PLANT BREEDING AND SEED SCIENCE
Volume 62 2010

DOI: 10.2478/v10129-011-0001-6

Yuksel Bolek!, Hatice Cokkizgin?, Adem Bardak?

Kahramanmaras Sutcu Imam University, Faculty of Agricultural, Department of Field Crops'-2,
Bingol University, Faculty of Agricultural, Department of Field Crops?

COMBINING ABILITY AND HETEROSIS FOR FIBER
QUALITY TRAITS IN COTTON

ABSTRACT

Combining ability analysis and heterosis for cotton fiber quality traits were studied in a set of diallel
crosses involving eight cotton (Gossypium sp.) genotypes. Randomized complete block design was used to test
56 F, and 8 parents for fiber quality traits; length (Len), strength (Str), micronaire (Mic), uniformity (Unf),
elongation (Elg), spinning consistency index (Sci) and short fiber index (Sfi). Analysis revealed significant
general combining ability (GCA) and specific combining ability (SCA) effects for all the traits and additive
gene effects were important in the inheritance of the traits. Giza-45 had the highest GCA effects for Len, Sci,
Unf and Elg while Is-4 had the highest Str value. Mic and Sfi values were lowest for Askabat-100 and Giza-45,
respectively. The cross Cukurova-1518 x 108-F and Nazilli-84S x Askabat-100 had the lowest SCA effects for
Mic and Sfi, respectively. The highest values for Len (Askabat-100 x 108-F), for Str (Acala Prema x 108-F),
for Sci (Is-4 x Giza-45), for Unf (Stoneville-453 x Askabat-100) and for Elg (108-F x Is-4) were also obtained.
Hybridizations among Askabat-100 x Nazilli-848S, Is-4 x Giza-45, Askabat-100 x Stoneville-453, Askabat-100
x Giza-45, Is-4 x 108F, Giza-45 x 108F, Giza-45 x Acala Prema, Nazilli-84S x Giza-45, Is-4 x Nazilli-84S and
Acala Prema x Askabat-100 crosses yielded the best heterosis and heterobeltiosis values. Aforementioned
parents and crosses could be utilized for further selection of high fiber quality and applying 3-way crosses or
modified backcross or recurrent selection to genotypes having good combining ability would improve fiber
quality.
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INTRODUCTION

Cotton is used in many different areas having economical importance. Most
of the breeding programs of cotton aim to increase fiber quality parameters that
are important in textile industry. For this purpose the most important step is to
select suitable parents. Since fiber quality traits are quantitatively inherited, a
simple genetic model having several genetic parameters needs a lot of work to
solve complex relationship of successful breeding. Combining ability analysis,
to compare the performance of lines in hybrid combinations is used in breeding
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programs (Griffing 1956) and allow estimation of different genetic parameters
(Verhalen and Murray 1967).

In previous studies in cotton, Sprague and Tatum (1942) used the terms of
general (GCA) and specific combining ability (SCA) to designate the average
performance of line, tester and hybrid combinations. Combining ability analysis
is an important tool for the selection of desirable parents together with the
information regarding nature and magnitude of gene effects controlling
quantitative traits. GCA effects reflect performance of parental lines in
combination with all other lines, so parents with the highest GCA effects should
have greater impact on trait improvement and it may be possible to utilize
additive variance through natural selection.

The success of the hybridization program depends on the ability of the parents
having greater potential in the hybridization to yield desirable
segregants/recombinants (Hallauer and Miranda 1981;Goyal and Kumar 1991;
Ahuja and Dhayal 2007).

Fiber elongation had approximately equal additive and dominance genetic
effects while fiber strength exhibited primarily additive genetic effects.
Micronaire and length showed primarily dominance genetic effects (Cheatham
et al. 2003). Lukonge ef al. (2008) and Meredith and Bridge (1972) reported that
micronaire, length and strength are controlled by additive genes. Moreover, fiber
parameters, micronaire, fiber strength, fiber length, uniformity index, short-fiber
index, fiber elongation etc. showed additive gene effects (Aguiar ef al. 2007).

The phenomenon of heterosis of F, hybrids can also reflect SCA and GCA of
parental lines. Heterotic studies can also provide the basis for exploitation of
valuable hybrid combinations and their commercial utilization in future breeding
programs (Khan et al. 2009).

Heterosis or hybrid vigour is the increment in performance of a hybrid (F,
generation) in relation to the parental average and can assume positive or
negative values (Aguiar et al. 2007). Regarding previous studies on heterosis in
cotton, researchers reported different heterosis values for yield components and
fiber quality parameters. The amount of exploitable heterosis for seed cotton
yield ranged from 15.50% (Al-Rawi and Kohel 1969) to 35% (Thomson and
Luckett 1988). The amount of heterosis for fiber properties was usually lower (5-
10%) than that for yield and its components (Turan 1979; Luckett 1989; Kaynak
1990; Meredith and Brown 1998). Estimated heterosis and heterobeltiosis values
were published for different cotton cultivars (Basal and Turgut 2003; Wu et al.
2004; Temiz and Gencer 2005; Karademir et al. 2007; Basbag et al. 2008).

To determine combining abilities of parents and to select appropriate parents
and crosses the diallel analysis has been widely used by plant breeders. Superior
combining parents were identified on the basis of combining abilities and
subsequently used in the breeding program with good results (Braden et al.
2003). Thus, the main objective of this experiment was to identify the best
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parents and their crosses, on the basis of their general and specific abilities as
well as heterosis and heterobeltiosis performance, yielding high fiber quality.

MATERIAL AND METHODS

Plant material:

Eight cotton genotypes were crossed in a full diallel mating design. The
parent genotypes belonged to G. hirsutum L. (Is-4, 108-F, Acala Prema,
Cukurova-1518, Nazilli-84S, Stoneville-453) and G. barbadense L. (Giza-45,
Askabat-100) species.

Field evaluations:

Experiment was conducted in the experimental fields of Kahramanmaras
Agricultural Research Institute during 2005-2007. Total of 159 cotton genotypes
(G. hirsutum L., G. barbadense L. and G. herbaceum L.) were planted on April 7,
2005. Resulting fiber measurements, 8 genotypes were mainly selected for
important fiber characteristics (Table 1). Genotypes Giza-45, Askabat-100, Is-4
and 108-F have quality fibers and they are also verticillium wilt resistant. Acala
Prema is both verticillium wilt resistant and high yielding cultivar. Cukurova-1518
adapted to Mediterranean Region of Turkey, and Nazilli-84S adapted to Egean
Region of Turkey with high ginning turnout (45%). Stoneville-453 is a
commercial cultivar developed at Stoneville Pedigree in USA and adapted to
Southest of Turkey. Selected parents were planted on May 16, 2006 in the field to
form diallel cross combinations among them (Fig. 1). The following year, all F,s
(28), reciprocals (28) and parents (8) were planted on May 15, 2007.

Significant fiber characteristics of the cotton genotypes used in the experiment fovle
Gemotypes  Micomarie on'  SESER: Ci%ég%y Unifommity 4] "o e
Fiza-45 - B3 427 2155 815 34 6.7
Askabat-100 34 56 430 - 356 34
Is-4 3B B4 451 2230 881 34
108-F - 320 404 1975 8717 34

Hcala Prema - - 400 1580 857 34

Mic: Micronaire, Len: Length, Str: Strength, Sci: Spinning Consistancy Index , Unf: Uniformity, Sfi: Short
Fiber Index , Elg: Elongation
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Fig. 1. Experiment planted in the field in 2006

In all experiments, plot length was 12 m, spacing between and within rows
was 70 x 20 cm. Completely randomized block design with 3 replications was
applied. Standard cultural practices were applied as suggested by
Kahramanmaras Agricultural Research Institute. Shortly, fertilizers were 14 kg
N and 12 kg P,O; and irrigations were total 8 times in about 8-10 days intervals
as needed during growing seasons. Field was received total 642.1 mm, 658.8
mm, 680.6 mm amount of rain during 2005, 2006 and 2007 respectively
(Anonymous 2007).

Bolls were sampled from the first position of the middle fruiting branches of
each genotype. Fiber characteristics; length (Len) (mm) (2.5% Span Length),
strength (Str) (g/tex) micronaire (Mic), uniformity (Unf) (%), elongation (Elg)
(%), spinning consistency index (Sci) and short fiber index (Sfi) were
determined by HVI (High Volume Instruments).

Statistical analysis:

The data were analyzed using analysis of variance method (SAS, Tukey).
Traits found significant were further analyzed by Griffing’s method (1956).
Heterosis and heterobeltiosis values were calculated according to formulas of
Hallauer and Miranda (1981).

F} — Means of parents
Heterosis = * 100
Means of parents

F, — Better parent
Heterobeltiosis = » 100
Better parent
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RESULTS

Parents were selected for fiber quality traits in 2005. Fiber length ranged
from 36.37 mm to 35.28 mm for G. barbadense genotypes while it ranged
from 37.95 mm to 27.74 mm for G. hirsutum genotypes. Fiber strength
ranged from 42.7 g/tex to 35.6 g/tex for G. barbadense genotypes while it
was 42.6 g/tex to 31.3 g/tex for G. hirsutum genotypes. Fiber micronaire was
between 4.78 and 3.94 for G. barbadense genotypes while it was between
4.95 and 3.82 for G. hirsutum genotypes. On the other hand, fiber uniformity
and fiber elongation varied from 87.0% to 85.6% and 7.6% to 7.2% for G.
barbadense genotypes while it varied from 87.8% to 82.5% and from 8.2%
to 5.4% for G. hirsutum genotypes, respectively. Spinning consistency index
ranged from 146 to 130 for G. barbadense genotypes while it ranged from
151 to 83 for G. hirsutum genotypes. Short fiber index ranged from 6.5 to
5.9 for G. barbadense genotypes while it ranged from 7.5 to 5.7 for G.
hirsutum genotypes (data is not shown).

Variance analysis for general (GCA) and specific combining abilities
(SCA) showed significant(p=0.05) effects for the fiber characters (Len, Str,
Mic, Unf, Elg, Sci, Sfi) of the genotypes and their crosses (Table 2). Broad
sense heritability values ranged from 0.57 to 0.83 while narrow sense
heritability values ranged from 0.12 to 0.39 (Table 2).

Analysis of Variance for Fiber Quality Traits for GCA and SCA foble2
Meamn 3 quares
Parameter
GCA SCA H* I
Micronaire 0.47* 0.17* 077 0.37
Length [rom] 67.80F 537* 0353 033
5 trength [gltex] T5.44% 2792+ 065 0.14
5 panming Comsistaney Index 4147 54% 566.54*% 0351 012
Umiformaty [¥4) 7.32* 270+ 0.57 0.16
Short Fiber Index 0.98* 0.21* 0.60 D.18
Elongation [¥s] 1.25* 0.40* 0.60 039

* Significant at 0.05. GCA: General Combining Ability, SCA: Specific Combining Ability, H2: Broad Sense
Heritability, h2: Narrow Sense Heritability

Of the parents, Giza-45 had the highest GCA effects for Len (2.61), Sci
(22.02), Unf (1.16) and Elg (0.45) while Is-4 had the highest Str (2.70)value.
Mic (-0.25) and Sfi (-0.38) values were lowest for Askabat-100 and Giza-45,
respectively (Table 3).
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Table 3
Estimates of GCA Effects for Fiber Traits

Parents Name Mic [i*:;] [;:x] Sei E’,:’i Sh [E,f]
Giza-45 017 26l 269 2202 1.16 -038 045
Askabat-100 025 257 1.18 1520 075 -020 032
Is-4 -017 219 270 19.14 03z -020 015
108-F 024 -202 039 -10.73 041 noe 037
Acala Prema 00s -1.64 0.34 447 -0.07 -00s 00z
Culrova-1518 003 -132 -245 -14.70 -0.58 03z -021
HWazilh-5345 011 -102 -343 -17.14 -0.56 02z 023
Stoneville-453 011 -138 063 936 -0.al1 021 009

Mic: Micronaire, Len: Length, Str: Strength, Sci: Spinning Consistancy Index , Unf: Uniformity, Sfi:
Short Fiber Index , Elg: Elongation

Table 4
Estimates of SCA Effects for Fiber Traits

Crosses Mic 7 [ix] ) [gs;::x] , Se1 , gﬁj ] 58 , gf]
Asleabat-100 x Grza-45 024 =221 -3.60 -2585 085 021 039
L4 = Gizads 0.10 -1.06 531 311 1.0% -0.04 -0.10
108-F = Gead5 053 134 314 14723 0. 000 007
Arala Prema x Gra-d5 021 164 026 10.17 1.30 -0.34 004
Culonova-1518 = Giza-45 -0.10 055 -09s -580 064 011 021
Nazlh 845 = Grzads 028 211 -274 -141 039 -0.04 008
Stoneville-453 = Gra-45 003 0Es 104 1038 0.98 -0.28 001
Grad5 = Askabat-100 013 035 -0.a0 075 013 00s 033
L = Askabat-100 015 -328 -031 558 -283 071 0.la
108-F = Aslabat-100 0o 072 017 -245 0.10 -0.10 033
Arala Preres  Askabat-100 003 132 603 1858 0.01 -0.0e -0.10
Culoncrra-1518 = Askabat-100 02z 226 424 1827 0.10 -0.26 043
Wazilhi 845 = Askshat 100 041 295 087 12.70 1.30 -0.54 0.51
Stomeville-453 x Askabat-100 0o 223 -0.73 1542 317 -0.53 038
Grad5= 4 0 058 -168 -2975 0.05 010 003
Aslabat-100 = 4 038 -1.58 -4.00 035 040 023 035
108 F = 4 0212 043 -567 -15.64 0.37 -0.23 084
Acala Preroa = -4 005 094 =297 .45 049 -0.04 044
Culonoera-1518 = -4 002 1.36 230 ap0s 0.82 023 062

Hamlh-545 = B4 007 043 345 8m 0.30 -0.11 -0.58

Mic: Micronaire, Len: Length, Str: Strength, Sci: Spinning Consistancy Index , Unt: Uniformity, Sfi: Short
Fiber Index , Elg: Elongation
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Table 4
Continued

Crosses Mic [ﬁz] [;:x] Sci [[fj,g S& g,f]
Someville453 = 54 004 153 516 1048 0.70 -0.10 016
Gra-d5x 108-F -007 018 603 18.50 003 013 003
Aslabat-100 = 105-F -033 joz 355 2350 085 -0.10 -0.15
L= 108-F -007 -1.29 =293 -2125 -2.30 038 -030
AralaPema = 108-F -0.14 0.26 706 1542 03 015 003
Culouova-1518 = 108-F 041 -0.40 -0.82 -6.30 012 056 -020
Nazlh-845 = 108-F 009 0584 -2.84 -1286 07 0.10 009
Storeville-453 = 105-F 034 071 -399 -1539 010 -0.14 <012
Grzad5 x Acala Prema -0109 009 -1.83 =575 025 0os 000
Askahat-100 = Acala Prema 002 022 -028 475 1.10 -0.08 -0.18
L4 Acala Prenm 011 051 -3.80 -10.75 0.03 003 023
108-F x Acala Prera -030 025 -3.10 375 048 015 033
Culanova-1518 = Acala Premoa 032 052 -1.20 -986 089 ooz -043
Nazlh-845 = Acala Premna 032 058 =279 202 027 -0.04 -021
5 toneville-453 » Acala Prema 0.18 039 -0.19 -3.20 039 0.00 005
Grad5 x Culanova-1518 -007 053 343 11.50 015 -0.20 -040
Asleabat-100 x Culauova-1518 -0.11 005 -0.10 0.7s 003 -0.03 0.10
L4 = Culonova-1518 -021 1.73 168 12100 038 -0.10 -035
10E-F = Culanova-1518 025 0.33 -313 -13.75 035 -00s8 -020
Acala Preroa * Culouova-1518 019 023 Da3 -2.50 063 -0.10 028
Hamlh-845 = Culonova-1518 001 073 247 511 039 0.20 -021
5 imeville-453 = Culanova-1518 021 -1.69 -3.57 -1492 007 D.0os 015
Grzads « Namlh-845 006 057 160 235 0.00 003 -023
Asleabat-100 = Hazmlk-B45 0.00 002 360 1225 040 0.00 -028
L4 Hamlh-345 033 -3.18 185 =575 058 028 -018
10E-F = Hamlh-345 021 035 D58 -1.75 -1.10 D48 003
Aeala Prema * Masalh-845 -0.17 073 -0.50 300 045 -0.20 -038
Culonova-1518 = Hamlh-545 005 030 D63 -3.75 083 0.30 -013
S imeville-453 « Wamlh-B45 -0.11 -1.72 296 2m -109 047 oo9
Grza-d5 » Stonevlle-453 -0.13 1.9 D38 6100 0.50 0.o3 053
Asleabat-100 = 5 orevlle-253 -009 001 290 935 003 0.00 -008
L4 = S fomeralle-453 -003 0E2 D385 -6.25 -1.58 D.os 050
10E-F = Stoneville-453 040 -0.E0 -0.68 -3.00 0.20 -003 -075
MAcala Preroa * 5 fmewnlle-453 -006 003 -3.80 -11.50 0.20 Doz -043
Culouova-1518 = Storeville-453 028 044 -328 -16.50 0.75 Doz -048
Namlh-345 = Stonevilla-453 021 035 208 7.00 0.10 D28 -025

Mic: Micronaire, Len: Length, Str: Strength, Sci: Spinning Consistancy Index , Unf: Uniformity, Sfi: Short
Fiber Index , Elg: Elongation
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The SCA effects of the crosses for fiber characteristics are presented in
Table 4. Cross Cukurova-1518 x 108-F had high (0.41) SCA effects for mic
while the cross, Askabat-100 x 108-F was high (3.02) for Len. Str value was
highest for Acala Prema x 108-F (7.06) and Sci was highest for Is-4 x Giza-
45 (34.11). On the other hand, Stoneville-453 x Askabat-100 had high (3.17)
SCA effects for Unf while 108-F x Is-4 was highest for Elg (0.84). Crosses
108-F x Giza-45 and Nazilli-84S x Askabat-100 had lowest Mic (-0.63) and
Sfi (-0.54), respectively.

In the reciprocal effect, it was observed that the cross combination of
Acala Prema x 108-F (7.06) had the highest value and it was followed by
Acala Prema x Askabat-100 (6.03) for Str. On the other hand, crosses
Stoneville-453 x Askabat-100 (-0.53) and Stoneville-453 x Giza-45 (-0.28)
for Sfi while 108F x Giza-45 (-0.63) and 108-F x Acala Prema (-0.30) for
Mic had closer values to each other regarding reciprocal effects (Table 4).

Among the crosses the estimated heterosis values varied from -15.98 (108-
F x Askabat-100) to 28.7 (Giza-45 x Acala Prema) for Len, -23.23 (Nazilli-
84S x 108-F) to 40.44 (Is-4 x Nazilli-84S) for Str, -25.90 (Giza-45 x 108-F)
to 38.42 (108-F x Stoneville-453) for Mic, -3.79 (Askabat-100 x Is-4) to
7.73 (Askabat-100 x Stoneville-453) for Unf, -31.10 (Is-4 x Cukurova-1518)
to 26.13 (Is-4 x 108-F) for Elg, -28.70 % (Cukurova-1518 x Stoneville-453)
to 86.44% (Askabat-100 x Nazilli-84S) for Sci, and -20.71 (Askabat-100
x Stoneville-453) to 15.79 (Askabat-100 x Is-4) for Sfi (Table 5).

On the other hand, the highest heterobeltiosis values were determined for the
crosses Nazilli-84S x Giza-45 (7.58%) for Len, Acala Prema x Askabat-100
(32.87%) for Str, Stoneville-453 x Askabat-100 (3.78%) for Unf, Askabat-100 x
Giza-45 (10.14%) for Elg, Is-4 x Giza-45 (66.09%) for Sci while the lowest
heterobeltiosis values belonged to Giza-45 x 108-F (-25.90%) for Mic, and
Askabat-100 x Stoneville-453 for Sfi (-20.71%) (Table 5).

DISCUSSION

In the parental selections to make crosses in 2005, Giza-45 was selected for
Len, Sci, Unf, Sfi and Elg while Askabat-100 was better for Mic. On the other
hand, Is-4 was selected for Str. 108-F and Acala Prema are high yielding
cultivars while others (Nazilli-84S, Cukurova-1518 and Stoneville-453) are
adapted to wide range of cotton growing regions.

The general combining ability effects of parents indicated that the genotype
Giza-45 was best general combiner for len, str, sci, unf, sfi and elg followed by
Askabat-100 which was the best combiner for mic while Is-4 was found best
combiner for str. Thus, Giza-45, Askabat-100 and Is-4 parental values and
significant positive GCA effects, these genotypes would be better to develop
progenies for high fiber quality. Significant GCA effects for all the traits
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measured suggest at least one parent superior to the others, regarding mean
performance in hybrid combinations. GCA/SCA>1 indicates that all of the
characters studied were controlled by additive genes (Table 2) as shown by
Lukonge et al. (2008), Augiar et al. (2007) and Meredith and Bridge (1972).

Cross combination of Askabat-100x108-F was found the best combiner for
fiber length while for fiber strength Acala Prema x 108-F had high SCA effects.
108-F x Giza-45 and Nazilli-84S x Askabat-100 were best specific combiners
for mic and sfi, respectively. Moreover, Stoneville-453 x Askabat-100 had high
SCA effects for unf and Is-4 x Giza-45 was better combiner for Sci. Cross 108-F
x Is-4 was resulted for high elg value to be selected for good combiner.

Giza-45 x Is-4, 108-F x Stoneville-453 cross had negative and significant
SCA effects on Sci and Elg, respectively, indicating some recessive genes for
fiber fineness in Is-4 and Stoneville-453 (male parent) genotypes, which is
consistent with (Aguiar et al. 2007) results.

Some cross combinations for Str, Sfi, and Mic had high reciprocal effects.
From the results, it is evident that if these parameters are to be improved single
cross performance should be merged to reciprocal effects. Bhatade et al. (1980)
have demonstrated this approach for the improvement of plant traits. On the
other hand, additive genetic effects with enough genetic variability were noticed
for the traits permitting for effective selection as shown by Lukonge et al.
(2008). Noticed contradictions may be due to different genetic backgrounds of
cultivars used and different environmental conditions under which the cotton
crop is grown (Khan et al., 2009).

Best crosses for heterosis are Giza-45 x Acala Prema for Len, Is-4 x Nazilli-
84S for Str, Giza-45 x 108-F for Mic, Askabat-100 x Stoneville-453 for Unf,
108-F x Is-4 for Elg, Askabat-100 x Nazilli-84S for Sci and Askabat-100 x
Stoneville-453 for Sfi. When heterobeltiosis values are taken into consideration,
the crosses Nazilli-84S x Giza-45 for Len, Acala Prema x Askabat-100 for Str,
Stoneville-453 x Askabat-100 for Unf, Askabat-100 x Giza-45 for Elg, Is-4 x
Giza-45 for Sci, Giza-45 x 108-F for Mic and Askabat-100 x Stoneville-453 for
Sfi should be selected.

When both heterosis and heterobeltiosis values used for selection, the crosses
Askabat-100 x Nazilli-84S or Is-4 x Giza-45 for Sci, Askabat-100 x Stoneville-
453 for Unf and Sfi, Stoneville-453 x 108-F for Elg, Askabat-100 x Nazilli-84S
for Len and Askabat-100 X Acala Prema are the ones that should be selected.

Mean values for heterosis and heterobeltiosis of Str and Sci for most of the
hybrids were positive indicating these parents can be used to obtain hybrids with
best performance. On the other hand, most of hybrids had negative Elg values
for heterosis and heterobeltiosis indicating these parents were not to be used to
have better hybrids for those traits.

Estimated heterosis values for the parameters mostly fit to the results
published previously. The differences between the estimated heterosis and
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heterobeltiosis values for all investigated characters in this study and those
reported previously might be due to the use of different genetic materials and di
fferent environmental conditions.
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