Vegetable Science (2018)45 (1) : 31-37

Heterosis studies in bell pepper (Capsicum annuum L. var. grossum Sendt)
under modified naturally ventilated polyhouse in mid hills of Himalayas

Mayanglambam Bilashini Devi* and NK Pathania

Received: November 2017 / Accepted: April 2018

Abstract

The present investigation was envisaged to gather
information on heterosis for earliness, yield and its
contributing traits of bell pepper. The experiment was
conducted at the Experimental farm of the Department of
Vegetable Science and Floriculture, CSKHPKYV, Palampur,
Himachal Pradesh under modified naturally ventilated
polyhouse. A widerange of heterosis overmid-parent, better
parent and standard check was observed in F, generation
for marketable fruit yield and its attributing traits. The cross
combinations viz., DARL-10 (L) x California Wonder (T,),
LC (L,)) * Solan Bharpur (T,), Kashmir Sel-1 (L,) x Solan
Bharpur (T,), Kashmir Sel-1 (L,) * Yolo Wonder (T,) and
Kandaghat Sel-9 (L,) x Solan Bharpur (T,) exhibited the
highest significant desirable heterosis over standard check
(Indra) for earlymaturity. The F, crosses viz., Kashmir Sel-1
(L,) x Solan Bharpur (T,), ARCH-19 (L,) x Solan Bharpur
(T),DARL-10 (L) x California Wonder (T,) and UHFSP(Y)-
11 (L,)) * Yolo Wonder (T,) were the top heterotic cross
combinations over standard check for marketable fruit yield
per plant and number of marketable fruits per plant. These
cross combinations could be exploited in future breeding
programme for development of early and high yielding
hybrids suitable for cultivation under protected structure in
mid hills of Himalayas.
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Introduction

Bell pepper (Capsicum annuum var. grossum Sendt.) also
known as sweet pepper or Shimla Mirch holds a coveted
position as a leading off-season vegetable in Himachal
Pradesh ensuring premium price to the growers.
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Presently, it is extensively grown in Himachal Pradesh,
Uttarakhand, Jammu and Kashmir, Arunachal Pradesh
and Darjeeling and in some parts of West Bengal during
summer months and as an autumn crop in Maharashtra,
Karnataka, Tamil Nadu and Bihar. In spite of its
importance, a few varieties are grown commercially.
California Wonder an old introduction is still being grown
extensively throughout the country. In recent times, the
production scenario of capsicum has changed with the
increasing popularity of hybrids cultivated on commercial
scale under protected structure. Bell pepper is amongst
the important vegetable crops suitable for protected
cultivation due to favourable growth habit and pollination
mechanism. Such cultivation system not only results
higher yield but also ensures better quality produce than
open environment. Lack of adequate hybrids from public
sector for specific region is one of the challenging
limitations in commercial cultivation of this crop. Thus,
systematic effort is needed to identify the promising lines
and develop suitable varieties or hybrids for protected
cultivation. Under the condition of increasing
productivity in the quickest possible time utilizing
heterosis breeding is one of the most feasible and
attractive option in this crop (Joshi and Singh 1980).
Information on the magnitude of heterosis in different
cross combination is a basic requisite for identifying
desirable crosses that exhibit high extent of exploitable
heterosis. The present investigation highlights the extent
of heterosis for earliness, fruit yield and its contributing
traits in bell pepper.

Materials and Methods

The experimental material for the present study comprises
of 29 genotypes, 33 F, and 1 standard check (Indra).
For selection of desirable parents on the basis of
morphological observations the 29 genotypes were
evaluated during summer-autumn, 2012. The F,
population of 33 crosses ( line x tester mating design)
alongwith desirable parents (11 lines and 3 testers),
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selected from the 29 genotypes, and one standard check
(Indra) were evaluated under modified naturally
ventilated polyhouse at the Experimental Farm,
Department of Vegetable Science and Floriculture during
summer-autumn 2013. The Experimental Farm is
situated at 32° 6'N latitude and 76°3’ E longitude at an
elevation of 1290.80 m above mean sea level with East-
West orientation. It is an ideal polyhouse 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 complete block
design (RBD) with three replications. The crop was
grown 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 of each entry.
The plants were spaced at 45 x 30 cm inter and intra
row spacing. All the recommended agronomic practices
were followed to raise a healthy crop. The observations
were recorded on randomly taken five plants of each

genotype in each replication for the traits viz., days to
50 per cent flowering, days to first harvest, number of
marketable 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 content (mg/100g) and capsaicin content
(%) during both the years. The estimates of heterosis
were calculated as the deviation of F, mean from the
mid parent (MP), better parent (BP) and the standard
check (SC).

Results and Discussion

High marketable yield is the basic objective of all the
crop improvement programs and is of relevance to the
farmers from economic point of view. A new genotype/
hybrid will achieve little or no success, unless it exceeds
the potential adapted and recommended varieties in
performance. For marketable fruit yield per plant out of
33 crosses, 20 showed positive heterosis over mid

Table 1: Estimation of heterosis (%) for days to 50 per cent flowering, days to first harvest and number of marketable fruits
per plant over mid parent (MP), better parent (BP) and standard check (SC)

Hybrids Days to 50% flowering Days to first harvest Number of marketable fruits per plant
MP BP SC MP BP SC MP BP SC

LixT -27.14% -33.33% -41.38* -21.54% -25.75% -33.46% 69.79% 52.37* 101.24*
LixT, -5.56* -1111* -21.84% -5.41% -9.87* -19.23* 2.65 1.38 37.30%
LixTs -14.78* -18.95% -28.74* -8.07* -12.02% 21.15% 29.56* 1.37 33.90%
L,x T, -29.46* -30.53* -47.70% -26.13% -30.51% -36.92% 78.10%* 57.03* 115.93*
Lx T, -0.75 222 -24.14* -8.28%* -13.14%* 21.15% 79.04* 77.68%* 144.33*
L,x T; -23.42% -25.36% -40.80* -26.50% -30.08* -36.54* 61.90* 24.88* 71.72%
Lyx Ty 7.51% 7.09* -21.84% -0.48 -0.95 -20.00% 60.66* 52.68%* 60.26*
L:x T, 3.45 0.00 -22.41% -1.66 -1.90 -20.38* -2.60 -17.30% 12.00

L;x T; 4.55 0.00 -20.69* -0.71 -1.41 -19.23* 61.77* 44.73* 36.83*
Lix Ty 6.30* 6.30% -22.41% -1.43 -2.38 -20.38* 23.77% 7.19 53.70*
Lsx T, 5.34% 222 -20.69* -1.65 -1.89 -20.00% 3.53 0.65 44.33%
Lix Ts 1.89 217 -22.41% -2.59 -2.82 -20.38* -3.71 -26.80* 4.97

Lsx T, -4.83* -9.86* -26.44* -2.63 -3.32% -21.54% 60.83* 50.10%* 81.82%*
Lsx T, -32.13* -33.80% -45.98* -19.43* -19.43* -34.62% 50.14* 42.21% 92.60*
Lsx Ts -7.14% -8.45% -25.29% -3.30% -3.76* 21.15% 34.77% 8.90 31.91%
Lex Ty 3.05 0.00 -22.41% 0.96 0.48 -18.85* 31.58* 30.16* 39.64*
Lex T, 1.48 1.48 -21.26% -0.71 -0.95 -19.62% -0.76 -11.07 20.43

Lex T3 -1.10 217 -22.41% -2.13 -2.82 -20.38* 16.95 -0.85 6.37

L;x T, -26.07* -26.92% -45.40% -20.10% -20.67* -36.54* 62.48* 50.94* 84.68*
L;x T, 1.89 0.00 -22.41% -0.48 -1.90 -20.38* -5.96 -10.50 21.20

L;x Ts 0.75 2.17 -22.41% 0.00 -1.88 -19.62% 60.82* 29.45% 58.39*
Lgx Ty 6.23* -0.68 -16.67* 0.72 0.00 -18.85% 9.77 5.80 11.06

Lgx T, -3.20 -6.85% -21.84% -1.42 -1.42 -20.00% -4.19 -17.65% 11.53

Lgx Ts -3.52 -6.16* -21.26% -1.42 -1.88 -19.62% 46.36* 29.26% 25.87*
Lox Ty 9.31* 6.30 -22.41% 1.47 -0.48 -20.38* 35.06* 8.85 86.74*
Lox T, -20.00* -24.44* -41.38* -26.03* -27.96* -41.54* 69.46* 51.61%* 160.10*
Lox T; 9.30* 2.17 -18.97* 2.66 -0.47 -18.46* -8.63 -34.44* 12.46

Liox T, -28.57* -29.13* -48.28* -25.30% -25.48* -40.38* 46.53* 45.54% 52.76*
Liox T, 4.62 0.74 -21.84* -0.48 -1.42 -20.00% 17.27* 3.46 40.11*
LioxTs 2.66 217 -22.41% 0.00 -1.41 -19.23* 28.35% 10.43 14.34

LyxT, -22.51% -27.08* -39.66* -15.38* -15.38* -3231% 41.22% 40.18* 47.14%
LixT, 1.08 -2.08 -18.97* -1.19 -1.90 -20.38* 21.25% 6.92 44.80*
LixT; -31.91* -33.33* -44 83* -19.24* -19.43* -34.62* 148.32* 113.75* 121.06*

*Significant at 5% level of significance
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Table 2: Estimation of heterosis (%) for pericarp thickness, lobes per fruit and fruit length over mid parent (MP), better

parent (BP) and standard check (SC)

Hybrids Pericarp thickness Lobes per fruit Fruit length

MP BP SC MP BP SC MP BP SC
LixTy 59.68* 47.64* 17.70* 1.63 -8.53 -9.90 -16.14* -20.94* 597
LixT, -13.56 -27.25% -15.11 3.12 -2.75 -4.20 5.63 -1.72 16.65*
LixT; -9.90 -16.40 -22.12% -5.09 -10.71 -12.04 17.61* 11.44 32.27*
Lyx Ty 57.78* 54.38* 4.51 -2.44 -10.09 -15.97 -3.76 -10.98 19.32%*
L,x T, 9.11 -29.33* -17.53% 15.19 11.39 4.11 4.39 -1.00 12.78
Lx T; 9.30 -7.35 -13.69 19.52% 15.28 7.75 1.68 -1.75 11.93
L;x T, 18.34* -2.92 2.59 33.54% 26.42% -0.37 -14.59* -22.09% 443
Lyx T, -6.76 -11.16 3.67 15.33 4.17 -9.06 -8.52 -11.98 -2.73
L;x Ts -16.71* -21.64* -17.20 9.62 -0.75 -13.82 -1.76 -3.65 6.48
Lix Ty 2.73 -19.58* -16.69 11.31 3.24 -4.86 -1.70 -13.35% 16.14
Lix T, -9.97 -15.02% -0.83 2.39 -0.30 -8.12 -16.24* -21.74% -7.95
Lix T; -19.39* -23.45% -20.70% -2.24 -5.07 -12.51 6.24 1.11 18.92%*
Lsx Ty 35.95% 30.09% -11.94 5.65 -4.67 -6.63 -23.34% -28.36* -3.98
Lsx T, -10.14 -31.26* -19.78* -4.13 -9.34 -11.20 -1.25 -7.32 795
Lsx Ts -13.95 -28.41%* -33.31% -8.24 -13.44 -15.22 -3.21 -7.46 7.78
Lex Ty -15.95 -22.36% -37.98* -2.44 -13.20 -12.23 -3.73 -21.20% 5.63
Lex T, -28.83* -40.06* -30.05* 0.40 -6.46 -5.54 -6.82 -14.46 -12.61
Lex Ts -34.11* -38.80* -42.99% -0.55 -1.57 -6.54 22.56* 10.53 17.44%*
L,x T, 54.18* 41.55% 14.61 15.66* 2.57 4.48 -22.45% -29.42% -5.40
L;xT, 8.61 -8.01 735 9.18 1.37 3.27 -8.87 -12.09 -3.35
L;x Ts -41.04* -44.89* -48.66* 1.43 -6.05 -4.30 22.21% 20.16* 32.10%
Lgx T, -9.27 -21.13* -27.71% 42.02% 29.74* 224 -10.82 -24 .88* 0.68
Lgx T, -31.49% -38.84* -28.63* 12.06 -2.14 -14.57 33.37*% 26.59* 29.32%
Lgx Ts -40.29* -40.77* -44.82% 20.39* 5.38 -8.50 37.68* 28.29% 36.31*
Lox T, 321 -3.64 -24.79% 14.77 4.05 0.84 -17.05* -34.00 -11.53
Lox T, 12.73 -5.94 9.77 16.17* 10.40 7.00 20.51% 7.01 9.32
Lox T; -37.79* -42.38* -46.74* -7.01 -11.85 -14.57 11.55 -2.62 3.47
Liox T, 43.92% 35.74% 3.67 19.10* 10.94 1.31 -3.21 -22.68* 3.64
Liox T, -17.94* -32.12% -20.78* 0.47 -1.74 -10.27 8.54 -3.17 -1.08
LioxT; -0.74 -9.68 -15.86 9.43 6.75 2.52 -0.30 -12.57 -7.10
LixT, 8.27 1.29 -21.29% -0.31 -11.91 -9.52 -7.32 -26.45% -1.42
Ly xT, -42.72% -52.29* -44.32% -12.83 -19.36 -17.18* 16.24* 2.89 5.11
L xTs 14.41 4.93 -2.25 12.32 3.64 6.44 30.02% 13.16 20.23*

*Significant at 5% level of significance

parent, 16 over better parent and 7 over the standard
check (Indra). The extent of heterosis over mid parent,
better parent and standard check ranged between -20.36
to 113.19 per cent, -22.94 to 102.93 per cent and -
41.06 to 60.60 per cent, respectively. Maximum standard
heterosis of 60.60, 39.07 and 31.46 per cent was
recorded in the crosses viz., Kashmir Sel-1 (L,) x Solan
Bharpur (T ), ARCH-19 (L,) x Solan Bharpur (T ) and
DARL-10 (L) x California Wonder (T,), respectively.
Shrestha et al. (2011) and Sharma et al. (2013) have
also observed heterobeltiosis and standard heterosis in
variable number of hybrid combinations for fruit yield
per plant in bell pepper. The highest standard heterosis
to the extent of 160.10, 144.33, 121.06, 115.93 and
101.24 per cent was recorded in the crosses, DARL-
10 (L) x California Wonder (T,), Kashmir Sel-1 (L,) x
California Wonder (T,), UHFSP(Y)-11 (L,)) x Yolo
Wonder (T,), Kashmir Sel-1 (L,) x Solan Bharpur (T,)
and ARCH-19 (L)) x Solan Bharpur (T ), respectively
for number of marketable fruits per plant, while for
average fruit weight, the maximum heterobeltiosis to

the extent of 27.81 per cent was recorded in the cross
Kashmir Sel-1 (L,) x Solan Bharpur (T ). The crosses,
Kashmir Sel-1 (L,) * Solan Bharpur (T ), ARCH-19 (L,)
x Solan Bharpur (T ) and UHFSP(Y)-11 (L) * Yolo
Wonder (T,) were observed to be potential crosses as
this displayed standard heterosis for fruit yield and most
of its contributing traits. The higher marketable fruit
yield per plant in the hybrid combinations may be
attributed to the enhance photosynthetic activity resulting
from favourable micro-climate inside the polyhouse
which in turn increases the yield component traits.

Earliness is economically desirable trait in bell pepper
as the market prices are invariably highearly inthe season
which brings remunerative returns to the growers. The
magnitude of heterosis for days to 50 per cent flowering
over mid parent (MP), better parent (BP) and standard
check (SC) ranged from -32.13 (L, x T,) to 9.31 (L,
T)),-33.80 (L; x T)) to 7.09 (L, x T)) and -48.28 (L,
x T)) to -16.67 (L, x T,) per cent, respectively, while
for days to first harvest the value ranged from -26.50
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Table 3: Estimation of heterosis (%) for fruit width, average fruit weight and marketable fruit yield per plant over mid parent

(MP), better parent (BP) and standard check (SC)

Hybrids Fruit width Average fruit weight Marketable fruit yield per plant
MP BP SC MP BP SC MP BP SC

LixT 13.67 -1.52 1.50 34.69* 23.26* -30.61* 90.91* 87.50* 39.07*
Lix T, -14.42 -32.86* -10.90 -6.73 -14.87 -41.94* 15.87 7.59 -20.20*
LixTs 9.28 -8.13 1.83 -14.93* -26.29* -43.39% 15.37 223 -24.17*
LxT 0.26 -1.52 1.50 41.12* 27.81% -26.38* 113.19* 102.93* 60.60*
L,x T, -16.31%* -26.81%* -2.87 -20.88* -27.02* -50.23* 77.26% 59.83* 26.49*
LxT; -19.28* -23.44* -15.14 0.91 -11.70 -32.19* 71.84%* 48.12* 17.22%
L;x T, -8.99 -12.86 -10.18 24.89* 15.55 -36.49* 65.05* 42.13* 1.66
L:x T, -29.73* -39.89* -20.23* -6.27 -15.36* -42.28* 12.64 2.08 -35.10%
Lix Ts 1.69 -5.89 431 -11.68 -24.24* -41.82% 46.50* 39.31% -20.20*
Lix Ty -13.14 -14.57 -8.94 -5.75 -14.28 -51.08* -1.51 -7.69 -24.50*
Lyx T, -14.02* -22.48* 2.87 -8.75 -16.19* -42.84* 13.44 0.81 -17.55%
Lix Ts -8.62 -10.37 -0.65 -13.05 -24.21* -41.80* 27.62* 8.50 -11.26
Lsx T, -3.02 -9.44 -6.66 7.50 -2.76 -43.83*% 44.26* 42.59* 1.99
Lsx T, -17.72% -31.14* -8.62 -12.34 -19.05* -44.79* 59.80* 52.61* 6.62
Lsx Ts -7.24 -16.20* =711 -20.67* -30.50* -46.63* 11.46 1.42 -29.14%*
Lex T, -8.13 -8.90 -4.50 1.92 -11.16 -44.14* 12.65 9.26 -21.85%
Lex T, -7.12 -16.87* 10.31 -1.91 -5.74 -35.71% 15.95 12.81 -24.17*
Lex T; -1.94 -4.59 5.74 -7.64 -16.01* -35.50* 10.11 1.97 -36.46*
L,x T, -4.02 -6.90 2.09 19.88* 0.39 -30.46* 64.41* 51.56* 28.48*
L;x T, -30.78* -36.79* -16.12 -16.25% -16.89* -42.43% -6.70 -18.36* -30.79*
Ly x Ts -10.01 -10.48 -0.78 -8.73 -13.20 -33.34% 49.18* 25.00%* 5.96
Lgx T, -7.66 -10.26 -7.51 -13.46 -30.99* -45.77* -20.36* -22.94* -41.06*
Lgx T, -26.82% -36.60* -15.86 0.02 -6.60 -26.59* 17.26 7.36 -17.88%*
Lgx Ts -15.06* -20.26* -11.62 -25.09* -25.95* -41.80* 9.41 -4.33 -26.82%
Lox Ty -14.28 -16.47* -9.27 6.73 0.91 -47.06* 22.38* 9.96 -1.32
Lox T, -29.94%* -36.30* -15.47 -13.99 -23.91* -48.11* 71.49% 46.49* 31.46*
Lox Ts -9.16 -10.07 -0.33 26.20* 6.21 -18.44* 24.77* 2.21 -8.28
Liox T, -19.19* -25.09* -9.60 32.92% 17.90* -28.80* 62.47* 52.31* 8.94
Liox T, 2221% -25.73* -1.44 13.83* 7.31 -26.81* 63.25% 61.98%* 2.98
Liox T3 -14.41* -17.90* -0.91 19.73%* 6.93 -17.88* 56.35% 49.74* -6.29
LuxT -23.41* -26.95% -17.04 13.23 -8.75 -30.29* 36.56* 30.25% 2.65
Ly xT, -14.13* -20.31%* 5.74 -16.45% -20.93* -39.59* 22.79* 10.92 -12.58
L xTs 8.78 747 22.06* 11.02 10.73 -14.96* 86.86* 61.34* 27.15%

*Significant at 5% level of significance

(L, x T, to 2.66 (L, x T,),-30.51 (L, x T)) to 0.48 (L,
xT,)and -41.54 (L, x T,) to -18.46 (L, x T,) per cent,
respectively (Table 2). For these traits, significant
desirable standard heterosis was recorded in the crosses,
LC (L,) x Solan Bharpur (T ), Kashmir Sel-1 (L,) x
Solan Bharpur (T,), DARL-01 ( Ly) x California Wonder
(T,), Kandaghat Sel-9 (L,) x Solan Bharpur (T)),
UHFSP(Y)-11 (L,)) * Yolo Wonder (T,) for days to 50
per cent flowering and DARL-10 (L) x California
Wonder (T,), LC (L,)) * Solan Bharpur (T,), Kashmir
Sel-1 (L,) x Solan Bharpur (T,), Kashmir Sel-1 (L,) x
Yolo Wonder (T,) and Kandaghat Sel-9 (L,) * Solan
Bharpur (T)) for days to first harvest (Table 1). Sharma
et al. (2013) has also reported significant negative
heterosis for days to 50% flowering and first harvest.

Pericarp thickness is a desirable attribute as it imparts
fruit firmness and such fruits are better suited for long
distant transportation, better shelf life and processing.
The improved shelf-life resulting from thicker pericarp

helps in reducing post-harvest losses. The heterosis for
this character ranged from -42.72 (L, x T,) to 59.68
(L, xT),-52.29 (L, x T, to 54.38 (L, x T)) and -
48.66 (L, x T,) to 17.70 (L, x T)) per cent over mid
parent, better parent and standard check, respectively
(Table 2). Significant positive heterosis over standard
check was recorded in only one hybrid combination
viz., ARCH-19 (L,) x Solan Bharpur (T)). Rao et al.
(2017) has also reported positive heterosis for pericarp
thickness. More number of lobes in the fruits is generally
preferred in bell pepper from consumers’ point of view.
The range of heterosis for lobes per fruit varied from -
12.83 (L,, x T)) t0 42.02 (L, x T ), -19.36 (L,, x T)) to
29.74 (L, x T)) and -17.18 (L,, x T,) to 7.75 (L, x T,)
per cent over mid parent, better parent and standard
check, respectively. Only two cross combinations, SEL-
10-2 (Ly) * Solan Bharpur (T,) and PRC-1 (L,) x Solan
Bharpur (T ) exhibited significant positive heterobeltiosis
for this trait. However, none of the cross combinations
could express significant positive heterosis over the
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Table 4: Estimation of heterosis (%) for plant height and harvest duration over mid parent (MP), better parent (BP) and

standard check (SC)
Hybrids Plant height Harvest duration

MP BP SC MP BP SC
LixT 31.62% 25.07* 43.92% 21.67* 9.56 30.24*
LixT, 33.20%* 25.41% 47.16* -10.75 -12.30 -4.47
LixT;s 33.41%* 15.12%* 19.29* 2.31 -2.21 6.53
L,x T, 64.99% 56.58%* 100.65* 23.44* 18.26 35.74*
L,xT, 13.03* 8.26* 38.74* 8.30 3.76 19.09
L,xT; 45.06* 15.09%* 47.49% 6.58 -0.60 14.09
Lix Ty -7.30% -17.65* -5.24 2.99 -4.25 0.69
Lix T, 26.40%* 11.33* 30.63* -10.37 -16.67 -12.37
Lix T; 30.01%* 19.71% 6.97 -2.17 -6.57 -7.22
Lix Ty -43.21* -46.47* -30.41* -20.57* -22.43* -14.43
Lix T, 19.35% 13.55% 47.59% -14.51 -16.51 -7.90
Lix T; 34.28%* 5.99 37.76* -6.89 -11.53 -2.41
Lsx Ty 24.53% 19.15% 37.12% 1.78 0.96 7.90
Lsx T, 23.56* 17.13* 37.44* 20.91* 19.94 28.18*
Lsx T; 25.47* 7.61% 13.13* 2.67 -0.96 5.84
Lex T, -17.12% -27.04* -16.05* 0.65 0.65 5.84
Lex T, 13.61%* -0.83 16.37* -18.63 -18.63 -14.43
Lex T; 61.35% 50.00%* 31.28* -8.57 -11.11 -6.53
L;x T 9.24% 4.08 32.25% 13.71 7.58 26.80*
L;xT, 10.61%* 6.38* 35.17* -11.56 -16.33 -1.37
L;xT; 27.56* 1.53 29.01* 4.75 -3.50 13.75
Lsx Ty -11.93* -26.20* -15.07* 9.15 3.27 8.59
Lsx T, 42.19% 18.23* 38.74* 1.21 -4.25 0.69
Lsx T; 48.31% 45.83* 13.45% 7.12 4.15 3.44
Lox Ty 3.29 -3.53 27.89* -4.01 -9.06 6.87
Lox T, 3.68 -2.28 29.55* 6.79 1.17 18.90
Lox T; 14.82%* -10.02* 19.29%* -10.94 -17.84 -3.44
Liox T -4.84 -6.52 11.51* 11.15 9.15 14.78
Liox Tz 25.21%* 24.18* 48.14%* 2.16 0.33 5.50
Liox T; 2.44 -16.49* -0.38 4.79 3.73 5.15
LyxT 59.58%* 44.23* 65.96* -16.15 -20.26 -20.26
LuxT, 12.19% 0.52 17.95% -8.25 -12.75 -12.75
LixTs 85.09* 67.44* 55.59* 19.29 16.61 -16.61

*Significant at 5% level of significance

standard check (Indra). Similar observations have also
been recorded by Sood and Kumar (2010), which
corroborate the present findings.

Fruit length and fruit width have direct influence on
fruit shape. In order to develop an appealing hybrid
acceptable to the consumers, an appropriate balance
between length and width of the fruit is important. For
fruit length the magnitude of heterosis over mid parent,
better parent and standard check varied from -23.34
(Lyx T)) to 37.68 (L, x T,), -29.42 (L, x T)) to 28.29
(L; x L)) and -12.61 (L, x T,) to 36.31 (L, x T,) per
cent, respectively. Nine cross combinations exhibited
significant positive heterosis over standard check.
Maximum standard heterosis to the extent of 36.31 %
was recorded in the hybrid combination SEL-10-2 (L,)
x Yolo Wonder (T,). These finding are in agreement
with those of Mamedov and Pyshnaja (2001) and Geleta
and Labushagne (2004). The magnitude of heterosis
for fruit width ranged from -30.78 (L, x T,) to 13.67
(L, xT),-39.89 (L, x T,) to 7.47 (L, * T,) and -20.23

(L, x T, to 22.06 (L, x T,) per cent over mid parent,
better parent and standard check, respectively (Table
3). Only one cross combination namely, UHFSP(Y)-11
(L,)) % Yolo Wonder (T,) exhibited significant positive
standard heterosis for this trait. The results are in
conformity with the finding of Sharma et al. (2013),
who have also reported variable heterosis for this trait.

Average fruit weight is one of the most important
characters which accounts for yield. The magnitude of
heterosis over mid parent, better parent and standard
check varied from -25.09 (L, x T,) to 41.12 (L, x T)),
-30.99 (L, x T)) t0 27.81 (L, x T,) and -51.08 (L, x T))
to -14.96 (L,, x T,) per cent, respectively. Three top
crosses out of eight hybrids were Kashmir Sel-1 (L,) x
Solan Bharpur (T,), ARCH-19 (L,) x Solan Bharpur (T)
and LC (L,)) x Solan Bharpur (T)). Three cross
combinations Kashmir Sel-1 (L,) x Solan Bharpur (T)),
ARCH-19 (L)) * Solan Bharpur (T)) and LC (L) x
Solan Bharpur (T ) exhibited significant heterobeltiosis.
However, none of the hybrid combinations could express
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Table 5: Estimation of heterosis (%) for ascorbic acid content and capsaicin content over mid parent (MP), better parent (BP)

Devi and Pathania: Heterosis studies in bell pepper under modified naturally ventilated polyhouse

and standard check (SC)
Hybrids Ascorbic acid content Capsaicin content
MP BP SC MP BP SC

LixTy 80.89* 56.31%* 16.84* -8.11 -22.73* 25.93
LixT, -11.25% -20.69%* -24.70%* -11.76 -31.82% 11.11
L xTs -5.88 -12.96* -23.42% -41.77* -47.73* -14.81
L, xTy 91.01* 82.24* 9.22% -51.43* -57.50* -37.04%
LxT, 22.33*% -0.23 -5.27 15.63 -7.50 37.04*
L, xT; 48.34* 24.69* 9.72% -4.00 -10.00 33.33*%
L;x T, 33.54% 10.47 -8.13 -26.98* -30.30* -14.81
LyxT, 9.11* 2.34 -2.83 92.98* 66.67* 103.70*
Ly xT; -21.19* -23.35% -32.55% -20.59 -22.86 0.00
Lix Ty 9.74 -11.21%* -21.82% 20.83* -12.12 114.81%*
Lisx T, -0.18 -3.81 -8.67 -33.33*% -54.55% 11.12
LyxT; -12.07* -12.10* -22.61* 4.95 -19.70* 96.30*
Ls x Ty 40.74%* 35.10% -26.47* 4.65 -19.64* 66.67*
Ls x T, 51.85% 15.96* 10.10* -17.50 -41.07* 22.22
Ls x Ts 12.20* -11.98* -22.55% 20.88* -1.79 103.70*
Lex Ty -17.47* -32.97* -41.57* -5.71 -17.50 22.22
Lex T, -4.49 -8.41 -13.03 28.13% 2.50 51.85%
Le¢x Ts -26.25% -26.59* -35.41% -12.00 -17.50 22.23
Ly xTy 107.94%* 104.44* 15.15% -27.87*% -29.03* -18.52
L;x T, 58.86* 26.55* 20.16* -16.36 -25.81 -14.81
L;xT; 21.98* 0.03 -11.98* -6.06 -11.43 14.81
Ly x Ty -1.67 -4.02 -45.14% 20.93* -7.14 92.59*
Lyx T, 14.93* -7.94 -12.59* 15.00 -17.86* 70.37*
Ly xT; -22.22% -35.85% -43.55% 1.10 -17.86* 70.36*
Lox Ty 11.08 -6.52 -25.52% 23.40% -9.37 114.80*
Lox T, 33.42% 22.70% 16.50* -40.91* -59.37* -3.70
LoxT; -43.04* -45.73* -52.25% 5.05 -18.75% 92.59*
Liox Ty 77.88* 63.61% 6.06 -18.99* -34.69* 18.52
Liox T, 35.06* 13.64* 7.90 -26.03* -44.90* 0.00
LioxTs -3.46 -16.17 -26.24% -35.71% -44.91* 0.00
LyxTy 110.26* 86.82* 86.82* -57.50* -66.00* -37.04%
Ly xT, 39.42% 0.77 0.77 18.92 -12.00 62.96*
LixTs 67.63* 24.11* 24.11* -20.00* -32.00* 25.93

*Significant at 5 % level of significance

significant positive heterosis over the standard check.
Sharma et al. (2013) reported positive heterosis over
better parent for this trait. Plant height plays an important
role for bell pepper cultivation under protected structure
as indeterminate plants result in better utilization of
vertical space thereby increasing the marketable fruit
yield. The respective range of relative heterosis,
heterobeltiosis and economic heterosis for plant height
varied from-43.21 (L, x T)) t0 85.09 (L,, x T,), -46.47
(L, x T)to 67.44 (L,, x T,) and -30.41 (L, x T)) to
100.65 (L, x T,) per cent, respectively (Table 4). The
cross combinations viz., Kashmir Sel-1 (L)) x Solan
Bharpur (T ), UHFSP(Y)-11 (L,,) * Solan Bharpur (T,)
and UHFSP(Y)-11 (L)) % Yolo Wonder (T,) exhibited
significant heterosis over the standard check. This
finding is in consonance with those of Geleta and
Labuschagne (2004), who have also reported positive
heterosis for this trait. The heterosis for harvest duration
ranged from -20.57 (L, x T)) to 23.44 (L, x T)), -22.43
(L, x T) to 19.94 (L, x T)) and -20.26 (L, x T)) to
35.74 (L, x T)) per cent over mid parent, better parent

and standard check, respectively. Four crosses viz.,
Kashmir Sel-1 (L,) * Solan Bharpur (T ), ARCH-19 (L,)
x Solan Bharpur (T ), DARL-01 (L,) x California
Wonder (T,) and Kandaghat Sel-9 (L,) * Solan Bharpur
(T,) exhibited significant positive standard heterosis.
Significant positive heterosis for this trait was also
reported by earlier researchers viz., Mamedov and
Pyshnaja (2001) and Sood and Kumar (2010).

Bell pepper is a rich source of ascorbic acid and thus,
has enormous potential. The respective relative heterosis,
heterobeltiosis and standard heterosis for ascorbic acid
content varied from -43.04 (L, x T,) to 110.26 (L,,
xT)), -45.73 (L, x T,) to 104.44 (L, x T,) and -52.25
(L,xT,) t0 86.82 (L, x T ) per cent, respectively (Table
5). The cross combinations viz., UHFSP(Y)-11 (L ,) x
Solan Bharpur (T,), UHFSP(Y)-11 (L,,) x Yolo Wonder
(T,) and Kandaghat Sel-9 (L,) x California Wonder (T,)
exhibited highest significant positive heterosis over
standard check. Farag and Khalil (2007) and Sharma et
al. (2013) have also reported heterosis for increased
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ascorbic acid content inbell pepper. Comparatively, low
level of capsaicin content is a desirable preposition in
bell pepper as its higher concentrationimparts pungency
and spicy flavour to the fruit rendering them undesirable
for consumers. Hence, heterosis in negative direction
is preferred for this trait. The range of heterosis over
mid parent, better parent and standard check varied from
-57.50 (L, x T)) to 92.98 (L, x T,), -66.00 (L, x T))
to 66.67 (L, x T,) and -37.04 (L, x T,and L,, x T)) to
114.81 (L, x T,) per cent, respectively. Only two cross
combinations viz., UHFSP(Y)-11 (L,,) x Solan Bharpur
(T,) and Kashmir Sel-1 (L,) x Solan Bharpur (T))
displayed significant negative heterosis over the standard
check. Milerue and Nikornpun (2000) and Prasath and
Ponnuswami (2008) have also reported variable
heterosis for this trait.

Conclusion

On the basis of the present investigation, the cross
combinations viz., Kashmir Sel-1 (L,) x Solan Bharpur
(T,), ARCH-19 (L,) x Solan Bharpur (T,) and
UHFSP(Y)-11 (L,,) x Yolo Wonder (T,) were observed
to be potential crosses exhibiting highly significant
standard heterosis for marketable fruit yield per plant
and most of'its component traits. The cross combinations
viz., DARL-10 (L9) x California Wonder (T2), LC (L10)
x Solan Bharpur (T1), Kashmir Sel-1 (L2) x Solan
Bharpur (T1), Kashmir Sel-1 (L2) x Yolo Wonder (T3)
and Kandaghat Sel-9 (L7) x Solan Bharpur (T'1) exhibited
significant negative heterosis for earliness. These cross
combinations offer high scope for the exploitation of
heterosis for development of early and high yielding bell
pepper hybrids suitable for protected cultivation.

Likjk"k

e 9 & smidiod, SuS U9 Sul § ANTEM o9 drel
TP B YT 3T BT I S B B ol ae Fead=
T 7T | 59 TRINT I ST Uers Weoll Ud g fasi famm,
A v @, fedree gew oY favafderes, e (Emee
uew), ¥ Ugpfde w9 ¥ uRafid sder ureliered |um H
frar | T WA H IR AT Bl SUST Td SUST
Hedl B i @) fawgfa s wrea fig, S g @ 9@
o= # urar AT | SR FAeH k- €1 U 3R TA—10
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(TA—9) x DfeTHIFT quex (S1—2), € T TR Te—10 (TA—10)
X e WER (A1), R Fa—1 (Ta—2) x Al RER
@—1), IR Fa—1 (Ta—2) x Il quex (E1-3), T
FHUSMEE WA—9 (Ta—7) x el WR (E1—1) FAUA 2g
S A1edd gifsd sieT &1 ueeiH fdhar| vh—daxi s—
FHR Ad—1 (Td—2) x 9T WER (E—1), T R A
Ta—19 (Td—1) x |Aed WRE (E—1), I T 3R TA-10
(TeA—9) x DfrHIfFaT quer (S—2) T g va Uh o9
(@$)—11 (TA—11) x J&il UL (A—3) IR IRY el SUYST
gfd 9 g Uit Ay deTR AR %al B G &g AHD
fRize @ gor # o @1 gfe | srfisaw o 1 | W
fRarerm & el | 39 AdR dIOH B 9w B uoHT
HRIFHH (WRfET <o & forg) # SFIhue 9 sfdre Sust arel
) foe &1 faer fhar S dear 21
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