
Abstract 
An attempt was made to determine the degree of genetic variability, the association between different characters, direct and indirect 
effects of component traits on red ripe fruit yield of chili based on the evaluation of thirty-two genotypes during the summer-rainy 
season 2020. The analysis of variance revealed that the genotypes differed significantly among themselves for all the traits. Based on 
mean performance, nine genotypes significantly out yielded standard check ‘Him Palam Mirch-2’ for red ripe fruit yield while only three 
genotypes viz., ‘DPCH-32-11’ (96.16 g) followed by ‘DPCH-40-2’ (87.32 g) and ‘DPCH-38-121’ (75.75 g) recorded significantly highest dry 
fruit yield compared to ‘Him Palam Mirch-2’. High phenotypic, genotypic coefficient of variation, and high heritability coupled with 
high genetic advance were recorded for dry fruit yield per plant, marketable red ripe fruits per plant, and red ripe fruit yield per plant 
indicating that these traits have a strong potential for effective selection. Red ripe fruit yield per plant had a positive association with dry 
fruit yield per plant, percent marketable red fruits per plant, marketable red fruits per plant, total red fruits per plant, average red fruit 
weight, average dry fruit weight, number of seeds per fruit and fruit length, thereby emphasizing a special focus on these traits for the 
improvement of yield. Path analysis further confirmed to focus on these traits to achieve genetic gain and yield advantage in red ripe chili. 
Keywords: Correlation, Genetic variability, Heritability, Path analysis, Red ripe Chili.
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Introduction
Chili (Capsicum annuum L.) is one among the f ive 
domesticated species and is most widely grown for 
economic and nutritional considerations (Chandela et al., 
2021; Talwar et al., 2022). It is a spice cum vegetable crop 
belonging to the family Solanaceae with chromosome 
number is 2n = 24. It is a native of Mexico, which was 
brought into India by the Portuguese before 1785 AD 
from Brazil. After tomato, it is the second most significant 
solanaceous vegetable grown worldwide (Hasan et al., 
2015). Chili is an often-cross-pollinated crop with a high 
rate of natural cross-pollination, which contributes to its 
variability (Hasanuzzaman et al., 2012). Due to its pungency, 
flavor, color, and taste, it is a necessary spice in every home 
in the tropical world (Kumar et al., 2005). A wide variety of 
pain issues, including post-mastectomy syndrome, psoriasis 
urticaria, diabetic neuropathy, pruritis arthritis, contact 
allergy, and post-surgical neuromas are helped by capsaicin, 
a crystalline acrid volatile alkaloid, present in the placenta 
of fruit (Chattar et al., 2016; Hasan et al., 2015). 

There is a great deal of variation in fruit morphology, 
bearing habit, pungency, and crop duration of the Chili 
germplasm which is spread throughout North India (Kumar 
et al., 2009). Fruit length in Chili influences consumer 
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acceptance and directly affects yield (Arjun et al., 2018). It 
has a lot of genetic variety in terms of most yield parameters. 
Chili hybrids have become popular among farmers all over 
the world, due to their high-yielding characteristics including 
high number of fruits per plant and an increase in fruit 
weight, uniform fruit size, very attractive and uniform fruit 
color and early maturity. Improvement of yield-related traits 
has continued to be a top priority in Chili breeding (Herath et 
al., 2021). The productivity of the crop is low due to the large 
area covered by low-yielding genotypes. Hence, there is a 
need to discover novel high-yielding cultivars and hybrids. 
Any crop development effort must prioritize the collection 
of varied germplasm and its rigorous evaluation. Many local 
Chili cultivars have experienced increased variability and 
new genetic combinations as a result of the free exchange 
of Chili germplasm and a lot of character introgression. 
Genetic variability in germplasm defines the level of triumph 
in the perfection of such germplasm through selection 
(Sharma et al., 2019). The information about the variability 
in germplasm is indispensable for successful conservation, 
protection and its utilization in breeding programs, and 
also for augmentation the genetic base of cultivated 
varieties (Sharma et al., 2022). Genetic variability along with 
heritability should be addressed for measuring the maximal 
and accurate effect of selection in a crop breeding program 
because the degree to which variability of a character is 
transmitted to progeny is of highest relevance. The level 
of success in improving germplasm through selection is 
determined by genetic heterogeneity in the germplasm, 
which provides the opportunity to improve production 
and quality through a systematic breeding program. Using 
relevant biometrical and genetic tools, the proportion of 
genotypic, environmental, and their interaction (G×E) can 
be estimated. Understanding inter-character relationships 
is important in plant breeding for indirect selection of 
traits that are difficult to assess as well as the direct and 
indirect effects of each component on yield, are all useful 
in developing an effective breeding strategy (Sharma et al., 
2007). Thus, the present study was undertaken to identify 
traits contributing to higher yield in Chili. 

Materials and Methods
Thirty-two genotypes of chili (Capsicum annuum L.) 
were grown in a randomized block design with three 
replications during the year 2020 at the Experimental Farm 
of the Department of Vegetable Science and Floriculture, 
Chaudhary Sarwan Kumar Himachal Pradesh Krishi 
Vishvavidyalaya, Palampur, HP. The experimental field is 
situated at 320 6’ N latitude and 760 3’ E longitude with 
an altitude of 1,290.8 m msl reflects the mid-hill zone of 
Himachal Pradesh which receives 2,500 mm of annual 
precipitation. The soil is classified as alfisols typic Hapludalf 
clay with a pH of 5.7. In 32 genotypes of chili, including five 

genotypes from All India Coordinated Research Project on 
Vegetable Crops and three checks viz., Him Palam Mirch-1, 
Him Palam Mirch-2 and Surajmukhi were systematically 
evaluated in randomized complete block design, replicated 
thrice. The experimental material was sown in the nursery 
bed of size 3 m × 1 m × 15 cm. The plot size was two rows 
of length 2.25 m with spacing of 45 cm between rows and 
45 cm between plants within rows.

The observations were recorded on randomly taken 
five plants of each genotype for seventeen traits in each 
replication viz., primary branches/plant, secondary branches/
plant, plant height, fruit length, pedicel length, fruit girth, 
average red ripe fruit weight, marketable red ripe fruits/
plant, total red ripe fruits/plant, percent marketable red 
ripe fruits/plant, red ripe fruit yield/plant, harvest duration, 
average dry fruit weight, dry fruit yield/plant, seeds/
fruit, capsaicin content and oleoresin content. Analysis of 
variance was computed according to the method given by 
Gomez and Gomez (1983). The capsaicin content in the dry 
fruit was determined by the Colorimetric method using 
theFolin–Ciocalteu (FC) reagent described by Bajaj (1980). 
Oleoresin content was estimated as per the procedure given 
by A.O.A.C. (1980). The data were analyzed for estimation of 
the genotypic, phenotypic and environmental coefficient of 
variation following Burton and De Vane (1953). Correlation 
coefficients were computed according to the method given 
by Al-Jibouri et al. (1958). Path coefficient analysis was carried 
out by Dewey and Lu (1959).

Results and Discussion
Based on mean performances, six genotypes significantly 
had more pedicel length than the best check ‘Him Palam 
Mirch-1’ (Table 1). The highest fruit length was recorded 
in DPCH 502. Genotypes DPCH-39-12 and 2019/CHIVAR 6 
had significantly more primary branches per plant whereas 
DPCH-13-1 developed more secondary branches per 
plant. Similarly, DPCH-29-12 and 2019/CHIVAR-5 recorded 
maximum plant height and average red fruit weight, 
respectively. Two genotypes DPCH-29-11 and DPCH-29-12 
found to had significantly high capsaicin content while the 
other two genotypes DPCH-28-13 and DPCH-33-2 were 
significantly superior for oleoresin content over best check 
‘Him Palam Mirch-1’ (Table 2). Genotypes DPCH-US-1 and 
DPCH-32-11 bore a significantly maximum number of total 
as well as marketable red ripe fruits per plant. The mean 
performance for red ripe fruit yield per plant differed from 
101.47 to 428.83 g with an average value of 279.62 g. Nine 
genotypes namely, ‘2019/CHIVAR-6’ (428.83 g), ‘DPCH-40-2’ 
(428.23 g), ‘DPCH-38-121’ (417.67 g), ‘DPCH-502’ (404.58 g), 
‘DPCH-33-2’ (389.33 g), ‘DPCH-38-22’ (382.50 g), ‘DPCH-29-12’ 
(373.83 g), ‘DPCH-38-122’ (372.11 g) and ‘DPCH-US-1’ (368.53 
g) had significantly higher red ripe fruit yield in comparison 
to the best check ‘Him Palam Mirch-2’. On the other hand, the 
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Table 2: Estimates of different parameters of variability for various traits

Traits Genotypic variance Phenotypic variance GCV (%) PCV (%) h2
bs GA (%)

Primary branches per plant 0.15 0.25 13.87 17.51 62.78 22.65

Secondary branches per plant 3.38 4.15 15.94 17.67 81.37 29.63

Plant height (cm) 81.13 91.58 15.52 16.49 88.59 30.09

Fruit length (cm) 2.37 2.46 18.40 18.73 96.50 37.25

Pedicel length (cm) 0.18 0.22 11.71 13.09 79.99 21.58

Fruit girth (cm) 0.13 0.14 10.26 10.63 93.15 20.41

Average red ripe fruit weight (g) 1.36 1.44 27.78 28.58 94.47 55.63

Marketable red ripe fruits per plant 719.59 732.18 38.11 38.44 98.28 77.84

Total red ripe fruits per plant 501.09 517.89 25.11 25.52 96.75 50.88

Per cent marketable red ripe fruits/ plant 216.82 219.73 19.13 19.26 98.67 39.16

Red ripe fruit yield per plant (g) 9402.50 9604.86 34.67 35.04 97.89 70.67

Harvest duration 4.06 12.69 4.43 7.83 32.00 5.16

Average dry fruit weight (g) 0.02 0.02 17.94 18.54 93.67 35.74

Dry fruit yield per plant 400.85 413.64 39.04 39.66 96.90 79.18

Number of seeds per fruit 47.97 57.82 13.48 14.80 82.97 25.30

Capsaicin content (%) 0.00 0.00 13.11 14.13 86.08 25.06

Oleoresin content (ASTA units) 116.02 123.69 22.24 22.96 93.80 44.38

PCV and GCV represent phenotypic and genotypic coefficients of variation, respectively; h2 
bs: Heritability in broad sense; GA (%): Genetic 

advance (%) of mean

mean performance for dry fruit yield per plant was found to 
be 51.27 g, which ranged from 18.40 to 96.14 g. The genotype 
‘DPCH-32-11’ (96.16 g) followed by ‘DPCH-40-2’ (87.32g) and 
‘DPCH-38-121’ (75.75g) recorded significantly highest dry 
fruit yield compared to ‘Him Palam Mirch-2’. 

Understanding the phenotypic and genotypic 
coefficients of variation supports in the establishment of a 
successful breeding program by predicting the amount of 
variability in a genetic stock. For all the traits studied (Table 
2), PCV was slightly higher than GCV, indicating that the 
environment had a significant impact on their expression. 
The highest values of PCV and GCV were recorded in dry 
fruit yield per plant followed by marketable red ripe fruits 
per plant and red ripe fruit yield per plant, exhibiting high 
variability, implying that selection can improve these 
characteristics. Earlier workers have also reported high PCV 
and GCV for these traits, i.e., Rathod et al. (2002) for red ripe 
fruit yield per plant, and Tirupathamma et al. (2021) for dry 
fruit yield per plant. Moderate estimates of PCV and GCV 
were observed for most of the characters demonstrating 
that hybridization would be a viable option for achieving 
desirable improvement. The genotypic coefficient of 
variation measures overall genetic variance, whereas 
heritability determines how much of a trait’s variability is 
passed on to offspring (Lush, 1940). High heritability (>80%) 
estimates were observed for all the traits except harvest 

duration and primary branches per plant. High heritability 
in these traits indicated that these traits are genetically 
determined and least influenced by the environment. 
High heritability, on the other hand, does not always 
imply high genetic gain and heredity alone is insufficient 
to predict improvement by simple phenotypic selection. 
High heritability (>80%) along with high genetic advance 
(>50%) were observed for marketable red ripe fruits per 
plant, red ripe fruit yield per plant, dry fruit yield per plant, 
total red fruits per plant and average red fruit weight (Table 
4), proving the significance of additive gene action in the 
manifestation of these attributes (Negi and Sharma, 2019; 
Sharma et al., 2007).

The genotypic correlation coefficients were significantly 
greater than the phenotypic correlation coefficients (Table 
3), indicating that the traits analyzed were intrinsically linked. 
Red ripe fruit yield/plant showed positive and significant 
correlation at both phenotypic and genotypic levels with 
dry fruit yield/plant followed by percent marketable red 
fruits/plant, marketable red fruits/plant, total red fruits/plant, 
average red fruit weight, average dry fruit weight, number 
of seeds/fruit and fruit length (Negi and Sharma, 2019). 
Similarly, dry fruit yield/plant revealed a positive correlation 
with marketable red fruits/plant, percent marketable red 
fruits/plant, total red fruits/plant, average dry fruit weight 
and secondary branches/plant. Earlier workers also reported 
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a positive and significant correlation of dry fruit yield/plant 
with secondary branches/plant (Farhad et al., 2008) and 
total red fruits/plant (Negi and Sharma, 2019). Selection 
based on these features may result in increased yield, and 
these traits should be given specific attention for improving 
red and dry fruit output. Amongst the component traits, a 
positive and significant correlation at both phenotypic and 
genotypic levels was observed for primary branches/plants 
with pedicel length and secondary branches; secondary 
branches/plants with percent marketable red fruits/plant, 
oleoresin content and marketable red fruits/plant; plant 
height with number of seeds, fruit girth, average dry fruit 
weight and average red fruit weight; average red fruit weight 
with average dry fruit weight and number of seeds/fruits.

Path analysis (Table 4) exposed that total red ripe fruits/
plant followed by percent marketable red ripe fruits/plant, 
average red ripe fruit weight and average dry fruit weight 
had the highest positive and direct effect on the red ripe 
fruit yield/plant both at phenotypic and genotypic levels 
suggesting the importance of these traits in selection 
program for improving yield. Further, partitioning of the 
total association of red ripe fruit yield/plant with other traits 
revealed that positive indirect effect via marketable red ripe 
fruits/plant, total red ripe fruits/plant, percent marketable 
red ripe fruits/plants and average dry fruit weight were the 
main contributors to the correlation of fruit length, average 
red ripe fruit weight, marketable red fruits/plants, total red 
ripe fruits/plant, percent marketable red ripe fruits/plant, 
average dry fruit weight, dry fruit yield/plant, seeds/fruit 
with red ripe fruit yield/plant.

Based on overall results, high PCV, GCV, heritability, and 
genetic advance as a percentage of mean were noted for 
dry fruit yield/plant followed by marketable red ripe fruits/
plant, red ripe fruit yield/plant, and total red ripe fruits/
plant along with fruit length, average red ripe fruit weight, 
and secondary branches/plants. The correlation coefficients 
and direct and indirect effects suggested focusing on total 
red ripe fruits/plants, average red ripe fruit weight, percent 
marketable red ripe fruits/plant, fruit girth, and fruit length 
to frame a profitable strategy for creating high-producing 
chili genotypes.
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साराशं 
गर्मी-बरसात के र्ौसर् 2020 के दौरान बत्तीस ककस्म ों के र्ूलाोंकन के आधार पर आनुवों षिक पररवत्तनितीलता की किग्ती, षवभिन्न लक्षण्म ों के बतीच 
सों बों ध, मर्च्त के लाल पके फल की उपज पर घटक लक्षण्म ों के प्रत्यक्ष और अप्रत्यक्ष प्रिाव्म ों क्म षनधा्तररत करने का प्रयास ककया गया था। षवचरण के 
षवषलेशण से पता चला कक सिती लक्षण्म ों के ललए प्रजाषतयाों आपस र्ें काफी भिन्न थ।े लाल मर्चमी फल औसत उपज के आधार पर नौ ककस्म ों ने अनुिों ससत 
ककस ’किर् पालर् मर्च्त-2’ से असधक उपज प्राप्त की, जबकक केवल ततीन ककस्म ों याषन, ’ितीपतीसतीएच-32-11’ (96.16 ग्ार्), ’ितीपतीसतीएच-40-2’ 
(87.32 ग्ार्) और ’ितीपतीसतीएच-38-121’ (75.75 ग्ार्) ने ’किर् पालर् मर्च्त-2’ की तलुना र्ें असधक सूखे मर्चमी फल की पैदावार दज्त की। उच्च 
कफन्मटाइषपक, षवषवधता के जतीन्मटाइषपक गुणाोंक और उच्च आनुवों षिकता के साथ उच्च आनुवों षिकता के ललए प्रषत पौध ेसूखे फल उपज, प्रषत पौध े
लाल पके फल और प्रषत पौध ेलाल पके फल उपज के ललए दज्त ककया गया था, यि दिा्तता ि ैकक इन गुण्म ों के प्रिावती चयन से मर्चमी की अनुवों षिक 
सुधार के ललए र्जबतू क्षर्ता ि।ै प्रषत पौध ेलाल पके फल की उपज का प्रषत पौधा सूखे फल की उपज, प्रषत पौधा षवपणन य्मग्य प्रषतित लाल फल, 
प्रषत पौधा षवपणन य्मग्य लाल फल, प्रषत पौधा कुल लाल फल, औसत लाल फल वजन, औसत सूखे फल वजन, प्रषत फल सों ख्ा बतीज और फल की 
लम्ाई के साथ सकारात्मक और र्ित्वपूण्त सों बों ध था, जजससे उपज र्ें सुधार के ललए इन लक्षण्म ों पर षविेश ध्ान कदया जाना चाकिए। घटक लक्षण्म ों 
के प्रत्यक्ष और अप्रत्यक्ष य्मगदान क्म देखत ेहुए, कुल लाल पके फल, औसत लाल पके फल का वजन और औसत सूखे फल का वजन के आधार पर 
चयन उच्च उपज वाले ककस षवकससत करने के ललए र्ित्वपूण्त ि्मगा।
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