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ABSTRACT

Planting date is one of the most important management factors involved
in producing high-yielding and high quality cotton. However, cotton growers
often lost the optimal planting date waiting for the harvest of preceding full-
season winter crops. So, cotton breeders look forward in selecting some
adapted genotypes for sowing at late planting date to enable cotton growers
to make better land use by planting a winter crop or take frequent cuts of
Egyptian clover before cotton planting. There for, the present investigation
aimed to study the behavior of genotypes, general and specific combining
ability under late planting date and select the suitable parents and
combinations for late planting date. In 2014 growing season seven parents
were crossed in a half diallel mating design at Sakha. In 2015 growing season
the seven parents and their 21 crosses were evaluated in two planting dates:
the first date was in the last week of April (conventional planting date) and the
second planting date was in the last week of May (late planting date). The
results showed that the parents (Suven, CB58 and Giza 93) were good
combiner under late planting dates. and the best crosses were Kar.2 x G.94,
Suven x {[G.84 x (G.70 x G.51 B) ] x S62 }, Suven x G.93 and CB58 X G.93
for seed cotton yield under late planting date. The parent G.93 and crosses
Suven x G.93, C.B58 x G.93 and { [ G.84 x ( G.70 x G.51 B ) ] TJx S62 } x
G.93 exhibited the best values for fiber traits. Cotton breeders can use these
hybrids to improve breeding programs in order to select the most promising
genotypes for late-planting date. These crosses could be exploited in
breeding program aiming to improve late-planting tolerance. It will produce
valuable economic value for farmer and nation.

Keywords; cotton, yield and fiber traits, late planting date, general and
specific combining ability.

INTRODUCTION

Cotton is one of the most important fiber crops in the world as well
as in Egypt. In Egypt, cotton growers got used to delay cotton planting
beyond end of April in order to have one extra boll weight, seed index,
lint percentage, number of days to cut from clover. Tunio et al. (1992)
suggested early sowing of cotton (15" April to 15" May), while
Soomro et al. (2000) reported that 15" May sown crop gave increased
boll weight and seed cotton yield per hectare, but reported adverse
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effects of delayed sowing on seed cotton yield . Elayan et al. ( 2015)
stated that the response to delay of planting was negative with
quadratic and linear functions in the first and second seasons. Yehia
and Hassan (2015) showed that the additive dominance model was
adequate to demonstrate the genetic variation and its importance on
the inheritance of most studied traits. Non-allelic gene interaction was
operating in the control of genetic variation in most studied traits. Also,
the inheritance of all studied traits was controlled by additive and non-
additive genetic effects, but dominance gene effects play the major
role in controlling the genetic variation of most of studied traits for all
studied crosses. Genetic analysis using generation means has been
used in cotton breeding to estimate the type of gene action controlling
gquantative traits. Amein et al. (2013) found that mean squares due to
general combining ability (GCA) and specific combining ability (SCA)
were also significant. Variances due to SCA were greater than GCA for
all studied traits, indicating the predominance of non-additive gene
action. Khan et al. (2011) using 6 x 6 F; half diallel cross found that
mean squares due to GCA and SCA were highly significant for lint
percentage and seed cotton yield. Mean squares due to GCA were
higher in magnitude than those due to SCA for all traits and their
inheritance was mainly governed by additive type of gene action and
partially by non-additive. Linghe and William (2015) found that GCA
effects for lint yield and two yield component were different between
delayed planting. Also, combining ability effects for fiber properties
were similar between treatments of planting date. Green and Culp
(1990) found that two germplasm lines ranked at top for normal
planting, but ranked nearly at bottom for the late planting . On the other
hand, all cultivars used in delaying planting were selected under
conventional planting , thus information about genetic variance of
parents, GCA, and SCA under adverse environment will be help for the
necessary testing of parents and crosses before their use in breeding
cultivars to suitable the delayed planting in future . These studies
indicate the necessity to develop cotton cultivars with high stability for
agronomic performance in late planting growing system. Therefore, the
main objectives of the present study are to study the behavior of
genotypes, general and specific combining ability under late planting
dates and to select the suitable parents and combinations for late
planting date of cotton.

MATERIAS AND METHODS
Genetic materials contained seven parents and 21 F1s.
Karsheneski-2 (Kar.2): It is a Russian variety. It is branchless, low in
yield, lint percentage, boll weight, leaf area index, position of first
fruiting node and early maturity.
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Suven: It's an Indian variety. It's a long staple. It's characterized by
earliness, heavy boll weight, high yield and lowest in growth habit
traits.

C.B58: This is an American-Egyptian cotton variety. It's characterized
by high yield.

Giza 94 ( G.94 ): It's an Egyptian staple cultivar characterized by high
lint percentage, earliness and high yielding.

[G84 x (G.70 x G.51 B ) ] x S62 : It is a promising line cross. An
extra-long staple, high , fiber length and fiber strength .

Giza 80 ( G.80): It's an Egyptian long staple cultivar selected for upper
Egypt, characterized by fine and short fiber and lower fiber and more
tolerant to high temperature.

Giza 93 ( G.93): It's an Egyptian extra-long staple, extra fine, strong
lint and earliness.

In 2014 growing season, the seven cotton genotypes G.80, G.93,
G.94, Karsheneski-2, Suven , C.B58 and promising line from the cross
[ G.84 x (G.70 x G.51 B ) ] x S62 representing a range of yield and
fiber quality were ( hand ) crossed in a half diallel mating scheme to
obtain 21 single crosses at Sakha Agricultural Research Station,
Agricultural Research Center (ARC).

In 2015 growing season, The Seven parents and their 21 F1
crosses were evaluated at two planting date representing different
environments i.e. conventional and late planting date (stress
conditions) at Sakha Agricultural Research Station. A randomized
complete blocks design with four replications was devoted. Each plot
was represented by one row 5 m. long and 0.7 m. wide. Seeds were
planted on one side of the ridge at 30 cm. hill spacing with two plants
per hill. Data were recorded on individual guarded plants chosen at
random from each plot in middle ridge for F1 and their parents.
Collected data: The collected data were recorded for the following
characters:

1- Plant height (cm) 5- Boll weight (g)

2- Earliness index (%) 6- Fiber length ( mm)

3- Lint percentage (% ) 7- Fiber strength ( g/plant )

4- Seed cotton yield (g ) / plant 8- fiber fineness ( Micronaire
value )

Analysis of variance:

The analyses of variance for each planting date over the two
environments were computed as outlined by Snedécor and Cochran
(1982). The analysis of variance for combining ability was done
according to Griffing‘s (1956) method Il model I.
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RESULTS AND DISCUSSIONS

The results in Table (1) exhibited that genotypes, parents and
crosses were highly significant at the conventional planting dates for all
characters except for crosses and parent versus crosses for earliness
index and genotypes and parent versus crosses for boll weight. The
same trend was found at late planting date except for parents for plant
height and seed cotton yield and parent versus crosses for boll weight
and lint percentage. These results were in harmony with those
reported by Ali and El-Sayed (2001) and Elayan et al. (2008).

Also, the mean squares of general combining ability and specific
combining ability were significant or highly significant for all characters
in both planting dates except for boll weight at the conventional
planting date. These results indicated the importance of both additive
and dominance effect on inheritance of these characters, as well as
using recurrent selection and intermating in early generation to
improve these characters .These results support the findings of Ahuja
and Tuteja (2000) and Tuteja et al. (2003). On other hand, all values
of mean squares were significant for fiber traits (fiber length, fiber
strength and fineness) in both environments except for parents for fiber
strength at the conventional date. These results are in harmony with
those reported by Wenging et al. (2012).

Table 1: Mean squares of seven parents and F; for yield, yield components
and fiber traits in the two planting dates

Seed cotton yield Boll weight (g)
Plant height (cm) Earliness index (%) Lint percenta  ge (%) (g)/plant
D.
S.0.V F D, D, D, D, D, D, D, D, D, D,
- -
Replications 3 91040 23590 14020 82.95 550 320 593.77* 85.83* 0.19 0.16
ok - ok - - ok
Genotypes 27 612.30 516.40 646.90 508.60: 19.10 20.99 129 1%+ 27,04 0.29 0,52+
- x - - x
Parents 6 300.90 188.40 1321.60 773.90 35.50 40.4 56,165 578 0.30% 077+
- * - - x
Crosses 20 652.60 502.10 187.70 281.60 14.80 16.1 110 45+ 30,96 0.31% 0.47%
Parent versus ok ok ok ok
crosses 1 1673.60 2771.10 49.20 4356.60 8.50 3.2 040.3% 76.13% 0.05 0.18
ok - * -
G.CA 6 1605.60** 725.60** 1312.50** 958.40** 59.50** 62.4** 1773 24.40 050 110
ok - *
S.C.A 21 328.50* 456.70** 456.70** 380.10** 7.60** 9.2% 115.3 21.80 020 030
Error 81 170.30 145.80 117.50 99.20 0.95 1.66 10.66 7.73 0.21 0.17
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Table 1: Cont.
Fiber strength A Fiber length (mm) Fiber strength (g/tex) F'bf/lrig:;r;?;svalue )
F D, D, D, D, D, D,
Replications 3 0.33 0.73 1.32 1.82 0.001 0.02
Genotypes 27 5.62** 4.95** 7.39* 10.69** 0.22** 0.24**
Parents 6 3.88** 9.61** 1.93 6.51** 0.53** 0.38**
Crosses 20 3.49** 2.82* 6.61* 10.71* 0.13** 0.18**
Parent versus crosses 1 58.74** 19.55** 52.37* 21. 86** 2.67* 0.57*
G.CA 6 9.3* 12.1* 8.9* 12.1* 0.76** 0.46**
SCA 21 4.6** 2.8* 6.8* 9.2* 0.07* 0.20*
Error 81 0.94 0.56 3.69 4.26 0.04 0.06

D, and D, conventional and late planting dates.
*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.

Significance of genotypes indicated that there are variability in their
performance under the two conditions, therefore, the mean
performance for all genotypes for the studied characters are presented
in Table (2). The results showed that the cross Kar.2 x G.80 then
Kar.2 x CB58 gave the best desirable values for plant height at the
conventional planting date . Meanwhile, the cross Kar.2 x CB58 then
Kar.2 x G.94 gave the best desirable values ( short) for plant height at
the late planting date. On the other hand , the cross Suven x G.80 then
Suven x {[ G.84 x ( G.70 x G.51 B ) ] x S62 } gave the highest highly
significant positive difference between the conventional planting date
and the late one and the crosses CB58 x { [ G.84 x ( G.70 x G.51 B) ]
X S62 }, CB58 x G.80, Suven x G.93 and the parent [ G.84 x ( G.70 x
G.51 B ) ] x S62 gave significant positive difference between the
conventional planting date and the late one . Previous results showed
that the crosses derived using Kar.2 gave the desirable values (
shorter ) for plant height . Thus, the breeder can use this variety to
improve plant height in segregating generations , the interaction
between genotypes and environment attributed desirable crosses
values for Suven x {[ G.84 x ( G.70 x G.51 B ) ] x S62 }, Suven X
G.80, Suven x G.93,CB58 x [ G.84 x ( G.70 x G.51 B ) ] x S62 and
CB58 x G.80 and [ G.84 x ( G.70 x G.51 B ) ] x S62 gave the most
desirable values, where the plant height was shorter under late
planting .

For earliness index the cross Kar.2 x G.94 then Kar.2 x Suven
gave the highest values at the conventional planting date, while the
cross Kar.2 x C.B58 then Kar.2 x {[ G.84 x (G.70 xG51 B )] x S62 }
gave the highest values at the late planting date, the interaction
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between genotypes and environment caused lateness , the cross
Kar.2 x CB58 and the parents Kar.2 and { [ G.84 x ( G.70 x G51 B ) ] x
S62 } gave the highest highly significant negative and the parents
Kar.2 and CB58 and the cross Suven x G.94, respectively , gave
significant negative difference between two planting date ( lateness) .

The parent G.94 and the cross Kar.2 x G.80 gave the highest value
for lint percentage at the conventional planting date , meanwhile , the
parent G.94 and the cross G.80 x G.93 gave the highest value for lint
percentage at the late planting date. On the other hand, the crosses { [
G.84 x (G.70x G51 B ) ] x S62 } x G.80 and Kar.2 x Suven gave the
highest highly significant positive difference between two planting
dates, while, the crosses Kar.2 x CB58 and G.80 x G.93 gave the
highest highly significant negative difference between both planting
dates . The crosses Kar.2 x G.80, Kar.2 x Suven , Suven x G.93 , { |
G.84x(G.70xG51B)]xS62}xG.80and {[G.84 x (G.70x G51 B
) ] x S62 } x G.93 differed in lint percentage from planting date to
another and gave highly significantly values for lint percentage at the
conventional planting date , while the crosses G.94 x { [ G.84 x ( G.70
XxGh1B)]xS62},G.80xG.93, Kar.2 x G.94 and G.94 x G.80 gave
the highest values for lint percentage at the late planting date ,
however, its values were lower than that of G.94 . Lint percentage of
G. 80 was not negatively affected by delaying of planting date. For
difference between conventional date and late date, the interaction
between genotypes and environment gave undesirable values for
Kar.2 x Suven , Kar.2 x G.80 , Suven x G.94 , Suven x G.93 , G.94 x
G.93,{[GB4Xx(G.70xG51B)]xS62}xG.80)and {[G.84 x (
G.70 x G51 B ) ] x S62 } x G.93, meanwhile, Kar.2 x CB58 and G.80 x
G.93 and the parent [ G.84 x ( G.70 x G51 B ) ] x S62 gave desirable
values.

Kar.2 x G.94 , Suven x CB58 , Kar.2 x {[ G.84 x (G.70x G51B) ]
X S62} , Suven x {[ G.84 x (G.70 x G51 B )] x S62 }, Kar.2 x G.94 ,
Suven x G.80, CB58 x G.94 , CB58 x{ [ G.84 x ( G.70 x G51 B ) ] x
S62},CB58 xG.80,CB58xG.93,G.94x{[G.84x(G.70xG51B)
] xS62 1}, G.94 x G.80 , Kar.2 x G.93 and parents Kar.2 , Suven ,
CB58, G.94 , G.80 and G.93 did not show reduction in lint percentage
at late planting date, showing promising materials for breeding for late
planting date.

It is not worthy that mean performance of most genotypes at the late
planting date obtained lower seed cotton yield than that of the
conventional sowing date. The cross Kar.2 x G.94 then Suven x G.94
gave its highest values for seed cotton yield at the conventional
planting date, meanwhile, the crosses CB58 x G.93 and Suven x G.93
gave its highest values for seed cotton yield at the late planting date.
The parents CB58 , G.80 and [ G.84 x ( G.70 x G51 B ) ] x S62 and the
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crosses CB58 x G.93,CB58 x G.80,G.94x{[G.84x (G.70x G51 B
)]xS62},Suvenx{[G.84x (G.70x G51B)]xS62}and {[ G.84 x
(G.70 x G51 B ) ] x S62 } x G.80 gave statistically not significantly
differing seed cotton yield between the two planting dates.

Table 2: The mean performances of seven parents and F1 for yield, yield
components and fiber traits in two planting dates

Plant height (cm) Earliness index (%) Lint percentage (%) Seed cotton yield (g)/plant Boll weight ()
D, D, D:-D. D, D, D: - D. D. D, D: - D. D D, D: - D: D, D, _D:
Kar.2 x Suven 168.75 166.25 250 83.75 86.95 as0 | 2 32.38 seae | 2078 16.82 1p0am 343 3.48 005
Kar.2 X C.B58 166.25 158.75 250 7169 91.92 2023 33.05 36.50 a5 | %055 17.92 12637 3.80 315 0,65
Kar2xG. 94 172550 16250 1000 84.94 88.58 aca | 3805 38.98 002 | 72 1976 16.96% 358 3.00 058
Kar 2 x[G84 % (G 70X
e Se 17125 166.25 500 8151 90.62 o | 3 34.33 oss | 2% 16.19 1379 343 2.80 .
Kar.2x G 80 163.75 170.00 625 79.07 83.35 aos | 7 37.03 sroe | 2793 1359 Lasae 3.08 328 020
Kar.2x G.93 17375 168.75 500 78.32 83.77 sas | 8 34.33 11 | 208 16.64 1320+ 330 265 065
Suven x C.B58 188.75 19750 875 74.58 86.74 1216 | 0 34.15 0ss | 24 16.00 12300 3.68 320 048
Suven x G. 94 196.25 178.75 17.50 72.20 86.96 1476 3875 36.70 205 | 3229 18.47 . 353 410 057
Swen x[G.84 X (G.70X
s 198.75 175.00 . 78.10 70.37 v | 3728 37.28 000 | 2393 2001 202 430 350 080°
Suven x G.80 20375 178.75 25,00 7159 70.08 152 | 3670 37.05 03 | 2ue 1417 765 368 330 038
Suven x G.93 19750 17875 1875+ 75.16 87.48 1 | 3433 3213 2oow | 2881 20.96 84 413 3.80 033
CB58 X G.94 18750 183.75 275 62.64 69.63 600 | 2585 35.10 oss | 2302 13.66 995 380 355 025
CB58X[G 84 x(G70X
RS 195.00 17375 12 67.30 78.63 s | e 35.58 1as | 2048 1393 1055 373 360 013
C.B58 %G.80 206.25 185.00 . 59.51 65.21 seo | 3700 35.78 1og | 1758 1533 225 358 353 005
C.B58XG.93 19750 180.00 1750 81.39 87.90 o5 | % 33.53 ore | 272 23.95 o077 368 355 013
G 94x[G8AX(G.70X
R 196.25 188.75 50 69.76 82.38 106 | 7 37.48 02s | 1786 1407 270 388 350 038
6.94xG80 190.00 175.00 15.00 69.90 65.53 437 | 3800 38.10 o0 | 215 1324 830 3.93 363 030
G.94 xG.93 18375 17375 1000 83.35 7301 1014 | 2882 34.58 205 | 2256 15.87 560 365 3.48 018
[G84x(G.70xG51B) X
(S roxe 190.00 193.75 a8 68.80 77.11 T 36.48 a10w | 1679 1528 151 345 373 027
TG84x(G.70x G 51B) X
oo 19375 192550 1o 76.64 82.76 oo | 308 34.50 gage | 223 1655 . 373 315 056
6.80xG.93 188.75 19750 875 73.67 81.53 286 | 80 30.53 agae | 2056 15.15 a1 3.95 375 020
Karsheneski-2 186.25 186.25 0.00 54.31 73.50 019 | 3260 33.50 oso | 163 12.65 273 350 3.00 050
Suven 207.50 200.00 5 7017 72.79 2o | 34m 33.60 0gz | 1818 13.90 128 375 3.48 028
c.B58 190.00 19875 875 3188 47.92 1604t 33.9 34.58 oes | 1650 16.25 025 3.90 358 033
Giza 94 188.75 186.25 25 71.97 79.56 759 40.63 41.68 105 19.57 14.76 4,81 4.03 4.13 010
TG84x(G70XG51B) X
o 205.00 183.75 125 51.03 70.92 togoe | 3433 36.48 s | 159 14.15 L0 3.90 360 030
Giza 80 202.50 190.00 125 4231 48.12 ss0 | %05 30.28 002 | 17 1563 174 365 290 075
Giza 93 19250 18375 575 83.48 80.96 250 | 345 34.10 135 | 2668 15.23 1ase 3.23 3.8 065
LsD. 0.05 18360 | 17230) | eeq | 152 1395 1465 137 182 Lot 459 393 427 064 058 061
001 2434 2284 saas | 2022 1850 1942 182 241 213 6.09 520 66 085 0.76 o081
005 24.64(4) 20.40 224 594 085
001 32.39 26.82 294 781 111

Thus the interaction between genotypes and planting date affected the
performance of most crosses and parents in positive and negative
directions, while some genotypes did not show statistical changes.

The cross Seven x {[G.84 x (G.70 x G51 B ) ] x S62 } then Suven x
G.93 gave its highest values for boll weight at the conventional
planting date, meanwhile, the parent G.94 and the cross Suven x G.94
gave its highest values for boll weight at the late planting date. The
mean boll weight of most genotypes at the late planting date was not
significantly lower than that of the conventional planting date for most
tested genotypes . However , Kar.2 x G.93, Kar.2 x C.B58 , Kar.2 x {|
G.84x(G.70xG51B)]xS62}, Suvenx {[G.84x (G.70x G51 B)
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] x S62 } and the parent G.80 gave lower boll weight at late planting
date. Fiber traits of genotypes were also studied under the two planting
dates. The parents G.93 and G.80 and the crosses G.94 x G.93 ,
Kar.2 x Suven and Kar.2 x G.93 gave the highly significantly higher
fiber length at conventional planting date compared to the late one .
The parents G.93 and [ G.84 x ( G.70 x G51 B ) ] x S62 and the
crosses {[G.84 x (G.70xG51B)]x S62 } x G.93, C.B58 x G.94 and
Suven x G.93 gave high values for fiber length at the late sowing date.
On the contrary, the cross C.B58 x G.94 and the parents G.93 , G.80
and Suven in descending order gave highly significantly higher fiber
length at late planting date compared to the conventional planting date.
Seventeen genotypes were not been affected significantly by planting
date.

Table 2: Cont.
Fiber length (mm) Fiber strength (g/tex) Fiber fineness ( Micronaire value
Genotypes
D, D, D, -D, D, D, D, -D, D, D, D; - D,
Kar.2 x Suven 39.16 3687 | 230 43.30 41.9 1.40 4.26 413 013
Kar.2 x C.B58 36.64 36.72 20,08 39.25 422 2.95% 419 415 0.04
Kar.2 x G. 94 36.28 36.28 0.00 40.00 418 1.80 427 374 0.53"
Kar2x[G.84x (G70xG51B)]xS62 | 36.50 37 10 2059 41.90 436 170 4.09 3.96 0.14
Kar.2x G.80 3337 3411 0.75 3900 | 37.95 1.05 3.95 401 20.06
Kar2 x G.93 38.39 36.56 184" 39.70 405 20.80 3.64 353 011
Suven x C.B58 37.06 36.15 0.92 4025 | 4135 110 2,21 4.29 ~0.08
Suven x G. 94 3771 3602 | 169" 2415 | 4115 3.00% 447 455 -0.08
SUVEN x[G.84 Xs(e(zjo xG51B)]x 37.62 36.39 123 44.45 42.95 150 4.46 411 0.36*
Suven x G.80 36.48 36.25 023 4305 205 255 4.09 415 20.06
Suven x G.93 37.49 37.98 20.49 2035 475 715+ 3.90 3.76 0.14
CB58x G.94 35.36 3807 | 2717 39.10 202 110 437 3.79 0.58"
CBS8X[G.84x (36‘32'70 xGS51B)]x 36.86 36.39 0.47 42.95 39.85 3.10* 435 427 0.08
C.B58 x G.80 35.64 36.30 20.66 4295 | 44.25 130 4.10 439 2030
C.B58x G.93 37.15 37.04 20.79 4180 | 41.05 0.75 391 401 0.10
G.94x[G84x(G70xG51B)]xS62 | 3508 36 08 010 41.30 385 2.80 442 458 015
G. 94x G.80 35.41 3338 | 203" 42.80 375 530" 4.30 4.46 0.16
G.94 xG93 39.17 3702 | 215~ 44.25 398 445 4.06 383 023
[G84x(G.70xG5LB)]xS62xGB0 | 36.32 3556 0.76 44.25 40.9 3.35 4.44 432 012
[G84x(G.70xG5LB)]xS62xG.93 | 37.42 381 4 072 4165 437 2.05 407 358 0.48"
G.80 X G.93 36.53 37.48 0.95 4175 | 39.25 2.50 358 416 057
Karsheneski-2 3331 32.84 0.47 39.30 374 1.90 324 361 038
Suven 34.49 3617 | 168" 39.75 385 125 3.90 410 0.20
C.B58 33.36 3352 016 38.15 208 2.65 4.06 4.08 001
Giza 94 3434 33.08 127+ 39.35 39.7 035 470 4.00 0.70%
[G84x(G.70xG51B)]xS62 36.03 36.81 077 3090 | 4095 0.45 425 450 025
Giza 80 32,91 3491 | 201" 3920 | 3865 055 435 3.36 1.00%
Giza 93 36.51 3871 | 220" 39.95 427 2.75% 3.43 3.30 013
LSD. 0.05 1.37() 1%?1( 1.22(3) 254 2.90 273 0.27 0.36 032
0.01 181 139 162 337 385 362 036 0.47 0.42
0.05 1.73(4) 388 0.45
0.01 2.30 516 0.60

D, and D, conventional and late planting dates.
(1) L.S.Dfor difference between two means at conventional planting date.
(2) L.S.Dfor difference between two means at late planting date.
(3) L.S.D for difference between means of two planting dates within same genotype.
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(4) L.s.D for difference among any two means.

Concerning fiber strength , the cross Suven x { [ G.84 x ( G.70 x
G51B)]xS62}then{{G.84x(G.70xG51B)]xS62} x G.80 and
G.94 x G.93 gave the highest values for fiber strength at the
conventional planting date, meanwhile, the crosses Suven x G.93
then CB58 x G.80 gave the highest values for fiber strength at the late
planting date. The effect of the interaction between genotypes and
planting date , caused the highest highly significant reduction in fiber
strength of the cross G.94 x G.80 then G.94 x G.93 obtained at the
conventional planting date compared to the late one. On the other
hand , the crosses Suven x G.93 , Kar.2 x C.B58 and the parent G.93,
respectively, gave highly significantly and significantly accepted fiber
strength at late planting date as compared to the conventional one.
Also, the results cleared differences in gene expression under different
conditions. El-Helw ( 1990 ) reported that the additive effectswere
important than the non-additive effects for fiber strength and fiber
length.

With regard to fiber fineness, the parents Suven , C.B58 , [ G.84
X ( G.70 x G51 B ) ] x S62 and G.93 did not show changes in
Micronaire readings . Also , the crosses Kar.2 x Suven , Kar.2 x C.B58
, Kar2 x{[G.84x (G.70x G51 B )] x S62}, Kar.2 x G.80 , Kar.2 x
G.93, Suven x C.B58 , Suven x G.94 , Suven x G.80 , Suven x G.93,
C.B58x{[G.84x(G.70xG51B)]xS62}, C.B58 x G.80, C.B58 x
G.93,G.94x{[G.84x(G.70xG51B)]xS62},G.94xG.80 ,G.94
x G.93 and { [ G.84 x ( G.70 x G51 B ) ] x S62 } x G.80 showed
statistically unchanged Micronaire values . These results cleared out
that the fiber fineness was not negatively affected by delay of planting
date of the above mentioned genotypes . On the other hand , the
parent Kar.2 and the cross G.80 x G.93 exhibited negative change in
fineness in the late planting date, while the parents G.94 and G.80 and
the cross Kar.2 x G.94, Suven x {[ G.84 x ( G.70 x G51 B ) ] x S62 },
G.80xG.94, C.B58xG.94and {[G.84 x (G.70x G51 B )] x S62 } X
G.93 showed positive change in fineness, lower Micronaire value at
late planting compared to the conventional one.

General and specific combining ability effects :

The genotypic variability among the diallel crosses was partitioned
into general (GCA) and specific (SCA) effects under each environment
of planting date (Table 3). Selection of parents for desirable combining
ability is the first step in breeding for genetic improvement of seed
cotton yield and fiber properties. This study was carried out to answer
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the equation. Whether there is a need to test parents and crosses for
combining ability under variable environments?

General combining ability effects (GCA):

Changes of GCA effect for seed cotton yield between delayed
planting and conventional planting were observed in this study. The
parent Kar.2 gave positive and significant GCA at the conventional
planting date ( 3.13 ) that was changed to insignificant negative at the
late planting date (-0.27 ) while , under the conventional planting date
the promising line [ G.84 x ( G.70 x G.51 B ) ] x S62 gave negative
highly significant value ( -2.362 ) that was changed to negative and
insignificant ( -0.477 ) under the late planting date . Thus, it should
warrant the need of testing and selection of parents for seed cotton
yield under environment of delayed planting. Similar results were
reported by Zeng and Pettingrew ( 2015) .

The results in Table (3) showed that the parental variety Kar.2
expressed highly significant general combining ability effects for all
characters under both conditions except for earliness index at the
conventional planting date and seed cotton yield at the late planting
date. However , it was negative for plant height, lint percentage, boll
weight, fiber length and fiber strength and only in conventional planting
for fiber fineness.

Suven expressed insignificantly general combining ability effects
for plant height, earliness index, boll weight and seed cotton yield
under late planting date. However, Suven gave significantly positive
general combining ability effects for plant height , earliness , seed
cotton yield and fiber length at conventional planting date . The GCA
values were not significant at late planting for the above mentioned
traits and for the other fiber properties at both planting dates. Highly
significant negative GCA effects were obtained for lint percentage at
both planting dates of Suven cultivar.

GCA effects of C.B58 was insignificant for all studied traits at both
planting dates except for that of earliness and lint percentage where it
was highly significant negative and fiber length and strength at
conventional planting date where it was significant negative .

With regard to Giza 94, positive highly significant GCA effects were
present for lint percentage at both dates of planting, boll weight at late
planting date and fiber fineness at conventional planting date. With
concern to fiber length and fiber strength at late planting GCA effects
were highly significant and significant negative for both traits,
respectively.

At conventional planting date , the promising line [ G.84 x ( G.70 x
G.51 B ) ] x S62 showed positive GCA effects for plant height, fiber
strength and fiber fineness , that were significant and highly significant
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in that order , but it showed highly significant negative GCA effect for
seed cotton yield at conventional planting date.

At late planting, highly significant GCA effects were obtained for
fiber length and fiber fineness. This means that late planting exhibits
the proof that this line can be general doner for both traits, while the
conventional planting date was better to detect the unsuitability of this
line for seed cotton yield (poor combiner).

The parental cultivar G.80 expressed negative and significantly
general combining ability effects for all traits except for plant height
and boll weight in both planting dates and fiber strength and fiber
fineness at the conventional planting date that were insignificantly
positive.

Giza 93 as parent cultivar gave significantly positive general
combining ability effects for earliness index, seed cotton yield and fiber
length in both planting dates as well as fiber strength at late planting
date. The pervious results cleared that, cotton breeder can use some
varieties (Suven, CB58 and Giza 93) to improve seed cotton vyield
under late planting date.

The obtained general combining ability results indicate that among
the used parental cultivars, genotypes that could be good combiner for
improvement of cotton cultivars suitable for late planting e.g. Kar.2 for
earliness and shorter plant height, Suven for fiber length, CB58 for
earliness, G.94 for lint percentage, boll weight, [G.84 x (G.70 x G.51 B)
] x S62 for fiber fineness , G.80 for earliness and G.93 for fiber length
and fiber fineness.

Table 3: General combining ability effects of parental genotypes for yield,
yield components and fiber traits in two planting dates

. Seed cotton yield Boll weight (g.)
Plant height (cm) I . o . o
Genotypes Earliness index (%) Lint percentage (%) (g)/plant
D D, D, D> D, D, D, D, D, D,
-14.03* -9.40% 2.81 5.97** -1.11% -0.72** 3.13% -0.27 -0.20** -0.35**

Karsheneski-2

Suven

5.97*

2.82

3.68*

1.78

-0.59**

-1.13**

1.33*

0.63

0.08

0.09

C.B58

0.69

2.96

-9.08**

-4.73*

-1.30**

-0.81**

-0.85

0.53

0.06

0.03

Giza 94

-1.25

-1.63

2.68

0.78

1.76*

1.92%*

0.30

-0.45

0.10

0.22*

[G.84 X (G.70x G.51 B )] x S62

4.44*

0.87

-2.05

0.59

0.01

0.17

-2.36"*

-0.48

0.09

-0.003

Giza 80

3.61

3.37

-6.16**

-8.82*

1.79*

1.72%*

-3.05**

-1.18*

-0.06

-0.06

Giza 93

0.56

1.01

8.10%

4.46**

-0.57**

-1.14*

1.52%

1.22%*

-0.07

0.07
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Table 3: Cont.

Fiber fineness

Fiber length Fiber strength ( Micronaire
Genotypes (mm) (g/tex) value )
Dl D2 D1 D2 Dl D2
Karsheneski-2 -0.29 | -0.63** | -0.93* -0.51 | -0.22** 0
Suven 0.55* 0.20 0.55 0.55 0.04 0.06
C.B58 -0.46* 0.03 -0.83* 0.38 0.04 0
Giza 94 -0.11 | -0.80** 0.02 -0.95* | 0.27* 0.11

[G84x(G.70XG51IB)] | 535 | gag= | 1.02¢ | 044 | 016" | 0.20%

X S62

Giza 80 Ligee | 075 [ 023 |-1o1r| 003 | -0m
K% Kk N * i - -

Giza 93 1.07 1.48 0.08 | 1.10 0.32 0.2+

D, and D, conventional and late planting dates.
*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.

Specific combining ability effects (SCA) :
Specific combining ability effects of the cross combinations are
presented in Table (4).

Table 4: Specific combining ability for yield, yield components and fiber
traits in two planting dates

Plant height (cm) Earliness index (%) Lint percentage (%) Seed cotfon yield Boll weight (g)
Genotypes (9)/plant
D D> D, D, D D, D, D, D, D;

Kar.2 x SUVEN 12.57* -8.37 6.94 1.93 0.63 -1.65** 1.63 0.37 -0.13 0.30

Kar.2 x C.B58 -9.79 -16.01** 7.63 13.37* -0.81 215 4.60* 1.58 0.26 0.04

Kar.2 x G. 94 -1.60 -7.67 9.12 4.53 1.13* 1.90%* 9.62* 4.39* -0.01 -0.31*

Kar.2 x[G.84 x (G.70x G.51 B) | x S62 -8.54 -6. 42 10.42* 6.76 -1.70** -1.00 5.54%* 0.86 -0.14 -0.28
Kar.2x G.80 -15.21* -5.17 12.09* 8.90* 277 0.15 4.18* -1.04 -0.34* 0.24
Kar.2 x G.93 -2.15 -4.06 -2.92 -3.97 0.88* 0.31 152 -0.38 -0.11 -0.51*

Suven x C.B58 -7.29 10.52 9.65* 12.42* -0.59 0.21 4.26%* -1.15 -0.16 -0.35%

Suven x G. 94 2.15 -3.65 -4.49 7.13 1.30%* 0.04 6.99 ** 221 -0.34* 0.35*

SUVEN x[G.84 x (G.70 x G.51 B ) | x S62 -1.04 -9.9 6 .14 -9.27* 1.58** 2.35%* 1.29 3.78* 0.44* -0.03
Suven x G.80 4.79 -8.65 3.75 -0.15 -0.78 0.58 -0.14 -1.36 -0.03 -0.17

Suven x G.93 1.60 -6.28 -6.94 3.97 -0.79 -1.49* 2.28 3.04* 0.43* 0.20

C.B58 x G. 94 -1.32 1.22 -1.28 -3.72 -1.09* -1.89** -0.11 -2.50* -0.05 -0.13

C.B58 x[G.84 x(G.70 xG.51 B ) ] x S62 0.49 -11. 28* 8.10 5.47 1.94%* 0.33 4.02* -2.20* -0.11 0.14
C.B58 x G.80 12.57* -2.53 4.42 1.45 0.24 -1.02 -2.20 -0.10 -0.11 0.12

C.B58 x G.93 6.88 -5.17 12.05* 10.87* -0.15 -0.41 0.38 6.13** -0.01 0.02
G.94x[G.84x(G.70xG.51B )] x S62 3.68 8.3 -1.20 3.72 -0.32 -0.49 -3.75* -1.08 -0.01 -0.16

G.94xG.80 -1.74 -7.95 3.05 -3.73 -1.83** -1.41* 0.62 -1.21 0.20 0.02

G.94 xG.93 -4.93 -6.84 224 -9.33* -0.84 -2.08** -3.93% -0.98 -0.07 -0.25
[G.84x(G.70x G.51B) ] x S62x G.80 -7.43 8.3 6 .68 8.04 1.50%* -1.29*% -1.47 0.86 -0.27 0.35*
[G.84x(G.70x G.51B)] x S62x G.93 -0.63 9.41 0.26 0.41 0.96* -0.41 0.40 -0.27 0.02 -0.35%

G.80xG.93 -4.79 11.91* 141 8.59 -0.69 3.07* -0.58 -0.97 0.39* 0.30
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For plant height, the cross combinations Kar.2 x Suven and
CB58 x G.80 showed high significant and positively SCA at
conventional planting date but the crosses Kar.2 x CB58 and CB58 x{ [
G.84 x (G.70 x G.51 B ) ] x S62 } showed negative and significant
SCA for short plant even under late planting conditions .

With regard to earliness index the four crosses Kar.2 x { [ G.84
Xx(G.70xG.51B)]xS62}, Kar.2 x G.80, Suven x CB58 and CB58
x G.93 showed significant positive SCA effects at conventional planting
date . The crosses Kar.2 x CB58 and Suven x CB58 exhibited highly
significant one at late planting , while Kar.2 x G.80 and CB58 x G.93
exhibited only significant positive effects at that late planting date . All
that results indicated earliness. But , two other crosses showed
negative SCA effect at late planting ; namely Suven x {[ G.84 x ( G.70
xG.51B)]xS62}and G.94 x G.93 . They could be used to produce
earlier cottons under late planting .

For lint percentage, twelve crosses exhibited significant positive
SCA effects; eight crosses exhibited significant positive SCA effects
under conventional planting date conditions and four crosses under
late planting date conditions . The best crosses were Kar.2 x G.94,
Kar.2 x G.80 , Kar.2 x G.93, Suven x G.94, Suven x {[ G.84 x ( G.70 x
G51B)]xS62}, CB58x{[G.84x(G.70xG.51B)]xS62}, {]
G.84x(G.70xG.51B)]xS62}xG.80and{[G.84 x (G.70 x G.51
B )] x S62} x G.93 for lint percentage at conventional planting date
and G.80 x G.93, Suven x { [ G.84 x (G.70xG51 B )] x S62 }, Kar.2
x CB58 and Kar.2 x G.94 at late planting dates .

For Seed cotton yield, eleven crosses exhibited significant and
highly significant positive SCA effects; seven crosses under
conventional planting date condition, as well as, four crosses under
late planting date condition. The best cross for seed cotton yield was
Kar.2 x G.94 followed by Suven x G.94 and Kar.2 x { [ G.84 x ( G.70 x
G.51 B ) ] x S62 } at conventional planting date and C.B58 x G.93
followed by Kar.2 x G.94 and Suven x { [ G.84 x ( G.70 x G.51 B ) ] x
S62 } at late planting date .

The change of SCA effect for seed cotton yield between
delayed planting and conventional planting was observed in this study
by the cross Kar.2 x G.94 that gave positive and highly significant (
9.62** ) SCA effects at conventional planting date and significant (
4.39* ) at late planting date, while, the crosses Suven x G.94 gave
positive and highly significant ( 6.99** ) SCA effect under conventional
planting date that was changed to not significant ( 2.21 ) at late
planting date . Thus, it should warrant the need of testing and selection
of crosses for seed cotton yield under environment of delayed planting.

For boll weight, five crosses exhibited significant positive SCA
effects under conventional planting date and late planting date
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conditions; respectively. The desirable crosses were Suven x { [ G.84 x
(G70 x G551 B )] x S62 }, Suven x G.93 , G.80 x G.93 at
conventional planting date and Suven x G.94 and { [ G.84 x ( G.70 x
G.51B)]xS62} x G.80 at late planting dates for boll weight.

Table 4 : Cont.
Fiber length (mm) Fiber stren gth (g/tex) Fiber fineness ( Micronaire value )
Genotypes
D, D, Dy D> Dy D
Kar.2 x Suven 2.71% 0.72 2.41* 1.01 0.33* -0.06
Kar.2 x C.B58 1.19* 1.39** -0.25 1.68 0.26* 0

Kar.2 x G. 94 0.48* 1.22* -0.36 2.01 0.12 -0.11
Kar.2x[G.84x (G.70x G.51 B )] x S62 0.24 1.4 4~ 0.54 2.63 0.04 -0.22
Kar.2x G.80 -1.43% -0.83 -1.57 -1.43 0.03 0.11

Kar.2 x G.93 1.42%* -0.06 -0.56 -1.04 0.07 0.28

Suven x C.B58 0.78* -0.44 -0.73 -0.88 0.03 -0.06

Suven x G. 94 1.07* 0.39 2.31* 0.96 0.06 0.33
Suven x[G.84 x (G.70x G.51 B) ] x S62 0.52* -03 9 1.61 1.07 0.16 -0.28
Suven x G.80 0.85** 0.83 1.00 0.01 -0.09 0.06

Suven x G.93 -0.32 0.11 -1.39 4.90* 0.07 0.22

C.B58 x G. 94 -0.27 2.56** -1.35 0.13 -0.05 -0.11
C.B58x[G.84x(G.70xG.51B) ] x S62 0.77* -0 .22 1.50 -1.76 0.03 -0.22
C.B58 x G.80 1.01%* 1.00 2.29* 3.68** -0.09 0.11

C.B58 x G.93 0.35 0.28 1.45 -1.43 0.08 0.28
G.94x[G.84x(G.70xG.51B)] x S62 -0.46* 0.11 -1.01 -1.93 -0.11 0.17
G.94xG.80 0.44* -1.17* 1.28 -1.49 -0.11 0.50*

G. 94 xG.93 2.01% 0.11 3.04* -1.60 -0.01 -0.33
[G.84x(G.70x G.51B) ] x S62x G.80 0.88** -04 4 1.73 0.63 0.13 0.39
[G.84x(G.70xG.51B)] x S62x G.93 -0.20 -0.17 -0.56 1.01 0.11 0.06
G.80x G.93 0.38 0.06 0.33 -1.54 -0.24 0.39

D, and D, conventional and late planting dates.
*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.

For fiber length, all crosses except for six crosses under
conventional planting date conditions as well as, five crosses under
late planting date conditions exhibited significant SCA effects . The
best crosses were Kar.2 x Suven followed by G.94 x G.93 for fiber
length at conventional planting date and C.B58 x G.94 followed by
Kar.2 x {[ G.84 x ( G.70 x G.51 B ) ] x S62 }, Kar.2 x C.B58 at late
planting dates.

For fiber strength, four crosses exhibited positive significant
SCA effects under conventional planting date conditions, as well as,
two crosses under late planting date condition. The best crosses were
G.94 x G.93, Kar.2 x Suven, Suven x G.94 and C.B58 x G.80 for fiber
strength at conventional planting date and Suven x G.93 followed by
C.B58 x G.80 at late planting date.
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Concerning fiber fineness ( Micronaire value ) , three crosses
and two crosses exhibited significant SCA effects under conventional
planting date conditions and late planting date conditions , respectively
. The best crosses were G.80 x G.93, Suven x { [ G.84 x ( G.70 x G.51
B )] x S62 } then Suven x G.93 , G.80 x G.93 in fineness at
conventional planting date and Suven x G.94 and { [ G.84 x ( G.70 x
G.51 B )] x S62 } x G.80 at late planting dates . Amer ( 1995 )
observed that additive genetic effects showed great portion of variance
for fiber fineness and fiber strength.

The characters showing significant genotypic differences were
further analyzed for GCA and SCA effects, as defined by Sprague and
Tatum (1942) . These results reported change performance of crosses
under different environment conditions. Generally, changes of
combining ability for yield and fiber properties were observed in this
study under both different planting dates. The breeders should select
suitable parents or crosses which can realize their desire with the late
planting to increase affectivity of selection in segregating generations.
The parents (Suven, CB58 and Giza 93) were good combiners under
late planting dates. Also, the best crosses were Kar.2 x G.94, Suven X
{{G.84x(G.70x G.51 B) ] x S62}, Suven x G.93 and CB58 x G.93 for
seed cotton yield under late planting date. In addition, these crosses
are characterized by high yield under late planting date. The parent
G.93 and the crosses Suven x G.93, C.B58 x G.93 and { [ G.84 x (
G.70 x G.51 B ) ] x S62 } x G.93 exhibited the best values for fiber
traits. Cotton breeders can use these hybrids to improve breeding
programs and to select the most promising genotypes for late-planting
date. These crosses could be exploited in breeding program aiming to
improve late-planting tolerance. This is necessary for better cultivated
land use efficiency.
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