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ABSTRACT: Five cowpea cultivars; viz., IT 86F, IT 93K, Kafr
El-Sheikh-1, Dokki-331 and Kaha-1 were crossed in a diallel mating
system, without reciprocals, and evaluated in summer season of 2003
for green pod morphological and chemical traits. Non-significant £
values were observed for the studied nine pod traits, but it was
significant for sugars. And/also one parent (Kafr El-Sheikh) was
found outside parabola for pod filling. Therefore, the analysis was
retried on the base of 4x4 diallel. Results showed partial dominance
for pod length, and complete dominance for pod diameter, pod
filling, seed number/pod, DM, protein, carbohydrates, fiber and
sugars, after testing the intersection poiut from origin. Both additive
and non-additive gene action were involved in the inheritance of
these traits, except D for carbohydrates and fibers, and H; and H,
for protein and sugars. The expressions of these traits were mostly
due to recessive genes, except dominant genes for pod diameter and
carbohydrates. From heritability estimates and graphics (Wr/Vr), all
the traits were highly affected by the env:ronment and had low h’
estimates (50% or less). On the other side, high h% were found for
pod length (75%), for pod filling (67.5%) and sugars (74.4%). For
heterasis over BP, few cases showed positive values, however the
negative ones for fiber would be considered in following crosses; ie.,
IT 86F x IT 93K (-18.6%), IT 86F x Kafr El-Sheik (-14.4%) and IT
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93K x Kafr El-Sheik (-17.9%). The best combiners for pod length,
pod diameter, seed number and sugars were I'T 86F and IT 93K, for
pod filling, protein and carbohydrates were Dokki and Kaha, for
DM was Kaha, and for fibers were IT 86F and Dokki.
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INTRODUCTION

Green cowpea pods (Vigna
unguiculata (L) Walp.) is a
summer legume crop and ranks
second, after snap bean in summer
of Egypt. Unfortunate, Immature
pods yield of the cultivars in Egypt
is somewhat low and its quality is

- highly affected by environmental

conditions; i.c., low soil moisture,
the pods are short and- fibery
(Yamaguchi, 1983). To overcome
these drawbacks, developing good
yielding and high quality cultivars
may solve these problems.

A good understanding of the
genetics of  green pod
morphological and chemical traits
is the pre-request for planning a
suitable  breeding  program.
Damarany (1994a and c), Mehta
and Zaveri (1997), HelalL (2000)
and Tyagi et al. (2000) reported
significant gea and sca, heterosis,
moderate to high heritability,
additive and non additive effect
and presence of partial to over
dominance in the inheritance of
pod length and seed number per
pod. Over dominance and heterosis

was significantly positive for pod
diameter. Damarany (1994a and b)
and Hussein (1998) reported heter-
osis, ranged from -8.37 to 12.69%,
high heritability and partial
dominance for pod filling. Moreo-
ver, Subbiah (2003) reported
positive association between DM
and yield, and fiber had negative
effect. on green pod yield. Abo-
Bakr et al (1988) reported that
total soluble sugars ranged from
2.14% for Cream-7 to 4.391% for
Pusa Phaiguni in cowpea fresh
pods. Rodrigues er al. (1998)
reported significant geca and sca for
fiber content in Phaseolus vulgaris
pods and the nonadditive effect
was predominant for this trait.
Onwulin and Obu (2002) reported
56% carbohydrates and " 20.5-
31.7% for protein content in
cowpea. Ponmarimmal and Das
(1996) and Malarvizhi (2000)
reported non additive gene action
for crude protein content.

The purpose of this work (5x5
dialle! technique) was to determine
and compare the general and
specific combining ability effects
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for establishing a few cultivars as
- tester- parents for cowpea green
pods; morphological and chemical
traits. To study heterosis and
genetic parameters that involved in
the inheritance of these traits.
Also, graphical analysis (Wr/Vr)
and genetic components of
variation are helpful methods 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.,, IT 86F, IT 93K, 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 F; seeds at the
Experimental Farm, Facuity of
Agriculture, Zagazig University.
These cultivars were chosen
because each possessed at least
one or two of the characters to be
studied. 1T 86F had wide pod, high
protein, high sugars and less fibers;
IT 93K had long pod and medium
in other pod quality traits; Kafr Ei-
Sheikh had thin pod and high

-protein  (using Bremner
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carbohydrates content; Dokki had
thin pod, high protein and
carbohydrates, and Kaha had
short, thin pod, less seed number
per pod, high DM and sugars
content.

The 10 F; hybrids along with
the 5 parents were planied, in a
completely randomized bfock
design with three replicates, on
July 15th , 2003. The treatments in
each replication consisted of 10
plants at the spacing of 30cm apart
on one row of 3m long and 70cm
wide.

Data recorded: A random sample
of 10 green pods were taken from
the 4th and 5th pickings (mid
harvest season) to determine pod
morphological traits, then dried at
70°C to determine the chemical
contents of the pods. The
morphological traits were pod
length (cm), pod diameter (cm,
using Calipare), pod filling (using
Ramison's, 1978, method) and
green seed number per pod.
Chemical traits were DM (%),
and
Mulvaney, 1982 method; N values
were multiplied by 6.25), fiber (by
the method reported by SPA,
1943), carbohydrate (by Michel ef
al., 1956, method) and sugars
(using Forsee, 1938, method).
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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 II proposed by Griffing
(1956). The diallel cross technique
given by lJinkes and Hayman
(1953), Jinkes (1954 and 1955)
and Hayman (1954a, 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
(BP) were also calculated (Mather
and Jinkes, 1971).

RESULTS

1. Mean Performance of Pod

Traits

Results of the analysis of
variance for cowpea genotypes,
derived from 5x5 diallel cross
system regarding green pod traits,
revealed highly significant varian-
ces of total genotypes, parents, and
crosses (Tables 1 and 2) for pod
morphological and chemical traits.
Parents vs crosses variances were
also highly significant for pod
filling, dry matter, carbohydrates,
and fiber contents, but it was

insignificant for pod length, pod

Gad, eral.

diameter, seed number per pod,
protein content wnd total soluble
sugars. -

For mean pod morphological
traits (Table 3), dataillustrated that
evs IT 93K and Kiha gave the
highest and the lowest values of
pod length, pod diameter and seed
number per pod, respestively, and
vice versa for pod filliag. In this
respect, cv Kafr El-Sheikh showed
intermediate values in all pod
morphological traits. For crosses,
the crosses showed highest mean
values for pod length and pod
diameter were IT 93K x Kafr El-
Sheikh, for pod filling was Dokki
x Kaha, and for seed number was
IT 86F x IT 93K and Dokki x
Kaha. On the other hand, the
crosses showed the lowest values
were Dokki x Kaha for both pod
length and diameter, IT 93K x
Kafr Ei-Sheikh for peod filling, and
IT 86F and Kafr El-Sheikh x Kaha
for seed number per pod.

For green pod chemical traits
(Table 4), the parents revealed
highest dry matter (DM), protein,
carbohydrates, fiber and total
soluble sugars of their pods were
Kaha, Dokki, Dokki, IT 93K and
Kaha, respectively. However, the
lowest values of these traits werc
obtained form IT93K, IT 93K,
Kaha, Kaha and Kaft El-Sheikh,



Zagazig J. Agric. Res., Vol. 32 No. (4) 2005

respectively. The crosses among
these cultivars that showed highest
values of pod chemical traits were
IT 93K x Kaha, IT 86F x Dokki,
IT 93K x Dokki, IT 93K x Kaha
and IT 86F x IT 93K, respectively.
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The lowest values of these traits
were obtained from the crosses of
IT 86F x IT 93K, IT 93K x Kafr
El-Sheikh, IT 93K x Kaha, IT 86F
x IT 93K, and Kafr El-Sheikh x
Dokki, respectively.

Table 1: Mean squares resulted from 5 x 5 diallel analysis for cowpea
green pod morphological traits

Pod Pod -
5.0.V. df length diameter ﬂf;;i’: Nﬁ‘f“ !
{cm) (cm) € "

Reps 2 19.427  0.003%°  0.0018% 2367

Genotypes 14 211147 0081 005747 9330"
Parents 286.40" 0.081" 00402 9.690"
Crosses 9 20082 008" 00599 10.190"
P's vs crosses 1 29885 0007 0.1034 " 014488

Error 28 274 0.002 0.0008 0.949

NS and™: Insignificant at 5% and highly significant at 1% level of probability,

respectively.

Table 2: Mean squares resulted from 5x5 diallel analysis for cowpea
green pod chemical traits

Dry Protein Carboh-  Fiber T. S.
S.0.V, d.f matter (%) ydrate  (Fresh Sugars

(%) (%) Wt %3 (%)

Reps 2 036° 441 760 0018  3.50
Genotypes 14 165" 15207 1986 0138 21557

Parents 4 1777 18977 2160  0.1047 3148
Crosses 9 1457 1512”7 2009 0089 19.047
P's vs crosses 1 297" 080 10.83" 07197 412"

Error 28 019 3% 8.49 0.025 4.79

NS »*

and 7 Insignificant at 5% and significant at 5% and 1% level of
probability, respectively.

»
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Table 3: Mean performance of green pod morphological traits for
five parents cultivars of cowpea and their F, hybrids

Pod Pod Pod Seed
Genotypes length diameter filling No./ pod
(em) = (em)
1. IT 86F 25.33 0.99 049 1234
2.1T 93K 4015 098 043 1523
3. Kafr El-Sheikh-1 2061 070 0.56 1161
4. Dokki-331 20.67 0.79 061 1251
5. Kaha-1 14.16 0.63 071 1033
P xP, 3964 085 042 1656
P x P 20.20 0.69 059  11.94
PixP, 20.38 091 059 1195
P, x Ps 24.89 094 045 1125
PxPy 39.72 109 029 1133
P,x P, 24.01 066 046  11.34
Pax Ps 23.24 090 055 1263
Pyx Py 1860 078 069 1280
P;x Ps 19.60 060 055  10.80
. PyxPs 1770 . 0.53 085  15.00

- LS.Dat 5% 2.77 0.06 0.05 1.63
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Table 4: Mean performance of chemical traits for five parent's
cultivars of cowpea and their F( hybrids

Dry Proteln Carboby- Fiber T.S.
genatypes mttter (%) drate (fre:h St:gar
(%) (%) wt. %)  (%h)
1. IT 86F 11.56 23.83 58.89 236  16.53
2.IT9K 10.20 18.88 57.79 266 1432
3. Kafr El-Sheikh-i 10.50 19.01 61.33 262  10.16
4. Dokki-331 10.93 23.83 64.00 232 1166
5. Kaha-1 12.08 20.06 57.79 225 1791
PixP; _ 9.07 20.44 56.68 1.92 1837
PixP; 10.64 19.40 61.56 202 14.69
P xP, 10,53 2344 57.78 2.14 1791
PixPs 10.93 19.66 58.89 230 1293
P xPy 10.85 16.02 56.68 2.15 12.03
PyxP, 9.54 21.49 62.67 203 1469
P:xPs 11.24 19.79 55.57 248 1424
P;x P, 10.29 22.66 5668 214 1128
Pyx Ps 10.95 23.05 6133 238 1792
P,xPs 10.99 2227 61.33 206 1377

L.S.Dat 5% . 074 3.31 4.87 0.26 1.79
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2. Combining Ability

_Results of gca and sca variances
(Tables 5 and 6) reflected highly
significant  values for  all
morphological and chemical traits
of cowpea pods, except gca for
DM, gca and sca for carbohydrates
which were significant and gca for
protein was insignificant. The
expected mean squares for gea
(o?y) illustrated that, its values for
pod length and protein content
were larger than o®p. The non
additive portion (c®p) for other
traits was larger than that for the
additive one {(02,). It is interesting
to mention that, the additive
portion was negative and less than
the non additive one for fiber
content in the pgreen pods,
according to Griffing’s approach
(1956).

Mean performance of gca
(Table 7), revealed that the best
combiners for green pods
morphological traits were IT 93K
and Kafr El-Sheikh for pod length,
IT 8F and IT 93K for pod
diameter and seed number, and
Dokki and Kaha for pod filling.
The poorest combiners in this
respect, were IT 86F and Dokki for
pod length and diameter,
respectively, IT 93K for pod
filling, and Kafr El-Sheikh for seed
number per pod. Moreover, the

Gad, et al.

best combiners for chemical traits
were Kaha and Kafr El-Sheikh
for DM, Dokki and Kaha for
protein, and IT 86F for total
soluble sugars. The poorest
combiners for these traits were IT
93K and IT 86F, IT 93K, and Kafr
El-Sheikh, respectively. For fiber
content, the best and the poorest
combiners were IT 86F and Kaha,
respectively, since the objective is
to breed for low fibers content. For
carbohydrates, there were insigni-
ficant differences among these
cultivars. For sca, it was previous-
ly mentioned with mean perform-
ance for the genotypes (Tables 3
and 4).

3. Heterosis

Results of Table 8 show that MP
heterosis had negative and positive
signs. However, for BP heterosis,
all the crosses revealed negative
heterosis in all pod morphological
and chemical traits. Therefore, the
pod traits did not reach to better
parent. A few exceptions were
observed in pod diameter, pod
filling, seed number, DM, protein,
fibers, and sugars. The crosses
which showed respected heterosis
in these traits were IT 93K x Kafr
El-Sheikh (11.22%), Kafr El-
Sheikh x Dokki (13.7%) and
Dokki x Kaha (16.2%), IT 86F x
IT 93K (8.7%) and Dokki x Kaha
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(19.9%), IT 93K x Kafr El- Sheikh  (-18.6%), and IT 86F x IT 93K
(3.3%), Kafr El-Sheikh x Kaha (11.1%), respectively. For carboh-
(14.9%), IT 93K x Kafr El-Sheikh ydrates, it is not worthy to mention
(-17.9%) and IT86F x IT93K those having positive heterosis.

Table 5: Mean squares for gea and sca resulted from 5x5 diallel
analysis for cowpea green pod morphological traits

Pod Pod Pod Seed
S.0.V. dt length Diameter filling No.
{cm) {cm) /pod
Genotypes 14 211.140" 00806 0.0574" 9.33"
gea 4 192827 00450 0.0416" 3.66°
sca 10 21401" 00196 o0.0102" 2.89"
Error 28 0913  0.0006  0.0003 0.32
o’ gea 24490 00036  0.0045 0.11
A 48979  0.0072  0.0089 0.22
3} 20488 00135 00100 2.57

" Significant at 1% level of probability.

Table 6: Mean squares of gea and sca resulted from 5x5 diallel
analysis for cowpea green pod chemical traits

Dry ., Carbod- _. T. 8.
S$.0.V. d.f matter "E‘:}e)“‘ ydrates Fﬂ:{ gr;sh sugar
(%) - (%L c‘. i%A)UU
Genotypes 14~ 1.65 1520 19.86 0.138 21.55
gea 4 098 11" 175 0.026" 1109
sea 10 038"  265™ 617 0.054" 562"
Error 28 006 131 2.83 0.008 1.60
o’ gea 009 121 0.23 -0.004 0.78
oA 0.17 242 0.45 -0.008 1.56
¢*D 0.31 1.34 334 0.046 4.02

NS. * and **: Insignificant at 5%, significant at 5% and 1% level of probability,

respectively.



Table 72 Mean values of general (gca) combining ability for green pod morphological and
‘chemical traits of 5x5 diallel of cowpea
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: Green pod morphological traits Green pod chemical traits
Genotypes ; "
Pod Pod Pod Seed Dry Protein Carbohy Fiber T.8.
length diameter filling number matter (%) -drate {(fresh sugar
{em) (cm) /pod (%) (%) _ wt. %) (%)
IT 86F 12.12 0.85 0.51 13.93 10.29 20.74 58.73 2.10 [5.98
IT 93K 31.65 0.87 043 12.97 10.18 19.44 5790 215 14.83

Kafr El-Sheikh-1  24.53 0.79 0.53 11.72 10.68 20.28 59.06 2.17 13.98

Dokki-331 20.65 6.72 0.65 12.77 10.34 22.46 59.62 2.12 14.41
Kaha-1 2136 0.74 0.60 12.42 11.03 21.19 59.28 233 14.72
+S.E. ' 7.05 0.07 0.08 1.05 0.35 112 0.65 0.09 0.75
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Table 8: Heterosis over mid (MP) and better (BP) parent for green pod morphological traits of

cowpea Fis hybrids

Pod length{cm)  Pod diameter (cm} Pod filling Seed No: /pod

eross MP BP MP BP MP BP MP BP
PixP; 21.1 -13 -15.88 -14.14 - 742 -13.81 20.1 8.7
PixP; -12.1 -20.3 -18.34 -30.30 13.30 5.71 - 0.3 - 32
PixP, -114 . -195 2.25 - 8.08 7.71 - 2.98 -38 - 43
 PyxPs 26.1 - 17 16.05 -18.18 -25.60 -38.08 - 0.8 ~ 88
P:xP; 30.7 - 11 29.76 11.22 -41.56 -48.39 -15.6 -25.6
Pix Py -21.1 ~12.0 -25.42 -32.65 -10.83 -23.80 -18.2 -25.5
PxPs -14.4 -42.1 11.80 - 8.16 - 4.75 -24.38 - 1.2 -17.1
P3x Py - 9.9 -10.0 4,70 - 1.27 18.11 13.72 6.1 2.3
Pix Ps 12.7 - 49 - 977 -14.29 -14.57 ~24.52 - 16 - 7.0
P;xPs 1.6 -14.4 -25.35 -32.91 27.04 16.16 314 19.9
LSD at 5% 24 2.7 0.06 0.07 0.04 0.05 1.4 1.6

Py, Py, Py, Ps and Ps: IT 86F, IT 93K, Kafr Ei-Sheikh-1, Dokki-331 and Kaha-1, respectively.

S00Z (P) 'ON ZE '10A “S3Y 3uBy [ SizvdvZ
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Table 9: Heterosis over mid (MP) and better (BP) parent for green pod chemicai traits of cowpea
F;s hybrids

o Dry matter Protein Carbohydrate  Fiber fresh weight T. S. sugar
cross (*) (%) (%) (%) (%)
- .MP BP MP BP MP  BP MP BP MP BP
PixP; 166 215 -43 -142 29 -38 235  -186 191 1Ll
PixP;  -35 -80 -94 -186 24 0.4 189 -144 100 -113
P;xP, -64 -89 -16 -16 -60 -97 -86 -78 270 84
Px Ps .75 -95 -96 -17.5 09 0.0 433 22 249 278
P:x P 48 33 -155 -157 48 -76  -186  -179 - 17 -160
P,x P, -97 -127 06 -95 29  -21  -185  -125 131 26
P, x Ps 09 -70 17 -13 38 00 0.8 102 -117 205
P;x P, -40 -59 58 -49 96  -119 22 -78 34 - 33
P3x Ps -30 -94 180 149 30 0.0 -25  -58 276 Ol
PxPs -45 -90 153 -65 07 -42 .57 40  -69 231
LSD5% 06 07 29 33 42 49 0.2 0.3 32 37

Py, Py, P3, Py and Ps: IT 86F, IT 93K, Kafr El-Sheikh-1, Dokki-331 and Kaha- |, respectively.
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4.Genetic Parameters and Ratios

Data in Tables 10 and 11
reflected insignificant £ for all pod
morphological and chemical traits,
indicating the validity of the
assumptions of diallel analysis,
except sugars, which had highly
significant. The additive genetic
component (D) was significant and
highly significant for ail pod traits,
except carbohydrates and fibers,
which were insignificant.
Concerning H; and H,, these two
dominant components reflected,
also, highly significant values for
all traits, except both H; and H;
for pod filling and protein and H;
for DM  were insignificant.
Dominant effect (hy) was
insignificant for all pod ftraits,
except DM, carbohydrates and
fibers, In this respect, F component
was insignificant, but it was

negative for pod length, pod
diameter, pod filling and protein,

and positive for other traits,
indicating that most of the
expression coming from

dominant and recessive alleles,
respectively.

For Genetic ratios (Tables 10
and 11), the values of (H/D)'?
were less than one for pod length
and more than one for other traits,
indicating partial and over
dominatice, but it was round one
(0.94) for pod length, indicating
complete dominance in the
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inheritance  of  this traits.
Asymmetrical gene distribution
(H2/4H,) was observed in all pod
traits, except carbohydrates which
showed maximum gene ratio
(0.25). The group of genes (hy/Hy)
that controlling pod traits were all
less than one, except DM and
fiber, which were more than 3 and
7 pairs, respectively. Correlation
coefficient (r) was positive for pod
length, pod filling, seed number,
DM, protein and fiber, and it was
negative for pod diameter, carbo-
hydrates and sugats, indicating
dominant and recessive alleles in
controlling these traits respective-
ly. Heritability (h*) was higher
than 50% for pod length and pod
filling, and less than 50% for other
traits,

For Wr/Vr graph (Figs. 1-11),
the graphs showed that the
regression line intersects Wr near
to the origin, but when tested the
intersection portion (o) from O
point it was not differ from 0 for
pod diameter, pod filling, seed
number, DM, protein, carbohy-
drates and fiber, and significant
from O for pod length and sugars
(below origin). These results
indicated presence of complete
dominance, partial dominance, and
over dominance in the inheritance
of these traits, respectively. Two
interesting cases were also
observed with pod filling and



Table 10: Estimates of components of genetic variations and genetic ratios in 5x5 diallel for cowpea

green pod morphological traits

Parameter Pod length (cm) Pod diameter (¢cm) Pod filling Seed No./pod
"D : 94.15™ +11.77 0.026 ~* + 0.007 0.0131" +0.0055 289" +1.28
H, : 82.99 " +31.79 0.796 " +0.019 0.0274™ + 0.0147 11.02 ™ +3.45
. H, 74.78 © + 28.83 0.076 " +0.017 0.0200™ +0.0134 1039 +3.13
E h, 4.04" +19.47 0.007V5 + 0.012 0.0040™ +0.0091 0.09™ +2.11
v F -17.26™5 +29.41 -0.004"5 +0.176 - 0.0094™ +0.0137 1.78™ + 3.19
c’% E 128%5 + 4.81 0.001™5 +0.003  0.0003™ + 0.0022 0358 + 0.52
- (H/D)'? 0.94 1.64 1.45 1.96
" Hy4H, 0.23 0.24 0.18 0.24
h,/H; . 0.05 0.09 0.20 0.01
o 0.50 -0.97 0.82 0.35
¢ 3.07™ 0.17™ 2.63% 0.03™
b’ (n.s.) 75.00 16.30 73.84 22.80

1142

M5**: insignificant and significant at 1% level of probability, respectively.



Table 11: Estimates of components of genetic variations and genetic ratios in 5x5 dialle! for cowpea

S00Z () "ON Z£ '10A “s2y ousy °f Srzndvz

green pod chemical traits
Parameter Dry(:z?tter Protein (%) Carb?ozd rate F:T(f.;?h T. S(.;:)lgar
D 0.53° +025 500" +2.01 438M%+ 315 0.026™5+0.026 8.92 "+ 2.70
H, 1337 +069 782854543 17617+ 852 0.1777 +0.069 19.01 "+ 7.30
H, 115M5+ 0,61 6984493 17367+ 773 0.136 ™+ 0.062 17.98 "+ 6.16
b 425" +041  031™+333 12127+ 522 09287 +0.042 4675+ 447
F 0.18%+062 -046"5+503 153+ 788 0.050™%+0.064 5.32%5+6.75
B 0.06M5+0.10  132V5+082 2817+ 129  0.008"%+0.010 L5375+ 110
HyD)"? 1.59 1.25 2.01 2616 1.46
Hy/4H, 0.22 0.22 0.25 0.192 0.24
ho/H, 3.71 0.04 0.70 7.443 0.26
r 0.25 0.29 -0.18 0.849 -0.93
£ 1303 0.41 N5 0.4203 0.829 %5 11.20 *
b’ (n.s.) 43.60 50.70 17.82 16.80% 27.62
M, * and ' insignificant and significant at 5% and 1% level of probability, respectively.
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Fig. 1-3: Wr/Vr graph; 1. Pod length, 2. Pod diameter, and 3. Pod filling
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sugars, where one of the parental
cultivars lies outside the parabola
(Kafr EIl-Sheikh) and was
significant,  respectively. By
attempting and removing one
parent from each and retrying the
analysis, it becomes normal (Figs
10 and 11). The two graphs
showed that the intersection point
was above origin for both trait, but
insignificant from 0 point (origin),
indicating complete dominance for
both the traits.

The graphs showed also that the
dominant parents were Dokki and
Kaha, IT 86F, IT 86F and IT93K
(Fig. 10), Kafr El-Sheikh, Kafr El-
Sheikh, Dokki, IT 86F, Dokki and
Kaha, IT 86F (Fig. 11), for the
studied nine ftraits, respectively.
The recessive parents were Kafr
El-Sheikh and IT93K, Kaha and
Kafr El-Sheikh, Kaha, IT93K, IT
86F, Kafr El-Sheikh, Dokki,
IT93K, Dokki and Kaha, Kafr El-
Sheikh (Fig. 10), and Dokki (Fig.
11), respectively with the studied
traits.

DISCUSSION

For improving cowpea green
pods quality, morphological and
chemical traits, genetical studies
are required for pre-planning a
breeding program. Thin pod, long
or short, high DM, high protein,
high sugars, and low fiber contents

Géd, etal,

should be manipulated in breeding
program for developing hlgh pod
quality cuitivars.

Mean gca and sca performances:
Results of the analysis of variance
reflected significant and highly
significant mean squares due to
parents and crosses for the studied
nine pod ftraits. While, parent vs
crosses was highly significant only
for pod filling, DM, carbohydrates
and fiber contents in pod. Mean
squares for gca and sca were also
significant and highly significant
for all pod traits, except sca for
protein (insignificant), gca for DM
(%), and sca and gca for
carbohydrates. Mean gca for the
parents, should be manipulated
according to the objective of the
study. Therefore, high gca for
some traits (e.g. fiber) may be not
the best combiner for such traits,
High gca values were observed for
IT 93K and Kafr El-Sheikh for pod
length, IT 86F and IT 93K for pod
diameter, seed number and sugars,
and Dokki and Kaha for pod
filling, DM, protein and fibers.
Low gca values were observed for
IT 86F in pod length, Dokki and
Kaha for pod diameter, IT 93K and
IT 86F for pod filling, DM, protein
and fiber, and Kafr El-Sheikh for
seed number and sugars. Therefore,
there is a high correspondence
among the general performances of
the parental cultivars (Tables 3 and
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4) and their general combining
ability values. But according to the
objective of this work, thin pod,
high and moderate DM, high
protein, moderate sugars, were
observed for Dokki and Kaha, and
low fiber was observed for IT 86F
and Dokki, would be considered as
best combiners for these ftraits.
Highly significant gca and sca
effects indicating both additive and
non additive gene effect were
reported by Mehta and Zaveri
(1997) and Umaharan ef al. (1997)
for pod length, Rodrigues et al.
{1998) for pod diameter and fiber
content in Phaseolus vulgaris
pods, Thiyagarajan (1989); Dobhat
and Rana (1997) and Hussein
(1998) for seed number per pod,
Bastian er al. (2000) for DM.
Hazra ef al. (1996) found only geca
variance was significant for seed
protein content. While,
Ponmarimmal and Das (1996) and
Malarvizhi (2000) reported that
protein was influenced by non
additive gene action.

Accordingly, the best crosses
showed thin pods, moderate DM,
high protein, high carbohydrates,
moderate fibers and moderate
sugars were Kafr El-Sheikh x
Dokki and Dokki x Kaha. Alse,
there were some crosses showed
long pod, wide pod, high seed
number, high DM, high protein,
high carbohydrates, low fiber and
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high sugars contents; i.e., IT 86F x
fT 93K and IT 93K x Kafr El-
Sheikh, IT 93K x Kafr El-Sheikh,
IT 86F x IT 93K, IT 93K x Kaha,
IT 86F x Dokki and Kafr El-
Sheikh x Kaha, IT 86F x Kafr El-
Sheikh and IT 93K x Dokki, I't'
86F x IT 93K or Kafr El-Sheikh
and IT 93K x Dokki, and IT 86F x
IT 93K, IT 86F x Dokki and Kafr
El-Sheikh x Kaha, respectively. So
that, crosses of both IT cultivar

“with the other three ones were the

best specific combinations. Those
crosses involved, high x high, low
x high or low x low general
combiners. For heterosis, it was
not found pronounced in those
traits regarding heterobeltiosis, but
highly  pronounced  negative
heterobeltiosis were observed for
the above-mentioned three crosses
for fibers (IT 86F x IT 93K, IT
93K x Kafr El-Sheikh and IT 86F
x Kafr El-Sheikh). Such crosses
may show transgressive segregants
for low fiber contents in advanced
generattons. Helal (2000) reported
significant positive heterosis over
MP and BP for pod length, pod
diameter and seed number per pod,
and Kheradnam et al (1975),
Gjomo  (1974), Zaveri et al
{1983), Abo-Bakr et al. (1988) and
Damarany (1994c¢) for pod filling.

Genetic components and graph-
ical analysis: Results showed thal
D portion was mostly less than H;
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and H;, except that for pod length
which showed, more or less, equal
values for D and H;., For F, r and
Hy/4Hy; F, it is not significant for
the studied nine traits and
asymmetrical genc  distribution
among the parents was observed,
except for carbohydrates which
showed maximum gene
distribution (0.25). The F sign was
negative for pod length, pod
diameter, pod filling and protein,
and positive for others, indicating
that most of the expression coming
from the effect of dominant and
recessive  alleles, respectively.
- Irrespective of their increasing or
decreasing effect. For r-values, it
indicated that the traits controlled
by dominant genes were pod
diameter,  carbohydrates and
sugars, while other traits were
under control of recessive genes.
The number of genes that
exhibited dominance (hy/Hj) were
less than one, however it was more
than 3 and 7 pairs for DM and
fibers  contents, respectively.
Partial dominance reported by
Umaharan et al. (1997) for pod
length and for pod filling by
Damarany (1994 c), and for seed
number per pod by Shaker {1980)
and Abo-Bakr et al (1988).
However, over dominance for pod
diameter reported by Helal (2000).
No records were found for
chemical traits about genetic
components in cowpea green pods.

Gad, et al.

Graphical analysis (Figs. 1, 2,4,
5,6,7, 8,9, and 11) reflected that,
the regression lines cuts Wr near to
the origin for 7 traits, indicating
presence of partial or complete
dominance: While, it cuts Wr
below the origin for seed number
per pod and fibers contents,
indicating over dominance in
controlling both the traits. But
when tested the intersected point
from the origin, it was only
significant for pod length, and
others were insignificant, indicating
presence of partial and complete
dominance, respectively, It was
also showed that the dominant
parents were Dokki and Kaha, IT
86F, IT 86F and IT 93K, Kafr El-
Sheikh, Kafr El-Sheikh, Dokki and
Kaha, IT 86F, Dokki and Kafr El-
Sheikh and IT 86F, and IT 86F for
the nine traits, respectively. The
recessive parents were IT 86F, IT
93K and Kafr El-Sheikh, Kafr El-
Sheikh and Kaha, Dokki, Kaha,
IT 86F and IT 93K, IT 86F and IT
93K, Kafr Ei-Sheikh, Dokki, IT
93K, .and Dokki for- the
aforementioned traits, respectively.
It is interest to indicate that, most
of the expression coming from
the recessive parent in  pod
length, pod diameter, pod filling,
DM(%), moreover the most
expression coming from the
dominant parent in seed number,
protein, fiber, and sugars. Also
graphs reflected that, pod diameter,
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seed number, DM (%), protein,
- carbohydrates, fiber and sugars
were highly  affected by
environment, which indicated by
the large distance between the
parabola limit and regression line.
Less distance was observed with
pod length and pod filling,
indicating a little role of the
environment on these traits. These
results should be considered with
the estimates in narrow sense
heritability.  The  percentages
values of h® (Tables 10 and 11)
were 75.0 for pod length, 46.3 for
pod diameter, 73.84 for pod filling,
22.8 for seed number, 43.6 for
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DM(%), 50.7 for protein, 17.82 for
carbohydrates, 16.8 for fibers and
27.62% for sugars in pods.
Retrying Hayman’s approach with
4x4 diallel for pod filling and
sugars (Table 12), the data cleared
that D was highly significant for
both traits, and H; and H; were
significant for pod filling -and
insignificant for sugars. Therefore,
the additive gene action was more
important for both traits than non-
additive one. And also h> was
high for pod filling (67.54%) and
the situation was changed for
sugars (74.41%), but it was for
sugars (5x5) about 27.62%.

Table 12: Estimates of components of genetic variations and genetic ratios

in 4x4 diallel of cowpea

Parameter Pod filling T. S. sugars (%)
D 0.0177" +0.0061 6.41" +0.97
H, 0.0376° +0.0175 4.50" +2.78
H, 0.0326° +0.0164 3.94™ +2 61
h, 0.0009™ +0.0110 24.62" +1.82
F -0.0121™ +0.0157 -7.89" +2.54
E 0.0002™°  +0.0027 1.57" +0.43
(H/D)"? 1.46 0.84
Hy/4H, 0.22 0.22
hy/H, 0.03 6.25
r 0.90 -0.34
£ 3.85 0.14
h® (n.s.) % 67.54 74.41

™. * and *: insignificant and significant at 5% and 1% level of probability, respectively.
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