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ABSTRACT. Final cotton quality is of great importance, and it depends
on intrinsic and extrinsic fiber characteristics. The objective of this study
was to estimate general (GCA) and specific (SCA) combining abilities
for technological fiber traits among six upland cotton genotypes and
their fifteen hybrid combinations, as well as to determine the effective
genetic effects in controlling the traits evaluated. In 2015, six cotton
genotypes: FM 993, CNPA 04-2080, PSC 355, TAM B 139-17, IAC
26, and TAMCOT-CAMD-E and fifteen hybrid combinations were
evaluated at the Experimental Station of Embrapa Algodao, located in
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Patos, PB, Brazil. The experimental design was a randomized block
with three replications. Technological fiber traits evaluated were: length
(mm); strength (gf/tex); fineness (Micronaire index); uniformity (%);
short fiber index (%), and spinning index. The diallel analysis was
carried out according to the methodology proposed by Griffing, using
method II and model I. Significant differences were detected between
the treatments and combining abilities (GCA and SCA), indicating the
variability of the study material. There was a predominance of additive
effects for the genetic control of all traits. TAM B 139-17 presented the
best GCA estimates for all traits. The best combinations were: FM 993
x TAM B 139-17, CNPA 04-2080 x PSC 355, FM 993 x TAMCOT-
CAMD-E, PSC 355 x TAM B 139-17, and TAM B 139-17 x TAMCOT-
CAMD-E, by obtaining the best estimates of SCA, with one of the
parents having favorable estimates for GCA.

Key words: Additive effect; Combining ability; Fiber strength; HVI;
Plant breeding

INTRODUCTION

Gossypium hirsutum L. var. latifolium is one of four species cultivated worldwide for
production of fiber. It is exploited in large areas in tropical and subtropical regions, accounting
for 90% of the world production, and has great social and economic importance in Brazil.
World production is based on fibers from four species, the most important being G. hirsutum
L., responsible for more than 90% of the fiber produced. The product harvested is called seed
cotton, which is composed by the lint (fiber and seed). The fiber is used by the spinning industry
and the seed in animal and human feed. In this species, the fiber length may range from medium
to long (25.4 to 34.9 mm) (Fuzatto, 1999; Penna, 1999). World cotton trade has moved around
USS$12 billion annually, involving more than 350 million people in its production line. It is
produced in all continents in more than 60 countries, five of them - China, India, the United
States, Pakistan, and Brazil - are the main cotton fiber producers (FAO, 2016).

Cotton cultivation has great relevance for the Brazilian economy, mainly due to
obtaining the textile fiber. In Brazil, the fifth largest producer, the production is concentrated in
the Midwest region (Carvalho et al., 2015). The country stands out as the world’s third largest
exporter of cotton. The largest producing States are Mato Grosso, Bahia, Goias, Mato Grosso
do Sul, and Minas Gerais (CONAB, 2017). Cotton breeding programs developed by Brazil
have goals similar to those from other Latin American countries, such as improving yield,
ginning income, and obtaining better quality fibers, with priority to achieve more yielding,
early and with high fiber yield cultivars, in addition to finer and more strength and uniform
fibers (Freire et al., 2008).

To meet these demands, breeders use genetic and statistical tools to gain success
in breeding programs. One of the most used techniques is diallel analysis. Diallel crosses
contribute to obtaining information that helps to select genotypes of interest to the farmer.
Among the several existing methodologies, diallel analysis methodology proposed by Griffing
(1956) allows estimating the general combining ability (GCA) and specific combining ability
(SCA) (Cruz, 2006). Combining ability describes the genetic value of parents to generate
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superior hybrids. Sprague and Tatum (1942) used the term GCA to denote the average
performance of a parent in their hybrid combinations and used the term SCA to define cases
where certain combinations are relatively better or worse than expected based on GCA.

Zeng and Pettigrew (2015), studying the combining abilities and the heritability
in F, hybrid cotton for yield and technological fiber traits on different planting times,
observed significant differences for GCA and not for SCA among the fiber traits, indicating
a predominance of additive genetic effects. Kothari et al. (2016), studying the combining
abilities in cotton genotypes for improving oil content, observed that both GCA and SCA
showed significant differences for fiber traits, indicating additive and non-additive genetic
control. Kumar et al. (2014), studying the genetic effects and combining abilities in upland
cotton, observed predominance of genetic additive effects for all fiber traits.

The objective of this study was to estimate the GCA and SCA and to obtain information
on the genetic control of technological fiber traits among six upland cotton genotypes and their
hybrid combinations.

MATERIAL AND METHODS

In 2015, six cotton genotypes: FM 993, CNPA 04-2080, PSC 355, TAM B 139-17,IAC
26,and TAMCOT-CAMD-E and fifteen hybrid combinations were evaluated at the Experimental
Station of Embrapa Algodao, located in Patos - PB. The experimental area is characterized by
the geographical position 7°0°40.55”’S and 37°16°14.80°W, 243.28 m in altitude, with average
rainfall recorded in 2015 of 495.7 mm (AESA, 2017). The trial was conducted under irrigation
regime. Experimental plot consisted of two rows of 5 m in length, spacing 1.0 m between rows
and 0.20 m between plants, with a useful area of 10 m? and a population density of 50 plants/
row. The experimental design was a randomized block with three replications.

Seeding was done manually, leaving 25 plants in each row of 5.0 m, and the thinning was
performed 30 days after sowing. Cultural practices were done according to the crop needs over
the conduction of the experiment. Technological fiber traits were evaluated at the Laboratory of
Fiber and Yarn Technology of the Embrapa Algodao, in Campina Grande - PB, using the HVI
device (Uster HVI 1000) taking up 20 bolls/plot as a standard sample. The analyzed traits were:
fiber length - LEN (mm); fiber strength - ST (gf/tex); fineness - FIN (Micronaire index); fiber
uniformity - UNF (%); short fiber index - SFI (%), and spinning index - SPL.

Statistical genetic analyses for the data obtained in the trial were made using the
GENES software version 2014.6.1 (Cruz, 2013). For analysis of variance, the F-test at
1 and 5% probability was used. Means between treatments were clustered using the Scott
and Knott (1974) test at 5% probability. The diallel analysis was performed according to the
methodology proposed by Griffing (1956), using method II and model I, which estimates the
GCA (§) effects from each parent and SCA (ég) effects. The model was considered fixed for
the genotype effects. Statistical genetic model is given by Equation 1:

Y

= m+ g + gj + Sij + el.j (Equation 1)
where Y_: mean value of the hybrid combination (i # j) or of the parent (i = j); m: overall mean;
g & GCA effect of the i-th and j-th parent, respectively; s,: SCA effect for the crosses among
the parents of i and j order; &;: mean experimental error.
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RESULTS AND DISCUSSION

The summary of analysis of variance is shown in Table 1. There is variability among
the evaluated materials, due to the statistical significance for the genotypes regarding all fiber
traits evaluated. Experimental precision indicated by the coefficient of variation (CV) ranged
from 1.14% (UNF) to 6.73% (SPI), which is classified as adequate. Similar results for CV
were found by Hoogerheide et al. (2007) and Carvalho et al. (2015).

Table 1. Analysis of variance for genotypes and GCA and SCA of the traits evaluated by Griffing model (1956),
involving parents and F, hybrids.

NY% d.f. LEN ST FIN UNF SFI SPI
Genotypes 20 11.51%* 17.57** 0.47** 3.46** 0.50%** 399,642.63**
GCA 5 40.39%* 51.24** 1.46%* 10.72%* 1.60** 1,425,840.92%*
SCA 15 1.88%* 6.35%* 0.14* 1.05™ 0.13" 57,576.53"™
Error 40 0.63 2.12 0.07 0.96 0.17 34,683.77
DPGCA 1.65 2.04 0.05 0.40 0.05 57,964.88
PSCA 0.41 1.41 0.02 0.02 -0.01 7,630.92
Mean 28.71 32.62 5.28 8531 6.32 2,764.06
CV (%) 2.77 4.46 5.11 1.14 6.65 6.73

** *Significant at 1 and 5% probability by the F-test. SV: sources of variation; ®GCA - quadratic component
associated with GCA; ®SCA - quadratic component associated with SCA. CV - coefficient of variation; d.f. -
degrees of freedom; LEN - fiber length; ST - fiber strength; FIN - fineness (Micronaire index); UNF - uniformity;
SFI - short fiber index; SPI - spinning index.

In Table 2, the classification of means from the Scott and Knott (1974) test at 5%
is presented. The traits LEN, ST, FIN, UNF, SFI, and SPI formed groups, confirming the
genotype variability for these traits. For fiber length, FM 993 x TAM B 139-17 presented the
highest value (32.70 mm). Regarding strength, the highlight was the combination CNPA 04-
2080 x PSC 355 (36.15 gf/tex). For the fineness trait, the values obtained by the genotypes
ranged from 5.86 to 4.33 pg/in, being considered values higher than the required by textile
industry. The TAM B 139-17 genotype showed the lowest value (4.33 pg/in). Regarding the
uniformity, all genotypes and combinations presented values higher than 83%, highlighting
the combination PSC 355 x TAM B 139-17 with values of 87.96%. For short fiber index, the
combination CNPA 04-2080 x PSC 355 showed the lowest value (5.77%). Regarding spinning,
the highest value was observed for the TAM B 139-17 genotype (3447.00). According to
Freire et al. (2015), the main cotton breeding programs in Brazil aim more yielding, early and
high fiber yield cultivars (greater than 40%) in addition to fine (Micronaire index between
3.7 and 4.2), more strength (above 28 gf/tex) and uniform (above 84%) fibers. According to
Vidal Neto and Freire (2013), the importance of the fiber traits can follow the following order:
fineness, length, strength, elongation, short fiber index, spinning and color degree; however,
each type of cotton has its market.

Combining abilities

In Table 1, the diallel analysis for the traits under study is shown. All traits were
significant for GCA, indicating that at least one parent was superior to others concerning the
mean performance in their hybrid combinations. As for SCA, the traits UNF, SFI, and SPI
were not significant. The quadratic components shown in Table 1 referring to GCA and SCA
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indicate a predominance of GCA effects, showing a greater importance of additive effects
controlling the traits under study. For LEN, these results are supported by Smith et al. (2010);
Karamedir and Genger (2010); Hinze et al. (2011), and Zhang et al. (2016), who also found
a predominance of additive effects for length. For ST, Hinze et al. (2011), Zeng et al. (2011),
Patel et al. (2014), Ng et al. (2014), Kothari et al. (2016), and Zhang et al. (2016) observed
similar gene effects in their results. Regarding FIN, Karamedir and Genger (2010); Zeng et al.
(2011); Hinze et al. (2011), and Zhang et al. (2016) found similar results. The results for UNF
are supported by Aguiar et al. (2007) and Hinze et al. (2011). For SFI, similar results were
obtained by Aguiar et al. (2007) and Zeng et al. (2011). Regarding SPI, results are supported
by Aguiar et al. (2007), which observed the predominance of additive effects in the control of
fiber spinning in upland cotton genotypes.

Table 2. Means of parents and their hybrid combinations for the traits LEN, ST, FIN, UNF, SFI, and SPI (Patos,
PB, 2015).

Parents LEN ST FIN UNF SFI SPI

FM 993 27.53¢ 3391 5.55¢ 84.65" 6.72° 2656.00°
CNPA 04-2080 27.40° 30.55° 5.20* 85.20° 6.25% 2575.00°
PSC 355 27.53¢ 33.66* 5.33* 85.46° 6.00° 2769.33°
TAM B 139-17 32.26* 35.73* 4.33¢ 86.33" 5.86° 3447.00*
1AC 26 27.06° 34.40* 5.36* 83.76" 6.43° 2605.66°
TAMCOT-CAMD-E 26.73¢ 28.03° 4.96° 83.70° 7.30* 2294.66¢
FM 993 x CNPA 04-2080 28.20° 30.86° 5.50° 85.06° 6.66 2556.33°
FM 993 x PSC 355 27.87¢ 31.35° 5.58* 85.59* 6.22° 2616.65°
FM 993 x TAM B 139-17 32.70* 35.20* 4.76° 86.23° 5.90° 3337.00*
FM 993 x IAC 26 26.80¢ 30.84° 5.83* 84.27° 6.21° 2337.00¢
FM 993 x TAMCOT-CAMD-E 28.22¢ 30.15° 4.93% 84.34° 6.97* 2582.15°
CNPA 04-2080 x PSC 355 27.52¢ 36.15% 5.78* 85.89* 5.77° 2803.15°
CNPA 04-2080 x TAM B 139-17 30.87° 34.13° 5.01° 86.24* 6.22° 3121.33*
CNPA 04-2080 x IAC 26 28.13¢ 32.16* 5.53* 85.06" 6.46* 2624.00°
CNPA 04-2080 x TAMCOT-CAMD-E 28.10° 29.40° 5.43* 84.33" 6.76* 2411.66¢
PSC 355 x TAM B 139-17 31.56° 35.06° 4.90° 87.96* 5.90° 3417.33*
PSC 355 x IAC 26 27.53¢ 32.96* 5.86* 86.20* 5.80° 2693.66°
PSC 355 x TAMCOT-CAMD-E 27.50° 30.00* 5.40* 84.85° 6.35° 2474.66¢
TAM B 139-17 x IAC 26 31.13° 35.76* 5.30° 85.86" 6.20° 3130.66*
TAM B 139-17 x TAMCOT-CAMD-E 31.16 34.33* 4.76° 86.50* 6.13° 3227.00*
IAC 26 x TAMCOT-CAMD-E 27.10° 30.50° 5.53 84.03° 6.66° 2365.00¢

Means followed by same letter do not differ at 5% probability by the Scott-Knott test. LEN - fiber length; ST - fiber
strength; FIN - fineness (Micronaire index); UNF - uniformity; SFI - short fiber index; SPI - spinning index.

GCA effects (&)

In Table 3, the estimates of GCA effects (&) of the parents under study are shown.
The parent TAM B 139-17 presented the best positive estimates (&) followed by high means
for LEN (2.62), ST (2.19), UNF (1.03), SPI (472.36) and the best negative estimates (&) for
FIN (-0.44) and SFI (-0.27), meaning that this parent can contribute genetically to improving
these traits.

SCA effects (§ij)

Table 4 shows estimates of the SCA effects (§,). Considering the LEN, the hybrid
from FM 993 x TAM B 139-17 showed the highest positive estimate, with one of the parents
having a positive estimate of GCA (&). For ST, CNPA 04-2080 x PSC 355 showed the highest
estimates (§,) accompanied by parents with positive estimates of GCA (&). About FIN, the FM
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993 x TAMCOT-CAMD-E hybrid showed the lowest estimates (§ij), with one of the parents
with negative estimates (g,). For UNF, PSC 355 x TAM B 139-17 showed the high estimates
of (éij), followed by parents with positive estimates of (&). The TAM B 139-17 x TAMCOT-
CAMD-E hybrid presented the best negative and positive estimates, respectively, of (§,) for
SFI and SPI, accompanied by parents with favorable estimates of (&,).

Table 3. Estimates of general combining ability effects (&) among six cotton genotypes for technological fiber

traits.

Parents LEN ST FIN UNF SFI SPI
FM 993 0.26 0.26 0.09 0.29 0.14 75.91%
CNPA 04-2080 0.42%* 0.57* 0.08 -0.02 0.01 -85.24%
PSC 355 0.49%* 0.55* 0.15%* 0.53%* 0.27%* 24.46
TAM B 139-17 2.62%* 2.19%* ~0.44%% 1.03%* 0.27%* 472.36%*
TAC 26 0.76%* 0.33 0.22%* 0.52%* -0.00 -123.34%*
TAMCOT-CAMD-E 0.67%* 2.04%% 0.12% 0.71%* 0.40%* 212.32%*
SD (g) 0.14 0.27 0.05 0.18 0.07 34.70
SD (gi- &) 0.22 0.42 0.07 0.28 0.12 53.76

#* *Significant at 1 and 5% probability by the ¢-test. SD (g,): standard deviation; SD (g, - gj): standard deviation
of the difference of two parent effects; LEN - fiber length; ST - fiber strength; FIN - fineness (Micronaire index);
UNF - uniformity; SFI - short fiber index; SPI - spinning index.

Table 4. Estimates of specific combining ability effects (8,) among six upland cotton genotypes for technological
fiber traits.

Parents LEN ST FIN UNF SFI SPI
FM 993 -0.65 1.82%* 0.08 -0.06 0.11 43.75
CNPA 04-2080 -0.47 -0.93 -0.25* -0.06 -0.10 -18.57
PSC 355 -0.19 -0.08 -0.25* -0.90* 0.23 -43.65
TAM B 139-17 -1,69%* -1.28%* -0.05 -1.05* 0.08 -261.78**
IAC 26 -0.10 1.11 -0.37** -0.49 0.12 88.29
TAMCOT-CAMD-E -0.62 -0.10 -0.07 -0.18 0.17 -44.74
FM 993 x CNPA 04-2080 -0.65 -0.92 0.03 0.07 0.18 -46.57
FM 993 x PSC 355 -0.08 -1.56* 0.05 0.04 0.03 -95.95
FM 993 x TAM B 139-17 1.62** 0.64 -0.16 0.18 -0.29 176.48
FM 993 x IAC 26 -0.87* -1.84* 0.23 -0.21 -0.24 -227.80*
FM 993 x TAMCOT-CAMD-E 0.45 0.03 -0.32* 0.04 0.10 106.33
CNPA 04-2080 x PSC 355 -0.27 3.53%* 0.26 0.07 -0.28 99.87
CNPA 04-2080 x TAM B 139-17 -0.04 -0.11 0.08 -0.08 0.15 -29.84
CNPA 04-2080 x IAC 26 0.60 -0.21 -0.06 0.30 0.13 68.52
CNPA 04-2080 x TAMCOT-CAMD-E 0.48 -0.41 0.18 -0.23 0.02 -54.82
PSC 355 x TAM B 139-17 0.72 -0.31 -0.09 1.08* 0.12 156.44
PSC 355 x IAC 26 0.07 -0.55 0.20 0.88 -0.23 28.48
PSC 355 x TAMCOT-CAMD-E -0.04 -0.94 0.08 -0.27 -0.09 -101.53
TAM B 139-17xIAC 26 0.56 0.61 0.23 0.04 0.15 17.58
TAM B 139-17 x TAMCOT-CAMD-E 0.51 1.75* 0.05 0.86 -0.31 202.90*
IAC 26 x TAMCOT-CAMD-E -0.16 -0.21 0.14 -0.03 -0.05 -63.38
SD(Sii) 0.33 0.61 0.11 0.41 0.17 78.69
SD(Sij) 0.40 0.74 0.13 0.52 0.21 95.30
SD(Sii - Sj) 0.45 0.84 0.15 0.56 0.24 107.52
SD(Si- Six) 0.60 111 0.20 0.74 0.32 142.23
SD(Sij - Ski) 0.56 1.03 0.19 0.69 0.29 131.68

** *Significant at 1 and 5% probability by the #-test. LEN - fiber length; ST - fiber strength; FIN - fineness
(Micronaire index); UNF - uniformity; SFI - short fiber index; SPI - spinning index.

CONCLUSIONS

There was significant genetic variability for all traits studied, fundamental in
forming populations that maximize genetic gains. Additive effects were predominant for all
traits studied. The TAM B 139-17 genotype showed the best GCA estimates for all traits,
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accompanied by high means, being indicated for breeding programs aiming at improving these
characteristics. The best hybrid combinations were: FM 993 x TAM B 139-17, CNPA 04-2080
x PSC 355, FM 993 x TAMCOT-CAMD-E, PSC 355 x TAM B 139-17, and TAM B 139-17 x
TAMCOT-CAMD-E, since they have high means associated with positive and high estimates
of SCA, with at least one of their parents with high GCA.
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