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Cucumber, (Cucumis sativus L.) is an essential vegetable crop globally. A field study was conducted to assess morphological
diversity of cucumber germplasm at Vegetable Research Area, Institute of Horticultural Sciences, University of Agriculture
Faisalabad (UAF), Pakistan during the year of 2018 and 2019. Present study was designed with 25 genotypes of cucumber
taken from National Agricultural Research Centre (NARC), Islamabad, Pakistan for determining their performance based on
quantitative and qualitative characters. Cluster analysis and principle component analysis (PCA) were carried out for
classifying cucumber genotypes on the basis of resemblances in the phenotypical attributes of fruits, vine, leaves, and flowers
by employing XLSTAT (2018). Phenotypic diversity was highest in color of leaves, size of leaves, skin color of fruits and
shape of fruits. Genotypes C-32149, C-574, Wandri 700, C-571 were closely associated to one another for several
morphological attributes. Results of PCA analysis for the quantitative phenotypical attributes showed that major first two
principle components (PCs) described 23.64% and 17.89% (Combined 41.53%) diversity. Cluster analysis of all cucumber
genotypes of Pakistan classified them into main two clusters with 24.44% diversity within classes and 75.56% variability
between the classes. Genotypes C-32149, C-574, Wandri 700 and C-571 showed greatest diversity various phenotypic traits

including color of leaf, skin color of fruit and size of leaf.
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INTRODUCTION

Cucurbitaceae is the most genetically dissimilar group of
plants in species kingdom Plantae. Genus cucumis has 32
species but more popular and widely cultivated is melon and
cucumber (Stojilovic, 2007). Cucumber (Cucumis sativus L.)
belongs to family cucurbitaceae which consists of about 960
species (Jeffery, 2005; Sachaefer et al., 2009). It has been
cultivated for atleast 3000 years (Ullah et al., 2012). It is
fourth important vegetable crop after cabbage, tomato and
onion. As vegetable crop, it has great economic importance
(Plader et al., 2007). It is cultivated around the globe and is
important member of cucurbitaceous crops (Jeffrey, 1980;
Kirkbride, 1993; Li et al., 2008). Cucumis genus is considered
to be originated in Asia (Sachaefer et al., 2009). Cucumber is
generally eaten as raw fresh or in pickled form and it is
important diet of the people living in south east Asia and
Russia. Fruit of cucumber contains 90% water when in mature
form, its texture and flavors make it important to use as salad
as well as in pickles (Thompson and Kelly, 1959). In some
countries, cucumber is used in curries and chutney
preparation and also used in beauty aids as skin tonics
(Whitaker and Davis, 1962). Cucumber is excellent crop for
diabetic patients because it contains low sugar and aid to burn
excess fat in the body (Wehner and Gunner, 2004). There are
several kinds of cucumber fruits that are different in shape,

color and size (Esteras, 2008). Fruit shape is significant
quality factor for several domesticated plants (Grandillo et al.,
1996) and existing cultivars which are divided into many
cultivar groups based on shape of fruit. Now, choice of
consumer is determined by a series of individual preferences
like shape, quality and size. According to the Food and
Agriculture Organization of United Nation, 20% of cucumber
crop was sold in fresh form (van Eck et al., 1998). It is an
important fruit due to more medicinal, nutritional and
economic potential. With latest campaigns to encourage
longevity and good health, it is predictable that consumption
of vegetables, like cucumber can enhance in Pakistan which
may leads to increased production of cucumber (Eneobong,
2001; Afangideh and Uyoh, 2007). Cucumber crop duration
is shorter than most of other crops (Wehner and Guner, 2004).
Morphological characterization is first most important step to
describe and classify the genetic resources (Smith and Smith,
1989) and genetic diversity in crop plants (Decker and
Wilson, 1986; Escribano et al., 1991; Cartea et al., 2002
Balkaya and Ergun, 2008). Additionally, length, diameter and
color of fruit have been employed as important economic
attributes (Kennard and Havey, 1995; Ahmed et al., 2004).
Phenotypic variation in cucurbit crops has been based upon
the fruit characteristics (Balkaya et al., 2005; Ferriol and Pico,
2008), which is useful for differentiation of interrelated
species (Gwanama et al., 2000).
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Genetic diversity of plants is key constituent of every
agricultural production system. This similarity or genetic
diversity can be evaluated through many genetic markers.
Theses have been employed to evaluate evolutionary
relationship between and within species and genera (Paterson
etal., 1991). Genetic diversity analysis and relatedness within
and between different populations, species and individuals is
requirement towards plant genetic resources protection and
efficient utilization (Weising et al., 1995). Success of
breeding program mainly depends upon genetic variation that
is available in population (Afangideh et al., 2005;
Subramanian and Subbaraman, 2010). The present study was
undertaken to assess diversity among morphological
attributes and indirect and direct contribution of these
attributes towards yield of cucumber germplasm and is
important step in assessing plant materials as genetic
resources for breeding program.

MATERIALS AND METHODS

Experiment was performed with four replications in
randomized complete block design from March to August
2018 which was repeated for validation next year during
March to August 2019 at experimental site of Institute of
Horticultural Sciences (IHS) UAF, Faisalabad, Pakistan for
assessing variations among cucumber germplasm collected
from NARC, Islamabad, Pakistan. Data presented is an
average of two year’s study. The experimental place is located
at latitude of 31° 22’ N and longitude of 72° 56’ E. Mean
temperature and rainfall of the experimental site during the
study year is shown in Figure 1. Cucumber seeds were sown
directly in the field during the month of March 2018 on
upraised beds with the dimension of 10'x5’ and plants were
grown at spaced 1.5'x1.5". Five seeds of cucumber were sown
in each hole and thinning practice was done to one cucumber
seedling subsequently three weeks of sowing seeds. Regular
irrigation was applied as per recommendations of (Baloch,
1994). Flowers, vines, fruits and leaves of cucumber were
studied from matured plant. Chemical treatment of seeds was
practiced with Imedacloprid at concentration of 2.5g per kg
before sowing. Different macronutrients phosphorous,
potassium in the form of DAP and Nitrogen was applied in
form of the urea, phosphorous and potassium @ 85:60:150 kg
ha'. One 3rd of nitrogen was applied before sowing. Second
dosage of nitrogen was applied at fruit bud formation and
third was after the first fruit set. Irrigations and manual hoeing
was done regularly twice a week throughout crop season.
Data was taken on 19 morphological (14 quantitative and 3
qualitative) attributes including: Leaf fresh weight, number of
leaves, leaf dry weight, petiole length, internodal distance,
leaf area index, vine length, vine diameter, fruit length, fruit
width, number of flowers per vine, fruit fresh weight, number
of fruits per vine, weight of dry fruit, shape of leaf, size of
leaf, color of leaf and skin color of fruit. Observations were

recorded on four randomly selected plants of each germplasm
per replication. Digital vernier caliper was employed to record
diameter, length and thickness. Digital balance was used to
measure weight of fruits. A detail of morphological attributes
considered is given below:

Morphological qualitative traits: Leaf size (small, medium,
large), shape of leaf (cordate, angular,), color of leaf (light
green, intermediary green and dark green) were analyzed
visually at greenery stage. Floral parameters were studied at
flowering stage. Cucumber fruit shape (cylindrical, spherical)
was also observed at fruit mature stage. Skin color of fruit
(light green, intermediary green, dark green) was evaluated
visually. Fruit characteristics were premeditated at full
matured phase (Srivastava et al., 2001).

Morphological quantitative traits: Number of leaves was
counted considering four plants from each repetition and was
averaged. Leaf area index was calculated through randomly
selected leaves from each of the replication, removed sampled
leaves from plants and placed upon leaf area meter (L1-3100;
Inc., Lincoln, Nebr) and averaged to compute leaf area in
centimeters. A ratio between leaf area to the area of ground
was used to calculate leaf area index. Vine length was
measured by using ruler. Diameter of vine was recorded with
help of the vernier caliper (KBD-MT 0014). Number of
flowers was counted and recorded. Cucumber fruits were
harvested from the field at ripening period by cutting fruits
using nail clippers. Harvested fruits of cucumber were
instantly taken to the vegetable lab. Width and length of fruit
was measured with help of paquimeter (KBD-MT-0014).
Fruits per vine were counted and noted. Dry and fresh weights
of fruits were calculated by employing weighing balance
Hytek (SF-400 A). Weight of fresh fruit was instantly taken
in the field and then placed at room temperature indoor for
loss of moisture then after two day’s cucumber fruits were
placed in at 72°C in microwave oven till constant dry weight
was attained.

Statistical analysis: Data taken were statistically evaluated
employing computer software (XLSTAT 2018). Analysis of
variance (one way) was used to evaluate similarities and
dissimilarities among cucumber germplasm. A significant
variation between means was noted by Duncan multiple range
(DMR) test at P<5% in data of quantitative morphological
attributes. Multivariate relationship among germplasm was
recorded through principle component analysis on basis of
resemblances in morphological attributes. Images of the
morphological attributes of each germplasm employed for
experiment were also taken using an android phone Honor
3C. Multivariate analysis of variance analysis, cluster analysis
and principle component analysis were performed for
assemblage cucumber germplasm on basis of resemblances in
quantitative morphological attributes of vine, leaves, fruits
and flowers by employing XLSTAT (2018). Analysis of
variance was performed for significant dissimilarities
between means were noted by DMR at P<5% in quantitative
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morphological attributes. Statistical analysis was performed
on 19 morphological characters (14 quantitative, 3
qualitative) discoursed above in the detail. Descriptive
statistics (standard deviation, coefficient of variation and
mean) were analyzed employing multivariate analysis of
variance analysis. Eigen values and scores were calculated.

RESULTS

For the morphological diversity, 25 cucumber genotypes were
assessed for vine, leaf, fruits and flowers traits. Quantitative
traits that were assessed includes weight of fresh leaf (gm),
leaf area index, weight of dry leaf, number of leaves, vine
length, vine diameter, number of flowers per vine, number of
fruits per vine, intermodal distance, length of fruit, petiole
length, weight of dry leaf, weight of fresh leaf and width of
fruit. A great deal of diversity in morphological parameters
(quantitative and qualitative) was observed among cucumber
germplasm of Pakistan. Diversity in three qualitative traits of
25 cucumber germplasm is shown in Table 1. Morphological
diversity was greatest evident in skin color of fruit, color of
leaf and size of leaf. A qualitative character was categorized
into many different classes for each of the variable tested. For
instance, all three classes of color of leaf were analyzed as

dark green, intermediary/medium green and light green. Leaf
size was observed as small, medium and large in the
assemblage.

Fruit shape varied from cylindrical to spherical. Skin color of
fruit was also identified as dark green, intermediary/medium
green and light green. An overall view indicating some of
observed diversity in size of leaf, color and shape is shown in
Figure 1. Likewise, Figure 2 shows morphological variation
in fruit color, shape and size. All quantitative characters
varied significantly. For instance, number of leaves varied
from 92 to 502, whereas, weight of fresh and dry leaf (gm)
varied from 7.32 (gm) to 1.33 (gm) and 2.19 (gm) to 0.23 (gm)
correspondingly.

Results of principle component analysis (PCA) for the
quantitative phenotypic attributes showed that major first two
principle components described 23.64% and 17.89% (total of
41.53%) of the total diversity (Table 3). PCA for qualitative
phenotypic traits showed that major first two principle
components described 41.81% and 39.01% (total of 79.82%
of total diversity (Table 5). Leaves fresh weight, weight of dry
leaves, vine length, number of fruits per vine contributed to
PC1, while the number of leaves, leaf area index, number of
flowers per vine, weight of fresh and dry fruit had largest
contribution to PC2. The two dimensional plot of all
genotypes according to their diversity is shown in Figure 3.

Table 1. Qualitative phenotypical variation in 25 cucumber germplasm of Pakistan.

Germplasm Size of leaf Color of leaf (green) Skin color of fruit
Pico- 500 Small Intermediary green Light green
Wandri- 700 Large Light green Dark green
Cucumber Vega Small Light green Dark green
C-574 Medium Light green Dark green
C-571 Large Light green Dark green
C-3479 Medium Light green Light green
C-3426 Medium Intermediary green Light green
C-3429 Small Light green Light green
Sialkot Local Small Light green Dark green
KN-84604105 Small Light green Dark green
Desi Cucumber Medium Intermediary green Intermediary green
C-3428 Large Light green Intermediary green
C-28295 Large Light green Light green
C-28522 Small Intermediary green Dark green
C-29643 Medium Light green Light green
C-32027 Small Light green Dark green
C-32031 Small Light green Dark green
C-32149 Medium Intermediary green Dark green
C-32805 Small Intermediary green Dark green
C-35830 Small Light green Dark green
C-35831 Medium Light green Light green
C-36833 Medium Light green Light green
Cucumber Ana Medium Intermediary green Light green
Long green Small Intermediary green Light green
Cucumber long Medium Intermediary green Light green
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Figure 1. Pictures illustrating phenotypic variations in leaves size, sha of cucumber (Cucumis Sativus)
obtained from NARC, Islamabad, Pakistan.
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Figure 2. Pictures indicating phenotypic variations in fruit size, shape and skin color of cucumber genotypes
obtained from NARC, Islamabad, Pakistan.

C-36833

Pico-300

Results of cluster analysis employing data of morphology are  main two clusters with 75.56% variability between classes
shown in figure 4 and Figure 6. Cluster analysis of each  and 24.44% diversity within classes which is demonstrated in
cucumber genotype from Pakistan clustered accessions into  Figure 4. Relatively, highest morphological variation was
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seen between classes. Class | had genotypes Pico-500, C-
3426, C-3429, Sialkot local, C-3428, C-28295, C-28522,

Table 3. The major first two PCs (Principle components)
of 14 quantitative morphological attributes.

Long green, C-28643, C-35831, C-35830, C-36833 which Variable PC1 PC2
distinguished from the other classes. Class Il had genotypes Number of leaves -0.40 0.06
Wandri-700, Cucumber vega, C-574, C-571, C-3479, KN- Leaf fresh weight (gm) 0.46 0.00
84604105, Desi cucumber, C-32149 which showed diversity Weight of dry leaf (gm) 0.40 -0.08
from Class Ill, Class I, Class IV and Class V. Class IV had Leaf area index -0.30 0.06
genotype C-32805 which indicated lowest diversity between Vine length 0.20 -0.09
classes which showed in Figure 4. Vine diameter -0.02 -0.08
Number of flower per vine -0.11 0.06
Table 2. Descriptive statistics of phenotypical quantitative Length of fruits -0.41 -0.25
attributes of 25 cucumber germplasm of Pakistan Internodal distance -0.16 -0.19
Variable Min Max Mean SD Fruit width -0.09 -0.34
Number of leaves 92.00 502.00 297.76 146.04 Number of fruit per vine 0.14 -0.38
Fresh leaf weight 1.33 7.32 3.74 1.47 Weight of fresh fruit (gm) -0.06 0.52
Dry leaf weight 0.23 2.19 1.01 0.65 Weight of dry fruit (gm) -0.06 0.52
Leaf area index 0.01 0.07 0.03 0.02 Petiole length -0.26 -0.20
Vine length 108.00 210.00 153.76 24.26 Eigen value 3.30 2.50
Vine diameter 0.44 5.81 0.74 1.06 Variability 23.63 17.88
Number of flower 95.00 516.00 323.00 134.32 Cumulative 23.63 41.52
per vine
Fruit length 7.00 25.00 13.80 4.00
Internodal distance 8.00 19.00 12.0 3.00 DISCUSSION
Width of fruit 3.20 6.40 4.87 0.89 . : ;
Number of fruit per 1.00 500 296 117 Cucumber is an important vegetable crop wo_rIdW|de._The
vine scope of any crop depends on the genetic diversity magnitude
Fruit fresh weight 35.00 740.00 19128 182.60 present in available germplasm. Greater the diversity in
Fruit dry weight 233 4933 1258  11.92 available genotypes, greater would be chances of selecting
Length of petiole 500 2100 13.28 4.43 superior germplasm (Simmonds, 1962).
Observations (Axes F1 and F2: 41.53 %)
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Figure 3.PCA plot of 25 cucumber germplasm based upon first major two components for morphological

guantitative attributes.
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Table 4. Descriptive statistics of phenotypical qualitative
attributes of twenty-five cucumber germplasm of

Pakistan.
Variable Min Max Mean SD
LSS 1.00 3.00 1.72 0.73
LC 3.00 5.00 3.72 0.98
FSC 3.00 7.00 5.08 1.95

Table 5. The major first two PCs (Principle components)
of 14 qualitative morphological attributes.

Variable PC1 PC2
LSS -0.495 -0.656
LC -0.350 0.751
FSC 0.795 -0.078
Eigen value 1.220 1.170
Variability 40.810 39.000
Cumulative 40.811 79.810
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Figure 4.Cluster dendrogram of cucumber germplasm

from Pakistan showing variation based upon
phenotypical quantitative traits.
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Figure 5. PCA plot of cucumber 25 germplasm based
upon first major two components for
morphological qualitative attributes.
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Figure 6. Cluster dendrogram of cucumber germplasm
from Pakistan showing variation based upon
phenotypical qualitative traits.

Cucumber genotypes of Pakistan acquired from National
Agricultural Research Centre, Islamabad, Pakistan depicted
greater morphological variation in the qualitative attributes
which includes size of leaf, color of leaf and shape of leaf,
skin color of fruit and fruit size in addition to quantitative
traits including leaves fresh weight, number of leaves, leaves
dry weight, length of vine (cm), diameter of vine (cm),
number of fruits per vine, length of fruit, width of fruits,
weight of dry fruit (gm) and weight of fresh fruit (gm).
However, flower color and tendrils types were constant for all
genotypes. These conclusions were congruous with findings
of Abusaleha and Dutta (1990), Hossain et al. (2010) and
Khan et al. (2015). Sharma et al. (2000) also observed
significant diversity in length of cucumber fruits and diameter
of fruits (Saha et al., 1992). Our results demonstrated
immense deal of genetic variability in collected genotypes
from Pakistan guiding towards possibility of the center of
origin for this crop plant.

Coefficient of variability for phenotypic traits was observed
high for length of vine accounted by Khan et al. (2015). Yield
of fruit per plant had significant positive correlation
coefficient with weight of fruits and number of fruits per plant
reported by (Solanki and Seth, 1980). Weight of fruit had
maximum positive involvement towards yield, followed by
days to first flower appear and number of plants per vine.
Attributes like fruit diameter, first female flower appearance
and length of vine. Such characters are more under the effect
of climatic conditions do not examined to selection. These
conclusions were similar given by Choudhry and Mandal
(1987).

Morphological features for instance leaf blade shape and petal
color could not be adequate to demonstrate associations amid
the species (Lloyd et al., 1992). Genetic markers are
employing to evaluate phylogenetic association and genetic
variations in cucumber accessions. Different molecular

1578



Morphological characterization of cucumber germplasm of Pakistan

markers such as ISSR, EST-PCR, RAPD, SRAP and EST-
SSR have been used for the evaluation of phylogenetic
association and genetic variation of cucumber genotypes with
the other cucurbit crops (Levi et al., 2005, 2010). Few reports
on the RAPD study in the available cucumber germplasm
indicated genetic distance in different ranges between
genotypes under study that concluded genetic variation
among 118 cucumber genotypes (Stub et al., 1997). Lowest
genetic distances were observed between 0.01 and 0.58 which
showed limited genetic variation in the available genotypes.
Chen et al. (2006) evaluated genetic distance between
genotypes which ranges from 0.064 to 0.59 with mean value
of 0.24 that indicated wide genetic variation in genotypes.
(Ahmed et al., 2003) evaluated genetic distances among
African genotypes which ranged in between 0.36 and 0.88.
Evaluation of genetic variation of our assemblage by the
genetic markers would be valued to additional categorize
molecular background of Pakistani cucumber. In this
experiment seeds of characterized cucumber germplasm are
conserved at 4°C in Vegetable Stress Physiology Lab,
Institute of Horticultural Sciences, (IHS), University of
Agriculture, Faisalabad from where the sample seeds can be
taken from corresponding author.

Conclusion: The present experiment concluded that
morphological diversity was greatest evident in color of leaf,
skin color of fruit, size of leaf and fruit shape. Genotypes C-
32149, C-574, Wandri 700, C-571 were closely associated to
one another for several morphological attributes.

Acknowledgements: We acknowledge National Agricultural
Research Centre (NARC), Islamabad, Pakistan for providing
seeds of genotypes for conducting this experiment.

REFERENCES

Abusaleha and O.P. Dutta. 1990. Study on variability,
heritability and scope of improvement in cucumber.
Haryana. J. Hort. Sci. 19:349-352.

Afangideh, U., E.A. Uyoh, M. Ittah and A.E. Uko. 2005.
Morphological characterization of some cultivars of
cucumber (Cucumis sativus L.) J. Sustain. Trop. Agric.
Res. 14:13-18.

Ahmed, M., J.E. Staub, Z.Y. Sun and G. Abdelwahed. 2003.
Genetic diversity in African cucumber (Cucumis sativus
L.) provides potential for germplasm enhancement.
Genet. Resour. Crop Evol. 50:461-468.

Ahmed, M., H. Abdul and A. Zarga. 2004. Growth and yield
performance of six cucumber (Cucumis sativus L.)
cultivars under agro- climatic conditions of Rawalakot,
Azad Jammu and Kashmir. Int. J. Agric. Biol. 6:396-399.

Balkaya, A., E.S. Kurtar, R. Yanmaz and M. Ozbakir. 2005.
Investigation on collecting, characterization and
utilization of winter squash and pumpkin genetic

resources in the Black Sea region. The Scientific and
Technical Research (TUBITAK) Project No. 104-144.
Ankara, Turkey.

Bajwa, M.L. and F. Rehman. 1998. Vegetables and their
fertilizer management. Agriculture, Environment,
Forestry and Fertilizer Company (Pvt) Ltd, Lahore.pp 93

Baloch, A.F. 1994. Vegetable crops. Horticulture. National
Book Foundation, Islamabad. pp. 489-538.

Choudhary, M.L. and G. Mandal. 1987. Correlation and path
analysis in cucumber. Haryana J. Hort. Sci. 16:269-270.

Cartea, M.E., A. Picoaga, P. Soengas and A. Ordas. 2002.
Morphological characterization of kale populations from
north-western Spain. Euphytica 129:25-32.

Chen, X., C. Defu, X. Lixin, D. Liu, R. Yang, Y. Ha and S.
Du. 2006. Utilization of RAPD markers linked to
cucumber sex determination gene. Acta Agric. 19:11-14.

Decker, S.D. and H.D. Wilson. 1986. Numerical analysis of
seed morphology in Cucurbita pepo. Syst. Bot. 11:595-
607.

Esteras, C., M.J. Diez, B. Pico, A. Sifires, J.V. Valcarcel and
F. Nuez. 2008. Diversity of Spanish landraces of
Cucumis sativus and cucurbita ssp. Cucurbitaceae 2008:
Proceedings of the Ixth Eucarpia Meeting on genetics and
breeding of cucurbitaceae. pp. 67-76.

Escribano, M.R., A.M. Ron, M. Santalla and J.J. Ferreira.
1991. Taxonomical relationship among common bean
populations from northern Spain. Ann. Bot. 20:17-27.

Ferriol, M. and B. Pico. 2008. Pumpkin and winter squash. In:
J. Prohens and F. Nuez (eds.). Handbook of plant
breeding: Vol. 1. Vegetables. Springer, Heidelberg,
Germany. pp. 317-349.

Eneobong, H.N. 2001. Eating right. University of Calabar
Press, Calabar, Nigeria

Gwanama, C., M.T. Labuschagne and A.M. Botha. 2000.
Analysis of genetic variation in Cucurbita moschata by
random amplified polymorphic DNA (RAPD) markers.
Euphytica 113:19-24.

Grandillo, S., K. Hsin-Mei and S.D. Tanksley. 1996.
Characterization offs 8.1, a major QTL influencing fruit
shape in tomato. Mol. Breeding. 2:251-260.

Hossain, M.D.F., M.G. Rabbani, M.A. Hakini, A.S.M.
Amanullah and A.S.M. Ashanullah. 2010. Study on
variability character association and yield performance of
cucumber (Cucumis sativus L.). Bangl. Res. Pub. J.
4:297-311.

Jeffrey, C. 2005. A new system of Cucurbitaceae.
Botanicheskii Zhurnal 90:332-335.

Jeffrey, C. 1980. A review of the cucurbitaceae. Bot. J.
Linnean Soc. 81:233-247.

Kirkbride, J.H. 1993. Biosystematic monograph of the genus
cucumis (cucurbitaceae). Parkway Publishers, Boone,
N.C. US.A.

Kennard, W.C. and M.J. Havey. 1995. Quantitative trait
analysis of fruit quality in cucumber: QTL detection,

1579



Raza, Ayyub, Ghani & Ahmed

confirmation and comparison with mating-design
variation. Theor. Appl. Genet. 91:53-61.

Khan, Z., A.H. Shah, R. Gul, A. Majid, U. Khan and H.
Ahmad. 2015. Morpho-agronomic characterization of
cucumber germplasm for yield and yield associated traits.
Int. J. Agron. Agric. Res. 6:1-6.

Li, J.Y., H.X. Tian, X.G. Li, J.J. Meng and Q.W. He. 2008.
Higher chilling-tolerance of grafted cucumber seedling
leaves upon exposure to chilling stress. Agric. Sci. China
7:570-576.

Levi, A., K.R. Harris and W.P. Wechter. 2010. DNA markers
and pollen morphology reveal that Preaecitrullus
fistulosus is more closely related to Benincasa hespida
than to Citrullus spp. Genet. Resour. Crop Evol. 57:1199-
1205.

Lloyd, A., V. Walbot, R.W. Davis. 1992. Arabidopsis and
Nicotiana anthocyanin production activated by maize
regulators R and C1. Sci. 258:1773-1775.

Levi, A., P. Wechter and A. Davis. 2008. EST PCR markers
representing watermelon fruit genes are polymorphic
among watermelon heirloom cultivars sharing a narrow
genetic base. Plant Genet. Res. 7:16-32.

Plader, W., W. Burza, S. Malepszy. 2007. Economic
importance of vegetable crops. J. Hort. Sci. 69:875-662.

Paterson, A.H., S.D. Tanksley and M.E. Sorrells. 1991. DNA
markers in plant improvement. Adv. Agron. 46:39-90.

Staub, J.E., J. Box, V. Meglic, T.F. Horejsi and J.D.
McCreight. 1997. Comparison of isozyme and random
amplified polymorphic DNA data for determining
intraspecific variation in Cucumis. Genet. Resour. Crop
Evol. 44:257-269.

Schaefer, H., C. Heibl and S.S. Renner. 2009. Gourds afloat:
a dated phylogeny reveals an Asian origin of the gourd
family (cucurbitaceae) and numerous overs. Proc Biol
Sci. 276(1658): 843-851.

Stojilovic, M. 2007. Cucurbits and relatives: Cucurbitaceae
L., Mile Stojilovic, Tabanovac. pp.188-190.

Smith, J.S.C. and O.S. Smith. 1989. The description and
assessment of distances between inbred lines of maize:
the utility of morphological, biochemical and genetic
descriptors and a scheme for the testing of distinctiveness
between inbred lines. Maydica 34:151-161.

Subramanian, A. and N. Subbaraman. 2010. Hierarchical
cluster analysis of genetic diversity in maize germplasm.
Elect. J. Plant Breed. 1:431-436.

[Received 11 Dec. 2019; Accepted 10 Aug. 2020 Published
(Online) 25 Oct. 2020]

Solanki, S.S. and J.N. Seth. 1980. Correlation studies in
cucumber (Cucumis sativus L.). Veg. Sci. 7:94-101.
Saha, R.R., B.N. Mitra, A.E. Hossain, M. Jamaluddin and
A.M.M. Mosiul-Hoque. 1992. Genetic variability,
character association and path co-efficient analysis in
pumpkin (Cucurbita moschta L.). Bangl. Hort. 20:59-62.

Sharma, A.K., N. Vidyasagr and K. Pathania. 2000. Studies
on combining ability for earliness and marketable fruit
yield in cucumber (Cucumis sativus L.). Himachal J.
Agric. Res. 26:54-61.

Solanki, S.S. and J.N. Seth. 1980. Correlation studies in
cucumber (Cucumis sativus L.). Veg. Sci. 7:94-101.
Simmonds, N.M. 1962. Variability in crop plants, its use and

conservation. Bot. Rev. 37: 422-465.

Srivastava, U., R.K. Mahajan, K.K. Gangopadhyay, S.
Mahendra and B.S. Dhillon. 2001. Minimal descriptors
of agri-horticultural crops. Part Il: vegetable crops.
National Bureau of Plant Genetic Resources, Pusa
Campus, New Delhi. India. pp. 1-9.

Thompson, J. and W. Kelly, 1959. Vegetable crops.5th ed.
McGraw Hill Book Company. pp. 327-337.

Ullah, M.Z., M.J. Hassan, A.Z.M.K.A. Chowdhury, A.l. Saki
and A.H.M.A. Rahman. 2012. Genetic variability and
correlation in exotic cucumber (Cucumis sativus L.)
varieties. Bangl. J. Plant Breed. Genet. 25:17-23.

van Eck, JW., G.W. Heijden and G. Polder. 1998. Accurate
measurement of size and shape of cucumber fruits with
image analysis. J. Agric. Eng. Res. 70:335-343.

Wehner, T.C. and N. Guner. 2004. Growth stage, flowering
pattern, yield and harvest date prediction of four types of
cucumber tested at 10 planting dates. Acta Horticulturae
637:223-229.

Weising, K., G. Atkinson and C. Gardner 1995. Genomic
fingerprinting by microsatellite-primed PCR: a critical
evaluation. PCR Methods Appl. 4:249-255.

Whitaker, TW. and G.N. Davis. 1962. Vegetable crops
production. Pergamon Press, Ltd. Tarry-town New York.
pp. 207-227.

Wehner, T.C., and N. Gunner. 2004. Growth stage, flowering
pattern, uses, yield and Harvest Date Prediction of four
types of cucumber tested at 10 planting dates. Acta Hort.
pp. 637.

XLSTAT. 2018. XLSTAT version 5.5.: Addinsoft 2018.5.
Paris.

1580


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2664369/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2664369/

