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ABSTRACT 

Cotton (Gossypium hirsutum L.) has vital role in economy of Pakistan. In the present study GCA effects of parents and 

SCA effects of crosses were estimated by using line × tester analysis. Four lines i.e. FH-312, CRS-2007, MNH-998, FH-2015 

and four testers MS-71, NS-131, IUB-65, FH-114 were crossed to develop 16 F1 hybrids. The parents along with their 

hybrids were evaluated in RCBD in two replications in the field during 2017-2018. The GCA and SCA mean squares for 

plant height, number of monopodial branches, number of bolls per plant, boll weight, lint percentage, lint index, seed 

index, fibre length, fibre strength and fibre fineness were significant. Among lines FH-2015, MNH-998 and CRS- 2007 

whereas among testers NS-131, IUB-65 and FH-114 were proved to be good general combiners for most of the characters. 

These parents suggested to be used in future programs for isolating the desirable traits. Among crosses CRS-2007 × NS-

131, MNH-998 × IUB-65, FH-2015 × MS-71, CRS-2007 × FH-114, FH-2015 × FH-114 were proved to be best specific 

combiners for most of the characters.  

INTRODUCTION 

Cotton falls in genus Gossypium and consist of four cultivated species i.e. Gossypium barbadense L., Gossypium arboreum 

L., Gossypium hirsutum L., and Gossypium herbaceum L. (Fryxell, 1992). Cotton production has increased over the past 

decades in Pakistan but it is still behind in production compared to many other countries. Cotton is very important cash 

crop due to its usage. Cotton is used as a source of fibre. The cotton seed cake is being obtained by cotton which is used 

as animal’s nutrition. Cotton crop is also called as White gold due to its contribution in agricultural, Industrial and economy 

development (Dinakaran et al., 2012). It is a major source of oil and fibre in most of the tropical regions in world. 

Cultivation of cotton crop is giving livelihood to about 1.5 million people of Pakistan (Hussain et al., 2010). 

For development of high yielding genotypes there should be genetic variation within a specie. This is a pre requisite to 

start a breeding program (Azhar et al., 2009). Hybridization, polyploidy and introduction of exotic germplasm are different 
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types of breeding method to achieve our desired characters in crop (Esmail et al., 2008). The breeding  value  of  crop  

plants  depends  upon  the  combination  of genetic variation and combining ability in context of desired traits (Ilyas  et 

al.,  2007). The detailed information  on  the  magnitude  and  nature  of  genotypic  variation  depends  upon  the  various 

techniques used for its estimation like classification based on morphological physiological and agronomic  traits  

(Bajracharya  et  al.,  2006). Selection of parents for hybridization and breeding procedure are prerequisite for success of 

any breeding program. Combining ability is very useful for selection of parents and creating hybrid vigor. It is useful for 

identification of superior cross combination. In order to provide the source of variation to base population line × tester 

analysis is an efficient approach used by breeders (Ali and Awan, 2009). Breeders often use this technique for improving 

different traits by studying the inheritance pattern (Griffing, 1956). Line × tester analysis provide information about 

specific and general combining ability of genotypes and also identify better parent. Combining ability analysis plays crucial 

role for recognizing transgressive segregates. Pundir et al. (2017) found significant GCA, SCA effects for seed cotton yield 

and yield related traits. Ali et al. (2016) carried out an experiment in line into tester fashion and found that SCA variances 

were greater than GCA variances for all yield contributing traits. Results indicated more importance of non-additive gene 

action as compared to additive gene action. Soomro et al. (2015) estimated general combining ability (GCA), specific 

combining ability (SCA) and found variance due to GCA and SCA for mean squares was highly significant. SCA was more 

for number of bolls/plant, boll weight and seed cotton yield /plant while GCA variance was higher for seed index and GOT. 

Sawarkar et al. (2015) crossed 3 female lines with 6 testers by using line × tester mating design. All the characters showed 

non additive gene action except oil content and plant height. Tuteja et al. (2011) studied Gossypium hirsutum for fibre 

quality traits and yield related parameters by using line into tester analysis. Results showed significant means squares of 

all the lines for all the characters except direct fruit bearing branches per plant.   Cotton yield is a quantitative trait and 

controlled by many genes so it is quite difficult to improve cotton yield. For breeding of cotton varieties with high yield 

and good quality it is very necessary to understand the extent of combining abilities of different traits. Cotton breeder 

always tries to produce all the desired characters in one genotype. The current study focused on to generate the information 

about combining ability of different yield related traits and fibre quality traits like plant height, no. of monopodial branches, 

no of sympodial branches, no. of bolls/plant, no of seeds/boll, GOT %, lint index and fibre characters like fibre fineness, 

fibre length and fibre strength. For hybrid development heterosis is desired. 

The objectives of research study were 

1. To evaluate the performance of 4 accessions of cotton and their F1 offsprings for desired 

characters. 

2. To estimate general combining ability (GCA) and specific combining ability (SCA). 

3. To find out inheritance pattern and heritability in parents and hybrids. 

MATERIALS AND METHODS 

The current research was conducted in the research area of Plant Breeding and Genetics department during 2016-18. 

The plant material of eight genotypes were obtained from the PBG department. This material had diverse genetic back 

ground. Eight parents were crossed in Line × Tester mating design for the estimation of combining abilities and heterosis 

for yield related characters and fibre quality related traits. Four parents were used as female lines and other four parents 

were used as male testers. All the genotypes belonged to Gossypium hirsutum. These eight genotypes were sown at 

optimum temperature 28°C in green house for suitable cotton germination. All genotypes were sown in pots, each 

containing 4 kg soil. Four lines were crossed with four testers at the time of flowering. Eight parents along with sixteen 

crosses were field planted in two replications by using randomized complete block design (RCBD). Spacing between lines 

and spacing between plants were 75 cm and 30 cm, respectively. In each hole three seeds were sown and later on thinned 

after emergence. 
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Plant material 

Parents 

Female lines Male Testers 

FH-312 MS-71 

CRS-2007 NS-131 

MNH-998 IUB-65 

FH-2015 FH-114 

Crosses 

FH-312 × MS-71 MNH-998 × MS-71 

FH-312 × NS-131 MNH-998 × NS-131 

FH-312 × IUB-65 MNH-998 × IUB-65 

FH-312 × FH-114 MNH-998 × FH-114 

CRS-2007 × MS-71 FH-2015 × MS-71 

CRS-2007 × NS-131 FH-2015 × NS-131 

CRS-2007 × IUB-65 FH-2015 × IUB-65 

CRS-2007 × FH-114 FH-2015 × FH-114 

Seeds obtained from crosses separated from lint by ginning and then planted in field under randomized complete block 

design in two replications during 1st week of June. All the practices practiced properly which were required from sowing 

to harvesting. Plant protection measures were done properly. At maturity, data were collected from 5 selected plants in 

a row. The data were recorded for the following parameters like plant height, number of monopodial branches, number 

of bolls per plant, boll weight, lint percentage, lint index, number of seeds per boll, seed index, fibre length, fibre strength 

and fibre fineness. Data from experiment were subjected to analysis of variance by using the approach porposed by Steel 

et al. (1997) to see genotypic differences. Traits that showed significant differences were further analyzed through for 

estimation of combining ability effects by (Kempthorne, 1957). 

RESULTS AND DISCUSSIONS 

Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 

and line × tester for plant height (Table 1). From the lines CRS-2007 has positive and highly significant GCA value (7.28) 

that showed it is a poor general combiner followed by FH-312 (2.33), whereas FH-2015 has negative and highly significant 

(-5.83) so it is a good general combiner for plant height followed by MNH-998 (-3.78). In the testers NS-131 has highly 

significant GCA value (1.96) followed by MS-71 which has GCA value (1.18) and FH-114 showed negative and highly 

significant GCA value (-3.98) which indicated that it is a good general combiner for plant height (Table 2).  

Crosses namely FH-312 × MS-71, MNH-998 × IUB-65 and CRS-2007 × IUB-65 have positive and highly significant SCA 

values (3.90), (3.86) and (3.58) respectively so they are poor specific combiners for plant height, whereas crosses FH-312 

× IUB-65, CRS-2007 × NS-131 and MNH-998 × MS-71 revealed negative and highly significant SCA values (-6.35), (-2.66) 

and (- 2.43) respectively which indicated these combinations are good specific combiner for plant height (Table 3). 

Among lines FH-312 has maximum mean value of (84.28) which revealed that this line has maximum plant height while 

MNH-998 exhibited minimum mean value (76.25) whereas among the testers MS-71 has maximum mean value of (86.90) 

in contrast to IUB-65 has minimum value (76.58) for plant height (Table 2). Among crosses CRS-2007 × IUB-65 showed 

maximum mean value (95.28) for plant height in comparison of FH-2015 × FH-114 which had minimum mean value 

(71.50) (Table 3). 
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Variance of SCA (12.67) is higher than variance of GCA (3.00) which indicated that non- additive type of gene action is 

important in the inheritance for plant height. The ratio of SCA and GCA variance indicated that plant height is controlled 

by dominant genes (4.22) which is greater than 1 showed in (Table 4). Proportional contribution of lines, testers and their 

interactions is 67.24, 13.72 and 19.04 respectively for plant height (Fig.1). 

Table 1. Analysis of variance for plant height (P.H), number of monopodial branches (N.M.B), number of bolls per plant 

(B/P), boll weight (B.W), lint index (L.I), seed index (S.I), fibre length (F.L), fibre strength (F.S) and fibre fineness (F.F). 

SOV P.H N.M.B B/P B.W GOT L.I S.I F.L F.S F.F 

Replication 0.01 0.06 1.13 0.97 1.76 0.007 0.49 2.61 0.62 0.03 

Genotype 53.37 ** 6.05 

** 

18.79 

** 

15.64 

** 

25.01 

** 

55.70 

** 

47.43 

** 

39.71 

** 

38.55 

** 

37.50 

** 

Crosses 70.27 ** 7.27 

** 

15.58 

** 

17.34 

** 

26.07 

** 

64.40 

** 

49.37 

** 

20.85 

** 

27.95 

** 

44.72 

** 

Line (C) 236.26 

** 

11.88 

** 

1.63 

ns 

15.09 

** 

32.91 

** 

34.20 

** 

5.95 

** 

41.96 

** 

50.37 

** 

130.93 

** 

Tester (C) 48.21 ** 6.50 

** 

8.42 

** 

17.54 

** 

48.24 

** 

203.65 

** 

49.65 

** 

13.45 

** 

23.43 

** 

17.66 

** 

Line × 

Tester 

(C) 

22.30 ** 5.99 

** 

22.62 

** 

18.01 

** 

16.40 

** 

28.05 

** 

63.75 

** 

16.28 

** 

21.99 

** 

25.01 

** 

Parent 20.30 ** 4.28 

* 

26.07 

** 

11.67 

** 

20.30 

** 

44.17 

** 

49.78 

** 

68.98 

** 

48.94 

** 

27.01 

** 

Line (P) 20.01** 1.40 

ns 

24.82 

** 

2.79 * 17.54 

** 

40.22 

** 

45.46 

** 

109.96 

** 

12.18 

** 

27.82 

** 

Tester (P) 23.30 ** 4.48 

* 

29.84 

** 

20.77 

** 

25.05 

** 

46.63 

** 

68.30 

** 

50.32 

** 

71.42 

** 

32.37 

** 

Line × 

Tester 

(P) 

12.16 ** 12.30 

** 

18.47 

** 

11.00 

** 

14.35 

** 

48.64 

** 

7.18 

** 

2.06 91.78 

** 

8.49 ** 

Cross vs 

Parent 

31.39 ** 0.28 

ns 

16.08 

** 

17.95 

** 

41.95 

** 

5.79 ** 1.8353 

ns 

117.79 

** 

124.87 

** 

2.53 * 

Error           

Total           

*Significant, **Highly significant, ns Non-significant 

Table 2 Means and general combining ability effects of lines and testers for plant height in upland cotton. 

Parents  Mean GCA 

Lines 

FH-312  84.28 2.33 ** 

CRS-2007  80.00 7.28 ** 

MNH-998  76.25 -3.78 ** 

FH-2015  82.44 -5.83 ** 
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S.E (GCA 

Lines) 

0.4336 

Testers 

MS-71  86.90 1.18 * 

NS-131  80.67 1.96 ** 

IUB-65  78.56 0.84 ns 

FH-114  84.50 -3.98 ** 

S.E (GCA 

testers) 

0.4336 

  Table 3 Means and specific combining ability effects of crosses for plant height in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 91 3.90 ** 

FH-312 × NS-131 88.50 0.63 ns 

FH-312 × IUB-65 80.40 -6.35 ** 

FH-312 × FH-114 83.75 1.82 ns 

CRS-2007 × MS-71 90 -2.04 * 

CRS-2007 × NS-131 90.16 -2.66 ** 

CRS-2007 × IUB-65 95.28 3.58 ** 

CRS-2007 × FH-114 88 1.12 ns 

MNH-998 × MS-71 78.56 -2.43 * 

MNH-998 × NS-131 81.00 -0.76 ns 

MNH-998 × IUB-65 84.50 3.86 ** 

MNH-998 × FH-114 75.16 -0.67 ns 

FH-2015 × MS-71 79.50 0.57 ns 

FH-2015 × NS-131 82.50 2.79 ** 

FH-2015 × IUB-65 77.50 -1.09 ns 

FH-2015 × FH-114 71.50 -2.27 * 

S.E 0.8672 

  Table 4 Variance estimation due to GCA, SCA, additive, dominance and ratio for plant height in upland cotton 

 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

3.00 6.01 12.67 12.67 4.22 
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 Fig. 1 Proportional contribution of lines, testers and their interaction to total variation for plant height in upland 

cotton. 

Number of monopodial branches 

ANOVA results for number of monopodial branches showed significant results between genotypes, parents, lines, testers, 

and line × tester (Table 1). Four lines and four testers are assessed to check general combining ability for number of 

monopodial branches. Among the lines MNH-998 showed maximum positive and highly significant GCA value (1.03) 

which indicated that it is a good general combiner for number of monopodial branches while line FH-2015 have maximum 

negative and significant GCA value (- 0.47) which revealed that it is a poor general combiner for this trait. FH-312 and CRS-

2007 showed non-significant values. Among testers FH-114 have highly significant GCA value (0.66) which revealed that 

it is very good general combiner for monopodial branches while MS-71 showed negative and significant GCA value (-0.47) 

so it is a poor combiner for monopodial branches (Table 5). 

The performance of four lines and four testers were studied in their cross combinations showed in table 6. Crosses namely 

MNH-998 × IUB-65 and CRS-2007 × MS-71 have maximum positive and significant SCA value (1.34) and (1.22) respectively 

which indicated that these crosses are very good specific combiner for number of monopodial branches. While crosses 

MNH-998 × MS-71 and CRS-2007 × IUB-65 have maximum negative and significant SCA value (-1.53) and (-0.91) which 

indicated that these crosses are poor specific combiner for number of monopodial branches. 

The mean values for lines and testers are showed in 5. On the basis of mean values line MNH-998 has maximum mean 

value (2.00) which showed that line FH-2015 has maximum number of monopodial branches. While CRS-2007 and FH-

312 has minimum mean value (1.00) and (1.00) respectively. Among testers FH-114 has maximum mean value (3.50) so 

it has maximum number of monopodial branches and IUB-65 have minimum mean value (1.50) (table 6) 

SCA variance (0.80) is greater than the GCA variance (0.0217) it means that non-additive type of gene action is more than 

additive type of gene action. The ratio of SCA and GCA varianceindicated that number of monopodial branches is 

controlled by dominant genes because its value (36.86) is greater than one showed in (table 7). 

Proportional contribution of lines, testers and their interactions is 32.69, 17.89 and 49.43 respectively for number of 

sympodial branches (Fig.2). 

Table 5 Means and general combining ability effects of lines and testers for number of monopodial branches in upland 

cotton 
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Parents  Mean GCA 

Lines 

FH-312  1 -0.34 ns 

CRS-2007  1 -0.22 ns 

MNH-998  2 1.03 ** 

FH-2015  1.50 -0.47 * 

S.E GCA 

lines 

0.2396 

Testers 

MS-71  2.50 -0.47 * 

NS-131  2 -0.34 ns 

IUB-65  1.50 0.16 ns 

FH-114  3.50 0.66 ** 

S.E GCA 

tester 

0.0208 

 Table 6 Means and specific combining ability effects of crosses for number of monopodial branches in upland cotton 

Cross  Mean SCA 

FH-312 × MS-71 1 -0.16 ns 

FH-312 × NS-131 1.50 0.22 ns 

FH-312 × IUB-65 1.50 -0.28 ns 

FH-312 × FH-114 2.50 0.22 ns 

CRS-2007 × MS-71 2.50 1.22 * 

CRS-2007 × NS-131 1.50 0.09 ns 

CRS-2007 × IUB-65 1 -0.91 * 

CRS-2007 × FH-114 2 -0.41 ns 

MNH-998 × MS-71 1 -1.53 ** 

MNH-998 × NS-131 2 -0.66 ns 

MNH-998 × IUB-65 4.50 1.34 ** 

MNH-998 × FH-114 4.50 0.84 ns 

FH-2015 × MS-71 1.50 0.47 ns 

FH-2015 × NS-131 1.50 0.34 ns 
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FH-2015 × IUB-65 1.50 -0.16 ns 

FH-2015 × FH-114 1.50 -0.66 ns 

S.E 0.4171 

 Table 7 Variance estimation due to GCA, SCA, additive, dominance and ratio for number of 

monopodial branches in upland cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.02 0.04 0.80 0.80 36.86 

   Fig. 2 Proportional contribution of lines, testers and their interaction to total variation for number of monopodial 

branches in upland cotton. 

Number of bolls per plant 

ANOVA results for number of bolls per plant showed significant results between genotypes, parents, lines, testers, and 

line × tester (Table 1). 

The performance of eight parents were studied to estimate general combining ability for number of bolls per plant. All 

the lines showed non-significant results for number of bolls per plant. Among testers IUB-65 showed significant positive 

GCA value (0.75) which indicated that it is a good general combiner for number of bolls per plant and followed by NS-131 

(0.63), whereas FH-114 has maximum negative significant GCA value (-1.00) so it is a poor general combiner for number 

of bolls per plant Table 8 

The performance of eight parents was studied in their cross combinations showed in table 4.18. On the basis of cross 

combinations CRS-2007 × NS-131 and FH-312 × IUB-65 indicated maximum positive and significant SCA value (3.88) and 

(2.38) respectively which showed that these crosses are very good specific combiner for number of bolls per plant. While 

crosses FH- 312 × NS-131 and FH-2015 × NS-131 have maximum negative and significant SCA value (-3.50) and (-2.63) 

which indicated that these crosses are poor specific combiner for number of bolls per plant. 

The mean values for lines and testers are showed in table 8. On the basis of mean values line CRS-2007 has maximum mean 

value (14.50) which showed that line CRS-2007 has maximum number of bolls per plant. While FH-312 has minimum mean 

value (7.50). Among testers MS-71 has maximum mean value (16.50) so it has maximum number of bolls per plant and 
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FH-114 have minimum mean value (10.00). 

SCA variance (7.21) is greater than the GCA variance (0.24) it means that non-additive type of gene action is more 

important than additive type of gene action. The ratio of SCA and GCA variance indicated that number of bolls per plant is 

controlled by dominant genes because its value (30.04) is greater than 1 (Table 10). 

Proportional contribution of lines, testers and their interactions is 2.1, 10.81 and 87.1 respectively for number of 

sympodial branches (Fig.3). 

Table 8 Means and general combining ability effects of lines and testers for number of bolls per plant in upland cotton 

Parents  Mean GCA 

Lines 

FH-312  7.50 0.38 ns 

CRS-2007  14.50 0.00 ns 

MNH-998  11.50 0.13 ns 

FH-2015  11 -0.50 ns 

S.E GCA Lines 0.2661 

Testers 

MS-71  16.50 -0.38 ns 

NS-131  10.50 0.63 * 

IUB-65  14.50 0.75 * 

FH-114  10.00 -1.00 ** 

S.E GCA tester 0.2661 

Table 9 Means and specific combining ability effects of crosses for number of bolls per plant in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 12 1.00 ns 

FH-312 × NS-131 8.50 -3.50 ** 

FH-312 × IUB-65 14.50 2.38 ** 

FH-312 × FH-114 10.50 0.13 ns 

CRS-2007 × MS-71 8.50 -2.13 ** 

CRS-2007 × NS-131 15.50 3.88 ** 

CRS-2007 × IUB-65 11.50 -0.25 ns 

CRS-2007 × FH-114 8.50 -1.50 * 

MNH-998 × MS-71 9.50 -1.25 * 

MNH-998 × NS-131 14 2.25 ** 

MNH-998 × IUB-65 11.50 -0.38 ns 

MNH-998 × FH-114 9.50 -0.63 ns 

FH-2015 × MS-71 12.50 2.38 ** 

FH-2015 × NS-131 8.50 -2.63 ** 

FH-2015 × IUB-65 9.50 -1.75 ** 
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FH-2015 × FH-114 11.50 2.00 ** 

Table 10 Variance estimation due to GCA, SCA, additive, dominance and ratio for number of bolls per plant in upland 

cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.24 0.49 7.21 7.21 30.04 

Fig. 3 Proportional contribution of lines, testers and their interaction to total variation for number of bolls per plant in 

upland cotton. 

Boll weight 

Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 

and line × tester for boll weight (Table 1). From the lines FH-2015 have positive and highly significant GCA value (0.37) 

that showed it is a good general combiner, whereas line MNH-998 has negative and highly significant GCA value(-0.26) 

so it is a poor general combiner for boll weight followed by FH-312 (-0.15). In the testers IUB-65 has highly significant 

GCA value (0.40) which showed that it is a good general combiner for boll weight and FH-114 showed negative and highly 

significant GCA value (-0.27) followed by NS-131 (-0.16) which indicated that it is a poor general combiner for boll weight 

(Table 11). 

Crosses MNH-998 × IUB-65, FH-2015 × FH-114 and CRS-2007 × MS-71 have positive and highly significant SCA values 

(0.81), (0.59) and (0.40) respectively so they are good specific combiners for boll weight, whereas crosses FH-2015 × IUB-

65, FH-312 × MS-71 and MNH-998× FH-114 revealed negative and highly significant specific combining ability values (-

1.11), (- 0.41) and (-0.33) respectively which revealed that these combinations are poor specific combiner for boll weight 

(Table 12). 

Among lines CRS-2007 showed maximum mean value (3.26) which revealed that this line has maximum boll weight while 

MNH-998 indicated minimum mean value (2.74) whereas among testers IUB-65 showed maximum mean value (4.02) and 

FH-114 showed minimum value (2.78) (Table 11). Among crosses FH-2015 × FH-114 showed maximum mean value (4.17) 

for boll weight and MNH-998 × FH-114 indicated minimum mean value (2.63). Mean Values for testers, lines and their 

crosses for plant boll weight (Table 12).Variance of SCA (0.3421) is higher than variance of GCA (0.0014) which indicated 

that non-additive type of gene action is important for boll weight. The ratio of SCA and GCA variance indicated that boll 

weight is controlled by dominant genes because its value (244.35) is greater than 1 (Table 13). Proportional contribution 

of lines, testers and their interactions is 17.41, 20.24 and 62.32 respectively for boll weight (Fig.4.). 
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   Table 11 Means and general combining ability effects of lines and testers for boll weight in upland cotton 

Parents  Mean GCA 

Lines 

FH-312  3.06 -0.15 * 

CRS-2007  3.26 0.03 ns 

MNH-998  2.74 -0.26 ** 

FH-2015  3.20 0.37 ** 

S.E GCA lines 0.0602 

Testers 

MS-71  2.90 0.04 ns 

NS-131  3.87 -0.16 * 

IUB-65  4.02 0.40 ** 

FH-114  2.78 -0.27 ** 

S.E GCA tester 0.0602 

  Table 12 Means and specific combining ability effects of crosses for boll weight in upland cotton 

 

Cross Mean SCA 

FH-312 × MS-71 2.97 -0.41 ** 

FH-312 × NS-131 3.44 0.26 * 

FH-312 × IUB-65 3.89 0.16 ns 

FH-312 × FH-114 3.06 -0.01 ns 

CRS-2007 × MS-71 3.96 0.40 ** 

CRS-2007 × NS-131 3.05 -0.30 * 

CRS-2007 × IUB-65 4.06 0.14 ns 

CRS-2007 × FH-114 3.00 -0.24 ns 

MNH-998 × MS-71 3.11 -0.16 ns 

MNH-998 × NS-131 2.75 -0.31 * 

MNH-998 × IUB-65 4.44 0.81 ** 

MNH-998 × FH-114 2.63 -0.33 * 

FH-2015 × MS-71 4.07 0.17 ns 

FH-2015 × NS-131 4.04 0.35 * 

FH-2015 × IUB-65 3.14 -1.11 ** 

FH-2015 × FH-114 4.17 0.59 ** 

S.E 0.1203 

  Table 13 Variance estimation due to GCA, SCA, additive, dominance and ratio for number of bolls per plant in upland 

cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 
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0.001 0.002 0.342 0.342 244.35 

Fig. 4. Proportional contribution of lines, testers and their interaction to total variation for boll weight in upland cotton 

Ginning out turn percentage 

Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 

and line × tester for ginning out turn percentage (Table 1). From the lines FH-2015 showed positive and highly significant 

GCA value (1.22) that showed it is a good general combiner for ginning out turn percentage followed by FH-312 (1.21) 

whereas line CRS-2007 has negative and highly significant GCA value(-1.47) so it is a poor general combiner for ginning out 

turn percentage followed by MNH-998 (-0.96). In the testers NS-131 has highly significant and positive GCA value (2.25) 

which showed that it is a good general combiner for ginning out turn percentage and FH-114 showed negative and highly 

significant GCA value (-1.35) followed by MS-71 which has value (-1.33) which indicated that it is a poor general combiner 

for ginning out turn percentage (Table 14).Crosses FH-2015 × IUB-65, CRS-2007 × FH-114 and MNH-998 × NS-131 have 

positive and highly significant specific combining ability values (2.73), (2.58) and (2.54) respectively so they are good 

specific combiners for ginning out turn percentage, whereas crosses CRS-2007 × IUB-65, FH-2015 × FH-114 and FH-2015 

× NS-131 have negative and highly significant specific combining ability values (-2.58), (-1.84) and (-1.08) respectively 

which revealed that these combinations are poor specific combiner for ginning out turn percentage (Table 15).  

Among lines CRS-2007 have maximum mean value (43.50) which revealed that this line has maximum ginning out turn 

percentage while MNH-998 indicated minimum mean value (38.50) whereas among testers NS-131 have maximum mean 

value (45.66) and FH-114 showed minimum value (39.72) (Table 14). Among crosses MNH-998 × NS-131 have maximum 

mean value (46.95) for ginning out turn percentage and CRS-2007 × IUB-65 indicated minimum mean value (39.50) (Table 

15). 

Variance of SCA (3.78) is higher than variance of GCA (0.24) which indicated that non- additive type of gene action is 

important for ginning out turn percentage. The ratio of SCA and GCA variance indicated that ginning out turn percentage 

is controlled by dominant genes because its value (15.75) is greater than 1 (Table 16). Proportional contribution of lines, 

testers and their interactions is 25.25, 37 and 37.75 respectively for boll ginning out turn percentage (Fig.5). 

Table 14 Means and general combining ability effects of lines and testers for ginning out turn percentage 
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Lines 

FH-312  40.72 1.21 ** 

CRS-2007  43.50 -1.47 ** 

MNH-998  38.50 -0.96 ** 

FH-2015  41.57 1.22 ** 

S.E GCA lines 0.2415 

Testers 

MS-71  42.56 -1.33 ** 

NS-131  45.66 2.25 ** 

IUB-65  41.66 0.43 ns 

FH-114  39.72 -1.35 ** 

S.E GCA tester 0.2415 

   Table 15 Means and specific combining ability effects of crosses for ginning out turn percentage in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 43.20 0.20 ns 

FH-312 × NS-131 45.51 -1.07 * 

FH-312 × IUB-65 45.56 0.80 ns 

FH-312 × FH-114 43.05 0.07 ns 

CRS-2007 × MS-71 40.72 0.40 ns 

CRS-2007 × NS-131 43.50 -0.40 ns 

CRS-2007 × IUB-65 39.50 -2.58 ** 

CRS-2007 × FH-114 42.88 2.58 ** 

MNH-998 × MS-71 40.03 -0.79 ns 

MNH-998 × NS-131 46.95 2.54 ** 

MNH-998 × IUB-65 41.66 -0.94 ns 

MNH-998 × FH-114 40 -0.81 ns 

FH-2015 × MS-71 43.20 0.19 ns 

FH-2015 × NS-131 45.51 -1.08 * 

FH-2015 × IUB-65 47.50 2.73 ** 

FH-2015 × FH-114 41.15 -1.84 ** 

S.E 0.4831 

 Table 16 Variance estimation due to GCA, SCA, additive, dominance and ratio for number of bolls per plant in upland 

cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.24 0.49 3.78 3.78 15.75 
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Fig. 5 Proportional contribution of lines, testers and their interaction to total variation for ginning out turn 

percentage in upland cotton 

Lint Index 

Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 

and line × tester for lint index (Table 1). From the lines CRS-2007 have positive and highly significant GCA value (0.16) that 

showed it is a good general combiner for lint index followed by FH-312 (0.12) whereas line MNH-998 has negative and 

highly significant GCA value (-0.22) so it is a poor general combiner for lint index. In the testers FH-114 has highly 

significant and positive GCA value (0.39) which showed that it is a good general combiner for lint index followed by IUB-

65 (0.35) and MS-71 showed negative and highly significant GCA value (--0.43) followed by NS-131 (-0.32) which indicated 

that it is a poor general combiner for lint index (Table 17). 

Crosses FH-312 × IUB-65, FH-312 × MS-71 and CRS-2007 × IUB-65 have positive and highly significant specific combining 

ability values (0.30), (0.23) and (0.21) respectively so they are good specific combiners for lint index, whereas crosses FH-

312 × NS-131, MNH-998 × IUB- 65 and CRS-2007 × FH-114 have negative and highly significant specific combining ability 

values (-0.49), (-0.35) and (-0.33) respectively which revealed that these combinations are poor specific combiner for lint 

index (Table 18). Among lines FH-312 have maximum mean value (5.95) which revealed that this line has maximum lint 

index while MNH-998 have minimum mean value (0.22) whereas among testers Fh-114 showed maximum mean value 

(5.86) and MS-71 showed minimum value (4.97) (Table 17). Among crosses FH-312 × IUB-65 showed maximum mean 

value (6.11) for lint index and FH-312 × NS-131 indicated minimum mean value (4.65) (Table 18). Variance of SCA (0.0986) 

is higher than variance of GCA (0.0139) which indicated that non-additive type of gene action is important for lint index. 

The ratio of SCA and GCA variance indicated that lint index is controlled by dominant genes because its value (15.75) is 

greater than 1 (Table 19). Proportional contribution of lines, testers and their interactions is 10.62, 63.24 and 26.14 

respectively for lint index (Fig.6). 

Table 17 Means and general combining ability effects of lines and testers for lint index in upland cotton 

Parents  Mean GCA 

Lines 

FH-312  5.95 0.12 ** 

CRS-2007  5.22 0.16 ** 

MNH-998  5.22 -0.22 ** 
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FH-2015  5.81 -0.06 ns 

S.E GCA lines 0.0331 

Testers 

MS-71  4.97 -0.43 ** 

NS-131  5.15 -0.32 ** 

IUB-65  5.02 0.35 ** 

FH-114  5.86 0.39 ** 

S.E GCA tester 0.0331 

Table 18 Means and specific combining ability effects of crosses for lint index in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 5.25 0.23 ** 

FH-312 × NS-131 4.65 -0.49 ** 

FH-312 × IUB-65 6.11 0.30 ** 

FH-312 × FH-114 5.81 -0.04 ns 

CRS-2007 × MS-71 4.98 -0.09 ns 

CRS-2007 × NS-131 5.39 0.21 ** 

CRS-2007 × IUB-65 6.07 0.21 ** 

CRS-2007 × FH-114 5.56 -0.33 ** 

MNH-998 × MS-71 4.63 -0.05 ns 

MNH-998 × NS-131 5.10 0.30 ** 

MNH-998 × IUB-65 5.11 -0.35 ** 

MNH-998 × FH-114 5.62 0.11 ns 

FH-2015 × MS-71 4.76 -0.09 ns 

FH-2015 × NS-131 4.94 -0.02 ns 

FH-2015 × IUB-65 5.47 -0.16 * 

FH-2015 × FH-114 5.93 0.27 ** 

S.E 0.0661 

Table 19 Variance estimation due to GCA, SCA, additive, dominance and ratio for number of bolls per plant in upland 

cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.0139 0.0278 0.0986 0.0986 7.09 
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Fig. 6 Proportional contribution of lines, testers and their interaction to total variation for lint index in upland cotton. 

Seed index 

Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 

and line × tester for seed index (Table 1). From the lines FH-2015 have positive and significant GCA value (0.14) that 

showed it is a good general combiner for seed index whereas line CRS-2007 has negative and significant GCA value(-0.17) 

so it is a poor general combiner for seed index. In the testers NS-131 has highly significant and positive GCA value (0.49) 

which showed that it is a good general combiner for seed index and MS-71 showed negative and highly significant GCA 

value (--0.44) followed by IUB- 65 (-0.14) which indicated that it is a poor general combiner for seed index (Table 20). 

Crosses FH-312 × IUB-65, CRS-2007 × NS-131 and MNH-998 × MS-71 indicated positive and highly significant specific 

combining ability values (0.99), (0.95) and (0.49) respectively so they are good specific combiners for seed index, whereas 

crosses FH-312 × NS-131, MNH-998 × IUB-65 and CRS-2007 × FH-114 revealed negative and highly significant specific 

combining ability values (-1.48), (-1.02) and (-0.88) respectively which revealed that these combinations are poor specific 

combiner for seed index (Table 21).Among lines MNH-998 showed maximum mean value (8.45) which revealed that this 

line has maximum seed index while FH-2015 indicated minimum mean value (6.98) whereas among testers IUB-65 

showed maximum mean value (8.23) and FH-114 showed minimum value (6.16). Among crosses CRS-2007 × NS-131 

showed maximum mean value (8.64) for seed index and MNH-998 × IUB-65 indicated minimum mean value (6.16). Mean 

Values for testers, lines and their crosses for lint index are showed in (Table 20 and 4.38). 

Variance of SCA (0.7663) is higher than variance of GCA (0.0184) which indicated that non-additive type of gene action is 

important for seed index. The ratio of variance of SCA and GCA indicated that seed index is controlled by dominant genes 

because its value (41.64) is greater than one showed in (Table 22). 

Proportional contribution of lines, testers and their interactions is 2.41, 20.11 and 77.48 respectively for seed index 

(Fig.7). 

Table 20 Means and general combining ability effects of lines and testers for seed index in upland cotton 

Parents  Mean GCA 

Lines 

FH-312  6.88 0.07 ns 

CRS-2007  7.84 -0.17 * 

Contribution of 
L*T 

Contribution of 
testers 

Contribution of 
lines 

10 

 
0 

10.62 

20 

26.14 

60 

 
50 

 
40 

 
30 

63.24 
70 



 

134 | P a g e  

 

© 2019 RnD Journals. All Rights Reserved. www.rndjournals.com | OPEN ACCESS 
Rasheed et al., 2019   The. Int. J. Biol. Res. 2019 

MNH-998  8.45 -0.05 ns 

FH-2015  6.98 0.14 * 

S.E GCA lines 0.0643 

Testers 

MS-71  7.86 -0.44 ** 

NS-131  7.06 0.49 ** 

IUB-65  8.23 -0.14 * 

FH-114  6.16 0.09 ns 

S.E GCA tester 0.0643 

Table 21 Means and specific combining ability effects of crosses for seed index in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 7.30 0.30 * 

FH-312 × NS-131 6.45 -1.48 ** 

FH-312 × IUB-65 8.29 0.99 ** 

FH-312 × FH-114 7.72 0.19 ns 

CRS-2007 × MS-71 6.60 -0.16 ns 

CRS-2007 × NS-131 8.64 0.95 ** 

CRS-2007 × IUB-65 7.15 0.09 ns 

CRS-2007 × FH-114 6.41 -0.88 ** 

MNH-998 × MS-71 7.37 0.49 ** 

MNH-998 × NS-131 8.05 0.24 ns 

MNH-998 × IUB-65 6.16 -1.02 ** 

MNH-998 × FH-114 7.70 0.29 * 

FH-2015 × MS-71 6.44 -0.62 ** 

FH-2015 × NS-131 8.28 0.28 * 

FH-2015 × IUB-65 7.32 -0.05 ns 

FH-2015 × FH-114 7.99 0.39 ** 

S.E 0.1286 

Table 22 Variance estimation due to GCA, SCA, additive, dominance and ratio for seed index in upland cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.01 0.03 0.76 0.76 41.64 
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Fig. 7 Proportional contribution of lines, testers and their interaction to total variation for seed index in 

upland cotton. 

Fibre length 

Analysis of variance for line × tester indicated highly significant differences between lines, testers and their interactions 

(Table 1). From the lines FH-2015 has positive and highly significant GCA value (0.56) that showed it is a good general 

combiner for fibre length followed by MNH-998 (0.06) whereas line CRS-2007 has negative and highly significant GCA 

value (-0.61) which indicated that it is a poor general combiner for fibre length. In the testers NS-131 has highly significant 

and positive GCA value (0.29) which showed that it is a good general combiner for fibre length followed by MS-71 (0.08) 

and FH-114 showed negative and highly significant GCA value (-0.36) that means it is a poor general combiner for fibre 

length (Table 23). 

Crosses FH-2015 × MS-71, FH-312 × IUB-65 and FH-2015 × FH-114 indicated positive and highly significant specific 

combining ability values (0.81), (0.67) and (0.48) respectively so they are good specific combiners for fibre length, 

whereas crosses FH-2015 × IUB-65, FH-312 × MS-71 and CRS-2007 × FH-114 have negative and highly significant specific 

combining ability values (-0.95), (-0.53) and (-0.37) respectively which revealed that these combinations are poor specific 

combiner for fibre length (Table 24). 

Among lines FH-312 has maximum mean value (27.72) which revealed that this line has maximum fibre length while FH-

2015 has minimum mean value (24.15) whereas among testers NS-131 showed maximum mean value (26.94) and MS-71 

showed minimum value (24.50) (Table 23). Among crosses FH-2015 × MS-71 showed maximum mean value (27.95) for 

fibre length and CRS-2007 × FH-114 indicated minimum mean value (25.18) (Table 24). 

Variance of SCA (0.3533) is higher than variance of GCA (0.0104) which indicated that non-additive type of gene action is 

important for fibre length. The ratio of SCA and GCA variance indicated that fibre length is controlled by dominant genes 

because its value (33.97) is greater than 1 (Table 25). 

Proportional contribution of lines, testers and their interactions is 40.24, 12.9 and 46.86 respectively for fibre length 

(Fig.9). 

Table 23 Means and general combining ability effects of lines and testers for fibre length in upland cotton 
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FH-312  27.72 -0.01 ns 

CRS-2007  25.20 -0.61 ** 

MNH-998  26.47 0.06 * 

FH-2015  24.15 0.56 ** 

S.E GCA lines 0.0205 

Testers 

MS-71  24.50 0.08 ** 

NS-131  26.94 0.29 ** 

IUB-65  26.16 -0.02 ns 

FH-114  25.35 -0.36 ** 

S.E GCA tester 0.0205 

Table 24 Means and specific combining ability effects of crosses for fibre length in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 26.05 -0.53 ** 

FH-312 × NS-131 26.76 -0.03 ns 

FH-312 × IUB-65 27.15 0.67 ** 

FH-312 × FH-114 26.03 -0.11 * 

CRS-2007 × MS-71 25.92 -0.06 ns 

CRS-2007 × NS-131 26.18 -0.01 ns 

CRS-2007 × IUB-65 26.31 0.43 ** 

CRS-2007 × FH-114 25.18 -0.37 ** 

MNH-998 × MS-71 26.43 -0.22 ** 

MNH-998 × NS-131 27.24 0.38 ** 

MNH-998 × IUB-65 26.38 -0.16 ** 

MNH-998 × FH-114 26.20 -0.00 ns 

FH-2015 × MS-71 27.95 0.81 ** 

FH-2015 × NS-131 27.01 -0.35 ** 

FH-2015 × IUB-65 26.09 -0.95 ** 

FH-2015 × FH-114 27.19 0.48 ** 

S.E 0.409 

Table 25 Variance estimation due to GCA, SCA, additive, dominance and ratio for fibre length in upland cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.01 0.02 0.35 0.35 33.97 
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Fig. 9. Proportional contribution of lines, testers and their interaction to total variation for fibre length in upland cotton 

Fibre strength 

Analysis of variance for line × tester indicated highly significant differences between lines, testers and their interactions 

(Table 1). From the lines CRS-2007 has positive and highly significant GCA value (0.65) that showed it is a good general 

combiner for fibre strength whereas line MNH-998 has negative and highly significant GCA value (-0.46) which showed 

that it is a poor general combiner for fibre strength. In the testers NS-131 has highly significant and positive GCA value 

(0.42) which showed that it is a good general combiner for fibre strength and IUB-65 has negative and highly significant 

GCA value (-0.38) that means it is a poor general combiner for fibre strength (Table 26). 

Crosses CRS-2007 × NS-131, FH-312 × FH-114 and MNH-998 × NS-131 have positive and highly significant specific 

combining ability values (0.65), (0.55) and (0.53) respectively so they are good specific combiners for fibre strength, 

whereas crosses FH-2015 × NS-131, CRS- 2007 × IUB-65 and MNH-998 × FH-114 revealed negative and highly significant 

specific combining ability values (-1.09), (-0.61) and (-0.58) respectively which indicated that these combinations are poor 

specific combiner for fibre strength (Table 27). 

Among lines CRS-2007 has maximum mean value (24.35) which revealed that this line has maximum fibre strength while 

FH-2015 has minimum mean value (23.15) whereas among testers IUB-65 has maximum mean value (25.16) and NS-131 

has minimum value (23.36) (Table 26). Among crosses CRS-2007 × NS-131 have maximum mean value (25.40) for fibre 

strength and MNH-998 × FH-114 indicated minimum mean value (22.60) (Table 27). 

Variance of SCA (0.3998) is higher than variance of GCA (0.0114) which indicated that non-additive type of gene action is 

important for fibre strength. The ratio of SCA and GCA variance indicated that fibre strength is controlled by dominant 

genes because its value (17.53) is greater than 1 (Table 28). 

Proportional contribution of lines, testers and their interactions is 36.03, 16.76 and 47.20 respectively for fibre strength 

(Fig.10). 

Table 26 Means and general combining ability effects of lines and testers for fibre strength in upland cotton 

Parents  Mean GCA 

Lines 

FH-312  24.10 -0.24 ** 

CRS-2007  24.35 0.65 ** 
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MNH-998  23.80 -0.46 ** 

FH-2015  23.25 0.04 ns 

S.E GCA lines 0.0345 

Testers 

MS-71  24.55 0.01 ns 

NS-131  23.36 0.42 ** 

IUB-65  25.16 -0.38 ** 

FH-114  26.10 -0.04 ns 

S.E GCA tester 0.0345 

Table 27 Means and specific combining ability effects of crosses for fibre strength in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 23.05 -0.40 ** 

FH-312 × NS-131 23.77 -0.09 ns 

FH-312 × IUB-65 23.01 -0.05 ns 

FH-312 × FH-114 23.95 0.55 ** 

CRS-2007 × MS-71 24.53 0.20 * 

CRS-2007 × NS-131 25.40 0.65 ** 

CRS-2007 × IUB-65 23.34 -0.61 ** 

CRS-2007 × FH-114 24.05 -0.24 ** 

MNH-998 × MS-71 23.06 -0.17 * 

MNH-998 × NS-131 24.16 0.53 ** 

MNH-998 × IUB-65 23.05 0.22 ** 

MNH-998 × FH-114 22.60 -0.58 ** 

FH-2015 × MS-71 24.10 0.37 ** 

FH-2015 × NS-131 23.05 -1.09 ** 

FH-2015 × IUB-65 23.78 0.44 ** 

FH-2015 × FH-114 23.95 0.27 ** 

S.E 0.1286 

Table 28 Variance estimation due to GCA, SCA, additive, dominance and ratio for fibre strength in upland cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.01 0.02 0.39 0.39 17.53 
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Fig. 4.11 Proportional contribution of lines, testers and their interaction to total variation for fibre strength in upland 

cotton 

Fibre fineness 

Analysis of variance for line × tester indicated highly significant differences between lines, testers and their interactions 

(Table 1). From the lines FH-2015 has positive and highly significant GCA value (0.25) that showed it is a poor general 

combiner for fibre fineness followed by FH-312 (0.06) whereas line CRS-2007 has negative and highly significant GCA 

value (-0.32) which indicated that it is a good general combiner for fibre fineness. In the testers FH-114 has highly 

significant and positive GCA value (0.13) which showed that it is a poor general combiner for fibre fineness and MS-71 has 

negative and highly significant GCA value (-0.06) that means it is a good general combiner for fibre fineness (Table 29). 

Crosses FH-2015 × IUB-65, MNH-998 × MS-71 and CRS-2007 × MS-71 have positive and highly significant specific 

combining ability values (0.22), (0.18) and (0.15) respectively so they are poor specific combiners for fibre fineness, 

whereas crosses FH-2015 × MS-71, MNH-998× IUB-65 and CRS-2007 × FH-114 have negative and highly significant specific 

combining ability values (-0.34), (-0.26) and (-0.20) respectively which revealed that these combinations are good specific 

combiner for fibre fineness (Table 30). 

Among lines CRS-2007 showed maximum mean value (4.26) which revealed that this line has maximum fibre fineness 

while FH-312 indicated minimum mean value (3.75) whereas among testers FH-114 showed maximum mean value (4.15) 

and IUB-65 have minimum value (3.67) (Table 29). Among crosses FH-2015 × IUB-65 has maximum mean value (4.47) for 

fibre fineness and MNH-998 × IUB-65 indicated minimum mean value (3.75) (Table 30). 

Variance of SCA (0.0411) is higher than variance of GCA (0.0035) which indicated that non-additive type of gene action is 

important for fibre fineness. The ratio of SCA and GCA variance indicated that fibre fineness is controlled by dominant 

genes because its value (11.74) is greater than 1 (Table 31). 

Proportional contribution of lines, testers and their interactions is 58.55, 7.9 and 33.55 respectively for fibre fineness 

(Fig.4.11). 

Table 29 Means and general combining ability effects of lines and testers for fibre fineness in upland cotton 

Parents  Mean GCA 

Lines 

FH-312  3.75 0.06 ** 
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CRS-2007  4.26 -0.32 ** 

MNH-998  4.15 0.01 ns 

FH-2015  4.05 0.25 ** 

S.E GCA lines 0.0191 

 Testers 

MS-71  4.15 -0.06 ** 

NS-131  3.90 -0.03 ns 

IUB-65  3.67 -0.04 ns 

FH-114  4.15 0.13 ** 

S.E GCA tester 0.0191 

Table 30 Means and specific combining ability effects and means of crosses for fibre fineness in upland cotton 

Cross Mean SCA 

FH-312 × MS-71 4.05 0.01 ns 

FH-312 × NS-131 3.93 -0.14 ** 

FH-312 × IUB-65 4.08 0.01 ns 

FH-312 × FH-114 4.35 0.12 ** 

CRS-2007 × MS-71 3.81 0.15 ** 

CRS-2007 × NS-131 3.71 0.02 ns 

CRS-2007 × IUB-65 3.70 0.02 ns 

CRS-2007 × FH-114 3.65 -0.20 ** 

MNH-998 × MS-71 4.17 0.18 ** 

MNH-998 × NS-131 4.02 -0.00 ns 

MNH-998 × IUB-65 3.75 -0.26 ** 

MNH-998 × FH-114 4.25 0.07 ns 

FH-2015 × MS-71 3.88 -0.34 ** 

FH-2015 × NS-131 4.37 0.12 ** 

FH-2015 × IUB-65 4.47 0.22 ** 

FH-2015 × FH-114 4.41 0.00 ns 

S.E 0.0383 

Table 31 Variance estimation due to GCA, SCA, additive, dominance and ratio for fibre fineness in upland cotton 

σ2GCA σ2A σ2SCA σ2D σ2SCA/σ2GCA 

0.003 0.007 0.041 0.041 11.74 
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Fig. 4.11 Proportional contribution of lines, testers and their interaction to total variation for fibre fineness in upland 

cotton. 

CONCLUSION 

All the characters of many genotypes of cotton indicated variance of SCA greater than variance of GCA, when variance of 

SCA is higher than variance of GCA it means non additive gene action is dominant over additive gene action. So heterosis 

breeding will be more fruitful than varietal development. Selection must be delayed in breeding populations because non 

additive genes have low heritability. The parents which have good general combining ability for specific traits and the cross 

combinations with good specific combining ability are supposed to be used in future breeding programs for the 

improvement of these traits in cotton. 
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