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Abstract

Combining ability study on chilli yield and its components from line x tester analysis over the locations of six lines and five
testers revealed higher SCA variance than GCA variance for all the traits except plant spread, fruit length, fruit diameter,
average dry fruit weight, dry fruit recovery and seed weight indicating the prevalence of non-additive gene action. The lines
LCA 764 and LCA 704 and testers LCA 315 and LCA 703 were the good general combiners for yield and its majority of the
traits. The hybrids LCA 764 x LCA 315, LCA 704 x LCA 315,LCA 625 x LCA 706, LCA710 x LCA 706 and LCA 718 x G4 were
identified as potential one for yield and desired traits based on sca effects.
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Introduction

Chilli (Capsicum annuum L.), the world’s second
most important solanaceous vegetable after tomato, is
grown worldwide both as a spice or vegetable crop. It is
adiploid (2n = 24) species and genetically self-pollinated
and chasmogamous crop whose flowers open only after
pollination (Lemma, 1998). However, 2 to 96% out-
crossing was observed under open pollination (AVRDC,
2000). The line x tester analysis helps to obtain
information on the genetic systems governing the
inheritance of attributes to be improved, and hence may
help in predicting the performance in subsequent
generations by assessing the potential of different crosses.
Plant breeders use line x tester analysis as an aid in
selection and to investigate genetic properties of parents
and their crosses. Line x tester analysis provides
information on average performance of individual lines
in crosses known as general combining ability (GCA). It
also gives information about the performance of crosses
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relative to the average performance of parents involved
in the cross known as specific combining ability (SCA).
Significant GCA and SCA effects provide information to
determine the efficacy of breeding for improvements in
given traits and they can be used to identify the lines to
be served as parents in a breeding program for
improvement. In addition, this technique enables the
breeder to combine desirable genes that are found in two
or more genotypes. It provides to the breeders an insight
in to nature and relative magnitude of fixable and non-
fixable genetic variances. Therefore, the present
investigation was carried out to estimate combining ability
effects for yield and its components.

Materials and Methods

The material for the present study comprised 30 F s
of chilli generated involving six lines (viz., LCA 625, LCA
764, LCA 704, LCA 710, LCA 718 and LCA 712) and
five testers (viz., LCA 315, LCA 706, LCA 763, LCA
703 and G4) through Line x Tester design during kharif,
2012-13. The resultant 30 F s and 11 parents were grown
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in randomized complete block design with three
replications during kharif, 2013-14 at three different
locations viz., Horticultural Research Station (HRS), Lam,
Guntur. Thirty five days old seedlings were transplanted
with 75 x 30 cm spacing and each entry was planted in
one row of 4 m length. All the recommended agronomic
practices were followed. In each entry, five plants were
selected randomly from each replication and biometrical
observations were recorded for plant height, plant spread,
number of primary branches, number of secondary
branches, days to 50% flowering, per cent fruit set, days
to first picking, no. of fruits per plant, fruit length, fruit
diameter, average dry fruit weight, dry fruit yield per plant,
dry fruit recovery, no. of seeds per fruit, seed weight.
The mean data over the three locations were analyzed
for combining ability following the standard method of
Kempthorne (1957).

Results and Discussion

Pooled analysis of variance for experimental design
revealed significant differences among locations for all
the characters studied (tables 1a & 1b). Significant
differences for replications x locations were not recorded
except for primary branches per plant. The differences
among the parents and hybrids were observed to be
significant for all the characters studied. The differences
among the parents vs. hybrids were recorded to be
significant except for plant spread, per cent fruit set and
fruits per plant. Partitioning of genotypes into lines, testers
and lines x testers revealed that the variance differences
among lines and testers were observed to be significant
for all the characters studied. The effects due to lines x
testers were significant for all the traits studied except
for days to 50 per cent flowering, fruit diameter, fruit
length, average dry fruit weight and number of seeds per
fruit. Interaction effects of (parents vs. hybrids) x locations
were significant for all the characters except fruit
diameter.

Significant variances for parents x locations
interaction were per cent fruit set, fruits per plant, dry
fruit yield per plant and dry fruit recovery. The effects
due to hybrids x locations were significant for all the
characters except days to first picking and dry fruit
recovery. Further partitioning of hybrids a locations
indicated that the interaction of lines x locations was
significant for per cent fruit set, no. of fruits per plant,
dry fruit yield per plant and dry fruit recovery while that
of testers x locations for per cent fruit set, fruits per
plant and dry fruit recovery. Interaction effects of lines x
testers x locations were significant for per cent fruit set,
dry fruit yield and dry fruit recovery.

This indicates the existence of wide variability in the
material studied and there is a good scope for identifying
promising parents and hybrid combinations, and improving
the yield through its components. These results are in
conformity with the findings of Prasath and Ponnuswami
(2008) and Payakhapaab et al. (2012). The comparative
estimates of variances due to GCA and SCA revealed
the importance of SCA variance. The SCA variances
were higher than GCA variances for all the traits except
plant spread, fruit length, fruit diameter, average dry fruit
weight, dry fruit recovery and seed weight suggesting
the significant role of non additive gene action
predominance of non additive gene action for fruit yield
and its components was also reported by other workers
Hasanuzzaman and Faruq (2011), Hasanuzzaman et al.
(2012), Chaudhary et al. (2013), Sharma et al. (2013)
where as additive gene action reported by Prasath and
Ponnuswami (2008), Pandey et al. (2012), Mendes et
al. (2014) and Khalil and Hatem (2014).

The gca effects of the parents revealed that the lines
LCA 764 and LCA 704 were good general combiners
for most of the traits like dry fruit yield per plant, no. of
primary and secondary branches per plant, plant spread,
per cent fruit set, average dry fruit weight, no. of seeds
per fruit, seed weight, no. of fruits per plant and days to
first picking by exhibiting significant positive GCA effects
(tables 2a & 2b). These lines also showed negative
significant gca effect for the trait days to first picking
indicating their usefulness in breeding for early maturing
hybrids. The line LCA 625 was best general combiner
for plant height, plant spread, dry fruit weight, dry fruit
recovery and no. of seeds per fruit. The line LCA 712
contributed a large number of favourable alleles for days
to 50% flowering indicated by their significant negative
gca effects for these character (early maturing hybrid).

Among the testers, LCA 315 and LCA 703 was best
general combiner for majority of the important yield
components, i.e., dry fruit yield per plant, average dry
fruit weight, no. of seeds per fruit, seed weight, no. of
fruits per plant, fruit diameter, fruit length, days to first
picking. It also exhibited high negative GCA effect in a
desired direction for days to 50% flowering and days to
first picking. Favourable genes for plant height were
predominantly contributed by LCA706 and LCA 763 by
recording significant positive GCA effects. The tester
LCA 706 was a good combiner for dry fruit recovery.

Hence, among the lines LCA 764 and LCA 704 and
among the testers LCA 315 and LCA 703 were proved
to be good combiners for fruit yield and its most of the
related characters and need to be exploited in future
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Table 1a : Pooled analysis of variance for combining ability (L x T) for yield and yield components in chilli.
Df Plant Plant No. of No. of Daysto Fruit Daysto No. of
height spread primary | secondary 50% set (%0) first fruits
(cm) (cm) branches | branches | flowering picking per plant
perplant | perplant
Replicates 2.00 30.50 49.02 1.14** 2.60* 5.83 2201 3301 5568.56
Crosses 2900 | 150.55** | 308.62** | 0.75** 3.17** 38.72** | 14532** | 279.33** | 15424.16**
Line effect 5.00 55.79 145.74 1.36* 512 21.30 281.69* 457.78 24533.02
Tester effect 400 | 551.86** | 1517.37** | 1.98** 6.37* 71.34 199.71 22254 5556.89
Line * tester eff. | 2000 | 93.99** | 107.58** | 0.35** 2.04** 36.54** | 100.35** | 246.08** | 15120.39**
Error 58.00 20.11 3755 0.16 0.62 193 6.93 12.99 2322.30
Total 89.00 62.85 126.13 0.37 150 14.00 52.39 100.22 6664.40
o’gca 17.09 4753 0.09 0.30 2.64 19.88 1413 777.72
o’sca 2403 20.08 0.06 042 11.28 7795 30.95 430259
o?gcalo’sca 071 237 144 0.72 0.23 0.25 0.46 0.18
*: Significant at 5% level and **: Significant at 1% level.
Table 1b : Pooled analysis of variance for combining ability (L x T) for yield and yield components in chilli.
Df Fruit Fruit Average Dry fruit Dry fruit No. of Seed
length diameter dry fruit yield recovery seeds weight (g/
(cm) (cm) weight (g) (g/plant) (%) per fruit | 1000 seed)
Replicates 2.00 048 0.02 0.01 1412.21* 2234 39.28 0.17
Crosses 2900 2.10** 0.02 0.03** 5225.74** 29.95* 166.57** 157**
Line Effect 5.00 0.83 0.04* 0.07** 1391041* 56.83 33332 6.45**
Tester Effect 4.00 8.38** 0.01 0.07** 3310.29 19.72 15952 1.49*
Line * tester eff. | 20.00 1.16** 0.01 0.01* 3437.66** 25.27 126.28** 0.36
Error 58.00 040 0.01 0.01 392.10 14.63 28.37 0.35
Total 89.00 0.96 0.01 0.01 1990.03 19.79 73.65 0.74
o’gca 0.253 0.0007 0.004 494.79 139 13.03 0219
o’sca 0.246 0.0001 0.002 997.13 330 31.63 0.004
o?gcalo’sca 1028 122.60 2110 050 042 041 49.233

*: Significant at 5% level and **: Significant at 1% level.

breeding programme (table 3). The parents, which are
good general combiners for yield possessed gca effects
in the desired direction for yield components was also
reported earlier by Hasanuzzaman and Faruq (2011),
Hasanuzzaman et al. (2012) and Sharma et al. (2013).

In case of SCA effects, none of the hybrid exhibited
favourable SCA effect for all the characters (tables 2a
& 2b). Significant SCA effects in favourable direction as
observed in many crosses for plant height (4), plant spread
(1), number of primary branches (4), number of secondary
branches (3), ays to 50% flowering (8), per cent fruit set

(8), days to first picking (10), no. of fruits per plant (5),
fruit length (3), fruit diameter (3), dry fruit yield per plant
(8), dry fruit recovery (1), no. of seeds per fruit (8) and
seed weight (2). This results are getting support from the
findings of Prasath and Ponnuswami (2008), Prajapati
and Agalodia (2011) in chilli.

The magnitude of SCA effects having a vital
importance in selecting the cross combinations with higher
probability of obtaining desirable transgressive segregants.
The range of SCA effects for dry fruit yield per plant
varied from -37.82 (LCA 712 x LCA 315) to 52.14
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Table 2a : Estimates of general and specific combining ability effects for various traits in chilli.

Plant Plant No. of No. of Daysto Fruit Daysto No. fruits

height spread primary | secondary 50% set (%0) first per plant

(cm) (cm) branches | branches | flowering picking

perplant | perplant

Lines
LCA625 3.01* 0.95 -042** -1.07** 0.17 -1.89* 0.74 -12.71
LCA 764 177 264 020 0.26 1.17** 8.91** -5.99* 38.78**
LCA704 093 4.45* 0.04 042 0.70 3.31** -1.79 56.88**
LCAT710 -1.95 025 0.02 018 -1.23** 0.44 0.68 -10.80
LCA718 0.39 -4.28* 0.44** 0.04 0.90* -5.82** 0.92 -52.78**
LCAT712 126 -1.60 021 0.53* -1.70** -4.96** 7.28** -19.36
SEi 121 178 011 0.23 042 0.90 071 1215
Testers
LCA315 -6.46** -13.38** -0.51** -0.82** 2.77** 0.14 -5.16** -13.56
LCA 706 7.51** 9.26** 0.26** 0.71** -1.0*1 5.70** 0.07 1140
LCA 763 2.23* -4.78** 0.30** 0.30 1.10** 013 049 -1742
LCA703 103 6.68** 0.08 0.16 -2.40** -341** 3.79** 24.38*
4 -4.31** 222 013 0.34 046 -2.30** 1.79** -4.80
SEj 110 162 0.10 021 0.39 0.82 0.65 11.09
Crosses
LCA625xLCA 315 0.90 -1.85 010 042 083 -161 -5.24** -44.69
LCA625xLCA 706 250 2.36 0.20 1.05* -2.06* -6.50** 553** 34.34
LCA625xLCA 763 -4.62 0.05 012 081 4.17** -6.00** 091 -1483
LCA625xLCA 703 -1.02 0.90 023 0.33 -167 206 5.14*8 577
LCA625x G4 4.05 5.05 0.25 050 0.39 16.17** -4 52** 30.94
LCA764xLCA315 125 377 0.02 042 -1.83 -6.41** 116 135.22**
LCA764xLCA 706 6.28* 2.69 0.28 0.75 -4.06** 403 1.60 2305
LCA764xLCA 763 474 1357** 0.67** 1.39** 6.50** 7.87** -6.51** 3794
LCA764xLCA 703 061 6.72 037 0.60 0.33 4.48* 279 -103.93**
LCA764xG4 217 577 0.03 083 094 -9.97** 6.54** -92.28**
LCA704xLCA315 | -10.93** -481 021 0.02 0.97 052 238 -124.61**
LCA704xLCAT706 | 8.07** 112 0.36 049 059 -13.70** 507** 29.36
LCA704xLCA 763 5.05 -117 0.02 0.63 -1.37 14.13** 0.62 86.38**
LCA704xLCAT703 472 230 0.33 022 -2.87** 141 6.68** 4111
LCA704xG4 319 256 046 0.92 3.86** 237 -9.99** -3224
LCA710xLCA315 122 -367 001 0.02 -143 12.06** -3.51* 97.80**
LCA710xLCA 706 -5.58* 0.62 -0.51* 0.22 -0.66 7.17** -6.73** -76.63**
LCA710xLCA 763 440 0.33 011 0.17 277+ -8.67** 6.49** -3841
LCA710xLCA703 220 2.74 0.27 0.62 7.07** -9.06** -3.46* 2793
LCA710xG4 215 001 0.14 021 -2.21* -150 7.21** -10.70
LCA718xLCA315 372 5.49 0.38 0.74 143 0.34 6.42** -10.56
LCA718xLCA 706 -6.12* 324 0.08 -0.66 4.21** 11.43** 013 -15.06
LCA718xLCA 763 490 471 024 051 -4.23** -6.40** -3.24* -33.17
LCA718xLCA703 -1.90 550 0.35 0.70 -2.07* -4.12* -4.19* 21.83
LCA718xG4 -0.60 149 0.13 113* 0.66 057 114 36.94
LCA712xLCA315 5.64* 8.61* 0.06 0.05 1.70 -4.21* 3.56* -53.17
LCA712xLCA 706 516 5.30 0.17 0.35 3.14** 243 -5.33** 493
LCA712xLCA 763 5.10 -8.06* 041 087 -2.30* 093 3.56* -3791
LCA712xLCA703 102 8.08* 0.35 127* 0.80 9.34** -1.39 18.82
LCA712xG4 -6.61* -3.33 0.04 010 -1.74 177 0.39 67.33*
SEijj 2.70 397 0.24 051 0.95 2.02 158 27.16




Combining Ability Studies for Development of New Hybrids in Chilli 137
Table 2b : Estimates of general and specific combining ability effects for various traits in chilli.
Fruit Fruit Averagedry | Dryfruit Dry fruit No. of Seed weight
length diameter fruit weight yield recovery seeds (9/1000 seed)
(cm) (cm) @ (g/plant) (%) per fruit

Lines

LCA625 0.29 0.04 0.00 -8.92 3.04** 0.72 0.10
LCA 764 022 001 0.04* 21.74** 015 5.96** 0.82**
LCA704 0.07 0.03 0.10** 4561** 0.38 081 0.73**
LCAT710 -0.34* -0.08** -0.11** -23.59** 0.90 -8.10** -0.64**
| CA718 0.04 0.05 001 -37.92** -2.16* 240 -0.48**
LCAT712 0.16 0.03 0.03 3.08 201 -1.78 -0.53**
SEi 0.17 0.03 0.02 5.45 101 145 0.15
Testers

LCA315 0.68** 0.03 0.08** 991 013 4.65** 0.15
LCA 706 -0.74** 0.03 -0.07** 12.30* 157 037 -0.51**
LCA763 0.75** 0.01 0.05** -20.64** -0.08 -1.07 0.12
LCA703 -0.52* 0.00 0.03 463 -1.37 031 0.17
4 017 001 0.03 6.20 0.00 -3.52** 0.07
SEj 0.15 0.03 0.02 498 0.92 132 0.14
Crosses

LCA625xLCA 315 053 0.05 0.01 -1524 -140 -3.69 007
LCA625xLCA 706 0.20 001 0.05 39.03** 4.68* 280 011
LCA625xLCA 763 040 0.08 0.03 -16.36 280 6.23 044
LCA625xLCA 703 023 0.02 0.04 5.03 011 145 0.17
LCA625x G4 010 010 007 -1247 059 -118 0.23
LCA764xLCA315 0.30 0.08 0.04 59.09** 133 053 0.60
LCA764xLCA 706 041 0.04 0.09 -43.30** 0.24 -7.71* 0.35
LCA764xLCA 763 024 -0.15* 0.06 41.31** 211 -3.68 0.02
LCA764xLCA 703 0.06 001 0.02 -1397 222 4.88 0.03
LCA764xG4 040 0.03 0.08 -43.13** -146 5.98 024
LCA704xLCA315 1.19** 0.03 0.07 23.56 273 10.01** 0.28
LCA704xLCA 706 0.04 0.04 0.04 -21.17 -5.82* 050 031
LCA704xLCA 763 -0.77* 0.04 0.00 422 449 0.94 0.13
LCA704xLCA703 | 0.0.1705 0.03 0.02 -450 0.96 -10.04** 046
LCA704xG4 051 0.05 0.05 6.33 235 -141 0.29
LCA710xLCA315 011 0.05 0.04 27.76* 229 -2.68 0.17
LCA710xLCA 706 041 0.02 0.02 20.37 151 11.21** 0.08
LCA710xLCA 763 0.02 0.01 0.06 -28.36* -1.85 -122 041
LCA710xLCA703 016 0.05 007 -20.30 061 -387 0.10
LCA710xG4 017 0.02 0.05 053 -1.36 344 0.05
LCA718xLCA315 0.70 0.00 007 -29.58* 256 4.69 020
LCA718xLCA 706 0.28 0.03 0.04 -15.30 -167 5.35 0.34
LCA718xLCA 763 0.10 0.03 0.01 9.02 -121 0.98 0.16
LCA718xLCA703 0.33 0.02 0.02 2237 0.88 7.64* 0.46
LCA718xG4 001 0.02 0.04 3153* 4.56* -6.00 0.09
LCA712xLCA315 -1.21%* 0.06 -0.10* -65.58** 240 -8.87** 021
LCA712xLCA 706 053 001 0.01 20.37 1.06 4.16 0.18
LCA712xLCA 763 1.29** 0.05 0.03 16.64 0.75 -1.28 054
LCA712xLCAT703 0.06 0.03 0.01 11.37 0.89 0.06 025
LCA712xG4 0.38 0.02 0.05 17.20 120 6.04 025
SEijj 0.38 0.06 0.05 12.20 2.26 323 0.34
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Table 3 : Promising general combiners for yield and other traits in chilli.

S.no. | Parent Characters

1. | LCA764 |Dry fruit yield per plant, no. of secondary branches per plant, plant spread, per cent fruit set, average dry
fruit weight, no. of seeds per fruit, seed weight, no. of fruits per plant, days to first picking and capsaicin.

2. |LCAT04 |Dry fruit yield per plant, no. of primary branches per plant, no. of secondary branches per plant, plant
spread, per cent fruit set, average dry fruit weight, no. of seeds per fruit, seed weight, no. of fruits per plant,
fruit diameter, days to first picking.

3. | LCA315 |Dry fruityield per plant, average dry fruit weight, no. of seeds per fruit, seed weight, no. of fruits per plant,
fruit diameter, fruit length, days to first picking, vitamin C and capsaicin.

4. | LCA703 |Dry fruit yield per plant, no. of secondary branches per plant, days to 50% flowering, plant spread, no. of
fruits per plant and oleoresin.

Table 4 : Promising specific combiners for yield and other traits in chilli.

S. no. | Hybrid

Characters

1. |LCAT764xLCA315

Dry fruit yield per plant, days to 50% flowering, no. of fruits per plant and capsaicin

2. |LCA704xLCA315
picking and capsaicin.

Dry fruit yield per plant, number of seeds per fruit, no. of fruits per plant, fruit length, days to first

3. | LCA625xLCA706

Dry fruit yield per plant, days to 50% flowering, no. of fruits per plant and capsaicin

4. |LCA710xLCA706
colour value.

Dry fruit yield per plant, per cent fruit set, no. of seeds per fruit, days to first picking and total

5 |LCA718x G4

Dry fruit yield per plant, no. of seeds per fruit, no. of fruits per plant and total colour value.

6. |LCA712xLCA703
oleoresin and capsaicin

Dry fruit yield per plant, per cent fruit set, no. of seeds per fruit, fruit length, days to first picking,

7. |LCA712xLCA763

Dry fruit yield per plant, fruit length, capsaicin and total colour value

8. |LCA764xLCA763

Dry fruit yield per plant, no. of primary branches per plant, plant spread and per cent fruit set.

(LCA764 x LCA315). Twenty hybrids showed significant
SCA effects of which eight hybrids attributed towards
positive direction for dry fruit yield per plant. Out of thirty
crosses, the best eight specific crosses were LCA 764 x
LCA 315 (52.14), LCA 704 x LCA 315 (33.48), LCA
625 x LCA 706 (30.67), LCA 710 x LCA 706 (28.57),
LCA 718 x G4 (26.02), LCA 712 x LCA 703(25.99),
LCA 712 x LCA 763(18.26) and LCA 764 x LCA 763
(13.21) for dry fruit yield per plant (table 4). The best
specific combination for dry fruit yield per plant viz., LCA
764 x LCA 315 recorded the desirable significant SCA
effects for traits of days to 50% flowering and no. of
fruits per plant. The second best cross i.e., LCA 704 x
LCA 315 had desirable significant SCA effects for
number of seeds per fruit, no. of fruits per plant, fruit
length and days to first picking. Whereas, the third best
cross LCA 625 x LCA 706 had significant SCA effects
for days to 50% flowering and no. of fruits per plant.
The fourth best specific combination LCA 710 x LCA
706 had desirable significant SCA effects for per cent
fruit set, no. of seeds per fruit and days to first picking.

The fifth best specific combination LCA 718 x G, had
desirable significant SCA effects for average no. of seeds
per fruit and no. of fruits per plant. The performance of
these crosses needs to be critically evaluated over
different seasons and locations to confirm their superiority
and stability.
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