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ABSTRACT
 

In a study conducted at Agricultural Research Institute, Tandojam, Pakistan,
during the year 2008-2009 a line x tester analysis was made to identify the
superior general and specific combining parents for agro-economic traits in
upland cotton. Five lines/females (Sadori, Chandi-95, Bt, CRIS-9 and NIAB-78)
and three testers/males (Sindh-1, Shahbaz and CRIS-134) were crossed to
develop 15 F1 hybrids. These genotypes were evaluated alongwith parents in
RCBD with three replications. The general combining ability (GCA) and specific
combining ability (SCA) mean squares for sympodial branches, bolls per plant,
seed cotton yield and lint percentage were significant except boll weight which
was non-significant. The GCA variances were higher than SCA indicating
greater importance of additive against non-additive genes, especially dominant
ones in advocating these traits. Parents CRIS-9 and NIAB-78 among lines and
CRIS-134 from testers were found as good general combiners for most of the
traits. Hence these parents proved worth to be used in hybridization and
selection programme for extracting desirable plants from segregating
population. F1 hybrids Chandi-95 x Shahbaz, Sadori x Sindh-1, NIAB-78 x CRIS-
134, NIAB-78 x Shahbaz and CRIS-9 x Sindh-1, by and large, exhibited their
superiority for all traits studied and were noted as the best specific combiners.
Therefore, these hybrids may be preferred to improve several traits
simultaneously by selection or may be used for hybrid cotton crop
development.

KEYWORDS: Gossypium hirsutum; genotypes; crossbreeding; F1 hybrids;
agronomic characters; Pakistan.

INTRODUCTION

One of the main reasons for low cotton production per unit area in Pakistan is
the use of inferior cotton cultivars. To improve production level, it is
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imperative to develop new high yielding varieties/hybrids possessing higher
yield potential alongwith early maturity, desirable fibre quality traits, insect
pest and disease resistance. 

Among genetic parameters, general combining ability (GCA) is an average
performance of a line in series of cross combinations while specific combining
ability (SCA) is a performance of hybrids in particular combination. Thus SCA
is important for hybrid crop development whereas GCA is useful for
hybridization and selection programmes. Baloch et al. (2) stated that GCA is
due to additive genes while SCA is due to non-additive genes controlling
traits. Several researchers (11, 12, 16) reported significance of GCA and SCA
variances for many cotton traits. They suggested the importance of additive
and non-additive genes and GCA and SCA ratio being greater than unity
further indicated the preponderance of additive genes in inheritance of bolls
per plant, boll weight, seed cotton yield per plant and lint percentage. 

Ahuja and Dhayal (1) while working with 52 F1 hybrids developed by line x
tester analysis noted significant GCA and SCA effects for boll weight, plant
height, bolls per plant, seed cotton yield and 2.5 percent span length.
However, preponderance of non-additive gene action was obtained for seed
cotton yield and majority of yield components including fibre traits. Gamal et
al. (4) estimated genetic parameters for seed cotton yield and its component
traits under two divergent environments. They observed that most of the
variation was attributable to non-additive gene effects.

In view of the importance of combining ability knowledge of newly developed
parents, line x tester analysis was carried out to help cotton breeders in
framing effective breeding strategy for improving various traits in future cotton
varieties and hybrids. 

MATERIALS AND METHODS

During crop season of 2008, crosses were attempted in a line x tester fashion
at Cotton Section of Agricultural Research Institute, Tandojam, Pakistan.
Five lines [Sadori, Chandi-95, Bt (Australian Bt cotton), CRIS-9 and NIAB-78]
were crossed with three testers (Sindh-1, Shahbaz and CRIS-134), thus 15 F1

hybrids were developed. In 2009, seed of F1s alongwith their eight parents
was sown in a RCBD with three replications. A total of 23 genotypes were
evaluated for sympodial branches per plant, bolls per plant, boll weight (g),
seed cotton yield per plant (g) and lint percentage. Ten plants at random
were tagged from each genotype per replication for recording the data. The
distances between plant to plant and row to row were kept as 30 and 75 cm,
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respectively in a plot size of 15 x 35 square feet. The recommended doses of
fertilizer and six irrigations were applied. Other agronomic/cultural practices
were done whenever needed. The data were recorded for these traits both in
field and laboratory. The analysis of variance was carried out to study the
differences among the genotypes according to Gomez and Gomez (5). The
mean squares for crosses, lines, testers and line x tester interaction GCA and
SCA effects were calculated by the statistical procedures developed by
Kempthorne (8) and adopted by Singh and Choudhry (15).

RESULTS AND DISCUSSION

Mean squares for lines, testers and lines x tester interaction were significant
for sympodial branches, bolls per plant, seed cotton yield and lint percentage
but non-significant  for  only  boll  weight (Table 1).  However, GCA variances 

Table 1. Mean squares analysis of variance, GCA and SCA in line x tester analysis for
various traits in upland cotton.

Source of 
variation

Degree 
of 

freedom

Sympodial 
branches/ 

plant

Bolls/
plant

Boll
weight

Seed
cotton

yield/plant

Lint 
percentage

Replications 2 0.801 0.025 5.00 6.431 0.960
Crosses 14 40.942** 151.541** 0.471 1111.550** 15.880**
Lines (GCA) 4 73.800** 326.690** 0.470 1321.265** 21.850**
Testers (GCA) 2 9.800** 185.755** 0.150 1200.745** 8.091**
Lines x 
testers (SCA)

8 32.300** 60.422** 0.563 984.401** 14.838**

Error 42 1.011 0.781 6.071 3.990 0.570
**Significant at 1% probability level.

were greater than SCA indicating more importance of additive genes against
non-additive genes governing these traits. On an average, maximum
sympodial branches (30.0) were produced by the cross CRIS-9 x Shahbaz
followed by CRIS-9 x CRIS-134 (28.00) (Table 2). Among testers CRIS-134
formed the maximum (25.00) sympodial branches followed by Shahbaz. The
variances due to GCA and SCA were substantial suggesting that additive and
non-additive type of genes were involved in the development of sympodial
branches. Line CRIS-9 gave higher (4.470) GCA effects whereas the tester
Shahbaz exhibited maximum (0.730) GCA effects (Table-3) indicating that
both the parents contained more additive genes, thus preferably be used in
hybridization programme for improving this trait. As far as SCA effects are
concerned, the results revealed that hybrids Bt x Sindh-1, NIAB-78 x
Shahbaz and Sadori x Sindh-1 were among the top scorers with 3.870, 3.270
and 2.870, respectively for sympodial branches per plant. These findings are
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in conformity with those of earlier workers (9, 11, 12) who also reported
significant GCA and SCA variances for this trait.
Table 2. Mean performance of parents and their F1 hybrids for various traits in upland

cotton.

Sympodial 
branches/ 

plant

Bolls/
plant

Boll 
weight

Seed cotton 
yield/ plant

Lint
percentage

F1 hybrids
Sadori x Sindh-1 22.00 48.00 3.80 182.30 34.66
Sadori x Shahbaz 20.00 40.33 4.50 181.66 33.66
Sadori x CRIS-134 18.00 46.00 3.50 160.93 36.33
Chandi-95 x Sindh-1 21.00 46.00 3.90 179.33 37.66
Chandi-95 x Shahbaz 25.00 44.33 4.03 178.80 38.00
Chandi-95 x CRIS-134 24.00 55.00 3.03 166.80 37.00
Bt x Sindh-1 26.00 50.33 3.56 179.50 38.00
Bt x Shahbaz 19.00 51.00 3.03 154.73 35.00
Bt x CRIS -134 24.00 53.00 3.73 197.86 38.00
CRIS-9 x Sindh-1 26.00 50.33 3.63 182.36 38.00
CRIS-9 x Shahbaz 30.00 58.00 3.30 191.33 40.33
CRIS-9 x CRIS-134 28.00 60.00 3.50 209.93 39.33
NIAB-78 x Sindh-1 18.33 63.66 3.03 193.13 33.66
NIAB-78 x Shahbaz 27.33 50.33 3.46 174.50 41.66
NIAB-78 x CRIS-134 24.33 65.00 3.56 231.80 37.33
Average 23.53 52.08 3.57 184.33 37.24
Lines
Sadori 18.00 45.00 5.30 157.50 38.00
Chandi-95 20.00 38.00 3.50 129.20 37.00
Bt 16.00 35.00 3.30 115.50 36.50
CRIS-9 22.00 40.00 3.00 120.00 37.50
NIAB-78 24.00 47.00 3.80 178.60 38.20
Testers
Sindh-1 19.00 40.00 3.60 144.00 37.50
Shahbaz 22.00 35.00 3.00 105.00 38.50
CRIS-134 25.00 48.00 3.05 160.80 38.38
L.S.D. (5%) 0.82 0.72 2.01 1.63 0.61

The data on average bolls per plant (Table 2) showed that hybrids NIAB-78x
CRIS-134 (65.00), NIAB-78 x Sindh-1 (63.66) and CRIS-9 x CRIS-134
(60.00) formed higher number of bolls. As regards the parents, line NIAB-78
(47.00) and tester CRIS-134 (48.00) ranked first. Among lines NIAB-78
(7.590) and CRIS-9(4.030) gave positives GCA effects while Sadori, Chandi-
95 and Bt exhibited negative effects. Among testers, CRIS-134 (3.720)
expressed maximum GCA effects (Table-3), however, among the hybrids,
CRIS-9 x Shahbaz and NIAB-78 x Sindh-1 manifested maximum (5.172 and
4.420) SCA effects (Table-4). These results showed that lines NIAB-78 and
CRIS 9; tester CRIS-134 and hybrids CRIS-9 x Shahbaz and NIAB-78 x

J. Agric. Res., 2011, 49(2)

168



Combining ability estimates in cotton

Sindh-1 could be used for hybrid cotton production. Several researchers (3,
9, 15) and Rokaya et al. (15) found significant GCA and SCA variances and
effects for number of bolls per plant. 
For boll weight hybrids Sadori x Shahbaz (4.50g) and Chandi-95 x Shahbaz
(4.03) performed better (Tabel-2). Among the parents, line Sadori and tester
Shahbaz exhibited maximum GCA effects of 0.360 and 0.090, respectively
(Table-3). For SCA, hybrid Sadori x Shahbaz expressed maximum SCA
effect (0.481) being superior to other hybrids. Similar results were also
obtained by Kamboh (6) and Kamboh et al. (7).

Table 3. General combining ability (GCA) effects of lines and testers for various traits
in upland cotton.

Parents Sympodial 
branches/ 

plant

Bolls/ 
plant

Boll weight Seed cotton 
yield/plant

Lint 
percentage

Lines (females)
Sadori -3.530 -7310 0.360 -9.380 -2.360
Chandi-95 -0.210 -3.640 0.080 -9.380 0.310
Bt -0.530 -0.640 -0.130 -7.00 -0.240
CRIS-9 4.470 4.030 -0.10 10.350 1.980
NIAB-78 -0.200 7.590 -0.220 15.450 0.310

0.335 0.294 0.821 0.665 0.251
Testers (male)
Sindh-1 -0.870 -0.420 0.010 -0.930 -0.840
Shahbaz 0.730 -3.280 0.090 -8.150 0.490
CRIS-134 0.140 3.720 -0.110 9.10 0.360

0.259 0.228 0.636 0.517 0.194

Seed cotton yield depends on many yield related traits such as sympodial
branches per plant, bolls per plant and bolls weight and these are said to be
major yield contributing traits. The hybrid performance per se indicated that
NIAB-78 x CRIS-134 produced maximum seed yield per plant (231.80 g)
followed by CRIS-9 x CRIS-134 (209.93 g) (Table-2). Among lines, NIAB-78
(178.60 g) and among tester CRIS -134 (160.80 g) excelled in seed cotton
yield. However, the highest GCA effects were displayed by the line NIAB-78
(15.450) and CRIS-9 (10.350) while among testers CRIS-134 manifested
maximum (9.10) GCA effects (Table-3). Thus both the parents expressed
good GCA for this trait, and could reliably be used in hybridization and
selection programme to improve seed cotton yield per plant. Regarding SCA
effects, hybrids NIAB-78 x CRIS-134 (22.890), Sadori x Shahbaz (14.851)
and Chandi-95 x Shahbaz (11.991) had the highest values (Table 4). Other
researchers such as Chhabra et al. (3) and Khan et al. (10) reported higher
GCA and SCA variances and their effects for seed cotton yield per plant. With
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respect to lint percentage, maximum value (41.66) was ginned from the cross
NIAB-78 x Shahbaz and minimum (33.66) from Sadori x Shahbaz (Table-2). 
Table 4.  Specific combining ability (SCA) estimates from line x testers analysis for 

various traits in upland cotton.

F1 hybrids Sympodial 
branches/ 

plant

Bolls/
plant

Boll
weight

Seed
cotton yield/

 plant

Lint
percentage

Sadori x Sindh-1 2.870 3.651 -0.140 8.290 0.620
Sadori x Shahbaz -0.0730 -1.161 0.481 14.851 -1.710
Sadori x CRIS-134 -2.730 -2.492 -0.320 -23.140 1.090
Chandi-95 x Sindh-1 -1.460 -2.021 0.240 5.290 0.950
Chandi-95 x Shahbaz 7.600 -0.830 0.291 11.991 -0.041
Chandi-95 x CRIS-134 0.540 3.561 -0.512 -17.272 -0.910
Bt x Sindh-1 3.870 1.312 -0.110 3.070 1.840
Bt x Shahbaz -4.730 2.842 -0.500 -14.470 -2.490
Bt x CRIS-134 0.870 -2.160 0.400 11.400 2.640
CRIS-9 x Sindh-1 -1.130 -5.360 0.150 -10.952 2.820
CRIS-9 x Shahbaz 1.270 5.172 -0.261 4.780 0.621
CRIS 9 x CRIS-134 -0.130 0.174 0.141 6.130 -0.251
NIAB-78 x Sindh-1 -4.130 4.420 -0.330 -5.75 -3.050
NIAB-78 x Shahbaz 3.270 -6.51 0.021 -17.15 3.621
NIAB-78 x CRIS-134 0.871 1.624 0.320 22.890 -0.581
S.E. (si.) 0.580 0.510 1.422 1.153 0.435

The line Sadori (38.00%) and the tester CRIS-134 (38.38%) ginned maximum
lint and proved superior to other parents. The GCA and SCA variances were
significant for this trait, yet lines CRIS-9 and NIAB-78 gave maximum GCA
effects of 1.980 and 0.310 whereas only tester Shahbaz manifested higher
GCS effects (0.490). Maximum SCA effects (3.621) were calculated from
hybrid NIAB -78 x Shahbaz followed by CRIS-9 x Sindh-1 (2.820) and Bt x
CRIS-134 (2.640) (Table 4). These results, by and large, suggested that lines
CRIS-9 and NIAB-78 and tester CRIS-134 could be utilized in hybridization
programme to improve lint percentage while hybrids NIAB-78 x Shahbaz,
CRIS 9 x Sindh-1 and Bt x CRIS-134 may prove useful for hybrid crop
development. Similar to these findings, Panhwar (12), Panhwar et al. (13) and
Soomro (16) also found significant GCA and SCA variances and their effects
for lint percentage. 

CONCLUSION

The GCA and SCA mean squares were significant for all the traits studied
except boll weight. However, the magnitude of variances due to GCA for both
lines and testers for majority of the traits was greater than SCA (lines x tester
interaction). It indicated predominance of additive genes as compared to non-
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additive. Among the parents, line NIAB-78 and tester CRIS-134 were the best
general combiners for majority of the characters, hence can prove as
potential parents to be used in hybridization and selection of desirable plants
from segregating population. SCA of F1 hybirds revealed that crosses Chandi-
95 x Shahbaz, CRIS-9 x Shahbaz, Sadori x Shahbaz, NIAB-78 x CRIS-134
and NIAB-78 x Shahbaz were the best specific combiners for sympodial
branches per plant, bolls per plant, boll weight, seed cotton yield per plant
and lint percentage, respectively. Specific combining ability effects thus
suggested that these crosses may be preferred to develop hybrid cotton.
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