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Abstract: The present investigation involves 29 diverse bell pepper genotypes for variability studies and 14 promis-
ing lines (11 lines and 3 testers), 33 F4 and 1 standard check for combining ability studies. The objective of the study
was to assess the nature and magnitude of genetic variability among the bell pepper genotypes for yield and other
horticultural traits and to identify the potential parental lines and cross combinations suitable for the protected envi-
ronment based on the estimation of general combining ability and specific combining ability. A wide range of variabil-
ity was observed for most of the characters studied. The genotypes viz.,, Kashmir Sel-1 (L;), DARL-10 (Lg) and
UHFSP(Y)-11 (L44) for marketable fruit yield per plant and Kashmir Sel-1 (L,), UHFSP(Y)-11 (L14) and DARL-01 (Ls)
for earliness were good general combiners and these may be included for exploiting hybrid vigour or development of
purelines. On the basis of specific combining ability effects and per se performance, the crosses viz., ARCH-19 (L+)
x Solan Bharpur (T1), DARL-10 (Lg) x California Wonder (T2) and UHFSP(Y)-11 (L11) x Yolo Wonder (T3) were the
best cross combinations for marketable fruit yield per plant and number of marketable fruits per plant under protect-
ed environment. The cross combinations viz., DARL-10 (Lg) x California Wonder (T;), DARL-01 (Ls) x California
Wonder (T,), LC (L) x Solan Bharpur (T4)and Kandaghat Sel-9 (L7) x Solan Bharpur (T) shows significant nega-
tive SCA for earliness and could be used for development of early hybrids.

Keywords: Capsicum annuum L. var. grossum Sendt., Combining ability, Protected environment, Mid Hill, Western
Himalayas

INTRODUCTION rains, low and high temperature and high relative hu-
midity) stress. In this context, growing of bell pepper
under protected structures will ensure promise for
higher yield with better quality produce. Systematic
efforts to identify the promising lines and develop lo-
cation specific hybrids of bell pepper for protected
cultivation are limited. Therefore, there is a need to
assess the available germplasm of bell pepper for ge-
netic variability under protected environment and also
study the combining ability among promising lines
with the perspective of identifying the best performing
and location specific hybrids suitable for cultivation
under protected environment in mid hills of Western
Himalayas

Genetic improvement of yield and its contributing
characters require selection of appropriate breeding
procedures, which are largely dependent upon the
study of general combining ability (GCA) of parents
and specific combining ability (SCA) of hybrids
( Sahoo and Singh 2017). Information on combining
ability will facilitate the choice of suitable parents for

Bell pepper (Capsicum annuum var. grossum Sendt.) is
one of the most popular and highly remunerative annu-
al herbaceous vegetable crops cultivated extensively in
India. It holds a very prominent position as the leading
off-season vegetable generating cash revenue to the
farmers of Western Himalayas by selling the produce
in the neighbouring states and metropolitan cities. It is
commercially cultivated as a cash crop during June to
October in mid hills of Western Himalayas. Because of
its economic importance as a high value vegetable
crop, both in domestic and overseas markets quality
production of capsicum is the need of the day. This has
led to the production of capsicum under protected con-
ditions to meet the standards of different markets
prompting popularity of this crop as an enterprise in
urban and peri urban areas. Moreover, the supply is
inadequate due to the low productivity of the crop as
the crop grown under open conditions does not fulfill
the urban market standards due to the prevalence of
various biotic (pests and diseases) and abiotic (heavy
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hybridization program to develop F; hybrids. Amongst
the various methods to estimate combining ability ef-
fects, the line x tester mating design gives a fairly
good idea of both general and specific combining abili-
ties of parents and hybrids, respectively. Combining
ability also indicates the nature and magnitude of
gene action involved in the expression of quantitative
traits (Kumar and Kumar, 2017). The knowledge of
nature and magnitude of gene action controlling the
inheritance of yield and its contributing traits, along
with, proportional contribution of parental lines in the
expression of different traits in F; hybrids, would
facilitate choice of efficient breeding method and
suitable parental lines/testers for genetic improve-
ment of any crop (Rattan and Chadha 2009, Kumar
and Kumar 2017). In literature, sufficient information
on genetic variability and combining ability studies in
capsicum under open environment are available but,
those involving protected environment are limited.
Based upon all these considerations, the present in-
vestigation was planned and executed.

MATERIALS AND METHODS

The experimental material for the present study com-
prised of 29 genotypes of bell pepper for genetic variabil-
ity studies during summer-autumn of 2012, F; population
of 33 crosses which was developed by crossing 14 prom-
ising genotypes (11 lines and 3 testers) selected from 29
genotypes evaluated during 2012. The crosses were made
as per line x tester mating design. The F; population of 33
crosses along with parents (11 lines and 3 testers) and
standard check (Indra) were evaluated during summer-
autumn, 2013 in modified naturally ventilated polyhouse
at the Experimental Farm, Department of Vegetable Sci-
ence and Floriculture which is situated at 32° 6 N latitude
and 763’ E longitude at an elevation of 1290.8 m above
mean sea level with East-West orientation. The polyhouse
is equipped with essential features like double door, side
and top ventilation, drip and fogging facility and shading
with 50 per cent green agro UV stabilized shade net.
Healthy seedlings were raised in plug trays inside growth
chamber. The experiment was laid out in randomized
block design (RBD) with three replications. The seed-
lings were transplanted on 20 cm raised bed having 90
cm width. Each bed consisted of two rows of 1.5 m
length accommodating ten plants per genotype. The
plants were spaced at 45 x 30 cm inter and intra row
spacings. All the recommended agronomic practices
and plant protection measures were followed to raise a
healthy crop. The observations were recorded on ran-
domly taken five competitive plants of each genotype
in each replication for the traits viz., days to 50 per
cent flowering, days to first harvest, number of market-
able fruits per plant, pericarp thickness (mm), lobes per
fruit, fruit length (cm), fruit width (cm), average fruit
weight (g), marketable fruit yield per plant (kg), plant
height (cm), harvest duration (days), ascorbic acid
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content (mg/100g) and capsaicin content (%) during
both the years. The Ascorbic acid content was estimat-
ed at marketable green fruit stage by 2, 6- dichlorophe-
nol-indophenol Visual Titration Method as described
by Ranganna (1979). The capsaicin content in the mar-
ketable green fruits was determined by Colorimetric
method using Folin—Ciocalteau reagent.

Statistical analysis: The genotypic, phenotypic coeffi-
cients of variations and heritability were estimated as
per the method of Burton and Devane 1953. Genetic
advance (GA) was calculated as per Burton and
Devane 1953 and Johnson et al. 1955. The statistical
analysis for combining ability studies (line X tester)
was carried out as per the model suggested by
Kempthrone 1957.

The parameters of variability were estimated following
Burton and Devane 1953. The limits used for catego-
rizing the magnitude of different parameters are men-
tioned in Table 1.

RESULTS AND DISCUSSION

Variability studies: Analysis of variance revealed
significant differences among the genotypes for all the
traits studied during 2012 (Table 2). The extent of vari-
ability for yield and horticultural traits of bell pepper
in terms of phenotypic coefficient of variation (PCV),
genotypic coefficient of variation (GCV) along with
heritability (h?) and genetic advance (GA) during 2012
are presented in Table 3. Results obtained from the
present investigation on genetic variability studies dur-
ing summer-autumn, 2012, revealed relatively low
differences between the genotypic and phenotypic var-
iances for all the traits studied. This indicated highly
heritable and comparatively stable nature of the char-
acters and thus, the selection based on phenotypic per-
formance would be quite effective in the improvement
of these traits. According to the classification given in
Table 1 high estimates of PCV and GCV were ob-
served for number of marketable fruits per plant (34.81
%, 32.50 %), marketable fruit yield per plant (31.15 %,
29.78 %), ascorbic acid content (25.98 %, 25.26 %)
and capsaicin content (28.55 %, 25.71%) suggesting
substantial variability for the traits thereby ensuring
ample scope for improvement of these traits through
selection. The exploration of genetic variability in
available germplasm is a pre-requisite for identifica-
tion and development of new improved high yielding
genotypes to further boost up the yield potential of the
crop. The possibility of improvement in any crop is
measured by the variability available in the crop. In
general, high PCV and GCV indicate that there is a
scope for selection and improvement of the particular

Table 1. Categorization of parameters of variability.

Component High (%) Moderate (%) Low (%)
GCV and PCV >20 10-20 <10
Heritability >80 60-80 <60
Genetic advance  >30 15-30 <15
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Table 2. Analysis of variance for yield and horticultural traits in bell pepper during 2012.

Mean sum of squares

Traits Source Replication Genotype Error
df 2 28 56

Days to 50 % flowering 12.63 24.71* 2.56
Days to first harvest 64.22 30.61* 17.14
Number of marketable fruits per plant 0.47 181.18* 8.46
Pericarp thickness (mm) 0.06 1.07* 0.21
Lobes per fruit 0.09 0.90* 0.11
Fruit length (cm) 2.81 3.50% 0.64
Fruit width (cm) 12.59 1.85% 0.42
Average fruit weight (g) 44.69 152.12* 26.04
Marketable fruit yield per plant (kg) 0.02 0.31* 0.01
Plant height (cm) 249.12 2838.61* 406.50
Harvest duration (days) 499.69 267.52%* 125.13
Ascorbic acid content (mg per 100g) 76.45 873.80* 9.37
Capsaicin content (%) 0.0002 0.01* 0.0004

*Significant at P =0.05; df= degree of freedom

Table 3. Estimates of variability parameters for yield and horticultural traits in bell pepper during 2012.

Coefficient of variation (%) Heritability Genetic advance
Traits (%) (h*yy) (% of mean)
Phenotypic  Genotypic  Environmental
Days to 50% flowering 7.49 6.46 3.80 74.20 11.46
Days to first harvest 6.03 2.75 5.36 20.80 2.58
Number of marketable fruits per plant  34.81 32.50 12.46 87.20 62.52
Pericarp thickness (mm) 21.57 16.45 13.96 58.10 25.83
Lobes per fruit 20.71 17.44 11.16 70.90 30.26
Fruit length (cm) 18.78 14.55 11.87 60.00 23.23
Fruit width (cm) 17.73 12.94 12.12 53.30 19.45
Average fruit weight (g) 17.38 13.66 10.75 61.70 22.11
Marketable fruit yield per plant (kg) 31.15 29.78 9.14 91.40 58.64
Plant height (cm) 21.08 17.20 12.18 66.60 28.92
Harvest duration (days) 11.69 6.13 9.95 27.50 7.44
Ascorbic acid content (mg per 100g)  25.98 25.26 4.61 96.90 34.41
Capsaicin content (%) 28.55 25.71 12.40 81.10 0.08

Table 4. Analysis of variance for combining ability for yield and horticultural traits in bell pepper during 2013.

Source of variation Replication Line Tester line x tester Error
Traits af 2 10 2 20 64
Days to 50% flowering 4.03 106.78% 143.12% 99.48%* 1.52
Days to first harvest 1.40 115.73 145.49% 133.75% 1.50
Number of marketable fruits per plant 5.35 150.48+ 143.84% 71.58* 4.64
Pericarp thickness (mm) 0.02 1.75% 5.16% 1.26* 0.18
Lobes per fruit 0.08 0.16 0.06 0.25* 0.12
Fruit length (cm) 0.47 1.75% 5.91% 1.24% 0.23
Fruit width (cm) 0.38 0.56 1.10% 0.64* 0.26
Average fruit weight (g) 27.96 173.83% 190.02% 113.24* 26.25
Marketable fruit yield per plant (kg) 0.01 0.30% 0.22% 0.12% 0.01
Plant height (cm) 11.82 2499.36* 1526.61 1850.71%* 16.90
Harvest duration (days) 17109.29 834.22% 480.21% 354.57* 222.10
Ascorbic acid content (mg per 100g) 23.36 1622.40% 3705.63*% 753.49* 37.20
Capsaicin content (%) 0.0003 0.007* 0.0001 0.004* 0.0003

* Significant at 5% level of significance when tested against mean squares due to error, “Significant at 5% level of significance

when tested against mean squares due to line x tester

traits (Abebe, 2017). High estimates of PCV and GCV
have also been reported by earlier workers viz.
Islam and Singh, 2006 and Kumari, 2013 for yield per
plant and number of fruits per plant; Sood et al., 2007
for marketable fruit yield per plant and capsaicin con-
tent and for marketable fruit yield per plant and ascor-
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bic acid content thereby, supporting the present find-
ings. High PCV and moderate GCV values for peri-
carp thickness (21.57 %, 16.45 %), lobes per fruit
(20.71 %, 17.44 %) and plant height ( 21.08 %, 17.20
%) while, moderate PCV and GCV for fruit length
(18.78 %, 14.55 %), fruit width (17.73 %, 12.94 %)



Table 5. Estimates of GCA effects of lines for yield and horticultural traits in bell pepper during 2013.
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0.67
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-2.60*

4.75* 0.30

-1.14*
0.11
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2.10*
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0.28
0.40
2.95
0.06

0.20
0.28
2.09
0.04

0.14

-0.22%*
-0.01

0.24*

-0.14*
-0.45*
-0.55

-0.67*
0.82*
-0.68

0.32*

-0.80*
-0.27
-0.96
-0.22%

-0.19*
-0.24
-5.66*
-0.03

0.17
0.06

0.53*

-0.31

0.32%
0.39
0.59

0.42*

Pericarp thickness (mm)
Fruit length (cm)

0.20
1.47
0.03

-0.56*
8.92%

-0.02
1.19

0.06

0.60*

-1.10

0.03

6.24*

-5.77*
-0.14%*

-2.20
-0.14*

Average fruit weight (g)

Marketable fruit
plant (kg)

0.12*  0.06*  0.10*

-0.24*

0.39*

yield per

3.28
9.62
3.59

2.32
6.80
2.54

1.64
4.81
1.80

-2.15 -8.13*%  19.37%*
3.07 -7.94

2.07

-15.73*
-1.05

4.61*
7.51

-17.61*
-10.05*
-18.06*

9.39* 35.61*  -17.36* -9.61* 1.61
-11.27* 8.40
-2.72

5.29
1.32

Plant height (cm)

-13.16*
-5.88*

17.13*
16.16*

Harvest duration (days)

-8.57*  7.59* 13.81*

-21.78*

19.34*

-1.20

Ascorbic acid content (mg per

100g)

-0.02*  -0.01 0.04* 0.03* -0.002 -0.04* 0.04* 0.03*  -0.03* -0.02%* 0.01 0.01 0.01

-0.03*

*Significant at 5% level of significance
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and average fruit weight (17.38 %, 13.66 %) were
observed. High PCV followed by moderate GCV for
pericarp thickness, lobes per fruit and plant height re-
vealed considerable environmental effect in the expres-
sion of these traits. Afroza et al., 2013 have also re-
ported moderate estimates of GCV for fruit length,
fruit diameter, flesh thickness, average fruit weight and
number of fruits per plant. The deviation in the result
obtained could be attributed to the differences in exper-
imental material used and growing environment. Mod-
erate to low PCV coupled with low GCV for the char-
acters viz., harvest duration, days to 50 per cent flow-
ering and days to first harvest indicated that these char-
acters are largely governed by non-genetic factors.
Hence, the genetic improvement of these traits through
simple selection procedures appears to be quite
difficult.

High heritability coupled with high genetic advance as
per cent of mean were observed for ascorbic acid con-
tent (96.90 %, 34.41 %), marketable fruit yield per
plant (91.40 %, 58.64 %) and number of marketable
fruits per plant (87.20 %, 62.52 %), indicated the pres-
ence of additive effects for these characters. Therefore,
a high genetic gain can be anticipated by selection pro-
cedure.

Combining ability studies: The success of any plant
breeding programme greatly depends on the right
choice of parents. The potential of variety is judged by
comparing the mean performance and combining the
ability of the parents (Singh 1993). Kadamba-
vanasundaram (1980) suggested that the parents with
high per se performance may not always be able to
transmit their superior traits into hybrids and so assess-
ment of combining ability is most needed. General
combining ability (GCA) of a parent is a factor that
predicts the performance of a parent over a series of
cross combinations (Rohini et al., 2017).

The analysis of variance for combining ability re-
vealed significant differences among crosses for all
the traits studied (Table 4). Mean squares due to
lines were significant for all the traits except days to
first harvest, lobes per fruit and fruit width, when
tested against both mean squares due to error and
line x tester interactions. The testers exhibited sig-
nificant differences for all the traits except lobes per
fruit, plant height and capsaicin content when tested
against both mean squares due to error and line x
tester interactions. Mean squares due to line x tester
interactions were significant for all the traits studied.
This indicated the presence of considerable genetic
diversity among the parents (lines and testers) used
in the present study.

The line, Kashmir Sel-1 (L,) was the good general
combiner for earliness followed by the lines, UHFSP
(Y)-11 (Ly;), DARL-01 (Ls), LC (L), ARCH-19
(L) and Kandaghat Sel-9 (L;) as these exhibited
significant negative general combining ability ef-
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Table 6. Estimates of GCA effects of testers for yield and horticultural traits in bell pepper during 2013.

Traits T, T, T, SE(gi) +  SE(gi-gj) + CD(5%)
Days to 50% flowering -2.39%* 1.39% 1.00%* 0.25 0.35 0.50
Days to first harvest -2.40%* 0.93* 1.48%* 0.24 0.34 0.49
Number of marketable fruits per plant 1.83%* 0.45 -2.28%* 0.35 0.50 0.70
Pericarp thickness (mm) 0.33* 0.11 -0.44%* 0.07 0.10 0.15
Fruit length (cm) -0.30* -0.19 0.49* 0.10 0.15 0.21
Fruit width (cm) -0.10 -0.11 0.21* 0.09 0.14 0.19
Average fruit weight (g) -0.45 -2.15% 2.59* 0.77 1.09 1.54
Marketable fruit yield per plant (kg) 0.09* -0.04* -0.05* 0.02 0.04 0.03
Harvest duration (days) 4.27* -3.08 -1.19 2.15 3.56 5.02
Ascorbic acid content (mg per 100g) 0.87 10.14* -11.01*  0.94 1.33 1.88
*Significant at 5% level of significance, T, = Solan Bharpur, T, = California Wonder, T; = Yolo Wonder
Table 7. Top three crosses with significant SCA and GCA effects for yield and horticultural traits in bell pepper.
Traits Crosses with significant SCA effects SCA per se per- GCA effects
effects formance
Days to 50% flowering DARL-10 (L) x California Wonder (T>) -9.39% 47.00 average x good
DARL-01 (Ls) x California Wonder (T5) -9.17* 31.33 good X poor
LC (Lyo) x Solan Bharpur (T) -7.72% 30.00 good x good
Days to first harvest DARL-10 (Ly) x California Wonder (T5) -13.71*%  50.67 average X poor
LC (Lio) x Solan Bharpur (T) -9.60* 51.67 average x good
DARL-01 (Ls) x California Wonder (T5) -8.60* 56.67 average X poor
Number of marketable fruits/plant ~ DARL-10 (Ly) x California Wonder (T5) 10.03* 37.00 good x average
UHFSP(Y)-11 (Ly;) % Yolo Wonder (T5) 9.40% 31.45 good x poor
ARCH-19 (L;) x Solan Bharpur (T,) 4.40* 28.63 average x good
Pericarp thickness (mm) UHFSP(Y)-11 (L) x Yolo Wonder (T5) 1.25% 3.90 poor x poor
DARL-10 (Lg) x California Wonder (T,) 1.10* 4.38 poor x average
ARCH-19 (L;) x Solan Bharpur (T,) 0.64* 4.70 good x good
Lobes per fruit UHFSP(Y)-11 (L)) x Yolo Wonder (Ts) 0.51* 3.80 average x average
Fruit length (cm) Kandaghat Sel-9 (L7) x Yolo Wonder (T;)  0.94%* 7.75 average x good
ACC-16 (L4) x Solan Bharpur (T)) 0.71* 6.81 average X poor
DARL-10 (Lg) x California Wonder (T,) 0.71* 6.41 poor X average
Fruit width (cm) UHFSP(Y)-11 (L;;) x Yolo Wonder (T3) 0.73* 6.23 average x good
Average fruit weight (g) DARL-10 (Lg) * Yolo Wonder (T3) 11.17* 57.74 average x good
SEL-10-2 (Lg) x California Wonder (T5) 10.26* 39.08 average X poor
Kashmir Sel-1 (L) x Solan Bharpur (T) 7.45% 52.12 average X average
Marketable fruit yield/plant (kg) ARCH-19 (L)) % Solan Bharpur (T)) 0.32%* 1.40 average x good
DARL-10 (Lg) x California Wonder (T,) 0.28* 1.32 good x poor
UHFSP(Y)-11 (Ly;) % Yolo Wonder (T5) 0.27* 1.28 good x poor
Plant height (cm) Kashmir Sel-1 (L) x Solan Bharpur (T) 44.28%* 206.33 good X poor
UHFSP(Y)-11 (L;;) x Solan Bharpur (T;) 24.85% 170.67 good x poor
ARCH-9 (L¢) * Yolo Wonder (T5) 24.27* 135.00 poor x poor
Harvest duration (days) UHFSP(Y)-11 (L;;) xYolo Wonder (T3) 19.30%* 112.33 average X average
DARL-01 (Ls) x California Wonder (T5) 16.86* 124.33 average x average
Ascorbic acid content (mg/100g) DARL-10 (Ly) x California Wonder (T5) 26.42* 115.33 poor x good
ARCH-19 (L)) x Solan Bharpur (T}) 26.12* 115.67 average x average
UHFSP(Y)-11 (Ly;) * Yolo Wonder (T3) 17.95% 108.11 good x poor
Capsaicin content (%) DARL-10 (Lg) x California Wonder (T,) -0.06* 0.09 poor x average
ACC-16 (L4) x California Wonder (T5) -0.05* 0.18 poor x average
UHFSP(Y)-11 (L,;) x Solan Bharpur (T;) -0.05* 0.06 good x average

fects (Table 5). Good general combiners for number
of marketable fruits per plant, having significant
positive general combining ability effects, were
Kashmir Sel-1 (L,) followed by lines, DARL-10
(Lo), UHFSP(Y)-11 (L;;) and DARL-01 (Ls). For
pericarp thickness, the lines viz., PRC-1 (L;), ARCH
-19 (L), Kashmir Sel-1 (L,), Kandaghat Sel-9 (L,)
and LC (L,o) were good general combiners. The
lines, SEL-10-2 (Lg) and ARCH-19 (L) were good
general combiners for fruit length showing signifi-
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cant positive general combining ability effects. The
lines, LC (L,p) and UHFSP(Y)-11 (L,;) exhibited
significant positive general combining ability effect
for average fruit weight. With regard to marketable
fruit yield per plant, the lines viz. Kashmir Sel-1
(L), DARL-10 (Ly), UHFSP(Y)-11 (L;;) and LC
(Lyo) were the good general combiners as reflected
by their significant positive general combining abil-
ity effects. The lines viz. Kashmir Sel-1 (L,),
UHFSP(Y)-11 (L;;), ARCH-19 (L) and Kandaghat
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Sel-9 (L;) exhibited the highest general combining
ability effects in positive direction for plant height,
indicating good general combining ability. For har-
vest duration, the line Kashmir Sel-1 (L,) depicted
significant positive general combining ability effect,
thereby showing its good general combining ability.
Good general combiners exhibiting significant posi-
tive general combining ability effects for ascorbic
acid content were Kandaghat Sel-9 (L,), Kashmir
Sel-1 (L), UHFSP(Y)-11 (L;;) and LC (L,). For
capsaicin content, all the lines except PRC-1 (L3),
ARCH-9 (L¢), SEL-10-2 (Lg) and DARL-10 (L),
were good general combiners depicting significant
negative general combining ability effects. Amongst
the testers, Solan Bharpur (T;) was the best for fur-
ther use in crossing programme as it proved to be
the best general combiner for most of the important
traits viz. marketable fruit yield per plant, number
of marketable fruits per plant, days to 50 per cent
flowering, days to first harvest and pericarp thick-
ness (Table 6). Different parental lines and testers
expressing significant positive and negative and
also significant and non-significant GCA effects in
respect of yield and component traits in bell pepper
have also been reported earlier by Geleta and La-
buschagne 2006, Gomide et al. 2008, Kamble et al.
2009 and Sood and Kumar 2010.

The crosses with significant desirable SCA effects
for various traits along with mean performance and
GCA effects of parents involved in the crosses are
listed in Table 7. The crosses, ARCH-19 (L) x So-
lan Bharpur (T;), DARL-10 (Ly) x California Won-
der (T,) and UHFSP(Y)-11 (L;;) x Yolo Wonder
(T;) exhibited significant and desirable specific
combining ability effects in respect of marketable
fruit yield per plant and number of marketable fruits
per plant. The cross combinations viz. DARL-10 (Lo)
x California Wonder (T,), DARL-01 (Ls) x California
Wonder (T,), LC (Ly) x Solan Bharpur (T,)and
Kandaghat Sel-9 (L,;) x Solan Bharpur (T;)were top
five crosses showing significant negative SCA for
earliness. The estimation of specific combining ability
effects for pericarp thickness revealed that cross com-
binations viz. UHFSP(Y)-11 (Ly;) * Yolo Wonder
(T3), DARL-10 (Ly) x California Wonder (T,), ARCH-
19 (L;) x Solan Bharpur (T,), Kandaghat Sel-9 ( L;) x
Solan Bharpur (T;) and Kandaghat Sel-9 (L;) x Cali-
fornia Wonder (T,) were top three good specific com-
binations. Lobe per fruit is an important horticultural
trait in bell pepper from consumers’ point of view. The
only cross combination expressing significant desira-
ble specific combining ability effects for this trait was
UHFSP(Y)-11 (L;;) * Yolo Wonder (T;). For fruit
length the crosses Kandaghat Sel-9 (L;) x Yolo Won-
der (T;), ACC-16 (Ls) x Solan Bharpur (T;) and
DARL-10 (Ly) x California Wonder (T,) showed sig-
nificant positive specific combining ability effects
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indicating their good specific combining ability while,
Only one of the crosses viz. UHFSP(Y)-11 (L)) * Yo-
lo Wonder (T;) expressed significant positive specific
combining ability effect for fruit width. The five cross
combinations viz. DARL-10 (Lg) x Yolo Wonder (T3),
SEL-10-2 (Lg) x California Wonder (T,), Kashmir Sel-
1 (L) x Solan Bharpur (T;), UHFSP(Y)-11 (L;) x
Yolo Wonder (T3) and ARCH-19 (L) x Solan Bharpur
(T,) expressed significant desirable specific combining
ability effects for average fruit weight. The crosses viz.
Kashmir Sel-1 (L,) x Solan Bharpur (T,), UHFSP(Y)-
11 (Ly;) x Solan Bharpur (T;), ARCH-9 (L¢) x Yolo
Wonder (T;) and ACC-16 (L4) x Yolo Wonder (T3)
were the top three specific combiners for plant height.
For harvest duration significant positive specific com-
bining ability effects were observed for two crosses
viz. UHFSP(Y)-11 (L;;) xYolo Wonder (T;) and
DARL-01 (Ls) x California Wonder (T,). Majority of
the cross combinations exhibiting desirable specific
combining ability effects, involved atleast one of the
parents as good or average general combiner. Similar
results have also been obtained by earlier researchers
viz. Sood and Kaul 2006; Sood and Kumar 2010 and
Rao PG et al. 2016. In some of the crosses, significant
specific combining ability effects were observed but,
they had both the parents as poor general combiners.
These findings corroborate the observations of Pandey
et al. 2002; Sood and Kumar 2010 and Pandey et al.
2012, who have also observed that the superior hybrids
need not necessarily involve parents showing good
general combining ability effects only. Usually the
high estimates of specific combining ability effects are
obtained from crosses involving diverse parents. Some-
times, due to specific interaction effects (most likely
complementary), poor X poor crosses may prove better
than good x good and good x poor combinations. The
crosses involving both the parents as poor combiners
showing high specific combining ability effects must
be due to intra and inter allelic interactions and these
crosses can be used for commercial exploitation of
hybrid vigour as the non-additive genes seem to play a
greater role.

Conclusion

On the basis of the estimates of general combining
ability the cross combinations viz. Kashmir Sel-1
(L2), DARL-10 (L9) and UHFSP(Y)-11 (L11) were
the most promising for marketable fruit yield per
plant. These cross combinations can be further eval-
uated for development of superior genotypes and
exploiting hybrid vigour in bell pepper. The cross
combinations viz. ARCH-19 (L1) x Solan Bharpur
(T1), DARL-10 (L9) x California Wonder (T2),
UHFSP(Y)-11 (L11) x Yolo Wonder (T3), DARL-
01 (L5) x California Wonder (T2) and Kandaghat
Sel-9 (L7) x Solan Bharpur (T1) were observed to
be the top five cross combinations with significant
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SCA effects for marketable fruit yield per plant un-
der protected environment. Thus the present study
pointed out that the above promising crosses can be
commercially exploited for development of early and
high yielding hybrids of bell pepper suitable for pro-
tected cultivation in mid hills of Western Himalayas.
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