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A B S T R A C T

Naturally colored cotton is eco-friendly because its use in textiles does not require dyeing, and textiles made from 
colored cotton are the best for human health. Despite their many advantages, the low yields and unfavorable 
quality traits of colored cotton varieties limit extensive production. Therefore, F1 and F2 populations of inter
specific (Gossypium hirsutum L. × Gossypium barbadense L.) and intraspecific (Gossypium hirsutum L.) cotton hy
brids were examined to develop brown-colored cotton varieties with superior traits. Gelincik and Nazilli Deve 
Tüyü (NDT)-15 varieties (Gossypium hirsutum L.) with brown-colored lint were used as female parents. The male 
parents included Giza-75, Bahar-82 (Gossypium barbadense L.), Fiona, May-455, İpek-607 and Claudia (Gossypium 
hirsutum L.) varieties with white-colored lint. According to the line × tester mating design, 12 hybrid combi
nations were obtained. F1 populations had higher yield and fiber length values than their parents and F2 pop
ulations. F2 populations had more unfavorable color values (L: whiteness, a*: red-green, and b*: yellow-blue) 
than their colored parents but were superior to F1s. The ratio of general combination ability variance to spe
cific combination ability variance was less than 1, indicating that yield, ginning out-turn, fiber quality, and color 
parameters were controlled by non-additive genes. In the biplot graph, color and fiber parameters are located in 
the opposite direction from yield, indicating that it is difficult to develop colored cotton with high yield and fiber 
quality. Among the 960 F2 single plants evaluated, ten plants were carefully selected according to the optimi
zation of yield, fiber quality, and color values. Based on potential diallel crosses of the ten selected plants, it was 
decided to begin a recurrent selection with that population. Furthermore, it was determined that F2 seeds of 
Nazilli DT-15 × İpek-607 and Gelincik × Giza-75 combinations may be successfully given to farmers.

1. Introduction

Today, the lint of modern cotton varieties is mainly white, but 
colored lint is seen in wild cotton breeds and is considered to have 
evolved to white lint as a result of selection (Fang et al., 2017). Although 
there are many color options, research has mainly focused on cotton 
with brown and green-colored lint (Malik et al., 2021; Naoumkina et al., 
2024; Wen et al., 2024). Natural-colored fabrics obtained from 
brown-colored cotton fibers without the need for chemical dyeing are 
considered to be environment-friendly. These fabrics resist color fading 
during washing and protect the skin from ultraviolet radiation. 
Furthermore, textiles made from naturally colored fibers have 
flame-retardant properties (Hinchliffe et al., 2024). Breeders of cotton 
with natural-colored fibers are addressing the problem of low yields and 
poor quality and are constantly working on it. Ecological yarns and 

fabrics depend on fiber production within a commercially acceptable 
range.

Neglect of yield and fiber quality in the cultivation and breeding of 
cotton with colored lint has led to low yields and adverse quality traits 
(Katz et al., 1997). The yield of green and brown fiber varieties is 
65–80 % of the yield of white fiber cotton varieties (Gong et al., 2018). 
Although cotton with colored lint has many advantages, the pleiotropic 
effects of color pigment genes result in thin, short, and weak fibers 
(Gong et al., 2014; Singh et al., 2001; Tu et al., 2014). Fabrics made from 
fragile and non-resistant colored cotton lint can be weak, although 
shorter and finer fibers make them smoother and more comfortable (dos 
Santos et al., 2023). In classical breeding studies, the negative rela
tionship between color pigmentation and fiber quality traits was tried to 
be broken by interspecific crosses. In the studies conducted in China, the 
fiber length of the second-generation colored cotton varieties was 

* Corresponding author.
E-mail address: aunay@adu.edu.tr (A. Ünay). 

Contents lists available at ScienceDirect

Industrial Crops & Products

journal homepage: www.elsevier.com/locate/indcrop

https://doi.org/10.1016/j.indcrop.2024.119674
Received 20 June 2024; Received in revised form 16 August 2024; Accepted 14 September 2024  

Industrial Crops & Products 224 (2025) 119674 

Available online 7 January 2025 
0926-6690/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 



28–29 mm; fiber strength was 21–22.9 cN tex− 1; fiber fineness was 
4.5 mic., and ginning out-turn 36–40.1 % (Gong et al., 2018). Similarly, 
although the level of white cotton was reached regarding seed cotton 
yield, fiber quality traits such as length and strength were insufficient 
(Jeyaraj et al., 2023; Taufiq Hidayat and Nurindah, 2019). It was 
emphasized that additive genes were effective for lint color, ginning 
out-turn, and fiber strength in brown × white hybrids, and single plant 
selection should be done in early generations (Çınar et al., 2023; Feng 
et al., 2011). In addition to fiber length, fineness, and strength, lint color 
should be a key factor in assessing the fiber quality of naturally colored 
cotton (Zheng et al., 2024).

The brown color was controlled by a single nuclear gene governed by 
six loci (Lc1 to Lc6) and exhibited dominant inheritance (Carvalho et al., 
2014; Patil and Patil, 2021). Lc1 was found to be located on chromo
some seven, while Lc2 was found to be linked to chromosome 6. Lc3 was 
discovered to be a complementary gene that increases the expression of 
Lc1 and Lc2, giving the mohair a dark brown color (Kohel, 1985).

Classical plant breeding can be ineffective due to inbreeding 
depression and loss of super alleles. Heterosis has been used as an 
alternative to homozygous-homogeneous varieties to increase yield and 
improve quality in many crops. Meredith (1990) emphasized that the 
difficulty of F1 seed production, high costs, and low levels of heterosis 
limit the use of hybrid varieties in cotton (Gossypium hirsutum L.). Many 
studies have suggested the potential use of F2 hybrids to enhance seed 
cotton yield via a comparative evaluation of hybrid generations (Chen 
et al., 2021, 2022; Iqbal et al., 2003, 2008; Meng et al., 2019; Olvery, 
1986). It was also found that F2 hybrids had more adaptation ability 
than F1 hybrids and pure lines (Iqbal et al., 2003). In breeding colored 
lint cotton, second-generation hybrids can be an alternative to the 
negative link between yield, quality, and color parameters in classical 
breeding studies. This option has not been considered in any study 
where colored lint is the primary objective.

The L*, a*, and b* values determined by Chromameter provide more 
standardized data for the measurement of colored lint than the Rd and 
+b system and help in color selection and breeding. This study aims to 
determine the suitable parents and promising hybrids in terms of color 
values, fiber quality traits, and yield. It is planned that the genetic- 
statistical estimates obtained as a result of line × tester analysis will 
guide the evaluation of the population and the breeding method.

2. Material and methods

Two brown-colored varieties used as female parents (Fig. 1) were 
crossed with six white cotton varieties used as male parents in a line ×
tester mating design, and 12 F1 and 12 F2 were generated in 2021 and 
2022, respectively (Table 1).

In 2023, 32 genotypes, including parents, F1, and F2 hybrid combi
nations, were sowed in the Randomized Complete Block Design (RCBD) 
with four replications. Each plot consisted of six rows, each with a length 
of 5 m. The sowing norm was 0.70 × 0.10 m. The total trial area was 
2688 m2.

Cultural practices recommended for cotton cultivation in the Aegean 
region, such as irrigation, fertilization, and pest control, were per
formed. From each plot, 50 plants for F2 hybrid combinations and 20 
plants for parents and F1 hybrids were randomly sampled. In total, 4000 
plants were harvested individually, first to determine seed cotton yield 
per plant (SCY; g) and then ginned with a laboratory-type rollergin to 
determine ginning out-turn (GOT; %). Lint color and quality traits vary 
greatly depending on the position of the boll on the plant. For this 
reason, all bolls of each plant randomly sampled from each plot were 
collected and put in individual paper bags during the harvest time. L* 
(whiteness), a* (red-green), and b* (yellow-blue) color values of lint, 
according to the color scale of The International Commission on Illu
mination (CIE), were determined using Chromameter CR-400 (Konica 
Minolta Inc., Japan). Fiber quality traits such as fiber fineness (FF; mic.), 
fiber length (FL; mm), and fiber strength (FS; g tex− 1) were analyzed 
using USTER High Volume Instruments (HVI-1000, Switzerland).

Analysis of variance (ANOVA) was used to assess the difference 
among genotypes according to RCBD for the studied traits by the 
’agricolae’ package developed by de Mendiburu and de Mendiburu 
(2019) in R studio according to Kempthorne (1957). Orthogonal con
trasts were used to compare the grand means of parents, F1s, and F2s 
(JMP® 14., 2018). The data obtained from the studied traits were 
analyzed separately in F1 and F2 generations based on the Line × Tester 
genetic statistics method (Singh and Chaudhary, 1979), and the vari
ances of combining ability used to determine the gene actions control
ling the traits were estimated in TARPOPGEN software developed by 
Ozcan and Acikgoz (1999). PCA (Principal component analysis) was 
performed by the ‘FactoMiner’ developed by Lê et al. (2008) package in 
R software.

3. Results and discussion

The present study evaluated the differences among populations in 
yield, ginning out-turn, lint color, and fiber parameters by line × tester 
mating design to estimate gene action in the control of traits and identify 
suitable parents and promising hybrid combinations. The results of line 
× tester analysis using data recorded from individual plant observations 
for yield, lint color, and quality characters of parents, F1 and F2 

Fig. 1. The lint color of Gelincik (left) and Nazilli DT-15 (right) used as female (Çınar et al., 2023).

Table 1 
Parental cotton genotypes used in the line × tester mating design.

Lines (brown colored) Testers (white)

Gelincik (Gossypium hirsutum L.) 
Nazilli DT− 15 (Gossypium hirsutum L.)

Fiona (Gossypium hirsutum L.) 
May− 455 (Gossypium hirsutum L.) 
İpek− 607 (Gossypium hirsutum L.) 
Claudia (Gossypium hirsutum L.) 
Giza− 75 (Gossypium barbadense L.) 
Bahar− 82 (Gossypium barbadense L.)
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populations, and population comparisons are presented in Table 2.
Significant genotypic differences for all traits indicate a wide varia

tion. Although the ginning out-turns of all genotypes were similar, seed 
cotton yield and fiber length of F1 were significantly superior compared 
with their parents and F2 (Table 4). F2 hybrid combinations were found 
to have lower fiber length and fiber strength. Regarding color parame
ters, it was observed that F2 approached the parent averages compared 
with F1 (Table 4).

ANOVA for combining ability (Table 3) indicated that the differences 
between hybrids for all studied traits were significant. Differences due to 
lines were significant in the F1 generation but not in the F2 generation. 
The difference between both generations indicates different gene effects 
in trait control. In the segregating F2 population, more line × tester 
interaction effect is observed than line and tester parents due to non- 
additive gene effects. In addition, the difference between testers was 
significant only for FL and FS in the F2 generation. The most meaningful 
result was that the line × tester effect in F2 generation was significant for 
all traits examined, and the contribution of the line × tester to the 
variance was high. The studied traits were clearly under the action of 
non-additive genes in the F2 generation. The results of this study are in 
agreement with Tausif (2008), Giri et al. (2020), Ganvit et al. (2024), 
Vanapariya et al. (2022), El-Shazly et al. (2024), Baghyalakshmi et al. 
(2024) who found non-additive gene effects significant for seed cotton 
yield and ginning out-turn.

All color parameters (L, a*, and b*) are controlled by non-additive 

genes in the F2 generation in contrast to F1, indicating increased 
segregation variance in the F2 generation. According to the line × tester 
mating design, homozygous-homogeneous and heterozygous- 
homogeneous populations were studied in F1, while heterozygous- 
heterogeneous populations were also included in F2 (Lande, 1981). In 
our previous study, additive gene effects were predominant for SCY, 
GOT, fiber quality traits, and color parameters in F1 generation (Çınar 
et al., 2023). In the F2 generation, unlike the F1 generation, epistasis and 
dominance in the F1 generation may be responsible for this, and the 
possibility of recessive alleles may support this (Falconer and Mackay, 
1996; Klug et al., 2018). It was stated that the additive, dominant model 
is valid in the inheritance of all traits, including lint color, and that 
dominant effects are higher. Therefore, it was emphasized that direct 
selection would not be effective in breeding these traits and that 
recurrent selection would be useful for developing colored cotton hy
brids (Baghyalakshmi et al., 2024; Khan et al., 2009). In parallel with the 
recommendations of the authors mentioned above, this study was 
planned to determine the most superior single plants to form the starting 
material for recurrent selection due to non-additive effects.

The SCY data in Table 3 show that barbadense parents have the 
lowest yields, whereas hirsutum and cultivated parents have high yields, 
and colored parents are between both groups. Colored × barbadense 
hybrids produced low yields in both generations, indicating that the 
effect of barbadense parents on yield increase was limited. In the F1 
generation, Gelincik × Fiona, Gelincik × May-455, Gelincik × İpek-607, 

Table 2 
Analysis of variance on parents (P), F1, and F2 populations for all traits studied.

Yield and Fiber Quality Traits Color Parameters

SOV df SCY GOT FL FF FS L* a* b*

Blocks 3 1005.5 23.2* 2.5 0.2 3.3 14.2* 1.0 5.4*
Genotypes 31 4328.2** 64.9** 40.8** 0.9** 74.9** 366.2** 37.0** 133.9**
Error 93 521.7 7.2 1.8 0.1 3.3 4.7 0.6 1.8
P vs F1 1 1178.9 8.3 33.6** 2.0** 24.3** 1148.4** 116.0** 348.4**
P vs F2 1 6302.7** 24.8 49.0** 3.9** 230.5** 325.7** 31.8** 113.5**
F1 vs F2 1 2537.3* 5.5 204.6** 0.4* 131.3** 878.2** 91.9** 224.8**

a *p ≤ 0.05; **: p ≤ 0.01.
b SCY: Seed cotton yield per plant (g); GOT: Ginning out-turn (%); FL: Fiber length (mm); FF: Fiber fineness (mic.); FS: Fiber strength (g tex− 1); L*: Whiteness; a*: Red- 
green; b*: Yellow-blue.

Table 3 
Mean squares for all traits studied at line × tester crosses.

Yield and Fiber Quality Traits Color Parameters

SOV df SCY FL FF FS GOT L* a* b*

Blocks 3 F1 883.0 0.3 0.17* 2.2 7.2 5.8 4.2 1.2
F2 1363.0 3.0 0.24 5.1 22.7 9.5* 4.6 2.6

Crosses 11 F1 2735.1** 36.3** 0.90** 27.3** 61.8** 272.1** 23.6** 90.6**
F2 7283.3** 26.0** 0.96** 67.8** 77.9** 231.8** 29.3** 86.4**

Lines 1 F1 577.4 35.6** 0.19 98.4** 18.6 2730.9** 223.1** 905.9**
F2 32.6 19.4 1.28 40.5 26.5 551.2 28.7 161.9

Testers 5 F1 3620.9 71.6** 1.90** 37.9** 125.9** 35.8 3.9 12.9
F2 8595.0 44.8* 1.01 118.4* 107.9 187.3 40.3 92.9

Line × Testers 5 F1 2280.7** 1.0 0.04 2.5 6.2 16.7** 3.3 5.4*
F2 7421.6** 8.6** 0.84** 22.6** 58.2** 212.5** 18.6** 64.6**

Error 57 F1 409.1 1.00 0.04 2.2 3.7 4.8 4.8 1.9
F2 622.5 2.3 0.10 3.8 9.4 3.3 4.5 1.3

σ2
GCA / σ2

SCA F1 0.06 112.00 − 49.00 15.59 5.07 4.90 − 3.20 5.51
F2 − 0.01 0.64 0.38 0.55 0.09 0.1 0.28 0.08

Cont. of lines (%) F1 1.92 8.93 1.90 32.76 2.74 91.2 85.96 90.79
F2 0.04 6.77 12.17 5.43 3.10 21.6 8.79 17.07

Cont. of testers (%) F1 60.18 89.77 96.06 63.02 92.65 5.9 7.69 6.49
F2 53.64 78.28 47.95 79.43 62.93 36.7 62.47 49.01

Cont. of L × T (%) F1 37.90 1.30 2.04 4.23 4.61 2.8 6.36 2.73
F2 46.32 14.95 39.88 15.14 33.97 41.7 28.74 33.92

a *p ≤ 0.05; ** p ≤ 0.01.
b GCA: General combining ability; SCA: Specific combining ability; SCY: Seed cotton yield per plant (g); GOT: Ginning out-turn (%); FL: Fiber length (mm); FF: Fiber 
fineness (mic.); FS: Fiber strength (g tex− 1); L*: Whiteness; a*: Red-green; b*: Yellow-blue.
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Nazilli DT-15 × Fiona, Nazilli DT-15 × May-455, and Nazilli DT-15 ×
İpek-607 produced the highest yields. In F2, these were added to the 
Gelincik × Claudia hybrid. For a yielding-colored genotype, hirsutum 
hybrids appeared to be essential.

Except for barbadense hybrids, the ginning out-turn of all F1 com
binations was above 40 %. Gelincik × Fiona, Nazilli DT-15 × Fiona, 
Gelincik × Claudia, and Nazilli DT-15 × Bahar-82 F2 combinations also 
exhibited ginning out-turn above 40 %. In contrast, to yield and ginning 
out-turn, as expected, the most superior parents in terms of length, 
fineness, and strength were the parents belonging to barbadense species, 
and colored × barbadense hybrids showed superior performance both in 
F1 and F2. In F2, Nazilli DT-15 × Claudia hybrid was added to these 
hybrids. Hybridization between different species has been proposed to 
generate higher lint color variation and obtain superior genotypes 
(Revanasiddayya et al., 2024). Shi et al. (2016) and Lu et al. (2017)
emphasized that Gossypium barbadense, which is evaluated for its supe
rior fiber quality traits, has low lint yield and limited adaptability. Nie 
et al. (2020) reported the results of numerous studies with hirsutum ×
barbadense hybrids and indicated that a yield-enhancing locus in Gos
sypium barbadense varieties may be derived from Gossypium hirsutum. 
Wang et al. (2022) reported that barbadense type cottons were grouped 
into four groups, namely US/Pima, Egyptian, Central Asian, and Modern 
barbadense varieties and that modern varieties have superior fiber 
properties than their predecessors. It was concluded that increasing the 

number of varieties in hybridization studies with barbadense would be 
useful.

The most important color parameters in the chromameter are L* 
(whiteness), a* (red-green), and b* (yellow-blue) color values of the lint. 
In the breeding of colored lint, low L* values are desired, but high a* and 
b* values are desired. Gelincik had better color performance than Nazilli 
DT-15. F1 combinations with the Gelincik as the parent had superior 
values for all color parameters. Along with the Gelincik combinations, F2 
combinations such as Nazilli DT-15 × May-455 and Nazilli DT-15 ×
İpek-607 were also genotypes with superior color performance. How
ever, it should be noted that none of the combinations reached the 
perfect color value of the Gelincik. Evaluation in terms of all three-color 
criteria showed that Nazilli DT-15 × May-455, Gelincik × İpek-607, and 
Gelincik × May-455 hybrid combinations had superior traits. Joshi and 
Chirde (1998) stated that the most important goal in colored lint cotton 
breeding is to obtain superior hybrids from colored parents, but this is 
prevented by the negative relationship caused by pleiotropy, and as a 
result, sufficient heterosis does not occur. The yield, ginning out-turn, 
and fiber quality traits of colored lint cotton obtained as a result of 
the breeding studies carried out in recent years are important in terms of 
showing the level reached. Wen et al. (2024) reported that 67 
natural-colored cotton varieties had been developed since 2000, and 
brown cotton varieties have reached 80 % yield level of white cotton 
varieties. GOT and FL of dark brown Chinese varieties were reported as 

Table 4 
Genotype mean performance for all traits studied.

Yield and Fiber Quality Traits Color Parameters

Genotype SCY GOT FL FF FS L* a* b*

Parents
Gelincik 99.95 42.14 24.65 5.20 22.01 59.60 9.70 26.38
NDT− 15 98.87 38.16 26.15 5.04 24.11 70.29 5.84 21.48
Giza− 75 62.60 33.87 35.24 4.50 39.86 86.36 0.89 11.23
Bahar− 82 80.94 39.01 34.61 4.33 37.85 85.02 1.36 13.02
Fiona 124.35 44.28 29.64 4.96 32.08 89.40 0.21 8.71
May− 455 119.82 44.46 29.12 4.99 30.78 88.32 0.34 8.85
İpek− 607 131.74 37.21 30.30 5.04 31.02 90.18 0.21 7.76
Claudia 129.63 44.64 29.40 5.04 31.75 90.00 0.31 8.35
F1

Gelincik × Giza− 75 69.73 36.54 34.44 3.89 31.02 71.21 4.49 20.03
Gelincik × Bahar− 82 55.03 36.97 33.28 4.32 31.68 67.69 5.08 20.98
Gelincik × Fiona 114.01 44.80 28.07 5.20 27.34 70.79 5.92 20.77
Gelincik × May− 455 114.05 41.88 27.64 4.90 25.94 67.61 7.75 23.28
Gelincik × İpek− 607 101.37 39.86 28.94 4.81 27.15 68.26 6.95 23.23
Gelincik × Claudia 95.54 42.57 29.73 4.65 28.61 76.48 4.70 18.59
NDT− 15 × Giza− 75 60.07 31.98 36.31 3.67 34.89 86.00 1.24 11.51
NDT− 15 × Bahar− 82 51.91 35.18 35.88 4.06 33.59 83.38 2.05 14.13
NDT− 15 × Fiona 114.08 44.86 30.40 5.02 30.52 86.86 1.24 11.68
NDT− 15 × May− 455 101.99 41.13 28.88 4.79 29.65 85.88 1.77 13.55
NDT− 15 × İpek− 607 143.40 40.06 30.61 4.70 30.61 84.38 1.37 12.18
NDT− 15 × Claudia 96.65 41.92 30.36 4.79 29.67 86.07 1.36 11.73
F2

Gelincik × Giza− 75 53.75 38.55 30.24 4.68 31.94 69.69 4.96 20.27
Gelincik × Bahar− 82 30.34 38.76 29.15 4.39 28.72 66.82 5.03 20.87
Gelincik × Fiona 118.67 45.40 27.42 5.26 27.48 71.16 5.85 20.65
Gelincik × May− 455 95.40 38.84 25.10 4.20 22.13 65.51 8.12 23.50
Gelincik × İpek− 607 100.60 38.68 26.87 4.79 25.12 64.44 8.53 24.34
Gelincik × Claudia 123.52 40.23 27.17 4.30 25.42 73.06 5.83 20.59
NDT− 15 × Giza− 75 21.87 29.24 34.15 3.74 35.42 76.28 2.52 15.37
NDT− 15 × Bahar− 82 56.71 45.83 29.16 5.08 31.31 88.90 0.37 8.57
NDT− 15 × Fiona 147.62 43.55 25.70 4.22 23.02 80.95 9.34 24.82
NDT− 15 × May− 455 112.39 38.45 25.60 4.00 23.09 63.70 8.64 24.12
NDT− 15 × İpek− 607 104.68 38.56 28.84 4.83 28.44 65.83 4.55 18.45
NDT− 15 × Claudia 28.90 35.91 30.11 3.80 30.52 75.68 3.66 16.84
Tukey HSD (0.05) 63.05 7.38 3.74 0.78 5.03 5.99 2.11 3.70
x‾ (parents) 105.99 40.47 29.89 4.89 31.18 64.94 7.77 23.93
x‾ F1s 98.15 39.81 31.21 4.57 30.06 77.88 3.66 16.81
x‾ F2s 87.87 39.33 28.29 4.44 27.72 71.83 5.62 19.87
x‾ (grand) 96.26 39.80 29.79 4.60 29.46 76.74 4.07 17.06

a SCY: Seed cotton yield per plant (g); GOT: Ginning out-turn (%); FL: Fiber length (mm); FF: Fiber fineness (mic.); FS: Fiber strength (g tex− 1); L*: Whiteness; a*: Red- 
green; b*: Yellow-blue.
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41.7 % and 30.8 mm (Sun et al., 2021), while the traits of Uzbek vari
eties were 36.1 % and 28.4 mm, respectively (Rahimova et al., 2024). 
Gelincik × Giza-75 and Gelincik × Bahar-82 are super light brown lint 
genotypes with superior ginning out-turn and fiber quality than Chinese 
and Uzbek varieties except for yield.

Principal component analysis (PCA) has been used by numerous 
researchers in cotton (Aslam et al., 2017; Graffelman and Aluja-Banet, 
2003; Malik et al., 2013; Munir et al., 2020; Rathinavel, 2018) as an 
efficient method among biometric procedures to assign each genotype to 
only one group and at the same time reflect the importance of the largest 

contributor to the total variability in each axis of differentiation. PCA, 
which is used in breeding studies, provides important results in deter
mining which traits the improved genotypes are combined. It also re
veals the direction of the relationship between traits such as colored lint, 
fiber quality traits, and yield, as in this study. A biplot diagram of the 
principal components analysis of F1 and F2 populations according to the 
yield, lint color, and fiber quality parameters is given in Figs. 2 and 3. In 
F1 populations, the largest variance (54.1 %) was recorded in the first 
principal component (PC1). PC1 and PC2 explained 91.3 % of the total 
variation for F1 populations, whereas the PC1 and PC2 axes described 

Fig. 2. PCA values in the biplot diagram for all genotypes and traits studied in the F1.

Fig. 3. PCA values in the biplot diagram for all genotypes and traits studied in the F2.
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84.5 % of the total variation in F2 populations.
Vector lengths of lint color parameters and fiber quality traits indi

cated a wider variation than SCY and GOT in F1 and F2. In both gener
ations, SCY, GOT, and FF were in the narrow-angle group, whereas color 
parameters such as a* and b* and FS and FL were in the wide-angle 
positions.

Biplot plots indicated that the Gelincik was more prominent in di
rections a* and b* with Nazilli DT-15. The Gossypium barbadense vari
eties, Giza-75 and Bahar-82, clearly synchronized with FS and FL. 
Gossypium hirsutum varieties Fiona, Claudia, İpek-607, and May-455 
were located between the blocks formed by SCY, GOT, FF, and L*. In 
the F1 generation, Gelincik × Claudia, Gelincik × İpek-607, and Gelincik 
× May-455 were close to the blocks of a* and b*. In the F2 generation, 
Nazilli DT-15 × May-455 and Nazilli DT-15 × İpek-607 hybrid combi
nations were added to these genotypes. Gelincik × Giza-75, Gelincik ×
Bahar-82, Nazilli DT-15 × Claudia, and Nazilli DT-15 × İpek-607 F2 
hybrid combinations were found to be located in the middle and close to 
all traits.

The study evaluated a total of 960 F2 single plants, 80 plants from 
each combination. Among these, ten plants with optimum values for all 
traits were selected (Table 5).

Single plant yield varied between 47.90 g and 140.00 g; ginning out- 
turn between 37.08 % and 42.97 %; fiber length between 27.14 mm and 
30.86 mm; fiber fineness between 3.19 mic. and 5.06 mic.; fiber strength 
between 28.58 g tex− 1 and 32.59 g tex− 1. The color measurement pa
rameters L* value ranged between 57.75 and 69.67, a* value between 
4.80 and 12.40, and b* value between 20.95 and 31.12. The selection 
intensity applied in this generation was realized as 1.05 %. Among the 
varieties used as males in the selected hybrid combinations, İpek-607 
attracted attention.

The appearance of different hybrid combinations for each trait and 
the influence of non-additive genes in the inheritance of traits may limit 
variability and lead to loss of dominance in early generations. Therefore, 
the top ten super F2 single plants were identified to initiate the first cycle 
of recurrent selection by performing half-diallel crosses to obtain 45 
hybrid combinations among selfed populations in F3, as practiced by 
Abou El-Yazied et al. (2014) and Balcı et al. (2021). In the study by 
Janbhale et al. (1998), the selection was made for different shades of 
brown color and fiber quality traits, and recurrent selection was pro
posed. Similarly, it has been shown that recurrent selection may be a 
suitable breeding strategy to further improve varieties with colored lint 
(Malik et al., 2013).

Unstable results on male sterility, fertility restoration, male game
tocytes (Chen et al., 2022; Iqbal et al., 2003), and high production cost in 
conventional hybridization (Singh et al., 2022) prevent the utilization of 
heterosis breeding in cotton. F2 combinations that maintain dominance 
and have the least difference in color and quality between plants can be 
considered second-generation hybrids. As a result of this study, Gelincik 
× Giza-75 and Nazilli DT-15 × İpek-607 F2 combinations were detected 

as second-generation hybrids. Although Nazilli DT-15 × İpek-607 F2 
hybrids had higher yield than both colored parents, the ginning out-turn 
was between the two parents. The fiber of this hybrid was about 2 – 
4 mm longer and 4 – 6 g tex− 1 more strength than both parents. Gelincik 
× Giza-75 is low-yielding but has longer and stronger fibers than both 
colored parents and the Nazilli DT-15 × İpek-607 combination. Mer
edith (1990), Tang et al. (1993), and Chen et al. (2022) demonstrated 
that high seed cotton yield and superior fiber quality F2 hybrids can be 
successfully used in cotton farming. Several studies have demonstrated 
that F2 hybrids retain some of their competitive advantages over their 
parents (Chen et al., 2021; Meng et al., 2019). The heterogeneity of 
Gelincik × Giza-75 and Nazilli DT-15 × İpek-607 F2 combinations has 
the potential to increase their adaptability and reduce hybrid production 
costs.

4. Conclusions

The present study revealed that dark brown color, fiber quality traits 
within commercial limits, high yield, and ginning out-turn are unlikely 
to be combined in one genotype. The predominance of non-additive 
genes in the inheritance of mentioned traits and the risk of losing su
perior, dominant types by self-selection showed that recurrent selection 
could be successful. It was concluded that F2 seeds of hybrids with 
brown-colored lint with ginning out-turn and fiber quality traits close to 
cotton with white-colored lint and yielding F2 seeds could be obtained if 
one shade of color values is compromised. The number of cotton species 
and parents used in this study is limited. In further studies, the number 
of wild species and parents with brown-colored lint genes should be 
increased to break the negative association between color parameters 
and yield and fiber quality traits, and the possibility of creating more 
variation should be tried.
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Table 5 
Traits of selected F2 single plants.

Genotype SCY GOT FL FF FS L* a* b*

Gelincik × İpek− 607 (2) 71.30 37.45 29.42 4.78 30.79 57.75 12.40 31.12
Gelincik × Bahar− 82 (2) 50.20 38.45 27.14 3.19 29.02 60.54 4.80 21.84
Gelincik × Claudia (2) 47.90 42.38 27.35 3.90 32.59 65.61 6.68 22.76
Gelincik × May− 455 (2) 111.50 41.70 27.46 4.50 29.56 69.67 6.65 23.73
Gelincik × Bahar− 82 (1) 70.40 47.87 30.09 3.54 28.92 67.23 6.18 20.95
NDT− 15 × İpek− 607 (2) 76.60 37.08 30.86 4.33 29.07 67.10 6.64 22.71
NDT− 15 × İpek− 607 (3) 140.00 42.86 27.77 4.47 31.22 66.80 6.96 24.79
NDT− 15 × İpek− 607 (4) 128.00 42.97 29.22 5.06 28.58 69.55 6.54 22.07
NDT− 15 × İpek− 607 (6) 56.00 38.75 28.53 4.52 30.65 67.18 6.06 23.03
NDT− 15 × May− 455 (1) 78.70 42.44 30.44 3.80 30.57 66.04 8.02 24.85

a SCY: Seed cotton yield per plant (g); GOT: Ginning out-turn (%); FL: Fiber length (mm); FF: Fiber fineness (mic.); FS: Fiber strength (g tex− 1); L*: Whiteness; a*: Red- 
green; b*: Yellow-blue.
b The numbers in parentheses next to the genotype names indicate their order in the total eighty plants observed.
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