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Abstract: In order to determine the mode of gene action involved in some okra economic traits, three different
crosses as started genetic materials were used for this purpose applying generation mean analysis. Significant
differences for all studied traits for six populations P,, P,, F|, F,, BC, and BC, within each cross were found
indicating the existence of genetic variation and possibility of selection for these traits. Insignificant negative
or positive heterosis and inbreeding depression were registered in most crosses for all studied traits except in
plant height. Additive-dominance model was adequate to demonstrate the genetic variation and it is important
in the inheritance for weight of 100 seeds, fruit diameter, fiuit length and total yield per plant traits. While,
non-allelic interactions were found in the other traits for most crosses. The dominance>*dominance effects were
greater than additivexadditive and additivexdominance, when non-additive portion is larger than additive in
most cases which recorded non-allelic interaction. Phenotypic Coefficients of Variation (PCV) was higher than
Genotypic Coefficients of Variation (GCV) for all traits indicating sensitivity of studied traits to the
environmental conditions. GCV, PCV, heritability and expected Genetic advance GA% of mean in most crosses
were found high or moderately high. As most studied traits are influenced by additive model and others
showed non-allelic gene interaction, it is suggested that pedigree phenotypic selection method is a useful
breeding program for improving these traits.
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INTRODUCTION

Okra (4belmoschus esculentus L.) 1s considered one
of the most important vegetable crops in Egypt having
prominent position among short duration ones. As a good
source of protein, carbohydrate, vitaming and minerals in
the diet, the mucilagimous property of crop makes easy
the consumption of bulky food (Adenyi and Kehinde,
2012). Ttis grown throughout the tropical and sub-tropical
regions as well as in the warmer parts of the temperate
regions. In order to increase the yielding potential, it 1s
unportant to utilize the available genetic potential
efficiently. The nature and magnitude of genetic variation
present in population is elucidated by genetic analysis of
quantitative traits. Estimating the type of gene effects in
plant population 1s essential to decide the type of
breeding procedure to be followed (Arora et al., 2010).
Applying the generation mean analysis as the most
common tool helps directly in the estimation of gene
effects and components of genetic variance
(Hayman and Mather, 1955; Hayman and Mather, 1955).

Generation mean analysis can be used to evaluate the
mode of gene action for quantitative traits especially its
yield components. Thus, knowmng the genetic diversity
and relationships among breeding materials is essential to
the plant breeders for inproving this crop.

Several models for analysis of generation mean as
was described by Anderson and Kempthorne (1954),
Hayman (1958) and Gamble (1962) have been developed.
Parents (P, and P,), F, F, and first and second
backcrosses (BC, and BC;) as six basic generations were
used to propose estimating mean and variance of
quantitative traits. Hstimating additive, dominance and
epistatic effects could be done using generation mean
analysis as a quantitative genetic method (Mather and
Jinks, 1982). Also, heterosis breeding as an important
genetic tool can be used to emrich many desirable
quantitative and qualitative traits as well as facilitating
yield enhancement. The presence or absence of epistasis
can be detected by the analysis of generation mean using
scaling test which measures epistasis accurately whether
it is complementary (additivexadditive) or duplicate
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(additive xdominance) and (dominance*dominance) at the
dysgenic level (Farshadfar et al, 2008). The analysis of
generation mean through scaling test detects the
presence or absence of epistasis as well as measuring
them appropriately. Tt also determines the components of
heterosis in terms of gene-effects (Rebetzke et al., 2006;
Farshadfar et al., 2008), considering the improvement of
pod yield and its compoenents as the most frequent gool
of okra breeding programs (Alake et al., 2012).

The present research aims to study gene action mode
of some quantitative traits as well as various genetic
parameters, which involved phenotypic coefficient of
variation, genotypic coefficient of variation, heritability
and expected genetic advance under selection in the three
okra crosses.

MATERIALS AND METHODS

Experimental design: Six basic sets of generations namely
P. P, F,F, BC and BC, were derived from three crosses
involving six contrasting genotypes of okra. Two local
cultivars i.e., Cairo Red (HK) and Romy (R) were used in
this study as well as four genetically divergent parents of
okra that previously n 2009 created and developed by
Soher El-Gendy (El-Gendy, 2012). These four genetically
divergent parent lines are: P,, P,, P; and P,. The crosses
were referred as: Cross, (HK X R), Cross, (P, X P;) and
Cross, (P; X P;). These crosses among the accessions
were sown during summer seasons through 2010 at
El-Baramon experimental farm, horticultural institute
(Mansoura Research Station, ARC). In summer of 2011,
F, seeds were planted in the field to produce F, seeds;
subsequent flower buds were back crossed to produce
the first backeross (BC,) and second backcross (BC,)
generations. Parents, F|, F,, BC, and BC, from each of the
three crosses were sown 1 a complete randomized block
design (RCBD) with three replications during summer
season 2012 at El-Baramon experimental farm of the
horticultural nstitute (Mansoura Research Station, ARC).

Data from these six generations were recorded on
three plants chosen at random from each plot for the
following traits: Number of seeds/pod (N. 5/p), Weight of
100 seeds (W100 sec g) Number of days to 50% flowering
(N. DF); Plant height (PH cm);, Number of Branches/plant
(NB/p); Number of leaves/plant (N. L/p); Fruit Diameter
(FD cm); fruit length (FI. cm) and total yield per plant
(TY/p kg).

Statistical and genetic analysis: Using SAS software
(SAS 9.1), analyses of variances were done for six
populations (The two parents, F), F,, BC, and BC,) within

each cross with respect to all the studied traits.
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In addition, analysis of variance according to (RCBD)
analysis of variance for the studied traits was made to
detect the sigmificance of the observed differences among
and within crosses (Singh and Narayanan, 2000).

Estimation of heterosis (H ): Estimates of Heterosis (%)

were computed as the percent deviation of F, mean

performance over that either mid or better parent as

follows according to Abd El-Haleem et al. (2010):
Heterosis from the mid-parents:

where, Heterosis deviation = E-Mp and Variance of

heterosis deviation:
1
Vi + E(VPI + Vg, )

Heterosis from the better-parent:

F -Bp
H—@) =P 100
Bp Bp

where, Heterosis deviation = E-Mp and Variance of
heterosis deviation = Vi, +Vy,.

The t values of T-test were computed as follows:

Heterosis deviation
=

JVarianceofhetemsis deviation

Estimation of Inbreeding depression (I.D.): Tts value was
computed as the percent deviation of F, mean than their
the corresponding F, mean from the following equation
according to Abd El-Haleem et al. (2010):

il

B 00
L3}

LD.(%) =

The t values of T-test of LD. were computed as
follows:

o=

The scaling tests (A, B and C) and their variances
were computed for each trait for testing deviations of
segregation from the additive and dominance model of
gene effects were computed according to Mather and
Tinks (1982) as follows:
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A=IBC - P -FandVA=4Vy, +Vp + Vg
B=2BC, P, - FandVB=4Vy, +Vp, + V5
C=dE —2F - P - P, andVC=16V, +4V; +V; + ¥,

where, Vi, Vo, Vi, Vi, Vo, and Vi, were estimated
according to Scheffe (1959).
The t vales of T-test are calculated as follows:

~ Deviation  Deviation (valieof A orBorC)
" Stan dard error -JVarianceof deviation

i —iandt —iandt —L
ArdvaT P B T e

In each test, the degrees of freedom is sum of the
degrees of freedom of various generations mvolved. Also,
the significance of any one of these scales is taken to
indicate the presence of non-allelic mteraction (Singh and
Chaudhary, 1977).

Therefore, the six parameter model 15 used for
estimating various genetic components i.e., m, a, d, aa, ad
and dd, which stand for mean effects, additive,
dominance, additive~additive, additivexdominance and
dommance~dominance gene effect, respectively. These
genetic components and  their variances were
computed according to Jmks and Jones (1958) and
Khodambashi et al. (2012) as follows:

[m]=E
v, :VF1
[a]-BC,-BC.
v, :VBcl +VEC,

[d]:ﬁ—:u?—gﬁ—%EuBiclnBTi

V=V 416V, +ivpl +iVP2 +4Vge, + Ve,

[a2]=2BC: +2BC: — 4F,
V,, =4V, +4Vy, +16V,

[ad|-BG, - 3P -BC; + 2 B,
V.=V +1V +V; +1V
ad — VEC, 4 b BC, 4 Py

[dd]=P, +P, +2F, +4F, —4BC, — 4BC,
Vo =Vp +V, +4V, +16V, +16V,, +16V,,

Standard error of these parameters and calculated “t”
values were estimated according to Gamble (1962) and
Singh and Chaudhary (1977) in a similar mamner as done
in case of scaling test.

In the absence of non-allelic interaction, the
additive-dominance model is adequate. Thus, m, a and d
their variances were estimated according to Jinks and
Tones (1938) as follows:

[m]:%E +%E +4F, - 2BC, - 2RC,

1 1
Vo= g Vo g Ve, 16V AV, AV
[a|=17- 17,
2 2
1 1
V,=-V +-V,
Ty BTy R

[d]:6B7q+sBicz—SE—E—%E—%}T

2

V,= 36V, +36V,, +64V, +V; +§VP1 N %sz

Significance of the genetic effects 1s tested in a
similar mammer as done in case of scaling test.

Estimation of genetic parameters

Phenotypic coefficient of variability (pcv) and genotypic
coefficient of variability (gev): Its values were computed
according to Singh and Chaudhary (1977) as follows:

J¥ IV %
PCV:?EXIOOandGCV:%XIOO

2

Heritability in broad sense (IH%,) was computed
according to Mather and Tinks (1982) using the following
equation:

VP1 +VP3 + VH
3

%100
Vg Vg

3
where, V¢ 18 environmental variance.
Heritability in narrow sense (H*,)) was computed for

the characters using the following equation (Adeniji and
Kehinde, 2012):

2Vy — (Vo + Ve, )
VF

%

H, =

x 100

Expected Genetic advance under selection (GA%): The
estimate of expected genetic advance (response to
selection) expressed as percentage of mean at 3%
selection intensity (i) (selection differential, K = 2.06) was
computed by the following formula according to Eshghi
and Akhundova (2010) and Deb and Khaleque (2009):

kx,[\_r' xh?
GA(%) = F%
2

RESULTS AND DISCUSSION

In this study, yield and other traits were investigated.
Therefore, several analyses of variances were made in
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order to test the significance of differences among
crosses as well as populations within crosses. The results
of the analysis of variance and the mean squares of yield
and other traits of crosses and their populations are
presented in Table 1.

The obtained results revealed that most generations
within all crosses had significant differences of all studied
traits indicating the existence of genetic variation and
possibility of selection for yield and yield components.
This finding indicates that the further partition of genetic
variance to its components and the comparisons between
means are valid with respect to the traits under study. In
fact the development of any plant breeding program is
dependent upon the existence of genetic variability.
Furthermore, the efficiency of selection and expression of
heterosis also depends largely upon the magnitude of
genetic variability present in the plant population
(Singh and Narayanan, 1993; Singh and Chaudhary, 1999).

Therefore, the means and standard deviations of the
six generations as well as heterosis and inbreeding
depression with respect to the three crosses for all
studied traits are presented in Table 2.

The variance estimates from data of standard
deviation for all studied traits in segregating generations
were greater than that of F, and the parents. This showing
that genetic variability does exist among the generation
means in all studied crosses. Similar results were obtained
by Adeniji and Kehinde (2012).

The results indicated that line P; was the best parent
compared to the crosses and its generations in most
studied traits, especially in total yield per plant with the
mean value of 1.51 kg. Also, indicated that the local
cultivar R was the earlier genotype with the mean
value of 43.7.

Meanwhile, all of F,’s were than the
better-parent or mid-parents value for number of
seeds/pod, number of branches/plant, fiuit diameter and
total yield per plant. These results led to the negative
heterosis values for these traits in all studied crosses

lower

which indicate that dominance direction was toward the
low respective parent in these traits. However, heterosis

above the better parent for weight of 100 seeds, plant
height, number of leaves/plant and fruit length in cross 1,
indicated that the dominance direction was toward the
best parent mn this cross with respect to these traits.
These results were in agreement with those obtained by
Abd El-Haleem et al. (2010).

Also, these results showed desirable negative values
of heterosis over mid-parents for number of days to 50%
flowering trait of all studied crosses. However the cross
2 only showed desirable negative and highly significant
of heterosis over mid-parents and better-parent with
values of -14.58 and -13.03%, respectively. This result
indicates that the dominance direction was toward the
best parent in this cross with number of days to 50%
flowering trait.

Positive and significant inbreeding depression was
observed for plant height trait in cross 1 and cross 3 with
values of 30.7 and 30.1%, respectively. This indicates the
role of dominant gene action m the inheritance of this
trait. This result disagreed those obtained by
Khanorkar and Kathiria (2010}, while it was in agreement
with the result obtained by Senthil Kumar ef al (2005).
Also, the positive and significant inbreeding depression
was observed for number of days to 50% flowering in
cross 3 with value of 1829%. This indicates the
possibility to obtain desirable segregants for earliness in
subsequent segregating generations of tlus cross. This
result was in agreement with the results obtained by
Khanorkar and Kathiria (2010).

On the other hand, insignificant positive or negative
inbreeding depression values were registered in the other
traits for all crosses. These indicated that the presence of
vigor in F, can be attributed to additive and epistatic gene
action. Such crosses in these traits are expected to give
segregants superior to the better parent in these traits,
which may be handled through pedigree breeding method.
Similar results were obtained by Surendira Kumar ef al.
(2004). Low mbreeding depression suggests that
increased retention of vigor in F,'s 1s expected to be
mainly due to accumulation of favorable additive genes
(Shukla and Gautam, 1990).

Table 1: Analysis of variance and mean squares for all studied traits of crosses and their populations

S5.0.V. D.F. N.8p WI00sg N.DF PH{cm) N.Bhp N. Lip FD {(cm) FL{cm) TYpke
Replication (Reps.) r-1=2 360 0.91* 0.2 568 1.46 260 0.27 1.27 0.010
Crosses (Crs.) c-1=2 483# 1,725 % 96.0%%  2316%* 0.62 5501 * J43%* 0.35 0.183%*
Rep. within Crs. (E,) (t-1) (c-1y =4 59 0.14 22 25 241 221 0.07 0.14 0.016
Populations (Pops.) within Crs. cp-1)=15 2730%%  0.60% T1.7** 4338+ 7.20%* 5543%* 1.03# 1.66% 0.154%#
Pops. within cross 1 (p-1H=5 6809%F ] 52 A0 A*E THGT 8B 993 1.80 A4.35%% 0.025
Pops. within cross 2 (p-1H=5 5663%%  0.95% 178.2%% 5027 17.15%* 10600%*% 2,54 1.44 0318
Pops. within cross 3 (p-1)=5 3906%F  1.12%%  211.4%+  13308%+* 17.23%* 21668** 1.86 4.10%* 0.578%*
Reps. within pops. x Crs. (&) c(r-1) (p-1) =30 109 0.26 0.7 221 1.83 610 0.57 0.75 0.023
Reps. Within pops. x cross 1 (r-1) (p-1) =10 164 0.51 0.5 353 1.93 1082 1.00 1.59 0.059
Reps. Within pops. x cross 2 (-1) (p-1) =10 246 0.34 1.6 381 6.32 1577 1.48 1.16 0.042
Reps. Within pops. x cross 3 (r-1) (p-1) =10 245 0.71 1.9 595 2.74 1003 0.93 1.74 0.034

* **Significant at 0.05 and 0.01 levels probability, respectively, D.F: Days to 50% flowering, NS/p: Number of seeds/pod, W100s g: Weight of 100 seeds,
N. DF: Number days to 50% flowering, PH (crm): Plant height, N. B/p: Number of branches plant, N. L/p: Number of leaves/plant, FD (cm): Fruit diameter,

FL (cm): Fruit length, TY/p kg: Total yield per plant
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Table 2: Mean performance and standard deviations of parents, F, F; and backcross generations in three okra crosses as well as heterosis and inbreeding
depression for all studied traits

Traits N. 8/p W100s g N. DF

Generations Cross; Cross, Cross Cross; Cross, Cross; Cross; Cross, Cross
P 124.3+12.9 110.8£7.10 82.3+10.4 6.3+0.2 6.2+0.2 5.3+0.4 51.0+0.9 55.0+1.3 56.5H0.5
P, 50.5+12.5 76.2+6.60 79.745.80 6.5+0.4 6.9+:0.2 5.9+03 43.741.6 57.041.3 56.0409
F, 73.7£2.70 90.8+4.50 60.0+£11.7 7.53+0.4 6.4+£0.3 5.440.5 44.741.6 47.841.2 54.7H0.8
F, 117.2424.7 124.7+17.1 117.5£27.2 6.4+1.0 6.0+1.0 6.3+0.9 45.0+1.5 44.241.5 44.7+1.6
BC, 46.2+19.1 46,5154 47.3£19.9 5.7+0.8 5.7£0.6 5.8+0.7 453405 45.041.3 45.0+1.3
BC, 5304191 5524980 55.2421.1 6.3+0.7 6.3£0.8 6.3£0.7 457421 46.241.5 452413
L8Dy s 19.7 131 20.8 0.75 0.69 0.72 1.74 1.55 1.34
Hyy (%0) -19.85 -2.85 -25.93 13.82 -2.93 -4.46 -5.63 -14.58%+ -2.81
He,(%6) -40.75%* -18.05% -27.13 12.50 -8.19 -9.58 229 -13.03%+ -2.38

1. D.%) -59.05 -37.25 -95.83 12.03 5.51 -17.13 -0.75 767 18.20%*
Traits PH (cm) N. Bfp N.Lp

Generations Cross; Cross, Cross Cross; Cross, Cross Cross; Cross, Cross
P, 202+14 26314 296+17 6.0=0.9 9.2+1.2 9.2+1.0 156433 237425 289+13
P, 223+17 238+7 24610 8.0+0.9 6.8+1.0 6.0+0.9 160415 205+32 20014
F 282+7 23244 286+11 6.0=0.6 6.0=0.6 7.0£0.0 161423 189+6 188+65
F, 196+25 198425 198+£27 7.3£2.3 7.3£2.6 7.3£23 143438 146+42 142+40
BRC, 192+23 196+20 196=21 4.5+1.2 4.0+1.3 4.0+1.1 131438 13034 130+37
BC, 188+18 192415 192+£21 6.3£2.1 6.7£2.5 6.7£2.2 138433 142434 138+34
LSDy s 21.6 17.8 22.0 1.72 2.00 1.72 36.5 3604 324
Hy,(%0) 32Tk 7 G 53 -14.29 -25.00 -1.69 21 -14.2 <235
He,(%6) 26.7 #* -11.9 ## -3.6 -25.00 -34.55% -23.64 0.5 -20.0 -35.1 ##*
L D.(%) 30.7 #* 14.8 30.1* -22.22 -22.22 -4.76 11.2 23.0 243
Traits FD (cm) FL (cm) TY/p kg

Generations Cross; Cross, Cross Cross; Cross, Cross Cross; Cross, Cross
P, 5.540.3 6.5+£0.5 4.9+0.3 3.2+0.6 4.2+0.6 6.1£0.4 0.90+£0.22 1.35+£0.20 151+022
P, 4.3+0.4 6.3£0.2 5.8+0.2 5.4+0.7 3.7£0.1 3.7£0.5 0.71£0.18 1.03+£0.26 101012
F, 4.8+0.8 5.7£0.2 A6t0.2 5.5+£0.3 4.4+0.3 3.9+0.8 0.77£0.23 1.09+0.06 073015
F, 5.7£1.5 6.2+2.3 5.541.8 4.7+1.4 5.0£2.0 4.8£1.5 0.77£0.30 0.79+£0.29 Q7027
BC, 4.5+1.2 4.9+1.7 4.5+1.2 5.0£1.1 4.8£1.5 5.0£1.1 0.74+0.31 0.78+0.29 074031
BC, 5.3+1.2 5.2+1.5 5.4+1.3 5.0+1.2 5.0+1.4 4.9+1.1 0.77£0.20 0.79+0.20 Q7HOR
LSDygps 1.17 1.57 1.25 1.13 1.41 1.14 0.29 0.27 0.25

Hy % -1.87 -10.65 -14.33% 29.55% 11.53 -19.59 -3.55 -8.09 -42.20%
Hp, % -12.16 -11.79 -21.43%% 2.80 4.72 -34.99 -13.70 -18.94 -51.85%
1. D.%% -17.65 -8.72 -20.73 1511 -12.03 -21.19 0.77 27.53 -1.70

# *#*#%ignificant at 0.05 and 0.01 levels probability, respectively, D.F: Days to 50% flowering, NS/p: Number of seeds/pod, W100s g: Weight of 100 seeds,
N. DF: Number days to 50%% flowering, PH (cm): Plant height, N. B/p: Nurmber of branches plant, N. L/p: Number of leaves/plant, FD (cm): Fruit diameter,

FL (crm): Fruit length, TY/p kg: Total yield per plant

The results of the A, B and C scaling tests for
assessing the validity of additive-dominance models are
given in Table 3. The values of the A, B and C scaling
tests were not significant for all crosses m weight of 100
seeds, fiuit diameter, fiuit length and total yield per plant
traits. The same results recorded for cross 1 with number
branches/plant and mumber of leaves/plant traits and in
cross 3 for number of seeds/pod trait. These findings
indicate the absence of epistasis (non-allelic interaction)
and the additive-dominance model was adequate to
demonstrate the genetic variation. Thus, it is important in
the inheritance of the above mentioned studied traits in
such crosses. The result of weight of 100 seeds trait 1s in
agreement with those obtained by Adeniji et al. (2007). On
the other hand, the results of fruit length and total yield
per plant traits were opposite with that obtained by
Akhtar et ol (2010).

The additive gene effects (a) were significant in cross
2 for weight of 100 seeds traits as well as in cross 1 and 3
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for fruit diameter and fruit length traits, while the
dominance gene effect (d) was significant in cross 3 for
number of seeds/pod trait. This finding, explain the role of
both additive and dominance gene effects in inheritance
of these traits in such crosses.

The non-allelic interactions were found to be
operating in the control of genetic variation among the six
generations for all crosses in number of days to 50%
flowering and plant height traits. The same result was
recorded for cross 2 and 3 with number of branches/plant
and number of leaves/plant traits and for cross 1 and 2
with number of seeds/pod trait. These findings indicate
the presence of epistasis (non-allelic interaction) and the
results were in agreement with those obtained by
Alkhtar et al. (2010).

The mean effect [m] was significant for all crosses in
number of seeds/pod, mumber of days to 50% flowering,
plant height, mumber of branches/plant and number of

leaves/plant traits, except crossl for number of
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Table 3: The scaling test and estimates of the genetic components: additive, dominance and interaction parameters as well as standard errors in three okra
crosses for all studied traits

Traits

-------------- N. 8/p W100s g N. DF

Scaling test

and parameters  Cross, Cross, Cross Cross, Cross, Cross Cross, Cross, Cross

A -106+40* -109+32%% -484+43 -2.16+1.57 -1.05+1.32 0.97+1.49 -5.0+2.1% S12.8£3.1%F 21,242 7%
B -27+40 -57E21% -20+44 -1.11£1.56 -0.63£1.58 1.304£1.55 3.0:4.7 S12.5E3.4%F 20.342.9%%
C 138+101 130£70 188+112 -1.73£4.00 -1.78+3.89 3.1743.69 -4.0+7.2 -31.0£6.6%F  43.246.8%F
m 117425%# 1251 7%* 346£123%%  7.9314.44 6.44+4.32 6.50+4.05 45.0£1.5%% 44241 5%F 44 7H] 6%
a -7E27 -9+18 1+6 -0.07+0.23 -0.38+0.13*%  -0.32+0.25 -0342.1 -1.2+1.9 -0.2+£1.8
d -280+113% -208+L78%** -628+279 % .5.45£10.06 -1.68+£9.73 0.2249.26 -0.747.8 -2.5+7.2 0.1+7.6
aa -270£113% -205+78%* - - - - 2.0£7.5 5.7+7.1 1.7£7.5
ad -39+£29 -26=19 - - - - -4.042.3 -0.2+2.1 -0.4+1.9
dd 4034+148* 461+101 ** - - - - 0.0£11.2 19.7£10.2 30.85100%*
Traits

--------------- PH (cm) N.B/p N. L/p

Scaling test

and parameters Cross; Cross, Cross Cross; Cross, Cross Cross, Cross, Cross

A -100+48 -104+40% -191+46%* -3.04£2.7 -7.2£2.9% -8.242. 4% -56+=86 -165+73% -216£75%
B -130+40%* -85£34 -148+4 5%* -1.344.3 0.5+5.1 0.3+4.4 47471 -110476 -112470
C -208+105 -174+101 -315£110%* 3,302 1.3£10.5 02491 -66+161 -2374171 -296+162
m 196+25%# 198+25%* 200+26%+* 14.7£10.2 7.3£2.6% 7.3£2.3% 195+182 146+42% 142+40%
a 4429 3426 4430 -1.0£0.6 -2.742.8 27424 -2+18 -12+48 -8450
d 47+118 -34+113 -9+122 -20.7423.1 -10.0+11.8 -8.6£10.2 -173£430 -70+£193 -89+190
aa -23£117 -15+113 -244121 - -8.0£11.8 -8.0£10.2 - -39+£192 -32+189
ad 15+£31 -9+26 -21£31 - -3.8+£2.9 -4.3+2.5 - -28+52 -52451
dd 253£1506 2044144 363£162% - 14.7£15.4 15.8+13.3 - 314+258 361£259
Traits

--------------- FD (cm) FL. (crm) TY/p kg

Scaling test

and parameters Cross Cross, Cross Cross) Cross, Cross Cross Cross, Crosss
A -1.50+£2.5 -2.43+3.50 -0.52+£2.5 1.27+2.25 0.90+3.08 0.05+=2.41 -0.204+0.69 -0.90+0.61 -0.77+0.68
B 1.28+2.5 -1.63+3.10 0.42+2.7 -0.95+2.44 1.78+2.77 2.20+2.42 0.06+0.49 -0.55+0.48 -0.2040.27
C 2.81+6.2 0.63+9.10 22772 -0.82+5.87 3.05+£8.01 1.42+6.11 -0.08+1.32 -1.40+1.20 -1.01£1.15
m 7.94+6.9 11.12+10.2 7.72+8.1 3.13+6.57 4.34+8.95 4.06+6.67 0.85+1.42 1.25+1.35 1.22+1.27
a 0.58+0.3* 0.08+0.30 -0.48+0.2* -1.11+0.47%  0.26+0.31 1.16+0.30%*  0.09+0.14 0.16+0.16 0.25+0.13
d -6.18+15.6  -14.158227 -5.60+18.1 3.84+14.94 2.41+20.09 2.96+15.14 -0.27+3.30 -1.66+3.14 -1.43+£2.95
aa - - - - - - - - -

ad - - - - - - - - -

dd - - - - - - - - -

The scaling tests (A, B and C), M =Mean, [a] = Additive effects, [d] = Dominance effects, [aa] = Additivexadditive effects, [ad] = Additivexdominance effects,

[dd] = Dominancexdominance effects *, **: Significant at 5 and 190 level of probability, respectively,D.F: Days to 50% flowering, NS/p: Number of seeds/pod,
W100s g: Weight of 100 seeds, N. DF: Number days to 50% flowering, PH (cm): Plant height, N. B/p: Number of branches plant, N. L/p: Number of

leaves/plant, FD (crm): Fruit diameter, FL (cm): Fruit length, TY/p kg: Total yield per plant

branches/plant and mumber of leaves/plant traits. These
results  indicated that the above mentioned
studied traits such crosses were quantitavely
mherited exactly as what was found m accordance
with (Abd El-Haleem et al., 2010).

The magnitude of additive gene effects (a) was small
relative to the corresponding dominance effects (d) in
most cases, suggesting that pedigree selection method 1s
a useful breedng program for improving these
populations. However, the negative wvalue of (d)
observed in most cases except in fruit length trait

in

indicated that the alleles responsible for less value of the
trait were dominant over the alleles controlling
high value. These results are in harmony with those
obtained by Alake et al. (2012), Adeniji et al. (2007) and
Khattab et af. (2010).

The results indicated that the dominance *dominance
effects were greater in magnitudes than additivexadditive
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and additivexdominance m all cases which recorded
non-allelic interaction except in case of cross 1 for number
of days to 50% flowering trait. When non-additive portion
18 larger than additive, the improvement of these traits
needs intensive selection through later generations
(Khattab et al., 2010).

The dominance gene effect (d) was significant in all
crosses for number of seeds/pod trait. These results
indicated that the dominance effect (d) was important in
the inheritance of this trait. Also, in this trait the
additivexadditive (aa) and dominancexdominance (dd)
gene effect were and 2,
which may lead to hinder the progress of selection
leading to losses of favorable genotypes during the
early generation  of  selection. According to
(Mather and Jinks, 1982), opposite signs of
additivexadditive and dominancexdommance indicated
prevalence of duplicate epistasis and complementary

significant 1 cross 1
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Table 4: Magnitude of phenotypic coefficient of variation, genotypic coefficient of variation, heritability and genetic advance in three okra crosses for all sudied

traits
Traits N.8/p W100s g N. DF
Genetic parameters Cross; Cross, Cross Cross; Cross,; Cross Cross; Cross, Cross
PCV 21.10 13.71 23.14 15.25 15.95 14.08 344 3.33 3.660
GCV 19.10 12.79 21.63 14.27 15.46 12.52 1.33 1.82 3.230
H2, 81.97 87.03 87.37 87.67 3.91 79.01 14.81 29.74 77.920
H, 80.49 85.97 86.34 84.52 9l.67 74.96 11.11 2615 73.750
GA (%) 34.98 24.29 41.15 26.55 30.12 21.74 0.79 1.80 5.550
Traits PH (cm) N. Bp N. Lip
Genetic parameters Cross; Cross, Cross Cross; Cross, Cross Cross; Cross, Cross
PCV 12.98 12.74 13.26 30.69 3521 30.69 26.21 2847 28.22
GCV 11.05 1248 11.52 28.60 27 28.86 19.82 23.46 27.06
Hey 7243 95.96 7541 86.84 86.33 88.38 57.18 67.89 91.95
H, 7227 95.87 75.06 8618 82.00 84.21 21.17 &1.87 41.37
GA (%) 19.33 2516 20.51 54.49 59.47 53.25 11.43 38.05 24.05
Traits FD (cm) FL (cm) TYhp kg
Genetic parameters Cross; Cross,; Cross Cross; Cross, Cross Cross; Cross, Cross
PCV 26.59 36.32 32.46 3072 40.08 30.77 3924 36.16 36.37
GCV 24.67 35.98 32.14 2812 39.28 28.28 2816 26.73 28.02
H2, 86.05 98.12 98.03 83.78 96.07 84.50 51.50 54.65 59.35
H, 79.96 97.91 97.72 80.88 9542 83.74 50.90 52.88 52.26
GA (%) 43.80 73.27 65.35 51.18 78.78 53.07 41.15 39.39 39.15

D.F: Days to 50% flowering, N8/p: Number of seeds/pod, W100s g: Weight of 100 seeds, N. DF: Number days to 50% flowering, PH (cm): Plant height,
N. B/p: Number of branches plant, N. L/p: Number of leaves/plant, FD (cm): Fruit diameter, FL (cm): Fruit length, TY/p kg: Total yield per plant

epistasis. The complementary effect will produce new
recombinants capable of improving vield. Therefore, the
unproving of this character could be achieved through
hybrid breeding method.

The phenotypic (PCV) and genotypic (GCV)
coefficients of variation, heritability in broad sense (H?,,),
heritability in narrow sense (H°.) and expected genetic
advance (GA%) were calculated as percent of F, mean for
all traits are presented n Table 4.

The magnitude of PCV was higher than that of
GCV for all the traits indicating that these traits
are more sensitive to the envirommental conditions
(Abd El-Haleem et af., 2010). The GCV and PCV were high
for number of branches/plant, number of lecules/pod, fruit
diameter, fruit length, total yield per plant and mumber of
seeds/pod for cross 3, ranged from 23.14 (in case of cross
3 for number of seeds/pod trait) to 40.08 (in case of cross
2 for fruit length trait) for PCV and ranged from 19.82
(in case of cross 1for number of leaves/plant trait) to
39.28 (in case of cross 2 for fruit length trait) for GCV.
These results mdicated that the maximum variability
among the genotypes selected for evaluation and thus
these traits provide a better selection chance of desirable
genotypes (Jindal et al., 2010). Meanwhile, the GCV and
PCV were moderate for number of seeds/pod except in
cross 3, weight of 100 seeds and plant height ranged from
12.741t021.10 for PCV and from 11.05 t0 19.10 for GCV.
Also, low GCV and PCV were recorded for number of days
to 50% flowering.

Heritability was estimated in each of bread and

narrow sense. EHstimation of broad-sense herntability
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indicated higher importance of genetic effects in control
of traits. Comparison between broad and narrow-sense
heritabilities revealed equal mnportance of additive and
non-additive  effects in genetic control of traits
(Reza, 2012). The higher values of narrow sense
heritability for a particular character indicated that it is
controlled largely by genes acting in an additive fashion
(Khanorkar and Kathiria, 2010). Thus, expected genetic
advance is yet another important genetic parameter that
aid breeder m a selection program (Shukla et al., 2004).
The knowledge of heritability along with expected genetic
advance aids in drawing valuable conclusions for
selection of breeding methods to be employed for further
improvement of the traits.

From Table 4, the results of hertabilities and
expected genetic advance indicated that the heritability in
broad and narrow sense were generally found to be high
in magnitudes m all crosses for number of seeds/pod,
weight of 100 seeds, plant height, number of
branches/plant, fruit diameter and fruit length, ranged
from 72.43% (in case of cross 1 for plant height trait) to
98.03% (in case of cross 3 for fruit diameter trait) for
heritability in broad sense and ranged from 72.27 to
97.72% (in the above mentioned cases) for heritability in
narrow sense. The analysis of expected genetic advance
in percentage of mean for the above mentioned studied
traits mn all crosses showed that lughest expected genetic
advance (more than 19%) mdicated good response to
selection. High heritability estimates accompanied with
high estimates of expected genetic advance expected in
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the next generation for these traits, indicated the
preponderance of additive gene action for the expression
of these traits which 1s fixable in subsequent generations.
This also provides the evidence that larger proportion of
phenotypic has attributed
genotypic variance and reliable selection could be made
for these traits on the basis of phenotypic expression
(Bello et al., 2012).

Moderate heritability (ranged from 51.50 to 59.35% in
broad sense and from 50.90 to 52.88% in narrow sense)
accompanied with high expected genetic advance
(ranged from 39.15 to 41.15%) were recorded for total yield
per plant trait in all crosses, providing little chance for its

variance been to

further improvement. However, care must be taken whle
breeding for this complex trait as it 1s considerably
mfluenced by environmental factors. It seems a limited
scope of mprovement could be achieved for tlus trait
within these genotypes (Bello ef al., 2012).

Also, moderately high low heritability
(ranged from 77.92 to 14.81% in broad sense and from
73.75 t0 11.11% in narrow sense) accompanied with low
expected genetic advance (ranged from 0.79 to 5.55%)
were observed for mumber of days to 50% flowering,
which might be due to non-additive gene effects.
Hence, little improvement by selection is likely in this trait.
This result 13 in line with those reported by
Abdelmageed (2010). Straight forward selection from the
segregation population of this trait does not seem to be
possible, the genetic variation existed m this trait could be
mnproved successfully following reciprocal recurrent
Furthermore, tlus trait
dominance was involved may advantageously be utilized
by the breeders to develop hybrid, as suggested by
Ojaghi and Akhundova (2010).

From the above mentioned results, high and
moderately high GCV, PCV, heritability and GA% of
mean in most crosses for all studied traits except

to

selection. in which over

number of days to 50% flowering suggested that these
traits could be transmitted to the hybnd progeny and
phenotypic  selection based on these would be
effective. Also, reported low GCV, PCV, heritability
and GA% for number of days to 50% flowering. This
finding was due to the influence of environment on this
trait.

CONCLUSION

Variations observed in this research study for all
studied traits were indicative of the differences in the
genetic constitution of used okra genotypes. These
differences led to better chance and large scope of
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selection and breeding programs. Applying generation
mean analysis to three special okra crosses made it
possible to conclude that there was very high direct
genotypic effects especially additive and non-additive
variances that were found to be important in the genetic
control of all studied traits. Additive-dominance model
was adequate to demonstrate the genetic variation and it
is important in the inheritance for yield and yield
component studied traits. While, non-allelic interactions
were found in the other traits for most crosses. Also, High
and moderately high GCV, PCV, heritability and GA% of
mean in most crosses for most studied traits except
number of days to 50% flowering suggested that the
phenotypic selection could be effective for improving
these traits.

REFERENCES

Abd El-Haleem, SHM., EMR. Metwali and
AMM. Al-Felaly, 2010. Genetic analysis of yield and
its components  of Egyptian
(Gossypium barbadense 1..) varieties. World I. Agric.
Sci., 6 615-621.

Abdelmageed, A H.A., 201 0. Inheritance studies of some

some cotton

economic characters in okra (Abelmoschis
esculentus (L) Moench). Trop. Subtrop.
Agroecosyst., 12: 619-627.

Adenij, OT., OB. Kehinde, MO. Ajala and

M.A. Adebisi, 2007, Genetic studies on seed yield of
West African okra (Abelmoschus caillel (A. chev.)
stevels). I. Trop. Agric., 45: 36-41.

Adeniji, O.T. and O.B. Kehinde, 2012. Genetic variability
and heritability of seed yield components in West
African okra (Abelmoschus caillei [A. Chev]
Stevels). ASSET: Int. T. (Ser. A), 3: 81-89.

Alkhtar, M., IN. Singh, K. Srivastav and I.P. Shahi, 2010.
Studies on generation mean analysis for yvield and its
associated traits m okra [dbelmoschus esculenius
(L.) Moench]. Int. J. Plant Sci., 5: 323-326.

Alake, C.O., OJ. Anyo and O.B. Kehinde, 2012. A
quantitative analysis of the genetics of yield and
yield components 1n west african okra,
Abelmoschus caillei (a. chev) stevels. Int. J. Plant
Breed. Gen., 6: 94-104.

Anderson, V.L. and O. Kempthorme, 1954. A model for the
study of  quantitative Genetics,
39: 883-898.

Arora, D., S.K. Tindal and T.R. Ghai, 2010. Quantitative
inheritance for firuit traits in inter varietal crosses of
okra (Abelmoschus esculentus L. Moench). Electron.
J. Plant Breed., 1: 1434-1442.

inheritance.



J. Applied Sci., 13 (6): 810-818, 2013

Bello, OB., S.A. Tge, MA. Azeez, M.S. Afolabi,
S.Y. Abdulmaliq and J. Mahamood, 2012, Heritability
and genetic advance for grain yield and its
compoenent characters in maize (Zea mays L.). Int. T.
Plant Res., 2: 138-145.

Deb, AC. and M.A. Khaleque, 2009. Nature of gene
action of some quantitative traits m chickpea
(Clicer arietinum1..). World I. Agric. Sci., 5: 361 -368.

El-Gendy, S.E.A., 2012. Selection of some promising lines
through pedigree method in okra. T. Agric. Chem.
Biotechnol. Mansoura Univ ., 3: 41-48.

Eshghi, R. and E. Akhundova, 2010. Inheritance of some
umportant agronomic traits mn hulless barley. Int. .
Agric. Biol,, 12: 73-76.

Farshadfar, E., M. Aghaie, M. Sharifl and A. Yaghotipoor,
2008. Assessment of salt tolerance inheritance
in barley via generation mean analysis. J. Biol Sei,
8: 461-465.

Gamble, EE., 1962. Gene effects in com (Zea maysL.):
1. Separation and relative importance of gene effects
for yield. J. Plant Sci., 42: 339-348.

Hayman, B.I. and R. Mather, 1955. The description of
genetic  interaction
Biometrics, 11: 69-82.

Hayman, B.I., 1958. The separation of epistatic from

in continuous  variation.

additive and dominance variation m generation
means. Heredity, 12: 371-390.

Jindal, SK., D. Arora and T.R. Ghai, 2010. Variability
studies for yield and its contributing traits in okra.
Electron. J. Plant Breed., 1: 1495-1499.

Jinks, JL. and R.M. Jones, 1958. Estination of the
components of heterosis. Genetics, 43: 223-234.
Khanorkar, SM. and K. B. Kathiria, 2010. Heterobeltiosis,
mbreeding depression and heritability study in Okra
(Abelmoschus esculentus 1.. Moench). Electron. T.

Plant Breed., 1: 731-741.

Khattab, S.AM., R M. Esmail and AR M.F. AL-Ansary,
2010. Genetical analysis of some quantitative
traits in bread wheat (Triticum aestivium L). N. Y. Sci.
J.,3:152-157.

Khodambashi, M., N. Bitaraf and S. Hoshmand, 2012.
Generation mean analysis for grain yield and its
related traits i lentil. T Agric. Sei. Technol.,
14: 609-616.

818

Mather, K. and J L. Tinks, 1982. Biometrical Genetics. 3rd
Edn., Chapman and Hall, L.ondon, Pages: 396.

Ojaghy, J. and E. Akhundova, 2010. Genetic analysis for
yield and its components m doubled haploid wheat.
Afri. T. AgricRes., 5. 306-315.

Rebetzke, G.J, RA. Richards, AG. Condon and
(G.D. Farquhar, 2006. Inheritance of carbon sotope
discrimination in bread wheat (Triticum aestivim L.).
Euphytica, 150: 97-106.

Reza, G.A., 2012. Heritability and mode of gene action
determination for grain filling rate and relative water
content in hexaploid wheat. Genetika, 44: 25-32.

Scheffe, H., 1959. The Analysis of Variance. Wiley, New
York.

Senthil Kumar, N., S.T. Kumar, K. Saravanan and
I, Ganesan, 2005 Heterosis and inbreeding
depression for vield and yield components in bhendi
(Abelmoschus esculentus (1..) Moench). Agric. Sci.
Digest, 25: 142-144.

Shukla, A K. and N.C. Gautam, 1990. Heterosis and
inbreeding depression in okra (Abelmoschus
esculentus (1) Moench). Indian J. Hortic., 47: 85-88.

Shukla, S., A. Bhargava, A. Chatterjee and S.P. Singh,
2004. Estimates of genetic parameters to determine
variability for foliage yield and its different
quantitative and qualitative traits in vegetable
amaranth (A. tricolor). . Gent. Breed., 58: 169-176.

Singh, P. and S.8. Narayenan, 1993. Biometrical
Techniques in Plant Breeding. 1st Edn., Kalayani
Publishers, New Dehli, India.

Singh, P. and S.8. Narayenan, 2000. Biometrical
Techmques in Plant Breeding. Kalyam Publishers,
New Delhi, India, pp: 17-36.

Singh, RK. and B.D. Chaudhary, 1977. Biometrical
Method in Quantitative Genetic Analysis. Kalyani
Publishers, New Delhi, India.

Singh, RK. and B.D. Chaudhary, 1999. Biometrical
Methods in Quantitative Genetic Analysis. 1st Edn.,
Kalyam Publisher, New Dehli, India, ISBN:
81-7663-307-0.

Surendira Kumar, P.S., N. Senthil Kumar, P. Thangavel
and T. Ganesan, 2004,
inbreeding depression in seed crop of okra
(Abelmoschus esculentus (L.) Moench). Agric. Sci.
Digest, 24: 271-273.

Heterosis and



	JAS.pdf
	Page 1


