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ABSTRACT

Five parental genotypes of cowpea (Vigan sinensis L), four F+'s and their F2's
were used to study their performances, heterotic effects, inbreeding depression and
degree of dominance for eleven vegetative and yield characters.

The mean values of the five parental, four F:'s and F2's genotypes indicated
that in VR4 (Ps), F1 (VR4 x VR3) (PsxP3) and F; (P4xP3), the genes controlling almost
alf the studied characters are expressed as increasing genes for these characters
either as a parental genotypic background or in combination with P3{(VR3) either in the
Fi and the F; of the cross (PaxP3).

Moreover, the F1 (P4xP3) had the highest heterotic values over both the mid
and the better-parent for pod weight, number of pods and seed weight per plant. In
addition, the F; (P4xP3) had the highest mean values for eight characters out of eleven
and had also a considerabie high values for the other three characters.

This F2(P4xP3) also showed negative and significant inbreeding depression for
seven characters out of the eieven in relation to the mid-parentat values.

Significant degree of dominance values’in nine characters out of the eleven
were cbserved for both the F; (P4xPs} and F;(PsxPs). Meanwhile, each of F2(PzoxP4)
and Fy(PaoxP1s) showed significant degree of dominance values in eight out of the
eleven characters. These results strongly suggest that Fi{P4xP3) would have the
potential to be used in cowpea breeding programs.

INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) is one of the most important
legume crops in Egypt and many other tropical and subtropical countries in
the world. Pod characters, (i.e. length, diameter and weight of pod and both
number and weight of seed index) are considered the most important
components affecting seed yield {(Gad El-Hak et al., 1988). Recently, there is
an intensive efforts for improving, the cowpea productivity through breeding
procedures which depended largely on the presence of genetic variations.
The important task of the breeder is to utilize the genetic variation and its
companents which are important for crop improvement, (Poechiman and
Barthakur, 1972). Different genetic parameters, i.e., heterosis, inbreeding
depression and degree of dominance were suggested by Sangwan and
Sangwan {2003), Anupam et al. (2003), Neema and Palanisamy (2004) and
Vaithiyalingan (2004) to achieve this task.

The objective of the present investigation was to study the genetic
performance of eleven vegetative, yield and quality ¢characters in five parental
cowpea genotypes and four Fis and their F; progenies under sand soil
conditions. The study extended to through some light on heterosis, degree of
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dominance and the inbreeding depression under the condition of these
environment.

MATERIALS AND METHODS

A. Materials:

Five cowpea (Vigna sinensis L} parental genotypes, four Fys and their
F2s were used in this study. The parental genotypes were the four virus
resistant lines which were obtained from the Horticultural Crops Research
Institute. They were VR3 as (P;), VR4 as (P,), VRs as (Pg) VR4 as (P4} and
the local variety Dokki 331 as (P3). These genotypes were used to study
heterosis, degree of dominance and inbreeding depression in eleven
vegetative and yield characters. The study was achieved under the sand soil
conditions of El-Kassassein Horticultural Research Station, Horicultural
Crops Research Institute, ARC, during the seasons of 2001, 2002 and 2003.

B. Methods:

In March 2001, the five parental genotypes were sown, in the
Experimental Farm, El-Kassassein Horticulture Research Station. The
crosses Py x P, Ps x Py, Pag x P4 and Py X P4 were made. All the F, seeds
of the four crosses were sown in March of 2002 to obtain the selfed F, seeds
which were collected at the end of the season as single plant progenies. In
March 2003, all genotypes including the parents, F, and F, generations were
pianted.

The parental, F;, and F; seeds were sown for evaluation in a
randomized complete blocks design with three replications under the drip
irrigation system. Two seeds were sown in a single hill for each dripper. The
drippers were 20 cm apart and the imigation lines were 60 cm width. Each plot
was 6 m”. The agricultural treatments were similar for all entries under study.

Ten plants from each entry over all replications were randomly chosen
for measuring all the vegetative and yield characters. The vegetative
characters recorded were: stem length {cm), number of leaves per plant and
number of branches per plant. The total dry yield characters were weight of
dry pads per plant (g.), number of dry pods per plant and dry seed weight per
plant {g). Pod quality characters were average pod weight (g), number of
seeds per pad, seeds weight per pod (g), pod length (cm) and weight of 100
dry seeds {g.).

C. Statistical Procedures:

An analysis of variance among the five parents, the four Fy's and the
F, generations was applied to calculate the LSD vaiues according to
Snedecor and Cochran (1980). Heterosis was determined as a percent
deviation of the F, value from either the mid-parental (MP) or the better-
parental (BP) value according to Bhatt (1971). Significance of heterosis was
determined according to Abou-Tour (1980).

Inbreeding depression (ID)} was estimated from the comparisons
between F, or parental vaiues and their F; vaiues. The degree of dominance
estimates were calculated according to Peter and Frey (1966). Tests of
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significance of both genetic comparisons were made using the least
significant difference (Snedecor and Cochran, 1980).

RESULTS AND DISCUSSION

I. Performance of parental, F; hybrids and F, genotypes:

The results in Table 1, showed that Ps has either the highest or the
second highest for all the characters except for number of seeds per pod.
Meanwhile, Py followed P, for five characters but it had the highest mean
values for both pod length and dry weight of 100 seeds.

The mean values of the four F, hybrids, showed that the F, (P4 X P3) had
the highest mean values for all the characters except for number of leaves
per plant, number of branches per piant and dry weight of 100 seeds. It
occupied the second order for stem length value. Meanwhile, the F, (Ps x Pa)
had the highest mean values for stem length, number of leaves per plant, and
dry weight of 100 seeds. It also occupied the second order for number of
branches per plant and weight of seeds per pod.

The mean values of F, generations showed that the F; (P, x P3) had
the highest mean values for all characters except for length of ped, dry weight
of 100 seeds and stem length. Meanwhile, the F; (P3s x Pys) had the lowest
values for all characters except for number of branches per plant, number of
seeds per pod and length of pod. These results clearly suggested that in F,
{PxPs) and F, { PxPs,), the parent P, had most the genes controlling all the
studied characters and expressed as an increasing genes for these characters
either in the parental genotypic background or ir combination with P3; genetic
background in the F, (P4xP3) and the F, (P2},

Table 1: Mean values of some vegetative and yield characters for

cowpea parental Fy hybrids and F, genotypes.

Stemn Dry yield/plant Pod characters 100 dry
Genotype |length Ieavesf hran- Pods | No. | Seeds | Weight| No. | Seeds | Length | seeds
fem) | plant | ches/ | wt {g)! pods | wt{g) (g} jseeds wt {em) { wt. (@)

plant [1:]]
Parental Genotypes
Ps 340 [ 300 ] 33 |47.7011533 (3104} 311 t 142 | 202 | 12.0 | 14.0
P 111.7 957 | 8.0 | 10368 /4067 182.36] 255 | 11.0 ] 2.03 | 13.7 [ 17.3
Ps 353 ) 233 1 3.3 1583732333825} 1.80 } 807 | 118 | 80 | 137
Psa 43.0 | 383 | 6.0 |68.03| 37.0 146951 1.90 10834 1.31 1 13.7 | 149
P 69.7 1 76.3 | 43 |8583| 350 {5443 247 |1137)| 158 | 147 | 185

F1 hybrids genotypes
F{PxPs) |117.3| 81.7 | 53 | 2583 | 73.0 | 437§ 31 145 2213143 { 17.8
F, (PsxP.) | 156.3] 83.0 6 11723146331 9893 | 253 (1103220 97 | 21.8
Fi(PaxP,) | 723 | 683 | 4.7 .| 14037{ 54.0 | 1061 26 1167 185 [ 135 | 198
F{PaxxP)| 37.7 { 31.3 | 83-191.03| 403 [71.021233 [ 121 : 1821 13.3 [ 175
F; genof
Fa(PuoPy) [124.7]144.7( 93 114405167 | 10433) 278 [ 128 | 202 | 113 | 175
F. (PexP,) 1417 650 { 7.0 [11103] 450 (8859 247 (1033 187 | 10.7 | 179
Fa{PwoxP,) | 62.0 | 833 | 53 11066(44.33|191.25} 250 |1043] 162 | 12.7 {1893
Fa(PyxP,)160.33) 327 | 5.7 [7582;39676665] 1.97 |11.87| 147 | 157 | 16.9
L SD5% 665|725 13 |2023{ 694 {1662 | 019 | 1.06 | 0.21 | 1.68 | 0.85
LSD1% 9.02 | 882 | 1.7 2742} 941 1225310251144 1028 | 227 | 115
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ll. Heterosis over Mid- and Better-Parental Values:

Significant heterosis over the mid-parental values was observed for
almost ail characters over the four hybrids. However, the highest heterotic
effects was obtained for total dry yield; weight of pods per plant, number of
pods per plant and seeds yield per plant which was observed for the F,
hybrid P4xPj3, although it had the second highest heterotic values for stem
length, weight of pod and weight of 100 dry seeds. The F; hybrid PgxP, was
the highest for pod weight, number of seeds per pod, weight of seeds per
pod and weight of 100 dry seeds, while it was the second highest for seeds
yield per plant as soon in Table 2. Meanwhile, the highest and significant
heterotic values of number of leaves per plant and number of branches per
plant were observed for the F, hybrid PyoxP;, as presentin Table 2.

Heterosis over the better-parental value, which is presented in Table 3
the F, hybrid (P4xP3) had the highest positive heterosis over the respective,
better-parental value for weight of pods per plant, number of pods per plant
and seeds yield per plant. In addition, the F, hybrid {(PgxP,) showed the
highest positive and significant heterosis over better-parental values for both
weight of 100 dry seeds and stem length.

Heterosis relative to the mid- and better parental values which are
presented in Tables 2 and 3 showed that the F; hybrids P,xP; is considered
the most promising hybrid for yieid characters and it might be of great value
in future breeding programs.

In general, crosses showing significant and highly significant
differences among the parental genotypes which were observed for all
characters, indicated the presence of wide variability. Similar results were
reported by Sangwan and Sangwan (2003), Joseph and Santhoshkumar
(2000), Anupam et al. (2003), Sawale et al. (2003), Neema and Palanisamy
(2004) anc!}Vaithiyalingan (2004).

. Inbreeding Depression {ID) in F; generations:

Both significant and highly significant values of inbreeding depression
for the F2 values from their respective F1 were observed for almost all the
eleven characters. This indicated the presence of dominance in controlling
the expression of these characters, which in turn, leads to the loss in their
performance through inbreeding depression as soon in Table 4. The F,
(P4xP3) had the highest and significant inbreeding depression for six out of
the eleven characters which were: number of leaves per plant, number of
branches per plant, weight of pods per plant, number of pods per plant,
weight of seeds per plant and number of seeds per pod. However,
insignificant of wvalues inbreeding depression were also observed for
Fi(PsxPs) for length of pod and weight of 100 dry seeds. Moreover,
insignificant inbreeding depreéssion vaiues were also, observed in seven out
the eleven characters of F; (PypxPy,4).

Inbreeding depression in F, values from their mid-parental values
showed both significant and highly significant inbreeding depression in the F;
(P4xP3) from its respective mid-parental values for almost all the studied
quantitative characters.
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Table 2: Heterosis (%) over mid-parental values in eleven vegetative, and yvield characters for four cowpea crosses.
Stem No. No. Dry yield/plant Pod characters 100 dry

Fy Hybrid | length | leaves/ branches/Pods wt| No. |Seeds wt| Weight | No. Seeds |Length| seeds
(cm) plant plant (9) pods {9) {9) seeds | wt{g) | {cm) | wt. (glJ

FiPsxPy) ] 61.02° [ 29107 | 6.10* [ 1985 [ 16071 | 18989 | 9.54 | 1508 | 864 | 11.28| 13.74
Fi(PexPs) | 11265 {3950 | 620 | 4468~ | 26.93 | 64.05 | 16.32 | 1568 | 3707 | 10.60 | 40.65
72.75* | 42737 | 5367 | 505 | 4.34° | 8033 | 493 | 10.62~

Fi(PyxPs) | 20297 | 20.58" | 23.58

F1(PxxP) | 3310 | 4538 | 6117 | 1833 | 1194 | 4011 | 664 | 901 | 2595 | 6.33 | 479

&«

llq

3 =" Significant it 5% and 1% levels, respectively.
Table 3: Heterosis {%) over better-parantal values in vegetative, and yield characters of four cowpea crosses.

Stem No. [No. bran- Dry yield/plant . Pod characters 100 dry
Fy Hybrid | length | leaves/ | ches/ | Pods wt. {No. pods| Seeds | Weight | No. | Seeds | Length | seeds
{cm) plant plant {a) wt(g) | {g) Iseeds| wt(g) [ (cm) [ wt (g)

-3375* | 117.911 ** | 79403 | 99.58* | -0.32 | 2.1 8.37 4.38 2.890
F | (PexP4) 39.93* | 1427 * | -25.00 13.09° 13.92* [20.12*| -0.78 | 0.27 | B37 2020 [ 26.01*
Fi(PagxPs) | -3527* | -2863* | 41.26* 35.39 32.78" | 27.61 166 | 264 | -394 -8.16 7.03*
F{PyxPy,) | -4591* ) -5898 | 38.33" 6.06 | 8.92 3048 567 (642 | 1519 -9 52 -5.41
**; Significant it 5% and 1% levels, respectively.

1(PaxP3) 501 | -1463

§00Z “Ainr ‘(2) o€ “aun einosuey ‘rag ouby p
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Table 4: Inbreeding depression (ID) in F; mean values of eleven quantitative characters from their F, values in four
cowpea hybrids,

F, Stem No. No. Dry yield/plant Pad characters | 100 dry
genotypes length | leaves/ |branches/| Pads wt. |No. pods|Seeds wt| Weight Mﬁo. seedE[Seeds wt| Length Wseeds wt.
. {cm) | plant plant @) . {g) {9} {9) _ {cm) {9)
Fo(PoxPs) 631 | -7711_| 7547 3626 | 2022 | 3653 | 1032 | 11.73 | 8.8 20.98 169
F, (PexPa) 934_| 2169 | 1688 529 287 | 1045 | 237 -| 635 | -1046 | -1031 | 17.89
F2(PagxPa} 1425_ 7.32 1277 24.06 17.91 13.18 3.85 - 10.63 16.92° 5.93 4.39
F 2(P30xP1a4) 5095 | 447 | 3133 _| 1671 1.56 6.15 1545 1.90 1923° | -1805 | 343

* *= Significant at 5% and 1% levels, respectively.

Table 5: Inbreeding depression (ID) in F; mean values of eleven quantitative characters from their mid-parental
values in four cowpea bybrids.
Stem No. No. Dry yield/plant Pod characters 100 dry
Fa length |leaves/ branches/|Pods wt.| No. Seeds | Weight No. Seeds | Length | seeds
| genotypes (cm) | plant_ plant (@) | pods | wt(g) | (g) seeds | wt(g) | (cm) | wt.(g)
F(P4xP3) 7117 (13023 | 6460 9025 | 8454 | 8400 1.77 -1.59 0.25 12.06 | 1182 |

F,(PaxPy) | 9279 | 924 | 2389 | 3703 | 2329 | 4690 | 1356 | -834 | 2274 | 138 | 1548
F.(PoxPy) | 3164 | 2640 | 1382 | 3119 | -1717 | -3392 | -1.01 | 675 | 1025 | 1056 | -5.75
F,(PsoxPy) | 701 42932 | 1068 | 144 | -1019 | -3149 | 984 | 694 | -173 | -1056 | -1.20

* #*-"Significant at 5% and 1% levels, respectively.
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J. Agric. Sci. Mansoura Univ., 30 (7}, July, 2005

in addition, F; (PsxP;) showed the highest and significant inbreeding
depression for number of leaves per plant, number of branches per plant,
weight of dry pods per plant, number pods per plant and weight of seeds per
plant. Meanwhile, the highest significant negative inbreeding depression was
observed in the F(PsxP,) for stem length, weight of pod, weight of seeds per
pod and weight of 100 dry seeds. In addition, the Fi(PsxP,) had the second
highest and significant inbreeding depression for weight of pods per plant and
number of pods per plant. However, the F, (P3;xPy,) had the significant
inbreeding depression values for weight of seeds per plant, number of seeds
per pods and length of pod as appeared in Table 5.

In Tables 4 and 5, the inbreeding depression (ID) in four cowpea
hybrids showed that the cross (P4xP3) had significant, negative and positive
iD values from their respective F; values for stem length, number of branches
per plant, number of leaves, number of pods, weight of pods per plant, seeds
weight per plant, number of seeds per pod, weight of seeds per pod and
mean pod weight, 100-seeds weight. However, significant negative ID values
in cross (PsxP;) were observed from their respective mid-parental values for
seven out of the eleven characters (Table 5). Similar results were reported by
Sawale et al. (2003), Joseph and Santhoshkumar (2000}, Rij-Kumar, et al.
(2000), Pal et al (2003), and Anupam-Singh, et al. (2003). Meanwhile,
insignificant ID from F, values for pod length was reported by Cheralu, et a/.
{2002).

IV. Degree of Dominance in Relation to Performance of either F, or the
" Mid-Parental Value:

In Table 8, degree of dominance values based on F1 performance for
eleven vegetative and yield characters of four F, cowpea hybrids, showed
highly significant or even significant values in nine out of eleven characters in
both the F,(P,xP3) and Fy(PexPy). However, insignificant. degree of
dominance values were observed for number of branches per plant and
length of pod. Meanwhile, each of Fy (P3oxPs) and Fy(P3pxP,¢) showed
significant degree of dominance values in eight out of the eleven characters.

Based on the differences from mid-parental values, data in Table 7
showed that the highest and significant degree of dominance values for both
number of leaves per plant and number of branches per plant were observed
in the cross P4xP,. Meanwhile, the highest significant positive degree of
dominance for number of pods per plant, weight of seeds per plant, number
of seeds per pod and length of pod were found in the cross (PygxPyy).

It worthy to mention that the parent VR, (P,y) and its F; (P«xP3) and F,
{(P4xP3) were found to have the highest performance or even the second
highest for almost ali the eleven characters Tabile 1. Moreover, the F;(P;xPs)
had the highest heterosis either over mid or better-parental vaiues for the
three dry yield characters i.e. pod weight, number of pods and seed weight
per plant Tables 2 and 3. In addition, the F,(P,xP3) had the highest mean
values for eight out of the eleven characters and had a considerable high
values for the other three characters Table 1, while it showed negative and
significant inbreeding depression for seven out of the eleven characters in
relation to the mid-parental values.
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Table 6; Degree of dominance based on the differences from F, performance for eleven vegetative and yield
characters of four F, cowpea hybrids.

08.¢

* = Significant at 5% and 1% levels, respectively.

Stem No. No. Dry yield/plant Pod characters 100 dry
F, Hybrid | length |leaves/ branches/|Pods wt.| No. Seeds | Weight | No. Seeds | Length | seeds
{(cm) plant plant (9)_ pods | wt {g) {g) seeds | wt{g) | {cm wt. (9)
F(PxPs) (114 j057 1015 537 | 365 | 420 096 | 119 | 350 171 | 1.30 |
F, PPy A7 65 015 160 | 236 | 1.75 | 0.95 | 1.02_ | 140 | 040 | 350
FiPuxPs 1088 1182 1078 264 | 570 | 263 | 167 | 262 | 064 | 14 | 317
Fy(PsoxPyg) 140 139 [3.706 158 | 43 | 544 | 051 | 370 | 278 | -18 | 044

Table 7: Degree of dominance, based on the differences from mid-parental values, for eleven vegetative and yield

characters of four cowpea hybrids.
. Stem No. No. Dry yield/plant Pod characters
gezn*;{:;':s length lleaves/|branches/{Pods wt] No. | Seeds | Weight | No. | Seeds | Length ‘soeds
‘ {cm) plant plant | (g) | pods | wt.(g) | (g) seeds | wt(g) | (cm) | wt.(g)
F,(PaxP3) 267 | 498 31 488 | 374 37 036 | 0.25 20 | -365 | 224
F, (PexPa) 357 {030 | 115 265 408" | 257 | 157 | 109 172 | 011 | 267
F o(P3oXPa) 274 | 468 | -2 226 | 458 | 327 | 067 | 816 | 164 | 6.0 3.43
FoPaxPy) | 059" [-259 | 129 025 [ 734 [ 854 | 151 [ 570" [ 037 [ 60°.[ 022

* #*"Significant it 5% and 1% levels, respectively,

Uepimg v uezng
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These results strongly suggest that the F, (P,xP;) had the potential to
be used in cowpea breeding programs.
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