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Abstract

Cotton is an often-pollinated crop and can be manipulated by exploiting heterosis achieved from different crosses among
cotton genotypes for boosting lint yield and quality traits. The development of a new short-duration varieties having high yield
and superior fiber quality are direly needed for sustainable supplies of lint to local textile industry. For this purpose, 12 parents
and their half-diallel hybrids were sown at Hama Center for Scientific Agricultural Research, Syria during the summer of 2019
and 2020 to study the heterotic effects for the traits (earliness, yield, and fiber quality). The analysis of variance (mean squares)
showed highly significant differences of the genetic variability among genotypes for all characteristics under investigation.
Likewise, estimation of relative heterosis (MP), heterobeltiosis (HP), and standard heterosis (SC) showed significant superiority
of some hybrids for all characteristics. The highest number of hybrids with significant heterosis was observed for earliness index
(E %) and fiber elongation (FE), while the lowest was observed for fiber fineness (FF). Hybrids, Fantum x Coker 139, NIAB 414
x Deir ELzour 22, Coker 139 x NIAB 414, and Coker 139 x Raqqa 5 exhibited desirable heterosis for most of the traits under
study. Thus, these cross combinations may become potent candidates for future hybridization programs in order to exploit
heterosis for boosting the seed cotton yield (SCY), earliness and fiber quality traits by developing new varieties.
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Introduction

Cotton (Gossypium hirsutum L.) is a strategic crop
which contributes significantly in the economy of many
countries in the world (Alharbi et al., 2023; Su et al., 2023,
Wang et al., 2023; Zhang et al., 2023). It is one of the most
vital industrial crops due to its multiple-uses, especially in
textile industry and cotton seed utilization for oil extraction
(Khalid et al., 2021; Dirbas et al., 2023; Kumar et al., 2023).
In Syria, the cotton yield has not been increased
significantly, which has led to a decline in cultivated area
owing to lesser profits, and ultimately foreign exchange
earnings have been reduced to a great extent (Al-
Mohammad & Naser, 2015). Cotton productivity has
declined significantly in recent years primarily owing to the
loss of the strategic stock of primary seeds. For this reason,
it has become necessary to develop cotton genotypes with
high lint potential and excellent fiber qualities to meet the
quality needs of textile industry. Therefore, selection of the
genetic resources by using the half diallel mating and
exploiting the phenomenon of hybrid vigor, for developing
new genotypes having higher yield and quality hold bright
perspectives. Several studies have reported the significant
effectiveness of exploiting genetic variation and heterosis for
promoting earliness, yield components, and fiber quality
traits of cotton (Karademir & Gencer, 2010; Ashokkumar et
al., 2013; Dirbas, 2020; El Sabagh ef al., 2021).

The phenomenon of heterosis is a multigenic and
complicated trait inferred from several phenotypic features
of crops including cotton. It has been pursued to identify
the elevated performance of offspring than their
progenitors leading toa significant boost in the production
of food crops. Interestingly, it assisted during the green
revolution and played a central role in hybrid seed
production of cereal crops, oil seed crops, and vegetables.
It has been established that in heterosis, more diverse
parents tend to impart higher vigor in offspring that can be
used to identify the hybrid vigor among the genotypes of
different crops (Birchler et al., 2010). Using this technique,
hybrid vigor has been achieved in commercial cops like
maize (Wang et al., 2023), tomato (Torgeman & Zami,
2023), basil Basil (Lal et al., 2023), cabbage (Li et al.,
2023), wheat (Gogna et al., 2023), rice (Sun et al., 2023;
Abd-El-Aty et al., 2023). Cotton is a sexually propagated
crop and possesses diverse germplasm which indicates that
heterosis may be manipulated by crossing among different
cultivars and identification of general combining ability
(GCA)/specific combining ability (SCA) to produce
superior combination in next generations. Moreover, most
of the breeding efforts were intraspecific, and limited
information is available on interspecific crosses (Shang et
al., 2016; Li et al., 2023). Unfortunately, interspecific
hybrids in cotton are facing the limitations of genetic
incompatibility, high vegetative biomass, and inferior lint



percentage (Basbag and Gencer, 2007). So, most of the
breeding efforts in cotton are formed based on the
intraspecific crosses, and the identification of inbred lines
exhibit superior characteristics in their offspring
populations (Swarkar ef al., 2015; Yehia & Abdelbary,
2023). A big breakthrough in hybrid seed production has
been previously obtained when male sterility resulted from
a duplicate mutation in GHCYP450 making it possible for
large-scale production of hybrid seed (Li ef al., 2023; Mao
et al., 2023). It has been evaluated F1, F2, BC1, and BC2
of MNH886 X FH114 and MNH-988 X FH-Kehkshan for
drought tolerance using K-means cluster analysis and
biplot analysis (Imtiaz et al., 2023).

Keeping the above in view, it was hypothesized that
the exploitation of heterosis in cotton might be used to
improve lint yield and quality. In addition, looking into the
scope of heterosis in cotton improvement, the objective of
the current study was to determine the heterosis over the
mid-parent, superior parent, and the check (Aleppo 124)
for earliness, yield, and fiber quality to identify the
heterotic potential for developing hybrids of cotton with
improved fiber quality traits.

Material and Methods

The trial was perfromed at the Hama Center for
Scientific Agricultural Research, Syria during the summer
seasons of 2019 and 2020. The geographical coordinates of
the experiment site are 35° 8' 27.1968" N 36° 45' 18.7164"
E, while its altitude is 287 m). In the first season of 2019,
12 parents of cotton including Fantom, Millenium, Lider,
Cherpan 432, Coker 139, Aleppo 90, Aleppo 124, Raqqa 5,
Aleppo 118, NIAB Kiran, NIAB 414 and Deir ELzour 22,
were planted and crossed using the half-diallel method to
obtain 65 hybrids.

These parents and their hybrids were tested in a regular
arrangement of Randomized Complete Block Design
(RCBD) with three replications. There were three rows for
each genotype having PxP and RxR spacing of 25 cm and
75 cm, respectively. The agronomic practices were done
uniformly for all experimental units according to
recommendations of the National Cotton Conference,
(2019). Ten plants were randomly selected from each
replication for data recording of response variables such as
plant height (PH, cm), earliness index (E%), monopodial
branches plant-1(MB), sympodial branches plant(SB),
bolls number plant'(BN), boll weight (BW, g), seed cotton
yield plant-1 (SCY, g) and lint percentage (LP%). Lint
samples were analyzed at the Fiber Testing Laboratory of
the Department of Plant Breeding at the Cotton Research
Administration at 21°C + 1°C temperature and 65% + 2%
relative humidity. Fiber length at 2.5% (FL, mm) was
estimated as the space in mm spanned by 2.5% of the fibers
as recorded on a digital fibro graph. Fiber strength (FS)
along with fiber elongation (FE) were measured with the
help of stelometer (g tex™!). Additionally, to express fiber
fineness (FF), the Micronaire reading was used.

The recorded data were subjected to statistical
analyses by performing one-way analysis of variance
(ANOVA) technique by the Gene State 12 program.
Heterosis over mid-parent (relative heterosis), better parent
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(heterobeltiosis), and standard check (standard heterosis)
were estimated as per the formula given by Mather and
Jinks (1971). Moreover, significance of heterosis was also
determined using (SE) method (Steel & Torrie, 1980).

Results and Discussion

Recently, cotton breeding has been credited for
improved production of high-yielding hybrids via the
exploitation of heterosis. Previously, the use of heterosis has
been well documented in numerous commercial crops like
rice, rape, sorghum etc. leading to large-scale hybrid seed
production and adoption (Chen ef al., 2018; Zhang et al.,
2023). Interestingly, interspecific and intraspecific crosses
have been worked out to identify and exploit optimum
genome combinations for boosting fiber production,
accelerating reproductive growth through synthesis of
photosynthates (Gupta & Singh, 1987). In conventional
breeding, the desired traits have been identified by gleaning
genotypes exhibiting heterosis. Upon recognition of
heterotic loci, genotypes are scrutinized for agronomic
performance (Sarfraz et al., 2021). The ANOVA (mean
squares) showed highly significant differences (p<0.01) for
all the studied characteristics (Table 1) that indicated the
presence of significant variability among the genotypes. The
genetic variance was expressed as decreasing or increasing
the value of the trait i.e., the phenomenon of heterosis.

Table 1. Analysis of variance (ANOVA) for response
variables in cotton hybrids (Gossypium hirsutum L.)

S"“.“e of Replications | Genotypes Error
variance
df 2 76 152
PH 61.46 216.71** 34.81
E% 380.62 326.1%* 66.23
MB 0.0115 0.6527** 0.3572
SB 3.139 2.734%* 1.1
B.N 12.14 145.43** 37.92
BW 3.402 1.349%** 0.604
SCY 1397 5566** 1381
LP% 1.391 5.016%* 1.72
FL 822 2543%* 1187
FS 2.9409 3.2823%** 0.7278
FE 0.468 3.101** 0.442
FF 0.803 0.2728** 0.1216

*, and ** represent significant at the p<0.05 and p<0.01
probability levels, respectively

The relative heterosis (MP), heterobeltiosis (HP), and
standard heterosis (SC) were estimated for 12 characteristics
(Tables 2, 3, 4, and 5). The results showed heterosis was
observed for all the studied traits, and their values varied
according to the trait. The MP, HP, and SC for the plant
height ranged from -26.14 (Aleppo 118 x NIAB 414) to
35.43 (Millinium x Raqqa 5), -26.66 (Aleppo 118 x NIAB
414) to 29.30 (Coker139 x NIAB 414), and -38.87 (Aleppo
118 x NIAB 414) to 6.91 (Coker139 x NIAB 414),
respectively. From 65 cross combinations, 18 and 9 crosses
recorded positive and significant or highly significant
(desirable) heterosis and heteroclites, respectively whereas
no cross showed positive and significant SC for the
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investigated trait under study (Table 2). These results are as
per the findings of Jayshankar (2017) and Al jouma and
Dirbas (2020). For the earliness index, MP, HP, and SC
ranged from -33.54 (Coker139 X Aleppo 90) to 58.87
(Millinium x Lider), -43.69 (Millinium X Aleppo 118) to
35.82 (Millinium x Lider), and 11.11 (Millinium x Aleppo
118) to 168.01 (Millinium x Lider), respectively. Among
hybrids, a total of 22, 4, and 60 hybrids displayed positive
and significant or highly significant (desirable) MP, HP, and
SC, respectively (Table 2). Ozkan and Copur (2022) found
heterosis for the earliness index. The MP, HP and SC for the
number of MB plant-1 ranged from -50.68 (NIAB 414 x
Deir ELzour 22) to 105.69 (Millinium x Aleppo 90 and
Coker139 x Aleppo 90), -45.44 (NIAB 414 x Deir ELzour
22) to 150.04 (Fantum x Lider), and -60.88 (NIAB 414 x
Deir ELzour 22) to 30.4 (Coker139 x Lider), respectively.
Out of 65 cross combinations, a total of two, one, and six
crosses recorded negative and significant or highly
significant (desirable) MP, HP, and SC, respectively (Table
2). These results are in concurrence with previously reported
findings of Khokhar et al., (2018) and Dirbas (2020).

For the number of SB plant™!, MP, HP, and SC ranged
from -30.31 (Aleppo 118 x NIAB 414) to 25.12 (Lider x
NIAB Kiran), -37.2 (Aleppo 118 x NIAB 414) to 23.51
(Lider x NIAB Kiran), and -29.84 (Lider x NIAB 414) to
8.65 (Coker139 x NIAB 414), respectively. Seven and
three crosses recorded positive and significant or highly
significant (desirable) MP and HP out of 65 cross
combinations, respectively (Table 3). Previous studies have
found positive and significant heterosis for the number of
SB plant™! (Madhuri et al., 2015; Arbad et al., 2017), which
are as per the results recorded in our study.

The MP, HP, and SC for boll number ranged from -
48.9 (Aleppo 124 x Deir ELzour 22) to 179.78 (Cherpan
432 x Aleppo 90), -56.2 (Cherpan 432 x Aleppo 90) to
100.05 (Cherpan 432 x Aleppo 90), and -60 (NIAB 414 x
Deir ELzour 22) to 22.54 (Aleppo 90 x Deir ELzour 22),
respectively. The results revealed that a total of 11 and 4
hybrids displayed positive and highly significant
(desirable) MP and HP, respectively whereas no hybrid
exhibited positive and significant SC for the investigated
trait under study (Table 3). Similar findings were reported
by Chavikant et al., (2017) and Surya Naik ef al., (2021).

For the boll weight, MP, HP, and SC ranged from -
32.73 (Aleppo 124 x Deir ELzour 22) to 30.12 (Fantum x
NIAB Kiran), -38.56 (Aleppo 124 x Deir ELzour 22) to
23.04 (Fantum x NIAB Kiran), and -38.56 (Aleppo 124 x
Deir ELzour 22) to 8.78 (Cherpan 432 X Raqqa 5),
respectively. A total of 13 and two hybrids displayed highly
significant (desirable) MP and HP, whereas no hybrid
showed positive and significant SC (Table 3). These
findings corroborate those reported by Reecha et al.,
(2016) and Solongi et al., (2019) who inferred that
heterosis existed among genotypes and F1 hybrids in terms
of BW and other yield attributes. The MP, HP, and SC for
the SCY (g plant-1) ranged from -62.76 (Aleppo 124 x Deir
ELzour 22) to 136.22 (Raqqa 5x NIAB 414), -72.02
(Aleppo 124 x Deir ELzour 22) to 132.61 (Raqqa 5 x
NIAB 414), and -72.13 (NIAB Kiran x Deir ELzour 22) to
-7.84 (Cokerl39 x Raqqa 5), respectively. Out of 65
crosses, 11 and five crosses recorded positive and
significant or highly significant (desirable) MP and HP,

respectively, whereas none of the crosses was found to be
significant over the standard check for the investigated trait
under study (Table 4). Similar findings were reported by
Sawarkar et al., (2015) and Giri et al., (2021).

Therefore, F1 transgressive and heterotic hybrids can be
exploited to create genetic variability followed by the
selection of high-yielding genotypes in cotton. Additionally, it
assisted to develop genotypes with superior and improved
characteristics through segregating filial generations to bring
forth seed cotton yield; however, the degree of heterosis is a
key factor for its utilization (Abro et al., 2014). For the lint
percentage, the MP, HP, and SC ranged from -9.29 (Raqqga 5
x NIAB 414) to 9.71 (Fantum x Lider), -10.27 (Cherpan 432
x Deir ELzour 22) to 8.45 (Fantum x Cherpan 432), and -
10.13 (Raqqa 5 x NIAB 414) to 6.67 (Millinium x Aleppo
118), respectively. Overall, nine, four, and three crosses were
either significant or highly significant (desirable) MP, HP, and
SC, respectively for the investigated trait under study out of
65 cross combinations (Table 4). The results are in agreement
with the findings of Srinivas & Bhadru (2015) and Taha et al.
(2018) who found positive and significant heterosis for the LP.
The MP, HP and SC for the FL (mm) ranged from -7.52
(Aleppo 118 x Deir ELzour 22) to 7.59 (Fantum x Coker 139),
-9.28 (Aleppo 118 x Deir ELzour 22) to 6.31 (Aleppo 90 X
Raqqa 5), and -3.95 (Aleppo 118 x Deir ELzour 22) to 8.16
(Fantum x Coker 139), respectively. Likewise, from 65 cross
combinations, overall 8, 5, and 13 crosses were negative,
significant and highly significant (desirable) in this trait for the
MP, HP, and SC, respectively (Table 4). These results are as
per the findings of Gnanasekaran et al., (2021) who opined
that MP, HP, and SC were observed for the FL. For the FS (g
tex-1), the MP, HP, and SC ranged from -12.22 (Lider x
Aleppo 118) to 10.39 (Aleppo 124 x Raqqa 5), -13.95 (Lider
x Aleppo 118) to 8.53 (Aleppo 124 x Raqqa 5), and -10.33
(Coker 139 x Aleppo 124) to 12 (Aleppo 124 x Raqqa 5),
respectively. Among the studied hybrids, overall four, three,
and seven hybrids remained significant or highly significant
(desirable) MP, HP, and SC, respectively for the investigated
trait under study (Table 5). These results are supported by a
previous study Monicashree et al., (2017) whereby significant
heterosis existed among genotypes for the FS of cotton.

The MP, HP, and SC for the FE (g tex-1) ranged from
-33.85 (Cherpan 432 x Aleppo 90) to 40.94 (NIAB 414 x
Deir ELzour 22), -38.78 (Millinium x Aleppo 90) to 35.19
(NIAB 414 x Deir ELzour 22), and -24.64 (Coker139 x
Aleppo 124) to 52.17 (NIAB 414 x Deir ELzour 22),
respectively. Out of 65 cross combinations, 18, 9, and 34
crosses were recorded to be positive and highly significant
(desirable) MP, HP, and SC for the FE, respectively (Table
5). These findings are in agreement with those of
Karademir ef al., (2011) and Ashokkumar et al., (2013),
who inferred that there existed a positive and significant
heterosis for the FE among different genotypes.

For the fiber fineness, the MP, HP, and SC ranged from
-17.09 (NIAB 414 x Deir ELzour 22) to 26.19 (Fantum X
Aleppo 90), -15.87 (NIAB 414 x Deir ELzour 22) to 32.05
(Fantum x Aleppo 90), and -16.17 (NIAB 414 x Deir
ELzour 22) to 16.92 (Fantum x Aleppo 90), respectively.
Among the studied hybrids, a total of four, two, and one
hybrids exhibited negative, significant and highly significant
(desirable) for the MP, HP, and SC, respectively (Table 5).
These results endorse the observations of Lingaraja et al.,
(2017) and Al-Hibbiny et al., (2020).
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Table 2. Estimates relative heterosis (MP), heterobeltiosis (BP), and standard heterosis (SC) for response variables in cotton hybrids.

Character PH E% MB

MP | BP | SC MP | BP | SC MP BP | SC
Fantum x Millinium 471 -6.05 -13.48" 826  -9.50 83.53™ 66.67° 87.55°  -2.19
Fantum x Lider -1.99 2798 -1525" 1635 -1.65  99.46™  66.65 150.04™  30.40
Fantum x Cherpan 432 295 -629  -13.70%  1.59 9.67 8320 4037  66.69°  -13.07
Fantum x Coker 139 12 =617 -13.59 19.13°  16.68  136.65  70.40°  91.75°  0.00
Fantum x Aleppo 90 353 2750 -14.817 476 0.50  121.89" 29.07 3336 -34.78
Fantum x Aleppo 124 -11.08%  -14.59™ -14.59" 2029  -1020 82.13"  2.85 50.04  -21.75
Fantum x Raqqa 5 276 -16.81" -2339™ 2297° 1178 126717 1933 4171  -26.10
Fantum x Aleppo 118 473 024 813" 940  -1257 7731 2752 8335  -438
Fantum x NIAB Kiran 1720 15487 2216 17.22° 670 11640 1940 5424 -19.56
Fantum x NIAB 414 121 423 -11.81"  17.10" 1251 128.18" 75.49" 108.40™  8.69
Fantum x Deir ELzour 22 4.05 3.62 -1124° <1182 -1531  86.55™  46.89" 95877 2.5
Millinium x Lider 8.02 2.89 -16.82" 5887 35.82™ 168.01™ 33.32° 7331  13.03
Millinium x Cherpan 432 6.80 -1.04  -15.14" 1933 739 111917 2697 3329  -13.07
Millinium x Coker 139 6.75 0.61  -16.82"" -1935" -19.93* 5800  59.99°  59.99" 434
Millinium x Aleppo 90 0.43 -6.32 -20.83" 949  -1429  89.22" 105.69" 140.00™  17.37
Millinium x Aleppo 124 7.14 724 2724 2332 -7.09 8333 2,63 2334 -19.56
Millinium x Raqqa 5 3543 2832 612  -2.57  -1033 7694 3331 39.95 872
Millinium x Aleppo 118 25.65"  17.96™  -1.67 3027 -43.69" 1111 -1.32 2334 -19.56
Millinium x NIAB Kiran 9.10  -11.15" -31.93" 283  -1045 7671 2350 3995  -8.72
Millinium x NIAB 414 17.85" 1138  -847° -31.23" -33.04™ 32.13 3331 39.95  -8.72
Millinium x Deir ELzour 22 13.80°  9.93  -13.70" -17.12° -21.44" 73.06" 4286  66.65°  8.69
Lider x Cherpan 432 625  -893 -2191™ 225 776 45.62°  13.60  39.44°  0.00
Lider x Coker 139 -3.03 411 2072 3353 4283 11.18 -2.58 2663  -17.41
Lider x Aleppo 90 -4.11 -6.19 2072 -20.74 -3523  43.01 2.12 60.00  -21.75
Lider x Aleppo 124 -13.55%  -21.83" -21.83"  19.09 205 4294 -19.17  -1741  -1741
Lider x Raqqa 5 12.18° 151  -17.93" 1149 280 7055 6.18 3033 -6.53
Lider x Aleppo 118 3.76 220  -1481™ 2785 1931  67.10™ -16.12  -1332  -15.22
Lider x NIAB Kiran 0.43 221 -2094" 215 990  49.93° 2093 3685  13.03
Lider x NIAB 414 21257 -13.28° 2873 -20.86°  -30.78"  29.38 -1.24 2122 -13.07
Lider x Deir ELzour 22 -8.31 9.64 2695 -13.83 -29.52" 5525°  -6.81 252 -10.88
Cherpan 432 x Coker 139 3.87 559 -19.04™  -6.08  -1492 6546 7143 7996 1737
Cherpan 432 x Aleppo 90 792 858 21617 -1239 2487 65.86™  73.01™ 11336  4.34
Cherpan 432 x Aleppo 124 1.51 5720 5720 2459 176 60.64  -8.86 9.11 21.75
Cherpan 432 x Raqqa 5 8.11 -4.68  -1826™  4.07 1.55 6847 4850  4850°  6.49
Cherpan 432 x Aleppo 118 1.68 026  -14.03" 15.59 223 6138 7.69 2728  -8.72
Cherpan 432 x NIAB Kiran 467  -9.75° 22,61 3562  32.14° 119.88" 38.03"  48.50°  6.49
Cherpan 432 x NIAB 414 0.47 21,62 -15.64™  -19.22°  -25.50°  39.26°  39.44"  39.44°  0.00
Cherpan 432 x Deir ELzour 22 3.73 -0.65 -14.81" 10.89  -482 109.67° 2330 3639  -2.19
Coker139 x Aleppo 90 8.89" 7.71 -8.97°  -33.54™ -37.50%  37.99°  105.69 140.00™  17.37
Coker139 x Aleppo 124 6.79 246 246 51.22% 1449 12266  -5.28 1998  -21.75
Coker139 x Raqqa 5 2432 1138 -7.91 9.08  -1576  63.82 3331 3995  -8.72
Coker139 x Aleppo 118 9.59* 7.65  -9.02° 34457 917 11232 2532 56.63° 215
Coker139 x NIAB Kiran 5.70 1.82  -15.81" -27.76" -3297" 3035  47.06"° 66.65°  8.69
Coker139 x NIAB 414 2069 2930 691 3240 29.82" 15248 2697 3329  -13.07
Coker139 x Deir ELzour 22 13.30° 1044  -8.69° 591  -1143 9511  -0.03 1662  -23.94
Aleppo 90 x Aleppo 124 -13.33% 22004 -20.04 4176 299 12738 40.15° 11336 434
Aleppo 90 x Raqqa 5 11.96°  -0.65 -16.04" 21.46° 637 13484 2254 5112  -26.10
Aleppo 90 x Aleppo 118 435 =500 -19.717  23.62°  -421  111.48" 4224 11336  4.34
Aleppo 90 x NIAB Kiran 1266 739 924" -0.01  -1232  93.57" 2234 6448  -19.56
Aleppo 90 x NIAB 414 9.82° 830  -847° 2338° 1392 15151 4058  7336°  -15.22
Aleppo 90 x Deir ELzour 22 10.84° 690  -9.65° -1134 -11.44 9552  11.98 5552 -23.94
Aleppo 124 x Raqqa 5 22,02 -18.93" -18.93" 53.66 23.14" 10428 4049°  68.19°  20.62
Aleppo 124 x NIAB Kiran -11.85%  -22.16™ -22.16™ 2899 326  71.82" -42.88° -36.85 -47.85"
Aleppo 124 x NIAB 414 -13.82"  -21.50" -21.50 3638  4.67  95.65"  -12.65 458  -25.00
Aleppo 124 x Deir ELzour 22 -15.78%  -24.83" 2483 1521  -1624 84.50™  -6.99 0.00  -13.07
Raqga 5% Aleppo 118 1896 620  -11.48" 4251™ 2338  104.69™  -2.56 1517 -17.41
Raqqa 5 x NIAB Kiran 5.02 2.62 2540 049  -0.64 6533  -1831  -12.11 -36.97
Raqqa 5% NIAB 414 6.94 393 -21.05 933 3.19 9287  63.67"  63.67° 1737
Raqqa 5% Deir ELzour 22 21937 22606 -41.95  -11.01  -22.00° 71.82"  -20.54  -12.11  -36.97"
Aleppo 118 x NIAB Kiran 5.26 1.00  -15.81" 32,08 1420  90.03*  1.19 1052 -8.72
Aleppo 118 x NIAB 414 2614 -26.66™ -38.87" -10.13 2589 3852 3076  54.56"°  10.84
Aleppo 118 x Deir ELzour 22 -8.98°  -11.63" -2634™ 19.85°  -7.06 104.72" -1529 999  -21.75
NIAB Kiran x NIAB 414 14.02*  10.16"  -9.47°  -838  -1341 61.85 3524 4550 434
NIAB Kiran x Deir ELzour 22 2513 23.62™  -2.96 074  -11.58 9478 2306 -21.03 -34.78"
NIAB 414 x Deir ELzour 22 20.79*  18.09™ 296  -20.93" -26.92" 6098  -50.68" -45.44" -60.88"
SE 417 | 48 | 482 | 5754 | 6644 | 6644 | 042 | 048 | 048

*, and ** represent significant at the p<0.05 and p<0.01 probability levels, respectively
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Table 3. Estimation of relative heterosis (MP), heterobeltiosis (BP) and standard heterosis (SC) for studied traits in cotton hybrids.

Character' SB BN BW

MP | BP | SC MP | BP | SC MP | BP | SC
Fantum x Millinium -0.25 2.68  -1211  -1080 -24.61 -39.69™ -4.48 452 2276
Fantum x Lider 7.67 -1.01 -1497°  34.63°  3275° 6.20 482  -10.74 -17.61
Fantum x Cherpan 432 2730 -1244  -1540° 2047 6.36 -1491  -16.60" -23.19° -2627"
Fantum x Coker 139 17.86"  1631°  -0.09 -4.97 -8.93  -27.14"  -4.38 972 -17.86"
Fantum x Aleppo 90 942 -12.56  -1929" 4627 =279 2223 1742 1478  -2.86
Fantum x Aleppo 124 -0.70  -7.70 2770 -19.59  -27.63°  -27.63° <755 -16.42°  -16.42°
Fantum x Raqqa 5 -1320° -1621°  -22.66™ 698  -1148  -21.60  -4.50 832 -19.46™
Fantum x Aleppo 118 212,54 -23.96™  -11.59  -15.15 2632 2000  -0.17 -8.44  -1131
Fantum x NIAB Kiran -1.41 -826  -21.19™  -3522°  -3626° -4731%* 30.12"  23.04°  -0.56
Fantum x NIAB 414 -130 519 -1159 424 2343 3874 2331% 1550  -6.65
Fantum x Deir ELzour 22 240 2326 -1540°  16.57 1032 -11.74 1199  10.75  -8.46
Millinium x Lider 1007  -1.05  -10.64 -1931  -31.01° -46.34" 1932° 1195 3.33
Millinium x Cherpan 432 -13.65°  -1647° -1929"™ -11.16  -15.53 -4826" -0.83 -8.63  -12.29
Millinium x Coker 139 -l.64 =527 -1445° 591 2717 -3191F 2261F 1582 5.37
Millinium x Aleppo 90 -15.77° -16.68"  -23.10™  86.83" 3797  -23.80° 11.98 9.51 -7.33
Millinium x Aleppo 124 -6.09  -10.64 -10.64  28.03°  -0.63 -0.63 -1.50  -1091  -10.91
Millinium x Ragqa 5 -1.09 -2.16 -9.69 20.09 252 -13.66  14.17 9.64 -3.67
Millinium x Aleppo 118 -10.64*  -20.61™  -7.70 20.15 -9.37 -1.60 5.01 -3.65 -6.67
Millinium x NIAB Kiran -1.74  -10.63 <1929 -12.97 2741 -40.00™  8.18 225 -17.28"
Millinium x NIAB 414 264 417 -10.64 8034 6844  -6.97 11.21 412 1597
Millinium x Deir ELzour 22 0.54 -1.05  -10.64 9.27 312 -30.80°  6.63 549  -12.80
Lider x Cherpan 432 3.18 994  -1298°  -0.21 -10.80  -30.63" -16.48" -18.08" -21.37"
Lider x Coker 139 -1.22 -8.07  -23.10"%  -1.68 448  -2571%  1456° 1374 4.99
Lider x Aleppo 90 18.11*  5.15 -2.94 20.14  -19.58  -37.46  12.62 7.94 -0.37
Lider x Aleppo 124 387  -10.64  -10.64 1.80 -9.51 -9.51 -6.69  -1028 -10.28
Lider x Raqqa 5 1695  4.12 -3.89 16.80 9.68 -2.86 -5.83 -8.10  -15.17
Lider x Aleppo 118 -1429°  -30.58" -19.29™  -10.73  -2339*  -1683  9.93 7.34 3.98
Lider x NIAB Kiran 2512 2351 -8.65 7.64 4.46 -13.66  -6.84  -17.07° -23.45"
Lider x NIAB 414 -15.12F 2477 -29.84™  8.59 21223 -31.74°  19.61° 554 -2.58
Lider x Deir ELzour 22 -0.65 940 2076  -35.73"  -3835" -52.06"  -0.88 -6.06  -13.29
Cherpan432 x Coker 139 -0.86 2752 -10.64  13.22 3.90 2380  -4.41 -6.90  -10.63
Cherpan432 x Aleppo 90 -6.41 -850  -11.59  179.78** 100.05™  22.54 3.71 243 -6.34
Cherpan432 x Aleppo 124 -6.12 -7.70 -7.70 7.87 -13.03  -13.03 939  -1120 -11.20
Cherpan432 x Raqqa 5 284 -5.01 -8.22 423 -11.84 2191 1834" 1332 8.78
Cherpan432 x Aleppo 118 27757 23385 23.10%  -15.14  -33.63°  -27.94° -1447° -1486 -17.52
Cherpan432 x NIAB Kiran 21095 -21.40" -24.05" 498 8.6l  -2446°  6.69 -6.62  -10.37
Cherpan432 x NIAB 414 -14.99°  -1647° -1929% 1947 6.48 3477 27547 10.66 6.23
Cherpan432 x Deir ELzour 22 -10.15  -1441°  -17.30°  -336  -1024 -3589* 19.66°  11.35 6.89
Coker139 x Aleppo 90 -4.92 937  -1635" 4778 043 2634 1396 9.97 0.06
Coker139 x Aleppo 124 6.74 -1.99 -1.99 2770 2000 -20.00  0.37 -4.16 -4.16
Coker139 x Ragqa 5 3.74 -1.12 -8.74 19.99 9.68 -2.86 6.38 4.55 -4.88
Coker139 x Aleppo 118 -17.27 2887 -17.30°  -31.24°  -4239% 3746 -15.05° -17.63* -2021
Coker139 x NIAB Kiran 10.98 455  -12.54°  9.89 3.70 -14.29 1.63 896 -17.17°
Coker139 x NIAB 414 22.84™ 1651 8.65 7.33 -1126  -3491F  6.46 547 -13.99
Coker139 x Deir ELzour 22 1456  12.07  -1.99  -11.86  -13.01 -3620" -5.57 989  -18.02°
Aleppo 90 x Aleppo 124 -10.03  -13.49°  -1349° 1958  -2446° 2446  9.71 1.28 1.28
Aleppo 90 x Ragqa 5 1.03 1.03 -6.75 17.70  -23.65 -32.37° 243 423 -15.86"
Aleppo 90 x Aleppo 118 -13.81% 2269 41012 1622 -27.79° 2160  -1.99 -8.19  -11.06
Aleppo 90 x NIAB Kiran 4.06 628  -1349° 191 -32.80°  -44.46"  20.17° 1123 -5.87
Aleppo 90 x NIAB 414 -4.71 5519 -11.59  75.62°  36.05  -34.77° 2851 1786  -0.26
Aleppo 90 x Deir ELzour 22 21068 -13.03  -19.72" 146.99 69.04™ 2074  20.15* 18.76"  0.50
Aleppo 124 x Raqqa 5 400  -7.70 770 -13.64  -1857  -1857 798  -13.57  -13.57
Aleppo 124 x NIAB Kiran 7.71 -6.31 -6.31 -1.99  -1049  -1049  -093  -1479  -14.79
Aleppo 124 x NIAB 414 20417 -23.10"  -23.10% 5129 1191 1191  -1440 -26.99* -26.99*
Aleppo 124 x Deir ELzour 22 20.81% 2578 2578 -48.90™ -56.20™ -56.20" -32.73" -38.56" -38.56"
Raqqa 5% Aleppo 118 22625 23385 -23.10™  -23.68°  -30.71°  -2477°  -17.00° -20.86" -23.33"
Raqqa 5 x NIAB Kiran 1332 2.06 5580 -43.00™  -44.90™ -5120™  16.29 5.82 -7.03
Ragqa 5% NIAB 414 2093 -21.34° 2664 5626 2042 6.66 1720 5.68 -7.15
Ragqa 5% Deir ELzour 22 21020 -12.56  -19.29"  -41.68™  -47.32* -5334™ -13.50 -16.06 -26.26""
Aleppo 118 x NIAB Kiran 223 -20017  -7.01 16.54 2.63 1143 -1061 -22.07" -2451"
Aleppo 118 x NIAB 414 S3031% 237207 22699 21.69  -1229  -4.77 =545  -18.28°  -20.84"
Aleppo 118 x Deir ELzour 22 -16.01°  26.41%  -1445° -37.56™ -4824™ -4380"  9.57 1.53 -1.64
NIAB Kiran x NIAB 414 233 -1243  -1834" 549 -16.66  -31.11° 1507 13.92  -17.94"
NIAB Kiran x Deir ELzour 22 7.18 -1.09  -13.49°  -39.44"  -4355% 5334 298 922 -24.96*
NIAB 414 x Deir ELzour 22 2.06 -1.11 779 3298 -44.00"  -60.00"  14.53 6.16  -12.25
SE 074 | 086 | 086 | 435 | 503 | 503 | 055 | 064 | 0.64

*, and ** represent significant at the p<0.05 and p<0.01 probability levels, respectively
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Table 4. Estimation of relative heterosis (MP), heterobeltiosis (BP), and standard heterosis (SC) for studied traits in cotton hybrids.

Character SCY LP FL

MP | BP [ SC MP [ BP | SC MP [ BP [ SC
Fantum x Millinium -6.29  -34.16° 54817 6.82" 433 314 474 538" -1.23
Fantum x Lider 19.02 6.24 27.07° 971 8.45™ 221 -5.78" -6.30" -3.51
Fantum x Cherpan 432 2128 2396  -47.80" 7.61™  4.50" 453 -144  -178  1.84
Fantum x Coker 139 2843 3137° -52.89"  1.65 0.00 2.59 759" 503" 8.16™
Fantum x Aleppo 90 -6.16 2036 -4533" 076 -4.71 -2.41 125 244 307
Fantum x Aleppo 124 4124 5045 5045 2175 458 458 294 145 447
Fantum x Raqqa 5 539 -2832°  -50.80™ 176 -0.35 202  -0.60 -1.36 1.8
Fantum x Aleppo 118 -41.49% 5133 49,65  7.13%  4.63" 3.43 210 264 026
Fantum x NIAB Kiran -16.53  -33.10°  -54.08"  0.85 -3.16 -0.85 034  -0.77 219
Fantum x NIAB 414 359 -27.72° -50.38" 244 -0.42 -0.60  -224 315 -0.26
Fantum x Deir ELzour 22 10.64 -4.16 23422 241 -7.07" -3.16 -1.89 -3.23 2.46
Millinium x Lider 27.68 323 -47.84"  1.90 -1.59 2.71 0.13  -1.09 325
Millinium x Cherpan 432 433 2516 -52.13" 419" 475" 473" 051 017 456"
Millinium x Coker 139 28.78 7119 4153 162 234 346 416" 101 544
Millinium x Aleppo 90 59.67" 2620 -39.58"  -6.47  -8.09™  -587° 098 -0.84 351
Millinium x Aleppo 124 022  -3596™ -3596™ 275  -331 -3.31 129 -0.84 351
Millinium x Raqqa 5 135.08"™  109.95** -25.75* -0.44  -0.70 -1.84  -043  -1.85 246
Millinium x Aleppo 118 9.58  -42.64™  -40.66™ 7.90"  7.90™ 6.67" 0.04 -1.18  3.16
Millinium x NIAB Kiran 22.86 269  -5749% 339 -505° 279 436" -6.05 -1.93
Millinium x NIAB 414 9371 75417 -39.86™ -1.69  -2.17 234 256 4120 0.09
Millinium x Deir ELzour 22 63.86 2723  -36.03" -570" -8.12" 425  -480° -547° 0.09
Lider x Cherpan 432 12.74 3.87  -33.55" 227 -1.79 -1.77 0 -3.46° 4317 -0.79
Lider x Coker 139 6.29 -1.38 -37.877 097 -1.79 433 -0.66 -2.50 -0.70
Lider x Aleppo 90 -1428  -19.07  -56.38"  2.11 -3.04 -0.70  -1.65 -2.24 044
Lider x Aleppo 124 28.68°  -45.12% 4512 5.62° 1.44 1.44 091  -1.81  0.00
Lider x Raqqa 5 38.25° 1448  -38.29"  0.43 -2.76 -4.38 186  1.64 351
Lider x Aleppo 118 -8.77  -30.62** -2822" 539 1.79 0.62 276 276 465
Lider x NIAB Kiran 12.61 045  -4634™ 435 -0.90 1.47 039  -095 088
Lider x NIAB 414 15.37 562 -49.13" 0.43 -3.46 363 <117 -1.55 026
Lider x Deir ELzour 22 -30.10°  -3245° 46359 -0.04  -5.85" -1.89 <6597 837 -2.98
Cherpan 432 x Coker 139 -6.15 -6.86 4042  -0.72  -2.01 2199 130 -3.98°  -0.44
Cherpan 432 x Aleppo 90 43.61" 2554 -19.69° 391"  -5.03" 274 -425° 567 219
Cherpan 432 x Aleppo 124 25.58"  -38.99™  -38.99" 362  -3.63 361 <034 212 149
Cherpan 432 x Raqqa 5 6.63 -1721 -47.04" <080  -1.64 -1.62 -231 -338  0.18
Cherpan 432 x Aleppo 118 26.95%  -40.89™  -38.85™  -0.99  -1.57 -1.54 175 085  4.56"
Cherpan 432 x NIAB Kiran 7.41 -11.55 4341 -7.85%  -8.92" 674" 052 -093 272
Cherpan 432 x NIAB 414 21.70 -6.54  -4021™ 513" -522° 520" 1.63 034 404
Cherpan 432 x Deir ELzour 22 0.58 21019 -42.54™ -843%  -10.27"  -6.49°  -3.98° -497° 0.61
Coker 139 x Aleppo 90 16.22 227 3557 360 -5.95° 368 6317 497" 561
Coker 139 x Aleppo 124 26.93°  -4045™  -4045 325 450" -450° 328 228 228
Coker 139 x Raqqa 5 87.39™  46.29" 784 271 316 478 387" 216  3.60
Coker 139 x Aleppo 118 4344 5450 25293 2.99 224 1.07 057 241 -0.61
Coker 139 x NIAB Kiran 6.48 21178 -44.43" 252 -4.88" 2.61 071  -0.61  0.09
Coker 139 x NIAB 414 20.49 697  -4139™  3.52 227 2.09 2.73 122 228
Coker 139 x Deir ELzour 22 -16.15 2461 -5251" 023 -3.49 0.57 3.14  -0.66 5.18
Aleppo 90 x Aleppo 124 -11.83 -34.81% 23481 250 -3.64 -1.32 240 209 272
Aleppo 90 x Raqqa 5 21.64 575  -49.377  -1.41 -3.38 -1.05 673" 631" 7.81%
Aleppo 90 x Aleppo 118 27.65%  -47.09% 4526 -558" 722 -498° 225 1.64  3.51
Aleppo 90 x NIAB Kiran 6.48 073 52477 7407 7417 518 4.23° 0 4.18° 4917
Aleppo 90 x NIAB 414 52.16° 30.57  -37.49% 588" -7.077 483" 187 1.65 272
Aleppo 90 x Deir ELzour 22 32.13" 2897  -3516  0.10 -0.76 3.41 -0.08 257 3.6
Aleppo 124 x Raqqa 5 S1547 4279 42779 265 -3.46 -3.46 200 130 272
Aleppo 124 x NIAB Kiran 21296 3847 3847 428 3.06 552" 472" 436" 5.09
Aleppo 124 x NIAB 414 042  -3258™" 3258  -0.56  -0.65 -0.65 166 113 219
Aleppo 124 x Deir ELzour 22 6276 -72.02" 72,02 3.67  -5.61° 164 516" 179 237
Raqga 5% Aleppo 118 30770 <5355 -51.95 170 -1.96 3.09 -134  -155 026
Raqqa 5 x NIAB Kiran 2.50 9.60  -62.58" 1.35 -0.66 1.72 3.82" 346 491"
Raqga 5% NIAB 414 136.22 132,61  -17.74*  -9.29* -9.97* .10.13" 321 3.03 447
Raqqa 5% Deir ELzour 22 2726 -69.89™  -68.85* -3.07  -5.80" -1.84  -2.84 489" 0.70
Aleppo 118 x NIAB Kiran 2320 -32.23" -29.90°  1.09 -0.66 1.72 091 -146 035
Aleppo 118 x NIAB 414 1536 -2321°  -20.56°  -0.66  -1.15 -1.32 2.38 198  3.86
Aleppo 118 x Deir ELzour 22 -50.82%  -63.46™  -6220"  -435*  -6.81" 289 752" 928" -3.95
NIAB Kiran x NIAB 414 85.08"  69.19%  -29.97* -9.04™ -10.18" -8.04™ -1.74 -191 -0.88
NIAB Kiran x Deir ELzour 22 -39.19° 23266 -72.13% -7.19%  -8.00™ 413 -5.90 -820" -2.81
NIAB 414 x Deir ELzour 22 3267  -4338° 7153 -120  -3.27 0.80 216 -439" 123
SE | 2628 | 3034 | 3034 | 093 | 1.07 | 1.07 [ 2436 | 28.13 | 28.13

*, and ** represent significant at the p<0.05 and p<0.01 probability levels, respectively
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Table 5. Estimation of relative heterosis (MP), heterobeltiosis (BP), and standard heterosis (SC) for studied traits in cotton hybrids.

Character FS FE ¥k
MP | BP | SC MP | BP | SC MP | BP [ SC

Fantum x Millinium 2.40 2.32 4.11 -1.79 <1666 25617 13.62°  15.98°  8.10
Fantum x Lider 3.84 532" =077 13.07° 1034 1594 400  10.80°  7.54
Fantum x Cherpan 432 0.41 -1.78 4.33 798 -17.13™  8.70 3.66 4.55 1.48
Fantum x Coker 139 3.66 3.45 553" 14.85°  10.13  26.09" 123 607 296
Fantum x Aleppo 90 357 -6.12°  0.69 0.00 9.04 16677 26197 3250 16.92"
Fantum x Aleppo 124 5.00° 4.18 5.83" 8.83 6.21 1159  -782  -643  -9.18
Fantum x Raqqa 5 2.37 1.71 4.67 320 -6.80 580  1024°  1475° 296
Fantum x Aleppo 118 405  -447 296 1498 959  27.06™ 1119 1141  71.72
Fantum x NIAB Kiran 1.66 1.38 356 -15.94" 2473 0.00 2.73 720  4.06
Fantum x NIAB 414 8377 -11.08™ =399 1587 14.94° 2077  6.45 948 627
Fantum x Deir ELzour 22 514" 2708 <159 367 -6.88 4.83 -1.31 0.00  -2.93
Millinium x Lider -2.93 -4.34 0.26 558 2147 1836 -2.54 611 -1.10
Millinium x Cherpan 432 594" 2791 219 33857 3814 677 14.55°  17.94"  9.93
Millinium x Coker 139 -0.93 -1.05 0.94  -12.57° -23.08" 1594 674  17.16° 920
Millinium x Aleppo 90 -6.44" 883" 223 3385 3878 772 16307 1958 552
Millinium x Aleppo 124 -138 223 -0.51 2135 -17.95" 2367 13.04° 17.16°  9.20
Millinium x Raqqa 5 -3.83 437 -159  27.60" -36.54"  -435  24.63" 27.05" 13.99°
Millinium x Aleppo 118 3.28 2.74 4.54 435 769 3913 997" 12.02° 441
Millinium x NIAB Kiran 406  -424 2119 -32.54" 3654 435 2.86 9.66 221
Millinium x NIAB 414 6.11" 881"  -1.54 115 -1474" 2851 630  11.64° 4.06
Millinium x Deir ELzour 22 398 587" -030  -2624™ -3558" 290  1249" 1638 847
Lider x Cherpan 432 -10.66™  -11.26™  -5.74*  -10.97" -21.55" 290 -3.01 2.41 1.10
Lider x Coker 139 -8.85™  -10.06™  -5.74"  -14.42° -19.84"  -822 3.40 418 1434
Lider x Aleppo 90 9.84"  -10.87"  -441 2740 1337 4541 734 2043 627
Lider x Aleppo 124 210177 -12.23% -8.02"  21.74™ 2174 2174 -3.60 .10 1.10
Lider x Raqqa 5 -3.71 -4.58 0.00 2625 18.73" 3478 323 1475 296
Lider x Aleppo 118 12227 -13.95™  -9.82"  18.12"  10.00 2754  -7.03  -0.75  -4.04
Lider x NIAB Kiran 2170 -2.94 1.71 456 -1636"  11.12  -14.59" -12.88" -8.07
Lider x NIAB 414 395 536" 219 17.34°  1542°  1932° 250 6.09 882
Lider x Deir ELzour 22 1041 -10.89  -5.62° 1.82 -3.86 8.22 2.19 737 6.99
Cherpan 432 x Coker 139 486"  -6.74" 094 935" 240  3430" 410 206  0.75
Cherpan 432 x Aleppo 90 31 775 2107 27747 2854 -628  13.68° 2043 6.27
Cherpan 432 x Aleppo 124 3.22 0.20 6.43" 6.17 644 2271 3.04 241 -3.66
Cherpan 432 x Raqqa 5 -0.31 -1.86 424 14717 22044 435 13.16"  18.83"  6.62
Cherpan 432 x Aleppo 118 2296 549" 039 -1.47 <718 2174 3.86 4.95 1.48
Cherpan 432 x NIAB Kiran 7347 9.2 2347 25347 2582 -145 730 1099  9.57
Cherpan 432 x NIAB 414 350 -4.29 334 1266 21917 242 1.92 391 258
Cherpan 432 x Deir ELzour 22 6777 -6.64" <111 -29.83" 3481 -14.49° 1677 1732 1582
Coker 139 x Aleppo 90 2733 959" 304 -11.04°  -15.82"  7.97 552 1938 534
Coker 139 x Aleppo 124 -11.22% 12,10 -1033" -29.73"  -34.18" 2464 0.18 589 589
Coker 139 x Raqqa 5 5500 =591 2317 11.87° 1139° 2754 385 777 331
Coker 139 x Aleppo 118 5010 =563 -3.73 440 =500  10.14 1.77 951 589
Coker 139 x NIAB Kiran 0.10  -0.17 1.97 -7.04  -13.46" 1497 678  -418  1.10
Coker 139 x NIAB 414 933" -11.83™ 480  12.65° 7.8 2271 344 071 331
Coker 139 x Deir ELzour 22 157 29277 390 4.68 3.80  18.84" 871" 332 -3.66
Aleppo 90 x Aleppo 124 0.48 2.92 4.11 264 -1337° 1112 8.59  1583" 221
Aleppo 90 x Raqqa 5 381 -5.76" 1.07 2.70 320 24.16™ 11147 12.08"  -1.10
Aleppo 90 x Aleppo 118 027 332 3.69  -21.66™ -2542"" 435 8.15  13.33"  0.00
Aleppo 90 x NIAB Kiran 0.06  -2.44 463 -16.00" -17.45"  9.67 095 875  -4.04
Aleppo 90 x NIAB 414 1.21 0.87 892" 365 -1299° 11.59  13.87° 23.13" 865
Aleppo 90 x Deir ELzour 22 376 -4.36 257 -13.34"  -18.64™ 435 1741 25.00"™ 10.30
Aleppo 124 x Raqqa 5 1039 8.83™ 1200 521 -1.06 1232 058 511 -5.69
Aleppo 124 x NIAB Kiran -0.81 -1.85 026 1639 200 3551 393  -128  -128
Aleppo 124 x NIAB 414 544" 893" 167 1615  1426° 18.12° 254  -128  -1.28
Aleppo 124 x Deir ELzour 22 S7.87 <1044 514" 1591 9.44  23.19"  6.08 627  5.89
Raqga 5% Aleppo 118 758" 641" 952" 084  -188  13.77° 10.06" 1433" 258
Raqqa 5 x NIAB Kiran -6.73"  -7.08°  -4.37 7.65 -0.19  3261™ 508  1433" 258
Raqqa 5 x NIAB 414 2293 520" 236 1225° 724 21.74™ 1855 27.05 13.99"
Raqqa 5 x Deir ELzour 22 2127 267 3.09  17.95%  17.45°  3333™ 601  11.88" 038
Aleppo 118 x NIAB Kiran -3.21 390  -1.84  -5.63  -11.64" 1739  9.10°  14.08° 10.30
Aleppo 118 x NIAB 414 431" 754" 017 352 875 5.80 5.72 894 534
Aleppo 118 x Deir ELzour 22 7.47 4.82" 11.02"  -7.40 -8.75 5.80 7.87 9.51 5.89
NIAB Kiran x NIAB 414 318 -5.80" 1.71 347 -14.18° 1401 1025°  11.83° 1471
NIAB Kiran x Deir ELzour 22 5770 71457 2197 -1496™ 2146 435  -10.75"  -8.12  -845
NIAB 414 x Deir ELzour 22 770" -8.57 -1.29 4094 3519 52.17%  -17.09" -1587° -16.17"
SE | 060 [ 07 0.7 0.47 0.54 0.54 025 | 028 | 0.28

*, and ** represent significant at the p<0.05 and p<0.01 probability levels, respectively



Conclusions

Uniform and superior hybrids seeds of commercial
crops especially cotton are the critical textile industry
standards. Heterosis exploitation in cotton is empirical and
requires immediate efforts to cross-diverse cotton genotypes
to identify the superior parents. From the findings of this
study, it was concluded that a wide range of genetic
variations was exhibited by different parent genotypes of
cotton for all response variables under investigation, which
was imparted to their hybrids. The highest number of hybrids
with significant heterosis was observed for the earliness
index and fiber elongation, while the lowest was observed
for the fiber fineness. Hybrids, Fantum x Coker 139, NIAB
414 x Deir ELzour 22, Coker 139 x NIAB 414, and Coker
139 x Raqqga 5 exhibited desirable heterosis for different
yield components and qualitative traits of cotton. So based
on these findings, it might be inferred that these cross
combinations could be utilized in future hybridization
programs for the exploitation of heterosis followed by
selection to boost the cotton seed yield and to develop new
varieties having the higher genetic potential to produce high
quality lint for textile industry.
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