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ABSTRACT 
Heterosis exploitation is one of the effective techniques for improvement of cotton yields. In the present study 4 lines 

crossed with 4 testers in the line × tester mating fashion to study the heterosis of different traits of cotton. The parents 

along with their 16 hybrids were evaluated in RCBD in three replications in the field during 2017-2018. For plant height 
FH-2015 × FH-114 showed negative and highly significant value for mid parent (-14.34) & (-15.38) for better parent 
heterosis. For number of monopodial branches MNH-998 × IUB-65 showed positive and highly significant value (157.14) 

for mid parent heterosis and (125.00) for better parent heterosis. For number of bolls FH-312 × IUB-65 showed positive 
and highly significant value (31.62) for mid parent heterosis and showed non-significant value for better parent 
heterosis. For boll weight FH-2015 × FH-114 showed positive and highly significant value (39.46) for mid parent heterosis 

and also showed highly significant value (30.52) for better parent heterosis. For ginning out turn the FH-2015 × IUB-65 
have positive and highly significant value (14.16) for mid parent heterosis while it also showed positive and highly 

significant value (14.03) for better parent heterosis. For lint index CRS-2007 × IUB-65 showed positive and highly 
significant value (18.46) for mid parent heterosis and it also showed positive and highly significant value (16.19) for 

better parent heterosis. For number of seeds per boll FH-2015 × MS-71 showed positive and highly significant value 
(18.37) for mid parent heterosis and it also showed positive and highly significant value (16.15) for better parent 
heterosis. For fiber length FH-2015 × MS-71 showed positive and highly significant value (14.92) for mid parent heterosis 

while it also showed positive and highly significant value (14.10) for better parent heterosis. For fiber strength CRS-2007 
× NS-131 showed positive and highly significant value (6.47) for mid parent heterosis it also showed positive and highly 

significant value (4.31) for better parent heterosis. For fiber fineness the hybrid of CRS-2007 × FH-114 showed negative 
and highly significant value (-13.20) for mid parent heterosis it also showed positive and highly significant value (-14.22) 

for better parent heterosis. 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. Whereas FH-2015 × FH-
114, MNH-998 × FH-114, MNH-998 × MS-71, CRS-2007 × MS-71 had significant mid and better parent heterosis for most 
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of the traits under study. So these cross combinations may be used in the development of hybrid cotton or in the 
improvement of different cotton traits. 
Key words: heterosis breeding, fiber quality, line × tester analysis 
INTRODUCTION 
Cotton (Gossypium hirsutum L.) belongs to genus Gossypium and family Malvaceae with 50  species  in  which  45  are  
diploid  and  5  are  tetraploid.  It has four cultivated species namely, Gossypium  hirsuitum  L.,  Gossypium  barbadense  
L.,  Gossypium  arboreum  L.,  and Gossypium  herbaceum  L.,  are  grown  for  getting  fiber  for  textile  (Fryxell,  1992).  
Cotton is considered as an important fiber and cash crop of Pakistan. Among all fibrous crops, cotton is major source for 
getting textile fiber. Cotton is grown in many part of the world. It is a fiber as well as food crop.  Apart from fiber, cotton 
seed cake also obtained from it which used for Livestock as a nutritional feed. Cotton crop contributes in economic, 
industrial and agricultural development due to which it is considered as white gold. It is a major fiber and oil seed crop 
in many tropical areas of the world. It has indeterminate type of growth habit (Malagouda et al., 2014). Pakistan is 
ranked 5th place in the world in terms of cotton consumption and 4th place in terms of total cotton production in the 
world.  It accounts for 1.6% of national GDP and share 7.8% of various agriculture value added products (Anonymous, 
2015-16). According to economic survey of Pakistan 2015-2016, cotton was cultivated on an area of 2,917 thousand 
hectare which was 1.5% less than the last year (2,961 thousand hectare) and produced 10.07 million bales  which  was  
27.8%  less  than  the  last  year  production  (13.9  million  bales) (Anonymous, 2015-16). Presence of genetic variation 
within a species is pre-requisite to start breeding program for the development of genotypes (Rasheed et al., 2019). 
Different types  of  breeding  methods  like introduction of exotic germplasm, polyploidy and hybridization can be utilized 
for achieving the  crop’s  desired  genetic  variability  and  segregating  populations  with  diverse  genotypes  (Esmail  et  

al.,  2008). Heterosis is best defined as when the F1 progeny from genetically dissimilar parents is better than the best 
performing parent (Roupakias et al., 1998). For development of hybrid the desired heterosis over commercial cultivar is 
50% while over hybrid is 20% (Agarwal et al., 2003). For increased cotton seed production hybrid vigor has been used 
commercially in breeding programs. Heterosis play a key role for the improvement of yield and fiber quality traits in 
cotton using F1 and F2 hybrids. The major goal in cotton breeding programs is commercial exploitation of heterosis for 
fiber and yield contributing traits in hybrids. Because of sufficient magnitude of heterosis the seed cotton yield of hybrids 
is increased over better parents or best commercial cultivars. The increment in yield of hybrids over better parent, mid 
parent or commercial cultivar is reported by many scientists (Iqbal et al., 2003). 
To investigate the new cross combinations or transgressive segregants from subsequent generations are useful to 
develop a variety, evaluation of heterosis is necessary. The magnitude of heterosis provides a basis for diversity and a 
guide to the choice of desirable parents for developing superior F1 hybrids (Monicashree et al., 2017). In this experiment, 
line × tester analysis has been used to study the quantitatively inherited traits of upland cotton, with a view to identify 
the best heterotic crosses for single plant yield, its attributing traits and fibre quality parameters. The main objective of 
this research was to determine the extent of heterosis for yield and fibre quality parameters among sixteen crosses 
obtained by crossing 4 lines with 4 testers in line x tester fashion in Gossypium hirsutum L.  
MATERIALS AND METHODS 
The research was done in the research zone of Department of Plant Breeding and Genetics, University of Agriculture 

Faisalabad. Varieties of cotton crop namely FH-312, CRS-2007, MNH-998, FH-2015, MS-71, NS-131, IUB-65 and FH-114 
were sown in the earthen pots. Eight parents were crossed in Line × Tester mating design for the estimation of heterosis 
for yield related characters and fibre quality related traits. Four parents were used as female lines (FH-312, CRS-2007, 

MNH-998, FH-2015) and other four parents were used as male testers (MS-71, NS-131, IUB-65, FH-114). These eight 
genotypes were sown in green house chamber at an ambient temperature (28-30ºC) suitable for cotton germination in 
pots, each containing 4 kg soil. Four lines were crossed with four testers at the time of flowering. Seeds obtained from 
crosses separated from lint by ginning. The eight parents along with sixteen crosses were sown with three replications 
by using RCBD under field conditions during 1st weak of june. All agronomic and plant protection practices were 
performed uniformly. At maturity six guarded plants from each row were taken randomly for recording of data on the 
following traits like 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 
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differences. Traits that showed significant differences were further analyzed for estimation of heterosis by Mather and 
Jinks (2013). 
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 

RESULTS AND DISCUSSION 
Plant height 
Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 
and line × tester for plant height (Table 1). FH-2015 × FH-114 showed negative and highly significant value (-14.34) for 
mid parent heterosis it means hybrid of both parents will show better results as compare to mean value of parent 

performance while It also showed negative and highly significant value (-15.38) for better parent heterosis it means F1 
will also showed good performance from better parent from FH-2015 and FH-114. Whereas CRS-2007 × IUB-65 showed 
highly significant and positive value for mid parent heterosis and better parent heteorsis (20.18) and (19.10) respectively 
it means hybrid from these two parents is not desirable for plant height (Table 2). 
Table 1 Analysis of variance for plant height in progenies of upland cotton. 

*Significant, **Highly significant, ns Non-significant 
Table 2 Mid and better parent heterosis for plant height in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 6.32 ** 4.72 ** 

FH-312 × NS-131 7.30 ** 5 ** 

FH-312 × IUB-65 -1.26 ns -4.61 ** 

FH-312 × FH-114 -0.76 ns -0.89 ns 
CRS-2007 × MS-71 7.85 ** 3.57 ** 

CRS-2007 × NS-131 12.23 ** 11.76 ** 

CRS-2007 × IUB-65 20.18 ** 19.10 ** 

CRS-2007 × FH-114 6.99 ** 4.14 ** 

SOV DF SS MS F. cal 

Replication 1 0.02 0.02 0.01 

Genotype 23 1478.22 64.27 53.37 ** 

Crosses 15 1269.29 84.61 70.27 ** 

Line (C) 3 853.42 284.47 236.26 ** 

Tester (C) 3 174.17 58.05 48.21 ** 

Line × Tester (C) 9 241.69 26.85 22.30 ** 

Parent 7 171.12 24.44 20.30 ** 

Line (P) 3 72.29 24.09 20.01** 

Tester (P) 3 84.18 28.06 23.30 ** 

Line × Tester (P) 1 14.64 14.64 12.16 ** 

Cross vs Parent 1 37.80 37.80 31.39 ** 

Error 23 27.69 1.20  

Total 47 1505.92   
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MNH-998 × MS-71 -3.69 ** -9.59 ** 

MNH-998 × NS-131 3.24 * 0.41 ns 
MNH-998 × IUB-65 9.17 ** 7.56 ** 

MNH-998 × FH-114 -6.49 ** -11.05 ** 

FH-2015 × MS-71 -6.10 ** -8.51 ** 

FH-2015 × NS-131 1.16 ns 0.08 ns 

FH-2015 × IUB-65 -3.72 ** -5.99 ** 

FH-2015 × FH-114 -14.34 ** -15.38 ** 

Number of monopodial branches 
ANOVA results for number of monopodial branches showed significant results between genotypes, parents, lines, 
testers, and line × tester (Table 3). MNH-998 × IUB-65 showed positive and highly significant value (157.14) for mid 
parent heterosis it mean hybrid of both parents will show better results as compare to mean value of parent performance 

while It also showed positive and highly significant value (125.00) for better parent heterosis it means F1 will also 

showed good performance from better parent from MNH-998 and IUB-65. Whereas MNH-998 × MS-71 showed highly 
significant and negative value for mid parent heterosis and better parent heteorsis (-55.6) and (-60.00) respectively it 
means hybrid from these two parents is not desirable for number of monopodial branches (Table 4) 
 
Table 3  Analysis of variance for number of monopodial branches in progenies of upland cotton 

 
Table 4. Mid and better parent heterosis for number of monopodial branches in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 -42.86 ns -60.00 * 

FH-312 × NS-131 0.00 ns -25.00 ns 
FH-312 × IUB-65 20.00 ns 0.00 ns 

FH-312 × FH-114 11.11 ns -28.57 ns 
CRS-2007 × MS-71 42.86 ns 0.00 ns 

CRS-2007 × NS-131 0.00 ns -25.00 ns 

CRS-2007 × IUB-65 -20.00 ns -33.33 ns 
CRS-2007 × FH-114 -11.11 ns -42.86 * 

SOV DF SS MS F. cal 

Replication 1 0.02 0.02 0.06 

Genotype 23 45.31 1.97 6.05 ** 

Cross 15 35.46 2.36 7.27 ** 

Line (C) 3 11.59 3.86 11.88 ** 

Tester (C) 3 6.34 2.11 6.50 ** 

Line × Tester (C) 9 17.53 1.94 5.99 ** 

Parent 7 9.75 1.39 4.28 * 

Line (P) 3 1.37 0.45 1.40 ns 

Tester (P) 3 4.37 1.45 4.48 * 

Line × Tester (P) 1 4.00 4.00 12.30 ** 

Cross vs Parent 1 0.09 0.09 0.28 ns 

Error 23 7.47 0.35  

Total 47 52.81   
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MNH-998 × MS-71 -55.6 * -60.00 * 

MNH-998 × NS-131 0.00 ns 0.00 ns 
MNH-998 × IUB-65 157.14 ** 125.00 ** 

MNH-998 × FH-114 63.64 ** 28.57 ns 

FH-2015 × MS-71 -25.00 ns -40.00 ns 
FH-2015 × NS-131 -14.29 ns -25.00 ns 

FH-2015 × IUB-65 0.00 ns 0.00 ns 

FH-2015 × FH-114 -40.00 ns -57.14 ** 

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 5). FH-312 × IUB-65 showed positive and highly significant value (31.62) for mid parent heterosis it 
mean hybrid of both parents will show better results as compare to mean value of parent performance but it showed non-
significant behavior for better parent heterosis that means hybrid does not perform better than better parent. Whereas 
CRS-2007 × MS-71 showed highly significant and negative value for mid parent heterosis and better parent heteorsis (-
45.16) and (-48.48) respectively it means hybrid from these two parents is not desirable for number of bolls per plant 
(Table 6). 
Table 5 Analysis of variance for number of bolls per plant in progenies of upland cotton 

Table 6 Mid and better parent heterosis for number of bolls per plant in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 0.00 ns -27.27 ** 

FH-312 × NS-131 -5.56 ns -19.05 * 

FH-312 × IUB-65 31.82 ** 0.00 ns 

FH-312 × FH-114 20 * 5.00 ns 

CRS-2007 × MS-71 -45.16 ** -48.48 ** 

CRS-2007 × NS-131 24 ** 6.90 ns 

CRS-2007 × IUB-65 -20.69 ** -20.69 ** 

CRS-2007 × FH-114 -30.61 ** -41.38 ** 

SOV DF SS MS F. cal 

Replication 1 0.75 0.75 1.13 

Genotype 23 286.66 12.46 18.79 ** 

Cross 15 155 10.33 15.58 ** 

Line (C) 3 3.25 1.08 1.63 ns 

Tester (C) 3 16.75 5.58 8.42 ** 

Line × Tester (C) 9 135 15 22.62 ** 

Parent 7 121 17.28 26.07 ** 

Line (P) 3 49.37 16.45 24.82 ** 

Tester (P) 3 59.37 19.79 29.84 ** 

Line × Tester (P) 1 12.25 12.25 18.47 ** 

Cross vs Parent 1 10.66 10.66 16.08 ** 

Error 23 15.25 0.66  

Total 47 302.66   



 

167 | P a g e  
 

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

MNH-998 × MS-71 -32.14 ** -42.42 ** 

MNH-998 × NS-131 27.27 ** 21.74 ** 

MNH-998 × IUB-65 -11.54 * -20.69 ** 

MNH-998 × FH-114 -11.63 ns -17.39 * 

FH-2015 × MS-71 -9.09 ns -24.24 ** 

FH-2015 × NS-131 -20.93 ** -22.73 ** 

FH-2015 × IUB-65 -25.49 ** -34.48 ** 

FH-2015 × FH-114 9.52 ns 4.55 ns 
Boll weight 
Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 
and line × tester for boll weight (Table 7). FH-2015 × FH-114 showed positive and highly significant value (39.46) for mid 
parent heterosis it mean hybrid of both parents will show better results as compare to mean value of parent performance 

while It also showed positive and highly significant value (30.52) for better parent heterosis it means F1 will also showed 

good performance from better parent from FH-2015 and FH-114. Whereas MNH-998 × NS-131 showed highly significant 
and negative value for mid parent heterosis and better parent heteorsis (-16.58) and (-28.81) respectively it means hybrid 
from these two parents is not desirable for boll weight (Table 8). 
Table 7 Analysis of variance for boll weight in progenies of upland cotton 

Table 8 Mid and better parent heterosis for boll weight in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 -0.34 ns -2.94 ns 

FH-312 × NS-131 -0.72 ns -11.11 * 

FH-312 × IUB-65 10.03 ns -3.11 ns 

FH-312 × FH-114 4.70 ns 0.00 ns 

CRS-2007 × MS-71 28.30 ** 21.13 ** 

CRS-2007 × NS-131 -14.37 ** -21.06 ** 

CRS-2007 × IUB-65 11.46 * 1.00 ns 
CRS-2007 × FH-114 -0.66 ns -7.96 ns 

SOV DF SS MS F. cal 

Replication 1 0.03 0.03 0.97 

Genotype 23 14.23 0.61 15.64 ** 

Cross 15 10.29 0.68 17.34 ** 

Line (C) 3 1.79 0.59 15.09 ** 

Tester (C) 3 2.08 0.69 17.54 ** 

Line × Tester (C) 9 6.41 0.71 18.01 ** 

Parent 7 3.23 0.46 11.67 ** 

Line (P) 3 0.33 0.11 2.79 * 

Tester (P) 3 2.46 0.82 20.77 ** 

Line × Tester (P) 1 0.43 0.43 11.00 ** 

Cross vs Parent 1 0.71 0.71 17.95 ** 

Error 23 0.91 0.03  

Total 47 15.18   
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MNH-998 × MS-71 10.20 ns 7.07 ns 

MNH-998 × NS-131 -16.58 ** -28.81 ** 

MNH-998 × IUB-65 31.46 ** 10.45 * 

MNH-998 × FH-114 -4.89 ns -5.75 ns 
FH-2015 × MS-71 33.39 ** 27.23 ** 

FH-2015 × NS-131 14.51 ** 26.60 ** 

FH-2015 × IUB-65 -12.82 * -1.56 ns 
FH-2015 × FH-114 39.46 ** 30.52 ** 

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 9). FH-2015 × IUB-65 have positive and highly significant value 
(14.16) for mid parent heterosis it mean hybrid of both parents will show better results as compare to mean value of 

parent performance while It also showed positive and highly significant value (14.03) for better parent heterosis it means 

F1 will also showed good performance from better parent from FH-2015 and IUB-65. Whereas CRS-2007 × IUB-65 
showed highly significant and negative value for mid parent heterosis and better parent heteorsis (-7.23) and (-9.20) 
respectively it means hybrid from these two parents is not desirable for boll weight (Table 10). 
Table 9 Analysis of variance for ginning out turn percentage in progenies of upland cotton 

Table 10 Mid and better parent heterosis for ginning out turn percentage in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 3.75 * 1.50 ns 

FH-312 × NS-131 5.39 ** -0.31 ns 
FH-312 × IUB-65 10.62 ** 9.37 ** 

FH-312 × FH-114 7.04 ** 5.72 ** 

CRS-2007 × MS-71 -5.37 ** -6.39 ** 

CRS-2007 × NS-131 -2.42 ns -4.72 ** 

CRS-2007 × IUB-65 -7.23 ** -9.20 ** 

CRS-2007 × FH-114 3.06 * -1.43 ns 

MNH-998 × MS-71 -1.22 ns -5.93 ** 

SOV DF SS MS F. cal 

Replication 1 0.86 0.86 1.76 

Genotype 23 281.43 12.23 25.01 ** 

Cross 15 191.36 12.75 26.07 ** 

Line (C) 3 48.30 16.10 32.91 ** 

Tester (C) 3 70.80 23.60 48.24 ** 

Line × Tester (C) 9 72.24 8.02 16.40 ** 

Parent 7 69.54 9.93 20.30 ** 

Line (P) 3 25.75 8.58 17.54 ** 

Tester (P) 3 36.76 12.25 25.05 ** 

Line × Tester (P) 1 7.02 7.02 14.35 ** 

Cross vs Parent 1 20.52 20.52 41.95 ** 

Error  23 11.25 0.48  

Total 47 293.54   
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MNH-998 × NS-131 11.59 ** 2.85 ns 

MNH-998 × IUB-65 3.94 * 0.00 ns 
MNH-998 × FH-114 2.28 ns 0.72 ns 

FH-2015 × MS-71 2.70 ns 1.50 ns 
FH-2015 × NS-131 4.37 ** -0.31 ns 

FH-2015 × IUB-65 14.16 ** 14.03 ** 

FH-2015 × FH-114 1.25 ns -1.00 ns 

Lint Index 
Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 
and line × tester for lint index (Table 11). CRS-2007 × IUB-65 showed positive and highly significant value (18.46) for mid 
parent heterosis it mean hybrid of both parents will show better results as compare to mean value of parent performance 

while It also showed positive and highly significant value (16.19) for better parent heterosis it means F1 will also 

showed good performance from better parent from CRS-2007 and IUB-65. Whereas FH-312 × NS-131 showed highly 
significant and negative value for mid parent heterosis and better parent heteorsis (-16.22) and (-21.85) respectively it 
means hybrid from these two parents is not desirable for lint index (Table 12). 
Table 11 Analysis of variance for lint index in progenies of upland cotton 

SOV DF SS MS F. cal 

Replication 1 0.001 0.001 0.007 

Genotype 23 9.40 0.40 55.70 ** 

Cross 15 7.09 0.47 64.40 ** 

Line (C) 3 0.75 0.25 34.20 ** 

Tester (C) 3 4.48 1.49 203.65 ** 

Line × Tester (C) 9 1.85 0.20 28.05 ** 

Parent 7 2.26 0.32 44.17 ** 

Line (P) 3 0.88 0.29 40.22 ** 

Tester (P) 3 1.02 0.34 46.63 ** 

Line × Tester (P) 1 0.35 0.35 48.64 ** 

Cross vs Parent 1 0.04 0.04 5.79 ** 

Error 23 0.16 0.007  

Total 47 9.57   

Table 12 Mid and better parent heterosis for lint index in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 -3.75 * -11.68 ** 

FH-312 × NS-131 -16.22 ** -21.85 ** 

FH-312 × IUB-65 11.30 ** 2.61 ns 
FH-312 × FH-114 -1.69 ns -2.44 ns 

CRS-2007 × MS-71 -2.16 ns -4.50 * 

CRS-2007 × NS-131 4.05 ** 3.35 ns 
CRS-2007 × IUB-65 18.46 ** 16.19 ** 

CRS-2007 × FH-114 0.36 ns -5.12 ** 

MNH-998 × MS-71 -9.13 ** -11.30 ** 
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MNH-998 × NS-131 -1.64 ns -2.30 ns 

MNH-998 × IUB-65 -0.20 ns -2.11 ns 
MNH-998 × FH-114 1.35 ns -4.18 ** 

FH-2015 × MS-71 -11.65 ** -18.00 ** 

FH-2015 × NS-131 -9.81 ** -14.90 ** 

FH-2015 × IUB-65 1.06 ns -5.77 ** 

FH-2015 × FH-114 1.76 ns 1.28 ns 
Number of seeds per boll 
Analysis of variance for line × tester indicated significant differences between genotypes, parents, lines, testers, crosses 
and line × tester for number of seeds per boll (Table 13). FH-2015 × MS-71 showed positive and highly significant value 
(18.37) for mid parent heterosis it mean hybrid of both parents will show better results as compare to mean value of 

parent performance while It also showed positive and highly significant value (16.15) for better parent heterosis it means 

F1 will also showed good performance from better parent from FH-2015 and MS-71. Whereas MNH-998 × FH-114 
showed highly significant and negative value for mid parent heterosis and better parent heteorsis (-17.63) and (-20.90) 
respectively it means hybrid from these two parents is not desirable for number of seeds per boll (Table 14). 
Table 13 Analysis of variance for number of seeds per boll in progenies of upland cotton 

Table 14 Mid and better parent heterosis for number of seeds per boll in upland cotton 

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 -10.14 ** -15.29 ** 

FH-312 × NS-131 -5.67 ** -8.01 ** 

FH-312 × IUB-65 -10.03 ** -11.59 ** 

FH-312 × FH-114 3.78 * 3.59 ns 
CRS-2007 × MS-71 -7.04 ** -10.26 ** 

CRS-2007 × NS-131 -5.55 ** -11.83 ** 

CRS-2007 × IUB-65 -4.08 * -13.90 ** 

CRS-2007 × FH-114 11.57 ** 1.92 ns 

MNH-998 × MS-71 -4.94 ** -13.58 ** 

MNH-998 × NS-131 8.86 ** 2.23 ns 

SOV DF SS MS F. cal 

Replication 1 0.07 0.07 0.28 

Genotype 23 258.21 11.22 43.47 ** 

Cross 15 190.56 12.70 49.19 ** 

Line (C) 3 69.08 23.02 89.17 ** 

Tester (C) 3 18.81 6.27 24.28 ** 

Line × Tester (C) 9 102.66 11.40 44.17 ** 

Parent 7 67.58 9.65 37.38 ** 

Line (P) 3 50.08 16.69 64.64 ** 

Tester (P) 3 17.19 5.73 22.19 ** 

Line × Tester (P) 1 0.29 0.29 1.16 ns 

Cross vs Parent 1 0.06 0.06 0.27 ns 

Error 23 5.93 0.25  

Total 47 264.23   
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MNH-998 × IUB-65 -0.96 ns -3.07 ns 

MNH-998 × FH-114 -17.63 ** -20.90 ** 

FH-2015 × MS-71 18.37 ** 16.15 ** 

FH-2015 × NS-131 12.26 ** 10.46 ** 

FH-2015 × IUB-65 -0.34 ns -5.92 ** 

FH-2015 × FH-114 8.60 ** 4.43 * 

Fibre length 
Analysis of variance for line × tester indicated highly significant differences between lines, testers and their interactions 
(Table 15). FH-2015 × MS-71 showed positive and highly significant value (14.92) for mid parent heterosis it mean hybrid 
of both parents will show better results as compare to mean value of parent performance while It also showed positive 

and highly significant value (14.10) for better parent heterosis it means F1 will also showed good performance from 

better parent from FH-2015 and MS-71. Whereas FH-312 × NS-131 showed highly significant and negative value for mid 
parent heterosis and better parent heteorsis (-2.06) and (-3.45) respectively it means hybrid from these two parents is 
not desirable for fibre length (Table 16). 
 
 
Table 15 Analysis of variance for fibre length in progenies of upland cotton 

Table 16 Mid and better parent heterosis for fibre length in upland cotton 

SOV DF SS MS F. cal 

Replication 1 0.11 0.11 2.61 

Genotype 23 39.81 1.73 39.71 ** 

Cross 15 13.63 0.90 20.85 ** 

Line (C) 3 5.48 1.82 41.96 ** 

Tester (C) 3 1.75 0.58 13.45 ** 

Line × Tester (C) 9 6.38 0.70 16.28 ** 

Parent 7 21.04 3.00 68.98 ** 

Line (P) 3 14.37 4.79 109.96 ** 

Tester (P) 3 6.57 2.19 50.32 ** 

Line × Tester (P) 1 0.09 0.09 2.06 

Cross vs Parent 1 5.13 5.13 117.79 ** 

Error 23 1.00 0.04  

Total 47 40.93   

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 -0.23 ns -6.02 ** 

FH-312 × NS-131 -2.06 ** -3.45 ** 

FH-312 × IUB-65 0.79 ns -2.06 * 

FH-312 × FH-114 -1.90 * -6.10 ** 

CRS-2007 × MS-71 4.31 ** 2.86 * 

CRS-2007 × NS-131 0.43 ns -2.80 ** 

CRS-2007 × IUB-65 2.44 ** 0.57 ns 
CRS-2007 × FH-114 -0.40 ns -0.69 ns 

MNH-998 × MS-71 3.69 ** -0.17 ns 
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Fibre strength 
Analysis of variance for line × tester indicated highly significant differences between lines, testers and their interactions 
(Table 17). CRS-2007 × NS-131 showed positive and highly significant value (6.47) for mid parent heterosis it mean hybrid 
of both parents will show better results as compare to mean value of parent performance while It also showed positive 

and highly significant value (4.31) for better parent heterosis it means F1 will also showed good performance from better 

parent from CRS-2007 and NS-131. Whereas MNH-998 × FH-114 showed highly significant and negative value for mid 
parent heterosis and better parent heteorsis (-9.42) and (-13.41) respectively it means hybrid from these two parents is 
not desirable for fibre strength (Table 18) 
Table 17 Analysis of variance for fibre strength in progenies of upland cotton 

Table 18 Mid and better parent heterosis for fibre strength in upland cotton 

MNH-998 × NS-131 1.99 ** 1.11 ns 

MNH-998 × IUB-65 0.24 ns -0.36 ns 
MNH-998 × FH-114 1.12 ns -1.02 ns 

FH-2015 × MS-71 14.92 ** 14.10 ** 

FH-2015 × NS-131 5.75 ** 0.28 ns 
FH-2015 × IUB-65 3.75 ** -0.23 ns 

FH-2015 × FH-114 9.86 ** 7.26 ** 

SOV DF SS MS F. cal 

Replication 1 0.02 0.02 0.62 

Genotype 23 32.62 1.41 38.55 ** 

Cross 15 15.42 1.02 27.95 ** 

Line (C) 3 5.55 1.85 50.37 ** 

Tester (C) 3 2.58 0.86 23.43 ** 

Line × Tester (C) 9 7.28 0.80 21.99 ** 

Parent 7 12.60 1.80 48.94 ** 

Line (P) 3 1.34 0.44 12.18 ** 

Tester (P) 3 7.88 2.62 71.42 ** 

Line × Tester (P) 1 3.37 3.37 91.78 ** 

Cross vs Parent 1 4.59 4.59 124.87 ** 

Error 23 0.84 0.03  

Total 47 33.49   

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 -5.24 ** -6.11 ** 

FH-312 × NS-131 0.14 ns -1.39 ns 

FH-312 × IUB-65 -6.60 ** -8.57 ** 

FH-312 × FH-114 -4.58 ** -8.24 ** 

CRS-2007 × MS-71 0.35 ns -0.06 ns 

CRS-2007 × NS-131 6.47 ** 4.31 ** 

CRS-2007 × IUB-65 -5.72 ** -7.23 ** 

CRS-2007 × FH-114 -4.66 ** -7.85 ** 

MNH-998 × MS-71 -4.61 ** -6.07 ** 
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Fibre fineness 
Analysis of variance for line × tester indicated highly significant differences between lines, testers and their interactions 
(Table 19). CRS-2007 × FH-114 showed negative and highly significant value (-13.20) for mid parent heterosis it mean 
hybrid of both parents will show better results as compare to mean value of parent performance while It also showed 

positive and highly significant value (-14.22) for better parent heterosis it means F1 will also showed good performance 

from better parent from CRS-2007 and FH-114. Whereas FH-2015 × IUB-65 showed highly significant and positive value 
for mid parent heterosis and better parent heteorsis (15.75) and (10.25) respectively it means hybrid from these two 
parents is not desirable for fibre fineness (Table 20). 
Table 19 Analysis of variance for fibre fineness in progenies of upland cotton 

Table 20 Mid and better parent heterosis for fibre fineness in upland cotton 

MNH-998 × NS-131 2.47 ** 1.53 ns 

MNH-998 × IUB-65 -5.84 ** -8.39 ** 

MNH-998 × FH-114 -9.42 ** -13.41 ** 

FH-2015 × MS-71 0.84 ns -1.83 * 

FH-2015 × NS-131 -1.10 ns -1.35 ns 

FH-2015 × IUB-65 -1.76 * -5.48 ** 

FH-2015 × FH-114 -2.94 ** -8.24 ** 

SOV DF SS MS F. cal 

Replication 1 0.0001 0.0001 0.03 

Genotype 23 2.93 0.12 37.50 ** 

Cross 15 2.28 0.15 44.72 ** 

Line (C) 3 1.33 0.44 130.93 ** 

Tester (C) 3 0.18 0.06 17.66 ** 

Line × Tester (C) 9 0.76 0.08 25.01 ** 

Parent 7 0.64 0.09 27.01 ** 

Line (P) 3 0.28 0.09 27.82 ** 

Tester (P) 3 0.33 0.11 32.37 ** 

Line × Tester (P) 1 0.02 0.02 8.49 ** 

Cross vs Parent 1 0.008 0.008 2.53 * 

Error 23 0.07 0.003  

Total 47 3.01   

Cross Mid Parent Heterosis Better Parent Heterosis 

FH-312 × MS-71 2.53 ns -2.41 ns 

FH-312 × NS-131 2.68 ns 0.77 ns 

FH-312 × IUB-65 9.91 ** 8.67 ** 

FH-312 × FH-114 10.06 ** 4.69 ** 

CRS-2007 × MS-71 -9.34 ** -10.46 ** 

CRS-2007 × NS-131 -8.96 ** -12.81 ** 

CRS-2007 × IUB-65 -6.57 ** -13.04 ** 

CRS-2007 × FH-114 -13.20 ** -14.22 ** 

MNH-998 × MS-71 0.60 ns 0.60 ns 
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CONCLUSION 
The crosses FH-2015 × FH-114, MNH-998 × FH-114, MNH-998 × MS-71, CRS-2007 × MS-71 had significant mid and better 
parent heterosis for most of the yield and fiber quality traits under study. So these cross combinations may be used in 
the development of hybrid cotton or in the improvement of different cotton traits. 
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MNH-998 × NS-131 -0.19 ns -3.25 * 

MNH-998 × IUB-65 -4.03 ** -9.64 ** 

MNH-998 × FH-114 2.35 ns 2.29 ns 
FH-2015 × MS-71 -5.24 ** -6.39 ** 

FH-2015 × NS-131 10.01 ** 7.90 ** 

FH-2015 × IUB-65 15.75 ** 10.25 ** 

FH-2015 × FH-114 7.62 ** 6.26 ** 
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