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ABSTRACT 

Elite lines were crossed in this manner (DSMR-10 x DSG-3-5) X (DRGR-32-100 x DRGR-24-178) to generate two highly 
diverse base population. Then the F1s of within group crosses (DSMR- 10 x DSG-3-5) and (DRGR-32-100 and DRGR-24-
178) were advanced to F4 generation to develop population I RSG F4 lines & population II RGR F4 lines respectively. In 
the present investigation ten random lines of only one population, population I RSG F4 lines were used and crossed with 
four testers DRGR-32-100 (T1), DRGR-24-178(T2), DH - 7225(T3) & DRGR-4(T4). All the forty derived hybrids along with 
ten lines andfour testers was planted on a medium black soil at Agricultural Research Station, Dharwad Farm during 
kharif2014-15 in a Randomized Block Design with two replications.Line x tester analysis of Population I RSG F4 Lines 
showed the existence of significant differences among the parents for all the characters except Boll weight, Seed index 
and Lint index.Among lines significant differences for most characters except Number of Mono podia per plant, Inter boll 
distance, Inter branch distance, Ginning outturn, Seed index and Lint index were observed. The mean sum of squares with 
respect to hybrids were found to be significant for all the characters except Plant height, Inter branch distance, Ginning 
outturn and Lint index.The ratio of GCA to SCA variance was less than half in most of the traits except seed cotton yield 
and lint yield. RSG F4 7 &RSG F4 9 lines was having significant gca for Seed cotton yieldand among testers DH-7225 (T3) 
was the best combiner followed by DRGR-4 (T4). Hybrid (RSG F4 9 X DH-7225) has positively significant sca effect for 
Reproductive points on sympodia, seed cotton yield, lint yield and number of bolls per plant.(RSG F4 8 X DRGR-32-100) 
was having significantly positive sca effect for number of sympodia per plant, Reproductive points on sympodia and lint 
yield. 
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INTRODUCTION 
Cotton is one of the most important commercial crops of the world and is primarily cultivated for its fibre. 
Concept of heterosis was given by Shull in 1908 though it was earlier reported in 1894 by Mell (cited 
indirectly from Randhawa and Singh, 1994). For enhancing the fibre quality of cotton and improving yield 
scientists have used heterosis from long time. In cotton the reason of heterosis for yield is because of 
additive and dominance effects (White and Kohel, 1964; White, 1966; Marani, 1968). Combining ability 
has a prime importance in plant breeding since it provides information for the selection of parents and 
also provides information regarding nature of gene action. The information of combining ability is very 
essential for exploitation of potentiality of inbred line hence evaluating the combining ability becomes 
important part of cotton breeding. Line X Tester (given by Kempthorne) is an important design suiting for 
evaluating the combining ability of several lines at same time. Higher magnitude of SCA than GCA 
suggesting the preponderance of dominant genes controlling yield and yield contributing traits like 
number of bolls, ginning outturn%, seed index, lint index and seed cotton yield (Desphande and Baig). 
Rokaya et al. 2005 found significance of GCA and SCA suggesting the importance of additive as well as 
dominant genes, nevertheless the ratio of GCA/SCA was greater than the unity further indicating the 
preponderance of additive genes in the inheritance of seed cotton yield, seed index and lint%.Kumaresan 
etal. (1999) indicated that both additive and non-additive gene effects were important for controlling 
number of bolls andseed cotton yield. 
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MATERIAL AND METHODS 
Material generation 
For exploiting heterotic groups, opposite groups were identified and heterotic box involving elite lines of 
these groups were crossed. It was found that lines of stay green and robustgroups give good heterosis 
with the RGR group hence, elite combiners DSMR-10 line (of stay green group), DSG-3-5 line (of robust 
group) and two DRGR- 32-100 and DRGR-24-178 lines (of RGR group) were chosen to develop a heterotic 
box.Elite lines were crossed in this manner (DSMR-10 x DSG-3-5) X (DRGR-32-100 and DRGR-24-178) to 
generate two highly diverse base population (Patil, 2009).Then the F1s of within group crosses (DSMR- 
10 x DSG-3-5) and (DRGR-32-100 and DRGR-24-178) were advanced to F4 generation to develop 
population I RSG F4 lines & population II RGR F4 lines respectively. Population I RSG F4 lines which was 
derived from (DSMR- 10 x DSG-3-5) were used in current study. These selected lines were crossed with 
the parents of the opposite group population i.e. lines of (DSMR-10 x DSG-3-5) cross were crossed with 
DRGR-32-100(T1) and DRGR-24-178(T2) (opposite testers). The lines were also crossed with one 
additional tester DH - 7225(T3) which was common for both populations and one diverse tester DRGR-
4(T4). Selected lines of population I RSG F4 lines were crossed with four testers viz., (DRGR-32-100), 
(DRGR-24-178), (DH – 7225) and (DRGR-4) to generate the forty derived hybrids.  
Season & Field layout 
All the forty F4 derived hybrids along with their parental selfed generations i. e. F5 lines, mallika and 
jadoo used as commercial check are sown at the Agricultural Research Station Dharwad Farm on the 
black soil in kharif 2014-15. The sowing was done at spacing of (90 X 60) cm for hybrids and (90 X 30) cm 
for lines under the rainfed situation using randomized block design with two replications. Recommended 
cultural practices were carried out at regular interval. 
Observations  
Observations were recorded on four randomly selected plants of each entry in case of all the entries 
[derived hybrids (F1s), checks, parental lines and testers] on the following traits seed cotton yield 
(kg/ha), boll weight (gm), number of bolls per plant, plant height (cm), number of monopodia per plant, 
number of sympodia per plant, sympodial length (cm), reproductive points on sympodia, interboll 
distance (cm), interbranch distance (cm), lint yield (kg/ha), ginning outturn, seed index (gm) and lint 
index.  
Statistical analysis 
Mean data obtained was analysed for Analysis of variance, estimation of Standard Error and Critical 
Difference by the method suggested by Panse and Sukhatme (1967). Line x Tester analysis of combining 
ability was performed as suggested by Kempthorne (1957) and the variation among the hybrids was 
divided into genetic components attributable to general combining ability (gca) and specific combining 
ability (sca). 
 
RESULTS  
Analysis of variance 
Analysis of variance for fourteen characters studied for Population I RSG F4 Lines is presented in Table 1. 
Line x tester analysis of Population I RSG F4 Lines revealed the existence of significant differences among 
the parents for all the characters except Boll weight, Seed index and Lint index. The lines showed 
significant differences for most of the characters except Number of Mono podia per plant, Inter boll 
distance, Inter branch distance, Ginning outturn, Seed index and Lint index. Among the testers significant 
differences were observed for some of the characters except Plant height, Number of Mono podia per 
plant, Number of bolls per plant, Boll weight, Sympodial length at 50% height, Inter boll distance Seed 
cotton yield, Lint yield and Lint index. The interaction between lines and testers was significant for some 
of the characters except for Number of bolls per plant, Boll weight, Reproductive points on sympodia, 
Seed cotton yield, Lint yield, Seed index and Lint index.The mean sum of squares with respect to hybrids 
were found to be significant for all the characters except Plant height, Inter branch distance, Ginning 
outturn and Lint index. Variance arising from interaction between hybrids and parents was significant for 
most of the characters except Number of Monopodia per plant and Inter boll distance. 
Analysis of variance Combining ability 
In case of population I RSG F4 lines, mean sum of squares due to lines were significant for plant height 
(cm), seed cotton yield (kg/ha) and lint yield (kg/ha). The tester effect were significant for number of 
bolls per plant, seed cotton yield (kg/ha) and lint yield (kg/ha). The line x tester interactions showed 
significant differences for all of the characters except plant height (cm), Ginning outturn, Seed index (g) 
and Lint index (g). The magnitude of variance due to SCA was greater than those due to GCA variance for 
all the characters studied except plant height, seed cotton yield and lint yield. The ratio of GCA to SCA 
variance was less than half in most of the traits except seed cotton yield and lint yield. Analysis of 
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variance for Combining ability onfourteen characters studied for Population I RSG F4 Lines is presented in 
Table 2. 
Combining ability effects 
Estimates of gca effects of lines (presented in Table 3) found to be positively significant in three lines and 
negatively significant in three lines for Seed cotton yield (range from (-351.09) (RSG F4 1) to (333.05) 
(RSG F4 7). Two lines with maximum gca for Seed cotton yield are (RSG F4 7) (333.05) & (RSG F4 9) 
(294.18) and lines (RSG F4 1), (RSG F4 6) & (RSG F8 8) considered as poor combiners. Among the testers 
DH-7225 (T3) (309.99) was the best combiner followed by DRGR-4 (T4) (67.58) which were showed 
positively significant gca effect for Seed cotton yield. For the Seed cotton yield hybrids (RSG F4 9 X DRGR-
32-100) (-378.37) and (RSG F4 2 X DRGR-24-178) (216.98) shown the significantly lowest and highest sca 
effect respectively (presented in Table 4). The top three hybrids for highest sca effect are (RSG F4 2 X 
DRGR-24-178) (216.98), (RSG F4 5 X DH-7225) (197.18) and (RSG F4 9 X DH-7225) (194.49). The gca 
effects for Number of bolls per plant were found to be positively significant for two lines RSG F4 7 (1.64) & 
RSG F4 9 (1.92) and tester DH-7225 (T3) (2.42). The sca effect of top four hybrids for Number of bolls per 
plant are (RSG F4 1 X DRGR-32-100) (5.74), (RSG F4 9 X DH-7225) (4.11), (RSG F4 3 X DRGR-24-178) 
(3.11) and (RSG F4 7 X DRGR-4) (3.04). Among the hybrids, three has depicted positively significant sca 
effect ranging from (-0.96) to 1.55 for Boll weight and cross (RSG F4 8 X DRGR-24-178) shown highly 
significant sca effect. For Lint yield, three lines (RSG F4 7) (139.73), (RSG F4 9) (108.79) & (RSG F4 10) 
(89.81) were found to be positively significant and three lines (RSG F4 1), (RSG F4 6) & (RSG F8 8) were 
found to be negatively significant. Among the testers DH-7225 (T3) (113.27) showed significantly positive 
gca effect and DRGR-32-100 (T2) (-146.25) showed significantly negative gca effect for Lint yield. The 
hybrids (RSG F4 9 X DH-7225) (105.32) and (RSG F4 8 X DRGR-32-100) (82.57) has showed significantly 
positive sca effect for Lint yield. 
Per se performance of parents and hybrids 
Per se performance of parents i. e. lines (F5 lines) and testers were presented in table 5 and derived 
hybrids were presented in table 6. The mean value for the Number of bolls per plant among the F5 lines 
ranged from 12.88 (RSG F5 8) to 21.38 (RSG F5 7) and among the testers ranged from 14.63 DRGR-32-100 
(T2) to 18.50 DRGR-24-178 (T1). For Boll weight mean ranged from 3.15 g (RSG F5 4 and RSG F5 6) to 5.08 
g (RSG F5 10) and for testers ranged from 3.40 DRGR-32-100 (T2) to 4.45 g DRGR-4 (T4). The variation for 
Seed Cotton Yield among F5 lines was from 957.97 kg/ha (RSG F5 6) to 1984.95 kg/ha (RSG F5 3) and 
testers was from 1400.94 kg/ha DRGR-32-100 (T2) to 1738.08 kg/ha DRGR-4 (T4. The top two lines that 
exhibited highest mean seed cotton yield are 1984.95 kg/ha (RSG F5 3) and 1891.55 (RSG F5 4). Mean 
value for lint Yield ranged from 336.28 kg/ha (RSG F5 6) to 745.16 kg/ha (RSG F5 3) and for testers 
ranged from 547.94 DH-7225 (T3) to 681.47 kg/ha DRGR-4 (T4). 
Among the F4 derived hybrids mean value for Number of bolls per plantranged from 14 (RSG F4 9 X 
DRGR-32-100) to 28.75 (RSG F4 9 X DH-7225) with a mean value of 20.30. RSG F4 8 X DRGR-24-178 (6.55 
g) hybrid has shown maximum mean Boll Weight followed by RSG F4 3 X DRGR-32-100 (6.4 g). Mean Seed 
cotton yield of F4 derived hybrids varied from 1432.86 kg/ha (RSG F4 1 X DRGR-32-100) to 2866.71 
kg/ha (RSG F4 9 X DH-7225) with the overall mean of 2068.04 kg/ha. The top five hybrids in F4 derived 
hybrids of population I RSG F4 lines are (RSG F4 9 X DH-7225) (2866.71 kg/ha), (RSG F4 7 X DH-7225) 
(2785.88 kg/ha), (RSG F4 5 X DH-7225) (2578.70 kg/ha), (RSG F4 10 X DH-7225) (2570.36 kg/ha) and 
(RSG F4 7 X DRGR-4) (2551.44 kg/ha). 
 
DISCUSSION 
In the present investigation GCA variances wasfound to be less than the SCA variances for all the 
characters except seed cotton yield and lint yield which suggests predominance of dominant or epistasis 
(non-additive gene action) in the inheritanceof these traits (Sprague and Tatum 1942). This suggest that 
addetive gene action is predominant along with dominant gene action for seed cotton yield and lint 
yield.Murthy and Rao (1999), Valarmathi and Jahangir (1998) Kajjidoni et al. (1999), Karande et al. 
(2004), Patel et al. (2004),Patel et al. (2005), Karunakar Raju (2005), Cetin K et.al. (2007), Shimna B and 
Ravikesavan (2008), Naqib et al.(2009), Patel et al. (2009) and Mohammad et al. (2010) reported additive 
gene action for the seed cotton yield. Studies of Sadykhova and Makhmudov (1986), Tomar and Singh 
(1992), Xuxian et al. (1995) and Echekwu and Alabi (1995), Karunakar Raju (2005) and Kalpande et 
al.(2008) revealed additive gene action for the lint yield. Patelet al. (2005), Kumboh et al. (2008), 
Wankhade et al. (2008), NaqibUllah et al. (2009), Cetin Karademir et al. (2009), Basal et al. (2009), 
Deosarkar et al. (2009) andMohammad Reza et al. (2010) reported higher dominance variance thanthe 
additive variance for all the traits. 
Lines (RSG F4 7) and (RSG F4 9) were having significant gca for seed cotton yield, lint yield and number of 
bolls per plant. Among testers DH-7225 (T3) was having significant gca for seed cotton yield, lint yield, 
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number of bolls per plant and number of Monopodia per plant. Hybrid (RSG F4 9 X DH-7225) were having 
significantly positive sca effect for Reproductive points on sympodia, seed cotton yield, lint yield and 
number of bolls per plant.(RSG F4 8 X DRGR-32-100) has shown significantly positive sca effect for 
number of sympodia per plant, Reproductive points on sympodia and lint yield. 

 
Table 1: Analysis of variance for different quantitative characters for evaluation of combining 

ability in segregating generations from heterotic box (Population I RSG F4 lines) 

 
 
Table 2: ANOVA for combining ability involving population I RSG F4 lines (F4 lines of DSMR-10 x DSG-3-5) and 

its derived hybrids 
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Table 3: Estimates of general combining ability effects of parents and testers of population I RSG 

F4 lines (F4 lines of DSMR-10 x DSG-3-5) in evaluation of combining ability in segregating 
generations from heterotic box 

 
Table 4: Estimates of specific combining ability effects of derived hybrids of population I RSG F4 lines for 

evaluation of combining ability in segregating generations from heterotic box 
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Table 5: Per se performance of F5 lines of (Population I RSG F4 lines) for yield in evaluation of 
combining ability in segregating generations from heterotic box 
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Table 6: Per se performance of derived hybrids of population I RSG F4for yield in evaluation of 
combining ability in segregating generations from heterotic box 
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