x Parbhani Karanti

I

2

3

BC2\s:

(DLPG x Parbhani Karanti) x Parbhani Karanti

(No 8 x Green Velvet) x Green Velvet

(Parbhani Karanti x Green Velvet) x Green Velvet

I

2.

3.

Seed of six generations (Pi, Pj. F|, F2, BCi. BC2) of the selected crosses were sown

under two conditions, control and water stress. The sowing was done on June 25, 1998 in a

Randomized Complete Block Design with three replications. A single row of 15 plants was

used for parental and F| generations, two rows for each back cross and 8 rows for each F2

generation For parents, Fi’s backcrosscs and F2’s 8,10,15 and 50 plants per replication were

selected randomly in each treatment respectively Data were recorded for further studies on

individual plant basis of the traits, days to first flowering, height of first flowering node, days

to 50 percent flowering, relative growth rate of fmit, water content of fruit, fresh fruit yield per

plant, days to maturity, diameter of fruit, number of pods per plant, plant height, number of

branches per plant, number of seeds per pod, 100 seed weight and seed yield per plant

•I

30



Days to first flowering, days to 50% flowering and days to maturity.

Days to first flowering and maturity were determined from sowing to first llower and

pod maturity in all marked plants in each genotype under both conditions, respectively. Dailv

flowering data were recorded to calculate days to 50% flowering.

Height of first flowering node and plant height:

Height from soil surface to the node where the lirsl flower appeared was measured in

genotypes. But plant height was measured from soil surface to the fop of the plant when plant

growth was ceased.

Water content of fruit.

Fresh fruit weight of 5 fruits of each plant was recorded just after remov ing from the

plant. Dry weight of fruit was measured by keeping the fresh fruit in an oven for 72 hours at 60

degree centigrade. Water content of fruit was calculated by the following formula:

W.C(%) = DW X 100
FW

Diameter of fruit.

On the crop termination, the diameter of three matured fruit of each plant was recorded

from the mid point of the fruit showing maximum girth. For this purpose digital vernear caliper

was used.

Relative growth rate fruit.

In control conditions, the length of three fruits on each plant was measured in

centimeters. The measurements were started 24 hours just alter llower initiation and were

continued till no increase was detected. But in stress conditions length of fruit was taken during

stress period (21 days). Relative growth rale on daily basis was calculated by using the

following formula.

R.G.R. = (Lf-Lil 100
Li

Where Lf and Li are final and initial fruit length, respectively.



J

100 seed weight

Weight of 100 dried seed was measured on individual plant basis.

STATISTICAL ANALYSIS

Means and variances of various okra plant traits were computed for six generations.

Standard analysis of variance technique was applied to test the significance of differences

among generation means as described by Steel and Torrie ( 1980).

3.3.1. Heterosis, Dominance Estimates
and Inbreeding Depression

I

Heterosis in F| was estimated by using the formula of' Millar and Marnni ( IWG). Ilie

formula is as under:
7

Heterosis = F, - MP
X 100

MP
Where

Ft = The mean value of F| and

MP = The mean mid parent value.

Helcrobcltiosis: FiÿP x 100

P

Dominance estimates were determined for each trail using potenee ratio method

proposed by Griffing (1950).

Hp (F,-MP) / (P-MP)

Where

hp - The dominance estimate which measures the degree of dominance of each trail



r
p = The mean of (he greater parent.

Inbreeding depression was measured as described by Miller and Marani (1963):

Inbreeding depression - Fi- F? X 100

F,

The significance of heterosis and inbreeding depression was tested by calculating

critical difference (CD) by the following formula:

CD = S. EXl

Where

S I; is sliiiulard enor of the difference of the generation means and is equal to:

2EMS

Components of Variance

Genotypic (62g), phenotypic (b2p) and environmental (52e) variances were calculated

from ANOVA table:

Source of variation MSDF EMS



the analysis were -calculated from individual plants, pooled over replications in both normal

(Tl) and water stress (T2) treatments. The coefficients of the genetic components of generation :

means are shown in Table-2. A weighted least square analysis was performed on model using .
parameter m only. Further models of increasing complexity (md. mdh, etc) were lilted, if the

chi-square value was significant. The best-fitted model was chosen as the one. which had

significant estimates of all parameters along with non-signilieunt chi-square. For each trait the i

higher value parent was always taken as P| in the model lining.

Tablc-2 Coefficients of the mean (m). additive (d). dominance (h). additive x additive (i)

additive x dominance (j) and dominance x dominance (I) parameters for the weighted least

squares analysis of generation means (Mather and .links. 1982).

Generation Components of genetic effects

(m) [I'l Id f.i)Ml HI

P, i.o no 1.00 0.00 0 00

p; -1.0 on 1.00 ooo o.oo

F. I 0.0 1.0 0.00 0.00 1.00

Fj 0.0 0.5 0.00 000 0 25



f Model fitling was started using the E parameter only D, H and F parameters were

successively included until a satisfactory fit was obtained. The best model with all significant

parameters and non-significant chi-squared was chosen.

Table-3 Coefficients of the D.H.F and E effects for the weighted least squares analysis of
generation variances (Mather and Jinks. 1982)

Components of VariationGeneration

D F E

F. 0 00 0.000.00

0.001*2 0.00 0.00

F, 0.00 0 00 0.00

l;2 0 50 0 25 0.00

BC 0.25 0 25 -0.50

lie 0 25 O 25 0 5!):
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y VI. RESULTS AND DISCUSSION

4.1. DROUGHT AND GROWTH STAGES

A combined analysis of variance for various parameters of six genotypes

under four treatments is presented in Table-4. A separate analysis of variance for each

treatment, however was also carried out and means of genotypes at particular

treatment were compared with the least significant difference (LSD) calculated from

the error mean squares of that separate analysis of variance. The mean squares of that

separate analysis of variance are presented in Table-6.

TABL.E-4 Mean squares of fresh fruit yield per plant, number of pods per plant,
number of branches per plant. number of seeds per pod and seed yield

per plant

S O.V DP MS

Fresh fruit
yield

per plant

Number
of pods

per plant

Number of
branches
per plant

Number
of seeds
per pod

Seed
yield per

plant

7.720
Replications 4.28X58 1.145 0 008 1.6852

294. 130**
31.863.85** 42.290**Tieatments 0.731* 82.010**3

14.520
234.15 0.715 0.153linor (A) 6 7.990

49.250**22.700**Genotypes 4.677.92** 1.171* 240.770**5

Genotypes x
Treatments

4 580** 0.3X2*4,441.20* 27.760** 21.750**15

6.070Error(B) 1.07740 0.960 0,077 1 1.200

*:P<0.05 **:P<0.01
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T
4.1.1. COMPARISON OF TREATMENTS

1-Frcsh fruit yield per plant

Maximum fruit yield per plant was recorded in normal irrigated treatment

(control) and minimum at the treatment, where stress was given at flowering and

podding stage ( Table-5).Treatments showed significant difference. Water stress at

pentafoliate and budding, seeding and maturity exhibited no significant difference.

Therefore it may be concluded that water stress at flowering and podding may cause

significant losses in fruit yield per plant. Similar results were achieved by Mbagwu

and Adesipe (1987). They noted effects of water stress on three A. (Hibiscus)

escnlcnius cultivars at three growth stages. The greatest percentage reduction in fresh

fruit occurred when moisture stress was imposed at the flowering stage They

observed that in all cultivars, moisture stress at both the flowering and pod filling

stages resulted in a reduction of more than 70 percent in fruit yield, while the lowest

reduction in fruit yield occurred with moisture stress during the vegetative stage

2. Number of pods per plant

All the treatments showed significant difference in this character As the

Table-5 shows that control had maximum number of pods per plant followed by

treatment, where stress was imposed at seeding and maturity. Stress at flowering and

podding caused heavy loss in number of pods per plant. Stress during pentafoliate and

budding although caused loss, yet it was less as compared to stress during flowering

and podding. Stress during seeding and maturity was recorded negligible as compared

to other treatments. It was the least affected stage. Jamro and Larik (1991) obsen/eri

that plants stressed for water during flowering production and development produce

fewer pods in soybean because of shorter flowering duration. Same results were

obtained in soybean by Momen el al (1979). Number of pods was less affected when

drought was imposed at vegetative stage and 49 percent reduction was recorded in

cow pea when stress was given at (lowering singe (Tuik cl cl. 1980).
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T Table-5 Mean values for various characters in control and stress conditions

S.O.V MS

Number of
branches per

plant

Number of
seeds per

Seed yieldFresh fruit Number of
pods

per plant
yield per

podper plant plant (g)

TI 154.25 a 6.83 a 0 89 a 24.03 a 13.94 a

12 88 98 b 0 71 ab 19 97 b4 05 c 8 46 b

T3 51.17 c 3.35 d 0.43 b 19.49 b 4.14 c

T4 90.95 b 5.35 b 0.53 b 23.03 a 9 85 b

LSI)

(0.05) 21.55 0.69 0.32 2.30 3.21

3. Number of branches per plant

Maximum number of branches per plant was recorded in control and

minimum in the treatment, where water stress was imposed at flowering and podding

(Tablc-5) Number of branches per plant was least affected, when stress was given

during pentafoliale and budding stage Equal response of this character was recorded

at both iienlmcnts where stress was given during flowering and podding and seeding

and maturity. Therefore these both stages are sensitive to drought so far as this trait is

concerned This trait was found least affected by water stress in soybean as observed

by Momcn c7 a/. (1979)

4. Number of seeds per plant

Control and stress during seeding and maturity showed nearly similar number

of seeds per pod. Control has maximum number of seeds per pod followed by

treatment where stress was given during seeding and maturity (Table-5). Stress during

pentafoliate and budding and flowering and podding did not show significant

;

40



f 35

LLSD>= (0 05)30CL

I
:

CO h'

25CL

I(/)

20
0)

cn E3DLPG

Ch. Red

P. Karanli
G. Velvet
No.8
C. Spineless

:15 1o 0' I ::
V

10(U

-Q

E
53

2
ij :

0

T 1 T2 T3 T4

Genotypes

Fig.3: No of seeds per pod of six genotypes
in a control (T1) and three water stress

treatments (T2 - T4).

13

*-<

LSD= (0 05)2
CL

II 9CL

-o
o 7 r.CL

! DLPG
Ch. Red
P. Karanli
G. Velvet
No.8
C. Spineless

5
<u

pj n_ rM~ B~

MtH
n
E

33

li %11

T 1 T2 13 T4

Genoytpes

Fig.4: No. of pods per plant of six genotypes in a control (T1)
and three water stress treatments (T2 - T4)

41



T differences, both producing maximum number of seeds per pod. U may be concluded

that number of seeds per pod was decreased equally either stress was given during

pentafoliale and budding or flowering and podding. Similar results were observed by

Momen el nl. (1979) in soybean and Turk tU nl (1980) in cow pea. Results are also in

agreement with the results of Jamro and Larik (1991) who reported that plants

stressed for water during flowering and development produced few seeds in soybean

because of shorter flowering duration

Mahmood el nl. (1996) investigated that water stress imposed at flowering

stage of rice caused reduction in seed set and number of filled grains per panicle.

Bakheit (1987) concluded that in sorghum the most effective moisture stress treatment

in reducing panicle weight and grain yield was during flowering stage.

5. Seed yield pet* plant

Mean values of seed yield per plant in all treatments are presented in Table-5

Maximum seed yield per plant was recorded in control. Stress at pentafoliale and

budding, and seeding and maturity showed equal response Seed yield at flowering

and podding was minimum Results are in agreement with the results of Garrity el nl.

(1982) who reported yield reduction of 41 percent to 45 percent resulting from

moisture deficits at grain-filling stage in grain sorghum. Gharti-charti and Lales

(1988) calculated a significant reduction in grain filling of wheal due to water stress

imposed for 16 days during flowering. Matsushima (1968) found high spikelel

sterility in rice at more sensitive stage which resulted in the greatest reduction in the

grain yield In sunflower yield reduction was maximum due to stress at flowering

(Pirjol-Savulescue el at. 1972; Daulay and Singh, 1983, Marras and Attene, 1985;

Hedge and Havanagi, 1989 and Hussasin nl el. 1994).

Jamro and Larik (1991) demonstrated that water stress during seed filling to

maturity adversely affected the grain yield in soybean. They further concluded that

rcpioduclivc growth stages were the must sensitive to water stress as compared to

vegetative growth stages. Similar results were shown in cereal and grasses (Slavik.

1966), cow pea (Eck and Musick.1979) and sorghum (Fussell el al 1991) Therefore

stress at this critical stage (flowering and podding) may cause heavy losses in seed

yield.
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Consequently, it may be concluded that nil characteristics were much affected

when stress was given during flowering and podding stage. Therefore this was the

most ciitical stage, where water stress may affect plant morphology and physiology

adversely, which may result in ultimate decline in yield. At this stage as flower

emerges and fruit formation takes place, plant requires optimum nutrients, energy and

moisture for fertilization and viability. Due to water stress pollens may loose their

viability due to desiccation which may cause reduction in yield On the other hand,

transpiration system, osmotic potential and photosynthesis are also disturbed. All

these processes effectively contribute in reduction in yield at this stage
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T 4.1.2 COMPARISON OF GENOTYPES

1- Fresh fruit yield per plant

Treatment effects were significant (P<0.01) for fresh fruit yield per plant. The

differences among genotypes were also significant (P<0.0l) in all treatments

(Table-4). The interaction between treatments and genotypes was also found

significant (P<0.01).

Fresh fruit yield per plant of six genotypes at different treatments is presented

in Figure- 1 Under control condition, cultivar No 8 had the highest fruit yield per

plant followed by Chinese Red. while the lowest fruit yield was recorded in Parbhani

Karanti When stress was given at pentafoliate and budding stage, Chinese Red

produced the highest fruit yield per plant followed by Green Velvet The lowest value

was recorded in No 8.

Genotypes were a fleeted significantly, when water stress was imposed at

flowering and podding stage. At this stage maximum value was recorded in Green

Velvet and minimum in Clemson spineless In this treatment about all genotypes

exhibited much sensitivity to drought as compared to control and other treatments

when drought was imposed at seeding and maturity Green Velvet got the maximum

value followed by Chinese Red and DLPG gave minimum fruit yield

In short. Green Velvet and Chinese Red showed tolerance to drought and No 8

showed maximum sensitivity to water stress

2. Number of potls per plant

A summary of the significant level of main effects and interactions is,

presented in Table-4. In this treatment, the genotypes and interactions showed highly

significance effect for that trait

Tnhlc-6 showed the mean squares for the above mentioned character in each

treatment All genotypes showed significant effects except when water stress was

given at flowering and podding. In this treatment genotypes were equally affected. In

control, Green Velvet showed highest number of pods per plant. All other genotypes

responded equally in this treatment When water stress was given at pentafoliate and

budding stage, all genotypes differed significantly with Parbhani Karanti which

showed the lowest number of pods per plant. Those five genotypes were non-
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r significant with each other. Clemson Spineless showed the highest number of pods

per plant followed by Green Velvet, DLPG, No 8 and Chinese Red Parbhani Karanti

showed much sensitivity to drought, when water stress was imposed at pentafoliate

and budding stages. The differences among genotypes were non-significant, when

water stress was induced at flowering and podding stage. However Green Velvet had

maximum number of pods per plant and Clemson Spineless had minimum number of

pods per plant Although genotypes exhibited significant difference, when water stress

was given at seeding and maturity, but five genotypes responded equally Green

Velvet gained maximum number of pods per plant and it was differed significantly

with other genotypes. Here Clemson Spineless also showed minimum number of pods

per plant like previous treatment Asa whole Gieen Velvet showed maximum (bought

tolerance by showing the highest number of pods in all treatments. At pentafoliate and

budding stage, Parbhani Karanti showed maximum loss having minimum number of

pods per plant. But it was less affected, when water stress was given at seeding and

maturity. Similarly Clemson Spineless gave minimum number of pods per plant,

when water stress was induced at seeding and maturity. But it showed the highest

ntimhci of pods per plant, when water stress was imposed at pentafoliate and budding

stage

3. Number of branches per plant

Analysis of variance for number of branches per plant is presented in Table-4

The effects of treatments, genotypes and interactions were significant for this trait

when separate analysis for each treatment was done Significant differences among

genotypes were observed in all treatments (Table-6).

Under control conditions, maximum number of branches per plant was

recorded in No.8 followed by DLPG. Parbhani Karanti showed the lowest number of

brandies per plant. Chinese Red and Green Velvet exhibited same number of

branches per plant having no significantly differences. DLPG and Clemson Spineless

responded equally. DLPG had maximum number of branches per plant followed by

No 8, when water stress was imposed at pentafoliate and budding stage. Parbhani

Karanti showed minimum number of branches per plant at this treatment. Chinese

Red, Green Velvet and Clemson Spineless were responded equally. When water stress

was imposed at seeding and maturity, DLPG maintained maximum number of

,

:
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branches per plant. Similarly, No.8 and Clernson Spineless showed similar response,

having the lowest number of branches per plant at this treatment.

No.8 having maximum number of branches per plant under control, was very

much affected, when stress was given at flowering and podding and seeding and

maturity. But this reduction in branches per plant was comparatively low, when stress

was imposed at pentafoiiate and budding.

In all stress treatments, DLPG showed highest tolerance with respect to above

mentioned character, On the other hand, Parbhani Karanti showed maximum

sensitivity to drought at pentafoiiate and budding stage. Clernson Spineless showing

tolerance to drought at pentafoiiate and budding stage, was much affected at other two

treatments (T? and T,i). Therefore this genotype had maximum sensitivity to drought

at later stages (Ti and T.i).

4. Number of seeds per pod

Means of genotypes in treatment are presented in Table-7. Treatments.

genotypes and their interaction showed significant effect (P<0.0l)

In normal irrigated treatment (control), Clernson Spineless had maximum

number of seeds per pod followed by DLPG and Chinese Red showing non¬

significant difference. Parbhani Karanti achieved minimum number of seeds per pod

in control conditions.

When water stress was given at pentafoiiate and budding stage; response of

genotypes was changed. Clernson Spineless was no much affected by water stress

having maximum number of seeds per pod. No.8 had minimum number of seeds per

pod in Ibis treatment. When three consecutively irrigations were withhold at flowering

and podding, Clernson Spineless maintained its first position having the highest

number of seeds per pod and No.8 was at the last position having minimum number of

seeds per pod. Clernson Spineless was not affected due to water stress given at

seeding and maturity. It had maximum number of seeds per pod. Minimum number of

seeds per pod was recorded in Parbhani Karanti. DLPG and Chinese Red responded

equally having approximately same number of seeds per pod.

It is clear from the Tablc-7 and Figurc-3, Hint Clernson Spineless got

maximum number of seeds per pod, remained the highest in all other treatment

showing high tolerance against water stress. Parbhani Karanti showing minimum
4(>



r number of seeds per pod. got the lowest number of seeds per pod, when water stress

was given at seeding and maturity and this effect was reduced at other stages

(pentafoliate and budding, flowering and podding). No.8 was much affected when

stress was given at pentafoliate and budding, flowering and podding, having the

lowest number of seeds per pod. But his effect of reduction was minimized at some

extent, when water stress was imposed at seeding and maturity.

5. Seed yield per plan!

Analysis of variance for seed yield per plant is presented in

Table-4. Seed yield per plant was affected significantly due to treatments, genotypes

and their interaction (treatment x genotypes) was also significant.

Under control conditions. Chinese Red had the highest seed yield per plant.

while the NO.8 had the lowest. The seed yield per plant of Chinese Red was

significantly higher than that of No.8. when water stress was imposed at pentafoliate

and budding. Green Velvet had the highest seed yield followed by Parbhani Kurmili.

Clemson Spineless. DLPG. Chinese Red and No.8. respectively. Seed yield per plant

of Green Velvet remained higher in all other treatments. When water stress was given

at [lowering and podding, genotypes showed significant difference. Green Velvet had

highest seed yield per plant. Chinese Red was much affected in this treatment

showing the lowest seed yield per plant. The varieties DLPG. Parbhani Karanti. No.8

and Clemson Spineless responded equally. Significant reduction in seed yield per

plant was recorded in all genotypes at this stage when compared with control. On the

other hand reduction in seed yield per plant of all genotypes comparatively was less

when stress was imposed during pentafoliate and budding fereres el a!. (I98f>)

concluded that reduction in seed yield of sunflower under water stress was due to low

seed number.
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Table-6 Individual analysis of variance (mean squares) of various characters at each treatment

s.o.v. D.F.
M.S.

Tl T2 T3 T4

Fresh fruit yield per plant
Replication 3,940. 130 358.600 561.160 131 150

Genotypes 10,609.130* 2,982.600*5 1,024.500** 3.385.340**
Error 10 3,106 120 1,606.000 83.170 514.640

Number of pods per plant
Replication 1.250 0.153 1.660 0.032

NSGenotypes 5 20 290*' 3.540'* 10.030**2.360
Error 10 I 1.054 0 577 1.5S0 0.805

Number of branches per plant
Replication 0.004 o.oos 0.011 0.031
Genotypes 0.911**5 0.714* 0.286* 0.407**
Error 10 0.050 0.160 i 0.073 0.018

Number of seeds per pod
Replication 0.780 3.430 20.360 1.085
Genotypes 5 29 220** 149.780** 82.050** 63.060**
Error 10 0.725 2S.470 7.360 8.260

Seed yield per plant
Replication 2 11.420 IS. 100 6.960 12.600

10.820 NSGenotypes 5 44.490* 49.370** 8.580**
Error 10 13.370 4.159 1.309 4.120
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TABLE-7 Means of six varieties for various characters under control and stress conditions

Fresh fruit yield per plant (g) Number of Branches per plantNumber of pods per plant

T3 T4Tl T2 T4 T2 T3Tl T3 T4 Tl T2Varieties

Dwarf Long Pod

Green
1.57 a115.50 b 63.30 b 50.00 b 1.00 a55.00 c 6.93 b 4.66 a 4.43 1.24a4.76 b 1.33 b

Chinese Red 0.62 b.200.00 ab 146.60 a 40.00 b 104.90 b 495 b 0.52 be . 0.52 ab5.26 b 2.57 0.62 b3.64 a

Parbhani Karanti 100.00 b 66.67 a 0.38 b92.00 b 90.00 be 2.10b 0.28 c 0.38 b5.43 b 3.52 5.00 b 0.14c

Green Velvet 1 10.00 b 96.00 b 76 67 a 12.00 a 0.31 b 0.38 b150.00 a 4.86 a 4.62 9.00 a 0.62 be 0.44 b

No.8 250.00 a 63.30 b 48.67 b 70.00 be 3.82 0.28 b560 b 0.90 ab 0.28 c4.05 a 4.38 b 1.75a

Clemson Spineless 150.00 ab 72.60 b 25.00 c 0.28 c75.80 be 5.96 b 0.82 b 0.10b5.00 a 2.14 4.00 b 0.62 b

Lsd(O.OS) 44.78101.59 0.48115.05 1.38 0.24441.27 1.86 1.63 0.7340.407

Continue.
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Seed yield per plant (gms)Number of seeds per plant

T3 T4T2TIT 1 T2 T4T3Varieties
i

4.17 b8.13 be 9.9025.00ab 14.53 ab28.00 b 23.63abDwarf Long Pod
Green

26.20ab

5 23 cd 2.JJ c 1 1 3724. 1 7ab 20.70ab20 07 b27.00 b 16.90bcChinese Red

4.26 b17.00 d 9.00 be S S312.00 b18.35be20.40 e 15.00 cParbhani Karanti

15.80 a 1 7.27 a 12.8021.43bc25.10 c I 22.37abc 20.27 b 14.20abGreen Velvet

3.73 b 8.808.97 b 4.27 d1 8 OOcd22.00 d 12.90 cNo.8 12.00 c

3.10b8.33 be 7.4029.17 a 13.80 b29.23 a 26.00 ab29.70 aClemson Spineless

3.71 1.899.70 5 23 6.651.55 4.93Lsd(O.OS)
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f It is obvious from the analysis of variance that genotypes showed highly

significant differences among each other for all trails of okra under normal and

* drought conditions. (Table-22). Gene action and combining ability were studied for

all traits of okra through diallel analysis. Heterosis over mid and better parents was

also observed for all l:i crosses under both normal and drought condition.

4.2.1. Days to first flower

Days to fust flowering is an important character to measure earliness of okra.

T he varieties, which are early in days to first flowering could get a chance to be saved

from pest pressure and drought stress. The farmers gelling early crop could gel

maximum return.

Drought caused acceleration in days to lirst flowering. Maximum acceleration

due to drought was recorded in Clemson Spineless ( lable-8). figure-6 revealed that

the regression line passed above the origin which signified the additive type of gene

action with partial dominance under normal and drought conditions. Similar findings

were reported by Singh el al. (1978) and Koechlin (1991) in okra for this trait, flic

distribution of array points on regression line revealed that varieties . Parhhani

Karanli and Chinese Red showed maximum dominant Genes, being close to origin

under normal and drought condition, respectively. Where as Chinese Red and green

velvet being away from origin exhibited recessive genes under normal and drought

conditions, respectively. Crenel of gene action was not affected by imposing drought.

However locations of varieties showing gene frequency, were changed under drought

conditions. The variety. Chinese red showing maximum recessive alleles under

normal, exhibited maximum dominant genes for this trait under drought conditions.

Therefore it may be concluded that it had maximum dominant genes for days to lirst

flowering due to drought.

The regression analysis indicated that regression coefficients were non

significant for this trait, hence additive dominance model was inadequate under both

conditions. This is due to presence of higher order of epislatic interactions in the

manifestation of' this trail.

§

!'
4.2. GENE ACTION, COMBINING ABILITY AND HETEROSIS

C

I
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The combining ability analysis (Table-24), showed highly significant GCA

and non significant SCA mean squares and significant reciprocal mean squares under

normal and drought condition. The significant GCA and non significant SCA

indicated the additive type of gene action. Contrary to this, higher SCA effects were

observed by Jawili and Reaco (1990) and Chaudary el at. (1991) for days to llnwcring

and days to first picking in okra, respectively.

The highest GCA effects for days to first (lowering observed by Clcmson

Spineless under normal and Green Velvet under water stress conditions. The highest

negative effects were observed in the variety. No.8 under normal and drought

conditions (Table-25). The cross. No.8 x C'lemson Spineless possessed the highest

positive SCA effects, while the highest positive reciprocal effects were recorded in

the cross Parbhani Karanti x Chinese Red under normal condition. On the other hand

under drought condition, the highest positive SCA and reciprocal effects were

observed by No.8 x Chinese Red and No.8 x Clemson Spineless, respectively.

However the lowest GCA effects were recorded by the variety. No.8 under both

conditions. The lowest SCA effects were observed by the crosses No.8 x Chinese Red

and Green Velvet x DLPG under normal and drought conditions, respectively.

On over all basis, it could be concluded that the variety No.8. showing the

lowest value of GCA effects under drought, was the best general combiner. The cross.

Green Velvet x DLPG showing the lowest SCA effects under drought could be

exploited towards breeding early and drought tolerant genotypes.

Only 3 crosses showed significant heterosis over mid parent under normal

condition and none of the crosses showed significant heterosis under drought

conditions. All the crosses were affected equally by drought. Majority of the crosses

exhibited negative heterosis, which is desirable in okra to evolve varieties of early

flowering. High heterosis in tomato for this trait was reported by Rai el al. (1998).

!
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Table-8 Array means and mean days 1o first (lowering of diallel crosses averaged

over blocks under normal (T|) and drought (T2) conditions.
f

1

Clemson

Spineless
I'.irMiniii
Knranli

Chinese UcilGreen Velvet DLI’GN0.8Variety

T 1T2 Tt T2 T2T2 T1T2 71T I T2 Tt--Noÿ 45.83 5f» K247.67 51.17 50 2»54.52 50.67 50.52 51 9349.00 48 30 55 38

51 3351.35 53.17 55 67 51 00 52 6762.30 62.00 53.6755.38 54 52 53.65Green
Velvet

54 58 56.00 5-1.00 5') V«50.51 53.65 53.67 59 20 59.10 56.70 55 0050.67nri.G

54.58 52 It) 50 80 51.67 48 50 5S 1754 35 53 17 56.70 l*» X V|':irbliiH»i

K.'iianti
5 1.93 47 67

52 30 40.805 I 33 56.00 54.00 51.67 50 Sf. I 7 50 r.7I5.S3 51 17 55 67Chinese
Kelt

55.00 55. 1 7 19 S3 56 17 50 67 61 7756.82 50.20 54 00 52.67 59.33 55 SOClenisnii

Spineless

3 I I I 7 | .309.63 302.37 335 35 327 35 335 55 326.87 322.22 301 55 3I7.63 305.47 II '. 2'Total

:5 1.60 50 39 55 89 54.56 55.92 5 148 53 70 50 76 52 94 50 91 57 21 52,16Array

Mean

I

4.2.2. Height of first flowering node.

It measures the earlincss of okra. The plants securing first flower with short

height will be less affected by drought and they will try to complete (lowering period

before the onset of drought (Table-9).

From the V,/Wr graph pattern (Fig.7). it is evident that the regression line

intercepts the Wr axis above the origin under both condition which suggested additive

type of gene action with partial dominance. Same was observed in okra by Reddy

el al. (1985) and Vicharnt (1990).

In normal conditions the variety, DLPG possessed maximum dominant genes

being closer to origin and Green Velvet bad maximum recessive genes being away

from origin (Fig.7) but under drought condition the variety. Green Velvet showed

maximum dominant genes owing to its proximity to origin. Therefore drought caused

exhibition of dominant gene for this trait. The Clemson Spineless exhibited maximum

recessive genes under drought conditions.
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i It is evident from the Table-9, that variety Green Velvet showed maximum

height of first flowering node under both normal and drought conditions, which

indicated that this variety was the best general combiner for this trail. While the

variety. No.8 had the lowest array mean under both condition. This type of behavior is

desirable in evolving early maturing, short statured varieties for drought affected

areas.

The regression line is of unit slope under normal conditions, indicating the

absence of non allelic interaction. But under drought conditions, the test (b>0) did not

suggest the adequacy of model of inheritance. Consequently, analysis on the data for

only normal condition, was completed (Table-29).

The estimates of component of genetic variation (D,HI,H2 & F) along with

slnmlau! errors obtained from the data under normal conditions are presented in

Tablc-23 The additive component (D=l 1 1.84) and dominant components (H|=75 70

& ll2=50 49) were significant. The degree of dominant (Ifi/D)' 2 value (0 82) showed

partial dominance. Positive and significant F value indicated that there were more

dominant than recessive gene in the parents The ratio H2/4Hi was less than 0 25,

indicating that positive and negative allelic frequencies were unequal in the parent

inbreds (Tale-23). This was supported by ratio of [(4DH|)' 2 + F]/[(4DH|)

having value greater than one The estimate of h2 measuring overall heterosis was

positive and significant, suggesting that heterosis breeding was rewarding for tall

statured genotypes.

Combining ability analysis (Table-24) showed that the general and specific

combining ability mean squares were significant, while reciprocal mean squares were

non significant under both conditions GCA effects were higher than SCA effects

under normal condition, indicating the role of additive gene action for this trait. The

findings were contrary to the results of Mniulal and Das ( 1992) in okra.

The highest GCA elTects (Table-25) for height of first flowering node was

recorded by variety. Green Velvet under both conditions The highest negative effects

for this trait were exhibited by the variety No 8 under normal and drought conditions.

For SCA effects, cross, Parbhani Knrnnti x Chinese Red showed the highest positive

value 2 94 under normal and No.8 x Green Velvet having value 8.04 under water

;

!
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Tsiblc-9 Array means and mean height of first flowering node of diallel crosses

averaged over blocks under normal (T|) and drought (T2) conditions.

Chinese Red Clcinsoii
Spineless

Pnrbhnni
Knrnnti

DLPCN0.8 Green Velvet

T 12 ri T2 ri T 2T2 T2 TtT1 T2 T1 II

[So.8 15.0 15 5 15 17 12 f»7 is.n 1 1 so2 1 .00 16.5515.90 15.20 24 57 27.22

20.45 25.55 22 8524.85 2 1 67 2097 22 67 22 1724.57 27.22 41.80 25 9Green

Velvet

24.98 25.17 20 85 2! 1124.85 5100 27.70 26.00 2S no21.00 16.35 2 1.67ni’LG

25.17 15 70 25.53 21 50 22.0015.00 15 50 20.45 20.97 24.98 16.30 20.33Parbliani
Knr.inii

21.3322.83 20.85 23 33 20.33 2358) 21 17 22 P15.17 12.67 25.33 26.(8)Chinese
Red

24.17 22 1718.33 13.50 22.17 22.33 25.00 23 50 22.00 II 6722.67 28 67Clcnison
Spineless

150 15 1 23 57 1 1 5 67I0O1I 107 97 98 12 159.65 140.75 134.70 135 33 121 83 I 12 67 1 3 « 50

20 59Array Alcan 17.99 16.40 26.61 23 46 25 02 22 45 19.28 22 55 20 30 3! 78 22 25

stress condition. The highest positive reciprocal value was 1.32. calculated from the

cross. Parbhani Karanti x DLPG under normal and DLPG x No.8 under drought

condition. Six and two out of thirty crosses showed positive heterosis over mid and

better parents, respectively under normal conditions and three and two crosses showed

positive heterosis under drought condition over mid and better parents, respectively

(Table-28). In normal conditions, the cross Parbhani Karanti x Chinese Red showed

significant heterosis over mid parent (27.55%) and better parent (12.5%). But under

drought conditions, the cross No.8 x Green Velvet showed significant heterosis over

mid parent (36.74 %) and better parents (8.49%).

4.2.3. Days to 50% flowering.

It is obvious from the array Table-10. that acceleration in days to 50%

flowering due to drought ranged from 9.78% to 14.1%. Maximum acceleration was

recorded by the variety Chinese Red (14.1%). Similar results in days to 50%

flowering were observed by Teama and Mahmood (1994) in sun flower.

1
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IRe test did not suggest the adequacy of simple additive dominance model for

data under normal conditions. It is only adequate for the data taken under drought

condition. Therefore genetic components were calculated only for this data. The

negative interception of regression line under both conditions indicated the over

dominance.

The varieties, No.8 and Green Velvet showed maximum dominant and maximum

recessive genes under normal and drought conditions, respectively.

The additive component (D=74.28) and dominant components (Hi=191.88,

\ÿi~\,\2 1\) were significant under drought conditions. The degree of dominance

(Hi/D)1'2 value was 1.61, showing over dominance. More dominance genes in the

parents were observed as indicated by the positive and significant F value (110.67)

The allelic frequency of the positive and negative effects of dominant genes

(IV'll l.-O 18) was asymmetrical in the parents which was supported by the estimated

ratio of ((4DH])1'2 f*F)]/[(4DI h)1 2-l:J having value more then one. The estimate of h2

which measures tire over all heterosis was positive and significant, indicating that

heterosis breeding was not rewarding for this trait. Because only negative heterosis is

always desired to develop early maturing genotypes

Combining ability analysis (Table-24) showed the significant general, specific

combining ability and reciprocal mean squares under normal and drought conditions.

The SCA variances were higher than GCA variances, indicating the over dominance

under both conditions The results were in accordance with the results of Poshiya and

Shukla (1986) in okra

The highest positive GCA effects (Table-25) for days to 50% flowering were

recorded by the variety, Green Velvet ( 1 .37) under normal and DLPG (2.68) under

water stress conditions. Where as the lowest negative GCA effects were observed by

the variety. No.8 under drought conditions. The highest positive SCA effects (4.28)

under normal condition were recorded bj the cross, DLPG x Clemson Spineless.

Where as the cross, Parbhani Karanti x Chinese Red exhibited the highest SCA effects

(5.19) under drought conditions The cross, Green Velvet x Clemson Spineless

showing the lowest SCA effects (- 8.62) under drought conditions could be exploited

towards breeding early and drought tolerant genotype. Therefore by using these

crosses fixation of days to 50% flowering in early segregating generations was

possible.

1
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Table-10 Array mean and mean days to 50% flowering of diallel crosses

averaged over blocks under normal (Tj) and drought (Tz) conditions.

>i-

Parbh;ini

Karanti
Chinese RedDLPC Clcmson

Spineless
Green VelvetNn.8- Variety

T1 12 T 1 T2T2 T2 T1 T2T! T1T2 Tl

iNo.8 7S it 67.oo 76.83 75.S175 1)0 66.33 66.00 68 1775 70 71.00 81.45 71 52

66.3581 69.17 77 50 79 33 64 83 82.0071.52 92,00 91.30 77 HI 63 83Green
Velvet

75 IH) 66.33 77 83 79 17 76 8569 17 87 70 81 (X) 82 17 69 1! S7.1M)PPL C 78.H

j Parhlinni
! Karanti

76.85 68 7074.IX) 86.5(1 74,17 78 6778 33 67 00 77.50 66 .35 79 |7 68 33

86 50 74 17 82 (X)76.81 663)0 79 .11 64 81 82.17 69 31 74 (X) 78 83 69 00Chinc'c
Roil

68 3378 11 78 (.775 81 68 17 78.81 87 0082 00 6.1X1 87 00 69 00 58 (X)Clemson
Spinelnss

46.1 1.1 474 17 421 41)110 02 490 10 427 00 488 87 441 02 485 67 417 33Total 489 1.1 412 67

79 0.177 19 81.68 71 50 70.2.1 80 94 69 5568.34 7 1 17 8| 48 81 55 72.11Array
Mean

lii normal conditions, 3 and 2 crosses showed positive and significant heterosis

over mid and better parents, respectively, where as under drought conditions only two

crosses, Parbham Karanti x DL.PG and Chinese Red x Parbhani Karanti showed

significant heterosis over mid and belter parents, respectively. However negative

heterosis in crop like okra is desirable, therefore (lie cross, Green Velvet x Clemson

Spineless exhibiting the lowest value of negative heterosis over mid and better parents

under drought condition, could be rewarding for this trait. Similar results in pigeon

pea were observed by Khorgade cl al. (2000).
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4.2.4 Relative growth rate of fruit.

Array Table- 1 1 revealed II to 20 percent reduction in relative growth rate of

fruit due to drought. Maximum reduction was observed in Chinese Red and minimum

in C'lemson Spineless.

The distribution of array points on the regression line revealed that variely.

DLPG possessed maximum dominant genes under normal conditions. While under

drought conditions. Parbhani Karanli showed maximum dominant genes, being dose

to origin. The variely Green Velvet being away from origin had the lowest number of

dominant genes and highest number of recessive alleles. The vr/wr regression

coefficient for data under both conditions was not significantly different from zeio

(Fig-9), indicating that simple additive dominance model was not adequate.

Consequently, dayman analysis on both data w'as not completed, although one piece

of information was gained. Two array members under both conditions were located

below the W,=0 axis, indicating the over dominance for relative growth rate of fruit.

Combining ability analysis (Table-24) revealed highly significant general ami

specific combining ability mean squares. While reciprocal mean squares were not

significant under both conditions. The SCA effects were higher than GCA effects

under both environments, indicating that main proportion of genetic variation was

controlled by over dominance.

The highest general combining ability effects (Table-25) for relative growth

rale of fruit were recorded in Green Velvet and Parbhani Karanti under normal and

drought conditions, respectively. While for SCA effects, the cross No.8 x 1)1.PG

showed the highest positive value under both conditions (Table-26). The highest

positive reciprocal value (4.00) was recorded for Parbhani Karanti x No.8 under

normal conditions and the value was 2.35 for No-8 x Green Velvet under drought

conditions

I

(Table-27).

It was concluded that the cross. No.8 x Green Velvet could yield segregates

with better combination and drought tolerance for Ibis trait. It was also concluded that

the parents. Green Velvet and Parbhani Karanti were the best general combiners for

Ibis trait under normal and drought conditions, respectively.

:

r
i1

1 61



it

Table-11 Array mean ami mean relative growth rate of fruit of diallel crosses

averaged over blocks under normal (Ti) and drought (T2) conditions.

Chinese Red Clcmson
Spineless

Pnrhhani
Karami

DLPGGreen VelvetN0.8Variety

Tt r2 TI T2 T1 T2T2T1 T2 T2 T1TI

N0.8 22 8J26.17 29 67 26 50 20 83 27 00 25.0025 '1026 9R 20.5.1 19 02 .11 38

28.502660 22 10 18.50 28 3325.40 19.02 38.23 36 07 26 31 15.33 27 33Green
Velvet

30 58 2-JO527,61 20 71 28.00 23 13 26.50H.38 26 17 26 11 15.13 24 00nrix

I psrblinni

Karanti

27.13 25 1724.05 33.53 20 00 27.5026.60 30.58 23 1729 (.7 22 S3 22.10

23 33 25.17 20.00 36 00 23.3526 50 20 83 28 50 IX 50 28 00 24.83 23 33Chinese
Red

27.00 27 50 23.17 24.8325 00 27 n 26 5() 24 (X) 21 33 21 IX) 15 (X)>8 33Clcmson
.Spineless

166 9.1 1 73 04 169 00Total 134.38 173 .39 138 35 170 42 133 61 139 28 129 U 155.17 I37 83

27 82 22 27 28 84 21.5523.06 23 21 28 17 25 86 22 9722.40 28 90 28 40Arras
Mean

Out of 30 crosses 6 and 3 crosses showed significant positive heterosis over

mid and better parents under normal conditions, respectively Where as 9 and 3

crosses showed significant positive heterosis over mid and better parents under

drought conditions, respectively. The highest percentage of heterosis over mid parents

under normal and drought conditions was estimated as 31.85 and 43.80 percent in the

cross DLPG x No.8. respectively. However the highest heterosis over better parent

was recorded 30.29% under normal and 43. 1 1% under drought conditions (Table-28).

Therefore heterosis breeding for this trait in this cross could be rewarding under both

normal and (bought conditions.
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4.2.5. Water content of fruit.

The array Table- 12 did not revealed significant reduction in water content of

fruit due to drought. From the Vr/Wr graph pattern (Figure-10). it was evident that the

regression line intercepted w, axis below the origin, suggesting over dominance under

both condition.

1

The varieties. No.8. Chinese Red and Parbhani Karanli were located below the

VVr=0 axis. The regression coefficient (b) differed non-significantly from zero.

indicating the inadequacy of the simple additive dominance model of inheritance

under both conditions. The variety DLPG being close to origin showed maximum

dominant genes and Green Velvet had maximum recessive alleles, being away from

origin under normal condition. Where as No.8 had maximum dominant alleles and

Clemson Spineless had maximum recessive alleles under drought conditions.

Non-significant GCA and significant SCA and reciprocal mean squares were

observed under normal conditions. Where as GCA, SCA and reciprocal mean squares

were significant under drought conditions. GCA / SCA ratio was lower than one.

indicating the role of non-additive gene action. The variety Chinese Red possessed the

highest positive GCA effect under normal and drought conditions. The varieties No.8

and Parbhani Karanti exhibited the highest GCA effects under normal condition. The

crosses Parbhani Karanli x Green Velvet showed the highest SCA effects under

normal and DLPG x Clemson Spineless under drought conditions. The highest

reciprocal effects were recorded by Chinese Red x Parbhani Karanti under normal and

Chinese Red x DLPG under drought conditions. However the lowest negative GCA

was observed by Chinese Red and SCA by Green Velvet x DLPG under drought

conditions. The combinations showing the lowest SCA effects were desired for this

trail to have drought tolerant genotypes.

Six and one out of 30 Fi crosses exhioited significant heterosis over mid and

belter parents, respectively under normal conditions, where as two and one crosses

showed significant heterosis over mid and better parents, respectively under drought

conditions but negative heterosis as observed in majority of the crosses was desired in

okra. Because the fruits showing the lowest water content could withstand drought.

Therefore negative heterosis breeding for this trait could be fruitful for drought areas.
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Tnblc-12 Array mean and mean water content of fruit of diallel crosses averaged
over blocks under normal (Tj) and drought (T2) conditions.

I
;

Variety Parhhani
Karanti

1)1,PG Chinese Red Clenisnn
Spineless

No.S Green Velvet

T2 T2T 1 T 1 T1 T I T2n T2 T2 T2T 1

No.8 8 1.8.1 88 ]7 84 67 88 67 85 5084.00 81.6786.60 88.77 85 50 86 6788 10

85.1784 5 89 11 89 11 83.89 87.17 78 1788 77 85.50 88 008.1 8 82 00Green
Velvet

DPLG 88 63 86.00 87.5086 67 86.00 78 .39 86 00 86 no84 00 88 00 84 50 88.10

86 00 88 20 84.90 86.33 85.67 88 9.1 84 6785 17 88 69Piirbhani
Karanti

81.67 81 89 89 19

86,99 8.5 67 88 00 81 67 82 8388 |7 X7 S» 78 13 88 M)84 67 89 .3 3 8 3 83f liineve
Kill

84 67 88 50 82 S3 88 3386 00 88 33 83 6787.17 7S 17 86 0088 67 85 50Cloimon
Spineless

524.3524 2 3 508.15 504 8.1 508 21 527 81 499 no >27 00Total 526 20 499.22 52 J 90 >00 S3

87 9784.14 87 38 81 70 83 17 87 83 83 I787 .37 87 70 83 20 87 4884 69Array
Mean

Due (o presence of over dominance for water content of fruit, it is suggested that

selection lot this trait should be delayed lo later segregating generations

4.2.6. Fresh fruit yield per phiut.

Okra fruit consists of 56% pericarp, 35% seed and 9% axil Pericarp is the

component of fruit used as an edible portion. The reduction in fresli fruit yield per

plant was estimated from 27 to 50 % due to water stress among the genotypes. The

variety Chinese Red showed maximum sensitivity to drought and No.8 exhibited

tolerance lo drought for this character showing minimum reduction (Table- 1 3)

Mbagwu and Adesipe (1987) observed the greatest reduction in this trait at flowering

stage.

The joint regression analysis exhibited regression coefficient (b) differed

significantly from unity and non significantly from zero, hence indicating the

adequacy ofsimple additive dominant model under both conditions (Table-29).

65

J



(it) normiil

5
l>= 0.232± 0.53

4

•Green velvetVa
3

2

1

•Clemson spinelessi—

0
Di rtj--
•No. 8 •Chinese Red

]J;iib11.ini K •
-2

“3

-4

54) 31 2 4

Vi

(1>> (llOllÿlll

6
1>= 0.537±: 0.29

5

•Clciusoii spineless
4

3 Green velvet*

2

i—

s 1 •DLI»G

0
No. 8®

*Chinese lied
•Faibluni Karunli

-2

-3

-4

0 2 4 6 8 10

Vr

Fig. 10: vr/ wr graphs for water contentof fruit under

a) normal and b) drought conditions.

66

11



I

The negative intercept of v,/wr graph (Fig.1 1) indicated over dominance tinder

normal conditions. While positive intercept under drought conditions, indicated

almost complete dominance for fresh fruit yield per plant. Position of array members

indicated that Chinese Red possessed maximum dominant genes under normal

conditions and Clemson Spineless being away from origin, got maximum recessive

alleles. While under drought the variety Clemson Spineless possessed maximum

dominant genes and Parbhani Karnnli had maximum recessive alleles.

Both additive (D) and dominance (II1&II2) components were involved in the

control of fresh fruit yield under both conditions (Table-23). Both additive and non

additive components were significantly different from zero. The difference (l)-!l|)

indicated the prevalence of dominant gene action over additive one under both

environments. The value of I-11 was greater than Hi under both condition, indicating

the occurrence of unequal gene frequencies at all loci. The positive value of P under

normal condition indicating that there were more dominant genes than recessive in the

parents. However negative value off under drought indicated the equal proportion of

dominant and recessive genes, as supported by estimate of ratio [{4DI1I)I/;! 1

F]/[(4DI h)1'2 - F] having 0.63 value, while under normal condition it was 1.83. The

degree of dominant (H|/D)l/J value was greater than one showing over dominant

under both conditions. While the ratio of 1 12/4111 having value 0.19 under both

condition indicating asymmetrical allelic frequency of positive and negative effects of

dominant

genes. The estimate of h2 which measures the overall heterosis was positive under

normal and drought conditions, indicating that heterosis breeding was fruitful for this

trail. Similar results were found in okra by Partap el al. (1980) and Sundhari <7 <il

(1992). But additive genetic effects for this trait were found by Reddy c7 al. (1985).
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Tablc-13 Array mean and mean frcsli fruit yield per plant of diallel crosses

averaged over blocks under normal (Ti) and drought (T2) conditions.

Psirbhaiii
Karanli

Chinese Red Clcmsnn
Spineless

DLPGGreen VelvetNo.8

T1 T2 rt T2 Tt 12T! T2T2TI T2 TI

No.8 135.67 73 00 103.17 82 33I 18.50 79.50 58.00I 12.85 68.50126 3394.30 87.7

96 00 158.17 96.82 137.83 73 8381.00 146.50 1 26 50126.33 I 12.85 90.00 64.50Green
Velvet

I 19.68 93.52 125 1787 70 59. 1 7146 50 96.001 18.50 79.50 98 00 116 17 68 8>ori.c

93 50 101.30 98 00 I 12 0096.82 I 19.68 66 1 7158.17 12667 53.67135.67 73.(1! Parblmni
| K-irnnti

142.00 66 1 7 134 00137.83 73.83 125.17 59 17 68 00103.17 58.00 I 10 (HI 56 50; Chinese
i Reel

I-
126.6782.33 64 50 116 17 68 83 53 6768.50 126 50 130.00 56 50 65 70 60 00I Clemson

I Spineless

694 32 484 72 783 18479.55 774.63 528.00 772.17 381.67660.30 481.17 617 37Total 73200

130.58 128.69110 05 79.92 129.10 88.00 I 15.72 80.79 80.19 63.61 107.89 6200! Array

j Mean

Combining ability analysis (Table-24) showed significant GCA and SCA mean

squares and non significant reciprocal mean squares under normal and drought

conditions. The SCA effects were higher than GCA effects under both conditions.

indicating that main proportion of genetic variation was controlled by non addilhc

gene action. The results were in agreement with the findings of Sundhari et al. ( 1992)

in okra. The highest general combining ability effects for fresh fruit yield per plant

under normal and drought conditions were exhibited by the varieties. Parbhani

Karanti and Green Velvet, respectively. While the crosses. Green Velvet x DLPG and

No.8 x Green Velvet showed higher effects of SCA under normal and drought

conditions, respectively. The cross. Parbhani Karanti x No.8 showed the highest

reciprocal effects under normal and Clcmson Spineless x Parbhani Karanti under

drought conditions. Poshiyn and Slutkla (1986) observed similar results in okra.

On overall basis the parents Green Velvet and DLPG were good general

combiner under drought conditions. The crosses. Green Velvet x No.8 and DLPG x

Parbhani Karanti were the best combination showing maximum SCA effects under

drought condition. These crosses can be utilized for achieving drought tolerant

varieties.
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Out of 30 crosses 25 and 19 crosses showed significant heterosis and

heterobeltiosis under normal conditions, respectively. Most of the crosses showed

positive heterosis under both conditions. Eight and two crosses showed significant

heterosis and heterobeltiosis under drought conditions, respectively (Table-28) The

cross No.8 x Green Velvet exhibited higher percentage of heterosis (71.36%) and

heterobeltiosis (67.95%) under drought conditions. Such type of heterosis indicates

the presence of non additive genetic effects and suggests the usefulness of selection in

first generation hybrids. Number of heterotic crosses was decreased for this trait at

greater extent due to drought. Heterosis is mainly due to dominant gene action.

Drought may cause suppression of dominant genes which ultimately reduce the

heterotic crosses. Similar results were found in okra by Mandal and Das (1991) and

Sivagamasandhari et at. (1992).

4.2.7. Days to maturity.

Drought caused acceleration in days to maturity ranging from 7 to 1 1 %

among genotypes due to water stress (Table-14). Similar results were found by Singh

(1995) in common bean for days to maturity.

The regression coefficient (b) did not differ significantly from zero, hence

simple additive-dominance model was not fit for both environments (Table-29)

Although positions of array members provided some informations regarding gene

frequency Additive type of gene action was observed under normal condition while

over dominance was occurred under water stress conditions (Fig.12). The variety

Green Velvet attained maximum dominant genes, being close to origin under both

conditions. The varieties, No.8 and Chinese Red exhibited maximum recessive alleles

being away from origin under normal and drought conditions, respectively.

Verma (2000) observed both additive and non-additive gene action for this trait in

Brassica junta.

Combining ability analysis (Tablc-24) showed significant GCA, SCA and

reciprocal mean squares under normal and drought conditions. The variety, C.lcmson

Spineless possessed the highest GCA effects under both conditions and No.8 showed

the lowest GCA effects under normal conditions. However under drought conditions

the lowest GCA effects were exhibited by Parbhani Karanti. The highest SCA effects

were observed by the cross, Chinese Red x Clemson Spineless and highest reciprocal

*
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r effects were recorded by Chinese Red x Green Velvet under normal and drought

conditions The cross Clemson Spineless x Green Velvet showing the lowest SCA

effects under drought conditions could be further exploited towards breeding early

maturing genotypes Higher estimates of GCA for days to maturity were observed by

Verma (2000) in Brassica jiinceci.

Majority of crosses showed negative heterosis for this trait. Out of 30 only 4

and 3 crosses showed significant heterosis and lieterobeltiosis under normal condition,

respectively. While under drought condition 3 and 2 crosses exhibited significant

heterosis and lieterobeltiosis. respectively (Table-28). Positive heterosis in crop like

okra is not desired Therefore the crosses showing negative heterosis could be utilized

as breeding material foi hybrid seed production programme for drought affected

•
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Tabic- 1 4 Array mean and mean days to maturity of diallel crosses averaged over

blocks under normal (Tj) and drought (Tj) conditions.
'

IChinese Red Clemson
Spineless

DLPC Partilinni
Karanti

Vnricts Croon VelvetNn.fl

T2 TI T2 T1 T2 TI T2TI T2 T2TI TI

No.8
71 17 87 67 61 50 75 no 65 5078 10 77 60 81 20 77 55 81 8.1 78 0094.WI

81 67 77 67 81 52 77 no 80.81 77 50 81 17 70.1781 20 77 55 86 80 81 90Green

Velvet

8647 82.00 75 17 80.50 76 3373.17 8167 77 67 91.17 81 5090.10I)PLG 9100

76,70 86 .1182 OO 75.17 79 00 77.17 70.31 71.81Parliliniti
Karanli

78.67 61 50 81.57. 77 0(1

65 1176.13 77 17 70 13 79 67 96 17 86 83Chinese
Red

75.01) 65.50 80.81 77 51) 80.50

86 8191 17 81.50 86.31 71.83 96.17 88.00 82.0081 81 78.00 81.17 70 17Clcnison
Spineless

470.3 486.68 416.51 489.11 441.81 524.67Total 488.80 415.12 497 18 461.78 521 41 472.13

72.75 81.5581.47 72.55 82.86 77.30 86.*20 78.38 81.11 7164 87.44 78 72Array
Mean

71



r
» «!
!]

(a) normal

45
b= 0.339± 0.22

36

l
•Nu. &

27

Cliincsi< Kcd*

18

•P.irlih.ini k.mmli

9
•1)1VC,

Green velvet

CJcmson spineless
tO :

O 12 24 36 48 60

Vi

(1>)

80
l>= 0.672± 0.53

60

Chinese Keel*
40

•No. 8

•DU’G

•Farblÿmf'Kai.mti
20

Green velvet
O

-20 •Clcmsoii spineless

-40

i-60

20 40 60O 80

Vr

Fig. 12: vr/ 'v, graphs for days to maturity under

a) normal and b) drought conditions.

72

T.

a

i



r r
areas. Because early maturing varieties will be saved from water stress at some extent

and their water requirement will be comparatively less. Therefore the cross. No.8 x

Green Velvet showing the lowest heterosis could be utilized for this purpose. Mchetre

e( al. (1992) reported maximum heterobelliosis in pigeon pea for days to maturity in

I;i hybrids.

4.2.8 Diameter of fruit .
Drought caused reduction in diameter of fruit ranging from 6.89 to ! 1.27 %

The highest reduction observed by Clemson Spineless and lowest by Green Velvet.

The simple additive dominance model was not fit for both data recorded under normal

and drought conditions. This inadequacy of model revealed higher order of epislnsis.

may be involved in the inheritance of diameter of fruit.

From the v,/wr graph, it was evident that the regression line intercepted the w,

axis above the origin under normal and drought conditions, indicating the additive

gene action for this trait, however Parlap el al. (1980) observed complete dominance

for this trait, in okra. Drought did not alter the inheritance pattern for this trail, only

the gene frequency was changed. For example the variety Parbhani Karanli. having

maximum dominance genes under normal conditions, could not get the pic\inus

position under drought condition. The variety No.8 showed maximum dominant genes

under drought condition. Similarly Chinese Red having maximum recessive alleles

under normal conditions, did not exhibit these results under drought conditions. Green

Velvet showed maximum recessive alleles under drought Ibr this trait being away

from origin.

Combining ability analysis (Table-24) showed significant GCA and SCA

mean squares and non significant reciprocal mean squares under normal and drought

conditions. The results were in agreement with findings of Mandal and Das ( 1992) in

okra. The GCA variances were higher than SCA variances indicating the role of

additive gene action for this character under both environments. Similar results were

observed by Chaudhary ei al. (1991) in okra for diameter of fruit. The variclj.

Clemson Spineless exhibited the highest GCA effects under both conditions. The

highest SCA effects were recorded by Parbhani Karanli x Chinese Red under normal

and No.8 x Chinese Red under drought conditions. It w-as concluded that parent
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Table-15 Array mean and mean diameter of fruit of diallel crosses averaged over

blocks under normal (Tj) and drought (T*) conditions.

Variety DLPG Parbhani
Karanti

Chinese Red Clcinson
Spineless

Green VelvetNo.8

T 1T 1 T2 T2 T1 T2 T 1 T2T1 T2 T1 T2

No.8 15.70 15.18 14 85 16/.5 16.0215.25 14.97 17 17 IS 22 15 6216 81 14.27

i 15.62 12.65 12.08M 25 16 42 15.42 1 1.75 16.90 15.5215.2.1 14.97 11.41CrcL’n Velvet

16.12 15.1217 17 15.70 16.42 15.47. 19.07 17 01 16 18 14 52 19 10DPLG 16 00

15 4115 18 14 85 15 62 12.65 16 12 15 12 14.17 16.97 14.02 17 27 1 5 70Parlihani
Karanti

16.9716 65 16.02 15.08 11.74 16.18 14 52 14 02 17.11 14.01 18 11 15 85Chinese Rnl

15 70I S 42 17 27 IK |1 1 4 K4 18 .12 17 17IX 7.7 I 4 62 16 <1(1 I') HI 16 HOeivniMin

Splnelov

104 25 91,78 96.78 86.51 97,1599 28 91 42 89 68 81 51 86 18 108.04 95 85Total

16 15 15,24 14 95 1192 17 17 1 5 61 16 II 14.42 16.19 14.16 IS 01Array Mean 15.97

Clemsou Spineless was best general combiner for this trait and the cross, No 8 x

Chinese Red was the best combination yielding the best segregates with better

diameter of fruit with drought tolerance

None of the crosses exhibited significant heterosis under normal condition,

whereas under drought condition only one cross, Chinese Red x Green Velvet showed

significant heterosis over mid and better parents. So heterosis breeding for this cross

was rewarding for drought conditions. Similar results in okra for this character were

recorded by Hoque cl at. ( 1 993).
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4.2.9 Number of Pods per Plant.

Number of pods per plant is an important component to access the yield of

okra. Tlie reduction in pods per plant was recorded from 15 to 42 percent due to water

stress. The varieties. Parbhani Karanti and No.8 showed maximum drought tolerance

while Clemson Spineless exhibited sensitivity to drought for this trait. Similar finding

were observed by Turk et al. (1980) in cowpea. The reduction of pods might be due to

abortion, shedding and desiccation of flowers. Shedding of flowers might be due to

growth retardents. which may due to water stress.

The linear regression coefficient (b) differed significant from zero and non

significantly from unity under both conditions (Figure-14). Thus the joint regression

analysis offered support for the adequacy of simple model of inheritance lor number

of pods per plant under normal and drought conditions.

The positive interception of v,/wr graph (Figure-14) indicated the additive

gene action with partial dominance under both conditions. The results were in

accordance with the findings of Rao et al. (1974), Singh et al. (1978). Rao (1979).

Parlap et al. (1980) and Reddy et al. ( 1 985) in okra.

Trend of gene action was not changed by imposing water stress for this trail.

however the array members sliovved their positions, changed under drought

conditions. The varieties Chinese Red and Clemson Spineless exhibited maximum

dominant genes and DLPG and Green Velvet showed maximum recessive alleles

under normal and drought conditions, respectively.

file estimated components along with their standard errors for number of pods

per plant were presented in Table-23. The additive component was significantly

different from zero under both conditions. While non additive (Ht and IF)

components were significantly different only under drought conditions. The

difference (D-H|) indicated the prevalence of additive gene action over dominants

under both conditions. The value of Hi was equal or close to Fb under both

conditions, indicating the occurrence of equal gene frequencies at all loci. The

negative value of F under both conditions suggested that recessive genes were in

equal proportion with the dominant genes in the parents, which w'as also supported by

the estimates of ratio [( 4 DH|)I/2 + F] / [( 4DH|)I/2 - F] having values 0.09 under

I
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Tabic-16 Army menu and mean number of pods per plant of diallel crosses

averaged over blocks under normal (T|) and drought (T2) conditions.i*

Parhhnni
Karanti

Chinese Red Cleinson
Spineless

DLPGVariety Green VelvetNn.8

T2 T 1 T2T1 T1 T2T1 T2T 1 T2 T1 T2

No.8 5.1517S 4.-43 3.48 3.04 2.984.094 43 5.12 4.83 4 423.93

3.74 5 454.73 4.(58 3.48 3.105.245.40 4 02Green Velvet 5 12 4 83 4 80

4 38 4.33 2 86 5.17 3.043.60 3.014.603.74 5.24 4.024.42Ol’LG'

I Parliliani
• Karanti

7.76 3.164.40 4.20 3.89 7.244 7477 4.68 4 484 091,17

| Chinese Rvil 3.89 3.24 3.40 2 68 4 19 2.642 864.04 3.74 4 48 4 014 -IX

2.64 5.76 2.664 76 4 195 17 7.01 3 165 15 2 98 5.45 4 10
(

Clemson
i Spineless

Total 24 71 40 4920 59 17 95 17 582 1 .6 I 21.7122.63 24 92 20.8227 04 26.69

3.62 5.083 60 4.43 3.95 2.99 2.93Array Mean 4 474.50 3.77 4.95 4.15

i 2
normal and 0.46 under drought condilions The degree of dominance (1 l|/D)

demonstrated that a greater part of genetic variation was additive in nature under

normal and drought conditions. The allelic frequency of positive and negative effects

of dominant genes ( 1 12/4 1 11) was a symmetrical as the value was near to 0 25 under

both conditions The estimates of h2, which measures the overall heterosis was

positive but non significant, suggesting that heterosis breeding was not fruitful for this

trait under normal and drought conditions

Combining ability analysis showed significant mean squares of GCA and SCA

and non significant mean squares of reciprocal under both conditions. The variety.

No 8 under normal and Green Velvet under drought conditions exhibited the highest

GCA effects. The cross, DLPG x Clernson Spineless showed maximum SCA effects

under both conditions. The cross No 8 x Green Velvet also showed considerable SCA

effects under drought conditions. The highest reciprocal effects were observed in the

crosses, Parbhani Karanti x Chinese Red and No 8 x Green Velvet under normal

and drought conditions, respectively. Under both conditions GCA variances were

greater than SCA variances, indicating additive gene action. Therefore selection

\
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T for this trait in early generation would be fruitful. Similar findings were observed

in okra by earlier scientists, Shukla el al. (1989), Chaudhary el al. (1991) and

Veeraragavathatham and Irulappan (1991).

None of the crosses exhibited significant heterosis over mid and better parent

under normal conditions. Whereas only four crosses showed significant heterosis over

mid parent for this trait under drought condition. Therefor it was concluded that these

crosses might be used for exploitation of heterosis breeding for drought conditions.

High heterosis was observed in okra by Poshiya and Shukla (1986), Mandal

and Das (1991), Chaudhary el al. (1991), Sivagamasundhari of al. (1992) and

Kumbhani cl al. (1993).

t

4,2.10. riant Height.

The reduction in plant height due to water stress was estimated from 20 to 40

% among the genotypes (Table- 1 7) The similar results wcie also observed by

Hussain et al. (1994) and Teama anil Mahmood (1994) in sun ilower for plant height

Joint regression analysis showed that linear regression coefficient (h) differed

significantly from zero under normal and non significantly under drought conditions

Therefore the simple mode! of additive dominance was adequate for normal

conditions and inadequate for drought conditions. Positive intercept of regression line

showed additive type ofgene action with partial dominance under normal and drought

conditions. The variety DLPG under both environments exhibited dominant genes due

to its proximity to origin. The varieties, Green Velvet under normal and Parbhani

Karanti under drought conditions showed maximum recessive alleles, being away

from origin. The results were in agreement with findings of Rao (1979), Partap el al

(1980) and Reddy clal\ 1986) in okra for this trait.

Tablc-23 revealed that additive (D) and non additive components (Hi and H2)

were significantly different from zero under normal condition. The difference (D-H[)

indicated the additive gene action over dominance one. Hi is greater than H2,

indicating the unequal gene frequencies at all loci. The significant and positive F

value indicated that there were more dominant gene than recessive in the parents,

which was supported by the ratio ((4DHi)' 2+F]/ [(4DH|)I/2 - F], The degree of

dominance (H]/D),/2 was recorded as 0.72 showing partial dominance for this trait.

The value of H2/4H| (0.16) exhibited asymmetrical frequency of positive and negative
7’J



f effects of dominant gene. The estimated value of h2 (-2.10) was negative, suggesting

that heterosis breeding for tall statured genotypes was not rewarding.

The combining ability analysis (Table-24) showed that GCA, SCA and

reciprocal mean squares were significant under both conditions. The GCA / SCA

ratios were greater than one under normal and drought conditions, which indicated (lie

role of additive gene action. Results were in accordance with (he findings of

Veei aragavathatham and Irulappan ( 1091) in okra for this trait

The highest GCA effects for this trait were observed in Green Velvet under

normal and drought conditions. The combinations. Parbliani Karanti x Chinese Red

under normal and Green Velvet x Parbliani Karanti under drought conditions showed

the highest SCA effects. Where as the highest reciprocal effects were exhibited by

DLPG x Green Velvet under normal and Parbliani Karanti x No.8 under drought

conditions.

Table- 1 7 Array mean and mean plant height ofdiallel crosses averaged over

blocks under normal (Ti) and drought (T2) conditions.

Parbliani
Karanti

Chinese Red Clcmson
Spineless

DLPGVariety Nn.S Green Velvet
i

T2 TI T2 T1 T 2 TI T2TI T2 TI T2 TI

Nn.S
.15 2815 no 28 11 54 07 ir> 85 .15 (X) 51 15 39 11 42 20 41 12 ir. 5040 'XI

51 r»757,58 40.67 66 81 60 SO 71.50 61 81 49 6754 07 46.85 89 11 62 60Green
Velvet

4,84557.58 40 67 57.11 46.60 58 60 17 40 52 00 48 67 44 8146.90 15.00DPLG

51.15 66.81 58.60 17 40 59 67 45 90 72.13 49.25 64 28 50.37Parbliani
Karanti

39 33 60 80

52 27 49.5042 20 35.28 73.50 5 1 67 52 (X) 48.67 72.33 49.20 38 80 60 17Chinese
Red

49 5o36.50 6.1.83 4X45 64 28 50 37 60 17 51 57 4<).<XlClemvm

Spineless

4 1 12 49.67 44 y 1

272 43 172 87 283 05 352 47 271 15Total 221 29 405.15 112 25 320 86 253.17 131 42 270 87

55.2445.40 36 88 67 52 52 04 51 48 42 19 62. 14 47 17 58.74 45.53 45 14Arrny
Mean
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Heterosis over mid parent ranged from -32.72 to 35.79 % under nominl

condition and it ranged from -31.62 to 31.93 % under drought condition. Six and live

crosses showed significant heterosis over mid and better parents, respectively under

normal and eight and four crosses under drought conditions showed signilicant

heterosis over mid and belter parents, respectively. Positive and high heterosis was

observed in okra by Kumbhani el al. (1993) for plant height.

4.2.11. Number of Branches per Plant.

The mean array showed 9 to 49 % reduction in number of branches per plant

due to water stress. The variety. DLPG showing minimum reduction (9%) for number

of branches per plant, while maximum reduction (49%) was observed in Chinese Rod

due water stress (Table-18) .

The model of inheritance showed adequacy for data of number of branches per

plants under normal condition. The positive intercept of regression line showed

additive gene action under normal conditions. Same results were reported In

Rao el al. (1974). Reddy et al. (1985) and Koechlin ( 1991) in okra. However negative

intercept of regression line exhibited over dominance under drought condition. The

results' were in agreement with the findings of Sundhary el al. (1992) in okra. The

position of array members on the v,/w, graph varied due to water stress (Pig,16).

The error values for the water stress data was large and array members position \aiial

among replicates thus disturbing the requirements of Haymnn's model. Consequently.

analysis was continued on only the data under normal condition.

The distribution of array points revealed that the variety. Clemson Spineless

possessed maximum dominant genes under botli environments, where as Chinese Red

had maximum recessive alleles under normal and DLPG under water stress

conditions.

%

It was concluded that drought caused alteration in gene action. Therefore for

breeder, it will be necessary to formulate a breeding strategy for both environments

for both environments. Additive type of gene action under normal condition suggested

that selection in early generation will be fruilful. Where as under drought conditions.

the presence of over dominance type of gene action suggested that selection for this

trail should be delayed to later segregating generations. However heterosis breeding

under these circumstances will be rewarding and useful for this trail.

:

!
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T;il>lc-I8 Array mean and mean number of branches per plant of dialled crosses
averaged over blocks under normal (Ti) and drought (T2) conditions.

Parbhani
Karanti

Chinese RedVariety N0.8 Green Velvet DLPG Clcmson
Spineless

T2TI T2 TI T2 TI T2 TI TI T2 T1 T2

No.8
1.37 0.88 1.42 0 78 0 89 0.88 0.60 1.36 0.75 0 98 0.30

0 27I 42 0.78 0.57 0.40 0 76 0 37 0.76 0.27Green
Velvet

0.38 0 57 0 46

DPLG 0.89 0 88 0.36 0 30 0 26 0 67 I) 45 0 39 0.390 40 0 67 0 65

Parhhani
Karanti

112 0 60 0 37 0 27 0 67 0 45 0.83 0.70 i 01 05.7 0.68 0,4]

Chinese
Red

I 36 0 75 0 76 0 27 0 30 0.39 I 01 0 S3 1.34 0.52 0 70 0 35

0 97 0 30 0 65 0 6,8 0 4] 0 7 0 56Cleriitmi
Spineless

0.53 0 4 5 0 67 0.35 0 3 3

l.ltill > I 3 I 19 4 06 2 52 3 31 2 08 I 68 2 96 5 56, 2 82 I I I 2 5|,

1 19 0 55 0 78 0 930 70 0 68 0 42 0 50 0 49 0.47 0.42Array
Mean

0 68

Both additive (D) and dominance (Hi and Hi) components were involved in

the conliol of number of branches per plant under normal conditions. The Hi and

values were similar, indicating that positive and negative allelic frequencies were

equal The allelic frequency of positive and negative effects of dominant genes

(Hi/dlli) was a symmetrical, as the value was near to 0.25. The F value was positive

indicating that there were more dominant than recessive alleles in the parent inbreds.

The dominance ratio (II1/ D)1 2 was lower than one, indicating that greater part of

genetic variation was additive in nature

Combining ability analysis showed significant general and specific combining

ability mean squares under both conditions The reciprocal mean squares were non

significant under normal and significant under drought condition. It was evident from

the Table-24, that magnitude of GCA was higher than SCA .suggesting the

performance of additive gene action under normal conditions Same was observed in

okra by Sluikln el al. (1989). But SCA variances were higher than GCA under drought

conditions, suggesting the over dominance for this trait. Similar findings were

recorded by Mandal and Das (1992) in okra under normal conditions. The variety,

No.8 showed the highest GCA effects and the combination, DLPG x Clemson

:
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Spineless showed the highest SCA effects under normal and drought conditions. The

crosses. DLPG x Parbhani Karanti and DLPG x No.8 exhibited the highest reciprocal

effects under normal and water stress conditions, respectively.

Out of 30 hybrids only 3 crosses showed significant heterosis over mid parent

under normal and 7 and 3 crosses showed significant heterosis over mid and belter

parents, respectively under drought conditions. The cross. Clemson Spineless x 1)1.1’G

showed the highest percentage of heterosis over mid and belter parents under both

conditions. Khorgade el al. (2000) observed significant heterosis in piegeon pea and

Rajan el al. (2000) reported significant heterisios for this trait in cotton.

4.2.12. Number of Seeds per Pod.

The number of seeds per pod is a yield contributing character. The reduction

in number of seeds per pods may reduce yield of okra due to water stress. The

reduction in number of seeds per pod due to water stress ranged from 13.7 to 31.4

percent. The lowest reduction (13.7%) was found in Chinese Red and highest (31.4%)

in Parbhani Karanti. The reduction in this trait may be due to affected male and

female parts of flower, desiccation and insufficient uptake of nutrients and moisture

during seed formation or reproductive stage. Percies el al. (1986) reported Mini

reduction due to water stress in harvest index of sunflower was due to reduction in

seed number and seed weigiit. According to Desclaux el al. (2000). early stress during

seed filling stage of soybean reduced the number of seeds per pod.

In the v,/wr graph, the regression line for this trait departed non significantly

from zero under both condition, suggesting the inadequacy of model of inheritance.

The wide scatter of array points revealed the existence of genetic diversity among the

six parents. This property of regression line indicated non allelic interactions.

meaning thereby, that genes were not distributed independently among parental

varieties and were not independent in action. Negative intercept showed over

dominance under normal and drought condition. Contrary to this, additive tjpc of

gene action was observed in okra for this trait by Rao el al. (1974) and Reddy el at.

(1985). The variety. DLPG and No.8 showed maximum dominant genes under normal

and drought conditions, respectively. Parbhani Karanti exhibited maximum recessive

alleles for number of seeds per pod under both conditions.

£
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Variances due to general and specific combining ability were estimated for

assessing the contribution of the additive and non additive type of gene action

involved in the inheritance of number of seeds per pod.

It was evident from the Table-24, that mean squares of general and specific

combining ability were significant under both conditions The magnitude of SCA was

higher than GCA under normal and drought condition, suggesting the performance of

dominant gene action. Similar results were observed by Mandal and Das (1992) in

okra for this trait T he variety, DLI’G had the highest GCA effects under normal and

Clemson Spineless under drought conditions, showing the best general combining

ability for this trait. Where as Parbhani Karanti x Clemson Spineless and Chinese Red

Table-19 Array mean and mean number of seeds per pod of diallel crosses

averaged over blocks under normal (Tt) and drought (T2) conditions.

Variety Paihhani
Kmanti

Chinese RedNo.8 Green Velvet DLI’G Clemson
Spineless

T 1 T2 T2 TI T2 Tt 12Tt T 1 T2 Tt T2

Nn.R
26.52 ax 90 .12 67 11 50 10.78IX IS 16 60 IX 90 12 X0 -16 50 18.51a1.20

29.51 27 67II20 26 52 42 II 19.11 16 70 19 52 26.90 17.a 5 16.12Green
Velvet

<17 00

IX 90 29 51 40 St IX 70DPLG 12 XO 16 70 40.01 2 1 61 17 45 19 87 45 IK) 16 98

Parldinni
Karanti

•IS 90 12 67 19 52 52.00 45.87 40.7526 90 IS.70 2161 11.10 54 50 11.71

11 50 10.87 17.45 40.75 19 87 11.10Chinese
Red

16 12 46 50 46.50 30.14 41.6242 50

81 51 31.71Clemson
Spiiicle.fi

•16 50 47.00 27 67 45.00 16 98 54 50 41.02 41 62 41.91 35 01

Total 219. 1 5 197.90 246 00 186.07 240 58 202.84 280.12 192.10 42.50 210 21 277.41 211.57

41 52Array
Mean

12.98 11 81 46.6941.00 11.01 40 |0 12.02 241 72 15.04 4(. 24 15.26
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x Clemson Spineless were the best combinations showing the highest SCA ell'ccls

under normal and drought conditions, respectively. The highest reciprocal effects

were observed by crosses. Clemson Spineless x Parbhani Karanli and Chinese Red x

Parbhani Karanti under normal and drought condition, respectively.

Under normal condition. 12 and 8 conditions showed positive signiMeant

heterosis over mid and better parents, respectively. Where as under drought condition

5 and 3 crosses showed positive significant heterosis over mid and better parents.

respectively. The highest heterosis (14.88 and 12.61%) and helerobeltiosis (6.71 and

10.20 %) were observed in the cross Clemson Spineless x No.8 under normal and

drought conditions, respectively. Positive heterosis and zero heterobelteosi.s were

observe in okra by Korla and Shnrmn (1988).

An other cross. Parbhani Karanli x Green Velvet was appeared to be

promising under drought conditions, in desirable direction for this trail. These

heterotic crosses could be utilized for exploitation of hybrid vigor. For this trail.

drought caused reduction in number of heterotic crosses. This might be due to

disappearing of dominant genes by drought.

i

4.2.13. 100 Seed Weight .

The reduction in 100 seed weight ranged from 13.48% to 38.16% in drought

conditions as compared to normal. It was evident from the Table-1 8. that variety

Clemson Spineless exhibited maximum reduction for this trait due to drought,

Whereas variety DLPG and Green Velvet showed the lowest reduction for this trait.

Same results were reported by Fereres el al. (1986) and Hussain el al. (1994) in

sunflower. Singh (1995) in common bean and Desclaux et al. (2000) in soybean. This

reduction in 100 seed weight may happen due to insufficent supply of nutrients and

moisture at seed formation stage.

The regression line for 100 seed weight was of unit slope under normal

conditions which signified the absence or non allelic interaction. Where as under

drought conditions, the regression line departed non significantly from zero, hence

revealed that a component of epistasis was involved in the inheritance of this trait.

Therefore, the simple additive dominance model was adequate for this character in

normal conditions. Inadequacy of model of inheritance under drought conditions

indicated higher order of non allelic interactions for 100 seed weight.

88

*M



Tablc-20 Array mean and mean 100 seed weigh! of diallcl crosses averaged over

blocks under normal (T|) and drought (T2) conditions.
-1;

Variety Parlihani
Karanti

Chinese Red Clcimon
Spineless

DLPGNil.8 Green
VelvetJt

12 Tt T2T1 12 T1 T1 T2T1 T2 Tt T2

No-8 5.82 5.00 8.15 •4 58 5.50 1 50 8 45 5.240 77 5.06 6.45 4 53

7.1*) 5.XS 5.75 5 16 8 20 5 24ft 15 5 90 5 51 5 4! 5 134 5.1Grvi'ii
Velvet

" DPLG 6 41 6.10 5.79 7.455 82 5 00 5 41 5 13 5 67 5 10 6.91 4.71

! P.irliliiini
] Knranti

5 88 6 41 6 90 5 17 5 65 119 10 02 4.858 15 4 58 7 49 6 91

5.65 4.67 1.211 50 5.75 5 16 6.10 5 79 3.19 7 00 6 15Chinese
Red

5 10

4 58 6 15 5.107 45 4.71 10 02 7.00 9.808 45 5 24 8 20 5.24Clcnisnn
Spineless

1» 29 14 47 27 20 50.92 11.52Tn(,il 27 92 19 20 11.46 17 19 12.16 45 1410 91

5 19 7 52 5 05 5 74 51 5.25| Array
Mean

ft 82 I65 6 5.1 5 24 6 21 8 49

L

Positive interception of regression line under normal condition showed

additive type of gene action, whereas negative interception under drought revealed

over dominance for 100 seed weight. Similar results were observed in okra by Rao et

ai (1974). The variety, DLPG showed maximum dominant genes under both the

normal conditions and Green Velvet under drought conditions showed maximum

dominant genes. Tin; varieties Parbhani Karanti and Chinese Red exhibited maximum

recessive genes under both the normal and drought conditions The scattering of array

points under drought condition revealed genetic diversity, indicating the higher order

of non allelic interactions for this trait.

The estimation of components of variation for 100 seed weight with standard

errors under normal conditions were presented in Table-23 Significant genetic

components (D,Hi& Hj) were observed for this trait. The difference (D-Hj) indicated

the prevalence of additive gene action ovet dominance effect, flic degree of

dominance (H|/D)|,J indicated that greater part of genetic variation was additive, as

the ratio was less than one. The negative value of F showed equal proportion of
'
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dominant and recessive genes in the parents. The allelic frequency of positive and

negative effects of dominant genes (H2/4Ht) was symmetrical as the value was near to

0.25. The estimate of h2 which measures overall heterosis, was positive but non

significant, suggesting that heterosis breeding for this trait was not rewarding.

The analysis of combining ability (Table-24), showed that general, specific

combining ability and reciprocal mean squares were significant under normal and

drought conditions. The GCA variances were greater than SCA variances under

normal conditions, indicated the additive gene action Same was observed by Jawili

and Rasco (1990) in okra. The SCA variances were greater than GCA variances under

drought conditions, indicating the role of non additive gene action for this trait.

It was concluded that DLPG was the best general combiner for 100 seed

weight in diought conditions and Clemsou Spineless under normal conditions. The

best combinations showing the highest SCA effects for 100 seed weight were Chinese

Red x Clemson Spineless and DLPG \ Chinese Red under normal and drought

conditions, respectively

Three crosses showed significant heterosis over mid parent and one over better

parent under normal condition. Under drought conditions nine and five crosses

exhibited significant heterosis over mid and belter parents, respectively. These crosses

could be used for exploitation to hybrid vigor for 100 seed weight For all other

crosses, selection may be delayed for succeeding generations. It was observed that

drought showed progress in number of heterotic crosses, which might be due to action

of dominant genes, appeared due to drought. Korla and Sharma (1988) screened out

some heterotic crosses of okra for 100 seed weight.

4.2.14. Seed Yield per plant.

Seed yield per plant is an ultimate output of a crop. It is polygenically

controlled character and depends on number of yield components. Plant breeders

focus their attention to improve yielding ability of plants by using different breeding

methods under different environments. Therefore stress breeding is the only effective

way to evolve varieties of okra having desirable drought tolerance with good

economic yield.

Reduction in seed yield per plant ranged from 13.87 to 51.43% due to water

stress. For this character maximum tolerance to drought was observed in Parbhani

-4



rKaranti and minimum in Clemson Spineless. The results were in accordance with the

findings of Sionit and Kramer (1977). Jamro and Larik (1991) and Desclaux ct til.

(2000) in soybean. Many research workers indicated the causes of this reduction in

seed yield. It may be due to abortion of florets in sorghum (Eck and Musick. 1979).

reduction in duration of seed fill and early senescence of leaves in soybean (Sionit and

Kramer, 1977). reduction of seed number and seed weight in sunflower (Fereres cl al

1986) and reduction of seed set and number of filled grain in rice (Mahmood ami

Khan. 1996).

:

t

Seed yield is a final produce of a crop therefore, when yield components are

decreased, ultimately crop yield is reduced. Reduction in seed number, seed si/e. MM)

seed weight, number of pods per plant was due to affected pollination, disturbed

fertilization, desiccation of pollen, injury of embryo, high transpiration rate and

limited supply of nutrients uptake and moisture content.

Tablc-21 Array mean and mean seed yield per plant of diallcl crosses averaged
over blocks under normal (Tj) and drought (T?) conditions.

Variety Green VelvetNo.8 DLPG Pitrbhiini
Knrmiti

Chinese
Red

Clemson

Spineless
T1 T2

14 4(1 1.1 .10

T 1 T2 T1 T2 T2TI TI T2 T 1 T2

iNo.8
14.(0 12.90 17.50 15.85 U..I0 12,10 I I JO 9.‘Ill If. 80 7 2.1

Grccti
Velvet

17.50 15 85 1 7.60 15.60 1710 13.10 16.60 15.85 12 20 10.80 |9 70 l< SII

DPLG 14 40 12.40 17 10 13.10 15.00 14.47 14 60 14.50 9.R0 9 81) II 3(1 8 (HI

1‘nrblinni
Karnnli

14.40 13.30 16.60 15.85 14.60 14.50 16.30 14.80 10 5012 60 15 50 8 60

Chinese II 30 9.40 12.20 10.80 9 80 9.80 12 60 10 50 10.7 5.53 13.70 s,10

Rctl
;

Clemson
Spineless

16.80 7.23 19.70 6.50 14.JO 8.00 15.50 13.70 8.408.60 18.70 9 20

88.80Total 71.08 100.70 77.70 85.20 72.27 90.01) 77.55 70.30 54.43 98.70 17 93

Array
i\ leun

14.80 1 1 .85 16.78 12.95 14.20 12.04 15.00 12.92 11.72 9.07 m 15 7 99
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The vr/ wr graph showed that regression line intercepted the w, axis above the

origin under both normal and drought condition (Fig. J 9), indicating additive gene

action for this trait. Same was reported in okra by Rao e( a!. (1974) and Reddy et aI

(1985). Additive gene effects for seed yield could be utilized by the breeders to

improve the characters by simple selection procedures. Chinese Red, being close to

origin had maximum dominance genes under normal conditions where as under

drought conditions, Clemson Spineless showed maximum dominant genes. The

variety, Green Velvet under both condition exhibited maximum recessive alleles,

being away from origin. Green Velvet and Parbhani Karanti were the best general

combiners under drought conditions, having the highest array means where as

Clemson Spineless having the lowest value of seed yield per plant was poor general

combiner for drought conditions.

T

The estimates of components ofgenetic variance (D,H|,H2 and F) along with

their standard errors were presented in Table-23. Additive and non additive

components were significant under both conditions. The values of additive and

dominant components were higher under drought conditions, indicating the progress

in genetic variance. The difference (D-H|) indicated additive gene action under both

conditions. As the Hi was greater than H2 therefore, the occurrence of unequal gene

frequencies at all loci was indicated under normal and drought conditions. The

negative value of F under normal suggested that recessive genes were in equal

proportion with the dominant genes in the parents, which was also supported by the

estimate of ratio [(4DHi)l/2 + F ] / [(4DH|)I/2 -F] having value 0.52. However under

drought condition positive F value indicated that ihere were more dominant genes

than recessive in the parents. The degree of dominance (Hi/D)l/2 indicated partial

dominance under both conditions. The ratio of H2/4H1 having value near to 0.25

under both conditions indicated the symmetrical allelic frequency of positive and

negative effects of dominant genes. The estimates of h2 which measures the over all

:!
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heterosis, was greater under drought condition than under normal condition. But non

significant values under both condition suggested that heterosis breeding for seed

yield per plant was not rewarding.

The combining ability analysis (Table-24) revealed highly significant GCA.

SCA and reciprocal mean squares under both conditions. The GCA/SCA ratio was

greater than one. indicating additive gene action under both environments. Singh and

Singh (1990) and Mandal and Das (1992) reported similar results in okra. However

contrai'y to this Sundhari el a/. (1992) and Veeraragavathatham and Irulappan (1991)

reported non additive gene action in okra for seed yield per plant.

The variety Green Velvet showed the highest GCA effects under both

conditions The cross Green Velvet x DLPG under normal and Chinese Red x

Clcmsnn Spineless under drought showed the highest specific combining effects

Whole as the crosses Chinese Red x DLPG under normal and No.8 x DLPG under

drought showed the highest reciprocal effects

It could be concluded that the varieties. Green Velvet and Parbhani Karanti

were the best general combiner under drought conditions These parents may be used

in improvement programme so that the optimum combinations could be achieved The

crosses Chinese Red x Clemson Spineless, No.8 x Green Velvet, Parbhani Karanti x

Green Velvet and DLPG x Parbhani Karanti showed the best performance for seed

yield per plant under drought conditions The Chinese Red x Clemson Spineless

showed the lowest array mean under drought conditions which could not be utilized

for further genetic studies. The crosses showing high mean performance, high

heterotic effect, involving parents with high/average GCA effects and SCA effects for

seed yield per plant could be studied in further segregating generations to develop

base population for selection of better segregates possessing high yielding ability with

better drought tolerance.

Majority of the crosses exhibited negative heterosis over mid and better

parents under normal and drought conditions Under these circumstances, selection
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will be delayed for succeeding generations Out of 30 crosses only three and

one showed significant heterosis over mid and better parents under normal, conditions

respectively Under drought conditions two crosses showed significant heterosis over

mid parent. The crosses Green Velvet x No 8, DLPG x Green Velvet and Clemsom

Spineless x Green Velvet showed significant heterosis under normal conditions.

Where as the crosses No.8 x Green Velvet and Green Velvet x No.8 exhibited

significant heterosis over mid parents under drought conditions. Poshiya and Shukla

(i986) and Chaudhary el al. (1991) observed positive heterosis in okra for this trait

The crosses showing positive and significant heterosis could be utilized for hybrid

seed programme and selection in early segregating generation could be fruitful to

have good high yielding and drought tolerant genotypes.

~T
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Tablc-22 Mean Squares for various traits in 36 crosses, including seifs, F| of okra
under normal and drought conditions.

Days to first
flowering

Height of first
flowering node

(cm)

Days to 50 %
flowering

Water content of
fruit (%)

Fresh fruit yield per
plant (g)

Relative growth
rate of fruit (%)

Days to maturity Diameter of pod
(mm)Source df

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T2T1 T1 T2 T1 T2

Replication 2 10.98 1.06 2.39 2.06 12.34 2.93 2.85 28.23**0.56 1.95 129 92 3.78 0.85144.44 1.47 3.38

Genotypes 35 62.33" 47.04** 88 97" 63.82 126.60"m • 170.12" 66.54" 63.95 13 46 24 31 1660.73" 849.11" 106.65* 8.95 5.50•• *• 123 29 w ft•ft m

Error 70 4.67 403 6.00 5.08 9.55 8 23 3 36 3 36 2 28 85.731.93 78.87 8.71 5.69 1.11 1.11

Number of pods
per plant

Plant height (cm) Number ol
branches per

plant

Number of seeds
per pod

100 seed weight Seed yield per
plant (g)(9)

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

0.36 3.28 5.88 29.92 0.01 0.025- 4.82* 5.11 0 0161.53* 0.15 2 20

1.48 1.56 425.95" 208.37•w

0 35" 0 120" 86.97" 111.68" 6 07 20.61* W 2.455 ft# 3 36

0.06 0 20 15.79 12.28 0.02 0.005 1.16 4 67 0.39 0 035 0 47 0 80

= Significant at 0.05 and 0.01 levels, respectively.m mm
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Table-23 Estimates of components of variation for various characteristics of okra

under normal (Tj) and drought (T) conditions.

Estimates
100 seed

weight (ÿ>)

Seed yield per
plant (g)

Number of pods
per plant

Plant height
(cm)

Number of
hranches per

plant

Height of first

flowering
nude (cm)

Days to 50%

flowering
Fresh fruit yield per plant

Components (S)

Tl T2T2 Tl TlTl TlTl T2 Tl T2

2 95"i 7.80" * 15.18"i0 19" 0.01172.64“i
65.24

0.60" 0.70“ 312.17-i
13.16

D 111.84" 8.23 74.28"
14.53

622 34"
103.16 0.58 2.100.090.05 0.03

5.49" * 14.01“0.13" 0.0475.70" - 20 90 191.88"
36.88

603.27*
165.62

0.10 •0.13 0.21" - 161.71" -
33.40

1 14

0.24

•i2060.51" •
261.96

H.
; 47 5.540.08

0 57" * 4 16** - 10.41’i011- 0 03H2 50.49" * 18.66 142.71"i
32.94

1599.97" •
233.91

378 90'i
147.94

0.10 -011 0 19" * 102.83"i
29.84 4 941.310.220 07

h2 1 47 0.66 3.42 --0 00 0 02 0.22i 0 1440.92" - 12.57 234.58"1
22.18

3549.76”1
157 49

91.03 1
99 61

0.04 * 0.08 0 01 - 0 05 -2 10 20.05
3.33

-4.07 - 1 4«, | 1.29 1F 98.97" - 20.10 -C.2S - 0 08 0 01 * 0.03 *0.70 •0.23110.67"1
35.48

665.64" 1
251.92

-133.241
159.34

-0 42 - 0.12 140.63*'l
32.14 5.32

0.28 -5 17* 5.02 0.15 * 0.22E 0 14" *
0 04

1.97 3.14 2.69 * 5.54 0.C9" 0 02 0 01 001100128.981
39.37

26.90
24.90 0.830C2

(Hi/D)w 0.840.72 0 84 0.62 0.960.82 1.61 1.82 1.71 0 42 0.55

i

H2/4H 0 17 0.19 0 22 C.21 0 19 0.190.18 0.19 0 23 0 16 0211

[(4DHJ),/2+F]/
[(4DH,V/2-F)

0.68 0.52 1.093 33 2.73 1.83 0.63 0 0S 0 45 1.91 1 03

E =Environmental component of variation.
D = Additive effects of genes.

Hi&Ha = Dominance effects of genes.
F = Frequency of dominance alleles.
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Table-24 Mean Squares of general, specific combining ability and reciprocal in methodI(model II)

for various traits in okra under normal and drought conditions.

Diameter of pod
(mm)

Water content of
fruit (%)

Fresh fruit yield per
plant (g)

Days to maturityDays to 50 B/a
flowering

Relative growth
rate of fruit

Days to first
flowering

Height of first
flowering node

(cm)

SOV DF

T2T1T1.T1 T2 T2T1 T2T2 T1 T1 T2T1 T1 T2 T2

0.75 ** 13.62- 7.86-1280 70*' 1317 66“ 99.81-98.76-6 09•m

5 54.58- 42.63- 39.81 15.15” 4.71GCA 116.20- 80.92 » 41.03••

1.22216.35“ 55 41 1.89-828 97 43.6711.01- •«
7.92** 30.20 19.12- 34.83 5.02SCA 15 13.03- 27.21- 21.83- 74.05” - €••

0.53sS 0.44s54 85rti35 81hS3.25ÿ 0.83 NS 7.216.35w 4 *13 34”17.25- 27.59” 5.19 5.86-Reciprocal 15 14.45” 55 0 44.59•V n•

0.37 0.3728.56 1 9026 29 2.900 76 0.643.18 1.12Error 70 1.56 2.00 1.69 2.74 1121.34

Number of pods

per plant
Number of

branches per
plant

Seed yield per
plant (g)

Plant height (cm) Number of seeds
per pod

100 seed weight
(9)

T2T1 T2 T2 T2 T1 T1T1 T1 T2 T1 T2

52.76”3.05” 0.615- 0 129 33.81 11.58 39.74•w

3.17” 696.44- 307.97 105.10 # • 1.48”«•

5.48”0.12 0.63 2.24•«0.14’ 56.59” 44.35- 0.046- 28.91 59.66- «• 1 27•m•* 0.063”

0.01"* 0.02hs 0.004NS 0 54’42.56 15.15” 0 14 0.540.004 15.93 0.24’ •3.69- m • •w

0 16 0.27006 526 4.09 0.007 0.001 0.13 0.030.02 0.39 1.55

00
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Table-25 Estimates of general combining ability effects for various characters in A set of diM\e\ crosses

among six okra varieties under normal (T\) and drought (T?) conditions

General combining ability effects

Variety Days to
first

flowering

Height of
first

flowering
node (cm)

Days to

50 %
flowering

100 seed
weight (g)

Seed

yield per
plant (g)

Relative
growth rate

of fruit

Water
content of

fruit (%)

Fresh fruit
yield per
plant (g)

Days to

maturity
Diameter
of pod
(mm)

Number
of pods

Plant
height
(cm)

Number of
branches
per plant

Number
of seeds

per pod

Treatment

per
plant

-0.06Tl -4.76-2.94 -3.12 -0.18 -0.2$ -10.29 -2.09 -0.01 -0 00 0.39 •1.17 -0.C7-11.68

No.8

T2 •1.85 071-1.29 -0.18 0.79 -0.37 -0 37-2.48 4.17 -3.00 0.39 0.20 -7.94 0.20

T i

Green
Velvet

Tl 1.35 3.85 1.37 0 07 -1.59 -1.69 0 36 1.960.90 8.76 -0 69 0.44 10 43 -0 12 i

T2 0.352.31 2.77 0 48 12.25 I 81-0 69 ! 74 -I 0(i 0 59 7.21 -0 08 -2 34 -
Tl 1.38 2.26 0,401.16 -0 14 -4 62 3 35 0.84 -0 04 | -3.61 -0 25 -2 60 0 66 -0.62

DLPG

T2 2.23 1 76 2.68 -0.31 0.24 5.03 0 71 0.45 0 37 0.912.83 0.03 •2 63 -0 00
I

Parbhmi
Karanti

Tl -0.84 •2 16 >2 44-1.28 0 84 -0.24 1024 -0 40 -0 08 5.05 -0.02 3.99 0 63 0.17

T2 -1.48 063-1.41 -0.58 0.81 -0.50 1.794 44 -2 80 038 2.34 -0.00 •1.3? 0 03

Chinese
Red

Tl -1.61 0.63-0.20 0.17 0.35 8.35 -2.00 -0.34 -0.89 1.65 0.12 -2 07 -1.15 -3.11

T2 -1.33 -0.38 -1.26 -1.02 -0.73 -12.14 -I 92 -0.56 -0 57 0 70 1.68 A 49 -2 06-0 03

I
TlClemson

Spineless
2.66 1.02 1.24 -2.M 0.21 •12.45 3.89 0.57J .47 -1.85 ! 59 1.62-0.12 3.84

T2 0.12 1.291.56 -13 750.39 -0 42 3 16 1.05 -0.64 0.32 -0.08 l 91 125 -3 15
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Table-26 Estimates of specific combining ability effects for various characters in a set of tliaHel crosses

among six okra varieties under normal (T\) and drought conditions

Specific combining ability effects
100 seed

weight (g)
Number of
seeds per

pod

Seed
yield per
plant (g)

NumberPlant
height
(cm)

Diameter
of pod
(mm)

Number of
pods per

plant

Relative
growth
rate of
fruit

Water
content of

fruit (%)

Fresh
f run yield

Days to
maturity

Days to

first
flowering

Height of
first

flowering
node (cm)

Days to

so%
flowering

TreatmentCrosses
of

branches
per plant

per
plant (g)

i

0.74-0.020.36 3.370.3 S -1.777.52 0.4? 0.27Tl 2.87 1.322.43 2 72 -3.32 ;

J•u.8 x C.V 2.190.16 0 340.47 2.75 -U23.26 0.732.831.81 20.68T2 8 05 -3.86 1.55
/

0.23-0.03 •0.34-0.05-0.22-3.35 13.07 9.19 -0 05 5.1 1Tl -2.32 0.74 -0.563.16

No.8 x

DLPG
-0.35-0 64 0.02075 0 18-0.064.08 -5 46 -2.21-1.83 -4.69 -0.93 -0.24T2 -2.11

338 -0.580.69 0.69-0.96 0 00 -0.0515.38 -0.35Ti -0.83 1 00 -3.461.17 2.43

o.KiP.KL -0.33I 02 -0 09-0.09-6 25 -Cl 06-0.75 o I: 0.10T: -1.24 -11 37-1.49 -0,20 -3 67

-0 39•5 95 -0 38Tl 0.040 45 -15 24 -4.86-4.16 *262 -0.99 -1.49 -4.46 0 44 -0 N

o.8 x C.R. -3.X8 -0.38-0.66T2 2.10 -3.35 -0.15 -2.30 0 08-5.13 1.34-1.07 0.54 0.70 -9.78
r

0 381 43 0 03Tt 2 55 -0 44 -0 10-2.60 l 09 -.3 52 0.20-0.68 1.32 •15 27 0.08

No.8i
Cl.S.p.

i

0.35 -1 46T2 3 64-0.31 -0.67 -0.70 -0 3 1-4.46 -1.46 I 23 2.33 2.28 -0 { 52.21

-3.62 -5.01 -2.97 -0 02 -1.70 -0 46 0 94Tl -4.04 -2.54 0 63 0.34 -6.330.44 22.01 IC.v. x
DLPG T2 -0.76-0.06 -1.93 -0 49-3.12 -0 It’ -8.74-4 68 1.05 2.9” -2 45 0 79-3.55 -7.42

Tl -0.36-0.70 -5 75 -5.39 0.32-2.90 -0.28-3.99 -.3.14 18 82 3.10 1.07 -0 141.67V. x P.KL

IT2 0.09 -0 76 061 1.11-1.0S -4.23 -1.59 1.15 2.50 6 41 -0.154 37 0. 1 4 •„ / /

Tl 0 361.38 -1 4K -1.48-1.07 -2.98 -0.57 1.28 0.3“ -0.32 4.32 -0.04-0 03 *2 52V.xCR. i

lT2 0 403 62 -0.08-1.89 -0.24 -5.07 -3.54 1.36 -0 10 -1.07 -o i:-2.02 -1 61 '
i

Conti
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Specific combining ability effects

Crosses Number of
branches
per plant

Seed
yield per
plant (g)

Plant
height
lem)

Number
of seeds

per pod

100 seed

weight
Number of
pods per

plant

Diameter
of pod
(mm)

Relative
growth rate

of fruit

Fresh
fruit yield

Height of first
flowering
node (cm)

Days to
maturity

Days to

first
flowering

Days to

S0%
flowering

Water

content ot

fruit (•/,)

Treatment

(g)per
plant (g)

-5.58 | U4X i -0.07 0.07Tl I .4 <5 -0.03 2.45 !.29-I.S4G.V \* Cl.Sp •4.96 -0.92 1.57 -0.74 | 9.84

•5.25 -0.23 *3.30-2.69 0.12-9.75 0.54- 10.29 •0.41I2_ •2.85 -8.63 3.88*2.00 -4.6 l .i

0.07-539 0.23-0 65 •0 01 007 0.14-6 28 -2.46Tl 1.331.62 2.12 -1.02 1.39DLPGi
?.K.

0.671.05 | 8 29 -8.84 0.990.3J -7 |4 -0.04-0.001.59 -0 4 1T2 2.13 3.93 -l.U

2.73 L.01 -1.30-0 57 -3 13 -028-4 an 4J 85-0.33 1.09Tl 1.68 1.18 0.06 -0.57DLPG t

C.R.
0.88 -0.18A 375 77 -0 OX-0.13 -0.55 -0.160.85 -5.07 -9 48T2 2.09-1.23 -2.91

1.36 -0 38 -1.52O 17 0.230.25 0.130 23 0.37Tl -1.69 1 2.890.74 -3.71DLPG t

Cl.Sp

4 28 It

;

1 27 -0.89 -0 892.32 0 23-0 05 -0.68 0 07T2 0.40 0.99 3.54 1.37 2.28 1.801

i! -0.73 0.710 10 1 X98 53I.1X 0 35•1 40 3 06 -1.94P.KxC.R. Tl -0.43 2.94 6.84 -3 84 i i

i -1.37 -0 360 07*0 50 I 1.37 -2.40i) 16 -0.13T2 -0 93 -2.19 1 69 -1 89.1 44 5.19 I

J 27 0 90 -1.13-0.25 3.99 0.020.74 S.53 1 33 -0.34Tl -1.20 -1.60 0.79P.K x Cl.Sp l 89

T
2 87 -0 00 -2.19 -0.430 23 -0 15T2 -1.04 -0.44 -12.77 -2.09-3 19 0.381 k i

0.363.27 -1.66 -0.340 00-1. 19 0 47 -0.1 1Tl 0.56 0.59 13.75 10.72-3 35 0 32C.R. x Cl.Sp I
i 4 67 l 58 2.483 65 -0 0310.03 0.28030 0 43T2 -a 36 1.38 0.09 6.64-1.85
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Tabie-27 Estimates of reciprocal effects for various characters in a set of diallel crosses

among six okra varieties tinder normal (Ti_) and drought (T?) conditions

Reciprocal effects
Crosses Days to

first
flowering

Height of Days (o

50%
flowering

Relative
growth rate

of fruit

Number of
branches
per plant

Water
content of
fruit f%)

Fresh
fruit yield
per plant

Days to

maturity

Diameter of

pod (mm)

Plant Number
of seeds
per pod

Number of
pods per

plant

100 seed
weight

Seed
yield per
plant (g)

Treatment
first height i

iflowering
node (cm)

(g)(cm)
(g)

No.8 xG.V T1 2.72 •1.77 -4 23 0.43 -0.052.73 -1.33 -0 80 0.13 -4 77 -2.00 •0.300.23 0.18

T2 0.88•1.82 3.18 235 0.45 0 550 85 -0 20 0 03 0 780.02 -2 72 0.40 0.05i

TI •2.33 -5.C0Nu.8 x
DLPC

-0.33 1.50 1.001.00 -4.61 -0.93 -0 05 -3 10 -0 01 0.40 0.17 -0.40

T2 -2.85 1.00 -2.33 -3.50 -0 832.00 -1.83 -0.47 -0 05 0 00 0 1 ! -3 03 0.04 0.40

] No.SiP.K. Tl 1.60 0.67 -6.67 4 00 -2.33 3.33 2.67 O.OX -1.35 0.01 0 90 0.65-0.U3 -0.40
iI T2 1.67 -0 50 3 67 2.17 0.83 0.00 0 50 4.C0•I) 42 0.02 0.04 -3 33 0.08 0.30i

No.8 x C.H Tl 2.17 -7.50 -1 83 -7.50 -1.67 -.) 42 •1.50-0 03 -1.80 0 04 -0.30 0.30
i

i
lT: -3 83 0.00 -3 33 -3.50 •I 67 -I 50 -0 28 -0 16 0.08 -3 78i 33 -0 38 030 0.40

-155 I 0.02TlNo.8 x

CI.Sp
2.48 0.67 6.50 - 1.00-4.33 0 00 I 83 0 50-0 02 0 04 0.15 -0.80

T2 3 53 -0.50 3.50 -2.67 0.83 -3.50 2.00 •0.50 0 02 •0.054J.4X -0.13 -l 80 -0.23

TlC.V. X

DLPC
2.65 0.17 4.83 3.00 -0 03-2.33 4J.50 0 67 825 0.03-0.75 -0.30 0.09 -1.00

T2 -2.33 0.00 3.83 2.33 -1.50 2 671.00 0.00 3.33 -0.02 -5 53 0.184J.XX 0.10

iC.V. X P.K. Tl -3.35 •0 50 -2.60-1.45 -0.47 5.602.82 0 00 0.51-1 83 -0 35 0 0? -0 20-0 41

-2.83 -0.63 -2.35 -2.10 0 52 ion 3.50-0 83 •0.52 o u: 1 33 -0 300.04 -0 15

C.V. X C.U. T! -2 67 -2.67 -7.00 -1.50 -1.00 1.17 0 03 -3,83 0 04 -0.554.17 j; OX 005 -0.20r
\

T2 -2 33 -1.50-1.17 -2.17i U.83 -0 X3 3 83 -0 334J 17 •0 02 •3.22 0.16 -0.80.ÿJ 4X

Continue ..
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Reciprocal effects
Crowes Days to

first
flowenng

Height of Days to

50 %
flowering

Relative
growth

rate of
fruit

Fresh fruit

yield per
plant (gj

Water
content of
fruit (%)

Days to

maturity
Diameter
of pod
(mm)

Number of
pods per

plant

Plant
height
(cm)

Number of
branches
per plant

Number
of seeds
per pod

100 Seed
yield per
plant (g)

Treatment
first seed

weightflowenng
node (cm) (g)

C.V xCl.Sp T1 •3.00 -1.67 -3.00 -3.00 1.17 -0 |7 -0 17 -0.83 4) OX 2.17 0.20-0.02 1.00 -0 50

T2 -3.33 -0 83 - 1 S3 -4.00 -0.08-2.83 1.17 -2.83 2.33 0.05 -1.67-0 iI -0.01 -0 50 '

DLPG x P.K. Tl -2.30 1.32 -5 50 -167 -0.05-4.35 -0 03 •2.98 -0.12 -7.57 0.10 •0 87 0.33 0.60

T2 -2.08 0.83 -8 15 -2.62 1.17 0.350 00 0 IS 0.02 -0.53 0.07 -0 10 0.48 0.50

•3 33DLPG x C.R. Tl 3 501.00 -4,00 •3 17 -3 S3 -O.X3 0.52 -5 00 0.02 -0 25 -0.50-0.03 0.80

T2 3 00 -0 <0 •4.00 -2.33 3 67 -1 17 1 00 0 32 -0 15 -3.67 •3 574)02 0.34 -0.80

TlDLPG x C-Sp -4 67 -7.t>7•1 67 -1.50 1.00-1.67 -2 .17 ! 83 0 (if) -4.22 -0 04 0.45|J 0 1 -0.10

T2 •2 00 -0 67 -8.00 -3.67 0 00 0 17 1.17 0 27 -0 09 -2.50 -1.00-0 04 •1 98 -0.29
i

TlP.K x C.R. 5 00 0.67 -5 50 3.17 -I l 67 0.171.33 0.50 0 03 -3 67 o.ox -3.50 -0.304)55

T2 3.50 033 -8 50 4)33 2.33 117 0.00 0 88 -0 11 -0 42 -0 00 3 40 -0.500.01

TlP.fCxCl.Sp 1.83 0.17 3.67 0 00 1.503 83 -2.00 -3 CO 0 33 -0.50•0 01 3 62 -0.02 0.22

T2 1.83 0.00 4 33 1.17 -I 53-I 67 3 67 -0.83 0.37 -0 09 -6.30 -0.600.00 0.39 I

C.R. x C7.Sp Tl *1.50 4)17 0 17 •5.50

t
I 00 5 831.50 -4 33 -0.17 -0.03 I 50 •0.50•0 U2 0 20

T2 2.00 0.17 4 33 1.5041.67 -I IT -O.X3 -0 22 0 05 -2.22 -0.27 -0.400.83 0 02

!04
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Table: 28 Heterosis and Heterobeltiosis in 30 F] crosses of okra

under normal and drought conditions.
Crosses Heterosis Days to first

flowering
Height of first
flowering node

(cm)

Days to 50%
flowering

Relative growth rale i Water content of fruit
of fruit

fresh fruit yield per
plant (g)

Days to maturity
<%)

T1 7*> T1 T2 T1 T2 T1 T- T1 T2 Tl T2 Tl T21

THt.% | -1.40
Htb. (%) I -6.74

No.8i •18.13
-45.45

36.7 -7 93 - 13.72
-26 42

-24 5 35.65
32.55

-4.44 •• - 7.95
-18.18

0.95 32.443.66*
1.02

-2.49 -3.28* m

G.V. -15 00 8.5 -16.1 -40 7 -1.73 29.65” -7 37 -6.91
Ht.%

Htb. (%)
-10.66
-18.35

No.8 x
DLPG

-11.23
-19 34

-19.19
-3742

-15.79
-20.99

9 87-2.00 -14 32
-20.18

-1.95 -0.35 j 24.80
-0.69 I 22.45”

-2.12
-2.23

10.48'
-16.20

12.96 -13.04
-17.50

••
-29.03 9 34 5.44

No.8 x 5.59
2.16

Ht.%
Htb. (%)

-0 44
-2.89

3.75 -4.25
-5 33

-15.86
-17 19

1.17 -3.60
-4.54

1 1 28* -7 84
-7.89

3.54**
2.95*

4 91 42.1•« -21 58
-25 5 1

-17.04
-17.52PK. -3.88 -0 47 -7 850.41 37 2••

No.8 x
C.R.

Ht.%

Htb. (%)

-5 23
-8.22

-5 50 -20.52
-34.37

-12.07
•1545

-33.68
-44.93

-13.56
-15 32

-23.78 -:u 97 | -2.06
-25 71 ! -2.27

-2.50
-4 16

-16 19
-28.61

-23 79
-32.35

-10.45
-17.53

-7.04
-7 94-4.95 -3 3 33

Ht.%
Htb. (%) I -3 99

No.8 x

Cl. Sp.
".07* -16.60

-40 GO
5.25
-3 70

-40 73
-54 65

l 21 -8 12
-15.69

-5 51
-15 98

'i-; -i -0.55

-2.23
-0.73
-0 75

2.92

-12.69
0.74-I 1.98 0.25

-5 36 S 78 25 88 -4.92 -2.44
G.V x
No.8

G.V. x
DLPG

-5 36
-15.46

HL%

Htb. (%)

2 15 -5.44
-37.00

28.1 -15 79

-25 18
2 17
-6 88

-30 48

-40 71

•• 2.65
0 03

202 0 55
-5.52

-41 ll 38.5 30.46 -4.64•• •
:

-9 14 1.67 -53 79 -0 69 35.4 27 71 -8.22•• ••
-15 22 i -31.32
-17 20 j -40.19

-7 32Ht%
Htb. (%)

-19 15
-21 78

-15 26
-20 04

-7.99 -10 92
-23 27

55 32
48 yfi

-37 79
-51 02

-0 33
-2.76

•1.19
-3 49

-1.65
-6.40

12.99
10.60”

-5.69
-7.09

P • •*

-9 63 -10 14 •p

G.V. x -11.07
-IS M

Ht.%
Htb. (%)

-1076 | -34 59
-18.82 1 -54.54

-2 24
-21.49

-723
-16 30

-33 1 l-20 00

-29.9
-36 7! 1 063.10* 62.49

54.3**
6.92
-0.71

-7.84
-11.80

« p

4.14
P.K. -37.22 -0.67-14 55 0 53 *.54

2 21 s 30 3”
3.73

G.V. x Ht.%
Htb. (%)

-7.50
-14.93

-12.34 | -28.19
-20 97 t -15.77

-16.86
-21.38

-1 1.38
-16.34

-23.37
-30.63

-27.25 -45 01 2.83 -3 95
-13 09

9.00”2.12
C.R -29.37 -54.72 1.19 -2.07 -3.060 38 **

-29 66
-32.09

G.V.i
Cl. Sp.

-17.79
-18.14

-16 29Ht.%
Htb. (Vo)

-42.83
-49.76

-21 81
-25 58

-11.73
•14 13

-14.46 | -8.62
-33.73

2.63 -9.05 -8.81 -18.83
-19.75

24.1!**
40 37”

-7.32
-7.95-20 45 -5 5 31 -9.96! 0G0 -21.83

DLPG x Ht.%
Htb. (%)

-2.03
-10 47

-0.62
-9.70

-10.91
-35 48

-28 51
-44 65

-2.08 -l.36
-1.47

-9.65
-15 23

43 80 -4.98
-5 38

i41.8

30 3** 45 11
21.62
19.39*

-5.40

—1 37
106** -8.57

-13.26

»p •*i

No.8 -8 78 3.22
DLPG x Ht.%

Htb. (%)

-16 05

-IS.14
-7 51 -32.23

-10.99
-19.15
-21.78

-1875

-20 65
-24 16 2.38 56.38”-29.4 l

-38 96
-54 ::
-u5.96

-11.95
-13.26

5 10 10 72 -6.16m m

G.V. -9 o$ -28.44 2 53 50 0 -7.880.00 87.32*
p

DLPG x -2.51
-8 11

-1.46
-11.17

HL%
Htb. (%)

10.6011.20
-15.16

-8.88 -8 22
-160 -15.19

-1423 051 0 64 17.17”
15 20*

-10.45
-21.01

0 97
-4.39

-6.43-4.99
-10.84P.K. -13.36 -21.77 0 00 -11.720.45

DLPG x Ht.%
Htb. (%)

-5.53
-11 04

4.68 3.18 -19 79
-26.59

0 96
-2.32

-15 70 -24 56 -4 68

-33 33 -I0.no
1.89—J 22

-4 27
4.59 -6.15

-lI 58
-3.34
-4 65

-24.45

-33.86C.R. -12.92 -19 34 -10.56-9 45003

HL% | -9.62
Htb. (%) I -1 1 50

DLPGx
CI.Sp.

-7.75 -34 04
-34.74

-9.18
-9 54

) 37-13.66
-13.12

-15.26
-17.25

-9.52
-20 38

i 3 82 39 36 4.43
3 22

-1.86
-4.39

-4.40 -6.50
-21.32

9 m

-10 32 tl IM‘ÿM -4 53 16 33*
Continue.
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fresh fruit yield per
plant (g)

Crosses Water content of frurt Days to maturityDays to first
flowering

Days to S0*/«
flowering

Height of first
flowering node (cm)

Relative growth rate

of fruit
Heterosis

(%)

T1T2 T1 T2 T2T1 T1T2 T1 T2T1 T2 T2T1
Ii

I 35.31
I 30.63

-3.25-21.33 -18.34
-18.81

PK. x Hl% •13.27
-23.X2

-5 54
-6 47

-9 38 13.56
J2.2S

» «-7.16
’3.94 I -9.45
-0.72 -5.08 -9 33

-10 79
-15 16
-23.45

-2.44

-2.60
i

iHtt (%)No8 -3.80-4.61•10.S3 •*-12.06
3.05* -2.65 •0.37

-4.65
67.19
57.95"

5.82PK. x Hi%

HTD (%)
-14.12 ! -18 o2
-24.75 ! -23 62

3.85 -6.02 2342 419" 4 a0.61 -0.71 -24 61
-47.61G.V -7.03-1.731.59 1.29-16.60 -15.22 -32.91-7.38 -9 68

-9.290.54 -1.04
-7.14

0.59 0 64 23.16
21.10

P.K. x

OLPG
5.73 13.56*

4 94
2.92 472

-3.46
j 12.20'

4.15
11.44
-1.71

a a3.12 007 •a

H». (%) -4.790 00 -14.410 53 a a-23.65 -19.37-0.34 ~U2
-2.52
-2.92

-0.96-18.92
-31.32

4 41 10.78

-2.74
8.24* | 3.38
8 14 I 2.36

-22.05
27 51

-0.49
-0 62

•«PK. x HT.% 27.55*
12.50

3.85 -7 96

-11.26
-18.50
-2! 29

6.80
hiD IS)C.R. 3 65* -8.30-1.22-10.14

-27.43 3 79 -8.00-1 50

-2.24
48.10"P.K. x

Cl.Sp.

HT.% -5.44 j 14.92
-l-i.51

15.51
-1031

-2.19
-2.26

2.28-0.15 -3.06

-7.41

•0.83-1.32
-25.26

m m

Hit, (%) -1.52 -10977.5022.08"-6.55-23.25 -5.36-7.7
-6.25-13.79 j

-16 51

•3 05 -27.20 -2.81Ht% 10 95 1.41C.R. x -4.37
-6.31

-7 90

-!9 44

2.10-33.68
44 93

3.95*12.13
10.44

-7 28
23 44

HID {%)No.8 -13.66-3.76-0.31 -17.41 -3.391.924 292 84
: -7 89

-11.67
-1.27HI.S

Hib <%)
0 20 22.03 -1.715.16*C.R. x 1.80 | -3.99

-16.51 I -1344

-0.77 -19 74

-27 34
•19 17
-21.53

-30 42
42.70

••-11.30
-33 01

-l 84

-7.33G.V. -12.20I 994) 80 11.072.65-6.16
-0.75

-12.87
-22.49
-31.24

11.21 -4 18

-9.73

Hi% 2.97-
2.91*

-I L98
-13 IX

C.R -15 84

-22.98

-7 29 -5.3X
-9 46

0 58 16.50
10 00

•€6.43* 1 -6.34
0.22 | -13.70

-4.46
-19 35

Hib (S)OLPG x. -3 73-10.30 -II.11

-0.96•2.94
-3.34

30 61
14.67*

-21.69
-33.67

-3.52 -1.13C.R. x HI*
HID 1%)

17.95
12.19

15.86 |
!1.71

-36 72 a a-1054
-11.42

20 46
6.25

3 36 •19 41
-25.05

-10.85 [
-1094 I

iM

PK. -8 30-1.8538 89 -3.61-13.04 a a

16.74**
4.87*

0.80 14.51-30 00

-18.68

•«C.R x
Cl.Sp.

HLH
hit (S)

2.08 25 85"
-6.22

-11.55
-22.09

-6 51 •7.76
-13 72 : -46 29

-32 16 IS 26-0.25 -9 43
-24 21

-4.15
-11.50

i

0 80 9.09a a1.89-9 19 -2 86-5 61
-4.76
-7.32

-3.67
-9.09

-2.46
-17.90

Cl.Sp x HI %

HID (%)
-10.34
-16 37

-36 17
-51.16

-14 77

-20.31
-17.U9
-23 92 [

55 74

44.76
1.53 141 2.92-22.46

-44.21
30 62
16.15

-1.90
-12.04

•a
I

No.a 1.51 -0 31 -12.69« •

-2.64

-l1.99

-12.99-24.64
-2.21
-3.18

62.85"
40.73**

-6.94
-7.57

HIS
HID. t%)

-5.03 -25 51
-28.07

22.71
-13 13

Cl.Sp. x -8.12 -4.92
-9.68

-33.76

41.79
-15.70

-19.77
5.80

G.V. -S.5I -7.61 -18.04
-4.63-6 96 0.32Cl.Sp. x

DLPG
HI% 27 49

12.20*

-0.62
-0.75

1.37 52.09"-8.93 54 87

33 46
-0.78
-3.55

-23.40
-24 21

8.38
7.94"

4.025.81 « « •
HID {%) -7.090.8520 74 -21.710.001.573.61 -10.46 a a

-5.902.99HI% 55.29"
28.00

-36.71
-48.98

Cl.Sp. x 2.43-2.71 -6.83 -16.72 | -1320
-24.71 I -2942

2.34-6.57
-13 66

-9.94
-13 98

-0.83

-23 25

4.44
hib (%lPK. -18.941.69 -2.27 •2.26-26 32 -13.79 -1891 ••

19.00
6.91”

•aHIS
Hib (%)

-2 79

-2.74
14.91"
9.47"

Cl.Sp. x -18.66 j 6 43

-23.92 j -15.74
34.53 -9.90-14.84

-4.83
-6.90 -1.32

-1.44
-7.83

-12.78
-8.18 25.22 •al.ll

-23.16 |C.R 0.25 -15 20-6 64 -9 5X 2 86
3.89C.D. 5% 14.46

19.23

4.822.46 2.27 15.12
20.11

4.683.53 3.28 3.99 3.68 5.05 2.99 2.99
1% 5.186J86.71 3.024.69 4.36 6.23 3.98 3.98 3.285_32 4.90
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Seed yield per plant
1

Number of branches | Number of seeds

per plant
Crosses Plant height (cm) 100 seed weight (g)Diameter of pod (mm) Numbers of pods

per plant
Heterosis

(9)per pod

T2 T2 T1 T2T1 11T2 T1 T2T2 T2 T111 T1

11.58*-6.69
-10.52 i

7.502.64

-121
-32.02
-34 22

4.661.59 -20 70
—14.81

-2.94
-29 50

41.24 2S 57
-7.95

7.42 ! 8.85
3 50 ! -0.93

•« •*No.8i tin*Ht%
Hth, (Vo) -2.27 1.92-2.070.00-8 67 1.04G.V.

-J) 10 -22.31
-3 03 -25 64

-9.16 -2.67
-16.54 -4.90

-4.76 -6.45-1.73 73.01-2.66
-10.55

-6 58
-24 89

5.39 •*No.8i
DLPG

-9.56
-14.87

-3.21
-5 00

-5.12
-23.60

Hc.%
Hth. (%) -11.52-6.67-5 85 -35 77 12.12

-10.48
-13.09

-8.79-28.86
-36.05

28.75
27.54-*

-1.805.21 -18.99
-27.27

10.48**
-4.23

1.50 -0.34 16 75* l 82No.8i
P.K.

-5.35
-9.29

1.11Ht.%
Htb. (%) -14.11 -8.11-5.59 -18 24-22.12 -2.14 -16.541.14

-7.57
-19.44

6.33-21.15
-25.62

-12.56
-26.14

-8.10
-24.85

19 05
-5.30

-19 33
-26.23

-11.88
-22.12

-7.41 3.98 3.32
2.19

11.18 -12.86
-26.72

No.8i HL%
Htb. (%)

-4.41
-5.25 -24.33-1005-22.7010 25C.R.

2.20 -3.32 -36.65
-15.74

-47.80
-64.01

17 38** 2.56
0.36

3.80-0.525.37
-10 00

3.25 -3 72 -13.50
-27.48

-3.97No.8i
Cl. Sp.

2.06HL%
Htb. (%)

Ht.%
Htb. (%)

1.76-12.24 -14.4412.09-19 39 -29 93 •m-9.72-1.21 -11.84
-21.70
-24.92

11.25 10.88*-27.90
-30 23

-1.02
-7.38

12.60
7.29

»•20.63*

-13 64
-5.36 9 02

-20 82
52.58

8.03

•*-0.20 -0.51 10 19 •10.30
6.28

GV.i
No..8 1.281.14«•0.21-9.44 -31.14-10.28

-12.19
-15.38

4.92- -1.82 -1.23
-8.52

7.29
-9.65

-1 1.93
-13 60

-39.36
-40.04

1.154.20 -4.05
-16.04

40.22-
26.30

-1941-
29 70

HL%
Hth. (%)

-3 59 -3.94
-14.66

GVi
DLPG 3.696 78-22.81-1785 -3.52

3.29-M 95
-23 02

-33.57
-38.45

10 62 2.57
1 27

-3 2418 5 -46 67
-55 02

-2 65
-11.67

-2.77
-18.91

-43 2 1
-56.19

-II 43
-M 57

GVi HLVO
HTB. (Vo)

5 80 4.44 •

-6.82 0.642.612.71-1.06 -2.08P.K.
-15.19
-31.82

-5.36
-35.89

-4.71 9.78 21.89*
-3.51

-15 32
-14 22

-1.59
-22.01

-42.96
-50 64

-21.47
-29.96

-17.55 I -1432
-19.71 I -30.18

-3.76
-6.77

-11.50
-31 04

1.25 -1623
-40.30

GVi HL%
Hth. (%) -1.69-15.41-1799CR

5.78 -51.61
-61.54

-1.35
-5.02

42.99
34 21*

14 20** -29.88
-33.55

7.011.55 1.36 -9.730.88 -19.57 -6 31
-37.50 26.17

GViCL Ht.%
Htb. (Vo)

m m

2.67-14.28-1009 -10 53 1 5 95-12.79 -16 95 m•Sp.

-6.47
-10.48

0.68 -12.30
-17.05

-3.54 4.15
-6.35

-o 57 7.78
-34 31

34 50
-12.87

-2.313.30
-5 06

8.31DLPG x 0.84 -1.00 0.93Ht.%

Htb. (%) -5.01 -1.33-11.37-5.09 12.78No.8 -2.83 -3.31 24 89
-13.52
-16.67

-1048
-12.17

-8.04 -8.36-11.48
-12.40

11.045.64 -31 62

—40.36
1771 •m7.73

—4 28
5.60

-2.24
-32.72
-44.77

44 94
-35.09

DLPGi Ht.%
Htb. (%)

4.28
16 50 -9.84 -10 10 2.844LS8-9.98GV.

-2.87
j -6.75

2.5045.21
-48.70

15.67 29.27-18 23
-27.25

••-12.76
-14.47

-20 93
-21.52

46.28
-7.22

DLPGi -5.68 -0 83 -5 33
-7.39

11.54* 8.33HL V«
Htb. (%) 1.355 36 28.42-9.16 -25.71 m-14 68 3.57P.k.

-17.51-
29.33

-10.00
-37.79

27.7 44.09
15.72**

3.16-5.13
-28.85

-3.05
-5.86

-7 74
-12.43 j

-25.50
-35.22

-14 23
-18.02

5 3S

-3 -43
-50 00

-69 40

•»DLPGi Ht.%
Htb. (%)

4 50
-12.90

-13.69

-24.72 -9 32 15.40C.R

-6.74
-12.56

-15.73
-24.06

40.84
-51.61

2.13 -1481
-1641

105.62
83.00

11.56-18.76
-22.84

DLPGi
Cl.Sp.

0.00 -5.75 -2.23
-9 15

46.51
12.50

V *Ht.%
Htb. (%)

1.88 4 86
-5.24

»

-10.07 j -18.05 9.71- -19390.!6 ••

Cent... .

107



1ÿ
Seed yield

plant(g)

-’V

100 seed weight (g)Heterosis Diameter of

pod(mm)
Number of pods

per plant
Crosses Plant heighl(cm) Number of seeds per

pod

Number of branches

per plant

i12 T2T1 Tl 12 Tl 12 11 T2 11 12 Tl T1 12i .
i

-6.38
-10.28 I 6.98

7.36 0.37 -12.70
-21.51

•13.68
-16.30

No.8 X HL%
Hth. (%)

1.02 -28 27 i 6.49 9.73
8.69

-3.58
-9.20

1 91 -4 80 0 91 •* -6.14i

G.V. 0.68 -23.02 -7 69-12.02 -18.98 ! -35.61-2.86 -12.16
No.8 x
DLPG

10.67 I -3.87 -1781
*31 45

-17.09
-24.96

-0.88
-154

5 62
-8 47

-57 41
-67.14

HL%
Hth. (%)

-*.08
-12.96

3.55

-2.92
-17.14
-55.42

-39 83 23.4** 13 7» 5.26
2.563.50 -7.06 -14.25 14.5 12.22

No.8 x -5.12
-14.17

-5.34
-13.29

0.00 -17.33 0 58 5.01 11.21*
10.49*

Ht.%
Hth. (%)

1.51- 13.10*
1.89-

-21.53
-46 19

-14.47
-23 90

-44.74
-48.26

-10.54

-14.11
-4.32
-5.40P.K. -2.17 2.62 -1795 -31.32 -4.34

7 28
1.94

-11.81

-26.09
-8.72
-25.24

-8.89
-24.54

Ht.%
Hth. (%)

No.8 x 5.66

5.15
0.51 15 31*

6.39
0 46 -11.74

22 86
-9 49 -8.94

-24.35
-25 43
-40 41

-1.64
-32.43C.R. -10 91 15.1 -18 66 -17.31a•

No.8i
CL Sp.

2.00 | 2.55
-6 27 l -6.41

-10.49
-26.90

22.5
4.42

Ht.%
Htb. (%)

-6 50
-17.53

22.1 2.60 -5.03 -20.00
-40.95

19 2 -25.34
-34.16

0 16 -14.28
-19.79

-33.33
-45.94

*• • ••
7.69 -2.3613.79* -3 99 -20.48 ••

G.V. X
No..8

HL%
Hth. (%)

15.2-
-0.39 i 14.2*'
0 50 10.34

20.77
3.27
-5 55

-2.06 -22.61
-36 71

-12.35
-23.61

-2.35-2.87 0.84 6 26 -2.58
-3.65

-5.2-i
-24.62

-13.76
-18.04-18 32 -15 81 -8.07 -17 08 -30.23

-20.38 : -10.26
-28.99 I -12.83

15.68
31.30

-24 61
-4627

9.78G.V x
DLPG

Ht.%
Hth. (%)

-2.41
-23.95

9 23*
-13.43

2.56
-16.93

-35.55
-44 23

-10.74
-11 69

13.8 7 89 14.6- -12.37
-29.54

•a

-9.25 -25.641.03 -3 39

G.V t -13.45 1 -8.57 | -24.00
-17.85 I -16.62

8.35 -29.96
-40.00

6.00HL%
Hth. (%)

-3 82 4.02 22.6 -53 66
-7164 j -21.15

5 13 -1.85 23.4 28.0•• •* a

P.K. -33.91 -4.69 8.50 2.77 -26.73-16.11 -0 57 12.30* -1.23

HL%
Hth. (%)

1.14 -6.87 -1.02 35 8‘*

27.4
1727*
8.21

-26.78
-39.17

-.20 -26.06
-40.91

8.20-2.62
•20.24

-1429
-30 60

-13.66
-24.76

5.24
-3 85

-4.44« «
G.V x :

-3.89 -7.32 -12.27 -25.68-10.14 -20.86a a

C.R
G.V X CL 7 62

3.85 I -8.93
HL%

Htb. (%)

0.22 -8 95 0.75 27.1
26.3**

27 7 -29 47
-50.0

-12.50
-28 20

3 59
2.27

20.5** -0.46
-26.53

46.3 -10.20
-29.41

8.60a aa •

Sp. -27.60 0.37 12.5 -13 0425 8 a a 19.3a a••
DLPG x Ht.%

Hth. (%)

3.44 2.43 0.29 -5.61 3 20 8.29 12.6*
10 2*

0.18 4.36 6.34 -32.43
-42.12

2.59
-27.74

-52.75
-67.42

14.9a a

No.8 -1.03 -6.21 -11.28 -20.86 -7.50 9.71 -15331 3 92 -5.88-13 38 a a

DLPG x HL%
Hth. (%)

11 34
-3.75

-43.55
-55.13

2.64 -0.72 -13.94
-33.12

-12.46
-30.96

-7.73
-24 39

-2.65
-.3.50

9 45" -20 89
-25 04

J .91 -0.91 1 1.314 08 a a

-9.13 -3.82 -18.37 -4 59G.V. 9 18 8.026.14 •*m m

DLPG x HL% 1.88 -23.94
-37.S4

-7.98
-8.35

-0.39

-10.42
-3.27 65.11*

26.78
6.72"

4.94*
3.82 -9.50

-28.57
-3 33 -14.54

-22.99
1.42 9.31 1 30 a a

0.16P.k. Hth. (%) -13.05 1.57 -2.65 -5.16-8.13 105a a

DLPG x Ht% 2.01
-6.28

-2.14 -6.10 -5.25
-22.62

0 72 -17.76
-27.47

17.36 -14.68
-16.82

-8.57
-14.43

-23.33
-37.84

31.9" -21 93

-42 38
12.8**9.08

C.R Hth. (%) -10.68 -17.19 1.67 -15.66 1.92 0.0023 4 a a

Ht%
Hth. (%)

-3.63 1 2.99
-7.00 i -6 41

19.46DLPG x
Cl.Sp.

-7.86
-26.74

-3.47
-4 69

-5.99
-30.61

59.3**
29.8

-3.00

-3.36
4.65 23.5

4.04
-23.16
-45.52

-21.09
-35 26

34 1
25.1

a a -3.40a a

-4.353.95 -24.06a a a aa a
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Table-29 Scaling test for adequacy of the additive dominance model

under normal (Ti) and drought (T2) conditions.

:

!

Test for ConclusionTreat
incut

Joint regression
analysis

Test for
b>l)

parameter

li=l

flowering NS NS Tlic test docs not suggest
adequacy of model._

TI 1.030 + 0.409

T2 0.628 + 0.238 NS NS -do-

JMof first flowering

*tcm)
TI 0.821 +0.295 + NS The test suggests adequacy of

model _

T2 NS NS The test docs not suggest
adequacy of model._

0.511 +0.545

,io 50% flowering TI 1.123 + 0.435

0.604 + 0.157

NS NS -do-
T2 NS The test suggests adequacy of

model __
The test docs not suggest
adequacy of model.__

,;ii\c growth rale of TI 1.075 + 11.416 NS NS

T2 0.809 +0.350

0.232 + 0.532
NS NS -do-

..-r content of fniil (%) TI NS NS -do-
T2

___
0 538 + 0 290

TI 0 475 + 0.192
NS NS -do-

ti fruit yield per plant NS The test suggests adequacy of
model

T2 0,528 + 0.175 * NS -do¬
te maturity TI 0 3.39 + 0.250 NS NS The lest docs not suggest

adequacy of model.
12 0.671 +0,530

0 395 + 0.220
NS NS -do-

rclcrof fruit (mm) I NS NS The test docs not suggest

adequacy of model_
NS2 0.496 + 0.190 NS -do-

3:cr of pods per plant l 0.797 + 0.137 NS The lest suggests adequacy of
model__

T2 0.835 + 0,064

0.933 ±0.146
* NS -do-

lheight (cm) TI A NS -do-

NST2 0.642 + 0.488 NS The test docs not suggest
adequacy of model_

'her of branches per TI 0.833 +0.155 NS Tire lest suggests adequacy of
model,_

i

T2 0.7.34 + 0.638 NS NS The test docs not suggest

adequacy of model _
her of seeds per pod TI NS NS -do-0.459 +0.324

T2 0.412 + 0.478 NS NS -do-
ced weight (g) 0.835 +0.064 NS The test suggests adequacy of

model
12 0.444 +0.250 NS NS The test does not suggest

of model_
1yield per plant (g) TI 0679 ±0.120 NS The lest suggests adequacy of

model
NS -do-12 0,845 ,+ 0 31)
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4.3. HETEROSIS, HETEROBELTIOSIS,

INBREEDING DEPRESSION AND DOMINANCE

4.3.1. Days to first flowering

It is an important trait in determining the earliness of okra. Earliness of okra plays

a key role in drought determination. Separate analysis of variance shows highly

significant differences among generation means in all the crosses under normal and

stress conditions (Table-30). Generation means and variances of this trait for both the

treatments are evident in the Table-32. It is obvious from the data that all the generation

means reflected significant differences among the parents in both normal and water stress

treatments. The amount of variability was generally greater for f 2 and back cross

generations, than in F| or parental generations under both conditions.

The prominent earliness in days to Hist (lowering (13%) was observed by the f'»

generation in the cross No.8 x Green Velvet due to water stress. All the other generations

were not affected by inducing water stress for this trait, from the results it is clear that

water stress caused acceleration in earliness for days to lirst flowering. Therefore the

crosses securing lower values are suggested to be favoured, Decause in the plants

vegetative growth is retailed and reproductive growth is enhanced due to water stress

and the direction of nutrients supply is converted towards reproduction.

Negative heterosis and heterobeltiosis were observed in the cross DLI’G x

Parbhani Karanti in both treatments. In this case highly significant inbreading depression

was decreased by giving stress, in normal conditions highly significant heterosis (4.40%)

in the cross No. 8 x Green Velvet were changed into negative heterosis under stress

conditions. Negative heterosis due to stress in the crosses provides evidence that genes

for days to first flowering are acting towards the direction of lower parent.

The magnitude of highly significant inbreeding depression in the cross Parbhani

Karanti x Green Velvet were increased at some extent under stress conditions. All the

combinations showed incomplete dominance in both normal and stress treatments.

J no



Table No- 30

Mean squares for various traits in three okra crosses

under normal (Tl) and water stress (T2) conditions

Df Days to Heignt or' Days to

50%
flowenng flowenr.g flowering

_ node

Source Relative
growth
rate of

Fresh fruit Days to
yield per maturity

plant

Diameter Number Plant
of pod of pods height

per plant (cm)

Number of Number
branches of seeds
per plant per pod

Water
content

100 Seed yield
first first seed

weight
per

of plam(g)
fruit fruit(%) M

(T1)

(DWRAF LONG POD GREEN X PARBHANI KARANTl)

Generation 5 44.92** 80.33** 2527 57- 53.41* 287.65*155.30* 7.96*72.89" 5 18* 0.14- 0.189** 79.56" 3.61** 6.37*

Error 12 5.26 11.46 41.20 1.92 400.25 15.63 72.2611.29 1 04 0.04 001 17 65 0.66 1.47

(No.8 x GREEN VELVET)

Generation 104 59” 274.96' 219.24- 68.66"5 20.29* 1367 70* 41.80"* 1033.07- 0.79- 102.75* 1.74* 13.14**5 61* 0 52-

Error 1.88 58 33 0.06 0.3812 39.13 12.10 5.38 337.00 3.18 1.71 156.50 0.06 21.72 1.72

(PARBHANI KARANTi x GREEN VELVET)

Generation 5 232.68’* 205.01"41.24- SI5.68"6i sr 15 34 2945.42** 22.94* 4 76 0.79" 0 16" 103.34* 2.78- 4.17-

Error 12 7.34 33.81 370.51 0.04 48 2664.03 18.69 4.04 5.86 0.S5 0.05 27.48 0.82 0.80

(T2)

{DWRAF LONG POD GREEN X PARBHANI KARANTI)

Generation 5 49.48** 44.71" 105.92** 56.40- 0.42*" 4.97"8.42* 130.87* 90.90* 0.09" 250.66- 3.80*40.98" 3.48*

Error 12 4 454.99 16 51 21.79 0.02 0.779.65 2 33 36.67 4.35 0.75 0.06 26.70 1.10

(No.8 x GREEN VELVET)

Generation 5 83.32" 117.96' 383.57- 136.07** 43.32” 407.63** 21.78" 3.25" 398 89" 4 17*0.41 ** 0.25” 230.13" 2.37*

Error 32.2112 4.28 0.03 0.881 1 00 6 03 6 59 22.85 2.42 0.61 006 29 67 37 77 0.55

{PARBHANI KARANTI x GREEN VELVET)

Generation 53.86” 406.57" 25.70- 2.48* 361 63" 2.60-5 106.09" 24157” 72.36* 11.09* 0.32" 0.09* 178.49* 1.15-

Error 6.32 55 31 0.3212 20.02 9.00 3.04 29.97 4.25 0.75 0.08 0 02 43.79 0.3314.80

m



TABLE- 31 (a)

Estimates of heterosis, heterobeltiosis, potence ratio and inbreeding depression for various plant

characteristics in three okra crosses under normal conditions (Tl).

Parbhani Karanti X

Green Velvet

No.8 X

Green Velvet

Dwarf Long Pod Green X

Parbhani Karanti
IDPotence

Rauo

Poicncc

Ratio

Potence Htb.Htb.Hib.
I.D.(%) Hi.(%)TRAITS Ht. (%)l.D.(%)Hi. (%) (%)(%)(%) (%)rauo

4.680.077.92** 0.61 -7.38-6.58 0.37Days to first flowering -0.41 12.68** 4.40**-8.11-2.51

-15.98-6.56-24.61 -47.613.51Height of first flowering node (cm) -45.45 -0.3611.20** -15.16 0.36 22.43- * -18.13

-6.55 4.23-6.02 -15.221.55Days to 50% flowering -7.93 -16.09 -0.81-13.34 -0.71 3 03-6.00

-7.63 -4.63-34.42-33.7 -22 98Relative growth rate of fruit -1.47 ! -4.96 -7.26-21.77 -19.51-14.22 -0 48i

0.331.641.592 13 4.19*Water content of fruit (%) 1.13 3.66 1.02 1.400.97 0.57 2.43

i 13.5457.95**8.75 3.30 67.19** 1 1.42Fresh fruit yield per plant (g) -25.71 35.65 32.5117.17** 15.20* 9.87

-0.56 -1.49-1.15 | -2.65 -7.03Days to maturin’ -0.62 1.60 -4.91 -9.68 -0.93-9.88-4.08

0.44Diameter of pod (mm) 10.67** 3.50 1.54-7.81-11 68 1.59 -8.67 0.14-5.68 -1468 -0.54

-18.42-Number of pods per plant -1.30 0.S2 -12.96 0.08-0.39-0.44 5 13 9.35 0.96-7.39 -0.20

-71.46Plant height (cm) -31.64 -31.37 -42.76 I -1.57-6.32 -53.95 -20.69 -44.81 -0.47-12.65 -14.36 i

-54.05Number of branches per plant -1.831.00 58.39** -54.32 -55.4236.28** -7.23 0.77 51.95** 41.24 0.00*m

-5.58 | -16.99 -37.96Number of seeds per pod -24.86 | -1.62-2.21 0.53-27.25 -4.15 2.64-18.23 -1.47

100 seed weight (g) 14.49 3.00 2.53**0.68 -21.12 23.44**15.67** 1.60 4,66** -2.075.36 1.92 i

« i
1.67 | 13.16 -4 54 ! -0.23 7.79**Seed yield per plant (g) 24 42** -0.8S7.50 0.75-6.75 -2.27-2.87 »*

1 12
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TABLE - 31 (b)

Estimates of heterosis, heterobeltiosis, potence ratio and inbreeding depression for various plant

characteristics in three okra crosses under stress conditions (T2).

Farbhani Karanti X

Green Velvet

No.8 X

Green Velvet

Dwarf Long Pod Green X

Parbhani Karanti
Potence

Ratio

Potence

Ratio

Potence

ratio

Htb.Htb I.D.(%)l.D.(%) Hl.(%)TRAITS Ht.(%)Ht. (%) Htb. (%) l.D.(%)
(%)(%)

4.28-9.68 -0.07-0 71-15.00 -0.36 10.44**Days to first flowering -0.59 -4.44-4.45 -11.17 9.90**

Height of first flowering node
(cm)

0.16 -22.22-16.601.47 3.8523.24**6.25 38.2** 8.4910.60** -13.36 0.38

-0.8715.26** -13.75 -24.75 -0..94-18.18 -0.63Days to 50% flowering -0.89 -7..95-15.18 4..95-7.78

-19.430.19 ! -29.97 -2.12-40.75 -0.89 -38.65-24.49Relative growth rate of fruit -0.78 -3.73-10.45 -2 1.00

1.76 2.32Water content of fruit (%) -1.88 3.05 1.30-1.73 0.350.951.81 1.16 2.82 2.87*
i

8.615.82 1.00Fresh fruit yield per plant (g) 15.05 -1.737.68 29.65 24.89-4.39 0.15 32.44**0.97 m m

0.87-0.08-037 -4.65-0.84 -0.90Days to maturity -0.59 -3.28 -6.91-3.49 -8.91 2.92

-16.173.50 | -7.06 -1.13Diameter of pod (nun) 5.14** -3.87-9.44 7.42** 1.96-0.83 -9.16 -0.09

-0.86Number of pods per plant 3.55 -2.92 0.531.04 I 4.1211.54* 1.50 3.45 11.11* 1.123.57
i

-54.83Plant height (cm) -33.02-9.58 -0.55-21.52 -27.67 -2 94 -0.08 -0.38-20.93 -53.17 -29.50

-60.87Number of branches per plant -57.41 -67.140.72 64.20** -1.948.33** -25.7J 0.18 28 85** 28.57** -7.95

Number of seeds per pod -5.02 -7.16-48.70 -9.55 -15.93 -44.26-32.04 -34.22 -39 85-48.22 -52.19 -51 42

100 seed weight (g) -10.85 : -0.82 -45.44 ! 15.60 13.92 10.62 3.65-5.19 *ÿ35.52** 34.64 54.14 I 12.03** m A

Seed vield per plant (g) 2.00 6.2511.58* 5.268.18 | 2.561.35 | 1.67 | 20.00 1.92 : 1.222.50 :

113
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TABLE-32

Generation means and variances for days to first flowering in the three okra crosses under normal (Tl)

and drought (T2) conditions

Parbhani Karanti X

Green Velvet

Dwarf long Pot! Green X

Parbhani Karanri

No.8 X

Green Velvet

VarianceGeneration MeanGeneration Mean VarianceGeneration Mean Variance

Tl

62.30 a2.12 | PI (G.V) 3.11PI (DLPG) PI (G.V) 62.30 a59.20 a 22.22

2.8552.40 c3.11 | P2 (P.K)P2 (No.8) 49.00 dP2 (P.K) 52.40 b 1.85

2.24 | FI 3.7557.70 b3.34 | FI58 10 b54.40 bFI

26 11 | F2 55.00 be 23.1453.50 cF2 47.50 c 20.31 F2

23.22 BCI 52.60 c 18.11BCI 51.60 b 15 22 BCI 46.20 c

55.50 be 16.2220.12 | 8C2BC2 55.80 beBC2 50.40 be 13.22

T2

2.2262.00 a3.02 I PI (G.V)PI (DLPG) 59.10 a 2.01 PI (G.V) 62.00 a

3.41 | P2 (P.K) 50.80 cd 2.17P2 (P.K) 50.80 be 1.79 P2 (No.8) 48.30 c

56.00 b4.45 Fi 3.11FI 52.70 bFi 52.50 b 2.31

53.60 bed 28.3232.16 F247.20 cF2 47.30 c 25.11 F2

50.40 d 24.1127.18 BCI45 80 c50.50 be BCIBCI 21.91

55.20 be 22.1024.85 | BC254.00 bBC2 49.50 be 17.12 BC2

Means sharing common letters in a column do not differ significantly at 0.05 probability level.

iu



f As a whole crosses showed sensitivity to drought for heterosis and resistance for

inbreeding depression. Negative partial dominance was changed into positive incomplete

dominance due to water stress in the cross No. 8 x Green Velvet and Parbhani Karanti x

Green Velvet.

4.3.2 Height of first flowering node.

Analysis of variance performed separately in both treatments exhibited significant

and highly significant differences among generation means in all the three crosses As

reflected by means and variances in Table-33, The parents differed significantly from

each other in all crosses in both the treatments. In general, the variances of F2 and back

cross generations were higher than those of F| or parental generations. The parental

generation (Green Velvet) showed 38 percent decrease in height of first flowering node

due to stress in the crosses No.8 x Green Velvet and Parbhani Karanti x Green Velvet and

23 to 29 percent decrease was observed by back cross generation (BC|) in these crosses.

On the other hand Fi and BC2 generations showed 24 percent increase in this trait under

stress conditions for the cross, No.8 x Green Velvet. The genes controlling this trait

expressed fully under stress environment for these generations.

In normal conditions, significant heterosis (11.20%) with negative heterobeltiosis

accompanied by inbreeding depression (22 43%) was exhibited in the cross DLPG x

Parbhani Karanti. In this condition negative heterosis (-18.13% and -24.61%)

accompanied by inbreeding depression (3.51% and -15.98%) was observed in the crosses,

No.8 x Green Velvet and Parbhani Karanti x Green Velvet, respectively. Under drought

conditions, the cross No.8 x Green Velvet had highly significant inbreeding depression

(23.24%). Similarly the cross Parbhani Karanti x Green Velvet also showed increased

positive but non-significant heterosis (3 85%) under stress condition. It shows expression

of dominant genes under stress conditions High heterosis and inbreeding depression

values point to the prevalence of non-additive gene action thus giving suggestions the

usefulness of selection in fist generation hybrids

In normal conditions, partial positive dominance (3.36) was exhibited by DLPG x

Parbhani Karanti and negative partial dominance (-0.36 and -0.56) was observed by other

two combinations i.e. No.8 x Green Velvet and Parbhani Karanti x Green Velvet,

respectively. The cross No. 8 x Green Velvet showed partial dominance under normal

and over dominance under water stress condition.

I
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TABLE-33

Generation means and variances for height of first flowering node (cm)

in the three okra crosses under normal (Tl) and drought (t2) conditions.

Dwarf long Pod Green X

Parbhani Karanti

No.8 X Parbhani Karanti X

Green VelvetGreen Velvet

Generation Mean Variance Generation GenerationMean Variance Mean Variance i

Tl

PI (DLPG) 31.00 a 52.11 PI (G.V) 50.12 PI (G.V)41.80 a 41.80a 57.14

P2 (P.K) 16.30 c 37.14 P2 (No.8) 13.90 c 23.31 P2(P.K) 16.30 c 36.11

Fi 26.30 ab 22.80 b48 1 1 FI 33.61 Fi 21.90bc 43.17

F2 20.40 be 70.71 22.00 bF2 83.13 25.40 beF2 102.11

BCI 19.10c 58.15 BCI 18.30 be 63.11 BCI 23.80 be 81.19

BC2 20.80 be 55.19 BC2 22.30 b BC2 31.00 b62.19 66.61

T2

PI (DLPG) 27.70 a PI (G.V)24.22 25.90 a 43.17 PI (G.V) 25.90 ab 60.11

P2 (P.K) 15.70 d 31.17 P2 (No.8) P2 (P.K)15.20 c 27.11 15.70 c 41.69

FI 24.00 ab 39.10 FI 28.10 a F! 21.60 be37.1 1 51.22

F2 22.50 be 63.76 F2 21.80b 77.19 F2 26.40 ab 97.34

BCI 20.10 c 57.32 BCI 67.16 BCI14 00 c 17.00 c 84.44

BC2 23.20 be 50.11 BC2 27.50 ab 59.23 BC2 31.10 a 76.39

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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4.3.3. Days to 50 percent flowering

Separate analysis of variance indicates highly significant differences among

generation means under normal conditions and significant differences under water

stress conditions. Parents of all the three crosses differed significantly from each other

in both treatments. Quantum of variability was greater in F2 than parental, F| and back

cross generations under both conditions Table-34.

The greater earliness ( 1 8 and 20%) due to stress in days to 50 percent flowering was

recorded by F2 and BCi generation in the cross No.8 x Green Velvet, respectively,

Drought caused acceleration in days to 50 percent flowering. Perhaps it is because, the

plant uses all the energy in reproductive growth instead of vegetative growth. All other

generations showed similar effects of drought for this trait. It is clear from the

generation means that in non-segregating generations earliness in days to 50 percent

flowering was higher as compared to segregating generations. Negative heterosis was

observed in all the three crosses in both treatments. Similar results on pigeon pea were

observed by Khorgade el al. (2000) for this trait. All the crosses showed positive non¬

significant inbreeding depression in normal conditions but stress caused highly

significant differences in inbreeding depression (15 26%) for the cross No.8 x Green

Velvet. In cow pea the higher value of inbreeding depression was found by Mehta

(2000) All the crosses showed partial dominance ranging from —0.55 to -0.93 in both

treatments. Similar results were found by Partap ef al. (1980) in okra for this trait.

Negative heterosis and inbreeding depression indicated that the genes were acting in the

direction of lower parent.

4.3.4. Relative growth rate of fruit

A separate analysis of variance for each treatment was carried out and generation

means at a particular treatment were compared with the least significant difference

(LSD) calculated from the error mean squares of that separate analysts. The mean

squares for the separate analysis of variance are presented in Tablc-30. Highly

significant differences among mean squares were observed in the crosses DLPG x

Parbhani Karanli and No.8 x Green Velvet and significant differences in the

combination, Parbhani Karanli x Green Velvet in both treatments. In both treatments

higher values of generation means of back crosses were observed, but reduction in

1
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TABLE-34

Generation means and variances tor days to 50 percent flowering

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanti X

Green Velvet

Dwarf long Pod Green X

Parhhani Karanti

No.8 X

Green Velvet

Generation Mean VarianceGeneration Generation Mean VarianceMean Variance

Tl

PI (G.V) 92.00 a 4.1iPI (DLPG) 87.70 a PI (G.V.) 92.00 a3.00 J. J

P2 fP-K)3.45 74.00 b 4.10P2 (P.Kj 74.00 b 3.07 P2 (No.8) 75.70 b

4.764.24 FI 78 00 abFI 76.00 b FI 77.20 b3.50

74.70 b 38.2226.31F2 73. 70 b 76.00 b F215.16 F2

BCI 31.1126.34BCI BCI 76.00 b 74.30 b89.70 a 13.76

BC2 27.32BC2 76.00 b BC2 21.11 82.50 ab12.22 89.30 a

T2

PI (G.V) 5.11PI (DLPG) PI (G.V) 4.22 91.30a81.00 a 3.24 91.30 a

4.22P2 (P.K)P2 (P.K) 3568.00 b 5.3l 68.00 c4.33 P2 (No.8) 71.00 be

5.50FI 68.70 b 5.76 FI 68.70 c5.11 FI 74.70 b

5.50F2 69.30 cF2 65.30 b 20.21 F2 63.30 d 22.13

31.16BCI BCI76.00 a BCI 67.00 cd 17.22 72.00 c17.16

25.33BC2BC2 BC2 15.11 77.70 b68 70 b 14.23 87.70 a

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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TABLE-35

Generation means and variances for relative growth rate of fruit

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanri X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

No.8 X

Green Velvet

VarianceGeneration MeanGeneration Mean VarianceGeneration Mean Variance

Tl

PI (G.V) 3.7938.23 aPI (P.K.) 33.53 b PI (G.V) 38 23 a 5.834 64

3.34P2 (P.K) 33.53 abP2 (DLPG) 27.63 c 3.213.72 P2 (No 8) 28.13 b

5.07FI 25.07 cFI 26.23 c FI 30.77 b 6.124.88

10.1113.22 F2 26.53 beF2 F2 29.17 b27.53 c 10.58

9.0736.27 aBCIBCI BCI 39 00 a 12.9239.23 a 7.22

9.00BC2 34.20 aBC2 32.10b 8.11 BC2 11.3136.10 a

T2

5.09 j PI (G.V)

2.95 ! P2 (P.K)

36.07 a 4.01PI (P.K) 4.11 | PI (G.V) 36.07 a27. 13 ab

3.2227.13 beP2 (DLPG) P2 (No.S) 20.53 b20.73 c 3.11

3.7922.13 d4,75 j FI21.37b4.80 FIFI 21.43 c

8.2226.43 be9 22 F222.23 be F2 21.33bF2 9.12

8.10 ! BCI 6.79BCI6.95 30.03 b33 00 ;iBCI 32.13 a

7.11 j BC26.75 I BC2 5.9124.20 be24.17bBC2 24.10 be

Means sharing common letters in a column do not differ significamlv at 0.05 probability level.



Fgeneration means under drought conditions showed the effect of stress Back cross (BC2)

generation showed sensitivity to drought having 25 to 33 percent reduction in relative

growth rale due to water stress in all the crosses On the other hand tolerance to draught

was exhibited at some extent by parental (Green Velvet) and F2 generations showing

minimum decrease in relative growth rate due to water stress in the combination Parbliani

Karanti x Green Velvet Variances of segregating generations (F2, BCi and BC2) were

higher as compared, to non-segregating generations (F| and parents) under both

conditions

' r

Negative heterosis and heterobeltiosis were observed by all the three crosses

accompanied by negative inbreeding depression in both treatments. Over dominance was

exhibited by the crosses DLPG x Parbliani Karanti and Parbliani Karanti x Green Velvet

in normal conditions and partial dominance in the combination No.8 x Green Velvet. On

the other hand partial dominance was observed by the crosses DLPG x Parbliani Karanti

and No 8 x Green Velvet in water stress conditions. Over dominance was shown by a

combination Parbhani Karanti x Green Velvet and incomplete dominance was observed

in No.8 x (.been Velvet under Stress conditions

Generally low heterosis and inbreeding depression values indicate the prevalence of

additive gene action thus suggesting simple selection for its improvement. Contrary to

this heterosis in pod length of okra was observed by Kumbhani el al. (1993) and

Sivaganiasundhari el at. (1992).

4.3.5. Water content of fruit

Water content of fruit is another important character for the drought determination.

For this trail, separately performed analysis of variance revealed significant differences

among generation means in both conditions (Table-30). Generation means and variances

are presented in Table-36. There existed significant difference between parental means

for the cross No.8 x Green Velvet in normal and stress conditions. But the cross Parbliani

Karanti x Green Velvet showed significant difference only under normal conditions. The

reduction in water content due to drought was recorded by F2 generation in the crosses,

DLPG x Parbliani Karanti and Parbliani Karanti x Green Velvet and no reduction was

obscivcd under stress by F? and BCi generation in the crosses, No.8 x Green Velvet and

Parbliani Karanti x Green Velvet. In the cross No.8 x Green Velvet, back cross (BCi)

showed maximum reduction (11%) in water content of fruit due to stress..
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TABLE-36

Generation means and variances for water content of fruit

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Dwarf long Pod Green X

Parbhani Karanti

Parbhani Karanti X

Green Velvet

No.8 X

Green Velvet

Generation Variance GenerationiVlean Variance Mean VarianceGeneration Mean

Tl

Pi (DLPG) 88.10 a Pi (P.K) • 88.20 aPI (No. 8) 88,30 ab 12.613.93 9 80

P2 (P.K.) 88.20 a 5.01 P2 (G.V) P2 (G.V) 83.80 b 6.45S3.80 c 13.97

FI 12.66SS.60 a FI 89.60 aFI 89 20 ab 14.87 14.93

F2 87.60 a F2 21.S2 I F225.11 89.30 a87.30 be 18.22

BCI 84.00 b 17.26 BCI 87.00 abBCI 87.30 be 12.47 14.50

BC2 87.60 a BC2 16.6716.06 BC2 89.60 a 16.0891.70a

T2

PI (DLPG) 86.00 a PI (P.K)2.79 PI (No. 8) S6.60 a 1 1.76 84.90 abc 7.13

P2 (P.K) 84.90 ab P2 (G.V) 82.00 be 14.77 P2 (G.V)4.23 82.00 c 7.19

FI 87.00 a 86.00 ab5.76 FI 85. 10 ab 16.19 FI 10.11

F2 84.50 ab 17.88 84.00 c 21.66F2 86.70 s 19.81 F2

BCI BCI82.20 b 86.30 abBCI13.79 77.50 c 14.11 16.11

BC2 86.10a 16.11 BC2 S7.50 a11.81 BC2 87.30 a 15.26

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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In normal conditions positive heterosis with positive heterobeltiosis and inbreeding

depression was exhibited by all the crosses. But significant heterosis (4.19%) was

estimated only in the cross Parbhani Karanti x Green Velvet accompanied by positive

inbreeding depression. In these circumstances imporvement by selection may be done by

succeeding generations Water stress caused increase in magnitudes of heterosis and

inbreeding depression for this trait in the cross DLPG x Parbhani Karanti and decrease in

the cross No 8 x Green Velvet. On the other hand heterosis accompanied by increased

inbreeding depression was estimated for this trait in the cross Parbhani Karanti x Green

Velvet due to stress. It indicates that genes interacting under normal conditions weie

suppressed under stress and the genes which were unable to express under well watered

conditions, began to express under stress conditions. Dominance was determined by

potence ratio method. Over dominance in all the three crosses was estimated under normal

conditions, but the cross DLPG x Parbhani Karanti showed higher value of over

dominance (2.43). Increased values of over dominance under stress conditions were

estimated in the crosses DLPG x Parbhani Karanti and Parbhani Karanti x Green Velvet,

respectively. But partial dominance was observed by the combination No 8 x Green

Velvet under stress conditions

4.3.6 Fresh fruit yield per plant

for fresh fruit yield, a separate analysis of variance reflects significant and highly

significant differences among the generation means in both conditions (Table-30)

Generation means and variances presented in Table-37, showed non-significant

differences among the parents in noimal conditions and significant differences were

reflected by the combination, Parbhani Karanti x Green Velvet in water stress conditions.

The magnitude of the variance was higher for F2 and back cross generations than parental

or F| generations in all the three crosses in both treatments.

The greatest reduction in fresh fruit yield (46%) was observed by F| generations in

the cross, Parbhani Karanti x Green Velvet due to drought and minimum (3.29%) in

Parbhani Karanti in the combinations. DLPG x Parbhani Karanti and Parbhani Karanti x

Green Velvet. Low reduction (13%) in fresh fruit yield was observed by segregating

generations in the cross, No.8 x Green Velvet and greater reduction (22 to 35%) was

observed in the cross, DLPG x Parbhani Karanti
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Generation means and variances for fresh fruit yield per plant (g)

in the three okra crosses under normal (Tl)

and drought (T2) conditions,

Parbhani Karanti X

Green Velvet

No.8 X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

VarianceGeneration [MeanVarianceGeneration MeanMean VarianceGeneration

Tl

204231 I PI (P.K.) 101.33 b94.33 bePI (No.8)PI (P.K) 101.33 cd 204

202220 P2 (G V) 79.33 bP2 (DLPG) P2 (GAO 79.33 c68.33 d 194

211FI 160.00 a-250125 00 ab1 16.67 abc 199 FIFI

667F2 138.33 ahi15121.00 abF2 146.67 a F21.022

700BCI 843 BCI 150.67 a134.33 a108.33 be 872 BCI

630744 BC2 141.67 aBC2 143.33 ab 847 BC2 97.00 abc

T2

390PI (P.K) PI (P.K.) 98.00 b390 PI (No.8)98.00 ab 87.70 be 348

410P2 (DLPG) P2 (G.V) 84.00 d424 P2 (G.V) 84.00 c 41087.87 be

393FI 96.30 beFI93.70 abc 540 FI 113.70 a 390

F2 88 00 cd 83986.50 c F21233 814F2 85.40 c

BCI 117 00 a 647739 BCI104.30 a BCI942 95.40 b

692BC2 91.00 bed570 | BC294.00 abc 896 I BC2 86.40 c

Means sliaring common letters in a column do not differ significantly at 0.05 probability level
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In normal condition, highly significant heterosis and heterobeltiosis were

estimated in the combinations, Parbhani Karanti x Green Velvet, and DLPG x Parbhani

Karanti. The higher inbreeding depression (13.54%) for this trait was exhibited by the

cross, Parbhani Karanti x Green Velvet. Over dominance ranging from 8.75 to 11.42,

was observed in the crosses. But in water stress conditions non-significant heterosis with

decreased amount of inbreeding depression was resulted for this trait in the crosses,

DLPG x Green Velvet and Parbhani Karanti x Green Velvet. On the other hand contrary

to that, highly significant heterosis with increased inbreeding depression was observed

in the cross No.8 x Green Velvet under stress conditions. Positive and high heterosis in

okra was observed by the researchers, Poshiya and Shukla, (1986); Sarnaik and Singh,

(1990), Mandal and Das, (1991); Sivagamasundhari el ai (1992) and Kumbhani el at.

(1993)

Dominance in normal conditions was changed to partial dominance in the

crosses, DLPG x Parbhani Karanti and complete dominance in Parbhani Karanti x Green

Velvet due to water stress. On the other hand value of over dominance of the cross No 8

x Green Velvet was increased at greater extent by giving water stress.

Being a vegetable, fresh fruit yield of okra is a character of immense importance

as compared to seed yield, and breeders have been endeavoring for its improvement

along with other traits through different breeding strategies. In the present study the

combination DLPG x Parbhani Karanti nuclei normal conditions and Parbhani Karanti x

Green Velvet and No 8 x Green Velvet under both conditions exhibited positive

inbreeding depression. Positive inbieeding depression in the crosses, indicated the

absence of transgressive segregants in F2, suggesting the usefulness of selection in first

generation hybrids. The combination, No 8 x Green Velvet showed higher value of

heterosis under drought conditions, which indicates that selection in later generations

would be effective to get desirable drought resistant lines

4.3.7. Days to malurity

Days to maturity is an important trait in determining the maturity of okra Analysis of

variance (Table-30) showed that the differences among generation means were

significant under normal conditions and highly significant under water stress conditions.

The differences among parental means were significant for all of the three crosses in

both treatments. A further perusal of Table-38 would reveal that the parental means
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TABLE-38

Generation means and variances for days to maturity

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

A

Parhhani Kamnti X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

No.8 X

Green Velvet i

Generation Mean VarianceGeneration VarianceGeneration Mean Variance Mean

Tl

3.875.45 | PI (G.V) 86.80 aPI (DLPG) 90.10 a PI (G.V) 86 80 a6.85

79.00 bP2 (P K.) P2 (No.8) 4.81 P2CP.K) 4.2279.00 b 5.76 78.10 b

80.70 b 5.115.56 FI81.10 b 7.22 FI 78.40 bFI

37.31F2 34.31 F2 81.90 b79.80 b 40.51 F2 79.30 b

27.11 I BCI 33.2279.10b 33 66 BCI 79.80 bBCI 79.50 b

31.81BC2 24.22 j BC2 82.40 b81.90b 30.71 BC2 85.10 a

T2

3.094.11 PI (G.V) 83.90 abPI (DLPG) 86.40 a 4.76 PI (G.V') 83.90 s

3.12P2 (P.K.) P2 (P.K) 76.70 d76.70 b 4.22P2 (No.8) 77.60 c4.11

4.11FI 80.00 bed78.70 bFI FI 78.10 c 4.504.87

3.7679.30 cd33.11 r276.40 b 33.16 78.80 beF2 F2

23.7125.66 BCI 81.90 abcBCI 77.60 b 77.00 c30.11 BCI

21.6624.10 BC2BC2BC2 78.50 b 27.66 81.50 ab 84.30 a

Means sharing common letters m a column do not differ significant]v at 0.05 probability level.
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were higher in magnitude than rest of the generations in all the three crosses in both

conditions. The amount of variability was generally greater for F2 and back cross

generations than in F| or parental generations.

The F| generations in the crosses. No.8 x Green Velvet and Fi. F;> and BC'i

generations in Parbhani Karanti x Green Velvet having tolerance to drought lor this

trait did not show any loss due to stress. All other generations exhibited 2.5 to 4.5

percent acceleration in days to maturity due to stress in all the erosses.

It is obvious from generation means and variances Table-38, that water stress

accelerated maturity in two crosses, DLPG x Green Velvet and No.8 x Green Velvet.

The results are in agreement with the results of Singh (1995), who obtained

significant results and accelerated maturity in common bean. Work was also done by

Acosta et al. (1989). Miller and Burke (1983), Silveira el al. (1981) and While and

Izquierdo (1991) on dry bean cullivars.

Heterosis, heterobeltiosis, inbreeding depression and dominance value for

days to maturity are summarized in Table-31 (a&b). Negative heterosis accompanied

by incomplete dominance was observed in all the three crosses in both treatments.

Generally low heterotic and inbreeding depression values point to the presence of'

additive gene action thus giving way lo simple selection for its improvement. No

prominent effect on heterosis and dominance was exhibited by the crosses due in

water stress. Bui values of inbreeding depression were increased due to water stress in

Green Velvet for this trait in the crosses, DLPG x Parbhani Karanti and Parbhani

Karanti x Green Velvet under stress conditions.

4.3.8 Diameter of fruit.

Separate analysis of variance in both treatments for diameter of fruit was

carried out and means of generations at particular treatment were compared

with the least significant difference (LSD) calculaled from the error mean

squares of the separate analysis of variance (Table-30). Significant

differences were reflected in all the crosses in both conditions.

Highly significant differences, were observed in the cross. No.8 x

conditions.drought

showed significant differences among their parents

conditions. But only a cross. DLPG x Green Velvet exhibited

significant differences among parents. There occurred decrease in diameter of

Green Velvet under All the crosses

normalin

126

A



*
TABLE-39

Generation means and variances for diameter of fruit (mm)

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanti X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

No.8 X

Green Velvet

VarianceMeanGenerationVariance Mean VarianceGeneration Mean Generation

Tl

15.43 ab 1.42PI (DLPG) 1.13 PI (P.K)19.07 a PI (No.8) 16.83 a1.36

1.21 | P2 fG.V) 1.4013.43 cP2 (P.K) P2 (GAO15.43 c 13.43 b1.24

1.3715.97 ab1.19 FI15 37 abFI 16.27 c 1.42 FI

5.911 5.90 abF2 5.76 F218.17 ab F2 16.57 a4.23

4.95BCI 4.89 BCI 16.90 a17.10 be 3.87 BCI 16.90 a

4.77BC2 14.27 be4 55 BC216.70 be 3.71 BC2 14 90 ab

T2

PI (DLPG) PI (P.K) 1.4014.17 ab17.03 a 14.27 bed 1.33PI1.21

P2 (P.K) 1.371.27 P2 (G.V) 13.23 b14.17 c P2 53.23 d1.17

FI 1.4513.17b15.47 be FI1.26 FI 14.77 abc 1.37

F2 5.8716.93 ab F2 15.30 a4.37 15.53 ab 5.55F2

BCI 5.8116.40 ab 4.85 i BCI 14.10 abBCI4.16 16.07 a

BC2 4.974 76 | BC2 12.83 b15.78 b 13.97 cdBC24.09

Means sliaring common letters in a column do noi differ significantly at 0.05 probability level.

127

A



generation means by giving water stress. Maximum reduction (16%) was recorded in

parental generations in the cross, DLPG x Parbhani Karanti and 15 percent reduction, as

compared to normal was observed in No.8 (parent) in the combination No.8 x Green

Velvet. About all the generations in the cross, Parbhani Karanti x Green Velvet showed

Id percent reduction in diameter. Head diameter of sunflower was adversely affected

under stress (Pirjol-Savulescu, 1977). In both treatments variances of F2 and back cross

were higher as compared to those of Fi and parental generations in all the three crosses.

Under normal condition the cross, No.8 x Green Velvet showed non-significant

heterosis, but highly significant heterosis with highly significant inbreeding depression

was observed by giving water stress. Contrary to that, the cross Parbhani Karanti x

Green Velvet having highly significant heterosis, was much affected by water stress

showing negative heterosis due to drought. High heterosis was observed by Kumbhani

cl a! ( 1993) in okra for this trait Also considerable heterosis for ear diameter in maize

was studied by Tingut cla!{1995)

In both treatments all the crosses exhibited negative inbreeding depression except the

cross, Parbhani Karanti x Green Velvet that showed negative inbreeding depression

under water stress conditions The combination, No.8 x Green Velvet showed partial

dominance under normal conditions and over dominance under water stress conditions.

The cross, DLPG x Parbhani Karanti showed partial dominance under both conditions.

Complete dominance was found by Partap cla/. (1980) in okra for diameter of pod.

4,3.9. Number of pods per plant

The number of pods per plant is the most important contributing trait to the fresh fruit

yield and seed yield of okra. High yielding plants must be prolific and set a larger

number of pods. Analysis of variance was applied separately for each cross to

determine the significance of the generation effect on number of pods. Analysis of

variance was applied separately for each cross to determine the significance of the

generations effect on number of pods per plant. Mean squares from analysis of variance

reflected significant differences among generation means for the trait in both normal

and drought conditions (Table-30). In water stress conditions, highly significant

differences among generation means were observed in the combinations. Generation

means and variances for the number of pods per plant in normal and water stress

conditions for the three crosses are shown in Table-40, which reflects higher level
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TABLE-40

Generation means and variances for number of pods per plant

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanti X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanb

No.8 X

Green Velvet

Generation VarianceMeanVarianceGeneration Mean Generation MeanVariance

Tl

9.50 I PI (G.V) 5.40 a 9.50PI (G.V.)4.60 abc 8.20PI (P.K) 5.40 n

9 50 | P2(PK) 8.304.40 cP2 (DLPG) P2 (No.8) 4 43 b4.40 be 8 30

8.404.94 b13.40FI FI FI4.48 abc 8 30 5.38 a

27.305.85 b25 50F2 F2 F227.80 5.45 a4.25 c

5.04 ab 14.8320 6 BCIBCI 4.85 a 19.20 BCI 5.76 a

20.10BC2 4.70 bBC2 BC2 20.44.72 ab 14.00 5.33 a

T2

9.504.80 "ab11.30 I PI (G.V.) PI (G.V)PI (P.K) 4.20 b 4.80 ab 9 50

11.30P2 (P.K) 4.20 c3.60 c P2 (No.8)P2 (DLPG) 11.70 3.93 c 5.80

8 404.66 beFI4 85 ab 10.70FI 4.35 ab FI9.50

26.40F2 4.70 be26.404.20 b 28.70 F2 4.65 bF2

24.005.30 aBCIBCIBCI 5.20 a 14.204.70 a 23.30

19.00BC2 4.65 beBC2 4.66 bBC2 4.50 ab 13.7019.30

Means sharing common letters in a column do not differ significantly at 0 05 probability level.
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of variances for segregating than non-segregating generations. Parental generations

(except DLPG) in all crosses showed 5 to 1 1 percent reduction in number of pods per

plant due to water stress. The BC2 generations in the cross, Parbhani Karanti x Green

Velvet was not affected by stress and no reduction was recorded by this cross.

The combination DLPG x Parbhani Karanti showed negative heterosis under

normal conditions, but significant heterosis with positive heterobeltiosis under drought

conditions. The crosses, No.8 x Green Velvet and Parbhani Karanti x Green Velvet

having positive heterosis under normal conditions, showed heterosis with increased

magnitude under drought conditions. Also the cross, Parbhani Karanti x Green Velvet

exhibited significant heterosis under drought conditions

In all the crosses negative inbreeding depression was estimated under both

conditions except the cross, DLPG x Parbhani Karanti under both conditions and No.8

x Green Velvet under drought conditions exhibited posilive inbreeding depression for

this trait. All the combinations showed partial dominance under normal conditions,

however over dominance was observed by No.8 x Green Velvet and DLPG x Parbhani

Karanti under drought conditiosns. Complete dominance was observed by Partap ef al.

(1980) in okra for the number of fruits per plant

Generally the crosses No 8 x Green Velvet and DLPG x Parbhani Karanti

gave satisfactory result under drought conditions by showing significant heterosis with

positive heterobeltiosis and resistance of inbreeding depression. Positive heterosis

indicates the presence of non-additive gene effects, suggesting the usefulness of

selection in first generation hybrids. The negative magnitude of inbreeding depression

in few crosses indicates the presence of transgressive segregants in F2. Any heterosis

found in such combinations will be expected to persist for further generations, which

could be utilized for the synthesis of a new variety. The above results arc in agreement

with the Poshiya and Shukla (1986), Mandal and Das and (1991), Sivagamasundhari el

al. (1992), who reported positive and greater heterosis for this trait in okra. The highest

magnitude of heterosis was observed by Khorgade el al. (2001) in pigeon pea and lower

magnitude of inbreeding depression for boll number in cotton was observed by Khan

and Tariq (1984).
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4.3.10. Plant height.

In normal conditions separately performed analysis of variances revealed

highly significant differences among generation means in the crosses, DLPG x

Parbhani Karanti and NO 8 x Green Velvet and significant differences in the

combination, Parbhani Karanti x Green Velvet. On the other hand significant

differences among generation means were shown by the crosses, in water stress

conditions (Table-30).Generation means and variances are presented in Table 41. Back

crosses and F2 variances were higher than those of parental and Fj generations. There

existed significant differences between parental means for the cross No.8 X Green

Velvet and Parbhani Karanti x Green Velvet in normal conditions. In water stress

conditions only the cross, Parbhani Karanti x Green Velvet showed significant

differences among parental means. F2 generation showed 32 to 38 percent decrease in

plant height due to stress in all the three crosses. BC2 generation showed 7 percent

decrease in plant height in the cross, DLPG x Parbhani Karanti and 10 percent decrease

was recorded by Fi generation in the combination. No.8 x Green Velvet due to water

stress

In both treatments negative heterosis accompanied by negative inbreeding

depression was also estimated in all the crosses in both treatments. The combination

DLPG x Parbhani Karanti showed negative oser dominance under both conditions.

Parbhani Karanti x Green Velvet showed negative over dominance under normal

conditions and negative partial dominance under water stress conditions Negative

partial dominance was also observed in the cross, NO.8 x Green Velvet under both

conditions. Partial dominance was observed by Partap et al. ( 1 980) in okra for this trait.

Generally low heterotic and inbreeding depression values point out to the prevalence

of additive gene action thus giving way to simple selection for improvement. Contrary

to above results, Kalsey and Vithal (1980) observed positive heterosis in cotton for

plant height. Khan and Tariq (1984) gave similar results on cotton.

4.3. 1 1. Number of branches per plant

Analysis of variance was applied separately for each cross in both treatments

to determine the significance of the generations effect on number of branches per plant

(Table-30). Mean squares from analysis of variance in normal condition refect highly
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TABLE-41

Generation means and variances for plant height (cm)

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanti X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

No.8 X

Green Velvet

Generation VarianceMeanGeneration VarianceGeneration Mean Variance Mean

Tl

89.33 a180 16 PI (G.V) 171.86PI (GAO S9.33 aPI (P.K) 59,67 b 131.22

P2 (DLPG) P2 (P.K) 59.67 oc 131.7657.33 b 124.11 P2 (No.8) 35.00 c 80.85

51.10b 49.30 be 51.13 cFI 70.36 FI121.09 107 11FI

78.67 a 87.67 aF2 64.90 b 407.76 F2361.23 390.21F2

BCl 63.00 be 360.11 BCI58.60 b 270.41 BCI 81.33 ab 362.21

BC2 57.67 b 269 69 BC2 87.33 aBC2 70.67 ab241.47 351.14

T2

PI (DLPG) 46.60 a 109.11 PI (GAO 62.60 a 140.46 Pl(GV) 62 60 a 180.23

P2 (P.K) 45.90 a P2 (No.8) 28.33 d P2 (P.K) 45.90 be91.21 60.7] 110.71

FI 36.57 b FI 91.7644.13 be 71.61 I FI72.13 35.67 c

F2 48.70 a F2260.13 44.30 be 210.71 F2 55.23 ab 260.18

BCI 46.80 a 190.76 BCI 177.‘7 I BCI 246.1941 60 c 58.70 ab

BC2 BC2 183.44 | BC253.40 a 204.07 53.20 ab 64.20 a 255.55

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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significant differences among generation means in two crosses, DLPG x

Parbhani Karanti and No.8 x Green Velvet. Significant differences among generation

means were observed in DLPG x Parbhani Karanti and Parbhani Karanti x Green Velvet

and highly significant differences were shown by the cross, No.8 x Green Velvet. The F?

generation in the cross, DLPG x Parbhani Karanti and DC? generation in the cross. No.8 x

Green Velvet showed resistance to drought showing no reduction in the number of

branches per plant. All the generations except BC2 showed 21 to 50 percent reduction in

number of branches due to stress in the crosses, No.8 x Green Velvet and Parbhani Karanti

x Green Velvet. Generation means and variances for number of branches per plant for the

three crosses were shown in Table-42, which reflected higher level of variances for F2 and

back crosses than parental or F| generations. Significant differences between the parents in

all the crosses in both treatments were observed.

The magnitude of heterosis varied from cross to cross, Table-31 (a&b) In normal

conditions, a highly significant heterosis (36.28%) and (41.24%) accompanied by positive

and highly significant inbreeding depression (51.95%) and (58.39%) were evident in the

crosses, DLPG x Parbhani Karanti and No.8 x Green Velvet, respectively. In this case

stress caused reduction in magnitude of heterosis and inbreeding depression. Both crosses

showed highly significant differences under water stress conditions The highest

magnitude of heterosis (41.24%) in NO 8 x Green Velvet was estimated under normal

conditions and lowering in magnitude of heterosis (28.57%) accompanied by increased and

highly significant inbreeding depression (64 20%) was occurred under stress conditions.

Negative heterosis in Parbhani Karanti x Green Velvet accompanied by negative

inbreeding depression was estimated under both conditions. This cross showed resistance

to stress for this trait. This type of heterosis was observed in pigeon pea by khorgade et a/.

(2000). The cross, DLPG x Parbhani Karanti showed partial dominance under normal and

stress conditions. Complete dominance (1.00) was observed in No.8 x Green Velvet under

normal conditions and partial dominance under water stress conditions. Parbhani Karanti x

Green Velvet showed resistance to stress having negative over dominance under both

conditions.

I

Consequently, reduction in heterosis and inbreeding depression was determined in the

cross, DLPG x Parbhani Karanti due to stress. But increase in inbreeding depression in the

cross, No.8 x Green Velvet showed its resistance to drought. The trend of inheritance
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TABLE-42

Generation means and variances for number of branches per plant

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parhhani Karanti X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

No.8 X

Green Velvet

Generation Mean VarianceVarianceGeneration Variance Generation MeanMean

Tl

0.012PI (P.K) 0.83 a0.0300.83 a PI (No.8)PI (P.K.) 0 005 1.37a

P2 (G.V) 0.57 b 0.0090.017P2 (DLPG) 0.003 P2(G. V.) 0.57 b0.30c

0.015FI 0.37 b1.37 a 0.050FI 0.77 ab 0.007 FI

F2 0.57 b 0.1760.57 b 0 217F2 0.37c 0,155 F2

0.154BCl 0.73 abBCl 0.178BCl 0.25 c 0.104 1.69 a

0.144BC2 0.64 b0.63 b 0.60 b 0.159BC2 0.096 BC2

T2

PI (P.K) 0.70 a 0.0140.88 ab 0.012PI (P.K.) 0.70 a 0.007 PI (No.8)

0.019 P2 (G.V) 0.38 be 0.012P2 (DLPG) P2 (G. V.) 0.38 c0.26 cd 0.005

0.017FI 0.23 c0. 81 ab 0.021FI 0.52 ab 0.010 FI

0.37 be 0.1870.185 F20.29 dF2 0.37 bed 0.207 F2

0.58 abBCl 0.1720.170BCl BCl 1.02 a0.24 d 0.177

BC2 0.58 ab 0.1670.155BC2 0.49 abc 0.167 BC2 0.60 be

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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remained different in the crosses for this trail. However, resistance to drought was

exhibited by some crosses for heterosis, inbreeding depression and dominance.

4.3.12 Number of seeds per pod

Number of seeds in a pod is an important component for determining seed

yield of okra. Separately performed analysis of variance revealed significant

differences in normal treatment in all the crosses and significant and highly signilicant

differences were observed in water stress treatment. Generation means and variances

were presented in Table-43. There existed signilicant differences between parental

means for DLPG x Parbhani Karanti in normal conditions and non-signilicant

differences between parental means were observed in all the crosses in water stress

treatment. Back cross and F2 variances were mostly higher than those of parental and

Fi generations in both treatments. The F| generation showed 35 to 38 percent

reduction in number of seeds per pod due to stress in all the crosses. The parental

(Green Velvet and No.8) generation showed minimum reduction (4 to 7%) in both

crosses. Segregating generations (F2. BCi and BC2) showed 32 to 49 percent

reduction for this trait in the cross. Parbhani Karanti x Green Velvet.

Negative heterosis ranged from -16.99 to

inbreeding depression. ranging from -4.15 to -51.42 percent were estimated in all the

crosses except No.8 x Green Velvet, under both conditions . The cross No.8 x Green

Velvet showed positive heterosis (2.64%) under normal and negative heterosis

(-32.04%) under stress conditions. Over dominance was observed in all crosses under

both conditions except No.8 x Green Velvet that showed partial dominance under

normal conditions . Al-Adl and Miller (1971) observed significant heterosis in

number of seeds per boll of cotton.

!

48.22 percent and negative

4.3.13. 100-Seed weight

100 seed weight is a valuable parameter for comparing the relative size of seed

samples derived from various sources . Mean squares testing from analysis of

variances (Table-30) indicate significant differences among the generation means in

the combinations .DLPG x Parbhani Karanti. Parbhani Karanti x Green Velvet and

highly significant differences in DLPG x Parbhani Karanti under normal conditions.

On the other hand significant differences were observed under stress conditions. Mean

comparison and variances (Tnblc-44) showed that differences between parents were

non- significant ih all the crosses under both normal and stress conditions. The Fj
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TABLE-43

Generation means and variances for number of seeds per pod

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanti X

Green Velvet

Dwarf long Pod Green X

Parbhani Karanti

No.8 X

Green Velvet

Mean VarianceVariance GenerationGeneration Variance GenerationMean Mean

Tl

9.36 | PI (P.K.) 52.00 a 11.8210.40 PI (G.V.)52.00 a 42.13 bePI (P.K.)

42.13 be 10.538.87 P2 (G.V.)P2 (DLPG) 40.53 b 5.79 P2 No.8 38.15c

39.07 c 11.6612 67 FI9.46 FI 41.20 beFI 37.83 b

53.90 a 18 1917.22 F239.40 b 15.76 F2 43.50 beF2

14.2750.53 ab12.85 BCIBCI 42.20 b 9.38 BCI 54.67 a

13.3346.00 abc14.63 BC2BC2 BC2 48.00 ab40.50 b 9.31

T2

9.27PI (P.K.) 45.87 a8.17Pi (P.K.) 45.87 a 8.66 PI iG.V.) 39.13 abc

8.39P2 (G.V.) 39.13 ab36.60 bed 7.37P2 (DLPG) 40.03 a 4.88 P2 No.8

6.2725.57 c6.10 FI25.74 d6.79 FIFi 23.53 c

13.11F2 27.40 be10.7835.63 b 14.67 29.83 cdF2 F2

11.1330.77 beBCI11.11BCI BCI 49.60 a27.67 be 9.71

10.37BC2 31.17 be9.07BC2 43.53 abBC2 31.33 be 8.97

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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TABLE-44

Generation means and variances for 100-seed weight (g)

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karaori X

Green Velvet

No.8 XDwarf long Pod Green X

Parbhani Karanti Green Velvet

VarianceGeneration iMeanVarianceGeneration MeanGeneration Mean Variance

Tl

6.90 be 1.19PI (P.K.)1.071.16 PI (No S) 6.77 abcPI (P.K.) 6.90 ab

P2 (G.V.) 5.90 c l.llP2 (DLPG) P2 (G.V) 1.095.67 be 1.06 5.90 c

FI 7.90 ab 1.211.32 FI 6 63 be 1.23FI 7.27 a

7.70 abF2 2.42F2 2.312.22 8.03 a7.13 aF2

BCI 8.53 a 1.88BCIBCI 7.20 ab 1.886.30 abc 1.76

BC2 6.60 be 1.541.68BC2 6.17 beBC2 5.22 c 2.04

T2

Pl(G.V) 5.53 abc 1.080.975.53 bePI (P.K.) 1.06 PI (G.V.)5.37 abc

1.17P2(P K) 5.37 abc0.894.87 cP2 (DLPG) P2 (No.8)5.30 be 1.01

1.206.30 aFI1.07FI 4.93 c7.23 a 1.30Fi

F2 6.07 ab 2.222.217.17 a2.17 F2F2 6.36 ab

1.78BCI 5.12 be6.37 ab 1.481.48 BCIBCI 4.53 be

1.49BC2 4.61 c1.631.52 BC2 5.50 be4.23 cBC2

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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menus were greater in magnitude than rest of the generation means in the cross.

DLPG x Parbhani Karanli under normal conditions and DLPG x Parbhani Karnnli

and Parbhani Karanti x Green Velvet under stress conditions . Magnitude of

variability was significant in F| and back cross generations than the respective

parental and Fi generations in all the three crosses in both treatment .The F|

generation showed drought tolerance by showing minimum reduction in lOO-secd

weight in the cross. DLPG x Parbhani Karanti but this generation gave 20 in 2b

percent reduction in other two crosses. In the cross. Parbhani Karanti x Green Velvet.

back cross (BC|) generation exhibited 40 percent reduction due to stress.

All the crosses showed highly significant positive heterosis under normal conditions.

By imposing water stress increased and highly significant heterosis (35.52%) with

highly significant and increased inbreeding depression (12.03%) was estimated in the

cross. DLPG x Green Velvet. On the other hand No.8 x Green Velvet showed

negative heterosis by giving water stress. In this case positive heterosis (4.66%) was

converted into negative heterosis (-5.19%) due to stress. The cross Parbhani Karanti x

Green Velvet showed highly significant heterosis (23.4%) under normal and highly

significant (15.60%) under stress conditions. But increase in inbreeding depression

(2.53 to 3.65%) was estimated due to stress. In normal conditions non-significant

inbreeding depression (1.92%) of the cross. DLPG x Green Velvet was changed into

highly significant inbreeding depression by imposing stress. The magnitude of highly

significant inbreeding depression under normal conditions was increased under stress

in the cross. Parbhani Karanti x Green Velvet.

Over dominance in the crosses. DLPG x Parbhani Karanti and Parbhani

Karanti x Green Velvet was estimated in both treatments. Positive partial dominance

in No.8 x Green Velvet was estimated in normal conditions and negative in water

stress conditions. Positive heterosis for seed index in cotton was studied by I-I-Adl

and Miller (1971). Silva et of. (1985) and Dani and Kohel (1989).

4.3.14. Seed yield per plant.

For seed yield per plant, a separate analysis of variance

reflects highly significant differences among generation means for

all crosses in both conditions (Table-30). The generation means and

variances presented in Table-45 showed significant differences

i
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TABLE-45

Generation means and variances for seed yield per plant (g)

in the three okra crosses under normal (Tl)

and drought (T2) conditions.

Parbhani Karanti X

Green Velvet

No.8 XDwarf long Pod Green X

Parbhani Karanti Green Velvet

VarianceGeneration MeanVarianceGeneration MeanGeneration VarianceMean

Tl

66.5017 60 b66.50 | PI (P.K )PI (P.K.) 56.30 PI (G.V) 17.60 a16.30 ab

56.30P2 (G.V.) 16.30 be40.3015.00 be 14.40 bP2 (DLPG) 41.00 P2 (No. 8)

76.0016.80 be87.40 FI15.20 be 17.20 aFI 54.20 FI

15.50c 301.40F2F2 336.70 13.00 b ] 88 70F213.20 c

103.50 | BC1 121.9019.30 aBC1 17.50 a BC1 18.40 a201.00

196.9089.10 BC2 16.10 beBC2 16.10 ab BC2 17.00 a177.00

T2

49.80PI (P.K.) 15.60 bePI (P.K. ) 46.70 PI (G.V)14.80 a 15.60 a 49.80

39.00 P2 (G.V.)P2 (DLPG) 46.70P2 (No. 8) 12.90b 14.80 c14.20b 30.00

55.40FI 82.00 FI 16.00 b15.00 b 15.90 a44.60 FI

15.00 be 269.50F2 14.60 ab 185.80 F220.00 c F2246.40

152.00 BC1 196.10BCI 17.40 a15.80 b 196.10 BC 16.00 a

117.20 BC2 187.00BC2 15.50 a 15.50 be14.50 b 140.00 BC2

Means sharing common letters in a column do not differ significantly at 0.05 probability level.
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between parents in the crosses except Parbhani Karanti x Green Velvet, under both

conditions and DLPG x Parbhani Karanti under normal conditions showed

significant differences among the parents. The magnitude of variances was higher for F?

and back cross generations than parental or Fi generation in all the three crosses under

both conditions. Maximum reduction in seed yield (11.40%) was recorded in BCi

generation in the cross, No.8 x Green Velvet as compared to those of normal. Green

Velvet showed 46 percent reduction in seed yield and 34 percent reduction was recorded

in Fi and F2 generations in the cross No.8 x Green Velvet as compared to those of

normal Similarly in the cross, Parbhani Karanti x Green Velvet, 31 percent seed yield

reduction was recorded in Fi generation and 39 percent in Parbhani Karanti. Parental

generation (DLPG) showed minimum seed yield reduction (5.44%) in the cross, DLPG x

Parbhani Karanti and 9.24 percent reduction was observed by BC2 generation in this

cross.

Under noimnl conditions a positive but low heterosis (7 50%) is evident in the

combination No 8 x Green Velvet Generally, low heterotic and inbreeding depression

values point to the prevalence of additive gene action thus giving way to simple selection

foi improving this trait under discussion But by giving water stress, the positive

significant heterosis was observed in this cross. Positive heterosis accompanied by

inbreeding depression indicates the presence of non-additive gene effects for seed yield

per plant, as observed in No.8 x Green Velvet, suggesting the usefulness of selection in

first generation hybrids under both normal and drought conditions. In this case the

direction of genes activity was toward higher parent. All other combinations showed

negative heterosis accompanied by significant inbreeding depression under normal

conditions and positive heterosis and heterobelliosis under drought conditions. The

combinations, No.8 x Green Velvet and Parbhani Karanti x Green Velvet exhibited

partial dominance and the cross DLPG x Parbhani Karanti showed over dominance under

normal conditions. But over dominance was shown by all the combinations under

drought conditions. In this case all the crosses showed resistance to stress for this

parameter. In normal conditions higher and considerable heterosis in okra for this trail

was concluded by the Workers, Mandal and Das (1991), Sivagamasandhari et o/(l992),

and Kumbhani el a/. (1993) Turgut e/o/ (l995) observed positive heterosis in maize. El-

Adl and Miller (1971), Chalial and Singh (1975), Kalsy and Vithal (1980), Parkash

non-
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(1982). Kiian and Tariq (1984), Silva eIal.(1985), Yadva and Yadava (1987), Wang and

Pan (1991), Choudhari and Borole (1992). Katageri et al. (1992) and Sohu et al. (1993),

observed heterosis in cotton.

4.4. COMPONENTS OF VARIATION AND

BROAD SENSE HERITABIUTIES

Variability of a quantitative character is the result of genetic and of environmental

causes. The analysis of variance has been widely used by plant breeders for effective

partitioning total variability of a population into genetic and environmental components.

The proportion of total phenotypic variability of a character that arises from genetic

differences is attributed as broad sense hcritability which is a major concern to the plant

breeder as it helps to predict response to selection in a genetically segregating population.

A quantum assessment of genotypic, phenotypic and environmental variation in

determining the expression of various okra plant traits in both treatments was made

which is presented along with other genotypic parameters in Table-46 (a&b).

The analysis of variance revealed significant differences among the generations for

all the traits in both treatments (normal and stress). The genotypic, environmental and

phenotypic components of variability showed variation among the generations (Table-46

a&b), In most of the cases, the genetic component of variation was higher than the

environmental component. However, under normal conditions, the environmental

variance took lead over genetic variance for 100-seed weight, relative growth rale of

fruit, number of branches per plant, water content of fruit, days to maturity in the cross,

Parbhani Karanti x Green Velvet; water content of fruit, diameter of pod in the cross,

No.8 x Green Velvet and plant height and days to maturity in DLPG x Parbhani Karanti.

Under water stress conditions environmental variance surpassed the genotypic

variance for 100-seed weight and water content of fruit in the cross, Parbhani Karanti x

Green Velvet However, behavior of variance changed due to water stress in other crosses

for different traits. This might be due to expression of some genes under drought stress.

In this treatment, environmental variance succeeded the genotypic variance for water

content of fruit in the cross. DL,PG x Parbhani Karanti, diameter of pod in Parbhani
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Karanli x Green Velvet and height of first flowering node in No.8 x Green Vehel.

The environmental variation was at par with genetic variability for number of

branches per plant in DLPG x Parbhani Karanti and Parbhani Karanli x Green Velvet.

higher than the genotypicThe phenotypic coefficient of variability

coefficient of variability for all the traits studied in the three crosses under both

was

normal and water stress conditions. In normal conditions the characters securing

relatively higher genetic and phenotypic coefficients of variation in DLPG x Parbhani

Karanti were 100-seed weight, fresh fruit yield per plant, relative growth rate of fruit.

number of branches per plant and days to maturity. In the combination. No.8 x Green

Velvet, height of first Jlowering node, plant height, water content of fruit, number of

seeds per pod, days to first flowering and days to 50 percent flowering and seed yield

per plant had high estimates of genetic and phenotypic coefficient of variation. In the

cross, Parbhani Karanti x Green Velvet number of pods per plant and number of seeds

per pod remained prominent for the okra parameters. Singh and Singh (1078)

observed higher variability in okra for fruit diameter, fruit length, fresh fruit yield per

plant, number of flowers, number of branches and fruits per plants. Similar results

were reported by Reddy el al. (1985) in okra for fruit yield per plant and plants height.

In water stress conditions, the traits showing relatively prominent genetic and

phenotypic coefficients of variation in DLPG x Parbhani Karanti. were seed yield per

plant, number of pods per plant. 100-seed weight, number of branches per plant and

days to maturity. In the cross, No.8 x Green Velvet relative growth rale of fruit, height

of first flowering node, plant height, water content of fruit, diameter of pod. days to

first flowering and days to 50 percent flowering exhibited high estimates of genotypic

and phenotypic coefficients of variation. Prominent genotypic and phenotypic

coefficient of variations were shown by the cross. Parbhani Karanti x Given

Velvet and No.8 x Green Velvet in IVesh fruit yield per plant and

DLPG x Parbhani Karanti and Parbhani Karanti x Green Velvet in

number of seeds per pod. Similar results wvre observed by Tak and

Patnaik( 1977) in Brassica compeslris L for number of pods per plant, number of seeds
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TABLE-46 (a)
Estimates of genotypic, environmental and phenotypic components of variance, coefficients of

variability and broad-sense heritabilitv in three okra crosses under normal conditions (Tl)

COEFFICIENT OF
VARIATION (%)

VARIANCE

h: b.s 2Genotypic Phenotypic A.V.hTRAIT CROSS Genotypic PhenotypicEnvironmental

8.17 0.89618.48 6.91DLPG x P.K 5.2613.22

10.81 0.893 0.883No 8 x G.V 36.12 1110Days to First flowering 34.24 1.88

6.02 0.861P.K x G.V 18.64 7.7211.30 7 34

0.359DLPG x P.K 11.46 21.47 26.2822.96 34.42

58.83 36.09 48.64 0.591 0.504No.8 x G.V 130.87Height of first flowering node (cm) 72.04

30.49 37.47 0.563P.K x G.V 66.29 33.81 100.10

7 75 0.790DLPG x P.K 41 20 79.23 11.1938.03

0.846No.8 x G.V 99.17 9.56 12.29 0 861Days to 50% flowering 60.04 39.13

P.K x G.V 8.65 13.29 0.88746.99 64 03 111.02

DLPG x P.K 14.60 18.17 0.85620.53 1 1.29 31.82

0.69716.57 0.633No.8 x G.V 18.85 12.10 30.95 12.93Relative growth rate of fruit

18.43 0.604P.K x G.V 14.28 18.67 32.95 12.13

1.62 0.749DLPG X P.K 2.01 1.92 3.93 2.27

0.5260.368No.8 x G.V 10.35 2.53 3.665.38Water content of fruit (%) 4.97

3.18 0.462P.K x G.V 3.77 4.04 7.8 1 2.21

709.11 1109.36 23.34 29.19 0.805DLPG x P.K 400.25

0.79617.08 24.04 0.796No.8 x G.V 337.00 680.57Fresh fruit yield per plant (g) 343.57

P.K x G.V 22.79 27.27 0.787858.30 370.51 1.228.81

Cont. ...
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\COEFFICIENT OF

VARIATION (%)
«

VARLANCE

AÿV.h2h2 b.sPhenotypicGenotypicEnvironmenaI PhenotypicCROSS GenotypicTRAIT
0.8376.4928.2215.63 4.34DLPG x P.K 12.59

0.847 0.8564.9316.05 4.42No.8 x G.V 12.87 3.18Days to maturity

4.16 0.88311.55 2.92P.K x G.V 5.69 5.86 !

0.6846.86 9 092.42DLPG x P.K 1.041.38

0.74811.07 0.7967.281.71 3.01No.8 x G.V 1.30Diameter of pod (mm)

0.7007.36 9.722.221.27 0.95P.K x G.V

0.5800.04 0.07 5.813.81DLPG x P.K 0.03

0.6530.6808.937.550.06 0.21Number of pods per plant No.8 x G.V 0.15

10.64 0.7159.880.290.25 0.04P.K x G.V

0.65319.8314.0072.26 144 06DLPG x P.K 71.80

0.696 0.66834.15448 69 27.56156.50No.8 x G.V 292.19Plant height (cm)

0.65622.9221.02P.K x G.V 255.81 48.26 304.07

0.96946.66 50.390.07DLPG x P.K 0 06 0.01

0.92246.65 0.86452.380.06 0.29Number of branches per plant No.8 x G.V 0.23

45.80 0.9330.09 30.53P.K x G.V 0.050.04

0.47417.65 10.53 14.51DLPG x P.K 37.2919.64

0.409 0.42015.6511.65No.8 x G.V 27.01 21.72 48.73Number of seeds per pod

10.64 15.37 0.377P.K x G.V 52.7725.29 27.48

DLPG x P.K 19.96 0.4710.66 15.430.98 1.64

0.512 0.5009.890.83 13.43100 seeds weight (g) No.8 x G.V 0.45 0.38

16.71 0.51711.1 1P.K x G.V 0.65 0.82 1.47

0.8508.21DLPG x P.K 3.10 11.321.63 1.47

0.7670.6705.53 12.00 14.45Seeds yield per plant (g) 1.72No.8 x G V 3.81

0.7806.25 8.18! 92P.K x G.V 1.92 0.80

AV.h2: Broad sense hcniability taken as average of three crosses

i
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TABLE-46 (b)

Estimates of genotypic, environmental and phenotypic components of variance, coelTicients of
variability and broad-sense heritability in three okra crosses under drought conditions (T2)

COEFFICIENT OF
VARIATION (%)

VARIANCE

AV.h2h: b.sTRAIT CROSS Genotypic Genotypic PhenotypicEnvironmenal Phenotypic

DLPG x P.K 8.62 0.91914.83 19.82 7.464.99

0.907Days to first flowering No.8 x G.V JO.71 0.88926.35 4.28 30.63 9.93

P.K x G.V 15.85 6.32 7.28 8.61 0.91322.17

0.515DLPG x P.K 13.42 17.87 16.50 19.044.45

Height of first flowering node (cm) No.S x G.V 0.53828.58 32.25 60.79 24.16 35.23 0.544

P.K x G.V 23.34 0.55528.69 20.01 48 70 30.41

DLPG x P.K 29.80 16.51 46.3! 7.66 9.55 0.744

Days to 50% flowering No.S x G.V 124.19 135.19 0.772 0.80311.00 14.70 15.33

9.00P.K x G.V 77.52 86.52 12.48 0.84211.82

DLPG x P.K 15.58 25.23 16 03 0.5679.65 20.40

Relative growth rate of fruit No.8 x G.V 43.35 0.5576.03 26.94 0.55049.38 25.24:

P.K x G.V 19.19 14.80 33.99 21.08 0.55515.84

DLPG x P.K 2.03 0.7722.33 4.36 1.67 2.45

Water content of fruit (%) No.S x G.V 2.24 6.59 18.83 0.287 0.5634.15 5.15

P.K x G.V 2.68 5.723.04 1.92 2.81 0.629

DLPG x P.K 31.40 68.07 5.9636.67 8.77 0.640

Fresh fruit yield per plant (g) No.8 x G.V 0.531128.26 22.85 151.11 12.30 0.56613.35

P.K x G.V 125.53 29.97 155.50 13.01 0.52611.70

Cont ...
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COEFFICIENT OF
VARIANCE

VARIATION (%)

h2 b.S i A-V.h2Genotypic Environmenal Genotypic PhenotypicCROSS PhenotypicTRAIT
0.8624.42 5.15DLPG x P.K 4.35 16.5612.21

0.8743.753.19 0.8712.42No.8 x G.V 6.45 8.87Days to maturity

0.8894.177.15 4.25 11.40 3.30P.K x G V

8.08 0.7220.91 0.75 5.98DLPG x P.K 1.66

0.7480.7626 41 8.340.88No.8 xG.V 1 49Diameter of pod (mm) 0.61

0.760 I8.360.58 5.52P.KxG.V 0.75 1.33

9.96 0.6200.1S 8.13DLPG x P.K 0.12 0.06

0.6430.6800.18 7.40 9.06No.8 x G.V 0.12 0.06Number of pods per plant

8.47 0.6300.08 5.99P.KxG.V 0.08 0.16

14.45 0.65510.36DLPG x P.K 21.7923.04 44.83

27.05 0.597 0.604152.74No.8 x G.V 123.07 24.2SPlant height (cm) 29.67

0.560 I55.3 1 23.35P.K x G.V 102.11 157.42 18 81

57.31 0.9660.02 40.52DLPG x P.K 0.02 0.04 !

0.93347.70 0.910Number of hranches per plant No.8 x G.V 0.07 0.03 0.10 39.90

42.28 0.924P.KxG.V 0.02 0.02 0.04 29.90

0.550DLPG x P.K 74.65 24.80 28.8926.70 101.35

0.336 I 0.428No.8 x G.V 26.99Number of seeds per pod 64.12 37.71 101.89 21.41

1 17.88 32.58 0.399P.KxG.V 74.09 43.79 25.83

DLPG x P.K 25.70 0.4850.90 2.00 17.241.10

No.8 x G.V 18.80 0.559 0.509100 seeds weight (g) 0.61 0.55 1.16 13.63

0.482P.KxG.V 0.27 0.60 14.080.33 9.45

DLPG x P.K 0.8401 40 2.17 8.23 10.240.77

Seeds yield per plant (g) No.8 x G.V 0.710 0.7876.951.10 0.88 1.98 9.33

0.810 iP.KxG.V 1.80 2.540.08 0.160.08

AV.h2: Broad sense heriiability taken as average of three crosses
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per pod and yield but coelTicients of variation were low for days to first flowering, days

to maturity and 500 seed weight

All the crosses for the seed yield per plant and the crosses, DLPG x Parbhani

Karanti and No.8 x Green Velvet for the diameter of pod and days to first flowering,

showed nominal change in coefficient of variations due to water stress. For the fresh fruit

yield per plant, all the crosses showed the greatest reduction in coefficient of variation

due to water stress For number of branches per plant, plant height and water content of

fruit, the cioss, Paibhani Knrnnti \ Green Velvet showed minimum reduction in

coefficient of variations due to water stiess. In the cross, DLPG x Parbhani Karanti. the

coefficient of variations were least affected due to water stress for the traits, relative

growth rate of fruit, water content of fruit, days to maturity and days to 50 percent

flowering, Korla and Sharma ( 1084) reported low to moderate coefficient of variability in

okra for plant height, the node at which the first faiit set, number of fruits per plant and

yield per plant.

As a whole, stress caused reduction in genotypic variance, phenotypic variance and

coefficient of variations for the crosses. However, variances and coefficients of variation

were increased due to stress in all the crosses for number of seeds per pod. In this case

genes showed positive changes in their action due to stress. Genotypic and phenotypic

variances were increased due to stiess in (he cross No.8 x Green Velvet for relative

growth rate of fruit, water content of fruit and 100-seed weight. Similar results were also

observed for days to first flowering in the cross, Parbhani Karanti x Green Velvet and

No.8 x Green Velvet and Parbhani Karanti x Green Velvet for days to 50 percent

flowering Variances were not altered due to stress in the cross, DLPG x Green Velvet for

water content of faiit and number of branches per plant in the cross, No.8 x Green Velvet

for days to maturity and number of branches per plant. The crosses Parbhani Karanti x

Green Velvet and No.8 x Green Velvet showed resistance to stress in genotypic
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coefficient of variation and phenotypic coefficient of variation for days to 50 percent

flowering and number of pods per plant, respectively. The cross Parbhani Karanti x

Green Velvet did not show changes in genotypic and phenotypic coefficient of variations

due to stress for days to 50 percent flowering, water content of fruit and days to maturity.

Coefficient of variations were not affected under stress conditions in the cross Parbhani

Karanti x Green Velvet for plant height and in the cross, DLPG x Green Velvet for days

to first flowering.

It is evident from the results that the genetic factors expressed differently in

different traits. The highest phenotypic and genotypic coefficient of variations for 100

seed weight, fruit length and number of fruits per plant in okra were observed by

Jeyapandi and Balakrislinan (1992). Patel and Dalai (1992) observed significant variation

among genotypes of okra for days to flowering and number of branches per plant

Godawat and Gupta (1986) observed high genotypic coefficient of variation over the

locations in sesame grain yield, number of branches and number of capsules.

The efficiency of any crop breeding programme depends largely on the quantum of

genetic variability present in the breeding material in hand. Plant breeders use heritability

as a tool for effective selecting plants from a segregating population. Heritability depends

on the population of genetic variation from the phenotypic variation. Heritability

estimates were different in various trails lor a particular cross. In normal conditions, the

broad sense heritability estimates in the three crosses were higher and consistent for seed

yield per plant, plant height and highest and consistent for days to first flowering, number

of branches per plant, days to 50 percent flowering and days to maturity. Moderate and

consistent heritability estimates in the crosses were observed for relative growth rate of

fruit and 100-seed weight The genes for these traits are independent in their inheritance

and were less influenced by other genes As they are showing same behaviour in different

genetic backgrounds.
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Relatively higher and similar heritability estimates were observed among the

crosses for diameter of fruit, number of pods per plant and fresh fruit yield per plant. Low

to moderate inconsistent broad sense heritability estimates under normal conditions were

exhibited by the crosses for height of first flowering node and number of seeds per pod

and low to high inconsistent estimates were observed in the crosses for water content of

fruit. Similar findings were observed by Tak and Patnaik (1977) in Brassica Compe.stris

L. for yield, number of pods per plant, days to first flowering, days to maturity and

number of seeds per pod.

The crosses exhibited the highest and consistent estimates of heritability under

stress for the number of branches per plant, days to first flowering, days to 50 percent

flowering, days to maturity, diameter of fruit and seed yield per plant. Moderate to high

and consistent estimates of heritability were observed under stress conditions for fresh

fruit yield per plant, height of first flowering nod, relative growth rate of fruit, number of

pods per plant and plant height. But low to high inconsistent heritability was shown by

the crosses for water content of fruit. Low to moderate estimates under stress were

observed in the crosses for number of seeds per pod and 100-seed weight.

Estimates of heritability were not affected by inducing water stress for the

characters, days to first flowering, days to maturity and days to 50 percent flowering,

showing high values under stress conditions. In the cross, DLPG x Parbhani Karanti

heritability was not affected absolutely by water stress for the seed yield per plant, 100-

seed weight, plant height and days to 50 percent flowering. The cross, No.8 x Green

Velvet did not show any change in heritability estimates due to water stress for the days

to first flowering. Similarly about same estimates of heritability were observed in the

cross Parbhani Karanti x Green Velvet due to water stress for the traits, number of pods

per plant, height of first flowering node, number of branches per plant, diameter of pod

and days to maturity. The cross, DLPG x Parbhani Karanti showed prominent increase in
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heritability for (he height of first {lowering node and number of seeds per pod due to

water stress Increase in heritability due to water stress was also recorded in the

combination No.8 x Green Velvet for the seed yield per plant, number of brandies per

plant and days to 50 percent flowering. The cross, Parbhani Karanti x Green Velvet

showed positive increase in heritability estimates due to water stress for water content of

fruit Similar results were observed by White cl at. (1994 a), in common bean who

reported higher heritability for seed yield under water stress than under normal

conditions. On the common bean the results were not in agreement with the results of

Singh (1995), who concluded slightly higher heritability under normal conditions

compared with water stressed environment for pod yield and number of pods per plant

and low heritability for seed yield Palvc ct al (1985) recorded good amount of

variability, high magnitude and genetic advance for yield, number of fruits, fruit length

and days to flower in okra Rao and Singh (1985) reported a wide range of genetic

variability in linseed for days to maturity, plant height, number of branches, number of

capsules per plant, 100 seed weight and seed yield per plant.

Under both conditions, on an average the heritability estimates were higher

(h2>0.50) for all characters except number of seeds per pod. which showed moderate

estimates (h2=0.40 to 0.50). By inducting water stress, crosses showed relatively greater

average heritability estimates for 100-seed weight, height of first flowering node, number

of branches per plant, water content of fruit, number of seeds per pod, days to maturity

and days to 50 percent flowering. Average heritability estimate was not affected due to

water stress for diameter of pod, number of pods per plant and seed yield per plant.

However, estimates of average heritability were lowered down at some extent for

fresh fruit yield per plant, relative growth rate of fruit, plant height and days to first

flowering Moderate to high heritability was studied in okra for the traits, fruit diameter,
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fresh fruit yield per plant, number of branches per plant, plant height, seed yield per

plant, days to first flowering, days to maturity, fruit length, height of first flowering

node, number of pods per plant, 100 seed weight and number of seeds per pod by

research workers 1972: Lai el al\ 1977; Rao, 1979: Singh and Singh. 1979:many

Vashislha cl ai 1982: Korla and Sharma, 1984; Reddy el ai 1985; Ariyo. 1990:

Mandal and Das. 1991; Rath. 1991: Teyapandi and Balakrishnan, 1992: Patel and

Dalai. 1992 and Chandra el ai, 1996. High heritability among pod yield per plant and

number of pods per plant in pea was studied by Sarnaik el ai ( 1 990).

4,5. GENERATION VARIANCE ANALYSIS, NARROW

SENSE HERITABILITY AND GENETIC ADVANCE

The partitioning of phenotypic variance into its genotypic and environmental

components is not enough to have a deep insight into the genetic properties of a

breeding material. The genotypic variance needs to be partitioned into additive and

dominance variances. Environmental variance (i.e. variance due to noil-genetic

causes) must also be considered. It is possible to extract genetic and environmental

variances from a suitably designed experiment which includes non-segregating

material (such as parental inbred lines and Fi etc) and segregating populations (such

as back cross and F? etc). The estimates of variance may be utilized to estimate broad

and narrow sense heritabilities. Broad sense heritability reflects the amount of genetic

variability relative to environmental effects while the success to select and fix this

genetic variation depends upon narrow sense heritability.

Estimates of components of genetic variance together with their standard

errors, chi-square (x‘) values, narrow sense heritability and genetic advance for

different okra plant traits under both conditions were summarized in Table-47 (n&b).
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TABLE-47 (a)

Variance components, D (Additive) E (Environmental) following weighted analysis of components of

Variance, narrow sense heritability (h2 n.s) and genetic advance (G.A) for various okra plant

traits in three crosses under normal conditions (Tl)_
h2 n.s G.Ax- (d.f)TRAIT CROSS D Ei

0.600 5.572.09 (4)DLPG x P.K 0.3440.23 4.30 2.17 +

3.580.3400.48 5.67No.8 x G.V 5.95 3.07 (4)Days to first flowering 55.48 + +

5.120.5162.39 (4)3.45 0.25P.K x G.V 44.29 + 5.08 +

0.68 0.397 6.880.06 (4)45.90DLPG x P.K 48.44 + 21.65 +

9.250.493No.8 x G.V 35.65 5.40 0.11 (4)Height of first flowering node (cm) 97.94 21.70 ++

11.500.5536.80P.K x G.V 114.63 + 26.64 44.96 0.44 (4)+

0.286 2.30DLPG x P.K 0.53 4.353.63 (4)27.82 + 3.42 +

0.311 3.28No 8 x G.V 53.78 + 6.10 5.31 (4)Days to 50% flowering 3.96 0.62+

0.471 6.00P.K x G.V 3.5377.71 + 8.42 4.53 0.71 (4)+

0.551DLPG x P.K 3.6912.13 4.55 0.16 (4)2.74 0.69++
i

No.8 x G.V 1.25Relative growth rate of fruit 5.68 + 2 85 0.16817.60 + 3.62 0.86 (4)

P.K x G.V 0.69 0.213 1.3912.62 + 2.79 4.57 1.79 (4)-r

DLPG x P.K 0.673 6.950.0632.96 + 5.98 8.55 1.31 (4)+

No.8 x G.VWater content of fruit (%) 6.391.96 0.66514.95 6.33 1.9513.26 (4)+ +

P.K x G.V 2.830.15 0.32213.45 5.58 11.63 1.71 (4)++

DLPG x P.K 20.951923.49 + 240.9 207.S7 4.04 (4) 0.31832.39_L_

Frcsh fruit yield per plant (g) No.8 x G.V 1890.09 + 248.97 0.576 39.65238.57 37.08 1.09 (4)+

P.K x G.V 90.45 i 0.625 40.05265.75 3.251286.13 1639.34 (4)-r+

Cont.
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X2 h2 n.s G.AE (d.f)CROSSTRAIT D

5.393.36 0.4411.09DLPG x P.K 77.54 9.22 6 99 (4)++

6.OS0.50464.88 + 0.86 2.40No.8 x G.V 7.60 5.49 (4)Days to maturity +

3.230.2570.74 6.564.74 (4)P.K x G.V 80.88 + 8.71 +

0.670.2080.22 3.346.56 + (4)DLPG x P.K 1.09 144 +

1.780.19 0.3613.34 (4)No.8 x G.V 1.35 1.22 +10.52 +Diameter of pod (mm)

0.355 1.78P.K x G.V 0.22 2.86 (4)10.27 + 1.451.41 +

8.750.8061.25 1.19 (4)DLPG x P.K 37.85 + 8.156.24 +

4.080.3921.77 0.37No.8 x G.V 11.75 (4)29.15 + 6.90Number of pods per plant +

7.760.7211.32 1.01P.K x G.V 6.33 8.60 (4)36.89 + +

22.820.5S3125.72 0 25DLPG x P.K 87.84 19.24 (4)483.48 +

18.950.455L99 I (4)No.8 x G.V 591.69 + 100.15 20 66Plant height (cm) 134.52 +

6.990.172P.K x G.V 519.08 19.79 0.0292.07 129.15 (4)++

0.570.710DLPG x P.K 0.01 1.600.33 0.03 (4)+jf.

No.8 x G.V 0.430.447Number of branches per plant 0 05 0.04 0.01 2 900.41 + (4)+

0.26P.K x G.V 0.3070.01 6.870.40 + 0.04 (4)+

6.660.814DLPG x P.K 13.07 + 1.22 2.114.22 8.18 (4)+

3.45No.8 x G.V 0.404Number of seeds per pod 12.61 5.20 10.81 1.59 0.20 (4)+ -V

P.K x G.V 1.65 0.483 4.2413.36 + 5.40 11.18 0.20 (4)+

0.88DLPG x P.K 0.2SS2.06 0.65 1.26 0.19 0.62 (4)+

100 seeds weight (g) No.8 x G.V 0.19 0 459 1.442.32 0.64 1.19 0.17 (4)++

0.64 I 1.16 1.880.5S7P.K x G.V 0.502.44 -r 0.17 (4)+

DLPG x P.K 0.877 33.15467.15 + 57.73 7.57 9.49 (4)4S 41 +

27.70Seeds yield per plant (g) No.8 x G.V 214.81 + 43 04 0.97966.37 10.11 2.63 (4)+

P.K x G V 0.942 33.6910.42 2 67440.08 62.23 67.27 (4)++
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TABLE-47 (b)

Variance components, D (Additive) E (Environmental) following weighted analysis of components of

Variance, narrow sense heritability (h2 n.s) and genetic advance (G.A) for various okra plant
_Traits in three crosses under stress conditions (T2)_

X: h: n.sTRATT CROSS E G.AD (d.f)

DLPG x P.K 5.53 4.6054.0] + 2.] 4 0.33 5.26 (4) 0.446+

Days to first flowering No.8 x G.V 66.94 7.26 3.94 0.62 4.65 (4) 0.382 4.46+ i

i
P.K x G.V 0.36861.51 + 6.38 2.7] 0.42 5.39 4.04(4)•f

DLPG x P.K 62.61 18.34 34.37 5.14 0.57 0.315 5.18(4)+-f

Height of first flowering node (era) No.8 x G.V 85.26 + 21.26 37.18 5.60 0.61 0.363 6.56(4)4-

P.KxG.V 94.83 + 27.84 0.34 7.0752.23 7.81 (4) 0.348+

0.71 IDLPG x P.K 4.6835.04 4.60 2.52 0 447 4.14(4)+

Days to 50% flowering No.8 x G.V 36.20 -r 0.5395.06 5.39 0.83 1.16 5.22(4)+ i
1

P.K x G.V 61.80 - 7.25 3.655.28 0.82 4.74 0.317(4)

DLPG x P.K 10.19 + 2.50 4.33 0.65 0.83 0.372 2.31(4)+

Relative growth rate of fruit No.8x G.V 2.509.76 f 4.43 0 67 0.475 2.970.04 (4)+

P.K x G.V 9.24 2.20 3.76 0.57 0.455 2.69037| (4)

DLPG x P.K 15.64 1.23 3.37 (5) 0.568 4.95+

Water content of fruit (%) No.8 x G.V 17.21 1.36 0.475 4.35(5)

P.K x G.V 26.37 i 5.50 0.078.71 1.32 0.552 5.29(4)

DLPG x P.K 1562.19 - 312.58 481.46 0.21 0.50973.33 36.82(4)+

Fresh fruit yield per plant (g) No.8 x G.V 884.98 + 223.58 393.54 59.25 1.11 0.392 23.04<41+

P.K x G.V 909.30 - 229.97 I 404.98 60.97 0.27 0.404 24.11(4)+

Cont—
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A
X2 h2 n.sTRAITS (d.f) G.ACROSSES D E

5.39DLPG x P.K 1.09 3.369.22 6.99 (4) 0.44177.54 +

(4) 6.080.86 2.40 0.5047.60Days to maturity No.8 x G.V 64.S8 + 5.49

J.2J6.56 (4) 0.257P.K x G.V 0.7480.88 + 8.71 4.74

10.673.34 (4) 0.208DLPG x P.K 6.56 1.09 0.221.44 4-

0.361(4) 1.78Diameter of pod (mm) No.8 x G.V (.35 0.19 3.3410.52 -**

2.86P.K x G.V 0.355 1.780.2210.27 + 1.41 1.45 (4)

8.750.806DLPG x P.K 6.24 8.15 1.25 1.19 (4)37.85 +

4.08Number of pods per plant No.8 x G.V 1.77 0.37 (4) 0.3926.9029.15 + 11.75

7.761.01 0.721P.K x G.V 36.89 4- 6.33 8.60 1.32 (4)+

0.583 22.82DLPG x P.K 19.24 0.25 (4)483.48 87.84 125.72

18.95Plant height (cm) 20.66 1.99 0.455No.8 x G.V 591.69 100.15 134.52 (4)++

0.02 6.9919.79 0.172P.K x G.V 5(9.08 + 92.07 129.15 (4)

1.60 0.710 0.57DLPG x P.K 0.03 0.01 (4)0.33 + -r

0.447 0.43Number of branches per plant 0.04 0.0! 2.90 (4)No.8 x G.V 0.050.41 +

0.266.87 0.307P.K x G.V 0.04 0.010.40 + (4)+-

6.66DLPG x P.K 1.22 0.8148. IS 2.1 1 (4)13.07 4.22+-

Number of seeds per pod 0.404 3.45No.8 x G.V 10.81 0.20 (4)12.61 5.20 1.59+

(4) 0.483P.K x G.V 5.40 l 1.18 1.65 0.20 4.2413.36 -
DLPG x P.K 0.62 0.288 0.882.06 * 0.65 0.191.26 (4)

0.19 0.459 1.44100 seeds weight (g) No.8 x G.V 2.32 0.64 I.I9 0.17 (4)T

1.880.17 0.50 0.587(4)P.K x G.V 0.64 1.162.44 +-

33,15DLPG x P.K 48.41 7.57 9.49 0.877467.15 - 57.73 (4)+

Seeds yield per plant (g) 0.979 27.70No.8 x G.V 43.04 66.37 10.II 2.63214.81 (4)

2.67 33.69P.K x G.V 440.08 62,23 10.42 0.94267.27 [4)
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1
A model incorporating additive (D) and environmental (E) components was sufficient

to explain treatments except for water content of fruit in DLPG x Parbliani Karan!i

and No.8 x Green Velvet under drought conditions. No genetic component could he

detected as significant in the inheritance of this trait. So it may be concluded tluil all

the variability observed was attributable to environmental causes. A satisfactory lit of

the model incorporating only D and E in the generation variance analysis suggests the

presence of additive genetic variation of all other trails in both the treatments. It is

suggested that selection in early segregating populations would be effective in

accumulating favourable alleles for the traits in a breeding programme.

In general by giving water stress, additive variance (D) was increased in all (he

trails except, number of branches per plant, water content of fruit and height of first

flowering node. On (he other hand due to water stress environmental variance (I ) was

decreased in almost all traits except fresh fruit yield per per plant in all crosses ami

number of pods per plant in the crosses. Parbliani Karanti x Green Velvet and 1)1T( i

x Parbliani Karanti. It is because of the expression of additional genes which only

express under drought enditions. The combinations. DLPGxParbhani Karanti and

No.8xGreen Velvet exhibited higher environmental variance for water content of fruit.

A general adequate Illness of the two parameters model (D and P.) to the

generation variances reflects that additive variance appeared to account for largest

proportional of total genetic variance for all the trails. Partap d <il. (1980) concluded

significant additive and non-additive variances in okra for days to 50 percent

flowering, plant height, fruit length and fruit diameter. Additive and non-additive

genetic components of variation in pea was studied for seed yield and pods per plant

by Singh and Singh (1990). Rana and Gupta (1994) also concluded that additive

component was appreciably higher than the dominance components for all trails

except green pod yield in pea. Turgut cl ol. (1995) observed that in maize dominance

component of genetic variance was more important for all traits except 100-grain

weight. Additive genetic variance was held responsible for the genetic variation of

various cotton plant trails as reported by Singh and Singh (1981). Singh el af (1982).

Randhawa el af. (1986) and Yadnv and Yadava (1987). Ilowcrvcr. botli additive and

non-additive variances were important for the plant traits as indicated by El Pavvnl cl

a!. (1974), Parkash (1982). and Gupta (1987).

Under normal conditions higher narrow sense herilability estimates were observed

for seed yield per plant which were lowered under water stress conditions. Narrow sense
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heritability estimates were high for DLPG x Parbhani Karanti and Parbhani Karanti x Green

Velvet and lower for No.8 x Green Velvet for number of pods per plant under normal

conditions. But these crosses showed opposite results of narrow sense heritability estimates

under water stress conditions. For 100 seed weight comparatively low to moderate and

inconsistent heritability estimates were observed under normal conditions and higher and

consistent under stress conditions. For fresh fruit yield per plant, the cross DLPG x Parbhani

Karanti showed increased heritability by giving stress, but decreased heritability was

recorded by the combinations, No 8 x Green Velvet and Parbhani Karanti x Green Velvet

under stress conditions The magnitude of heritability for the relative growth rate of fruit

was relatively higher in cross, DLPG x Green Parbhani Karanti but it was lowered due to

stress. Contrary to this, other two cross. No.8 x Green Velvet and Parbhani Karanti x Green

Velvet having lower estimates of heritability under normal conditions, exhibited increased

estimates under stress conditions, respectively.

For height of first flowering node, heritability was moderate under normal conditions

and was lower under stress conditions Water stress lowered the narrow sense heritability in

all crosses lot the number of branches per plant. The combination, DLPG x Parbhani

Karanti showed higher estimate of nariow sense heritability under normal condition but

lower under drought conditions. Other both crosses showed 40 percent decrease in

heritability due to water stress. Tbe results were quite inconsistent for plant height under

normal conditions. The cross, Parbhani Karanti x Green Velvet showed maximum reduction

in heritability (more than 50%) due to water stress. Drought caused increase (40%) in

narrow sense heritability in the cross, Paibhani Karanti x Green Velvet for water content of

fruit. But lowering of heritability was observed in other both crosses due to water stress for

the trait. For number of seeds per pod. narrow sense heritability estimates were low to

higher and inconsistent for the crosses under normal conditions, but these were decreased

under water stress conditions. The combination No.8 x Green Velvet showed much

sensitivity for heritability due to drought. The crosses, DLPG x Parbhani Karanti and

Parbhani Karanti x Green Velvet exhibited about 50 percent reduction in heritability

estimates due to water stress for the diameter of fruit . The cross No.8 x Green Velvet

showed low reduction in heritability comparatively for this trait

For the days to first flowering, prominent increase (35%) in heritability was

observed in tbe crosses, DLPG x Parbhani Karanti and Parbhani Karanti x Green Velvet due
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to water stress. But the heritabilily was least affected in (he combination. No. 8 x Green

Velvet due to stress. Maximum Jieritability estimates were observed in the cross No. 8 x

Green Velvet for days to maturity under normal conditions, which was not affected by

imposing stress. But heritabilily was lowered in the cross. DLPG x Parbhani Knrnnli due

to stress and it was increased to 50 percent in the cross. Parbhani Karanti x Green Velvet

due to stress. For days to 50 percent flowering the combinations. DLPG x Green Velvet

and No.8 x Green Velvet also showed decreased heritabilily due to stress and piogress' in

heritability in Parbhani Karanti x Green Velvet was recorded for this trait.

As a whole, the cross DLPG x Parbhani Karanti did not show any resistance in

narrow sense heritability due to stress for the number of pods per plant, water content of

fruit and number of seeds per pod. The combination DLPG x Parbhani Karanti showed

resistance for days to maturity and Parbhani Karanti x Green Velvet for 100 seed weight,

All the crosses showed positive increase due to stress in heritability estimates lor height

of first flowering node, number of branches per plant, plant height, number of seeds per

pod and diameter of pod. The combination DLPG x Parbhani Karanti showed increase in

heritability due to stress for relative growth rate of fruit, water content of fruit and days to

maturity. In the cross No. 8 x Green Velvet, heritability was increased by giving stress lor

water content of fruit and days to first flowering.

However, narrow sense heritability was increased due to water stress in the cross

Parbhani Karanti x Green Velvet for seed weight. Contrary to our results, high estimates

of heritability were observed by Singh and Singh (74) for diameter of fruit in okra. Rao

(1979) studied moderate to high narrow sense heritability in okra for days to (lowering.

number of fruits per plant and plant height. For plant height and height of first flowering

node in okra, results of Singh and Singh (1979) were in agreement. Yadav and Cliankar

(1991) observed high narrow sense heritability estimates of okra for first flowering node.

number of brandies per plant and moderate for days to 50 percent flowering and plant

height. Kotecha (1979) found II to 79 percent narrow sense heritabilily for plant height

in sunflower. In wheat moderate to high narrow sense heritability estimates for grain

yield and tiller per plant were observed by Kclata e/ al. (1976).

It is generally concluded from the result that narrow sense heritability eslimates in .

both cases were around 0.50 and frequently less than this value except in a few instances
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where they could go beyond 0.50 The small value of heritability does not necessarily

mean that gain can not be made through selection but simply the progress may be slow.

Genetic advance is also a parameter to assess the expected improvement in

character through hybridization and selection. High heritability and genetic advance were

observed under normal conditions for relative growth rale of fruit, number of branches

per plant, plant height, water content of fruit, number of seeds per pod. and days to first

flowering in the cross, DLPG x Parbhani Karanli. The combination No.8 x Green Velvet

appeared to be important for improving fresh fruit yield per plant, diameter of fruit and

days to maturity under normal conditions. High her liabilities were associated with high

genetic advance values for seed yield per plant, number of pods per plant. 100-seed

weight per plant and height of first flowering node in the cross. Parbhani Karanli N Green

Velvet under normal conditions. The cross, Parbhani Karanti x Green Velvet exhibited

more than 65 percent increase in genetic advance under stress conditions for the relative

growth rate of fruit, water content of fruit and days to maturity. More than 40 percent

reduction in genetic advance was observed in Parbhani Karanti x Green Velvet for days

to 50 percent flowering. This combination showed 137.6 percent increase under stress in

the genetic advance for relative growth rate of fruit and 26 percent and 40 percent for the

100-seed weight and number of pods per plant, respectively. The reduction in genetic

advance was considerable in DLPG x Parbhani Karanti and Parbhani Karanti x

GrccnVelvet for number of pods per plant. Similarly reduction in genetic advance lor

seed yield per plant was more than 40% in No.8 x Green Velvet and Parbhani Karanti x

Green Velvet. However the cross DLPG x Parbhani Karanti showed low reduction in

genetic advance for this trail.

The water stress caused 112.5 percent increase in genetic advance in the cross.

No.8 x Green Velvet for the 100-seed weight. However all the crosses were equally

affected for this parameter due to water stress in fresh fruit yield per plant. The

combination DLPG x Parbhani Karanti showed 40 percent progress in genetic advance

due to water stress for fresh fruit yield per plant. Moderate to high estimates of genetic

advance in okra were studied for plant height, the node at which the first fruit set. number

of fruits per plant and yield per plant by Singh and Singh (1979) and Korla and Sharma

(1984). High genetic advance in okra for fruit or pod yield per plant, plant

height, number of branches, yield per plant, fruits per plant, days to first

flowering and fruit diameter was observed by researcher. Singh el til. (I‘)74).

Lai e( al. (1977). Singh el of. ( 1978). Vashistha elul. (1982), Reddy eial. ( 1‘>85).
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Mandal and Das (1991), Jeyapandi and Balakrishnan (1992), Patel and Dalai and Chandra et

al. (1996).

4.6 GENERATION MEAN ANALYSIS

The Knowledge of gene action of the traits relating to the developmental traits of

plant species in a given set of environmental conditions is necessary to formulate a breeding

strategy for its improvement. In okra however, very little has been studied about the gene

action of the traits especially, under stress conditions The lack of information about the gene

action of these traits under drought conditions has perhaps resulted in little success in

evaluation of drought resistant okra variety.

When a plant is subjected to drought stress, its physiology and morphology both are

changed because of the change in the expression of certain genes. Some genes which are

switched off under well-watered conditions, start expressing under drought stress. So to

develop a breeding methodology to improve plant under drought, it is necessary to study the

gene action of the traits under drought conditions. In order to determine kind and amount of

genetic effects involved in the control of okra plant traits, the generation mean analysis

procedure was used following the model and assumptions outlined by Mather and Jinks

(1982), Table-48 (a&b).

In both normal and water stress conditions, for the expression of seed yield per plant,

number of pods per plant and 100 seed weight, none of the genetic effect and interaction

component appeared to be involved in all the three crosses. Similar results were recorded for

fresh fruit yield per plant under drought conditions. This means that all the variations

between the crosses were environmental. The crosses, DLPG x Green Velvet and Parbhani

Karanti x Green Velvet under normal conditions exhibited dominance effects for the fresh

fruit yield per plant and additive x additive gene effects were observed in No 8 x Green

Velvet. So in this case selection will not be effective in segregating population. Genes

showing dominant effect were suppressed in this treatment due to water stress. In okra

additive gene effects were more important than dominant gene effect and epistasis on

number of pods per plant and yield per plant (Vicharat, 1990). All types of interactions in

okra were observed for number of pods per plants by Changani and Shukla (1990), and
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duplicate epistasis in sesame for seed yield per plant was observed by Reddy et al. (1986).

In maize both dominance and additive effects appeared significant for grain yield and 100-

grain weight (Turgut et al. 1995) and epistasis effects were significant for grain yield

(Lanikey el al. 1995). Additive dominance effects for seed cotton were observed by Kalsy

and Vithal (1980), Parkash (1982), kaseem et al. (1984), and Kalsy and Garg (1988). Under

normal conditions additive (d) effects along with dominance x dominance (1) interactions

were present in the cross, DLPG x Parbhani Karanti. However, significant joint scaling test

for this cross indicated the involvement of a higher order epistasis governing the trait. But

this epistasis or interaction was deleted due to water stress. Only additive effects were

observed in this case. Additive effects shown by the cross, No.8 x Green Velvet were

changed into additive (d) and dominance (h) effects due to drought stress. But this

dominance was directed toward lower parent. In the cross, DLPG x Parbhani Karanti only

(m) parameter was fit in both treatments for the height of first flowering node it suggested

that all the variation was environmental. In the absence of genetic variation, selection would

be ineffective Additive gene effects were exhibited by the cross. No. 8 x Green Velvet and

were deleted due to water stress These results are in agreement with the findings of

Vicharat (1990) in okra.

A simple additive-dominance model fitted and none of the gene interaction was found

significant for number of branches per plant but dominant gene efTects were disappeared by

giving water stress in the cross, DLPG x Parbhani Karanti. Only additive gene effects were

observed in the cross, No.8 x Green Velvet under both treatments The cross exhibited not

any change in gene efTects by imposing water stress. For the cross, Parbhani Karanti x

Green Velvet, additive and additive x additive interactions were observed under watered

conditions and interaction u'as altered into negative dominance gene effects due to

drought stress. Additive gene effects were observed for branches per plant in okra (Vicharat,

1990). However Changani and Shukla (1990) reported additive, dominance gene effects and

epistasis for number of branches of per plant.

For plant height additive gene effects shown by the cross, No.8 x Green Velvet was not

altered by inducing water stress. Dominance x dominance gene efTects in the cross, Parbhani

Karanti x Green Velvet were significant and were altered toward smaller parent under

drought condition. Epistasis on plant height in okra was observed by Vicharat (1990)
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TABLE-48 (a)

Estimates of the best fit model for generation means parameters, mean(m), additive (d), dominance (hj,

Additive x additive (I), additive x dominance (j) and dominance x dominance (!) for various okra plant
traits in three crosses under normal conditions (Tl)

X2 (d.f)TRAIT CROSS d h Jm I

5 78 (5)DLPGxPK 54.74 079

Days to first
flowering

9.33 (5)No.8 x G.V 55.93 0.91+

P.KxG.V (5)2.9757.01 0.95

DLPG X P.K 3.01 (5)2.9422.12 -t

Height of first
flowering
node (cm)

No.8 x G.V 10.65 3 86 3.28 (4)23.91 2.78+

P.K xG.V 26.62 3.13 3.U3 (4)9.61 4 46

1 99DLPG x P.K 77.08 6.09 (4)1.51 4.04-ÿ

Days to 50%
flowering

No.8 xG.V -21 64 6 7983 86 1.27 (3)1.18-6.63 2 40

P.KxG.V 82.74 1.40 2.58 7.75 1.05 (3)-5.34 -16.96

2.41 j -8.32DLPG x P.K 31.92 (3)3 93 L36 -5 071.12

Relative growth
rate of fruit

No 8 xG.V 4 83 5.6933.18 1 09 l 41 (4)

P.KxG.V 32.71 1.08 -7 41 5.91241 (4)

DLPG x P.K 87.54 1.20 (5)0.90

Water content

of fruit (%)
No.8 xG.V 1.5787.84 (5)2.25

P.KxG.V 87.17 1.40 2.88 (5)

i
DLPGxPK 88.58 9.67 17.1336 25 6.27 (4)

Fresh fruit Yield
per plant (g)

No.8 x G.V 87.88 1005 40.65 1.711 8 59 (4)
I I

P.KxG.V 92.21 9 84 J 25.89 1.98!? (4)
II

Cont....
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X2TRAIT CROSS (d.f)d ihm r J

DLPGxP.K 82.99 + 1.36 | 5.04 ± 1.73 2.86 (4)

Days to maturity No.8 x G.V 81.23 + 1.22 I 3.80 - 1.56 4.07 (4)

' P.KxG.V 82.18 1.13 I 3.74 i 1.381.40 (4)+

i DLPG x P.K 17.03 0.58 1.70 + 0.77 1.04 (4)I

Diameter of pod (mm) ! No.SxG.V 15.38 + 0.56 0.47 (4)1.71 0.74T
I

. f P.KxG.V 15.10 + 0.60 3.53 (5)

DLPGxP.K 4.42 + 1.06 (5)0.03

Number of pods per
plant

No.8 x G.V 5.19 + 1.54 0.09 (5)

P.KxG.V 4.89 1.42 0.06 (5)+

DLPGxP.K 58.28 T- 5.39 (5)1.61

Plant height (cm) i No.SxG.V 60.00 5.61 23.3 7.46 3.23 (4)+ T

P.KxG.V 77.44 + 6.93 -24.69 - 12.30 4.27 (4)

i DLPG x P.K 0.56 0 04 0.25 + 0.04 0.19 0.09 0.46 (3)+

Number of branches
per plant

No.SxG.V 1.04 + 1.09 0.44 + 0.10 (4)4.99

P.K x G.V 0 41 0.1 1 0.23 0.07 0.40 + 0.13 (3)0.75T-

DLPG x P.K 45.76 1.85 4.94 + -8 63 + 3.51 (3)1.81 8.05

Number of seeds per
No.SxG.V 43 98 + 1.41 (5)* 14.84pod

i P.KxG.V 68.47 + S.ll 4.87 2. ! 5 -29.45 -2143 + S.6310.34 0.01 (2)
iDLPG x P.K 6.42 + 049 (5)2.22

100 seed weight (g) No.SxG.V 6.65 + 048 (5)1.65

P.KxG.V 7.12 + 049 3.25 (5)

! DLPGxP.K 15.69 349 (5)0.07

Seed yield per plant (g) \ No.8 x G.V 3.6016.22 (5)0.234-

i P.KxG.V 17.05 4.02 (5)0.07

Note : The models with significant {') X- were not adequate for the estimated parameters litus. suggesting raising of succeeding generation in other to obtain the best fit
model
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TABLE-48 (b)

Estimates of the best fit model for generation means parameters, mean (ni), additive (d), dominance (h),

Additive x additive (I), additive x dominance (j) and dominance x dominance (I) for various okra plant
traits in three crosses under stress conditions (T2)

X*CROSS (d.f)TRAIT d hm j .1

DLPG x P.K 5.42 (4)53.80 + 0.78 4.03 + 0.96

3.92 (3)Days to first flowering No.8 x G.V 53.89 + 1.02 7.326.92 + 1.26 •14.81 +

P.KxG.V 3.371.03 (4)56.02 + 0.86 5.36 -f

DLPG x P.K 22.55 + 2.56 2.75 (5)
Height of first flowering node
(cm)

4.4621.53 + 2.86 (5)No.8 x G.V

(5)P.KxG.V 22.17 + 3.26 2.74

DLPG x P.K 1.17 (3)68.S2 1.33 5 801.78 6.51 2.31+

Days to 50% flowering 5.37 (2)No.8 x G.V 73.24 1.54 8.06 -31.10 5.891.86 10.13 2.49+

P.KxG.V 69.52 + 1.97 0.7111.60 + 1.53 10.25 2.54 -17.51 + 7.41 (2)*

DLPG x P.K 24.29 + 0.94 3.69 + 1.26 7.17 (4)

Relative grow th rate of fruit No.8 x G.V 28.75 1.33 8.01 + 1.32 -6.40 - 2.51 4.91 (3)+

P.KxG.V 31.62 + 1.26 4.64 + 1.26 -9.48 2.31 0.16 (3)+

DLPG x P.K 85.55 + 1.01 1.43 (5)

Water content of fruit (%) No.8 x G.V 83.36 + 1.59 5.49 3.35 (4)•1527

P.KxG.V 84.ÿ5 + 1.35 1.87 (5)

DLPG x P.K 94.95 9.58 0.39 (5)

Fresh fruit yield per plant (g) No.8 x G.V 92.99 + 9.02 1.54 (5)

P.KxG.V 92.99 + 9.02 1.54 (5)

Corn
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\ X1 I (rt.f) 1CROSSTRAIT \d hm i .1!

DLFG x P.K 2.53 (4)80.25 + 1.15

No.8 x G.V 79,82 + 1.1 1 2.25 (4)Days to maturity
;

P.K x G.V 80.45 + 0.99 1-55 (4)

DLPG x P.K 15.72 + 0.56 3.96 | (5)

2.00 (5)No.8 x G.V 14.30 + 0.59Diameter of pod (mm)

P.K x G.V 13.62 + 0.61 1.11 (5)

DLPG x P.K 0.05 (5) •4.20 + 1.56

Number of pods per

plant
No.8 x G.V 0.11 (5)4.56 1.35

P.K x G.V 4.66 1.50 0.04 (5)*f

DLPG x P.K 44.42 + 4.56 (5)1.42

Plant height (cm) No.8 x G.V 44.79 + 4.47 2.07 (4)

P.K x G.V 5.1859.65 (5)4 48

DLPG x P.K 0.48 + 0.05 0.22 - 0.05 0.98 (4)

Number of branches
per plant

No.8 x G.V 0.68 + 0.07 2 280.24 0.09 (4)

P.K x G.V 0.50 | (3)0.55 + 0.08 0.15 -0.30 0 150.08 +

DLPG x P.K 44 45 + 1.65 -22.84 3.06 4.58 (4)_L

Number of seeds per
No.8 x G.V 40.84 + 1.80 3.12 *33 96-10.32 (4)

pod

P.K x G.V 40.97 1.91 3.25-17 35 5.75 (4)+

DLPG x P.K 5.48 + 0.47 (5)4.39

100 seed weight (g) No.8 x G.V 5.53 + 4.45 2.52 (5)

P.K x G.V 5.51 + 0.48 1-31 | (5)

DLPG x P.K 14.60 + 315 0.05 (5)

Seed yield per plant (g) No.8 x G.V 14.72 + 3.56 0.14 (5)

0.05 I (5)P.K x G.V 15.66 + 3.45 i

Note : The models with significant (*) X" were not adequate for the estimated parameters thus, suggesung raising of succeeding generation in other to obtain the best fit
model
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m and additive and non additive gene effects by Changani and Sliukal (1990). Under

both conditions, the cross DLPG x Parbhani Karanti did not show any gene effect or

interaction. Only (in) model was fit for this trail. Changani and Shukla (1990)

observed both additive and non additive gene effects for the inheritance of plant

height, branches per plant and pods per branch in okra.

For water content of fruit only (ni) parameter was significant in all the three

crosses. By applying water stress only the cross. No.8 x Green Velvet showed

additive x dominance gene action. Dominance as well as additive x additive gene

effects for relative water content in wheat were observed by Schonfeld cl <il ( 1988).

The crosses. DLPG x Parbhani Karanti and Parbhani Karanti x Green Velvet showing

additive and dominance gene action for number of seeds per pod under normal

conditions, changed into negative dominance effects under water stress conditions.

Same was observed in chick pea for this trait by Pandey and Tivvari (1989).

Dominance component along interaction was significant for number of seeds per boll

in cotton (Ma el af. 1983). Where as additive effects were observed by l"l-Adl and

Miller (1971). in cotton.

For diameter of pod additive gene action was exhibited by the crosses. DLPG

x Parbhani Karanti and No.8 x Green Velvet. But Ibis effect was suppressed by giving

water stress. In the cross. Parbhani Karanti x Green Velvet no parameter was lit

except (m) under watered and stressed conditions.

All the crosses showed additive genetic effects for days to first lloweiing

under both conditions except the cross. No.8 x Green Velvet. It showed negative

additive x additive interaction under normal conditions and additive genetic effects

under water stress conditions. Similarly additive gene action was observed in all the

crosses for the days to maturity in both treatments. These results are in agreement

with the findings of Vicharal (1990) in okra. But Pandey and Tivvari (1989) recorded

both additive and dominance gene effects in chick pea.

For the days to 50 percent flowering, additive and additive x additive gene

interaction was found in the cross. DLPG x Parbhani Karanti in both treatments. I lie

crosses No.8 x Green Velvet and Parbhani Karanti x Green Velvet showed additive.

negative dominance and negative additive x dominance interaction under normal
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conditions, respectively. But additive, additive x additive and negative additive x

dominance interactions were found, respectively for this trait due to drought stress. Mehla,

et al (1988) observed epistatic effects for earliness characters in cotton.

All the three kinds of genetic effects (additive, dominance and epistasis) appeared

to have played role in the inheritance of okra plant traits in three crosses under both

conditions. Under normal conditions, additive genetic effects were important for relative

growth rate of fruit in the No.8 x Green Velvet combination, dominance x dominance in

Parbhani Karanti x Green Velvet and both genetic effects in the cross, DLPG x Green

Velvet. Additive genetic effects were also observed in the cross. No.8 x Green Velvet for

plant height and dominance x dominance in Parbhani Karanti x Green Velvet under

normal conditions. The crosses No.8 x Green Velvet and Parbhani Karanti x Green Velvet

showed additive genetic effects under watered conditions for this trait. Similar effects

were seen by the crosses, DLPG x Parbhani Karanti and No.8 x Green Velvet for diameter

of pod. All the crosses for the trait relating to earliness showed additive gene action under

both conditions, but under normal conditions gene could not show genetic effects These

results suggest the development of variety with workable homozygosity Additive x

additive interactions were observed in the cross, DLPG x Parbhani Karanti for this trait

under normal conditions. However, dominance and additive x dominance genetic effects

were shown by the crosses, No.8 x Green Velvet and Parbhani Karanti x Green Velvet for

days to 50 percent flowering under normal conditions. Dominance effects were important

for fresh fruit yield per plant under normal conditions.

Additive x dominance effects were also important for days to first flowering in the

cross, No.8 x Green Velvet and for days to 50 percent flowering in the crosses, No.8 x

Green Velvet and Parbhani Karanti x Green Velvet under stress conditions. This type of

effects in the combinations suggest the synthesis of a composite variety. In water stress

treatment genetic effects were changed in certain crosses. Singh and Ramanujana (1981)

observed additive and dominance genetic effects for days to flowering in oat and noted

negative dominance x dominance interactions for this trait. However additive x additive

effects were greater than additive x dominance effects for days to 50% flowering,

suggesting the utilization of pedigree breeding programme.

Sometime the genes which could not express under normal condition, began to act

under stress condition. Same is the case with days to first flowering where no genetic

effects were found under normal conditions. But under stress, additive genetic effects
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were observed in all the crosses. Contrariwise, no genetic effects were observed under

stress conditions by the crosses for height of first flowering node, days to maturity,

diameter of pod and plant height Here additive genetic effects were shown under normal

conditions in the crosses The similar findings were observed in linseed by Gupta eIal.

(1990) But genes were suppressed due to stress and could not express under drought

conditions Drought caused dominance in the cross, No.8 x Green Velvet for fresh fruit

yield per plant and in all crosses for number of seeds per pod. Additive x dominance

effects were observed by the cross, No.8 x Green Velvet for the water content of fruit due

to stress. Gupta el al. (1990) observed additive gene action in linseed for days to maturity

and seed yield per plant.

There arc certain trails like seed yield per plant, number of pods per plant and 100-

seed weight in both treatments and fresh fruit yield per plant under drought conditions, for

which no genetic parameter was found significant and only the mean values fitted All the

variability present for such traits may be attributed to environmental causes. Contrariwise,

there were ceilain other traits including relative growth of fruit under norma! conditions in

DLPG x Parbhani Karanli and number of seeds per pod in No.8 x Green Velvet under

water stress conditions interactions were insufficient to envisage the whole variability.

For these trails a trigenic or still higher order interaction is possibly involved which

needs to raise an additional selfed, back cross of F* generation for the detection of effects

and/or interaction.

Non significance of components of gene action may be due to almost equal genetic

potential of the parents involved.

Opposite signs of dominance (h) and dominance x dominance (I) indicated

prevalence of duplicate epistasis of the interacting crosses. It revealed the major role of

unfixable non additive components in al! the interacting crosses, therefor heterosis

breeding would be advantageous.

Under the circumstances of additive and non additive gene action recurrent

selection procedure may be used to improve such traits as it will concentrate additive

effects, but will also not allow to dissipate non additive effects. Early generation selects

may be intermitted in biparental fashion to accumulate favorable genes to break up

undesirable linkages
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* When there arc higher order of interactions, then inheritance of this character

becomes more complex and in these circumstances recurrent selection of breeding

becomes useful for improvement of this character.

Additive x additive gene action indicated feasibility of isolating homozygous elite

genotype from the segregating population. The crosses showing additive type of gene

action should be further utilized for raising the yielding potential

Dominance or dominance x dominance gene action indicated the feasibility of

heterosis breeding for the characters on commercial lines.
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V. SUMMARY

The experiments were conducted at Centra! Cotton Research Institute, Mul'.an, to

determine the growih stage of okra most sensitive to drought and screen out drought

tolerant genotypes having good economic characters. Five varieties namely Chinese Red,

Clcnisoii Spineless, Dwarf Long Pod Green (DLPG), Parbhani Karanti, Green

Velvet and one experimental line No.8 were included in the studies. The experiments

were laid out in a three replicated split plot design. The sowing of the experiments was

done during March and June. The treatments were randomized in main plots and varieties

in sub-plots, lnterrow and interplant distance was maintained at 75 and 20 cm,

respectively. Four treatments, normal and three stress treatments (viz, water stress at

pentnfoliate and budding, flowering and podding, and seeding and maturity) were

practiced to find out the most sensitive stage of growth to drought.

In this experiment the data olTiesli fruit yield per plant, number of pods per plant,

number of branches per plant, number of seeds per pod and seed yield per plant of twenty

plants of each variety in each treatment were recorded. The analysis of variance revealed

significant and highly significant differences among genotypes in all treatments for all the

characters except for number of pods per plant, when stress was given at flowering and

podding and for seed yield per plant, when stress was imposed at podding and maturity.

The genotypes Green Velvet, Parbhani Karanti and DLPG showed resistance to drought

having minimum reduction in IVesli fruit yield per plant, number of pods per plant and

seed yield per plant, but the genotypes Clcmson Spineless and Chinese Red exhibited

resistance for number of seeds per pod and number of branches per plant, respectively.

The results showed that flowering and podding was the most sensitive stage to drought.

In next experiment only the treatment, normal and water stress at flowering and

podding were used. The six accessions were crossed in all possible combinations in a

dialId fashion. The seed of these crosses was sown to have Fi population. Sowing

methodology and cultural practices were same as in the case of previous experiments.

The data of fifteen plants of each cross in both treatments were recorded for days to Inst

flowering, height of first flowering node, days to 50% flowering, relative growth rate of

fruit, water content of fruit, fresh fruit yield per plant, diameter of fruit, number of pods
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per plant, plant height, number of branches per plant, number of seeds per pod, 1 00 seed

weight and seed yield per plant. The gene action, GCA, SCA and heterosis wer studied

for these traits under both normal and water stress conditions. On the basis of the best

mean performance, the highest GCA and moderate to high SCA for fresh fruit yield per

plant, number of pods per plant and seed yield per plant, three crosses (DLPG x Parbhani

Karanti, No.8 x Green Velvet and Parbhani Karanti x Green Velvet) were selected for

succeeding generations.

For further inheritance studies six generations (Pi, Pj, Fj, F2, BCi & BC2) were

obtained by selfing Fi’s and crossing of F|’s to their respective parents to get back

crosses. Sowing of seed of six generations was done in a Complete Randomized Block

Design in both normal and water stress conditions. A single row of fifteen plants was

used for parents and Fi generations, (wo rows for each back cross and eight rows for each

F2 generation. For parents, Fi’s back crosses and F2’s 8, 10, 15 and 50 plants per

replication were selected randomly in each treatment, respectively. The data of all

characters was recorded under both conditions. Separate analysis of variance showed

significant and highly significant differences among generation means in all the crosses

under normal and stress conditions. The amount of variability was generally greater for

l;2 and back cross generations than in Fj or parental generations under both conditions.

Positive heterosis and inbreeding depression were observed in the crosses for

water content of fruit, fresh fruit yield per plant, number of branches per plant and 100

seed weight under both normal and stress conditions. On over all basis the crosses

showed reduction in heterosis and inbreeding depression due to stress. However, progress

in these parameters due to stress was also observed for fresh fruit yield per plant, number

of pods per plant, diameter of fruit and seed yield per plant. Most of the crosses showed

partial and over dominance under both conditions except for number of branches per

plant where only one cross showed complete dominance under normal conditions.

Water stress caused reduction in heritability and genetic advance but progress due

to stress was observed in some crosses for days to 50 % flowering, water content of fruit,

100 seed weight, relative growth rale of fruit, fresh fruit yield per plant, number of pods

per plant, days to maturity and number of branches per plant. Additive variance

components were decreased by giving stress for fresh fruit yield per plant, seed yield per
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plant and increased for number of branches per plant. However additive varian =; was not

affected by drought for number of pods per plant.

Additive genetic effects for height of first flowering node, days to maturity, plant

height and number of seeds per pod were observed under normal conditions Additive

genetic effects were shown under stress conditions by the crosses for days to first

flowering and days to 50% flowering. The crosses exhibited additive gene effects under

both conditions for relative growth rate of fruit and number of branches per plant.

Dominance was observed for fresh fruit yield per plant under normal conditions and for

number of seeds per pod, relative growth rate of fruit and days to 50% flowering under

water stress conditions

In both normal and stress conditions, none of the genetic effects and interaction

component appeared to be involved in all the crosses for the expression of seed yield per

plant, number of pods per plant and 100 seed weight under both conditions and fresh fruit

yield per plant under drought conditions. The results of these characters show that most

of the variations were due to environment
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CONCLUSIONS AND SUGGESSIONS

In okra, water stress at flowering and podding stage caused substantial reduction

in yield and yield components. Therefore, water stress at this sensitive stage must

be avoided.

The accessions. Green Velvet, Parbliani Karanti and DLPG were found tolerant to

drought for yield and yield related components. Their utilization in breeding

programme will help the breeder to synthesize high yielding drought tolerant

varieties.

Out of 30 F| crosses made by dialtel technique, the crosses No.8 x Green Velvet,

DLPG x Parbliani Karanti. Parbliani Karanti x Green Velvet, No.8 x Clemson

Spineless and Chinese Red x Clemson Spineless showed significant heterosis for

fresh fruit yield per plant, number of pods per plant, number of seeds per pod, 100

seed weight and seed yield per plant under drought conditions. Therefore these

may be used for hybridization programme on commercial lines for water deficit

areas.

The varieties, Green Velvet and Parbliani Karanti exhibited the highest GCA

effects under drought conditions for fresh fruit yield per plant, number of pods per

plant and seed yield per plant The utilization of these parents in breeding

programme may yield the best segregates for drought affected areas.

The combinations, No.8 x Green Velvet, Green Velvet x Parbliani Karanti, DLPG

x Parbliani Karanti and Chinese Red x Clemson Spineless were the best

combinations showing the highest SCA effects under drought conditions. These

crosses could be further exploited towards breeding drought tolerant genotypes

with good economic characters

The results of the Table-29, indicated that additive dominance model was not

adequate for some characters. This means that under normal and drought

conditions, other effects besides the additive dominance effects play a role in the

genetics of these characters. One way of over coming this situation is to remove

varieties from the analysis whose array shows epistalic or any other situation,

O

o

o

o

o

o
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which caused the failure of the model. However in this experiment it was

impossible, as there were only six varieties. One reason for the failu . of the

additive dominance model may be this limited number of varieties. The pattern of

the results observed in the analysis indicates that one or more of the diallel

assumption may have failed. Although epistasis was suspected, alternative

explanations could not be ruled out Due to failure of additive dominance model

the main aim of this study, i e to compare gene action on drought tolerance under

normal and drought condition could not be achieved properly However, adequacy

of the model for important characters, fresh fruit yield per plant, number of pods

per plant and seed yield per plant gave the valuable information under both

conditions.

Additive gene action for number of pods per plant and seed yield per plant under

both conditions and for fresh fruit yield per plant under drought conditions,

indicated that selection in early segregating generation would be effective for

these trails

Negative heterosis in the crosses for earliness characters, i.e. days to first

flowering, days to 50% flowering and days to maturity under both conditions

indicated further exploitation towards breeding early genotypes for water deficit

aicas.

Significant heterosis in the crosses under drought conditions for fresli fruit yield

per plant, diameter of fruit, number of pods per plant, number of brandies per

plant. 100 seed weight and seed yield per plant indicated over dominance. When

there is a situation like that, then heterosis breeding for these traits will be

rewarding, especially for drought affected areas.

Water stress caused reduction in narrow sense heritability and genetic advance but

progress was also observed in some crosses for days to 50% flowering, water

content of fruit, 100 seed weight, relative growth rate of fruit, fresh fruit yield per

plant and number of pods per plant.

Additive variance components were decreased by giving water stress for fresh

fruit yield per plant, seed yield per plant and increased for number of branches per

plant. However it was not affected by water stress for number of pods per plant.

3

3

3

3

3
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Generation mean analysis showed additive genetic effects for heigh' of first

flowering node, days to maturity, plant height, number of seeds per j under

normal conditions and for days to first flowering and days to 50% flowering

under water stress conditions. Under these circumstances selection in early

generation will be fruitful.

Both additive and non-additive genetic effects were observed for number of seeds

per pod under normal conditions for relative growth rate of fruit under water

stress conditions and for number of branches per plant under both conditions. For

these traits recurrent selection procedure may be used to improve such traits as it

will concentrate additive effects, but will also not allow dissipating non-additive

elfects,

Additive x additive gene action for fresh fruit yield per plant, number of branches

per plant and number of seeds per pod under normal conditions and for days to

50% flowering under both conditions indicated feasibility of isolating

homozygous elite genotypes from the segregating population.

Dominance or dominance x dominance gene action for days to 50% flowering

under normal and for relative growth rale of fruit, number of branches per plant

and number of seeds per pod under both conditions, indicated the feasibility of

heterosis breeding for these characters.

In both normal and stress conditions none of the genetic effects and interaction

component appeared to be involved in the crosses for the expression of number of

pods per plant, 100 seed weight, seed yield per plant under both conditions and

for fresh fruit yield per plant under drought conditions. Inadequacy of the model

of inheritance for these traits may be due to presence of linkages, multiple alleles,

lethal genes or inviability of gametes and zygotes. Most of the variations for these

traits may be due to environment.

O

O

O
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SYNOPSIS OF THESIS FOR THE DEGREE OF Ph.D IN PLANT BREED1NU

AND GENETICS, FACULTY OF CROP PRODUCTION, BY SAEED AHMAD
UNDER GUIDANCE OF PROF.DR.ABDUL JABBAR MALIK, SINDH
AGRICULTURE UNIVERSITY, TANDOJAM. __

TITLE OF RESEARCH PROJECT:

INHERITANCE OF SOME CHARACTERS TN OKRA
{ABELMOSCIIUS ESCULENTUSL. MOENCH.) UNDER
DROUGHT CONDITIONS

INTRODUCTION:

Okm (Abelmoschus esculenlus) is a inalvaceous crop extensively grown in two

seasons i.c. spring (March) and late (.hinc). both in plains and hilly tracts of Pakistan. It is
very popular vegetable and is used in the form of boiled and fried vegetable. This
vegetable lias good nutritional value. Avciagc nutritional value per 100 g edible portion of
okra has protein 1.8 mg, thiamine 0.07 mg. riboflavin 0.08 mg, niacin 0.8 mg. vit. C 18.0
mg and energy 31 k.cal. (FAO, 1972). The mucilage from the lVuil and seed is used

medicinally as demulcent, emollient, laxative and as diuretic. Shangvessy. Bengal
Dispensatory has described a combination for hibiscus lozenge which is highly soothing in
irritable conditions of pharynx (Dictionary of Economic Products of India Vol. IV).

In Punjab, its production and area in 1993-94 were 30831 tons and 8809 acres.
respectively and both are increasing gradually (Directorate of Crop Reporting Service.
Government of the Pun jab. Lahore).

If variability exists for various drought related characters, it suggests that there
max' lie scope for improving drought resistance by selections and combining of desirable
diameters. The measurement of variability, herilabilily and gene action guides the plan!
breeder in planning and executing drought resistance programme effectively.

Some preliminary experiments should be conducive to know the sensitive stage
of okra for drought studies. For this purpose drought can he imposed at different stages of
growth right from germination uplo maturity. 13v this way water stress stage causing
maximum reduction in yield can he identified.

In most regions of the world, soil moisture supply is rarely at optimum levels
during the growing season, thus resulting in tremendous losses in plant growth due to

recurrent of sustained internal water deficits, flic importance of water has also heen
shown from the fact that plant growth decreases as soil moisture stress increases, which
adversely affects the ultimate yield and quality of that crop.

file soil moisture affects practically every aspect of plants growth, modifying
their anatomy, morphology, physiology and biochemistry of field crops. Soil moisture not

only affects the physico-chemical activities •*!" a plant but also regulate (he availability and
translocation of plant food material to various organs of the plant and this hampers the
plant growth, lienee adequate and timely irrigation is one of the important cultural
practices that should he considered necessary for successful crop husbandry. Crop water

requirements and crop responses to iil igation vary with the nature of soils, varieties, stage
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of growth, climatic conditions and management of the crop, in order to obtain the efficient
use of land and other variable inputs for (he economic yield of okra varieties/strains under
moisture stress is necessary in the field conditions.

Keeping in view the importance of such type of basic research and its impact upon
the future okra production (seed and fresh fruit) strategy, the present studies will be

conducted during 1996-97. The venue of the studies will be Central Colton Research

Institute Multan under the supervision of Department of Plant Breeding and Genetics,

Sindh Agricultural University, Tandojam:

REVIEWOFUTERA TIWE:

Denmcod and Show (I960) reported that reduction in leaf area was due to

moisture stress at vegetative growth stage in com.

Stocker (1962) reported increased total length of veins when plants were grown
under water deficit conditions as compared to normal moisture conditions.

Karim ct al (1973) observed that cuticle thickness, the width of bullifonn cell zone

and no. of veins in lire leaf of six sugar-cane varieties were associated with drought
tolerance.

Kirti Singh cl al- (197*1) reported that high herilability values and estimates of

genetic advance were obtained for fruit diameter, crude fibre content, ascorbieacid content

and fruit length. Marketable fruit yield per plant were positively correlated with no of
flowers per plant, no. of branches per plant, stem diameter, plant height, no. of leaves per
plant, no. of fruits per branch, fruit no. per plant and fruit weight. Yield was primarily
dependent on fruit weight, no. of fruits per plant and no. of flowers per plant.

Swamy Rno cl al-(1974) reported that ten hybrids gave higher yields of fruits than
the control (Pusa Sawani), mainly due to many pods per plant and seeds per fruit.

Sionil and Kramer (1977) observed that the occurrence of stress during seed filling
caused greater reduction in yield than at other reproductive stage and was associated with a

reduction in duration of seed fill and early senescence olTcavcs.

Lal,S cl al.(1977) conducted trials on estimation of broad-sense herilability and
genetic advance for ten quantitative characters and reported that herilability estimates were
liigh for all characters except yield per plant, the highest estimates being for days to

flowciing, inlernodc length, fruit length and fruit thickness, the last named gave the lowest
estimate of genetic advance.

Singh, S.P. cl aU(l978) observed that analysis in 30 strains of nine quantitative
characters showed genotype X year interactions to be significant for all trails. Broad sense
herilability estimates and expected genetic advance were greatest for days to {lowering,
yield per plant and no. of fruits per plant, indicating additive gene effects on these trails.
Yield was found to be positively correlated with fruits per plant, plant height ami fruit
length.
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Rno, T.S (1979) studied a diallel cross amongst six Hibiscus esculcntus varieties for
days to flowering, no. of fruits per plant and height, and broad-sense and narrow-sense

heritability estimates were each calculated according to two methods. All these characters
were inherited polygenicallv. The two methods gave similar results for broad-sense
heritability estimates, but not for narrow-sense heritability estimates.

Singh, S.p (1979) made crosses between 25 lines and live testers of A. (Hibiscus)

esculcntus from a study of nine trails in the 125 FI and 125 F2 populations over a period
of two years, the trails internoda! distance, plant height and height of lirsl fruiting node
were shown to have high heritability estimates together with high to moderate estimates for
genetic advance. For fruit width, estimates for heritability were high but those of genetic
advance were moderate to low.

Partnp, S.P cl nl-( 1980) used a 7 X 7 diallel technique excluding reciprocals to

study yield and five components in Hibiscus esculentus. I3otlv additive and non-additive
variances were highly significant for all characters, the flower being higher than the later
except for no. of f ruits and yield per plant. Partial dominance was found for no. of days to

50% flowering, plant height and fruit length, complete dominance lor fruit diameter and
no. of fruits per plant and over dominance lor yield per plant. Variance Co-vaiianco
regression graphs confirmed these days to 50% flowering and partial dominance lor fruit
diameter. High Iicrilahilily in the narrow-sense was found for all characters except yield per
plant, no. of fruits per plant and plant height.

Vashislha, R. et nl•( 1982) investigated yield per plant and 5 agronomic characters in
25A. (Hibiscus) esculcntus genotypes, highly significant varietal di!Terence were found for
all characters except no. of ridges per fruit. Pusa Sawnni gave the highest yields under
rainfed conditions. High values for heritability and genetic advance for fruits per plant,
plant height and root length indicated scope for improving these characters by selection.
Yields variability was depended primarily on no. of fruits per plant, plant height and root

length.

Blum ct nl-(1983) noted positive correlation between yield and osmo-regulalion.

Korla and Sharma (1984) studied 28 A.(Hibiscus) esculcntus accessions sown as
rainy crops and evaluated for plant height, the node at which the first fruit set, no. of fruits
per plant and yield per plant. Differences among accessions were significant for all tracts in
all years. Plant height exhibited the greatest variability and node of first fruit set the least.
Pusa selection 6.2 produced the highest average yield per plant (217.2 g). In general, the
studied tracts had a low to moderate co-efficient of variability and moderate to high
heritability and genetic advance.

Bade el al*(1985) studied the effects of high temperature and water stress on forage
growth. High temperature increased tiller no. and weight. Reduction of no. of tillers per
plant was due to water stress. Suproapt temp. (40 C) reduced yield irrespective of moisture
stress.
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Blnillcr cl al-(1985) reported dial grain yield per planl was significantly correlated

with 100 grain weiglit. Path co-efficient analysis revealed that 100 grain weight made ihe

most important contribution to grains yield per plant.

Reddy cl al- ( 1985) reported that genotypic and phenotypic variances were highest

in okra lor yield pci plant and planl height, indicating wide variability. High genetic
advance and hcrilabilily were noted for fruit yield per plant, branch no. and plant height.
indicating dial these trails were governed by additive gene cllccts. Fruit yield pci planl
showed signilicant and positive correlations with all the studied trails except height of the
iirst fruiting node. Fruits per plant had the highest positive effect on fruit yield. Plant
height had high direct and indirect effects on yield, while branch no. had an indirect effect.
Selection for these last two traits is seen as Ihe most effective method for improving yield.

Mbagwu and Adesipc (1987) noted effects of water stress on 3A (Hibiscus)

esculcntus cullivars al 3 growth stages. On fruit yield, 6 yield components and nutrient
uptake was investigated in a pot experiment. Ihe greatest percentage reduction in fresh

fruit occured when moisture stress was imposed al the llowcring stage of Kano Dwarf and
Awgu Early and the pod-filling stage of lady linger. In all cullivars, moisture stress al both

the flowering and pod-filling stages resulted in a reduction of more than 70% in fruit yields.
while Ihe lowest reduction in fruit yield occured with moisture stress during Ihe vegetable

stage.

Fredrick (1990) reported the ellect of water stress on yield appeared to be ielated
more to limited availability of pholosynlhalc and nitrogen for translocation to seed.

Jnmro and Larik (1990) observed that whether moderate to severe, (lie permanency
of symbiotic damage due to stress was often uncertain. Both process showed higher rales

in unstressed plants from germination to maturity than stressed plants al dillercnl
ontogenetic stages of development.

Janiro and Larik (1991) observed that results demonstrate that water stress during
seed filling to maturity adversely affected the rale of photosynthesis (5-12.5%), N* -

lixalion (6.5- 13%), leaf area (3-1-52%), dry matter (36-50%) and giain yield (38%). All Hie

parameters displayed higher mean estimates at pod tilling and declined consistently
thereafter due to water stress arid were signilicnnlly correlated with grain yield during
vegetative growth stages. Reproductive growth stages were the most sensitive to water

stress as compared to vegetative growth stages.

Mamlal and Das (1991) studied heritabiliiy, genetic advance and heterosis from a

data from a dinllcl set involving 8 parents and their 28 F, hybrids (excluding reciprocals).
Greatest heterosis over belter parent (52.4%) was observed for yield per plant followed by
fiuits per plant (36.5%). The crosses Punjab Padmani X Sel-10 and F.MS 8 X Sel.4

showed high heterosis lor yield and most ol its components.
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Vadav and Chanknr (1991) used diverse homozygous okra (Abelmoschus

esculcnfus) lines varieties and practised a 6X6 full diallet technique. Heritabilily estimates in
the narrow-sense were high for first fruiting node and no. of branches per plant, and
moderate for days to 50% llowciing and plant height . It was therefore expected that
selection in segregating generations would be effective for these characters.

OBJECTIVES:

The main objectives of these studies are :

To deter mine the response of okra to drought at different growth stages.

To study the genetics and inheritance ol certain characters related to drought,
To screen mil drought tolerant genotypes hating desirable characters in segregating
generations.
To produce breeding material ol okra tor drought tolerance.
lire ultimate objective of the present studies is to increase vield thus boosling up
the ccnuomv of connin'.

I-
i.

1-

4-

5-

PLANOE YiOHK:

lhe research work will be carried out at central cotton Research Institute Multan
under the supenision ol Department ol Plant llreeding & Genetics, Sindh Agricultural
I’niversity. Tandojam.

karanti.
Six accessions viz. Chinese Red. Clemsnn spineless. Parbhanif Green Velvet.

D.I...P.0 (l)warl I one Rod Green) and No.K will be utilized for these studies. Clemsnn
spineless, (ireen velvet and D.I..P.G weie imported from USA. Chinese red from China?

Parbhanikaran tili'orn India. No.X is advance strain having parents, pusa green \
American ted. will he collected from Ayub Agiieiillmal Research Insiimtc Faisalnhad.

An evpeiimerrl will be performed in a Solit with
three replications in licld conditions to liiul out the stage most sensitive to drought. Pour
treatments will he practised.

DesignPlot

I- I | “Control without stress.

f. Water stress during penlalblialc and budding.
I r Water stress during Dowering and podding.
T, ' Water stress during seeding and maturity.

2-
3-

4-

:

Inleuow and intcrpkinl distance will be numlained as 7>cm and 2(lem respective!)
and the followin'' characters will be studied related to vield.

Seed v ield Plant

Piesh fruit yield Plant.
No. of Pods Plant.
No. of branches Plant.
No. ol secds/Pod.

v
4-
s.

1% i



Thus in next experiment inheritance tor drought related characters will be studied

in that treatment along with control-crosses in all possible combinations will be made

among SLX accessions in a complete diatlel fashion, t hen F]t F2, 1\, P<, BC], and BCj will
be generated and (heir population will be sown for further observations. Following
characters will be studied.

1- Grain yield/plant.
2- Yield of fresh fruil'planl.

No. of branches'plani.
4- No. of pods/plant.
5- No. of seeds pod.
6- • Seed index.
7- Plant height.

1 Icight from llrst llowering node.
Days to 50°<> llowering.

10- Days to first llowering.
1 1- Days from llowering to maturity.
1 2- Relative growth rate of fruit.
13- Maximum diameter ol liuit.
I t- Water contents of fruit.

3-

8-
9-

Ilie recommended cultural practices and plant protection measures will be adopted
for raising the crop. Drought tolerant genotypes of desirable eharaeleis in segregating
generations will be screened out.

The data thus obtained will be subjected to analysis of variance. The genetic
analysis and inheritance will be observed by various techniques.
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