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ABSTRACT

Superior quality chilli for red ripe yield, processing, and pharmaceutical use is a major breeding objective in
chilli. An experiment was conducted at three locations under diverse Himalayan agro-climatic zones. Twenty-
one F1 hybrids were developed by crossing seven diverse genotypes using a half diallel mating design to
evaluate heterosis, per se performance and combining ability in a Randomized Complete Block design with
three replications during summer 2021 and 2022. The open-pollinated varieties Him Palam Mirch 2, Punjab
Guchhedar, Pusa Jwala and Pusa Sadabahar showed significant general combining ability to profitable dry/red
fruit yield and most contributing traits. For red ripe fruit yield on per se performance ten F; hybrids has been
identified as superior for significant heterosis and specific combining ability effects, including Him Palam
Mirch 2 x Punjab Guchhedar, Pusa Sadabahar x DKC-8, Him Palam Mirch 2 x Him Palam Mirch 1, Pusa Jwala
x Punjab Guchhedar, Him Palam Mirch 2 x Pusa Jwala, Him Palam Mirch 2 x DKC-8, Pusa Jwala x DKC-8,
Surajmukhi x Pusa Sadabahar, Him Palam Mirch 2 x Pusa Sadabahar and Him Palam Mirch 1 x DKC-8 across
locations. A significant positive correlation of specific combining ability with economic heterosis and F;
performance was observed for most traits. Beyond conventional heterosis analysis, this study integrates multi-
location evaluation to identify hybrids with stable adaptability and resilience traits. The dual utility of these
hybrids for spice processing and pharmaceutical applications, along with their climate-resilient potential,

provides new directions for chilli improvement programmes.

Keywords: Heterosis, Combining ability, Correlation Coefficient, Half diallel, Open pollinated

INTRODUCTUION

Chilli (Capsicum annuum L.) is the world's most commercially important spice and vegetable crops
and for fresh consumption, dried spice production, processing, export and medicinal use (Dijan et al. 2006,
Hazra et al. 2011, Bosland and Votava 2000). The crop is predominantly important in tropical and subtropical
agriculture as it provides both monetary revenue to farmers and raw materials for the food, pharmaceutical, and

nutraceutical sectors (Biswas et al. 2011, Tepic et al. 2008). Southern Mexico is known as the main origin of
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Capsicum, with India as the secondary centre of diversification (Thakur et al. 2019). Capsicum genus has
generally 31 recognized species, from which 5 species which are domesticated viz. C. baccatum, C. frutescens,
C. annuum, C. pubescens and C. chinense (Pickersgill 1991, Moscone et al. 2007). Cytogenetic and
evolutionary analyses have discovered that these species have evolved into discrete groups with varying
karyotype traits, genome sizes, and geographic divisions (Moscone et al. 2007, Qin et al. 2014). Capsicum
diversity in chilli makes it more valuable crop to investigate its domestication, evolution and inheritance pattern
of horticultural traits (Walash and Hoot 2001, Moscone et al. 2007).

From global perspective, chilli covered more than 3.8 million hectares area and production about 50.3
million tonnes. China was affirmed to be the largest producer of green chilli, accounting for 39%, while India
ranked second if area and production are considered and accounting for 12% of the global share (FOSTAT
2024). In India, chilli is mainly prioritized for both local use and spice trade (Anonymous 2011, Herath et al.
2017). For current scenario, the crop occupies 423,700 hectares area, with yields of 4,588,700 MT and
productivity of 10.8 MT/ha. Andhra Pradesh tops India in terms of land area, production, and productivity
(Indiastat 2024). However, yield and productivity are often limited by biotic and abiotic stresses and
temperature is a primary factor among all, and the use of local and low-yielding or hereditarily unstable
materials.

Chilli fruits comprise healthy amount of nutrients, antioxidants, vitamin C, beta-carotene, and other
advantageous chemicals (Bhutia et al. 2015, Herath et al. 2020). These nutritional descriptions improve the
crop's market value as well as make it valued not only as a spice but also as a useful food ingredient (Olimpia et
al. 2017, Mendes et al. 2019). Researchers discovered that fruit production, weight, length and number, vitamin
C, capsaicin and oleoresin content are all vital economic characteristics to advance in chilli (Bhutia et al. 2015,
Arimboor et al. 2015, Jindal et al. 2015). Capsaicin is the primary most vital quality attribute in chilli having
direct effect on pungency, which further influence the choice and processing significance (Nagaraja et al. 2016,
Mendes et al. 2019). Capsaicinoids, predominantly di-hydrocapsaicin and capsaicin, contributes in 90% of the
hot taste in fruit of chilli (Topuz et al. 2007, Nagaraja et al. 2016, Lyu et al. 2019). Moreover, capsaicin has
therapeutic importance in terms of pain relief, weight reduction potential, and cancer inhibition, also
capsaicinoids in chilli are valued for food and pharmaceutical businesses (Naresh et al. 2016, Takashi et al.
2001, Srinivasan 2016). Despite these conventional uses, there is limited advancement in integrating nutritional
and pharmaceutical traits with breeding strategies, creating scope for novel approaches that include both yield
improvement with value-added applications.

Temperature as being an imperative environmental element influence chilli development, flowering and
fruit set, and in result the final production, and these effects are significantly optimized when genotypes are
assessed across multi locations (Sanati et al. 2018, Medina-Lara et al. 2008). Fruit arrangement differs with
environmental circumstances, cultivated variety, and crop management, consequently the same genotype may
perform differently if exposed under different thermal regimes (Sanati et al. 2018, Monforte-Gonzalez et al.
2010, Medina-Lara et al. 2008). As a result, multi-location testing becomes critical for breeders with goal to
discover stability and adaptability for both parents and hybrids (Herath et al. 2017, Indiastat 2024, Bhutia et al.
2015). This highlights the prominence of multi-location trials, which not only identifies stable and broadly
adaptable lines but also provides resilience under diverse agro-climatic conditions—an advancement beyond

conventional breeding and single-location studies.
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Cytogenetic findings specify that domesticated peppers advanced along frequent distinct evolutionary
lineages (Moscone et al. 2007) which makes chilli an important reservoir of genetic diversity for fruit size,
shape, colour, pungency and adaptation, which can be utilized by breeders to produce hybrids and improved
traits (Pickersgill 1991, Walash and Hoot 2001). Chilli is also an ideal crop for hybrid development because
heterosis is commonly expressed in chilli for yield and quality attributes (Vera-Guzman et al. 2011). Peppers
shows substantial heterotic effects for fruit size, weight, number and yield per plant, vitamin C, and capsaicin
content (Bhutia et al. 2015, Singh et al. 2014, Rohini and Lakshmaman 2016). This proves hybridization as an
efficient technique for enhancing chilli productivity and fruit quality characters (Rohini and Lakshmaman 2016,
Ramesh et al. 2013).

Parent selection in any breeding program is very crucial since combining ability suggest that how
effectively a parent plant passes advantageous genes to its progenies (Griging 1956, Sharma et al. 2013).
Additive gene action is attributed to (GCA) general combining ability and non-additive effects such as
dominance and epistasis is attributed to specific combining ability (SCA) (Baker 1978, Patil and Sawant 2018).
While earlier studies have focused on heterosis and combining ability in isolation, the present work advances
knowledge by linking these genetic effects with multi-location adaptability and dual-purpose utility (spice and
pharmaceutical), thereby offering breeders predictive frameworks for parent selection and hybrid deployment.
Different studies on chilli suggested that non-additive gene action controls various yield and quality related
parameters and in result makes heterosis breeding more effective rather than simple selection for those attributes
(Thilak et al. 2019, Bhutia et al. 2015). Inbred varieties and open pollinated cultivars carry large genetic
foundation therefor play a significant role in chilli improvement and can be exploited as parents to develop F;
hybrids (Herath et al. 2017, Shuro 2017). Overall, the study focuses on improving chilli for high economic,
nutritional and medicinal value, and the desired improvement is dependent on the combined use of combining
ability analysis, heterosis breeding and selection of genetically diverse parents. Because yield and capsaicin
content are often controlled by both additive and non-additive gene effects, breeding programs must carefully
assess parents and hybrids before indorsing them for economic use. By integrating heterosis breeding,
combining ability analysis, and multi-environment evaluation, this research moves beyond conventional plant

breeding to provide novel insights into climate-resilient and value-added chilli improvement programmes.

MATERIALS AND METHODS
Experimental locations

The study is focused on two experiments, first is conducted during march to March, 2021 and second
from march to September 2022 at three distinct agroclimatic regions viz., E1: Dr Yashwant Singh Parmar
University of Horticulture and Forestry, Nauni, Solan, HP (30°51'54"N, 77°10’08’E and 1300 m altitude), E2:
Regional Horticulture Research and Training Station, Dhaula Kuan, HP (30°30'20"N, 77°20'30‘E and 468 m
altitude) and E3: Regional Horticulture Research & Training Station, Dhaula Kuan, HP (32.8°N, 74.7°E and
1090 m altitude) as represented in Fig. 1. According to Indian Meteorological Department (IMD) Shimla and
Brief Facts about Himachal Pradesh, Economics and Statistics Department, HP Government, the regions have
distinct climates (Hot and dry, cool and humid) and altitudes (Anonymous 2023). The graphical representation

of the environmental conditions is presented in Fig. 1.

Development of hybrids and mating design
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During 2021, Seven chilli open pollinated lines were used as parents and twenty-one hybrids were
synthesized using these OP varieties. The selection of the lines was based on their earliness, plant canopy,
production and fruit characteristics, such as fruit weight, TSS and capsaicin content. The lines have different
fruit bearing positions (Upright and pendant), developed by different agricultural institutes. The details of all the
parental material used in the study is presented in Table 1. The lines were crossed in a half-diallel mating design
without reciprocals, resulting in twenty-one hybrid combinations. Pollination was performed between 8:30and
and 11:30 am. Hermaphrodite male and flowers were manually pollinated for crossing between the lines. Before
anthesis, the hermaphrodite flowers were selected, separated and emasculated. The pollens from male flowers
which were removed during the pollination process, were used to fertilize the stigma of female flowers. Red ripe

fruits from healthy were extracted for further evaluation.

Genotype evaluation and crop management

During 2022, the seeds of 7 parents including check variety DKC-8 and 21 hybrids were treated with
fungicide (Carbendazim) @3g/kg seeds were planted in nursery beds of 3m x 1m x 15 c¢m size, consecutively at
all the three locations, on 21% February, 24" February and 26™ February, 2022, respectively with 5 cm row
spacing and 2 cm depth. The seedlings of about two months were transplanted. The experiment followed a
Randomized Complete Block Design (RCBD) with three replications. Twelve plants with a 90 x 60 cm gap
between each plant made up each plot. DKC-8 cultivar is used as control since it is most widely produced in the
area. Fertilizers viz. Farm yard manure @ 20 t/ha’!, N, P,Os and K,O 75:60 and 60 kg respectively, were applied
according to recommended dose per acre. During field preparation, the full amount of phosphorus and
potassium along with half the nitrogen dose were incorporated into the soil. The remining dose of N were top
dressed in two split applications between one month gap. Twenty-eight treatments in all, including 21 hybrids
and seven parental lines, including the check cultivar DKC-8, were assessed for fruit weight, red ripe fruit yield
per plant, plant height, fruit numbers, pedicel length, the number of seeds per fruit and capsaicin content for all

the three different locations mentioned in Table 1.

Trait Evaluation Methodology

The methodology adopted for trait evaluation is summarized in Table 2, which provides a detailed
account of the characteristics studied and their respective methods of assessment. The measurement of plant
height extended from ground level to terminal point of primary stem, while fruit weight and fruit number were
measured across ten observational plants to obtain reliable averages. Yield of red ripe fruit was computed by
adding together the total fruit weight harvested at each picking. Pedicel length has been measured by using a
digital Vernier calliper, and seed number was calculated by counting seeds from oven-dried fruits. Capsaicin
content was assessed spectrophotometrically by following the standard post-harvest evaluation procedure. The
addition of these diverse traits in Table 2 highlights the comprehensive nature of the study, ensuring that both
yield-contributing and quality-related parameters were systematically measured to provide a robust basis for

genetic variability and combining ability analysis.

Post-harvest fruit evaluation
During the post-harvest evaluation, capsaicin was calculated by using following method: Using

spectrophotometric measurement, the capsaicin content in samples was determined following the method
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recommended by (Sadasivam 1992). Chilli fruits were crushed and 0.5g powder of chilli was filled in test tube
with ground-glass stopper of volumetric flask. Dry acetone of 10 ml was pipetted into flask and a mechanical
shaker were used to agitate dry acetone for three hours. After agitation, the solution was centrifuged for ten
minutes at 10,000 rpm or left to settle. Test tube was pipetted with 1ml clear supernatant and was dried in hot
water bath. After dissolving the 5ml of a 0.4% sodium hydroxide, 3 ml 3% phosphomolybdic acid was added
and after shaking the ingredients, they were left for an hour. After sudden result was purified into centrifuge
tubes is to avoid floating debris, then centrifuged for ten to fifteen minutes at 500 rpm. The blue solution was
arranged into the cuvette and the absorbance was measured at 650 nm. After running the test samples with a
blank reagent, a standard graph was created.
The reagents:
e 3% phosphomolybdic acid
e 0.4% sodium hydroxide
e Dry acetone (25g anhydrous sodium sulphate was added to 500ml acetone one day prior to use)
e Capsaicin’s stock standard solution [50mg capsaicin was taken then dissolved in 50ml 0.4% NaOH
solution (1000pg/ ml)]. The Working standard [10ml of stock standard was diluted to 50ml with 0.4%
NaOH solution (200pg/ ml)].

Standard graph preparation: A calibration curve was constructed using pure capsaicin in the range of 0-200 pg.
Subsequently, aliquots of 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard solution were dispensed into fresh

test tubes and processed following aforementioned protocol.

The capsaicin percentage was estimated using given formula:

pg capsaicin x 100 x 100

Capsaicin (%) =
1000000 x 1 x 0.5

Statistical analysis

The raw data for quantitative and qualitative was analysed for ANOVA (analysis of variance) at multi-
location trial analyses were conducted using the R software (R Core Team 2024) and PBTools software
(PBTools 2014). Whereas, figures were generated via. MS Excel and PAST software; version 4.15 (Hammer et
al. 2001). The (ANOVA) analysis for individual and pooled environments was computed with R software
(version 4.2.2).

Analysis of variance (ANOVA)

Variation’s source df SS MSS VR
(r) Replication (r-1) (Sr) St/(r-1) = Mr Mr/Me
(g) Genotypes (g-1) (Sg) Sg/(g-1) =Mg Mg/Me
(e) Error [(r-1) (g-1)] (Se) Se/(r-1) (g-1) = Me
Where,
df = Degree of freedom
SS = Sum of squares
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MSS = Mean sum of squares

VR = Variance ratio

r = replication’s number

g = genotype’s number

Sr = Replications SS

Sg = Genotypes SS

Se = Sum of squares (error)

Mr = Replications means sum of squares
Mg = Genotypes means sum of squares
Me = Means sum of squares (error)

The F-value obtained from the analysis was compared against the corresponding tabulated value. In cases where
the F-test was significant, the critical difference (CD) was determined to evaluate the relative performance of
individual entries. The standard error (SE) and CD were calculated using the following formulae:
CDgos=S.E. (d) x t (0.05) (r-1) (g-1) df
SE (d) + =V2Me
r
SE (m) + = VMe
r
Where,
CDy.05 = Critical difference at 5 % significance level
SE (d) == Standard error of difference
SE (m) + = Mean standard error

Griffing’s model-I with fixed effect and method-2 (Parents and one set of Fi’>s without reciprocals)

was used for analysis of combining ability (Griffing 1956). The experimental material was treated as a
population from which inferences were drawn. The effects of combining ability of both hybrids and parents
were examined by employing them as testers, thereby facilitating the identification of superior combiners.
When the general combining ability and specific combining ability mean squares was identifies as significant,
assessment of SCA effects and GCA effects was computed for both ‘p(p-1)/2° hybrids and ‘p’ parents,
respectively. Heterosis magnitude had been calculated basis on data from different fruit quality and quantitative
traits. It was presented as decrease or increase percentage in mean performance of Fi over the better parent
which is known as heterobeltiosis and standard variety which is known as standard/economic heterosis. The

following formulas were applied to estimate heterosis:

Heterobeltiosis:
It is determined by the difference between F; and the better parent (Fonseca 1968) and is computed by
using following formula:

1—BP

Heterobeltiosis (%) = ——=— X 100
Where,
F1 = Fi’s mean performance
p = Mean value of better parent of respective cross combination.



231

232

233
234
235

236

237

238
239
240
241

242
243
244
245
246
247
248
249
250
251
252

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267

Standard heterosis:

Fi-5SC
Standard heterosis (%) = = X 100
Ehere,
Fl = Fi’s mean performance

SC Standard check’s mean performance

Where, BP signifies better parent’s mean value and SC signifies standard check’s mean value

SE (Standard error) for pooled environment: + \(2Me/rE) = SE (Hy).

For assessment of the heterosis significance, ‘t’ assessed economic value of heterosis were compared
against tabulated values ‘t’ at degree of freedom (error) at (P < .05). The findings were presented on basis of
individual and pooled data whereas individual data is given on supplementary tables (Supplementary table S1,

S2 & S3).

RESULTS
Analysis of variance for dialled design

Pooled ANOVA shown in the Table 3 indicated considerable variation among all the three
environments for all traits studied. The sum of square’s mean due to genotypes, parents and also hybrids were
also considerably significant to every trait. Genotype x Environment interaction (G x E) and Hybrids x
Environments (F; x E) showed statistically significance across the majority of traits studied, except pedicel
length. Similarly, the Parents vs Hybrids (P vs F), the mean SS was considerably significant to all characters
except capsaicin. The mean SS to Parents X Environments (P x E), was notable significant only for red ripe fruit
yield per plant, fruit weight and number of fruits per plant. Likewise, the mean SS to the (Parents vs Hybrids) x
Environments (P vs F;) x E has been found notable significant only for red ripe fruit yield per plant, number of

seeds per fruit and number of fruits per plant.

Mean performance of Parents and F1 Hybrids across three locations

Table 4a presents the mean performance of both the parental lines and F; hybrids for each studied trait.
Fruit production per plant has always been a major determinant of overall productivity, is continuous to be a
priority goal in chilli breeding programmes. A comprehensive examination of the data is presented in Table 4a
across all settings presenting that in almost all cases, all the parents and hybrids, with the exception of
Surajmukhi x Pusa Jwala, outperformed the check DKC-8 for red ripe fruit output per plant. Him Palam Mirch 2
was consistently the highest-ranking parent across all environments, with values of 473.72, 405.28, and 375.29
in E1, E1, and E3, respectively. The hybrids Him Palam Mirch 2 X Punjab Guchhedar showed the highest fruit
yield per plant under E1 (699.96), E2 (596.07), and E3 (505.88), followed by Him Palam Mirch 2 x Pusa
Sadabahar in E1 (619.96) and Him Palam Mirch 2 x Him Palam Mirch 1 in the E2 (594.05) and E3 (478.05).
The hybrids were found significantly superior at p < 0.05. Data from multiple environments, pooled data
showed that Him Palam Mirch 2 (418.10g) had highest red ripe fruit yield per plant, followed by Punjab
Guchhedar (334.02g). In the hybrids, Him Palam Mirch 2 x Punjab Guchhedar (600.63g) has ranked first for
fruit yield per plant, followed by Him Palam Mirch 2 x Him Palam Mirch 1 with 530.15 g and Him Palam
Mirch 2 x DKC-8 with 498.59 g, while check DKC-8 yielded (220.23g).
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Plant height is another critical trait because taller plants have a lower incidence of diseases like fruit rot
in places with high rainfall. The majority of the hybrids and one parent (Punjab Guchhedar) were taller than the
control (DKC-8) at all the sites. Punjab Guchhedar, Him Palam Mirch 2 x Pusa Sadabahar (93.46) in E1, Punjab
Guchhedar x DKC-8 (85.16) in E2, Surajmukhi x Punjab Guchhedar (77.33) in E3, and Surajmukhi x Punjab
Guchhedar (77.33) in E3 exhibited the highest plant height at all three locations and these were significantly
superior (p < 0.05). Pooled across locations, all hybrids had significantly higher plant height than the control
DKC-8 (68.14) (Fig. 2). Among parents, Punjab Guchhedar (70.86) had the highest plant height among parents,
followed by the crosses, Him Palam Mirch 2 x DKC-8 (79.52) and Him Palam Mirch 2 x Pusa Sadabahar
(78.12).

Fruit yield per plant in crops is significantly correlated with total number of fruits per plant as a direct
contributor to increase fruit yield. The analysis of Table 4a revealed that among the parents, Pusa Jwala (127.33)
has the highest number of fruits, followed by Punjab Guchhedar (127) and Him Palam Mirch 2 (126.33) in El,
Punjab Guchhedar (141.33) followed closely by Pusa Jwala (131.67) and Surajmukhi (122.33) in E2, and
Punjab Guchhedar (122.30) followed closely by Pusa Jwala (122.17) and Him Palam Mirch 2 (111.47) in E3.
Pusa Jwala x Punjab Guchhedar produced the highest number of fruits across environments under E1 (219.67),
E2 (221), and E3 (210.07). Overall, both the parents and hybrids outperformed the check DKC-8 under all the
three locations, with significant differences at p < 0.05. The pooled analysis across habitats revealed that
superiority of Punjab Guchhedar (130.21) for maximum fruits number per plant, closely succeeded by Pusa
Jwala (127.06) and Him Palam Mirch 2 (117.82) among parents. The hybrids Pusa Jwala x Punjab Guchhedar
(216.19), Him Palam Mirch 2 x DKC-8 (180.63), and Pusa Sadabahar x DKC-8 (168.04) produced more fruits
than the control (67.62) (Fig. 2), with a significant difference at p < 0.05.

Fruit weight trait is also a close contributor to increase fruit yield. The results showed that for fruit
weight, Him Palam Mirch 2 had significantly higher fruit weight in E1 (3.76), E2 (3.50), and E3 (3.37) among
parents than the control (DKC-8). Among the hybrids, Him Palam Mirch 2 % Pusa Sadabahar had the highest
fruit weight in E1, E2, and E3, with values of 4.11, 4.37, and 3.98 g, respectively, followed closely by Him
Palam Mirch 2 x Punjab Guchhedar in E1 (4.02) and E3 (3.63), and Him Palam Mirch 2 x Him Palam Mirch 1
in the E2 (4.00), which were found significantly superior at p < 0.05. Pooled over environments, one parent and
four hybrids significantly surpassed the check DKC-8 (3.26) among which Him Palam Mirch 2 (3.54) showed
maximum fruit weight and among hybrids Him Palam Mirch 2 x Pusa Sadabahar (4.16) showed maximum fruit
weight closely followed by Him Palam Mirch 2 x Punjab Guchhedar (3.80) and Him Palam Mirch 2 x Him
Palam Mirch 1 (3.78) and these were significantly superior at p < 0.05. Mean data for fruit weight across all the

locations is presented in Table 4a.

Data In Table 4b indicates that among the parents Surajmukhi recorded the minimum pedicel length
under all the environments with the values of 3.00, 3.07 and 3.01 in E1, E2 and E3 respectively. Among these
hybrids, the least pedicel length was noted in Him Palam Mirch 2 x Punjab Guchhedar across environments,
2.77,2.77 and 2.75 in El, E2 and E3 respectively and closely followed by Surajmukhi x Pusa Jwala under El
(3.00), E2 (3.07) and E3 (2.96). Pooled data analysis across environments showed that among parents
Surajmukhi (3.03) had smallest pedicel length than the check DKC-8 (3.19). Among hybrids, six hybrids
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showed minimum pedicel length than the check with Him Palam Mirch 2 x Punjab Guchhedar ranking first and
closely followed by Surajmukhi Pusa x Jwala and Him Palam Mirch 2 x DKC-8 with having values 2.76, 3.01
and 3.07 successively and these outperformed others at p < 0.05 in the study.

With respect to the number of seeds per fruit, Pusa Jwala ranked first in each environment with having
values 68.60, 69.53 and 66.07 in E1, E2 and E3 respectively and closely followed by Pusa Sadabahar in El
(62.70), E2 (64.07) and E3 (60.00). Among hybrids, highest number of seeds per fruit were recorded by Him
Palam Mirch 2 x Pusa Sadabahar (81.27) under E1 and E2 (70.80) and Punjab Guchhedar x DKC-8 (67.93)
under E3 respectively. Pooled data over environments revealed that four parents and fifteen hybrids have highest
number of seeds than the check DKC-8 (53.44) among which Him Palam Mirch 2 x Pusa Sadabahar (71.87)
outyielded all other hybrids significantly and closely followed by Punjab Guchhedar x DKC-8 (62.58) and these
were significantly superior at p < 0.05. Mean data for seed count per fruit across each location is displayed in

the Table 4b.

Maximum capsaicin content was found in Pusa Jwala among the parents under all the environments
with range E1 (0.35), E2 (0.36) and E3 (0.33) and closely followed by Punjab Guchhedar under E1 (0.32), E2
(0.32) and E3 (0.31). Highest capsaicin in hybrids was recorded by Pusa Jwala x Punjab Guchhedar (0.34)
under E1 and (0.32) under E3 and Pusa Jwala x DKC-8 (0.35) under E2. Pooled results over environment, three
parents and thirteen hybrids had higher capsaicin content than the check DKC-8 (0.26). The best parent was
Pusa Jwala (0.35) and best hybrids for capsaicin content were Pusa Jwala x Punjab Guchhedar (0.32) and Pusa
Jwala x DKC-8 (0.32) as presented in Table 4b.

Assessment of combining ability

Parental general combining ability effects

Estimation of general combining ability effects for all the parents at all the three locations and pooled
are presented in Table 5a - Table 5b. Significant and favourable gca impacts for red ripe fruit yield per plant
were observed in two parents in the E2 and El, three parents in the E3 and the pooled environments. The
parents viz. Him Palam Mirch 2 in E1 (136.72), E2 (76.98), E3 (72.57) and pooled (95.42); Punjab Guchhedar in
El (51.23), E2 (57.38), E3 (50.93) and pooled (53.18); DKC-8 in E3 (6.59) and on basis of pooled
environments (3.53) revealed significant & positive effects of gca for red ripe fruit yield per plant. On the basis
of result these parents were evaluated as favorable good general combiners for red ripe fruit yield per plant. For
plant height, parents viz., Him Palam Mirch 2 in E1 (4.98), in E2 (1.89) and pooled (2.38); Surajmukhi in E3
(3.21) and pooled (0.65); Punjab Guchhedar in E1 (2.89), E2 (3.65), E3 (3.30) and pooled (3.28); DKC-8 in E1l
(1.89), E2 (3.24), E3 (2.99) and on pooled basis (2.71) revealed significant and the positive effects of gca and
registered as good general combiners for plant height. For number of fruits per plant, three parents from E1 and
E2 and four parents from E3 and pooled showed significant and beneficial gca effects. Three parents on pooled
basis and in E1, E2, E3 showed substantial and beneficial gca impacts on number of fruits per plant. Among
parents viz., Him Palam Mirch 2 in E1 (16.93), E2 (5.87), E3 (5.98) and pooled (9.59); Pusa Jwala in E1 (4.93),
E2 (5.24), E3 (6.80) and pooled (5.66); Punjab Guchhedar in E1 (16.96), E2 (19.50), E3 (19.02) and pooled

(18.49) showed significant and positive gca effects for number of fruits per plant. For fruit wight, three parents
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in E1, E2, E3 and on pooled basis were registered as substantial and beneficial general combiners for fruit
weight. Among parents viz., Him Palam Mirch 2 in E1 (0.65), E2 (0.48), E3 (0.52) and pooled (0.55); Punjab
Guchhedar in E1 (0.06), E2 (0.05), E3 (0.05), pooled (0.05); DKC-8 in E1 (0.15), E2 (0.15), E3 (0.14) and on
pooled basis (0.15) were found substantial and beneficial gca impacts for fruit weight and considered as good
general combiners for fruit weight. The parents viz., Him Palam Mirch 1 in E1 (-0.25), E2 (-0.27), E3 (-0.26)
and pooled (-0.26); Surajmukhi in E1 (-0.10), E2 (-0.08), E3 (-0.07) and pooled (-0.08); Pusa Jwala in E1 (-
0.09), E2 (-0.10), E3 (-0.08) and on pooled basis (-0.09) showed the significant and desirable (negative) gca
effects for pedicel length and registered as good general combiners. For pedicel length, three parents in E1, E2,
E3 and pooled revealed significant and desired (negative) gca impacts. For number of seeds per fruit, three
parents in E1 and on pooled basis, two parents in E2 and E3 had substantial and favorable gca impacts. Among
parents viz., Him Palam Mirch 2 in E1 (4.12) and pooled (1.79); Pusa Jwala in El (4.27), E2 (3.10), E3 (3.02)
and pooled (3.46); Pusa Sadabahar in E1 (1.69), E2 (3.03), E3 (1.07) and pooled basis (1.93) shown substantial
and favorable gca impacts on number of seeds per fruit and were regarded as good general combiners.
Significant and favorable gca impacts for capsaicin concentration were shown by 4 parents in E1, E3 and pooled
basis and three parents in E2. Pusa Jwala in E1 (0.04), E2 (0.03), E3 (0.02) and pooled (0.03), Punjab
Guchhedar in E1 (0.03), E2 (0.02), E3 (0.03) and pooled (0.02), Pusa Sadabahar (0.01) in E1, E2, E3 and pooled
basis (0.01) and DKC-8 in E1 (0.01), E3 (0.01) and pooled basis (0.01) had significant and the positive gca

effects for capsaicin content. Therefore, they were registered as better general combiners for capsaicin content.

Specific combining ability for Fi+

Specific combining ability effects for 21 hybrids across the environments evaluated for fruit yield and
growth parameters are presented in Table 6a — Table 6b. The estimates of specific combining ability (SCA) for
red ripe fruit yield per plant exhibited wide variations among the hybrids, ranging from -172.15 in Him Palam
Mirch 2 x Pusa Jwala to 169.36 in Him Palam Mirch 2 x Punjab Guchhedar in E1, from -116.39 in Him Palam
Mirch 2 x Pusa Jwala to 165.49 in Him Palam Mirch 2 x Him Palam Mirch 1 in the E2, from -106.19 in Him
Palam Mirch 2 x Pusa Jwala to 141.70 in Pusa Sadabahar x DKC-8 in E3, and from -131.58 in Him Palam
Mirch 2 x Pusa Jwala to 142.11 in Pusa Sadabahar x DKC-8 in pooled data and the significant and consistent
performance of these hybrids registered themselves as good specific combiners. Out of 21 crosses, 9 in E1, 10 in
E2, 10 in the E3 and 11 in the pooled environments revealed significant and the positive SCA effects. The
significant and consistent performance of Him Palam Mirch 2 x Punjab Guchhedar in E1 (169.36), Him Palam
Mirch 2 x Him Palam Mirch 1 in E2 (165.49), and Pusa Sadabahar x DKC-8 in E3 (141.70) and pooled data
(142.11) registered these crosses as good specific combiners for red ripe fruit yield per plant (Fig. 3).

For plant height, SCA effects ranged from -4.63 in Pusa Jwala x Pusa Sadabahar to 17.96 in Him
Palam Mirch 2 % Pusa Sadabahar in E1, from -4.96 in Him Palam Mirch 1 x Surajmukhi to 7.64 in Him Palam
Mirch 2 x Him Palam Mirch 1 in E2, from -4.49 in Him Palam Mirch 1 x DKC-8 to 8.59 in Surajmukhi x Pusa
Sadabahar in E3, and from -3.53 in Him Palam Mirch 1 x DKC-8 to 7.56 in Him Palam Mirch 2 x Pusa
Sadabahar in pooled analysis. Out of 21 crosses, 6 in E1, 10 in E2, 7 in the E3 and 11 in the pooled
environments, showed significant and positive effects of SCA. The SCA effects across all the environments are
presented in Table 6a. The significant and consistent performance of Him Palam Mirch 2 X Pusa Sadabahar in

El, Him Palam Mirch 2 x Him Palam Mirch 1 in the E2, Surajmukhi x Pusa Sadabahar in E3, and Him Palam
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Mirch 2 x Pusa Sadabahar in pooled analysis registered these crosses as good specific combiners for plant
height.

For number of fruits per plant, SCA effects ranged from -40.06 in Him Palam Mirch 2 x Pusa Jwala to
75.91 in Pusa Jwala x Punjab Guchhedar in E1, from -32.47 in Surajmukhi x Pusa Sadabahar to 69.53 in Pusa
Jwala x Punjab Guchhedar in E2, from -29.06 in Him Palam Mirch 2 x Pusa Jwala to 70.49 in Pusa Jwala x
Punjab Guchhedar in E3, and from -33.77 in Him Palam Mirch 2 x Pusa Jwala to 71.98 in Pusa Jwala x Punjab
Guchhedar in pooled analysis. Out of 21 crosses, 8 in El, 10 in E2, 10 in the E3 and 9 in the pooled data
revealed significant and desirable positive effects of SCA. The cross Pusa Jwala X Punjab Guchhedar were
emerged as highest positive and good specific combiners across environments and number of fruits per plant
under pooled environments. Data in Table 6a present the SCA effects for number of fruits per plant across all the
locations.

For fruit weight, the SCA values ranged from -0.64 in Him Palam Mirch 2 x DKC-8 to 0.83 in Him
Palam Mirch 2 x Pusa Sadabahar in E1, from -0.88 in Him Palam Mirch 2 x DKC-8 to 1.03 in Him Palam
Mirch 2 x Pusa Sadabahar in E2, from -0.70 in Him Palam Mirch 2 x DKC-8 to 0.90 in Him Palam Mirch 2 X
Pusa Sadabahar in E3, and from -0.74 in Him Palam Mirch 2 x DKC-8 to 0.92 in Him Palam Mirch 2 x Pusa
Sadabahar in pooled analysis. Out of 21 crosses, 9 in E1, 7 in E2, 10 in E3, and 9 in pooled data had significant
positive SCA effects. The cross Him Palam Mirch 2 x Pusa Sadabahar was emerged as consistent, highest
positive and good specific combiner across environments and in pooled analysis for fruit weight (Fig. 3).

For pedicel length, SCA effects varied from -0.67 in Him Palam Mirch 2 x Punjab Guchhedar to 0.61
in Surajmukhi x DKC-8 in El, from -0.69 in Him Palam Mirch 2 x Punjab Guchhedar to 0.61 in Surajmukhi x
DKC-8 in E2, from -0.62 in Him Palam Mirch 2 x Punjab Guchhedar to 0.63 in Him Palam Mirch 2 x Pusa
Sadabahar in E3, and from -0.66 in Him Palam Mirch 2 x Punjab Guchhedar to 0.59 in Him Palam Mirch 2 X
Pusa Sadabahar in pooled analysis. Out of 21 crosses, 9 in E1, 9 in E2, 10 in E3, and 9 in pooled data showed
significant desirable negative SCA effects. The cross Him Palam Mirch 2 x Punjab Guchhedar was emerged as
highest negative and good specific combiner across environments and in pooled analysis by showing negative
SCA effects for pedicel length.

For number of seeds per fruit, SCA effects ranged from -13.19 in Punjab Guchhedar x Pusa Sadabahar
to 20.47 in Him Palam Mirch 2 x Pusa Sadabahar in E1, from -9.43 in Him Palam Mirch 1 x Surajmukhi to 8.32
in Him Palam Mirch 2 x Pusa Sadabahar in E2, from -11.18 in Punjab Guchhedar x Pusa Sadabahar to 14.19 in
Punjab Guchhedar x DKC-8 in E3, and from -9.66 in Punjab Guchhedar x Pusa Sadabahar to 12.30 in Him
Palam Mirch 2 x Pusa Sadabahar in pooled analysis. SCA effects for number of seeds per fruit is displayed in
Table 6b. Out of 21 crosses, 6 in El, 4 in E2, 4 in the E3 and 6 in pooled environments revealed positive and
significant effects of SCA. The hybrids, Him Palam Mirch 2 x Pusa Sadabahar in E1, E2, and pooled analysis,
while Punjab Guchhedar x DKC-8 in E3 were emerged as consistent and good specific combiner for number of
seeds per fruit.

The superior crosses based on SCA effects for capsaicin are presented in Table 6b. SCA effects ranged
from -0.04 in Him Palam Mirch 1 x Pusa Jwala to 0.04 in Him Palam Mirch 2 x Pusa Jwala in El, from -0.04 in
Pusa Jwala x Punjab Guchhedar to 0.03 in Pusa Jwala x DKC-8 in E2, from -0.02 in Him Palam Mirch 1 x Pusa
Jwala to 0.04 in Him Palam Mirch 1 x DKC-8 in E3, and from -0.03 in Him Palam Mirch 1 X Pusa Jwala to
0.02 in Him Palam Mirch 1 x DKC-8 in pooled analysis. Out of 21 crosses, 4 in E1, 4 in E2, 3 in the E3 and 7 in
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the pooled environment revealed significant & desirable positive effects of SCA. The crosses, Him Palam Mirch
2 x Pusa Jwala in E1, Pusa Jwala x DKC-8 in E2, and Him Palam Mirch 1 x DKC-8 in E3 and pooled analysis

were emerged as consistent and good specific combiner for capsaicin content.

Heterosis
Fruit yield is a major economic trait in chilli, and its improvement remains a central goal in breeding
programmes. The better parent and standard heterosis for each trait is summarized in Table 7a — Table 7d. In the
present study, heterosis for fruit yield per plant showed marked variation across environments. Heterobeltiosis
ranged from -42.49% in P1 x P4 to 98.18% in P6 x P7 in E1, from -31.54% in P3 x P4 to 85.49% in P6 x P7 in
E2, and from -36.65% in P3 x P4 to 112.08% in P6 x P7 in E3. Twelve hybrids under environment El, ten
under E2, and thirteen under E3 unveiled significant positive better parent heterosis over their respective
parents. Among the crosses, P6 x P7 ranked first in all three environments, followed closely by P4 x P5 and P1
x P5 under E1, P1 x P5 and P1 x P2 under E2, and P4 x P5 and P5 x P7 under E3 environments. In pooled
analysis, better parent heterosis ranged from -34.26% in P3 x P4 to 97.14% in P6 x P7, with P6 x P7 showing
the highest desirable heterosis, closely followed by P1 x P5. This consistent performance of these hybrids across
environments ranking them first for improving fruit yield is presented in Table 7b. Standard heterosis also
showed wide variations for fruit yield per plant and showed ranges from -22.55% in P3 x P6 to 223.53% in P1 x
P5in E1, from -12.19% in P3 x P6 to 135.81% in P1 x P5 in E2, and from -4.65% in P3 x P4 to 164.08% in P1
x P5 in the E3. The eighteen hybrids in E1, nineteen in E2 and the nineteen in E3 documented significant
positive standard heterosis over the check P7. The most promising hybrids were P1 x P5, P1 x P6, and P1 x P7
in E1; P1 x P5, P1 x P2, and P5 x P7 in E2; and P1 x P5, P1 x P2, and P1 x P7 in E3. On pooled basis, P1 x P5
showed the highest standard heterosis, followed by P1 x P2, indicating strong yield advantage over the standard
check.

Increase in plant height over the better parent ranged from -14.68% in Pusa Jwala x Pusa Sadabahar to
37.24% in Him Palam Mirch 2 x Pusa Sadabahar in E1, from -17.77% in Pusa Jwala x Punjab Guchhedar to
15.51% in Him Palam Mirch 2 x Him Palam Mirch 1 in the E2 and from -14.99% in Pusa Jwala x Pusa
Sadabahar to 24.62% in Him Palam Mirch 1 % Surajmukhi in the E3. Seven hybrids under E1, nine under E2,
and eight under E3 environments revealed positive & significant heterobeltiosis for plant height. The highest
desirable heterobeltiosis was recorded by Him Palam Mirch 2 x Pusa Sadabahar in E1 (37.24%), Him Palam
Mirch 2 x Him Palam Mirch 1 in E2 (15.51%) and Him Palam Mirch 1 x Surajmukhi in E3 (24.62%) which
makes these crosses ranking first for improving plant height. In pooled analysis, heterobeltiosis ranged from -
14.57% in Pusa Jwala % Punjab Guchhedar to 18.89% in Him Palam Mirch 2 x Pusa Sadabahar and closely
followed by Him Palam Mirch 2 x Him Palam Mirch 1 (16.73%). The top ranked hybrids based on high
heterosis effects are presented in Table 7a. These results indicate that these hybrids performed better than their
better parents and ranked first for plant height. Economic heterosis over the standard check DKC-8 was
significant for eight, nine, and nine crosses in E1, E2, and E3, respectively, in the desirable direction. Standard
heterosis ranged from -17.44% in Pusa Jwala x Pusa Sadabahar to 35.01% in Him Palam Mirch 2 X Pusa
Sadabahar in E1, from -15.52% in Pusa Jwala x Pusa Sadabahar to 18.28% in Punjab Guchhedar x DKC-8 in
E2, and from -19.12% in Pusa Jwala x Pusa Sadabahar to 22.34% in Surajmukhi X Punjab Guchhedar in E3.
The highest positive standard heterosis was possessed by Him Palam Mirch 2 X Pusa Sadabahar under E1l

(35.01%), Punjab Guchhedar x DKC-8 under E2 (18.28%), and Surajmukhi x Punjab Guchhedar under E3
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(22.34%) environments. Pooled data represented that, Punjab Guchhedar x DKC-8 showed the highest
significant positive standard heterosis at 18.42%, closely followed by Him Palam Mirch 2 x DKC-8 at 16.69%
and emerged as best hybrids for plant height.

Heterobeltiosis for number of fruits per plant ranged from -37.77% in Surajmukhi x Pusa Sadabahar to
72.51% in Pusa Jwala % Punjab Guchhedar under E1, from -40.87% in Surajmukhi % Pusa Sadabahar to 57.35%
in Him Palam Mirch 2 x DKC-8 under E2, and from -37.74% in Surajmukhi % Pusa Sadabahar to 77.09% in
Pusa Sadabahar x DKC-8 under E3. Eight hybrids in the El, six in the E2 and nine in the E3 showed positive
and significant heterobeltiosis over their parents. The top-performing crosses were Pusa Jwala x Punjab
Guchhedar, Pusa Sadabahar x DKC-8, and Him Palam Mirch 2 x DKC-8 in E1; Him Palam Mirch 2 x DKC-8,
Pusa Sadabahar x DKC-8, and Pusa Jwala x Punjab Guchhedar in E2; and Pusa Sadabahar x DKC-8, Pusa
Jwala x Punjab Guchhedar, and Him Palam Mirch 2 x DKC-8 in E3. The results showed by pooled analysis
revealed that heterobeltiosis varied from -38.91% in Surajmukhi x Pusa Sadabahar to 66.58% in Pusa Jwala
Punjab Guchhedar crosses. The consistent and better performance was shown by Pusa Jwala x Punjab
Guchhedar at 66.57%, followed by Pusa Sadabahar x DKC-8 at 66.58% across all the environments which gives
these crosses first ranking for improving number of fruits per plant. Standard heterosis for number of fruits per
plant ranged from 0.50% in Surajmukhi x Pusa Sadabahar to 229.50% in Pusa Jwala x Punjab Guchhedar in E1,
from -2.69% in Surajmukhi x Pusa Sadabahar to 197.31% in Pusa Jwala x Punjab Guchhedar in E2, and from -
0.17% in Surajmukhi % Pusa Sadabahar to 239.58% in Pusa Jwala x Punjab Guchhedar in E3. Twenty hybrids in
each of El, E2, and E3 showed positive & significant standard heterosis over the check DKC-8. The best
crosses were Pusa Jwala x Punjab Guchhedar, Him Palam Mirch 2 x DKC-8 and the Him Palam Mirch 2 x
Punjab Guchhedar in E1; Pusa Jwala x Punjab Guchhedar, Him Palam Mirch 2 x DKC-8, and Pusa Sadabahar x
DKC-8 in E2; and Pusa Jwala x Punjab Guchhedar, Him Palam Mirch 2 x DKC-8, and Pusa Sadabahar x DKC-
8 in E3. Across pooled data, Pusa Jwala x Punjab Guchhedar showed the highest positive & significant standard
heterosis at 220.78%, followed by Him Palam Mirch 2 x DKC-8 at 167.13% for number of fruits per plant.

For average fruit weight, heterobeltiosis ranged from -30.35% in Him Palam Mirch 2 x Pusa Jwala to
22.30% in Him Palam Mirch 1 x Pusa Sadabahar under E1, from -22.88% in Him Palam Mirch 2 x DKC-8 to
25.07% in Him Palam Mirch 2 % Pusa Sadabahar under E2, and from -24.26% in Him Palam Mirch 2 x Pusa
Jwala to 23.39% in Him Palam Mirch 1 x Pusa Sadabahar under E3 environments (Table 7c). Six hybrids in El1,
seven in E2, and seven in E3 showed significant positive heterobeltiosis over their parents. The crosses Him
Palam Mirch 1 x Pusa Sadabahar, Him Palam Mirch 1 X Punjab Guchhedar, and Him Palam Mirch 2 X Pusa
Sadabahar showed the highest desirable heterobeltiosis in E1; Him Palam Mirch 2 x Pusa Sadabahar, Him
Palam Mirch 1 x Pusa Sadabahar, and Him Palam Mirch 2 x Him Palam Mirch 1 in E2; and Him Palam Mirch 1
x Pusa Sadabahar, Him Palam Mirch 2 x Pusa Sadabahar, and Surajmukhi x Punjab Guchhedar in E3. In pooled
analysis, heterobeltiosis varied from -24.51% in Him Palam Mirch 2 x Pusa Jwala to 21.91% in Him Palam
Mirch 1 x Pusa Sadabahar. The highest significant positive heterobeltiosis was recorded by Him Palam Mirch 1
x Pusa Sadabahar at 21.91%, followed by Him Palam Mirch 2 x Pusa Sadabahar at 17.42%.Standard heterosis
for this trait ranged from -33.82% in Surajmukhi x Pusa Sadabahar to 28.01% in Him Palam Mirch 2 x Pusa
Sadabahar under E1, from -32.31% in Pusa Jwala x Punjab Guchhedar to 25.79% in Him Palam Mirch 2 x Pusa
Sadabahar under E2, and from -33.05% in Pusa Jwala x Punjab Guchhedar to 28.63% in Him Palam Mirch 2 x

Pusa Sadabahar under E3 environments. Four hybrids in each of El, E2, and E3 showed significant positive
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standard heterosis over the check DKC-8. The crosses performed best and emerged as best hybrids were Him
Palam Mirch 2 x Pusa Sadabahar, Him Palam Mirch 2 X Punjab Guchhedar, and Him Palam Mirch 2 x Him
Palam Mirch 1 under E1; Him Palam Mirch 2 X Pusa Sadabahar, Him Palam Mirch 2 x Him Palam Mirch 1, and
Him Palam Mirch 2 x Punjab Guchhedar under E2; and Him Palam Mirch 2 x Pusa Sadabahar, Him Palam
Mirch 2 x Punjab Guchhedar, and Him Palam Mirch 2 x Him Palam Mirch 1 under E3 environments. Across
pooled data, Him Palam Mirch 2 % Pusa Sadabahar showed the highest significant positive standard heterosis at
27.42% and closely followed by Him Palam Mirch 2 x Punjab Guchhedar at 16.49% which indicates best
performance of these hybrids to improve fruit weight.

For pedicel length, negative heterosis is considered desirable. Heterobeltiosis ranged from -31.32% in
Him Palam Mirch 2 x Punjab Guchhedar to 27.11% in Surajmukhi x DKC-8 in E1, from -31.30% in Him Palam
Mirch 2 % Punjab Guchhedar to 28.87% in Surajmukhi x DKC-8 in E2, and from -31.08% in Him Palam Mirch
2 x Punjab Guchhedar to 29.03% in Surajmukhi x DKC-8 in E3. Eleven hybrids in E1, ten in E2, and ten in E3
showed significant negative heterobeltiosis over their parents. The best crosses in the desirable direction were
Him Palam Mirch 2 X Punjab Guchhedar, Surajmukhi x Pusa Jwala, and Him Palam Mirch 2 x Pusa Jwala
under E1; Him Palam Mirch 2 x Punjab Guchhedar, Surajmukhi x Pusa Jwala, and Him Palam Mirch 2 x Pusa
Jwala under E2; and Him Palam Mirch 2 x Punjab Guchhedar, Surajmukhi X Pusa Jwala, and Him Palam Mirch
2 x Pusa Jwala under E3 environments. In pooled analysis, heterobeltiosis ranged from -31.27% in Him Palam
Mirch 2 x Punjab Guchhedar to 28.33% in Surajmukhi x DKC-8. The hybrids which showed highest desirable
negative heterobeltiosis and ranked first are Him Palam Mirch 2 x Punjab Guchhedar at -31.27%, followed by
Surajmukhi x Pusa Jwala at -25.61%for improving this trait. Standard heterosis over the check DKC-8 was
significant for two crosses under E1, one under E2, and two under E3 environments in the desirable negative
direction. Standard heterosis ranged from -14.33% in Him Palam Mirch 2 x Punjab Guchhedar to 33.61% in
Him Palam Mirch 1 x Pusa Sadabahar under E1, from -14.43% in Him Palam Mirch 2 x Punjab Guchhedar to
37.11% in Him Palam Mirch 1 x Pusa Sadabahar under E2, and from -11.29% in Him Palam Mirch 2 x Punjab
Guchhedar to 29.03% in Surajmukhi x DKC-8 under E3 environments. The most desirable standard heterosis
was shown by Him Palam Mirch 2 x Punjab Guchhedar in all three environments, followed by Surajmukhi X
Pusa Jwala and Him Palam Mirch 2 x DKC-8. Across pooled data, Him Palam Mirch 2 x Punjab Guchhedar
showed the highest significant negative standard heterosis at -13.38%, closely followed by Surajmukhi x Pusa
Jwala at -5.68% which indicates best performance of these hybrids to reduce pedicel length.

For number of seeds per fruit, heterobeltiosis among the hybrids ranged from -36.20% in Surajmukhi x
Pusa Sadabahar to 29.61% in Him Palam Mirch 2 x Pusa Sadabahar under E1, from -22.67% in Him Palam
Mirch 1 x Surajmukhi to 12.53% in Him Palam Mirch 2 x Him Palam Mirch | under E2, and from -26.44% in
Punjab Guchhedar x Pusa Sadabahar to 24.12% in Punjab Guchhedar x DKC-8 under E3. These hybrids were
registered as consistent and superior hybrids for number of seeds per fruit. Only one hybrid in E1, four in E2,
and two in E3 showed significant positive heterobeltiosis over their parents. The best performing crosses in the
desirable direction were Him Palam Mirch 2 x Pusa Sadabahar, Him Palam Mirch 2 x Punjab Guchhedar, and
Him Palam Mirch 2 x Him Palam Mirch 1 under El; Him Palam Mirch 2 x Him Palam Mirch 1, Punjab
Guchhedar x DKC-8, and Him Palam Mirch 2 x Pusa Sadabahar under E2; and Punjab Guchhedar x DKC-8,
Him Palam Mirch 2 x Him Palam Mirch 1, and Him Palam Mirch 2 x Pusa Sadabahar under E3 environments.

In pooled analysis, heterobeltiosis ranged from -24.83% in Punjab Guchhedar x Pusa Sadabahar to 15.44% in
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Him Palam Mirch 2 x Pusa Sadabahar. The highest significant positive heterobeltiosis was recorded by Him
Palam Mirch 2 x Pusa Sadabahar at 15.44% and followed closely by Him Palam Mirch 2 x Him Palam Mirch 1
at 11.03%. Standard heterosis for number of seeds per fruit ranged from -25.41% in Him Palam Mirch 1 x
Punjab Guchhedar to 52.57% in Him Palam Mirch 2 x Pusa Sadabahar under E1, from -23.58% in Palam Mirch
x Surajmukhi to 25.24% in Him Palam Mirch 2 x Pusa Sadabahar under E2, and from -12.66% in Punjab
Guchhedar % Pusa Sadabahar to 34.43% in Punjab Guchhedar x DKC-8 under E3 environments. Four hybrids in
El, seven in E2, and seven in E3 showed significant positive standard heterosis over the check DKC-8. The top
and consistent crosses were Him Palam Mirch 2 x Pusa Sadabahar, Him Palam Mirch 2 x Punjab Guchhedar,
and Pusa Jwala x Punjab Guchhedar in E1; Him Palam Mirch 2 x Pusa Sadabahar, Punjab Guchhedar x DKC-8,
and Him Palam Mirch 2 x Him Palam Mirch 1 in E2; and Punjab Guchhedar x DKC-8, Him Palam Mirch 2 x
Pusa Sadabahar, and Him Palam Mirch 1 x Pusa Sadabahar in E3. Across pooled data, Him Palam Mirch 2 x
Pusa Sadabahar showed the highest significant positive standard heterosis at 34.47% and closely followed by
Punjab Guchhedar x DKC-8 at 17.09% for number of seeds per fruit.

For capsaicin content, heterobeltiosis ranged from -34.29% in Him Palam Mirch 1 x Pusa Jwala to
7.69% in Surajmukhi x DKC-8 under E1, from -29.36% in Him Palam Mirch 1 X Pusa Jwala to 6.85% in Him
Palam Mirch 1 X Surajmukhi under E2, and from -26.26% in Him Palam Mirch 1 x Pusa Jwala to 13.16% in
Him Palam Mirch 1 x DKC-8 under E3 environments. One hybrid under E1 and two hybrids under E3
environments showed significant positive heterobeltiosis for capsaicin content and registered as superior
hybrids, while no hybrid showed positive significance in E2. The best crosses in the desirable direction were
Surajmukhi x DKC-8 and Him Palam Mirch 1 x DKC-8 in E1; Him Palam Mirch 1 x Surajmukhi, Him Palam
Mirch 1 x DKC-8, and Surajmukhi x DKC-8 in E2; and Him Palam Mirch 1 x DKC-8, Him Palam Mirch 1 x
Surajmukhi, and Surajmukhi x DKC-8 in E3. In pooled analysis, heterobeltiosis varied from -30.03% in Him
Palam Mirch 1 x Pusa Jwala to 6.01% in Him Palam Mirch 1 x DKC-8. The crosses performed consistently and
significantly for heterobeltiosis are recorded by Him Palam Mirch 1 x DKC-8 at 6.01%, followed closely by
Surajmukhi x DKC-8 at 3.43% (Fig. 4). Standard heterosis for capsaicin content ranged from -28.21% in Him
Palam Mirch 2 x Him Palam Mirch 1 to 30.77% in Pusa Jwala x Punjab Guchhedar in E1, from -11.39% in Him
Palam Mirch 2 x Him Palam Mirch 1 to 31.65% in Pusa Jwala x DKC-8 in E2, and from -21.05% in Him Palam
Mirch 2 x Him Palam Mirch 1 to 25.00% in Pusa Jwala % Punjab Guchhedar in E3. Nine hybrids in E1, ten in
E2, and eight in E3 showed significant positive standard heterosis over the check DKC-8. The top crosses were
Pusa Jwala x Punjab Guchhedar, Pusa Jwala x DKC-8, and Him Palam Mirch 2 x Pusa Jwala in E1; Pusa Jwala
x DKC-8, Punjab Guchhedar x DKC-8, and Pusa Jwala x Pusa Sadabahar in E2; and Pusa Jwala X Punjab
Guchhedar, Pusa Jwala x Pusa Sadabahar, and Surajmukhi x Punjab Guchhedar in E3. Across pooled data, Pusa
Jwala x Punjab Guchhedar showed the highest significant positive standard heterosis at 22.32%, closely

followed by Pusa Jwala x DKC-8 at 21.89% by performing consistently and improving capsaicin content.

Correlation association of economic heterosis to related traits

The association of heterosis among traits revealed a significant correlation between number of seeds
per fruit and fruit weight. Red ripe fruit yield per plant was positively correlated with plant height, number of
fruits per plant, fruit weight and number of seeds per fruit. Additionally, fruit weight was also positively

correlated with plant height. (Fig. 5).

15



581
582

583
584
585

586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611

612
613
614
615
616
617
618

Association between per se performance, GCA, SCA and Heterosis

Pearson’s correlation coefficient of SCA with economic heterosis and F| performance was
significantly and positively associated for most of the characters (except capsaicin content for SCA- F| and
SCA-EH). A significant and positive association was noticed between standard heterosis with Fy for all the

characters and presented in Table 8.

DISCUSSION

Open-pollinated varieties remain vital in hybridization programmes as they conserve broad genetic
variability, serving as a foundation for recurrent selection, heterotic pool formation and parent identification
(Santos Junior et al. 2023; Labroo et al. 2021; Shelton and Tracy 2015). The present experiment confirmed their
utility by finding parents with high general combining ability (GCA) and hybrids with strong specific
combining ability (SCA). Steady with earlier studies, heterosis breeding in chilli has proven an effective
approach for enhancing potential of yield and uniformity, thus supporting global export opportunities. However,
our results extend preceding findings by demonstrating that heterosis alone cannot determine hybrid superiority;
per se performance and stability across environments should also be taken into consideration (Dod et al. 1992).
Multi-location evaluation of the genotypes revealed significant differences in parental and hybrid performance,
defining genetic diversity among the parents. Hybrids viz., Him Palam Mirch 2 x Punjab Guchhedar (600.63 g),
Him Palam Mirch 2 x Him Palam Mirch 1 (530.15 g), and Pusa Jwala * Punjab Guchhedar (474.24 g)
significantly outperformed the standard check DKC-§ (220.23 g) in mean performance. These findings not only
support earlier studies on the importance of open-pollinated varieties but also emphasize the superiority of
specific cross combinations under diverse Himalayan agro-climatic environments, thereby strengthening their
potential for commercial cultivation and income enhancement for farmers. Comparable differences in mean
performance among both hybrids and parental lines have been reported earlier by (Dhaliwal et al. 2014; Janaki
et al. 2017; Negi 2018; Azadani 2020). These studies highlighted the role of genetic diversity in improving
heterosis and combining ability are in agreement with the present studies. However, the magnitude of heterotic
response observed in our material, particularly for red ripe fruit yield (>500 g plant™ in Him Palam Mirch 2 x
Punjab Guchhedar and Pusa Jwala x Punjab Guchhedar), exceeded the values reported in preceding studies,
suggesting broader parental divergence and superior genetic complementarity. Unlike the single-location
evaluations of preceding experiments, the present experiment of multi-environment evaluation across three
Himalayan agro-climatic zones provided stronger evidence of stability and adaptability of the genotypes. This
strengthens the importance of evaluating mean performance, GCA and SCA effects to find hybrids with both

high yield potential and environmental resilience.

The superior fruit yield of the above-mentioned genotypes was largely correlated to higher
performance for other traits such as plant height, number of fruits per plant, fruit weight, and thousand seed
weight, that consistently contribute to improved red ripe fruit yield and raised capsaicin content for processing
purpose (Meena et al. 2020). Comparable associations between plant height and genetic background were
reported previously by Rohini et al. (2017), while Nasabiyera et al. (2013) highlighted the straight impact of
branching on fruit number and yield per unit area. In addition to yield characters, industrial processing traits like

pedicel length are critical, as longer pedicels increase labour costs while reducing powder quality. Lata and
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Sharma (2024) highlighted the necessity for lines with shorter pedicels to minimize industrial expenses and
improve product quality. In the present study, genotypes viz., Him Palam Mirch 2 X Punjab Guchhedar (2.76
cm), Surajmukhi Pusa * Jwala (3.01 cm), and Him Palam Mirch 2 x DKC-8 (3.07 cm) exhibited minimum
pedicel length, thereby aligning with industrial necessities and offering dual rewards of high yield while
reducing processing cost. This data extends earlier reports by proving that yield superiority in chilli hybrids can
be simultaneously combined with traits of industrial relevance, strengthening their potential for both cultivation

and processing areas.

Pungency remains a major quality character in chilli, important for both industrial processing and fresh
consumption purpose (Zaki et al. 2013). Capsanthin, the natural red pigment, has additional economic
importance in cosmetics and pharmaceuticals (Rao et al. 2016). Capsaicin, the principal pungent alkaloid
compound which chiefly contribute into pungency is located in the placenta and widely acknowledged for its
medicinal properties including anti-inflammatory, analgesic, and antimicrobial properties (Fattori et al. 2016). In
the present study, genotypes viz., Pusa Jwala x DKC-8 (0.35%), Pusa Jwala * Punjab Guchhedar (0.34%), and
Pusa Jwala x DKC-8 (0.32%) recorded higher capsaicin content compared to the standard check DKC-§
(0.26%). These findings are in accordance with earlier reports that highlighted the genetic basis of variation in
pungency, but the magnitude of improvement observed here suggests superior parental divergence and effective
heterotic combinations. Unlike previous studies that primarily showed pigment or pungency traits in isolation,
our results validate the simultaneous enhancement of capsaicin content along with yield, thereby strengthening

the potential of these genotypes for dual exploitation in processing and pharmaceutical industries.

Combining ability analysis is one of the most effective methods for identifying suitable parents, either
to exploit heterosis or to accumulate desirable alleles (Begna 2021). It also delivers insights into the genetic
control of key traits, thus enabling breeders to design efficient strategies for germplasm advancement (Fasahat et
al. 2016). In line with prior reports (Meena et al. 2020), the present study identified Him Palam Mirch 2, Punjab
Guchhedar and DKC-8 as superior general combiners (GCA) for red ripe fruit yield and related attributes across
environments, revealing their potential as parental lines in heterosis breeding. Comparable GCA effects were
earlier reported in chilli by Vera-Guzman et al. (2011), Jagtap et al. (2015), Kaur et al. (2017) and Shumbulo et
al. (2018), although the magnitude of effects observed in our material was comparatively higher, suggesting
broader genetic divergence among the selected parents. Additionally, hybrids derived from Pusa Jwala, Punjab
Guchhedar and DKC-8 demonstrated significant GCA effects for capsaicin content, thereby offering dual value
as sources of pungency for industrial exploitation and as donors in breeding programmes. These findings are in
accordance with earlier studies that demonstrated yield-related GCA can be simultaneously combined with
quality traits such as capsaicin, strengthening the potential of identified parents and hybrids for both commercial

cultivation and pharmaceutical purpose.

SCA effects are broadly recognized as predictors of heterosis, as non-fixable gene actions such as
dominance and epistasis contribute to hybrid vigour (Chakrabarty et al. 2017). In the current study, top-ranked
hybrids for yield per plant also presented significant and positive SCA effects for key traits: number of fruits per
plant (Pusa Sadabahar x DKC-8), fruit weight and seed number (Him Palam Mirch 2 x Him Palam Mirch 1),
and pedicel length (Him Palam Mirch 2 x Punjab Guchhedar). Across all the three environments, nine hybrids
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under E1, ten under E2 and E3, and eleven under pooled analysis exhibited significant positive SCA effects for
red ripe fruit yield, confirming the robustness of these combinations. Hybrids originated from good x good
general combiners (Him Palam Mirch 2 % Punjab Guchhedar, Him Palam Mirch 2 % DKC-8, Punjab
Guchhedar x DKC-8) are mainly promising for finding transgressive segregants in early generations, while
crosses involving one good and one poor combiner (Him Palam Mirch 2 x Him Palam Mirch 1, Pusa Jwala x
Punjab Guchhedar, Pusa Sadabahar x DKC-8) may yield transgressive segregants in further advanced
generations. For capsaicin content, hybrids such as Him Palam Mirch 2 X Pusa Jwala, Him Palam Mirch 1 x
Pusa Sadabahar and Him Palam Mirch 1 x DKC-8 showed significant positive SCA effects, with parental lines
(Pusa Jwala, Pusa Sadabahar, DKC-8) also presenting positive GCA effects. The occurrence of high SCA
effects from poor x poor combiners indicate epistatic interactions, in accordance with Sharma et al. (2007) and
highlights the potential of reciprocal recurrent selection or biparental mating to further use these combinations

for desirable attributes.

Heterosis breeding continues to be an effective strategy for enhancing productivity in chilli, particularly
when genetically diverse open-pollinated varieties are retained (Santos Junior et al. 2023; Labroo et al. 2021). In
the current study, hybrids expressed standard heterosis for red ripe fruit yield ranging from -34.26% to 97.14%
and economic heterosis from -12.51% to 172.73%. Such wide difference reflects the differential genetic
diversity among parental combinations, supported by earlier observations (Shreshtha et al. 2011). Top ranked
crosses viz., Him Palam Mirch 2 % Punjab Guchhedar (172.73%), Him Palam Mirch 2 X Him Palam Mirch 1
(140.73%), and Punjab Guchhedar x DKC-8 (116.24%) showed highest heterosis for fruit yield, confirming the
role of component traits such as fruit weight, plant height, fruit number, and seed number in determining
economic heterosis (Lata et al. 2023). Particularly, two hybrids also showed significant negative heterosis for
pedicel length, indicating their imporetance for industrial processing where short pedicels reduce labour costs
and improve product quality. Furthermore, two hybrids among top five high-yielding hybrids demonstrated
maximum heterosis for capsaicin content, extending preceding reports by linking heterotic response not only to
yield but also to quality traits of pharmaceutical and industrial significance. These findings highlight that
heterosis breeding in chilli can simultaneously deliver hybrids with superior yield stability, while reducing

processing costs, and enhanced capsaicin concentration, thereby strengthening their commercial potential.

A hybrid combination is generally considered best when high SCA is correlated with at least one parent
showing favorable GCA effects, confirming the predictive value of SCA for heterosis (Marchesan et al. 2009;
Singathiya et al. 2026). In the present experiment, a significant positive correlation is observed between SCA
and economic heterosis among all traits, validating the role of non-additive gene action in heterosis expression
(Meera et al. 2026; Yu et al. 2020). Thus, significance of SCA as a reliable indicator for predicting hybrid
performance is supported by his consistent association. The strong correlation observed here is in accordance
with preceding studies (Singathiya et al. 2026; Yu et al. 2020; Liu et al. 2021), which highlighted that hybrids
with desirable heterosis often display significant SCA effects. Ten F: hybrids, including Him Palam Mirch 2 x
Punjab Guchhedar, Pusa Sadabahar x DKC-8, Him Palam Mirch 2 x Him Palam Mirch 1 and Pusa Jwala x
Punjab Guchhedar, were isolated based on high per se values, high SCA effects, and significant heterosis. These
results extend earlier outcomes by demonstrating that simultaneous evaluation of SCA, GCA and heterosis
provides a robust framework for identifying promising hybrids with dual utility in yield enhancement and value-

added spice production.
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CONCLUSION

Heterosis breeding offers strong potential to improve both fresh and dry yield, yet the availability of F; chilli
hybrids suitable for processing remains limited. Multi-location evaluation of heterosis, mean performance, GCA, and
SCA enables identification of superior genotypes with stable performance across diverse environments. Commercial
adoption of such hybrids can enhance productivity and quality, while combining ability analysis guides parent selection
and breeding strategies for effective improvement of red ripe fruit yield and industrially important traits such as capsaicin.
Superior genotypes identified in this study; Him Palam Mirch 2 x Punjab Guchhedar, Pusa Sadabahar x DKC-8, Him
Palam Mirch 2 x Him Palam Mirch 1, Pusa Jwala x Punjab Guchhedar, Him Palam Mirch 2 x Pusa Jwala, Him Palam
Mirch 2 x DKC-8, Pusa Jwala x DKC-8, Surajmukhi % Pusa Sadabahar, Him Palam Mirch 1 x DKC-8 and Him Palam
Mirch 2 x Pusa Sadabahar demonstrated consistent superiority across locations. Beyond conventional outcomes, this
research advances knowledge by linking heterosis and combining ability with adaptability under Himalayan agro-
climatic conditions, while highlighting dual-purpose utility for spice and pharmaceutical industries. The correlation of
SCA with economic heterosis provides a predictive framework for hybrid performance offering breeders novel tools for

climate-resilient and value-added chilli improvement programmes.

STATEMENTS AND DECLARATIONS

The authors sincerely acknowledge the Department of Vegetable Science, Dr Yashwant Singh Parmar
University of Horticulture and Forestry, Nauni, Solan and Regional Horticultural Research and Training
Stations; Dhaula Kuan and Bajaura, Himachal Pradesh, India for providing financial assistance, research

facilities and planting material.

AUTHOR CONTRIBUTION

Conceptualization: AC, HDS; Methodology: AC, HDS; Validation: AC, HDS, VS; Data recording: AC,
AS; Formal analysis: AC, VS, AS, PS; Resources: HDS, AV; Writing & reviewing of manuscript: AC, HDS, AV,
MG, PS; Supervision: HDS, AV, MG.

AVAILABILITY OF DATA
The datasets generated and analyzed for current study are presented in the main manuscript and as
supplementary file. However, any additional information required can be taken from the corresponding author on

reasonable request.

FUNDING INFORMATION
This research did not receive any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.

COMPETING INTERESTS
The authors declare that they have no conflicts of interest or competing interests related to this

research.

REFERENCES
Anonymous (2011) Chilli pepper. Food Agric Organ Q Bull Stat 56:160—165.

19



732
733
734

735
736
737

738
739
740

741
742

743
744

745
746
747

748
749

750

751
752

753
754

755
756
757

758
759

760
761

Anonymous (2023) Annual Report 2023. India Meteorological Department, Ministry of Earth Sciences,
Government of India, New Delhi.

https://metnet.imd.gov.in/docs/imdnews/ANNUAL REPORT2023English.pdf

Arimboor R, Natarajan RB, Menon KR, Chandrasekhar LP, Moorkoth V (2015) Red pepper (Capsicum
annuum) carotenoids as a source of natural food colors: Analysis and stability. J Food Sci Technol 52:1258-

1271. https://doi.org/10.1007/s13197-014-1260-7

Azadani HS (2020) Genetic variability, genetic divergence studies for yield and yield related traits in chilli
(Capsicum annuum L.) germplasm. MSc thesis, Department of Vegetable Science, College of Horticulture, Sri

Konda Laxman Telangana State Horticultural University, India, p 190.

Baker RJ (1978) Issues in diallel crosses and their application to plant breeding. Crop Sci 18:533-536.
https://doi.org/10.2135/cropscil978.0011183X001800040001x

Begna T (2021) Combining ability and heterosis in plant improvement. Open J Plant Sci 6:108-117.
https://doi.org/10.17352/0jps.000043

Bhutia ND, Seth T, Shende VD, Dutta S, Chattopadhyay A (2015) Estimation of heterosis, dominance effect and
genetic control of fresh fruit yield, quality and leaf curl disease severity traits of chilli pepper (Capsicum

annuum L.). Sci Hortic 182:47-55. https://doi.org/10.1016/j.scienta.2014.11.017

Biswas A, Bhattacharya A, Chattopadhyay A, Chakravarty A, Pal S (2011) Antioxidants and antioxidant activity
in green pungent peppers. Int J Veg Sci 17:224-232. https://doi.org/10.1080/19315260.2010.543451

Bosland PW, Votava EJ (2000) Peppers: Vegetable and Spice Capsicums. CABI, Wallingford, UK.

Chakrabarty S, Mominul Islam AK, Islam AKM (2017) Nutritional benefits and pharmaceutical potentialities of
chili: A review. Fundam Appl Agric 2:2518-2521.

Dhaliwal MS, Garg N, Jindal SK, Cheema DS (2014) Growth and yield of elite genotypes of chilli (Capsicum

annuum L.) in diverse agroclimatic zones of Punjab. J Spices Aromat Crops 24:83-91.

Djian-Caporalino C, Lefebvre V, Sage-Daubeze AM, Palloix A (2006) Capsicum genetic resources, chromosome
engineering, and crop improvement. In: Vegetable Crops. Taylor & Francis, Boca Raton, FL.

https://doi.org/10.1201/9781420009569

Dod VN, Kale PB, Wankhade RV, Jadhao BJ (1992) Heterosis in the intervarietal crosses of tomato
(Lycopersicon esculentum Mill.). Crop Res 5:134—139.

FAOSTAT (2024) FAOSTAT database. Food and Agriculture Organization of the United Nations.
https://www.fao.org/faostat/en/#data

20



762
763

764
765
766

767
768

769
770

771
772

773
774

775
776
777

778
779
780

781
782

783
784

785
786
787

788
789

790
791

Fasahat P, Rajabi A, Mohseni J, Derera J (2016) Principles and utilization of combining ability in plant
breeding. Biom Biostat Int J 4:1-22. https://doi.org/10.15406/bbij.2016.04.00085

Fattori V, Hohmann M, Rossaneis A, Pinho-Ribeiro F, Verri W (2016) Capsaicin: Current understanding of its
mechanisms and therapy of pain and other pre-clinical and clinical uses. Molecules 21:844.

https://doi.org/10.3390/molecules21070844

Fonseca S, Patterson FL (1968) Hybrid vigour in a seven parent diallel cross in common winter wheat ( Triticum

aestivum L.). Crop Sci 8:85. https://doi.org/10.2135/cropscil968.0011183X000800010025x

Griffing B (1956) Concept of general and specific combining ability in relation to diallel system. Aust J Biol Sci
9:463-493.

Hammer O, Harper DAT, Ryan PD (2001) PAST: Paleontological statistics software package for education and

data analysis. Palaeontol Electron 4:1-9.

Hazra P, Chattopadhyay A, Karmakar K, Dutta S (2011) Modern Technology in Vegetable Production. New
India Publishing Agency, New Delhi, India.

Herath HMSN, Rafii MY, Ismail SI, Nakasha JJ, Ramlee SI (2020) Improvement of important economic traits in
chilli  through  heterosis  breeding: A  review. J Hortic Sci  Biotechnol  95:14-23.
https://doi.org/10.1080/14620316.2020.1780162

Herath HMSN, Weerakoon WMW, Perera AM, Bandara HMS, Saluwadana SMNIK (2017) Investigation of
combining ability and heterotic pattern of chilli (Capsicum annuum L.) inbred lines for hybrid development.

Ann Sri Lanka Dep Agric 19:29-44.

Indiastat (2024) Area, production and productivity of chilli in India. Accessed Nov 2024. Available at:

https://www.indiastat.com

Jagtap VS, Gawali DJ, Chavan NH (2015) Heterosis and combining ability for morphological and yield
characters in chilli. Ann Plant Soil Res 17:562-564.

Janaki J, Babu D, Naidu LN, Ramana CV, Rao KK, Uma Krishna KU (2017) Combining ability studies for
yield and yield components in chilli (Capsicum annuum L.). Electron J Plant Breed 8:825-833.
https://doi.org/10.5958/0975-928X.2017.00131.4

Jindal SK, Kaur D, Dhaliwal MS, Chawla N (2015) Combining ability and heterosis for qualitative traits in chili
pepper (Capsicum annuum L.). Int J Hortic Sci Technol 5:1-13. https://doi.org/10.5376/ijh.2015.05.0005

Kaur D, Jindal SK, Dhaliwal MS, Meena OP (2017) Improving fruit traits in chilli pepper through heterosis
breeding. SABRAO J Breed Genet 49:26-43.

21



792
793

794
795

796
797
798
799

800
801
802

803
804
805

806
807

808
809
810

811
812
813

814
815
816

817
818
819

820
821
822

Labroo MR, Studer AJ, Rutkoski JE (2021) Heterosis and hybrid crop breeding: A multidisciplinary review.
Front Genet 12:643761. https://doi.org/10.3389/fgene.2021.643761

Lata H, Sharma A (2024) Exploitation of heterosis in chilli using genetic male sterile lines for red fruit yield

with reference to high rainfall conditions. Sci Rep 14:23061. https://doi.org/10.1038/s41598-024-73728-7

Lata H, Sharma A, Thakur H, Thakur A, Rana RS, Kaur M (2023) Heterosis and combining ability vis-a-vis
association for green fruit yield and component traits involving male sterile lines in chilli (Capsicum annuum)
under wet temperate zone of North Western Himalayas. Plant Breed 142:547-562.
https://doi.org/10.1111/pbr.13114

Liu Z, Jiang J, Ren A, Xu X, Zhang H, Zhao T, Jiang X, Sun Y, Li J, Yang H (2021) Heterosis and combining
ability analysis of fruit yield, early maturity, and quality in tomato. Agronomy 11:807.
https://doi.org/10.3390/agronomy 11040807

Lyu W, Zhang X, Zhang Z, Chen X, Zhou Y, Chen H (2019) A simple and sensitive electrochemical method for
the determination of capsaicinoids in chilli peppers. Sens Actuators B Chem 288:65-70.
https://doi.org/10.1016/j.snb.2019.02.104

Marchesan CB, Arlete MT, de Melo ME, Paterniani AGZ (2009) Combining ability in sweet pepper for
resistance to powdery mildew. Hortic Bras 27:189-195.

Medina-Lara F, Echevarria-Machado I, Pacheco-Arjona R, Ruiz-Lau N, Guzman-Antonio A, Martinez-Estevez
M (2008) Influence of nitrogen and potassium fertilization on fruiting and capsaicin content in Habanero pepper

(Capsicum chinense Jacq.). HortScience 43:1549—1554. https://doi.org/10.21273/HORTSCI.43.5.1549

Meena OP, Dhaliwal MS, Jindal SK, Rani M (2020) Cytoplasmic male sterile lines with desirable combining
ability enhance the concentration of biochemical attributes and total yield in Capsicum annuum under

temperature stress conditions. Ind Crops Prod 145:112107. https://doi.org/10.1016/j.indcrop.2020.112107

Meera M, Subramanian A, Premalatha N, Manikanda Boopathi N, Kumar M, Balakrishnan P, et al. (2026)
Impact of environments on combining ability and heterosis in cotton (Gossypium hirsutum L.). Nucleus 69:99—

109. https://doi.org/10.1007/s13237-025-00537-2

Mendes NDS, Santos MCB, Santos MCP, Cameron LC, Ferreira MSL, Gongalves ECBA (2019)
Characterization of pepper (Capsicum baccatum)—a potential functional ingredient. LWT Food Sci Technol

112:108209. https://doi.org/10.1016/j.1wt.2019.05.107

Monforte-Gonzalez M, Guzman-Antonio A, Uuh-Chim F, Vazquez-Flota F (2010) Capsaicin accumulation is
related to nitrate content in placentas of habanero peppers (Capsicum chinense Jacq.). J Sci Food Agric 90:764—

768. https://doi.org/10.1002/jsfa.3880

22



823
824
825

826
827

828
829
830

831
832
833

834
835

836
837

838
839

840
841

842
843
844

845
846
847
848

849
850

851
852
853

Moscone EA, Scaldaferro MA, Grabiele M, Cecchini NM, Sanchez Garcia Y, Jarret R, Davifia JR, Ducasse DA,
Barboza GE, Ehrendorfer F (2007) The evolution of chili peppers (Capsicum—Solanaceae): A cytogenetic
perspective. Acta Hortic 745:137-169.

Nagaraja C, Gokulakrishnan J, Ramakrishna S (2016) Magnitude of the heterosis for quantitative characters in
chilli (Capsicum annuum L.) in multi-locational trials. Plant Arch 16:607-616.

Naresh P, Rao VK, Reddy BL, Reddy CA (2016) Genetic analysis for fruit biochemical traits, capsaicinoids and
carotenoids, and dry fruit yield in chilli (Capsicum annuum L.). Ind Crops Prod 94:920-931.
https://doi.org/10.1016/j.indcrop.2016.10.006

Nasabiyera V, Ochwo-Ssemakula M, Seruwagi P, Ojiewo C, Gibson P (2013) Combining ability for field
resistance to disease, fruit yield, and yield factors among hot pepper (Capsicum annuum L.) genotypes in

Uganda. Int J Plant Breed 7:12-21.

Negi PS (2018) Genetical studies for fruit yield and related traits in chilli (Capsicum annuum L.). MSc thesis,
Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya, Palampur, India, p 109.

Olimpia P, Ion S, Gigel P, Eliza TS (2017) Content of vitamin C, beta-carotene, potassium and phosphorus in the
local pepper populations. J Chem Inf Model 8:158.

Patil MY, Sawant GB, Jadhav SM (2018) Combining ability and gene action studies in chilli (Capsicum annuum
L.). Environ Ecol 36:52-56.

PBTools (2014) Plant Breeding Tools, version 1.4. International Rice Research Institute (IRRI), Los Baiios,
Philippines.

Pickersgill B (1991) Cytogenetics and evolution of Capsicum L. In: Tsuchiya T, Gupta PK (eds) Chromosome
Engineering in Plants: Genetics, Breeding, Evolution, Part B. Elsevier, Amsterdam, pp 139-160.
https://doi.org/10.1016/B978-0-444-88260-8.50013-6

Qin C, Yu C, Shen Y, Fang X, Chen L, Min J, Cheng J, Zhao S, Xu M, Luo Y, Yang Y, Wu Z, Mao L, Wu H, Li
C, Zhou H, Lin H, Gonzales-Morales S, Trejo-Saavedra DL (2014) Whole-genome sequencing of cultivated and
wild peppers provides insights into Capsicum domestication and specialization. Proc Natl Acad Sci USA

111:5135-5140. https://doi.org/10.1073/pnas.1400975111

R Core Team (2024) R: A language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. Available at: https://www.R-project.org

Ramesh M, Lavanya C, Sujatha M, Sivasankar A, Aruna Kumari J, Meena HP (2013) Heterosis and combining
ability for yield and yield component characters of newly developed castor (Ricinus communis L.) hybrid.

Bioscan 8:1421-1424.

23



854
855
856

857
858
859

860
861
862

863
864

865
866
867

868
869
870

871
872
873

874
875
876

877
878
879

880
881

882
883
884

Rao NP, Reddy VK, Reddy BL, Venkatachalapathi CA, Reddy KM (2016) Genetic analysis for fruit
biochemical traits (capsaicinoids and carotenoids) and dry fruit yield in chilli (Capsicum annuum L.). Ind Crops

Prod 94:920-931. https://doi.org/10.1016/j.indcrop.2016.10.006

Rohini N, Lakshmaman V (2016) Heterobeltiosis and inbreeding depression for fruit yield and its components in
hot pepper (Capsicum annuum var. annuum). Asian J Hortic 11:86-92.

https://doi.org/10.15740/HAS/TAJH/11.1/86-92

Rohini N, Lakshmanan V, Saraladevi D, Amalraj JJ, Govindaraju P (2017) Assessment of combining ability for
yield and quality components in hot pepper (Capsicum annuum L.). Span J Agric Res 15:1-12.
https://doi.org/10.5424/sjar/2017152-10190

Sadasivam S, Manickam A (1992) Biochemical Methods for Agricultural Sciences. Wiley Eastern Limited, New
Delhi, India.

Sanati S, Razavi BM, Hosseinzadeh H (2018) A review of the effects of Capsicum annuum L. and its
constituent,  capsaicin, in  metabolic syndrome. Iran J Basic Med Sci = 21:439-448.
https://doi.org/10.22038/IJBMS.2018.25200.6238

Santos Junior DR, Amaral Junior AT, Lima V], Leite JT, Bispo RB, Azeredo VC, Almeida Filho JE, Kamphorst
SH, Viana FN, Ribeiro RM, Viana AP, Gravina GA (2023) Recurrent interpopulation selection in popcorn: From
heterosis to genetic gains. Plants 12:1056. https://doi.org/10.3390/plants12051056

Sharma A, Singh G, Sharma S, Sood S (2007) Combining ability and heterosis for pod yield and related
horticultural traits in garden pea (Pisum sativum L.) under mid-hill sub-temperate and high-hill dry-temperate

conditions of Himachal Pradesh. Indian J Genet 67:47—49.

Sharma BB, Sharma VK, Dhakar MK, Punetha S (2013) Combining ability and gene action studies for
horticultural ~ traits in  garden pea: A review. Afr J Agric Res  8:4718-4725.
https://doi.org/10.5897/AJAR2013.7268

Shelton AC, Tracy WF (2015) Recurrent selection and participatory plant breeding for improvement of two
organic open-pollinated sweet corn (Zea mays L.) populations. Sustainability 7:5139-5152.
https://doi.org/10.3390/su7055139

Shrestha SL, Luitel BP, Kang WH (2011) Heterosis and heterobeltiosis studies in sweet pepper (Capsicum
annuum L.). Hortic Environ Biotechnol 52:278-283. https://doi.org/10.1007/s13580-011-0106-8

Shumbulo A, Nigussie M, Alamerew S (2018) Combining ability and gene action of hot pepper (Capsicum
annuum L.) genotypes in Southern Ethiopia. J Agric Biotechnol Sustain Dev 10:157-163.
https://doi.org/10.5897/JABSD2018.0320

24



885
886

887
888
889
890

891
892
893

894
895

896
897
898

899
900

901
902
903

904
905
906

907
908
909

910
911
912

913
914
915

Shuro AR (2017) Review paper on approaches in developing inbred lines in cross-pollinated crops. Biochem

Mol Biol 2:40-45. https://doi.org/10.11648/;.bmb.20170204.12

Singathiya P, Dhall RK, Manchanda P, Kumari P, Lnu R, Praveen S, et al. (2026) Exploitation of heterosis and
combining ability for earliness, yield and quality attributes utilizing parthenocarpic gynoecious cucumber
(Cucumis  sativus L.) inbreds under two poly-net house environments. Nucleus 69:1-19.

https://doi.org/10.1007/s13237-025-00628-0

Singh P, Cheema DS, Dhaliwal MS, Garg N (2014) Heterosis and combining ability for earliness, plant growth,
yield and fruit attributes in hot pepper (Capsicum annuum L.) involving genetic and cytoplasmic-genetic male

sterile lines. Sci Hortic 168:175—188. https://doi.org/10.1016/j.scienta.2013.12.031

Srinivasan K (2016) Biological activities of red pepper (Capsicum annuum) and its pungent principle capsaicin:

A review. Crit Rev Food Sci Nutr 56:1488-1500. https://doi.org/10.1080/10408398.2013.772090

Takashi M, Mochida K, Kozuka M, Ito Y, Fujiwara Y, Hashimoto K, Enjo F, Ogata M, Nobukuni Y, Tokuda H,
Nishino H (2001) Cancer chemopreventive activity of carotenoids in the fruits of red paprika (Capsicum

annuum L.). Cancer Lett 172:103—109. https://doi.org/10.1016/S0304-3835(01)00635-8

Tepi¢ AN, Dimi¢ GR, Vujic¢i¢ BL, Kevre$an ZS, Varga M, Sumi¢ ZM (2008) Quality of commercial ground
paprika and its oleoresins. APTEFF 39:77-83. https://doi.org/10.2298/APT0839077T

Thakur H, Jindal SK, Sharma A, Dhaliwal MS (2019) A monogenic dominant resistance for leaf curl virus
disease in chilli pepper (Capsicum annuum L.). Crop Prot 116:115-120.
https://doi.org/10.1016/j.cropro.2018.10.007

Thilak JC, Pant SC, Veena AM, Paliwal A (2019) Studies on general vs. specific combining ability estimates
from diallel analysis for yield and its component traits in chilli (Capsicum annuum L. var. acuminatum). Int J

Chem Stud 7:1747-1749.

Topuz A, Ozdemir F (2007) Assessment of carotenoids, capsaicinoids and ascorbic acid composition of some
selected pepper cultivars (Capsicum annuum L.) grown in Turkey. J Food Compos Anal 20:596-602.
https://doi.org/10.1016/j.jfca.2007.03.007

Vera-Guzman AM, Chavez-Servia JL, Carrillo-Rodriguez JC, Lopez MG (2011) Phytochemical evaluation of
wild and cultivated pepper (Capsicum annuum L. and C. pubescens) from Oaxaca, Mexico. Chilean J Agric Res

71:578-585. https://doi.org/10.4067/S0718-58392011000400013

Walsh BM, Hoot SB (2001) Phylogenetic relationships of Capsicum (Solanaceae) using DNA sequences from
two noncoding regions: The chloroplast atpB-rbcL spacer region and nuclear waxy introns. Int J Plant Sci

162:1409-1418. https://doi.org/10.1086/323273

25



916  Yu K, Wang H, Liu X, Xu C, Li Z, Xu X, Liu J, Wang Z, Xu Y (2020) Large-scale analysis of combining
917 ability and heterosis for development of hybrid maize breeding strategies using diverse germplasm resources.

918  Front Plant Sci 11:660. https://doi.org/10.3389/fpls.2020.00660

919 Zaki N, Hasib A, Abdelmalek H, Fatima D, Aaziz O (2013) Assessment of color, capsaicinoids, carotenoids and
920 fatty acids composition of paprika produced from Moroccan pepper cultivars (Capsicum annuum L.). J Nat Sci
921  Res3:111-119.

26



922 Table 1. List of all the genotypes used in the experiment along with sources and acronyms used and experiment locations:

S. No. Acronyms Genotypes Source
1 P1 Him Palam Mirch 2 CSK Himachal Pradesh Krishi Vishwavidyalaya, Palampur
2 P2 Him Palam Mirch 1 CSK Himachal Pradesh Krishi Vishwavidyalaya, Palampur
3 P3 Surajmukhi CSK Himachal Pradesh Krishi Vishwavidyalaya, Palampur
4 P4 Pusa Jwala Indian Agricultural Research Institute, New Delhi
5 P5 Punjab Guchhedar Punjab Agricultural University, Ludhiana
6 P6 Pusa Sadabahar Indian Agricultural Research Institute, New Delhi
7 P7 (check) DKC-8 (check) Dr YSPUHF, Nauni
Experimental Locations
E1: Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Nauni, Solan, HP
E2: Regional Horticulture Research and Training Station, Dhaula Kuan, Sirmour, HP
E3: Regional Horticulture Research and Training Station, Bajaura, Kullu, HP

923

924 Table 2. List of yield and other traits evaluation with method of assessment

Characteristics Method of Assessment

Plant height (cm) The height ten observational plants were measured from the ground level to the tip of the main stem
Number of fruits per Total number of fruits from ten plants were counted at each picking then summed and averaged
plant

Fruit weight (g) The fruits were weighed in grams at harvestable maturity and average value was calculated.

Red ripe fruit yield per
plant (g)

Total fruit weight of all red ripe fruits was taken at each picking and summed up for all the pickings

and total weight was calculated.

Pedicel length (cm)

The lengths fruit pedicels were measured with the help of digital Vernier calliper

Number of seeds per
fruit

Calculated by counting the seeds of ten oven dried red ripe fruits

Capsaicin content (%)

Capsaicin content in the samples was estimated by spectrophotometric measurement as per the procedure

(Sadasivam 1992) under post-harvest fruit evaluation

925

926 Table 3. Analysis of variance (mean squares) over environments for different characters in chilli

Source of variation

S.N. Source of variation Env. (E) Rep/Env. Gen((égfpes Parents (P) Hig;i)ds Pvs F1 GxE PxE F1 xE ® ZSEFI) l;o::gf
1 Characters 2 6 27 6 20 1 54 12 40 2 162
2 Plant height 1500.99* 3.21 470.60* 364.30* 449.17* 1537.06* 40.71* 3.08 53.49* 10.96 4.15
3 Number of fruits per plant 3604.50* 4.15 9330.14* 3953.084 * 10788.680 * 12421.76* 179.58* 68.28%* 218.99* 59.10% 15.40
4 Fruit weight (g) 1.70* 0.002 2.57* 2.40% 2.69% 1.20* 0.02* 0.03* 0.02* 0.004 0.01
5 Red ripe fruit yield per (2) 92799.20* 116.86 108779.50* 46562.23* 121345.80* 230757.40% | 4095.79* 1995.07* 4906.74* 481.26* 98.42
6 Pedicel length (cm) 0.30%* 0.01 1.78% 1.43% 1.95% 0.35% 0.008 0.002 0.01 0.01 0.01
7 Number of seeds per fruit 566.26* 19.77* 318.18* 348.17* 321.87* 64.49* 46.56* 2.40 59.58%* 51.29* 8.03
8 Capsaicin (%) 0.008 * 0.001* 0.01* 0.02* 0.008 * 0.00 0.001 * 0.00 0.001 * 0.00 0.00

*Sig@i2idant at p < 0.05 level of significance.
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Table 4a. Mean performances of parents and hybrids across environments for plant height, number if fruits per plant, fruit weight and ripe fruit yield per plant

Genotypes Plant height Number of fruits per plant Fruit weight Ripe fruit yield per plant
E1 E2 E3 Pooled E1 E2 E3 Pooled El E2 E3 Pooled El E2 E3 Pooled
P1 68.1 67.87 59.17 65.05 126.33 115.67 111.47 117.82 3.76 3.5 3.37 3.54 473.72 405.28 375.29 418.1
P2 66.98 70.38 60.23 65.86 106 117 98.17 107.06 2.18 | 2.4l 2.11 2.24 232.12 280.63 207.48 240.07
P3 63.24 66.42 57.31 62.33 107.67 122.33 99.19 109.73 2.19 | 249 | 226 231 217.23 299.54 243.97 253.58
P4 54.2 53.12 45.75 51.02 127.33 131.67 122.17 127.06 244 | 2.67 | 236 2.49 312.05 353.94 288.33 318.11
P5 71.89 75.57 65.13 70.86 127 141.33 122.3 130.21 2.51 275 | 243 2.56 321.13 382.94 298.01 334.02
P6 66.98 70.01 60.14 65.71 100.33 111.33 90.98 100.88 226 | 249 | 2.18 2.31 227.34 273.86 198.03 233.07
P7 (check) 69.22 72 63.21 68.14 66.67 74.33 61.86 67.62 3.21 3.48 3.1 3.26 216.35 252.77 191.56 220.23
P1x P2 78.36 81.3 71 76.89 138 149 132.43 139.81 3.74 4 3.61 3.78 518.33 594.05 478.05 530.15
P1x P3 73.62 72.15 64.2 69.99 121 128.33 116.16 121.83 2.98 324 | 2.89 3.04 362.57 410.43 336.48 369.82
P1x P4 62.92 62.1 54.23 59.75 103.67 105.67 97.48 102.27 262 | 2.85 | 2.55 2.67 272.42 308.73 248.57 276.57
P1x PS 77.84 76.9 68.32 74.35 174.67 158.33 139.19 157.4 4.02 3.76 | 3.63 3.8 699.96 596.07 505.88 600.63
P1x P6 93.46 79.56 61.34 78.12 149.67 112 83.45 115.04 4.11 4.37 | 3.98 4.16 619.96 462.52 331.99 471.49
P1x P7 83 81.75 73.8 79.52 187.67 182 172.24 180.63 2.92 2.7 2.63 2.75 551.04 492.32 452.42 498.59
P2 x P3 74.12 66.92 75.06 72.03 111.77 125 117 117.92 217 | 247 | 224 2.29 245.18 304.37 262.48 270.67
P2 x P4 61.87 64.59 56.25 60.9 111.67 114.67 105.1 110.48 247 | 2.68 | 239 2.51 27547 311.96 251.55 279.66
P2 x P§ 75.1 78.55 67.81 73.82 123.75 136.67 135.27 131.9 2.82 3.03 | 2.74 2.86 346.81 410.19 371.81 376.27
P2 x P6 67.35 70.37 62.1 66.61 100 106.33 94.09 100.14 276 | 299 | 2.69 2.81 277.42 315.1 253.11 281.88
P2 x P7 68.88 71.89 62.85 67.87 90 97.67 85.78 91.15 2.83 3.06 | 2.76 2.88 256.33 294.6 236.47 262.47
P3 x P4 63.8 66.73 58.15 62.89 92.33 99.33 85.89 92.52 2.23 244 | 2.16 2.28 202.48 242.29 182.65 209.14
P3 x P5 71.52 80.06 77.33 76.3 83 98.67 92 91.22 2.71 3.01 2.78 2.84 227.33 292.66 252.49 257.49
P3 x P6 68.62 77.17 74.18 73.32 67 72.33 61.76 67.03 2.13 242 | 2.18 2.24 167.57 221.95 188.52 192.68
P3 x P7 70.23 77.62 74.21 74.02 99.39 103.67 101.67 101.57 2.59 | 2.88 | 2.66 2.71 257.42 310.55 281.52 283.16
P4 x P5 63.65 62.14 55.82 60.54 219.67 221 210.07 216.91 2.13 235 | 2.07 2.19 475.76 511.43 435.53 474.24
P4 x P6 57.15 60.82 51.12 56.37 108.67 121 105.22 111.63 229 | 251 2.23 2.35 250.32 301.02 235.01 262.12
P4 x P7 64.18 67.08 58.48 63.25 128.67 136 123.14 129.27 2.53 2.76 | 2.46 2.59 327.45 377.25 303.34 336.01
PS5 x P6 72.92 71.39 63.87 69.39 136 149 130 138.33 2.48 2.7 241 2.53 338.33 398.55 314.18 350.35
PS5 x P7 81.78 85.16 75.15 80.7 136.5 143 130.11 136.54 3.45 3.68 | 333 3.49 471.86 523.54 433.26 476.22
P6 x P7 71.1 74.16 64.91 70.06 168 175 161.11 168.04 2.68 | 291 2.61 2.73 450.53 507.98 419.97 459.49
Mean 70.07 71.56 63.61 68.42 121.87 126.73 113.76 120.79 276 | 295 | 2.67 2.79 342.66 372.73 306.35 340.58
SE £(m) 2.01 1.29 1.62 3.1 3.61 2.85 0.05 0.07 | 0.05 7.82 9.57 6.65
CD (P<0.05) 4.02 2.59 3.24 6.22 7.24 5.72 0.11 0.14 | 0.10 15.67 19.18 13.34

E1l: Dr. YSPUHF, Nauni E2: RHR&TS, Dhaula Kuan, E3: RHR&TS, Bajaura. *Genotypes acronyms given in Table.1.
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Table 4b. Mean performances of parents and hybrids across environments for pedicel length, number of seeds per fruit and capsaicin (%)

Genotypes Pedicel length Number of seeds per fruit Capsaicin (%)
E1 E2 E3 Pooled E1 E2 E3 Pooled E1 E2 E3 Pooled

P1 3.40 3.40 3.33 3.38 53.73 52.27 50.33 52.11 0.21 0.21 0.20 0.21
P2 3.30 3.30 3.25 3.28 54.73 55.87 52.00 54.20 0.22 0.23 0.22 0.22
P3 3.00 3.07 3.01 3.03 50.67 52.00 50.00 50.89 0.23 0.24 0.22 0.23
P4 4.06 4.07 4.00 4.04 68.60 69.53 66.07 68.07 0.35 0.36 0.33 0.35
P5 4.03 4.03 3.99 4.02 56.27 57.27 54.73 56.09 0.32 0.32 0.31 0.32
P6 3.40 3.47 3.35 341 62.70 64.07 60.00 62.26 0.29 0.30 0.29 0.29
P7 (check) 3.23 3.23 3.10 3.19 53.27 56.53 50.53 53.44 0.26 0.26 0.25 0.26
P1x P2 3.11 3.13 2.98 3.07 59.73 62.87 57.93 60.18 0.19 0.23 0.20 0.21
P1x P3 3.20 3.30 3.00 3.17 55.53 57.67 52.33 55.18 0.22 0.23 0.21 0.22
P1x P4 3.20 3.17 3.10 3.15 57.33 62.00 54.27 57.87 0.32 0.30 0.25 0.29
P1x P5 2.77 2.77 2.75 2.76 61.60 60.00 56.47 59.36 0.27 0.28 0.26 0.27
P1x P6 4.02 4.07 4.00 4.03 81.27 70.80 63.53 71.87 0.25 0.27 0.24 0.25
P1x P7 3.09 3.13 2.98 3.07 54.00 58.47 50.13 54.20 0.24 0.25 0.24 0.24
P2 x P3 3.96 3.93 3.92 3.94 51.73 43.20 48.33 47.76 0.20 0.26 0.24 0.23
P2 x P4 3.22 3.30 3.18 3.23 54.93 60.33 53.07 56.11 0.23 0.26 0.24 0.24
P2 x P5 4.10 4.20 3.99 4.10 39.73 55.40 48.53 47.89 0.26 0.27 0.25 0.26
P2 x P6 4.32 4.43 4.00 4.25 53.93 62.27 59.13 58.44 0.28 0.29 0.26 0.28
P2 x P7 4.10 4.23 4.00 4.11 47.43 56.87 49.13 51.14 0.27 0.27 0.29 0.27
P3 x P4 3.00 3.07 2.96 3.01 54.33 58.87 50.13 54.44 0.27 0.29 0.26 0.27
P3 x P5 3.96 4.00 3.96 3.97 41.60 53.00 52.13 48.91 0.28 0.31 0.29 0.29
P3 x P6 3.35 3.40 3.33 3.36 40.00 54.93 46.93 47.29 0.27 0.27 0.25 0.26
P3 x P7 4.11 4.17 4.00 4.09 58.10 60.67 49.20 55.99 0.28 0.27 0.26 0.27
P4 x P5 3.30 3.33 3.10 3.24 59.87 55.97 55.73 57.19 0.34 0.29 0.32 0.32
P4 x P6 3.28 3.30 3.24 3.27 56.47 62.40 55.00 57.96 0.30 0.31 0.30 0.30
P4 x P7 3.51 3.53 3.48 3.51 58.20 59.33 57.13 58.22 0.32 0.35 0.28 0.32
P5 x P6 3.96 3.97 3.90 3.94 40.33 55.93 44.13 46.80 0.31 0.30 0.29 0.30
P5 x P7 3.51 3.57 3.47 3.51 55.80 64.00 67.93 62.58 0.31 0.32 0.29 0.31
P6 x P7 4.05 4.07 4.00 4.04 57.73 62.87 51.20 57.27 0.27 0.29 0.28 0.28
Mean 3.56 3.59 3.48 3.54 54.99 58.76 53.79 55.85 0.27 0.28 0.26 0.27

SE +(m) 0.08 0.10 0.06 2.57 2.14 2.20 0.01 0.01 0.01

CD (P<0.05) 0.16 0.20 0.13 5.15 4.30 4.42 0.01 0.03 0.02

El: Dr. YSPUHF, Nauni E2: RHR&TS, Dhaula Kuan, E3: RHR&TS, Bajaura. *Genotypes acronyms given in Table.1.

29




Table Sa. GCA effects of parents for yield and quality traits across environments for plant height, number of fruits per plant, fruit weight and red ripe fruit yield per plant

Parents Plant height Number of fruits per plant Fruit weight Red ripe fruit yield per plant
E1 E2 E3 Pooled E1l E2 E3 Pooled E1l E2 E3 Pooled E1l E2 E3 Pooled
Him Palam Mirch 2 | 4.98* | 1.89% 0.26 2.38% 16.93* 5.87*% 5.98%* 9.59% 0.65*% | 0.48* | 0.52* | 0.55*% | 136.72* | 76.98* | 72.57* | 95.42%*
Him Palam Mirch 1 | -0.11 0.21 0.74* 0.28 -9.75*% | -5.61* | -4.90* | -6.75* | -0.10* | -0.06* | -0.08* | -0.08* | -39.72* | -21.15* | -20.27* | -27.05*
Surajmukhi -1.36*% | 0.11 3.21*% | 0.65% | -20.57* | -15.76* | -15.25% | -17.19* | -0.32* | -0.24* | -0.22* | -0.26* | -93.81* | -66.73* | -50.97* | -70.50*
Pusa Jwala -8.74* | -9.20* | -9.26* | -9.07* | 4.93* 5.24* 6.80%* 5.66* | -0.32* | -0.29* | -0.31* | -0.31* | -34.81* | -24.59* | -24.17* | -27.86*
Punjab Guchhedar | 2.89* | 3.65* | 3.30* | 3.28* 16.96* | 19.50* | 19.02* | 18.49* | 0.06* | 0.05* | 0.05* | 0.05* 51.23* | 57.38* | 50.93* | 53.18%*
Pusa Sadabahar 0.44 0.11 | -1.23* | -0.22 -5.00% | -6.16* | -10.28* | -7.15* | -0.12* | -0.08* | -0.10* | -0.10* | -20.27* | -25.22* | -34.67* | -26.72*
DKC-8 (check) 1.89* | 3.24* | 2.99*% | 2.71* -3.49*% | -3.09* | -1.37* | -2.65*% | 0.15* | 0.15* | 0.14* | 0.15%* 0.67 3.33 6.59* 3.53%
SE. (gi) = 0.44 0.28 0.35 0.21 0.68 0.79 0.62 0.4 0.01 0.02 0.01 0.007 1.71 2.09 1.45 1.02
SE. (gi-gj) £ 0.67 0.43 0.54 0.32 1.03 1.2 0.95 0.62 0.02 0.02 0.02 0.01 2.6 3.19 2.22 1.56
*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura.
Table Sb. GCA effects of parents for yield and quality traits across environments for pedicel length, number of seeds per fruit and capsaicin
Parents Pedicel length Number of seeds per fruit Capsaicin
E1 E2 E3 Pooled El E2 E3 Pooled E1l E2 E3 Pooled
Him Palam Mirch 2 -0.25% -0.27* -0.26* -0.26* 4.12* 0.69 0.56 1.79* -0.03* -0.03* -0.03* -0.03*
Him Palam Mirch 1 0.11* 0.12* 0.08* 0.10* -2.55% -1.94* -1.13* -1.87* -0.03* -0.02* -0.02* -0.02*
Surajmukhi -0.10* -0.08* -0.07* -0.08* -4.14%* -4.20%* -3.47* -3.94%* -0.02* -0.02* -0.02* -0.02*
Pusa Jwala -0.09* -0.10* -0.08* -0.09* 4.27* 3.10% 3.02% 3.46* 0.04* 0.03* 0.02* 0.03*
Punjab Guchhedar 0.14* 0.13* 0.15% 0.14* -3.16%* -1.25% 0.46 -1.32%* 0.03* 0.02* 0.03* 0.02*
Pusa Sadabahar 0.15* 0.16* 0.15% 0.15% 1.69%* 3.03* 1.07* 1.93* 0.01* 0.01* 0.01* 0.01*
DKC-8 (check) 0.04* 0.05% 0.04* 0.04* -0.23 0.57 -0.5 -0.05 0.01%* 0.003 0.01%* 0.01%
SE. (gi) + 0.02 0.02 0.01 0.01 0.56 0.47 0.48 0.29 0.002 0.003 0.002 0.001
SE. (gi-gj) £ 0.03 0.03 0.02 0.02 0.86 0.71 0.73 0.45 0.002 0.004 0.003 0.002

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura.
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Table 6a. SCA effects of hybrids for yield and quality traits across environments for plant height, number of fruits per plant, fruit weight and ripe fruit yield per plant

Hvbrid Plant height Number of fruits per plant Fruit weight Ripe fruit yield per plant
rids

y E1 E2 E3 Pooled E1l E2 E3 Pooled E1 E2 E3 Pooled E1l E2 E3 Pooled
P1x P2 341* 7.64 * 6.39 * 5.81* 8.95*% 22.01* 17.59* 16.18* 0.44* 0.63* 0.50* 0.52* 78.68%* 165.49* 119.40%* 121.19*
P1x P3 -0.08 -141 -2.88 * -145* 277 11.49* 11.67* 8.64* -0.11* 0.05 -0.08* -0.05%* -23.00%* 27.44* 8.53 432
P1x P4 -3.39* 2.15%* -0.39 -1.98 * -40.06* | -32.18* | -29.06* -33.77* -047* | -0.28* | -0.33* -0.36* -172.15* -116.39* -106.19* -131.58*
P1x PS5 -0.1 -0.2 1.15 0.28 1891* 6.23* 044 8.56* 0.55* 0.28* 0.39* 0.41%* 169.36* 88.97* 76.03* 111.45*
P1x P6 17.96* 6.00 * -1.3 7.56* 15.86* -1444* | -26.01* -8.19% 0.83* 1.03* 0.90* 0.92* 160.86* 38.03* -12.27* 62.21*
P1x P7 6.06* 5.06 * 6.94 * 6.02 * 52.36* 52.49* 53.87* 52.91* -0.64* | -0.88* | -0.70* -0.74* 70.99* 39.28* 66.91* 59.06*
P2 x P3 5.51* -4.96 * 7.50 * 2.68 * 20.23* 19.64* 23.39* 21.08* -0.17*% | -0.18* | -0.14* -0.16* 36.05* 19.51* 27.36* 27.64*
P2 x P4 0.64 2.02* 1.16 1.27* -5.38* -11.69* | -10.56* 921* 0.13* 0.09 0.11* 0.11* 7.34 -15.04* -10.37* -6.02*
P2 x P5 224 3.13 * 0.17 1.85* -5.32% 395 7.39* -0.63 0.10* 0.10* 0.10* 0.10* -7.35 1.22 34.80* 9.56*
P2 x P6 -3.06* -1.51 -1.02 -1.86 * -7.12% -8.62% -4.49% -6.75%* 0.23* 0.18* 0.20%* 0.20* -5.25 -11.26 1.69 -4.94
P2 x P7 -2.98* 32% | 449%* -3.53 % -18.63* -2036*% | 21.71* -20.23* 0.02 0.02 0.02 0.02 -47.28* -60.31* -56.20* -54.60*
P3 x P4 3.82% 426* 0.59 2.89* -13.90* -16.89*% | -1942* -16.73* 0.11%* 0.03 0.01 0.05* -11.57* -39.13* -48.56* -33.09*
P3 x P5 -0.09 4.74 * 722 % 3.96 * -35.26* -31.81* | -25.53* -30.86* 0.21* 0.26* 0.28* 0.25* -72.75% -70.73* -53.82* -65.77*
P3 x P6 -0.54 539* 8.59 * 448 * -29.30* 3247% | -2648* -2942* -0.19* | -0.21* | -0.17* -0.19* -61.01* -58.83* -32.20%* -50.68*
P3 x P7 -0.38 271 % 440 * 224 * 1.58 421 4.52% 0.63 0.001 0.02 0.07* 0.03 79 1.22 19.55% 9.56*
P4 x P5 -0.57 -3.87* -1.83 2,09 * 7591* 69.53* 7049* 71.98* -0.36* | -0.35*% | -0.34* -0.35* 116.68* 105.90* 102.42* 108.34*
P4 x P6 -4.63* -1.65 2 276 % -13.14* 4.81%* -5.06* -7.67* -0.02 -0.06 -0.03 -0.04 -37.25% -21.90* -12.51* -23.89*
P4 x P7 0.95 1.48 1.14 1.19 5.36* 7.12% 3.95% 548%* -0.05 -0.04 -0.04 -0.04* 18.93* 25.78%* 14.57* 19.76*
PS x P6 -0.49 -3.93 * -1.81 -2.07 * 217 8.94* 7.50%* 6.20* -0.22*% | -0.22*% | -0.21* -0.22%* -35.28* -6.34 -8.44 -16.69*
PS x P7 6.93* 6.71 * 525 % 6.30 * 1.16 -0.14 -13 -0.09 0.47* 0.53* 0.47* 0.49* 77.31% 90.10%* 69.40* 78.93*
P6 x P7 -1.31 -0.75 -0.46 -0.84 54.62* 57.53* 59.00%* 57.05* -0.11* | -0.11* | -0.11* -0.11* 127.47* 157.15* 141.70* 142.11%*
SE (Sij) 2.66 1.71 2.14 0.52 4.11 478 3.78 1 0.07 0.09 0.06 0.02 10.35 12.67 8.81 2.53

SE (Sij-Sik) 3.95 2.54 3.18 1.79 6.1 7.1 5.61 344 0.11 0.14 0.1 0.06 1537 18.82 13.08 8.71
SE (Sij-Sw) 3.69 2.38 2.97 1.67 571 6.64 525 322 0.1 0.13 0.09 0.06 14.38 17.6 12.24 8.14
Crosses in significant direction 6 10 7 11 8 10 10 9 9 7 10 9 9 10 10 11

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura

31

. *Hybrids acronyms given in Table. 1.




Table 6b. SCA effects of hybrids for yield and quality traits across environments for plant height, number of fruits per plant, fruit weight and ripe fruit yield per plant

Pedicel length Number of seeds per fruit Capsaicin
Hybrids E1l E2 E3 Pooled E1 E2 E3 Pooled El E2 E3 Pooled
P1x P2 -0.30* -0.32% -0.32% -031* 3.18 5.35% 4.72% 4.42% -0.02* 0.002 -0.01 -0.01*
P1x P3 -0.01 0.05 -0.15% -0.03 0.57 2.41 1.46 1.48 -0.003 -0.01 -0.004 -0.004
P1x P4 -0.02 -0.06 -0.04 -0.04 -6.04* -0.55 -3.10% -3.23% 0.04* 0.02 -0.004 | 0.02%*
P1x P5 -0.67* -0.69* -0.62*% -0.66* 5.66% 1.8 1.67 3.04% 0 0.01 0.01 0.01
P1x P6 0.57* 0.58* 0.63* 0.59* 20.47* 8.32% 8.12% 12.30% -0.003 0.01 -0.01 0.00
P1x P7 -0.26* -0.24%* -0.27* -0.26* -4.87% -1.56 -3.71% -3.38% -0.008 -0.003 0.01 0.00
P2 x P3 0.39* 0.30% 0.43* 0.38* 3.43% -9.43% -0.85 -2.28% -0.02* 0.02 0.01* 0.01
P2 x P4 -0.36* 031* -0.30% -0.32% -1.78 0.41 -2.61 -1.33 -0.04* -0.03* -0.02* -0.03*
P2 x P5 0.30% 0.36* 0.28* 0.31* -9.55% -0.17 -4.58% -4.77* -0.006 -0.01 -0.02* -0.01*
P2 x P6 0.51* 0.56* 0.29* 0.45* -0.20 2.42 5.41% 2.54% 0.03* 0.02%* 0.01 0.02*
P2 x P7 0.39* 0.47* 041* 0.42* -4.77% -0.53 -3.02% -2.78% 0.03* 0.01 0.04* 0.02*
P3 x P4 -0.37* -0.34% -0.36* -0.36* -0.78 1.21 -3.20% -0.93 -0.02* -0.004 -0.01 -0.01*
P3 x P5 0.37* 0.36* 041* 0.38* -6.09* -0.31 1.36 -1.68* 0.002 0.02* 0.02* 0.01*
P3 x P6 -0.26* -0.27* -0.23* -0.25% -12.54%* -2.66 -4.45% -6.55% 0.01 -0.01 -0.01 -0.002
P3 x P7 0.61* 0.61* 0.56* 0.59* 7.49% 5.53% -0.62 4.13% 0.02* -0.003 0.01 0.01*
P4 x P5 -0.30* -0.29% -0.44* -0.34* 3.77* -4.64* -1.53 -0.8 0.01 -0.04* 0.01 -0.01*
P4 x P6 -0.33* -0.35% -0.31* -0.33* -4.48%* -2.48 -2.88 -3.28% -0.02* -0.01 0.003 -0.01*
P4 x P7 0.004 -0.005 0.05 0.02 -0.83 -3.10% 0.83 -1.03 0.01 0.03* -0.01 0.01*
P5 x P6 0.12%* 0.09 0.13* 0.11%* -13.19* -4.60% -11.18* -9.66* 0.001 -0.01 -0.01 -0.01
P5 x P7 -0.23* -0.20* -0.19% -0.21%* 421% 5.92% 14.19% 8.10% 0.007 0.02* -0.002 0.01*
P6 x P7 0.30% 0.27* 0.34% 0.30% 1.29 0.51 -3.16% -0.46 -0.02* -0.002 0.001 -0.01
SE (Si) 0.11 0.13 0.08 0.03 3.40 2.84 2.92 0.72 0.01 0.02 0.01 0.003
SE (Sij-Sik) 0.16 0.20 0.12 0.09 5.05 4.22 433 2.49 0.01 0.03 0.02 0.01
SE (Sij-Sk) 0.15 0.18 0.12 0.08 4.73 3.94 4.05 233 0.01 0.02 0.02 0.01
dclrr‘;istf;l:“ significant 9 9 10 9 6 4 4 6 4 4 3 7

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura. *Hybrids acronyms given in Table. 1.
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Table 7a. Heterosis over better parent and standard check for plant height and number of fruits per plant

Plant height Number of fruits per plant
Genotype (BP %) (SH %) (BP %) (SH %)
E1 E2 E3 Pooled E1 E2 E3 Pooled E1 E2 E3 Pooled E1l E2 E3 Pooled
P1x P2 15.07 * 1551 * 17.88 * 16.73 * 1320 * 1291 * 1232 % 12.83 * 923 * 27.35 * 18.80 * 18.66 * 107.00 * 100.45 * 114.07 * 106.76 *
P1x P3 8.11* 6.31%* 8.51* 7.60 * 6.36 * 0.21 1.57 2.71 -4.22 4.9 4.21 3.4 81.50 * 72.65 * 87.78 * 80.17 *
P1x P4 -7.60 * -8.50 * -8.35 % -8.14 * -9.10 * -13.75 * -14.21 * -12.32 % -18.59 * -19.75 * -20.21 * -19.51 * 55.50 * 42.15 * 57.58 * 51.24 *
P1x P5 8.27 * 1.77 49 493 * 1245 * 6.81 * 8.08 * 9.11* 3753 * 12.03 * 13.81 * 20.88 * 162.00 * 113.00 * 125.01 * 132.77 *
P1x P6 37.24 * 13.65* 2 18.89 * 35.01* 10.50 * -2.95 14.64 * 18.47 * -3.17 -25.14 * -2.36 124.50 * 50.67 * 34.90 * 70.13 *
P1x P7 1991 * 13.54 * 16.75 * 16.69 * 1991 * 13.54 * 16.75 * 16.69 * 48.55 * 57.35* 5451 * 5331 % 181.50 * 144.84 * 178.43 * 167.13 *
P2 x P3 10.66 * -4.92 * 24.62 * 9.36 * 7.08 * -7.06 * 18.74 * 571% 3.81 2.18 17.96 * 7.47 * 67.66 * 68.16 * 89.14 * 74.39 *
P2 x P4 -7.63 * -8.23 * -6.61 * -7.53 * -10.62 * -10.29 * -11.01 * -10.62 * -12.30 * -12.91 * -13.97 * -13.05 * 67.50 * 5426 * 69.91 * 63.38 *
P2 x PS5 4.47 3.95* 4.11 4.17 8.49 * 9.10 * 7.28 % 8.33 * -2.56 -3.3 10.60 * 1.29 85.63 * 83.86 * 118.67 * 95.05 *
P2 x P6 0.56 -0.02 3.1 1.13 -2.7 -2.27 -1.76 -2.26 -5.66 -9.12 * -4.16 -6.46 * 50.00 * 43.05 * 52.11°%* 48.10 *
P2 x P7 -0.49 -0.15 -0.57 -0.39 -0.49 -0.15 -0.57 -0.39 -15.09 * -16.52 * -12.62 * -14.86 * 35.00 * 3139 % 38.67 * 34.80 *
P3 x P4 0.88 0.47 1.46 0.91 -7.83 * -7.31 % -8.01 * -7.70 * -27.49 * -24.56 * -29.70 * -27.18 * 38.50 * 33.63 * 38.84 * 36.82 *
P3 x PS5 -0.52 595 * 18.73 * 7.68 * 3.32 11.19 * 22.34 * 11.97 * -34.65 * -30.19 * -24.78 * -29.94 * 24.50 * 32.74 * 48.72 * 34.90 *
P3 x P6 2.45 1023 * 2335 * 11.59* -0.87 7.18 * 1735 * 7.60 * -37.77 * -40.87 * -37.74 * -38.91 * 0.5 -2.69 -0.17 -0.87
P3 x P7 1.46 7.80 * 17.40 * 8.62 * 1.46 7.80 * 17.40 * 8.62 * -7.69 * -15.26 * 2.5 -7.43 * 49.08 * 39.46 * 6435 * 50.21 *
P4 x P5 -11.46 * -17.77 * -14.29 * -14.57 * -8.04 * -13.69 * -11.69 * -11.16 * 72.51 * 56.37 * 71.76 * 66.58 * 229.50 * 197.31 * 239.58 * 220.78 *
P4 x P6 -14.68 * -13.12 % -14.99 * -14.22 * -17.44 * -15.52 % -19.12 * -17.28 * -14.66 * -8.10 * -13.87 * -12.14 * 63.00 * 62.78 * 70.10 * 65.08 *
P4 x P7 -7.28 * -6.84 * <748 * -7.19 * -7.28 * -6.84 * -7.48 * -7.19 * 1.05 3.29 0.79 1.74 93.00 * 82.96 * 99.06 * 91.17 *
P5 x P6 1.43 -5.53 * -1.93 -2.07 5.34 -0.85 1.04 1.83 7.09 * 542 * 6.30 * 6.24 * 104.00 * 100.45 * 110.15 * 104.57 *
P5 x P7 13.76 * 12.70 * 1538 * 13.88 * 18.15* 18.28 * 18.89 * 18.42 * 7.48 * 1.18 6.39 * 4.86 104.75 * 92.38 * 110.34 * 101.92 *
P6 x P7 2.72 3 2.69 2.81 2.72 3 2.69 2.81 67.44 * 57.19 * 77.09 * 66.57 * 152.00 * 135.43 * 160.45 * 148.50 *
SE+ 2.59 29 1.14 1.22 2.59 2.9 1.14 1.22 4.03 5.7 2.02 2.5 4.03 5.7 2.02 2.5

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura; BP:

acronyms given in Table 1.
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Table 7b. Heterosis over better parent and standard check for fruit weight and ripe fruit yield per plant

Fruit weight Ripe fruit yield per plant
Genotype (BP %) (SH %) (BP %) (SH %)

E1 E2 E3 Pooled E1 E2 E3 Pooled E1 E2 E3 Pooled E1l E2 E3 Pooled
P1x P2 -0.44 1439 * 7.23 * 6.87 * 16.39 * 15.05 * 16.58 * 15.97 * 9.42 * 46.58 * 27.38 * 26.80 * 139.58 * 135.01 * 149.56 * 140.73 *
P1x P3 -20.76 * -7.44 * -14.06 * -14.25 * -7.37 * -6.90 * -6.57 * -6.95 * -23.46 * 1.27 -10.34 * -11.55 * 67.59 * 62.37 * 75.65 * 67.93 *
P1x P4 -30.35 * -18.49 * -24.26 * -24.51 * -18.57 * -18.02 * -17.65 * -18.09 * -42.49 * -23.82 * -33.77 * -33.85 * 2592 * 22.14 * 29.76 * 25.59 *
P1x P5 6.92 * 7.44 * 7.72 * 7.34 * 25.00 * 8.05 * 17.12 * 16.49 * 47.76 * 47.07 * 34.80 * 43.66 * 223.53 * 135.81 * 164.08 * 172.73 *
P1x P6 9.49 * 25.07 * 1832 * 1742 * 28.01 * 25.79 * 28.63 * 2742 % 30.87 * 14.12 * -11.54 * 1277 * 186.56 * 82.98 * 73.31 % 114.09 *
P1x P7 -22.36 * -22.88 * -21.88 * -22.38 * -9.23 * -22.44 * -15.07 * -15.77 * 1632 * 2147 * 20.55 * 19.25 * 154.70 * 94.77 * 136.17 * 126.40 *
P2 x P3 -1.07 -0.94 -1.03 -1.01 -32.57 * -29.05 * -27.77 * -29.80 * 5.63 1.61 7.58 * 6.74 * 1333 % 2041 * 37.02 * 2291 *
P2 x P4 1.23 0.5 1.41 1.03 -23.24 * -22.82 % -22.71 % -22.92 * -11.72 * -11.86 * -12.76 * -12.09 * 2733 * 2341 * 3132* 26.99 *
P2 x P5 12.07 * 10.44 * 12.74 * 11.70 * -12.34 * -12.75 * -11.41 * -12.19 * 8.00 * 7.12 % 24.77 * 12.65 * 60.30 * 62.27 * 94.10 * 70.86 *
P2 x P6 22.30 * 20.24 * 2339 * 2191 * -14.11 * -14.00 * -13.13 * -13.76 * 19.52 * 12.29 * 21.99 * 17.41 * 28.23 * 24.66 * 32.13 % 27.99 *
P2 x P7 -12.03 * -12.08 * -10.98 * -11.72 % -12.03 * -12.08 * -10.98 * -11.72 * 1043 * 4.98 13.98 * 933 % 18.48 * 16.55 * 2345 * 19.18 *
P3 x P4 -8.62 * -8.49 * -8.47 * -8.53 * -30.71 * -29.72 * -30.25 * -30.21 * -35.11 % -31.54 * -36.65 * -34.26 * -6.41 -4.15 -4.65 -5.04
P3 x PS5 7.96 * 9.71 * 1438 * 10.62 * -15.56 * -13.33 * -10.12 * -13.04 * -29.21 * -23.57 * -15.27 * -22.91 * 5.08 1578 * 31.81* 16.92 *
P3 x P6 -5.76 * -2.95 -3.39 -3.07 -33.82 * -30.49 * -29.49 * -31.27 * -26.29 * -25.90 * -22.73 * -24.02 * -22.55 * -12.19 * -1.59 -12.51 *
P3 x P7 -19.40 * -17.16 * -13.99 * -16.89 * -19.40 * -17.16 * -13.99 * -16.89 * 18.50 * 3.68 1539 * 11.67 * 18.98 * 22.86 * 46.96 * 28.58 *
P4 x P5 -15.12 * -14.32 * -14.79 * -14.73 * -33.61 * -32.31 * -33.05 * -32.97 * 48.15 * 3355 * 46.15 * 41.98 * 119.90 * 102.33 * 127.36 * 115.34 *
P4 x P6 -5.88 * -5.87 * -5.37* -5.71% -28.63 * -27.71 * -27.88 * -28.07 * -19.78 * -14.95 * -18.49 * -17.60 * 1570 * 19.09 * 22.68 * 19.02 *
P4 x P7 -21.16 * -20.52 * -20.45 * -20.71 * -21.16 * -20.52 * -20.45 * -20.71 * 4.93 6.59 * 5.20 * 5.63 * 5135 % 49.24 * 5835 * 52.58 *
P5 x P6 -1.46 -1.82 -0.82 -1.39 -22.93 * -22.44 * -22.07 * -22.48 * 5.36 * 4.08 543 * 4.89 * 56.38 * 57.67 * 64.01 * 59.09 *
P5 x P7 7.26 * 5.85* 7.53 * 6.85* 7.26 * 5.85* 7.53 % 6.85 * 46.94 * 36.72 * 45.39 * 42.57 * 118.11 * 107.12 * 126.18 * 116.24 *
P6 x P7 -16.70 * -16.40 * -15.82 * -16.31 * -16.70 * -16.40 * -15.82 * -16.31 * 98.18 * 85.49 * 112.08 * 97.14 * 108.24 * 100.96 * 119.24 * 108.65 *

SE+ 0.12 0.13 0.03 0.03 0.12 0.13 0.03 0.03 17.93 16.19 47 11.04 17.93 16.19 4.7 11.04

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura; BP:

acronyms given in Table 1.
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Table 7c. Heterosis over better parent and standard check for pedicel length and number of seeds per fruit

Pedicel length Number of seeds per fruit
Genotype (BP %) (SH %) (BP %) (SH %)
E1 E2 E3 Pooled E1 E2 E3 Pooled E1 E2 E3 Pooled E1 E2 E3 Pooled
P1x P2 -8.62 * -7.84 * -10.60 * -9.01 * -3.81 -3.09 -3.87 -3.59 9.14 12.53 * 11.41 * 11.03 * 12.14 * 11.20 * 14.64 * 12.60 *
P1x P3 -5.97 * -2.94 -10.00 * -6.28 * -1.03 2.06 -3.23 -0.7 3.35 10.33 * 3.97 5.88 4.26 2 3.56 3.24
P1x P4 -21.18 * -22.13 * -22.65* -21.98 * -1.03 -2.06 -0.11 -1.08 -16.42 * -10.83 * -17.86 * -14.99 * 7.63 9.67 * 7.39 8.27
P1x PS5 -31.32* -31.40 * -31.08 * -31.27 * -14.33 * -14.43 * -11.29 * -13.38 * 9.48 4.77 3.17 5.82 15.64 * 6.13 11.74 * 11.06 *
P1x P6 18.12 * 1731 % 19.52 * 18.30 * 2433 * 25.77 * 29.03 * 26.34 * 29.61 * 10.51 * 5.89 1544 * 52.57 % 2524 * 25.73 * 3447 *
P1x P7 -9.21 * -7.84 * -10.50 * -9.17 * -4.43 -3.09 -3.76 -3.76 0.5 3.42 -0.79 1.41 1.38 3.42 -0.79 1.41
P2 x P3 20.00 * 19.19 * 20.51 * 19.90 * 2247 * 21.65 * 26.34 * 2345 * -5.48 -22.67 * -7.05 -11.89 * -2.88 -23.58 * -4.35 -10.64 *
P2 x P4 -20.77 * -18.85 * -20.65 * -20.09 * -0.52 2.06 2.47 1.32 -19.92 * -13.23 * -19.68 * -17.56 * 3.13 6.72 5.01 4.99
P2 x PS 1.65 4.13 0 1.94 26.80 * 29.90 * 28.71 * 28.47 * -29.38 * -3.26 -11.33 * -14.62 * -2541 % ) -3.96 -10.40 *
P2 x P6 26.93 * 27.88 * 19.42 * 24.80 * 33.61* 37.11 % 28.92 * 3328 * -13.98 * -2.81 -1.44 -6.12 1.25 10.14 * 17.02 * 9.36 *
P2 x P7 24.24 * 28.28 * 23.08 * 2521 % 26.80 * 3093 * 29.03 * 28.92 * -13.34 * 0.59 -5.51 -5.64 -10.95 * 0.59 -2.77 -4.3
P3 x P4 -26.19 * -24.59 * -26.06 * -25.61 * -7.32 % -5.15 -4.52 * -5.68 * -20.80 * -15.34 * -24.12 * -20.01 * 2 4.13 -0.79 1.87
P3 x P5 -1.82 -0.83 -0.75 -1.13 2247 * 23.71 * 27.74 * 24.60 * -26.07 * -7.45 -4.75 -12.80 * -21.90 * -6.25 3.17 -8.48
P3 x P6 -1.57 -1.92 -0.5 -1.34 3.61 5.15 7.42 % 537 % -36.20 * -14.26 * -21.78 * -24.04 * -24.91 * -2.83 -7.12 -11.52 *
P3 x P7 27.11 * 28.87 * 29.03 * 28.33 * 27.11 * 28.87 * 29.03 * 28.33 * 9.07 7.31 -2.64 4.76 9.07 7.31 -2.64 4.76
P4 x P5 -18.72 * -18.03 * -22.56 * -19.76 * 2.06 3.09 0 1.74 -12.73 * -19.51 * -15.64 * -15.98 * 1239 * -1 10.29 * 7.01
P4 x P6 -19.21 * -18.85 * -19.15 * -19.07 * 1.44 2.06 441* 2.61 -17.69 * -10.26 * -16.75 * -14.85 * 6.01 10.38 * 8.84 8.44
P4 x P7 -13.46 * -13.11 % -13.07 * -13.22 % 8.66 * 9.28 * 12.26 * 10.03 * -15.16 * -14.67 * -13.52 * -14.46 * 9.26 4.95 13.06 * 8.94 *
P5 x P6 -1.9 -1.65 -2.26 -1.94 2237 * 22.68 * 25.81 * 23.59 * -35.67 * -12.70 * -26.44 * -24.83 * -24.28 * -1.06 -12.66 * -12.43 *
P5 x P7 -13.06 * -11.57 * -13.03 * -12.55 * 8.45 * 1031 * 11.94 * 10.21 * -0.83 11.76 * 2412 % 11.57 * 4.76 1321 % 3443 * 17.09 *
P6 x P7 19.10 * 1731 * 19.52 * 18.63 * 25.36 * 25.77 * 29.03 * 26.69 * -7.92 -1.87 -14.67 * -8.01 * 8.39 11.20 * 1.32 7.15
SE+ 0.16 0.15 0.04 0.03 0.16 0.15 0.04 0.03 2.12 2.29 1.56 1.4 2.12 2.29 1.56 1.4

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura; BP: Better parent; SH: Standard heterosis *Hybrids

acronyms given in Table 1.
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Table 7d. Heterosis over better parent and standard check for capsaicin

Capsaicin
(BP %) (SH %)

Genotype El E2 E3 Pooled El E2 E3 Pooled
P1x P2 -15.15 * 0 -9.09 * -7.92 -28.21 * -11.39 * -21.05 * -20.17 *
P1x P3 -4.35 -4.11 -4.55 -4.33 -15.38 * -11.39 * -17.11 * -14.59 *
P1x P4 -9.52 * -17.43 * -24.24 * -16.93 * 21.79 * 13.92 * -1.32 11.59 *
P1x P5 -15.62 * -12.37 * -15.22 * -14.39 * 3.85 7.59 2.63 4.72
P1x P6 -13.79 * -9.89 * -18.39 * -13.96 * -3.85 3.8 -6.58 -2.15
P1x P7 -7.69 * -3.8 -5.26 -5.58 -7.69 * -3.8 -5.26 -5.58
P2 x P3 -11.59 * 6.85 9.09 * 1.44 -21.79 * -1.27 -5.26 -9.44 *
P2 x P4 -34.29 * -29.36 * -26.26 * -30.03 * -11.54 * -2.53 -3.95 -6.01
P2 x P5 -18.75 * -15.46 * -18.48 * -17.54 * 0 3.8 -1.32 0.86
P2 x P6 -3.45 -3.3 -10.34 * -5.66 7.69 * 11.39 * 2.63 7.3
P2 x P7 3.85 1.27 13.16 * 6.01 3.85 1.27 13.16 * 6.01
P3 x P4 -22.86 * -19.27 * -21.21°* -21.09 * 3.85 11.39 * 2.63 6.01
P3 x P5 -12.50 * -5.15 -4.35 -7.37* 7.69 * 16.46 * 15.79 * 13.30 *
P3 x P6 -6.90 * -10.99 * -13.79 * -10.57 * 3.85 2.53 -1.32 1.72
P3 x P7 7.69 * 1.27 1.32 3.43 7.69 * 1.27 1.32 3.43
P4 x P5 -2.86 -19.27 * -4.04 -8.95 * 30.77 * 11.39 * 25.00 * 22.32 %
P4 x P6 -14.29 * -14.68 * -9.09 * -12.78 * 15.38 * 17.72 % 18.42 * 17.17 *
P4 x P7 -8.57 * -4.59 -15.15 * -9.27 * 23.08 * 31.65* 10.53 * 21.89 *
P5 x P6 -3.12 -6.19 -5.43 -4.91 19.23 * 15.19 * 14.47 * 16.31 *
P5 x P7 -3.12 0 -5.43 -2.81 19.23 * 22.78 * 14.47 * 18.88 *
P6 x P7 -6.90 * -3.3 -3.45 -4.53 3.85 11.39 * 10.53 * 8.58 *

SE+ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

*Significant at p < 0.05 level of significance. EI=UHF, Nauni, E2=RHR&TS, DhaulaKuan and E3= RHR&TS, Bajaura; BP: Better parent; SH: Standard heterosis
*Hybrids acronyms given in Table 1.

Table 8. Pearsons’s correlation coefficient analysis relationship of combining ability, standard heterosis and F;’s for yield and quality traits

Traits GCA-SCA GCA-F1 GCA-EH SCA-F1 SCA-EH F1-EH

Fruit yield per plant 0.4 0.84 0.84 0.84* 0.84* 1.00*
Plant height 0.32 0.88 0.88 0.73* 0.73* 1.00*
Number of fruits per plant 0.24 0.62 0.62 0.91* 0.91%* 1.00%*
Fruit weight 0.18 0.77 0.77 0.77* 0.77* 1.00*
Pedicel length 0.32 0.64 0.65 0.93* 0.93* 1.00*
Number of seeds per fruit 0.06 0.57 0.57 0.85%* 0.85* 1.00*
Capsaicin -0.19 0.89 0.9 0.23 0.22 1.00*

*Significant at p < 0.05 level of significance
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Him Palam Mirch 2

Pusa Sadabahar x DKC-8 Him Palam Mirch 1
Punjab Guchhedar x DKC-8 700 $ Surajmu khi
Punjab Guchhedar x Pusa Sadabahar 600 Pusa Jwala
Pusa Jwala x DKC-8 500 Punjab Guchhedar
400
Pusa Jwala x Pusa Sadabahar Pusa Sadabahar
300
Pusa Jwala x Punjab Guchhedar 200 DKC-8 (check)
100
Surajmukhi x DKC-8 0 Him Palam Mirch le Him Palam Mirch
Surajmukhi x Pusa Sadabahar Him Palam Mirch 2 x Surajmukhi
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Fig. 2 Per se performance of Parents and 21 F;’s at pooled environments
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Fig. 3 Specific combining ability (SCA) effects for plant height, number of fruits per plant, fruit weight, ripe
fruit yield per plant, pedicel length, number of seeds per fruit and capsaicin.
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Fig. 4 Pooled heterosis over better parent and standard check for ripe fruit yield per plant, plant height, number
of fruits per plant, fruit weight, pedicel length, number of seeds per fruit and capsaicin.
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Fig. 5§ Pearson’s correlation coefficients of red ripe fruit yield per plant and component traits of 21 F g of chilli

on the basis of economic heterosis (blue and red circles specify significant positive and negative correlation
coefficients, respectively).
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