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Over environments evaluation of bell pepper hybrids developed through modified
triple test cross mating design for earliness, yield and quality under North-Western

Himalayas

Anuradha’, Sonia Sood and Tamanna Sood

Abstract

Hybridization among diverse parents is a great way to create variability within a genus with a narrow genetic base. During Kharif, 2021
and 2022, an experiment was conducted in bell pepper at the research farm of Department of Vegetable Science and Floriculture,
CSKHPKYV, Palampur (HP) using randomized complete block design under open field conditions to evaluate 15 diverse parents (12 lines
and three testers) and their 36 F, hybrids developed through triple test cross mating design along with two standard checks for eight
yield and quality traits. Significant variations were noticed among all the genotypes for all the characters under study. Based on the
overall mean performance in pooled environments, cross-combinations viz., HPB-7 x California Wonder, HPB-7 x HPB-39-CW, HPB-2-16
X HPB-39, HPB-6-1 X California Wonder and HPB-29 x HPB-39 were found top highest yielders. Besides the highest yielders, they were
reported earliest in flowering and picking, containing more primary branches and a good amount of capsanthin, TSS and ascorbic acid
content. Hence, these cross-combinations can be directly released as hybrids after multi-location/farmers’field testings or can be used

in further breeding programmes.
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Introduction

Bell pepper (Capsicum annuum L. var. grossum Sendt), often
recognized as sweet pepper, Shimla mirch or capsicum, is
a famous vegetable worldwide due to its nutritious value
and subtle flavor (Devi and Sood 2018). It belongs to the
family Solanaceae, with chromosome number 2n=2x=24.
Bell pepper contains good ascorbic acid, vitamin A and
other minerals (Devi et al. 2021). In recent years, the growth
of the continental food sector has raised the demand for
bell pepper in the market (Sood et al. 2011). Because of its
steady demand and insufficient supply due to mediocre
productivity, it consistently commands a premium price
in the market for different colored capsicum (Pandey et al.
2021).

Moreover, various agronomic practices (Verma et al.
2020, Chandela et al. 2021) and soil-less cultivation (Spehia
et al. 2020) have increased bell pepper production. Also,
molecular markers studies have added information for
further genetic enhancement of crops (Das et al. 2021,
Gupta et al. 2021). Low productivity is the scarcity of high-
yielding indigenous varieties and hybrids resistant to biotic
and abiotic stresses (Anuradha and Sood 2019). The Indian
bell pepper seed market is controlled by imported private-
sector hybrids and cultivars, which raises farmers’ input costs
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(Mishra et al. 2021). As a result, there is an urgent need to
boost the crop improvement programme to generate new
varieties or hybrids capable of meeting the demands of both
farmers and consumers.

Materials and Methods

The evaluation trial was conducted at the Vegetable
Research Farm of Department of Vegetable Science and
Floriculture, CSK Himachal Pradesh Krishi Vishwavidyalaya,
Palampur, during kharif season, 2021 and 2022 under open
field conditions. The experimental material consisted of
twelve lines viz., Kandaghat Selection, HPB-HY-22, HPB-
AC-48, HPB-AC-49, HPB-2-16, HPB-3-10, HPB-1, HPB-6-1,
HPB-7, HPB-22, HPB-29, HPB-35 and three testers namely,
HPB-39, California Wonder and their F, HPB-39-CW (HPB-39
x California Wonder) (Table 1), which were crossed to
generate 36 cross-combinations during kharif 2020. The
seeds of experimental material were sown in the nursery
beds on 10" February, 2021 and 2022 inside poly-tunnel.
The seedlings were transplanted in a Randomized Complete
Block Design (RCBD) with three replications by maintaining
row to row and plant to plant spacing of 60 x 45 cm, in
a plot size 3.0 X 3.0 m, accommodating seven plants in
each entry per replication. The data were recorded on five
randomly selected plants in each replication for days to
50% flowering, days to first picking, primary branches per
plant, lobes per fruit, marketable fruit yield per plant (g),
capsanthin content (ASTA units), TSS (°Brix) and ascorbic
acid content (mg/100g), and the mean values along with
standard errors, coefficients of variation, critical differences,
ranges and grand means were computed using OPSTAT
software. Capsanthin content in bell pepper was calculated
according to the procedure given by AOAC (1980), whereas
ascorbic acid was calculated through procedure described
by Sadasivam and Balasubraminan (1987). TSS content
recorded with “Digital Refractometer”.

Results

A wide range of variation was observed in the mean
performance of 15 parents, 36 cross-combinations and two
standard checks for different traits in all the environments.
The mean values of cross-combinations were compared with
best check for every trait. Tables 2 and 3 summarize the mean
performance of genotypes, standard errors, coefficients of
variation, critical differences and grand means for different
traits under study.

Days to 50% flowering

The mean value of days to 50% flowering ranged from 35.54
days to 46.00 days in pooled over environments. Among the
parents, HPB-39 (36.50 days) took minimum days to 50%
flowering, whereas HPB-35 (46.00 days) took the maximum
number of days to reach 50% flowering (Table 2). Ten
cross-combinations viz.,, HPB-AC-48 x HPB-39 (35.54 days),

Table 1: List of genotypes used for triple test cross analysis

S.No. Lines S. No. Lines

1. Kandaghat Selection (L) 11. HPB-29(L,,)

2. HPB-HY-22 (L,) 12. HPB-35(L,,)

3. HPB-AC-48 (L,) Testers

4, HPB-AC-49 (L,) 1. HPB-39 (T,)

5. HPB-2-16 (L) 2. California Wonder (T,)

6. HPB-3-10 (L) 3. HPB-39-CW (HPB-39
X California Wonder)
(T,)

7. HPB-1 (L)) Standard checks (SC)

8. HPB-6-1 (L) 1. Bomby (SC,)

9. HPB-7 (L,) 2. Capsicum Hybid (SC))

0. HPB-22(L,)
SC= Standard check 1, SC,= Standard check 2

HPB-AC-48 x California Wonder (36.00 days), HPB-AC-49 x
HPB-39-CW (36.13 days) HPB-7 x California Wonder (36.55
days), HPB-AC-48 x HPB-39-CW (36.67 days) HPB-7 X HPB-39
(36.88 days), HPB-AC-49 x California Wonder (37.00 days),
HPB-3-10 x HPB-39 (37.05 days), HPB-6-1 x HPB-39-CW (37.13
days) and HPB-29 x HPB-39 (37.17 days) were significantly
superior over the best check ‘Capsicum Hybrid’ (39.88 days),
while 16 cross-combinations were found statistically at par
with best check.

Days to first picking

The mean value for days to first picking in pooled over
environments ranged from 50.00 days to 62.00 days with a
grand mean of 55.41 days. Among the parents, HPB-39 (50.67
days) recorded minimum days, whereas HPB-HY-22 (62.00
days) took the maximum number of days to first picking
(Table 2). Fifteen cross-combinations were superior and 13
cross-combinations were statistically at par while comparing
with best check ‘Capsicum Hybrid’ (55.63 days). Cross-
combinations, HPB-29 x HPB-39 (50.00 days), HPB-AC-48 x
HPB-39 (51.17 days), HPB-AC-49 x HPB-39-CW (52.17 days),
HPB-AC-48 x HPB-39-CW (52.33 days) and HPB-7 x California
Wonder (52.33 days) were placed at top five amongst rest in
superiority for days to first harvest over combined analysis.

Primary branches per plant

In the present study, parent, HPB-1 (3.09) had the maximum
number of primary branches per plant, whereas parent
HPB-2-16 (2.60) observed the minimum number of primary
branches per plant (Table 2). The mean value for this trait
ranged from 2.50 to 3.22 with a grand mean of 2.82. Nine
cross-combinations viz., HPB-22 x California Wonder (3.22),
HPB-2-16 x California Wonder (3.15), HPB-35 x HPB-39 (3.12),
HPB-6-1 x California Wonder (3.08), HPB-1 x California
Wonder (3.02), HPB-3-10 x HPB-39-CW (3.00), HPB-29 x
HPB-39-CW (3.00), HPB-7 x HPB-39-CW (32.98) and HPB-1 x
HPB-39-CW (2.97) were found statistically at par with best
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Table 2: Mean performances of 15 parents, their 36 cross-combinations along with standard checks under three environments viz., Kharif 2021
(E,), Kharif2022 (E,) and in pooled over environments

<NO Genotypes/ Days to 50% flowering Days to first picking Primary branches per plant  Lobes per plant
© Treatments E, E, Pooled  E, E, Pooled  E, E, Pooled E, E, Pooled
Line
! Kandaghat 4200 4233 4217 5975 59.00 5938  3.00 310  3.05 333 317 325
Selection
2 HPB-HY-22 44.00 46.00 4500  63.00 61.00 62.00 2.82 273 278 3.07 293 3.00
3 HPB-AC-48 37.42 36.00 36.71 51.00 53.00 52.00 261 283 272 3.00 300 3.00
4 HPB-AC-49 37.92 36.67 37.29 5467 55.33 55.00 2.80 283 282 317 300 3.08
5 HPB-2-16 41.09 39.67 4038 56.67 54.67 55.67 267 252 260 307 317 3.2
6 HPB-3-10 4233 41.00 41.67 60.67 5867 59.67 273 280 277 3.00 300 3.00
7 HPB-1 40.25 38.67 39.46 53.67 55.00 54.34 3.17 292  3.05 400 400 4.00
8 HPB-6-1 41.67 4133 4150  61.00 5933 60.17 2.80 273 277 3.00 313  3.07
9 HPB-7 42.00 41.67 41.83 57.00 5567 56.34 3.00 317 3.09 310 317 3.3
10 HPB-22 41.25 40.00 40.63 58.67 56.00 57.33 2.80 257 268 310 300 3.5
11 HPB-29 38.33 36.67 3750  53.67 55.00 5433 2.90 3.07 298 310 3.00 3.05
12 HPB-35 47.00 45.00 4600  61.67 59.00 60.33 2.80 273 277 320 307 3.3
Testers
13 HPB-39 37.33 35.67 36.50 50.00 51.33 50.67 2.80 283 282 330 310 3.20
14 California 4067 4033 4050 5667 59.00 57.84 267 293 280 363 367 365
Wonder
15 HPB-39-CW (F))  41.67 4333 42.50 5500 56.33 55.67 267 253 260 317 333 325
Cross-combinations
16 Kandaghat 287
Selection x 40.00 40.67 40.33 5400 57.00 55.50 293 s 2.90 333 333 333
HPB-39
17 Kandaghat
Selection x 4100 4333 4217 5600 57.67 5683 287 300 293 317 333 325
California
Wonder
18 Kandaghat
Selection x 4267 41.00 41.83 5733 56.00 56.67 2.87 287 287 350 3.7 333
HPB-39-CW
19 :ig:?;(-zzx 4334 42.00 4267 59.67 58.00 58.83 265 253 259 3.00 317 3.8
20 HPB-HY-22
x California 42.84 42.00 4242 59.67 56.33 58.00 267 267 267 350 333 342
Wonder
21 HPB-HY-22 x
HPB-39-C\W 4233 39.33 40.83 55.00 53.00 54.00 2.60 267 263 317 317 3.7
22 :gg:g\g-%x 36.42 34.67 3554  51.00 5133 51.17 2.57 293 275 3.17 3.00 3.08
23 HPB-AC-48
x California 36.67 35.33 36.00  53.00 5267 52.83 2.87 273 280 330 343 337
Wonder
24 HPB-AC-48 x
HPB-39-CW 37.67 35.67 36.67 52,00 5267 52.33 2.80 293 287 320 317 3.8
23 :gg:g\gc-wx 3942 37.67 3854 5600 5533 5567 253 260 257 317 320 3.8
26 HPB-AC-49
x California 38.33 35.67 37.00 5300 52.67 52.83 2.87 273 280 357 343 350

Wonder
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27 HPB-AC-49 x
HPB-39-CW 36.92 35.33 36.13 52,00 5233 5217 2.67 267 267 3.23 337 330
28 :Egjg 6x 40.33 37.00 38.67 53.00 5267 5283 2.67 267 267 3.03 3.00 3.02
29 HPB-2-16 x
California 40.92 37.67 39.29 5400 5333 53.67 3.07 323 3.5 317 333 325
Wonder
30 HPB-2-16 x
HPB-39-CW 42.17 41.00 41.58 5400 54.00 54.00 2.67 247 257 303 3.00 3.02
31 E::g:g; 0x 38.09 36.00 37.05 53.00 5267 5283 2.67 267 267 3.00 3.17 3.08
32 HPB-3-10 x
California 40.09 39.00 39.55 55,67 54.00 54.84 2.80 287 283 313 317 3.5
Wonder
33 HPB-3-10 x
HPB-39-CW 41.67 38.67 40.17 5733 5467 56.00 293 3.07 3.00 3.00 293 297
34 HPB-1 x HPB-39  43.33 42.33 42.83 58.67 56.33 57.50 2.80 293 287 3.67 3.67 3.67
35 HPB-1 x
California 42.17 40.67 41.42 58.00 5633 57.17 3.00 3.03 3.02 3.00 333 3.7
Wonder
36 ;{gﬁ:—\]\/x HPB- 44.33 42.33 43.33 56.00 55.00 55.50 3.13 280 297 3.50 3.33 342
37 :Eg:g; x 43.00 41.33 4217 56.33 54.00 55.17 2.73 267 270 3.00 317 3.08
38 HPB-6-1 x
California 39.67 37.67 38.67 55.67 5333 54.50 297 320 3.08 3.13 340 3.27
Wonder
39 I;QP_PE\?V_1 x HPB- 38.25 36.00 3713 55.00 53.67 5433 2.87 287 287 3.00 3.17 3.08
40 HPB-7 x HPB-39  37.42 36.33 36.88 52,67 5267 5267 2.73 270 272 3.00 3.17 3.08
41 HPB-7 x
California 37.09 36.00 36.55 5133 53.33 5233 247 273 260 367 333 350
Wonder
42 ;'QP_%JVX HPB- 38.59 38.00 38.30 53.67 5267 53.17 3.03 293 298 3.00 3.00 3.00
43 I;SB-ZZ x HPB- 40.67 41.00 40.83 55.67 5867 57.17 2.40 260 250 3.17 333 325
44 HPB-22 x
California 44.00 43.00 43.50 57.00 59.33 58.17 3.23 320 3.22 3.17 323 320
Wonder
4 ;';_Eé-\fvz x HPB- 41.67 4433 43.00 56.00 5867 5733 2.60 253 257 3.00 3.10 3.05
46 |;|5B—29 x HPB- 37.33 37.00 3717 48.00 52.00 50.00 293 277 285 3.17  3.07 3.2
47 HPB-29 x
California 40.00 43.00 41.50 5333 57.00 55.17 2.60 297 278 350 350 350
Wonder
48 I;QP_BC-\iIQ x HPB- 39.00 39.33 39.17 50.67 54.00 5234 293 3.07 3.00 367 350 358
49 ;‘;BSS x HPB- 40.67 39.33 40.00 56.33 56.33 56.33 3.23 3.00 3.2 267 267 267
50 HPB-35 x
California 42.67 44.00 43.33 57.00 5633 56.67 2.80 293 287 3.03 283 293

Wonder
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31 ?;BO‘:’VS x HPB- 44.33 43.67 44.00 58.00 56.33 57.17 2.60 267 263 233 263 248
Checks
52 Bomby 45.00 43.67 4433 58.00 55.00 56.50 2.50 267 258 400 367 3.83
53 Capsicum
Hybrid (Novel 40.75 39.00 39.88 56.92 5433 5563 3.23 3.07 3.15 400 400 4.00
Seed Ltd.)
SE (m) 0.82 139 0.79 0.54 051 055 0.10 0.10 0.07 0.17 0.6 0.11
CV (%) 3.49 6.08 4.82 1.70 1.61 243 6.22 6.14 6.32 892 842 821
CD (5%) 2.30 3.91 2.20 1.53 1.44 1.53 0.28 0.28 0.20 0.47 0.44 0.30
Grand mean 40.67 39.70 40.19 55,53 55.28 5541 2.81 283 282 3.22 3.22 3.22

check ‘Capsicum Hybrid’ (3.15), whereas none of the hybrid
was superior to best check over pooled environments.

Lobes per fruit

The mean performance of lobes per fruit varied from 2.48 to
4.00 with a grand mean of 3.22 in pooled over environments.
Among parents, HPB-1 (4.00) showed a maximum number
of lobes per fruit, whereas minimum numbers of lobes per
fruit were exhibited by HPB-HY-22 (3.00) and HPB-AC-48
(3.00) (Table 2). None of the cross-combination was found
superior or statistically at par with best check ‘Capsicum
Hybrid’ (4.00). However, the maximum number of lobes per
fruit were exhibited by HPB-29 x HPB-39-CW (3.58), HPB-1
x HPB-39 (3.67), HPB-7 x California Wonder (3.50), HPB-29 x
California Wonder (3.50) and HPB-AC-49 x California Wonder
(3.50) hybrids.

Marketable fruit yield per plant (g)

In the current study, parent, HPB-39 (658.48 g) was found
to exhibit maximum marketable green fruit yield per plant
among the parents, whereas California Wonder (104.66 g)
was reported to exhibit minimum marketable fruit yield
per plant (Table 3). All the cross-combinations were found
to be significantly superior over best check ‘Capsicum
Hybrid’. However, cross-combinations, HPB-7 x California
Wonder (1124.35 g), HPB-7 x HPB-39-CW (980.26 g), HPB-2-
16 x HPB-39 (953.15 g), HPB-6-1 x California Wonder (917.86
g) and HPB-29 x HPB-39 (820.47 g) were placed at top five
amongst rest in having maximum marketable green fruit
yield per plant.

Capsanthin content (ASTA units)

In the present investigation, maximum capsanthin content
among the parents is exhibited by HPB-39 (106.79 ASTA
units), whereas HPB-35 (39.96 ASTA units) recorded the
minimum capsanthin content. The mean value for this trait
ranged from 39.96 to 112.31 ASTA units with grand mean
of 82.61 ASTA units in pooled over environments (Table 3).
The best check ‘Capsicum Hybrid’ (87.74 ASTA units) was
found statistically at par with seven cross-combinations,
while ten cross-combinations viz., Kandaghat Selection x
HPB-39 (112.31 ASTA units), HPB-3-10 x HPB-39-CW (110.45

ASTA units), HPB-HY-22 x HPB-39 (105.62 ASTA units), HPB-35
X HPB-39 (102.77 ASTA units), Kandaghat Selection x HPB-
39-CW (101.30 ASTA units), HPB-6-1 x California Wonder
(98.89 ASTA units), Kandaghat Selection x California Wonder
(97.03 ASTA units), HPB-35 x HPB-39-CW (95.61 ASTA units),
HPB-HY-22 x HPB-39-CW (95.42 ASTA units) and HPB-HY-22
X California Wonder (94.71 ASTA units) were found superior
over it.

TSS content (°Brix)

Among the parents, TSS content was reported maximum in
parent, HPB-3-10 (4.58), whereas minimum TSS was found
in parent, California Wonder (3.24) (Table 3). The mean
performance for the trait ranged from 2.98 to 5.45 with
grand mean of 4.32.In pooled data analysis, only four cross-
combinations were found statistically at par with best check
‘Capsicum Hybrid’ (3.58), while the rest of the crosses were
observed superior over it. Cross-combinations, HPB-3-10 x
HPB-39-CW (5.45), HPB-1 x California Wonder (5.40), HPB-1
x HPB-39 (5.27), HPB-2-16 x HPB-39-CW (5.10) and HPB-22 x
HPB-39-CW (5.02) were placed at top five amongst rest in
having maximum TSS content.

Ascorbic acid (mg/100g)

Among the parents, maximum ascorbic acid content was
recorded in HPB-AC-48 (106.62 mg/100g), whereas the
minimum ascorbic acid content was reported in parent,
HPB-35 (74.01) and has been presented in (Table 3). The
mean performance for the character varied from 37.98
to 113.32 mg/100g with grand mean of 87.02 mg/100g in
pooled over environments. Ten cross-combinations were
found statistically at par with best check ‘Capsicum Hybrid’
(90.61 mg/100g), whereas nine cross-combinations viz,.
Kandaghat Selection x HPB-39 (113.32 mg/100g), HPB-2-
16 x HPB-39-CW (113.20 mg/100g), HPB-2-16 x California
Wonder (111.16 mg/100g), Kandaghat Selection x California
Wonder (106.52 mg/100g), HPB-7 x California Wonder
(106.38 mg/100g), HPB-HY-22 x HPB-39 (99.38 mg/100g),
HPB-HY-22 x California Wonder (98.32 mg/100g), HPB-AC-
49 x HPB-39-CW (98.64 mg/100g), and HPB-7 x HPB-39-CW
(98.34 mg/100g) were reported superior over best check.
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Table 3: Mean performances of 15 parents, their 36 cross-combinations along with standard checks under three environments viz., Kharif2021

(E,), Kharif2022 (E,) and in pooled over environments

Marketable green fruit yield per

Capsanthin content (ASTA

S, Genotypes/  plant (g) units) TSS (°Brix) Ascorbic acid (mg/100g)
No. Treatments
E, E, Pooled E, E, Pooled E, E, Pooled E, E, Pooled
Line
1 Kandaghat
: 32567 36207 34387 8609 8266 8437 343 410 377 9940 10191 100.65
Selection
2 HPB-HY-22 48232 52067 50149 7916 7560 7738 357 383 370 9274 9753  95.14
3 HPB-AC-48 487.77 50280 49529 6756 7495 7125 337 363 3.0 11273 10051 106.62
4 HPB-AC-49 35634 38280 36957 7951 7033 7492 370 417 393 98.18 10500 101.59
5 HPB-2-16 53803 57573 55688 7161 7599 7380 427 435 431 10679 101.67 104.23
6 HPB-3-10 55932 59473 57703 7938 7462 7700 450 467 458 9006 9500 9253
7 HPB-1 53335 55107 54221 8293 7386 7839 457 423 440 7758 7333 7545
8 HPB-6-1 38421 42467 40444 10941 10338 10639 453 440 447 8436 7667 80.52
HPB-7 54151 57413 557.82 7692 8315 8003 407 367 3.87 103.03 10860 105.82
10 HPB-22 37323 38000 37662 6631 7003 6817 363 473 418 7879 8042 7961
11 HPB-29 42332 46587 44460 8599 8173 8386 340 367 353 7738 7077 7407
12 HPB-35 36895 407.13 38804 3881 4111 3996 467 373 420 7276 7527 7401
Testers
13 HPB-39 64673 67023 65848 10359 10999 10679 413 437 425 101.82 9879  100.31
14 California 00 00 10892 10466 8687 8096 8391 327 322 324 7636 7192 7414
Wonder
15 HPB-39-
W) 50044 54393 52219 10119 107.69 10444 433 397 415 6424 5667 6045
1
Cross-combinations
16 Kandaghat
Selectionx 41870 45087 43478  111.19 11343 11231 327 407 367 109.13  117.50 113.32
HPB-39
17 Kandaghat
z:lli%trlr?:; X 34816 38907 36861 10042 9364 9703 357 377 367 103.03 11000 10652
Wonder
18 Kandaghat
aﬂgf;'go_” ¥ 39136 41227 40181 10458 9802 10130 450 413 432 8970 9224 9097
cw
19 ;'ZBI;E'_\;'QZZ 68891 72040 70466 10272 10851 10562 467 440 453 9576  103.00 9938
20 HPB-HY-22
x California 69333 74187 71760 9703 9239 9471 460 450 455 9939 9724 9832
Wonder
21 HPB-HY-22
xHPB-39- 67936 70493 69215 9272 9813 9542 423 435 429 8606 7548 80.77
cw
22 HPBACAB  oo)0) 63487 61633 8151 8495 8323 460 515 488 7819 8028 7924

x HPB-39
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23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

HPB-AC-48
x California
Wonder

HPB-AC-48
x HPB-39-
w

HPB-AC-49
x HPB-39

HPB-AC-49
X California
Wonder

HPB-AC-49
x HPB-39-
cw

HPB-2-16 x
HPB-39

HPB-2-16 x
California
Wonder

HPB-2-16 x
HPB-39-
cw

HPB-3-10 x
HPB-39

HPB-3-10 x
California
Wonder

HPB-3-10 x
HPB-39-
cw

HPB-1 x
HPB-39

HPB-1 x
California
Wonder

HPB-1 x
HPB-39-
cw

HPB-6-1 X
HPB-39

HPB-6-1 x
California
Wonder

HPB-6-1 x
HPB-39-
w

HPB-7 x
HPB-39

HPB-7 x
California
Wonder

482.67

593.09

716.77

698.61

782.35

933.50

740.29

590.22

684.65

562.64

655.92

49261

636.00

498.92

723.72

888.44

688.96

677.64

1097.99

517.07

633.20

747.33

73593

813.40

972.80

786.20

606.60

704.53

538.87

673.73

463.13

665.60

459.23

760.73

947.27

732.80

721.47

1150.70

499.87

613.15

732.05

717.27

797.87

953.15

763.24

598.41

694.59

550.75

664.83

477.87

650.80

479.08

742.23

917.86

710.88

699.56

1124.35

64.56

87.08

67.84

91.79

70.09

73.14

70.90

66.97

67.57

83.31

108.51

82.93

80.09

68.50

87.63

96.43

89.54

71.92

71.40

60.08

80.47

71.67

86.26

75.71

77.57

67.02

60.95

73.31

79.05

112.40

79.60

83.86

74.62

79.60

101.35

81.45

77.90

78.78

62.32

83.78

69.75

89.02

72.90

75.36

68.96

63.96

7044

81.18

110.45

81.26

81.97

71.56

83.61

98.89

85.50

7491

75.08

4.57

4.43

4.57

4.40

4.13

4.70

4.63

533

3.90

4.63

5.80

5.20

5.30

5.13

4.50

4.23

4.50

4.97

4.13

4.37

417

4.28

442

4.20

4.73

4.47

4.87

4.02

4.72

5.10

533

5.50

5.03

443

4.20

4.17

4.47

4.21

447

4.30

443

441

4.17

4.72

4.55

5.10

3.96

4.68

5.45

5.27

5.40

5.08

447

4.22

4.33

4.72

4.17

74.55

8242

71.24

65.46

100.61

85.15

115.15

111.39

72.73

7030

88.49

90.91

79.82

7243

83.64

97.30

90.91

87.58

102.42

83.78

75.00

74.39

56.40

96.67

89.58

107.16

115.00

81.87

78.61

85.71

9143

85.71

65.64

80.00

93.68

91.43

91.50

11033

79.16

78.71

72.82

60.93

98.64

87.36

111.16

113.20

77.30

74.46

87.10

91.17

82.77

69.03

81.82

95.49

91.17

89.54

106.38
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42 HPB-7 x
HPB-39- 959.98 1000.53 980.26 76.04 70.90 73.47 437 434 435 95.29 101.38 98.34
Ccw
43 ﬂig:gg % 50793  542.87 525.40 72.54 77.79 75.17 460 463 462 90.61 81.91 86.26
44 HPB-22x
California 399.73  435.13 417.43 82.66 78.61 80.63 483 427 455 72.73 80.00 76.36
Wonder
45 HPB-22 x
HPB-39- 480.27 44833 464.30 85.66 80.64 83.15 500 503 5.02 79.76 85.71 82.74
cw
46 :::Eg:;g x 804.01 836.93 820.47 71.70 78.06 74.88 437 460 448 91.82 9286 9234
47 HPB-29 x
California 569.83  581.93 575.88 74.13 69.59 71.86 417 402 4.09 88.37 81.89  85.13
Wonder
48 HPB-29 x
HPB-39- 794.61 746.27 770.44 64.67 60.35 62.51 347 413 3.80 109.09 116.19 112.64
cw
49 :Eg:gg X 60235 630.67 616.51 105.89  99.66 102.77 437 440 438 78.79 70.67 7473
50 HPB-35 x
California 630.34 663.27 646.80 83.31 88.67 85.99 483 457 470 7242 65.95 69.19
Wonder
51 HPB-35 x
HPB-39- 52340 574.67 549.04 98.29 92.93 95.61 493 447 470 60.61 66.82 63.71
cw
Checks
52 Bomby 20640 187.33 196.87 87.96 82.12 85.04 280 3.17 298 37.58 3838 3798
53 Capsicum
I(-|Ny:v”e(|i 23833  257.93 248.13 84.57 87.74 86.15 377 340 358 94.54 86.67  90.61
Seed Ltd))
SE (m) 2043 21.14 14.17 1.35 1.18 1.48 0.16 0.18 0.14 2.08 2.39 1.99
CV (%) 6.19 6.13 5.94 2.82 2.49 4.37 650 706 774 4.14 4.76 5.59
CD (5%) 57.29 59.28 39.47 3.79 3.32 4.11 046 049 0.38 5.83 6.71 553
Grand
mean 57172 597.27 584.50 82.89 82.34 82.61 433 432 432 87.01 87.02  87.02

Table 4: Top five potential hybrids compared to best check for fruit yield and related traits in bell pepper on the basis of overall mean

performance
S. No. Traits Best check  Superior hybrids Statistically at par
1 Days to 50 per Capsicum  HPB-AC-48 x HPB-39, HPB-AC-48 X California  HPB-7 x HPB-39-CW HPB-AC-49 X HPB-39,
cent flowering Hybrid Wonder, HPB-AC-49 x HPB-39-CW HPB-7 x HPB-2-16 x HPB-39, HPB-6-1 x California
California Wonder, HPB-AC-48 x HPB-39-CW  Wonder, HPB-29 x HPB-39-CW
2 Days to first Capsicum  HPB-29 X HPB-39, HPB-AC-48 X HPB-39, HPB-  HPB-6-1 x HPB-39-CW HPB-6-1 X California
picking Hybrid AC-49 x HPB-39-CW, HPB-AC-48 x HPB-39- Wonder, HPB-3-10 x California Wonder, HPB-6-
CW HPB-7 x California Wonder 1 x HPB-39, HPB-29 x California Wonder
3 Primary branches  Capsicum - HPB-22 x California Wonder, HPB-2-16 x
per plant Hybrid California Wonder, HPB-35 x HPB-39, HPB-6-1 x
California Wonder, HPB-1 x California Wonder
4 Lobes per fruit Capsicum - -

Hybrid
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5 Marketable green  Capsicum  HPB-7 x California Wonder, HPB-7 x HPB-39- -
fruit yield per Hybrid CW HPB-2-16 X HPB-39, HPB-6-1 x California
plant (g) Wonder, HPB-29 x HPB-39
6 Capsanthin Capsicum  Kandaghat Selection x HPB-39, HPB-3-10 x HPB-6-1 x HPB-39-CW HPB-6-1 x HPB-39, HPB-
content (ASTA Hybrid HPB-39-CW, HPB-HY-22 x HPB-39, HPB-35 x 22 x HPB-39-CW HPB-AC-48 x HPB-39-CW
units) HPB-39, Kandaghat Selection x HPB-39-CW
7 TSS (°Brix) Capsicum  HPB-3-10 x HPB-39-CW, HPB-1 x California HPB-3-10 x HPB-39, HPB-29 x HPB-39-CW
Hybrid Wonder, HPB-1 x HPB-39, HPB-2-16 x HPB- Kandaghat Selection x HPB-39, Kandaghat
39-CW HPB-22 x HPB-39-CW Selection x California Wonder
8 Ascorbic acid Capsicum  Kandaghat Selection x HPB-39, HPB-2-16 x HPB-6-1 x California Wonder, HPB-29 x HPB-
(mg/100g) Hybrid HPB-39-CW, HPB-2-16 x California Wonder, 39, HPB-6-1 x HPB-39-CW HPB-1 x HPB-39,
Kandaghat Selection x California Wonder, Kandaghat Selection x HPB-39-CW
HPB-7 x California Wonder
Discussion yield per plant. Among quality traits, maximum capsanthin

Based on the mean performance, it is revealed that sufficient
amount of variability is existed among hybrids and parents
for all the traits. Hybrid bell peppers are highly popular
over open-pollinated varieties due to their superiority in
terms of fruit yield and component traits. Early flowering is
desirable for any crop, particularly multiple-harvest crops
like vegetables since it allows for an earlier harvest and
helps in getting higher market prices. Similarly, days to first
picking are also important criteria for earliness. In the present
study, based on mean values, hybrid HPB-AC-48 x HPB-39
was earliestamong all in bearing 50% flowering and hybrid
HPB-29 x HPB-39 took minimum days to first harvest in
pooled environments. Tremendous variability with respect
to earliness was also reported by Devi et al. (2015), Rana et
al. (2015), Sharma et al. (2017) and Aditika et al. (2018). The
number of primary branches influences the fruit yield of a
plant. The more the primary branches, higher will be the
marketable fruit yield. On the basis of overall performance,
hybrid, HPB-22 x California Wonder had maximum number
of primary branches followed by HPB-2-16 x California
Wonder and HPB-35 x HPB-39. Large numbers of variations
ranging from 2.43 to 3.70 for this character also reported
by Aditika et al. (2018). Generally, 3 to 4 lobes are desirable
to give fruits a blocky appearance. Among hybrids, HPB-29
x HPB-39-CW (3.58), exerted maximum number of lobes
per fruit followed by HPB-1 x HPB-39, HPB-7 x California
Wonder, HPB-29 x California Wonder and HPB-AC-49 x
California Wonder. Earlier, Afroza et al. (2013) and Thakur et
al. (2019) also reported similar results with different material
in their studies. The primary goal of all crop improvement
programmes is to increase the yield. The mean values for
marketable fruit yield per plant portrayed that the highest
marketable fruit yield was reported in cross-combination,
HPB-7 x California Wonder followed by HPB-7 x HPB-39-CW,
HPB-2-16 x HPB-39, HPB-6-1 x California Wonder and HPB-29
x HPB-39. Mahmoud and El-Eslamboly (2015) and Aditika et
al. (2018) also reported variation in marketable green fruit

and ascorbic acid content was exhibited by Kandaghat
Selection x HPB-39 cross-combination. Capsanthin, a
natural pigment, is gaining popularity worldwide as it is
extensively utilized in the food, cosmetic and dye sectors.
It is metabolized in human body and has antioxidative,
anti-tumor, and anti-cancer properties, whereas ascorbic
acid (vitamin C) contains antioxidant properties and aids in
the immune system'’s defense against sickness. In addition
to other horticultural aspects, the concentration of ascorbic
acid in vegetables is recognized as an important quality
attribute. Ascorbic acid is required to form and repair tissues
throughout the human body. These results are in agreement
with the findings of Anuradha and Sood (2019), Thakur et
al. (2019) and Sood (2022) who also reported significant
variation for these traits in their experimental material. Bell
pepper with a TSS of 3.3 oBrix or more is typically preferred
for producing numerous processed products in processing
industries. In the current study, HPB-3-10 x HPB-39-CW had
maximum TSS followed by HPB-1 x California Wonder and
HPB-1 x HPB-39. Earlier, tremendous variation with respect to
TSS was reported by Anuradha and Sood (2019) and Thakur
et al. (2019). The trait-wise performances of top-ranking
cross-combinations in comparison to best check for different
traits are given in Table 4.

Conclusion

Based on the overall mean performance in all the
environments, cross-combinations viz.,, HPB-7 x California
Wonder, HPB-7 x HPB-39-CW, HPB-2-16 x HPB-39, HPB-6-1
% California Wonder and HPB-29 x HPB-39 were found top
highest yielders. Besides highest yielders, they were also
better in performance for related traits such as days to 50
per cent flowering, days to first harvesting, primary branches
per plant, lobes per fruit, capsanthin content, TSS and
ascorbic acid content. Therefore, it is concluded that these
cross-combinations can be directly released as hybrids after
testing or can be used in further breeding programmes.
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