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INTRODUCTION

Globally, cucumber (Cucumis sativus L.) is regarded as second
most widely cultivated cucurbit after watermelon and is also
regarded as fourth most important vegetable after tomato,
cabbage and onion (Tatlioglu, 1993). It is one of the potent
crops suitable for protected as well as open field conditions to
meet the year round domestic demand as well as for export.
In spite of being native of Indian subcontinent and endowed
with tremendous genetic variability, it remains unexploited in
terms of its genetic potential and there is a large gap between
the expected and actual yield. So, there is a great need of
screening cucumber germplasm to identify elite genotypes
with higher yield and desirable horticultural traits to conduct
direct selection or to be used as parent in hybridization
programme (Ranjan et al., 2015). Earlier, genetic variability in
cucumber have been studied by many authors, including
Veena et al. (2012); Yadav et al. (2012); Kumar et al. (2013)
and Ranjan et al. (2015).

The assessment of variability parameters viz., phenotypic and
genotypic coefficient of variation, heritability and genetic gain
is prerequisite for planning and execution of a breeding
programme for improvement of different qualitative and
quantitative traits in any crop (Atta et al., 2008) and the success
of the programme depends upon the magnitude of these
parameters (Meena and Bahadur, 2014). Phenotypic and
genotypic coefficients of variation are helpful to estimate the
magnitude of variability present in a population, whereas,

heritability provides the degree of transmissibility of a character
and indicates the effectiveness of selection. Further, estimates
of heritability have to be considered in conjugation with genetic
advance to find the expected genetic gain in next generation
(Shukla et al., 2006). For improvement of cucumber based on
the magnitude of these parameters of variability, suitable
breeding strategy can be formulated. Therefore, an attempt
was made with an objective to know the nature and magnitude
of existing genetic variability, heritability in broad sense and
genetic gain for different horticultural and yield traits in the
available cucumber germplasm.

MATERIALS AND METHODS

Experimental site and environment
The present study was conducted at the Experimental Farm of
the Department of Vegetable Science, Dr. YS Parmar University
of Horticulture and Forestry, Nauni, Solan in Himachal
Pradesh, India during Kharif season of 2015. This location is
at 30º52’30’’  N latitude and 77o 11'30" E with an altitude of
1260 m above mean sea level and represents the mid-hill
zone of Himachal Pradesh. The mean temperature during the
cropping season varied from 27.2ºC to 33.3ºC, while the
relative humidity varied from 60.0 to 80.0%. The total rainfall
during growing season was 438.20 mm. The soil pH of the
Experimental Farm ranges from 6.85-7.04.
Experimental material, layout and observations
The experiment was laid out with three replications in a
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Randomized Complete Block Design and experimental
materials comprised of thirty indigenous genotypes of
cucumber (Table 1).  Seeds were sown on 9th June, 2015 in
the hills spaced at 125 cm × 50 cm. Standard cultural
practices, recommended in package and practices of vegetable
crops, were followed for a healthy crop stand (Anonymous,
2013). For plant characters, data were recorded on five random
plants in each replication at the end of flowering season. Fruit
characters were noted from ten random fruits from third harvest
and seed characters from ten random selfed seed in each
genotype. Fruit colour was visually observed with the help of
standard colour chart of Royal Horticultural Society, London.
Seed germination was tested according to ISTA (Anonymous,
1985). Seed vigour index I and II were calculated as per formula
given by Abdul-Baki and Anderson (1973), where, seed vigour
index I = seed germination percentage × seedling length
(cm) and seed vigour index II = seed germination percentage
× seedling dry weight (mg). The disease severity of angular
leaf spot was recorded on modified 0-9 scale of Woltman et
al., (2009) where absence of disease symptom was taken as 0
and leaf damage of 87-100% was scored 9. Severity of
anthracnose, downy mildew and powdery mildew was
recorded on 0-5 scale of Akem and Jovicich (2011). Here,
absence of disease symptom was scored as 0 and leaf necrosis
between 75-100% scored 5. For all the four diseases, the
observations were recorded 65 days after sowing from ten
leaves in each plant, five such vines in each replication of
each genotype. Disease severity percentage was calculated
by adopting the formula of McKinney (1923).

100 x 
 grade disease maximum x ratings of number Total

ratings disease all of Sum
 severity Disease =

Statistical Analysis
The data was subjected to analysis of variance as per
procedure described by Gomez and Gomez (1983). The
phenotypic and genotypic coefficients of variation were
calculated by using the formulae given by Burton and De-
Vane (1953).

r

M - M
  g g2 ε=σ

where, 2g = genotypic variance, Mg= Treatment (genotype)

mean square and Me = error mean square, r = replication

Phenotypic coefficient of variation (PCV)

PCV (%)  =  
)x( population of mean General

)p( variance Phenotypic 2σ
× 100

Genotypic coefficient of variation (GCV)

GCV (%)   =   
)x( population of mean General

g)( variance Genotypic 2σ
× 100.

The estimates of PCV and GCV were classified as low (<15%),
moderate (15-30%) and high (>30%).

Heritability
Heritability in broad sense (h2

b) was estimated according to

Allard (1960), where, h2
b = 

p

g
2

2

σ
σ

.

The estimates were classified as low (<50%), moderate (50-
80%) and high (>80%) as suggested by Robinson (1966).

Genetic advance
Expected genetic advance (GA) was calculated as per the
method suggested by Allard (1960), Genetic advance (GA) =
h2

b × σp × K. Where, K = 2.06 (Selection differential at 5%
selection index), sp = phenotypic standard deviation and h2

b
= heritability in broad sense.

Genetic gain (genetic advance as percentage of mean)
Genetic gain expressed as per cent ratio of genetic advance of
population mean was calculated by the method given by
Johnson et al. (1955).

Genetic gain (%)  =  )x( population of mean General
advance Genetic

 × 100.

The magnitude of genetic gain was categorized as low
(<25%), moderate (25-50%) and high (>50%).

RESULTS AND DISCUSSION

Analysis of variance presented in Table 2 indicated a significant
difference in all the genotypes for all the traits studied. Highly
significant differences among genotypes indicated the
presence of enormous variability in the studied germplasm.
The parameters of variability for different traits have been
presented in Table 3. In the present findings, it was observed
that PCV was higher than the corresponding GCV for all the
traits, indicating role of environment on expression of traits.
Narrow gap between PCV and GCV in most of the traits implied
their relative resistance to environmental variation.

Parameters of variability
Node number bearing first female flower
The node number where first female flower appeared ranged
from 4.53 - 24.07. For this trait, estimates of both PCV (34.02%)
and GCV (33.68%) were found high, indicating presence of
ample genetic variability. These estimates are in accordance
with the findings of Yadav et al. (2012) and Ranjan et al.
(2015). Further, this trait recorded high heritability (97.99%)
coupled with high genetic gain (68.68%). Similar findings were
also reported by Shukla et al. (2010), Veena et al. (2012) and
Ranjan et al. (2015) in cucumber and by Sharma and Sengupta
(2013) in bottle gourd. Based on the findings, emphasis
should be given on this trait while selecting the early genotypes
in cucumber.
Days to first harvest
Number of days taken to reach first harvest ranged from 49.00
-74.67. This trait exhibited low estimates of both PCV (13.68%)
and GCV (12.92%) which is similar to the findings of Kumar et
al. (2013) and Basavarajeshwari et al. (2014). Further, it
recorded high heritability (89.19%) coupled with moderate
genetic gain (25.13%). This result is in accordance with
Gaikwad et al. (2011). This trait had low variability, although
transmissibility is high, a breeder must not prefer this trait
while going for earliness.
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Fruit colour
All the genotypes under study showed significant variation
with respect to fruit colour. Thirty genotypes were broadly
grouped into three groups based on fruit colour. Nine
genotypes had green, fourteen genotypes had light green and
rest seven genotypes had white coloured fruits.

Average fruit weight (g)
The average weight of fruits ranged from 75.25 – 310.42 g.
High estimates of PCV (24.81%) and GCV (23.86%), high
heritability (92.52%) and moderate genetic gain (47.28%) in
this trait was also reported by Gaikwad et al., (2011) and
Kumar et al., (2013). Estimates revealed sufficient variability
and implied that direct selection based on this trait may be

carried out for yield improvement.

Fruit length (cm)

The length of the fruits varied from 8.83 – 21.22 cm. Moderate
PCV (20.46%) and GCV (19.36%) with high heritability
(89.47%) and moderate genetic gain (37.72%) was recorded
in this trait. These findings are in line with Veena et al., (2012),
Yadav et al., (2012) and Kumar et al., (2013) in cucumber and
by Panigrahi et al., (2015) in ivy gourd. From these results, it
can be concluded that heterosis breeding will prove better
over selection for improving this trait.

Fruit diameter (cm)

Fruit diameter varied from 2.89 – 5.56 cm. PCV (12.05%) and

Genotypes Sources Genotypes Sources

LC-1 Jampur, Hooghly, W.B. LC-16 Uluberia, Howrah, W.B.
LC-2 Maheshwarpur, Hooghly, W.B. LC-17 Mangalbaria, Sikkim.
LC-3 Sheoraphully, Hooghly, W.B. LC-18 Allahabad, U.P.
LC-4 Champadanga, Hooghly, W.B. LC-19 Varanasi, U.P.
LC-5 Bhanderhati, Hooghly, W.B. LC-20 Hubli, Dharwad, K.N.
LC-6 Sibaichandi, Hooghly, W.B. LC-21 Ettinagudda, Dharwad, K.N.
LC-7 Harit, Hooghly, W.B. LC-22 Bhuira, Sirmour, H.P.
LC-8 Gopalpur, Nadia, W.B. LC-23 Narag, Sirmour, H.P.
LC-9 Simurali, Nadia, W.B. LC-24 Gohar, Mandi, H.P.
LC-10 Barasat, N-24 Parganas, W.B. LC-25 Manali, Kullu, H.P.
LC-11 Amtala, S-24 Parganas, W.B. LC-26 Sarkaghat, Mandi, H.P.
LC-12 Kamdebpur, N-24 Parganas, W.B. LC-27 Deothi, Solan, H.P.
LC-13 Memari, Burdwan, W.B. LC-28 Joharji, Solan, H.P.
LC-14 Diamond Harbour, S-24 Parganas, W.B. LC-29 Bhojnagar, Solan, H.P.
LC-15 Paskura, West Medinipur, W.B. K-75 UHF, Nauni, Solan, H.P.

Table 1: List of genotypes along with their sources

Sources of variation Mean sum of squares (MSS)
Characters Replications Treatments Error

Degrees of freedom
2 29 58

Node number bearing first female flower 0.0375 37.120* 0.251
Days to first harvest 3.378 170.425* 6.619
Average fruit weight (g) 84.516 7474.022* 196.121
Fruit length (cm) 1.669 29.254* 1.104
Fruit diameter (cm) 0.197 0.743* 0.075
Flesh thickness (mm) 1.437 9.084* 0.453
TSS ( o B) 0.003 0.305* 0.092
Number of marketable fruits per plant 0.217 27.236* 0.125
Harvest duration (days) 24.434 194.762* 19.537
Vine length (cm) 983.04 2529.154* 1130.979
Number of primary branches per plant 0.001 7.772* 0.091
Seed cavity length (cm) 3.514 19.715* 0.944
Seed cavity breadth (cm) 0.178 0.279* 0.110
Seed length (mm) 0.404 4.240* 0.178
Seed breadth (mm) 0.045 0.252* 0.022
100 seed weight (g) 0.016 1.159* 0.020
Seed germination (%) 0.253 55.990* 2.055
Seed vigour index I 1981.444 542772.356* 7503.252
Seed vigour index II 19850.819 591981.344* 37506.399
Severity of angular leaf spot (%) 0.033 1.350* 0.029
Severity of anthracnose (%) 0.037 1.884* 0.049
Severity of downy mildew (%) 0.100 252.969* 2.606
Severity of powdery mildew (%) 0.008 1.908* 0.036
Yield per plant (kg) 0.001 1.539* 0.006

Table 2: Analysis of variance for different traits in cucumber
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GCV (10.42%) was found low in this trait. The estimates of
these parameters are in line with the findings of Ullah et al.,
(2012) and Yadav et al., (2012). Further, the trait had moderate
heritability (74.83%) and low genetic gain (18.58%), which
was also reported by Hossain et al., (2010) and Ullah et al.,
(2012). These results indicated predominance of non-additive
gene action for this trait. So, this trait can be improved through
heterosis breeding.

Flesh thickness (mm)
The thickness of flesh ranged from 7.16 – 13.37 mm. Both
PCV (16.43%) and GCV (15.27%) were moderate in this trait.
However, low estimates were reported by Golabadi et al.,
(2012) and Ullah et al., (2012) whereas, Veena et al., (2012)
recorded high estimates. High heritability (86.39%) for this
trait was also reported by Golabadi et al., (2012), whereas
moderate genetic gain (29.25%) was also found by Veena et
al., (2012) in cucumber and Jat et al., (2014) in valan kakri.
Although the trait is highly heritable, the moderate estimates
of the other three parameters indicated that selection on this
trait will not be much rewarding.

Total soluble solids (oB)
Total soluble solids content ranged from 3.80 – 5.38 oB. Low
estimates of all the parameters viz., PCV (9.35%), GCV (6.18%),
heritability (43.64%) and genetic gain (8.41%) were recorded.
This contradicted the findings of Kumar et al., (2013), who
found moderate estimates for these. The wide gap between
PCV and GCV resulted in low variability and low genetic gain.
This implied a greater role of environment on expression of
this trait. Hence, for improving the trait, hybridization followed
by selection will be potent.

Number of marketable fruits per plant
The mean number of marketable fruits per plant ranged from
1.57 – 12.90. It had high estimates of PCV (41.69%), GCV
(41.41%), heritability (98.63%) coupled with high genetic gain
(84.72%). These results are in line with Shukla et al., (2010),

Gaikwad et al. (2011), Veena et al. (2012) and Yadav et al.,
(2012). The results confirmed presence of wide genetic
variation in the germplasm and less effect of environment on
expression of this trait. Hence, direct selection may be carried
out for improving yield through this trait.

Harvest duration (days)
The mean harvest duration ranged from 12.00 – 37.67 days.
The trait recorded high PCV (31.80%) with moderate values
of GCV (27.52%), heritability (74.94%) and genetic gain
(49.08%). Previously, Kumar et al., (2013) also found similar
estimates. As per the estimates, selection based on this trait
must be avoided as there is a wide gap between PCV and GCV
and environment plays an important role on phenotype of
this trait.

 Vine length (cm)
The length of vine ranged from 209.31 – 323.37 cm. It recorded
low estimates for all the four parameters viz., PCV (14.26%),
GCV (7.71%), heritability (29.19%) and genetic gain (8.58%).
Same results were obtained by Ranjan et al., (2015) in
cucumber, Panigrahi et al., (2015) in ivy gourd and Jat et al.,
(2014) in valan kakri. Results implied that environment play a
major role in expressing the character and selection based on
this must be avoided.

Number of primary branches per plant
Mean number of primary branches per plant ranged from
1.60 – 8.24. PCV (31.77%) as well as GCV (31.22%),
heritability (96.57%) and genetic gain (63.21%) had high
estimates. All these estimates are in accordance with the reports
of Yadav et al., (2012) in cucumber, Sharma and Sengupta
(2013) in bottle gourd and Singh et al., (2014) in bitter gourd.
High values of the parameters made the trait more awarding
for direct selection.

Seed cavity length (cm)
Length of seed cavity ranged from 6.84 – 17.48 cm. Moderate

Traits Range Mean ± SE (d) Coefficient of variation (%) Heritability (%) Genetic Genetic
Phenotypic Genotypic Advance gain (%)

Node number bearing first female flower 4.53 – 24.07 10.41 ± 0.41 34.02 33.68 97.99 7.15 68.68
Days to first harvest 49.00 – 74.67 57.21 ± 2.10 13.68 12.92 89.19 14.38 25.13
Average fruit weight (g) 75.25 – 310.42 206.40 ± 11.44 24.81 23.86 92.52 97.59 47.28
Fruit length (cm) 8.83 – 21.22 15.83 ± 0.86 20.46 19.36 89.47 5.97 37.72
Fruit diameter (cm) 2.89 – 5.56 4.53 ± 0.22 12.05 10.42 74.83 0.84 18.58
Flesh thickness (mm) 7.16 – 13.37 11.11 ± 0.55 16.43 15.27 86.39 3.25 29.25
TSS (o B) 3.80 – 5.38 4.31 ± 0.25 9.35 6.18 43.64 3.63 8.41
Number of marketable fruits per plant 1.57 – 12.90 7.26 ± 0.30 41.69 41.41 98.63 6.15 84.72
Harvest duration (days) 12.00 – 37.67 27.77 ± 3.61 31.80 27.52 74.94 13.63 49.08
Vine length (cm) 209.31 – 323.37 280.16 ± 27.46 14.26 7.71 29.19 24.03 8.58
Number of primary branches per plant 1.60 – 8.24 5.13 ± 0.25 31.77 31.22 96.57 3.24 63.21
Seed cavity length (cm) 6.84 – 17.48 13.13 ± 0.79 20.44 19.05 86.89 4.80 36.59
Seed cavity breadth (cm) 1.98 – 3.48 2.90 ± 0.27 14.07 8.19 33.88 0.29 9.82
Seed length (mm) 7.07 – 12.66 10.28 ± 0.34 12.04 11.32 88.40 2.25 21.92
Seed breadth (mm) 2.95 – 4.08 3.53 ± 0.12 8.91 7.86 77.75 0.50 14.67
100 seed weight (g) 1.15 – 3.61 2.37 ± 0.12 26.69 26.02 95.00 1.24 52.25
Seed germination (%) 60.67 – 89.00 75.61 ± 2.35 8.78 8.34 90.26 12.35 16.33
Seed vigour index I 879.12 – 2768.38 1676.57 ± 158.13 28.12 25.64 83.13 807.46 48.16
Seed vigour index II 425.40 – 2012.63 1130.11 ± 70.73 38.16 37.38 95.97 852.87 75.43
Severity of angular leaf spot (%) 6.67 – 22.33 12.14 ± 0.14 42.18 41.09 94.87 10.01 82.44
Severity of anthracnose (%) 3.33 – 27.00 13.04 ± 0.18 45.52 43.91 93.05 11.38 87.26
Severity of downy mildew (%) 11.33 – 64.00 38.17 ± 1.32 39.29 38.72 97.15 30.00 78.63
Severity of powdery mildew (%) 4.00 – 24.67 14.31 ± 0.16 41.67 40.12 94.54 11.50 80.37
Yield per plant (kg) 0.57 – 2.98 1.63 ± 0.07 44.04 43.76 98.76 1.46 89.59

Table 3: Estimates of phenotypic and genotypic coefficient of variation, heritability, genetic advance and genetic gain for different traits

SAHEB PAL et al.,
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estimates were recorded for PCV (20.44%) and GCV (19.05%)
but it had high heritability (86.89%) with moderate genetic
gain (36.59%). Results are in line with that of Veena et al.
(2012) and Ranjan et al., (2015). As the estimates were moderate
except for heritability, selection based on this will be less
effective.

Seed cavity breadth (cm)
Breadth of seed cavity ranged from 1.98 – 3.48 cm. All the
four parameters viz., PCV (14.07%) as well as GCV (8.19%),
heritability (33.88%) and genetic gain (9.82%) had low values.
Similar estimates were reported by Gaikwad et al. (2011) and
Ullah et al. (2012) for PCV and GCV and by Ranjan et al.
(2015) for heritability and genetic gain. Based on the magnitude
of these parameters, this trait cannot be relied for effective
selection.

Seed length (mm)
Length of the seed varied from 7.07 – 12.66 mm. This trait
recorded low values of PCV (12.04%) and GCV (11.32%),
high heritability (88.40%) coupled with low genetic gain
(21.92%). However, Ranjan et al., (2015) found moderate
values for phenotypic and genotypic coefficients of variation
with high heritability and low genetic gain. The difference in
the findings may be due to the effect of the environment or
nutritional status as the variability in the germplasm is low.

Seed breadth (mm)
The equatorial breadth of seed varied from 2.95 – 4.08 mm.
Low estimates of PCV (8.91%) as well as GCV (7.86%) with
moderate heritability (77.75%) and low genetic gain (14.67%)
was recorded in this trait. Above results indicated that direct
selection will not be effective for improving this trait.

Hundred seed weight (g)
Weight of hundred seed varied from 1.15 – 3.61 g. Moderate
values of PCV (26.69%) as well as GCV (26.02%) were found
along with high heritability (95.00%) and high genetic gain
(52.25%) which is in accordance with Kumar et al., (2008)
and Yadav et al., (2012). Although the variability is low in the
studied germplasm but had high heritability and genetic gain,
if a breeder gets sufficient variability, selection in this trait may
be carried put.

Seed germination percentage
Seed germination varied from 60.67 – 89.00 %. Both the PCV
(8.78%) and GCV (8.34%) were found low, whereas heritability
was found high (90.26%) with low genetic gain (16.33%).
Same estimate for these parameters was observed Kumar et al.
(2013). Based on the estimates, this trait will not show response
to selection. Hybridization followed by selection in later
generations may be carried out for its improvement.

Seed vigour index-I
The numerical value of seed vigour index varied from 879.17
– 2768.38. This had moderate PCV (28.12%) as well as GCV
(25.64%), high heritability (83.13%) and moderate genetic
gain (48.16%). These moderate estimates are in accordance
with Kumar et al. (2013) except for heritability, which was also
reported to be moderate. This trait is highly heritable so
selection may be carried out but it will be less effective as PCV,
GCV and genetic gain are moderate.

Seed vigour index-II
The numerical value of seed vigour index varied from 425.40
- 2012.63. All the four parameters viz., PCV (38.16%) and
GCV (37.38%), heritability (95.97%) and genetic gain
(75.43%) had high estimates. Kumar et al., (2013) reported
high PCV as well as GCV and moderate heritability along with
high genetic gain. Based on these estimates, selection based
on this trait will be promising.

Severity of angular leaf spot (%)
Severity percentage of angular leaf spot ranged from 6.67 -
22.33. The trait had high estimates for PCV (42.18%), GCV
(41.09%), heritability (94.87%) and genetic gain (82.44%).
These findings contradicted the findings of Kumar et al., (2013)
who found high phenotypic but moderate genotypic
coefficients of variation and low heritability with moderate
genetic gain. The deviation may be due to difference in the
genetic stock evaluated and the environmental parameters.

Severity of anthracnose (%)
Severity percentage ranged from 3.33 – 27.00. High estimates
were found for PCV (45.52%), GCV (43.91%), heritability
(93.05%) and genetic gain (87.26%). These findings are
contradictory with that of Kumar et al., (2013) who found high
phenotypic with moderate genotypic coefficients of variation
and low heritability coupled with moderate genetic gain. This
deviation may be due to differential response of genotypes,
pronounced effect of environment on disease development
as there is significant gap between magnitude of PCV and
GCV.

Severity of downy mildew (%)
Severity of downy mildew ranged from 11.33 – 64.00%. PCV
(39.29%) and GCV (38.72%), heritability (97.15%) and genetic
gain (78.63%) were found high. Gaikwad et al., (2011) also
reported same estimates for these parameters. The results
implied that selection of downy mildew resistant genotypes
can be effectively done.

Severity of powdery mildew (%)
Severity percentage ranged from 4.00 - 24.67%. All the
parameters viz., PCV (41.67%), GCV (40.12%), heritability
(94.54%) and genetic gain (89.37%) were found high. Kumar
et al., (2013) also recorded high heritability and genetic gain
with high PCV but moderate GCV. The estimates indicated
that selection of resistant genotypes will be effective against
this disease.

Yield per plant (kg)
Yield per plant varied from 0.57 - 2.98 kg. For this trait, high
PCV (44.04%) as well as GCV (43.76%) were found. Further it
had high heritability (98.76%) along with high genetic gain
(89.59%). These results are in line with Shukla et al. (2010),
Ullah et al. (2012), Yadav et al. (2012) and Kumar et al. (2013).
It can be concluded from the results that selection will be
highly fruitful based on this trait.
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