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ABSTRACT

Heritability is an important genetic parameter for assessing the relative contribution of genetic and envi-
ronmental factors to phenotypic variation and for understanding the potential usefulness of phenotypic
selection in crop improvement. The present investigation was conducted to estimate and compare
broad-sense heritability for growth, flowering, harvesting, fruit, yield and disease-related traits in cu-
cumber (Cucumis sativus L.) during Kharif 2024 and Summer 2025 at the All India Coordinated
Research Project on Vegetable Crops, Department of Horticulture, Mahatma Phule Krishi Vidyapeeth,
Rahuri, Maharashtra, India. The experimental material consisted of 11 inbred genotypes and 55 F1 hy-
brids generated through an 11 x 11 half-diallel mating design excluding reciprocals. The 55 crosses, 11
parents and one standard check, comprising 67 treatments, were evaluated in a randomized block design
with two replications. Broad-sense heritability was estimated for 20 traits. Heritability estimates varied
considerably among traits and seasons. During Kharif 2024, estimates ranged from 7% for number of
branches per vine to 49% for number of nodes per vine, whereas during Summer 2025 they ranged from
14% for number of fruits per vine and yield per hectare to 57% for number of nodes per vine. Number
of nodes per vine recorded the highest heritability in both seasons, with estimates of 49 and 57%, re-
spectively. Fruit length also exhibited comparatively high heritability, with estimates of 46 and 52%.
Flowering and earliness traits showed considerable seasonal variation, particularly days to first female
flower appearance, days to 50% flowering and days to first fruit harvest. Yield traits exhibited relatively
low heritability in both seasons, with estimates of 11 and 18% for yield per vine, 9 and 16% for yield
per plot, and 9 and 14% for yield per hectare during Kharif and Summer, respectively. Among disease-
related traits, powdery mildew showed 42% heritability during Kharif but only 18% during Summer.
The results demonstrated strong trait- and environment-dependent variation in broad-sense heritability.
Number of nodes per vine and fruit length showed comparatively greater and more consistent genetic
contribution, whereas yield traits were strongly influenced by environmental variation. These findings
emphasize the importance of multi-season evaluation and the combined use of heritability with other
genetic parameters for effective cucumber improvement.

Keywords: Cucumber, Cucumis sativus L., Broad-sense heritability, Genetic variability, Fruit traits,
Yield, Disease resistance, Selection

1. Introduction

Cucumber (Cucumis sativus L.) is an economically important vegetable crop belonging to the family
Cucurbitaceae and is widely cultivated for fresh consumption and other uses. Productivity and market value
of cucumber are determined by a complex combination of quantitative characters, including vine growth,
branching, flowering behaviour, fruit number, fruit size, fruit weight and total yield. Resistance or tolerance
to insect pests and diseases is also an important consideration in cucumber improvement programmes.

The observed phenotypic performance of a genotype is determined by its genetic constitution, environmental
effects and their interaction. Consequently, phenotypic differences among genotypes do not necessarily rep-
resent differences of equivalent magnitude in their genetic constitution. Estimation of genetic parameters is
therefore essential for developing appropriate breeding and selection strategies.

Heritability is one of the important genetic parameters used to estimate the proportion of phenotypic varia-
tion attributable to genetic differences within a particular population and environment. It may be expressed
as broad-sense or narrow-sense heritability. Broad-sense heritability includes the effects of additive, domi-
nance and epistatic genetic variance, whereas narrow-sense heritability primarily represents additive genetic
variance. Broad-sense heritability is therefore useful for assessing the overall genetic contribution to pheno
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typic variation, particularly when diverse genetic materials including
parents and hybrids are evaluated (Burton ez al., 1953) [1].

The usefulness of heritability for selection, however, depends on the
magnitude and nature of genetic variation associated with the trait.
Johnson e al., (1955) [2] emphasized that heritability should be con-
sidered together with genetic advance and other measures of genetic
variability when assessing the prospects of selection. Thus, a high
heritability estimate by itself does not necessarily indicate high ex-
pected genetic gain because broad-sense heritability includes both ad-
ditive and non-additive genetic components.

Several studies have demonstrated substantial variation in heritability
among cucumber traits. Pushpalatha ez al., (2016) 31, while evaluat-
ing 24 diverse cucumber genotypes, reported high heritability coupled
with high genetic advance for several growth and yield characters,
whereas flowering and earliness traits showed different patterns of in-
heritance. Yadav et al., (2009) [4] also reported considerable genetic
variability and high broad-sense heritability for several characters in
cucumber. Basavarajeshwari et al., (2014) [5] reported high heritabil-
ity accompanied by high genetic advance for number of fruits per
vine and fruit yield per vine, while fruit length and flesh thickness
showed different relationships between heritability and genetic
advance.

Heritability is not an intrinsic and constant property of a trait. It de-
pends upon the genetic material, population structure, experimental
design and environmental conditions under which the material is eval-
uated. Therefore, comparison of heritability estimates across seasons
can provide useful information about the relative stability of genetic
expression of important traits.

The present investigation was therefore undertaken to estimate and
compare broad-sense heritability for important growth, flowering,
harvesting, fruit, yield and disease-related traits of cucumber during
Kharif 2024 and Summer 2025.

Objective

The objective of the present study was to estimate and compare
broad-sense heritability for 20 horticultural and disease-related traits
in cucumber under Kharif and Summer growing conditions and to
identify traits showing relatively greater and more consistent genetic
contribution for use in future breeding programmes.

2. Materials and Methods

2.1 Experimental site

The investigation entitled “Genetic Studies in Cucumber (Cucumis
sativus L.)” was conducted at the All India Coordinated Research
Project on Vegetable Crops, Department of Horticulture, Mahatma
Phule Krishi Vidyapeeth, Rahuri, Maharashtra, India, during Kharif
2024 and Summer 2025. The experimental site is situated at approxi-
mately 532 m above mean sea level. The region has an arid to tropical
climate. The experimental soil was medium black with adequate
drainage.

2.2 Experimental material

The experimental material consisted of 11 cucumber inbred genotypes
obtained from the All India Coordinated Research Project on
Vegetable Crops, MPKYV, Rahuri.

The parental genotypes were crossed in an 11 x 11 half-diallel mating
design excluding reciprocals, resulting in 55 F; hybrids.

Thus, the experimental material consisted of:

e 11 parental lines
¢ 55 F| hybrids
e 1 standard check

giving a total of 67 treatments.

https://www.biochemjournal.com

2.3 Experimental design and crop management

The experiment was laid out in a randomized block design with two
replications during Kharif 2024 and Summer 2025. Plants were main-
tained at a spacing of 1.50 x 0.50 m. The plot size was 1.50 x 5.00 m,
accommodating 10 plants per plot per replication. The crop was
trained using a trellis system. Farmyard manure was applied at 20 t
ha™!, while fertilizers were applied at 100:50:50 kg N:P,05:K,0 ha™!
according to the experimental protocol. Seeds were treated with car-
bendazim @ 1 g kg™! seed before sowing. The parental lines and their
hybrids were evaluated under the respective seasonal environments.

2.4 Observations recorded
Observations were recorded for the following 20 characters:

2.5 Estimation of broad-sense heritability

Broad-sense heritability was estimated as the ratio of genotypic vari-
ance to phenotypic variance and expressed as percentage following
the general quantitative-genetic approach of Burton et al. (1953) [:

2
(o}

H* = £ %100
9

where:

1. Vine length (m) 11. Fruit length (cm)

2. Number of nodes per  12. Fruit diameter (cm)
vine
3. Number of branches 13. Average fruit weight (g)

per vine
14. Yield per vine (kg)
15. Yield per plot (kg)

4. Peduncle length (cm)

Days to first male
flower appearance

6.  Days to first female 16. Yield per hectare (q)

flower appearance
7. Days to 50% flowering 17. Fruit fly incidence (%)

8. Days to first fruit 18. Powdery mildew incidence

harvest (%)

9.  Days to last fruit 19. Downy mildew incidence
harvest (%)

10.  Number of fruits per 20. Cucumber mosaic virus inci-

dence (%)

vine

 H?= broad-sense heritability (%)
. U§= genotypic variance
o Gf,= phenotypic variance.

The estimates were interpreted comparatively among traits and sea-
sons. Because broad-sense heritability includes both additive and non-
additive genetic components, the estimates were not used alone to in-
fer the type of gene action or expected genetic gain. Interpretation
was made in conjunction with the magnitude and seasonal stability of
the estimates, following the principles described by Johnson et al.,
(1955) 21,

3. Results and Discussion

3.1 Variation in broad-sense heritability among traits and
seasons

Broad-sense heritability estimates for the 20 characters during Kharif

2024 and Summer 2025 are presented in Table 1.

Broad-sense heritability varied considerably among traits and be-
tween seasons. During Kharif 2024, estimates ranged from 7% for
number of branches per vine to 49% for number of nodes per vine.
During Summer 2025, estimates ranged from 14% for number of
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fruits per vine and yield per hectare to 57% for number of nodes per
vine.

Table 1. Broad-sense heritability estimates (%) for different traits in
cucumber during Kharif 2024 and Summer 2025

Sr. Character Kharif Summer
No 2024 2025
1 Vine length (m) 24 25
2 Number of nodes per vine 49 57
3 Number of branches per vine 7 28
4 Peduncle length (cm) 36 37
5 Days to first male flower 32 31
appearance
6 Days to first female flower 10 41
appearance
7  Days to 50% flowering 10 46
8  Days to first fruit harvest 17 50
9  Days to last fruit harvest 9 15
10 Number of fruits per vine 30 14
11 Fruit length (cm) 46 52
12 Fruit diameter (cm) 9 23
13 Average fruit weight (g) 26 29
14 Yield per vine (kg) 11 18
15 Yield per plot (kg) 9 16
16  Yield per hectare (t) 9 14
17 Fruit fly incidence (%) 28 16
18  Powdery mildew incidence (%) 42 18
19  Downy mildew incidence (%) 17 18
20  Cucumber mosaic virus inci- 12 18

dence (%)

The variation in heritability among traits indicates that the relative
contributions of genetic and environmental variation differed accord-
ing to character. The seasonal changes further indicate that the expres-
sion of several traits was sensitive to environmental conditions. Such
variation is expected because heritability is a property of a population
evaluated under a particular environmental condition rather than an
immutable characteristic of the trait.

3.2 Heritability for growth traits

Vine length exhibited heritability estimates of 24% during Kharif and
25% during Summer. The close estimates across seasons indicate rel-
atively similar genetic contribution to phenotypic variation for this
character under the two environments.

Number of nodes per vine recorded the highest heritability among all
the traits evaluated, with estimates of 49% during Kharif and 57%
during Summer. The relatively high and consistent estimates suggest
that genetic differences among the evaluated cucumber material con-
tributed substantially to the phenotypic variation for node number.
The comparatively higher heritability of node number agrees with
previous cucumber studies in which substantial genetic variation and
heritability were reported for growth-related traits. Pushpalatha ez al.,
(2016) [3 reported high heritability for several growth characters, in-
cluding vine-related traits, in cucumber.

Number of branches per vine showed a marked seasonal difference.
Heritability was only 7% during Kharif but increased to 28% during
Summer. The low estimate during Kharif suggests a relatively greater
environmental contribution to phenotypic variation in branch number,
whereas the higher Summer estimate indicates a greater relative con-
tribution of genetic differences under that environment.

The pronounced seasonal variation in branch number emphasizes the
importance of repeated evaluation when this trait is considered in se-
lection programmes.
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3.3 Heritability for flowering and harvesting traits

Days to first male flower appearance showed comparatively stable
heritability estimates of 32% during Kharif and 31% during Summer.
The similarity between seasons indicates comparatively consistent ge-
netic contribution to variation in male flowering time.

In contrast, days to first female flower appearance showed a substan-
tial increase in heritability from 10% during Kharif to 41% during
Summer. Similarly, heritability for days to 50% flowering increased
from 10 to 46%.

Days to first fruit harvest also showed a considerable seasonal in-
crease, from 17% during Kharif to 50% during Summer. These results
suggest that the expression of female flowering, 50% flowering and
early harvest was more strongly influenced by environmental condi-
tions during Kharif than during Summer.

Pushpalatha et al., (2016) B similarly reported different genetic pa-
rameter estimates for flowering and earliness traits compared with
growth and yield characters. Their study indicated that days to first
female flower opening, days to 50% flowering and days to first fruit
harvest differed in their genetic behaviour from several other
characters.

Days to last fruit harvest recorded low estimates in both seasons, with
heritability of 9% during Kharif'and 15% during Summer. The consis-
tently lower estimates suggest a substantial e

Environmental component in the phenotypic expression of harvest
duration under the present experimental conditions.

3.4 Heritability for fruit characters

Number of fruits per vine showed a reduction in heritability from
30% during Kharif to 14% during Summer. The Kharif estimate indi-
cates a comparatively greater genetic contribution, whereas the
Summer estimate suggests a relatively larger environmental
contribution.

Fruit length exhibited comparatively high and consistent heritability,
with estimates of 46% during Kharif and 52% during Summer. The
relatively high estimates in both seasons indicate that genetic differ-
ences contributed substantially to phenotypic variation for fruit
length. Previous investigations have also demonstrated substantial
heritability for fruit characters in cucumber. Pushpalatha ez al., (2016)
[31 reported high heritability for several fruit-related characters, while
Basavarajeshwari et al., (2014) [5] reported high heritability for fruit
length.

Fruit diameter exhibited lower heritability, increasing from 9% during
Kharifto 23% during Summer. Thus, compared with fruit length, fruit
diameter appeared to be more strongly affected by environmental
variation.

Average fruit weight showed relatively similar estimates of 26% and
29% during Kharif and Summer, respectively. The comparatively
small seasonal difference suggests relatively consistent genetic contri-
bution, although environmental effects remained substantial. Yadav et
al., (2009) [] reported considerable genetic variability and substantial
heritability for several fruit characters in cucumber, demonstrating
that genetic parameter estimates can differ considerably among indi-
vidual fruit traits and experimental populations.

3.5 Heritability for yield traits

Yield-related characters exhibited relatively low broad-sense heri-
tability in both seasons.

Heritability for yield per vine was 11% during Kharif and 18% during
Summer. Yield per plot recorded estimates of 9% and 16%, while
yield per hectare showed estimates of 9% and 14% during Kharif and
Summer, respectively. Thus, all three yield measures exhibited com-
paratively low heritability in both environments. The results indicate
that a relatively large proportion of the observed phenotypic variation
in yield was associated with environmental and non-genetic sources
under the conditions of the present experiment.

Low heritability does not indicate an absence of genetic variation for
yield. Rather, it indicates that the proportion of total phenotypic varia-
tion attributable to genotypic variance was comparatively small.
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Because yield is a complex quantitative trait influenced by several
component characters and environmental factors, direct phenotypic
selection may be less consistent when heritability is low. The present
results differ from some earlier cucumber investigations. Pushpalatha
et al., (2016) 3] reported high heritability coupled with high genetic
advance for several yield-related traits, whereas Basavarajeshwari et
al., (2014) [5] reported high heritability and genetic advance for fruit
yield per vine.

Such differences demonstrate the population- and environment-spe-
cific nature of heritability estimates. Therefore, yield selection in the
present material should be supported by replicated and multi-season
evaluation and by consideration of yield components and additional
genetic parameters.

3.6 Heritability for insect and disease-related traits

Fruit fly incidence showed heritability of 28% during Kharif, which
declined to 16% during Summer. Thus, the relative contribution of
genetic variation was greater under Kharif conditions than under
Summer conditions.

Powdery mildew incidence recorded 42% heritability during Kharif

but only 18% during Summer. This substantial seasonal difference in-
dicates that disease expression and the relative contribution of geno-
type and environment changed between the two growing conditions.
Downy mildew incidence showed consistently low estimates of 17%
during Kharif and 18% during Summer. Cucumber mosaic virus inci-
dence similarly recorded relatively low estimates of 12% and 18%,
respectively. The comparatively low heritability estimates for downy
mildew and cucumber mosaic virus indicate substantial environmen-
tal influence on disease expression under the conditions of the experi-
ment. Disease incidence can be influenced by environmental condi-
tions, pathogen pressure, crop stage and interactions between host
genotype and environment. Therefore, disease-related traits should
preferably be evaluated over multiple environments and seasons be-
fore drawing conclusions about the stability of genetic resistance or
tolerance.

4. Comparative seasonal analysis

Comparison of the two seasons showed that several traits exhibited
higher heritability during Summer than during Kharif.
The most pronounced increases were observed for:

* Days to first fruit harvest: 17 to 50%

* Days to 50% flowering: 10 to 46%

* Days to first female flower appearance: 10 to 41%
¢ Number of branches per vine: 7 to 28%

e Fruit diameter: 9 to 23%

Conversely, marked reductions from Kharif to Summer were ob-
served for:

e Number of fruits per vine: 30 to 14%
e Fruit fly incidence: 28 to 16%
¢ Powdery mildew incidence: 42 to 18%

Vine length, peduncle length, days to first male flower appearance
and average fruit weight showed comparatively smaller seasonal
differences.

Number of nodes per vine recorded the highest heritability in both
seasons, followed by fruit length. In contrast, yield-related characters
consistently recorded comparatively low estimates. The seasonal dif-
ferences demonstrate that genetic expression of cucumber traits is
character-specific and environment-dependent. Consequently, evalua-
tion across seasons can provide more reliable information than a sin-
gle-season assessment when selecting material for cucumber
improvement.
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5. Implications for cucumber breeding

The present findings indicate that number of nodes per vine and fruit
length showed comparatively greater and more consistent broad-sense
heritability across the two seasons. These traits may therefore provide
useful phenotypic indicators of genetic differences within the evalu-
ated material.

Vine length, peduncle length, days to first male flower appearance
and average fruit weight also showed relatively similar estimates be-
tween seasons, suggesting comparatively stable genetic contribution
under the two environments.

In contrast, yield per vine, yield per plot and yield per hectare exhib-
ited low heritability in both seasons. Consequently, selection based
solely on phenotypic yield performance may be less reliable in the
present material. Selection for yield should be supported by evalua-
tion of component traits, replicated trials and multi-season testing.

It is important to emphasize that broad-sense heritability alone cannot
establish the predominance of additive gene action or accurately pre-
dict response to selection. Broad-sense heritability incorporates addi-
tive, dominance and epistatic genetic effects. Therefore, genetic ad-
vance, genotypic and phenotypic coefficients of variation, general and
specific combining ability and other genetic parameters should be
considered together when developing a comprehensive breeding strat-
egy (Johnson et al., 1955) [2],

The importance of considering heritability together with genetic ad-
vance has also been demonstrated in cucumber. Basavarajeshwari et
al., (2014) [5] showed that the combination of heritability and genetic
advance provided additional information regarding the probable na-
ture of genetic variation for yield and yield-related traits.

6. Conclusion

The present investigation demonstrated considerable variation in
broad-sense heritability among growth, flowering, harvesting, fruit,
yield and disease-related traits of cucumber across Kharif 2024 and
Summer 2025.

Heritability estimates ranged from 7 to 49% during Kharif and from
14 to 57% during Summer. Number of nodes per vine recorded the
highest estimate in both seasons, with values of 49 and 57%, respec-
tively. Fruit length also showed comparatively high and consistent
heritability, with estimates of 46 and 52%.

Flowering and earliness traits exhibited pronounced seasonal varia-
tion, particularly days to first female flower appearance, days to 50%
flowering and days to first fruit harvest. In contrast, yield traits
showed relatively low heritability in both seasons, indicating substan-
tial environmental influence on their phenotypic expression.

Overall, the results demonstrate that broad-sense heritability in cu-
cumber is strongly trait- and environment-dependent. Number of
nodes per vine and fruit length showed comparatively greater and
more stable genetic contribution and may therefore be useful charac-
teristics for selection within the evaluated material. Improvement of
yield should involve integrated selection using yield components,
replicated multi-season evaluation and complementary genetic param-
eters such as GCV, PCV, genetic advance and combining ability.
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