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ABSTRACT

Combining ability and heterosis were studied in a diallel cross involving five cotton genotypes for yield and quality traits.
Analysis of variance components indicated that except staple strength and boll weight all characters were predominantly
controlled by non-additive gene action. CIM-473 was the best combiner for seed cotton yield and its component and ACALA
1517/C for quality traits. A cross of NIAB-999 x CIM-473 and ACALA1517/ C x FVH-57 showed higher specific combining
ability effects for all characters. Moreover, they involved at least one parent with positive and high general combining ability

effects, therefore, they are recommended for further studies.

Key Words: Gossypium hirsutum L.; Combining ability; Heterosis

INTRODUCTION

High seed cotton yield is the ultimate objective of any
crop breeding program. Seed cotton yield is the end product
of number of yield component such as boll number, boll
weight etc. Industrial demand of cotton with superior fibre
trait is also source of guide line for cotton breeders.

The need to further amplify efforts for continued
genetic improvement of cotton for yield and quality traits is
even greater today than before in view of a low production
per unit area and low fibre quality traits as compared to
other advanced cotton growing countries of the world to
meet the challenges of 21% century. Seed cotton yield and its
quality parameters are quantitative traits, which are
controlled by several genes thus showing a range of values
in segregating generation. Diallel analysis is one of the most
widely used techniques, which determine type of genetic
variation in quantitative characters.

Diallel analysis is carried out on two techniques i.e.
graphical technique (Hayman, 1954a, b; Jinks, 1954, 1956)
and combining ability analysis (Griffing, 1956). Griffing
model provides information on general combining ability
(GCA) referring the average performance of parental line
reflected in its hybrid combinations and specific combining
ability (SCA), as an average performance of a particular
cross. Combining ability analysis provides an ample
opportunity to cotton breeders to understand the basis on
which certain parental lines could be exploited in the
breeding programme (Katageri & Kadapa, 1989; Khorgade
et al., 2000; Braden et al., 2003; Christopher et al., 2003;
Zhang et al., 2003).

The high magnitude of variance due to SCA gives us
indication of non-additive type of gene action which makes
interesting to estimate useful heterosis manifested by
various cross combinations in particular trait. Heterosis is
one of the crop breeding tools, which offers an opportunity
for increasing cotton production if judiciously used.

Heterosis and heterobeltiosis in cotton have been observed
by various workers (Hassan et al., 1999; Sayal et al., 1999;
Soomro 2000; Arshad et al., 2001; Babar et al., 2001). The
magnitude of heterosis varies from cross to cross and
specie-to-specie.

Keeping in view the important genetic parameters i.e.
combining ability and heterosis, an endeavor has been
attempted in the present studies, to determine the GCA and
SCA along with reciprocal effects and heterosis of five
cotton genotypes through diallel crossing scheme.

MATERIALS AND METHODS

A five parent diallel cross experiment involving two
commercially grown cottons i.e.NIAB-999, CIM-473 and
three lines CRIS-420, FVH-57, and ACALA 1517/C was
under taken at Department of Plant Breeding, University of
Agriculture, Faisalabad. All these genotypes differ from
each other for important agronomic plant characters. These
genotypes were crossed in a diallel fashion including direct
and reciprocal crosses during 2002-03. The seeds of the F;
along with their selfed parents were field planted during the
crop season 2003-04 in such a way that distance between
the rows was 75 cm and between plants was 30 cm. Lay out
design was completely randomized block design with three
replications. At maturity the data from middle eight
competitive plants per replication were collected for the
yield of seed cotton in grams, number of bolls per plant,
weight per boll in grams, height of main stem (cm),
monopodial branches, sympodial branches, ginning outturn
(%), staple length (mm), fibre strength (g/tex), fibre fineness
(ug inch™) per plant. The various laboratory tests were
carried out for the collection of data for ginning percentage,
staple length, fibre strength, fibre fineness. Staple length,
strength and fineness of each plant were measured by using
Spin Lab HVI-900. HVI1-900 is a computerized high volume
instrument which provides a comprehensive profile of raw
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fibre. Total produce of the plant was ginned and lint
obtained from each sample was weighed and lint percentage
was calculated by the following formula.

GOT= Weight of lint in a sample

=— - 100
Weight of seed cotton in a sample

The data were subjected to analysis of variance (Steel
& Torrie, 1980). The significant or highly significant data
were analyzed for combining ability using method 1 and
model 2 of Griffing (1956).

Magnitude of heterosis in terms of percentage of
increase (+) or decrease (-) of F; over mid parent (MP) and
better parents (BP) for each character was calculated
(Fonseca, 1968).

RESULTS AND DISCUSSION

Combining ability analysis. The estimates for GCA and
SCA are presented in Table |1, Ill, IV and V. Table | shows
mean squares due to these effects. Mean squares for GCA
were highly significant for all characters except ginning out
turn. Mean squares for SCA effects were found to be highly
significant for all characters except for ginning out turn and
staple length. Mean Square for reciprocal effects were
observed highly significant for plant height, ginning out
turn, microniare, fibre strength; significant for yield of seed
cotton and non significant for number of bolls per plant, boll
weight, sympodial branches, monopodial branches and
staple length (Table I). Highly significant estimates of GCA
and SCA mean square have been reported earlier (Khorgade
et al., 2000; Barden et al., 2003; Christopher et al., 2003).

The estimates of variance component for GCA, SCA
and reciprocal effects (Table 1) showed that variance due to
SCA was greater in magnitude and more important for seed
cotton yield, number of bolls per plant, sympodial branches,
monopodial branches and plant height. Variance due to
reciprocal effects was higher in magnitude for ginning
outturn and staple length. Additive gene action
predominated in boll weight and fibre strength as a result of
higher magnitude of GCA variance in these characters. A
generally higher magnitude of variance due to SCA effects
than that of GCA effects indicates the importance of non-
additive type of gene action involved in the manifestation of
characters under study. These results are in accordance with
the finding of Khorgade et al. (2000), Barden et al. (2003)
and Christopher et al. (2003).

The results presented in Table Ill are estimates of
GCA of different genotypes. The variety CIM-473 with the
highest magnitude appeared to be the best general combiner
for yield, boll number, sympodial branches and ginning
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outturn. CIM-473, the highest yielding parent, produced
good vyielding hybrids, with higher number of bolls,
sympodial branches and ginning outturn for instance,
NIAB-999 x CIM-473 its reciprocal and CRIS-420 x CIM-
473. ACALA 1517/C proved best general combiner with
respect to Boll weight, monopodial branches, plant height,
fibre length, and microniare; whereas, NIAB-999 was the
best general combiner for fibre strength. The superior parent
results in the superior hybrid for that character. From these
results, it was concluded that CIM-473 and ACALA1517/C
might prove their worth in varietal improvement programme
particularly in above mentioned combination. Sufficient
support in the literature is available to this observation. For
instance, Irfanullah et al. (1994), Sayal et al. (1999), Goudar
et al. (1996) and Khorgade et al. (2000) who reported that
the best yielding parents produced the best yielding hybrids.

Estimates of SCA effects for 10 cross combinations
with regard to 10 characters under study are presented in
Table IV. Results reveal that the cross N-999 x CIM-473
showed the highest SCA effects for yield of seed cotton,
bolls per plant, boll weight, sympodial branches. Similarly,
the highest SCA effects for fibre strength and staple length
were shown by the cross ACALA1517/C x FVH-57. In case
of ginning outturn, the cross CIM-473 x CRIS-420
produced the highest SCA effects. The combination
between N-999 x ACALA1517/C exhibited the highest
SCA value for plant height. The cross CIM-473 x
ACALA1517/C to be the best for microniare. The varieties
CIM-473 and ACALAI1517/C showing the best GCA
performed to the same extent in the combinations as crosses.
It was observed that superior cross combinations involved at
least one high general combining parent, which is in
accordance with the finding of Rauf et al. (2004).

Reciprocal effects are presented in Table V which
showed the highest positive reciprocal effects by cross
combination of NIAB-999 x CRIS-420 in case of yield of
plant, number of bolls and staple length; whereas, the
highest reciprocal effects were shown by cross
ACALA1517/C x FVH-57 in case of sympodial branches.
In case of monopodial branches and fibre strength, the cross
CIM-473 x CRIS-420 produced the highest reciprocal
effects. Highest reciprocal effects for plant height and
ginning outtrun were shown by CRIS-420 X
ACALA1517/C. The crosses NIAB-999 x FVH-57 and
CIM-473 x ACALA1517/C produced highest reciprocal
effects for microniare and boll weight, respectively. It is
suggested that the single crosses and their reciprocals could
be composited for the characters which exhibited non
significant reciprocal effects. Such recommendations have
been made by Khan and Khan (1985).
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Table 1. Mean square due to general combining ability (GCA), Specific Combining ability (SCA) and reciprocal
effects (RE) for various quantitative traits in upland cotton (Gossypium hirsutum L.)

Sourcesof  D.F Plant Traits

Variation Yield Per Boll # Boll Sympodial Monopodial Plant Ginning Fibre Fibre Microniare
Plant Per Plant  weight Branches Branches Height Out turn Strength Length

GCA 4 177.75** 37.26** 0.99%* 38.98** 7.87 ** 1346.38** 4.56 20.24** 2.27%* 0.19%*

SCA 10 538.81** 32.79** 0.062 ** 8.85%* 1.27** 532.12** 3.36 2.49%* 071 0.05**

RE 10 15.73* 0.77 0.0053 0.94 0.39 56.44** 12.28** 4.17** 0.96 0.06**

Error 48 6.75 0.85 0.012 0.81 0.19 20.38 2.28 1.61 0.43 0.012

Table Il. Estimates of components of variance and their percentages due to general combining ability (GCA),
Specific Combining ability (SCA) and reciprocal effects (RE) for various quantitative traits in upland cotton
(Gossypium hirsutum L.)

Sources of Plant Traits

Variation Yieldper  Boll # Boll Sympodial Monopodial Plant Ginning Fibre Fibre Microniare
plant per plant  weight branches branches height Out turn Strength Length

GCA -38.98* 0.27 0.09 2.96 0.65 7851 0.09 175 0.15 0.014
-9.74** 124 66.00 32.49 39.46 17.31 110 33.6 14.57 18.31

SCA 350.16 21.01 0.03 5.28 071 336.67 0.75 058 0.18 0.025
87.45 95.00 23.49 57.91 42.96 7422 9.23 11.09 17.89 33.47

RE 449 -0.004 -0.003 0.07 01 18.03 5.00 1.28 0.27 0.024
121 -0.018 239 0.71 6.05 397 61.57 2452 25.74 3214

Error 6.75 0.85 0.012 0.81 0.19 20.38 2.28 1.61 043 0.012
1.68 3.84 857 8.8 11.49 4.49 28.07 30.84 41.78 16.07

Total 400.38 22.13 0.14 9.12 1.65 45359 8.12 522 1.029 0.075
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table I11. Estimates of general combining ability effects (GCA) for various quantitative traits in upland cotton
(Gossypium hirsutum L.)

Varieties Plant Traits
Yield Per Boll # Boll Sympodial Monopodial Plant Ginning Fibre Fibre Microniare
Plant Per Plant weight Branches Branches Height Out turn Strength Length
CIM-473 5.89 156 -0.028 170 -0.29 -4.12 0.73 -1.35 0.25 -0.21
N-999 0.86 115 -0.28 1.05 -0.57 -8.48 -0.70 227 0.32 -0.004
CRIS-420 0.50 0.48 -0.072 111 -0.45 -041 0.72 0.12 -0.32 0.007
FVH-57 -1.49 0.11 -0.16 -3.13 -0.26 -7.00 -0.38 0.02 -0.67 0.037
ACALA1517/C -5.76 -3.30 0.54 -0.73 157 20.01 -0.37 -1.06 0.42 0.17
CD (9-g) 2.48 0.88 0.10 0.85 0.42 4.30 1.44 1.20 0.63 0.10

Table 1V. Estimates of specific combining ability (SCA) for various quantitative traits in upland cotton
(Gossypium hirsutum L.)

Cross Combinations Plant Traits
Yield Boll # Boll Sympodial Monopodial Plant Ginning Fibre Fibre Microniare
Per Plant  PerPlant weight  Branches Branches Height Out turn Strength Length
N-999 x CIM-473 2094 6.98 0.24 347 119 -17.90 125 -116 04 011
ACALA x FVH-57 14.59 272 0.17 0.35 -0.04 -6.11 -0.45 1.29 0.82 0.01
CRIS-420 X FVH-57 1346 436 012 194 -083 -2552 -116 -0.84 0.02 0.06
CIM-473 x CRIS-420 6.87 1.08 0.12 0.61 -0.46 -4.43 1.40 1.07 0.77 -0.17
CRIS-420 X ACALA 4.54 101 006 032 032 -8.37 110 -0.20 047 0.01
N-999 x CRIS-420 147 139 016 056 -048 -2.88 055 -0.04 0006 -011
N-999 x FVH-57 -0.46 -0.45 0.14 0.75 0.27 -0.04 115 -1.37 -0.02 -0.06
N-999 x ACALA -1.33 -0.65 0.04 0.40 0.27 17.02 -2.09 088 002 011
CIM-473 x FVH-57 -9.13 -2.45 0.03 -1.65 -0.02 16.44 0.33 -0.29 -0.59 0.1
CIM-473 X ACALA -1350 291 015 -1.00 0.65 0.08 062 0.28 067 011
CD (Sji-Six) 4.95 1.75 0.20 171 0.83 8.60 2.87 241 1.25 0.20
CD (S - Su) 4.29 152 0.18 1.48 0.71 7.45 2.49 2.09 1.08 0.8
Heterosis and heterobeltiosis. The perusal of Table VI Therefore, CIM-473 could be given due consideration while
shows that out of the 20 crosses, most of the crosses selecting the parents for crossing programme.
manifested highly significant heterosis for yield of seed It is further evident from Table VI that only three
cotton. The cross N-999 x CIM-473 and its reciprocal crosses were not able to produce heterotic effect for number

proved to be best hybrids as they scored the maximum of boll per plant, while rest of crosses displayed highly
heterosis however cross FVH-57 X CRIS-420 displayed significant increase over their mid and better parent. The
highly significant increase over better parental mean by maximum heterotic and heterobeltiotic effect was observed
exhibited 99.58%. This confirm the superiority of CIM-473 in the cross FVH-57 X CRIS-420. Rigorous selection in the
for its GCA effects as was observed before (Table I). segeregating generations of this cross may lead to the
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Table V. Estimates of reciprocal effects (RCA) for various quantitative traits in upland cotton (Gossypium

hirsutum L.)
Cross Combinations Plant Traits
Yield Per Boll # Boll Sympodial Monopodial Plant Ginning Fibre Fibre Microniare
Plant Per Plant weight  Branches Branches Height  Out turn Strength Length
N-999 x CRIS-420 241 0.68 0.008 -0.90 -0.61 -3.83 0.23 1.26 0.93 -04
CRIS-420 x ACALA 0.89 0.28 0.01 -0.67 0.07 6.33 6.35 -0.62 -0.35 0.01
N-999 x CIM-473 041 0.31 -0.03 -0.30 -0.15 -3.57 0.8 115 0.25 0.017
CIM-473 x CRIS-420 -0.01 0.08 -0.06 0.28 0.25 5.97 -1.51 2.13 0.08 -0.17
CIM-473 x ACALA -0.24 -0.13 -0.02 142 -0.83 -0.094 065 1.16 -0.23 0.25
N-999 x FVH-57 -1.49 -0.09 0.06 0.25 0.00 141 -1.32 -0.47 -0.45 -0.05
CRIS-420 x FVH-57 -2.49 -0.67 -0.03 -05 -0.25 -9.33 2.80 -1.88 -16 -0.12
ACALA x FVH-57 -3.25 -0.65 -0.007 1.67 0 5.88 1.28 157 -0.18 -0.20
CIM-473 x FVH-57 -3.65 -0.33 0.03 -05 0.17 -6.91 -2.35 -1.23 0.17 0.17
N-999 x ACALA -6.27 -1.38 -0.06 0.5 -05 -2.81 0.95 -1.98 0.93 0.03
CD (fii-ia) 5.20 1.84 0.22 1.80 0.87 9.03 3.01 2.54 1.31 0.22

Table VI. Heterosis (Ht.) and Heterobeltiosis (Hbt.) for various quantitative traits in upland cotton (Gossypium

hirsutum L.)
Combination Yield Bolls no. Boll weight ~ Plant height Sympodial ~ Monopodial Ginning Fibre length  Fibre strength Microniare
per plant _ per plant Branches Branches out turn
Ht Hbt Ht Hbt Ht Hbt Ht Hbt Ht Hbt Ht Hbt Ht Hbt Ht Hbt Ht Hbt Ht Hbt.
N-999 x CIM-473 111.7 66.38 88.72 57.90 14.06 5.74 -1857 -21.0 41.38 21.70 47.09 -4931 -202 -220 096 045 -391 -19.16 -6.80 -13.29
N-999 x Cris-420 90.32 83.68 94.43 77.84 -3.61 -1457 -17.94 -295 2756 19.12 -4622 -4895 259 158 615 213 147 -946 -1575 -17.08

N-999 XACALA 2335 718 1717 7.75 271 -16.89 843 -6.52 29.81 14.14
N-999 XFVH-57 59.31 4657 44.44 3848 9.94 547 567 -10.1 32.35 31.25
-1353 -16.6 45.19 24.99
-13.06 -22.8 19.52 9.46
-1651 -1.37
-1743 -12.90 -15.63 -4.4 -5.78 -1.18 -1.23
3112

CIM-473 XN-999 110.0 65.00 84.24 54.15 15.75 7.31
CIM-473XCRIS-420 56.46 26.30 49.83 16.25 2.77 -2.14
CIM-473 X ACALA -853 -18.8 -125 -31.5 -0.23 -1401 -096 -115 7.69
CIM-473 XFVH-57 706 -10.0 -0.23 -135 7.87 407 -0.67 -1.88 -4.76
CRIS-420 X N-999 76.61 70.44 81.01 66.56 -4.09 -15.00 -13.23 -254 40.22
CRIS-420XCIM-473 5651 26.33 48.61 1520 369 -126 -20.16 -29.1 16.17
CRIS-420 XACALA 50.24 34.71 56.83 55.90 -4.76 -14.28 -11.34 -12.0 8.85
CRIS-420 XFVH-57 86.63 77.60 90.73 67.94 -3.63 -11.31 -37.09 -435 26.56
ACALA XN-999  54.70 34.42 4254 31.08 577 -1441 1195 -321 2115
ACALAXCRIS-420 45,90 30.82 50.73 49.84 -357 -13.20 -18.07 -18.7 19.47
ACALAXCIM-473 -7.60 -18.0 -10.2 -29.9 -147 -1508 -0.85 -114 -124

ACALAXFVH-57 5250 4321 42.48 26.09 3.84 -1313 -391 -137 22.86 7.5

24.86 53.94 46.13 40.11 14.19 956  -7.66 -12.0 2858 275
FVH-57 XCRIS-420 99.58 89.94 103.2 78.98 -3.27 -10.97 -26.11 -33.7 33.60 25.74
-11.93 -1935 -21.88 907 753 -230 -236 135 -715 6.04 275

FVH-57 X N-999

FVH-57XCIM-473 21.69 2.22 1404 -113 729 352 863 730 1.59
FVH-57 XACALA 67.54 57.34 48.66 31.57 9.61 -831 -10.83 -19.4 -571

-9.55

6.78
-0.73
-3211 2602 1218 032 -008 012 -416 1002 49 274  -385

-330 -1707 -669 -690 491 091 -369 -2203 -510 -5.69
-12.34 -1333 -3.06 -425 011 -044 -657 -1497 099 -316
-41.29 -4375 -656 -6.7 266 213  -13.73 -27.42 -748 -13.92
-26.79 -2551 395 273 511 067 1542 793 -1003 -15.03
<1219 402 363 -305 -720 487 000 068 -576
-1043 -17.96 -1.07 -4.13
-2253 -2647 127 027 -047 -420 -872
-36.07 -36.70 1264 1132 452 011 -540 X .
1406 243 2295 2200 387 15 153 -916 -291 -3.85
-4042 -4283 731 705 -293 -7.09 ) . .
. -1215 -1234 -1.71 -546 1390 -7.78 -636 -6.96
-7.65 -1707 -1352 -1419 646 409 784 -35 -032  -1.28

422 976 104 0009 370 -0.78 1680 248 564 192
-1233 -1333 456 327 170 112 -1578 -2335 -891
-3084 -3363 -893 916 834 371 18 -036 268 O
499 044 116

422 976 -636 -7.32 -11.24 -2.33  -5.76

isolation of promising genotypes. Arshad et al. (2001),
Babar et al. (2001) and Zhang et al. (2003) in their studies
noted varying amount of heterotic effect for this character.

In case of boll weight, cross CIM-473 X NIAB-999
was on top and was followed by FVH-57 x NIAB-999 as far
as heterosis is concerned. It was further noticed that the
same crosses proved to be best in performance when
compared with their better parents.

Three crosses i.e. FVH-57 X CIM-473, ACALA
1517/C X N-999 and its reciprocal gave highly significant
positive increase over their mid parents (Table VI). When
hybrid values were compared with the better parental
means, only one cross i.e. FVH-57 X CIM-473 showed
significant positive heterobeltiosis as far as plant height is
concerned. These results find support from Khan et al.
(1999), Sayal et al. (1999) and Hassan et al. (1999) who
observed considerable amount of heterosis for plant height.
Regarding sympodial branches per plant, cross CIM-473 X
N-999 and its reciprocal scored the maximum values of
heterosis as well as heterobeltiosis, respectively. This

finding is in agreement with those of Katageri and Kadapa
(1989), Hussain et al. (1990) and Khan et al. (1991).

Table IV revealed that only three hybrids showed
positive heterosis increase over their mid parent and two
hybrid surpassed their better parents for monopodial
branches. The cross ACALA X CIM-473 showed highly
significant heterosis for this character. Katageri and Kadapa
(1989) and Hussain et al. (1990) have reported reasonable
amount of heterosis for monopodial branches.

As regards ginning outturn only two crosses i.e. CRIS-
420 X CIM-473 (12.64%) and CRIS-420 X ACALA
(22.95%) significant differences among F1’s for heterosis
and heterobeltiosis (Table V). These results are in
accordance with those of Irfanullah et al. (1994), Zhang et
al. (1994) and Soomro (2000).

For fibre strength, cross FVH-57 X CRIS-420 showed
maximum heterosis while ACALA X CRIS-420 ranked
highest in term of heterobeltiosis. Hybrid vigour being also
observed Hassan et al. (1999) and Soomro (2000).

Regarding fibre strength, ACALA X FVH-57 scored
highest heterosis while CIM-473 X CRIS-420 showed
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highest heterobeltiosis. Carvalho et al. (1994), EL-Debaby
et al. (1997) and Khan et al. (1999) while studying heterosis
in cotton have also reported similar results for fibre strength.

For microniare, cross FVH-57 X CIM-473 exhibited
heterosis and heterobeltiosis. The breeder should be careful
at the time of selecting material for microniare value as
microniare expressed here is related with the weight of fibre
in micrograms per inch. Greater the microniare value, lower
is the fineness. All those are worse than their parents
showing positive heterobeltiosis. The hybrid N-999 x CRIS-
420 showed maximum negative heterosis. These results are
in the agreement with earlier research findings of Carvalho
et al. (1994), EL-Debaby et al. (1997), Khan et al. (1999)
and Soomro (2000) who reported varying degree of
heterosis and heterobeltiosis for micronaire.

The above results signify the importance of
exploitation of both additive and non-additive gene action
for attaining maximum improvement of yield and quality
traits. It is suggested that high GCA parents i.e. CIM-473
and ACALA 1517/C and cross like NIAB-999 x CIM-473
should given due consideration in developing superior high
yielding varieties. It is suggested that population
improvement by reciprocal recurrent selection to
accumulate desirable genes and breaking undesirable
linkages would be more appropriate.
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