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The objective of this study was to determine the effects of the general and specific
combining abilities (GCA and SCA, respectively) for earliness and yield contributing traits
in bell pepper (Capsicum annuum var grossum L.) and to evaluate the most promising
crosses. The experimental material comprised 16 F; crosses, developed by crossing 8 lines
with 2 testers during the year 2015. Parents (8 lines and 2 testers) and the 16 F; cross
combinations were planted in a randomized complete block design during the year 2016
under polyhouse conditions for estimating combining ability for earliness and yield
contributing traits. Combining ability studies revealed that on the basis of GCA, the
parents viz., UHF-11, UHF-6, UHF-14 and UHF-10 were found good general combiners
for majority of traits and SCA performance showed that, the cross combinations UHF-8 x
California Wonder, UHF-10 x California Wonder, UHF-11 x Solan Bharpur and UHF-6 x
Solan Bharpur were found best for majority of yield and yield contributing traits under
protected conditions and may be utilized for development of capsicum hybrid for protected

conditions in mid hills of Himachal Pradesh.

Introduction

Bell Pepper (Capsicum annuum var grossum
L., 2n=24) is an important vegetable crop that
is widely grown in India as well as in many
other countries of the world. The cultivated
area of pepper, in India, reached 46(‘000
hectare), which produced 327(‘000 MT) with
an average of 7.10 (MT/ha) (Anonymous,
2016). This average is relatively low,
therefore, much attention must be given to
increase it by developing new cultivars or
hybrids through sound breeding programs.

The popularity of F; hybrid cultivars are due
to their vigour, uniformity, disease resistance,
stress tolerance and good horticultural traits
including earliness and long shelf life and
therefore giving constant stable high vyield
(Sood and Kumar, 2010). Several commercial
hybrids have been developed in bell pepper
coupled with good quality and high yield.
With increasing popularity of Fy hybrids it is
imperative to obtain new hybrids with
excellent performance. Combining ability is a
prerequisite in any plant breeding programme
either for varietal improvement or for evolving
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a hybrid. The knowledge of general
combining ability (gca) and specific
combining ability (sca) helps to select the
parents as well as crosses to formulate an
effective breeding methodology. In India
capsicum is an important off-season vegetable
of western Himalayas and offers potential for
boosting economy of farmers of hilly regions
but all the available hybrids belong to
coloured types, since no recommended hybrid
is available for green capsicum, which also
has good potential under protected conditions.
Due to numerous factors, it is not possible to
obtain higher vyields of good quality fruits
under open conditions and, therefore,
protected cultivation offers good scope for
year round and also off season production of
capsicum (Spehia et al., 2014). Studies on
combining ability of parents are essential in
choosing parents as its analysis is an important
technique to understand the genetic potential
of parents and their hybrids (Kamble et al.,
2009). From this perspective, the objective of
this paper was to estimate the general combin-
ing ability (GCA), specific combining ability
(SCA), to determine the most promising
crosses among 16 cross combinations along
with their 10 parents in a bell pepper breeding
programme.

Materials and Methods

The present investigation was undertaken at

the  Experimental Research Farm of
Department of Vegetable Science and
Precision Farming Development Centre,

Department of Soil Science and Water
Management, Dr YS Parmar University of
Horticulture and Forestry, Nauni, Solan, HP
during Kharif and Rainy seasons of 2015 and
2016. During 2015, seedlings of 8 lines (EC-
579997, Kandaghat Sel-9, ACC-16, UHF-8,
UHF-6, UHF-10, UHF-14, UHF-11) and 2
testers (Solan Bharpur and California Wonder)
were transplanted in open field during May,
2015. The population of male parents (testers)

was kept higher than female parents so that
each tester could be crossed with each line
(female line). The crosses were attempted as
per Line x Tester design suggested by
Kempthorne (1957). Mature fruits of crossed
as well as selfed progenies were harvested and
seeds were extracted manually. Seeds were
dried and then stored in cool place for sowing
in the subsequent year inside polyhouse.
During the next year (2016), F; population of
16 crosses along with their 10 parents were
transplanted during the month of March, 2016
in Randomized Complete Block Design
(RCBD) with 3 replications under protected
conditions to record the extent of combining
ability for earliness and yield contributing
traits. Row to row and plant to plant spacing
of 60 cm x 45 cm was kept in a plot having
size 1.8 m x 1.8 m. Mean temperature during
the crop season (March- August) inside
polyhouse varied from 15° C to 40° C, while
the relative humidity varied from 53-80 per
cent. The soil structure of the Experimental
Research Farm is sandy loam to clay loam
comprising of sand (46.09 %), silt (32.12 %)
and clay (25.01 %). The pH of the soil ranged
from 6.79 - 7.02. The standard cultural
practices were followed as per package and
practices of vegetable crops to raise the
capsicum crop (Anonymous, 2014) and the
characters studied were: Days to 50%
flowering, days to marketable maturity,
number of fruits per plant, average fruit
weight (g), fruit yield per plant (kg), fruit
shape index, number of lobes per fruit,
pericarp thickness (mm), plant height (cm)
and harvest duration (days).

Results and Discussion

Combining ability studies guide the breeders
to select appropriate parents for heterosis and
recombination breeding, hence are important
in crop improvement studies. The common
approach of selecting the parents on the basis
of per se performance, adaptation and genetic
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variability does not necessarily lead to useful
results. This is because of differential
combining ability of parents which depends
upon the complex interactions among the
genes and cannot be judged by the per se
performance alone (Allard, 1960). To effect
improvement in polygenic traits like yield and
component characters, information about the
combining ability of parents and their crosses,
the estimates of genetic components of
variance and the type of gene action involved
are of prime importance to the breeders. The
analysis of variance for combining ability
revealed significant differences among the
parents and hybrids for all the traits under
study. Further, partitioning of the sum of
squares of crosses into lines (females), testers
(males) and line x tester (female x male)
interactions indicated that mean sum of
squares due to lines and testers were
significant for all the traits when tested either
against mean sum of squares due to error or
against variances due to line x tester
interactions (Table 1).The combining ability
studies evaluate the parental lines on the basis
of their general combining ability (GCA)
effects and the performance of these parents in
specific cross combinations (SCA).

Estimates of general combining ability
(GCA) effects of parents and specific
combining ability (SCA) effects of crosses
for earliness

The lines or testers exhibiting significant
negative or positive GCA effects were
designated as good or poor general combiners,
respectively. The remaining lines/testers
exhibiting non-significant GCA effects were
assigned as average general combiners for
days to fifty percent flowering. The parents
UHF-10, UHF-11, UHF-14, UHF-6 were good
general combiners for days to fifty percent
flowering, as these exhibited the significant
GCA estimates with negative value of -5.10, -
2.60, -1.94 and -1.60. Parental lines ACC-16

(2.90), UHF-8 (3.90) and Kandaghat Sel-9
(4.90) were poor parents for this trait (Table
2). Both testers showed non- significant GCA
effects so assigned as average general
combiners for days to fifty percent flowering.

Among the crosses UHF-8 x California
Wonder (-4.06), UHF-6 x Solan Bharpur (-
2.44), UHF-10 x Solan Bharpur (-2.44) and
UHF-11 x California Wonder (-1.73) showed
significant negative SCA effects (Table
3).These crosses involved poor x medium,
good x medium, good x medium and good x
medium combining parents, respectively. Four
crosses were the poor specific combiners for
this trait. Similar findings were also obtained
by Milkova (1984), Blank and Maluf (1997),
Sood and Kaul (2006), Prasath and
Ponnuswami (2008) and Kamble et al.,,
(2009). In addition to early flowering, early
maturity of produce is very important because
a difference of few days in marketing can have
a profound influence on earnings of the
grower. In the present study, among the
parents UHF-11 (-4.54), UHF-10 (-4.04),
UHF-6 (-3.04) and UHF-14 (-1.71) were the
best general combiners. Whereas ACC-16
(3.29), UHF-8 (4.63) and Kandaghat Sel-9
(6.46) showed poor general combining ability.
EC-579997 was average general combiner.
Tester Solan Bharpur (-0.67) was good
general combiner and California Wonder
(0.67) was poor combiner for this trait (Table
2).

Among the crosses, UHF-11 x Solan Bharpur
(-5.00), UHF-8 x California Wonder (-4.50)
and UHF-10 x California Wonder (-2.17) were
the best specific combiners for days to
marketable maturity (Table 3). These crosses
involved good x good, poor x poor and good X
poor combining parents, respectively. Three
cross combination viz.,, UHF-11 x California
Wonder (5.00), UHF-8 x Solan Bharpur (4.50)
and UHF-10 x Solan Bharpur (2.17) were poor
specific combiners. Remaining ten crosses
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exhibited non-significant SCA effects and thus
were average cross combinations for this trait.
Johri et al., (2004) and Sood and Kaul (2006)
also reported similar results for GCA and SCA
effects.

Estimates of general combining ability
(GCA) effects of parents and specific
combining ability (SCA) effects of crosses
for yield and yield contributing traits

Among the lines, UHF-6 (9.30), UHF-14
(7.85), ACC-16 (5.82), UHF-11(4.27) and
UHF-10 (1.67) were found good general
combiners for number of fruits per plant
(Table 2). On the other hand, Kandaghat Sel-9
(-14.75) followed by EC-579997 (-14.13)
were designated as poor general combiners.
Only UHF-8 (-0.03) was found average
general combiner for this trait. Significant
positive GCA effects were observed for the
tester California Wonder (0.94) and was found
good general combiner, whereas Solan
Bharpur (-0.94) was found poor general
combiner.

Out of sixteen hybrid combinations, seven
crosses viz., ACC-16 x Solan Bharpur (6.02),
UHF-8 x California Wonder (4.28), UHF-10 x
California Wonder (3.96), UHF-11 x Solan
Bharpur (3.83), UHF-14 x California Wonder
(2.96), EC-579997 x Solan Bharpur (2.37) and
Kandaghat Sel-9 x California Wonder (1.36)
were the best combinations due to their
significant positive SCA effects (Table 3) and
involved the parents with good x poor,
average X good, good x good, good X poor,
good x good, poor x poor and poor x good
GCA effects, respectively. On the other hand
seven and two cross combinations were poor
and  average  specific ~ combinations,
respectively, for this trait. These results are in
conformity with Sharma and Saini (1977),
Nowaczyk et al., (1993), Mulge and Anand
(1997), Pandey et al., (2002), Johri et al.,
(2004), Sood and Kaul (2006), Farag and

Khalil (2007), Prasath and Ponnuswami
(2008), Kamble et al., (2009), Payakhapaab et
al., (2012), Khalil and Hatem (2014),
Gawande et al., (2015). Significant positive
GCA effects among the lines were exhibited
by UHF-11(11.31), UHF-10 (7.31), UHF-6
(5.41) and UHF-14 (4.38) and were indicated
as good, while EC-579997 (-12.17) followed
by Kandaghat Sel-9 (-10.11) and ACC-16 (-
5.47) were designated as poor general
combiners for this trait (Table 2). Line UHF-8
(-0.67) and testers, Solan Bharpur and
California Wonder exhibited non-significant
GCA effects so designated as average general
combiners.

Out of sixteen hybrid combinations, seven
crosses viz., Kandaghat Sel-9 x Solan Bharpur
(8.90), UHF-10 x California Wonder (6.97),
UHF-8 x California Wonder (5.36), UHF-14 x
Solan Bharpur (4.06), EC-579997 x California
Wonder (3.56), UHF-6 x Solan Bharpur (1.55)
and UHF-11 x Solan Bharpur (1.49) were the
best combinations due to their significant
positive SCA effects (Table 3) and involved
the parents with poor x average, good X
average, average X average, good x average,
poor X average, good X average, good X
average GCA effects. On the other hand seven
and two cross combinations were poor and
average specific combinations respectively for
this trait. These results find support from
Milkova (1984), Salazar and Vallejo (1990),
Nowaczyk et al., (1993), Gvozdenovic et al.,
(1996), Blank and Maluf (1997), Mulge and
Anand (1997), Ahmed et al., (2003), Johri et
al., (2004), Nascimento et al., (2004), Sood
and Kaul (2006), Kamble et al., (2009),
Nascimento et al., (2010), Khalil and Hatem
(2014) and Gawande et al., (2015). Lines
UHF-6 (0.73), UHF-11 (0.64), UHF-14 (0.58),
UHF-10 (0.34) and (0.06) were good general
combiners for fruit yield (Kg/plant) while EC-
579997 (-1.15), Kandaghat Sel-9 (-1.15) and
UHF-8 (-0.06) were poor general combiners
(Table 2).
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Fig 1. Top four cross combination for yield and yield contributing traits on the
b asis of specific combining ability effects

Table.1 Analysis of variance for line x tester analysis including parents in Capsicum

Replications  Treatments Parents PvsC  Crosses Lines Testers  Line X Tester Error

af 2 25 9 1 15 7 1 7 50
" Days to fifty percent flowering 0.36 59.42" 7149  118.87°  48.21° 73.24" 60.17" 27.76" 2.45
' Days to marketable maturity 1.24 61.44" 33.69° 150.83°  72.13" 42.35 2.67 45.10 2.79
Number of fruits per plant 2.72 336.08" 430.29° 159.65° 291.31°  372.89" 1.10 86.82 1.76
Average fruit weight (g) 1.83 276.03" 299.16" 0.41 280.52° 34129 158.00" 163.02 2.96
Fruityield per plant (kg) 0.00 1.90° 2.03" 0.86" 1.90° 1.81 0.03" 0.59" 0.00
Fruitshape index 0.01 0.39 0.49 0.01" 0.36 0.56" 0.01" 0.02 0.01
Number of lobes per fruit 0.03 0.33" 0.27" 0.01" 0.39" 0.23" 0.73" 0.32" 0.03
Pericarp Thickness (mm) 0.01 0.97" 0.99 479 0.70" 1.05" 1.03" 0.73" 0.02
Plant height cm) 16.32 557.65" 596.63" 1053.52" 501.20°  552.48" 417" 134.16" 4.16
Harvest Duration (Days) 12.36 75.23" 116.11° 103.41°  48.80° 99.71" 0.17 19.85" 2.63

*Significant at 5% level of significance
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Table.2 Estimates of general combining ability (GCA) effects of parents for different traits in capsicum

‘Lines

FEC579997 | -0.44 -1.04 -14.13" -12.17" -1.15" 0.79" -0.66" -0.19" -17.85 -3.83"
Kandaghat Sel-9 ~ 4.90° 6.46" -14.75 -10.11° -1.15 -0.03 0.10" -0.28" -19.85 6.17"
'ACC16 | 290 3.29° 5.82° -5.47 0.06" -0.30° 0.09 0.59" 8.15" -0.83
[UHF8 | 3090 463 -0.03 -0.67 -0.06" 0.13" -0.04 0.26 -1.69 -0.50
UHF6 160 -3.04" 9.30" 5.41" 0.73" -0.18" 0.07 0.10" 10.48" 333
[UHF10 a9 -4.04" 1.67 7317 0.34" -0.13" -0.02 -0.33" 1.98" 1.83"
OHF4 e 510 -1.717 7.85" 4.38 0.58" 0.02 0.12" -0.28" 10.48" 0.67
UHF-11 260 -4.54" 4.27" 11.317 0.64" -0.317 0.347 0.15" 8.31" 550"
[SolanBharpur ~  -0.40 -0.67 -0.94" 0.30 -0.06" -0.03 0.04" 0.13" -1.65" -0.04
‘CaliforniaWonder ~ 0.40 0.67" 0.94" -0.30 0.06" 0.03 -0.04" -0.13" 1.65" 0.04
_ 0.63 0.61 0.54 0.67 0.02 0.04 0.05 0.05 0.83 0.62
SE(g)Testers 024 0.23 0.21 0.26 0.01 0.02 0.02 0.02 0.31 0.23
_ 0.47 0.46 0.41 0.51 0.01 0.03 0.04 0.04 0.63 0.47
_ 0.95 0.92 0.82 1.02 0.03 0.06 0.08 0.08 1.26 0.93
_ 1.26 1.23 1.09 1.35 0.03 0.08 0.10 0.10 1.67 1.25
_ 0.48 0.46 0.41 0.51 0.01 0.03 0.04 0.04 0.62 0.46
_ 0.95 0.92 0.83 1.02 0.02 0.06 0.08 0.08 1.27 0.94
_ 1.90 1.85 1.65 2.05 0.05 0.13 0.16 0.15 2.53 1.87

*Significant at 5% level of significance

IDTFPF ~ = Days to 50% flowering FYPP (kg) =  Fruityieldperplant(kg) PH(cm) =  Plantheight (cm)
IDTMM = = Days to marketable maturity FSI = Fruit shape index HD (Days) =  Harvest Duration
INOFPP | = Number of fruits per plant NOLPF = Number of lobes per fruit
VAFW(g) = Average fruit weight (g) PT(mm) =  Pericarp Thickness (mm)
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Table.3 Estimates of specific combining ability (SCA) effects of crosses for different traits in capsicum

EC-579997 x SolanBharpur 0.06 0.50 237" -356* 005 008 015 035 531"  -046
- EC-579997 x California Wonder -0.06 -0.50 -237°  356*  -005  -008° 015 035" 531" 046
- Kandaghat Sel-9 x SolanBharpur -0.27 -1.00 -1.36" 890 013" -0.05 017" -0.15"  -402° 087
~ Kandaghat Sel-9 x California Wonder 0.27 1.00 136" 890 013" 005 -0.17° 015" 402"  -087
ACC-16 x SolanBharpur -0.94 -0.17 6.02" -012 033" 0.01 -0.15” 064" 631 121
ACC-16 x California Wonder 0.94 0.17 -6.02" 012 -033  -0.01 0.15" -0.647 6317 -1.21
UHF-8x SolanBharpur 4.06" 450" -428" 536  -043°  0.02 042" -019° 4527 021
UHF-8 x California Wonder ~ -4.06’ -4.50" 4.28" 536* 043" -0.02 0.42" 019" 452" 021
UHF-6 x SolanBharpur ~ -2.44 -1.17 0.34 155 0100  -0.01 022" 013" 031 071
UHF-6 x California Wonder 2.447 117 -0.34  -155*  -0100 001 022" 013 031 071
UHF-10x SolanBharpur ~ -2.44 217 -3.96°  -6.97*  -051"  0.09 015" -0.09 552" 379
UHF-10 x California Wonder 2.447 217 3.96" 697 051" 009"  -015 009 552" 379
UHF-14 x SolanBharpur 0.23 0.17 -2.96"  4.06* 000  -008 021 -0.39° -202° 096
UHF-14 x California Wonder -0.23 -0.17 296"  -406* 000 008  -021" 039" 202" 0.96
UHF-11x SolanBharpur 173 -5.00" 3.83 149* 033 005 -0.04 -0.29° 4150 221
UHF-11 x California Wonder ~ -1.73 5.00" -383°  -149* 033" 0.5 0.04 029" 415" 221
EEET 0.63 0.61 054 0.67 0.02 0.04 0.05 0.05 0.83 0.62
'SE.(Sj-Sg) Common Line 1.64 1.60 1.43 1.76 0.04 0.11 0.14 0.13 218 1.61
'S.E. (S Sig) Common Tester 1.42 1.38 1.23 1.53 0.04 0.10 0.12 0.12 1.89 1.40
CDoos(Sp) 1.26 123 1.09 1.35 0.03 0.08 0.10 0.10 1.67 1.25
- C.D.oos (Sij— Sij) Common Lines 3.30 3.22 2.86 354 0.09 0.22 0.28 0.27 4.38 3.24
- C.D.ggs (Sij — Sig) Common Tester 2.86 2.17 2.48 3.07 0.07 0.19 0.24 0.23 3.80 281

IDTFPE | = Days to 50% flowering FYPP (kg) = Fruityield per plant (kg) ~ PH (cm) = Plant height (cm)
IDTMM | =  Days to marketable maturity FSI = Fruit shape index HD (Days) =  Harvest Duration
INOFPP. | = Number of fruits per plant NOLPF = Number of lobes per fruit
FARW (@) | =  Average fruit weight (g) PT (mm) = Pericarp Thickness (mm)

*Significant at 5% level of significance
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Testers California Wonder (0.06) and Solan
Bharpur (-0.06) were good and poor general
combiners, respectively.

Seven crosses had shown significant positive
SCA effects for this trait being highest in
UHF-10 x California Wonder (0.51) followed
by UHF-8 x California Wonder (0.43), ACC-
16 x Solan Bharpur (0.33), UHF-11 x Solan
Bharpur (0.33), Kandaghat Sel-9 x Solan
Bharpur (0.13), UHF-6 x Solan Bharpur
(0.10) and EC-579997 x Solan Bharpur (0.05)
involving good x good, poor x good, good X
poor, good X poor, poor X poor, good X poor
and good x poor general combiners,
respectively. While, UHF-14 x Solan Bharpur
and UHF-14 x California Wonder were
average general combiners. Remaining seven
crosses exhibited negative significant SCA
effects and thus were poor cross combinations
for this trait (Table 3). Similar results were
reported earlier by Gill et al., (1973), Kaul
and Sharma (1988), Salazar and Vallejo
(1990), Mulge (1992), Ramesh (1996), Mulge
and Anand (1997), Echeverri et al., (1998),
Pandey et al., (2002), Ahmed et al., (2003),
Johri et al., (2004), Sood and Kaul (2006),
Farag and Khalil (2007), Kamble and Mulge
(2008), Kamble et al., (2009), Nascimento et
al., (2010), Sood and Kumar (2010), Pandey
et al., (2012), Gawande et al., (2015). Two
parental lines EC-579997 (0.79) and UHF-8
(0.13) were good general combiners for
expression of fruit shape index as these line
exhibited significant positive GCA effects
whereas lines UHF-10 (-0.13), UHF-6 (-0.18),
ACC-16 (-0.30) and UHF-11(-0.31) were
poor general combiner for fruit shape index
(Table 2). Average general combining ability
was found in UHF-14 (0.02) and Kandaghat
Sel-9 (-0.03). Testers Solan Bharpur (-0.03)
and California Wonder (0.03) were average
general combiners for this trait.

Cross combinations (Table 3) EC-579997 x
Solan Bharpur (0.08), UHF-10x Solan
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Bharpur (0.09) and UHF-14 x California
Wonder (0.08) were good specific combiners
involving good x average, poor X average and
average X average parents, respectively.

General combining ability effects for number
of lobes per fruit revealed that three lines viz.,
UHF-11 (0.34), UHF-14 (0.12) and
Kandaghat Sel-9 (0.10) had good general
combining ability, whereas, EC-579997 (-
0.66) was poor combiner (Table 2). The
remaining four lines were designated as
average general combiners. Among the
testers, Solan Bharpur (0.04) was good and
California  Wonder was poor general
combiner for number of lobes per fruit.

Significant positive SCA effects (Table 3)
were exhibited by seven cross combinations
(Fy) viz., UHF-8 x California Wonder (0.42),
UHF-6 x Solan Bharpur (0.22), UHF-14 x
Solan Bharpur (0.21), Kandaghat Sel-9 x
Solan  Bharpur (0.17), EC-579997 x
California  Wonder (0.15), ACC-16 X
California Wonder (0.15), UHF-10 x Solan
Bharpur (0.15) which involved parents with
average X poor, average x good, good x good,
good x good, poor x poor, average x poor and
average x good GCA effects, respectively. On
the other hand, seven hybrids were found
poor specific cross combiners due to their
significant negative SCA effects. Other two
cross combinations revealed non-significant
SCA effects, which indicated that these
hybrid combinations were average specific
combiners for number of lobes per fruit.
Similar findings were obtained by Bilashini
(2014).The line ACC-16 (0.59) and two
others viz., UHF-11 (0.15) and UHF-6 (0.10)
were good general combiners for expression
of pericarp thickness (mm) as these line
exhibited significant positive GCA effects
whereas line UHF-10 (-0.33), Kandaghat Sel-
9 (-0.28), UHF-14 (-0.28) and EC-579997 (-
0.19) were poor general combiner (Table 2).
Average general combining ability was found
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in UHF-8 (0.26). Tester Solan Bharpur (0.13)
and California Wonder (-0.13) were good and
poor general combiners, respectively, for
pericarp thickness (mm).

Among crosses, seven cross combinations
showed significant positive SCA effects for
pericarp thickness being highest in ACC-16 x
Solan Bharpur (0.64) followed by UHF-14 x
California Wonder (0.39), EC-579997 x Solan
Bharpur (0.35), UHF-11 x California Wonder
(0.29), UHF-8 x California Wonder (0.19),
Kandaghat Sel-9 x California Wonder (0.15)
and UHF-6 x Solan Bharpur (0.13) and
involved the parents with good x good, poor X
poor, poor X good, good X poor, average X
poor, poor x poor and good x good GCA
effects, respectively. On the other hand, seven
and two cross combinations were poor and
average specific combinations, respectively,
for this trait. Similar findings were also
obtained by Mulge (1992), Gong and Wang
(1995), Ramesh (1996), Johri et al., (2004),
Farag and Kbhalil (2007), Kamble et al.,
(2009), Payakhapaab et al., (2012), Khalil and
Hatem (2014). The parental lines UHF-14
(10.48), UHF-6 (10.48), UHF-11 (8.31),
ACC-16 (8.15), UHF-10 (1.98) had shown
significant positive GCA thereby indicating
that they are good general combiners for plant
height whereas, Kandaghat Sel-9, EC-579997
and UHF-8 were poor general combiners as
they had significant negative GCA values of -
19.85, -17.85 and -1.69 respectively (Table
2). Tester California Wonder was a good
general combiner (1.65) and Solan Bharpur (-
1.65) was a poor combiner.

Among the crosses, seven crosses showed
significant positive SCA effects being
maximum in ACC-16 x Solan Bharpur (6.31)
followed by UHF-10 x California Wonder
(5.52), EC-579997 x Solan Bharpur (5.31),
UHF-8 x California Wonder (4.52), UHF-11
x Solan Bharpur (4.15), Kandaghat Sel-9 x
California  Wonder (4.02), UHF-14 x
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California Wonder (2.02) (Table 3). These all
crosses involved good X poor, good x good,
poor X poor, poor X good, good X poor, poor X
good, good x good, general combiners
respectively. Seven crosses were the poor
specific combinations whereas UHF-6 x
Solan Bharpur and UHF-6 x California
Wonder were average combiners. Similar
findings were also obtained by Joshi and
Singh (1987), Blank and Maluf (1997), Mulge
and Anand (1997), Ahmed et al., (2003),
Sood and Kaul (2006), Farag and Khalil
(2007), Prasath and Ponnuswami (2008),
Kamble et al., (2009), Nascimento et al.,
(2010), Payakhapaab et al., (2012).

Three lines exhibited significant positive
GCA effects for number of harvest duration
viz., UHF-11 (5.50), UHF-6 (3.33) and UHF-
10 (1.83) and showed good general
combining ability, while EC-579997 (-3.83)
and Kandaghat Sel-9 (-6.17) were poor
general combiners (Table 2). Both the testers
had shown average combining ability.
Significant positive specific combining ability
effects were observed for two crosses viz.,
UHF-10 x California Wonder (good x
average) and UHF-11 x Solan Bharpur (good
X average) whereas the cross, UHF-10 x
Solan Bharpur and UHF-11x California
Wonder were poor and the remaining crosses
were average specific combinations for this
trait. Similar results were reported earlier by
Ahmed et al., (2003) and Sood and Kaul
(2006) for harvest duration.

The above results and discussion revealed that
on the basis of GCA studies, the parents viz.,
UHF-11, UHF-6, UHF-14 and UHF-10 were
found good general combiners for earliness
and yield contributing traits. Overall SCA
performance showed that, the cross
combinations UHF-8 x California Wonder,
UHF-10 x California Wonder, UHF-11 x
Solan Bharpur and UHF-6 x Solan Bharpur
were found as best hybrids (Fig. 1) for
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majority yield contributing traits under
protected conditions.
Acknowledgment
The authors emphatically express their

venerable thanks to Department of Vegetable
Science and Department of Soil Science and
Water Management, Dr Y'S Parmar university
of Horticulture and Forestry Nauni, Solan
(Himachal Pradesh) for extending all
necessary facilities as and when required for
conducting this research.

References

Ahmed, N., Hurra, M., Wani, S.A. and Khan,
S.H. 2003. Gene action and combining
ability for fruit yield and its component
characters in sweet pepper. Capsicum
and Eggplant Newsletter 22: 55-58.

Allard, R.W. 1960. Principles of Plant
Breeding. John Wiley and Sons, Inc.
New York, London. pp. 89-90.

Anonymous. 2014. Package of practices for
vegetable  crops.  Directorate  of
Extension Education, Dr YS Parmar
University of Horticulture and Forestry,
Nauni, Solan. 202p.

Anonymous. 2016. www.nhb.gov.in.

Bilashini, M. 2014. Heterosis and combining
ability studies for yield and horticultural
traits in bell pepper (Capsicum annuum
L. var. grossum Sendt.) under protected
environment. Ph.D. Thesis, Department
of Vegetable Science and floriculture,
Chaudhary Sarwan Kumar Himachal
Pradesh Krishi Vishvavidyalaya,
Palampur (H.P.), India. 106p.

Blank, A.F. and Maluf, W.R. 1997. Gene
action and early testing for combining
ability in sweet peppers (Capsicum
annuum L.). Journal of Genetics and
Breeding 51: 319 -324.

Echeverri, A.A., Ceballos, L.H. and Vallejo,
C.F.A. 1998. Heterosis and combining

317

ability in sweet pepper (Capsicum
annuum L.). Revista Facultad Nacional
de Agronomia 51: 189-214.

Farag, S.T. and Khalil, R.M. 2007.
Combining ability, heterosis and some
genetic parameters in pepper hybrids.
Egyptian Journal of Plant Breeding 11:
243-258.

Gawande, P., Pathare, S.M., Nichal, S.S.,

Ghawade, S.M. and Patil, M.J. 2015.

Heterosis and combining ability studies

for yield and yield contributing traits in

chilli (Capsicum annuumL.).

Agrotechnol 2(4): 101.

H.S., Thakur, P.C. and Thakur, T.C.

1973. Combining ability in sweet

pepper (Capsicum annuum L. var.

grossum). Indian Journal of

Agricultural Sciences 43(10): 918-921.

Gong, Z. and Wang, M. 1995. Analysis on the
combining ability of the main quality
traits in pepper (Capsicum annuum L.).
Acta Horticulturae 402: 151-157.

Gvozdenovic, G., Vasic, M., Takac, A,
Jovicevic, D. and Bugarski, D. 1996.
Inheritance of fruit mass in hybrid
pepper  (Capsicum  annuum  L.).
Horticultural Science 28: 83-85.

Johri, S., Singh, R.V. and Mishra, A.C. 2004.
Combining ability studies in Indian and
exotic  germplasm  of  capsicum
(Capsicum annuum L.). Capsicum and
Eggplant Newsletter 23: 61-64.

Joshi, S. and Singh, B. 1987. Results of
combining ability studies in sweet
pepper  (Capsicum  annuum  L.).
Capsicum Newsletter 6: 49-50.

Kamble, C. and Mulge, R. 2008. Studies on
combining ability for growth and yield
traits in capsicum (Capsicum annuum
L.). Crop Research Hisar 36: 277-280.

Kamble, C., Mulge, R. and Madalageri M.B.
2009. Combining ability for earliness
and productivity in sweet pepper
(Capsicum annuum L.). Karnataka

Gill,


http://www.nhb.gov.in/

Int.J.Curr.Microbiol.App.Sci (2018) 7(8): 308-319

Journal of Agricultural Sciences 22(1):
151-154.

Kaul, B.L. and Sharma, P.P. 1988. Heterosis
and combining ability studies for some
fruit characters in  bell pepper
(Capsicum annuum L.). Vegetable
Science 15(2): 171-180.

Kempthorne, O. 1957. An Introduction to
Genetic Statistics. John Wiley and Sons
Inc. New York. pp. 458-471.

Khalil, M.R. and Hatem, M.K. 2014. Study
on combining ability and heterosis of
yield and itscomponents in pepper
(Capsicum annuum L.). Alexandria
Journal of Agricultural Research 59(1):
61-71.

Milkova, L. 1984. Genetics of quantitative
characters in sweet pepper. Agronomica
Brasileira 32: 379-384.

Mulge, R. 1992. Early generation testing in
bell pepper (Capsicum annuum L.) to
develop F1 hybrids resistant to powdery
mildew. Ph.D. Thesis, Univ. Agric. Sci.
Bangalore, (India).

Mulge, R. and Anand, N. 1997. Prediction of
heterosis and combining ability for
yield and yield characters at seedling
stage in sweet pepper (Capsicum
annuum L.). Indian Journal of Genetics
57:180-185.

Nascimento, I.R., Maluf, W.R., Faria, M.V.
and Valle, L.A.C. 2004. Combining
ability and gene action in the expression
of economically important traits in
sweet pepper. Ciencia-e-Agrotecnologia
28: 251-260.

Nascimento, I.R., Maluf, W.R., Golcalves,
L.D., Faria, M.V., Resende, J.T.V. and

Nogueira, D.W. 2010. Combining
ability of sweet pepper lines by
multivariate diallel analysis. Acta

Scientiarum Agronomy 32: 235-240.
Nowaczyk, P., Nowaczyk, L. and Piszczek P.

1993. Breeding value of selected
varieties and lines of red pepper
(Capsicum annuum L.).

318

Biuletynlnstytutu Hodowlii
Aklimatyzacji Roslin 186: 113-118.
Pandey, V., Ahmed, Z. and Kumar N. 2002.

Heterosis and combining ability in
diallel crosses of sweet pepper
(Capsicum annuum L.). Vegetable

Science 29(1): 66-67.

Pandey, V., Chura, A., Pandey, H.K., Meena,
H.S., Arya, M.C. and Ahmed Z. 2012.
Diallel analysis for vyield and yield
attributing traits in capsicum (Capsicum
annuum L. wvar. grossum Sendt.).
Vegetable Science 39: 136-1309.

Payakhapaab, S., Boonyakiat, D. and
Nikornpun, M. 2012. Evaluation of
heterosis and combining ability of yield
components in chillies. Journal of
Agricultural Science 4(11): 154-160.

Prasath, D. and Ponnuswami, V. 2008.
Heterosis and combining ability for
morphological, vyield and quality
characters in paprika type chilli hybrids.
Indian Journal of Horticulture 65: 441-
444,

Ramesh, T.S. 1996. Heterosis and combining
ability studies in bell pepper (Capsicum
annuum L.). M.Sc. Thesis, University of
Agricultural  Sciences, Bangalore
(India).

Salazar, V.M. and Vallejo, C.F.A. 1990.
Production and evaluation of hybrids of
sweet pepper (Capsicum annuum L.) on
the basis of combining ability. Acta
Agronomica 40: 7-16.

Sharma, P.P. and Saini, S.S. 1977. Heterosis
and combining ability for yield and
agronomic  characters in  pepper.
Vegetable science 4: 43-48.

Sood, S. and Kaul, S. 2006. Combining
ability in bell pepper. Vegetable Science
33(1): 73-75.

Sood, S. and Kumar, N. 2010. Combining
ability and gene action for phenological,
structural and fruit yield traits in bell
pepper (Capsicum annuum L. var.
grossum Sendt.) under sub temperate



Int.J.Curr.Microbiol.App.Sci (2018) 7(8): 308-319

zone of North western Himalayas. economics of greenhouse grown
Advances in Horticulture Science 24: coloured capsicum as influenced by
122-128. trellis system and plant spacing. Indian

Spehia, R.S., Sharma, V., Raina, J.N. and Journal of Agricultural Sciences 84(6):
Bhardwaj, R.K. 2014.Growth, yield and 742—745.

How to cite this article:

Jasmeen Kaur, R.S. Spehia and Neha Verma. 2018. Estimating Combining Ability for Earliness
and Yield Contributing Traits in Bell Pepper (Capsicum annuum var grossum L.) under
Protected Conditions. Int.J.Curr.Microbiol.App.Sci. 7(08): 308-319.

doi: https://doi.org/10.20546/ijcmas.2018.708.035

319



https://doi.org/10.20546/ijcmas.2018.708.035

