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ABSTRACT 
 

A study was carried out in Cotton Section, Agriculture Research Institute, 

Tandojam, Sindh, Pakistan during the year 2012-13 to analyze for earliness and 

yield traits in cotton. The experimental material consisted of five lines (CRIS-

342, Sindh-1, Haridost, Malmal and Bt-121) and three testers (Bt-3701, TS-501 

and Shahbaz). These were crossed in line x tester mating design to produce 15 

hybrids. These hybrids alongwith parents were grown in RCBD with four 

replications. The data were recorded on nine economic characters viz., days to 

initial flowering, days to 75% flowering, days to first boll opening, plant height, 

number of sympodial branches per plant, number of bolls per plant
 
and seed 

cotton yield. The mean squares from analysis of variance revealed that 

genotypes, crosses, parents, and parent vs crosses, lines, testers and line x 

tester differed significantly. The lines, Sindh-1, CRIS-342 and testers, Shahbaz 

and Bt-3701 were found as best combiners for all the traits studied. Among F1 

hybrids CRIS-342 x Shahbaz, Malmal x Shahbaz, CRIS-342 x Bt-3701 and 

Sindh-1 x Shahbaz proved as best specific combiners for above characters. 

Therefore, these parents (lines and testers) and F1 hybrids should be preferred 

for developing breeding material and early maturing cotton varieties. 

 

KEYWORDS: Gossypium hirsutum L.; Lines, testers, line x tester, cotton 

genotypes, phenological and yield traits, Pakistan.  

 

INTRODUCTION 

 
Development of new variety with high yield and fibre quality is the primary 
objective of all cotton breeders. Selection of suitable parents with proper 
mating designs is key for successful plant breeding programmes (17). Line x 
tester analysis provides a systematic approach for exposure of appropriate 
parents and crosses in terms of investigated traits. This method was applied 
to improve self and cross-pollinated plants (15). Combining ability is useful in 
selection of desirable parents for exploitation of hybrids and transgressed 
expressions and also to assess the ability of parents to generate potential 
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hybrids with a reasonable level of stability (4). The knowledge about 
combining ability effects helps the plant breeders in selection of suitable 
parents for hybridisation programme (25). Therefore, information about 
genetic variability and its components gives good source to the breeder for 
crop improvement (18, 22). Shakeel et al., (27), Ahuja and Dhayal (1) 
observed that number of bolls, boll weight and seed cotton yield were 
influenced by the genes acting non-additively and in contrast studies of Khan 
and Idris (16) and Kumaresan et al. (19) indicated that both additive and non-
additive gene effects were important for controlling number of bolls and seed 
cotton yield. Jatoi et el. (12)  reported that sympodial branch at lower node 
number, short sympodial branch length, short internode length, medium or 
smaller leaves, moderate boll size and maximum boll opening at early crop 
growth stage were the most important attributes for early maturing crop 
varieties.  
 
There are many factors on which the yield of cotton crop depends, such as 
plant height, number of fruiting branches, number of bolls per plant, boll 
weight, seed index, GOT percentage  etc. It is desirable for plant breeder to 
know the extent of relationship between yield and its various components 
which facilitates him in selecting the plants of desirable characteristics. Most 
of the characters of interest to breeders are complex and are the result of 
interaction of a number of components. The information derived from 
correlation co-efficient can be augmented by partitioning into direct and 
indirect effects by path co-efficient analysis. Correlation coefficient 
determines simple relations among the traits, so it doesn’t determine always 
decisive results about determination of plant selection criteria (9). Eearly 
maturity in cotton is preferred because of decreasing inputs costs like 
fertilizer, irrigation, crop protection and providing proper time for rotation of 
other crops (7). The study was conducted to determine the significant 
difference among genotypes for earliness. Furthermore, the general and 
specific combining ability for agro-economic traits and correlation with yield 
and early maturing traits of cotton genotypes also assessed. 
 

MATERIALS AND METHODS 

 
This study was carried out in Cotton Section, Agriculture Research Institute, 
Tandojam, Sindh, Pakistan during 2012-13. The experimental material 
consisted of five lines (CRIS-342, Sindh-I, Haridost, Malmal and Bt-121) and 
three testers; (Bt-3701, TS-501 and Shahbaz). These  were crossed in line x 
tester mating design to produce 15 hybrids. These hybrids alongwith parents 
were grown in RCBD with four replications. Plant to plant and row to row 
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space was maintained at 30 and 75 cm, respectively. Recommended 
agronomic practices and need based plant protection measures were 
followed. The data were recorded on nine economic characters viz., days to 
initial flowering, days to 75% flowering, days to first boll opening, plant height, 
sympodial branches per plant, number of bolls per plant

 
and seed cotton yield 

in each replication. Estimates of combining ability were computed using line x 
tester analysis a method developed by Kempthorne and adopted by Singh 
and Chaudhary. 

 
RESULTS AND DISCUSSION 

 
The material chosen for the present study possessed variability for yield and 
yield attributes at desired level, allowing scope for selection and choice of 
material. The raw data thus collected and means computed, were subjected 
to variance analysis (Table 1). It revealed that genotypes, hybrids, parents, 
and parent vs. crosses, lines, testers and line x tester showed significant 
differences for all characters. Confirming, the statistically significant 
differences among genotypes chosen for the present study, analysis 
switched over assessing combining ability of lines vs. testers based on the 
performance of parents as well as hybrids and computations of gene action 
of characters under study.  

 
The ratio of σ

2
 GCA/ σ

2
 SCA more than unity indicated that genes had over-

dominance for these traits. Dominance gene effects play a major role in 
controlling the variation of the most studied traits. Similar results were 
obtained by Ahuja and Tuteja (2), Verma et al.,(29), Ahuja and Dhayal (1),  
Ashokkumar et al.  (5), Akiscan and Gencer (3) and Madhuri et al. (21) 

  
Days to initial flowering 

 
Among the parents, days to initial flowering varied 44.00 (Sindh-1) to 54.00 
(Malmal) and in F1 hybrids 44.00 (CRIS-342 x Bt-3701) to 53.50 (Sindh-1 x 
TS-501) (Table 2). It indicated only 0.5 days difference in F1 hybrids as 
compared to parents. The combining ability analysis gives useful information 
regarding selection of parents based on the performance of their hybrids and 
further it helps the exploitation of heterosis. Among the parents, CRIS-342 
and Sindh-I with negative GCA effects of -3.25** and -0.25* proved as the 
best general consumers and are desirable for earliness traits whereas, 
maximum positive GCA effects (1.42) were noted in line Haridost and Malmal 
which showed delayed maturity (Table 3). 
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Among testers Bt-3701 recorded negative (-1.18**) GCA effects for days to 
initial flowering. 
 
With regards to SCA effects for this trait the data (Table 4) indicated that out 
of 15 F1 hybrids; six hybrids recorded negative SCA effects. The top three 
hybrids gave negative SCA effects i.e. Malmal x Shahbaz (-3.47**) CRIS-342 
x TS-501(-2.30**) and CRIS-342 x Bt-3701 (-2.15**). However; hybrid 
Haridost x Shahbaz showed highest positive SCA effects (2.93**) for this 
trait. Similar results were observed by Natera et al. (2012) and Jatoi (2013) 
with negative GCA effects for parents and SCA effects for hybrids which 
exhibited that negative effects caused early flowering. 

 

Days to 75% flowering 

 
Among parents Sindh-I had minimum days to 75% flowering (76.50 days) 

and Haridost took maximum days (95.50 days) (Table 2). Among hybrids 

Haridost x Shahbaz expressed minimum days to 75% flowering (73.75 days) 

and Haridost x Bt-3701 took more days (93.75 days). GCA effects exposed 

that lines Bt-121 and Malmal showed negative GCA effects (-4.48** and -

4.32**) for days to 75% flowering and CRIS-342 detected maximum positive 

GCA effects (5.43**) followed by Sindh-I (1.93**) (Table 3). The testers TS-

501 and Shahbaz also recorded negative GCA effects (-042
+
 and -0.17) for 

days to 75% flowering. However nine F1 hybrids exhibited negative SCA 

effects (-0.08 to -6.58**) (Table 4). F1 hybrid CRIS-342 x TS-501 recorded 

maximum negative SCA effects (-6.58**) followed by Sindh-I x Bt-3701 (-

5.83**) and Malmal x Shahbaz (-3.42**) for days to 75% flowering (Table 4), 

while the F1 hybrid Haridost x Bt-3701 displayed highest SCA effects (6.42). 

The negative SCA effects showed minimum days to 75% flowering and these 

hybrids were found suitable  for early maturing cotton varieties. Natera et al. 

(2012) and  Jatoi (2013) also reported negative GCA effects for parents and 

SCA effects for hybrids indicating that negative effects showed minimum 

days to taken 75% flowering. 

 

Days to first boll opening 

 
Boll opening at specified period of time is probably considered as the major 

criteria for cotton breeders to select early maturing varieties. Among the 

parents, Sindh-I took minimum days to first boll opening (78.50) and Bt-121 

took maximum days (94.00) (Table 2). Similarly in hybrids minimum days to 
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first boll opening (73.00) were noted in CRIS-342 x TS-501 and maximum in 

Haridost x TS-501 (91.00). For GCA effects lines CRIS-342 and Malmal 

displayed negative effects (-3.90** and -1.57**) while Sindh-1(1.43**), 

Haridost (0.10) and Bt-121 (3.93**) showed positive GCA effects (Table 3). 

Among testers; Bt-3701 showed negative effects (-2.43**) while TS-501 and 

Shahbaz exhibited positive effects (0.32 and 2.12). 

 
In case of SCA effects three F1 hybrids exhibited significant and positive 

SCA effects i.e. Malmal x TS-501 (5.55*), Malmal x Bt-3701(3.77** ) and 

Haridost x Shahbaz (3.27**). However, crosses Sindh-1 x TS-501, (-7.90**), 

Sindh-1 x Shahbaz (-3.87**) and Malmal x Shahbaz (-2.73**) (Table 4). 

 
Plant height 

 
Plant height is one of the important traits which plays a vital role in managing 

the seed cotton yield. Taller parents and hybrids showed medium to high 

number of bolls per plant. Medium plant height is desirable for higher yielding 

because its sets more number of sympodial branches which cannot be 

lodged. Among parents, plant height varied from 106.0 (Bt-121) to 146.00 cm 

(Haridost) while 85.38 (Malmal x TS-501) to 127.63 cm (Sindh-1 x TS-501) in 

F1 hybrids (Table 2). The line Haridost recorded highest GCA effects 

(10.67**) followed by CRIS-342 (3.54**) and Sindh-1 (1.10**) whereas lowest 

plant height is needed to protect the crop from lodging. Therefore, Malmal 

proved as a potential female parent and with highly significant and negative 

GCA effects (-12.34**) in desirable direction for plant height (Table 3). 

However, two testers Bt-3701 and Shahbaz also depicted negative GCA 

effects (-2.82** and -3.03**) while TS-501 recorded positive GCA effects 

(5.84**) for this trait. With regards to SCA effects, six F1 hybrids displayed 

negative SCA effects and remaining showed positive SCA effects (Table 4). 

Three top scoring combinations with noted negative effects were Malmal x 

TS-501 (-9.84**), Malmal x Shahbaz (-8.53**) and Bt-121 x TS-501 (-7.37**) 

whereas, positive hybrid Bt-121x Shahbaz showed positive SCA effects 

(8.90**) followed by Sindh-1 x Shahbaz (7.06**). Negative SCA effects are 

more valuable than the positive because it reflects medium plant height. 

Earlier workers (6, 11, 17, 23) also reported significant GCA and SCA effects 

for plant height
.
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Number of sympodial branches per plant 

 
Sympodial branches are very important in cotton plant because this trait is 

positively correlated with yield and manages the seed cotton yield. Among 

the parents, sympodial branches ranged from 15.50 (TS-501) to 29.23 

(Haridost) whereas in F1 hybrids from 17.00 (Sindh-I x Bt-37.01) to 28.00 

(Sindh-I x TS-50.1) (Table 2). The lines; Sindh-I, Malmal and CRIS-342 

recorded negative GCA effects (-0.54*, -1.17** and -1.96**) for number of 

sympodial branches per plant (Table 3). These lines set minimum number of 

sympodial branches whereas, Haridost and Bt-121 exhibited positive GCA 

effects (3.96** and 0.24) with more number of sympodial branches whereas, 

tester TS-501 recorded highest GCA effects (1.40**) for this trait. 

 
The data further showed that eight F1 hybrids manifested negative SCA 

effects and seven showed positive SCA effects for number of sympodial 

branches per plant
 
(Table 4). F1 hybrids Haridost x TS-501 displayed highest 

SCA effects (9.94**) followed by Haridost x Shahbaz (5.21**) and Haridost x 

Bt-3701 (3.24**). F1 hybrids Bt-121 x Bt-3701 depicted minimum SCA effects 

(0.43*) for sympodial branches per plant.
 
The researchers like Natera et al. 

(23)  Jatoi et al., (6), Baloch et al., (6), Khanzada et al., (17) who also 

reported significant GCA and SCA effects for sympodial branches per plant. 

 
Number of bolls per plant

 

 
Bolls per plant is also major yield component and has extra ordinary role in 

supervision of seed cotton yield. By comparing with parents, 9.95 percent 

more bolls per plant
 
were noticed in F1 hybrids. The range of bolls per plant 

was 38.30 to 54.25 in parents and 33.35 to 58.50 in F1 hybrids (Table 2). Line 

Sindh-1 set maximum (54.25) bolls followed by Bt-121 (51.75) against 

minimum Malmal (38.30). The hybrid Sindh-1 x Bt-3701 and Bt-121 x 

Shahbaz produced higher (58.50) while minimum number of boll (33.35) was 

recorded in cross Sindh-1 x Shahbaz (Table 2). Two lines including CRIS-

342 and Sindh-1 exposed positive GCA effects (5.55** and 1.63**) while 

Haridost, Malmal and Bt -121 showed negative GCA effects (-3.48**, -0.87** 

and -2.84**) for number of bolls per plant, respectively (Table 3). However, 

tester TS-501 displayed positive GCA effects (2.62**) while Bt-3701 and 

Shahbaz had negative GCA effects (-0.85** and -1.77**) for this trait. Among 



Line x tester analysis for earliness and yield traits in gossypium hirsutum      

J. Agric. Res., 2016, 54(4) 

625 

fifteen F1 hybrids, eight hybrids recorded negative (-1.65** to -9.15**) and 

seven crosses exhibited positive SCA effects (0.43 to 8.72**). Three top 

scoring hybrids were Sindh-1 x Bt-3701 (8.72**), Bt-121 x Shahbaz (7.99**) 

and Sindh-1 x Shahbaz (5.77**) while CRIS-342 x Bt-3701 advocated 

minimum SCA effects (0.43) for number of bolls per plant. These results 

suggested that above parents and hybrids should be preferred for developing 

high yielding varieties through selection in later generations. Many scientists 

(6, 8, 11, 12, 18, 20, 24) suggested that significant GCA and SCA effects are 

very important for number of bolls plant. 

 
Seed cotton yield per plant 
 

Essentially, cotton seed yield has quantitative heredity which is controlled by 

more than one gene pair. There so, it can be affected by environmental 

conditions. This trait is dependant and rely upon sympodial branch per plant, 

number of bolls per plant and boll weight. Seed cotton yield per plant ranged 

from 98.50 to 150.55g  in parents and 103.69  to 198.37g, in F1 hybrids. 

Line; Sindh-1 yield maximum (150.55g) followed by Shahbaz (148.55g) while 

Haridost gave minimum (98.50g) (Table 2). The hybrid CRIS-432 x Shahbaz 

(198.37g) and Malmal x Shahbaz (182.089), CRIS-342 x Bt-3701 (182.08g) 

depicted highest against minimum (103.69g) seed cotton yield per plant by 

cross Haridost x TS-501 (Table 2). Only three lines viz. Malmal, Bt-121 and 

CRIS-342 reflected positive GCA effects (26.47**, 8.47** and 1.10**) while 

Haridost, and Sindh-1 revealed poorest GCA with negative GCA effects (-

27.41**and -8.63**) (Table 3). Among testers Bt-3701 exposed positive GCA 

effects (11.08) while TS-501 and Shahbaz showed negative GCA effects (-

4.11** and -6.97**) for seed yield. Among F1 hybrids, nine hybrids observed 

negative (-1.80** to -19.30**) and six crosses explicated positive SCA effects 

(2.20** to 21.45**). Top three crosses for SCA effects were Sindh-1 x 

Shahbaz (21.45**), Sindh-1 x TS-501 (17.09**) and Bt-121 x Bt-3701 

(15.55**), while Haridost x TS-501 detected minimum SCA effects (2.20**) for 

seed cotton yield per plant. These results suggested that above parents and 

hybrids should be preferred for developing high yielding varieties through 

selection in later generations. These results are confirmed by many other 

scientists (3, 6, 11, 12, 17, 18, 20, 24, 28). They reported that seed cotton 

yield was controlled by additive and non-additive variance hence both GCA 

and SCA variances were very important. 
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Correlation coefficient between hybrids per se and SCA effects 

 
The association between hybrid per se and SCA effects (Table 4) revealed  

that SCA effects and hybrid per se for days to initial flowering was significant 

(r=0.36*), plant height (r= 0.54*) and number of bolls per plant
 
(r = 0.44*) 

whereas days to 75% flowering were non-significant but negative (r = -0.11), 

number of sympodial branches per plant
 
(r = -0.25), seed cotton yield per 

plant
 
(r = -0.26) and number of bolls per plant was non-significant but positive 

(r= 0.14). The significant correlation suggested that hybrid per se and SCA 

effects performed similarly.  

 

CONCLUSION 

 
The mean square from analysis of variance revealed that genotypes, 

crosses, parents, and parent vs crosses, lines, testers and line x tester 

differed significantly for days to initial flowering, days to 75% flowering, days 

to first boll opening, plant height, number of sympodial branches per plant, 

number of  bolls per plant and seed cotton yield. Among the lines, Sindh-1 

and CRIS-342 proved as best combiners for all traits studied while testers, 

Shahbaz and Bt-3701 performed better proved good combiners. Among 

hybrids CRIS-342 x Shahbaz, Malmal x Shahbaz, CRIS-342 x Bt-3701 and 

Sindh-1 x Shahbaz performed as best specific combiners for  above 

characters. Therefore, these parents (lines and testers) and F1 hybrids 

should be preferred for developing breeding material and early maturing 

varieties in future. 
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Table 1. Mean square line x tester analysis for various characters in cotton. 

 

Source of variation D.F Days to 

initial 

flowering 

Days to 

75% 

flowering 

Days to first 

boll 

opening 

Plant 

height 

No. 

sympodial 

branches/ 

plant 

No. 

bolls/ 

plant 

Seed 

cotton 

yield 

Replication 3 57.69**     5.87   34.33**     6.15   40.46**     2.86     53.85** 

Genotypes 22 36.56** 134.09** 116.24** 763.34**   90.48** 191.66** 2753.42** 

Crosses 14 31.56** 124.23** 92.95** 475.12**   94.32** 176.56** 2266.95** 

Parents vs Crosses 1 13.08** 354.39** 402.51** 3799.82** 183.93** 565.76** 16359.28** 

Parents 7 49.93** 122.34** 121.93** 887.78**   69.45** 168.42**   1782.67** 

Lines (L) 4 45.25** 222.14** 105.60** 865.33**   68.32** 162.97**   4798.30** 

Testers (T) 2 23.82**     5.42* 105.02** 512.39**   29.37** 106.94**   1881.47** 

L x T 8 26.65** 104.98**   83.60** 270.69** 123.55** 200.75**   1097.65** 

Error 66   0.39     1.48     1.52     2.65     0.65     1.64         0.15 

σ
2 

gca   0.11     0.42     0.20     4.42   -0.63    -0.52       25.26 

σ
2 

Sca   6.57   25.88   20.52   67.01  30.72   49.78     274.37 

σ
2
 gca/ σ

2
 sca 11.13   62.21 101.63   15.17 -48.64  -95.23       10.86 

**Highly significant at 1% probability, σ
2 

gca  = Variance of general combining ability σ
2 

sca = Variance specific combining ability. 
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Table 2. Mean performance of parents and hybrids per se for various quantitative traits in cotton.  
 

Parents Days to 

initial 

flowering 

Days to 

75% 

flowering 

Days to 

first boll 

opening 

Plant 

height 

Number of 

sympodial 

branches/ 

plant 

Number of 

bolls/plant 

Seed cotton 

yield 

Lines 

CRIS-342 52.5 87.50 80.00 139.75 20.33 49.25 110.50 

Sindh-1 44.00 76.50 78.50 118.75 18.00 54.25 150.55 

Haridost 56.00 95.50 90.00 146.00 29.23 39.30 98.50 

Malmal 54.00 86.25 91.00 107.50 16.75 38.30 105.55 

Bt-121 51.00 84.00 94.00 106.00 20.25 51.75 140.30 

Tester 

Bt-3701 52.50 87.00 87.00 127.50 19.50 51.50 145.85 

TS-501 50.00 90.00 90.50 116.50 15.50 40.00 135.50 

Shahbaz 51.00 82.75 90.00 110.75 18.75 50.25 148.55 

CRIS-342 x Bt-3701 44.00 87.50 75.00 115.00 22.15 46.75 182.08 

Sindh-1 x Bt-3701 47.00 81.25 81.00 117.25 17.00 58.50 143.18 

Haridost x Bt-3701 51.00 93.75 82.00 102.08 23.43 36.25 149.95 

Malmal x Bt-3701 50.00 86.75 86.00 100.00 20.30 40.75 151.35 

Bt-121 x Bt-3701 49.00 77.25 85.00 107.00 22.38 38.75 134.56 

CRIS-342 x TS-501 51.00 81.00 73.00 122.50 19.65 42.50 158.20 

Sindh-1 x TS-501 53.50 88.00 86.00 127.63 28.00 37.43 128.25 

Haridost  x TS-501 51.00 81.50 91.00 105.70 22.73 34.50 103.69 

Malmal x TS-501 49.00 80.00 82.00 85.38 21.00 40.50 176.73 

Bt- 121 x TS-501 53.00 77.25 83.00 101.73 22.00 37.00 176.30 

CRIS-342 x Shahbaz 52.00 76.00 80.00 99.60 20.00 44.75 198.37 

Sindh-1 x Shahbaz 53.00 78.00 88.00 102.55 27.50 33.35 173.53 

Haridost x Shahbaz 48.00 73.75 84.75 102.25 19.53 38.00 158.00 

Malmal x Shahbaz 44.00 87.50 75.00 115.00 22.15 46.75 182.08 

Bt-121 x Shahbaz 47.00 81.25 81.00 117.25 17.00 58.50 143.18 

LSD at 5% 2.34 1.33 2.43 2.78 0.89 1.37 3.54 
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Table 3. General combining ability (GCA) estimates of lines and testers for various characters in cotton (Gossypium 

hirsutum L). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parents Days to initial  

flowering 

Days to 75% 

flowering 

Days to first 

boll opening 

Plant 

height 

Number of 

sympodial 

branches 

Number of 

bolls/plant 

Seed cotton 

yield 

Lines        

CRIS-342 -3.25** 5.43** -3.90** 3.54** -1.96** 5.55** 1.10** 

Sindh-1 -0.25 1.93** 1.43** 1.10** -0.54** 1.63** -8.63** 

Haridost 1.42** 1.43** 0.10 10.67** 3.96** -3.48** -27.41** 

Malmal 1.42** -4.32** -1.57** -12.34** -1.71** -0.87** 26.47** 

Bt-121 0.67* -4.48** 3.93** -2.97** 0.24 -2.84** 8.47** 

SE ((gi-gj) 0.25 0.50 0.50 0.67 0.33 0.52 0.16 

Testers 

Bt-3701 -1.18** 0.58** -2.43** -2.82** -0.66** -0.85** 11.08** 

TS-501 0.22* -0.42** 0.32 5.84** 1.40** 2.62** -4.11** 

Shahbaz 0.97** -0.17 2.12** -3.03** -0.74** -1.77** -6.97** 

S.E (gi-gj) 0.20 0.38 0.39 0.52 0.26 0.40 0.12 
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Table 4. Specific combining ability (SCA) estimates of the crosses for various traits of cotton (Gossypium hirsutum L). 

 

F1 hybrids Days to initial  

flowering 

Days to 

75% 

flowering 

Days to 

first boll 

opening 

Plant 

height 

Number of 

sympodial 

branches 

Number of 

bolls/plant
-
 

Seed 

cotton yield 

CRIS-342 x Bt-3701 -2.15** -0.58 -1.90** 6.38** 1.91** 0.43 12.68** 

Sindh-1 x Bt-3701 -0.55* -5.83** 1.35** -0.03 -5.15** 8.72** -10.89** 

Haridost x Bt-3701 2.70** 6.42** 0.55 -6.34** 3.24** -9.15** -1.80** 

Malmal x Bt-3701 0.85** 2.17** 3.77** -6.18** -1.26** -1.65** -8.04** 

Bt-121 x Bt-3701 1.45** 4.42** -1.98** 5.16** 0.43 4.38** 15.55** 

CRIS-342 x TS-501 -2.30** -6.58** -1.78** 1.03** 0.82** -2.73** -7.51** 

Sindh-1 x TS-501 0.18 -3.08** -7.90** 6.75** -6.51** 5.21** 17.09** 

Haridost x TS-501 1.78** 4.92** 2.35** 3.09** 9.94** -3.33** 2.20** 

Malmal x TS-501 -1.97** -1.83** 5.55** -9.84** -3.43** -1.87** -19.30** 

Bt- 121 x TS-501 -1.82** 1.67** 2.77** -7.37** 0.66* 0.60 -18.26** 

CRIS-342 x Shahbaz 0.78* -0.08 1.02** 0.31 -0.40 -6.37** -3.20** 

Sindh-1 x Shahbaz 1.03** -1.58** -3.78** 7.06** -0.26 5.77** 21.45** 

Haridost x Shahbaz 2.93** -0.17 3.27** 0.43 5.21** -4.58** -3.48** 

Malmal x Shahbaz -3.47** -3.42** -2.73** -8.53** -4.82** -3.40** -3.67** 

Bt-121 x Shahbaz 0.53** 3.58** -0.53 8.09** -0.38 7.99** 7.15** 

S.E (Sij-Skr) 0.44 0.86 0.87 1.15 0.57 0.90 0.27 
+
Correlation (r) 0.36* 0.11 0.14 0.54* -0.25 0.44* -0.26 

+
= Correlation coefficient between hybrids per se and SCA effects, * = significant at 5% probability, **Significant at 1% probability. 

 

 

 

 
 


