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SUMMARY 

 
The productivity of chili pepper (Capsicum annuum L.) can be increased by the use 

of hybrid cultivars. Promising hybrid cultivars can be obtained by maximizing the 

combining ability value between two parents. The objective of this study was to 
estimate the general combining ability and specific combining ability (SCA) of the 

yield components and capsaicin content of chili plants obtained via diallel crossing. 

This study was conducted at the Leuwikopo Experimental Field, Department of 
Agronomy and Horticulture, Bogor Agriculture University. The experimental design 

was a single-factor randomized complete block design with three replications. On 

the basis of the results, the C5 × F074 hybrid was identified as the recommended 

hybrid for improving productivity potential. The Bara × F9160291 cross showed 
positive heterosis and the highest mean performance and SCA effects for capsaicin 

content. The C5 × F6074 hybrid showed high mean performance and the highest 

SCA effect for fruit weight per plant. The results of this study can be exploited 
further in chili breeding for the development of hybrids with high capsaicin content 

and productivity or hybridization programs. 
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Key findings: This study recommended chili hybrids and parents for future use on 
the basis of yield components and capsaicin content. 
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INTRODUCTION 

 
Chili peppers are important 

horticultural crops worldwide. They 

are harvested for their spicy taste and 

burn sensation. They are also used in 
food and medicines. Hybrid cultivars 

have been introduced and used by 

farmers to increase pepper 
productivity. However, the number of 

hybrid chili pepper cultivars remains 

low. Plant breeding activities aim to 
develop new cultivars that have 

advantages over previous cultivars 

(Crossa et al., 2017). One of the most 

commonly known breeding techniques 
is hybridization (Vishnuprabha et al., 

2020). Hybridization aims to combine 

the genetics of two parents to produce 
new superior cultivars by utilizing 

heterosis (Ali et al., 2019). Next, a 

diallel method can be used to analyze 
the mechanism of genes that are 

involved at the beginning of a 

generation (Hasanuzzaman and 

Golam, 2011). A full dialell method 
can provide a random mating 

population that is balanced in 

accordance with the Hardy–Weinberg 
principle (Yunianti et al., 2011). In 

addition, it can discover information 

about the general combining ability 
(GCA) and specific combining ability 

(SCA) of crossing results (Singh and 

Chaudry, 1979). 

GCA and SCA variants indicate 
the dominant action of nonadditive 

genes for the inheritance of all traits 

and the possibility of exploiting 
heterosis (Darshan et al., 2017; 

Herath et al., 2017). Rao et al. (2017) 

also reported the high heterotic 

response of hybrids supported by the 
predominant role of nonadditive gene 

action in the inheritance of the studied 

characters. The analysis of mid- and 
over-high parent heterosis indicates 

the existence of sufficient heterosis for 

fresh and dry fruit yield (Abrham et 

al., 2017). The value of GCA and SCA 
can also be obtained from the results 

of dialell crosses under various 

environmental conditions (Jaiswal and 

Patel, 2018; Sharma et al., 2019) and 
in male sterility populations (Dixit et 

al., 2019; Gramaje et al., 2020). In 

plant breeding programs, GCA and 
SCA research is performed to increase 

productivity (Aisyah et al., 2016; 

Askander and Osman, 2018; Dharva 
et al., 2018) 

Information about GCA and SCA 

is crucial to chili breeding activities 

(Rodrigues et al., 2012; Navhale et 
al., 2014). GCA can be applied to 

recommend parents for use in 

assembling cultivars with the targeted 
character (Sitaresmi et al., 2010). 

Meanwhile, SCA can be used to 

recommend hybrids to be planted for 
the next generation (Sharma et al., 

2016). Ganefianti and Fahrurrozi 

(2018) reported the combining ability 

and heterosis of seven parental lines 
and identified the parents C(KG 3), 

F(KG6), B(KG2), D(KD4), and G(KD7) 

as good general combiners for 
different yield-contributing traits and 

the hybrids G(KG7) × C(KG3) and 

F(KG6) × C(KG3) as the most 
promising chili pepper hybrids for 

ultisol areas. Rohini et al. (2017) also 

reported greater variance for SCA 

than for GCA for all the studied traits 
and identified LCA625, K1, and PKM1 

as the best general combiners and the 

hybrid K1 × Arka Lohit as the best 
reciprocal combiner for quality 

parameters. 

The problem encountered in 

chili breeding is that information 
regarding GCA and SCA for capsaicin 

content remains limited. Therefore, 

this study is expected to generate 
information on the GCA and SCA of 

the capsaicin content and yield 
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components of chili plants resulting 

from diallel crossing.  
 

 

MATERIALS AND METHODS 

 
Study area and genetic material 

 

This research was conducted at the 
IPB University Experimental Field, 

Dramaga Subdistrict, Bogor, West 

Java, Indonesia. Capsaicin was 
analyzed in the laboratory of the 

Indonesian Center for Agricultural 

Postharvest Research and 

Development, Bogor, West Java. The 
genetic material used in this study 

consisted of 36 genotypes, including 

six parental lines of chili and 30 hybrid 
F1 genotypes resulting from a full 

diallel cross. The six chili parent 

genotypes were C5, F6074, F9160291, 
Yuni, Bara, and Giant. These genetic 

materials were from a collection of the 

Genetics and Plant Breeding 

Laboratory, IPB University. The design 
used was a randomized complete 

block design with three replications. 

Each replication consisted of 20 plants 
per genotype. 

 

Morphological characterization 
 

Harvesting age, fruit length, fruit 

weight, total amount of fruit plant−1, 

fruit weight plant−1, and capsaicin 
content were observed in reference to 

the Descriptor of Capsicum 

International Plant Genetic Resources 
Institute (IPGRI, 1995). Yield 

component characters, including 

harvesting age, fruit length, fruit 

weight, fruit weight per plant, total 
amount of fruit per plant, and 

capsaicin content, were observed. 

Experimental activity began 
with seeding activities. Fertilization 

was performed when the seedlings 

were 2 weeks old by using NPK 

15:15:15 fertilizer (10 g L−1 water). 
Planting was conducted when the chili 

seeds were 30 days old or had 

attained a plant height of 

approximately 15 cm and leaf number 
of 8. Beds measured 1 m × 5 m with 

an interval of 50 cm between beds. 

The beds were covered with silver 
black plastic mulch, and planting holes 

were made at intervals at 50 cm × 50 

cm. Maintenance activities were 
carried out as follows: watering in the 

morning and evening; fertilization 

once a week by using NPK fertilizer 

(15:15:15, 10 g L−1 water) at the rate 
of as high as 250 mL plant−1; and 

pesticide application once every 2 

weeks by using a fungicide with the 
active ingredient Mankozeb (2 g L−1) 

and insecticide with the active 

ingredient Prefonofos (2 mL L−1). 
Harvesting was done when the chili 

plants had reached a level of maturity 

of 75% or at the age of 70 days after 

planting, which was carried out every 
week for 8 weeks. 

 

Capsaicin analysis 
 

Sample preparation 

 
In this research, capsaicin analysis 

was performed by using a modified 

HPLC method (Tilahun et al., 2013). 

The initial step in the analysis of 
capsaicin was to dry the chili sample 

by using an oven at 50 °C for 2 × 24 

h. The next step was to measure the 
water content at 59 °C then to crush 

the chilies until smooth. A total of 0.5 

g of chili powder was placed in a 50 

mL volume test tube containing 5 mL 
of acetone p.a. The tube was then 

shaken by hand and subjected to 

ultrasonic treatment for 5 min at room 
temperature. The test tube was closed 

by using alufo and heated in a water 
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bath for 8 h at 80 °C. Then, the 

sample was cooled in a refrigerator 
overnight at 4 °C. Subsequently, the 

sample was filtered with Whatman 41 

filter paper into a test tube scale. A 30 

mL sample was taken and then 
ultrasonicated for 20 min. 

Subsequently, a part of the solution 

was collected by using a 0.45 µm 
syringe filter and placed in a 1.5 mL 

vial bottle for HPLC. In this study, two 

samples were used per genotype. 
 

HPLC conditions 

 

A HPLC Detector DAD UV–VIS with 
C18 column (4.6 mm × 150 mm, 4 

μm) was used. The C18 column was 

used for the effective partitioning and 
quantification of capsaicinoids 

(Othman et al., 2011). The column 

temperature was 30 °C, and the 
sample temperature was 4 °C. The 

analysis was performed at 250 mm 

and 276–280 nm wv. Other conditions 

were as follows: fluorescence 1.5 mL 
min−1 and injection volume of 20 µm. 

The mobile phase was 

acetonitrile:phosphate acid 0.1% 
(40:60). 

 

Capsaicinoid quantitation 
 

The major capsaicinoids in peppers, 

capsaicin, and dihydrocapsaicin were 

determined through comparison with 
external reference standards injected 

under the same conditions (Schmidt et 

al., 2017). Their identification was 
based on the retention times 

measured under identical HPLC 

conditions, and their quantitative 

determination in different pepper 
samples was carried out by using the 

peak areas. The ratio between these 

capsaicinoids was calculated by 
dividing capsaicin and 

dihydrocapsaicin content by the total 

capsaicinoid content. The capsaicinoid 

concentrations in the samples are 
expressed as μg g−1 pepper. 

 

Scoville head unit conversions 

 
Capsaicin contents were converted 

into Scoville heat units (SHU) by 

multiplying the pepper dry weight 
capsaicin content in g of capsaicin per 

g of pepper by the coefficient of the 

heat value for capsaicin, which is 1.6 
× 107 in the literature (Todd et al., 

1977). 

 

Data analysis 
 

Data analysis was performed by using 

ANOVA and combining ability analysis. 
ANOVA was performed in accordance 

with a general linear model by using 

SAS software package version 9.0. 
Combining ability for yield components 

and capsaicin content was analyzed by 

Griffing’s methods I and II, 

respectively. Capsaicin was analyzed 
on the basis of HPLC extraction results 

of chili fruit to obtain quantitative data 

on capsaicin content.  
 

 

RESULTS AND DISCUSSION 
 

The mean square value of the GCA of 

the yield components (Table 1) and 

chili capsaicin content (Table 2) had a 
very significant effect on all 

observational variables. The mean 

square value of the SCA of the yield 
components and capsaicin content 

also exerted a significant effect on all 

observed variables. Abishek et al. 

(2017) stated that significant variance 
between the GCA and SCA for yield 

component and capsaicin content 

indicates the presence of genetic 
variability for parents and their 

hybrids. The reciprocal values of the
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Table 1. ANOVA of the yield components of chili genotypes. 

Source of 
variation 

d.f. 
Mean squares 

Harvesti
ng age 

Fruit 
length 

Fruit weight 
Total amount 
of fruit plant−1 

Fruit weight 
plant−1 

Replications 2 2.81 1.04 0.46 14.3 4198.42 
Genotypes 35 36.92** 27.67** 35.5** 5633.74** 52320.58** 

GCA 5 39.22** 51.58** 65.64** 11896.89** 84129.02** 
SCA 15 12.56** 1.79** 4.94** 396.66** 9565.64** 
Reciprocals 15 3.08** 2.54** 0.78** 19.51** 3085.13** 
Error 70 0.5 0.37 0.19 2.1 960.51 

CV%  1.84 13.23 15.31 2.79 16.38 

**: Significant at P ≤ 0.01 

 

 

Table 2. ANOVA of the capsaicin content of chili genotypes. 

Sources d.f. Mean squares 

Replications 1 281565.67 
Genotypes 20 563268008.51** 
GCA 5 877700682** 
SCA 15 82945112** 
Error 20 193365.8 
CV % 1.57  

**: Significant at P ≤ 0.01 

 

 

yield components have a significant 

effect on all observed variables. The 
significant influence of reciprocals 

indicated a significant difference 

between the F1 and F1 reciprocals 
tested in this study. Capsaicin content 

did not show a reciprocal effect 

because a half-diallel population was 
used in capsaicin analysis. El Badawy 

(2013) also used a dialell population 

of maize (Zea mays L.). 

The results of GCA can be used 
to identify the parents that can be 

recommended for future research. 

One of the important indicators in 
producing superior genotypes is the 

estimated value of GCA (Bharati et al., 

2019). Abdalla et al. (2017) reported 
that genotypes that have a high GCA 

value can be used as parents for 

generating synthetic cultivars. The 

highest GCA value for the six parents 
in this study is spread evenly between 

each character observed. This result 

showed that each parent has an 
advantage in a particular desired 

character. GCA and SCA were 

significant (α = 1%) for all traits 
(Tables 3 and 4). The significant GCA 

and SCA implied that additive and 

dominance effects contributed to the 
genetic control of all the traits of the 

lines used in this study. Similar results 

have been observed for the vitamin C 

and soluble solid contents of pepper 
(Geleta and Labuschagne, 2006). 

Bara and F9160291 had the 

highest mean performance and also 
showed significant (α = 1%) positive 

GCA effects for the total amount of 

fruit per plant and capsaicin content 
(Table 3). These parental lines were 

good combiners for the total amount 

of fruit per plant and capsaicin content 

and could be the best candidates for
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Table 3. Means and general combining ability (GCA) effects of chili parental cultivars for yield components and 

capsaicin content. 

Genotypes 
Harvesting Age Fruit length Fruit weight 

Total amount of 
fruit plant-1 

Fruit weight  
plant-1 

Capsaicin content 

Mean GCA Mean GCA Mean GCA Mean GCA Mean GCA Mean GCA 
C5 33 d −0.69 7.76 bc 0.49* 8.30 ab 2.38** 62.34 e −19.19** 517.12 a 115.85** 19784.10 e −10834.8** 
BARA 29.67 e −1.99 2.65 de −2.27** 0.93 e −2.56** 178.03 b 35.45** 165.84 e −78.66** 58130.80 e 12323.97** 
F6074 32 e −1.99** 8.81 b 0.77** 5.38 c 0.85** 81.86 d −8.57** 440.29 ab 92.87** 25868.60 d −5139.27** 
GIANT 38.67 a 2.2** 6.31 bc 0.42* 3.94 a 2.71** 16.00 f −40.73** 144.80 c −27.23* 122298.30 f −11505.3** 
YUNI 35.67 b 1.4 13.20 a 3.05** 2.83 d −0.86** 84.11 c −6.44** 237.04 cd −31.53** 39787.50 c 5895.41** 
F9160291 31.33 bc 1.07** 3.55 e −2.45** 0.93 e −2.52** 181.44 a 39.48** 169.14 e −71.31** 45453 b 9260.051** 

**,*: Significant at P ≤ 0.01 and P ≤ 0.01, respectively, Numbers followed by the same letter in the same column were not significantly 
different by DMRT 5% level 

improving the total amount of fruit per plant and 

capsaicin content. The parents C5 and F6074 were 

good combiners for fruit weight and fruit weight per 
plant as demonstrated by their significant positive GCA 

effects and highest mean performance (Table 3). 

The SCA effects for yield components were 
estimated for all the 30 hybrids, whereas those for 

capsaicin content were estimated for 15 hybrids. The 

estimates of the SCA effects of hybrids for all traits are 
presented in Table 4. Out of the 15 hybrids, 11 had 

significant (α = 1%) positive SCA effects, whereas four 

hybrids had significant (α = 1%) negative SCA effects 

for capsaicin content. For the total amount of fruit per 
plant, most hybrids had significant negative SCA 

effects, whereas significant positive SCA effects were 

found in two hybrids (Bara × F9160291 and F9160291 
× Bara). 

The hybrid Bara × F9160291 showed the 

highest mean performance, and significant SCA effect 

was observed for crosses between parents with high 
GCA effects for capsaicin content. In addition, the C5 

× F6074 hybrids produced by crossing parents with 

high GCA effects showed high mean performance 
(703.06 g plant−1) and significant positive SCA effect 

(171.53) for fruit weight per plant. Thus, GCA effects 

should be considered in the selection of parental lines 
for capsaicin content, and this cross could be used as 

a source population for pedigree selection for fruit 

weight per plant and capsaicin content because it had 

more additive genetic effects than other hybrids 
(Iriany et al., 2011). By contrast, parents with low 

GCA effects produced hybrids with high SCA effects 

(Bara × Yuni) for fruit weight per plant. Kumari et al. 
(2015) stated that gene action plays a complementary 

role.
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Table 4. Means, specific combining ability (SCA) and reciprocal (Rec.) effects in F1 hybrids of chili pepper. 

Genotypes 
Harvesting age Fruit length Fruit weight 

Total amount of 

fruit plant−1 
Fruit weight plant−1 Capsaicin content 

Mean SCA Mean SCA Mean SCA Mean SCA Mean SCA Mean SCA 

BARA × C5 29.67 a−e 1.50** 5.84 hij 0.06 2.81 j−m 0.47** 98.74 g −6.76** 274.83 f−j 22.97** – – 

BARA × F6074 30.33 a−d −0.23** 6.75 g−j −0.05 3.15 j−m −0.09** 110.77 e −9.00** 349.11 c−f −11.66** 51541.60 c 4795.60** 

BARA × GIANT 26.33 d−k −3.76** 6.13 g−j −0.35 3.09 i−m −2.22** 81.89 ij −2.81** 253.21 f−i 5.38** 41935.90 g 1555.97** 

BARA × YUNI 27.33
 c−i 

−2.95
**

 7.76
 f−i

 1.26
**

 2.20
 k−o

 1.31
**

 101.30
 fg

 −18.60
**

 222.84
 g−j

 60.20 55075.10
 b
 -2705.58

**
 

BARA × F9160291 23.00 j−n −0.12** 3.25 l 0.14 1.07 no 1.23** 197.29 a 27.39** 210.48 hij 17.90 78992.60 a 17847.27** 

C5 × BARA 32.00 ab 0.63** 5.96 hij −0.26 3.75 h−k −1.41** 85.22 i −14.19** 320.77 d−h −67.19** 31714 j -9336.45** 

C5 × F6074 32.33 ab −0.87 9.58 def 0.74 8.94 cd 0.92 78.74 jk 16.51** 703.06 a 171.53** 16933.60 k -6653.60** 

C5 × GIANT 27.00 c−j −2.23** 9.56 def 0.83 13.07 b 4.11** 32.60 p 2.22** 424.71 bcd 35.61 17833.20 k 612.04** 

C5 × YUNI 20.67 n −0.43** 12.12 bc 0.11 6.49 ef −0.91** 73.06 lm 7.71** 476.54 b −16.34 40216.90 h 5595.03** 

C5 × F9160291 23.33
 i−n

 0.41 5.71
 ij
 −0.25

**
 3.25

 i−m
 −1.38

**
 92.69

 h
 −23.07

**
 301.03

 e−i
 −81.25

**
 43984.50

 f
 5997.99

**
 

F6074 × C5 33.00 a −0.67 10.31 dc −0.37 9.08 c −0.07 78.57 jk 0.09** 713.03 a −4.98 – – 

F6074 × BARA 29.33 a−e 1.00** 6.03 hij 0.36 2.97 i−m 0.09** 104.80 f 2.98** 311.59 e−i 18.76** – – 

F6074 × GIANT 31.00 abc −0.59** 9.88 def 0.94 9.76 c 0.88 40.71 o 0.88** 399.36 b−e 7.34** 16627.50 k -6289.21** 

F6074 × YUNI 27.00 c−j −1.79 6.97 g−j −1.43** 3.45 i−l −0.23** 69.65 m −2.02 239.94 f−j −49.97 – – 

F6074 × F9160291 22.67 k−n 0.38** 6.63 g−j 0.48** 2.85 j−m −0.29 105.83 f −15.47** 301.97 e−i −43.98** 47067.30 d 3385.23** 

F9160291 × C5 22.67 k−n 0.00 5.76 hij −0.02** 3.45 i−l −0.10** 81.55 ij 5.57** 281.16 f−j 9.93** – – 

F9160291 × BARA 22.00 lmn −1.17** 3.48 kl −0.12 0.97 o 0.05** 187.16 b 5.07** 180.98 j 14.75 – – 

F9160291 × F6074 21.67 mn −1.33** 6.85 g−j −0.11** 2.95 i−m −0.05 104.84 f 0.50** 308.79 e−i −3.41** – – 

F9160291 × GIANT 25.00 g−m −1.17** 5.69 ij −0.16 3.83 hij 0.05 79.83 jk 1.28** 304.32 e−i 9.84** – – 

F9160291 × YUNI 27.33 c−i 0.67** 7.89 e−h 0.14** 2.16 l−o −0.15 126.71 d 2.35 273.19 f−j −9.75 – – 

GIANT × C5 24.00 i−n −0.50** 9.80 def −0.12 15.06 a −0.99** 31.83 p 0.38** 479.35 b −27.32 – – 

GIANT × BARA 26.33 d−k −1.67** 5.35 jk 0.39 2.48 j−n 0.31** 81.76 ij 0.07** 201.37 ij 25.92** – – 

GIANT × F6074 31.00 abc −0.17** 10.26 cd −0.19 8.85 cd 0.46 42.27 no −0.78** 402.20 b−e −1.42** – – 

GIANT × YUNI 24.00 i−n 1.19 11.41 cd 1.41 5.06 gh −0.38** 46.23 n −0.30** 234.26 f−j −4.68** 45575.90 e 11624.55** 

GIANT × F9160291 28.33 b−h −1.31** 5.38 jk −0.37 3.93 hij −1.17 82.40 ij −7.54** 324.00 d−h 84.90** 38317.50 i 1001.45** 

YUNI × C5 22.33 k−n 0.50** 11.08 cd 0.52 4.44 ghi 1.03** 70.92 m 1.07** 315.02 e−i 80.76 – – 

YUNI × BARA 29.00 a−g −2.67** 12.21 bc −2.23** 3.31 i−m −0.56** 99.33 g 0.99** 332.78 c−g −54.97 – – 

YUNI × F6074 25.33 f−m 1.50 13.69 ab −3.36** 5.79 fg −1.17** 76.09 kl −3.22 438.39 bc −99.22 51907.70 c 11590.29** 

YUNI × GIANT 24.67 h−n −1.33 14.24 a −1.42 7.59 de −1.26** 38.64 o 3.79** 294.45 e−i −30.10** – – 

YUNI × F9160291 26.00 e−l 0.32** 8.16 efg −0.51** 1.85 mno 0.52 131.42 c 6.12 253.68 f−j 38.48 51741.70 c 9260.05** 

**: Significant at P ≤ 0.01, Numbers followed by the same letter in the same column were not significantly different by DMRT 5% level 
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Table 5. Heterosis and heterobeltiosis in F1 hybrids of chili for yield components and capsaicin content. 

Genotypes 
Harvesting age Fruit length Fruit weight Total amount of Fruit plant−1 Fruit weight plant−1 Capsaicin content 

HMP HHP HMP HHP HMP HHP HMP HHP HMP HHP HMP HHP 

BARA × C5 −3.40 −4.33 14.57 −23.15 −18.76 −54.82 −29.09 −52.13 −6.07 −37.97 – – 

BARA × YUNI −7.48 −10.00 54.07 −7.50 76.31 17.25 −24.21 −44.20 65.20 40.39 12.49 −5.26 

BARA × F6074 −8.87 −11.06 5.24 −31.56 −5.81 −44.75 −19.35 −41.13 2.81 −29.23 22.72 −11.34 

BARA × F9160291 −3.37 −3.37 12.32 −1.88 3.72 3.68 4.13 3.15 8.05 7.00 52.52 35.89 

BARA × GIANT −11.76 −16.67 19.37 −15.24 −50.28 −72.58 −15.73 −54.08 29.64 21.42 19.09 −27.86 

C5 × BARA −7.77 −8.65 12.26 −24.70 −39.09 −66.12 −17.84 −44.53 −19.52 −46.85 −18.59 −45.44 

C5 × YUNI −5.66 −9.09 5.69 −16.09 −20.11 −46.46 −3.15 −15.69 −16.46 −39.08 35.02 1.08 

C5 × F6074 −4.48 −5.88 24.48 17.06 32.79 9.43 8.97 −4.02 48.95 37.88 −25.82 −34.54 

C5 × F9160291 −1.46 −2.40 1.89 −25.77 −25.25 −58.43 −33.09 −55.05 −18.06 −45.63 34.85 −3.23 

C5 × GIANT −8.68 −14.53 39.27 26.25 73.54 66.27 −18.73 −48.94 44.84 −7.30 11.17 −9.86 

F6074 × BARA −5.91 −8.17 17.80 −23.38 −0.11 −41.40 −14.76 −37.78 15.19 −20.71 – – 

F6074 × C5 −6.47 −7.84 15.59 8.70 30.82 7.80 9.22 −3.80 46.87 35.96 – – 

F6074 × YUNI −9.57 −14.09 24.37 3.69 41.20 7.66 −8.30 −9.53 29.45 −0.43 – – 

F6074 × F9160291 0.00 −2.40 10.82 −22.29 −6.45 −45.11 −20.36 −42.22 1.33 −29.87 31.99 3.55 

F6074 × GIANT −7.41 −14.53 35.69 16.42 22.59 −2.31 −13.61 −48.36 37.48 −8.65 −12.87 −35.72 

F9160291 × C5 −1.46 −2.40 1.00 −26.42 −29.66 −60.88 −23.96 −48.91 −12.27 −41.79 – – 

F9160291 × BARA −6.73 −6.73 4.79 −8.46 14.34 14.30 9.77 8.74 25.66 24.44 – – 

F9160291 × YUNI −1.40 −4.09 −2.51 −38.16 −1.64 −34.58 −1.02 −27.57 24.91 7.02 – – 

F9160291 × F6074 −3.94 −6.25 7.31 −24.74 −9.55 −46.93 −19.61 −41.67 −0.90 −31.42 – – 

F9160291 × GIANT −8.14 −13.25 9.18 −14.72 −21.23 −56.56 −16.53 −54.58 106.41 91.55 – – 

GIANT × F6074 −7.87 −14.96 30.75 12.18 35.29 7.81 −16.80 −50.27 36.51 −9.30 – – 

GIANT × C5 −10.05 −15.81 35.96 23.24 50.69 44.38 −16.78 −47.71 28.33 −17.87 – – 

GIANT × YUNI −3.52 −6.41 45.99 7.88 27.75 −16.21 −22.80 −54.06 54.23 24.22 75.00 14.55 

GIANT × BARA −16.29 −20.94 36.93 −2.77 −38.07 −65.85 −15.59 −54.00 63.02 52.68 – – 

GIANT × F9160291 −4.98 −10.26 15.47 −9.80 −23.40 −57.76 −19.13 −56.00 93.87 79.92 32.70 −15.70 

YUNI × F6074 −5.26 −10.00 −36.63 −47.17 −15.77 −35.78 −16.07 −17.20 −29.15 −45.50 58.12 30.46 

YUNI × BARA −14.95 −17.27 −2.08 −41.21 17.14 −22.09 −22.71 −43.10 10.62 −5.99 – – 

YUNI × C5 −4.25 −7.73 15.65 −8.18 16.82 −21.72 −0.23 −13.14 26.38 −7.85 – – 

YUNI × F9160291 −3.27 −5.91 −5.73 −40.20 14.83 −23.62 −4.57 −30.16 34.52 15.25 21.40 13.84 

YUNI × GIANT −7.05 −9.83 16.94 −13.59 −14.73 −44.07 −7.64 −45.03 22.70 −1.18 – – 
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Heterosis and heterobeltiosis for 

selection should also be considered in 
the assembly of hybrid cultivars 

through breeding activities. If hybrid 

cultivars have the best heterosis and 

heterobeltiosis values but poor 
performance, they cannot be easily 

utilized as hybrid cultivars (Hei et al., 

2016). The heterosis value is a form of 
the superior appearance of a hybrid 

compared with the mean of the two 

parents, whereas the heterobeltiosis 
value is the form of the superior 

appearance of a hybrid compared with 

the appearance of the best parent 

(Meena et al., 2017). Heterosis 
compares the mean values of the two 

parents, whereas heterobeltiosis 

compares the best performance value 
of the parents (Rohini and 

Lakshmanan, 2017). 

The ranges of heterosis over the 
mid parent (HMP) and high parent 

(HHP) for fruit weight per plant (Table 

5) were −29.15%–106.41% and 

−46.85%–91.55%, respectively, and 
the numbers of hybrids that had 

positive heterosis over the HMP and 

HHP were 23 and 12, respectively. The 
highest positive heterosis for fruit 

weight per plant was shown by 

F9160291 × Giant and Giant × 
F9160291 hybrids. The mean 

performance for the yield components 

of F9160291 × Giant and Giant × 

F9160291 hybrids was higher than 
that of the parents (Table 4). Several 

studies have shown that the character 

of fruit weight per plant has high 
heterosis that ranges from −39.19% 

to 211.00% (Sekhar et al., 2010; 

Ahmad et al., 2011; Farzane et al., 

2012; Souza et al., 2013) 
Similarly, the ranges of 

heterosis over the HMP and HHP for 

capsaicin contents were −25.82%–
75.00% and −45.44%–35.89%, 

respectively, and the numbers of 

hybrids that had positive heterosis 

over the HMP and HHP were 13 and 7, 
respectively (Table 5). The hybrids 

Giant × Yuni had the highest positive 

heterosis for capsaicin content and 

had further potential to become the 
hottest hybrid cultivar because it also 

had the highest SCA value. The Bara 

× F9160291 hybrid also had further 
potential to become a hybrid cultivar 

considering its SCA value, 

heterobeltiosis, and mean value. Sahid 
et al. (2020) also reported that the 

Bara × F9160291 hybrid has high 

capsaicin content. 

 
 

CONCLUSION 

 
The significance of GCA and SCA 

implied that additive and dominance 

effects contributed to the genetic 
control of the total amount of fruit per 

plant and capsaicin contents. Bara and 

F9160291 showed significant GCA 

effects for both traits and could be 
exploited in hybridization programs. 

The crossing results of Bara × 

F9160291 showed positive heterosis, 
as well as the highest mean 

performance coupled with the highest 

SCA effects for capsaicin content. The 
C5 × F6074 hybrid showed high mean 

performance and the highest SCA 

effect for fruit weight per plant. The 

results of this study can be exploited 
further in chili breeding and 

hybridization programs for the 

development of hybrids with high 
capsaicin content and productivity. 

 

 

ACKNOWLEDGEMENTS 
 
The authors would like to thank the 
Ministry of Research, Technology, and 
Higher Education of the Republic of 

Indonesia for funding this research 



Sahid et al. (2020) 

399 

 

through the Applied Research of National 
Higher Education in 2019 and 2020 with 
Muhamad Syukur as the principal 
investigator. 

 
 

REFERENCES 

 
Abdalla MMF, Shafik MM, Sabah MA, Hend 

AG (2017). Heterosis, GCA and 

SCA effects of diallel-cross among 
six faba bean (Vicia faba L.) 
genotypes. Asian. Res. J. Agri. 4: 
1-10.  

Abrham S, Mandefro N, Sentayehu A 
(2017). Heterosis and 
heterobeltiosis study of hot pepper 

(Capsicum annuum L.) genotypes 
in Southern Ethiopia. Int. J. Plant. 
Breed. 11: 63-70. 

Ahmad S, Quamruzzaman AKM, Islam MR 
(2011). Estimate of heteosis in 
tomato (Solanum lycopersicum L.). 
Bangladesh. J. Agril. Res. 36: 521-

527. 
Aisyah SI, Wahyuni S, Syukur M, Witono 

JR (2016). The estimation of 
combining ability and heterosis 
effect for yield and yield 
components in tomato (Solanum 
lycopersicum Mill.) at lowland. 

Ekin. J. Crop. Breed. Genet. 2: 23-
29. 

Ali AH, Abubakar AJ, Omar HM, Bhabendra 
KB (2019). Study on combining 
ability and heterosis in maize (Zea 
mays L.) using partial diallel 
analysis. Int. J. Plant. Breed. Crop. 

Sci. 6: 520-526. 
Askander HS and Osman KF (2018). 

Heterosis and combining ability 
effects for some traits of pea 
(Pisum sativum L.). Mesopotamia. 
J. Agric. 64: 435-450. 

Bharati D, Reddy KH, Reddy DM, Lata P, 

Reddy BR (2019). Genetic diversity 
studies for yield, its components 
and quality traits in blackgram 
(Vigna mungo (L). Hepper). J. Res. 
Angrau. 47 (2): 1-9. 

Bisen P, Amit D, Namrata, Avinash KGS, 

Tulsi RD (2017). Combining ability 

analysis for yield and quality traits 
in single cross hybrids of quality 
protein maize (Zea mays L.) using 
diallel mating design. J. App. 

Natural. Sci. 9: 1760-1766. 
Crossa J, Paulino PR, Cuevas J, Osval ML, 

Diego J, Gustavo de los Campos, 
Juan B, Juan MGC, Sergio PE, 
Beyene Y, Susanne D, Ravi S, 
Zhang X, Gowda M, Roorkiwal M, 
Rutkoski J, Varshney RK (2017). 

Genomic selection in plant 
breeding: methods, models, and 
perspectives. Trends. Plant. Sci. 
22: 961-975. 

Darshan S, Seeja G, Manju RV, Priya RU, 
Kumar SMP (2017). Combining 
ability analysis in chilli (Capsicum 
annum L.) to identify suitable 
parents for hybrid production. J. 
Life. Sci. Intl. Res. 4: 8-15. 

Dharva PB, Patel AI, Vashi JM, Chaudhari 
BN (2018). Combining ability 
analysis for yield and yield 
attributing traits in tomato 

(Solanum lycopersicum L.). Int. J. 
Chem. Stud. 6: 2342-2348. 

Dixit S, Tripathi RM, Giri SP, Prasad V 
(2019). Combining ability analysis 
for grain yield and yield 
contributing characters using 

cytoplasmic male sterility in rice 
(Oryza sativa L.). J. Pharmacog. 
Phytochem. 8: 918-921. 

El Badawy MM (2013). Heterosis and 
combining ability in maize using 
diallel crosses among seven new 
inbred lines. Asian. J. Crop. Sci. 5: 
1-13. 

Eltanti F (2015). Morphological and 
molecular characteristics of 18 
ornamental chili genotypes 
(Capsicum annuum spp.). Thesis. 
Agronomi dan Horticulture Dept. 
Bogor (ID): Agriculture Faculty. 

Institut Pertanian Bogor University. 
Farzane A, Nemati H, Arouiee H, Kakhki 

AM, Vahdati N (2012). The 
estimate of combining and 
heterosis for yield and yield 
components in tomato 
(Lycopersicon esculentum Mill). J. 
Bio. Environ. Sci. 6: 129-134. 



SABRAO J. Breed. Genet.52 (4) 390-401 

400 

 

Fellahi ZEA, Hannachi A, Bouzerzour H 
(2015). Partial diallel analysis of 
genetic behavior for several 
polygenic traits in bread wheat 

(Triticum aestivum L.). Int. J. 
Plant. Biol. Res. 3: 1042. 

Ganefianti DW and Fahrurrozi F (2018). 
Heterosis and combining ability in 
complete diallel cross of seven chili 
pepper genotypes grown in ultisol. 
Agrivita. 40: 360-370 

Geleta LF, Labuschagne MT (2006). 
Combining ability and heritability 
for vitamin C and total soluble 
solids in pepper (Capsicum annuum 
L.). J. Sci. Food Agric. 86: 1317-
1320. 

Gramaje LV, Caguiat JD, Enriquez JOS, 
Cruz QD, Millas RA, Carampatana 
JE, Tabanao DAA (2020). Heterosis 
and combining ability analysis in 
CMS hybrid rice. Euphytica. 216. 
doi: 10.1007/s10681-019-2542-y. 

Hasanuzzaman H and Golam F (2011). 
Gene action involved in yield and 

yield contributing trait of chilli 
(Capsicum annuum L.). Aust. J. 
Crop. Sci. 5: 1868-1875. 

Hassan AA, Jama AA, Mohamed OH, 
Biswas BK (2019). Study on 
combining ability and heterosis in 

maize (Zea mays L.) using partial 
diallel analysis. Int. J. Plant. Breed. 
Crop. Sci. 6: 520-526. 

Hei N, Hussein S, Laing M (2016). 
Heterosis and combining ability 
analysis of slow rusting stem rust 
resistance and yield and related 
traits in bread wheat. Euphytica. 
207. doi: 10.1007/s10681-015-
1526-9. 

Herath HMSN, Weerakoon WMW, Perera 
AM, Bandara HMS, Saluwadana 
SMNIK (2017). Investigation of 
combining ability and heterotic 

pattern of chili (Capsicum annuum 
L.) inbred lines for hybrid 
development. Ann. Sri Lanka. Dept. 
Agric. 19: 29-44. 

IPGRI (1995). Descriptors for Capsicum 
(Capsicum spp.). International 
Plant Genetic Resources Institute. 
Italia. 

Iriany RN, Sujiprihati S, Syukur M, 
Koswara J, Yunus M (2011). 
Evaluation of combining ability and 
heterosis of five sweet corn lines 

(Zea mays var Saccharata) 
resulting from diallel crossing. J. 
Agron. Indonesia. 39: 103-111. 

Jaiswal A and Patel PB (2018). Study of 
combining ability analysis in rice 
(Oryza sativa L.) under coastal salt 
affected soil. J. Pharmacog. 

Phytochem. 7: 3187-3190.3187 – 
3190. 

Kumari J, Dikshit HK, Singh B, Singh D 
(2015). Combining ability and 
character association of agronomic 
and biochemical traits in pea 
(Pisum sativum L.). Scientia Hort. 
181: 26-33. 

Mahpara S, Ali Z, Rehmani MIA, Iqbal J, 
Shafiq MR (2017). Studies of 
genetic and combining ability 
analysis for some physio-
morphological traits in spring 
wheat using 7×7 diallel crosses. 

Int. J. Agri. App. Sci. 9: 33-40. 
Meena BL, Ranwah BR, Das SP, Meena SK, 

Kumari R, Khan R, Bhagasara VK, 
Devi AG (2017). Estimation of 
heterosis, heterobeltiosis and 
economic heterosis in dual purpose 

sorghum [Sorghum bicolor (L.) 
moench]. Int. J. Curr. Microbiol. 
App. Sci. 6: 990-1014. 

Navhale VC, Dalvi VV, Wakode MM, 
Sawant AV, Dhekale JS (2014). 
Combining ability analysis in chilli 
(Capsicum annum L.). Elec. J. 
Plant. Breed. 5: 340-344. 

Ola B, Dubey RB, Singh M, Ameta KB 
(2018). Combining ability analysis 
in medium maturing yellow seeded 
maize (Zea mays L.) hybrids. J. 
Pharmacog. Phytochem. 7: 1354-
1359. 

Othman ZA, Hadj Ahmed YB, Habila MA, 
Ghafar AA (2011). Determination 
of capsaicin and dihydrocapsaicin in 
capsicum fruit samples using high-
performance liquid 
chromatography. Molecules. 16: 
8919-8929. 

https://doi.org/10.1007/s10681-019-2542-y
https://doi.org/10.1007/s10681-015-1526-9
https://doi.org/10.1007/s10681-015-1526-9


Sahid et al. (2020) 

401 

 

Patial M, Pal D, Kumar J (2016). 
Combining ability and gene action 
studies for grain yield and its 
component traits in barley 

(Hordeum vulgare L.). SABRAO. J. 
Breed Genet. 48: 90-96. 

Rao PG, Reddy KM, Naresh P, Chalapathi 
V (2017). Heterosis in bell pepper 
(Capsicum annuum L.) for yield 
and yield attributing traits. 
Bangladesh. J. Bot. 46: 745-750. 

Rodrigues R, Gonçalves LS, Bento CDS, 
Sudré CP, Robaina RR, do Amaral 
Júnior AT (2012) Combining ability 
and heterosis for agronomic traits 
in chili pepper. Hortic. Bras. 30. 
doi: 10.1590/S0102-
05362012000200008. 

Rohini N and Lakshmanan V (2017). 
Heterotic expression for dry pod 
yield and its components in chilli 
(Capsicum annuum var. annuum). 
J. Anim. Plant. Sci. 27: 207-218. 

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. doi: 
10.5424/sjar/2017152-10190. 

Sahid ZD, Syukur M, Maharijaya A (2020). 

Diversity of capsaicin content, 
quantitative, and yield components 
in chili (Capsicum annuum) 
genotypes and their F1 hybrid. 
Biodiversitas. 21: 2251-2257. 

Schmidt A, Fiechter G, Fritz EM, Mayer HK 
(2017). Quantitation of 
capsaicinoids in different chilies 
from Austria by a novel UHPLC 
method. J. Food. Composit. Anal. 
60: 32-37. 

Sekhar I, Prakash BG, Salimath PM, 
Channayya, Hiremath P, Sridevi O, 
Patil AA (2010). Implications of 

heterosis and combining ability 
among productive single cross 
hybrids in tomato. Elec. J. Plant. 
Breed. 1: 706-711. 

Sharma M, Sharma A, Muthukumar P 
(2016). Genetic combining ability, 
gene action and heterosis for 
biochemical and antioxidant 

content in chilli pepper. Bioscan. 
11: 1963-1968. 

Sharma V, Dodiya NS, Dubey RB, 
Khandagale SG, Khan R (2019). 

Combining ability analysis over 
environments in bread wheat. Elec. 
J. Plant. Breed. 10: 1397-1404. 

Singh RK and Chaudhary RD (1979). 
Biometrical methods in quantitaive 
genetic analysis. Kalyani Pubishers, 
India. 

Sitaresmi T, Sujiprihati S, Syukur M 
(2010). Combining ability of 
several introduced and local chilli 
pepper (Capsicum annuum L.) 
genotypes and heterosis of the 
offsprings. J. Agron. Indonesia 38: 
212-217. 

Souza LM, Paterniani MEAGZ, de Melo PC, 
de Melo AMT (2013). Diallel cross 
among fresh market tomato 
inbreeding lines. Hortic. Bras. 30: 
246-251. 

Suman H, Kumar B, Nageshwar, Rathi M, 
Tamatam D (2017). Heterosis and 

combining ability for grain yield 
and yield associated traits in 10 × 
10 diallel analysis in pea (Pisum 
sativum L.). Int. J. Curr. Microbiol. 
App. Sci. 6: 1574-1585. 

Tilahun S, Pandiyan P, Rajamani K (2013). 

Capsaicin and ascorbic acid 
variability in chilli and paprika 
cultivars as revealed by HPLC 
analysis. J. Plant. Breed. Genet. 1: 
85-89. 

Todd PH, Besinger MG, Biftu T (1977). 
Determination of pungency due to 
Capsicum by gas-liquid 
chromatography. J. Food. Sci. 42: 
660-665. 

Vishnuprabha RS, Viswanathan PL, 
Manonmani S, Rajendran L, 
Selvakumar T (2020). Studies on 
efficiency of artificial hybridization 

in groundnut (Arachis hypogea L.). 
Elec. J. Plant. Breed. 11: 120-123. 

Yunianti R, Sastrosumarjo S, Sujiprihati S, 
Surahman M, Hidayat SH (2011). 
Diallel analysis of chili (Capsicum 
annuum L.) resistance to 
Phytophthora capsici Leonian. J. 
Agron. Indonesia 39: 168-172. 


