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1. Introduction

Approximately 95% of the world's cotton production belongs to varieties within the Gossypium
hirsutum L. (Chen et al., 2007; Fang et al., 2017). Tirkiye produces 3.00-3.25% of the world’s cotton
annually (Anonymous, 2022). Cotton breeders' primary aim is high yield and fiber quality (Abdel-Aty
et al., 2023). To improve cotton yield and fiber quality, appropriate breeding strategies are required to
produce useful genetic variations and to identify desirable traits (Shahzad et al., 2022). Since high lint
yield is the most important goal in cotton breeding programs, the unfavourable association between high
yield and fiber quality traits has been ignored (Yang et al., 2023).

The success of the crop-breeding programme is determined by the selection process, and the
bulk method is the third preferred method by public and private breeders in cotton (Bowman, 2000).
Since the dominant gene variance is higher than the additive gene variance, applying the bulk method
as an alternative to the pedigree method in early generations, such as F», F3, and F4, may be successful
for breeding fiber quality traits (May and Green, 1994). It was reported that yield decreased from the F;
generation to the Fs generation, and the resulting significant inbreeding depression limited the success
of selection in the early generations (Meredith, 1979). Furthermore, it was found that performance in
early generations was not a predictor for later generations (Meredith and Bridge, 1973; Galanopoulou-
Sendouca and Roupakias, 1999; Basal et al., 2017). In other studies, Khan (2003) and Khan et al. (2009)
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determined that the plant families in the F3, F4 and Fs generations gave superior values for fiber quality
parameters than the standard varieties due to transgressive expansion and homozygotization.

High values for heritability in a broad sense indicated phenotypic variability due to genetic
factors (Elhousary, 2023), whereas the low level of heritability shows the effect of non-additive genes
and environment in the inheritance of studied traits. Regarding the broad sense heritability estimated for
seed cotton yield, quite different results were found, ranging from low to high. (Balc1 et al., 2020;
Rehman et al., 2020). Skewness and kurtosis determine the presence of epistatic effects in the inheritance
of the trait under study and provide information about the genetic background and structure of the
population in the segregating generations (Savitha and Kumari, 2015).

Earlier studies were generally concentrated in early generations with very few hybrid
combinations. For this reason, we conducted experiments with 37 multi-parental hybrid combinations
in the later generations, such as F3 and F4, to estimate heritability and gene action patterns and determine
the promising combinations to be transferred to the next generations.

2. Material and Methods

The F3 and F4 bulk populations used in the study were the progeny of 37 different cotton multi-
parental cross combinations obtained from breeding studies conducted between 2013 and 2019 (Table
1). F3 and F4 populations originate from super lines obtained from cycle-1 of recurrent selection
introduced by Balci et al. (2021). We conducted the study at Cotton Research Institute, Nazilli,
Aydmn/Tirkiye, in 2020. F3 and F4 generations of these 37 families and comparative cultivars, Gloria
and ST-468, were arranged in Randomized Complete Block Design with three replications. Each
population was grown in a single row of 12 m in length at 70 x 20 cm spacing. Twenty-five plants were
randomly sampled from the middle 10 m section and were recorded seed cotton yield per plant (g) and
ginning out-turn (%). Fiber fineness (FF; mic), fiber length (FL; mm), and fiber strength (FS; g tex™)
were determined by HVI analysis. Nep count (number g') and seed coat nep count (SCN; number g)
were measured by USTER®™ AFIS Pro 2 instrument.

Table 1. Designation of F3 and F4 bulk population

Code Pedigree Code Pedigree
1 (Julia x ST-468) x (Gloria x Carisma) - | 44  (Carmen x ST-468) x (Gloria X Flash) - II
10  (Julia x ST-468) x (Gloria x Carisma) - II 3 (Carisma x Carmen) % (Gloria % Flash) - I
6 (Julia x ST-468) x (Gloria x Carisma) - III 18  (Carisma x Carmen) x (Gloria x Flash) - I
5 (Gloria % Flash) x (Gloria % Carisma) - | 20  (Carmen x ST-468) x (Gloria % Carisma) - |
13 (Gloria x Flash) x (Gloria x Carisma) - II 22 (Carmen x ST-468) x (Gloria % Carisma) - II
34  (Gloria x Flash) x (Gloria x Carisma) - III 8 (ST-468 x Claudia) x (Gloria x Flash) - I
15 (Julia x ST-468) x (Gloria x Flash) - I 38  (ST-468 x Claudia) x (Gloria x Flash) - II
24 (Julia x ST-468) x (Gloria x Flash) - II 4 (Carmen x ST-468) x (ST-468 x Claudia)
11 (Julia x ST-468) x (Gloria x Flash) - III 7 (Gloria x Flash ) x (Gloria x Carisma)
16  (Julia x ST-468) x (Gloria x Flash) - IV 9 (Julia x ST-468) x (Carmen x Carisma)

31 (ST 468 x Claudia) x (Gloria x Carisma) - I 12 (Gloria x Flash ) x (Gloria x Flash)
32 (ST 468 x Claudia) x (Gloria x Carisma) -1I 14  (Julia x ST-468) x (ST-468 x Claudia)

42  (Carmen x ST-468) x (Gloria x Flash) - I 17  (Carmen % ST-468) x (Carmen x Carisma)
19  (Carmen x ST-468) x (Carisma x Carmen) 36  (ST-468 x Claudia) x (Julia x ST-468)

21 (Julia x ST-468) x (Carisma x Carmen) 37  (Carmen x Carisma) x (Gloria x Carisma)
26  (Carmen x Carisma) x (ST-468 x Claudia) 39  (Carmen x ST-468) x (Julia x ST-468)

29  (Julia x ST-468) x (Julia x ST-468) 40  (Gloria x Carisma) % (Gloria x Carisma)
30 (Carisma x Carmen) % (Gloria x Carisma) 41  (Carmen x Carisma) x (Gloria x Flash)

35  (Julia x ST-468) x (Carmen x ST-468)

ANOVA was performed to compare the means of observed traits between and within
generations. Distribution curves were formed for all observed traits, and skewness and kurtosis were
estimated using the frequency distribution (Kapur, 1981). According to Singh and Chaudhary (1985),
descriptive statistics were performed using the JMP® 14 statistical program (JMP, 2018). We calculated
broad-sense heritability (h?bs) using variance component analysis as follows;
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Environmental variance (c’¢) = Mean square of error
Genotypic variance (6°g) = (mean square of genotype - mean square of error) / replication
Phenotypic variance (6°p) = 6°g + c’e

h?bs = % x 100 (Allard, 1960). (1)

Heritability was considered low (<30%), moderate (30-60%), and high (60% <) (Srinivas et al.,
2014).

3. Results and Discussion

Significant differences for all traits except seed coat neps within F3 and F4 indicated the
opportunity for efficient selection among populations (Table 2). The effectiveness of breeding programs
depends on the performance and variability among segregating populations (El-Shazly et al., 2023).
Similar variability emphasized by El-Mansy (2005) and El-Shazly (2013) in later generations of cotton.
The mean differences between F3 and F4 generations were significant for ginning out-turn, fiber fineness,
fiber length, fiber strength, and nep fragments. Fiber strength increased in F4 generations compared with
F3, whereas ginning out-turn and fiber length reduced, and fibers coarsed and nep fragments
unfavourable increased in F4 generations. In terms of the mentioned traits, it can be said that inbreeding
depression is clearly manifested in the F4 generation (Meredith, 1979; Wu et al., 2010; Basal et al.,
2017).

Table 2. Mean values, heritability and comparisons of F3 and F4 populations

Gen SCY GOT FL FF FS SCN Neps
i F3 F4 F3 F4 F3 F4 F3 F4 F3 F4 F3 F4 F3 F4
1 93.0 109.0 39.8 42.0 322 304 43 47 321 327 13.0 163 49.1 53.8
10 959 111.0 46.8 414 312 308 48 47 340 354 147 9.0 36.5 35.1
6 91.7 1029 437 446 312 309 45 50 337 343 100 83 27.8 54.5
5 95.5 107.7 419 409 307 325 45 43 328 341 60 123 345 67.1
13 108.6 107.5 439 429 304 31.1 45 45 319 352 97 7.0 37.1 45.8
34 69.1 90.4 437 427 310 305 43 47 312 338 243 6.0 98.5 37.1
15 98.1 952 445 414 311 322 46 45 332 346 190 150 425 51.8
24 100.1 103.0 434 424 31.1 302 48 46 341 320 100 160 245 46.5
11 940 118.6 413 41.7 323 313 45 46 339 325 157 11.0 471 45.8
16 1082 1127 424 403 30.7 320 47 47 320 344 143 127 418 49.1
31 920 103.1 405 417 31.0 31.0 43 45 325 330 50 13.0 331 59.8
32 83.3 107.9 457 422 305 308 47 47 324 349 50 3.0 29.8 14.8
42 85.7 96.5 423 436 319 306 45 48 338 343 95 153 411 42.5
44 100.6 108.0 445 413 30.7 31.1 46 46 321 335 7.7 308 385 58.5
3 1079 878 469 425 31.0 30.7 48 46 324 340 83 170 345 26.5
18 100.7 110.7 455 404 31.7 315 45 45 338 344 170 253 545 72.5
20 100.0 998 43.8 428 307 303 47 47 324 320 40 360 465 99.1
22 1309 808 422 411 314 308 46 46 330 322 157 190 698 103.1
8 100.1 1025 429 412 314 31.1 45 46 337 336 7.0 7.0 29.1 85.8
38 84.4 90.2 438 454 304 310 47 47 322 339 57 167 325 39.1
4 1026 97.0 428 40.8 309 323 46 45 330 339 110 191 318 69.8
7 90.7 100.7 43.6 423 308 30.8 48 47 312 339 130 197 711 37.1
9 1069 842 419 43,6 31.8 313 44 47 352 337 147 50 41.1 30.5
12 101.4 1053 43.8 43.1 30.7 309 47 46 31.7 343 9.0 3.0 45.8 36.5
14 1140 1158 438 414 31.1 305 45 46 337 327 100 183 251 27.1
17 1024 111.0 428 419 305 305 46 47 316 338 113 150 745 48.5
19 81.1 1135 446 408 314 306 45 48 33.0 324 190 19.0 103.8 585
21 98.1 993 425 431 320 309 44 47 333 324 70 140 298 65.8
26 96.3 949 425 435 305 309 45 49 335 33.0 13.0 13.0 378 35.1
29 97.5 123.6 427 432 314 307 45 47 338 337 57 210 285 37.1
30 92.5 101.8 444 421 319 306 47 48 325 333 3.0 7.7 57.8 325
35 115.6 112.6 448 43.0 31.1 309 46 48 331 339 &3 6.3 19.8 25.8
36 120.1  91.0 425 435 316 303 44 46 33.0 316 220 72 76.8 51.1
37 130.0 959 43,6 416 312 309 43 45 345 318 170 123 565 52.5
39 81.6 1004 426 423 312 312 45 46 321 350 3.7 143 268 64.5
40 95.5 84.8 43.0 435 307 306 45 47 320 338 37 115 218 27.1

536



YYU J AGR SCI 33 (4): 534-542
Balci et al. / Performances of F3 and F4 Bulk Populations in Cotton (Gossypium hirsutum L.)

Table 1. Mean values, heritability and comparisons of F3 and F4 populations (continued)

Gen SCY GOT FL FF FS SCN Neps

: F3 F4 F3 F4 F3 F4 F3 F4 F3 F4 F3 F4 F3 F4

41 94.7 105.8 426 418 312 302 45 46 335 31.1 5.7 17.0 62.1 28.5
ST-468 72.7 44.6 27.4 54 30.2 14.8 51.5
Gloria 102.2 42.5 28.9 5.3 32.8 10.5 41.8
F3 Mean 98.9 434 31.2 4.6 329 10.8 449
F4 Mean 102.2 423 30.9 4.7 335 14.1 49.1

LSD (.05 259 23.6 1.8 1.9 0.7 0.8 03 0.3 1.6 1.6 ns ns 40.8 36.4

Fsvs Fy ns Kk * sk Kk * ns

h2bs (%) 36.76 76.88 76.40 52.38 71.34 19.32 53.41

*: P < 0.05; **: P < 0.01; ns: non-significant, SCY: Seed cotton yield (g plant™); GOT: Ginning Out-Turn (%); FL: Fiber length (mm); FF:
Fiber fineness (mic.); FS: Fiber Strength (g tex™).

F3 and F4 means showed that seed cotton yield per plant of both generations was similar to
Gloria, whereas F3; and F4 generations produced significantly higher seed cotton yield than ST-468
(Table 1). Although the mean ginning out-turn of segregating populations in both generations was
significantly lower than ST-468 cultivar, both generations had significantly stronger fibers than ST-468.
Similarly, Azam et al. (2013), Kumar et al. (2014), and Fawad et al. (2022) compared F3; populations
with their parents and reported significant differences. In addition, both generations had significantly
longer and finer fibers compared to the standard cultivars. The differences between populations and
standard cultivars were non-significant for SCN and neps.

Heritability was estimated as low for seed cotton yield and seed coat neps; medium for fiber
fineness and neps; and high for ginning out-turn, fiber length, and fiber strength (Table 1). It was
concluded that environmental effects were higher than genetic factors in the inheritance of traits with
low heritability. The high variance values observed in both generations for seed cotton yield and nep
fragments confirmed the low and medium heritability levels. However, genetic variation in a broad sense
of heritability can be due to additive as well as dominant and epistatic variation (Falconer and Mackay,
1996). Similar to the results of our study, non-additive gene effects were found to be higher for seed
cotton yield (Lingaswamy et al., 2013; Usharani et al., 2016; Monicashree et al., 2017; Prakash et al.,
2018). Zeng and Meredith (2010) found a moderately broad sense heritability for seed coat neps and
reported that more than 50% of the variation was due to environment with genotype-environment
interaction. In previous studies, broad sense heritability of 70% and above was found for fiber length
(Fang et al., 2014; Gore et al., 2015; Huang et al., 2017; Ma et al., 2018) and ginning out-turn (Rehman
et al., 2020; Ishaq et al., 2021). These results are in agreement with our study findings. Heritability
ranging from high to low for different traits showed that bulk or modified bulk method should be applied
for combination breeding. Evaluating breeding methods and selection criteria for improving fiber
quality, May and Green (1994) concluded that the selection of F» bulk populations for fiber traits is more
beneficial than selecting individual F, plants when initiating a line breeding program for quality
improvement.

Non-significant skewness and kurtosis indicated that all traits had a normal distribution.
Tabachnick and Fidell (2013) defined kurtosis and skewness values between -1.5 and +1.5 as normal
distribution (Figures 1 and 2). Positive and negative skewness are indicators of complementary gene
and duplicate (additive x additive) gene interactions, respectively. Negative or near-zero kurtosis
showed the absence of gene interaction, while positive values are a signal of gene interaction (Choo and
Reinbergs, 1982; Savitha and Kumari, 2015). In another study, Percy et al. (2006) found positive and
high kurtosis values for seed cotton yield and fiber length but insignificant kurtosis values for fiber
fineness. Our findings clearly showed that epistatic effects are not important in controlling all traits.
Verhalen et al. (1971), Khan et al. (2003), and Khan et al. (2009) reported that epistatic gene effects
were not significant in the genetic control of fiber quality traits. Although the longer right tail for seed
cotton yield indicated that the expansion in the direction of high seed cotton yields continues, this aspect
of the distribution is problematic in terms of nep fragments (Figure 1). These results show that
simultaneous improvement between yield and neps is not possible, contrary to what was stated by Zeng
and Meredith (2010). Therefore, seed cotton yield should be limited to a certain level.

In the F4 generation, among 1174 plants, there were 247 superior plants with yield values 3
standard deviations above the population mean for seed cotton yield. This finding indicated that
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approximately 21.04% of the population was suitable for high-yielding selection. The percentages of
superior plants were 8.52% for ginning out-turn, 11.93% for fiber length, and 9.97% for fiber strength.
20.10% of the population was 3 standard deviations below the mean fiber fineness. Transgressive
segregation could be said to cause this performance (Khan et al., 2009). Since the variance and,
therefore, the standard deviation was high, this evaluation could not be made in terms of nep fragments.
When optimization is desired in terms of all traits, 8 F4 lines were selected for transfer to Fs generation
according to seed cotton yield above 90 g; ginning out-turn 42.2%; fiber length 30.2 mm; fiber strength
32.0 g tex’'; fiber fineness between 4.5-4.7 mic.; seed coat neps below 21.0 and neps 64.5. Similar
thresholds were proposed in the decision tree model developed by Cakmak et al. (2023). These lines
were (Gloria x Flash) x (Gloria x Carisma); (Gloria x Flash) x (Gloria x Flash); (Gloria x Flash) x
(Gloria x Carisma) — II; (Julia x ST-468) x (Gloria x Flash) — II; (Julia x ST-468) x (Julia x ST-468);
(ST-468 x Claudia) x (Gloria x Carisma) — II; (Carmen x ST-468) x (Julia X ST-468) and (ST-468 x
Claudia) x (Gloria x Flash) — II. These advanced lines were also the genotypes in which the negative
association between yield and fiber quality traits was broken (Clement et al., 2015; Mizrak et al., 2020).

N
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Figure 1. Normality distribution of yield and fiber quality in F3 and F4 generations.
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Figure 1. Normality distribution of yield and fiber quality in F3 and F4 generations (continued).
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Figure 2. Normality distribution of nep fragments in F3 and F4 generations.

4. Conclusion

The results from the present study indicated the existence of sufficient variation for selection in
multi-parental populations. Due to the continued high variation in seed cotton yield and nep fragments,
single plant selection could be delayed until the Fs generation. The most important goal for cotton
breeders should be to combine high yields with improved fiber quality.
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