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ABSTRACT: Five cowpea cultivars; viz., IT 86F, IT 93K, Kafr E}-
Sheikh-1, Dokki-331 and Kaha-1 were crossed in a dialle]l mating
system, without reciprocals, and evaluated in summer season of
2003. Both general (gca) and specific (sca) combining ability were
highly significant in the studied nine traits. The best combiners were
IT 86F and IT 93K for plant height and green pod weight, Kaha for
branch number, Dokki for leaf area, Kafr El-Sheikh for early green
pod number and yield, Dokki and Kaha for total number of green
pods per plant, and IT 93K and Dokki for plant yield. Some crosses
showed heterosis over BP in growth ftraits; viz., IT 93K x Dokki
{39.5%) or with Kaha (38.4%) for plant height, and IT 93K x Dokki
(10.1%) for leaf area. A pronounced heterosis over BP was observed
in IT 93K x Kafr El-Sheikh (148.8%; 189.9%) and Kafr El-Sheikh x
Kaha (75.2%; 113.8%) for early pods pumber and early yield,
respectively, and IT 86F x Dokki , Kafr El-Sheikh x Kaha and Dokki
x Kaha (46.0, 46.5 and 46.3%, respectively) for total green pods
yield. Additive (D) and non-additive had significant effect on ali the
nine traits, but D for early pod number and H, for early pod weight
were insignificant. In all traits, H; was larger than D, and vice versa
for plant height and pod weight in both ecarly and total yield. From
Wr/Vr graph and (Hy/D)'?%, the traits showed over-dominance were
leaf area, early yield, early pod number and total plant yield, and
other traits showed complete dominance. Scattering pattern of array
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points suggested large genetic variability among the parents for each.
From b* and Wr/Vr graph, results indicated predominant role
played by genotypes x environment for leaf area, pod number and
yield (early and total), but other traits were not so.
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INTRODUTION

Vegetable cowpea  (Vigna
unguiculata (L.) Walp.) considered
one of the most important
leguminous crops in tropical and
sub-tropical regions, especially in
Africa and Asia. However, it came
in the second rank, in summer of
Egypt, after snap bean. Cowpea
could grow well under a wide
range of climatic and soil
conditions, but it is quite sensitive
to cold temperature. Immature
pods from cowpea can share with
snap bean, in summer. However,
yielding ability of various cultivars
cultivated in Egypt is somewhat
low (3.537 ton/ fed).

To improve yielding ability of
cowpea green pods, a clear und-
erstanding of the genetics of yield
traits is essential to select a
suitable breeding methodology.
Abo-Bakr e al. (1988), Gad El-
Hak er al. (1988), Thiyagarajan
(1989), Roquib and Patnik (1990),
Sawant et al. (1994) and Hussein
(1998) reported significant gca and
sca, heterosis, high heritability
estimates, additive and non
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additive effects, and presence of
partial  dominance in  the
inheritance of plant height and
branch number. Helal (2000) came
to similar conclusions, in this
respect. Complete and over
dominance were reported for leaf
area by Sawarkar ef al. (1999) and
Helal (2000), respectively.
Moreover, Metwally et al. (1998)
revealed that leaf area in cowpea
was cultivar dependent.

For early and total yield, signif-
icant gca and sca, additive and non
additive, heterosis, and high
heritability estimates, respectively
for pod weight and moderate and
low heritability estimates,
respectively, for pod number and
yield were reported by Gad El-Hak
et al. (1988), Singh and Dabas
(1992), Umaharan et al. (1997),
Hussein (1998), Rahman and Saad
(2000) and Subbiah et al. (2003).

The objectives of this study
{(5x5 diallel cross system) were to
determine and compare the general
and specific combining ability
effects for establishing a few
cultivars as tester parents for
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growth, and early and total green
pods  yield traits.  To study
heterosis and genetic parameters,
that involved in the inheritance of
these traits, And/also, graphical
analysis (Wr/Vr) and genetic
components of variation are
helpful method to decipher an all
genetic picture of these characters
and will help in choosing
appropriate breeding schemes for
achieving maximum progress in
development of varieties in short
time.

MATERIALS AND METHODS

Five inbred lines of cowpea
(Vigna unguiculata (L.) Walp.);
viz,, IT86F, IT93K, Kafr El-
Sheikh-1, Dokki-331, and Kaha-I
were crossed in a diallel mating
system (5x5 diallel), without
reciprocals. Hand pollination was
done according to Mayers (1994),
to produce F1 seeds, at the
Experimental Farm, Faculty of
Agriculture, Zagazig University.
These cultivars were chosen
because each one possessed at
least one or two of the characters
to be studied. The former two cvs
had tall plants, high pod weight
and high yield. The later three cvs
had short plants, low pod weight,
high pod number per plant.
Moreover, IT86F and Dokki were
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the earliest cultivars. In addition,
Kaha had more branches, but Kafr
El-Sheikh was the poorest yielder
one.

The 10 F1 hybrids along with
the 5 parents were planted, in a
completely randomized block
design with three replicates, on
July 15th, 2003. The treatment in
each replicate consisted of 10
plants, at the spacing of 30cm
apart on one row of 3m long and
70cm wide.

The observations were recorded
Jor: (1) Plant growth traits
measured on every plant, at the
end of the season; i.e., branch
number and leaf area (estimated
according to Metwally et @l., 1998)
which calculated for the fourth
upper leaf, except plant height
which was measured at 60 days.
(2) Early green pods per ptant and
its components; and (3) Tofal
green pods per plant and its
components.

Statistical analysis: Data were
subjected to the analysis of
variance according to Snedecor
and Cochran (1967). Gea and sca
were calculated using method 2
model 1T proposed by Griffing
(1956). The dialle! cross technique
given by Jinkes and Hayman
{1953), Jinkes (1954, 1955) and
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Hayman (1954 a, b; 1957; 1958),
using Mather (1949} concept of D
and H components of variation
were followed. The second degree
statistical variance and covariance
were used for preparing two-
quarter graphics(Wr/Vr). Heterosis

over (MP), relative heterosis, and
over better parent (BP),
heterobeltoisis, were also

calculated (Mather and Jinkes,
1971).

RESULTS

The analysis of variance of 5x5
diallel cross system for growth,
and early and total green pods
yield and their components were
run on the basis of individual plant
data. Mean performance of the
genotypes produced from diallel
cross system were compared. Gea,
sca, heterosis and  genetic
parameters were calculated to
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assess the genetic architecture of
the parental cultivars and the
inhenitance of the aforementioned
traits of cowpea, that to help
breeder for planning breeding
progiram when dealing with snap
green pods yield of this crop.

1. Mean Performance

Conventional  analysis  of
variance (Tables 1 and 2) showed
highly significant mean squares
for genotypes (total), parents,
crosses and parents vs crosses for
growth traits (plant height, branch
number per plant and the 4" leaf
area), early and total green pods
yield traits per plant (pod weight,
pod number per plant and green
pods weight per plant), except
parents vs crosses for plant height
and branch number which were
significant.

Table 1: Mean squares resulted from the analysis of 5x5 diallel for
cowpea growth traits in summer season of 2003

Pl ht. Br. No. 47 L,
-E. 0.V. d.f (em) area (¢ ?;)_
Reps 3 63917, 34l 94.06%.
Genotypes 14 2087770 3170 2471047
Parents 4 669122 251, 4609.64
Crosses 9 1614.78 345, 1539.67
P's vs crosses 1 53094 3.22 2298.94
Error 28 194.68 0.46 194.33

NS* and”": Insignificant at 5 % level of probability, significant at 5% level of
probability and highly significant at 1% level of probability,

respectively.



Table 2: Mean squares resulted from 5xS-diallel apalysis for cowpea early and total yield traits in
summer season of 2003 “

| ___Early yield Total yield
s.0.v. . dgf Fodwt Pod Yield Pod wt. Pod Yield
® No. (8) (g) No. (2
Reps -2 003 14148 9081 0.01™ 3264 s62.31"
Genotypes 14 556" 115017 1180937 3227 289.647 2328.76"
Parents , 4 1157 64087  290.80" 599" 176.63" 811.14"
Crosses 9 333 127377 133539 2327 231.047  1058.617
P's vs crosses 1 153" 207487 3351317 020" 1395.017  19830.59"
Error 28 0.10 6.52 26.46 0.02 8.33 110.55

NS, " and ' Insignificant at 5 % level of probability, signif'lcant at 5% level of probability and highly significant
at 1% level of zprobability, respectively.

o0z (p) "ON Z€ ‘104 “soY U3y ° Fpwivg
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Table 3: Mean performance of the genotypes resulted from 5x5 diallel cross system for growth,and

early and total green pods yield traits in summer season of 2003

Growth traits

Early green pods yield Total green pods yield

Genotypes —
: PLht.  Br. ‘;r:;' Pod  Pod  Yied T ‘;‘: Pod  Yield
(cm) No. (cm®) @ No. ® @ No. ()

1.'IT 86F 98.55 2.71 140.70 6.87 586 4026 349 21.84 11990
2. 1T 93K 12025 4.35 223.16 6.74 465 3136 5.93 2132 12643
- 3. Kafr El-Sheikh 28.06 354 185.86 3.41 8.19 2793 3.23 26.28 84.88
4. Dokki-331 3588 392 15041 394 13.54 35335 3.69 3074 11343
5. Kaha-1 S 13.02 5.13 125.94 2.65 1503 3953 2.74 3995 109.46
P;xP; 71.75 4.33 176,46 6.63 442 2932 574 2492 143.04
PixP; 31.78 3.58 14207 4.24 10.69 4534 4380 27.37 131.16
PixPy 40.67 3.58 165.54 4.70 1526 71.71 440 39.68 174.39
P xPs 7722 5.81 14543 4.72 1037 5063 324 4048 131.16
P;xP; 5728 3.55 16545 4.61 2038 9395 488 36.17 176.31
P.x Py 0467 5.17 158.11 3.69 i3.04 48.10 4.16 42,12  178.51
P:x Ps 5433 6.15 100.39 4.93 996 4928 546 46.12  159.38
P3;x Py 2742 317 173.62 3.30 965 31.83 3.53 38.59 13622
P;x Ps 2933 492 128.30 3.21 26.33  84.52 314 51.07 160.36
Psx Ps 3442 5.28 153.96 3.21 1998 64.73 326 5100 166.26
L.S.Dat 5% 2333 1.13 2331 0.52 5.12 860 0.26 4.82 17.50
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For growth traits (Table 3),
parental means reflected a
wide range in each trait. The
cultivars that showed lowest values
were [T 86F in branch number
{2.71 branches), and Kaha in plant
height (13.02 cm) and the 4th leaf
area (12594 cm®). The cultivars
that showed highest values in these
traits were Kaha for branch
number (5.13 branches) and IT
93K for both the plant height
(120.25 cm) and the 4™ leaf-area
(223.16 cm%) Fi-hybrids reflected
the parental range, however it was
highet than the highest parent in
branch number; i.e., 5.28, 5.81 and
6.15, when Kaha was crossed with
each of Dokki, IT86F and 1T93K,
respectively. The highest values
for Fi-hybrids in plant height
{9467 cm) did not reach to high
parent of the cross IT 93K x
Dokki, and Kafr El-Sheikh x
Dokki (173.62 cm?) and IT 86F x
IT 93K (176.46 ¢cm”) for leaf area.

For early and total green pod
yield (Table 3), the cultivars
showed highest pod weight were
IT 8F and IT 93K and high
number of pods per plant were
Kaha and Dokki, as components of
carly yield and total yield per
plant. The lowest values in the
aforementioned  traits - were
obtained from Kaha for pod weight
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and from IT93K for pod number
per plant. For early and total plant
yield, the earliest parent was Dokki
and the highest productive one was
IT 93K, but Kafr El-Sheikh had
the lowest early vyield and
individual plant yield. Fi-hybrids
gave pod weight per pod not
exceeded the parental values on
early and total yield base. The
crosses which gave highest number
of pods and early yield, and
exceeded the parental values, were
IT 93K x Kafr El-Sheikh and Kafr
El-Sheikh x Kaha, The crosses that
showed highest total yield per
plant, more than the parental
values, were IT 93K x Dokki, IT
93K x Kafr El-Sheikh and IT 86F
x Dokki.

2. Combining Ability

Results of the analysis of
variance (Table 4), according to
Griffing (1956), reflected highly
significant mean squares due to -
gca and sca for the studied nine
traits, except sca for branch
number, which was significant. It
also reflected that, gca was larger
than sca in most cases, except that

for early yield per plant and total

green pods yield per plant.
However, the additive portion
(0%a) was less than the non-
additive one (o%p), except that for
plant height, branch number and
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Table 4: Mean squares of general (gca) and specific (sca) combining ability for 5x5 diallel analysis
of cowpea growth, and early and total yield traits

Growth traits Early yield traits Total yield traits

s.0.v. 4L TPL ht. Br. 4PL.  Pod wt. Pod Yield Pod Pod Yield

{cm) No. area () No. (2) wt, No. (g

. _ (em®) '
Geno. (5) 14 2987.77° 3.17° 2471.04° 556 11501 118093 3220 289.64 2328.76
gea 4 268681 2577 131160 578" 52527 7775 3356  189.58° . 43045
" sca 10 31957 045 62851 028" 3266 52000  0.1617 63537  914.58"
Error 28 6489 0.5 64.78 0.03 2.17 3.82 0.008 2.77 36.85
¢ gea 338.18 030 97.58 0.79 2.84 - 63.18  0.456 1801 - 69.16
o, 676.36  0.61 195.17 1.57 5.67 12636 0912 36.01 - -13832
¢ p 25468  0.30  563.73 0.25 30.49 511.18 0.153 60.76  $77.73

*and | : Significant and highly significant at 5 and 1% level of probability, respectively

Table 5: Mean values of general combining ability (gca) for 5x5 diallel analysis of cowpea growth,
and early and total yield traits

, Growth traits Early yield traits Total vield traits
Genotypes PL ht.  Br 4L Podwt  Pod  Yield Podwt  Pod Yield
(cm) No.  area(cm’) @® No. ® (® No. ®
IT 86F 5536 433 157.40 5.07 1019 4875 455 3311 14499
IT 93K 6951 4.80 147.90 497 1195 5480 . 4356 3753 164.35
Kafr El-Sheikh-1 3645  3.81 150.11 3.84 16.76 63.67  4.09 3830 151.20
Dokki -331 49.30 430 162.81 3.73 1448 5409 384 43.05  163.95
Kaha -1 4883 555 132.01 4,03 1666 2629  3.28 47.17 135432
+8.E 1201  0.66 11.74 0.64 290 1405 054 541 8.36
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pod weight per pod (in early and
~fotal yield).

For mean values of gea (Table
5), data illustrated that the best
combiners for plant height were
cvs 1T93K and IT86F, for branch
number were cvs Kaha and IT
93K, for leaf area per leaf were cvs
Dokki and IT 86F. On the other
hand, the poor combiners for these
growth traits were cv Kafr El-
Sheikh for plant height and branch
number, and Kaha for the 4% leaf
area. Other pgenotypes, in this
respect, had had medium values of
gca.

For mean gca of early and total
green pods yield traits (Table 5),
the cultivars which showed highest
vajues of mean gca and being the
best combiners for pod weight per
pod were cvs IT 86F and IT 93K in
early and total’ yield, for pod
number per plant were Kafr El-
Sheikh and Kaha in early pod
number and cv Kaha and Dokki in
total pod number, for early yield
was Kafr El-Sheikh, and for total
yield were cvs IT 93K and Dokki.
The poor combiners for pod
weight were cv Dokki in early
yield and Kaha in total yield, for
pod number was cv IT86F, in early

1113

and total pods, for early yield was
¢v Kaha, and for total yield was IT
86F. Medium types were also
observed.

For mean sca  crosses
performance, it was previously
mentioned in mean performance of
the first portion (Table 3).

3. Heterosis

Results of heterosis for growth
traits (Table 6) showed, generally,
positive and negative values, when
calculated from  mid-parental
values (MP) and from better
parent (BP). Plant height revealed
equal number of positive and
negative values from MP, but only
one cross; namely, Kafr El-Sheikh
x Kaha had plant height near to
higher parent of this cross. For
branch number most of the
obtained values were higher than
MP value, but four crosses showed
heterobeltiosis (BP); i.e., IT93K x
Kaha, IT93K x Dokki, IT 86F x
Kafr El-Sheikh and IT86F x Kaha.
For leaf area, MP heterosis

reflected negative and positive

heterosis, but only three crosses
showed positive values for BP
heterosis and the  highest
heterobeltiosis were observed on
cross IT86F x Dokki.
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Table 6: Heterosis over mid (MP) and better (BP) parent for
growth traits of cowpea F;s hybrids

Plant ht. (¢cm) Branch No, _4“'_Leaf area
Crosses MP BP MP BP MP  BP
PixP; -34.4 -403 227 -05 -30 -209
P;xP;s -49.8 678 166 44 -13.0  -23.6
Pix Py 395 -587 78 .87 13.7 10.1
P;xPs 384 217 482 133 9.1 34
PyxPs -22.8 -524 - 87 -184 235 -299
PyxPy 213 213 249 B9 154  -292
Pyx Ps -18.5 -548 298 199 430 -549
P;x Py -14.2 =236 -13.9  -19.1 3.3 - 6.6
P3;x Ps 42.8 4.5 154 -37 177 -310
Pyx Ps 40.8 -41 166 29 11.4 24
LSD at 5% 202 23.3 1.0 1.1 20.2 233

P, Py, P, Py and Ps: IT 86F, IT 93K, Kafr El-Sheikh-1, Dokki-33} and
Kaha-1, respectively.

Concerning heterosis for early
and total yield per plant (Table 7),
pod weight per pod, in both yield
traits, showed . positive and
negative values for relative
heterosis (MP), but  all crosses
had negative values  when
calculated on BP base. Early pod
number and early yield had
negative and positive values on the
base of MP and BP, but the
numbers of positive heterotic
hybrids were more than the

negative ones. The best crosses
showed high heterotic values in
early yield approached 189.9 and
113.8% for the crosses of IT93K x
Kafr Ei-Sheikh and Kafr El-Sheikh
x Kaha, respectively. On the other
hand, all the crosses had positive
MP and BP for pod number and
yield per plant. The crosses
illustrated  highest  hetcrotic
percentage in pod number were
IT 93K x  Kafr Ei-Sheikh and
Kafr El-Sheikh x Kaha, and in
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Table 7¢ Heterosis over mid (MP) and better (BI’) parent for carly
yield and total yield traits of cowpea Fis hybriis

cross Pod wt. Pod No. Yield (gm)
Mr BP MP By MP BP
Farly yiekl
PxP,; - 286 -35 - 160 -246 -18.1 - 212
PxPy -11.5 -38.3 52.0 30.5 33.0 12.6
Px Py -13.1 -31.6 57.3 12.7 53.2 344
PixPs - 06 313 - 08 - 310 269 25.8
Px Py -93 -31.6 2175 1488 2017 189.9
P:xP, -30.9 453 A33 - 37 136 - 99
Pix Py 5.5 -26.6 12 - 337 39.0 247
Pix P, -10.3 -16.2 - 112 -287 -217 - 404
Pyx Py 6.3 -59 126.8 15.2 1506 1138
Pix Py - L5 -178 398 329 394 213
LSD 5% 0.5 0.5 4.4 51 1.5 8.6
Total yield

Py xP,; 0.5 -32 13.5 14.1 15.1 P90
PixP 10.9 -20.6 13.8 42 28.7 10.0
Pix Py -4 -19.9 50.9 29.1 49.7 46.0
Pyx Py -21.3 -41.0 310 1.3 14.5 9.7
P x P,y 0.7 -11.7 52.0 376 65.2 37.0
PP, -13.5 -29.8 81.1 39.6 474 IR7
P,x Ps <202 -41.7 50.5 154 339 239
Psx Py 2.0 - 43 354 25.5 37.6 20.2
Pix P 5.6 -28 54.2 278 65.1 46.5
Pyx Py 1.4 -11.7 443 217 49.0 463
L.S.D 5% 0.2 0.3 22 4.8 15.2 17.5

Py, Py, Pa, P, and Ps; 1T 86F, IT 93K, Kafr El-Sheikh-1, Dokki-331 and
Kaha-1, respectively.
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yield per plant were IT 93K x Kafr
El-Sheikh, IT 93K x Dokki (both
more than 37%, heterobeltiosis),
IT86F x Dokki, Kafr El-Sheikh x
Kaha, and Dokki x Kaha (had
more than 46% heterobeltiosis).

4. Genetic Components and
Genetic Ratios
Results in (Tables 8 and 9)

reflected highly significant D, Hj,
Hj, hy and F for all growth, early
yield, and plant yield traits, except
D value (insignificant) for pod
number in early yield, H, value
{(insignificant) for pod weight in
early yield, and F value
(insignificant) for leaf area, pod
number and early yield, average
pod weight and total yield per
plant. For E component, it had
insignificant values for all the
studied traits, except in branch
number per plant, which was
significant. The additive compon-
ents (D) was larger than each of
two dominant component (H; and
H;) for plant height and pod
weight (in early yield and in total
yield), but the  dominant
components (H; and H;) were
larger than D component for the
other traits. F component was
positive for all the studied traits,
except that for branch number and
total pods number per plant, which
were negative.

Gad, etal.

For genetic ratios {Tables 8 and
9), the degree of dominance
(H1/D)"? values were less than one
for plant height (0.74) for pod
weight {0.53), and for early pods
and for total pods (0.58)), while it
was larger than unity for branch
number (1.40}, leaf area (1.44)
and pod number (for early pods
yield, 2.74 and total pods yield,
1.80) and yield (for early, 4.74 and
total plant yield, 3.38). Moreover,
Wr/Vr graph (Figs. 1-9) reflected
that the regression line intersected
Wr above, below, above, above,
below, negative slop, above, below
and below the origin, respectively
for the nine traits. However,
testing the intersecting points from
0 (origin), it was insignificant for
plant height, branch number, early
and total pod weight and pod
number in early yield, indicating
complete dominance in the
inheritance of these traits. While, it
was significant from 0 for leaf
area, pod number, early yield and
total yield, indicating over
dominance predominate in the
inheritance  of  these traits;
however, it was over dominance
towards recessive parents for early
yield.

Gene frequency, as indicated by
(H2/4H,) had values, of all cases,
less than 0.25 (maximum gene
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frequency), however total yield per
. plant and pod number in early
yield had (.24 value. The group of
genes that control each character
(hy/H;) and showing dominance
indicated 2 groups of dominant
genes for leaf area, more than 2
groups for pod weight and pod
number of early pods and early
yield, more than 5 groups for
branch number, and 10-11 groups
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for total number of pods and pods
yield per ptant. While plant height
and average pod weight had one
group of dominant genes.

Heritability (h* ns) was higher
than 50% for plant height, branch
number, leaf area, early pod
weight, total pod weight, and pod
number, and less than 50% for
early pod number and yield and
total yield,

Table §: Estimates of the genetic components of variations and
genetic ratios in 5x5 diallel of cowpea growth traits

Parameter PL bt. (cm) Br. No. ‘L. area (cm®)
D 315519 © +138.47  0.62 +0.10 147177 +364.80
H, 1166.77 " +373.96 122 7+0.27 3059.68" +985.18
H; 949217 +339.18  0.88 "+0.24  1085.54 ™ +893.57
by 62746 " +229.00 524 "+0.16 2901.17" +603.30
F 1070.52 " +354.90 -0.81 "+025  1608.99™ +911.27
E 7522 + 5653 0227 10.04 64.77™ + 148.93
/D' 0.74 1.40 1.44
H./4H,; 0.20 0.18 0.09

hy/H, 0.66 592 2.67

r 039 -0.76 0.93

t 0.04 ™ 0.09 N 0.62 ™

b’ % (n.s.) 67.57 66.80 73.21

M. *and ”: Insignificant at § % lével of probability, significant at 5% level of
probability and highly significant at 1% level of probability,
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Table 9: Estimates of the genetic components of variations and genetic ratios in 5x5 dialiel for
cowpea vield and its components (early and total)

} Early yield traits Total yield traits

Parameter "~ pog wt, (g) Pod No.’ Yield (g) Pod wt. (g) Pod No. Yield (g)

D 3.82° +1.17 14.90™+16.94 8667 +29305 199 +022 5565 + 825 22347 +108.66
H, 1.057+0.47 111.46° +48.53 1950.57" +79141 0.68" +022 180237 #2229 2533.76 +293.44
“H, 0.82™5+0.42 105.86° 4545 1779.727 +717.81 0.537 +0.20 160.97 12022 2404.91" +266.15
h, 19074029 156.787 +31.74 4282.84™ 48464 030" +0.13 1781.67 +13.65 25353.66 -179.70
F 090" +0.43 9.09°+43.52  187.53™+73007 021™+020 - 57.927+20.62  103.80°5+271.43
E 0.03%+0.07 061™+ 758 1025411964  001™+0.03 331"+ 3.37 46.89"5+ 44.36
(H/D)Y"? 0.53 2.74 4.74 0.58 1.80 3.38
Hy/4H, 0.20 0.24 0.23 0.20 0.22 0.24

he/H, 232 1.48 2.41 0.57 11.07 10.54

r : 0.68 - 0.88 - 0.08 0.80 - 092 - 0.93

- © 0.00004™ 0.23™ 0.48 0.0004™ 0.02" 0.02°%

W % 87.01 17.40 7.14 88.00 60.40 17.20

(n.s.)

5. and ”: Insignificant at 5 % level of probability, significant at 5% level of probability and highly significant at
1% level of probability, respectively.
! Calculated on the base of four parents; IT 86F, IT 93K. Kaft El-Sheikh-1 and Dokki-331, since t* was significant

in 5x5 diallel.
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DISCUSSION

- The  results of  mean
performance, and gca and sca
reflected highly significant mean
squares due io parents, crosses and
parents vs crosses, gca and sca in
all studied traits; i.e.; leaf area per
leaf, early pod weight per pod,
early pod number, early yield,
average pod weight, pod number
per plant, and total green pods
yield per plant. In two cases of
parents vs crosses, plant height and
branch number per plant, were
significant. Moreover, .sca was
significant for branch number per
plant, early yield, and individual
plant yield. Therefore, the five
parents; i.e., IT 86F, IT 93K, Kafr
El-Sheikh-1, Dokki-331 and Kaha-
I involved in 5x5 diallel cross
system had sufficient diversity in
~ aforementioned traits.

Combining ability effects: Present
results illustrated presence of high
correspondence among the general
performance of the parental
cultivars in plant height, branch
number, early pod weight per pod,
early pod number and all traits of
green pod yield per plant. Other
traits; i.e., leaf area, early pod
number and early yield, did not
reflect this general agreement.
Therefore, a particular tester

Gad, etal.

cultivar could not be used to-
evaluate all the studied characters
with the same efficiency. In this
respect, Metwally et al. (1998)
illustrated . that leaf area was
mainly cultivar dependent.

In this assessment, the
cultivars showed high mean gca
were IT93K and IT86F for plant
height, pod weight per pod (for
early and total yield), IT93K and
Kaha for branch number, Kafr El-
Sheikh and Kaha for early pod
number, Dokki and Kaha for total
pod number per plant, and IT93K
and Dokki for total plant green
pods yield. Those cultivars had
also high mean values of each
trait. The best general combiners
for leaf areca were IT 86F and
Dokki (had medium values of their
mean performances), for early
yield per plant were Kafr El-
Sheikh and Kaha (had low and
medium mean  performances,
respectively), Tables 3 and 5. So
that, the choice of the tester parent,
in the particular character, should
be based on its progeny
performance. This parameter (gca)
indicated, mostly, additive variance
{a’g=1/2a,). Plant breeder couid
explmt this portion of total the
genetic variance to select a purc
line (individual selection) from the
advanced segregating generations
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to develop high performed lines,
especially in self pollinated crops,
as of Vigna unguiculata.

For sca and heterosis: Both the
--parameters reflected the per se
behavior of the parental cultivars
when crossed each other, and also
reflected the role of non additive
gene action on offspring of a
cross. In this respect, MP heterosis
(relative heterosis), is mostly and
conveniently used in biometrical
studies, while BP heterosis
(heterobeltiosis) is a useful mea-
sure when breeding deals with
economic traits. Heterosis measu-
red on the base of BP is of interest,
and to get heterotic cross, the non
additive portion should be higher
than the additive portion, even
though the later portion should
have significant value. Theoretic-
ally, the traits had higher 625 than
o’p (Table 4) would show partial
dominance or complete domina-
nce, and heterosis (BP) may not
found. In this respect, 22 was
larger than o% for plant height,
branch number, pod weight (in
early and total yield), had also
mean sca performance for all the
crosses less than the BP of each
cross, and had, often, negative BP
heterosis. The best crosses (with
indication for gca) were IT 93K

(high gca) x Kaha (high gea) and
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JT 93K (high gea) x Dokki (mid
gea) for branch number, IT 86F
(high gca) x Dokki (high gca) for
leaf area, IT 93K (low geca) x Kafr
El-Sheikh (high gca} and Kafr El-
Sheikh (high gea) x Kaha (high
gca) for early pod number and
early yield, and were IT 93K (low
gea) x Dokki (high gea), Kafr El-
Sheikh (mid-gca) x Kaha (mid-
gea) and Dokki (high gea) x Kaha
(mid-gca). Significant gca and sca
were also reported for plant height
and yield of cowpea by Abo-Bakr
et al. (1988), Gad El-Hak e al
(1988), Roquib and Patnik (1990),
Hussein (1998) and Subbiah ef al.
{2003).

These results illustrated that,
BP heterosis were observed in
crosses having parents with gea of
high x high, mid x high and high x
low, mid x mid and low x low,
especially in early and total yield,
indicating that the heterosis did
not refiect the gea of the parents
involved in the cross, but it due to
parents per se performance.
Heterosis in plant yield reached
113-189% for early yield and
higher than 46% for total plant
yield, in the aforementioned
crosses. From these results,
transgressive segregants would be
expected in the progeny of these
crosses,
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Genetic parameters: From the
analysis of diallel and testing the
hypothesis (Tables 8 and 9), non-
significant t° values for all studied
traits in this work supported the
assumptions  underlying  this
analysis, except early pod number
(¢, significant). Estimates of D
(additive gene action) was larger
than H; and H; (dominant
components), indicating the role of
additive in inheritance of plant
height and pod weight (in early
and tota] plant yield). On the other
side, the two dominant
components were larger than the
additive one for branch number,
leaf area, early pod number, and
early and total plant yield (pod
number and yield), indicating the

predominant of non additive
portion in the inheritance of these
traits. Such results are in

agreement with combining ability
estimates. These results were also
indicated by Thiyagarajan (1989),
Singh and Dabas (1992), Sawant
et al. (1994), Umaharan ef al.
(1997) and Rahman and Saad
(2000).

The degree of dominance
(Hy/D)'? values and intersection
points of Wr after testing from 0
point, indicating complete domina-
nce for plant height, branch
number, pod weight (both in early
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and total yield) and total green
pods yield, and over dominance
for leaf area, yield and pod
number in early- yield and total
yield. Complete dominance and
over dominance were reported for
leaf area by Sawarkar et al. (1999)
and Helal (2000), respectively.

For gene frequency (Hy/4H,), it
indicated  asymmetrical gene
distribution, except pod number
(early yield) and total plant yield
(0.24) which is near fo maximum
gene frequency. Considering these
results, value of F and r, since the
genes frequencies were less than
0.25, indicating that most of the
expressions of traits were came
from dominant alleles, except
branch number and total pods
number, but r-values indicated
dominant genes for early pod
number and yield in early and total
yield, and recessive for others,
irrespective of their effect.

From Wr/Vr graph analysis
(Fig. 1-9), it confirmed the above
resuits. The parents had most
dominant genes for plant height
was Kafr El-Sheikh, Kaha for
branch number, Dokki for leaf
area, Dokki for early pod weight
and number, Dokki and Kafr Ei-
Sheikh for early yield, Kaha for
average pod weight and pod
number (total), and IT86F, IT93K
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and Kaha for total green pods
yield. - The parents had most
recessive genes were I[T93K,
IT86F and Dokki for plant height,
IT86F for branch number, [T9IK
for leaf area, IT93K for pod
weight and pod number (early and
total), Kafr El-Sheikh for early
yield and Dokki for total green
pods yield.

It is interest to note that, all
growth traits and pod weight, the
environment had little effect, since
the distance between the regress-
ion line and parbola limit was
small. While, it was large for pod
number and yield (early and total),
so they highly affected by the
environments. Other interesting
point is for early yield, the
regression slope was negative, the
arrays of parents for Wr-Vr (which
=1/12D-1/2H) all are negative,
indicating the additive portion is
negative and dominance is
positive, and the expression (r,
negative) is dominant. So, it could
be conclude that dominance was
ambidirictional in this trait. It also
confirmed the - heritability
estimates. Heritability estimates
were 67.57, 66.80, 73.21, 87.01,
17.40, 7.14, 88.00, 60.40, and
17.20% for the studied nine {raits,
respectively.  Similar  estimates

were also reported by Abo-Bakr et
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al. (1988), Gad El-Hak ef al
(1988), Thiyagarajan  (1989),
Roquib and Patnik (1990), Sawant
et al. (1994) and Hussein (1998)
for plant height and branch
number., -
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