Abdelghany et al. Journal of Cotton Research (2024) 7:12 Journal Of COttOh Research
https://doi.org/10.1186/542397-024-00174-1

. - , ®
Combining ability of Egyptian cotton G

(Gossypium barbadense L.) reveals genetic
potential for improved yield and fiber quality

ABDELGHANY Ahmed M."®, El-Banna Aly A. A2, LAMLOM Sobhi F?, EL-SORADY Gawhara A2,
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Abstract

Background Asthe most widely cultivated fiber crop, cotton production depends on hybridization to unlock

the yield potential of current varieties. A deep understanding of genetic dissection is crucial for the cultivation

of enhanced hybrid plants with desired traits, such as high yield and fine fiber quality. In this study, the general
combining ability (GCA) and specific combining ability (SCA) of yield and fiber quality of nine cotton parents (six lines
and three testers) and eighteen F, crosses produced using a line X tester mating design were analyzed.

Results The results revealed significant effects of genotypes, parents, crosses, and interactions between parents

and crosses for most of the studied traits. Moreover, the effects of both additive and non-additive gene actions
played a notably significant role in the inheritance of most of the yield and fiber quality attributes. The F, hybrids

of (Giza 90 x Aust) x Giza 86, Uzbekistan 1x Giza 97, and Giza 96 x Giza 97 demonstrated superior performance due

to their favorable integration of high yield attributes and premium fiber quality characteristics. Path analysis revealed
that lint yield has the highest positive direct effect on seed cotton yield, while lint percentage showed the highest
negative direct effect on seed cotton yield. Principal component analysis identified specific parents and hybrids asso-
ciated with higher cotton yield, fiber quality, and other agronomic traits.

Conclusion This study provides insights into identifying potential single- and three-way cross hybrids with supe-
rior cotton yield and fiber quality characteristics, laying a foundation for future research on improving fiber quality
in cotton.
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Background

Cotton contributes substantially to the economy, espe-
cially of several developing nations, as well as in the
livelihoods of millions of rural smallholder households
worldwide. Furthermore, the cotton sector employs
nearly 150 million people globally, making it a crucial
source of income (Jabran et al., 2019). Cotton produc-
tion faces numerous challenges because of the strong
and rapidly increasing demand for man-made fibers.
Properly addressing these challenges is crucial to bolster
worldwide economic growth and development (Jabran
et al,, 2019). Thus, one of the primary goals of cotton
breeding programs is to improve yield and fiber prop-
erties. In Egypt, extensive efforts have been undertaken
to enhance both the yield and fiber quality traits of cot-
ton. Therefore, it is crucial to evaluate the adaptability
and productivity of promising cotton varieties through
hybridization methods.

The effectiveness of selecting superior cotton lines can
be achieved by the hybridization process, followed by
early transgressive segregation and subsequent selection
(Koide et al., 2019). Using cotton parent lines that have
diverse genetic backgrounds and different geographi-
cal origins is important for achieving genetic gain and
improvement in yield and fiber quality traits (Khokhar
et al,, 2018). It has been reported that a genetically het-
erozygous plant population has a higher probability of
successfully adapting to diverse environments than a
genetically homozygous one (Markert et al., 2010). The
most significant aspect determining the success of breed-
ing program is how parents are selected to generate new
crosses. To complete this step, plant breeders must pos-
sess a solid understanding of combining ability, gene
action, and genetic variation of economic characteristics
throughout the early stages of the plant breeding pro-
gram (Fasahat et al., 2016; Abdelghany et al., 2022; El-
Sorady et al., 2022).

Understanding the influence of gene actions on eco-
nomic traits is crucial for developing cultivars that
achieve higher yields and superior quality (Fasahat et al.,
2016). Evaluating the combining ability of candidate par-
ents is essential in identifying superior combiner parents
and determining the type of gene action that regulates
the inheritance of traits (Moustafa et al., 2021; Muti-
maamba et al., 2020). Combining ability is classified into
the general combining ability (GCA) of parents and the
specific combining ability (SCA) of their crosses, which
are mainly associated with additive and non-additive
gene actions, respectively (Bohm et al., 2014; Youssef
et al., 2021; Lamlom et al., 2020). Analyzing GCA and
SCA enables the identification of the best combin-
ing parents and crosses exhibiting strong hybrid vigor,
respectively. There are several methods of determining
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the GCA and SCA of genotypes based on mating designs
among which include line X tester. The significant advan-
tage of the line (female) X tester (male) method is that it
requires fewer experimental materials for the mating
process compared with other mating designs such as
North Carolina and diallel (such as NCI and NCII). The
line X tester method has been widely used to investigate
cotton yield, its components, and fiber quality char-
acteristics (Elmardy et al., 2021; Karademir et al., 2016;
Khokhar et al, 2018; Patel et al., 2018; Prakash et al,,
2018). The line X tester breeding method is a theoretical
extension of the top cross method, which uses numer-
ous testers to identify superior parental combinations
(Saitwal, 2017; Ochar Kingsley et al., 2022). This method
also aids in selecting promising parents and crosses for
developing high-yielding hybrids (Basbag et al., 2007;
Jain et al., 2012). Additionally, it helps identify the best
heterotic crosses (Akaogu et al., 2013; Bradshaw, 2017;
Salem et al., 2020). Furthermore, because of the fewer
experimental materials required for the mating process,
it reduces costs and simplifies resource management.
Hence, a lineXtester mating design strategy was used
in current study to assess the combining ability and per-
formance of cotton in terms of yield, yield components,
and fiber quality characteristics. In addition, the asso-
ciation between the studied traits and diversity among
parental genotypes was determined.

Methods

Experimental site and plant materials

The study was conducted at the Sakha Experimental
Research Station, Kafr EL-Sheik Governorate, Egypt. A
collection of nine cotton genotypes was utilized in this
study during three successful growing seasons (2019,
2020, and 2021). The nine cotton genotypes belong to
Gossypium barbadense L., and are composed of six
Egyptian cotton genotypes, including two crosses Giza
89x Giza 86 (G.89x G.86), Giza 90 X Aust (G.90 X Aust),
and four cultivars Giza 96 (G.96), Giza 94 (G.94), Giza
86 (G.86), and Giza 97 (G.97). The remaining three gen-
otypes were foreign: TNB and Australian 12 (Aust 12)
from Australia, and Uzbekistan 1 from Uzbekistan, which
have been adapted to Egyptian environmental condi-
tions. Origin, pedigree, and year of release of these geno-
types are presented in Table 1.

Pure homozygous seeds of all genotypes were obtained
from the Cotton Research Institute, Agricultural
Research Center, Egypt. In the 2019 season, pure seeds
of the nine genotypes were sown on 24th April according
to the line X tester mating system design. Six of the cot-
ton genotypes, including the four cultivars TNB, Aust 12,
Uzbekistan 1, and G.96, and the two crosses G.89x G.86
and G.90 X Aust were used as lines (females). The three



Abdelghany et al. Journal of Cotton Research (2024) 7:12

Page 3 of 14

Table 1 Origin and pedigree of the nine cotton genotypes under study

No Genotypes Pedigree Origin Year of release
Lines

1 TNB Unknown Australia Unknown

2 Giza 89 xGiza 86 (Giza 75xR102) x (Giza 75 x Giza 81) Egypt 2007

3 Giza 90 x Aust (Giza 83 x Dandra) x Aust Egypt 2003

4 Uzbekistan 1 Unknown Uzbekistan Unknown

5 Aust 12 Unknown Australia Unknown

6 Giza 96 [Giza 84 x (Giza 70x Giza 51B)] x S106 Egypt 2016
Testers

1 Giza 86 Giza 75 % Giza 81 Egypt 1995

2 Giza 94 10229 % Giza 86 Egypt 2015

3 Giza 97 [(Giza 89 xR101) x Giza 86)] X Giza 94 Egypt 2020

Egyptian cotton genotypes G.94, G.86, and G.97 were
used as testers (males) to produce eighteen F; crosses.
In the 2020 and 2021 seasons, parents and F; seeds were
sown on 28th April. Seeds of all plant materials were
sown in a randomized complete blocks design (RCBD)
with three replicates. The experimental plots comprised
five rows per genotype in each replicate, with ten plants
in each row. Each row was 4.0 m long and 0.7 m wide,
and hills were spaced 0.4 m apart to give ten hills/row,
with one plant per hill. All normal cultural practices were
adopted during the two growing seasons.

Sampling and data recording

At full maturity, six plants in the middle of the total ten
plants in each row of all entries were used to determine
yield and yield-related traits (EI-Aty et al., 2012). The
number of bolls per plant (NBP) was counted as the total
number of bolls divided by the number of selected plants.
The number of seeds per boll (NSB) was calculated by
assuming the number of seeds collected from twelve ran-
dom bolls from each replicate. Fully opened bolls were
selected from each of the six plants and weighed to deter-
mine boll weight (BW, g). The seed cotton was manually
harvested from the individual selected plants and then
dried and weighed to determine seed cotton yield per
plant (SCY, g). Lint percentage (LP, %) was calculated
as follows: (lint cotton yield/seed cotton yield)x 100%
(Shahzad et al., 2019). Lint cotton yield per plant (LCY,
g) was determined after ginning the seed cotton for each
sample. The seed index (SI, g) was calculated by count-
ing and weighing 100 cotton seeds. The lint index (LI, g)
was calculated according to the weight of lint produced
by 100 seeds in grams. For the determination of fiber
quality traits, lint samples from each plot were collected
to estimate micronaire (MIC), fiber strength (FS, g-tex™1),
fiber uniformity ratio (FUR, %), and fiber length (FL,
mm) using HVI (High Volume Instrument) at Cotton

Technology Laboratory, Cotton Research Institute, Agri-
cultural Research Center, Giza, Egypt.

Statistical analysis

All the recorded data were subjected to analysis the vari-
ance (Gomez et al,, 1984). The line X tester mating design
was used to estimate the GCA effects of the parents and
SCA of the crosses as described by Kempthorne (1958).
Dissimilarity coefficients based on Euclidean distance
were performed to dissect the genetic diversity among
the nine parents, and then used to conduct cluster den-
drogram based on yield and fiber quality traits using
Ward’s method. To explore the relationship among all
studied traits, Pearson correlation coefficients were
estimated. A principal component analysis (PCA) was
carried out to find out the relative importance of dif-
ferent traits in capturing genetic variation and to iden-
tify the superiority of cotton genotypes with respect to
each of the studied traits. Path coefficients analysis was
used to partition the correlation coefficients among
SCY and other trait components into direct and indi-
rect effects. All statistical analyses were performed with
RStudio v.3.5.1 software (R Core Team, 2013), where cor-
relation diagram was performed using the corrplot pack-
age, cluster dendrogram and PCA biplot were conducted
using the factoextra package, and path analysis was per-
formed with the lavaan package (Rosseel, 2012).

Results

Dissecting the relationship among parent genotypes (lines
and testers)

The dissimilarity coefficient matrix data, which ranged
from 4.76 to 49.78, was used to determine the genetic dis-
tance among the nine parental genotypes, as presented in
Table 2. The dendrogram (Fig. 1) based on the dissimilar-
ity coefficients classified the nine parental genotypes into
three clusters. Cluster I included three parents and was
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Table 2 Dissimilarity coefficient between nine parental genotypes (6 lines and 3 testers) based on Euclidean distance
Genotypes Aust 12 G.86 G.89xG.86 G.90 X Aust G.94 G.96 G.97 TNB
G.86 5.80
G.89xG.86 587 8.40
G.90 x Aust 17.00 13.19 20.98
G.94 22.12 18.33 2553 8.83
G.96 1145 14.26 8.63 26.79 3252
G.97 39.14 3561 42.56 24.57 17.34 49.78
TNB 7.76 9.10 6.06 21.18 27.09 6.56 4435
Uzbekistan 1 4.76 5.65 9.31 14.07 20.10 14.14 36.96 10.03
G.96
G.86
TNB
G.89 x G.86
Uzbekistan 1
Aust 12
G.97
G.94
G.90xAust
8 6 4 2 0
Height

Fig. 1 Dendrogram based on dissimilarity coefficients for yield, yield components, and fiber quality traits measured on nine parental cotton

genotypes over two years of the study

further subdivided into two sub-clusters, one with two
parents (G.97 and G.94) and the other with one parent
(G.90x Aust). Cluster II contained the two closest parents,
Aust 12 and Uzbekistan 1. Cluster III consisted of four
parents, which were divided into two sub-clusters, one
with three parents (TNB, G.86, and G.96) and the other
with one parent (G.89 X G.86).

Analysis of variance (ANOVA) and performance

of genotypes for target traits

The data presented in Table 3 indicated that a highly sig-
nificant difference (P<0.001) was observed among the

27 genotypes (9 parents and 18 F, hybrids) for yield, yield
components, and fiber quality traits, except for BW which
showed a non-significant difference. Also, highly significant
differences (P<0.001) were noticed among the parents,
crosses, and parents vs. crosses for LCY, SCY, SI, NBP, LP, FS,
and FUR; while there were no significant differences among
parents, crosses, and parents vs. crosses for FL. The GCA
effects of the lines were significant for all studied traits. GCA
effects of the testers were significant for almost all measured
traits except for SI, BW, LP, and LI, which showed non-sig-
nificant effects. In addition, the SCA effect of lineXtester
was significant for all studied traits except for FS (Table 3).



Abdelghany et al. Journal of Cotton Research (2024) 7:12

Page 5 of 14

Table 3 Mean squares of line x tester analysis for yield, yield components, and fiber traits (combined analysis of two growing seasons)

Source of variation DF LCY SCY Sl BW NBP LP LI NSB FS FL MIC FUR
Replications 2 224 093 0.1 0.03 1.02 1.07 0.25 5.69 0.07 0.34 0.04 0.54
Genotypes 26 1651.82%%* 251.23%**  237%% 028 236.32%%%  883%FF 1 14%FF 413% Q.18 278%%*% 0.19%%F 201%%*
Parents 8 821099  15033%** 269%** 0.11%* 84.86*** 14.577% 1517 108 0.27%%* 498 0.22% 2.98%**
Crosses 17 2001.05%%* 298.14*** 1.99** (.19 261.57*¥*  588¥** 1020 474¥% 0.11%*  1.89 0.14%¢ 1.09%**
Parents vs. crosses 1 2360.76"% 261.03 %% 631%* 289** 101881** 12.94*** 031 18.22%%% 0.52***  0.31 0.79 9.58%**
Lines (GCA) 5 2489797 40058*** 348%* 032** 45361** 681 091  1001** 024 116" 030" 1.06™*
Testers (GCA) 2 5560907* 875.06*** 0.32 0.14 446.25%** 031 0.05 3.23%%*% 0.15% 1057 009  1.29**
Linesxtesters (SCA) 10 1044.72%%% 131.53%%* 157%% 0147 12861%*  654%* 126" 242" 0036 243 0,077 1.07%%*
Error 52 352 1.36 0.35 0.08 3.39 1.74 0.18 1.26 0.06 0.21 0.04 0.34

DF degree of freedom, LCY lint cotton yield per plant, SCY seed cotton yield per plant, S/ seed index, BW boll weight, NBP number of bolls per plant, LP lint percentage,
Lllint index, NSB number of seeds per boll, MIC micronaire, FS fiber strength, FL fiber length, FUR fiber uniformity ratio

" Significant at P < 0.05; **Significant at P <0.01; ***Significant at P<0.001

The mean performance among the lines showed that
Uzbekistan 1 recorded the highest SCY, NSB, and FL,
while the maximum mean values of LCY, NBP, LP, and
LI were recorded by G.90%x Aust (Table 4). The highest
mean values of traits such as SI, BW, MIC, and FUR were
recorded by G.96. For FS, the genotype Aust 12 recorded
the highest mean value.

For the tester genotypes, G.94 recorded the high-
est mean values for LCY, SI, LI, and NSB, whereas G.86
had the highest mean values for BW, MIC, FL, and FUR.
G.97 recorded the highest means of SCY, NBP, LP, and
ES. Among the F; hybrids, [(G.90 X Aust) X G.86] had the
highest mean performance for SCY, whereas (Uzbeki-
stan 1xX@G.97) had the maximum value of LCY, which
is higher than both parents G.97 and Uzbekistan 1 for
such trait. For other traits, the following hybrids exhib-
ited notable mean performance: (TNBXG.97) for SI,
[(G.90 x Aust) xG.94] for BW, (G.96x@G.97) for NBP,
(Uzbekistan 1xG.94) for LP and LI, (TNBxG.94) for
NSB, (Aust 12xG.94) for FS, (Uzbekistan 1xG.97) for
FL, [(G.90xAust)x@G.86] for MIC, and (Uzbekistan
1xG.97) for FUR (Table 4).

GCA effects

The average performance of line X tester crosses was used
to assume the effects of GCA (Table 5). For LCY, the gen-
otypes G.96 (15.44), G.90 X Aust (13.86), and Uzbekistan
1 (12.44) exhibited highly significant and positive GCA
effects, which were the highest among all the traits evalu-
ated in this study. Among the three testers, G.94 recorded
the highest positive and significant GCA effect for LCY
(7.72), while G.86 had a negative GCA effect (—7.11).
For SCY, the effect of GCA for female lines ranged from
—9.46 for (G.89x@G.86) to 6.62 for Uzbekistan 1. For

testers, GCA estimates of SCY ranged from —2.43 (G.86)
to 2.48 (G.94).

For GCA estimates of SI and BW, the maximum posi-
tive GCA effect was recorded by G.90x Aust (0.53 and
0.29, respectively), while the maximum negative effects
of GCA were recorded by Aust 12 (—0.50) and TNB
(—0.18) for SI and BW, respectively. Among the test-
ers, the highest positive effect of GCA for SI and BW
was obtained by G.86 (0.21) and G.97 (0.03), respec-
tively, whereas the maximum negative GCA effect was
recorded by G.94 (—0.35) and G.86 (—0.02) for SI and
BW, respectively. For NBP, the highest positive and sig-
nificant GCA effect among female lines was recorded
by G.96 (5.87), while G.89xG.86 (—8.84) and Aust 12
(—4.97) recorded the highest negative and significant
GCA effects. Among the testers, G.94 and G.86 had
GCA of 291 and —2.60, respectively, for NBP. Two
female lines had positive and relatively higher GCA for
LP, namely Uzbekistan 1 (1.99) and Aust 12 (0.71), while
TNB (-1.63) and G.89xG.86 (—0.72) showed a nega-
tive GCA effect for LP. As regards the GCA effect of LI,
Aust 12 (0.34) and Uzbekistan 1 (0.30) among lines, and
G.86 (0.16) among testers, were the top general combin-
ers. For NSB, G.90 X Aust (0.81) and G.94 (0.51) showed
highly significant and positive GCA effects as good
combiners among female lines and testers, respectively.
For fiber quality traits, the female line G.89x G.86 had
a GCA effect of 0.12 and 0.57 for FS and FUR, respec-
tively, while G.94 (0.16) and G.97 (0.17) showed a pref-
erable GCA effect among testers for FS and FUR,
respectively. Among the six lines Uzbekistan 1 had the
best GCA effect for FL (0.62) and MIC (0.14), whereas
tester genotypes G.97 (0.25) and G.86 (0.23) showed
favorable GCA for FL and MIC, respectively.
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Table 4 Mean performances for yield, yield components, and fiber traits of lines, testers, and F, hybrids (combined analysis of two

growing seasons)

Genotypes SCY /g LCY/g Sl/g BW/g NBP LP/% Li/g NSB FS/(gtex™") FL/ MIC  FUR/%
mm
Lines (females)
TNB 6744 2490 11.76  3.60 1930 3661 6.80 1941 10.66 329 3.96 85.10
G.89%xG.86 6845 2233 1049 363 1908 3261 5.0 2039 1010 337 445 85.55
G.90x Aust 79.62 36.72 10.33 333 2706 4081 7.4 19.10 10.00 34.1 4.50 86.15
Uzbekistan 1 80.58 3038 944 323 2517 3693 561 20.65 10.70 373 395 87.30
Aust 12 73.54 2549 1020 316 2057 3462 540 19.76 10.75 353 4.05 87.40
G.96 49.29 1741 1196 367 13.15 3495 641 20.03 1040 346 465 87.60
Lines average 69.82 2620 1070 344 2072 3609 6.08 19.89 1043 34.6 426 86.51
Tester (pollinators)
G.94 100.49 37.09 12.03 351 2531 3595 678 19.50 10.35 339 440 85.35
G.86 67.27 2506 1181 367 2001 3598 664 1924 1050 34.1 440 86.55
G.97 101.13 36.32 1144 337 3096 3601 644 18.86 10.90 333 4.00 85.25
Tester average 89.63 3282 1176 351 2542 3598 662 19.20 10.58 338 426 85.71
F , hybrids
G94  TNB 117.66 39.21 849 2.74 41.05 3331 424 20.51 10.25 34.0 4.25 86.85
G.89%xG.86 100.34 3532 1069  3.19 35.55 36.04 6.03 19.54 10.60 36.0 445 87.75
G.90x Aust 9293 37.00 10.83 352 2649 3764 654 20.28 10.25 335 435 86.10
Uzbekistan 1 103.71 4139 1034 325 3282 3996 688 1884 1055 352 445 86.56
Aust 12 47.36 17.69 1013 280 2367 3647 582 18.22 10.65 34.1 440 86.50
G.96 98.34 3648 949 282 3550 3723 562 18.66 10.55 34.9 4.25 86.30
G86 TNB 66.27 24.54 11.27 2.69 27.71 36.57 650 15.14 10.25 339 4.75 86.95
G.89xG.86 46.83 17.38 1057 292 16.55 3732 629 17.37 10.30 339 465 87.25
G.90 x Aust 12241 4386 1094 305 3959 3705 645 1847 10.36 34.8 4.80 87.03
Uzbekistan 1 87.14 3358 1044 327 3246 3855 655 19.04 9.95 338 4.75 87.50
Aust 12 6731 2507 1018 311 2134 3730 606 19.52 10.30 344 440 86.05
G.96 85.05 3137 10.95 325 2557 3588 6.13 19.07 10.00 337 485 87.25
G97 TNB 57.38 20.32 1217 322 1457 3576 6.78 1740 10.35 352 425 86.80
G.89xG.86 53.26 1446 1078 323 1448 3617 6.10 19.76 1040 337 430 87.40
G.90 X Aust 97.56 35.38 1136 350 28.95 36.25 646 19.65 10.20 346 435 86.75
Uzbekistan 1 121.30 4697 964 283 4178 3798 591 1824 10.10 363 465 8833
Aust 12 96.07 3669 989 2.89 3336 3820 6.0 18.03 10.25 346 4.15 87.65
G.96 120.85 4326 1012 287 4519 3652 582 18.02 10.35 34.1 445 86.60
Crosses average 87.87 32.22 1046  3.06 29.81 3690 6.12 18.65 10.31 345 447 86.97
Overall average 84.06 3095 1066 319 2730 3661 6.17 1899 1037 344 441 86.73
LSD ;05 3.07 191 0.97 0.46 3.01 216 0.70 1.84 0.39 0.7 0.33 0.96

SCY seed cotton yield per plant, LCY lint cotton yield per plant, S/ seed index, BW boll weight, NBP number of bolls per plant, LP lint percentage, L/ lint index, NSB
number of seeds per boll; MIC micronaire, FS fiber strength, FL fiber length, FUR fiber uniformity ratio. LSD least significant difference

SCA effects

The SCA mean squares were significant (?<0.01) for
all agronomic and fiber quality characteristics except
for FS, as indicated in Table 3. Table 6 presents the
SCA effects, with the F; hybrid of TNBx G.94 exhib-
iting the highest positive SCA value for SCY (47.85),
LCY (14.92), NBP (19.2), and NSB (2.45) among all the
18 F; hybrids. The F; hybrid of TNB X G.97 showed
the highest positive SCA values of 1.39 and 0.31 for
SI and BW, respectively. The F, hybrids of Uzbekistan

1xG.94 (1.30) and TNBxG.97 (0.89) showed the
highest SCA values for LP and LI, respectively. The F;
hybrids of (G.90X Aust) X G.86, (G.89xG.86)% G.94,
Aust 12X G.94, and Aust 12X G.97 recorded the highest
positive SCA for FS, FL, MIC, and FUR, respectively.

The mid-parent heterosis

In this study, the estimation of mid-parent heterosis was
conducted to assess the performance of F, hybrids com-
pared with their mid-parents. The presence of heterosis
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Table 5 General combining ability (GCA) effects of 6 cotton female lines and 3 testers based on 12 measured traits (combined
analysis of two growing seasons)

Genotypes LCY ScY Sl BW NBP LP LI NSB FS FL MIC FUR
Lines
TNB —-0.07 -1.93 0.13 -0.18 267 -1.63 —-0.31 —0.81 —-0.03 -0.10 —-0.06 -0.04
G.89x(G.86 —2433 -9.46 0.16 0.05 —8.84 -0.72 -0.11 0.18 0.12 0.05 —-0.01 0.57
G.90x Aust 13.86 5.31 0.53 0.29 1.82 0.14 0.34 0.81 -0.04 -0.21 0.03 -0.27
Uzbekistan 1 1244 6.62 —-0.38 0.05 346 1.99 0.30 0.21 -0.12 0.62 0.14 0.10
Aust 12 —17.34 -5.78 -0.50 -0.13 -4.97 0.71 -0.12 -0.10 0.09 -0.12 -0.16 -0.17
G.96 1544 523 0.07 —-0.08 587 -049 —-0.10 -0.29 —-0.02 -0.23 0.04 -0.19
Testers
Go4 7.72 248 -0.35 —-0.01 291 -0.16 -0.21 0.51 0.16 0.14 -0.11 -0.27
G.86 -7.11 —243 0.21 -0.02 -2.60 0.19 0.16 -0.52 -0.12 -0.39 0.23 0.10
G97 -0.60 —-0.06 0.14 0.03 -0.31 -0.03 0.04 0.01 -0.04 0.25 -0.11 0.17
LSD 405 440 1.78 0.22 0.09 2.01 0.52 0.17 0.55 0.08 0.14 0.06 0.23

LCY lint cotton yield per plant, SCY seed cotton yield per plant, S/ seed index, BW boll weight, NBP number of bolls per plant, LP lint percentage, L/ lint index, NSB
number of seeds per boll, MIC micronaire, FS fiber strength, FL fiber length, FUR fiber uniformity ratio. LSD least significant difference

Table 6 Specific combining ability (SCA) effects of 18 cotton hybrids based on 12 measured traits (combined analysis of two growing

Seasons)

Hybrids LCY SCY SI BW NBP LP LI NSB FS FL MIC FUR
TNBXG.94 14.92 47.85 -1.81 -0.13 19.02 -1.74 -1.39 245 -0.19 —0.51 —0.05 0.25
(G.89x(G.86)xG.94 11.19 30.17 0.36 0.08 8.76 0.08 0.20 -0.36 0.01 134 0.10 0.55
(G.90x Aust) X G.94 —9.66 —28.74 0.13 0.18 —11.05 0.82 027 0.61 -0.18 —0.95 -0.04 -0.26
Uzbekistan 1xG.94 -1.95 -9.37 0.55 0.14 -521 1.30 0.64 -0.23 0.19 —0.02 —0.05 -043
Aust 12xG.94 -9.90 -25.61 033 -0.12 —7.98 -0.92 -0.08 —1.00 0.09 -0.39 0.20 0.04
G.96xG.94 —4.61 —14.30 0.44 -0.15 —3.54 047 036 —146 0.09 0.53 -0.15 -0.15
TNBxG.86 -3.14 —12.65 042 -0.18 —3.72 117 0.49 —1.88 0.09 —-0.08 011 -0.02
(G.89x (G.86) X G.86 —3.68 -9.76 -0.32 -0.17 -1.79 -0.16 -0.21 -0.33 -0.01 -0.23 -0.04 -0.32
(G.90 x Aust) x G.86 12.86 3495 —0.31 —0.30 14.68 -0.12 -0.20 —1.08 0.22 0.90 0.07 0.30
Uzbekistan 1xG.86 -3.56 —7.68 0.10 017 -3.63 —-047 -0.06 0.56 -0.13 -0.89 -0.09 0.40
Aust 12xG.86 032 1.08 —0.05 0.19 -0.87 0.25 0.06 1.21 0.02 0.44 -0.14 -0.79
G.96xG.86 -2.80 —595 0.16 0.29 -4.67 —0.66 -0.09 152 -0.18 -0.14 0.11 043
TNBxG.97 -11.78 -35.19 1.39 0.31 -15.30 0.58 0.89 -0.57 0.11 0.58 -0.05 -0.23
(G.89xG.86)xG.97 —7.50 2041 -0.04 0.09 —-6.97 0.08 0.01 0.69 0.01 -1.12 —0.05 -0.23
(G.90x Aust) x G.97 -3.20 —6.22 0.18 0.12 —3.64 -0.70 -0.07 048 -0.03 0.05 -0.04 -0.04
Uzbekistan 1xG.97 551 17.05 —0.65 —0.31 8.84 -0.82 —0.58 -0.33 —0.06 0.92 0.15 0.04
Aust 12X G.97 9.57 24.53 -0.28 -0.07 8.85 0.68 0.02 -0.20 -0.11 —0.05 —0.05 0.75
G.96xG.97 740 20.25 -0.60 -0.14 821 0.19 -0.28 -0.07 0.09 -0.38 0.05 -0.28
LSD , 45 3.08 7.69 0.39 0.16 348 091 0.31 0.96 0.14 0.25 0.12 041

LCY lint cotton yield per plant, SCY seed cotton yield per plant, S/ seed index, BW boll weight, NBP number of bolls per plant, LP lint percentage, L/ lint index, NSB
number of seeds per boll, MIC micronaire, FS fiber strength, FL fiber length, FUR fiber uniformity ratio. LSD least significant difference

is attributed to the genetic diversity and the origin of
parents, which enables the creation of new recombina-
tion and leads to improved adaptation in the F; hybrids.
All eighteen hybrids included in the study exhibited
either positive or negative heterosis for the twelve meas-
ured traits, as shown in Table 7. Among the traits, SCY

and LCY showed the highest significant positive het-
erosis for Uzbekistan 1x G.86 with values of 68.58% and
50.82% in the growing seasons, respectively. For SI and
BW, G.96 X G.94 displayed the highest significant heter-
osis values of 17.83% and 22.99%, respectively. In terms
of NBP, LI, and LP, Uzbekistan 1XxG.86 exhibited the
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Table 7 Heterosis relative to mid-parent (MP) for yield and fiber traits using line x tester hybrids of cotton

Hybrids SCY/% LCY/% SI/% BW/% NBP/% LP/% LI /% NSB/% MIC/% FS/% FL/% FUR/%

G94 TNB —35.96** -38.66** 17.16** 18.08**  —46.76** —4.31 5.36 9.18 —15.74**  637**  —-602** —258*
G.89xG.86 —2527*%  —3644** 221 17.86**  —374**  —1503** 11.19 —20.05** 0.00 0.00 —-154  -231%
G.90x Aust —2221*  —=16.14 0.45 8.58 -30.08*  7.00* 549 12.85% -2.17 -148 029 -1.03
Uzbekistan 1 —22.02*  —-23.74* 478 9.04 -29.28* 276 11.09 —8.85 —12.71*  490*  545%  0.78
Aust 12 -13.39 -21.18 1.71 556 -18.18 -9.13** 348 —12.54* =526 4.62%*  225% 0.63
G.96 —35.53*%*  —3850** 17.83**  2299%  —4821** -6.18* 841 14.63* 5.08 0.73 1.02 1.48*

G86 TNB -15.07 =171 16.92%* 15.33* -2629* 264 -0.17 12.59*% —7.37% 299 —307% —2.15**
G.89xG.86 —2148* —2405% 13.34* 19.48**  —35.19* 287 3.63 858 -2.22 3.70% -007 -1.03
G.90 x Aust -3.70 —4.32 8.62 10.18 —14.04 —0.55 1.70 7.67 —13.98** 0.24 -177  —1.93**
Uzbekistan 1 68.58** 50.82%* —22.10%* =936 85.47%* 7.80% 16.39% —33.12%%  —-449 7.13%%  —483** -0.17
Aust 12 37.67*  33.02% -3.07 442 29.86 —2.55 6.62 -6.34 5.95 291 323 060
G.96 —7.60 -3.93 -2.84 15.71 —2232 415 15.88* 3.83 0.00 -0.97 —-346" —0.69

G97 TNB 23.39% 31.57% 134 6.97 11.59 —9.66 0.52 6.10 -0.56 293 0.72 —1.15%
G.89%xG.86 —2261 —24.90 -3.18 -8.38 —16.03 -193 —4.75 -5.76 4.14 3.15 0.00 -1.17*
G.90x Aust 16.58 17.33 2.20 -7.53 22.36 0.88 -8.09 411 -2.86 1.69 3.03**  -0.80
Uzbekistan 1~ —=35.17** —=36.37*¢ 7.32 -15.10% —24.7% —147 -20.11** 501 556 0.99 —4.24*  -0.03
Aust 12 —-49.86** —51.5%*  —053 —845 —45.75**  -2.88 —6.27 —4.51 9.41%* 0.73 —1.88* 0.06
G.96 18.67* 20.92* 1.88 —4.50 22.68 1.82 —6.80 5.05 9.09** 0.89 1.29 041

LCY lint cotton yield per plant, SCY seed cotton yield per plant, S/ seed index, BW boll weight, NBP number of bolls per plant, LP lint percentage, L/ lint index, NSB
number of seeds per boll, MIC micronaire, FS fiber strength, FL fiber length, FUR fiber uniformity ratio. *Significant at P <0.05; **Significant at P <0.01; ***Significant at

P<0.001

highest significant positive heterosis values of 85.47%,
16.39%, and 7.80%, respectively. For NSB, G.96x G.94
demonstrated the highest significant positive heterosis
of 14.63%. G.96X% G.94 also achieved the highest signifi-
cant heterosis value of 1.48% for FUR. In terms of MIC,
Aust 12X G.97 and G.96XxG.97 achieved the top two
significant positive heterosis values of 9.41% and 9.09%,
respectively. For FS, Uzbekistan 1X@G.86 showed the
highest significant heterosis value of 7.13%. Lastly, for FL,
Uzbekistan 1XxG.94 demonstrated the best performance
with the highest significant and positive heterosis value
of 5.45%. These results indicate that certain F; hybrids,
such as from Uzbekistan 1X@G.86, G.96xXG.94, Aust
12xG.97, G.96 X G.97, and Uzbekistan 1 x G.94 exhibited
superior performance in specific fiber quality traits, dis-
playing significant positive heterosis compared with their
mid-parents.

Correlation analysis

The correlation analysis among different traits is illus-
trated in Fig. 2. SCY was found to have a strong posi-
tive correlation with LCY (r=0.99, P<0.001) and NBP
(r=0.97, P<0.001), and a significant negative correla-
tion with SI (r=-0.38, P<0.05). In addition, LCY had
a highly significant positive correlation with the NBP
(r=0.94, P<0.001). SI showed positive and significant
correlations with LI (r=0.72, P<0.01) and BW (r=0.59,
P<0.01), and a negative and significant correlation with

NBP (r=—-0.51, P<0.01). LP was significantly positively
correlated with LI (r=0.64, P<0.001), while MIC had a
highly significant negative correlation with FS (r=—0.66,
P<0.001).

Path coefficient analysis

The results of direct and indirect correlation coefficients
among the measured traits and SCY are depicted in
Fig. 3. In this regard, LCY displayed the most significant
positive direct effect on SCY (r=0.91). Significant posi-
tive direct effects on SCY were also observed for LI and
NBP (r=0.33 and 0.11, respectively). The direct effects
of NSB, FS, and FUR on SCY were positive but not sta-
tistically significant (r=0.05, r=0.002, and r=0.01,
respectively). The most significant negative direct effect
on SCY was exhibited by LP (r=-0.36), followed by SI
(r=-0.22), while BW, MIC, and FL showed non-signifi-
cant negative direct effects on SCY (r=—0.04, r=—0.008,
and r=-0.01, respectively). Path coefficient analysis of
direct and indirect effects of associated traits with SCY
showed that NBP (r=0.86) had the highest indirect con-
tribution to SCY via LCY, followed by SI via LI (r=0.24),
LP via LI (r=0.21), and LP via LCY (r=0.20).

Variability of yield and fiber quality among parents

and hybrids

PCA was performed based on yield, yield components,
and fiber quality traits to investigate the variability
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Fig. 2 Correlation coefficients among cotton yield, yield components, and fiber quality traits evaluated for parents and F; hybrids. Positive
correlations are marked in green and negative correlations are marked in red. The intensity of the color is proportional to the correlation
coefficients. The color gradient legends represent correlation coefficients (r) values ranging from + 1.0 (dark green) to— 1.0 (dark red). *, **, and ***
indicate significant correlations at P<0.05, P<0.01, and P<0.001, respectively. LCY, lint cotton yield per plant; SCY, seed cotton yield per plant; S|,
seed index; BW, boll weight; NBP, number of bolls per plant; LP, lint percentage; LI, lint index; NSB, number of seeds per boll; MIC, micronaire; FS, fiber

strength; FL, fiber length; FUR, fiber uniformity ratio

among all the genotypes (Fig. 4). The first two principal
components (PCs), PC1 and PC2, captured 32.3% and
18.8% of the total variance of all evaluated variables.
The PCA technique enables us to group the genotypes
by using the weights of the traits on PCs, as genotypes
positioned closer to the tail end of a vector have higher
values for the corresponding trait, and vice versa. G.86,
[(G.90x Aust) x G.86] F;, and G.89x G.86 were scattered
around SCY, LCY, and NBP. Based on the PCA, these
genotypes, which comprise parents and hybrids, can be
selected for their potential for high cotton yield. Also,
(G.96xG.97) F, and G.90x Aust were scattered around
LP, while (TNBXG.94) F,was close to the MIC vector,
indicating that these hybrids and parents had higher val-
ues of those studied parameters. Other genotypes such
as (TNBx@G.97) F,, (Uzbekistan 1xG.97) F;, G.96, and
[(G.89%G.86) X G.97] F; clustered around BW, FS, NSB,
and FL, respectively. (TNBxG.86) F, showed distinct
character as it dispersed far from the center of vectors
and loadings since it recorded low values for the majority
of the studied cotton traits. Noteworthy, the genotypes
located close to the origin or center of the biplot indicate

that they showed average performances in all parameters
among all parents and hybrids.

Discussion

In the current study, a line X tester mating design was
utilized to create 18 F, hybrids by crossing six lines with
three testers. The results of cluster analysis indicated sub-
stantial phenotypic diversity among the parents, which
encouraged their crossing into hybridization breeding
programs. These findings were consistent with previ-
ous studies (such as Zafar et al,, 2021). The three testers
were placed into two different clusters, possibly due
to the variation in their GCA for most of the measured
traits. The two imported female parent genotypes, Aust
12 and Uzbekistan 1, were clustered together, indicating
their close relationship and similar performance. TNB,
G.89x@G.86, G.96, and G.86 were grouped together, and
they had poor performances as general combiners for
most of the studied yield and fiber quality traits. Previ-
ous studies have used cotton phenotypic performance to
categorize cotton genotypes into different clusters that
can be crossed to generate transgressive segregants in
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Fig. 3 Path diagram showing the direct effect of the 11 explanatory variables on seed cotton yield assessed for parents and F, crosses

across the 2019 and 2020 growing seasons. Bidirectional arrows show the correlation between the variables, and unidirectional arrows indicate

a direct effect on the direction of the arrow. Green and red arrows represent positive and negative effects, respectively. The color intensity

and width of the arrows represent the standardized path coefficients values. Solid arrows indicate P <0.05 and dashed arrows indicate P> 0.05. LCY,
lint cotton yield per plant; SCY, seed cotton yield per plant; SI, seed index; BW, boll weight; NBP, number of bolls per plant; LP, lint percentage; LI, lint
index; NSB, number of seeds per boll; MIC, micronaire; FS, fiber strength; FL, fiber length; FUR, fiber uniformity ratio

the early generations (Akter et al., 2019; Geng et al., 2021;
Geng et al., 2020; Vasconcelos et al., 2020).

The highly significant genetic differences (P<0.01)
reported in this study for all the traits except BW indi-
cate the existence of considerable genetic variability
among all genotypes. The assessment of such genetic
variation between lines and testers is crucial for the effec-
tive exploitation of heterosis in breeding, encouraging to
conduct a subsequent analysis to assess combining abil-
ity (Karademir et al., 2016; Koebernick et al., 2019). The
combining ability of genotypes is dissected to identify
genotypes with a high genetic potential for developing
cross-combinations with desirable traits and to inves-
tigate the activity of genes involved in trait expression
(Constable et al., 2015). Thus, the lineXtester mating
design was used in the current investigation, as it pro-
vides a more accurate estimation and valuable prediction
of critical quantitative characters, as has been demon-
strated in prior studies on various species, including
wheat (Jain et al.,, 2012; Osaf, 2009), cotton (Karademir
et al, 2016; Borzan et al.,, 2021), rice (EI-Mowafi et al.,
2021), and maize (Abdulhamed et al., 2021).

This study unveiled significant positive or negative
GCA effects of the parents, indicating their strong or

weak combining abilities for specific traits, respec-
tively. These findings are consistent with those of previ-
ous investigations (El-Aty et al., 2012; Mangi et al., 2021;
Queiroz et al., 2021). Parents with a desirable significant
GCA have a strong capacity to influence desired traits
in their offspring and can be utilized as key materials for
improving the traits of interest (Han et al., 2020). The
significant GCA effects revealed in this study are con-
sistent with those observed in previous research (EI-Aty
et al., 2012; Mangi et al., 2021; Queiroz et al., 2021). Both
lines and testers with positive and significant GCA effects
identified in this study are vital, as crossing them might
lead to advantageous hybrid combinations in subsequent
segregating populations. This, in turn, strengthens the
selection process for specific characteristics. Highly sig-
nificant GCA for lines and testers for LCY observed in
this study further reveals the key role of additive gene
action in the inheritance of this trait (Khokhar et al.,
2018; Shaibu et al., 2021). It is noteworthy that parents
with good GCA for LCY were also observed to have good
GCA for the majority of yield components (Koebernick
et al,, 2019; Richika et al., 2021). Lint yield is signifi-
cantly important for fiber crops (Koebernick et al., 2019).
Among the female parents, G.96 exhibited the best GCA
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for LCY, indicating its superiority as the most favorable
genotype in terms of lint yield.

Along with lint yield, promising genotypes with excel-
lent fiber quality are vitally needed due to rising world-
wide textile demand and competition from modern
synthetic fibers (Fang et al, 2014). Thus, our study
provided such favorable crossing materials character-
ized by high positive GCA effects recorded by both lines
and testers for different fiber quality traits, such as line
G.89xG.86, and testers G.94 and G.97 for FS and FUR,
and line Uzbekistan 1 and testers G.97 and G.86 for FL
and MIC. Generally, lint yield is negatively correlated
with cotton fiber quality, constituting an unfavorable
association which has impeded cotton breeding efforts
to enhance multiple fiber properties simultaneously (Yu
et al.,, 2013; Clement et al., 2012). Hence, it is vital to
employ a good general combiner for both high yield and
prominent fiber quality traits as parents in crossing to
improve them concurrently and to minimize their unfa-
vorable interrelationship (Clement et al., 2012).

The findings of this study indicate that non-additive
gene action is a crucial factor in the inheritance of both
yield and fiber quality traits. This conclusion is sup-
ported by the substantial and statistically significant
effect of SCA. Among the most promising combinations,

TNB x G.94 showed strong SCA for LCY, SCY, NBP, and
NSB, while (G.90%Aust)xG.86, (G.89x@G.86)xG.94,
Aust 12X G.94, and Aust 12 X G.97 were identified as elite
crosses for FS, FL, MIC, and FUR, respectively, based on
their fiber quality attributes. These promising hybrids
have the potential to be selected for subsequent recom-
bination breeding programs based on their performance
and SCA, facilitating the improvement of various quality
and yield attributes (Koebernick et al., 2019). The vari-
ances of GCA and SCA provide useful information on the
magnitude of gene action and can aid in developing effec-
tive breeding strategies for future breeding programs.
Understanding the relative importance of additive and
non-additive gene effects is crucial in selecting appropri-
ate parents and designing successful breeding programs.
Therefore, analyzing GCA and SCA variances can guide
breeders in making informed decisions and optimiz-
ing breeding efforts (Kaushik et al., 2018). The variances
attributed to GCA effects (mean squares due to lines
and testers) were found to be lower than those attrib-
uted to SCA (mean squares due to lines X testers) for cer-
tain traits, including LCY, SCY, SI, NBP, MIC, and FUR.
These findings imply that non-additive gene actions,
such as dominance or epistasis, had a more prominent
influence on the inheritance of these traits. In contrast,
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the variances of GCA outweighed the variances of SCA
for traits such as BW, LP, LI, NSB, FS, and FL. This sug-
gests that additive gene action plays a crucial role in the
inheritance of these traits. These findings are consistent
with previous studies (Yehia et al., 2019; EI-Mowafi et al.,
2021; Khokhar et al.,, 2018; Zafar et al., 2021).

The correlation patterns unearthed in this study cor-
respond with those identified in earlier research. For
instance, significant and strongly positive correlations
were observed between SCY and NBP, as well as between
SCY and LCY. These outcomes imply that incorporating
either SCY or NBP into a yield enhancement initiative
can result in heightened lint yield (Shavkiev et al., 2021;
Song et al., 2018; Memon et al., 2017; Morab et al., 2021).
Additionally, this research identified a noteworthy posi-
tive association between BW and NSB. This correlation is
advantageous because increased BW may enhance NSB,
leading to a larger surface area and ultimately enhancing
the maximum LP. This study revealed a negative relation-
ship between BW and NBP, aligning with previous stud-
ies (Kumar et al., 2021). However, previous literature
reported a positive and significant correlation between
BW and NBP (Rehman et al., 2020). Also, non-significant
correlations were observed between SCY and LCY with
fiber quality attributes, which is in line with earlier find-
ings (Mangi et al., 2021; Desalegn et al., 2009).

Although the correlation coefficient holds significance,
it does not provide an accurate measure of causation.
This occurs because the relationship between two traits
might result from the influence of a third attribute or a
group of attributes on those characteristics. For example,
the correlation between BW and LCY could be impacted
by other factors like soil moisture levels, ambient tem-
perature, or plant nutrition status. Similarly, the correla-
tion between FS and MIC may be affected by additional
attributes such as irrigation timing, boll maturation rates,
and/or in-season climatic variability. Thus, when inter-
preting significant correlations, it is important to con-
sider the potential effect of external variables outside the
two parameters directly correlated with each other. This
doesn’t necessarily indicate the relative importance of
the direct and indirect effects of the traits (Alwin et al.,
1975; Lande et al.,, 1983). Because of this factor, the cur-
rent study also applied path coefficient analysis. Inter-
estingly, the study revealed a prominent positive direct
effect of LCY on SCY. This implies that enhancing LCY
would lead to a direct selection process that results in an
increase in SCY. These outcomes align with findings from
recent studies (Rasheed et al., 2020; Mahdy et al., 2021).
In addition, this study found that NBP had the highest
positive indirect contribution to SCY through LCY, fol-
lowed by SI through LI, LP via LI, and LP through LCY.

Page 12 of 14

These results were in alignment with previous research
(Pujer et al., 2014). These results emphasize the impor-
tance of these traits and their indirect role in improving
SCY and underscore the significance of considering mul-
tiple traits, such as LCY and NBP, when making selec-
tions to improve cotton yield.

The utilization of PCA has proven to be a valuable
multivariate technique for identifying superior geno-
types, inbred lines, and hybrids in cotton (Malik et al.,
2013; Munir et al., 2020; Rathinavel, 2018). The results
of the biplot in this study provided a clear-cut group-
ing of hybrids for the multi-trait selection procedure.
In essence, the biplot analysis revealed that genotypes
placed close together exhibited similar characteristics,
while genotypes that were farther apart demonstrated
distinct performance variations. The results obtained
from the PCA in this study demonstrate that the eight-
een F; crosses were located in closer proximity to most of
the yield, yield components, and fiber traits vectors. This
indicates the potential for SCA among the plant materi-
als used in the study (Zafar et al., 2021).

Conclusions

The study revealed substantial genetic variability among
parental lines, indicating high heterotic potential in
hybrids. Non-additive gene action was the predominant
gene action influencing lint yield, seed cotton yield, seed
index, the number of bolls per plant, and fiber micro-
naire, while the inheritance of other traits was mainly
controlled by additive genes. Analyzing genetic mecha-
nisms influencing hybrid vigor and fiber traits could
provide more targeted breeding efforts. Among the F,
hybrids, [(G.90 X Aust) X G.86] had the highest mean per-
formance for SCY, whereas (Uzbekistan 1xG.97) had
the maximum value of LCY, which is higher than both
parents G.97 and Uzbekistan 1 for such trait. For other
traits, the following F, hybrids exhibited notable mean
performance: (TNB X G.97) for SI, [(G.90X Aust) X G.94]
for BW, (G.96 X G.97) for NBP, (Uzbekistan 1x G.94) for
LP and LI, (TNBXxG.94) for NSB, (Aust 12x@G.94) for
FS, (Uzbekistan 1xG.97) for FL, [(G.90 X Aust) X G.86]
for MIC, and (Uzbekistan 1xG.97) for FUR. These find-
ings provide valuable insights into the genetic potential
of different genotypes and hybrids for various economi-
cally important traits, which can guide future breeding
strategies and hybrid development in cotton. Further
evaluation of top-performing hybrids across diverse envi-
ronments is warranted to confirm the performance and
suitability for commercial cultivation. The use of molec-
ular tools can be applied to further elucidating genetic
mechanisms influencing heterosis and key fiber traits
which would enable more targeted cotton breeding.
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Abbreviations

ANOVA  Analysis of variance

BW Boll weight

FL Fiber length

FS Fiber strength

FUR Fiber uniformity ratio

GCA General combining ability
LCY Lint cotton yield

L Lint index

LP Lint percentage

MIC Micronaire

NBP Number of bolls per plant
NSB Number of seeds per boll
PCA Principal component analysis
RCBD Randomized complete block design
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