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HE PRESENT work was conducted to study the effects of late planting on the performance

of Egyptian cottons, sensitivity to environments and gene action controlled earliness, lint
yield/plant, lint % and lint index. A half diallel crosses of eight Egyptian cottons varieties were
evaluated under normal and late plantings. The reduction % in lint yield/plant was 23.21 and
23.87% for the parents and F, hybrids; respectively. The results of stress susceptibility index
of LY/P indicated that six parents were tolerant for LY/P to late planting. Sixteen out of the 28
hybrids showed tolerance in LY/P to late planting. The diallel analysis revealed significant (p <
0.01) items; “’a’” and “’b’’, indicating that both additive and dominance effects of genes were
involved in the inheritance of the five studied traits. The genetic parameter indicating that “’H
tended to be more than the additive parameter ’D’’ under late planting. The regression analysis
of Wr/Vr indicated the presence of non-allelic interaction in the inheritance of lint yield/plant
under late planting. However, the additive—dominance model was adequate in the inheritance
of days to first flower under normal and late plantings. The ’b,”” item and KD/KR indicated
unequal distribution of dominance and recessive genes in the parents for all traits. The non-
additive effects of genes were reflected in the departure of narrow form broad sense heritability.
Therefore, pedigree and recurrent selection breeding methods could be effective to isolate lines

adapted to late planting.
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Introduction

The Egyptian cottons (Gossypium barbadense
L.) of long and extra-long staple have a good
reputation worldwide for their good processing
fiber properties. Currently, the area planted by
cotton and yield per unit area is decreasing year
after year. This is attributed to two main causes:
(1) The producers delay sowing date for a month
after March 30 (the recommended date for
sowing) to get complete winter crop especially
wheat before cotton, (2) The Egyptian cotton
cultivars were bred as a full season crop (180
days) grown from mid-March to mid-September.
Consequently, the Egyptian cotton cultivars can’t
tolerate the environmental stress of late sowing
and often result in progressively decreasing yield.
Many reports emphasized the adverse effects of
late sowing on yield and fiber properties, and may
mask any genetic improvement in cotton (Bauer
et al.,, 1998; Bange & Milroy, 2004; Bange et

al., 2008 and Pettigrew & Meredith, 2009). The
lack of understanding the effects of late sowing
on genetics of yield and fiber properties of cotton
is a great obstacle in improving new strains
of cotton adapted to short season production.
Diallel analysis as developed by Hayman (1954
and 1958), Jinks (1956) and Jinks & Hayman
(1953) provides sufficient information to identify
superior parents and crosses for different traits.
Several researchers (Luckett, 1989; Khan et al.,
1995; Igbal & Khan, 1996; Esmail et al., 1999;
Mukhtar et al., 2000; Nadeem & Azhar, 2004,
Basal & Turgut, 2005; Mohamed et al., 2009;
Imran et al., 2012; Kumar et al., 2013; Raza et
al., 2013; Simon et al., 2013; Soomro et al.,
2006; Wagar et al., 2015 and Memon et al., 2016)
pointed to the importance of genetic studies of
the materials before selecting the desirable plant.
Lasheen et al. (2003), Azhar & Khan (2005) and
Abd El-Bary et al. (2008) found that the general
combining ability (GCA) variances were greater
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than specific combining ability (SCA) variances,
revealing the predominance of additive gene
effects. Patil et al. (2005) reported inadequacy of
the additive-dominance model and the presence
of non-allelic gene interaction. The three types of
epistasis differed from cross to cross (Darweesh,
2006; Abd-El-Haleem et al., 2010 and El-Refaey
et al., 2013). Laxman et al. (2003) revealed that
the components of genetic variance indicated
predominance of dominance x dominance type
of epistatic interaction followed by additive X
dominance, besides equally important role of
dominance, additive and additive x additive
type of gene actions were found. Hajazi et al.
(2014) stated that the estimates of narrow senses
heritability were moderate for node number of
the 1* sympodial branch (45%) and stated that
the additive component was less than the values
of the dominance components H, and H, for days
to flowering (H, = 32.64, H, = 31.39) and node
number for 1* sympodial branch (H, = 4.27, H,=
4.04) showing the predominance of non-additive
genetic effects. Abd El-Bary (2003) found that
epistatic variances; additive by additive genetic
variances (c®,,) showed positive values for all
studied traits except fiber fineness. Additive by
dominance genetic variances (c®,;) played the
major role in controlling the inheritance of the
studied characters of the triallel crosses; therefore,
recurrent selection might be useful in improving
the studied characters of the triallel crosses in the

breeding programs. The results also demonstrated
that the calculated values of heritability in narrow
sense ranged from 39.43% to 55.19% for seed
cotton yield/plant and fiber fineness, respectively.
Raza et al. (2013) investigated the inheritance
pattern of some metric plant traits in a complete
diallel design. The over-dominance effects were
mainly contributed for number of bolls per plant.
Partial dominance was involved for number of
sympodial branches, boll weight, yield of seed
cotton and lint percentage. The current manuscript
represents a study of the effects of late sowing date
on the performance, sensitivity to environment, to
obtain detailed information concerning the genetic
control of earliness, lint yield and its components
of eight parents diallel crosses of Egyptian cotton
cultivars under normal and late sowing dates for
two seasons.

Materials and Methods

Plant materials

The present study was carried out at
Shandaweel Res. Stn., Sohag, Cotton Res. Inst.,
ARC, during the two summer seasons of 2015 and
2016. The basic materials were eight Egyptian
cotton varieties belong to G. barbadense L. Pure
selfed seeds of these varieties were obtained from
Cotton Research Institute, Agricultural Research
Center at Giza, Egypt. The name, pedigree and
the main characteristics of these varieties are
presented in Table 1.

TABLE 1. The name, pedigree and the main characteristics of the eight cotton varieties used in the

study.

Genotypes Pedigree

Characteristics

[(G.83 x (G.75 x 5844)) x

Giza 95 G.80]
Giza 92 G84(G74 x G68)
Giza 90 Giza83x Dandara

A new long staple cotton variety, characterized by high yielding
ability, high lint percentage, normal maturity and heat tolerance
(cultivated).

An extra-long staple variety, (cultivated).

Long staple variety for upper Egypt, high yield and lint

percentage (cultivated).

Giza 90 x Aus Giza90 x Australian

Characterized by high yielding and earliness (cultivated).

An extra-long staple (cultivated).

Long staple variety, characterized by high yield

Long staple variety. It is high yield and lint percentage

(cultivated).

Giza 87 (G.77G.45A)
Giza 86 (G.77G.45B)
Giza 80 G. 66G. 73
Giza 45 G.7G. 28

An extra-long staple variety, (obsolete).
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Experimental design and field conditions

In the first season (2015), the eight varieties
were crossed in 8 x 8§ diallel mating design. In
the second season (2016), the eight parents with
their 28 F1’s crosses were evaluated in the two
planting dates, i. e., normal on the 29" of March
and 1* May in a randomized complete blocks
design with three replications in the two separate
experiment. Each plot consisted of one row, four-
meter-long, 0.6 m apart and 40 cm between hills
within a row. After full emergence, seedlings
were thinned to one plant per hill. All cultural
practices were followed throughout the growing
season as usually done with ordinary cotton
cultivation. Data were recorded for: 1- Lint
yield/plant; g (LY/P); 2- Lint percentage (LP);
3- Lint index; 4- Seed index; g (SI); 5- Earliness
index (EI) (weight of the first pick/weight of the
two picks of seed cotton yield) and 6- Days to
first flower (DFF).

Statistical analyses

The analysis of variance was performed in
a randomized complete block design (RCBD)
as outlined by Steel & Torrie (1980). Mean
comparisons were calculated using revised
L.S.D, where RL S D, = (t') , , Y (2MSE/)
as outlined by El- Rawi & Khalafalla (1980).
Stress susceptibility index (SSI) was calculated
for LY/P according to the method of Fischer &
Maurer (1978):

Yield of individual genotype was determined
under stress (Y1) (late planting) and favorable
(Ye) (normal planting) conditions. Average yield
of all genotypes under late (XI) and normal
conditions (Xe) were used to calculate stress
intensity (D) as:

D=1-Xl/Xe

The mean stress susceptibility index (S) of
individual genotype was calculated as:

SSI=(1-YlYe)/D

Genotypes with average susceptibility to
stress have «SSI» value of 1.0, values less
than 1.0 indicate less susceptibility and great
resistance to drought. Meanwhile, a value of
SSI = 0.0 indicates maximum possible stress
resistance (no effect of stress on yield).

The diallel analysis was performed as
outlined by Hayman (1954) and described by
Mather & Jinks (1971)

Results and Discussion

Means and reduction%

Mean lint yield/plant of the parental lines under
normal planting ranged from 21.50 g (G.87 extra-
long) to 50.63 g (Giza 90% Aus) with an average
of 36.70 g, and from 17.17 g to 40.30 g with an
average of 28.18 g for the respective parents
under late planting (Table 2). The reduction %
in lint yield/plant was large and reached 23.21 %
for the parents and 23.87 % for the F - hybrids.
These results are in line with those reported
by Bange & Milroy (2004), Boquet & Clawson
(2009), Pettigrew & Meredith (2009) and Abdalla
(2013, 2014). They pointed to the adverse effects
of climatic conditions and late sowing on yield and
fiber properties. The results of stress susceptibility
index of LY/P indicated that six parents (G.90, G.90
x Aus, G.87, G.86, G.80 and G.45) were tolerant to
late planting. Sixteen out of the 28 hybrids showed
tolerance in LY/P to late planting. The tolerant
hybrids originated from one or both parents were
tolerant. These hybrids are promising to isolate new
lines tolerant in SCY/P to late planting.

The reduction in lint % was small and scored
6.46% for the parents and 6.68% for F - hybrids
under normal planting, lint % of the parents ranged
from 32.43 (G.87) to 41.28 (G.95) with an average
of 37.75%, and from 30.50 (G.87) to 38.07
(G.90 x Aus) with an average of 35.31% under
late planting. Generally, three extra-long staple
varieties Giza 92, Giza 87 and Giza 45 were lower
in magnitudes than the long staple for yields and
lint %. The F - hybrids mean performance under
normal planting ranged from 32.63 to 40.49 with
an average of 37.53% and from 31.44 to 37.58
with an average of 35.02% under late planting for
lint percentage.

Mean lint index of the parental lines under
normal planting ranged from 5.29 for G.45 to 7.42
for G.95 with an average of 6.13 g and from 5.46 g
for G.45 to 7.56 g for G.90 x Aus with an average
of 6.46 g under late plating. Mean lint index of
the F - hybrids under normal planting ranged
from 5.05 g for G.92 x G.87 to 7.80 g for G.95 x
“G.90 x Aus” with an average of 6.29 g and from
5.34 g to 7.63 g with an average of 6.23 g for the
above respective hybrids under late planting. The
reduction % was small in the F - hybrids (0.95%)
and negative (-5.38%) for the parents. This is
mainly due to that the reduction in lint yield
was more than that in seed cotton yield (not
included).
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TABLE 2. Mean lint yield/plant, SSI, lint % and lint index of 8 x 8 diallel crosses evaluated under
normal (D1) and late (D2) sowing dates in 2016.

LY/P; g LP % LL; g
Genotype D1 D2  Mean SSI DI D2 Mean DI D2 Mean
G 95 4263 2897 3580 135 4128 3745 3937 742 684 713
G92 2817 2070 2443 112 3625 3391 3508 554 626 5.90
G 90 4380 3357 3868 099 3871 3664 3767 640  7.03 6.72
G 90 x Aus 5063 4030 4547 086 4025 3807  39.16 725 756 7.40
G87 2050 17.17 1933 085 3243 3050 3146 487 529 5.08
G 86 4157 3213 3685 096 3986 3748 3867 611 665 638
G 80 4003 3310 3657 073 4004 3789 3896 618  6.56 637
G45 2530 1953 2242 096 3321 3057 3189 529  5.46 538
Average 3670 2818 3244 3775 3531 3653 613 646 629
Reduction % 23.21 6.46 -5.38
G95xG9R2 3300 2880 3090 054 3763 3724 3743 601 625 6.13
G95xG90 4012 3230 3621 082 3904 3718 3811 677 651 6.64
211985 * G0 % 4170 3170 3670 101 3984 3758 3871 780  7.62 771
G95x G 87 2857 2570 2713 042 3787 3561 3674 617 651 634
G 95 % G 86 3860 2793 3327 117 3983 3572 3777 643 596 6.19
G95%G 80 2793 2303 2548 074 3844 3616 3730 614 637 6.26
G 95 x G 45 233 1930 2082 057 3792 3590 3691 641 629 635
G92xG90 2947 2353 2650 085 3782 3196 3489 636 575 6.05
Z?SZ XGO0X 3600 2163 2892 170 3647 3555 3601 561 602 5.82
G92xG87 2007 1523 1765 102 3263 3144 3203 505 534 5.19
G92 %G 86 2483 1677 2080 137 3979 3456 3717 675 601 638
G92x G 80 2073 1727 1900 070 3789 3499 3644 634 634 634
G92xG45 1877 1547 1712 074 3492 3215 3353 563 564 5.64
G90xGY0xAus 4107 2650 3378 150 3847 3627 3737 675 654 6.65
G90x G 87 3267 2337 2802 120 3547 3250 3398 559 571 5.65
G 90 x G 86 2817 1993 2405 123 3850 3549 3699 646 623 635
G 90 x G 80 2790 2137 2463 099 3850 3646 3748 648 641 6.44
G 90 x G 45 2193 1743 1968 087 3548 3273 3411 579 573 5.76
g zg X Aus X 2780 1903 2342 133 3670 3451 3560 615 620 6.18
g zg X Aus X 2863 1967 2415 132 3846 3446 3646 638  6.08 623
g gg X Aus 3327 2310 2818 129 4049 3645 3847 733 673 7.03
g 491(5) X Aus X 3873 2617 3245 137 3847 3640 3744 666 676 671
G 87 %G 86 1900 1687 1793 047 3619 3578 3599 610  6.53 632
G87xG 80 213 1877 2045 064 3609 3432 3521 577 574 5.76
G 87 % G 45 2447 1957 2202 085 3894 3648 3771 667 653 6.60
G 86 % G 80 2527 1987 2257 090 3955 3717 3836 702 683 692
G 86 x G 45 2293 1873 2083 077 3653 3335 3494 621 603 6.12
G 80 x G 45 2107 1800 1953 061 3302 3213 3258 532 571 5.52
Average 2848 2168 2508 100 3753 3502 3627 629 623 626
RLSD 0.05 353 3.65 - ; 1.03 1.99 - 038 0.57 -
RLSD 0.01 462 4.04 ; - 138 257 - 049 0.72 -
Reduction % 23.87 - 6.68 0.95

SSI; stress susceptibility index.
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Mean days to first flower (Table 3) of the
parental lines under normal planting ranged from
66.67 days for G.90 (the earliest parent) to 79.00
days for G.90x Aus with an average of 72.79 days,
and from 66.33 days to 75.33 days with an average
of 72.17 days for the same respective parents under
late planting. Mean days to first flower under normal
planting of the F - hybrids ranged from 69.0 days to
75.33 days with an average of 73.35 days and from
68.0 days to 74.0 days with an average 72.3 days
under late planting. The reduction % in days to first
flower of the parental lines of these materials was
small (0.85%), however, it reached 9.47% in the
F - hybrids indicated that late planting shortened
the period of vegetative growth. Abdalla (2014)
indicated that late planting increased earliness.

The over- all means of earliness index (Table
3) ranged from 59.26 for G.45 to 80.32 for G.90
with an average of 70.08% for the parents. The over-
all means of earliness index of the F - hybrids ranged
from 63.11 to 78.96 with an average of 67.67%. The
reduction % was very small and negligible. This
mainly due to that the first pick is done visually when
the open bolls of the most entries reached about
60%. Earliness index is the most favorable method in
estimating earliness for cotton breeding program. G.
90 flowered normal and showed the highest earliness
index, indicating that G. 90 flowered normal and gave
most of its yield in few weeks. This indicated that
G. 90 has a leptokurtic flowering curve. The shape
of the flowering curve is very clear for G. 90 x Aus,
which flowered late (the latest variety) and showed
high earliness index. This means that G. 90 x Aus
gave most of its flowers in few weeks and showed
leptokurtic curve of flowering. The hybrid G. 90 x G
92 flowered normal and showed low earliness index
indicating platykurtic flowering curve.

The diallel analysis of variance

The analysis variance (Tables 4 and 5) indicated
significant (p < 0.01) differences among genotypes
(parents and crosses) for lint yield/plant, lint %,
lint index, days to first flower and earliness index.
Therefore, the diallel analysis was performed. The
analysis of variance was done for the parents, F -
hybrids and “parents + F - hybrids” separately
under the two planting dates (not included). A
comparison of the block interaction (exp. error)
for the parental families and for the F - hybrids
of the diallel set showed insignificant differences
between them (with 14 and 54 degrees of freedom).
Therefore, E=E, and both equal the block
interaction mean squares (Bt) for the 36 replicated
families of the diallel (Mather & Jinks, 1971). The

diallel analysis of variance (Tables 4 and 5) showed
significant (p < 0.01) mean squares of the item “a”
and “b”, indicating that both additive and dominant
effects of genes were involved in the inheritance of
the above traits.

With regard to three items (“b, b, and b,”) of
non-additive component (b), results revealed that,
the ’b,” item mean square was significant for lint
yield/plant, lint index and earliness index under
both planting dates, and lint % and days to first
flower under late planting condition. The “b,”
item mean squares tests the mean deviation of the
F - hybrids from the mid — parental value with
one degree of freedom. Significant “b,” indicates
directional dominance. The “b,” item was
significant for the five studied traits except for
lint % and earliness index under normal planting.
Significant “b,” item indicating asymmetrical
distribution of dominance and recessive genes
among the parents. The “b,” item mean square
was significant (p < 0.01) for all traits. The
“b,” item test the part of dominance deviation
that it is unique to each F - hybrid, and it is a
measure of specific combining ability, similar
results were reported by Mahdy (1982 a, b) and
Mohamed et al (2009).

The interpretation of Wr/Vr graph

The graphical analysis of lint yield/plant
(Fig. 1 and 2) indicated that the regression
coefficient of Wr/Vr under normal planting did
not differ from unity, but, significantly differ
from zero indicating the adequacy of additive
dominance model to explain inheritance
pattern of this trait (Table 4). Furthermore,
the mean squares of Wr + Vr was significant,
and Wr - Vr was not, indicating absence of
epistatic effects of genes. However, under
late planting the regression coefficient was
significant (p < 0.01) from unity and zero,
indicating the presence of non- allelic gene
interaction despite insignificant Wr — Vr mean
squares. The intercept of the regression line
was positive under the two planting dates,
indicating partial dominance. However, it could
be considered complete dominance for two
reasons. First, the Wr and Vr must be corrected
to the environmental component (Mather &
Jinks,1971). Second, the intercept under normal
planting was 7.4321 and the maximum Wr and
Vr (G.95) was about 60. Under late planting,
G. 90 x Aus recorded wr of 35 and vr of 50,
and intercept was 5.1253 (near the origin).
The distribution of the parents around the
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TABLE 3. Mean earliness index and days of first flower % of eight Egyptian cotton varieties and their
crosses evaluated under normal ( D1) and late ( D2) sowing dates in 2016.

Genotype EI% DFE

D1 D2 Mean D1 D2 Mean
G 95 77.91 78.16 78.03 70.00 70.00 70.00
G 92 62.38 63.40 62.89 72.33 73.00 72.67
G 90 81.04 79.59 80.32 66.67 66.33 66.50
G 90 x Aus 79.79 79.78 79.78 79.00 75.33 77.17
G 87 60.14 61.70 60.92 73.67 71.67 72.67
G 86 61.08 60.18 60.63 74.00 74.00 74.00
G 80 78.57 79.06 78.82 72.67 74.00 73.33
G 45 58.84 59.68 59.26 74.00 73.00 73.50
Average 69.97 70.19 70.08 72.79 72.17 72.48
Reduction % -0.31 0.85
G95xG92 65.78 66.12 65.95 71.33 70.00 70.67
G95xG90 78.98 78.94 78.96 69.00 68.67 68.83
G 95 x G 90 x Aus 76.38 77.36 76.87 74.00 71.00 72.50
G95xG87 70.49 71.37 70.93 74.00 72.00 73.00
G95xG 86 67.50 68.08 67.79 73.67 73.00 73.33
G95xG 80 72.46 71.61 72.04 70.67 70.00 70.33
G95xG45 66.74 66.40 66.57 73.33 73.00 73.17
G92xG90 67.37 66.53 66.95 70.67 68.00 69.33
G 92 x G 90 x Aus 69.45 64.38 66.92 75.00 73.00 74.00
G92xG87 62.55 64.37 63.46 74.33 74.00 74.17
G92xG 86 62.76 78.64 70.70 73.33 74.00 73.67
G92xG 80 65.55 65.49 65.52 72.67 72.00 72.33
G92xG45 63.48 64.48 63.98 74.33 74.00 74.17
G 90 x G 90 x Aus 78.18 74.31 76.24 72.00 72.33 72.17
G90xG87 64.91 62.91 63.91 74.00 73.33 73.67
G 90 xG 86 65.59 65.09 65.34 74.67 72.67 73.67
G 90 x G 80 73.20 64.81 69.00 72.00 70.33 71.17
G 90 x G45 64.13 72.80 68.47 74.00 74.00 74.00
G 90 x Aus x G 87 64.02 62.20 63.11 75.00 74.00 74.50
G 90 x Aus x G 86 65.61 66.56 66.08 75.00 73.00 74.00
G 90 x Aus x G80 73.09 69.40 71.24 72.33 72.00 72.17
G 90 x Aus x G 45 63.71 64.05 63.88 75.33 73.00 74.17
G 87 %G 86 65.50 65.35 65.43 73.33 73.00 73.17
G 87 %G 80 68.56 65.30 66.93 72.33 72.33 72.33
G 87 xG45 62.82 64.22 63.52 75.33 73.33 74.33
G 86 x G 80 65.14 66.82 65.98 73.00 72.33 72.67
G 86 x G 45 66.23 65.20 65.72 74.00 73.00 73.50
G 80 xG45 63.86 62.85 63.35 75.00 73.00 74.00
Average 67.64 67.70 67.67 73.35 72.30 72.82
RLSD 0.05 7.20 7.10 231 1.90
RLSD 0.01 9.34 9.21 3.03 243
Reduction % 2.97 9.47
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TABLE 4. Mean squares of the diallel analysis for lint yield/plant, lint percentage and lint index at
normal (D1) and late (D2) sowing dates .

LY/P; g LP % LI; g

Item df D1 D2 D1 D2 D1 D2
Blocks (b) 2 4.008104 21.26583 1.672822 1.531302 0.251252 0.027979
Entries 35 216.8416**  113.7867**  15.92469**  13.90526**  1.308846**  (0.894364**
a 7 1114.772%*  462.1697** 73.0446%* 350.625%** 5.6319** 3.4511%*
b 28  143.7478**  94.0669** 12.8928%** 119.7232%* 1.2467** 0.8996**
bl 1 1421.445%*  888.2246** 1.0170 130.4127** 0.5290%* 1.0928**
b2 7 88.8002** 120.8664** 4.8593%* 132.1518%* 0.3838** 0.7484**
b3 20 99.0945%* 44.9793%* 16.2983** 114.8388** 1.5846** 0.9429%*
a*b 14 7.8437 7.6565 1.2399 35.7678 7.7113 0.2688
b*b 56 10.5304 11.5406 0.7449 37.8214 0.1216 0.2444
bl*b 2 1.9665 5.0265 1.1700 8.6760 0.1750 0.1419
b2*b 14 13.3720 7.9977 0.7290 15.8669 0.1282 9.9581
b3*b 40 9.9640 13.1063 0.7321 46.9627 0.1167 0.3003
Error (Bt) 70 6.113532 6.131071 0.522341 1.67829 0.065915 0.13312
r (p-, wr + vr) 0.86574** 0.91638** -0.06207 0.89749** 0.5754 0.45497
Wr + Vr * ok o ns oK ns
Wr - Vr Ns ns wox ns ns ns
b from unity Ns ok ns ns ns ns

b form 0.0 * o ns ns * ns

*, ™ Significant at 0.05 and 0.01 levels of probability; respectively, b from unity and from zero is the significant deviation from unity and
zero; respectively, r (p-, wr + vr) is the correlation between the performance of the parents and Wr + Vr, ns = not significant.

regression line were consistent to large extent,
and G. 45, G. 87, G. 92 have most dominant
genes and located near the origin, while G. 90 x
Aus, G. 80 and G. 92 were located in the upper
most of the regression line and have most of
recessive genes. The correlation between Wr +
Vr and mean performance of the parents was
positive and significant (Table 4), indicating

that the recessive genes controlling lint yield/
plant in this set of diallel were increasers. The
graphic presentation of lint % (Fig. 3 and 4)
under normal planting condition showed that
the regression coefficient was negative and
was not significant from both of unity and zero,
which indicates the presence of non—allelic
interaction (Table 4). The mean squares of
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TABLE 5. Mean squares of the diallel analysis for earliness index and days to first flower at normal

(D1) and late (D2) sowing dates.

Item Df E1% DEFF

D1 D2 D1 D2
Blocks (b) 2 31.66676 4.548879 1.861111 0.009259
Entries 35 114.9802** 112.3013** 13.54286%* 10.79656**
a 7 628.500%** 350.625%* 62.7142%%* 62.7142%*
b 28 50.7678** 119.7232%* 8.5937** 8.5937%*
bl 1 113.5531* 130.4127* 6.4352 6.4352%
b2 7 42.0558 132.1518%%* 12.7321%%* 12.7321%%*
b3 20 50.6778** 114.8388** 7.2532%* 7.2532%*
a*b 14 24.7098 35.7678 4.6875 4.6875
b*b 56 43.0368 37.8214 3.5792 3.5792
b1*b 2 1.0010 8.6760 4.7165 4.7165
b2*b 14 11.1121 15.8669 2.6657 2.6657
b3*b 40 56.6778 46.9627 3.8421 3.8421
Error (Bt) 70 20.46685 19.90639 2.156349 1.504497
r (p-, wr + vr) 0.94684 0.89749 -0.3149 -0.35628
Wr + Vr ok ns Hk ok
Wr - Vr ns ns ns ns
b from unity * ns ns ns
b form 0.0 K ns Hok ok

“, " Significant at 0.05 and 0.01 levels of probability; respectively, b from unity and from zero is the significant deviation from unity and
zero; respectively, r (p, wr + vr) is the correlation between the performance of the parents and Wr + Vr, ns = not significant.

Wr - Vr was significant (p < 0.01) confirming
epistatic effects of genes controlling lint %
under normal planting. The regression line
under late planting (Fig. 4) intercepted the
Wr axe under the original point (-9.9193)
indicating over-dominance. The regression
coefficient did not differ from unity and zero
indicating the presence of epistatic effects of
genes controlling lint % under late planting.
G. 86 and G. 92 were located far from the
regression line out of the limiting parabola, and
are the cause of epistatic effect of genes. G. 87
and G. 80 have the most dominant genes, while
G. 90 x Aus, G. 90 and G. 95 have the most
recessive genes. The correlation between the
parental performance and Wr + Vr was positive
and significant indicating that the recessive
genes are increasers.

The graphical analysis of lint index (Fig. 5
and 6) under normal planting shows that, the
regression coefficient (0.8636) did not differ
from unity and differ significantly from zero
indicating no epistatic effects of genes. This is
confirmed by insignificant mean squares of Wr
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— Vr (Table 4). The intercept of the regression
line was very small and positive (0.0134)
indicating complete dominance. G. 80, G.
90, G. 92 and G. 45 are located far from the
origin and carry the most recessive genes. The
correlation of the parental performance and Wr
+ Vr was positive (0.5754) but not significant
indicating bidirectional dominance.

Under late planting (Fig. 6) the regression
coefficient was negative and did not
significantly differ from =zero and unity,
indicating the presence of epistatic effects of
genes controlling lint index under late planting.
G. 86, G. 45 and G. 92 were located below the
regression line out of the limiting parabola and
could be the cause of epistatic effects of genes.

The analysis of Wr/Vr for earliness index
is shown in Fig. 7 and 8. Under normal
planting the regression coefficient of Wr/Vr
was significant (Table 5) from zero and unity
indicating the presence of epistatic effects of
genes in the inheritance of earliness index. The
intercept of the regression line was positive,
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indicating partial dominance. The parental
lines; G. 92, G. 90, G. 90 x Aus and G. 87 were
located near the origin and carry most of the
dominant genes, while G. 45 located far from
the origin and carried most of recessive genes.

The correlation between the parental
performance and Wr + Vr (Table 5) was positive
and significant (p < 0.01) indicating that the
recessive genes were increasers. Under late
planting the regression coefficient of Wr/Vr
was not significant form zero and form unity
indicating epistatic effects of genes, and the
regression line showed negative intercept the Wr
axe (-9.9247) indicating over—dominance. The
parental lines G. 92 and G. 86 were located under
the regression line out of the limiting parabola
and they were the cause of over—dominance.
The distribution of the parental lines around
the regression line were not consistent under
the two planting conditions. Furthermore, the
correlation between the parental performance
and “Wr + Vr” was positive and significant
indicating that the recessive genes were
increases in the inheritance of earliness index.

The graphical presentation of Wr/Vr of
days to first flowers is shown in Fig. 9 and 10.
Under normal and late planting conditions the
regression coefficient of Wr/Vr was significant
(p < 0.01) from zero, but not from unity
indicating absence of epistatic gene effects
in the inheritance of days to first flowers.
The insignificant mean squares of “Wr — Vr”
(Table 5) confirmed this conclusion. The
regression line intercepted the Wr axe near the
origin showing near complete dominance. The
correlation of the parental performance with Wr
+ Vr was negative but not significant indicating
ambidirectional dominance.
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Fig. 1-10. Vr/Wr graph for all traits studied under normal (D1) and late (D2) sowing dates.

It could be concluded that the epistatic gene
effects were involved in the inheritance of lint
% and earliness index under the two planting
conditions, and in the inheritance of lint yield/
plant and lint index under late planting. The
distribution of the parental lines around the
regression line, were not consistent from normal
to late planting for all traits except lint yield/
plant. The recessive genes were decreasers in
the inheritance of lint yield/plant and earliness
index under both planting conditions and for
lint % under late planting. The ambidirectional
dominance of genes were found for lint index
and days to first flower under both conditions,
and for lint % wunder normal conditions.
Nadeem & Azhar (2004) indicated absence of
epistasis in the inheritance of lint percentage.
Mohamed et al. (2009) found non-allelic
interaction in the inheritance of lint yield/plant
and lint percentage under stress environmental
conditions.

Genetic parameters
The genetic parameters under normal and late
planting conditions are shown in Tables 6 and
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7. The additive parameter “D” was significant
from zero for lint yield/plant under both planting
conditions. Likewise, the two dominance
parameters “H1”” and “H2” were significant. These
results indicate that both additive and dominance
effects of genes involved in the inheritance of lint
yield/plant. Furthermore, the “H1” was larger than
“D” under late planting indicating the importance
of dominance under the stress of late planting. The
parameter “H2” was less than “H1” indicating that
the positive and negative alleles at the loci of this
trait were not equal in proportion in the parents.
Theoretically, H2 should be equal to or less than
H1 (Hayman, 1954). These results are confirmed
by the significant of “b2” in the diallel analysis
of variance. The “F” parameter of lint yield/plant
was positive and significant (p < 0.01) indicating
that the dominance alleles were more than the
recessive