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Abstract

The aim of this investigation was to determine the extent of het-
erosis and combining ability estimates and their interactions with loca-
tions for yield and yield components in Egyptian cotton. Six parental va-
rieties namely Giza 85 (P4), Giza 86 (Pp), Giza 89 (P3), Giza 76 (P4),
Giza 77 (Ps) and Giza 87 (Pg) representing a wide range of variability in
most of the studied traits, were utilized. The six parental varieties were
crossed using a diallel crosses mating design (including reciprocals) to
obtain 30 Fy hybrids in 1996 growing season. In 1997 growing season,
two experiments were carried out at both Sakha, Kafr EI-Sheikh Govern-
orate (L1) and Kafr Saad, Damietta Governorate (L). Each experiment
was arranged in a randomized complete block design with four replica-
tions to evaluate all genotypes, which involved six parental varieties and
their possible 30 Fq hybrids including reciprocal.

Data were recorded on 10 guarded plants randomly sampled
from each plot. The studied traits were: seed cotton yield per plant, lint
yield per plant, number of boils per plant, boll weight, lint percentage,
lint index and seed index.

The results of the analyses of variances indicated highly signifi-
cant differences among population means for all studied traits at the
two locations and combined data. Also, the genotypes by locations in-
teractions were significant or highly significant for all studied traits ex-
cept lint percentage and lint index indicating the presence of interaction
between genotype and locations. The results indicated that no single
parent was the best for all studied traits. Generally, the variety Giza -86
(P2) was the highest yielding parent._The largest amount of heterosis
versus mid-parents was (7.79 %) for lint yield per plant, while the low-
est amount of heterosis was (0.91 %) for number of bolls per plant.
Heterosis versus better parent was undesirable.

The mean squares in the Fy hybrids for general combining ability
(G.C.A.) were highly significant for all studied traits. Tests of significant
of the mean squares of (G.C.A.) were larger in magnitudes than those
specific combining ability (S.C.A.) and showed highly significant differ-
ances for all studied traits.

The estimates values of genetic parameters showed that the
5 magnitudes of dominance genetic variance (¢°D) was larger than thre-
fore additive genetic variance (62A) and reciprocal variance (o?r) for all
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studied traits with the except of boll weight.

The estimates of broad sense heritabilities were larger in magni-
tude than their corresponding estimates of narrow sense heritabilities
for all studied traits at both the two locations and from combined data
except boll weight from combined data.

Giza 86 was good combiner for most yield and yield component
traits. The intrinsic performance of parental variety gave a good index
of their general combining ability effects in most cases. Also (Giza 89 x
Giza 77) was the best for yield and its components traits.

INTRODUCTION

The ultimate goal of a cotton breeding program is to produce new varieties that
exceeds the commercial cotton varieties in yielding capacity and improved fiber proper-
ties. Exploration of hybrid vigor and the understanding of nature of gene action in cot-
ton are considered the most important applications of the science of genetics in cotton
breeding programs. On the other hand, the relationships among yield and yield compo-
nent traits are complex, since they are influenced by both genetical and environmental
variations, in addition to the interaction between these two factors. Therefore, an eval-
uation of the relative magnitudes of both genetic variances and environmental varianc-
es should be important objective for a successful breeding program. Khan and Aly
(1980), Ei-Harony(1981), El-Kadi et al. (1982a), Abo El-Zahab et al. (1983), Singh et
al.(1987), EI-Okkia et al (1989), Rahomah et al.(1989), and Gomaa and Shaheen
(1995) reported significant heterosis over mid- parents for most yield and yield com-
ponent traits, while heterosis over better-parent was different.

Heterosis depend on the presence of non-additive genetic variance, therefore
the nature of gene action was studied. Singh and Singh (1981), Bains et al. (1982),
Awad (1991), Hendawy (1994), Gomaa (1997), and Amer (1998) reported that addi-
tive gene effects were larger and significant for most tratis , while Atta et al. (1982),
Okasha (1989), and Gomaa and Shaheen (1995) indicated that non- additive gene ef-
fects were important for some traits.

MATERIALS AND METHODS

The experiments reported herein were carried out at two locations, Sakha, Kafr
El-Sheikh Governorate (L) and Kafr Saad, Damietta Governorate (L) during the two
successive seasons 1996 and 1997. Six parental cotton varieties belonging to Gossypi-
um barbadense L. namely Giza 85 (P4) , Giza 86 (Py) , Giza 89 (Pg), Giza 76 (P4) , Giza
77 (Ps) and Giza 87 (Pg) representing a wide range of variability in most of the studied
traits, were utilized.
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Diallel crosses were carried out among the six cotton varieties in 1996 growing
season. The parental varieties and their possible 30 F; hybrids (including reciprocals)
were sown in 1997 at the two locations, i.e. Sakha (L) and Kafr Saad (Lp). The two
experiments were arranged in a randomized complete blocks design with four replica-
tions in each location. Each plot consists of one row 4.0 m. long and 0.6 m. wide. Hills
were 0.20 m. apart to insure 20 hills per row. At seedling stage, plants were thinned to
keep a constant number of two plants per hill with 40 plants per row. Ordinary cultural
practices were followed as usual for the cotton field in the two locations. Data were re-
corded on an individual guarded plants of the 36 genotypes for the following traits:
seed cotton yield per plant.(S.C.Y./P.), lint yield per plant (L.Y./P.), boll weight (B.W.),
number of open bolls per plant (No. O.B./P.), lint percentage (L.%), seed index (S.l.)
and lint index (L.1.).

Estimates of both general combining ability (G.C.A.) and specific combining abili-
ty (S.C.A.) were computed according to Griffing (1956) designated as method (l),
model (ll). The combined analysis was calculated over the two locations to test the in-
teractions of the different genetic components with the two locations. Heterosis was
expressed for all studied traits as percent increase of the F; performance above the
mid-parents and better parent.

The estimates of heritabilities were determined according to the following equa-
tions (Burton and Deven (1953)):

1. From single location :

26%g +0% s
a. h®b (broad sense heritability) =———mHro——— x 100
20%g +0% s +0° ¢
r

26%g
b. h?n (narrow sense heritability) =————— x 100

20%g +0% s +02 e
r
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2. From combined data over locations :

20%g +6° S
a.h?b = x 100
2029+025+02r+ﬂ_+oﬁ_+0_ﬂ.+62_g
L L L L
26%g
b. h?n = x 100
2629+625+°2r+2_°|2__91-+°.2_L5_l-*°_21-_'L-+62_E
r

Where :-
o2g general combining ability variance.
o2s specific combining ability variance.
o2  reciprocal variance.
h?, broad sense heritability.
h2,, narrow sense heritability.
L is the number of locations.
r is the number of replications.

RESULTS AND DISCUSSION

The results of the analysis of variance and mean squares of yield and yield com-
ponent traits for all genotypes at the two locations and the combined data are present-
ed in Tables 1 and 2. Results indicated that the magnitudes of mean squares of all
studied traits were larger than their corresponding error in the two locations. The re-
sults of the F-test showed that the mean squares of the genotype were highly signifi-
cant indicating the presence of large variations among studied traits, the mean squares
of genotypes by locations appeared highly significant for all studied traits except lint
percentage and lint index.

Amounts of heterosis for all traits were obtained from mid-parents (M.P) and
better-parent (B-P.) for the two locations and from the combined data and results are
shown in Tables 3 and 4. Heterosis values versus mid-parents were favorable and sig-
nificant for all studied traits.The largest amount was 7.79 a for lint yield and lowest
amount was-0.3 for number of bolls per plant, while better-parent heterosis amount
was unfavorable and not of economic importance. These results were generally in
agreement with those reported by Khan and Aly (1980), El-Harony (1981), El-Kadi et
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Table 4. Percentage of heterosis over both mid-parents (M.P.) and better-parent (B.P.)
for yield and yield components traits from the combined data.

Enfries and | yonp. | B L.% s.1. LI |s.c.vap.| Ly.p.
Comparisons
M.P 13.16 2.95 35.64 8.93 4.97 38.24 13.22
Rang 11.17-15.28(2.64-3.12| 30.03-37.67| 8.60-9.71 | 3.69-5.8633.13-46.72|10.04-16.68
Fy 13.12 3.02 36.18 9.15 5.16 39.93 14.06
Rang 9.74-16.28 12.71-3.4132, 82-38.19|8.61-10.13]4.22-6.25}31.20-48.32|11.27-16.96
Fi, 13.45 3.04 36.19 9.12 5.18 40.95 14.45
Rang 10.44-16.20)2.78-3.24 33.15-38.268.56-10.06]4.43-6.23|30.41-48.09/11.03-18.03
Fial 13.28 3.03 36.18 9.13 5.17 40.44 14.25
Range 9.74-16.28 |2.71-3.41|32. 82-38.26/8.56-10.16]4.22-6.25/30.41-48.32/11.03-18.03
H(F,M.P.)% | -0.30 | 2.37 1.52 246 | 382 4.42 6.35
H (Fy, MP) %| 2.20 3.05 154 243 | 423 | 741" 9.30
L.SD 005 0913 | 0.096 | 0.584 0.190 | 0.176 1.837 0.849
0.01] 1200 | 0.126 | 768.000 | 0.250 | 0.231 2.414 1.115
H (Fy.q Mp) %} 0.91 2.71 1.52 2.24 4.02 5.75 7.79
L.SD 005 0845 | 0.089 | 0.541 0.176 | o0.163 1.700 0.786
0.01]  1.111 0.117 | 0711 0.231 | 0.214 2.235 1.033
H(F, BP) % | -1414 | -821 | 396 | -5.767 |-11.95 | -14.58"" | -15.71"
H(Fn BP)%| -11.98 | -256 | -3.93 -6.076 | -11.60 | -12.33° | -13.37"
L.SD 005 1.952 | 0.205 1.249 0.406 | 0376 | 3.927 1.815
0.01] 2565 | 0.269 1.642 0534 | 0494 | 5.161 2.385
H(Fi.1r, B.P) %| -13.10 -2.89 -3.96 -5.97 | -11.77 | -13.44" | 1457
L.S.D o.osl 1.921 0.201 1.230 0.400 | 0370 | 3.865 1.786
0.01] 2525 | 0.265 1.616 0526 | 0.486 | 5.079 2.347

Fir: F4 reciprocal hybrids.

F;.1r: F4 and F; reciprocat hybrids.
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Table 6. Combined analysis of variances and mean squares for general and specific com-
bining ability for complete diallel crosses analysis for yield and yield component

traits.

s.o.v. ld.f|vo.Bsp| BW. | L% S.1. L. [s.C.Y./P] L.Y.IP.
G.C.A 5 | 9.9324 | 0.0690 |26.7813" [ 0.7143" | 2.1245™ |82.0813"|17.2617"
S.C.A 15| 1.2136 | 0.0120 | 0.2214 | 0.0632 | 0.0315 |16.9352""| 1.8757
Rec. 15| 1.0546 | 0.0220 | 0.1517 | 0.0208 | 0.0142 | 3.1588 | 0.7095
GCA xL |5 ]009641 |0.1234 | 2.2311 | 0.9445  [0.2025**[73.3874*18.8096°*
SCA x L|15[6.9584 | 0.0895 | 2.0136 |0.1872" | 0.2116  |61.4776"" 9.9037 "
Rec x L|[15|3.7720" |0.0706" | 2.3031 " | 0.0748 | 0.1349" |22.4093 | 2.9924"
Error 210| 0.9296 | 0.0102 | 0.3808 | 0.4030 | 0.0345 | 3.7626 | 0.8036

* significant at 5 % level.
** significant at 1 % level.
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Table 8. Estimates of parental general combining ability effects for yield and yield com-
ponents traits from the combined data.

Variety |No.B./P.| B.W. L.% s.I. L.I.  |s.c.y./p| L.Y./P.
P, -0.5065 | 0.0031 | 0.7678" | 0.1530"" | 0.2463 " [-1.7931 | -0.3110
P, 0.1478 | 0.0007"" | 1.4007" | 0.4245 " | 0.5617" " | 1.7338" | 1.1498"

Ps 13061 | 0.0179 | 0.6152" |-0.1474""| 0.0882 | 4.2318" | 1.8063

P4 -0.3061 | -0.0299 | -0.2898 |-0.2084 *|-0.1898 | -0.9989 | -0.5374'

ps |-1.2836 | 0.0366 | 0.3396 | -0.0652 | 0.0296 -3.0077 [-1.0719 "

Ps 0.6423 |-0.1274""|-2.8336 "|-0.1565 "|-0.6860 | -0.1659 [-1.0359

S.E 0.2541 0.0266 | 0.1626 0.0529 0.0490 0.5112 | 0.2362

* significant at 5 % level.
** significant at 1 % level.
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al. (1982-a) Abo El-Zahab et a/. (1983), Singh et al. (1987), El-Okia et al. (1989), Ra-
homah et al. (1989) and Gomaa and Shaheen (1995).

The results of the analysis of variance of the diallel crosses for the two locations
and their combined data are shown in Tables 5 and 6, respectively. Tests of signifi-
cance indicated that the mean squares of (G.C.A.) were larger in magnitude than those
(S.C.A) and showed highly significant differences for all studies traits. Mean of (S.C.A)
were significant for most traits. The results also pointed out that reciprocal effect were
present and significant for seed cotton yield per plant, lint yield per plant at (L;), num-
ber of bolls per plant at (L) and boll weight at (L; and L;), while it was significant only
for boll weight for the combined data. The interaction of (G.C.A), (S.C.A) and recipro-
cals by location (G.C.A x L.), (S.C.A x L.) and (Rec. x L.) were highly significant for all
studied traits. These results were expected and showed complete agreement with the
means and heterosis.

This would indicate that both additive and non-additive gene action tended to in-
teract equally with location. Also selection for these traits would not be effective in a
single location and more locations would be required. Similar results were obtained by
several authors, among them Singh and Singh (1980), EI-Gohary et al. (1981), Zaitoon
et al. (1982), Khajjdoni et al. (1984), El-Helw (1990), Green and Culp (1990) Esmail
(1991) and Hendawy (1994).

Estimates of general combining ability (G.C.A) effects for the six cotton varieties
at both locations and their combined data are given in Tables 7 and 8, respectively.
Giza 86 (P4) was a good combiner as it was the highest yielding parent for all traits ex-
cept number of bolls per plant at (Lp) and boll weight (Ly). The variety Giza 85 (P;)
showed highly significant and positive (G.C.A) effect for lint percentage, seed index and
lint index while, it exhibit negative (undesirable) and significant (G.C.A) effects for num-
ber of bolls per plant and seed cotton yield per plant. The variety Giza 89 (P3) showed
highly significant and positive (G.C.A) effects for most studied traits. The varieties Giza
76 (P4), Giza 77 (Ps) and Giza 87 (Pg) were generally significant or highly significant
and negative effects for most studied yield and yield component traits.

The specific combining ability (S.C.A) effect (Sij) were estimated for all yield and
yield component traits at the two locations and from the combined data and results
are presented in Tables 9 and 10, respectively. The resuits indicated ihat the crosses
(Pyx P3) and (Pyx Pg) at (L)} and (P, x Pg) at (Ly) exhibited significant negative
(S.C.A) effect for number of bolls per plant, while the cross (P x P4) and (P3 x Pg) at
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Table 12. Estimates of different genetic parameters in addition to heritability values in
broad {(h?,%) and narrow (h®.%) senses for Fy and Fy, reciprocal hybrids for
yield and yield component traits from the combined data.

Pa?:'::;rs No.B./P.| B.W. L.% s.1. L1 |s.cv. mfLy.
oty 0.23032 | 0.00086 | 1.09519 | -0.00459 0.08735 | 2.15831 | 0.67584
ols 0.86342 |-0.00595 | 7.19060 | 0.15303 | 0.55536 | 5.98172 | 2.13620
8 i -0.67940|-0.01215 | -0.53785| -0.01350{ -0.03018| -4.81263 | 0.57073

6 gL 0.27168 | 0.00309 | 0.02456 | 0.06372 | -0.00010| 1.16786 |-0.06239

o sL 3.50059 | 0.04605 | 0.94808 | 0.08530 | 0.10283 | 33.51194 | 5.28393

o rL 1.42120 | 0.03020 | 0.96115 | 0.01725 | 0.05020 | 9.32340 | 1.09440

heb % 26.55 3.24 87.34 49.63 86.80 28.56 46.63

h2rl % 9.24 3.24 20.39 0.00 20.77 11.97 18.07

¢2g general combining ability variance.
o2s specific combining ability variance.
ot reciprocal combining ability variance.
o?gL G.S.A. by location variance.

o2sL S.C.A. by location variance.

o?rL reciprocal by location variance.

hzb broad sense heritability.

h?, narrow sense heritability.
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(Lp) and (Pyx Pg) (L) showed significant positive (S.C.A) effect for the same trait.
Two crosses (P4 x Pp) and (P3 x P4) exhibited significant negative (S.C.A) effect for
boll weight at (L,). On the other hand, the cross (P3 x Ps) exhibited significant positive
(S.C.A) at (Lp) for the same trait. The cross (P; x Pp) exhibited significant positive
(S.C.A) effect for seed index and lint index, while the cross (P x P3) exhibited signifi-
cant negative (S.C.A) effect for seed cotton yield per plant. The results also showed
that the crosses (P x P4), (P3 X Ps) and (P3 x Pg) exhibited positive (S.C.A) effects for
seed cotton yield per plant and lint yield per pant.

The different genetic parameters were estimated for the two locations (L4) and
(Lo) and over both them in addition to hertibality values in broad (h2b %) and narrow
(h2 n%) senses and the results are presented in Tables 11 and 12, respectively.

The results indicated that the dominance genetic variances (6® D) were larger in
magnitude than those of additive genetic variances (02 A) for all studied traits at both
locations except for boll weight at (Ly). Low values of dominance genetic variances
could explain the small values of heterosis which were obtained and described earlier.
Reciprocal variances (02R) appeared to be present in substantial amount indicating that
these effects should not be ignored when breeding or producing hybrids for improving
yield and yield component traits. In the same time, (6> SL) were larger than (6 gL)
and (o rL) for all studies traits except for lint percentage.

The obtained values of hertability in broad sense ranged from (26.25%) for boll
weight at (L) to (96.26%) for lint index at (L,). Similarly narrow sense hertability
ranged from (12.16%) for boll weight to (94.72) for lint percentage at (L5).

Broad sense heritability (h2b%) values ranged from (3.24%) to (87.34 %) for
boll weight and lint percentage while, narrow sense heritability (h2 n%) values ranged
from (0.00) to (20.77) for seed index and yield index.

These findings indicated that the studied traits would be improved through selec-
tion programs. Many investigators reported similar conclusions among then Kassem et
al., (1981), Singh I.P. and Singh (1981), Atta et al., (1982), Gupta and Singh (1986),
El-Harony (1988), Okasha (1989), Awad (1991) and Amer (1998).
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