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ABSTRACT

In this investigation, four varieties of okra belong to Abelmoschus esculentus,
L. Moench representing a wide range of diverse in the fruit characteristics were used.
These varieties were named as. Romi, Balady, Mansoura Red and Cairo Red. All
possible combinations among these four varieties were made according to a complete
diallel crosses mating design. The obtained genotypes were evaluated during two
successive growing summer seasons. The obtained results could be summarized in
the following; performance of the four parental varieties and their F1 hybrids including
reciprocals were variable from year to another.

Qut of the four parental varieties, Cairo Red was the highest in number of
branches per plant. However, the variety giving the highest yield as number of
fruits/plant and weight of fruits/plant was Romi followed by Cairo Red. While, the
desirable variety with lower means for earliness traits as number of nodes for first
flower and days to first flower was Romi. However, the best variety in fruit
characteristics as length and diameter of fruit was Balady.

On the other hand, no specific hybrid showed superiority over other
combinations for all studied traits. However, the best combination for number of
branches/plant was Romi x Mansoura Red. The desirable combinations for earliness
traits with lower means for number of nodes for first flower and days for first flower
were Romi x Mansoura Red and Cairo Red x Romi, respectively. In addition, the best
combination for yield as number of fruits and weight of fruit was Cairo Red x Balady.

The results exhibited desirable negative heterosis over the high parent in
the earliness traits as number of nodes for first flower and days to first flower. In spite
of no heterosis observed in the cases of number of branches/plant, number of fruits
per plant and weight of fruits per plant when the overall hybrids means were
compared by either mid-parental values or higher parent, some combinations showed
heterosis over their higher parent, such as P4 x Pa for number of branches per plant
and weight of fruits per plant, in addition P x P2 for number of fruits per plant.

Comparison of the GCA effects of individual parent exhibited that the
variety Romi was the best combiner for earliness traits as number of nodes to the first
flower, days to the first flower as weill as the yield as fruit number per plant. However,
the best combiners for number of branches per plant (N.B/p) and fruit yield as weight
of fruits were Mansoura Red and Cairo Red, respectively. Thus, it could be suggested
that these varieties posses favorable genes for improving hybrids and could be
utilized in a breeding program for improving these ftraits.

The results showed that additive genetic variances played the major role in
the inheritance of these traits. On the other hand, considerable values of reciprocal
effects variance were observed in all studied traits except for number of
branches/plant, indicating the role of cytoplasmic factors in the expression of these
studied traits. In addition, the three sources of variances {additive, dominances and
reciprocal effects) interacted with different years with different magnitudes, indicating
that these parameters, especially reciprocal effects (high magnitudes) are unstable
with different environmental conditions. In conclusion, it could be claimed that the
studied traits were mainly controlled by additive effects, while non-additive,
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cytoplasmic factors and epigenetic factors played a minor role in the expression of
studied traits. Thus, a selection procedure couid yield superior lines through the
pedigree breeding program.

INTRODUCTION

Okra is considered one of the popular vegetable crops in Egypt as
well as other countries. Greal efforts have been directed towards the
improvement of yfeld production in addition to quality properties (Hoque and
Hazarika, 1998; Wankhade et a/., 1995; Ramesh and Singh, 1999; Vagish
and Arora,2001; Liou ef a/., 2002 and El-Gendy and EI-Diasty, 2004).

A breeding program usually makes use of the informations
concerning the relative importance of genetic variance components. When
the additive gene action represents the main component in the genetic
variation, @ maximum progress must be expected in the selected characters.
On the other hand, the presence of a relatively high non-additive gene action
indicates that a hybrid production program wili perform great prospects for the
considered character. This could happen as a result of the direct relationship
between the non-additive gene action and heterosis. In this respect, Ramesh
and Singh (1999) concluded that the fixable component of genetic variance
represented by additive effecis was predominate in the inheritance of
important quantitative iraits including pod yieid. However, Hogque and
Hazarika (1996) reffered that days to flowering and nurmnber of branches/plant
were controlled by non-additive gene action. In addition, Liou ef al., (2002)
studied 6 x 6 diallel crosses of Okra. They found that, days to flowering,
number of fruits per plant, yield, fruit diameter and fruit weight were controlied
by additive and non-additive gene action.

Furthermore, the reciprocal effects were significant for days to
flowering, number of fruits per plant, fruit length and fruit weight, indicating
the role of cytoplasmic factors in the inheritance of these traits. Hence, in this
study, an attempt was made in order to further partition the genetic variance
to its components {0 determine the desirable breeding program for improving
some important traits in Okra.

MATERIALS AND METHODS

Genetic Materials:

The genetic materials used in this investigation included four varieties
belong to Abelmoschus esculentus, representing a wide range of diverse in
the fruit characteristics. The seeds of these varieties were obtained from
previous study conducted at the Department of Genetics, Faulty of
Agriculture Mansoura University. These varieties were named as Romi (Py),
Balady (P,), Mansoura Red (P;) and Cairo Red (P4). (El-Gendy and El-
Diasty, 2004).

During the summer growing season of 2002 at El-Baramoon
Research Station, seeds from each variety were sown. At the flowering time,
all possible combinations among these four varieties were made according to
a complete diallel crosses mating design to produce six F, hybrids and six F,
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reciprocal hybrids. In addition, all parental varieties were self-poltinated to
increase seeds froin each one,

Experimental design:

The obtained genotypes (four varieties, six F, hybrid. and six F,
reciprocal hybrids) were evaluated during two successive summer growing
seasons of 2003 and 2004.

The experimental design used was a Randomized compiete biocks
with three repiications in both seasons. Each block included 16 plots. The plot
consisted of a single row, 5 m. long and 60 cm. wide. Hills were spaced 25
cm. apart. Therefore, each row contained about 20 hills with one plant each.
All cultural practices were applied as recommended for Okra cuitivation.

Observations were recorded on 10 plants chosen at random from
each plot. The measurements were recorded on the following traits: number
of branches per plant (N.B/P), number of nodes to the first flower (N.N.F.),
days to the first flower (D.F.F.), fruit length (F.L.), fruit diameter (F.D)),
number of fruits per plant (N.F/P) and weight of fruits per plant (W.F/P).
These measurements were recorded in the same manner for two seasons.

Statistical analysis:

Combined data over two years were subjected to the combined analysis
of variances in order to test the significance of the differences among
varieties and their F, hybrids according to Cochran and Cox (1957).

The amount of heterosis was determined as the deviation of F; hybrids
mean than mid-parents (M.P) and higher parent (H.P} values, Therefore, the
values of heterosis could be estimated from the following equations:
Heterosis over the mid-parents (H,u»%) = (F1 = M.P/M.P) x 100. Heterosis
over the heigher -parent (H,4p%) = (F1 - H.P/H.P) x 100.

Griffing's (1956) method 1, was used to partition the sum squares of
crosses as well as crosses by years into sources of variations due to general
(GCA), specific (SCA) combining abilities and reciprocal effects (R.E) in
addition to their interactions with the two years (GCA xY, SCA xY and R.E x
Y). Furthermore, GCA effects (g) for each parental variety as well as SCA
effects (S;) for each cross were determined from the combined data over two
years for all studied traits.

On the basis of the expected mean squares, the variances due to
GCA (c°5a), SCA (c%ca), Teciprocal effects (c°re) and their interactions with
years {6 geaxy crzsca,(y and UzR_Exy) were obtained for all studied traits. These
estimates could be expressed in terms of covariance among the two types of
relatives in a diallel mating design. General combining ability variance (czgca)
is equivalent to the covariance among full-sibs minus twice the covariance
among half-sibs (Haltaur and Miranda, 1988). The covariance of relatives was
translated into appropriate genetic components of variance as outlined by
Matzinger and Kempthome (1956). Additive (c24), dominance (c°p), additive
by years (c’ay) and dominance by years (c’ny) genetic variances were
gstimated.
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Estimates of heritability in broad and narrow senses were determined
as the following equations:
hp % = [0°a + Gop/0°A + 0% +G + Coaviy + Sooyry + Gorvy *+ O] X 100.
hns% = [0°Alo?s + a%p + 6% + ooavi + Covy + vy + o] X 100.
Where, % Is the error variance divided by the number of replications; and Y
is the number of seasons.

RESULTS AND DISCUSSION

The major objectives of this study were derived towards evaluation of
the hybrids proeduced from four divers Okra varieties, in addition to gather
information about the genetic behavior of some important traits in Okra.

Analyses of variance showed highiy significant differences among
genotypes, years and their interactions, as shown in Table 4 with respect to
all studied traits. This indicated that the planned comparisons could be made
as well as further partition of genetic variance to its components is valid,

Performances of the four parental varieties and their F, hybrids
including reciprocals were variable from year to another. Therefore, the
means over both years would be more suitable to represent the data. The
mean performances of all genotypes were estimated from the combined data
over both years and the obtained resuits for all studied traits are presented in
Table1.

Tabie 1: The mean performances of four parental varieties and their F,
hybrids for all studied traits from combined data over two years

Genotypes N.B/P| NNF | DF.F F.L F.D | N.FIP {W.F/P|

Romi{P) 4.8 2.02 52.83 6.22 4.65 4927 | 2.32
alady {Pz) 7.98 2.45 59.50 3.90 700 {3912 2.13
Mansoura red (P3) | 7.60 5.73 67.83 4.35 503 13858 2.01
Cairo red (P.) B.35 | 417 £1.67 4.37 625 (4425 243
P1x P2 4.13 2.95 56.17 4.87 555 [403.8] 1.89
P1xP3 812 | 278 55.83 5.28 487 151071 252

P1x P4 513 3.03 56.50 8.53 537 [511.3] 219

P2 x P3 6.15 3.10 55.50 4.43 538 13940 1.88

P2 x P4 7.27 3.90 61.83 4.03 583 [436.2] 1.89

P3 x P4 6.13 4.93 66.17 377 552 137551 2.13

P2 x P1 5.82 3.80 54.67 5.63 505 |481.3| 2.21

P3 x P1 6.75 | 433 64.50 4.13 552 145151 1.95

P4 x P1 7.70 4.50 63.17 3.48 5.83 4847 1.91
P3xP2 5.15 3.42 59.67 4.37 503 ]491.7] 2.10

P4 x P2 6.50 3.95 61.50 4.40 585 52071 278

P4 x P3 6.12 4.58 64.83 4.82 562 |481.7] 2.21

LSD  0.05 2.64 1.00 3.87 0.84 0.33 11024 0.48
LSD  0.01 3.52 1.33 5.14 1.12 0.43 [136.1] 0.64

Out of the four parental varieties, Cairo Red (P.4) was the highest in
number of branches per plant (N.B/p) and the variety giving the highest yield
as number of fruits/plant (N.F/p) and weight of fruit/plant (W.F/p) was Romi
(P,) followed by Cairo Red, with mean values of (492.7 and 2.32 kg) and
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(442.5 and 2.45 kg), respeclively. While, the desirable variety with lower
means for earliness traits as number of nedes for first flower (N.N.F) and
days to first flower (D.F.F) was Romi with mean values of 2.02 and 52.83
days, respectively. However, the best variety in fruit characteristics as length
and diameter of fruit was Balady with means of 3.90 and 7.00 for fruit length
(F.L) and fruit diameter (F.D), respectively.

On the other hand, no specific hybrid showed superiority over other
combinations for all studied traits. However, the best combination for number
of branches/plant was Py x P; {(Romi x Mansoura Red) with mean of 9.12,
The desirable combinations for earliness traits with lower means for number
of nodes for first flower (2.78) and days for first flower (54.67 days) were P, x
P, {Romi x Mansoura Red) and P4 x P, (Cairc Red x Romi), respectively. In
addition, the best combination for yield as number of fruits (529.7) and weight
of fruit (2.78) was P, x P, (Cairo Red x Balady).

in general, some F, hybrids means exceeded their mid-parental
varieties in the desirable direction. This fact may be confirmed by the
estimated amount of heterosis which were determined from overall means
and single crosses and the obtained results are shown in Tables 2 and 3,
respectively.

Table 2: Heterosis estimates as relative to mid-parents {M.P} and higher
parent (H.P) for all studied traits from the combined data over

two years.
N.B/P | NN.F | D.F.F F.L F.D N.FIP |W.F/P
M.P 7.18 359 ! 6046 | 471 573 ,428.04 | 2.22
H.P 8.35 573 ) 6783 | 622 7.00 |49267 | 2.43
M.F, 8.33 3.77 60.03 4.85 545 |460.17 | 214
H.v 0% -11.84 | 5.11 -0.71 -1.27 | -486* | 751 |-3.60

LSD 0.05 1.87 0.7 2.73 0.60 023 | 7237 | 0.34
LSD Q.01 2.48 0.94 3.63 0.79 0.31 96.26 | 0.46

H.qp% -0.24 |-34.19™-11.50**[-256.21*[-22.14*| -6.60 (-12.08
LSD 0.05 3.37 1.27 4.93 1.08 042 113045 | 0.82
LSD 0.01 4.48 1.69 6.55 1.43 0.55 {17350 0.82

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

The results exhibited the presence of desirable negative heterosis
over the high parent in the studied earliness traits as number of nodes for first
flower (N.N.F) and days to first flower (D.F.F), in addition o fruit length (F.L.)
and fruit diameter (F.D) with heterotic vaiues of -34.19, -11.50, -25.21 and -
22.14, respectively. On the other hand, in spite of no heterosis observed in
the cases of number of branches/plant (N.B/P), number of fruits per plant
(N.F/P) and weight of fruiis per piant {(W.F/P) when the overall hybrids means
were compared by either mid-parental values or higher parent, some
combinations showed heterosis over their higher parent, such as P, x P, for
number of branches per plant and weight of fruits per plant, in addition P; x
P, for number of fruits per plant as observed from the results presented in
Table 3.
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Table 3: Estimates of heterosis from single crosses as relative to mid-

parents (M.P) and higher parent (H.P) for all studied traits from
the combined data over two years.

Crosses N.B/P | NNF |DFF| FL | F.D |N.FIPWFP
P, X P2 M.P | -35.37 | 3229 | 0.00 | -3.62 | -4.63 | -8.62 | -14.91
HP | -4827 | 2041 | -5.60 | -21.71 |-20.71**| -18.03 ] -18.51
P, x Pa M.P | 47.06 | -28.35 | -7.45 | 0.00 | 0.56 | 16.26 | 16.75
HP | 19.96 |-51.48" [-17.69* -1507 | -3.20 | 3.65 | 8.80
P: X Pa MP | 2196 | -1.84 | -1.31 | 2344 | -1.52 | 9.36 | -7.89
P | -3853 | 3739 | -8.38 | 5.08 |-14.12*] 379 | -9.94
P2 x P3 M.P | 2105 | 2421 1-12.83 759 [-10.43*| 1.41 | -8.83
HP | -22.93 [-45.95™|-18.18" 1.91 J-23.10%| 0.72 | -11.79
5, x Pa MP | -11.05 | 17.82 | 165 | -2.34 |-11.89~| 4.64 |-16.93
HP | -1297 | 641 | 026 | -7.64 |-16.67"] -1.43 | -22.20
P x Pa MP | 2315 | 034 | 2.18 | -1340 | 2.18 | 934 | 4.18
H.P | -26.59 | -13.95 | -2.46 | -13.73 |-11.72*|-15.14 | -12.61
P2 X P M.P | -8.97 | 70.40* | -2.67 | 11.54 [-13.23~] 8901 | 0.63
HP | 2713 [ 5510 | 812 | -9.39 }-27.85| -2.30 | -4.83
P, x P, MP | 887 | 1160 | 6.91 | 2172 [13.96*| 2.79 | .95
HP | -11.18 | 2447 | -4.91 |-33.52"| 9.62 | -8.36 | -16.09
5, x P MP | 17.02 | 4563 | 1034 |-34.15* 7.02 | -2.76 | -19.78
HP | -7.78 | 7.99 | 243 |-43.97~} 6.67 | -7.71 | -21.56
Ps X Pa MP | 3389 | 1645 | 6.29 | 500 [|-16.25-|26.56"| 1.84
H.P | -35.46 |-40.40* |-12.03" 0.30 [-28.10*| 25.89 | -1.45
P:xP; MP | 2044 | 19.34 | 152 | 6.53 1-11.63=27.07*| 21.92
HP | 2216 { 521 | 027 | 075 |-16.42=] 11.11] 14.22
PuXPa MP | 2335 | -7.41 | 013 | 10.73 | -0.40 | 16.30 | -0.41
HP | -26.74 | -9.98 | -4.42 | 10.30 +10.121* 8.85 | -9.16
[SOime 0.05 | 397 | 150 | 580 | 126 | 0.48 (15350 072
0.0t | 527 | 199 | 771 | 168 | 0.65 1204.18| 0097
[SD.nr 005 | 458 | 173 | 6690 | 146 | 056 |177.28] 0.83
001 | 609 | 230 | 890 | 194 | 0.75 (23578| 1.11

*,** Significant at 0.0% and 0.01 levels of probability, respectively.

Combined analysis of variance and mean squares for a!l studied traits
are presented in Table 4.

The results showed that the genotype mean squares were highly
significant for ail studied traits. These findings indicated that these genotypes
are varied in their performances and the further partition of this genetic
variances to its components are valid. Furthermore, years and its interaction
with genotypes mean squares were highly significant except for fruit diameter
in the case of year's mean square. This fact indicated that these genotypes
were highly affected by the environmental conditions. General combining
ability (GCA) mean squares were highiy significant for all studied traits. While,
specific combining ability (SCA) mean squares were highly significant for
number of branches per plant (N.B/p), number of nodes to the first flower
(N.N.F), days t¢ the first flower (D.F.F) and fruit diameter (F.D). However, the
ratio of GCA/SCA exceeded unit with respect to aill studied traits, indicating
that the GCA variance was more important in the genetic expression of these
traits than the SCA variance. Therefore, the additive genstic variance played
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the major role in the inheritance of these traits. The same trend was observed
in other investigations carried by Ramesh and Singh (1999) and Vagish and
Arora (2001) for fruit yield; Hoque and Hazarika (1996) and Wankhade et al
(1995) for number of branches/plant, and days to flowering, Sood and Pritam
(2001) for fruit length and fruit diameter. While, Partap et af (1980) Arora
(1993), Liou et al (2002), Vagish et al (2002}, reported that both additive and
non-additive gene action were important in most of these studied traits. In
addition, significant reciprocal effect (R.E) mean squares were observed for
all studied traits except for number of branches per plant {N.B/p}, suggesting
that these traits were controlied by extra-nuclear factors as weil as nuclear
factors. Hence, there is a need for careful choice of female parents during the
production of hybrids.

Table 4: Combined analysis of variance and mean squares for all
studied traits
8.0V d.f | N.B/P | N.N.F D.F.F F.L F.D N.FIP | W.F/P

Years 1 80.3** | 8.82* | 787.76* |18.82"| 0.13 [{561051.3* 18.0*
RiYears 4 2.44 0.23 5.135 0.41 0.10 3729.7 | 012
Geno. 15 [11.52**| 5.79™ | 122.34** | 4.46* | 1.98* [15170.0**| 0.39*

GCAB 577 | 6,48 | 122,96 | 417" | 228" | 8860.3** ; 0.13"
SCA B 481 | 0.71* | 16.96™ | 017 | 0.34™ | 26136 | 0.06
RE B 1.90 | 0.90* | 23.50* | 1.46™ | 0.17™ [ 5597.9** | 0.21*

GxY 15 [11.21**| 0.87* | 19.58* [ 1.07* | 0.32" :10666.6**| 0.39™
GCAxY 3 3.50* | 0.¥5* | 13.02* | 0.50" | 0.056" 429.7 0.07
SCAXYE 469 1 0.13 2.45 018 | 0.11™ | 24431 : 0.09*

RExY 2907 § 0.22 7.36" | 0.48™ { 0.13* | 4305.9** | 0.19"

Error 60 0.87 0.12 1.87 0.09 | 0.013 [ 1309.5 0.03

IGCA/SCA 1.20 8.13 7.28 24.5 6.74 3.39 2.17

GCAXY/SCA xY 0.74 578 5.31 3.13 0.45 0.18 078
*, ** Significant at 0.05 and 0.01 levels of probability, respectively.

Significant interaction between genotypes and years were detected
for all studied traits. Therefore, this variance was partitioned to its
components (GCA x Y, SCA xY and R.E x Y). The results revealed that GCA
x Y was significant for ali studied traits except for yield as number and weight
of fruits. However, SCA by years interaction was significant for number of
branches/plant, fruit diameter and weight of fruits. Whereas, the magnitude of
interaction variance was higher for the SCA x years than GCA x years as
shown by the ratio of GCA x Y/SCA x Y for number of branches/plant, fruit
diameter, number of fruits/plant and weight of fruits/plant. These results
indicated that the non-additive gene action interacts by years with higher
degree than additive gene action for these traits. Suggesting that the additive
genetic effects are more stable than non-additive genetic effects with respect
to these traits. While, non-additive genetic effects are more stabie over the
different environmental conditions in the inheritance of number of nodes to
first flower (N.N.F), days to the first flower (D.F.F) and fruit length. Thus,
these genetic parameters need further investigation at more different
environmentai conditions to obtain precise estimates.
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The estimatec of general combining ability effects (g) of the parental
varieties for all studiea traits are shown in Table 5.

Table §: General combining ability effects (g;) of four parental varieties
for all studied traits from the data combined over two years

Varieties N.B/P | NNNF | D.F.F | F.L F.D N.F/P W.F/P
P, -0.83* | -0.69* |-3.07* [0.74"| -0.44" | 27.30* | 0.03
P. 0.15 -0.34* | -1.59* -0.33"| 0.42* | -16.89 |-0.06
Ps 0.60 0.73* | 2.64™ ;-0.33*|-017 | -22.18 |-0.08
P4 0.08 0.29 203 1-0.08] 0.19* | 11.74 | 0.1
SE 0.29 0.1 042 {009 | 0.04 | 11.08 | 0.05

*, ™ Significant at 0.05 and 0.01 levels of probability, respectively.

Comparison of the GCA effects of individual parent exhibited that the
variety Romi was the best combiner for earliness traits as number of nodes to
the first flower (N.N.F), days to the first flower as well as the yield as fruit
number per plant (N.F/p). While the best combiner for fruit characteristics
from the customer point of view is Balady (P,) with the highest negative value
for fruit length and posttive value for fruit diameter.

However, the best combiner for number of branches per plant (N.B/p)
and fruit yield as weight of fruits were Mansoura Red (P3) and Cairo Red (P4,
respectively. Thus, it could be suggested that these varieties posses
favorable genes for improving hybrids and could be utilized in a breeding
program for improving these studied traits. Specific combining ability effects
(Sy) for each cross with respect to the studied traits are presented in Tabie 6.

Table 6: Specific combining ability effects (S;) for each cross from the
data combined over two locations for all studied traits

Hybrids N.B/P |[N.NF: DFF | F.L F.D N.F/P \W.F/P
P, xP; -0.86 (067 -005 {017 [ -0.20 | -19.89 | -0.08
Pi1x P3 162 | -022| 046 -0.36| 028" | 23.80 [ 0.13
Pix Py -065 |-011) 073 10142 | -0.08 [ 10.30 | -0.15
P2 x P3 -0.37 | -0321-359"™|-004| -016 | 11.26 |-0.12
P, x Py 0.11 025 | 109 |-0.03)-0.29™ | 3593 ! 0.12
Pax P, -110 1 002 | 070 (004 | 002 | -13.11 {-0.02
S.E 070 1026 | 102 | 022 | 009 | 2714 | 0.13

*, ™ Significant at 0.05 and 0.01 levels of probability, respectively.

The resuits revealed that one hybrid exhibited desirable positive and
significant SCA effects for number of branches/plant and fruit diameter. This
hybrid resulted from the combination between Romi and Mansoura Red (P4 x
P,). While, desirable negative SCA effect estimate was observed for days to
the first flower in one cross {Balady (P;) x Mansoura Red (P3)]. In general, the
best combination for these traits involved at least one of its parents which is
good general combiner indicating predictions of hybrids yield based on the
general combining ability effects of the parents would generally be valied. On
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the other hand, no hybrid showed significant SCA effects in the cases of fruit
length, number of fruits/plant and weight of fruits/piant, in addition most of
hybrids did not exhibit significant SCA effects in other traits. This finding
insures the importance of additive genetic effects in the inheritance of these
traits and may expiain the absence of heterosis with respect to the studied
hybrids for these traits. Based on the analysis of combining ability, the
different genetic parameters were estimated and the obtained results are
presented in Table 7.

Table 7: Genetic parameters estimates for all studied traits from the
data combined over two years

N.B/P | N.N.F [ D.F.F F.L F.D N.FIP | W.F/P
VA 0.32 1.45 2679 | 1.00 0.49 1586.8 0.02
VD 0.07 0.35 8.92 0.01 0.14 104.96 | -0.02
Vr -0.50 0.34 8.07 0.49 0.02 | 646.03 0.01
VAY -0.23 0.15 2.65 009 | -0.01 | 48097 | -0.003
VDy 2.35 0.04 0.38 0.05 0.06 | 697.58 0.04
Vry 1.01 0.05 2.75 0.20 0.08 1498.2 0.08
Ve 0.87 0.12 1.87 0.09 0.01 1309.5 0.03
N % 8.35 7285 | 69.47 | 5269 | 8140 | 2675 9.94
h.% 6.85 58.61 52.10 | 52.55 | 62.97 25.09 9.94

The results showed that considerable values of additive genetic

variance were obser d for all studied traits. These values were larger in
magnitude than the o2responding values of SCA and reciprocal effect
variances. This findii  suggested that additive genetic variance played the
major role in the inh  tance of these traits. On the other hand, considerable
values of reciprocal e..ects variance were observed in all studied traits except
for number of branches/plant, indicating the role of cytoplasmic factors in the
expression of these traits. In addition, the three sources of variances
(additive, dominances and reciprocal effects) interacted with different years
with different magnitudes, indicating that these parameters, especially
reciprocal effects (high magnitudes) are unstable with different environmental
conditions. Furthermore, heritability in broad sense values were moderate
and close to the heritability in narrow sense estimates for most of studied
traits. This finding verified the predominance of additive gene action in the
inheritance of these traits.
In conclusion, from the previous results, it could be claimed that the studied
traits were mainly controlled by additive effects, while non-additive,
cytoplasmic factors and epigenetic factors play a minor role in the expression
of these traits. Thus, a selection procedure could yield superior lines through
the pedigree breeding program.
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