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Genetic variation and association among quantitative and qualitative traits to design
breeding strategy in red ripe chili (Capsicum annuum L.) under North-Western

Himalayas
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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.
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Introduction

Chili (Capsicum annuum L.) is one among the five
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 (GXE) 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 32° 6' N latitude and 76° 3’ E longitude with
an altitude of 1,290.8 m misl 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 x 1 m x 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.0.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



Banyal et al.: Genetic variation in red ripe Chili under North-Western Himalayas

324

2dA10usb Bupyjues usy doy sazedipul (0L pue 6 ‘8’29 ‘s ‘v s ‘'z 1) idudsiadns,
(SHUN Y1 SY) JUSU0D UIS3I03]|0 D0 ‘(%) 3us1u0d upiesde) :3) inJy sad spass Jo JswnN :4dSN (6) ueld 1ad paih 3inuy L1Q :ddA4a ‘(6) 1yb1am 1nuy A1p sbeisay :|m4ay ‘(sAep) uoneinp 1sanleH :qH
!(6)1ued sad pjaif 1nuy odu pay :dd A4y ‘Jued aad syiniyadi pas 3)qe1ax ew Juadiad :dd44HIN% Jueld 4ad sunuy odii pai |e103 :dd44Y 1 ‘Jued Jad synuyadi pal o|geidxen :dd4dHIA ‘() 3ybram unuy
od11 pai abessay :M4YYY ‘(wd) 1ybiay jueld :Hd ‘yueld Jad saydueiq A1epuodas :ddgs ‘queld Jad saydueiq Arewtid :dddd {(wd) yuib uni4 ;o4 {(wd) yabus| uni4 174 ((wd) Yyibus| [931pad 11d ‘@49YM

LL's S¢S 0L9 69 89'% 99 80'G Lce 65 ¥0'S L9 95'S 9L 890L 8¢ 0s'e S8 (%) A'D
(14 100 459 €8'S S00 (VA4 Leee 8/'C 699 8/'S 9’0 LTS 'L 60 9l0 VAV 40 (%S)a>
09°'L 100 18l 90°C 00 (V) L8 660 LET S0'C 910 (8L S0 /10 900 10 ¢lo (w)3's
LESL 9C0 €E'L9 7196 660 €e’LS €881 61°€6 vS'6€L ev'eel LS, LL'€8 98'slL ¢/e LEV 8ELL  SEV abuey
Yrve 9L'0 -00veE -O¥'8lL -0 -€gov A} -0€'9¢ “68'¢€S WA R4 -0S'C -9LvE -89 -00C -C9C “6€'S  -LLT
[44%14 Lz0 9¢'LS LTLS €L0 Sty 79'6/LC €6'9L 7168 LE°0L 6LY 0'8S ¢Sl €8T 99°€ 9€'8 09¢ uespy
LL°€E9 9C0 00’6t §59s 990 130474 £9°0LC 61°¢6 00'80L ¥6°001 L9C 8T'¥9 GGClL  8sE SlE (8'S  IV'E (O) 1pinwfeins
cLLE o £9°CS 509 980 L9VY 859°€9¢ Lce8 99'S8 L¥'0L L1°S €€'85 0S¢l €€C  06'€ 08  ¥9°€ Z-UpaW wejeg EA_“_V.“
LES9 0 €e6y 98'€L 90 €ey v6'vCe L9'C6 LTSTL c09LlL 08¢ 8€'09 S/el 80€  SlE 69 SOV L-UDII Wejeq EAW.“
vEL6S  all'0 L9709 000 9,0 13014 £8'8CY 5916 9617°001 s£0'C6 L9V Y0'vS STLL g9t [8E I AR 9 YVAIHD /610C
oL'sy 5S¢0 VAR AN (VAY) S50 6L99F 6£5'89¢€ sCL'[8 peeel RAg44s [40R3 €y g€G'CL 00t 89'¢ (NAVAR 2 °2 L SN-H>da
65867 CC0  EEL9 9679 ,L60  00'8Y +89' 70t all'v8 6/°L8 13474 ,05°S 6€'8S SLTL 00 CLe 8ELL SEV ¢0S HOdd
s06'9S 0T0 0079 ceYs8 080  [9Lv 144 SEle LES6LL [C60L €0y Tre9 098¢l €8C  sgE 90l 69°¢ ¢-0¥ HOdd
Ly LC0 L9665  +8V89 €80 (34 ,05°C8¢ vles /€686 T8 97 €879 Ll 66T 8SE [ANCIEYAVR 4 ¢C-8¢€ HOdd
Il'Ly JFC0 00719 <0589 6’0 (0067 sll'CLE L0'e8 §56'9L £8'€9 €8'S 66'LS L 80€ 9t 600L 8TV ¢Cl-8€ HOdA
60'S€ LEC0 00y SLSL 660 00°'st LILLY 6€8'98 L1°68 00592 ,05°S 0995 9€0L  LSC  sEE EOLL ¢S LZ1-8€ HOdd
JELL (020 00vE 00519 850 JA*R 4 LEE'68€ +96'88 Leoct ,00°201 L9°€ 8¢S 6L0L ¥¥T T9¢C L L0E C-€€ HDdA
8¢'8Y 6810 £90S  ¥1'96 gl80 JA°A 44 009°€9€ oTle Lol Hb98LL 80'€ 06°'LS €8’LlL  00C €g¢ 09 cl'e L1-¢€ HOdd
14413 920  004S  98'LL €60 L9YY (E8'ELE SEY8 96°'L6 6/S'LL 8(8Y LLes €88 E£C  SlY 8¢9 L/LC Cl-6C HOdA
20 2D 4dSN  ddA4d m4avy aH ddA444 dd444V % dd4441 dd44diN  M44YY Hd dddS  dddd 54 4 d SHpi|

S9l391IeA XDy 0} uosiiedwod ul syes} paje|as pue piaiA 3nJy Aip/(a31ds) adu pai oy 1j1yD jo sadAyouab | doy jo aduewsoyiad uesiy 1| ajqel



Vegetable Science (2023) 50(2) 325
Table 2: Estimates of different parameters of variability for various traits

Traits Genotypic variance Phenotypic variance GCV (%) PCV (%) ., 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 12.69 443 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; h? b 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 t0 96.14 g. The genotype
‘DPCH-32-11" (96.16 g) followed by ‘DPCH-40-2’ (87.32g) and
‘DPCH-38-121" (75.759) 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 forimproving
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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