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Abstract

Fourteen cauliflower genotypes, including Palam Uphar as a standard check, were examined to determine
parameters of variability, association and direct/indirect effects for marketable curd weight and its
component traits. Analysis of variance showed significant differences among the genotypes for most of the
traits. Based on marketable curd weight, DPCaf-SP2 significantly outperformed all genotypes though at par
with DPCafCMS-4. Moderate GCV and PCV along with high heritability and moderate genetic advance
were recorded for days to curd initiation, leaf length, leaf size index, marketable curd weight, gross plant
weight, curd size index and harvest duration. Correlation studies revealed that marketable curd weight had
a positive association with gross plant weight, curd diameter, net curd weight, curd size index, curd solidity,
plant height, leaf size index, leaf length and harvest index at both genotypic and phenotypic levels. Path
analysis indicated maximum positive direct effect of curd size index on marketable curd weight followed by
gross plant weight, plant frame and harvest index at both phenotypic and genotypic levels signifying their
effect on marketable curd weight. Based on these results, due consideration must be given on curd and leaf
attributes for genetic improvement of cauliflower.
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Cauliflower, a member of the Brassicaceae family in Himachal Pradesh which is grown commercially as
is botanically known as Brassica oleracea L. var. an off- season vegetable crop during summer — rainy
botrytis and has a chromosome number of 2n = 2x = season in many districts like Kullu, Mandi, Shimla,
18. It is cultivated all over the world for its soft and Lahaul & Spiti and Kangra. Cauliflower cultivation in
retentive white curds (Nimkar and Korla 2014). Himachal Pradesh occupies an area of about 5.56
Cauliflower is low in calories but abundant in dietary thousand hectares with the production of 131.01
fibres and essential vitamins (like A, B, C and K) and thousand metric tonnes and productivity of 23.56
minerals (iron, phosphorus, calcium, potassium, metric tonnes/ hectare (NHB 2018).
sodium, manganese, molybdenum and magnesium). Genetic diversity is the foundation of all plant
It also contains fair amount of glucosinolates and developmental programmes. It is one of the potential
isothiocyanates, having antioxidant and anti- parameter which is utilized to achieve higher yield
inflammatory properties along with an anti-cancer potential by breeding varieties to enhance agricultural
substance (sulforaphane) that lowers the risk of production (Ameta et al. 2016). The degree of genetic
prostate cancer (Kushwaha et al. 2013). With an area diversity in the germplasm is correlated with a crop’s
and production of 473 thousand hectares and 9225 capacity for improvement and offers a chance to
thousand metric tonnes, respectively, India is the enhance vyield and quality through a deliberate
second-largest producer of cauliflower in the world breeding effort (Singh et al. 2009). Genetic and
(NHB 2020) with average productivity of 19.50 phenotypic variability for the important agro-
metric tonnes/hectare. It is a highly remunerative crop morphological traits can be utilised to produce




improved varieties. The phenotype is frequently not a
reliable predictor since it is the result of interaction of
genotype and environment. The genotype makes up a
proportionate amount of the heritable component in
continuous variation and directs selection efficacy
whereas the non-heritable component primarily
caused by environmental variables, hinders selection.
Therefore, it would be crucial to separate total
variability into heritable and non-heritable
components. Heritability estimations clarify
genotypic and phenotypic coefficients of variation to
calculate character transmission and selection
efficacy (Singh et al. 2013). Estimating variability
parameters like genotypic coefficient of variation
(GCV), phenotypic coefficient of variation (PCV),
heritability and genetic advance of the major yield-
contributing characteristics help to draw strategy of
genetic improvement.

Cauliflower has substantial genetic diversity for
yield and yield contributing characteristics. Indirect
selection via linked, less complicated and more easily
measured traits is the most effective strategy for
boosting vyield. The relationship among
characteristics can be used to choose traits whose
genotypic values are affected by environmental
influences and cannot be clearly detected (Sharma et
al. 2006). Genotypic and phenotypic correlations
show the degree of relationship with distinct traits but
they don’t explain the reason for this association
between the traits (Toker and Cagirgan 2004).
Therefore, path coefficient analysis evaluates cause-
effect relationships for effective selection.
Correlations coefficient and path coefficient analysis
would show the impact of complicated characters and
provide a clear image of each character’s contribution
to the ultimate expression of complex traits.

Keeping this in mind, the current study was
designed to analyse 14 cauliflower genotypes for
genetic variability, heritability, correlation and path
analysis to identify traits of interest for genetic
improvement of cauliflower.

Materials and Methods

The present investigation was carried out at
Vegetable Research Farm, CSK Himachal Pradesh
Krishi Vishvavidyalaya, Palampur consecutively for
two years during winter seasons of 2021-22 and 2022-

23. The experimental material comprised of 14
genotypes of mid late/late cauliflower which were
developed at CSK Himachal Pradesh Krishi
Vishvavidyalaya, Palampur. These 14 genotypes were
evaluated in randomised complete block design with
three replications. Data were collected on five
randomly selected plants from each genotype in each
replication viz., days to curd initiation, days to
marketable curd maturity, leaf length (cm), leaf width
(cm), leaf size index (cm?), number of leaves per plant,
stalk length (cm), plant height (cm), plant frame (cm),
curd depth (cm), curd diameter (cm), curd size index
(cm?), gross plant weight (g), marketable curd weight
(9), net curd weight (g), curd solidity(g/ cm), per cent
marketable curds (%), curd compactness (degrees),
harvest duration (days), harvest index (%), ascorbic
acid (mg/100g fresh weight basis), total soluble solids
(°Brix) and dry matter content (%).

Statistical Analysis: The mean values of each of the
traits were subjected to analysis of variance as per
standard procedures of Panse and Sukhatme (1985).
The components of genetic variability were computed
following methods proposed by different researchers
namely, genotypic and phenotypic variances and
heritability (Burton and De Vanes, 1953), genetic
advance (Burton and De Vane, 1953 and Johnson et al.
1955). Coefficients of correlation were calculated as
suggested by Al-Jibouri et al. 1958) while path
coefficients of different traits with marketable curd
weight were carried out as per Dewey and Lu (1959).

Results and Discussion

Mean performance

Cauliflower genotypes showed wide range of
variability for most of the traits in 2021-22, 2022-23
and pooled over years (Table 1). Genotype
‘DPCaCMS-2’ took minimum number of days for
curd initiation (53.50) whereas genotype ‘DPCaf-
SP1’ took minimum days to marketable curd maturity
(87.67) over the check ‘Palam Uphar’ (102.83). The
highest leaf length (47.10 cm), leaf width (17.54 cm),
leaf size index (820.27 cm®) and stalk length (3.22 cm)
were found in cytoplasmic male sterile line
‘DPCafCMS-4’. Plant height and plant spread showed
distinct variation among the cultivars. ‘DPCaf-SP2’
among all genotypes showed highest curd diameter
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(12.39 cm) and curd size index (92.09 cm?), gross
plant weight (1117.20 g), marketable curd weight
(740.27 g) and net curd weight (403.08 g) along with
good curd solidity. ‘DPCaCMS-1’, ‘DPCaf-W4’ and
‘DPCaf-SP1’, ‘DPCaf-S121°’, ‘DPCaf- 13’ and
‘DPCaf- 18’ were significantly superior over the
check ‘Palam Uphar’ for marketable curd weight and
curd solidity. The variations in per cent marketable
curds were recorded highest in genotype ‘DPCaf-
S121’ (93.33%) and lowest in ‘DPCaf-W4’ and
‘DPCaf-W131" (81.67%). Check ‘Palam Uphar’
reported highly compact curds with compactness of
110.64° whereas lowest curd compactness was
observed in ‘DPCaf-W131" (102.97°). Seven
genotypes were significantly superior over the check
‘Palam Uphar’(18.67) with longest harvest duration.
‘DPCaf-SP1’ (14.24mg/100g) showed significantly
maximum average ascorbic acid over the check
‘Palam Uphar’ (11.84mg/100g). ‘DPCaf-SP2’
(14.89%), ‘DPCaf-S121° (12.29%) and ‘DPCaf-

W131’ (11.24%) recorded significantly higher dry
matter content than the check *Palam Uphar’ (9.64%).
Variations among majority of the characters using
variable genetic material have also been reported by
many research workers namely, Chittora and Singh
(2015), Chatterjee et al. (2018), Sharma et al. (2018)
Singh (2020) and Kumar et al. (2021).

Variability studies

All of the variables under investigation had lower
genotypic coefficients of variation than phenotypic
coefficients of variation, suggesting that
environmental factors have a role in expression of
these traits among various genotypes. Knowledge of
phenotypic (PCV) and genotypic (GCV) coefficients
of variation aids in predicting the amount of variation
present in the germplasm, thereby facilitating the
formulation of an effective breeding programme.

Estimation of parameters of variability (Table 2)
revealed that all the genotypes differed for each trait.

Table 2. Estimates of parameters of variability for various traits of cauliflower in pooled over years

Trait Mean = SE (m) Range GCV (%) PCV (%) h?,. GAasper

centofmean
Days to curd initiation 61.26+0.76 53.50-82.67 10.84 11.05 96.22 21.91
Days to marketable curd maturity  92.26+0.78 87.67-102.83 4.50 4,73 90.47 8.82
Leaf length 42.84+0.81 26.38-47.10 11.89 12.34 92.89 23.60
Leaf width 15.73+£0.29 14.07-17.54 5.84 6.63 77.51 10.59
Leafsize index 673.17+18.93 420.06-20.27 14.40 15.20 89.73 28.09
Number of leaves 13.87+0.33 11.23-15.16 7.44 8.51 76.28 13.38
Stalk length 2.85+0.06 2.61-3.22 5.70 6.63 73.77 10.08
Plant height 40.09+0.86 35.16-43.95 5.88 6.96 71.39 10.24
Plant frame 54.01+£0.85 44.89-61.19 7.07 7.58 87.02 13.59
Curd depth 7.00+0.16 6.36-8.28 6.56 7.69 72.89 11.54
Curd diameter 11.32+0.14 10.65-12.39 4.68 5.14 82.65 8.75
Curdsize index 79.71+2.24 68.03-92.09 9.40 10.59 78.89 17.20
Gross plant weight 929.97+15.10 762.08-1117.20 11.08 11.43 93.94 22.12
Marketable curd weight 612.14+12.31 517.90-740.27 11.38 11.90 91.43 22.42
Net curd weight 353.14+8.43  309.29-403.08 8.14 9.13 79.49 14.95
Curd solidity 50.67+1.47 44.06-56.34 6.79 8.44 64.77 11.26
Per cent marketable curd 87.56+2.82 81.67-93.33 3.63 6.65 29.82 4.08
Curd compactness 107.13+1.14  102.97-110.64 1.59 244 42.53 2.14
Harvest duration 19.31+0.44 15.00-24.33 14.66 15.19 93.15 29.15
Harvest Index 66.06+1.81 61.67-70.42 2.43 5.33 20.81 2.28
Ascorbicacid 9.87+0.24 7.69-14.24 19.42 19.88 95.43 39.08
Total soluble solids 6.21+£0.06 5.28-7.50 8.50 8.68 95.91 17.15
Dry matter content 9.85+0.10 7.35-14.89 19.05 19.13 99.18 39.08

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

per centof mean

188



Moderate estimates of GCV and PCV were observed
for days to curd initiation, leaf length, leaf size index,
gross plant weight, marketable curd weight, harvest
duration, ascorbic acid and dry matter content, while,
curd size index only exhibited moderate PCV
estimates indicating a cautious selection process for
these traits to be improved (Chauhan et al. 2023).
Earlier workers have also found moderate PCV and
GCV for days to curd initiation (Singh 2020),
marketable curd weight and gross curd weight
(Chittora and Singh 2015) and ascorbic acid (Kumar
et al. 2011). The knowledge on heritability estimates
along with PCV and GCV estimates gives better
understanding of the inheritance of quantitative traits.
Heritability estimates in the broad sense are reliable if
they are accompanied by a high genetic advance and
thus are the most favourable for selection. In the
present study, high heritability along with high
genetic advance was observed for ascorbic acid
(Singh et al. 2013) and dry matter content suggesting
that a significant amount of additive gene activity was
involved in the expression, and as a result, selection
would be beneficial for the genetic development of
these traits (Sood et al. 2020). High heritability along
with moderate genetic advance were observed for
days to curd initiation, leaf length (Singh et al. 2013),
leaf sixe index, curd size index, gross plant weight
(Chittora and Singh 2015), marketable curd weight
(Kumar et al. 2011) and harvest duration indicating
the role of non-additive gene action in their
inheritance (Kumar etal. 2017).
Correlation and Path analysis

Correlation coefficient is a statistical method used
to determine the mutual relationship among several
plant traits to enhance genetic improvement
programmes. Therefore, this study examined
phenotypic and genotypic association between
twenty- three characters (Table 3). Magnitude of
phenotypic correlation was lower than the genotype
correlation. This indicated a significant genetic
relationship among the traits and that environmental
factors suppressed the phenotypic expression.

Marketable curd weight revealed a positive and
significant correlation with gross plant weight
followed by curd diameter, net curd weight, curd size
index, curd solidity, plant height, leaf size index, leaf
length and harvest index at both genotypic and

phenotypic levels. Curd depth and curd diameter
showed positive and significant correlation between
themselves and also with curd size index, gross plant
weight and net curd weight at both phenotypic and
genotypic levels. A positive and significant
association of plant height was observed with leaf
length, leaf size index, plant spread, curd diameter and
gross plant weight. In addition, positive and
significant association at both genotypic and
phenotypic level was recorded for days to curd
initiation, days to marketable curd maturity, curd
depth, curd compactness, TSS among themselves
while leaf size index had the same with leaf length, leaf
width, number of leaves, stalk length, plant height,
plant frame and gross plant weight. Similarly, a
positive association was found between curd depth
and curd diameter (Sharma et al. 2006 and Singh et al.
2014), curd size index (Sharma et al. 2006) and net
curd weight (Singh et al. 2014, Shruthy and Celine
2016 and Vanlalneihi et al. 2017), while, gross curd
weight showed the similar association except for curd
depth.

Similarly, a positive association was found between
curd depth and curd diameter (Sharma et al. 2006 and
Singhetal. 2014), curd size index (Sharma et al. 2006)
and net curd weight (Singh et al. 2014, Shruthy and
Celine 2016 and Vanlalneihi et al. 2017), while, gross
curd weight showed the similar association except for
curd depth. Harvest index also showed the positive
association with curd depth and curd size index. As a
result, selections for improvement in cauliflower
based on these attributes must be approached with
caution. Genotypic correlation, rather than phenotypic
correlation, provides more accurate genetic
relationship assessments between traits, assisting in
identifying traits to be considered for selection during
breeding programmes.

The path coefficient analysis was carried out (Table
4) in order to comprehend the reasons behind the
correlations between the traits under study as well as
the estimations of the direct and indirect contributions
of various factors to marketable curd weight. The
direct effects at genotypic level and phenotypic level
were different. Path coefficient analysis revealed that
curd size index had the maximum positive direct effect
on marketable curd weight followed by gross plant
weight, plant spread and harvest index at both
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phenotypic and genotypic levels. Earlier researchers
have also given account of positive and direct effects
of different traits with marketable curd weight e.g.,
curd size index (Singh 2020), gross plant weight and
harvest index (Sharma et al. 2006 and Singh 2020).
Besides, curd solidity followed by leaf size index,
curd depth, number of leaves and days to curd
initiation contributed directly to marketable curd
weight only at genotypic level while net curd weight,
leaf width, leaf length, per cent marketable curds, curd
compactness plant height, harvest duration, plant
frame, ascorbic acid contributed the similar effects at
phenotypic level. Such a shift in the direction and
magnitude of direct and indirect effects may be
attributable to environmental factors influencing
different characters. The negative direct effects of
curd diameter, days to marketable curd maturity, dry
matter content, TSS and stalk length were also
recorded with marketable curd weight at both
genotypic and phenotypic levels.

Conclusion

In the current study, findings on mean performance
‘DPCaf-SP2’, ‘DPCaCMS 1’, ‘DPCafCMS-4’,
‘DPCaf-SP1’ and ‘DPCaf-W131’ were the most
promising genotypes for marketable curd weight and
other related traits. Based on variability, heritability
and genetic advance studies, the potential of traits like
ascorbic acid, dry matter content, days to curd
initiation, leaf length, leaf size index, curd size index,
gross plant weight, marketable curd weight and
harvest duration could be exploited for improvement
through selection. These parameters are crucial for the
cauliflower breeding programme due to the presence
of sufficient genetic variation in all the traits and role
of additive gene effects in some traits. Based on
correlation and path analysis studies, gross plant
weight, curd size index, leaf size index and harvest
index must be focused on for genetic improvement of
cauliflower yield.

Conflict of interest: The authors declare no
competing interest.

References

Al-Jibouri HA, Miller PA and Robinson HF. 1958.
Genotypic and environmental variance and co-variance
in upland cotton crops of inter-specific origin.
Agronomy Journal 50 (10): 633-636.

Ameta HK, Ranjan JK, Kakani RK, Mehta RS, Solanki RK,
Panwar A, et al. 2016. Genetic variability studies in
Coriander (Coriandrum sativum L.). International
Journal of Seed Spices 6: 103-105.

Ansari M, Trivedi J and Sharma D. 2017. Genetic
variability in mid-season cauliflower (Brassica
oleracea L. var. botrytis): a review. Trends in
Biosciences 10 (42): 8758-8763.

Burton GW and De Vane EH. 1953. Estimating heritability
in tall fescue (Festuca arundinacea) from replicated
clonal material. Agronomy Journal 45 (10): 478-481.

Chatterjee S, Mukherjee D, Choudhuri P and Kanwar HS.
2018. Path analysis and quality character studies in some
mid late and late cauliflower (Brassica oleracea var.
botrytis L.) genotypes. Current Journal of Applied
Science and Technology 31 (1): 1-7.

Chauhan A, Sharma A, Sharma P, Katoch V, Chadha S and
Kumari V. 2023. Genetic variability for pod yield and
component traits in Sugar Snaps (Pisum sativum var.
saccharatum). Legume Research 46 (5): 548-554.

Chittora Aand Singh DK. 2015. Genetic variability studies
in early cauliflower (Brassica oleracea L. var. botrytis).

Electronic Journal of Plant Breeding 6 (3): 842-847.

Dewey DR and Lu KH. 1959. A correlation and path
analysis of components of crested wheat-grass seed
production. Agronomy Journal 51 (9): 515-518.

FAOSTAT Statistical Year Book 2019. Food and
Agriculture Organization of the United Nations, Rome,
Italy. http://www.faostat.org [11.00AM, 28" May,
2021].

Gariya RS, Pant SC, Thilak JC and Bahuguna P. 2019.
Studies on genetic variability among different genotypes
of cauliflower (Brassica oleracea L. var. botrytis) under
hilly region of Bharsar, Uttarakhand, India. International
Journal of Current Microbiology and Applied Sciences
8:644-651.

Johnson HW, Robinson HF and Comstock RE. 1955.
Estimates of phenotypic and genotypic correlation in
soybean and their implications in selection. Agronomy
Journal 47: 477-482.

Kumar L, Gayen R, Singh J and Mehat N. 2019. Estimation
of genetic variability, heritability and genetic advance in
Indian cauliflower (Brassica oleracea var. botrytis L.).
Journal of Pharmacognosy and Phytochemistry 8 (6):
233-235.

Kumar M, Sharma SR, Kalia P and Saha P. 2011. Genetic
variability and character association for yield and quality
traits in early maturing Indian cauliflowers. Indian

192



Journal of Horticulture 68 (2): 206-211.

Kumar S, Ali B, Khaldun ABM, Islam SS, Uddin S, Akanda
MMJ and Miah MS. 2021. Genetic diversity,
correlations and path coefficient analysis among the F,
populations of Brassica species. Asian Journal of
Advances in Agricultural Research 16: 20-31.

Kumar V, Singh DK and Panchbhaiya A. 2017. Genetic
variability studies in mid- season cauliflower (Brassica
oleracea var. botrytis L.). Bulletin of Environment,
Pharmacology and Life Sciences 6 (9): 99- 104.

Kushwaha A, Baily SB, Maxton A, Ram GD. 2013.
Isolation and characterization of PGPR associated with
cauliflower roots and its effect on plant growth. The
Bioscan 8 (1): 95-99.

Mehra D and Singh DK. 2013. Studies on genetic
variability for yield and its contributing attributes in
early cauliflower (Brassica oleracea L. var. botrytis).
Pantnagar Journal of Research 11 (2): 261-265.

NHB. 2018. Indian Horticulture Database.
Horticulture Board. Gurgaon, Haryana 142- 44.

NHB. 2020. Indian Horticulture Database.
Horticulture Board. Gurgaon, Haryana.

Nimkar SA, Korla BN. 2014. Studies on comparison of
biparental and F4 progenies in late cauliflower
(Brassica oleracea L. var. botrytis). International
Journal of Farm Sciences 4 (1): 27-34.

Panse VG and Sukhatme PV. 1985. Statistical Methods for
Agricultural Workers. Ed. 4", Indian Council of
Agricultural Research, New Delhi.

Sharma A, Sharma S, Pathak S and Sood S. 2006. Genetic
variability for curd yield and its component traits in
cauliflower (Brassica oleracea L. var. botrytis) under
high hills dry temperate conditions. Vegetable Science
33(1): 82-84.

Sharma S, Singh'Y, Sharma S, Vishalakshi and Sekhon BS.
2018. \Variability studies in cauliflower (Brassica
oleracea L. var. botrytis) for horticultural traits under
mid hill conditions of North-Western Himalayas, India.

National

National

Journal of Pharmacognosy and Phytochemistry 7 (2):
100-103.

Shruthy ON and Celine VA 2016. Genetic variability in
tropical cauliflower (Brassica oleracea L. var. botrytis)
under the plains of Southern Kerala. International
Journal of Science and Research 7 (9): 578-583.

Singh J. 2020. Evaluation of cauliflower (Brassica oleracea
L. var. botrytis) genotypes and determination of
selection parameters for its genetic improvement. M Sc
Thesis, p 117. Department of Vegetable Science and
Floriculture, CSK HPKYV, Palampur (unpublished).

Singh KP, Kant K, Roy RK and Jha RN. 2014. Correlation
and path co-efficient analysis in cauliflower (Brassica
oleracea L. var. botrytis). International Journal of
Agricultural Sciences 10 (1): 387-389.

Singh P, Kumar S, Maji S, Singh A. 2013. Genetic
variability, heritability and genetic advance in
cauliflower (Brassica oleracea L. var. botrytis).
International Journal of Plant Sciences 8 (1): 179-82.

Singh 'Y, Sharma M and Sharma A. 2009. Genetic variation,
association of characters, and direct and indirect
contributions for improvement in cauliflower.
International Journal of Vegetable Science 15 (4): 340-
68.

Sood T, Basandrai D, Rana V and Basandrai AK. 2020.
Genetic diversity analysis for various agro
morphological, yield and yield related traits in wheat
(Triticum aestivum L.). Himachal Journal of Agricultural
Research 46 (2): 136-144.

Toker C and Cagirgan MI. 2004. The use of phenotypic
correlations and factor analysis in determining
characters for grain yield selection in chickpea (Cicer
arietinumL.). Hereditas 140 (3): 226-228.

Vanlalneihi B, Saha P and Srivastava M. 2017. Assessment
of genetic variability and character association for yield
and its contributing components in mid maturing Indian
cauliflower. International Journal of Current
Microbiology and Applied Sciences 6 (11): 2907-2913.

8



