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Chapter 1 INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the important Asiatic species and
member of the Cucurbitaceae family having chromosome number 2n=2X=14 which
has 120 genera and more than 800 species (Jeffrey, 1980). Out of these, 34 genera and
108 species occur in India, including 38 endemic species and another 38 non-endemic
species. Cucumber is originated in India (Sebastian, 2010) from its wild progenitor
Cucumis sativus var. hardwickii R., which is still found in southern foothills of the
Himalayas. Its spread eastwards to China and westwards to Asia Minor, North Africa
and Southern Europe (Seshadri and Parthasarathy, 2002). Cucumber has been
cultivated in India for more than 3000 years and records indicate that it was used for
food by ancient Egyptians, Greeks and Romans. It was grown in France in 9™ century
and in England during 14™ century. Columbus is supposed to have brought Cucumber
in America. China is considered as a secondary centre of diversity (De Candolle, 1882),
where it occupies second largest area among vegetables after Chinese cabbage. China is
the highest producer country which accounts for nearly half of the total world

production. The other main producers are Iran, Turkey and USA.

Cucumber is grown throughout the world and is the fourth most important
vegetable crop after tomato, cabbage and onion and the second most widely cultivated
cucurbit after watermelon (Tatlioglu, 1993). It is well known for its economic
importance as food plant, primarily cultivated for tender fruits, which are used as salad,
pickles and also used with curd for preparation of “Rayata”. Mature fruits are also used
as vegetable in India. The fruits and seed have cooling effect. Fruits are good for people
suffering from constipation, jaundice and indigestion. Fruits are demulcent and diuretic.
Fruits contain proteolytic enzyme, ascorbic acid oxidase, succinic and malic
dehydrogenase. Fruits are also used as an astringent and antipyretic and the seed oil of
cucumber is highly valuable for development of brain, therefore it is also used in
Ayurvedic medicines (Robinson and Decker-Walters, 1999). The fruit has about 95 per
cent water content which makes it diuretic, possessing a deep cleansing action due to
the presence of some natural chemical constituents such as glycolic, lactic and salicylic
acids (Uzodike and Onuoha, 2009).
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One hundred gram of edible cucumber fruits contain 96g water, 0.6g protein,
0.1g fat, 2.2g carbohydrate, 451U Vitamin A, 0.03mg Vitamin B1, 0.02mg Vitamin B2,
0.3mg Niacin, 12mg Vitamin C, 12mg Calcium, 0.3mg Iron, 15mg Magnesium and
24mg phosphorus (Alcazar and Gulick, 1983).

Cucumber is highly cross pollinated crop and usually monoecious in nature
preferring warm weather and bright light for its better growth and development. It is an
all year round out door vegetable in the tropics opined that cucumber is a typical
vegetable of warm, temperate and cool tropical areas that can be cultivated at any time
of the year (Chikezie et al., 2016). It is a thermopbhillic, day-neutral, frost susceptible
and annual plant having climbing or trailing habit through axillary un-branched

tendrils. The fruit is a special type of berry, commonly known as ‘pepo’.

Cucumber is commercially grown in the tropical and subtropical regions of the
world. In India, cucumber is cultivated from higher altitude to plains under open field
condition as well as under protected conditions including river beds. In north Indian
plains, generally two crops are grown in a year i.e. spring-summer and kharif season,
while in hills it is cultivated as an autumn summer crop. The global area under
cucumber cultivation is 19.845 mha with a production of 75.219 MT and productivity
37.90 tonnes ha™ (FAO, 2018). China holds rank 1% in both area and production of
cucumber with an area of 1.044 mha and production 5.620 mt (FAO, 2018). In India,
the harvested area and production of cucumber is 0.082 mha and 1.259 mt respectively
with average productivity of 15.35 tonnes per hectare (NHB, 2018). Haryana is leading
in both area and production of cucumber with area of 0.017 mha and 0.2744 mt
production (NHB, 2018). In Cucumber, sex expression is generally influenced by
environment. Under long day and high light intensities staminate flowers predominate,
whereas under short day and low light intensities female flower predominate. For
crossing purpose, pistillate flowers are closed with a rubber band or covered by paper
bag to protect against unwanted pollen 1 day prior to opening in the afternoon.
Unopened male flowers are also covered similarly at the same time. Anthesis takes
place around 5.30-7.00 hr. Dehiscence occurs around 4.30-5.00 hr. Pollen fertility is up
to 14 hr. Next day morning, pollination is carried out from pollen of protected
staminate flower. A thread is tied on selfed flowers and a label is tied on the crossed

flowers.
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In any crop improvement programme, it is necessary to assess the nature and
magnitude of genetic variability, heritability and genetic advance in the initial parental
material. The efficiency of selection largely depends upon the magnitude of variability
present in the breeding population. Hence, knowledge of variability present in the gene
pool of a crop species is essential to start a judicious breeding programme. Selection is
also effective when there is genetic variability among the individuals in population.
Earlier variability used to be assessed by visual observation. Now biometrical methods
are available for systematic assessment of genetic variability. A quantitative measures
which provides information about the correspondence between genotypic variance and
phenotypic variance is heritability. It is a good index of the transmission of characters
from parents to their offspring (Falconer, 1981). It is the ratio of variance due to
hereditary differences to the total phenotypic variance. This ratio is expressed in
percentage. If the percentage is large, characters regarded as highly heritable. On the
other hand, if it is smaller, environmental agency is considered as mostly responsible

for phenotypic manifestation of the character.

An unambiguous, reliable, fast and cost effective assessment of genetic
diversity is important for the conservation, evaluation and utilization of genetic
resources, for studying the diversity of pre-breeding and breeding germplasm and for
determining the uniqueness and distinctness of the phenotypic and genetic constitution

of genotypes to protect breeder’s intellectual property rights (Franco et al., 2001).

Today public sector varieties are not much used by farmers for commercial
cultivation. So, in order to isolate desirable genotypes with higher yield and better
quality, there is an urgent need to assess the existing variability under specific

environment (Saikia et al., 1995).

Heterosis term was coined by Shull in 1914. Heterosis refers to the superiority
of F; hybrid in one or more characters over its parents. In other words, heterosis refers
to increase of F, in fitness and vigour over the parental values. In current usage
heterosis and hybrid vigour are used as synonyms and interchangeable. Heterosis can
be estimated over mid-parent value (relative heterosis), better parent value
(heterobeltiosis) and check parent (standard heterosis). Generally, positive heterosis is

considered as desirable, but in some cases negative heterosis is also desirable (such as
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earliness, days to first flowering, days from flowering to first fruit setting, days from
fruit setting to maturity). The very basic problem in cucumbers is concerning with the
low marketable yield. Heterosis breeding provides an opportunity for achieving unique
improvement in yield and other desirable attributes in one generation that would be
more time consuming and difficult with other conventional breeding methods. It has
direct relevance for developing hybrids and an effective tool for improvement in yield,
earliness, quality and resistance to diseases. In cucumber too, success of F; hybrids has
encouraged the breeders to develop hybrids which are early, high yielding, tolerant to
biotic and abiotic stresses. For achieving this, availability and characterization of
germplasm, estimation of heterosis and working out combining ability of parents and

crosses is a useful step for development of new varieties.

Hays and Jones (1916) two British scientists, were the first to report heterosis in
cucumber. They found that Fi's from crosses between unrelated parents showed
increase in yield over the better parent by as much as 24-39 per cent. Heterosis has
contributed significantly towards increased crop production and it has become the basis
of multi-billion dollar agro business in the world (Phillips, 1999). The exploitation of
heterosis is much easier in cross pollinated crops and being cucumber monoecious,

provides ample scope for the utilization of hybrid vigour on commercial scale.

Combining ability analysis is useful for the study and comparison of
homozygous inbred lines in hybrid combination (Sprague and Tatum, 1942). It is one
of powerful tools available which gives the estimates of combining ability effects and
aids in selecting desirable parents for heterosis breeding. General combining ability
(GCA) is a measure of additive genetic action, and specific combining ability (SCA) is
deviation from additivity (Kempthorne, 1969; Mayo, 1980). General combining ability
is a main effect and SCA is an interaction (Olfati et al., 2012). The aim is to determine

the breeding value of the cross (Griffing, 1956).

The concept of general and specific combining ability is of practical
importance to the breeders. It is therefore, in the interest of breeders to know how the
two combining abilities are related to various components of heritable variations. It
helps in the selection of suitable parents for hybridization and in identification of

superior cross combinations. General combining ability (GCA) can be defined an
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average performance of a genotype in series of hybrid combination, whereas average
performance of a parent in specific cross combination is the specific combining ability
(SCA).

Downy mildew is common disease in cucumber caused by the pathogen
[Pseudoperonospora cubensis (Berk. & Curt.) Rostov.]. It is a major foliar disease of
cucumber (Palti and Cohen, 1980). Studies on the host range of Pseudoperonospora
cubensis indicate approximately 20 genera, including 50 species in the Cucurbitaceae,
are hosts. A total of 19 host species are in the genus Cucumis (Palti and Cohen, 1980;
Lebeda, 1992; Lebeda and Widrlechner, 2003). The cucurbit downy mildew pathogen
is an obligate parasite and, with the rare exception of oospore production, can only
survive and reproduce on living host tissue (Bains and Jhooty, 1976). Environmental
conditions affect overwintering capacity as well as disease development and intensity
(Cohen, 1977). In production regions where conditions are too harsh for
Pseudoperonospora cubensis to survive all year, the pathogen is introduced through the
spread of sporangia in wind and storms originating in warm regions where the pathogen

can overwinter on wild and cultivated hosts (Bains and Jhooty, 1976).

Symptoms of cucumber downy mildew generally occur only on the foliage.
Infection first appears as small water soaked lesions on the underside of leaves. The
disease is characterized by formation of yellow, more or less angular spots on the upper
surface of the leaves. White purplish spores appear on the under surface of the leaves.
Chlorotic lesions eventually turn necrotic. Eventually the entire leaf will become
necrotic and die. Symptoms vary depending on relative susceptibility of the cultigens.
The most resistant cultigens exhibit a hypersensitive response (HR) with small necrotic
or chlorotic flecks and sparse sporulation, while the most susceptible cultigens are
highly chlorotic and necrotic. The HR type resistance was first described by Barnes and
Epps (1954) in cucumber P1 197087, from a single resistance gene dm-1. Resistance
from Pl 197087 was used intensively in breeding new cultivars, and most current
cultivars are thought to have some resistance derived from P1 197087. This resistance
proved effective for many years but has since been overcome. Pseudoperonospora
cubensis has high evolutionary potential and qualitative resistance is generally easily
defeated.
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Environmental conditions play a fundamental role in disease intensity (Cohen,
1977). Leaf wetness is critical for infection to occur, with sporangia requiring free
moisture to germinate, but temperature determines the rate of disease. Sufficient leaf
moisture can be supplied by rainfall, dew formation, or irrigation. The ideal
temperature for sporulation and subsequent infection is 15°C, but a range between 5
and 30°C will suffice. The pathogen generally thrives in warm humid regions.
Variability in the pathogen population may also play a role in cucumber response to

downy mildew.

Genetic diversity between individuals or populations can be determined using
morphological or molecular markers. Phenotypic traits have certain limitations as they
are influenced by environmental factors and the developmental stage of the plant.
Molecular markers based on DNA sequence polymorphism are more informative and
independent of environmental conditions. Genetic markers (morphological,
biochemical and molecular) have been employed for the characterization of genetic
diversity present in cucumber (Knerr et al., 1989; Meglie et al., 1996; Staub et al.,
1997).

DNA markers are becoming more popular and effective to study the genetic
diversity and choosing right parents. DNA markers have numerous application in plant
breeding such as assessing the level of genetic diversity within germplasm and cultivar
identity (Solanki and Seth, 1980; Huang et al., 2009). Advent of polymer chain reaction
(PCR) has revolutionarized the DNA based diagnostic. Simple-sequence repeats
(SSRs), also known as microsatellites, are short tandem repeated motifs that may vary
in the number of repeats at a given locus (Tautz, 1989). SSR markers have many
advantages over other molecular markers, such as genetic co-dominance. It is widely
used as a versatile tool in plant breeding programs, as well as in evolutionary studies,
because of their high ability for showing diversity among cultivars (Adato et al., 1995;
Mhameed et al., 1996; Levi and Rowland, 1997).

Diallel cross refers to all possible crosses among ‘n’ lines and the analysis based
on the estimation of such a set of crosses is known as diallel analysis. It is extensively
used for the evaluation of varieties or strains in terms of their genetic makeup. Diallel

analysis provides a sensitive approach for large scale studies of quantitative characters.
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It yields reliable information on the components of variance and on GCA and SCA
variances and effects. Thus it helps in the selection of suitable parents for hybridization

as well as in the choice of appropriate breeding procedures.

Diallel analysis developed by Jinks and Hayman (1953) and Hayman (1954)
offer means of obtaining useful information on differential parental combinations
through an assessment of the overall genetic architecture of parental lines in relation to
the characters studied. On the basis of diallel analysis, Griffing (1956) described a
method for the precise measurement of general and specific combining ability which is
very useful technique in classifying parental lines in terms of their hybrid performance
and as such an aid in selecting parents which when crossed may give to more desirable
segregants. Such information forms the backbone of any breeding programme and is of

great significance to the breeders.

Keeping all above facts in consideration, the present investigation entitled
“Studies on Genetic and Molecular Diversity in Cucumber (Cucumis sativus L.)”

will be taken with following objectives.
1. To estimate the extent of genetic variability for different yield related traits.
2. To estimate the extent of heterosis over its parents.

3. To study the general combining ability (gca) and specific combining ability

(sca) of parents and hybrids.

4. To screen of parents and F; against downy mildew (Pseudoperonospora

cubensis L.).

5. To assess the molecular diversity of cucumber lines.
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Chapter 2 REVIEW OF LITERATURE

An attempt has been made to review the relevant literature of present study

which has been described under following heads and sub-heads:
2.1 Genetic variability for different yield related traits.
2.2 Heterosis studies.
2.3 Combining ability.

2.4 Screening of parents and F; against downy mildew (Pseudoperonospora

cubensis).
2.5 Molecular markers for studying genetic diversity of cucumber genotypes.
2.1. Genetic variability for different yield related traits

In 1889, Galton reported that continuous variation is due to heredity. Genetic
variability is an obvious phenomenon of considerable importance in crop improvement.
Vavilov (1951) for the first time perceived the importance of genetic variability and
advocated that the wide range of variability provides better scope and future of

selecting desired genotypes.

The degree to which the variability of quantitative character is transferred to the
next generation is referred as heritability. Genetic advance is the result of heritability
and infers the potentiality of selection intensity. Genetic advance, when considered
along with heritability gives reasonable assessment of the resultant effects of selection

in breeding populations (Johnson et al., 1955).

In another study, Das et al. (2005) demonstrated considerable variability among
18 diverse cucumber genotypes for stability during summer and rainy seasons.
Observations recorded were vine length, fruit number, fruit length, fruit diameter, fruit
weight and yield per vine. The variance for genotypes and environment was found
highly significant for all the characters, thus revealed the presence of genetic variability

in the material for all the various characters.

In one more experiment, Kumar (2006) evaluated genetic variability in 35

diverse genotypes of cucumber. Analysis of variance showed significant differences
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among all the genotypes for the characters like node number at which first female
flower appears, days to first female flower appearance, days to marketable maturity,
fruit weight, fruit length, flesh to seed cavity ratio, number of fruits per plant, yield per
plant, rind firmness, total soluble solids and cucurbitacin content.

Uddin et al. (2006) examined the considerable genetic variability in 25 diverse
genotypes of cucumber. The results from the experiment revealed significant
differences among all the studied genotypes with significant variation for all the
characters. Bhat et al. (2007) conducted an extensive survey to study the presence of
angular leaf spot in all cucumber growing areas of Kashmir valley with incidence and
intensity ranging from 23.3 to 74.4 per cent and 10.5 to 26.0 per cent, respectively. The
pooled data demonstrated that angular leaf spot of cucumber was prevalent in all the
locations surveyed with varying degrees of incidence and intensity, which was
minimum in first but maximum in last (third) stage of survey. Highest disease
incidence and intensity at all the three stages was observed at Narain Bagh, Srinagar,
followed by Waskura, Shadipora, Dal area, and Mangnipora, respectively. Minimum

disease incidence and intensity was recorded at Krimsher (Badgam).

Munshi et al. (2007) collected 31 accessions of wild and feral form of cucumber
(Cucumis sativus var. hardwickii) from different regions of India and examined for
days to first fruit set and first picking, fruit weight, fruits per plant, fruit length:
diameter (L:D ratio) and yield per plant. Highly significant variation was obtained
among the genotypes for all the characters studied; hence individual plant selection

could be an effective way for isolation of superior genotypes for these traits.

Hanchinamani et al. (2008) conducted a trial on 45 diverse genotypes of
cucumber to evaluate the mean variability for 20 characters. All the genotypes
exhibited significant differences for all the characters under study. The genotype,
BGDL recorded the maximum mean value for number of primary branches per vine,
fruit length, average fruit weight, number of fruits per vine and fruit yield per vine,
however; DWD-2 gave maximum mean value for fruit diameter, flesh thickness and
days to first male flower appearance, while BNGL-1 recorded maximum mean value
for vine length. The genotype LL-02 registered maximum mean value for days to first

female flower appearance and inter-nodal length, while the two genotypes CL-1 and
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CHC-2 had the maximum mean value for node number at which first male and female

flower appears, respectively.

In an experiment, variability in 25 diverse cucumber genotypes for fruit yield and
yield contributing trait was evaluated. A wide range of variability along with estimates of
phenotypic coefficients of variation and genotypic coefficients of variation was recorded
for days to first female flower anthesis, number of primary branches per plant, number of
fruits per plant, node number bearing first female flowers, fruit length, fruit weight,
cavity of fruit at edible stage and fruit yield per plant. Therefore, these traits are more
reliable for effective selection (Kumar et al., 2008). Yadav et al. (2009) used 20
cucumber genotypes and observed considerable amount of genetic variability for all the
traits except cavity of fruit at edible stage. Number of days to first female flower anthesis

showed the maximum phenotypic and genotypic coefficient (PCV and GCV).

A field study was conducted by Hossain et al. (2010) to evaluate the field
performance, variability, characters association and genetic divergence of 58 long type
cucumber accessions. The results revealed that the highest GVC was obtained in yield
per plant (42.75%) where number of fruits per plant (33.41%), fruit length (27.57%),
number of lateral shoots (24.19%), average fruit weight (22.14%), petiole length
(16.10%), node order at which male and female flower opened (13.28% and 12.62%)
were recorded. Among the long type cucumber accessions, CSL51 gave the highest
yield per plant (2.69kg). The correlation co-efficient studies revealed that yield per
plant had highly positive and significant association with fruit length and diameter,

average fruit weight and number of fruits per plant.

Gaikwad et al. (2011) found substantial role of environment in the expression of
the traits as exhibited by lower estimates of GCV than PCV for those traits. The
coefficient of variation were high for traits percent diseases index (PDI), length of fruit,
number of fruits per vine, and weight of fruit as was the broad sense heritability

estimates. Final vine length and weight of fruit recorded high estimates of heritability

Call et al. (2012) screened the 86 cucumber cultigens (cultivars and breeding
lines) for higher yield and resistance to the new strain of downy mildew. None of the
cultigens tested in this study indicated a high level of resistance, although differences in

resistance were detected. Lines W1 2757 and M 21 and cultivar Picklet were consistent

Review of Literature............... e



among the top resistant lines in North Carolina and Michigan. The cultivars Coolgreen,
Wis. SMR 18 and Straight 8 were identified as moderately to highly susceptible. An
unreleased hybrid, Nun 5053 F; and the cultivar Cates were the top yielding lines
overall. The best cultivars in this study were found moderately resistant and would
likely require application of fungicide to attain high yield and quality in the presence of
downy mildew. Until high resistance becomes available, growers would benefit by

using fungicides in combination with tolerant and moderately resistant cultigens.

In another study, Chikezie et al. (2016) evaluated sixteen exotic and indigenous
cucumber genotypes (Cucumis sativus L.) under early and late seasons planting and
results showed a highly significant difference among the genotypes in all the traits
studied in both seasons. Beit Alpha genotype gave the highest fruit yield/ha in early
season planting, while in the late season, the highest yield producer was Ashely. In both
seasons, vine length, number of branches and leaves, leaf area, number of pistillate and
staminate flowers/plant, number of fruit and fruit weight/plant showed positive and
significant correlation with total fruit yield/ha. In both seasons, the highest positive
direct effect on yield was recorded in fruit weight/plant. Significantly highest total fruit
yield/ha was recorded in the early rainy season planting in this agro ecological zone.
Based on high fruit yield, Beit Alpha genotype for early season planting and Ashley
genotype for late season are recommended for cultivation in the Southeast Nigeria agro

ecological zone.

Kumar et al. (2013) found high genotypic coefficient of variation in thirty
cucumber genotypes for seed vigour index- I and yield per plot, whereas, it was moderate
for node number bearing first female flower, severity of powdery mildew, angular leaf
spot and anthracnose, average fruit weight, harvest duration, fruit length, seed vigour
index-Il, total soluble solids, number of marketable fruits per plant and fruit breadth. It

was low for traits namely, seed germination and days to marketable maturity.

Basavarajeshwari et al. (2014) assessed fifty two cucumber genotypes and
recorded highly significant variation for vine length, number of primary branches per
plant, number of leaves per plant, leaf area index, days taken to first male and female
flower, node number bearing first female flower and days to first harvest. Moderate to

high coefficient of variation were recorded for vine length, number of primary branches
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and node number bearing first female flower at both genotypic and phenotypic levels.

An experiment was conducted by Ranjan et al. (2015), where they recorded
wide genetic variation for all the characters studied namely, vine length, number of
primary branches per plant, number of fruits per plant, shelf life of fruits, seed length,
hundred seed weight, number of seeds per fruit, fruit colour, flesh colour, total soluble
solid content and susceptibility towards downy mildew and three viral diseases. Both
phenotypic and genotypic coefficients of variation were high for node number bearing
first female flower, number of primary branches per plant, fruit weight, number of
fruits per plant, shelf life of fruits, hundred seed weight and number of seeds per fruit
whereas, vine length and seed cavity diameter showed low genotypic coefficient of
variation. Ullah et al. (2012) observed high GCV and PCV values for yield per plant,
fruits per plant, fruit weight and fruit length in cucumber, whereas the broad sense

heritability ranged from 42.26 to 89.55% for various traits.

In a field study, variability, heritability and genetic advance for yield and
contributing traits in 38 advanced lines of cucumber (Cucumis sativus L.) were
assessed. GCV and PCV were highest for node at first female flower appearance
followed by node at first male flower appearance, yield per plant, seed cavity breadth,
average fruit weight and number of fruits per plant. High estimated genetic advance
over mean and heritability values were observed for nodes per vine, node at first female
flower appearance, days to first female flower opening etc (Veena et al., 2012).
Similarly, Golabadi et al. (2012) observed a high variation for all the studied traits like
total fruit yield per pickling between genotypes.

Afangideh and Uyoh (2007) evaluated eleven exotic and six indigenous
cultivars of cucumber (Cucumis sativus) for yield and quality characteristics. Total fruit
yield was significantly higher (P< 0.01) and fewer days to flowering (P < 0.001 and
0.01, respectively). Genetic analyses indicated that Phenotypic Coefficients of
Variation (PCV) were higher than genotypic coefficients of variation in all of the
attributes studied; while length of vine at 6 weeks had the highest genetic gain. High
heritability (broad sense) estimates of 94% and 85% were obtained for days to flower
initiation and days to 50 percent flowering, respectively. Length of vine at 6 weeks,

days to flower initiation and days to 50% flowering had high to moderate genotypic
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variance, high to moderate heritability. Selection can, therefore, be based on these
characters, and their phenotypic expression would be a good indicator of their

genotypic potentiality.

An experiment was carried out by Kandasamy (2017) where he examined
twenty diverse genotypes of cucumber collected from Tamil Nadu and Kerala regions
to study the morphological characters like days to first female flowering, node number
of first female flower, vine length, number of secondary branches, days to fruit harvest,
fruit length, fruit girth, fruit diameter, average fruit weight, number of fruits per plant,
1000 seed weight and yield per plant to estimate the variability, heritability, genetic
advance. In variability studies, the yield per vine was recoded with highest mean value
CS 6 genotype. The maximum phenotypic and genotypic co-efficient of variation (PCV
and GCV) was for yield per plant followed by average fruit weight, fruit diameter and
number of fruits per plant. High heritability was observed for all the characters except
node number of first female flower. Genetic gain was maximum for yield per plant
followed by average fruit weight, fruit diameter, number of fruits per plant, number of

secondary branches, fruit length, fruit girth and 1000 seed weight.

Karthick et al. (2019) assessed the PCV, GCV, heritability and genetic gain for
various horticultural traits and states that phenotypic coefficient of variation (PCV)
were higher than the corresponding values of genotypic coefficient of variation (GCV).
While the difference between PCV and GCV was very less for length of vine, number
of primary branches, number of nodes per vine, node number bearing first male flower,
node number bearing first female flower, days for first male flower, days for first
female flower, days for first harvest, number of male flower, number of female flower,
number of fruits per plant, fruit length, fruit diameter, fruit weight and yield per plant
and these traits are less influenced by environment. High phenotypic and genotypic
coefficient of variation were observed number of primary branches, node number
bearing first male flower, number of male flower, number of female flower, number of
fruits per plant, fruit length, fruit weight and yield per plant. In this experiment, all the
studied traits had high heritability coupled with high to moderate genetic advance

except days for first male and female flower appearance.
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2.2 Heterosis

The two British scientists, Hays and Jones (1916) were the first to report heterosis
in cucumber. They observed that F; from crosses between unrelated parents resulted
increase in yield over the better parent by as much as 24-39 per cent. Heterosis breeding
is the well-organized and effective way to exploit the gene diversity present in crop
plants. Heterosis is generally manifested in positive direction like superiority in
adaptation, increase in yield and quality, disease resistance, maturity and general vigour
over its parents but in some cases it is in negative direction like for earliness, plant height,
maturity duration and toxic substances, which is also a desirable character in crop
breeding. Heterosis is well known in cross-pollinated species (Hayes and Footer, 1976).
Among cucurbits, cucumber has distinct and unique sex mechanism which can be
manipulated easily for F; hybrid production. Further, cucumber has distinct advantage in
commercial exploitation of heterosis because of favourable genetic mechanism, low
inbreeding depression, high heterosis percentage for yield and related traits, large number

of seeds per pollination and requirement of low seed rate per unit area.

In an experiment, Prasad et al. (2002) carried out multivariate analysis of 32
cucumber lines for eight characters and identified six genetically diverse parents. These
parents were then used to make all possible combinations and high residual heterosis
was observed for vyield per plant (10.41-111.49%), fruit number per plant
(12-188.37%), flesh thickness (4.71-53.9%), fruit length (4.6-37.57%), vine length
(19.4-67.9%). The crosses with higher percentage of heterosis and residual heterosis

were advanced for successive generations to select transgressive segregant lines.

Bairagi et al. (2002) identified PCUC-98-25 x DC-1 as the best heterotic
combination for the characters like days to first flowering (-8.75%), nodal position of
first female flower (-3.81%), number of primary branches per plant (40.6%) and vine
length (32.9%). The F; hybrid, DC-1 x PCUC-28 showed 121.96% and 91.921%
heterosis for number of fruits per plant and yield per plant, respectively. In another
study, Bairagi et al. (2005) evaluated 28 non-reciprocal F;’s derived from 8 diverse
cucumber genotypes during to study heterosis over better parents and the check
cultivar, Pant Cucumber Hybrid-1 (PCUCH-1). The hybrids PCUC-83 x PCUC-15,
PCUC-83 x PCUC-25 and PCUC-25 x PCUC-15 were found most promising ones.
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Kumbhar et al. (2005) evaluated 28 F; hybrids of cucumber for yield and its
components. The highest heterosis of 80.69% was recorded for yield per plant followed
by number of fruits per vine (67.12%) and days to first fruit harvest (61.7%). Similarly,
Pandey et al. (2005) revealed that F; hybrids DC-1 x B-159 and VRC-11-2 x Bihar 10
were observed to be the best hybrids for total fruit yield as they recorded high
significant positive heterosis over better parent (100.8 and 60.19%) and mid parent
(140.66 and 71.29%).

In a field study, Sudhakar et al. (2005) used fifteen lines of cucumber to
develop 77 F; hybrids in different combinations. The results revealed that there was a
wide variation in magnitude and direction of heterosis for all the traits. Branches per
plant, fruits per plant, fruit weight, fruit length, fruit diameter and total fruit yield were
the high heterotic characters. Appreciable heterosis in desirable direction was obtained
over better and mid parents for all the characters. The hybrids DC-1 x B-159 and VRC-
11-2 x Bihar-10 were the best hybrid combinations for total fruit yield as they observed
significant positive heterosis over better and mid parent. The high yield recorded in

these attributed to high number of fruits per plant.

Munshi et al. (2005) studied heterosis in 15 F; hybrids of cucumber. The F;
hybrids DC-1 x PCUC-8, CHC-1 x PCUC-8 and DC-1 x Poinsette were observed to be
best performing F; hybrids for yield per plant. The hybrid DC-1 x PCUC-8 showed
29.2% and 45.0% increase in yield, over top parent and standard parent, respectively.
Moreover, Nehe et al. (2007) observed that heterosis and heterobeltiosis were superior
for many traits including fruit number per vine, followed by yield per plant, and fruit
diameter. The F; crosses Talegaon Local x Poona Khira, Sheetal x Junnar Local and
Himangi x Shubhangi, recorded the maximum level of heterosis and heterobeltiosis for

yield per plant and its component traits in cucumber.

Yadav et al. (2008) conducted a field trial in 18 cucumber lines at Uttar
Pradesh. Among these lines, 15 lines were selected as female parents (lines) and 3 as
male parents (testers). The line x tester analysis was used to assess the performance of
12 characters viz., days to flowering of first male flower, days to flowering of first
female flower, length of vine, number of primary branches per plant, number of nodes

of first male flower, number of nodes of first female flower, number of nodes per vine,
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length of fruit, diameter of fruit, number of fruits per plant, fruit weight and fruit yield
per plant. The average heterosis for yield per plant ranged between 19.03 to 60.00 per
cent. The heterotic response of these crosses was also exhibited in most of the yield

attributing traits and can be used in commercial hybrid seed production.

Godoy et al. (2008) studied heterosis for yield traits and found that F; hybrids,
H-35 and H-43 had the maximum yields. Hybrids recorded positive heterosis over the
parental lines and also general heterosis in relation to the superior parents.
Hachinamani and Patil (2009) demonstrated that parental lines BGDL, DWD-2, GBGL
and Pointsette were superior for number of fruits per plant. The maximum heterosis in
positive direction over mid (94.03) and better (31.73) parents were obtained in hybrid
combinations of Ly x Ty and Ly X T, respectively. The maximum yield is because of

increase in average fruit weight and number of fruits per plant.

An experiment was carried out by Choudhary and Singh (2010) to study
heterosis in Cucumis sativus var. hardwickii and reported that only PCUC 15 x P7 was
superior over better parent PCUC 15 for days to female flower anthesis. Three crosses
which showed significant heterobeltiosis for number of fruits per plant were PCUC 8 x
P7 (44.22%), PCUC 28 x P5 (18.61%) and PCUC 15 x P7 (18.44%). Four F; crosses
were superior over better parent for fruit yield per plant. The highest heterobeltiosis
was reported in cross PCUC 15 x P3 (61.61%), followed by PCUC 15 x P7 (50.90%),
PCUC 8 x P7 (43.01%) and PCUC 15 x P5 (28.43%).

In another study, Kumar et al. (2010) reported that Pusa Uday, DC-1 and
CH-20 were the superior performing parental lines for yield per plant. Appreciable
amount of heterosis was recorded over better, top and standard parents for all the
characters. CRC-8 x Pusa Uday, CHC-2 x Pusa Uday and G-338 x Pusa Uday were
three best performing F; crosses for yield. Singh et al. (2010) used half diallel method
to study heterosis involving ten cucumber parents with six characters. VRC-18-2 x
Patna-3 showed the maximum heterosis for yield. They also suggested that traits like
polar and equatorial diameter of fruit and yield should be used to improve through
selection, whereas vine length, number of branches and individual fruit weight might

be improved through hybridization.
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Dogra and Kanwar (2011) attempted the crosses among eight parents (including
two gynoecious lines) in half diallel fashion. Twenty eight F;’s, eight parents and one
check were grown in a randomized complete block design with three replications at two
different locations viz., Nauni (L-1) and Chambaghat (L-2). Heterobeltiosis and
standard heterosis for earliness was maximum in EC-173934 x LC-40 and G-2 x Gyn-1,
respectively. The crosses G-2 x Gyn-1 and EC-173934 x LC- 40 exhibited maximum
negative heterobeltiosis and standard heterosis for earliness, while the cross K-90 x G-2
revealed maximum positive heterobeltiosis and standard heterosis for number of fruits
per plant and yield. In the same year, Kushwaha et al. (2011) studied heterosis in 21 F;
crosses of cucumber. The hybrids BC-11 x BC-12, BC-16 x Poinsette, BC-14 x BC-16,
BC-15 x BC-16 and BC-11 x BC-16 showed maximum significant heterobeltiosis for
node number to first female flower, fruit length, diameter, weight, and number of fruits

per plant and total yield per vine, respectively.

Brar et al. (2011) crossed eight genetically divergent parental lines in a diallel
pattern to investigate extent of heterosis for quality traits and reaction to downy
mildew. Cross combination Long Green x Bhari Mansa had the maximum heterosis
over better parent for vitamin C and over standard check cultivar Punjab Naveen for
shelf life of fruits. Hybrid Long Green x Bhari Mansa registered best overall

performance for studied quality traits.

A field trial was conducted to study heterosis for yield and its components in
cucumber through 10 x 10 diallel analysis. The three best performing F; hybrids
for total yield per plant were DC-2 x PCUC-28, PCUC-28 x VRC-11-1 and DC- 2 x
VRC-11-1, which showed 50.43, 43.61 and 35.32 per cent significant heterosis over top
parent DC-2, respectively (Sarkar and Sirohi, 2011). Rabou and Hamed (2011) while
studying ten F; hybrids for estimation of heterosis for some economic characters
observed that seven out of ten evaluated hybrids showed significant positive heterosis
over the better parent ranging from 18.24% to 138.39% for total yield per plant. The
cross combination Cus 2-11-519 x Cus 2-23-576 showed maximum heterosis
(138.39%) followed by Cus 2-11-519 x Cus 1-12-26 (60.26%) and Cus 3-2-14 x Cus 1-
12-26 (49.80%).
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Singh et al. (2012) studied heterosis in 36 F; hybrids for different fruit
characters. The crosses BSC-1 x BSC-2, BSC-1 x CHC-1, VRC-11-2 x CC-5 and CC-
7 x CHC-1 recorded positive and significant heterosis over standard parent and better
parent, and concluded that these hybrids can be commercialized for high yield in
cucumber cultivation. In the same year, Mule et al. (2012) studied heterosis for fruit
yield and its components in a set of 27 F; hybrids of cucumber obtained from a Line x
Tester method involving twelve diverse parents. Hybrids Pilibhit Local x K-90
followed by Sheetal x SPP-44 and Sheetal x CC-9 have exhibited high heterobeltiosis
for fruit yield and its component characters. These crosses involved Poor x Poor and
Poor x Good combiner parents. Further improvement in fruit yield could be possible

through the hybridization and selection in transgressive segregants.

In another study, Airina et al. (2013) observed significant heterosis for most of
the characters studied except for average weight of the fruit. The F; crosses EC 709119
x |1C 538155, EC 709119 x IC 527427, EC 709119 x IC 538186 and EC 709119 x IC
410617, recorded high heterobeltiosis for fruit yield and number of fruits per plant in
cucumber. In the following year, Singh et al (2014) conducted an experiment to
estimate heterosis for yield and its component traits in a 8x8 parent diallel cross
excluding reciprocals. They observed that the maximum heterosis for yield per vine
was expressed by the cross combinations PCUC-15 x PCUC-15-1 (211.70) followed by
CHC-2 x C 99-12 (177.66), PCUC-15 x CHC 2 (97.35), PCUC 15-1 x BIHAR (69.84)
and EC 43342 x C 99-12 (62.10). The cross CHC 2 x C 99-12 also showed significant
heterosis for fruit weight, number of fruits per vine and vine length and was found to be

one of the best crosses for yield per vine.

Pati et al. (2015) reported heterosis in cucumber for yield components in 28 F;
crosses and reported that GBS-1 x Pusa Uday showed heterosis for earliness characters,
fruits number per plant and yield per plant, whereas, GBS-4 x Pusa Uday recorded
appreciable amount of heterosis for fruit length, average fruit weight and fruit diameter.
In the same year, Jat et al. (2015) developed twenty one F; hybrids by using seven
parental lines including two gynoecious lines in a half diallel mating design to
determine heterosis for earliness, yield and yield related traits. PPC-2 x Pusa Uday,
GPC-1 x Pusa Uday and PPC-2 x Punjab Naveen were the three best heterotic hybrids
for yield per plant, showing 64.51, 55.61 and 54.57% heterosis, respectively, over
standard check Pusa Uday.
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Singh et al. (2015) studied heterosis for yield and its related characters in an
8x8 parent diallel cross excluding reciprocals and observed wide range of economic
heterosis for most of the characters studied. Heterosis over better parent for yield per
vine ranged from -66.16 to 162.43%. Maximum heterosis for yield per vine was shown
by the cross combinations PCUC 15 x PCUC 15-1, PCUC 15-1 x BIHAR 1, EC 43342
x C 98-6, EC 43342 x C 99-10 and PCUC 15-1 x C 98-6. In the following year, Singh
et al. (2016) while evaluating eight parental lines and their 28 hybrids along with a
standard check reported that the extent of heterosis varied from -14.31 to 18.27 over
better parent and -21.26 to 2.24 over standard check. Hybrid ACC-2 x ACC-6 and
ACC-5 x ACC-7 were found to exhibit maximum heterosis over better parent and
standard check, respectively. For number of fruits per vine, the extent of heterosis
ranged from -28.15 to 32.15 over better parent and -17.80 to 35.17 over standard check.
Maximum heterosis over better parent and standard check was exhibited by ACC-3 x
ACC-4 and ACC-2 x ACC-8, respectively.

Kaur et al. (2016) crossed eight diverse cucumber genotypes in a half diallel
mating design to obtain 21 F; hybrids for estimation of heterosis for quality attributing
traits. JLG x NCH-1 was found to exhibit the maximum heterosis for flesh to seed
cavity ratio over better parent (16.67%) and standard check NS-404 (11.11%), while
that for total soluble solids was shown by JLG x Summer Kheera over better parent
(31.06%) and standard check (34.39%).

Sandeep et al. (2017) evaluated F; population of 48 crosses, developed by
crossing 16 lines (8 gynoecious) and 3 testers and revealed that parental lines LC-1-1,
CGN-20953, CGN-19533, Gyne-5, LC-15-5 and testers Japanese Long Green and K-75
were found superior on the basis of mean performance and general combining ability
effects. The cross combinations LC-1-1 x K-75 (monoecious), CGN-19533 x K-75
(gynoecious), CGN-20953 x Poinsette (gynoecious), Gyne-5 x K-75 (gynoecious) and
LC-3-3 x Poinsette (monoecious) excelled based on per se performance, specific
combining ability and heterosis studies. In the same year, Shailaza et al. (2017) used
gynoecious Pgyn-1, Pgyn-4, Pgyn-5 and ten monoecious cucumber genotypes viz.,
PCUC-28, PCUC-8, PCUC-83 US-832, PCUC-15, PCUC-25, PCUC-35, PCUC-208,
PCUC-126 and Punjab Naveen were selected and crossed in line x tester mating design

to produce 30 cross combinations during 2013. The F; and parents were evaluated
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during spring-summer 2014. The cross Pgyn-1 x PCUC-35 showed positive heterosis
over better parent and Pgyn-5 x US-832 over standard parent for days to first female
flower and days to first harvest. Eighteen crosses showed heterobeltiosis for node
numbers to first female flower. Highest heterobeltiosis was observed in Pgyn-5 x
PCUC-28 (31.79%) for average fruit weight. For fruit yield highest value of
heterobeltiosis was recorded in cross Pgyn-5 x PCUC-28. Highest heterobeltiosis was

observed in Pgyn-4 x US-832 for number of fruit/vine.

A field trial was carried out by Simi et al. (2017) to investigate the heterosis for
quantitative characters in 39 cucumber genotypes (19 parents and 20 F;) were
investigated. The analysis of variance indicated the highly significant differences
among the parents and hybrids for 19 characters studied. Considerable coefficient of
variation was observed for branches per plant, flesh thickness, placental thickness, fruit
length, fruit width, male and female flowers per plant, leaf length, leaf breadth, vine
length, fruits per plant, fruit yield per plant indicating the scope of selection for those
characters. The characters like branches per plant, male and female flowers per plant,
fruit length, fruit weight, fruits per plant, fruit yield per plant contributed the maximum
variability towards divergence among cucumber genotypes. Heterosis study depicted
that the crosses Sobujsathi x Baromashi, Sobujsathi x Khira, Himaloy x Khira,
exhibited significant positive heterosis for 50% female flowering; Himaloy x
Baromashi, Baromashi x Greenking for fruit length; Baromashi x Hero, Yuvraj x Khira
for single fruit weight. Where Sobujsathi x Baromashi, Shilax Khira, Modhumoti x
Hero and Modhumoti x Khira exhibited significant positive heterosis and
heterobeltiosis for yield per plant. The highest positive heterotic effect for no. of fruits
per plant was observed in Modhumoti x Baromashi (20%). The highest heterobeltiosis
effect was found in hybrid Himaloy x Yuvraj (24.5%) followed by Sobujsathi x Khira
(11.2 %), Modhumoti x Baromashi (10.0 %). Four crosses exhibited significant
positive better parent heterotic effect for this trait and the combination Sobujsathi x
Baromashi had the maximum heterosis on yield (47.6%). The maximum heterobeltiosis
effect was found in Shila x Khira (27.73 %) followed by Modhumoti x Hero (15.14%)
and Modhumoti x Khira (10%) for fruit yield.

In an experiment, Bhutia et al. (2018) studied the heterosis for yield and its

component traits in eight parental lines and 28 F; hybrids obtained from 8 x 8 half
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diallel cross excluding reciprocals in randomized block design (RBD) with three
replication. P, (Pusa Uday), Ps (DC-1) and Ps (Punjab Naveen) were observed to be
three best performing parents for total yield per plant. Appreciable heterosis was
recorded over standard check (Pusa Uday) for all the traits studied except for fruit
width. Three best performing hybrids were Pusa Uday x DC-1 followed by Pusa Uday
x Kalyanpur Green and Pusa Uday x Punjab Naveen which showed significant
heterosis of 86, 62.9 and 56.11%, respectively over standard parent for yield and other
desirable traits and these hybrid combinations may be exploited for commercial

cultivation.

Ene et al. (2019) estimated heterosis and revealed that cross ‘Zna Capso’ had
the highest Better Parent (BP) heterosis in total fruit yield/ha while ‘BA Capso’ had the
highest Mid Parent (MP) heterosis in the same trait. Significant general (GCA) and
specific (SCA) combining ability variances were obtained in all the traits implying that
both the additive and non-additive gene effects operated in the genetic expression of the
traits. Relative magnitude of GCA and SCA variances indicated preponderance of
additive gene action for all the traits. ‘Beit Alpha’ and ‘Straight 8 are best general
combiners while ‘BA Capso’ and ‘Capso Strght 8 were the best specific combiners for

total fruit yield.
2.3 Combining ability

The combining ability analysis gives useful information regarding the selection
of parents in terms of the performance of their hybrids. The term general combining
ability (GCA) indicates the performance of a line in several hybrid combinations and
specific combining ability (SCA) to designate those effects in certain combinations
which significantly departed what would be expected on the basis of average
performance of the lines involved. The analysis of combining ability is the most
important and efficient tool in selecting desirable parents for hybridization. General
combining ability (GCA) is due to additive genetic variance and additive x additive
epistasis, whereas specific combining ability (SCA) is due to dominance genetic
variance and all types of epistasis i.e. additive x additive, additive x dominance and
dominance x dominance. The estimation of GCA manifests selection of suitable

parents for hybridization whereas; SCA helps in the identification of superior cross
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combinations. Griffing (1956a) revealed combining ability analysis, to estimate the
type of gene action involved in the study of inheritance of important quantitative traits,
and Griffing (1956b) suggested that it can be estimated by combining ability analysis.
Balliu et al. (2000) crossed five long fruited cucumber lines in diallel design. They
reported that most yield components appeared to be under additive gene control. Sex

expression appeared to be under both additive and non-additive control.

Verma et al. (2000) reported parent K-27080, CC-3, C-12, Gy-2 were found
good general combiner for yield and its component traits. High SCA effect for yield
and other trait were exhibited by cross combination JLG x C-12, K-27080 x C-12, K-
27080 x CC-3. Similarly, Bairagi et al. (2001) observed that parental lines PCUC-98-
25, DC-1 and C-31 were superior and good general combiners for the characters
studied. Among F; crosses, PCUC-98-25 x C-31 recorded significant SCA effects for
each and every character under study. The GCA variance was superior to the SCA

variance, which suggests the predominance of additive gene action for the characters.

Sharma et al. (2001) studied the combining ability in cucumber using line x
tester mating design. The lines GYNL and Poona Khira were good general combiner
for earliness, whereas Sel. 72-5, Swarapurna followed by GYNL and Sheetal were
good general combiner for marketable fruit yield and its attribute. The hybrids Sel. 72-5
x Poinsette and Swarapurna x Poinsette observed significant SCA effects for 4 and 6

characters out of 7 characters studied, respectively.

In a field study, Lopez and Staub (2002) studied combining ability in three
Cucumis sativus varieties (Gy-14, H-19 and Gy-7) and one C. sativus var. hardwickii
(WI1-5551). GCA was significant for fruit number, length/diameter ratio, number of
female flowering nodes and days to anthesis whereas, SCA was significant for fruit
number and days to anthesis. Fang et al. (2004) found that GCA variance for earliness
of yield comprised 91.92% of the genotypic variation. The SCA variation for the total
yield comprised of 82.92% of the total genotypic variance. Parental line 04 reported the
highest GCA for earliness and total yield per plant, whereas parental line 03 and 06

reported the maximum SCA for earliness and total yield, respectively.

Kumbhar et al. (2005) studied combining ability for yield and its components

viz., days to first female and male flowers, number of female and male flowers, days to
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first fruit picking, fruit length and diameter, number of fruits per vine and average fruit
weight during summer 2001 in Pune, Maharashtra, India, with 28 F; hybrids of
cucumber obtained by 8 x 8 diallel among 8 parents. The characters studied were
governed by additive and non-additive gene action. There was close agreement
between per cent performance of parents and general combining ability effects for all
the characters. The best specific combinations were those involving parents with low
and/or high combining ability. Shubhangi and Sheetal were identified as the best
combiners for yield. The specific combinations Improved Long Green x Himangi and

Poona Khira x Junnar Local were identified as the best hybrids.

Li et al. (2005) analyzed general (GCA) and specific combining ability (SCA)
for five main quality characters viz., protein content, total sugar content, fruit length,
flesh thickness and fruit dry weight of pickling cucumber. GCA effects were high for
protein content, total sugar content, flesh thickness and fruit dry weight of line ZR22,
indicating its potential for use as parent in hybridization. SCA effects were high for all
quality characters in LN11 x ZR22, indicating that this hybrid can be used in breeding
for high-quality pickling cucumber. Munshi et al. (2006a) reported that mean square
due to GCA and SCA were highly significant for mostly all the characters under study,
showed the role of both additive and non-additive genetic components of variation.
SCA was higher than the GCA component of variance in every character which
indicated the role of non-additive gene action. The parents P;, P, and P, were found to
be the good combiners for yield/plant. The hybrids P4 x Pg, P, x Pg and P3 x P4 were
most capable combinations for many traits including yield/plant. In the same year,
Shushir et al. (2005) observed Shubhangi, Sheetal and Talegaon local as the best
general combiner for yield. The SCA effect was highest for the cross Long Green x

Himangi and Poona Khira x Junagarh Local.

Yudhvir and Sharma (2006) reported that SCA variances were higher than GCA
for each and every character except length of the fruit and fruit diameter, showing the
importance of non-additive gene action. The parental lines AAUC-2 and Sel-75-1-10
were good general combiners for yield and other related traits. The crosses Sel-75-1-10
x K- Paprola and CHC-2 x Sel-75-2-10 found significant SCA for yield and fruits
number per plant. In the same year, Munshi et al. (2006) conducted field studies to

analyse the combining ability of a 6 x 6 diallel cross of cucumber excluding
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reciprocals. The mean square due to general (GCA) and specific combining abilities
(SCA) were highly significant for almost all the characters indicating the importance of
both additive and non-additive genetic components of variation. The SCA component
of variance was higher than the GCA component of variance in all characters which
indicated the importance of non-additive gene action for the control. Predictability ratio
and average degree of dominance observed to be less than 0.5 and more than 1,
respectively, for all the characters studied further confirmed the role of non-additive
component of variance. The parents Py, P, and P, were found to be good combiners for
number of characters including yield per plant. The crosses P4 X Ps, P2 X Psand P3 X Py
were the most promising combinations for different characters including yield per
plant. The results indicated the importance of heterosis breeding for effective utilization
of non-additive gene action.

A field experiment was conducted by Singh and Sharma (2006) to evaluate the
combining ability in 15 cross combinations (5 x 3) with 8 parents for 12 characters.
Significant differences in the parents indicated that the majority of the parents had
diversity for almost all the characters studied. Variance due to SCA was higher than
that of GCA for all the characters except fruit length, fruit diameter and TSS, indicated
the importance of non-additive gene action. The presence of non-additive gene action
was predominant for most of the characters studied suggested the importance of hybrid
vigour for these characters. In the subsequent year, Yadav et al. (2007) found that the
parental lines 2020, 2017, 2231 and 2336 recorded a significant GCA effect. On the
basis of SCA, seven superior heterotic crosses, namely 2237 x 2226, 2237 x 2238,
2015 x 2014, 2228%2238, 2028 x 2238, 2336 x 2014 and 2229 x 2226 were found

superior for yield and yield related traits.

Hanchinamani and Patil (2009) studied thirty five F; hybrids of cucumber
involving 12 parents to work out the combining ability for yield and its contributing
traits. Significant differences in the parents revealed that majority of the parents had
diversity for total yield per vine, total number of fruits per vine, fruit length, vine
length, fruit diameter, average fruit weight, number of branches per vine, days to first
female flower appears, node number at which first female flower appears. Considering
combining ability values, parents BGDL, DWD-2, GBGL and Poinsette were found to

be superior for total fruit number per vine, parents BGDL, DWD-2 and Vejundra Dosa

Review of Literature............... e



for total fruits yield per vine, parent BGDL, White Long, Vejundra Dosa and BGBL for
average fruit weight and parents BGDL, PAU-1 and ARABL for high vigorous plants.
The cross BGDL x Hot Season showed significant positive SCA for total fruit yield per

vine and total number of fruits per vine.

In an experiment, Tiwari et al. (2009) studied combining ability analysis in a
half-diallel cross of cucumber resulted the mean square due to general combining
ability (gca) and specific combining ability (sca) were highly significant for almost all
the characters. Specific combining ability components of variance were higher than
general combining ability components of variance in all the characters which indicated
the importance of non- additive gene action. Predictability ratio and average degree of
dominance confirmed the role of additive and non-additive gene action. The parents
CRC-8, CHC-2, G-338, Pusa Uday, DC-1 and CH-20 were observed to be good
combiner for number of characters including yield per plant. The crosses CRC-8 x Pusa
Uday, CHC-2 x Pusa Uday and CHC-2 x DC-1 were most promising combination

different characters including yield per plant.

Kumar et al. (2009) studied combining ability using cross combinations of
salinity-tolerant and salinity sensitive inbreds and indicated that the mean square due to
GCA and SCA were significant in desirable direction for all the characters. The
potential cucumber hybrid CRC-8 x Pusa Uday and CHC-2 x Pusa Uday were found
superior for earliness; yield and its attributing traits based on high SCA effects and
could be exploited in saline areas of our country. In the same year, Uddin et al. (2009)
reported significant differences among the parents and hybrids/crosses for GCA and
SCA respectively. The lines F;, My, Fg and F; were found as the good general
combiners for fruit yield per plant. Fg x M, was the best specific combiner for fruit

yield per plant.

Yoshioka et al. (2010) reported that GCA effects were more significance than the
SCA effect in determining the performance of the hybrid. Estimates of the GCA effects
were highly significant for most parental genotypes and were highly correlated with the
actual performance of parental genotypes. Sarkar and Sirohi (2010) revealed that the
mean square due to general combining ability and specific combining ability were highly

significant for every characters studied, further revealed that both additive and non-
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additive gene actions played an important role for inheritance of these traits. The parental
line DC-1 recorded highest GCA for weight of the fruit, length of fruit and yield per plant
and parental line DC-2 recorded maximum favourable GCA effects for node number of
first female flower and fruits per plant. The hybrid DC-1 x PCUC-28 and CH-20 x

Himangi, were superior hybrids over its top parent for total yield per plant.

Chirani et al. (2011) demonstrated combining ability and heterosis in a 6x6
partial diallel cross to see the nature of gene action in cucumber (Cucumis sativus L.)
and analysis of variance revealed high significant differences among all the F; hybrid
means and among their respective six parental values for all the traits examined. The
mean squares attributed to general combining ability (GCA) and specific combining
ability (SCA) was also highly significant. SCA genetic variances were greater than
those of GCA and more important for the traits of marketable yield as well as simple
weight index, showing the dominance of non- additive gene action. Early yield and
non-marketable yield were controlled by additive and non-additive type of gene action
due to high GCA variances. Line 504 with its bearing of high general and specific
combining ability is finally found desirable regarding cucumber hybrid seed production

and therefore is recommended.

In the field experiment, Dogra and Kanwar (2011) reported that the high
estimates of GCA were exhibited by parental line G2 and Gynl for most of the
characters under study. The cross combinations K-90 x G2 and K-90 x Gyn1 recorded
high SCA estimates and per cent performance for yield and number of fruits/plant.
Similarly, Kushwaha et al. (2011) observed that both GCA and SCA variances were
significant for all the characters studied. In general, the mean squares for GCA were
larger than SCA for all the characters except yield per plant. BC-11 x BC-16, BC-15 x
Poinsette and BC-13 x BC-14 were the most promising hybrids and showed highest
SCA effects for yield per plant.

Olfati et al. (2012) made a comparison among two forms of half-diallel analysis
in cucumber. The different half-diallel techniques used were Griffing’s model I,
method 2 and 4. These methods of diallel analysis were found to be interrelated.
However, as Griffing’s model I, method 4 partitioned heterosis into different

components as well as gave information about combining ability and this method had
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certainly some advantages over the other. The results further indicated using parental
generations in the second Griffing method may cause biased estimate of the GCA and
SCA variances. Thus, using the fourth Griffing method is more suitable than the other
methods in providing time, cost, and facilities, and it is recommended as an applicable

method.

In another trial, Singh et al. (2012) evaluated the F; and F, progenies of a 8 x 8
parent diallel cross (excluding reciprocals) of cucumber (Cucumis sativus L.) to
analyze the combining ability and found that analysis of variance for combining ability
revealed highly significant GCA and SCA variances for all the characters studied in F;
and F, generations. However, the estimated values of GCA variance were lower than
the SCA variance for all the traits in both F; and F, generations indicating the
predominance of non-additive genetic variance. The parent C 99-12 was best general
combiner for yield per vine, days to first male flower, fruit length, fruit weight and vine
length in both the generations. The cross combinations EC 43342 x C 99-10, EC 43342
x C 98-6 and PCUC 15-1 x C 98-6 were observed as good general combiners for

yield/vine in both F; and F, progenies.

An attempt was made to cross 6 diverse cucumber lines (Cucumis sativus L.) in
diallel fashion excluding reciprocals. The 15 F; hybrids along with six parental lines
were grown in randomized block design with three replications. The mean square due
to GCA and SCA were highly significant for almost all the traits under experiment. The
parents Py, P,, Ps and Pg were observed to be the good combiners for a number of
characters, including yield per plant. The crosses, Py X Ps, P> X Ps and P, x Pg were
most promising combinations for earliness and other desirable characters including

yield per plant (Kumar et al., 2013).

Olfati et al. (2013) studied general and specific combining ability and heterosis
estimation of some cucumber lines for qualitative traits in partial diallel design in a 6 x
6 partial diallel cross to see the nature of gene action for fruit quality indices in
cucumber (Cucumis sativus L.) and they observed highly significant differences among
all the F; hybrid means and their respective six parental values for all the traits
examined. The mean squares of general combining ability (GCA) and specific

combining ability (SCA) were highly significant. In the same year, Bairagi et al. (2013)
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reported that genotypes PCUC-25, PCUC-15, and PCUC-83 were good general
combiners for maximum of the economic traits including number of fruits and fruit
yield per plant where as the crosses PCUC-83 x PCUC-25, PCUC-83 x PCUC-15,
PCUC-25 x PCUC-15 and PCUC-8 x PCUC-15 were good specific combiners for most

of the economic traits studied including number of fruits and fruit yield per plant.

In an experiment, Kumar et al. (2013) demonstrated that the mean square due to
GCA and SCA were highly significant for most the characters studied indicating the
importance of both additive and non-additive type of genetic components. The parental
lines CRC8 CHC-2, Pusa Uday, DC-1 were good combiners for many of the characters,
including yield per plant. The hybrids, CRC-8 x Pusa Uday, CHC-2 x Pusa Uday and
CHC-2 x DC-1 were superior performing for earliness traits and other characters which
includes yield per plant. In the subsequent year, Vidhya and Kumar (2014) evaluated
five genotypes namely CS-36, CS-10, CS-17, CS-37 and CS-39 for studying combining
ability effects. CS-37 and CS-39 exhibited high gca for almost all the traits. High sca
effects were recorded by hybrids CS-39 x CS-19, CS-37 x CS-17, CS-37 x CS-39 and
CS-17 x CS-39.

Reddy et al. (2014) evaluated thirty six F; hybrids along with their parents for
their combining ability for ten important quantitative characters and the results revealed
that specific combining ability component of variance (c2s) was higher than general
combining ability component of variance (c2g) for all the characters, which indicated
the importance of non-additive gene action for improvement. The predictability ratio
was observed to be < 0.5 for all the traits except node number of first female flower,
which further confirmed the predominant role of non-additive component of variance

for improvement of these traits.

In a field study, combining ability of fruit yield and morphological traits in
greenhouse cucumber (Cucumis sativus L.) using a 9 x 9 full diallel population was
analyzed. Data were collected on internode length, leaf length, leaf width, fruit length,
and fruit diameter, number of fruits per plant, yield per fruit and yield per plant.
Variance components showed that both the additive and the dominant gene effects
played significant roles in the genetic control of the traits studied. Genetic control of

internode length, leaf width and number of fruits per plant was accomplished by
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additive effects. The significant mean squares of reciprocal crosses for all the studied
traits suggested that maternal inheritance also played an important role in the
inheritance of these traits. Significant general combining ability for fruit yield revealed
that both selection and hybridization methods would lead to desirable genetic
improvements in cucumber through accumulation of desirable alleles from parents in

the target genotype, but that hybridization would be preferred (Golabadi et al., 2015)

Pati et al. (2015) studied combining ability for yield and its related traits. The
magnitudes of variance due to GCA as well as SCA were highly significant which
indicated the significance of both additive and non-additive gene action. In order of
superiority the gynoecious based hybrids GBS-1 x Pusa Uday and GBS-1 x Punjab
Naveen followed by monoecious hybrid GS-4 x Pusa Uday, exhibited highest SCA
effects for many characters including yield per plant. In case of yield and other yield
contributing characters where SCA component of variance (s2 s) is higher than GCA
component of variance (s2 g), indicated preponderance of non- 15 additive gene action.
Hence, the improvement programme based on heterosis breeding would be appropriate

for improving these traits.

Kaur et al. (2016) while studying eight diverse cucumber genotypes and their
28 F1 hybrids for combining ability analysis for quality traits found that the parent Gy-
14 (flesh to seed cavity ratio and -carotene) and Swarna Sheetal (ascorbic acid and dry
matter content) were the best general combiner. The cross combination EC-27075 x
Summer Kheera showed highest sca effect for total soluble solids whereas Pant
Kheera-1 x Japanese Long Green had highest sca for ascorbic acid content. In the same
year, Kumar et al. (2016) worked on the development of parthenocarpic gynoecious
hybrid in cucumber. They evaluated 48 F; crosses developed by crossing sixteen lines
and three testers along with two standard checks, namely, KH-1 and Pusa Sanyog.
Lines LC-1-1, CGN- 9 21585, LC-28-8, CGN-20953 and testers Japanese Long Green
and K-75 were found to be superior on the basis of mean performance and general
combining ability. Best cross combinations exhibiting high sca effects were observed to
be LC-1-1 x K-75 (monoecious), CGN-21585 x Japanese Long Green (gynoecious),
CGN-19533 x K-75 (gynoecious), CGN20953 x Poinsette (gynoecious) and LC-28-8 x
K-75 (monoecious).
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Airina et al. (2017) studied twelve F; hybrids of cucumber derived from a top
cross involving twelve monoecious parents and a stable gynoecious inbred (EC
709119) as female parent were evaluated in randomized block design (RBD) with three
replications to assess general combining ability (GCA). Significant GCA effects were
observed for all the characters except days to first male flower anthesis. The estimates
of GCA effects revealed that none of the parents exhibited good GCA for all the
characters together. Among 12 parents, CS123 was observed good general combiner
for fruit yield per vine, length of main vine, branches per plant, number of harvests,
duration of the crop, fruits per plant and number of seeds per fruit. The parents, CS128
and 1C 538186 were good general combiners for earliness. The parent CS127 was

found to be superior for fruit length, weight and girth.

In a field study, four selected advanced inbred lines were crossed as females
with three testers as males in a Line x Tester scheme to produce 12 F; crosses. Seven
parents and their 12 crosses along with Hesham F; as a check hybrid, were evaluated
for agronomic traits under greenhouse at a private farm in EI-Nubaria city, during the
winter season of 2016-2017, to estimate the extent of heterosis and combining ability.
The experiment was conducted in a randomized complete blocks design with three
replications. The results indicated significant differences among parents, crosses, lines,
testers, and their interaction for all studied traits. Non-additive gene action was more
important than the additive one for most traits. The lines 62 and 62A as well as the
tester 54A, were good combiners for most traits. The cross 63 x 54A has the greatest
specific combining ability effects for early yield and total yield traits. Moreover, it had
the greatest heterotic and superiority values for early yield and total yield traits, except
for the superiority over the check hybrid for total yield, since, the crosses 62 x 54A and
62 x 54C, for total weight and total number of fruits in addition to the crosses, 62 x
54D, 62A x 54A, and 62A x 54C for total weight of fruits, had the greatest values of
superiority over the check hybrid (Al-Araby et al., 2019).

Rajguru et al. (2020) crossed seven cucumber genotypes (3 lines and 4 testers)
in a line x tester mating design. The resultant 12 hybrids and their parents were studied
using Randomized Block Design with two replications. They observed sufficient
genetic variability for all the characters under study. The parents L, (Koradacherry
local), T, (Orathanadu local) and T3 (Aipatti local) exhibited high positive GCA
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(General Combining Ability) effects for yield related traits and high negative GCA
effects for earliness characters. The parent T, identified in this study may be used in
multiple crossing programme to isolate high yielding varieties. Among the hybrid
combinations, L,xTs, LyjxT, and L3xT, expressed the maximum positive significant
SCA (Specific Combining Ability) effects for yield and yield associated characters.

2.4 Screening of parents and F; against downy mildew (Pseudoperonospora
cubensis)

Call et al. (2012) evaluated 1300 cultigens in Clinton, NC, and Skierniewice,
Poland under natural field epidemics. The most resistant and susceptible cultigens were
further studied in replicated experiments in North Carolina and India. Fungicide
experiments were conducted in 2008 and 2009 to identify tolerance, involving weekly
applications to one of two sets of material at a location. Results from this study
confirmed the results of the initial screening. The most resistant cultigens over all
environments were Pl 605996, Pl 330628, and Pl 197088. Cultigens have been found
that significantly outperform checks in all resistance traits. High yielding and tolerant

cultigens have also been identified that could be used in developing improved cultivars.

Later in 2015, Metwally et al. (2015) examined 133 such accessions for downy
mildew resistance under natural field epidemics during the summer 2013 at El-Beheira
Governorate, Egypt. Mean ratings for downy mildew leaf damage ranged from 1 to 9
on a 0to 9 scale. They classified 18 Pl accessions (13.5%) as highly resistant (rating of
1.0-2.0), 46 (34.5%) as moderately resistant (rating 2.1-4.0), 40 (30%) as intermediate
(rating 4.1-6.0), 12 (9%) as moderately susceptible (rating 6.1-7), and 17 (13%) as
highly susceptible (rating > 7.1). They found most resistant Pl accessions were
P1432870, Pl 432873, P1 432878, Pl 432884, and Pl 432886 with a rating of 1, which
originated from China. The most susceptible PI accessions were Ames7736, Pl 211979,
P1 288991, P1 288992 and Pl 289698 with a rating of 9. The five most resistant and five
most susceptible accessions were further evaluated in replicated experiments during the
summer 2014. Results from the repeated test confirmed the results from the first
screening. No Pl accession was found immune to downy mildew. However, high levels

of resistance were observed in several Pl accessions.

In an experiment, Kumar et al. (2018) planted 48 F; hybrids, developed by

crossing 16 lines (eight gynoecious) with three testers. Parents (16 lines and three
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testers) and their F; 48 hybrids, along with two standard checks (“KH-1" and “Pusa
Sanyog”), were planted in a Randomized Complete Block Design (RCBD) for
screening against downy mildew diseases under natural field conditions. In the study,
genotypes LC-1-1, LC-2-2, LC-15-5, CGN-20969, CGN-20953, Poinsette and K-75
and crosses LC-1-1 x K-75, LC-15-5 x K-75, LC-3-3 x K-75, CGN-20969 x Japanese
Long Green, and CGN-20953 x K-75 were found superior in response to insect-pest

and disease incidence. Whereas testers were found good for severity of downy mildew.

In the following year, Manisha et al. (2019) conducted experiment comprised
15 F; crosses, developed by crossing 6 genotypes during the year 2015. Parents and the
15 hybrids, along with standard check (KH-1), were planted in a randomized complete
block design during the year 2016 for screening against different insect-pest and
diseases under natural field conditions. In the present studies, genotypes PI1-618860,
UHF-CUC-1, UHFCUC-2 and Khira-75 and crosses Khira-75 x P1-618860, Khira-75 x
UHF-CUC-1 and Khira-75 x UHF-CUC-2 were found superior in response to downy

mildew disease incidences.
2.5 Molecular markers for studying genetic diversity of cucumber lines

Molecular marker technology provides information that can help to define the
distinctiveness of germplasm and helps to rank them according to the number of close
relatives and their phylogenetic position. It is a complementary approach for genetic
characterization. Genetic markers have been employed for the characterization of

genetic diversity present in cucumber (Meglie and Staub, 1996).
2.5.1 SSR Markers

Molecular- markers are special segments of DNA which flag the presence of
genes that control particular trait. DNA markers reveal neutral sites of variation at the
DNA sequence level, i.e. variation are not evident in morphology and each might be
nothing more than a single nucleotide difference on a gene or a piece of repetitive
DNA. Since the advent of polymerase chain reaction, many techniques have been
developed to detect DNA polymorphism. Such polymorphism has utility in plant
genetics and breeding. DNA fragment and sequence analysis have been used for
genetic mapping experiments, diversity analysis and more recently marker assisted

selection in many crop species.
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Fazio et al. (2002) studied development and characterization of PCR markers in
cucumber. Experiments were designed to develop simple sequence repeats (SSR),
sequence characterized amplified region (SCAR), and single nucleotide polymorphisms
(SNP) markers and optimize reaction conditions for PCR. A set of 110 SSR were
constructed using a unique methodology. Four SCARs and two PCR markers based on
SNPs that are tightly linked to multiple lateral branching (i.e. a yield component) were
also developed. SNP markers were developed from otherwise monomorphic SCAR
markers, producing genetically variable amplicons. This array of markers substantially

increased the pool of genetic markers available for genetic investigation in cucumber.

In an experiment, Lang et al. (2007) studied random amplification of
polymorphic DNA (RAPD) markers to evaluate the relationships among 14 cucumber
cultivars. A total of six RAPD primed sites were used to calculate Jaccard’s distance
coefficients for cluster analysis using an un-weighed pair-group method using an
arithmetic averaging (UPGMA) algorithm. The genetic relationships identified using
RAPD markers were highly concordant, such that the correlation between SSR and
RAPD genetic distance (GD) estimates was r=0.73 through RAPD analysis of 14
accessions allowed for their grouping into two distinct groups designated as CS and

CM. In the same year,

Yeboah et al. (2007) constructed a genetic map based on sequence related
amplified polymorphism (SRAP) and ISSR markers for cucumber based on the
segregation of SRAP and ISSR markers in 112 plants of F, population derived from a
cross between two cucumber inbred lines PW0832 and PW0801. In the investigation of
polymorphism with 50 ISSR and 132 SRAP primer combinations, 13 (26%) ISSR
primers and 26 (20%) SRAP primer pairs were polymorphic. The average polymorphic
bands were four for ISSR and two for SRAP.

Parvathaneni et al. (2011) generated 109 polymorphic alleles with 15 ISSR
primers. The ISSR primer UBC 825 was highly informative with a PIC value of
0.8934. IlI contained the highest number of genotypes, namely Kanivellari, Sankagiri
Local, Perundurai Local, Long Melon, and Sempatti Local, while clusters I, 11, IV, and
V (Karur local, Andaman Local, Edapaddi Local, and N 78, respectively) contained the

minimum number of genotypes.
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Manohar et al. (2013) evaluated the genetic diversity among 39 cucumber
collections from Karnataka using 23 RAPD and 18 ISSR primers. Out of 309 bands
scored 147 (47.57 %) were polymorphic. UBC855 primers revealed the highest PIC
(polymorphism information content) value of 0.49, whereas Jaccard s similarity
coefficients ranged from 0.36 to 0.84. The UPGMA phenogram and the PCA (Principle
component analysis) indicated that the populations formed five major clusters. CSC 83
(774 g per fruit) and CSC 71 (yellow skin) are considered to be the most important
collections to be stressed for further breeding purpose. In the same year, Pandey et al.
(2013) used morphological and SSR markers to study the genetic variation among 44
cucumber accessions. They found high genetic variability in days to 50% female
flowering, number of fruits per plant, individual fruit weight and root length. The
accessions represented genetically diverse populations (Jaccard’s similarity coefficient
= 0.25 to 0.85) and allelic diversity of polymorphic markers ranged from 0.001 to
0.9396 (average= 0.31). They further reported that clustering pattern of SSR markers

was not in consonance with the groupings based on quantitative traits.

Pandey et al. (2013) examined genetic variation in 44 cucumber accessions
using SSR markers and found the pair-wise Jaccard’s similarity coefficient ranged from
0.25 and 0.85 indicating that the accessions represent genetically diverse populations.
The allelic diversity of polymorphic markers ranged between 0.001 to 0.9396 with an

average of 0.31 based on polymorphic information content.

In the year 2014, Innark et al. (2014) demonstrated a total of 17 ISSR primers
(85%) could amplify in all 40 cucumber accessions with the percent of polymorphic
bands of each primer ranged from 0.12 to 0.45 with the mean of 0.25, while the
resolving power (RP) averaged at 1.82 and ranged in between 0.50 to 3.20. Similarly,
Singh et al. (2016) investigated the genetic diversity and similarity among 11 cucumber
genotypes using 8 ISSR markers. The 6 ISSR primers generated a total of 49
polymorphic alleles. On the basis of ISSR data, dendrogram clustered the genotypes
into two major clusters and five sub-clusters. Among all the genotypes a total of
40-100% polymorphism was observed. The similarity value ranged from 35% to 96%.
Three monocious genotypes viz., PCUC-8, PCUC-15 and PCUC-28 (Pant Khira-1)
were grouped in one cluster with 96% similarity, whereas parthenocarpic genotypes in

another cluster.
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Normohamadi et al. (2017) evaluated 10 morphological traits of 20 genotypes
of local cucumbers using 9 SSR primers. They revealed high genetic variability for the
number of flowers per plant. Jaccard’s similarity coefficient ranged between 0.51 and
0.92, indicating a high diversity among all the genotypes. A cluster analysis using the
UPGMA method was performed to evaluate the genetic similarity among genotypes.
The clustering pattern of the SSR markers did not coincide with the groupings based on
quantitative traits. A dendrogram of the cluster analysis of molecular data showed a

high diversity among the studied genotypes.

In an experiment, Dar et al. (2017) investigated genetic variation, marker
attributes and population structure in 104 genotypes of cucumber using 23 SSR primer
pairs. They further revealed that total number of alleles produced was 67 with an
average of 2.91 per locus. Allele frequency ranged from 0.215 to 0.561 with mean
value of 0.403, polymorphic information content ranged from 0.158 to 0.495 with the
mean of 0.333, marker index ranged from 0.316 to 1.54 with an average value of 0.954
and resolving power ranged from 0.346 to 2.692 with mean of 1.392. The maximum
allele frequency was reported with primer SSR 65, whereas the maximum value of
polymorphic information content and resolving power was found with SSR 61 and the
maximum value of marker index was reported with SSR60. Jaccard’s similarity
coefficient ranged between 0.07 to 0.897 with maximum similarity between genotype

G40 and G4 and minimum ranged between Gi¢ and G, and Gy and Go.

Valcarcel et al. (2018) studied molecular genetic diversity of 131 Spanish
accessions using 23 simple sequence repeat (SSRs) markers and found eighteen of
these SSRs were polymorphic; the mean number of alleles, mean observed
heterozygosity and mean polymorphic information content were 3.2, 0.065 and 0.229,
respectively. Seven SSRs showed a polymorphic information content (PIC) ranging
from 0.31 to 0.44, therefore they were reasonably informative. Around 60% of the
alleles showed a frequency higher than 0.05, and only one allele in the SSR31399

showed a frequency lower than 0.01.

In a field trial, Pati et al. (2019) assessed the genetic diversity of 36 of
cucumber genotypes based on 17 polymorphic simple sequence repeat (SSR) markers.
They revealed that genetic distance based on 17 SSR markers among 36 genotypes was

quantified ranging from 0.03 to 0.70 indicated a wide diversity present among the
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genotypes evaluated in the study. These primers produced 2-4 number of alleles with
an average 2.76. Polymorphism information content varied from 0.005 to 0.550 with an
average of 0.348. The observed heterozygosity mean was 0.098, while gene diversity or
expected heterozygosity was 0.625 to 0.057.

Kumar et al. (2020) evaluated the genetic diversity among 78 cucumber
(Cucumis sativus L.) accessions using 60 SSR markers. A total of 171 alleles were
amplified with a mean of 2.85 alleles per locus. The polymorphism information content
(PIC) ranged between 0.05 (UW084478) to 0.59 (UW084186) with a mean value of
0.36. The major allele frequency, gene diversity, and heterozygosity of these SSR
markers were 0.36-0.97, 0.05-0.67 and 0.00-0.68, respectively. The dendrogram based
on SSR marker analysis classified the 78 genotypes into two major groups those were
subdivided into ten subgroups.
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Chapter 3 MATERIALS AND METHODS

The present investigation entitled “Studies on Genetic and Molecular
Diversity in Cucumber (Cucumis sativus L.)” was carried out at Vegetable Research
Centre (V.R.C.) of the Govind Ballabh Pant University of Agriculture and Technology,
Pantnagar, Uttarakhand in the year 2017-18 and 2018-19 respectively. The details of

the materials used and the techniques adopted in the study are described in this chapter.
3.1 Cite of experiment and climate

Geographically Pantnagar is situated at the latitude of 29.5° North and longitude
79.2° East and at an elevation of 243.83 meters above the mean sea level. The weather
conditions were quite favourable for the normal growth of the crop. The climate of
Pantnagar is humid sub-tropical with maximum temperature ranging from 35.10°C to
45.40°C in summer and minimum temperature ranging from 4.80°C to 13.60°C in
winter. Generally, monsoon starts from the third week of June and ends in September.
The average annual rainfall is 1300 mm. The mean relative humidity remains almost 80-
90 per cent from mid-June to the end of February and then it steadily decreases to 50 per
cent by the first week of May and remains so till mid-June. The weekly average of
various weather parameters that prevailed during the investigation was recorded at
Meteorological Observatory of Norman E. Borlaug Crop Research Centre of the
University and are presented in Appendix I. Considering the eco-geographical conditions,
Pantnagar is located at the foothills of Shivalik range in the Himalayas and falls under the
humid sub-tropical climate in a narrow belt called Tarai. The soil of the Tarai region has
been developed from calcareous, medium to coarse-textured materials under the
predominant influence of tall vegetation and moderate to well drain condition. The
molecular experiment was carried out at the National Agricultural Innovation Project

(NAIP) laboratory, Department of VVegetable Science.
3.2 Experimental materials

The experimental material comprised of 8 genotypes which were selected based
on their diversity for different characters. From these 8 genotypes, 28 F; hybrids crosses
were developed in a half diallel mating design. The parents and their F;’s are presented

in Table 3.1 and 3.2 respectively.
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Table 3.1: List of parents with resistant check for downy mildew studies

S.No. Parent line Source
1 PCPGR - 50 Baruasagar, Jhansi, U.P.
2 PCPGR - 51 Givathikapurawa, Faizabad, U.P.
3 PCPGR - 59 Chetia, Siddarth Nagar, U.P.
4 PCPGR - 83 Mukhautia, Rai bareilly, U.P.
5 PCPGR - 112 Sultanpur, U.P.
6 PCPGR - 126 Ghosi, Mau, U.P.
7 PCPGR - 138 Hannumanganj, Prayagraj, U.P.
8 PCPGR - 149 Sultanpur, U.P.
9 Pant Khira-1(Check) V.R.C. Pantnagar, Uttarakhand
10 Poinsette (resistant check for downy NSC, New Delhi
mildew screening)

Table 3.2: List of F; hybrids developed through half diallel mating design

S.No. F, hybrids S.No. F, hybrids
1 PCPGR- 50 x PCPGR - 51 15 PCPGR -59 x PCPGR -112
2 PCPGR-50 x PCPGR-59 16 PCPGR - 59 x PCPGR -126
3 PCPGR-50 x PCPGR-83 17 PCPGR - 59 x PCPGR -138
4 PCPGR-50 x PCPGR-112 18 PCPGR - 59 x PCPGR -149
5 PCPGR-50 x PCPGR -126 19 PCPGR - 83 x PCPGR -112
6 PCPGR - 50 x PCPGR -138 20 PCPGR - 83 x PCPGR -126
7 PCPGR - 50 x PCPGR -149 21 PCPGR - 83 x PCPGR -138
8 PCPGR - 51 x PCPGR -59 22 PCPGR - 83 x PCPGR -149
9 PCPGR - 51 x PCPGR -83 23 PCPGR - 112 x PCPGR -126
10 | PCPGR -51 x PCPGR -112 24 PCPGR - 112 x PCPGR -138
11 | PCPGR -51 x PCPGR -126 25 PCPGR - 112 x PCPGR -149
12 | PCPGR - 51 x PCPGR -138 26 PCPGR - 126 x PCPGR -138
13 | PCPGR - 51 x PCPGR-149 27 PCPGR - 126 x PCPGR -149
14 | PCPGR - 59 x PCPGR -83 28 PCPGR - 138 x PCPGR -149
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Table 3.3: List of cucumber genotypes used for molecular diversity analysis

S.No. | Genotype Source S.No. Genotype Source
1 PCPGR-50 Baruasagar, Jhansi, U.P. 19 PCPGR-4273 Barogh, Lucknow, U.P.
2 PCPGR-51 Givathikapurawa, Faizabad, U.P. 20 PCPGR-196 Chumal, Champawat, U.K.
3 PCPGR-59 Chetia, Siddarth Nagar, U.P. 21 PCPGR-210 Sitapur, U.P.
4 PCPGR-66 Kalyanmadarasa, Faizabad, U.P. 22 PCPGR-87 Kanatal, Tehri, U.P.
5 PCPGR-112 Sultanpur, U.P. 23 PCPGR-211 Sitapur, U.P.
6 PCPGR-126 Ghosi, Mau, U.P. 24 PCPGR-3888 | Sultanpur, U.P.
7 PCPGR-138 Hannumanganj, Prayagraj, U.P. 25 PCPGR-44 Palampur, H.P.
8 PCPGR-149 Sultanpur, U.P. 26 PCPGR-264 Almora, U.K.
9 PCPGR-4 Palampur, H.P. 27 PCPGR-20 Chetia, Siddarth Nagar, U.P.
10 PCPGR-123 Faridpur, Bareilly, U.P. 28 EUC-1-07 Majhra, Nainital, U.K.
11 PCPGR-25 Aashapur, Varanasi, U.P. 29 PCPGR-36 Sikandrabad, Bulandshahar, U.P.
12 PCPGR-83 Mukhautia, Rai bareilly, U.P. 30 PCPGR-37 Sikandrabad, Bulandshahar, U.P.
13 PCPGR-106 Ghosi, Mau, U.P. 31 PCPGR-202 Sultanpur, U.P.
14 PCPGR-199 Chumal, Champawat, U.K. 32 PCPGR-55 Sekha, Aligarh, U.P.
15 PCPGR-73 Saung, Tehari, U.K. 33 PCPGR-62 Jaipurpadly, Nainital, U.K.
16 PCPGR-7657 Akhandnagar, Sultanpur, U.P. 34 PCPGR-135 Hannumanganj, Prayagraj, U.P.
17 PCPGR-8 Jammu 35 PCPGR-160 Vikrampur, Basti, U.P.
18 PCPGR-478 Barparwa, Gorakhpur, U.P. 36 PCPGR-7566 Dilipnagar, U.S. nagar, U.K.




3.3 Experimental Method
The investigation consisted of a number of inter related field experiments
conducted during different seasons from February, 2018 to June, 2019. The research

programme was carried out with following experiments.

I.  To determine genetic variability, heritability and genetic advance on yield

and yield contributing traits
[l.  To estimate the extent of heterosis
I1l. To determine the combining ability of parental lines and crosses
IV. To screen of parents and F; hybrids against downy mildew.

V. Molecular diversity analysis of cucumber lines.

3.3.1 Experiment 1: Development of F; population

Eight genotypes of cucumber were crossed in Half Diallel mating design during
February to June, 2018 in open field condition to obtained 28 F;, hybrid combinations.
Seeds from mature fruits were collected for evaluation of 28 F; hybrid combinations in

next season (Plate 1).
3.3.2 Experiment 2:
The collected seeds are shown in the field for following study.
(A) Evaluation of cucumber genotypes for quantitative characters.
(B) Study of heterosis and combining ability of Parents and their F; hybrid.
(C) Screening of parents and F1 hybrids against downy mildew.

F1 hybrid along with their parents were evaluated during February, 2019 to
June, 2019 in open field condition. All cultural operations were carried out and data for
all fourteen quantitative characters were recorded. Downy mildew disease screening

also done in above mentioned year (Plate 1).
3.4 Experimental Design

The experiment was laid out in a RBD with three replications. Each genotype

within a replication consisted of nine plants. The spacing between rows was kept 1.0 m
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Plate 1: Experimental field view
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Plate 2: Crossing block maintained open field conditions

Materials and Methods .............. ~



|,"1"ﬁl..’\
Yo%y
»l ™ \'

Seed extraction Seed drying

Plate 3: Fruit harvesting, seed extraction and drying
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and within plants 0.75 m. Initially 5 seeds were sown in a pit and later 1 plant

per pit was maintained after thinning.
3.5 Observations recorded

Fourteen quantitative characters were scored on each genotype in this
experiment. Five plants were randomly selected from each genotype in each replication
for recording of observations for all the plant traits. The observations were recorded for

following yield and yield contributing traits.
3.5.1 Days to first male flower

Number of days taken from the date of sowing to the appearance of first male

flower in 50 per cent of plants.
3.5.2 Node number to first male flower

The number of node to which first male flower appealed was counted from base

of the plant.
3.5.3 Days to first female flower

Number of days taken from the date of sowing to the appearance of first female

flower in 50 per cent of plants.
3.5.4 Node number to first female flower

The number of node to which first female flower appealed was counted from

base of the plant.
3.5.5 Days to first harvest

Number of days taken from the day of sowing to first harvest was recorded.
3.5.6 Days to last harvest

Number of days taken from the day of sowing to last harvest was recorded.
3.5.7 Internodal length (cm)

The distance between 5" node and 10" node was recorded and the mean value

was calculated for average distance between two nodes.
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3.5.8 Plant height (m)

The length of mam shoot was measured from base of the plant to the tip of main

shoot at the time last fruit harvesting stage.
3.5.9 Fruit length (cm)

The length of five randomly selected fruits was measured with the help of scale

and the average length was calculated in cm.
3.5.10 Average fruit diameter (cm)

The diameter of five randomly selected fruits was measured with the help of

scale and the average diameter was calculated in cm.
3.5.11 Number of fruits per plant

Total number of fruits was calculated by adding number of fruits from all
harvest in each genotype and the mean value was calculated for the number of fruits per

plant.
3.5.12 Average fruit weight (g)

Five fruits were randomly taken from each genotype and then mean fruit weight

was calculated in gram.
3.5.13 Fruit yield per plant (kg)

Total fruit weight of five plants from all harvest was recorded and the mean

yield per plant was calculated in kg
3.5.14 Fruit yield (g/ha)

Total fruit weight of five plants from all harvest was recorded and the mean
fruit yield per plant was calculated in kg and then converted into quintals per hectare.

3.6 Downy mildew of cucumber

Parents and F; hybrids were evaluated in three replication with resistant check
Poinsette. In each replication, disease incidence for downy mildew was recorded for all
twelve plants. And five plants were randomly selected for disease severity. Following

observations were recorded for downy mildew disease:
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3.6.1 Disease incidence:

Data of different parents and F; hybrids against downy mildew incidence in
present experiment taken at weekly interval day after initiation (DAI) of disease.

Disease incidence was calculated for downy mildew disease under:

. . Number  of plants infected
Disease Incidence = x 100

Total Number of plants

3.6.2 Disease severity:

Disease severity was evaluated weekly in all planting dates after the onset of
observable symptoms in the first planting date for six consecutive weeks. Ratings were
based on the percentage of symptomatic leaf area [disease rating scale 0 to 9, where
0 = no damage, 1 = 1% to 10%, 2 = 11% to 20%, 3 = 21% to 30%, 4 = 31% to 40%,
5 =41% to 50%, 6 = 51% to 60%, 7 = 61% to 70%, 8 = 71% to 80% and 9 = 81% to
100% (or dead)]; as described by Jenkins and Wehner (1983).

PDI was calculated using the given formula and the genotypes were categorized
into four groups namely resistant (0-20%), moderately resistant (21-40%), susceptible
(41-60%) and highly susceptible (>60%) (Reddy, 2002).

PDI = Sum of numerical value « 100
" No.of leaves graded x Maximum disease grade

3.7 Statistical Analysis
3.7.1 Analysis of variance

The analysis of variance for design of experiment was done for partitioning
the variance into treatments and replications according to procedure given by Panse
and Sukhatme (1967) and the software used for analysis was STPR-3 in the following

manner.

Table 3.4: Analysis of variance

Source of Degree of Sum of Mean sum of square ‘F> Value
variation freedom squares

Replications r-1 RSS RSS/r-1= Mr Mr/me
Treatments t-1 TSS TSS/t-1= Mt Mt/Me
Error (r-1) (t-1) ESS ESS/(r-1)(t-1)= Me

Total Rt-1
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Where,
r = number of replications
t = number of treatments (genotypes, including parents)
Mr = mean sum of square due to replications
Mt = mean sum of square due to treatments
Me = mean sum of square due to error

029 = genotypic variance

029 = error variance
Coefficient of variance (C.V.)

Standard deviation expressed as percentage of mean is known as coefficient of

variation (CV). It was calculated as:
CV (%) = 22 x 100
Where,
X = mean of character
SD = standard deviation
This statistic is generally used to judge the precision of the experiment.
3.7.2 Estimation of genotypic, phenotypic and environmental variances

The variance due to genotype, phenotype and environment were computed as

follows.

MS due to genotypes (adj)-MS due to error (intra block)

Genotypic variance (092) = r (replication)

Environmental variance (Gez) = Error mean sum of squares Phenotypic variance

Phenotypic variance (opz) = 692+c5e2 (MS due to error)

Where, ‘r’ is number of replications.
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Genotypic and phenotypic coefficient of variation

Genotypic and phenotypic coefficients of variance were estimated according
to Burton and Devane (1953) based on estimate of genotypic and phenotypic

variance.

Genotypic coefficient of variation (GCV)

Genotypic standard deviation

GCV (%) = x 100
Mean
Phenotypic coefficient of variation (PCV)
PCV (%) :Phenotypic standard deviation <100

Mean
Environment co-efficient of variation (ECV)

Environmental standard deviation
ECV (%) = o x 100

Where,
X = General mean
o ¢ = Genotypic standard deviation
[, = Phenotypic standard deviation

GCV and PCV were classified as suggested by Burton and Devane (1953)

<10% : Low
10-20% : Moderate
>20% : High

o p = Phenotypic standard deviation

GCV and PCV were classified as suggested by Burton and Devane (1953)

<10% : Low
10-20% : Moderate
>20% : High
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3.7.3 Estimation of heritability

The broad sense heritability (h2bs) was estimated by following the procedure

suggested by Weber and Moorthy (1952) as indicated here below.

Heritability (h?) = fi§x1oo

o2

Where,

h? (%) = Heritability (Broad sense)

c 29 = Genotypic variance

c 2p = Phenotypic variance

Heritability (h2) in broad sense was categorized as suggested by Hanson et al.,

1956 and the same is given below.

<50% - Low
50-75% -  Moderate
>75% - High

3.7.4 Genetic advance (GA)

Expected genetic advance was estimated by the method proposed by Johnson et
al. (1955).

GA=h?K.ap

Where,

2
h = Heritability in broad sense
p= Phenotypic standard deviation of given character
K= Selection differential at 5 % selection intensity (2.06).

3.7.5 Genetic advance as percent of mean (GA %)

GA (%) _ Genet;/lcezcrllvance <100
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Genetic advance as percent of mean was categorized as low, moderate and high

as given by Johnson et al. (1955). It is as follows:

<10% - Low
10-20% - Moderate
>20% - High

3.7.6 Estimation of heterosis

The magnitude of heterosis was estimated in relation to mid-parent, better
parent and standard parent. They were thus, calculated as percentage increase or
decrease of F;s over the mid-parent (MP), better parent (BP) and standard parent (SP)
using the methods of Turner (1953) and Hayes et al. (1956). The formula used for
estimation of heterosis given by Fonseca and Patterson (1968) was used.

Heterosis for each trait was computed and the significance of F; heterosis
values were tested by comparing them with critical difference (CD) values obtained

separately for MP and BP employing the formulae given below.

3.7.6.1 For mid-parent heterosis

1-MP
MP

Percent heterosis over mid-parent (MP) = x 100

Where,

P1+P2

Mid-parent =
Where, P; and P, are parents of a hybrid combination.

The deviations for heterosis were tested for their significance by the following

standard errors.

3 MSE
se= [EE
2 r

Where,

MSE = Mean sum of square due to error obtained from general
analysis of variance

r = Number of replications

C.D.

S.E. (d) x 't value at error df (P = 0.05 and P 0.01 levels of significance)
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Significance of heterosis values was tested using‘t’ test:

: F, - MP

- SEE. of heterosis over MP

Calculated value was compared with table value at error degrees of freedom for

significance.

3.7.6.2 For better parents heterosis

F1-BP
BP

Percent heterosis over better parent (BP) = x 100

Percent heterosis over better parent is also called as heterobeltiosis (BH).

CD for better parents heterosis = SE x ‘t’value.

SE = ’ZMSE
r

Where,

MSE= Mean sum of square due to error obtained from general analysis of

variance
r = Number of replications
t = Table ‘t’ value at error degrees of freedom

Significance of heterosis values was tested using ‘t” test:

F, - MP

t =
SEE. of heterosis over SP

Calculated ‘t” value was compared with table value at error degrees of freedom
for significance.
3.7.6.3 For standard parents heterosis

F1-SP
SP

Percent heterosis over standard parent (SP) = x 100

Percent heterosis over standard parent is also called as standard heterosis.

CD for standard parents heterosis = SE x ‘t” value.

_ ,ZMSE
SE = -
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Where,

MSE = Mean sum of square due to error obtained from general analysis of
variance

r = Number of replications

t = Table ‘t’ value at error degrees of freedom

Significance of heterosis values was tested using ‘t’ test:

. F, - SP

S.E. of heterosis over SP

Calculated ‘t’ value was compared with table value at error degrees of freedom

for significance.
3.7.7 Combining ability analysis

The combining ability analysis for different characters was carried out
following the method 2 model 1 of Griffing (1956), where parents and F;’s were
included but not the reciprocals. Thus the experimental material for this method

comprises of n (n+1) / 2 genotypes.
The mathematical model for the combining ability analysis is assumed to be:

Yij =+ gi+gj+ Sjj+ 1/bc Y3 eiju

Where,
ij = 1,2 ,p (p = number of parents involved in diallel)
k = 1,2, - , I (r = number of replications)
I = 1,2, - , ¢(c = number of observations taken in each plot)
M = the population mean

gig; = GCA effect of i"and j" parents, respectively

Sij = theinteraction, i.e. the specific combining ability (SCA) for the

cross between i and j™ parents such that Sij = Sji.
&j = environmental effect associated with ijkI™ observation

The restriction imposed on this mathematical model is:
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(i) 2i(g)=0

(ii) Z'j(sij) =0

The orthogonal partitioning of the variety sum of squares in the ANOVA is as

follows:

Table 3.5: Analysis of variance for method 2, model 1 with expectations of mean

squares
Sources d.f. Sum of square| Mean sum | Expectations of mean squares
of square
o +(p+2)[ ]Zg?
x=1
2 2
o+ (roon) 2 2 5
pr-D/ & o
Error | (r-1)(t-1) Se M o2

Where,

P = number of parents

T [Zl 1(Y1+Y11)2——Y2 ]

2

_ Yij_ 1 24 2 2
=%i< z:J' P+2 Zl 1(Yi+ Vi)™ + (P+1)(P+2) Y
Y, = total of the array involving of i parent
Y,; = mean value of the i parent of the array

Y;; = mean value of i x j"" cross

Y..= total of all the elements in the diallel table without
Reciprocals [ (P~ ] progenies and P parental lines

M. = error mean square

Mg, Ms and M. were obtained by dividing each sum of squares by the

corresponding degree of freedom. The following ‘F’ ratios were used for testing the
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significance of GCA and SCA effects.

Q) To test significance of differences among GCA variance of character.

=My

F=
M,

The calculated F-value is tested against table F-value at (P-1) vs. error degree
of freedom.
(i) To test the significance of differences among sca variance of a character.

M,
M,

F=
The calculated F-value is tested against table F-value at [P (P-1)/2] vs. error
degree of freedom.

The software used for analysis of combining ability (GCA and SCA) was
OPSTAT (HAU, Hisar)

3.7.8 Estimation of combining ability effects

When MSg  and MSs both are significant, they justify the adequacy of
calculating general combining ability or GCA (g;) and specific combining ability or
SCA (S;) effects for each parent and cross, respectively. These were obtained by using

the following formulae:

(a) Estimation of GCA effects

_ 1

9= 55 [Z(Yi + Yii) — %] Y.

(b) Estimation of SCA effects
1 2
9= %2 [Z(Yi + Vi) - (P+1)(P+2)] Y.
Where,

Y= total of the array involving i™" parent

Standard errors
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The standard errors, which are necessary in connection with testing the
significance of GCA and SCA effects and differences between various GCA as well as

SCA effects were calculated as:

Standard error of combining ability effects

1

SE @) = [0 98

P(P+2) €

1

y=[_P1 2]
SE (i) = [(P+1)(P+2) Ge]

To test the significance of each g;and S;;, ‘t’ values are calculated as follows:

jo

For GCA effect

t (gi) - SEg(igi)

For SCA effect

SE(Sij)

t(Sy) =
The calculated value of ratio is referred to the ‘t’ table for error degree of
freedom.

3.7.9 Estimation of genetic components and other genetic parameters for method 2
model | of Griffing (1956).

The genetic variance parameters were estimated as given below:
i. o0%g=(MSg MS.)/(p+2)
ii. 0%s=(MSs- MSy)
iii. o%e=MS;,
iv. o%A=20%g
V. o2?D=o0%s
Degree of dominance

The additive (D) and dominance (H) genetic variance were used to estimate

dominance ratio.
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Degree of dominance (dominance ratio) = /(02D /c?A)

If dominance ratio is:
a. 1 show complete dominance
b. 1 show over dominance
c. <1 show partial dominance
3.8 Assessment of Genetic Diversity using SSR Markers

For the study of genetic diversity DNA from selected 36 genotypes of cucumber
was extracted from two to three week old seedlings at National Agricultural Innovation
Project (NAIP) laboratory, Department of Vegetable Science, G.B. Pant University of
Agriculture and Technology, Pantnagar. The detailed procedure for DNA extraction is

given below:

The genomic DNA was extracted by CTAB (Cetyl tri-methyl ammonium
bromide) method as described by Doyle and Doyle (1990) with some modifications.

3.8.1 Collection of experimental tissues

The genotypes were grown at Vegetable Research Center, Pantnagar, Udham
Singh Nagar. 2-3 weeks old fresh leaves were taken for genomic DNA extraction from
all the thirty six genotypes and wrapped in aluminium foil. Samples were placed in an
ice box and brought to laboratory. One gram of leaf sample was weighed with

electronic balance and placed in -20°C refrigerator.
3.8.2 Isolation of genomic DNA

Total genomic DNA was isolated using the CTAB method. The list of buffers
and stock solutions is given in Appendix-1l. Pre-heat CTAB buffer at 60°C for thirty
minutes in a water bath. Take 2.0ml centrifuge tube and mark them from 1 to 8. In each
centrifuge tube add 1ml of extraction buffer (2 percent CTAB). Grind the leaf sample
to a fine powder in a pre-cooled mortar and pestle using liquid nitrogen. Mix extraction
buffer and powdered sample thoroughly. Incubate at 65°C for one hour (cap should be
slightly loose). Mix it intermittently at almost 10 minutes interval. After taking tubes
out from the water bath, allow it to come to room temperature and add 10ml of

chloroform and isoamyl alcohol (24:1) mixture. Swirl the tube gently by moving wrist

Materials and Methods .............. &



in the shape of 8 for approximately 10 minutes. Centrifuge at 15,000 rpm for 15
minutes. Transfer the aqueous phase to a fresh centrifuge tube. Add double amount of
iso-propanol. Mix the contents very gently by inverting the tube 10-15 times. Keep the
tubes overnight at -20°C. Spool out the DNA thread using a wide-bore tip into a micro-

centrifuge tube.
3.8.3 Determination of quality and quantity of isolated DNA
3.8.3.1 Qualitative analysis “agarose gel electrophoresis”

Electrophoresis through Agarose is the standard method used to check the
quality of DNA fragments. The technique is simple, rapid to perform and capable of
resolving fragments of DNA. Submerged gel electrophoresis unit was used for

fractionating genomic DNA on agarose gel.
Procedure

1. The open end of a clean, dry plastic tray supplied with the electrophoresis

apparatus was sealed with tape so as to form mold.

2. Agarose gel was prepared by dissolving (boiling) appropriate amount of
agarose in 0.5 X TBE buffer (0.8% for genomic DNA). Cool it down to
approximately 50°C. 8ul of ethidium bromide was added in this agarose

solution and poured it in gel casting plate with already adjusted gel comb.

3. The agarose solution was left to solidify at room temperature for 30-40

minutes.

4. After complete setting of gel the comb was removed carefully with the tape
and the gel was mounted in an electrophoresis tank filled with 0.5 X TBE
buffer.

5. The DNA loading dye was mixed with DNA sample in 1:6 ratio and loaded in

gel along with one sample of known quantity of DNA.
6. Electrophoresis was done by running the gel at 80 volts for 45 minutes.
7. The gel was then visualized on an UV trans illuminator.

8. The photograph of gel was taken in a gel documentation unit.
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3.8.3.2 Quantification of genomic DNA

The purified genomic DNA, dissolved in TE buffer was taken for quantification

by UV absorbance at 260 nm in a UV spectrophotometer.

To measure the concentration of DNA by using UV spectrophotometer, the
blank is set against TE buffer and then after proper rinsing of Quartz cuvette, the
sample with appropriate dilution was loaded in cuvette. The optical density (O.D.) was
measured at 260nm for estimating the concentration of DNA. The O.D. was also
recorded at 280nm to determine protein contamination. The concentration of DNA was

calculated by using following equation:
Concentration of DNA (pg/pl) = O.D. x 50 x dilution factor/1000

The ratio of O.D.2s0280 gives the amount of RNA or protein contamination in
the preparation. A value of 1.8 is optimum for best DNA preparation. A value of ratio
below 1.8 indicates the presence of protein in the preparation and a value above 1.8

indicates RNA contamination in the isolated DNA.
3.8.4 PCR amplification

The polymerase chain reaction (PCR) is a powerful, extremely sensitive
technique with application in the field of molecular biology, agricultural diagnostics,
forensic analysis and population genetics. It is based on the enzymatic amplification of
DNA fragments that are flanked by oligo-nucleotide primer hybridizing to opposite
strands of the target sequence. The PCR involves three basic steps which constitute a

single cycle:
(i) Denaturation of the target DNA at 92-94 °C
(it) Annealing of the primers to the template DNA

(iii) Primer extension by addition of nucleotides to the ‘3’ end of the primers by

the enzyme DNA polymerase.

As the number of PCR cycle increases, the amount of target DNA synthesized
increases exponentially. Availability of thermostable DNA polymerase Taq (from the

bacteria Thermus aquaticus) has facilitated automation of the PCR (Saiki et al., 1988).
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Primer annealing temperature depends on its Ty, value which is calculated from
the following equation. Ty, (°C) = 4 (G+C) + 2 (A+T) + 3. Where A, T, G and C stand
for the number of corresponding nucleotides in the primer. Annealing may fail at a
temperature much higher than T, whereas annealing temperature much below T, may
lead to non-specific amplification. Annealing temperature gradient of range 30-38°C

was applied in case of decamer primers.
3.8.4.1 PCR ingredients
A. Design of primers

The most essential requirement of PCR is the availability of short
oligonucleotides called primers having sequence complementary to either end of SSR
the target DNA segment called template DNA to be synthesized on large amount. List

of primers used is given in Table 3.6.

Table 3.6 List of SSR primers used for DNA amplification

S.No. | Primer code | Forward primer (5" — 3") Reverse primer (3’ — 5)

1. SSR 22203 | ATAAGAGAAAATGATTGCCGTGA TCTTGATTTTGTGTTTGTGAGAGG

2. SSR 13262 | TGTCCTTTCCTTCTACTTCTTGC TGGTGATTAGTAGAGGGTCAAATTC

3. SSR 11632 | TTCAACTCATTATGGATTGGATT TGAGGTGAAGCGTGAGAAGA

4. SSR 00607 |GCAAACTGTGGGACGTTTCT AAGCCACCTTCCCTCTCAAT

5. SSR 52 GGACTAGAAACACAATCCCACG GTTTGGTTTGCTTCAAGTAGGTTC
6. SSR 54 GGGATGGGATCTGGGTTTG GTGTGGAAATATGTGGAGGGAG
7. SSR 60 TACACCTCTGCGAAGCACC GTTTCGCACTCACTCTTTACCG

8. SSR 61 GCACATTCAAATTTACTTGGGAG GCTTTAAGTTTGATGGTAGGGTAG
9. SSR 65 GTGAAGAAATGAGTTGGCAAGTC GGAGGGAATGTTGGATCAGC

10. SSR69 TGCTTGGAAGTTTGTCCTGTC GGTTTATTGGATGATGGGTC

B. Template DNA: The genomic DNA isolated from eight samples was suitably
diluted and its 100 ng per PCR tube was used as a template in PCR amplification.

C. Tag DNA polymerase: Tag DNA polymerase is a 94 kD thermostable enzyme
which has 5°—3’ polymerase activity. It is highly active at temperature around 72°C.

The enzyme used in the reaction was obtained from Himedia.
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The concentration of enzyme was 3 Unit per ul. One unit of Tag DNA
polymerase is defined as the amount of enzyme which incorporates 10nm of total
deoxyribo nucleoside triphosphate into acid precipitable DNA in 30 minutes at 75°C

under optimal assay conditions.
D. dNTPs

The dNTPs used in this reaction was obtained from Himedia as 2.5 mM each
(dATP, dGTP, dCTP, dTTP).

E. Tag assay buffer (10X) A

The 10X assay buffer for the enzyme was also obtained from Himedia. Assay
buffers contained 100mM Tris-HCI (pH 9.0), 15mM MgCl,, 500mM KCI and 0.1%
gelatin. One vial of 25mM MgCI, was also supplied along with Tag polymerase for

making MgCl; gradient.
F. Molecular biology grade water:

Molecular biology grade water obtained from Himedia was used in master-mix.
3.8.4.2 Standardization of the polymerase chain reaction (PCR conditions)

There are number of variables in a PCR which have to be optimized to give the

target amplification. These parameters are:
e Denaturation temperature and time
e Annealing temperature and time
e Amounts of template and primer

e Concentration of MgCl; in the assay buffer

The number of cycles

After repeated PCR reactions a reaction mixture was standardized for eight
cucumber genotypes which gave strong amplifications. The reaction mixture is
presented in Table 3.7. Gradient PCR was used for standardizing the PCR reactions for
10 primers with all the thirty six genotypes. Final reaction that gave good result and

clear bands are presented in Table 3.8.
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PCR procedure:

(i)  2ul of the sample (50ng/pl) was added to the master- mixture (Table 3.7) given

above from different cucumber samples which would act as template.
(if)  The tubes were vortexed for proper mixing of template in the cocktail.
(iii) Tubes were placed in a thermal cycler (Eppendorf Master Cycler Gradient).
(iv) The cycler was programmed to perform the temperature shift as given in Table 3.8.

(v) After completion of PCR cycles, sub-samples of the amplicons were analysed by

agarose gel electrophoresis just to check PCR amplification.
3.8.4.3 SSR PCR amplification

PCR amplification was undertaken by the procedure as given below.

Amplifications were performed in 15 pl volume containing the following components:

Table 3.7: Reagents with their concentration and quantity used for single PCR

reaction
S. No. Reagent Single tube (ul)
1 DNA template (50ng/pl) 2.0
2 Primer (50ng/ul) 2.0
4 dNTPs mix (2.5mM each) 0.8
5 Taq buffer A (10X) 4.0
6 Taq polymerase (3U/ul) 0.6
7 Triple distilled water 5.6
Total 15 pl

Table 3.8 PCR amplification protocol for SSR primers

Cycles Denaturatio-n Annealing _ Polymerizatio-n
Temp. Time Temp. Time Temp. Time
First cycle 94°C 5 min - - - -
35 cycles 94°C 1 min 54-59°C 1 min 72°C 1 min
Last cycle - - - - 72°C 7 min
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3.8.5 Analysis of amplicons (PCR products): Agarose gel electrophoresis

Horizontal electrophoresis assembly was used for fractioning amplified product
on agarose gel. Agarose gel (2.5%) was prepared in 100ml of 0.5 X TBE buffer
dissolving 1.5g and 2.5g agarose, respectively. For each well, DNA sample and DNA
loading dye were mixed in 10:1 ratio and loaded with a micropipette. Electrophoresis
was done at 60 V for 2.5 hrs in 0.5 X TBE electrophoresis buffer. The gel was then
visualized on an UV Tran illuminator. The photograph of gel was taken in a gel

documentation unit and saved.
3.8.6 Scoring of Bands

The SSR-PCR bands were examined under ultra violet trans illuminator and
photographed under gel documentation unit. The SSR bands were counted and scored
as 1 for their presence or O for their absence. The sizes of the bands were estimated by
using 100bp standard marker. The presence and absence of bands in all genotypes for
10 primers were used to generate Binomial data using excel sheet. Bands were marked
as present only if the DNA amplification produced the fragment of a particular
sequence and absent if the DNA amplification lacked that fragment. The banding
patterns of all genotypes against each primer were compared. Bands present in one
genotype and absent in another genotype were regarded as variable and used to score
for polymorphism. In order to check the informativeness and discriminatory power of
SSR primers utilized in this study, certain parameters like polymorphism percentage,

polymorphic information content and number of alleles were calculated
(a) Percentage Polymorphism

It was calculated by dividing the polymorphic bands by the total number of

scored bands:

_ Number of polymorphic bands % 100
- Total number of bands

(b) Polymorphism Information Content (PIC value)

The markers with more alleles have larger polymorphism information content.

It was calculated as proposed by Roldan-Ruiz et al. (2000).

PIC = 2fi (1-fi)
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where,
fi = frequency of bands present
1-f; = frequency of bands absent
3.8.7 Diversity Analysis

The collected data were aligned for the construction of cluster analysis and
similarity matrix. The cluster analysis of 36 genotypes was constructed with the help of
NTSYS software based on Unweighted paired group of arithmetic mean average
(UPGMA). A tree like dendrogram was constructed using NTSYS software. Genotypes
were divided in various clusters, sub-cluster and sub-sub clusters based on genetic

diversity among them and linkage distance was calculated.
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Chapter 4 RESULTS AND DISCUSSION

The present investigation on “Studies on Genetic and Molecular Diversity in
Cucumber (Cucumis sativus L.)” was carried out at V.R.C., Pantnagar (Uttarakhand).
The results obtained in respect of various aspects of the present investigation are

described under the following heads
4.1 Analysis of variance (ANOVA)
4.2 Genetic variability for different yield related traits
4.3 To estimate the extent of heterosis over its parents
4.4 Estimation of combining ability.

45 To screen the parents and F; hybrids of cucumber against downy mildew

(Pseudoperonospora cubensis)
4.6 To assess the molecular diversity of cucumber genotypes.
4.1 Analysis of Variance (ANOVA)

Mean data of 14 yield related traits were subjected to Analysis of variance
(ANOVA) for Randomized Block Design (RBD) is presented in Table 4.1. The mean
sum of square due to treatments was found highly significant for yield related traits
under study at 1% and 5% level of significance, which revealed that considerable
amount of variability, were present in the genotypes included in the study. Hence, there
is ample scope for selection of promising genotypes in breeding programme for yield
related characters. These findings are also in accordance with the findings of Joshi et
al. (1980), Chaudhary et al. (1985), Saikia et al. (1995), Gulam et al. (2006), Kumar et
al. (2008), Yadav et al. (2009), Golabadi et al. (2012) and Kumar et al. (2013) in

cucumber.
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Table 4.1: Analysis of variances for fourteen yield related traits in cucumber

Mean sum of squares

IEI'. Characters Replication Genotypes Error
df 2 36 72
1 | Days to first male flower 0.10 21.93** 231
2 | Node number to first male flower 0.10 16.49** 1.08
3 | Days to first female flower 2.009 22.34** 7.19
4 | Node number to first female 3.97 14.31** 1.35
flower
5 | Days to first harvest 3.21 16.70** 6.54
6 | Days to last harvest 1.94 79.81** 9.99
7 | Internodal length (cm) 2.07 2.84** 1.22
8 | Plant height (m) 0.004 0.55** 0.02
9 | Fruit length (cm) 1.63 12.69** 2.27
10 | Average fruit diameter (cm) 0.06 0.75** 0.14
11 | Number of fruits per plant 0.079 11.50** 0.26
12 | Average fruit weight (g) 18.24 2553.59** 39.87
13 | Fruit yield per plant (kg) 0.002 0.86** 0.005
14 | Fruit yield (g/ha) 40.29 15426.62** | 95.63

*Significant at 5% level of probability,

**Significant at 1% level of probability
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4.2  Genetic variability for different characters
4.2.1 Mean performance of parents and F; hybrids
4.2.1.1 Yield and its contributing traits

The per se performance of parents and 28 F, hybrids for yield related
characters were observed and presented in Table 4.2. The character wise description

of yield and its contributing characters are as follows:
4.2.1.1.1 Days to first male flower

A perusal of data revealed that days to first male flower ranged between 37.67
to 48.33 days with an average value 41.68 days. Among the different parents studied,
PCPGR-51 (39.33) and PCPGR-83 (39.33) exhibited minimum days to first male
flower. However, maximum days to first male flower were observed in PCPGR-126
(45.00) and PCPGR-112 (41.33). Among the crosses, minimum days to first male
flower were observed in PCPGR-138 x PCPGR-149 (37.67), PCPGR-112 x PCPGR-138
(38.00) and PCPGR-51 x PCPGR-138 (38.33) whereas, maximum values for days to
first male flower were obtained in PCPGR-50 x PCPGR-149 (48.33), PCPGR-51 x
PCPGR-126 (46.33) and PCPGR-59 x PCPGR-126 (46.33).

Amongst all the hybrids, seventeen hybrid combinations viz., PCPGR-138 x
PCPGR-149 (37.67), PCPGR-112 x PCPGR-138 (38.00), PCPGR-51 x PCPGR-138
(38.33), PCPGR-51 x PCPGR-112 (39.00), PCPGR-51 x PCPGR-59 (39.33),
PCPGR-59 x PCPGR-112 (39.33), PCPGR-112 x PCPGR-149 (39.33), PCPGR-112
x PCPGR-126 (39.67), PCPGR-83 x PCPGR-112 (39.67), PCPGR-50 x PCPGR-59
(40.00), PCPGR-50 x PCPGR-138 (40.00), PCPGR-50 x PCPGR-112 (40.33),
PCPGR-126 x PCPGR-138 (40.67), PCPGR-59 x PCPGR-83 (41.00), PCPGR-59 x
PCPGR-138 (41.00), PCPGR-83 x PCPGR-138 (41.67), and PCPGR-50 x PCPGR-51
(42.33) resulted in early first male flower appearance than the check cultivars Pant
Khira-1 (43.00).

4.2.1.1.2 Node number to first male flower

Perusal of data pertaining to mean values for node number to first male flower
ranged from 2.00 to 10.00 with an average of 5.51. Among the parents, PCPGR-50
(2.00) and PCPGR-149 (2.33) found minimum mean values for node number bearing
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first male flower whereas, maximum values were observed in PCPGR-138 (8.00) and
PCPGR-51 (7.00). Among the crosses, minimum values for same character were
noticed in PCPGR-112 x PCPGR-126 (2.33), PCPGR-50 x PCPGR-59 (3.00),
PCPGR-50 x PCPGR-138 (3.00) and PCPGR-51 x PCPGR-59 (3.00). However,
maximum mean values were recorded in PCPGR-59 x PCPGR-83 (10.00), PCPGR-50
x PCPGR-126 (9.00), PCPGR-59 x PCPGR-126 (9.00), PCPGR-126 x PCPGR-138
(9.00) and PCPGR-50 x PCPGR-149 (9.00).

Amongst all the hybrids, fifteen hybrid combinations viz.,, PCPGR-112 x
PCPGR-126 (2.33), PCPGR-50 x PCPGR-59 (3.00), PCPGR-50 x PCPGR-138 (3.00),
PCPGR-51 x PCPGR-59 (3.00), PCPGR-51 x PCPGR-112 (3.00), PCPGR-59 x
PCPGR-138 (3.00), PCPGR-51 x PCPGR-138 (4.00), PCPGR-112 x PCPGR-138
(4.00), PCPGR-126 x PCPGR-149 (4.00), PCPGR-59 x PCPGR-112 (4.33), PCPGR-83 x
PCPGR-112 (4.33), PCPGR-50 x PCPGR-83 (5.00), PCPGR-50 x PCPGR-112 (5.00),
PCPGR-112 x PCPGR-149 (5.00) and PCPGR-59 x PCPGR-149 (5.33), resulted in

early male flower appearance at lower node than the checks Pant Khira-1 (6.00).
4.2.1.1.3 Days to first female flower

It is explicit from data regarding mean values for days to first female flower
ranged between 45.00 to 58.00 days with an average value 49.82 days. Among the
parents, PCPGR-149 (47.33) and PCPGR-59 (48.00) exhibited minimum days to first
female flower appearance. However, maximum days to first female flower
appearance were observed in PCPGR-126 (53.00) and PCPGR-112 (50.33). Among
the crosses, minimum days to first male flower appearance were found in PCPGR-50
x PCPGR-59 (45.00), PCPGR-51 xPCPGR-59 (46.33), PCPGR-51 x PCPGR-138
(46.67) and PCPGR-112 x PCPGR-138 (46.67) whereas, maximum values for days to
first female flower appearance were noticed in PCPGR-83 x PCPGR-138 (58.00),
PCPGR-59 x PCPGR-83 (54.00), PCPGR-51 x PCPGR-126 (53.33) and PCPGR-126
x PCPGR-138 (53.33).

Amongst all the hybrids tested, fifteenth hybrid combinations viz., PCPGR-50
x PCPGR-59 (45.00), PCPGR-51 x PCPGR-59 (46.33), PCPGR-51 x PCPGR-138
(46.67), PCPGR-112 x PCPGR-138 (46.67), PCPGR-51 x PCPGR-112 (47.00),
PCPGR-59 x PCPGR-112 (47.00), PCPGR-112 x PCPGR-149 (47.00), PCPGR-138
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x PCPGR-149 (47.00), PCPGR-50 x PCPGR-138 (47.33), PCPGR-50 x PCPGR-112
(47.67), PCPGR-83 x PCPGR-112 (48.67), PCPGR-59 x PCPGR-138 (49.00),
PCPGR-59 x PCPGR-126 (49.33), PCPGR-83 x PCPGR-149 (49.33) and PCPGR-50
x PCPGR-149 (49.67) resulted in early first female flower appearance than the check
cultivars Pant Khira-1 (50.33).

4.2.1.1.4 Node number to first female flower

A Perusal of data showed that mean values for node number to first female
flower ranged from 3.00 to 11.33 with an average of 6.11. Among the parents studied,
PCPGR-59 (3.00) recorded minimum mean values for node number bearing first male
flower whereas, maximum values were recorded in PCPGR-50 (8.00) and PCPGR-83
(7.33). Among the crosses, minimum values for same character were noticed in
PCPGR-59 x PCPGR-112 (3.00), PCPGR-51 x PCPGR-59 (3.33), PCPGR-112 x
PCPGR-149 (3.67) and PCPGR-50 x PCPGR-112 (3.67). However, maximum mean
values were recorded in PCPGR-51 x PCPGR-126 (11.33), PCPGR-5 x PCPGR-83
(10.67) and PCPGR-126 x PCPGR-138 (10.00. Amongst all the hybrids, nineteen
hybrid combinations viz., PCPGR-59 x PCPGR-112 (3.00), PCPGR-51 x PCPGR-59
(3.33), PCPGR-112 x PCPGR-149 (3.67), PCPGR-50 x PCPGR-112 (3.67),
PCPGR-50 x PCPGR-149 (4.00), PCPGR-83 x PCPGR-112 (4.00), PCPGR-59 x
PCPGR-83 (4.00), PCPGR-112 x PCPGR-138 (4.33), PCPGR-50 x PCPGR-51
(4.67), PCPGR-50 x PCPGR-59 (5.00), PCPGR-51 x PCPGR-112 (5.00), PCPGR-83
x PCPGR-126 (5.00), PCPGR-112 x PCPGR-126 (5.00), PCPGR-138 x PCPGR-149
(5.00), PCPGR-59 x PCPGR-126 (5.33), PCPGR-51 x PCPGR-138 (6.00),
PCPGR-83 x PCPGR-149 (6.00), PCPGR-83 x PCPGR-138 (6.33), PCPGR-51 x
PCPGR-149 (6.67) resulted in early female flower appearance at lower node than the
checks Pant Khira-1 (7.00).

4.2.1.1.5 Days to first harvest

The result of this trait revealed that mean value ranged between 57.20 to 68.67
days with an average value 61.69 days. Among the parents, PCPGR-138 (57.20) and
PCPGR-59 (60.20) were earliest in days to first harvest. However, maximum days to
first harvest was observed in PCPGR-126 (64.33) and PCPGR-50 (63.40). Among the

crosses, minimum days to first harvest were recorded in PCPGR-50 x PCPGR-59
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(57.73) and PCPGR-51 x PCPGR-112 (58.40) whereas, maximum values for days to
first harvest were found in PCPGR-83 x PCPGR-138 (68.67) and PCPGR-59 x
PCPGR-83 (65.53).

Amongst all the hybrids, seven hybrid combinations viz., PCPGR-50 x
PCPGR-59 (57.73), PCPGR-51 x PCPGR-112 (58.40), PCPGR-50 x PCPGR-112
(59.13), PCPGR-112 x PCPGR-149 (59.27) PCPGR-112 x PCPGR-138 (59.47),
PCPGR-59 x PCPGR-112 (59.73), PCPGR-51 x PCPGR-59 (59.73) and PCPGR-59
x PCPGR-126 (59.80) resulted in early first harvest than the check cultivars Pant
Khira-1 (60.53).

4.2.1.1.6 Days to last harvest

The data pertaining mean values for days to last harvest ranged between 94.13
to 115.47 days with an average value 106.87days. Among the parents, PCPGR-138
(94.13) and PCPGR-83 (95.47) exhibited the minimum days to last harvest. However,
maximum days to last harvest were observed in PCPGR-59 (109.87) and PCPGR-50
(106.47). Among the crosses, minimum days to first harvest were found in PCPGR-50
x PCPGR-149 (100.60), PCPGR-51 x PCPGR-112 (101.67) and PCPGR-59 x
PCPGR-112 (101.93) whereas, maximum days to last harvest were found in PCPGR-
112 x PCPGR-149 (115.47) and PCPGR-83 x PCPGR-126 (114.53). All the hybrids
found significant over check Pant Khira-1 for days to last harvest except PCPGR-112
x PCPGR-149, PCPGR-83 x PCPGR-126 and PCPGR-83 x PCPGR-138.

4.2.1.1.7 Inter nodal length (cm)

The data regarding inter nodal length showed significant variation under
different parents and hybrids studied. Mean values for inter nodal length ranged
between 8.61(cm) to 12.09 (cm) with an average value 10.50 cm. Among the parents,
PCPGR-59 (8.24 cm) and PCPGR-149 (9.20 cm) exhibited the minimum inter nodal
length while PCPGR-138 (11.84 cm) and PCPGR-83 (11.54 c¢cm) exhibited maximum
inter nodal length. Among the crosses, minimum inter nodal length were observed in
PCPGR-83 x PCPGR-149 (8.61 cm), PCPGR-126 x PCPGR-149 (8.82 cm) and
PCPGR-51 x PCPGR-112 (9.00 cm) whereas, maximum inter nodal length were
observed in PCPGR-59 x PCPGR-112 (12.09 cm), PCPGR-50 x PCPGR-138 (11.78
cm) and PCPGR-50 x PCPGR-149 (11.41 cm).
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4.2.1.1.8 Plant height (m)

The mean values for plant height ranged from 1.85 m to 3.33 m with an
estimated mean value 2.81 m. Among the parents, PCPGR-83 (1.86 m) and
PCPGR-138 (2.18 m) exhibited the minimum plant height while PCPGR-51 (2.88 m)
and PCPGR-59 (2.77 m) showed maximum plant height. Among the crosses,
minimum plant height was found in PCPGR-112 x PCPGR-126 (1.85 m), PCPGR-126 x
PCPGR-149 (2.10 m) and PCPGR-50 x PCPGR-83 (2.15 m) and maximum plant
height were found in PCPGR-51 x PCPGR-83 (3.33 m), PCPGR-51 x PCPGR-112
(3.31 m) and PCPGR-50 x PCPGR-149 (3.28 m).

Amongst all the crosses, six cross combinations, viz., PCPGR-51 x PCPGR-
83 (3.33 m), PCPGR-51 x PCPGR-112 (3.31m), PCPGR-50 x PCPGR-149 (3.28 m),
PCPGR-51 x PCPGR-138 (3.28 m), PCPGR-51 x PCPGR-149 (3.21 m) and
PCPGR-112 x PCPGR-138 (3.16 m) experienced higher plant height than the check
Pant Khira-1 (3.15 m).

4.2.1.1.9 Fruit length (cm)

It is explicit from data regarding mean values for fruit length ranged from
14.12 cm to 23.42 cm and the average value was 18.08 cm. Among the parents,
PCPGR-138 (14.12 cm) and PCPGR-51 (15.44 cm) were recorded the minimum fruit
length whereas, maximum fruit length were recorded in PCPGR-83 (19.38 cm),
PCPGR-50 (19.36 cm) and PCPGR-59 (17.46 cm). Among the crosses, minimum
fruit length was observed in PCPGR-50 x PCPGR-149 (14.15 cm), PCPGR-50 x
PCPGR-83 (15.40 cm) and PCPGR-59 x PCPGR-149 (15.49 cm). However, PCPGR-51
x PCPGR-138 (23.42 cm), PCPGR-50 x PCPGR-138 (22.71 cm), PCPGR-59 x
PCPGR-138 (21.56 cm) and PCPGR-51 x PCPGR-59 (20.68 cm) showed maximum
fruit length which is higher than the check Pant Khira-1 (20.30 cm).

4.2.1.1.10 Average fruit diameter (cm)

The mean values for fruit diameter ranged from 3.44 cm to 5.51 cm and the
average value was 4.65 cm. Among the parents, minimum fruit diameter was
observed in PCPGR-83 (3.44 cm) and PCPGR-149 (3.53 c¢cm) whereas, maximum
fruit diameter were recorded in PCPGR-112 (4.76 cm) and PCPGR-51 (4.46 cm).
Among the crosses, minimum fruit diameter was recorded in PCPGR-138 x
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PCPGR-149 (4.23 cm), PCPGR-50 x PCPGR-59 (4.33 cm) and PCPGR-83 x
PCPGR-138 (4.33 cm) while, maximum fruit diameter were recorded in PCPGR-50 x
PCPGR-138 (5.51 cm), PCPGR-112 x PCPGR-138 (5.36 cm) and PCPGR-112 x
PCPGR-149 (5.25 cm). Amongst all the hybrids, nineteen hybrid combinations
exhibited higher fruit diameter than the check Pant Khira-1 (4.64 cm).

4.2.1.1.11 Number of fruits per plant

A Perusal of data pertaining to mean values for number of fruits per plant
ranged from 4.13 to 12.13 with an estimated mean value 7.85. Among the parents,
PCPGR-126 (6.13) and PCPGR-149 (7.66) exhibited the minimum number of fruits
per plant and PCPGR-50 (8.94), and PCPGR-51 (8.73) showed maximum number of
fruits per plant. Among the crosses, minimum number of fruits per plant was recorded
in PCPGR-126 x PCPGR-149 (4.13), PCPGR-59 x PCPGR-149 (4.4) and PCPGR-50
x PCPGR-149 (4.73). Whereas, Maximum number of fruits per plant were recorded
in PCPGR-138 x PCPGR-149 (12.13), PCPGR-59 x PCPGR-138 (11.26) and
PCPGR-50 x PCPGR-112 (10.73). Amongst all the hybrids, eleven hybrid
combinations, viz.,, PCPGR-138 x PCPGR-149 (12.13), PCPGR-59 x PCPGR-138
(11.26), PCPGR-50 x PCPGR-112 (10.73), PCPGR-51 x PCPGR-138 (10.60),
PCPGR-83 x PCPGR-112 (10.2), PCPGR-50 x PCPGR-59 (9.80), PCPGR-51 x
PCPGR-59 (9.80), PCPGR-51 x PCPGR-112 (9.53), PCPGR-112 x PCPGR-149
(9.33), PCPGR-50 x PCPGR-138 (8.80) and PCPGR-59 x PCPGR-112 (8.73)
experienced higher number of fruits per plant than the check Pant Khira-1 (8.26).

4.2.1.1.12 Average fruit weight (g)

It is apparent from data regarding average fruit weight revealed that significant
variation was found among thirty seven treatments which ranged from 167.11g to
280.91g with an average of 215.96 g. Among the parents, PCPGR-51 (167.11) and
PCPGR-126 (181.43) exhibited the minimum average fruit weight while, PCPGR-83
(211.25), and PCPGR-59 (209.75) exhibited maximum average fruit weight. Among
the different crosses, minimum average fruit weight was recorded in PCPGR-59 x
PCPGR-149 (179.2), PCPGR-59 x PCPGR-126 (182.65) and PCPGR-51 x PCPGR-83
(183.72) whereas, maximum average fruit weight were recorded in PCPGR-112 x
PCPGR-138 (280.91), PCPGR-59 x PCPGR-112 (278.88) and PCPGR-50 x
PCPGR-59 (265.29).
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Table 4.2: Mean performance of cucumber genotypes for different yield and its contributing traits

Days Node Days to Node Days to Daysto | Internodal | Plant | Fruit | Average | Number | Average | Fruit | Fruit

to number first number first last length height | length fruit of fruits fruit yield | vyield

S.N. Genotypes first to first | female to first harvest harvest (cm) (m) (cm) | diameter per weight per | (g/ha)

male male flower female (cm) plant (9) plant
flower | flower flower (kg)

1. PCPGR-50 40.67 2.00 50.00 8.00 63.40 106.47 11.14 254 | 19.36 3.56 8.94 190.8 1.70 | 227.47
2. PCPGR-51 39.33 7.00 49.00 7.00 60.67 99.40 9.50 2.88 | 15.44 4.46 8.73 167.11 | 1.46 | 194.39
3. PCPGR-59 41.00 3.00 48.00 3.00 60.20 109.87 8.24 277 | 17.46 4.24 8.08 209.75 | 1.69 | 226.01
4, PCPGR-83 39.33 6.00 50.00 7.33 60.40 95.47 11.54 1.86 | 19.38 3.44 8.15 21125 | 1.72 | 229.42
5. PCPGR-112 41.33 4.33 50.33 5.00 61.33 104.73 9.87 261 | 16.31 4.76 8.26 192.27 | 1.59 | 211.65
6. PCPGR-126 45.00 3.00 53.00 6.67 64.33 100.27 10.08 2.72 | 16.99 4.22 6.13 18143 | 1.11 | 148.32
7. PCPGR-138 40.00 8.00 49.00 5.00 57.20 94.13 11.84 2.18 | 14.12 3.97 8.6 188.84 | 1.62 | 216.26
8. PCPGR-149 39.67 2.33 47.33 5.00 61.40 104.40 9.20 2.48 16.37 3.53 7.66 202.41 155 | 206.85
9. PCPGR-50 x PCPGR-51 42.33 8.00 50.33 4.67 61.87 106.93 10.21 217 17.23 4.70 7.06 188.21 133 | 177.27
10. PCPGR-50 x PCPGR- 59 40.00 3.00 45.00 5.00 57.73 107.80 10.86 3.14 19.75 4.33 9.80 265.29 2.59 | 346.46
11. PCPGR-50 x PCPGR-83 45.33 5.00 50.33 8.67 64.33 104.73 10.24 2.15 | 15.40 5.23 6.46 218.62 | 1.41 | 188.22
12. PCPGR-50 x PCPGR-112 40.33 5.00 47.67 3.67 59.13 106.40 10.50 290 | 16.18 4.73 10.73 22256 | 2.38 | 318.27
13. PCPGR-50 x PCPGR-126 44.67 9.00 51.67 8.00 62.40 106.33 11.38 3.06 19.56 5.25 5.53 240.23 132 | 176.62
14, PCPGR-50 x PCPGR-138 40.00 3.00 47.33 7.00 61.20 110.27 11.78 3.15 22,71 5.51 8.80 255.94 2.25 | 300.16
15. PCPGR-50 x PCPGR-149 48.33 9.00 49.67 4.00 60.67 100.60 11.41 3.28 14.15 4.37 4.73 216.65 1.02 | 136.39
16. PCPGR-51 x PCPGR -59 39.33 3.00 46.33 3.33 59.73 103.27 10.74 3.15 20.68 5.20 9.80 231.91 2.27 | 302.76
17. PCPGR-51 x PCPGR-83 43.00 8.33 50.67 10.67 61.60 107.00 9.19 3.33 | 1836 4.86 7.96 183.72 | 1.46 | 195.06
18. PCPGR-51 x PCPGR-112 39.00 3.00 47.00 5.00 58.40 101.67 9.00 331 19.78 4.66 9.53 242.76 2.31 | 308.21
19. PCPGR-51 x PCPGR-126 46.33 6.00 53.33 11.33 64.47 105.00 11.31 3.15 155 4.72 5.26 193.82 1.01 | 135.92
20 PCPGR-51 x PCPGR-138 38.33 4. 00 46.67 6.00 61.80 105.27 10.30 3.28 | 2342 5.33 10.6 24210 | 2.56 | 341.56
21 PCPGR-51 x PCPGR-149 45.00 7.00 53.00 6.67 63.47 109.93 10.63 321 | 17.35 4.93 7.73 194.60 | 1.50 | 200.47




Table 4.2 Contd...

Days Node Days to Node Days to Daysto | Internodal | Plant | Fruit | Average | Number | Average | Fruit | Fruit

to number first number first last length height | length fruit of fruits fruit yield | yield
S.N. Genotypes first to first | female to first harvest harvest (cm) (m) (cm) | diameter per weight per | (g/ha)

male male flower female (cm) plant (@) plant
flower | flower flower (kg)

22 PCPGR-59 x PCPGR-83 41.00 10.00 54.00 4.00 65.53 109.67 11.27 3.08 18.32 4.72 5.26 22050 | 1.16 | 154.67
23 PCPGR-59 x PCPGR-112 39.33 4.33 47.00 3.00 59.73 101.93 12.09 3.13 17.87 4.96 8.73 278.88 | 2.43 | 324.29
24 PCPGR-59 x PCPGR-126 46.33 9.00 49.33 5.33 59.80 106.60 10.88 2.73 16.85 5.19 6.53 182.65 | 1.19 | 158.71
25 PCPGR-59 x PCPGR-138 41.00 3.00 49.00 9.00 61.40 110.53 9.95 3.01 21.56 4.43 11.26 217.87 | 2.45 | 327.20
26 PCPGR-59 x PCPGR-149 43.33 5.33 52.67 9.33 64.00 113.40 11.08 2.83 15.49 4.68 4.40 179.2 0.78 | 104.60
27 PCPGR-83 x PCPGR-112 39.67 4.33 48.67 4.00 62.80 113.27 11.23 244 | 20.31 4.63 10.20 241.02 | 2.45 | 327.62
28 PCPGR-83 x PCPGR-126 44.33 8.33 53.00 5.00 64.07 114.53 11.18 2.96 17.23 4.57 7.20 21256 | 1.53 | 203.78
29 PCPGR-83 x PCPGR-138 41.67 6.00 58.00 6.33 68.67 114.40 10.34 3.01 16.26 4.33 6.13 186.55 | 1.14 | 152.47
30 PCPGR-83 x PCPGR-149 43.33 8.00 49.33 6.00 60.00 107.47 8.61 3.05 17.26 4.82 7.66 208.06 | 1.59 | 212.47
31 PCPGR-112 x PCPGR-126 39.67 2.33 50.67 5.00 61.73 112.40 10.37 1.85 17.56 4.59 6.40 239.93 | 153 | 204.71
32 PCPGR-112 x PCPGR-138 38.00 4.00 46.67 4.33 59.47 108.53 12.02 3.16 | 20.33 5.36 7.93 28091 | 2.22 | 296.84
33 PCPGR-112 x PCPGR-149 39.33 5.00 47.00 3.67 59.27 115.47 11.00 296 | 20.11 5.25 9.33 252.39 | 2.35 | 313.60
34 PCPGR-126 x PCPGR-138 40.67 9.00 53.33 10.00 64.60 104.40 10.17 2.18 18.33 5.02 6.33 184.47 1.16 | 155.37
35 PCPGR-126 x PCPGR-149 45.33 4.00 51.67 8.00 63.07 106.00 8.82 2.10 16.90 451 4.13 238.41 | 0.98 | 131.20
36 PCPGR-138 x PCPGR-149 37.67 6.33 47.00 5.00 62.07 111.67 10.13 3.06 18.83 4.23 12.13 204.25 | 2.47 | 330.24
37 Pant Khira-1 43.00 6.00 50.33 7.00 60.53 114.07 10.57 3.15 | 20.30 4.64 8.26 22246 | 1.84 | 244.93
GM 41.68 5.51 49.82 6.11 61.69 106.87 10.50 2.81 18.08 4.65 7.85 21596 | 1.70 | 227.85

Sem 0.88 0.58 1.55 0.67 1.48 1.83 0.68 0.08 0.86 0.21 0.29 3.64 0.04 5.64

C.D. (5%) 2.47 1.63 4.37 1.89 4.16 5.15 1.92 0.23 2.44 0.59 0.84 10.27 0.11 | 1591

C.D. (1%) 3.28 2.17 5.79 251 5.53 6.83 2.55 0.31 3.24 0.79 1.12 13.64 0.15 | 21.12

CV. 3.65 18.58 5.38 19.04 4.15 2.96 11.28 5.22 8.37 7.78 6.61 2.92 4.28 4.29
Range 37.67- 2.00- 45.00- 3.00- 57.20- 94.13- | 8.61-12.09 | 1.85- | 14.12- | 3.9-551 4.13- 167.11- | 0.78- | 104.6-
48.33 10.00 58.00 11.33 68.67 115.47 3.33 | 23.42 12.13 280.91 | 2.59 | 346.46




Amongst all the hybrids, thirteen hybrid combinations, viz., PCPGR-112 x
PCPGR-138 (280.91), PCPGR-59 x PCPGR-112 (278.88), PCPGR-50 x PCPGR-59
(265.29), PCPGR-50 x PCPGR-138 (255.94), PCPGR-112 x PCPGR-149 (252.39),
PCPGR-51 x PCPGR-112 (242.76), PCPGR-51 x PCPGR-138 (242.1), PCPGR-83 x
PCPGR-112 (241.02), PCPGR-50 x PCPGR-126 (240.23), PCPGR-112 x PCPGR-
126 (239.93), PCPGR-126 x PCPGR-149 (238.41), PCPGR-51 x PCPGR-59
(231.91) and PCPGR-50 x PCPGR-112 (222.56) showed higher average fruit weight
than the check Pant Khira-1 (222.46).

4.2.1.1.13 Fruit yield per plant (kg)

The mean values for fruit yield per plant was ranged from 0.78 kg to 2.59 kg
and the average value was 1.70 kg. Among the parents, PCPGR-126 (1.11) and
PCPGR-51 (1.46) exhibited the minimum fruit yield per plant while, PCPGR-83
(1.72) and PCPGR-50 (1.70) exhibited maximum fruit yield per plant. Among the
crosses, minimum fruit yield per plant was observed in PCPGR-59 x PCPGR-149
(0.78), PCPGR-126 x PCPGR-149 (0.98), PCPGR-50 x PCPGR-149 (1.02) and
PCPGR-51 x PCPGR-126 (1.01) whereas, maximum fruit yield per plant were
observed in PCPGR-50 x PCPGR-59 (2.59), and PCPGR-51 x PCPGR-138 (2.56).

Amongst all the hybrids, twelve hybrid combinations, viz.,, PCPGR-50 x
PCPGR-59 (2.59), PCPGR-51 x PCPGR-138 (2.56), PCPGR-138 x PCPGR-149
(2.47), PCPGR-59 x PCPGR-138 (2.45), PCPGR-83 x PCPGR-112 (2.45), PCPGR-59 x
PCPGR-112 (2.43), PCPGR-50 x PCPGR-112 (2.38), PCPGR-112 x PCPGR-149
(2.35), PCPGR-51 x PCPGR-112 (2.31), PCPGR-51 x PCPGR-59 (2.27), PCPGR-50
x PCPGR-138 (2.25) and PCPGR-112 x PCPGR-138 (2.22) resulted in higher fruit
yield per plant than the check Pant Khira-1 (1.84).

4.2.1.1.14 Fruit yield (g/ha)

It is evident from data regarding mean values for fruit yield ranged between
104.6 to 346.46 g/ha and the average value was 227.85 g/ha. Among the parents,
PCPGR-126 (148.32) and PCPGR-51 (194.39) were recorded the minimum fruit yield
while maximum fruit yield were recorded in PCPGR-83 (229.42) and PCPGR-50
(227.47). Among the crosses, minimum fruit yield was noticed in PCPGR-59 x
PCPGR-149 (104.6), PCPGR-126 x PCPGR-149 (131.20), PCPGR-50 x PCPGR-149
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(136.39) and PCPGR-51 x PCPGR-126 (135.92) and maximum fruit yield were
recorded in PCPGR-50 x PCPGR-59 (346.46) and PCPGR-51 x PCPGR-138
(341.56).

Amongst all the hybrids, twelve hybrid combinations, viz.,, PCPGR-50 x
PCPGR-59 (346.46), PCPGR-51 x PCPGR-138 (341.56), PCPGR-138 x PCPGR-149
(330.24), PCPGR-59 x PCPGR-138 (327.20), PCPGR-83 x PCPGR-112 (327.62),
PCPGR-59 x PCPGR-112 (324.29), PCPGR-50 x PCPGR-112 (318.27), PCPGR-112
x PCPGR-149 (313.6), PCPGR-51 x PCPGR-112 (308.21), PCPGR-51 x PCPGR-59
(302.76), PCPGR-50 x PCPGR-138 (300.16) and PCPGR-112 x PCPGR-138
(296.84) experienced higher fruit yield than the check Pant Khira-1 (244.93).

The difference in reproductive behaviour occurs due to change in
environmental condition. That might be the reason for such varying yield and yield
attributing traits. Environmental factors that affect cucumber production are
temperature and humidity. Cucumber grows best under conditions of high
temperature, low humidity, moderate light intensity and good soil structure with an
uninterrupted supply of water and nutrients (Papadopoulos, 1994). Optimum
temperature for cucumber growth is between 20°C to 25°C, with growth reduction
occurring below 16°C and above 30°C (Hector et al., 1993). Joshi et al. (1980),
Chaudhary et al. (1985), Saikia et al. (1995), Gulam et al. (2006), Kumar et al.
(2008), Yadav et al. (2009), Golabadi et al. (2012) and Kumar et al. (2013) have also
reported good amount of variability among germplasm for different traits in

cucumber.
4.2.1.2 Coefficient of variation

Information on genetic variability of yield and quality components is of vital
importance in crop improvement programme. Plant breeding is mainly the
exploitation of genetic variation and in view of the possible decline of variation
breeders should always examine means of conserving variability and creating new
germplasm. The extent of genotypic variability indicates the amenability of given
character for its improvement (Burton, 1953). The estimate of genotypic coefficient of
variation (GCV), phenotypic coefficient of variation (PCV), heritability in broad
sense and genetic advance for 14 yield and yield contributing characters are presented
in Table 4.3.
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Phenotypic coefficient of variation (PCV) and genotypic coefficient of
variation (GCV) are the best criteria to measure available variability. Heritability of a
character is important in determining its response to selection. Genetic improvement
of plants for quantitative traits requires reliable estimates of heritability in order to
plan an effective breeding program. The broad sense heritability is the relative
magnitude of genotypic and phenotypic variance for the traits and it gives an idea of
the total variation accounted to genotypic effect (Allard, 1960). It is generally
expressed in percentage. Assessment of variability parameters revealed that there is
lot of variation present among the genotypes studied. In general, the value of
phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of
variation (GCV) for all the characters studied in the present findings, indicating the
considerable influence of environmental factors on the performance of genotypes for

different characters.
4.2.1.2.1 Genotypic coefficient of variation (GCV)

Genotypic coefficient of variation values for different characters are presented
in Table 4.3. GCV was found highest for node number to first male flower (41.11%)
followed by node number to first female flower (34.02%), fruit yield per hectare
(31.37%), fruit yield per plant (31.36%) and number of fruits per plant (24.63%)
whereas, moderate GCV was observed for plant height (14.97%), average fruit weight
(13.40%) and fruit length (10.41%). However, average fruit diameter (9.70%), days to
first male flower (6.13%), inter nodal length (6.98%), days to last harvest (4.51%), days
to first female flower (4.51%) and days to first harvest (2.98%) were low in GCV.

4.2.1.2.2 Phenotypic coefficient of variation (PCV)

Phenotypic coefficient of variation values for different characters are presented in
Table 4.3. PCV was found highest for node number to first male flower (45.22%)
followed by node number to first female flower (38.99%), fruit yield per hectare
(31.66%), fruit yield per plant (31.65%) and number of fruits per plant (25.51%)
whereas, moderate PCV was observed for plant height (15.86%), average fruit weight
(13.71%), fruit length (13.39%), average fruit diameter (12.67%) and inter nodal length
(12.63%). However, days to first male flower (7.13%), days to first female flower
(7.02%), days to last harvest (5.39%), and days to first harvest (5.10%) were low in PCV.
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Table 4.3: Estimation of coefficient of variance and other genetic parameters for different yield and its contributing traits in cucumber

SN Characters Range G'\e/lneral GCV PCV ECV Heritability GA as% of GA as% of

ean (%) (%) (%) (%) mean 5% mean 1%
1. Days to first male flower 37.67-48.33 41.68 6.13 7.13 3.64 73.9 10.86 13.92
2. | Node number to first male flower 2.00-10.00 5.40 41.11 45.22 18.85 82.6 76.97 98.65
3. | Days to first female flower 45.00-58.00 49.82 451 7.02 5.38 41.2 5.96 7.64
4, 1 Node number to first female flower 3.00-11.33 6.11 34.03 38.99 19.04 76.2 61.18 78.40
5. Days to first harvest 57.20-68.67 61.69 2.98 5.10 4.14 341 3.58 4.59
6. Days to last harvest 94.13-115.47 106.87 451 5.39 2.95 69.9 7.77 9.96
7. Inter nodal length (cm) 8.61-12.09 10.45 6.98 12.63 10.52 30.6 7.96 10.20
8. Plant height (m) 1.85-3.33 2.81 14.97 15.86 5.22 89.2 29.12 37.33
9. Fruit length (cm) 14.12-23.42 17.94 10.41 13.39 8.42 60.5 16.68 21.38
10. Average fruit diameter (cm) 3.9-5.51 4.69 9.70 12.67 8.14 58.7 15.32 19.63
11. Number of fruits per plant 4.13-12.13 7.85 24.63 25.51 6.61 93.3 49.02 62.82
12. Average fruit weight (g) 167.11-280.91 | 215.96 13.40 13.71 2.92 95.5 26.97 34.57
13. Fruit yield per plant (kg) 0.78-2.59 1.70 | 31.36 | 3165 4.28 98.2 64.01 82.04
14. Fruit yield (g/ha) 104.6-346.46 | 227.85 | 31.37 | 31.66 4.29 98.2 64.03 82.06




Phenotypic coefficient of variation (PCV) was higher than the genotypic
coefficient of variation (GCV) for all the characters studied in the present findings,
indicating the considerable influence of environmental factors on the performance of
genotypes for different characters. Rastogi and Arya (1990), Saikia et al. (1995),
Karuppiah et al. (2002), Kumar et al. (2008), Mehdi and Khan (2009), Kumar et al.
(2013) and Krishna Reddy (2014) reported that the coefficients of genotypic and

phenotypic variability were moderate to high for different characters in cucumber.
4.2.1.2.3 Heritability (h? and Genetic Advance

The broad sense heritability estimate provides information on relative
magnitude of genetic and environmental variation in germplasm pool (Dudley and
Moll, 1969). Estimates on broad sense heritability ranged from 30.60 per cent (Inter
nodal length) to 98.2 per cent (Fruit yield per hectare). Fruit yield per plant (kg) and
fruit yield g/ha exhibited maximum heritability (98.2%) followed by average fruit
weight (95.5%), number of fruits per plant (93.3%), plant height (89.2%), node number
to first male flower (82.60%) and node number to first female flower (76.2%). The
moderate heritability recorded for days to first male flower (73.9%) followed by days
to last harvest (69.9%), fruit length (60.50%), average fruit diameter (58.70%). Low
heritability recorded for days to first female flower (41.2%), days to first harvest
(34.1%) and inter nodal length (30.60%).

The heritability estimates for these traits implies that these characters are least
influence by the environment. Saikia et al. (1995) recorded high heritability for fruit
yield per vine and node to first female flower. Kumar et al. (2008) observed high
heritability for days to first female flower, number of fruit per plant, fruit length, fruit
weight and fruit yield per hectare. Further, Kumar et al. (2013) reported high
heritability for yield per plot.

Low to high estimates of broad sense heritability indicates that these characters
are greatly influenced by environmental effects. Due to the masking effect of the
environment on genotypes, genetic improvement through selection in these traits is
difficult.

High value of genetic advance was observed for node number to first male

flower (98.65) followed by fruit yield (82.06), fruit yield per plant (82.04), node
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number to first female flower (78.40) and number of fruits per plant (62.82) plant
height (37.33), average fruit weight (34.57) and fruit length (21.38). Moderate value of
genetic advance was observed for average fruit diameter (19.63), days to first male
flower (13.92) and Inter nodal length (10.20). Low value of genetic advance was
observed for days to last harvest (9.96), days to first female flower (7.64) and days to
first harvest (4.59).

High heritability along with high genetic advance indicate that mostly the
heritability is due to additive gene effects and selection may be effective. Similarly,
High estimate of heritability along with genetic advance for all traits studied revealed
that these characters are controlled by additive gene action (Kumar et al., 2008), Mehdi
and Khan (2009). In contrast, Yadav et al. (2009) observed high heritability and genetic

advance for some of the traits.
4.3 Heterosis

The estimates of relative heterosis, (mid-parent) heterobeltiosis (better parent)
and standard heterosis (standard parent) for all the 14 traits have been presented in
Table 4.4 - 4.17. The negative heterosis was considered to be desirable for days to first
male flower, days to first female flower, node number of first male flower, node
number of first female flower and days to first harvest as it indicates earliness. The

genotype Pant Khira-1 was used as a standard parent for standard heterosis.
4.3.1 Days to first male flower

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
days to first male flower are presented in Table 4.4. A perusal of data revealed that
heterosis over mid parent, better parent and over check value ranged from -8.11 to
20.33 per cent, -11.85 to 18.85 and -12.40 to 12.40 per cent, respectively. Out of
twenty eight crosses, twelve crosses exhibited significant relative heterosis, eight
hybrids showed significant heterobeltiosis and fifteen hybrids showed significant

standard heterosis for days to first male flower.

For relative heterosis, two cross combinations viz., PCPGR-112 x PCPGR-126
(-8.11%) and PCPGR-112 x PCPGR-138 (-6.56%) exhibited significant desirable

negative relative heterosis. However, out of all crosses, three crosses showed significant
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Table 4.4 Heterosis for days to first male flower

SN F1hybrid per;errrrfgnce hegﬁtlnas?sv(e%) Heterggoe)ltiosis iﬁ(gg%rig
1. PCPGR-50 x PCPGR-51 42.33 5.83* 4.10 -1.55
2. PCPGR-50 x PCPGR-59 40 -2.04 -2.44 -6.98*
3. |PCPGR-50 x PCPGR-83 45.33 13.33** 11.48** 5.43
4. PCPGR-50 x PCPGR-112 40.33 -1.63 -2.42 -6.20*
5. PCPGR-50 x PCPGR-126 44.67 4.28 -0.74 3.88
6. |PCPGR-50 x PCPGR-138 40 -0.83 -1.64 -6.98*
7. PCPGR-50 x PCPGR-149 48.33 20.33** 18.85** 12.40**
8. PCPGR-51 x PCPGR-59 39.33 -2.07 -4.07 -8.53**
9. |PCPGR-51 x PCPGR-83 43 9.32** 9.32%* 0
10. |PCPGR-51 x PCPGR-112 39 -3.31 -5.65 -9.30**
11. |PCPGR-51 x PCPGR-126 46.33 9.88** 2.96 7.75%*
12. |PCPGR-51 x PCPGR-138 38.33 -3.36 -4.17 -10.85**
13. |PCPGR-51 x PCPGR-149 45 13.92** 13.45** 4.65
14. |PCPGR-59 x PCPGR-83 41 2.07 0.00 -4.65
15. |PCPGR-59 x PCPGR-112 39.33 -4.45 -4.84 -8.53**
16. |PCPGR-59 x PCPGR-126 46.33 7.75%* 2.96 7.75%*
17. |PCPGR-59 x PCPGR-138 41 1.23 0.00 -4.65
18. |PCPGR-59 x PCPGR-149 43.33 7.44** 5.69 0.78
19. |PCPGR-83 x PCPGR-112 39.67 -1.65 -4.03 -71.75**
20. |PCPGR-83 x PCPGR-126 44.33 5.14 -1.48 3.1
21. |PCPGR-83 x PCPGR-138 41.67 5.04 4.17 3.1
22. |PCPGR-83 x PCPGR-149 43.33 9.70** 9.24** 0.78
23. |PCPGR-112 x PCPGR-126 39.67 -8.11** -11.85** -71.75**
24. |PCPGR-112 x PCPGR-138 38 -6.56* -8.06** -11.63**
25. |PCPGR-112 x PCPGR-149 39.33 -2.88 -4.84 -8.563**
26. |PCPGR-126 x PCPGR-138 40.67 -4.31 -9.63** -5.43
27. |PCPGR-126 x PCPGR-149 45.33 7.09** 0.74 5.43
28. |PCPGR-138 x PCPGR-149 37.67 -5.44 -5.83 -12.40**

Minimum 38.00 -8.11 -11.85 -12.40
Range Maximum 48.33 20.33 18.85 12.40
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negative heterobeltiosis viz., PCPGR-112 x PCPGR-126 (-11.85%), PCPGR-126 x
PCPGR-138 (-9.63%) and PCPGR-112 x PCPGR-138 (-8.06%). Looking to standard
heterosis, among the crosses, twelve cross combinations showed significant negative
standard heterosis in desirable direction for this particular trait. Top seven crosses which
showed maximum negative heterosis over check for days to first male flower were
PCPGR-138 x PCPGR-149 (-12.40%), PCPGR-112 x PCPGR-138 (-11.63%),
PCPGR-51 x PCPGR-138 (-10.85%), PCPGR-51 x PCPGR-112 (-9.30%) and PCPGR-
51 x PCPGR-59 (-8.53%).

4.3.2 Node number to first male flower

A perusal of estimates of relative heterosis, heterobeltiosis and standard
heterosis for node number to first male flower presented in Table 4.5. It is clear from
data that heterosis over mid parent, better parent and over check value ranged from
-47.06 to 315.38 per cent, -62.50 to 285.71 and -61.11 to 66.67 per cent, respectively.
Out of twenty eight crosses, twenty crosses exhibited significant relative heterosis,
seventeen hybrids showed significant heterobeltiosis and eighteen hybrids showed
significant standard heterosis for node number to first male flower.

For relative heterosis, seven cross combinations viz., PCPGR-51 x PCPGR-
112 (-47.07%), PCPGR-51 x PCPGR-138 (-46.67) PCPGR-59 x PCPGR-138
(-45.45%) PCPGR-50 x PCPGR-138 (-40.00%), PCPGR-51 x PCPGR-59 (-40.00%),
PCPGR-112 x PCPGR-126 (-36.36%) and PCPGR-112 x PCPGR-138 (-35.14%)
exhibited significant desirable negative relative heterosis for node number to first
male flower. However, out of all crosses, nine crosses showed significant negative
heterobeltiosis, viz., PCPGR-50 x PCPGR-138 (-62.50%), PCPGR-59 x PCPGR-138
(-62.50%), PCPGR-51 x PCPGR-59(-57.14%), PCPGR-51 x PCPGR-112 (-57.14%),
PCPGR-51 x PCPGR-138 (-50.00%), PCPGR-112 x PCPGR-138 (-50.00%),
PCPGR-112 x PCPGR-126 (-46.15%), PCPGR-83 x PCPGR-112 (-27.78%) and
PCPGR-83 x PCPGR-138 (-25.00%). For standard heterosis, among the crosses, nine
cross combinations showed significant negative standard heterosis in desirable
direction for this particular trait. Top six crosses that showed maximum negative
standard heterosis over check for node number to first male flower were PCPGR-112
x PCPGR-126(-61.11%), PCPGR-50 x PCPGR-59 (-50.00%), PCPGR-50 x PCPGR-138
(-50.00%), PCPGR-51 x PCPGR-59 (-50.00%), PCPGR-51 x PCPGR-112
(-50.00%) and PCPGR-59 x PCPGR-138 (-50.00%).
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Table 4.5 Heterosis for node number to first male flower

Per se Relative Heterobeltiosis | Standard
SN F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. PCPGR-50 x PCPGR-51 8 77.78** 14.29 33.33*
2. |PCPGR-50 x PCPGR-59 3 20 0 -50.00**
3. | PCPGR-50 x PCPGR-83 5 25 -16.67 -16.67
4, PCPGR-50 x PCPGR-112 5 57.89* 15.38 -16.67
5. PCPGR-50 x PCPGR-126 9 260.00** 200.00** 50.00**
6. PCPGR-50 x PCPGR-138 3 -40.00** -62.50** -50.00**
7. PCPGR-50 x PCPGR-149 9 315.38** 285.71** 50.00**
8. PCPGR-51 x PCPGR-59 3 -40.00** -57.14** -50.00**
9. |PCPGR-51 x PCPGR-83 8.33 28.21* 19.05 38.89**
10. |PCPGR-51 x PCPGR-112 3 -47.06** -57.14** -50.00**
11. |PCPGR-51 x PCPGR-126 6 20 -14.29 0
12. |PCPGR-51 x PCPGR-138 4 -46.67** -50.00** -33.33*
13. |PCPGR-51 x PCPGR-149 7 50.00** 0 16.67
14. |PCPGR-59 x PCPGR-83 10 122.22** 66.67** 66.67**
15. |PCPGR-59 x PCPGR-112 4.33 18.18 0 -27.78
16. |PCPGR-59 x PCPGR-126 9 200.00** 200.00** 50.00**
17. x | PCPGR-59 x PCPGR-138 3 -45.45** -62.50** -50.00**
18. |PCPGR-59 x PCPGR-149 5.33 100.00** 77.78** -11.11
19. |PCPGR-83 x PCPGR-112 4.33 -16.13 -27.78* -27.78
20. |PCPGR-83 x PCPGR-126 8.33 85.19** 38.89** 38.89**
21. |PCPGR-83 x PCPGR-138 6 -14.29 -25.00* 0
22. | PCPGR-83 x PCPGR-149 8 92.00** 33.33* 33.33*
23. |PCPGR-112 x PCPGR-126 2.33 -36.36** -46.15* -61.11**
24. |PCPGR-112 x PCPGR-138 4 -35.14** -50.00** -33.33*
25. |PCPGR-112 x PCPGR-149 5 50.00* 15.38 -16.67
26. |PCPGR-126 x PCPGR-138 9 63.64** 125 50.00**
27. |PCPGR-126 x PCPGR-149 4 50 33.33* -33.33*
28. |PCPGR-138 x PCPGR-149 6.33 22.58 -20.83 5.56
Minimum 2.33 -47.06 -62.50 -61.11
Range
Maximum 10.00 315.38 285.71 66.67
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4.3.3 Days to first female flower

A critical examination of data presented in Table 4.6 revealed that the range of
heterosis for Days to first female flower was -8.16 to 17.17 per cent for relative
heterosis, -10.00 to 16.00 per cent for heterobeltiosis and -10.60 to 15.23 per cent for

standard heterosis.

Out of twenty eight crosses, five crosses exhibited significant relative
heterosis, three hybrids showed significant heterobeltiosis and two hybrids showed
significant standard heterosis for days to first female flower. For relative heterosis,
PCPGR-50 x PCPGR-59 (-8.16%) exhibited significant desirable negative relative
heterosis. However, out of all crosses, one crosses, PCPGR-50 x PCPGR-59
(-10.00%) exhibited significant negative heterobeltiosis. In case of standard heterosis,
PCPGR-50 x PCPGR-59 exhibited significant negative standard heterosis (-10.60%)
over check for days to first female flower. Cizov (1945) found considerable heterosis
under polyhouse for earliness. Further, Vijayakumari et al. (1991) reported that the

gynoecious and monoecious hybrids were promising for earliness.
4.3.4 Node number to first female flower

It is explicit from data presented in the Table 4.7 revealed that heterosis over
mid parent, better parent and over check parent for number of flowers per cluster
ranged from -43.59 to 133.33 per cent, -54.17 to 86.67per cent and -57.14 to 61.90 per
cent, respectively. For node number to first female flower out of all cross combinations,
eleven crosses showed significant relative heterosis, fifteen hybrids showed significant

heterobeltiosis and ninteen hybrids exhibited significant standard heterosis.

Out of twenty eight cross combinations, six crosses showed desirable significant
negative relative heterosis for node number to first female flower viz.,, PCPGR-50 x
PCPGR-112 (-43.59%), PCPGR-50 x PCPGR-149 (-38.46%), PCPGR-50 x PCPGR-
51(-37.78%), PCPGR-83 x PCPGR-112 (-35.14%) PCPGR-51 x PCPGR-59 (-33.33%)
and PCPGR-83 x PCPGR-126 (-28.57%) while, ten cross combinations showed
significant negative heterosis over better parent for same traits. Top five cross
combinations that showed desirable significant heterosis over better parents were
PCPGR-50 x PCPGR-112 (-54.17%), PCPGR-51 x PCPGR-59(-52.38%), PCPGR-50
x PCPGR-149 (-50.00%), PCPGR-59 x PCPGR-83 (-45.45%) and PCPGR-83 x
PCPGR-112 (-45.45%). In case of standard heterosis, fourteen crosses exhibited
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Table 4.6: Heterosis for days to first female flower

Per se Relative Heterobeltiosis | Standard

S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 50.33 1.68 0.67 0.00

2. |PCPGR-50 x PCPGR-59 45.00 -8.16* -10.00* -10.60*
3. |PCPGR-50 x PCPGR-83 50.33 0.67 0.67 0.00
4. |PCPGR-50 x PCPGR-112 47.67 -4.98 -5.30 -5.30
5. | PCPGR-50 x PCPGR-126 51.67 0.32 -2.52 2.65
6. |PCPGR-50 x PCPGR-138 47.33 -4.38 -5.33 -5.96
7. | PCPGR-50 x PCPGR-149 49.67 2.05 -0.67 -1.32
8. PCPGR-51 x PCPGR-59 46.33 -4.47 -5.44 -7.95
9. |PCPGR-51 x PCPGR-83 50.67 2.36 1.33 0.66
10. |PCPGR-51 x PCPGR-112 47.00 -5.37 -6.62 -6.62
11. |PCPGR-51 x PCPGR-126 53.33 4.58 0.63 5.96
12. |PCPGR-51 x PCPGR-138 46.67 -4.76 -4.76 -7.28
13. |PCPGR-51 x PCPGR-149 53.00 10.03* 8.16 5.30
14. |PCPGR-59 x PCPGR-83 54.00 10.20* 8.00 7.28
15. |PCPGR-59 x PCPGR-112 47.00 -4.41 -6.62 -6.62
16. |PCPGR-59 x PCPGR-126 49.33 -2.31 -6.92 -1.99
17. |PCPGR-59 x PCPGR-138 49.00 1.03 0.00 -2.65
18. |PCPGR-59 x PCPGR-149 52.67 10.49* 9.72* 4.64
19. |PCPGR-83 x PCPGR-112 48.67 -2.99 -3.31 -3.31
20. |PCPGR-83 x PCPGR-126 53.00 291 0.00 5.30

21. |PCPGR-83 x PCPGR-138 58.00 17.17** 16.00** 15.23**
22. |PCPGR-83 x PCPGR-149 49.33 1.37 -1.33 -1.99
23. |PCPGR-112 x PCPGR-126 50.67 -1.94 -4.40 0.66
24. |PCPGR-112 x PCPGR-138 46.67 -6.04 -7.28 -7.28
25. |PCPGR-112 x PCPGR-149 47.00 -3.75 -6.62 -6.62
26. |PCPGR-126 x PCPGR-138 53.33 4.58 0.63 5.96
27. |PCPGR-126 x PCPGR-149 51.67 2.99 -2.52 2.65
28. |PCPGR-138 x PCPGR-149 47.00 -2.42 -4.08 5.56
Minimum 45.00 -8.16 -10.00 -10.60

Range

Maximum 58.00 17.17 16.00 15.23
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Table 4.7: Heterosis for node number to first female flower

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 4.670 -37.78** -41.67** -33.33*
2. |PCPGR-50 x PCPGR-59 5.000 -9.090 -37.50** -28.57*
3. |PCPGR-50 x PCPGR-83 8.670 13.040 8.330 23.810
4. |PCPGR-50 x PCPGR-112 3.670 -43.59** -54.17** -47.62**
5. | PCPGR-50 x PCPGR-126 8.000 9.090 0.000 14.290
6. |PCPGR-50 x PCPGR-138 7.000 7.690 -12.500 0.000
7. | PCPGR-50 x PCPGR-149 4.000 -38.46** -50.00** -42.86**
8. |PCPGR-51 x PCPGR-59 3.330 -33.33* -52.38** -52.38**
9. |PCPGR-51 x PCPGR-83 10.670 48.84** 45.45*%* 52.38**
10. |PCPGR-51 x PCPGR-112 5.000 -16.670 -28.57* -28.57*
11. |PCPGR-51 x PCPGR-126 11.330 65.85** 61.90** 61.90**
12. |PCPGR-51 x PCPGR-138 6.000 0.000 -14.290 -14.290
13. |PCPGR-51 x PCPGR-149 6.670 11.110 -4.760 -4.760
14. | PCPGR-59 x PCPGR-83 4.000 -22.580 -45.45** -42.86**
15. |PCPGR-59 x PCPGR-112 3.000 -25.000 -40.00* -57.14**
16. |PCPGR-59 x PCPGR-126 5.330 10.340 -20.000 -23.810
17. |PCPGR-59 x PCPGR-138 9.000 125.00** 80.00** 28.57*
18. |PCPGR-59 x PCPGR-149 9.330 133.33** 86.67** 33.33*
19. |PCPGR-83 x PCPGR-112 4.000 -35.14* -45.45%* -42.86**
20. |PCPGR-83 x PCPGR-126 5.000 -28.57* -31.82* -28.57*
21. |PCPGR-83 x PCPGR-138 6.330 2.700 -13.640 -9.520
22. |PCPGR-83 x PCPGR-149 6.000 -2.700 -18.180 -14.290
23. |PCPGR-112 x PCPGR-126 5.000 -14.290 -25.000 -28.57*
24. |PCPGR-112 x PCPGR-138 4.330 -13.330 -13.330 -38.10**
25. |PCPGR-112 x PCPGR-149 3.670 -26.670 -26.670 -47.62**
26. |PCPGR-126 x PCPGR-138 10.000 71.43** 50.00** 42.86**
27. |PCPGR-126 x PCPGR-149 8.000 37.14* 20.000 14.290
28. |PCPGR-138 x PCPGR-149 5.000 0.000 0.000 -28.57*
Minimum 3.000 -43.59 -54.17 -57.14
Range
Maximum 11.330 133.33 86.67 61.90
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significant negative heterosis over standard checks out of 28 cross combinations. Top
five cross combinations that showed desirable significant heterosis over standard check
were PCPGR-59 x PCPGR-112 (-57.14%), PCPGR-51 x PCPGR-59(-52.38%),
PCPGR-50 x PCPGR-112 (-47.62%), PCPGR-112 x PCPGR-149 (-47.62%), PCPGR-50
x PCPGR-149 (-42.86%), PCPGR-59 x PCPGR-83 (-42.86%) and PCPGR-83 x
PCPGR-112 (-42.86%).

4.3.5 Days to first harvest

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
days to first harvest are presented in Table 4.8 revealed that heterosis over mid parent,
better parent and over check parent for number of flowers per cluster ranged from -6.58
to 16.78 per cent, -8.94 to 13.69 cent and -4.63 to 13.44 per cent, respectively. For days
to first harvest, out of all cross combinations, four hybrids showed significant relative
heterosis, four crosses showed significant heterobeltiosis while other two hybrids

exhibited significant standard heterosis.

Out of twenty eight cross combinations PCPGR-50 x PCPGR-59 (-6.58%)
exhibited desirable significant negative relative heterosis for days to first harvest while,
two cross combinations viz., PCPGR-50 x PCPGR-59 (-8.94%) and PCPGR-59 x
PCPGR-126 (-7.05%) showed desirable positive heterosis over better parent whereas,
none of the cross combination observed significant negative heterosis in case of
standard heterosis out of twenty eight cross combinations. Singh et al. (2010) and
Singh et al. (2016) reported higher significant heterosis in desirable direction for days

to first fruit harvest.
4.3.6 Days to last harvest

A perusal estimates of relative heterosis, heterobeltiosis and standard heterosis
for days to last harvest presented in Table 4.9 revealed that heterosis over mid parent,
better parent and over check parent for days to last harvest ranged from -5.00 to 20.68
per cent, -7.22 to 19.83 cent and -11.81 to 1.23 per cent, respectively. For days to last
harvest, nineteen crosses showed significant relative heterosis, twelve hybrids showed
significant heterobeltiosis and seventeen hybrids showed significant standard heterosis

out of all cross combinations.
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Table 4.8 Heterosis for days to first

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)

1. |PCPGR-50 x PCPGR-51 61.870 -0.270 -2.420 2.200
2. |PCPGR-50 x PCPGR-59 57.730 -6.58* -8.94** -4.630
3. |PCPGR-50 x PCPGR-83 64.330 3.930 1.470 6.280
4. |PCPGR-50 x PCPGR-112 59.130 -5.180 -6.730 -2.310
5. | PCPGR-50 x PCPGR-126 62.400 -2.300 -3.010 3.080
6. |PCPGR-50 x PCPGR-138 61.200 1.490 -3.470 1.100
7. | PCPGR-50 x PCPGR-149 60.670 -2.780 -4.310 0.220
8. |PCPGR-51 x PCPGR-59 59.730 -1.160 -1.540 -1.320
9. |PCPGR-51 x PCPGR-83 61.600 1.760 1.540 1.760
10. |PCPGR-51 x PCPGR-112 58.400 -4.260 -4.780 -3.520
11. |PCPGR-51 x PCPGR-126 64.470 3.150 0.210 6.500
12. |PCPGR-51 x PCPGR-138 61.800 4.860 1.870 2.090
13. |PCPGR-51 x PCPGR-149 63.470 3.990 3.370 4.850
14. | PCPGR-59 x PCPGR-83 65.530 8.68** 8.50* 8.26*
15. |PCPGR-59 x PCPGR-112 59.730 -1.700 -2.610 -1.320
16. |PCPGR-59 x PCPGR-126 59.800 -3.960 -7.05* -1.210
17. |PCPGR-59 x PCPGR-138 61.400 4.600 1.990 1.430
18. |PCPGR-59 x PCPGR-149 64.000 5.260 4.230 5.730
19. |PCPGR-83 x PCPGR-112 62.800 3.180 2.390 3.740
20. |PCPGR-83 x PCPGR-126 64.070 2.730 -0.410 5.840

21. |PCPGR-83 x PCPGR-138 68.670 16.78** 13.69** 13.44**
22. |PCPGR-83 x PCPGR-149 60.000 -1.480 -2.280 -0.880
23. |PCPGR-112 x PCPGR-126 61.730 -1.750 -4.040 1.980
24. |PCPGR-112 x PCPGR-138 59.470 0.340 -3.040 -1.760
25. |PCPGR-112 x PCPGR-149 59.270 -3.420 -3.470 -2.090
26. |PCPGR-126 x PCPGR-138 64.600 6.31* 0.410 6.720
27. |PCPGR-126 x PCPGR-149 63.070 0.320 -1.970 4.190
28. |PCPGR-138 x PCPGR-149 62.070 4.670 1.090 2.530
Minimum 57.730 -6.58 -8.94 -4.630

Range

Maximum 68.670 16.78 13.69 13.44
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Table 4.9: Heterosis for days to last harvest

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 106.930 3.890 0.440 -6.25**
2. |PCPGR-50 x PCPGR-59 107.800 -0.340 -1.880 -5.49*
3. |PCPGR-50 x PCPGR-83 104.730 3.730 -1.630 -8.18**
4. |PCPGR-50 x PCPGR-112 106.400 0.760 -0.060 -6.72**
5. | PCPGR-50 x PCPGR-126 106.330 2.870 -0.130 -6.78**
6. |PCPGR-50 x PCPGR-138 110.270 9.94** 3.570 -3.330
7. | PCPGR-50 x PCPGR-149 100.600 -4.58* -5.51* -11.81**
8. PCPGR-51 x PCPGR-59 103.270 -1.310 -6.01* -9.47**
9. |PCPGR-51 x PCPGR-83 107.000 9.82** 7.65** -6.20**
10. |PCPGR-51 x PCPGR-112 101.670 -0.390 -2.930 -10.87**
11. |PCPGR-51 x PCPGR-126 105.000 5.18* 4.720 -7.95**
12. |PCPGR-51 x PCPGR-138 105.270 8.78** 5.90* -1.71%*
13. |PCPGR-51 x PCPGR-149 109.930 7.88** 5.30* -3.620
14. |PCPGR-59 x PCPGR-83 109.670 6.82** -0.180 -3.860
15. |PCPGR-59 x PCPGR-112 101.930 -5.00* -7.22** -10.64**
16. |PCPGR-59 x PCPGR-126 106.600 1.460 -2.970 -6.55**
17. |PCPGR-59 x PCPGR-138 110.530 8.37** 0.610 -3.100
18. |PCPGR-59 x PCPGR-149 113.400 5.85** 3.220 -0.580
19. |PCPGR-83 x PCPGR-112 113.270 13.15** 8.15** -0.700
20. |PCPGR-83 x PCPGR-126 114.530 17.03** 14.23** 0.410
21. |PCPGR-83 x PCPGR-138 114.400 20.68** 19.83** 0.290
22. |PCPGR-83 x PCPGR-149 107.470 7.54** 2.940 -5.79*
23. |PCPGR-112 x PCPGR-126 112.400 9.66** 7.32%* -1.460
24. |PCPGR-112 x PCPGR-138 108.530 9.15** 3.630 -4.85*
25. |PCPGR-112 x PCPGR-149 115.470 10.42** 10.25** 1.230
26. |PCPGR-126 x PCPGR-138 104.400 7.41%* 4.120 -8.47**
27. |PCPGR-126 x PCPGR-149 106.000 3.580 1.530 -7.07**
28. |PCPGR-138 x PCPGR-149 111.670 12.49** 6.96** -2.100
Minimum 100.600 -5.00 -7.22 -11.81
Range
Maximum 115.470 20.68 19.83 1.230
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Out of twenty eight crosses, seventeen cross combinations showed desirable
significant positive relative heterosis for days to last harvest among them top three were
PCPGR-83 x PCPGR-138 (20.68%), PCPGR-83 x PCPGR-126 (17.03%), PCPGR-83
x PCPGR-112 (13.15%). In case of heterosis over better parent, nine cross
combinations showed significant positive heterosis. Among them top five were
PCPGR-83 x PCPGR-138 (19.83%), PCPGR-83 x PCPGR-126 (14.23%), PCPGR-112
x PCPGR-149 (10.25%), PCPGR-83 x PCPGR-112 (8.15%) and PCPGR-51 x
PCPGR-83 (7.65%). In case of standard heterosis, none of the crosses have shown
significant positive heterosis over standard checks out of twenty eight cross
combinations. Singh et al. (2010) reported significant heterosis for days to last fruit

harvest.
4.3.7 Inter nodal length (cm)

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
inter nodal length presented in Table 4.10. A perusal of data revealed that heterosis
over mid parent, better parent and over check value ranged from -16.95 to 33.49 per
cent, -25.38 to 22.49 and -18.49 to 14.42 per cent, respectively. Out of twenty eight
crosses, five crosses exhibited significant relative heterosis, five hybrids showed
significant heterobeltiosis and one hybrids showed significant standard heterosis for

inter nodal length.

For relative heterosis, one cross combinations viz., PCPGR-83 x PCPGR-149
(-16.95%), exhibited significant desirable negative relative heterosis. However, out of
all crosses, three crosses viz.,, PCPGR-83 x PCPGR-149 (-25.38%), PCPGR-51 x
PCPGR-83 (-20.42%), and PCPGR-59 x PCPGR-138 (-15.99%) showed significant
negative heterobeltiosis. For standard heterosis, only one cross combinations
exhibited significant negative standard heterosis in desirable direction for this
particular trait namely PCPGR-83 x PCPGR-149 (-15.99%). Hanchinamani and Patil

(2009) reported significant heterosis for inter nodal length over better parent.
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Table 4.10: Heterosis for internodal length (cm)

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 10.21 -1 -8.29 -3.34
2. |PCPGR-50 x PCPGR-59 10.86 12.11 -2.45 281
3. |PCPGR-50 x PCPGR-83 10.24 -9.73 -11.32 -3.12
4. |PCPGR-50 x PCPGR-112 10.50 -0.03 -5.72 -0.63
5. | PCPGR-50 x PCPGR-126 11.38 7.31 221 7.73
6. |PCPGR-50 x PCPGR-138 11.78 2.52 -0.53 11.48
7. | PCPGR-50 x PCPGR-149 11.41 12.18 242 7.95
8. PCPGR-51 x PCPGR-59 10.74 21.12* 13.13 1.67
9. |PCPGR-51 x PCPGR-83 9.19 -12.67 -20.42** -13.06
10. |PCPGR-51 x PCPGR-112 9.00 -7.06 -8.81 -14.83
11. |PCPGR-51 x PCPGR-126 11.31 15.55 12.2 7.03
12. |PCPGR-51 x PCPGR-138 10.30 -3.5 -13.06 -2.56
13. |PCPGR-51 x PCPGR-149 10.63 13.71 11.93 0.6
14. |PCPGR-59 x PCPGR-83 11.27 13.88 -2.4 6.62
15. |PCPGR-59 x PCPGR-112 12.09 33.49** 22.49* 14.42
16. |PCPGR-59 x PCPGR-126 10.88 18.79* 7.97 3
17. |PCPGR-59 x PCPGR-138 9.95 -0.93 -15.99* -5.84
18. |PCPGR-59 x PCPGR-149 11.08 27.04** 20.43* 4.86
19. |PCPGR-83 x PCPGR-112 11.23 4.92 -2.69 6.31
20. |PCPGR-83 x PCPGR-126 11.18 3.38 -3.18 5.77
21. |PCPGR-83 x PCPGR-138 10.34 -11.57 -12.69 -2.15
22. |PCPGR-83 x PCPGR-149 8.61 -16.95* -25.38** -18.49*
23. |PCPGR-112 x PCPGR-126 10.37 3.93 2.84 -1.89
24. |PCPGR-112 x PCPGR-138 12.02 10.72 1.49 13.75
25. |PCPGR-112 x PCPGR-149 11.00 154 11.48 4.13
26. |PCPGR-126 x PCPGR-138 10.17 -7.25 -14.16 -3.79
27. |PCPGR-126 x PCPGR-149 8.82 -8.54 -12.53 -16.56
28. |PCPGR-138 x PCPGR-149 10.13 -3.69 -14.44 -4.1
Minimum 8.61 -16.95 -25.38 -18.49
Range
Maximum 12.09 33.49 22.49 14.42
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4.3.8 Plant height (m)

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
plant height presented in Table 4.11. A perusal of data revealed that heterosis over mid
parent, better parent and over check value ranged from -30.63 to 49.09 per cent, -32.03
to 37.96 and -33.33 to 5.71 per cent, respectively. Out of twenty eight crosses, twenty
four crosses exhibited significant relative heterosis, twenty three hybrids showed
significant heterobeltiosis and eight hybrids showed significant standard heterosis for

plant height.

In case of relative heterosis, twenty cross combinations exhibited
significant desirable positive relative heterosis. Among them top five were
PCPGR-83 x PCPGR-138 (49.09%), PCPGR-51 x PCPGR-83 (40.51%),
PCPGR-83 x PCPGR-149 (40.34%), PCPGR-50 x PCPGR-138 (33.10%) and
PCPGR-59 x PCPGR-83 (33.09%). However, out of all crosses, eighteen crosses
showed significant positive heterobeltiosis. Among them top five were PCPGR-83
x PCPGR-138 (37.96%), PCPGR-50 x PCPGR-149 (28.93%), PCPGR-50 x
PCPGR-138 (23.69%), PCPGR-138 x PCPGR-149 (23.32%) and PCPGR-83 x
PCPGR-149 (22.65%). For standard heterosis, none of the cross combinations
have shown significant positive standard heterosis in desirable direction for this
particular trait. Present findings are in conformity with the findings of Singh et al.
(2010) and Mule et al. (2012). Lower et al. (1982) recorded significant heterosis

for plant height over better parent.
4.3.9 Fruit length (cm)

A perusal of estimates of relative heterosis, heterobeltiosis and standard
heterosis for fruit length are presented in Table 4.12. It is apparent from data that
heterosis over mid parent, better parent and over check value ranged from -20.81 to
36.53 per cent, -26.91 to 24.67 and -30.30 to 15.36 per cent, respectively. Out of twenty
eight crosses, eleven crosses exhibited significant relative heterosis, twelve hybrids
showed significant heterobeltiosis and fourteen hybrids showed significant standard

heterosis for fruit length.
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Table 4.11: Heterosis for plant height (m)

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 217 -20.02** -24.65** -31.11%*
2. |PCPGR-50 x PCPGR-59 3.14 18.17** 13.34** -0.21
3. |PCPGR-50 x PCPGR-83 2.15 -2.27 -15.45%* -31.64**
4. |PCPGR-50 x PCPGR-112 291 12.59** 11.08* -1.72
5. | PCPGR-50 x PCPGR-126 3.06 16.18** 12.35** -2.75
6. |PCPGR-50 x PCPGR-138 3.15 33.10** 23.69** 0
7. | PCPGR-50 x PCPGR-149 3.28 30.46** 28.93** 4.23
8. PCPGR-51 x PCPGR-59 3.15 11.44** 9.37* 0
9. |PCPGR-51 x PCPGR-83 3.33 40.51** 15.62** 5.71
10. |PCPGR-51 x PCPGR-112 3.32 20.68** 15.16** 5.29
11. |PCPGR-51 x PCPGR-126 3.15 12.37** 9.37* 0
12. |PCPGR-51 x PCPGR-138 3.28 29.61** 14.00** 4.23
13. |PCPGR-51 x PCPGR-149 3.22 19.88** 11.69** 212
14. |PCPGR-59 x PCPGR-83 3.08 33.09** 11.18* -2.12
15. |PCPGR-59 x PCPGR-112 3.13 16.26** 12.98** -0.53
16. |PCPGR-59 x PCPGR-126 2.73 -0.61 -1.44 -13.23**
17. |PCPGR-59 x PCPGR-138 3.02 21.64** 8.77 -4.23
18. |PCPGR-59 x PCPGR-149 2.83 7.73 2.16 -10.05*
19. |PCPGR-83 x PCPGR-112 245 9.31 -6.5 -22.33*%*
20. |PCPGR-83 x PCPGR-126 2.97 29.36** 8.8 -5.82
21. |PCPGR-83 x PCPGR-138 3.02 49.09** 37.96** -4.23
22. |PCPGR-83 x PCPGR-149 3.05 40.34** 22.65** -3.17
23. |PCPGR-112 x PCPGR-126 1.85 -30.63** -32.03** -41.16**
24. |PCPGR-112 x PCPGR-138 3.17 31.85** 21.02** 0.53
25. |PCPGR-112 x PCPGR-149 2.97 16.26** 13.38** -5.82
26. |PCPGR-126 x PCPGR-138 2.18 -11.13* -19.93** -30.69**
27. |PCPGR-126 x PCPGR-149 2.1 -19.44%** -22.98** -33.33**
28. |PCPGR-138 x PCPGR-149 3.07 31.24** 23.32** -2.65
Minimum 1.85 -30.63 -32.03 -31.64
Range
Maximum 3.33 49.09 37.96 5.71
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Table 4.12: Heterosis for fruit length (cm)

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 17.24 -0.96 -10.97 -15.09*
2. |PCPGR-50 x PCPGR-59 19.75 7.28 2.03 -2.69
3. | PCPGR-50 x PCPGR-83 154 -20.49** -20.53** -24.12**
4. |PCPGR-50 x PCPGR-112 16.18 -9.26 -16.41* -20.28**
5. | PCPGR-50 x PCPGR-126 19.57 7.66 1.07 -3.61
6. |PCPGR-50 x PCPGR-138 22.72 35.68** 17.34** 11.9
7. | PCPGR-50 x PCPGR-149 14.15 -20.81** -26.91** -30.30**
8. |PCPGR-51 x PCPGR-59 20.68 25.68** 18.42* 1.89
9. PCPGR-51 x PCPGR-83 18.37 5.46 -5.25 -9.52
10. |PCPGR-51 x PCPGR-112 19.79 24.61** 21.32** -2.53
11. |PCPGR-51 x PCPGR-126 155 -4.43 -8.77 -23.65**
12. |PCPGR-51 x PCPGR-138 23.42 58.45** 51.68** 15.36*
13. |PCPGR-51 x PCPGR-149 17.35 9.04 5.94 -14.53*
14. | PCPGR-59 x PCPGR-83 18.32 -0.55 -5.47 -9.74
15. |PCPGR-59 x PCPGR-112 17.87 5.81 231 -11.97
16. |PCPGR-59 x PCPGR-126 16.85 -2.2 -3.53 -17.00**
17. |PCPGR-59 x PCPGR-138 21.57 36.53** 23.47** 6.24
18. |PCPGR-59 x PCPGR-149 15.49 -8.46 -11.32 -23.69**
19. |PCPGR-83 x PCPGR-112 20.32 13.84* 4.82 0.08
20. |PCPGR-83 x PCPGR-126 17.23 -5.24 -11.09 -15.11*
21. |PCPGR-83 x PCPGR-138 16.26 -2.93 -16.10* -19.89**
22. |PCPGR-83 x PCPGR-149 17.26 -3.47 -10.95 -14.98*
23. |PCPGR-112 x PCPGR-126 17.57 551 3.39 -13.46*
24. |PCPGR-112 x PCPGR-138 20.33 33.61** 24.67** 0.16
25. |PCPGR-112 x PCPGR-149 20.12 23.09** 22.84** -0.9
26. |PCPGR-126 x PCPGR-138 18.33 17.81* 7.89 -9.7
27. |PCPGR-126 x PCPGR-149 16.9 1.3 -0.53 -16.75**
28. |PCPGR-138 x PCPGR-149 18.83 23.48** 15 -7.22
Minimum 14.15 -20.81 -26.91 -30.30
Range
Maximum 23.42 36.53 24.67 11.90
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For relative heterosis, ten cross combinations exhibited significant desirable
positive relative heterosis. Among them top five were PCPGR-51 x PCPGR-138
(58.45%), PCPGR-59 x PCPGR-138 (36.53%), PCPGR-50 x PCPGR-138 (35.68%),
PCPGR-112 x PCPGR-138 (33.61%) and PCPGR-51 x PCPGR-59 (25.68%), However,
out of all crosses, seven crosses, PCPGR-51 x PCPGR-138 (51.68%), PCPGR-112 x
PCPGR-138 (24.67%), PCPGR-59 x PCPGR-138 (23.47%) PCPGR-112 x PCPGR-149
(22.84%), PCPGR-51 x PCPGR-112 (21.32%), PCPGR-51 x PCPGR-59 (18.42%) and
PCPGR-50 x PCPGR-138 (17.34%), showed significant positive heterobeltiosis. In case
of standard heterosis, one cross combinations exhibited significant positive standard
heterosis in desirable direction for this particular trait namely PCPGR-51 x PCPGR-138
(15.36%). Significant heterosis for fruit length had also been reported by Singh et al.
(2010), Airina et al. (2013) and Munshi et al. (2005).

4.3.10 Average fruit diameter (cm)

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
average fruit diameter presented in Table 4.13. It is clear from data that heterosis over mid
parent, better parent and over check value ranged from 1.12 to 49.31 per cent, -3.64 to
46.73 and -8.76 to 18.74 per cent, respectively. Out of twenty eight crosses, twenty crosses
exhibited significant relative heterosis, nine hybrids showed significant heterobeltiosis and

three hybrids showed significant standard heterosis for average fruit diameter.

In case of relative heterosis, twenty cross combinations exhibited significant
desirable positive relative heterosis. Among them top five were PCPGR-50 x
PCPGR-83 (49.31%), PCPGR-50 x PCPGR-138 (46.18%), PCPGR-83 x
PCPGR-149 (38.17%), PCPGR-50 x PCPGR-126 (34.85%) and PCPGR-112 x
PCPGR-149 (26.64%), However, nine crosses showed significant positive
heterobeltiosis, among them top five were PCPGR-50 x PCPGR-83 (46.73%),
PCPGR-50 x PCPGR-138 (38.64%) PCPGR-83 x PCPGR-149 (36.42%), PCPGR-50
x PCPGR-126 (24.41%) and PCPGR-50 x PCPGR-149 (22.62%) showed significant
positive heterobeltiosis. For standard heterosis, three cross combinations namely
PCPGR-50 x PCPGR-138 (18.74%), PCPGR-112 x PCPGR-138 (15.58%),
PCPGR-51 x PCPGR-138 (14.79%) exhibited significant positive standard heterosis
in desirable direction for this particular trait. Singh et al. (2010) and Airina et al.

(2013) also observed significant heterosis for fruit diameter.

Results and Discussion............... &~



Table 4.13: Heterosis for average fruit diameter (cm)

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) (9) heterosis
(20) (%) (3)
1. |PCPGR-50 x PCPGR-51 471 17.18* 5.37 1.36
2. |PCPGR-50 x PCPGR-59 4.33 11.02 2.2 -6.68
3. |PCPGR-50 x PCPGR-83 5.23 49.31** 46.73** 12.71
4. |PCPGR-50 x PCPGR-112 4.73 13.65* -0.63 1.94
5. | PCPGR-50 x PCPGR-126 5.25 34.85** 24 41+ 13.07
6. |PCPGR-50 x PCPGR-138 551 46.18** 38.64** 18.74**
7. | PCPGR-50 x PCPGR-149 4.37 23.19** 22.62* -5.81
8. |PCPGR-51 x PCPGR-59 5.21 19.60** 16.57* 12.13
9. |PCPGR-51 x PCPGR-83 4.87 23.05** 8.96 4.81
10. |PCPGR-51 x PCPGR-112 4.67 1.12 -2.03 0.50
11. |PCPGR-51 x PCPGR-126 4.73 8.83 5.82 1.79
12. |PCPGR-51 x PCPGR-138 5.33 26.25** 19.33** 14.79*
13. |PCPGR-51 x PCPGR-149 4.93 23.33** 10.45 6.25
14. | PCPGR-59 x PCPGR-83 4.72 22.95** 11.4 1.72
15. |PCPGR-59 x PCPGR-112 4.96 10.18 4.13 6.82
16. |PCPGR-59 x PCPGR-126 5.19 22.77** 22.48** 11.84
17. |PCPGR-59 x PCPGR-138 4.43 7.83 4.48 -4.59
18. |PCPGR-59 x PCPGR-149 4.69 20.58** 10.53 0.93
19. |PCPGR-83 x PCPGR-112 4.63 12.84 -2.8 -0.29
20. |PCPGR-83 x PCPGR-126 4.57 19.36** 8.37 -151
21. |PCPGR-83 x PCPGR-138 4.33 16.71* 8.89 -6.75
22. |PCPGR-83 x PCPGR-149 4.82 38.17** 36.42** 3.80
23. |PCPGR-112 x PCPGR-126 4.59 2.19 -3.64 -1.15
24. |PCPGR-112 x PCPGR-138 5.37 22.81** 12.67 15.58*
25. |PCPGR-112 x PCPGR-149 5.25 26.64** 10.29 13.14
26. |PCPGR-126 x PCPGR-138 5.02 22.57** 19.04* 8.18
27. |PCPGR-126 x PCPGR-149 452 16.51* 7.03 -2.73
28. |PCPGR-138 x PCPGR-149 4.24 12.83 6.54 -8.76
Minimum 4.24 1.12 -3.64 -8.76
Range
Maximum 551 49.31 46.73 18.74s
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4.3.11 Number of fruit per plant

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
number of fruit per plant presented in Table 4.14. A perusal of data revealed that
heterosis over mid parent, better parent and over check value ranged from -44.31 to
49.18 per cent, -47.09 to 41.09 and -50.00 to 46.77 per cent, respectively. Out of twenty
eight crosses, twenty crosses exhibited significant relative heterosis, twenty one hybrids
showed significant heterobeltiosis and twenty two hybrids showed significant standard

heterosis for number of fruit per plant.

In case of relative heterosis, nine cross combinations exhibited significant
desirable positive relative heterosis. Among them top five were PCPGR-138 x PCPGR-149
(49.18%), PCPGR-59 x PCPGR-138 (35.06%), PCPGR-50 x PCPGR-112 (24.71%),
PCPGR-83 x PCPGR-112 (24.26%) and PCPGR-51 x PCPGR-138 (22.31%),
However, out of all crosses, seven crosses, PCPGR-138 x PCPGR-149 (41.09%),
PCPGR-59 x PCPGR-138 (31.01%) PCPGR-83 x PCPGR-112 (23.39%), PCPGR-51 x
PCPGR-138 (21.37%) and PCPGR-50 x PCPGR-112 (19.97%) showed significant
positive heterobeltiosis. On the other hand for standard heterosis, nine cross
combinations exhibited significant positive standard heterosis over check in desirable
direction for this particular trait. Among them top five were PCPGR-138 x PCPGR-149
(46.77%), PCPGR-59 x PCPGR-138 (36.29%), PCPGR-50 x PCPGR-112 (29.84%),
PCPGR-51 x PCPGR-138 (28.23%) and PCPGR-83 x PCPGR-112 (23.39%).
Significant heterosis over better parent and check for number of fruits per plant was
also reported by Om et al. (1978), Pandey et al. (2005), Hanchinamani and Patil (2009)
and Airina et al. (2013).

4.3.12 Average fruit weight (g)

A perusal of estimates of relative heterosis, heterobeltiosis and standard
heterosis for average fruit weight presented in Table 4.15. It is apparent from data that
heterosis over mid parent, better parent and over check value ranged from -13.04 to
47.41 per cent, -14.56 to 46.10 and -19.45 to 26.27 per cent, respectively. Out of twenty
eight crosses, twenty four crosses exhibited significant relative heterosis, fifteen
hybrids showed significant heterobeltiosis and twenty one hybrids showed significant

standard heterosis for average fruit weight.
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Table 4.14: Heterosis for number of fruits per plant

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 7.07 -20.06** -21.01** -14.52**
2. |PCPGR-50 x PCPGR-59 9.8 15.09** 9.54 18.55**
3. | PCPGR-50 x PCPGR-83 6.47 -24.35%* -27.72%* -21.77%*
4. |PCPGR-50 x PCPGR-112 10.73 24.71** 19.97** 29.84**
5. | PCPGR-50 x PCPGR-126 5.53 -26.61** -38.15** -33.06**
6. |PCPGR-50 x PCPGR-138 8.8 0.3 -1.64 6.45
7. | PCPGR-50 x PCPGR-149 4.73 -43.02** -47.09** -42.74%*
8. PCPGR-51 x PCPGR-59 9.8 16.55** 12.21* 18.55**
9. |PCPGR-51 x PCPGR-83 7.97 -5.63 -8.78 -3.63
10. |PCPGR-51 x PCPGR-112 9.53 12.16** 9.16 15.32**
11. |PCPGR-51 x PCPGR-126 5.27 -29.15** -39.69** -36.29**
12. |PCPGR-51 x PCPGR-138 10.6 22.31** 21.37** 28.23**
13. |PCPGR-51 x PCPGR-149 7.73 -5.69 -11.45* -6.45
14. | PCPGR-59 x PCPGR-83 5.27 -35.11** -35.38** -36.29**
15. |PCPGR-59 x PCPGR-112 8.73 6.83 5.65 5.65
16. |PCPGR-59 x PCPGR-126 6.53 -8.09 -19.18** -20.97**
17. |PCPGR-59 x PCPGR-138 11.27 35.06** 31.01** 36.29**
18. |PCPGR-59 x PCPGR-149 4.4 -44.13** -45.57** -46.77**
19. |PCPGR-83 x PCPGR-112 10.2 24.26** 23.39** 23.39**
20. |PCPGR-83 x PCPGR-126 7.2 0.82 -11.66* -12.90*
21. |PCPGR-83 x PCPGR-138 6.13 -26.77** -28.68** -25.81**
22. |PCPGR-83 x PCPGR-149 7.67 -3.06 -5.93 -7.26
23. |PCPGR-112 x PCPGR-126 6.4 -11.11* -22.58** -22.58**
24. |PCPGR-112 x PCPGR-138 7.93 -5.93 -71.75 -4.03
25. |PCPGR-112 x PCPGR-149 9.33 17.15** 12.90* 12.90*
26. |PCPGR-126 x PCPGR-138 6.33 -14.03** -26.36** -23.39**
27. |PCPGR-126 x PCPGR-149 4.13 -40.10** -46.09** -50.00**
28. |PCPGR-138 x PCPGR-149 12.13 49.18** 41.09** 46.77**
Minimum 413 -44.13 -47.09 -50.00
Range
Maximum 12.13 49.18 41.09 46.77
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Table 4.15: Heterosis for average fruit weight (g)

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 188.210 5.17* -1.360 -15.40**
2. |PCPGR-50 x PCPGR-59 265.290 32.46*%* 26.48** 19.25**
3. |PCPGR-50 x PCPGR-83 218.630 8.76** 3.490 -1.730
4. |PCPGR-50 x PCPGR-112 222.560 16.20** 15.75** 0.040
5. | PCPGR-50 x PCPGR-126 240.240 29.08** 25.91** 7.99**
6. |PCPGR-50 x PCPGR-138 255.940 34.83** 34.14** 15.05**
7. | PCPGR-50 x PCPGR-149 216.660 10.20** 7.03** -2.610
8. |PCPGR-51 x PCPGR-59 231.910 23.07** 10.56** 4.240
9. |PCPGR-51 x PCPGR-83 183.730 -2.880 -13.03** -17.41**
10. |PCPGR-51 x PCPGR-112 242.760 35.10** 26.26** 9.12**
11. |PCPGR-51 x PCPGR-126 193.820 11.22** 6.83* -12.88**
12. |PCPGR-51 x PCPGR-138 242.100 36.03** 28.20** 8.83**
13. |PCPGR-51 x PCPGR-149 194.610 5.33* -3.860 -12.52**
14. |PCPGR-59 x PCPGR-83 220.500 4.75* 4.380 -0.880
15. |PCPGR-59 x PCPGR-112 278.890 38.74** 32.96** 25.36**
16. |PCPGR-59 x PCPGR-126 182.650 -6.61** -12.92** -17.90**
17. |PCPGR-59 x PCPGR-138 217.870 9.32** 3.870 -2.070
18. |PCPGR-59 x PCPGR-149 179.200 -13.04** -14.56** -19.45%*
19. |PCPGR-83 x PCPGR-112 241.030 19.46** 14.10** 8.34**
20. |PCPGR-83 x PCPGR-126 212.560 8.26** 0.620 -4.450
21. |PCPGR-83 x PCPGR-138 186.550 -6.75** -11.69** -16.14**
22. |PCPGR-83 x PCPGR-149 208.060 0.590 -1.510 -6.48**
23. |PCPGR-112 x PCPGR-126 239.940 28.41** 24.79** 7.85%*
24. |PCPGR-112 x PCPGR-138 280.910 47.41%* 46.10** 26.27**
25. |PCPGR-112 x PCPGR-149 252.400 27.90** 24.69** 13.45**
26. |PCPGR-126 x PCPGR-138 184.470 -0.360 -2.310 -17.08**
27. |PCPGR-126 x PCPGR-149 238.410 24.22** 17.78** 7.07*%*
28. |PCPGR-138 x PCPGR-149 204.250 4.410 0.910 -8.19**
Minimum 179.200 -13.04 -14.56 -19.45
Range
Maximum 278.890 47.41 46.10 26.27
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For relative heterosis, twenty two cross combinations exhibited significant
desirable positive relative heterosis. Among them top five were PCPGR-112 x
PCPGR-138 (47.41%), PCPGR-59 x PCPGR-112 (38.74%), PCPGR-51 x PCPGR-138
(36.03%), PCPGR-51 x PCPGR-112 (35.10%) and PCPGR-50 x PCPGR-138
(34.83%), However, out of all crosses, fifteen crosses, showed significant positive
heterobeltiosis, among them top five were PCPGR-112 x PCPGR-138 (46.10%),
PCPGR-50 x PCPGR-138 (34.14%), PCPGR-59 x PCPGR-112 (32.96%), PCPGR-51
x PCPGR-138 (28.20%) and PCPGR-50 x PCPGR-59 (26.48%). In case of standard
heterosis, ten cross combinations exhibited significant positive standard heterosis over
check in desirable direction for this particular trait, among them top five were
PCPGR-112 x PCPGR-138 (26.27%), PCPGR-59 x PCPGR-112 (25.36%), PCPGR-50
x PCPGR-59 (19.25%), PCPGR-50X PCPGR-138 (15.05%) and PCPGR-112 x
PCPGR-149 (13.45%). Bairagi et al. (2005) also found superior hybrids showing
heterosis over better parent and check for fruit weight. Similar findings were also
reported by Dogra and Kanwar (2011) and Singh et al. (2016).

4.3.13 Fruit yield per plant (kg)

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
fruit yield per plant are presented in Table 4.16. A critical examination of data revealed
that heterosis over mid parent, better parent and over check value ranged from -51.49 to
66.45 per cent, -53.54 to 58.23 and -57.25 to 41.12 per cent, respectively. Out of twenty
eight crosses, twenty five crosses exhibited significant relative heterosis, twenty six
hybrids showed significant heterobeltiosis and all hybrids showed significant standard

heterosis for fruit yield per plant.

In case of relative heterosis, fourteen cross combinations exhibited significant
desirable positive relative heterosis. Among them top five were PCPGR-51 x PCPGR-138
(66.45%), PCPGR-138 x PCPGR-149 (56.26%), PCPGR-50 x PCPGR-59 (52.75%),
PCPGR-51 x PCPGR-112 (51.69%) and PCPGR-112 x PCPGR-149 (49.68%),
However, out of all crosses, twelve crosses, showed significant positive heterobeltiosis,
including top five viz., PCPGR-51 x PCPGR-138 (58.23%), PCPGR-138 x
PCPGR-149 (52.88%), PCPGR-50 x PCPGR-59 (52.15%), PCPGR-112 x PCPGR-149
(47.80%) and PCPGR-51 x PCPGR-112 (45.49%).
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Table 4.16: Heterosis for fruit yield per plant (kg)

Per se Relative Heterobeltiosis | Standard
S.N F, hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 1.33 -16.00** -22.07** -27.72%*
2. |PCPGR-50 x PCPGR-59 2.6 52.75** 52.15** 41.12%*
3. |PCPGR-50 x PCPGR-83 1.41 -17.51** -17.83** -23.19*%*
4. |PCPGR-50 x PCPGR-112 2.38 44 59** 39.65** 29.53**
5. | PCPGR-50 x PCPGR-126 1.33 -5.91 -22.27** -27.90**
6. |PCPGR-50 x PCPGR-138 2.25 35.47** 32.03** 22.46**
7. | PCPGR-50 x PCPGR-149 1.02 -37.15** -40.04** -44.38**
8. PCPGR-51 x PCPGR-59 2.27 44.19** 34.25** 23.55**
9. PCPGR-51 x PCPGR-83 1.46 -71.97* -14.92** -20.47**
10. |PCPGR-51 x PCPGR-112 2.31 51.69** 45.49** 25.72**
11. |PCPGR-51 x PCPGR-126 1.02 -20.98** -30.37** -44.75%*
12. |PCPGR-51 x PCPGR-138 2.56 66.45** 58.23** 39.31**
13. |PCPGR-51 x PCPGR-149 1.51 0.11 -2.8 -18.12**
14. |PCPGR-59 x PCPGR-83 1.16 -32.03** -32.56** -36.96**
15. |PCPGR-59 x PCPGR-112 2.43 48.02** 43.50** 32.07**
16. |PCPGR-59 x PCPGR-126 1.19 -15.20** -29.72** -35.33**
17. |PCPGR-59 x PCPGR-138 2.46 48.29** 45.08** 33.51**
18. |PCPGR-59 x PCPGR-149 0.79 -51.49** -53.54** -57.25%*
19. |PCPGR-83 x PCPGR-112 2.46 48.44** 42.83** 33.51**
20. |PCPGR-83 x PCPGR-126 1.53 8.00* -11.05** -16.85**
21. |PCPGR-83 x PCPGR-138 1.14 -31.74** -33.72** -38.04**
22. |PCPGR-83 x PCPGR-149 1.59 -2.55 -7.36* -13.41%*
23. |PCPGR-112 x PCPGR-126 1.53 13.44%** -3.56 -16.67**
24. |PCPGR-112 x PCPGR-138 2.23 38.73** 37.45** 21.01**
25. |PCPGR-112 x PCPGR-149 2.35 49.68** 47.80** 27.72**
26. |PCPGR-126 x PCPGR-138 1.16 -14.88** -28.19** -36.78**
27. |PCPGR-126 x PCPGR-149 0.99 -25.91%* -36.34** -46.38**
28. |PCPGR-138 x PCPGR-149 2.48 56.26** 52.88** 34.60**
Minimum 0.79 -51.49 -53.54 -57.25
Range
Maximum 2.56 66.45 58.23 41.12
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For standard heterosis, twelve cross combinations exhibited significant positive
standard heterosis over check in desirable direction for this particular trait including top
five viz., PCPGR-50 x PCPGR-59 (41.12%), PCPGR-51 x PCPGR-138 (39.31%),
PCPGR-138 x PCPGR-149 (34.60%), PCPGR-83 x PCPGR-112 (33.51%) and
PCPGR-59 x PCPGR-138 (33.51%). Significant heterosis for yield per plant had also
been reported by Bairagi et al. (2005), Dogra and Kanwar (2011), Samant (2014),
Singh et al. (2014) and Singh et al. (2016).

4.3.14 Fruit yield (g/ha)

The estimates of relative heterosis, heterobeltiosis and standard heterosis for
fruit yield are presented in Table 4.17. A perusal of data revealed that heterosis over
mid parent, better parent and over check value ranged from -51.67 to 66.35 per cent,
-53.72 to 57.94 and -57.29 to 41.45 per cent, respectively. Out of twenty eight
crosses, twenty five crosses exhibited significant relative heterosis, twenty six hybrids
showed significant heterobeltiosis and all hybrids showed significant standard

heterosis for fruit yield.

For relative heterosis, fourteen cross combinations exhibited significant
desirable positive relative heterosis. Among them top five were PCPGR-51 x
PCPGR-138 (66.35%), PCPGR-138 x PCPGR-149 (56.10%), PCPGR-50 x PCPGR-59
(52.80%), PCPGR-51 x PCPGR-112 (51.81%) and PCPGR-112 x PCPGR-149
(49.87%), However, out of all crosses, twelve crosses showed significant positive
heterobeltiosis including top five viz., PCPGR-51 x PCPGR-138 (57.94%),
PCPGR-138 x PCPGR-149 (52.70%), PCPGR-50 x PCPGR-59 (52.31%), PCPGR-112
x PCPGR-149 (48.17%) and PCPGR-51 x PCPGR-112 (45.62%). For standard
heterosis, twelve cross combinations exhibited significant positive standard heterosis
over check in desirable direction for this particular trait including top five viz., PCPGR-
50 x PCPGR-59 (41.45%), PCPGR-51 x PCPGR-138 (39.45%), PCPGR-138 x
PCPGR-149 (34.83%), PCPGR-83 x PCPGR-112 (33.76%) and PCPGR-59 x
PCPGR-138 (33.59%). Hormuzdi and Moore (1990), Vijayakumari et al. (1991), Singh
et al. (1999), Bairagi et al. (2002), Kumbhar et al. (2005), Yadav et al. (2009), Mule et
al. (2012) and Kaur and Dhall (2017) also reported promising heterosis for fruit yield

and yield contributing traits in cucumber.
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Table 4.17: Heterosis for fruit yield (g/ha)

Per se Relative Heterobeltiosis | Standard
S.N F. hybrid performance | heterosis (%) (%) heterosis
(%)
1. |PCPGR-50 x PCPGR-51 177.28 -15.95%* -22.07** -27.62**
2. |PCPGR-50 x PCPGR-59 346.46 52.80** 52.31** 41.45%*
3. |PCPGR-50 x PCPGR-83 188.22 -17.61*%* -17.96** -23.15%*
4. |PCPGR-50 x PCPGR-112 318.27 44.96** 39.92** 29.94**
5. | PCPGR-50 x PCPGR-126 176.62 -6.0 -22.35%* -27.89**
6. |PCPGR-50 x PCPGR-138 300.16 35.29** 31.96** 22.55**
7. | PCPGR-50 x PCPGR-149 136.4 -37.19** -40.04** -44.31%*
8. |PCPGR-51 x PCPGR-59 302.76 44.03** 33.96** 23.61**
9. |PCPGR-51 x PCPGR-83 195.06 -7.95* -14.98** -20.36**
10. |PCPGR-51 x PCPGR-112 308.21 51.81** 45.62** 25.84**
11. |PCPGR-51 x PCPGR-126 135.92 -20.68** -30.08** -44 51%*
12. |PCPGR-51 x PCPGR-138 341.56 66.35** 57.94** 39.45**
13. |PCPGR-51 x PCPGR-149 200.48 -0.07 -3.08 -18.15**
14. |PCPGR-59 x PCPGR-83 154.67 -32.08** -32.58** -36.85**
15. |PCPGR-59 x PCPGR-112 324.29 48.19** 43.48** 32.40**
16. |PCPGR-59 x PCPGR-126 158.71 -15.20** -29.78** -35.20**
17. |PCPGR-59 x PCPGR-138 327.2 47.96** 44.77** 33.59**
18. |PCPGR-59 x PCPGR-149 104.6 -51.67** -53.72** -57.29**
19. |PCPGR-83 x PCPGR-112 327.63 48.56** 42.81** 33.76**
20. |PCPGR-83 x PCPGR-126 203.79 7.90* -11.17** -16.80**
21. |PCPGR-83 x PCPGR-138 152.48 -31.58** -33.54** -37.75%*
22. |PCPGR-83 x PCPGR-149 212.48 -2.59 -7.39* -13.25%*
23. |PCPGR-112 x PCPGR-126 204.71 13.74** -3.28 -16.42**
24. |PCPGR-112 x PCPGR-138 296.85 38.74** 37.26** 21.20**
25. |PCPGR-112 x PCPGR-149 313.6 49.87** 48.17** 28.04**
26. |PCPGR-126 x PCPGR-138 155.37 -14.77%* -28.16** -36.56**
27. |PCPGR-126 x PCPGR-149 131.2 -26.12** -36.57** -46.43**
28. |PCPGR-138 x PCPGR-149 330.24 56.10** 52.70** 34.83**
Minimum 104.6 -51.67 -53.72 -57.29
Range
Maximum 346.46 66.35 57.94 41.45
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For yield related traits most promising heterotic crosses with respect to each
character in desired direction are presented in Table 4.18 based on the significance test
of relative heterosis, heterobeltiosis and standard heterosis as well as the per se
performance of the cross combinations, the most promising heterotic hybrids are

identified and depicted in tabular form with respect to each character.

For days to first male flower, cross PCPGR-112 x PCPGR-138 showed
desirable significant negative heterosis over mid parent, better parent and standard
check while, PCPGR-112 x PCPGR-126 showed desirable significant negative
heterosis over mid parent and better parent. In case of node number to first male flower
PCPGR-59 x PCPGR-138 exhibited desirable significant negative heterosis over mid
parent and better parent, PCPGR-50 x PCPGR-138 showed desirable significant
negative heterosis over better parent and standard parent for node number to first male
flower. For days to first female flower cross PCPGR-50 x PCPGR-59 exhibited
desirable significant negative heterosis over all three cases. For node number to first
female flower cross PCPGR-50 x PCPGR-112 showed desirable significant negative
heterosis over mid parent, better parent and standard check while, PCPGR-50 x
PCPGR-149 showed desirable negative heterosis over mid parent and better parent,
PCPGR-51xPCPGR-59 exhibited desirable significant negative heterosis over better
parent and standard check. For days to first fruit harvest PCPGR-50xPCPGR-59
exhibited desirable significant negative relative heterosis and heterobeltiosis. For days
to last harvest PCPGR-83 x PCPGR-138 and PCPGR-83 x PCPGR-126 exhibited
desirable significant positive heterosis over mid parent and better parent. PCPGR-83 x
PCPGR-149 exhibited desirable significant negative heterosis over mid parent, better
parent and standard check for intermodal length. PCPGR-83 x PCPGR-138 showed
desirable significant positive heterosis over mid parent, and better parent for plant
height. For fruit length PCPGR-59 x PCPGR-138 and PCPGR-112 x PCPGR-138
showed desirable significant positive relative heterosis and heterobeltiosis. PCPGR-50
x PCPGR-138 showed desirable significant positive heterosis over mid parent, better
parent and standard parent while, PCPGR-50 x PCPGR-83 and PCPGR-83 x
PCPGR-149 revealed significant positive heterosis over mid parent and better parent
for average fruit diameter. For number of fruits per plant PCPGR-138 x PCPGR-149
and PCPGR-59 x PCPGR-138 exhibited desirable significant positive heterosis over
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Table 4.18: Summary table showing top three promising heterotic crosses with
respect to each yield and its contributing traits in desired direction

S.N. | Characters Relative heterosis (%6) Heterobeltiosis (%6) Standard heterosis (%6)
1. | Daystofirst | PCPGR-112 x PCPGR-126 | PCPGR-112 x PCPGR-126 | PCPGR-138 x PCPGR-149
male flower | pcpGR-112 x PCPGR-138 | PCPGR-126 x PCPGR-138 | PCPGR-112 x PCPGR-138
PCPGR-112 x PCPGR-138 | PCPGR-51 x PCPGR-138
2. | Node number | PCPGR-51 x PCPGR-112 | PCPGR-50 x PCPGR-138 | PCPGR-112 x PCPGR-126
}?owes: male PCPGR-51 x PCPGR-138 PCPGR-59 x PCPGR-138 PCPGR-50 x PCPGR-59
PCPGR-59 x PCPGR-138 | PCPGR-51 x PCPGR-59 PCPGR-50 x PCPGR-138
3. | Daystofirst | PCPGR-50 x PCPGR-59 PCPGR-50 x PCPGR-59 PCPGR-50 x PCPGR-59
female flower
4. | Node number | PCPGR-50 x PCPGR-112 | PCPGR-50 x PCPGR-112 | PCPGR-59 x PCPGR-112
;?O‘;'Vresﬁ female | pcpGR-50 x PCPGR-149 | PCPGR-51 x PCPGR-59 PCPGR-51 x PCPGR-59
PCPGR-50 x PCPGR-51 PCPGR-50 x PCPGR-149 | PCPGR-50 x PCPGR-112
5. | Daystofirst | PCPGR-50 x PCPGR-59 PCPGR-50 x PCPGR-59 -
harvest PCPGR-50 x PCPGR-126
6. | Daysto last PCPGR-83 x PCPGR-138 | PCPGR-83 x PCPGR-138 | -
harvest PCPGR-83 x PCPGR-126 | PCPGR-83 x PCPGR-126
PCPGR-83 x PCPGR-112 | PCPGR-112 x PCPGR-149
7. | Inter nodal PCPGR-83 x PCPGR-149 | PCPGR-83 x PCPGR-149 | PCPGR-83 x PCPGR-149
length (cm) PCPGR-51 x PCPGR-83
PCPGR-59 x PCPGR-138
8. | Plant height PCPGR-83 x PCPGR-138 | PCPGR-83 x PCPGR-138 | -
(m) PCPGR-51 x PCPGR-83 PCPGR-50 x PCPGR-149
PCPGR-83 x PCPGR-149 | PCPGR-50 x PCPGR-138
9. | Fruit length PCPGR-59 x PCPGR-138 | PCPGR-112 x PCPGR-138 | PCPGR-51 x PCPGR-138
(cm) PCPGR-50 x PCPGR-138 | PCPGR-59 x PCPGR-138
PCPGR-112 x PCPGR-138 | PCPGR-112 x PCPGR-149
10. | Average fruit | PCPGR-50 x PCPGR-83 PCPGR-50 x PCPGR-83 PCPGR-50 x PCPGR-138
diameter (€M) | pcpGR-50 x PCPGR-138 PCPGR-50 x PCPGR-138 PCPGR-112 x PCPGR-138
PCPGR-83 x PCPGR-149 | PCPGR-83 x PCPGR-149 | PCPGR-51 x PCPGR-138
11. | Number of PCPGR-138 x PCPGR-149 | PCPGR-138 x PCPGR-149 | PCPGR-138 x PCPGR-149
fruits per plant | pcpGR-59 x PCPGR-138 PCPGR-59 x PCPGR-138 PCPGR-59 x PCPGR-138
PCPGR-50 x PCPGR-112 | PCPGR-83 x PCPGR-112 | PCPGR-50 x PCPGR-112
12. | Average fruit | PCPGR-112 x PCPGR-138 | PCPGR-112 x PCPGR-138 | PCPGR-112 x PCPGR-138
weight (g) PCPGR-59 x PCPGR-112 | PCPGR-50 x PCPGR-138 | PCPGR-59 x PCPGR-112
PCPGR-51 x PCPGR-138 | PCPGR-59 x PCPGR-112 | PCPGR-50 x PCPGR-59
13. | Fruit yield per | PCPGR-51 x PCPGR-138 | PCPGR-51 x PCPGR-138 | PCPGR-50 x PCPGR-59
plant (kg) PCPGR-138 x PCPGR-149 | PCPGR-138 x PCPGR-149 | PCPGR-51 x PCPGR-138
PCPGR-50 x PCPGR-59 PCPGR-50 x PCPGR-59 PCPGR-138 x PCPGR-149
14 | Fruit yield PCPGR-51 x PCPGR-138 | PCPGR-51 x PCPGR-138 | PCPGR-50 x PCPGR-59
(a/ha) PCPGR-138 x PCPGR-149 | PCPGR-138 x PCPGR-149 | PCPGR-51 x PCPGR-138

PCPGR-50 x PCPGR-59

PCPGR-50 x PCPGR-59

PCPGR-138 x PCPGR-149
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mid parent, better parent and standard check while, PCPGR-50 x PCPGR-112 showed
desirable significant positive heterosis over mid parent and standard check. For average
fruit weight PCPGR-112 x PCPGR-138 and PCPGR-59 x PCPGR-112 showed
desirable significant positive heterosis over mid parent, better parent and standard
check. For fruit yield per plant and fruit yield per hectare cross PCPGR-51 x
PCPGR-138, PCPGR-138 x PCPGR-149 and PCPGR-50 x PCPGR-59 exhibited
desirable significant positive heterosis over mid parent, better parent and standard

check.
4.4. Combining ability analysis

The concept of combining ability as a measure of gene action was given by
Sprague and Tatum (1942). The parents differ in their general combining ability and
use of good general combining parents in hybridization is expected to give useful
transgressive segregants in segregating generations. In the same way, superior cross
combinations can be discriminated with the help of their specific combining ability
(SCA) effects. Thus, information regarding the combining ability of the parents for
various yield and yield contributing traits is necessary for devising an effective and
efficient breeding methodology. Selection of suitable parents is the most crucial aspect
of any crop breeding programme. Information on the relative importance of general
combining ability (GCA) and specific combining ability (SCA) is of immense value in
breeding programme for species, which are amenable to the development of Fi hybrid
cultivars. In vegetable crops for breeding of high-yielding varieties breeder faces
problem in selection of parental lines and F; crosses. The selection of suitable parental
lines and cross combinations is essential for genetic improvement of cucumber. For the
development of superior hybrids, estimates of GCA of parents and SCA of the crosses
help in proper selection of parents for hybridization programme. Therefore, the
objective is to estimate the GCA and SCA of yield and its contributing characters in
parental lines and hybrids derived from diallel crosses. Basic information on combining
ability in cucumber would help in developing improved cultivars. The common
approach and choosing the parents on the basis of performance, adaptation and genetic
variability does not necessarily lead to useful results because the differential ability of
the parent. This ability of the parent depends upon the complex interaction among the

genes and hence cannot be judged by per se performance alone (Allard, 1960).
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Therefore, it is important to assess the general and specific combining ability effects in
the selection of the parents and the formulation of an appropriate crossing plan. Among
the various breeding methods diallel mating design (method 2) excluding reciprocals
(Griffing, 1956) has been used in the present study to evaluate 8 parents and their 28

crosses with standard check. The result are presented and discussed as follows:
4.4.1 Analysis of variance for combining ability

Analysis of variance for combining ability with respect to different yield related
traits presented in Table 4.19. The total variability among F; hybrids was further
partitions into different component and there significant was tasted. It is evident from
the data presented in table that mean some of squares due to parent and crosses was

significant for all fourteen yield related traits studied.

Table 4.19: Analysis of variance for combining ability in cucumber genotypes for
yield and its contributing traits

Mean sum of squares
Ifl.. Characters GCA SCA Error
df 7 28 70

1 Days to first male flower 17.396*** 4.987*** 0.784
2 Node number to first male flower 5.752*** 5.621*** 0.360
3 Days to first female flower 14.117%** 6.037 ** 2.415
4 Node number to first female flower 8.101*** 4.081*** 0.459
5 Days to first harvest 7777 ** 5.165 ** 2.216
6 Days to last harvest 14.292%** 28.732*** 3.408
7 Inter nodal length (cm) 1.038 * 0.957 ** 0.386
8 Plant height (m) 0.170*** 0.191*** 0.007
9 Fruit length (cm) 2.265 ** 4.662*** 0.767
10 Average fruit diameter (cm) 0.194 ** 0.275*** 0.049
11 Number of fruits per plant 7.479%** 3.053*** 0.089
12 Average fruit weight (g) 1064.002*** 826.841*** 13.337
13 Fruit yield per plant (kg) 0.585*** 0.225*** 0.002
14 Fruit yield (g/ha) 10413.620*** | 3997.302*** 31.246
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4.4.2 Combining ability effects for yield related traits

In the present investigation, the general combining ability (GCA) effects and
specific combining ability (SCA) effects of hybrids for fourteen yield related traits
evaluation are represented in Table 4.20 and Table 4.21, respectively. The results

obtained are discussed as below
4.4.2.1 Days to first male flower

The estimates of GCA and SCA effects for days to first male flower are
presented in Table 4.20 and Table 4.21 respectively. The GCA effect ranged from -1.74
to 0.75 per cent. Out of eight parents, five parents exhibited significant GCA effect for
days to first male flower and two parents namely PCPGR-138 (-1.742%) and
PCPGR-112 (-1.675%) exhibited significant negative GCA effects.

A perusal of data revealed that range of SCA effects for days to first male
flower was -2.92 to 5.24. Out of 28 crosses, nine cross combinations exhibited
significant SCA effect for same trait. Desirable significant negative SCA effects was
recorded in four crosses namely PCPGR-138 x PCPGR-149 (-2.92%), PCPGR-112 x
PCPGR-126 (-2.55%), PCPGR-50 x PCPGR-59 (-2.15%) and PCPGR-51 x
PCPGR-59 (-1.78%).

4.4.2.2 Node number to first male flower

The estimates of GCA effects for node number to first male flower ranges from
-1.28 to 1.25. Among all parent, five parents showed significant GCA effect for same
trait, while other two parents viz., PCPGR-112 (-1.28%) and PCPGR-59 (-0.58%)
exhibited desirable significant negative GCA effect for node number to first male

flower.

It is clear from data presented in Table 4.21 that SCA effects for node number
to first male flower range from -2.33 to 3.86. Among all the crosses, significant SCA
effects for same traits was observed in twenty one cross combinations. Desirable
significant negative SCA effects for node number to first male flower were observed in
ten crosses Top five crosses exhibited significant negative SCA effects were
PCPGR-50 x PCPGR-138 (-2.33%), PCPGR-112 x PCPGR-126 (-2.30%), PCPGR-51
x PCPGR-59(-2.30%), PCPGR-59 x PCPGR-138 (-2.10%) and PCPGR-51 x
PCPGR-138 (-2.06%).
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4.4.2.3 Days to first female flower

A perusal of data revealed that range of GCA effect for days to first female
flower was -1.29 to 2.07. Out of all eight parents, three parents exhibited significant
GCA effect for same traits and only single parent viz., PCPGR-112 (-1.29%) exhibited

significant negative GCA effect for days to first female flower.

Data regarding SCA effect for days to first female flower revealed that range
was observed from -3.28 to 6.84. Out of all crosses significant SCA effects for same
trait was observed in five crosses and only one cross combination namely PCPGR-50 x
PCPGR-59 (-3.28%) showed desirable negative SCA effect.

4.4.2.4 Node number to first female flower

The estimates of GCA and SCA effects regarding node number to first female
flower are presented in Table 4.20 and Table 4.21, respectively. The GCA effect ranged
from -1.60 to 1.12 per cent. Out of eight parents, five parents showed significant GCA
effect for node number to first female flower while two parents PCPGR-112 (-1.60%)
and PCPGR-59 (-0.97%). exhibited significant negative GCA effects.

The perusal of data revealed that range of SCA effects for node number to first
female flower was -2.66 to 4.43. Out of twenty eight crosses, eleven cross
combinations exhibited significant SCA effect for same trait. Desirable significant
negative SCA effects was found in five crosses namely PCPGR-83 x PCPGR-126
(-2.66%), PCPGR-51 x PCPGR-59 (-2.46%), PCPGR-50 x PCPGR-51 (-2.33%),
PCPGR-50 x PCPGR-149 (-2.10%) and PCPGR-59 x PCPGR-83 (-1.56%).

4.4.2.5 Days to first harvest

The estimates of GCA and SCA effects for days to first harvest are presented in
Table 4.20 and Table 4.21, respectively. The GCA effect ranged from -1.22 to 1.33 per
cent. Out of eight parents, three parents showed significant GCA effect for days to first
harvest whereas only single parent namely PCPGR-112 (-0.1.22%) exhibited
significant negative GCA effects which was. Similar finding also reported by Reddy et
al. (2014) and Jat et al. (2015).
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The perusal of data revealed that range of SCA effects for days to first harvest
was -3.13 to 5.90. Out of twenty eight crosses, five cross combinations exhibited
significant SCA effect for same trait. Desirable significant negative SCA effects was
observed in two crosses namely PCPGR-50 x PCPGR-59 (-3.13%) and PCPGR-83 x
PCPGR-138 (-2.93%). Similar findings were also reported by Reddy et al. (2014) and
Pati et al. (2015) for days to first fruit harvest.

4.4.2.6 Days to last harvest

The estimates of GCA and SCA effects for days to last harvest are presented
in Table 4.20 and Table 4.21, respectively. The GCA effect ranged from -2.21 to 1.32
per cent. Out of eight parents, three parents showed significant GCA effect for days
to last harvesting and one parent viz.,, PCPGR-51 (-2.21%) exhibited significant
negative GCA.

The perusal of data revealed that range of SCA effects for days to last harvest was
-6.99 to 8.20. Out of twenty eight crosses, twelve cross combinations exhibited
significant SCA effect for same trait. Desirable significant negative SCA effects was
found in three crosses namely PCPGR-50 x PCPGR-149 (-26.99%), PCPGR-59 x
PCPGR-112 (-6.93%) and PCPGR-51 x PCPGR-112 (-13.69%).

4.4.2.7 Inter nodal length (cm)

A critical examination of data presented in the Table 4.29 revealed that GCA
effect for inter nodal length range from -0.44 to 0.41. Among all parent, four parents
showed significant GCA effect for same traits. Desirable significant negative GCA
effects were observed among two parents viz., PCPGR-149 (-0.44%) and PCPGR-51
(-0.41%).

Data regarding SCA effects revealed that SCA effects for inter nodal length
ranged from -1.50 to 1.56. Among all crosses significant SCA effects for same traits
was observed in five cross combinations. Desirable significant negative SCA effects for
inter nodal length were observed in three crosses namely PCPGR-83 x PCPGR-149
(-1.50%), PCPGR-51 x PCPGR-112 (-1.23%) and PCPGR-126 x PCPGR-149
(-1.21%).
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Table 4.20: General combining ability effect of parents for different yield and its contributing traits in cucumber

Name of Characters
S.N. | genotypes
DFMF NFMF DFFF NFFF DFH DLH IL PH FL AFD NFPP AFW FYPP FYQH

1. PCPGR-50 0.758 ** -0.350 -0.625 0.225 -0.135 -0.405 0.413 * -0.029 0.330 -0.058 0.046 4.712%** 0.039 ** 5.195 **
2. PCPGR-51 -0.275 0.383 * -0.292 0.692*** -0.282 | -2.218*** | -0.415* | 0.212*** -0.431 0.152 * | 0.486*** | -13.064*** 0.004 0.365
3. PCPGR - 59 -0.242 -0.583 ** -0.892 -0.975*** | -0.715 1.288 * -0.116 | 0.139*** 0.504 0.016 0.140 5.380*** | 0.093*** | 12.433***
4. PCPGR-83 0.225 1.250*** | 1.575** 0.458 * | 1.232** 0.195 0.061 | -0.149*** 0.150 | -0.179 ** | -0.337*** | -4.846*** | -0.115*** | -15.324***
5. PCPGR-112 -1.675%** | -1.283*** | -1.292 ** | -1.608*** | -1.228 ** 0.908 0.143 -0.023 0.436 0.187 ** | 0.883*** | 20.103*** | 0.352*** | 47.046***
6. PCPGR-126 2.258*** 0.417 * 2.075*** | 1.125*** | 1.332 ** -0.425 -0.026 | -0.175*** | -0.450 0.046 -1.690*** | -8.705*** | -0.438*** | -58.343***
7. PCPGR-138 -1.742%%* 0.183 -0.225 0.292 -0.188 -0.672 0.385 * 0.000 0.217 0.033 0.983*** 0.778 0.217*** | 28.999***
8. PCPGR-149 0.692 * -0.017 -0.325 -0.208 -0.015 1.328 * | -0.444 * 0.024 -0.758 ** | -0.197 ** | -0.510*** | -4.359*** | -0.153*** | -20.370***

CD 1% 0.916 0.621 1.609 0.702 1.541 1.911 0.643 0.089 0.907 0.228 0.308 3.780 0.043 5.786

CD 5% 0.619 0.419 1.087 0.474 1.041 1.291 0.435 0.060 0.613 0.154 0.208 2.554 0.029 3.910

DFMF - Days to first male flower, NFMF —Node number to first male flower, DFFF -Days to first female flower, DFH —Days to first harvest, DLH — Days to last harvest, IL - Inter nodal length PH-Plant height, FL-Fruit
length, AFD-Average fruit diameter, NFPP- Number of fruits per plant, , AFW-Average fruit weight, FYPP-Fruit yield per plant and FYH-Fruit yield per hectare.



Table 4.21: Estimation of specific combining ability effects for different yield and its contributing traits in F;’s of diallel cross of cucumber

Characters
S.N. Name of crosses
DFMF NFMF DFFF NFFF DFH DLH IL PH FL AFD NFPP AFW FYPP FYQH
1. | PCPGR-50 x PCPGR-51 0.211 2.467%** 1.444 -2.333%** 0.563 2.884 -0.287 -0.819*** -0.488 -0.038 -1.306*** | -19.214*** | -0.418*** -55.661***
2. | PCPGR-50 x PCPGR-59 -2.156 * -1.567 ** -3.289 * -0.333 -3.137* 0.244 0.064 0.228 ** 1.094 -0.275 1.774*** | 30.419*%** | (.759*** 101.455%**
3. | PCPGR-50 x PCPGR-83 2,711 ** -1.400 * -0.422 1.900 ** 1.516 -1.729 -0.741 -0.475%** | -2.903 ** | 0.820*** | -1.083*** 2.981 -0.216*** -29.025%**
4. | PCPGR-50 x PCPGR-112 -0.389 1133 * -0.222 -1.033 -1.224 -0.776 -0.559 0.153 -2.409 ** -0.047 1.964*** | -18.031*** | (.286*** 38.652%**
5. | PCPGR-50 x PCPGR-126 0.011 3.433%** 0.411 0.567 -0.517 0.491 0.494 0.461*** 1.861 * 0.611 ** -0.663 * | 28.451*** 0.020 2.390
6. | PCPGR-50 x PCPGR-138 -0.656 -2.333%** -1.622 0.400 -0.197 4.671** 0.479 0.373%** 4.344%** 0.888*** -0.070 34.674*** | (0.292%** 38.589***
7. | PCPGR-50 x PCPGR-149 5.244%** 3.867*** 0.811 -2.100 ** -0.904 -6.996*** 0.935 0.483*** | -3.248%** -0.023 -2.643%** 0.525 -0.569*** -75.806***
8. | PCPGR-51 x PCPGR-59 -1.789 * -2.300*** -2.289 -2.467*** -0.990 -2.476 0.772 -0.007 2.784 ** 0.389 1.333*** | 23.815*** | (0.471*** 62.588***
9. | PCPGR-51 x PCPGR-83 1411 1.200 * -0.422 3.433%** -1.070 2.351 -0.962 0.460*** 0.821 0.244 -0.024 -14.143*** | -0.131 ** -17.356 **
10. | PCPGR-51 x PCPGR-112 -0.689 -1.600 ** -1.222 -0.167 -1.810 -3.696 * -1.230 * 0.321*** 1.955 * -0.323 0.323 19.945%** | (.252%** 33.421%**
11. | PCPGR-51 x PCPGR-126 2,711 ** -0.300 1.744 3.433%** 1.696 0.971 1.249 * 0.307*** -1.445 -0.121 -1.370%** -0.190 -0.255%** -33.477%**
12. | PCPGR-51 x PCPGR-138 -1.289 -2.067*** -2.622 -1.067 0.550 1.484 -0.176 0.265 ** -1.306 0.495 * 1.290*** | 38.606*** | 0.637*** 84.818***
13. | PCPGR-51 x PCPGR-149 2.944 ** 1.133 * 3.811* 0.100 2.043 4.151* 0.987 0.175* 0.713 0.328 -0.084 -3.750 -0.050 -6.897
14. | PCPGR-59 x PCPGR-83 -0.622 3.833*** 3511 * -1.567 * 3.296 * 1511 0.819 0.287*** -0.157 0.236 -2.377*** 4.187 -0.523*** -69.817***
15. | PCPGR-59 x PCPGR-112 -0.389 0.700 -0.622 -0.500 -0.044 -6.936*** 1.561 ** 0.212 * -0.896 0.106 -0.130 37.625%** | (0.279%** 37.434%**
16. | PCPGR-59 x PCPGR-126 2.678 ** 3.667*** -1.656 -0.900 -2.537 -0.936 0.523 -0.036 -1.029 0.481* 0.243 -29.801*** | -0.171%** -22.754%**
17. | PCPGR-59 x PCPGR-138 1.344 -2.100*** 0.311 3.600*** 0.583 3.244 -0.821 0.072 3.020*** -0.269 2.303*** -4.067 0.441%** 58.394***
18. | PCPGR-59 x PCPGR-149 1.244 0.433 4.078 ** 4.433%** 3.010 * 4111 * 1.138 -0.135 -2.082 * 0.217 -3.070*** | -37.600*** | -0.859*** | -114.841***
19. | PCPGR-83 x PCPGR-112 -0.522 -1.133 * -1.422 -0.933 1.076 5.491 ** 0.526 -0.188 * 1.904 * -0.029 1.813*** 9.990 ** 0.514%** 68.527***
20. | PCPGR-83 x PCPGR-126 0.211 1.167 * -0.456 -2.667*** -0.217 8.091*** 0.639 0.484%*** -0.292 0.056 1.386*** | 10.332 ** | 0.377*** 50.075***
21. | PCPGR-83 x PCPGR-138 1.544 -0.933 6.844*** -0.500 5.903*** 8.204*** -0.609 0.359*** -1.930 * -0.174 -2.354*** | -25158*** | -0.667*** -88.576***
22. | PCPGR-83 x PCPGR-149 0.778 1.267 * -1.722 -0.333 -2.937 * -0.729 -1.507 * 0.369*** 0.042 0.545 * 0.673 * 1.486 0.156*** 20.792%**
23. | PCPGR-112 x PCPGR-126 -2.556 ** | -2.300*** 0.078 -0.600 -0.090 5.244 ** -0.253 -0.755*** -0.245 -0.294 -0.634 * 12.760*** -0.087 * -11.367 *
24. | PCPGR-112 x PCPGR-138 -0.222 -0.400 -1.622 -0.433 -0.837 1.624 0.990 0.383*** 1.854 * 0.496 * SL774%%*% | 44.253*** -0.048 -6.576
25. | PCPGR-112 x PCPGR-149 -1.322 0.800 -1.189 -0.600 -1.210 6.558*** 0.802 0.160 * 2.612 ** 0.612 ** 1.120%** | 20.874*** | 0.445*** 59.546***
26. | PCPGR-126 x PCPGR-138 -1.489 2.900%** 1.678 2.500*** 1.736 -1.176 -0.695 -0.448%** 0.737 0.294 -0.800 ** | -23.379*** | -0.322*** -42.661%**
27. | PCPGR-126 x PCPGR-149 0.744 -1.900 ** 0.111 1.000 0.030 -1.576 -1.216 * -0.555*** 0.282 0.017 -1.507*** | 35.698*** | -0.129 ** -17.462 **
28. | PCPGR-138 x PCPGR-149 -2.922 ** 0.667 -2.256 -1.167 0.550 4.338* -0.310 0.237 ** 1.548 -0.250 3.820%** -7.945 * 0.707*** 94.236***
CD 1% 2.224 1.506 3.904 1.703 3.740 4.638 1.561 0.215 2.200 0.554 0.748 9.175 0.105 14.044
CD 5% 1.647 1.116 2.891 1.261 2.769 3.435 1.156 0.159 1.629 0.410 0.554 6.795 0.078 10.400

DFMF - Days to first male flower, NFMF —Node number to first male flower, DFFF -Days to first female flower, DFH —Days to first harvest, DLH — Days to last harvest, IL - Inter nodal length PH-Plant height, FL-Fruit length, AFD-Average fruit
diameter, NFPP- Number of fruits per plant, , AFW-Average fruit weight, FYPP-Fruit yield per plant and FYH-Fruit yield per hectare.




4.4.2.8 Plant height (m)

The estimates of GCA effects for plant height ranged from -0.17 to 0.21. Out of
eight parents, four parents exhibited significant GCA effect for same trait and two
parents namely PCPGR-51 (0.21%) and PCPGR-59 (0.13%) showed desirable
significant positive GCA effect for plant height. Significant GCA effects for plant
height were also reported by Singh et al. (2010) and Mule et al. (2012).

A critical examination of data for SCA effects revealed that range of SCA for
plant height ranged from -0.819 to 0.484. Out of all crosses, twenty three crosses
exhibited significant SCA effect for same trait whereas, significant positive effects
were observed among sixteen crosses. Top five hybrids showed desirable significant
positive SCA effects for plant height were PCPGR-83 x PCPGR-126 (0.484%),
PCPGR-50 x PCPGR-149 (0.483%), PCPGR-50 x PCPGR-126 (0.461%), PCPGR-51
x PCPGR-83 (0.460%) and PCPGR-112 x PCPGR-138 (0.38%). Singh et al. (2011)
and Bairagi et al. (2013) also found significant SCA effects for plant height.

4.4.2.9 Fruit length (cm)

It is evident from data presented in Table 4.20 that GCA effects for fruit length
ranged from -0.75 to 0.50. Out of all parents, significant GCA effect was observed for
only one parent and none of the parents found desirable significant positive effect for

fruit length.

The read-through of data for SCA effects revealed that SCA for fruit length
ranged from -3.24 to 4.344. Out of all crosses, thirteen cross combinations exhibited
significant SCA effect for same trait whereas, significant positive effects were observed
among eight crosses. Top five hybrids showed desirable significant positive SCA
effects for fruit length were PCPGR-50 x PCPGR-138 (4.34%), PCPGR-59 x
PCPGR-138 (3.02%), PCPGR-51 x PCPGR-59(2.78%), PCPGR-112 x PCPGR-149
(2.61%) and PCPGR-51 x PCPGR-112 (1.95%). Sarkar and Sirohi (2010) and Mule et
al. (2012) also observed significant SCA effects for fruit length.

4.4.2.10 Average fruit diameter (cm)

A perusal of data presented in Table 4.20 revealed that GCA effects for average
fruit diameter ranged from -0.197 to 0.187. Out of all parents, significant GCA effect
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was observed for four parents and two parents namely PCPGR-112 (0.187%) and
PCPGR-51 (0.152%) exhibited desirable significant positive effect for average fruit
diameter. Significant GCA effects for fruit diameter were also reported by Sarkar and
Sirohi (2010), Bairagi et al. (2013) and Vidhya and Kumar (2014).

A critical examination of data for SCA effects revealed that SCA for average
fruit diameter ranged from 0.481 to 0.888. Out of all crosses, eight cross combinations
exhibited significant positive SCA effect for same trait. Top five hybrids showed
desirable significant positive SCA effects for average fruit diameter were PCPGR-50 x
PCPGR-138 (0.888%), PCPGR-50 x PCPGR-83 (0.820%), PCPGR-112 x PCPGR-149
(0.612%), PCPGR-50 x PCPGR-126 (0.611%) and PCPGR-83 x PCPGR-149
(0.545%). Significant positive SCA result for average fruit diameter were also reported
by Mule et al. (2012), Reddy et al. (2014) and Pati et al. (2015).

4.4.2.11 Number of fruits per plant

A perusal of data revealed that range of GCA effect for number per plant was
-1.69 to 0.983. Among all eight parent, significant GCA effect was observed for six
parent and among these, three parents namely PCPGR-138 (0.98%), PCPGR-112
(0.88%) and PCPGR-51 (0.48%) exhibited desirable significant positive GCA effect
for number of fruits per plant. Similar findings were also reported by Singh et al.
(2011), Bairagi et al. (2013) and Pati et al. (2015).

The estimates of SCA effects for number of fruits per plant ranged from -3.07 to
3.82. Out of twenty eight crosses, significant SCA effects for same traits were observed
in twenty two cross combinations whereas, among them ten crosses exhibited desirable
significant positive SCA effect for number of fruits per plant. Top five hybrids showed
desirable significant positive SCA effects for number of fruits per plant were PCPGR-
138 x PCPGR-149 (3.82%), PCPGR-59 x PCPGR-138 (2.30%), PCPGR-50 x PCPGR-
112 (1.96%), PCPGR-83 x PCPGR-112 (1.81%) and PCPGR-50 x PCPGR-59
(1.77%). Similar findings were also reported by Sarkar and Sirohi (2010), Vidhya and
Kumar (2014) and Jat et al. (2015).

4.4.2.12 Average fruit weight (g)

The estimates of GCA effects for average fruit weight ranged from -13.06 to

20.10. Qut of eight parents, seven parents exhibited significant GCA effect for same
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trait and among them three parents viz.,, PCPGR-112 (20.10%), PCPGR-59 (5.38%)
and PCPGR-50 (4.71%) showed desirable significant positive GCA effect for average
fruit weight. Significant general combining ability effects for various characters were
also reported by Sarkar and Sirohi (2010), Singh et al. (2011) and Pati et al. (2015.)

It is apparent from data presented in Table 4.21 that SCA effects for average
fruit weight per range from -37.60 to 44.25. Among all crosses significant SCA effects
for same traits was observed in twenty one cross combinations while, desirable
significant positive SCA effects for average fruits weight were observed in thirteen
crosses. Top five cross combinations exhibited desirable significant positive SCA effect
for average fruits weight were PCPGR-112x PCPGR-138 (44.25%), PCPGR-50 x
PCPGR-59 (39.41%), PCPGR-51 x PCPGR-138 (38.60%), PCPGR-59 x PCPGR-112
(37.62%) and PCPGR-126 x PCPGR-149 (35.69%). Significant SCA effects for fruit
weight were also observed by Singh et al. (2010), Rabou and Hamed (2011) and Reddy
et al. (2014).

4.4.2.13 Fruit yield per plant (kg)

It is evident from data presented in the Table 4.20 revealed that GCA effect for
fruit yield per plant ranged from -0.43 to 0.35. Among all parents, seven parents
showed significant GCA effect for same trait. Desirable significant positive GCA
effects were observed among four parents namely PCPGR-112 (0.35%), PCPGR-138
(0.21%), PCPGR-59 (0.093%) and PCPGR-50 (0.039%). Significant GCA effects for
yield per plant were also observed by Singh et al. (2010), Mule et al. (2012), Bairagi et
al. (2013), Pati et al. (2015) and Jat et al. (2015).

The estimates of SCA effects for fruit yield per plant ranged from -0.85 to 0.75.
Out of twenty eight crosses, significant SCA effects for same traits observed in twenty
five cross combinations whereas, thirteen crosses among them exhibited significant
positive SCA effect for fruit yield per plant. Top five cross combinations exhibited
desirable significant positive SCA effects for fruit yield per plant were PCPGR-50 x
PCPGR-59 (0.76%), PCPGR-138 x PCPGR-149 (0.70%), PCPGR-51 x PCPGR-138
(0.63%), PCPGR-83 x PCPGR-112 (0.51%) and PCPGR-51 x PCPGR-59(0.47%).
Sarkar and Sirohi (2010), Singh et al. (2010), Bairagi et al. (2013) and Pati et al. (2015)

had also reported significant sca effects for yield per plant.
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4.4.2.14 Fruit yield (g/ha)

The estimates of GCA effects for fruit yield ranged from -58.34 to 47.04. Out of
eight parents, seven parents exhibited significant GCA effect for same trait and among
them four parents namely PCPGR-112 (47.04%), PCPGR-138 (29.00%), PCPGR-59
(12.43%) and PCPGR-50 (5.19%) exhibited desirable significant positive GCA effect
for fruit yield.

The estimates of SCA effects for fruit yield per plant ranged from -114.84 to
101.45. Out of twenty eight crosses, significant SCA effects for same traits observed in
twenty five cross combinations whereas, thirteen crosses among them showed desirable
exhibited significant positive SCA effect for fruit yield. Top five cross combinations
exhibited desirable significant positive SCA effects for fruit yield were PCPGR-50 x
PCPGR-59 (101.45%), PCPGR-138 x PCPGR-149 (94.23%), PCPGR-51 x PCPGR-
138 (84.81%), PCPGR-83 x PCPGR-112 (68.52%) and PCPGR-51 x PCPGR-
59(62.58%).

The ranking of genotypes for yield related traits were made as per the general
combining ability and specific combining ability of diallel cross (excluding reciprocal)
and presented in Table 22. PCPGR-112 was found as a best general combiner for
maximum number of traits viz., days to first male flower, node number to first male
flower, days to first female flower, node to first female flower, days to first harvest,
average fruit diameter, number of fruits per plant, average fruit weight, fruit yield per
plant and fruit yield per hectare followed by PCPGR-59 (node number to first male
flower, node number to first female flower, plant height, average fruit weight, fruit
yield per plant, and fruit yield per hectare. PCPGR-138 (For days to first male flower,
number of fruits per plant, fruit yield per plant, and fruit yield per hectare), PCPGR-51
(for days to last harvest, intermodal length, plant height and number of fruits per plant)
and PCPGR-50 (for average fruit weight and fruit yield per hectare). The general
combining ability is primarily the function of additive and additive x additive gene
action. According to Gilbert (1967), the additive parental effects have more practical
use to the breeders compare to non-allelic interaction, if these are exploited through
conventional selection methods. Rojas and Sprague (1942) also pointed out that GCA

effects would be more stable as compared to SCA effects.
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Table 4.22: Best general and specific combiner for different traits in cucumber

S.N. Characters Best general Best specific combiners
combiners
1. Days to first male flower PCPGR-138 PCPGR-138 x PCPGR-149
PCPGR-112 PCPGR-112 x PCPGR-126
PCPGR-50 x PCPGR-59
PCPGR-51 x PCPGR-59
2. Node number to first male PCPGR-112 PCPGR-50 x PCPGR-138
flower PCPGR-59 PCPGR-112 x PCPGR-126
PCPGR-51 x PCPGR-59
PCPGR-59 x PCPGR-138
3. Days to first female flower PCPGR-112 PCPGR-50 x PCPGR-59
4 Node number to first female PCPGR-112 PCPGR-83 x PCPGR-126
flower PCPGR-59 PCPGR-51 x PCPGR-59
PCPGR-50 x PCPGR-51
PCPGR-50 x PCPGR-149
5. Days to first harvest PCPGR-112 PCPGR-50 x PCPGR-59
PCPGR-83 x PCPGR-138
6. Days to last harvest PCPGR-51 PCPGR-50 x PCPGR-149
PCPGR-59 x PCPGR-112
PCPGR-51 x PCPGR-112
7. Inter nodal length (cm) PCPGR-149 PCPGR-83 x PCPGR-149
PCPGR-51 PCPGR-51 x PCPGR-112
PCPGR-126 x PCPGR-149
8. Plant height (m) PCPGR-51 PCPGR-83 x PCPGR-126
PCPGR-59 PCPGR-50 x PCPGR-149
PCPGR-50 x PCPGR-126
PCPGR-51 x PCPGR-83
9. Fruit length (cm) PCPGR-50 x PCPGR-138
- PCPGR-59 x PCPGR-138
PCPGR-51 x PCPGR-59
PCPGR-112 x PCPGR-149
10. Average fruit diameter (cm) PCPGR-112 PCPGR-50 x PCPGR-138
PCPGR-51 PCPGR-50 x PCPGR-83
PCPGR-112 x PCPGR-149
PCPGR-50 x PCPGR-126
11. Number of fruits per plant PCPGR-138 PCPGR-138 x PCPGR-149
PCPGR-112 PCPGR-59 x PCPGR-138
PCPGR-51 PCPGR-50 x PCPGR-112
PCPGR-83 x PCPGR-112
12. Average fruit weight (g) PCPGR-112 PCPGR-112 x PCPGR-138
PCPGR-59 PCPGR-50 x PCPGR-59
PCPGR-50 PCPGR-51 x PCPGR-138
PCPGR-59 x PCPGR-112
13. Fruit yield per plant (kg) PCPGR-112 PCPGR-50 x PCPGR-59
PCPGR-138 PCPGR-138 x PCPGR-149
PCPGR-59 PCPGR-51 x PCPGR-138
PCPGR-83 x PCPGR-112
14. Fruit yield (g/ha) PCPGR-112 PCPGR-50 x PCPGR-59
PCPGR-138 PCPGR-138 x PCPGR-149
PCPGR-59 PCPGR-51 x PCPGR-138
PCPGR-50 PCPGR-83 x PCPGR-112
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In general, additive effects are mainly due to polygenes producing fixable
effects and indicate the capacity of variety in relation to all other varieties, it was
crossed with. High GCA effects of a parent is a function of breeding value and hence
due to additive gene effect and/or additive x additive interaction effect which represents
the fixable components of genetic variance (Griffing, 1956). It is clear that parents have
good GCA effects may be presumed to possess more favourable genes for the
concerned characters. The results are in conformity with the findings of Masmade and
Kale (1986), Horinuzdi and Moore (1989b), Kanobdee et al. (1990), Dogra et al.
(1997b), Quiang et al. (1998), Ballui et al. (2000) and Munshi et al. (2005, 2006) in
cucumber. Singh et al. (2010) found Peelibheet local, Pant Khira-1 and Patna-3 were

good combiner for yield and its contributing traits.

Specific combining ability effects mainly represent dominance, additive x
dominance and dominance x dominance type of gene action. The crosses showing SCA
effects involving parent with good GCA could be exploited as F; hybrid breeding,
however, if a cross having high SCA has one of its parent as good general combiner
and other as poor or average combiner, such crosses are likely to give some segregants,
only if additive genetic system is present in a good general combiner and epistatic
effects in the cross act in the same direction so as to maximize the desirable expression
of the character in consideration (Whitehouse et al., 1958 and Lonnquist, 1961). On the
basis of ranking best specific combiner were PCPGR-50 x PCPGR-59 (days to first
male flower, days to first female flower, days to first harvest, average fruit weight, fruit
yield per plant and fruit yield per hectare), PCPGR-51 x PCPGR-59 (days to first male
flower, node number to first male flower, node number to first female flower and fruit
length), PCPGR-138 x PCPGR-149 (days to first male flower, number of fruits per
plant, fruit yield per plant, and fruit yield per hectare), PCPGR-50 x PCPGR-138
(node number to first male flower, fruit length and average fruit diameter), PCPGR-51
x PCPGR-138 (average fruit weight, fruit yield per plant and fruit yield per hectare),
PCPGR-59 x PCPGR-138 (node number to first male flower, fruit length and number
of fruits per plant), PCPGR-50 x PCPGR-149 (node number to first female flower,
plant height and days to last harvest), PCPGR-83 x PCPGR-112 (number of fruits per
plant, fruit yield per plant and fruit yield per hectare), PCPGR-112 x PCPGR-149 (fruit
length and average fruit diameter), PCPGR-83 x PCPGR-126 (node number to first
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female flower and plant height), PCPGR-112 x PCPGR-126 (days to first male flower
and node number to first male flower). Usually the high estimates of SCA effects are
obtained from the crosses involving diverse parent. Musmade and Kale (1986) found
that both GCA and SCA variances were significant for all the characters studied in
cucumber. Baranwal (1995) exhibited high SCA estimates for vine length, fruit length,
fruit weight, fruit volume and fruit yield. Ananthan and Pappiah (1997), Bhatnagar
(1998) and Munshi et al. (2006) found high SCA estimates for most of the characters in
cucumber. Dogra and Kanwar (2011) recorded high SCA estimates for yield and

number of fruits.
4.5  Screening of parents and F; hybrids of cucumber against downy mildew
45.1 Symptomatology

Disease symptoms of P. cubensis first appeared as small, slightly chlorotic to
bright yellow areas on an upper leaf surface. Later, the lesions expanded; they remained
chlorotic or yellow or became necrotic and brown. Formation of yellow, more or less
angular spots on the upper surface of leaves. The disease is characterized by a ‘downy’
or ‘felt’ appearance which is due to the sporangia found on the abaxial side of the leaf.
The lesions can be angular and restricted by the veins of the leaf on Cucumis sativus

(cucumber) (Savory et al., 2010).
4.5.2 Downy mildew incidence (%)

All eight parents and twenty eight F; hybrids were evaluated in three
replication with resistant check poinsette. In each replication, downy mildew disease
incidence was recorded for all twelve plants. The first symptom of downy mildew
was observed on 22 February 2019 five days after post-inoculation of suspension
(17 February 2019) in three parents and six hybrids. The results of late blight
incidence (%) for all parents and F; hybrids presented in Table 4.23. The data
revealed significant variable reactions of different parents and F; hybrids to the
incidence of downy mildew in the current experiment taken at weekly intervals after
the onset of observable symptoms at the first planting date for six consecutive weeks.

The details of disease incidence are given below:

Results and Discussion............... &~



4.5.2.1 Downy mildew incidence at first week

A perusal of data pertaining mean disease incidence at first week revealed that
the incidence of disease among all genotypes ranged from 2.78 to 33.33 per cent and
general mean was 16.23 per cent. Six parents with check and twelve crosses had a
lower incidence of downy mildew than population mean. Minimum incidence of
downy mildew was reported in check variety Poinsette and Crosses PCPGR-112 x
PCPGR-138, PCPGR-50 x PCPGR-112 with 2.78% per cent and it was found
statistically at par with one parent PCPGR-112 (5.55%) and four hybrids namely
PCPGR-51 x PCPGR-112 (5.55%), PCPGR-112 x PCPGR-126 (5.55%), PCPGR-83 x
PCPGR-112 (5.55%) and PCPGR-59 x PCPGR-112 (8.33%).

On the other hand, maximum incidence of downy mildew was observed in
PCPGR-51 x PCPGR-126 (33.33%) and was statistically at par with two parents viz.,
PCPGR-59 (27.78%) and PCPGR-83 (27.78%) and fourteen cross combinations
namely PCPGR-50 x PCPGR-59 (30.55%), PCPGR-59 x PCPGR-126 (30.55%),
PCPGR-126 x PCPGR-138 (27.78%), PCPGR-50 x PCPGR-51 (27.78%), PCPGR-51
x PCPGR-83 (25.00%), PCPGR-83 x PCPGR-126 (25.00%), PCPGR-83 x
PCPGR-149 (25.00%), PCPGR-51 x PCPGR-59 (22.22%), PCPGR-51 x PCPGR-149
(22.22%). PCPGR-126 x PCPGR-149 (22.22%), PCPGR-83 x PCPGR-138 (22.22%),
PCPGR-138 x PCPGR-149 (19.45%), PCPGR-51 x PCPGR-138 (19.45%), PCPGR-50
x PCPGR-149 (19.45%),

4.5.2.2 Downy mildew incidence at second week

A critical examination of data revealed that mean downy mildew incidence at
second week ranged from 11.11 to 41.67 per cent and general mean of incidence was
29.81 per cent. Five parents with check variety and eleven crosses had lower incidence
of downy mildew than population mean. Minimum incidence of downy mildew was
reported in check variety Poinsette and cross PCPGR-50 x PCPGR-59 with 11.11 per
cent. This was found statistically at par with one parent PCPGR-112 (13.89%) and four
hybrids namely PCPGR-51 x PCPGR-112, PCPGR-83 x PCPGR-112, PCPGR-112 x
PCPGR-126 and PCPGR-112 x PCPGR-138 with 16.67 per cent.

On the other hand, maximum incidence of downy mildew was noticed in seven
crosses, PCPGR-50 x PCPGR-149, PCPGR-51 x PCPGR-59, PCPGR-51 x PCPGR-83,
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PCPGR-51 x PCPGR-126, PCPGR-51 x PCPGR-149, PCPGR-126 x PCPGR-138 and
PCPGR-138 x PCPGR-149 with 41.67 per cent incidence. This was found statistically
at par with two parents PCPGR-59 (38.89%), PCPGR-83 (36.11%) and seven hybrids
namely PCPGR-50 x PCPGR-51 (38.89%), PCPGR-50 x PCPGR-59 (38.89%),
PCPGR-83 x PCPGR-126 (38.89%), PCPGR-83 x PCPGR-149 (38.89%), PCPGR-59
x PCPGR-126 (38.89%), PCPGR-126 x PCPGR-149 (36.11%), PCPGR-50 x
PCPGR-83 (36.11%). Among all the genotypes under study, one cross namely
PCPGR-50 x PCPGR-59, had an equal incidence of downy mildew compared to the

control cultivar.
4.5.2.3 Downy mildew incidence at third week

The data regarding mean disease incidence at third week indicated that the
incidence of disease among all genotypes ranged from 19.45 to 58.33 per cent and
general mean was 42.57 per cent. Five parents with check and thirteen crosses had
lower incidence of downy mildew than population mean. Minimum incidence of
downy mildew was reported in check variety Poinsette and parents PCPGR-112
with 19.45% per cent and was found statistically at par with six hybrids namely
PCPGR-50 x PCPGR-112 (22.22%), PCPGR-112 x PCPGR-138 (22.22%), PCPGR-51
x PCPGR-112 (25.00%), PCPGR-83 x PCPGR-112 (25.00%), PCPGR-112 x
PCPGR-126 (25.00%) and PCPGR-59 x PCPGR-112 (27.78%).

Maximum incidence of downy mildew was observed in three crosses,
PCPGR-83 x PCPGR-126, PCPGR-83 x PCPGR-149 and PCPGR-126 x PCPGR-138
with 58.33 per cent incidence. This was found statistically at par with two parents
PCPGR-83 (52.78%), PCPGR-59 (50.00%) and twelve hybrids namely PCPGR-50 x
PCPGR-59 (55.55%), PCPGR-50 x PCPGR-149 (55.55%), PCPGR-51 x PCPGR-59
(55.55%), PCPGR-51 x PCPGR-83 (55.55%), PCPGR-51 x PCPGR-126 (55.55%),
PCPGR-51 x PCPGR-149 (55.55%), PCPGR-59 x PCPGR-126 (55.55%) PCPGR-83 x
PCPGR-138 (55.55%), PCPGR-126 x PCPGR-149 (55.55%), PCPGR-138 x PCPGR-149
(55.55%), PCPGR-50 x PCPGR-51 (52.78%) and PCPGR-50 x PCPGR-83 (50.00%).
Among all the genotypes under study, one parent namely PCPGR-112, had an equal

incidence of downy mildew compared to the control cultivar.

Results and Discussion............... &~



Table 4.23: Downy mildew incidence at week interval

S. Incidence (%0)
Genotypes

N. 1week | 2week | 3week | 4week | 5week | 6week
PCPGR-50 13.89 30.55 44.45 58.33 66.67 75.00
(21.66) | (33.51) | (41.80) | (49.85) | (54.85) | (60.21)
2 | PCPGR-51 11.11 22.22 33.33 41.67 58.33 66.67
(19.22) | (28.03) | (35.15) | (40.15) | (49.85) | (54.85)
3 | PCPGR-59 27.78 38.89 50.00 58.33 66.67 72.22
(31.75) (38.55) (45.00) (49.85) (54.85) (58.57)
4 | PCPGR-83 27.78 36.11 52.78 61.11 69.45 77.78
(31.75) (36.91) (46.60) (51.45) (56.49) (61.97)
5 PCPGR-112 5.55 13.89 19.45 27.78 36.11 36.11
(11.19) (21.66) (26.07) (31.75) (36.91) (36.91)
6 | PCPGR-126 13.89 25.00 33.33 44.45 61.11 69.45
(21.66) (29.79) (35.15) (41.80) (51.45) (56.49)
7 | PCPGR-138 11.11 25.00 38.89 47.22 50.00 55.56
(19.22) (29.78) (38.55) (43.40) (45.00) (48.25)
8 | PCPGR-149 8.33 25.00 30.55 38.89 52.78 66.67
(16.78) (29.79) (33.51) (38.55) (46.60) (54.85)
9 | PCPGR-50 x PCPGR-51 27.78 38.89 52.78 63.89 72.22 80.55
(31.75) | (38.55) | (46.60) | (53.09) | (58.25) | (63.93)
10 | PCPGR-50 x PCPGR-59 3055 | 3889 | 5555 | 66.67 | 75.00 | 86.11
(3351) | (38.55) | (48.20) | (54.85) | (60.21) | (68.34)
11 | PCPGR-50 x PCPGR-83 1667 | 3611 | 50.00 | 6111 | 66.67 | 72.22
(23.62) | (36.75) | (45.00) | (51.45) | (54.85) | (58.25)
12 | PCPGR-50 x PCPGR-112 2.78 1111 | 2222 | 2778 | 3333 | 36.11
(5.60) | (19.22) | (28.03) | (31.75) | (35.15) | (36.80)
13 | PCPGR-50 x PCPGR-126 13.89 27.78 41.67 50.00 61.11 63.89
(21.65) | (31.75) | (40.15) | (45.00) | (51.49) | (53.25)
14 | PCPGR-50 x PCPGR-138 13.89 25.00 41.67 49.89 52.67 61.11
(21.66) | (29.78) | (40.15) | (44.93) | (46.53) | (51.49)
15 | PCPGR-50 x PCPGR-149 19.45 41.67 55.55 63.89 69.45 77.78
(26.06) | (40.15) | (48.20) | (53.09) | (56.49) | (61.97)
16 | PCPGR-51 x PCPGR -59 22.22 41.67 55.55 69.45 77.78 83.33
(28.03) | (40.15) | (48.20) | (56.49) | (61.97) | (66.38)
17 | PCPGR-51 x PCPGR-83 25.00 41.67 55.55 63.89 69.45 75.33
(29.78) | (40.15) | (48.20) | (53.09) | (56.49) | (60.42)
18 | PCPGR-51 x PCPGR-112 5.55 16.67 25.00 27.78 3055 36.11
(11.19) | (23.62) | (29.78) | (31.75) | (33.51) | (36.91)
19 | PCPGR-51 x PCPGR-126 | 33.33 | 4167 | 5555 | 66.67 | 7500 | 83.33
(35.15) | (40.15) | (48.20) | (54.85) | (60.21) | (66.37)
20 | PCPGR-51 x PCPGR-138 19.45 30.55 41.67 52.78 61.11 63.89
(26.06) | (33.51) | (40.15) | (46.60) | (51.45) | (53.09)
21 | PCPGR-51 x PCPGR-149 22.22 41.67 55.55 63.89 72.22 80.55
(28.03) | (40.15) | (48.20) | (53.20) | (58.25) | (63.94)
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Table 4.23 Contd...

S. Incidence (%0)
Genotypes
N. 1week | 2week | 3week | 4week | 5Sweek | 6week
22 | PCPGR-59 x PCPGR-83 11.11 25.00 36.11 47.22 52.78 58.33
(16.06) | (29.78) | (36.80) | (43.40) | (46.60) | (50.00)
23 | PCPGR-59 x PCPGR-112 8.33 19.45 27.78 30.55 36.11 36.11
(13.62) | (26.06) | (31.75) | (3351) | (36.91) | (36.91)
24 | PCPGR-59 x PCPGR-126 30.55 38.89 55.55 66.67 75.00 88.88
(3351) | (3855) | (48.20) | (54.85) | (60.21) | (70.77)
25 | PCPGR-59 x PCPGR-138 11.11 30.55 41.67 50.00 55.56 58.33
(19.22) | (3351) | (40.20) | (45.00) | (48.25) | (50.00)
26 | PCPGR-59 x PCPGR-149 | 1389 | 2500 | 3611 | 4722 | 5564 | 61.11
(21.65) | (29.78) | (36.80) | (43.40) | (48.25) | (51.45)
27 | PCPGR-83 x PCPGR-112 | 8.33 1667 | 2500 | 3055 | 3611 | 38.89
(13.62) | (23.62) | (29.78) | (3351) | (36.91) | (38.55)
28 | PCPGR-83 x PCPGR-126 | 2500 | 38.89 | 5833 | 6667 | 7500 | 8055
(29.78) | (38.55) | (49.85) | (54.85) | (60.22) | (63.94)
29 | PCPGR-83 x PCPGR-138 | 2222 | 3333 | 5555 | 6945 | 77.78 | 83.33
(28.03) | (35.15) | (48.20) | (56.49) | (61.97) | (65.91)
30 | PCPGR-83 x PCPGR-149 25.00 38.89 58.33 69.45 80.55 86.11
(29.78) | (38.55) | (49.85) | (56.49) | (63.94) | (68.34)
31 | PCPGR-112 x PCPGR-126 | 5.55 16.67 | 2500 | 27.78 | 3055 | 36.11
(11.19) | (23.62) | (29.78) | (31.75) | (33.51) | (36.91)
32 | PCPGR-112 x PCPGR-138 | 2.78 16.67 | 2222 | 2778 | 2778 | 3055
(559) | (24.09) | (28.03) | (31.75) | (31.75) | (33.51)
33 | PCPGR-112 x PCPGR-149 13.89 22.22 33.33 38.89 44.45 47.22
(21.65) | (28.03) | (35.15) | (38.55) | (41.80) | (43.40)
34 | PCPGR-126 x PCPGR-138 27.78 41.67 58.33 66.67 77.78 86.11
(31.54) | (40.15) | (49.85) | (54.85) | (62.18) | (68.81)
35 | PCPGR-126 x PCPGR-149 22.22 36.11 55.55 66.67 75.00 86.11
(28.03) | (36.80) | (48.20) | (54.85) | (60.21) | (68.34)
36 | PCPGR-138 x PCPGR-149 19.45 41.67 55.55 63.89 69.45 77.78
(26.06) | (40.15) | (48.20) | (53.09) | (56.49) | (61.97)
37 | Poinsette 2.78 (11.11 19.45 22.22 25.00 27.78
(5.59) | (19.22) | (26.06) | (28.03) | (29.79) | (31.75)
Mean 16.23 29.81 42 .57 51.27 58.71 64.95
8.32) | (31.50) | (42.39) | (49.16) | (54.72) | (59.56)
CD(0.05) 8.63 9.85 9.64 1041 | 1153 | 1233
9.66) | (655 | (5.90) | (6.28) | (7.18) | (8.02)
+ SE(m) 3.06 3.49 3.41 3.68 4.08 4.37
(342) | 32 | (209 | (222 | (@54) | (2.84)
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4.5.2.4 Downy mildew incidence at fourth week

It is apparent from disease incidence data that the incidence range was 22.22 to
69.44% and the mean value was 51.27%. Five parents with one resistant check and
twelve crosses had lower incidence of downy mildew than population mean. Minimum
incidence of downy mildew (19.45% per cent ) was reported in check variety Poinsette
and was found statistically at par with one parent PCPGR-112 (27.78%) and six
hybrids namely PCPGR-50 x PCPGR-112 (27.78%), PCPGR-112 x PCPGR-138
(27.78%), PCPGR-51 x PCPGR-112 (27.78%), PCPGR-112 x PCPGR-126 (27.78%)
and PCPGR-59 x PCPGR-112 (30.55%), PCPGR-83 x PCPGR-112 (30.55%).

Moreover, maximum incidence of downy mildew was observed in three
crosses, PCPGR-83 x PCPGR-138 and PCPGR-83 x PCPGR-149 and PCPGR-51 x
PCPGR-59with 69.45 per cent incidence. This was found statistically at par with one
parent PCPGR-83 (61.11%). and twelve hybrids namely PCPGR-50 x PCPGR-59
(66.67%), PCPGR-51 x PCPGR-126 (66.67%), PCPGR-59 x PCPGR-126 (66.67%),
PCPGR-83 x PCPGR-126 (66.67%), PCPGR-126 x PCPGR-138 (66.67%),
PCPGR-126 x PCPGR-149 (66.67%), PCPGR-50 x PCPGR-51 (63.89%) PCPGR-50 x
PCPGR-149 (63.89%), PCPGR-51 x PCPGR-83 (63.89%), PCPGR-51 x PCPGR-149
(63.89%), PCPGR-138 x PCPGR-149 (63.89%) and PCPGR-50 x PCPGR-83
(61.11%).

4.5.2.5 Downy mildew incidence at five week

The critical data examination of disease incidence revealed that range of
incidence was 25.00 to 80.55 per cent and mean value was recorded 58.71 per cent.
Four parents with resistant check and eleven crosses gave less downy mildew incidence
than population mean. Minimum incidence of downy mildew (25.00 per cent ) was
reported in check variety Poinsette and was found statistically at par with one parent
PCPGR-112 (36.11%) and six hybrids namely PCPGR-112 x PCPGR-138 (27.78%),
PCPGR-51 x PCPGR-112 (30.55%), PCPGR-112 x PCPGR-126 (30.55%), PCPGR-50
x PCPGR-112 (33.33%), PCPGR-83 x PCPGR-112 (36.11%) and PCPGR-59 x
PCPGR-112 (36.11%).

In addition, maximum incidence of downy mildew was found in cross
PCPGR-83 x PCPGR-149 with 80.55 per cent incidence and was found statistically at
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par with ten hybrids namely PCPGR-51 x PCPGR-59(77.78%), PCPGR-83 x PCPGR-138
(77.78%), PCPGR-126 x PCPGR-138 (77.78%), PCPGR-50 x PCPGR-59 (75.00%),
PCPGR-51 x PCPGR-126 (75.00%), PCPGR-59 x PCPGR-126 (75.00%), PCPGR-83
x PCPGR-126 (75.00%) PCPGR-126 x PCPGR-149 (75.00%), PCPGR-50 x
PCPGR-51 (72.22%) and PCPGR-51 x PCPGR-149 (72.22).

4.5.2.6 Downy mildew incidence at sixth w week

A perusal of data pertaining mean disease incidence at sixth week indicated that
the range of disease incidence among all genotypes was 27.78 to 88.88 per cent and
general mean was 64.95 per cent. Two parents with resistant check and thirteen crosses
gave less downy mildew incidence than population mean. Minimum incidence of
downy mildew (27.78 per cent ) was reported in check variety Poinsette and was found
statistically at par with one parent PCPGR-112 (36.11%) and six hybrids namely
PCPGR-112 x PCPGR-138 (30.55%), PCPGR-51 x PCPGR-112 (36.11%),
PCPGR-112 x PCPGR-126 (36.11%), PCPGR-50 x PCPGR-112 (36.11%), and
PCPGR-59 x PCPGR-112 (36.11%), PCPGR-83 x PCPGR-112 (38.89%).

Furthermore, maximum incidence of downy mildew was observed in cross,
PCPGR-59 x PCPGR-126 with 88.88 per cent incidence and was found statistically at
par with eleven hybrids namely PCPGR-50 x PCPGR-59 (86.11%), PCPGR-83 x
PCPGR-149 (86.11%), PCPGR-126 x PCPGR-138 (86.11%), PCPGR-126 x PCPGR-149
(86.11%), PCPGR-51 x PCPGR-59(83.33%), PCPGR-51 x PCPGR-126 (83.33%),
PCPGR-83 x PCPGR-138 (83.33%) PCPGR-50 x PCPGR-51 (80.55%), PCPGR-51 x
PCPGR-149 (80.55%), PCPGR-83 x PCPGR-126 (80.55) and PCPGR-138 x
PCPGR-149 (77.78%).

4.5.3 Downy mildew disease severity in cucumber

All eight parents with resistant check Poinsette and twenty eight F; hybrids
were evaluated for downy mildew severity (%) in three replications. In each replication
five plants were selected and disease severity for downy mildew was recorded. The
results of downy mildew severity (%) for all parents and F; hybrids are presented in
Table 4.50. Data on disease reactions of different parents and F; hybrids against downy
mildew severity in current experiment taken at weekly interval after the onset of
observable symptoms at the first planting date for six consecutive weeks and the details

of observations are given below:
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4.5.3.1 Downy mildew severity at first week

The data regarding mean disease severity at first week revealed that the disease
severity among all genotypes ranged from 0.00 to 6.67 per cent with an average value
of 2.78 per cent. Two parents with resistant check and sixteen crosses had less downy
mildew severity than population mean. Minimum downy mildew severity (0.00%) was
reported in check variety Poinsette and five hybrids namely PCPGR-51 x PCPGR-112,
PCPGR-59 x PCPGR-112, PCPGR-83 x PCPGR-112, PCPGR-112 x PCPGR-126,
PCPGR-112 x PCPGR-149 and was found statistically at par with two parents and six
crosses viz.,, PCPGR-112 (0.74%), PCPGR-126 (1.48), PCPGR-50 x PCPGR-112
(0.74%), PCPGR-59 x PCPGR-149 (0.74%) PCPGR-50 x PCPGR-51 (1.48%),
PCPGR-51 x PCPGR-149 (1.48%), PCPGR-126 x PCPGR-149 (1.48) and PCPGR-51
x PCPGR-126 (1.48%).

Moreover, maximum severity of downy mildew (6.67%) was observed in four
crosses PCPGR-51 x PCPGR-83, PCPGR-51 x PCPGR-138, PCPGR-59 x PCPGR-138,
PCPGR-83 x PCPGR-149. This was found statistically at par with six parents PCPGR-51
(5.18%), PCPGR-138 (5.18%), PCPGR-59 (4.44%), PCPGR-83 (3.70%), PCPGR-50
(2.96%), PCPGR-149 (2.96%) and eight hybrids namely PCPGR-126 x PCPGR-138
(5.18%), PCPGR-59 x PCPGR-126 (4.44%), PCPGR-50 x PCPGR-59 (3.70%),
PCPGR-50 x PCPGR-126 (3.70%), PCPGR-59 x PCPGR-83 (3.70%), PCPGR-83 x
PCPGR-138 (3.70%), PCPGR-138 x PCPGR-149 (3.70%), PCPGR-50 x PCPGR-83

(2.96%). Five cross combinations observed same severity than check variety.
4.5.3.2 Downy mildew severity at second week

A perusal of data revealed that mean downy mildew severity ranged from 1.48
to 17.04 per cent with a mean severity 8.83 per cent. Three parents with standard check
and fourteen crosses had less downy mildew severity than population mean. Minimum
downy mildew severity (1.48%) was reported in check variety Poinsette and one hybrid
viz.,, PCPGR-83 x PCPGR-112.This was found statistically at par with two hybrids
namely PCPGR-59 x PCPGR-112 (2.22%) and PCPGR-112 x PCPGR-149 (2.22%).

On the other hand, maximum severity of downy mildew (17.04%) was observed
in one parent PCPGR-83 and one hybrid namely PCPGR-83 x PCPGR-138. This was
found statistically at par with one parent PCPGR-59 (16.30%), and seven hybrids

Results and Discussion............... e



namely PCPGR-59 x PCPGR-126 (16.30%), PCPGR-83 x PCPGR-149 (15.56%),
PCPGR-50 x PCPGR-59 (14.82%), PCPGR-51 x PCPGR-83 (14.07%), PCPGR-126 x
PCPGR-138 (13.33%), PCPGR-51 x PCPGR-149(13.33%) and PCPGR-126 x
PCPGR-149 (11.85%). One cross combinations observed equal severity than check

variety.
4.5.3.3 Downy mildew severity at third week

A perusal of data revealed that mean downy mildew severity ranged from 2.96
to 25.93 per cent with an average value of 16.84 per cent. Four parents with check and
ten crosses had less downy mildew severity than population mean. Minimum downy
mildew severity was reported in check Poinsette (2.96%) and found statistically at par
with three hybrids i.e., PCPGR-59 x PCPGR-112 (3.70%), PCPGR-83 x PCPGR-112
(3.70%) and PCPGR-112 x PCPGR-126 (4.52%).

Furthermore, maximum severity of downy mildew (25.93%) was observed in
parents PCPGR-59 and hybrids PCPGR-59 x PCPGR-126 and found statistically at par
with one parents PCPGR-83 (24.44%) and four hybrids hybrid namely PCPGR-83 x
PCPGR-149 (25.19%), PCPGR-126 x PCPGR-138 (24.44%) PCPGR-83 x PCPGR-138
(23.70%) and PCPGR-138 x PCPGR-149 (22.22%).

4.5.3.4 Downy mildew severity at fourth week

A critical examination of data revealed that mean downy mildew severity
ranged from 6.67 to 47.41 per cent with an average value of 26.10 per cent. Two
parents with check and seven crosses had less downy mildew severity than population
mean. Minimum downy mildew severity (6.67%) was reported in check Poinsette and
hybrid PCPGR-59 x PCPGR-112 and was found statistically at par with one hybrid
PCPGR-83 x PCPGR-112 (7.04%).

Furthermore, maximum severity of downy mildew (37.04%) was observed in
hybrid PCPGR-59 x PCPGR-126 and found statistically at par with one parent
PCPGR-83 (36.30%) and six hybrids namely PCPGR-83 x PCPGR-149 (36.29%),
PCPGR-50 x PCPGR-51 (34.07%) PCPGR-126 x PCPGR-149 (33.33%) PCPGR-50 x
PCPGR-59 (32.59%), PCPGR-51 x PCPGR-126 (32.59%) and PCPGR-126 x PCPGR-
138 (32.59%)).
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4.5.3.5 Downy mildew severity at fifth week

The data pertaining disease severity showed that range of severity at fifth week
was 8.15 to 47.41 per cent with average severity of 36.18 per cent. Two parents with
check and nine crosses gave less downy mildew severity than population mean.
Minimum downy mildew severity was found in check variety Poinsette (8.15%) and

none of the parents and hybrids found statistically at par with check parent.

Maximum severity of downy mildew was observed in cross PCPGR-59 x
PCPGR-126 with 48.15 per cent and found statistically at par with one parent
PCPGR-83 (47.41%) and three hybrids i.e., PCPGR-83 x PCPGR-149 (47.41%),
PCPGR-50 x PCPGR-59 (46.66%) and PCPGR-51 x PCPGR-149 (45.18%).

4.5.3.6 Downy mildew severity at sixth week

The read-through of data regarding disease severity revealed that range for
severity at sixth week was 15.55 to 57.78 per cent with average severity of 46.03 per
cent. Two parents with check and ten crosses gave less downy mildew severity than
population mean. Minimum downy mildew severity was reported in check variety
Poinsette (15.55%) and none of the parents and hybrids found statistically at par with

check parent.

Moreover, maximum severity of downy mildew was observed in cross
PCPGR-59 x PCPGR-126 with 57.78 per cent and found statistically at par with six
hybrids namely PCPGR-50 x PCPGR-59 (57.04%), PCPGR-51 x PCPGR-126
(56.30%), PCPGR-51 x PCPGR-59(55.56%), PCPGR-83 x PCPGR-126 (55.56%),
PCPGR-83 x PCPGR-149 (55.56%) and PCPGR-126 x PCPGR-149 (54.82%).

On the basis of downy mildew severity percentage in F; and their parental
population with check, they were categorized into different groups stating their
susceptible reactions to downy mildew (Table 4.25). Out of all parents and F; hybrids
only check variety Poinsette exhibited resistant reaction against downy mildew while

none of the parents and hybrids showed resistant reaction to downy mildew.
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Table 4.24: Downy mildew disease severity at weekly interval

S.N. Genotypes 1 week 2 week 3 week 4 week 5 week 6 week
1. PCPGR-50 2.96 (9.77) 11.11 (19.41) 21.48 (27.48) 31.85(34.34) 44.44 (41.81) 52.59 46.49)
2. PCPGR-51 5.18 (13.10) 9.63 (18.06) 15.56 (23.19) 23.70 (29.13) 35.56 (36.60) 46.67 (43.09)
3. PCPGR - 59 4.44 (11.90) 16.30 (23.80) 25.93 (30.60) 31.11 (33.89) 40.74 (39.66) 51.11(45.64)
4. PCPGR-83 3.70 (9.05) 17.04 (24.37) 24.44 (29.61) 36.30 (37.04) 47.41 (43.51) 53.33 (46.91)
5. PCPGR-112 0.74 (2.86) 4.44 (11.90) 6.67 (14.82) 15.56 (23.19) 22.22 (28.11) 33.33 (35.26)
6. PCPGR-126 1.48 (5.71) 6.67 (14.82) 18.52 (25.43) 28.89 (32.50) 37.78 (37.92) 48.89 (44.36)
7. PCPGR-138 5.18 (13.10) 8.89 (17.26) 16.30 (23.80) 27.41 (31.56) 37.04 (37.49) 42.22 (40.52)
8. PCPGR-149 2.96 (9.77) 5.18 (13.10) 16.30 (23.80) 23.70 (29.13) 36.30 (37.05) 47.41 (43.51)
9. PCPGR-50 x PCPGR-51 1.48 (5.71) 7.41 (15.76) 21.48 (27.57) 34.07 (35.70) 42.22 (40.52) 54.07 (47.34)
10. PCPGR-50 X PCPGR- 59 3.70 (10.97) 14.82 (22.62) 20.00 (26.54) 32.59 (34.81) 46.66 (43.09) 57.04 (49.05)
11. PCPGR-50 x PCPGR-83 2.96 (9.77) 7.41 (15.76) 17.78 (24.91) 26.67 (31.08) 40.00 (39.23) 49.63 (44.79)
12. PCPGR-50 x PCPGR-112 0.74 (2.86) 2.96 (9.77) 13.33 (21.37) 17.78 (24.91) 26.67 (31.08) 35.56  (36.60)
13. PCPGR-50 x PCPGR-126 3.70 (10.97) 8.15 (16.55) 20.74 (27.09) 27.41 (31.56) 35.56 (36.60) 48.89 (44.36)
14. PCPGR-50 x PCPGR-138 2.22 (6.91) 5.93 (14.04) 17.04 (24.37) 29.63 (32.97) 42.22 (40.52) 44.44 (41.81)
15. PCPGR-50 x PCPGR-149 2.22 (6.91) 8.96 (17.33) 16.30 (23.80) 31.11 (33.89) 37.04 (37.49) 53.33 (46.91)
16. PCPGR-51 x PCPGR -59 2.29 (7.05) 11.11 (19.41) 18.52 (25.48) 28.89 (32.50) 39.26 (38.80) 55.56 (48.19)
17. PCPGR-51 x PCPGR-83 6.67 (14.83) 14.07 (22.02) 19.26 (26.03) 29.63 (32.97) 40.74 (39.66) 51.11 (45.64)
18. PCPGR-51 x PCPGR-112 0.00 (0.00) 2.96 (9.77) 8.89 (17.26) 15.56 (23.19) 27.41 (31.56) 31.11 (33.89)
19 PCPGR-51 x PCPGR-126 1.48 (5.71) 10.37 (18.76) 17.78 (24.91) 32.59 (34.81) 41.48 (40.09) 56.30 (48.62)
20 PCPGR-51 x PCPGR-138 6.67 (14.82) 9.63 (18.06) 18.52 (25.48) 27.41 (31.56) 34.07 (35.71) 45.93 (42.66)
21 PCPGR-51 x PCPGR-149 1.48 (5.71) 13.33 (21.37) 19.26 (26.03) 31.11 (33.89) 45.18 (42.240) 53.33 (46.91)
22 PCPGR-59 x PCPGR-83 3.70 (10.97) 7.41 (15.76) 15.56(23.19) 28.22 (32.07) 38.55 (38.37) 46.67 (43.09)
23 PCPGR-59 x PCPGR-112 0.00 (0.00) 2.22 (6.91) 3.70 (10.97) 6.67 (14.82) 15.56 (23.19) 30.37 (33.44)
24 PCPGR-59 x PCPGR-126 4.44 (11.90) 16.30 (23.80) 25.93 (30.60) 37.04 (37.49) 48.15 (43.93) 57.78 (49.48)
25 PCPGR-59 x PCPGR-138 6.67 (14.82) 11.85 (20.12) 20.00 (26.54) 31.85 (34.34) 37.78 (37.92) 49.63 (44.79)
26 PCPGR-59 x PCPGR-149 0.74 (2.86) 4.52 (12.04) 14.82 (22.62) 26.67 (31.08) 40.00 (39.22) 44.44 (41.81)
27 PCPGR-83 x PCPGR-112 0.00 (0.00) 1.48 (5.71) 3.70 (10.97) 7.04 (14.29) 22.22 (28.11) 31.11 (33.89)
28 PCPGR-83 x PCPGR-126 2.22 (6.91) 8.89 (17.26) 17.85 (24.97) 31.11 (33.89) 42.22 (40.52) 55.56 (48.19)
29 PCPGR-83 x PCPGR-138 3.70 (9.04) 17.04 (24.37) 23.70 (29.13) 30.37 (33.43) 43.70 (41.38) 51.11 (45.64)
30 PCPGR-83 x PCPGR-149 6.67 (14.83) 15.56 (23.19) 25.19 (30.10) 36.29 (37.04) 47.41 (43.51) 55.56 (48.19)
31 PCPGR-112 x PCPGR-126 0.00 (0.00) 2.96 (9.77) 4.52 (12.04) 11.85 (20.12) 20.00 (26.54) 31.85 (34.34)
32 PCPGR-112 x PCPGR-138 2.22 (6.91) 5.18 (13.10) 11.11 (19.41) 16.20 (23.72) 21.48 (27.61) 26.67 (31.08)
33 PCPGR-112 x PCPGR-149 0.00 (0.00) 2.22 (8.57) 11.85 (20.12) 17.04 (24.37) 28.15 (32.04) 35.56 (36.60)
34 PCPGR-126 x PCPGR-138 5.18 (13.09) 13.33 (21.37) 24.44 (29.61) 3259 (34.81) 40.74 (39.66) 53.33 (46.91)
35 PCPGR-126 x PCPGR-149 1.48 (5.71) 11.85 (20.12) 21.48 (27.61) 33.33 (35.25) 44.44 (41.810 54.82 (47.77)
36 PCPGR-138 x PCPGR-149 3.70 (10.97) 8.15 (16.56) 22.22 (28.11) 29.63 (32.95) 40.00 (39.23) 51.11 (45.64)
37 Poinsette 0.00 (0.00) 1.48 (5.71) 2.96 (9.77) 6.67 (14.83) 8.15 (16.56) 15.55 (23.19)
Mean 2.78 (1.72) 8.83 (16.44) 16.84 (23.66) 26.10 (30.25) 36.18 (36.71) 46.03 (42.61)
C.D. 2.77 (6.59) 2.66 (3.73) 3.46 (2.85) 3.639 (3.033) 3.17 (1.97) 3.34 (1.98)
SE(m) 0.98 (2.33) 0.94 (1.32) 1.23 (1.01) 1.288 (1.073) 1.12 (0.70) 1.18 (0.70)




Table 4.25: Grading of F; hybrids and their parental population with check against

Downy mildew (Pseudoperonospora cubensis)

S.N.

PDI

Reaction

Number of
genotypes

Examples

0-20

Resistant

1

Poinsette

21-40

Moderately
resistant

8

PCPGR-112

PCPGR-50 x PCPGR-112
PCPGR-51 x PCPGR-112
PCPGR-59 x PCPGR-112
PCPGR-83 x PCPGR-112
PCPGR-112 x PCPGR-126
PCPGR-112 x PCPGR-138
PCPGR-112 x PCPGR-149

41-60

Susceptible

28

PCPGR-50,PCPGR-51, PCPGR-59
PCPGR-83,PCPGR-126, PCPGR-138
PCPGR-149

PCPG-50 x PCPGR-51
PCPGR-50 x PCPGR-59
PCPGR-50 x PCPGR-83
PCPGR-50 x PCPGR-126
PCPGR-50 x PCPGR-138
PCPGR-50 x PCPGR-149
PCPGR-51 x PCPGR-59
PCPGR-51 x PCPGR-83
PCPGR-51 x PCPGR-126
PCPGR-51 x PCPGR-138
PCPGR-51 x PCPGR-149
PCPGR-59 x PCPGR-83
PCPGR-59 x PCPGR-126
PCPGR-59 x PCPGR-138
PCPGR-59 x PCPGR-149
PCPGR-83 x PCPGR-126
PCPGR-83 x PCPGR-138
PCPGR-83 x PCPGR-149
PCPGR-126 x PCPGR-138
PCPGR-126 x PCPGR-149
PCPGR-138 x PCPGR-149

>60.00

Highly
susceptible
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Moderately resistance reaction against downy mildew was observed in eight
genotypes one of which was parent viz., PCPGR-112 and seven hybrids viz.,
PCPGR-50 x PCPGR-112, PCPGR-51 x PCPGR-112, PCPGR-59 x PCPGR-112,
PCPGR-83 x PCPGR-112, PCPGR-112 x PCPGR-126, and PCPGR-112 x PCPGR-138.
The remaining twenty-eight genotypes exhibited susceptible reactions to downy mildew
disease, of which seven were parents namely PCPGR-50, PCPGR-51, PCPGR-59,
PCPGR-83, PCPGR-126, and PCPGR-138 PCPGR-149 and rest twenty one were
hybrids namely PCPGR-50 x PCPGR-51, PCPGR-50 x PCPGR-51, PCPGR-50 x
PCPGR-59, PCPGR-50 x PCPGR-83, PCPGR-50 x PCPGR-126, PCPGR-50 x
PCPGR-138, PCPGR-50 x PCPGR-149, PCPGR-51 x PCPGR -59, PCPGR-51
PCPGR-83, PCPGR-51 x PCPGR-126, PCPGR-51 x PCPGR-138, PCPGR-51
PCPGR-149, PCPGR-59 x PCPGR-83, PCPGR-59 x PCPGR-126, PCPGR-59
PCPGR-138, PCPGR-59 x PCPGR-149, PCPGR-83 x PCPGR-126, PCPGR-83
PCPGR-138, PCPGR-83 x PCPGR-149, PCPGR-126 x PCPGR-138, PCPGR-126 x
PCPGR -149 and PCPGR-138 x PCPGR-149. However, none of the genotypes showed

X

X

X

X

highly susceptible reaction against downy mildew.

On the basis of downy mildew severity many other researchers also categorized
the cucumber genotypes against downy mildew. Bommesh et al. (2018) revealed that
Genotype 1IHR-438 and Cucumis metuliferus L. showed field resistance with an
average PDI of 17.66 and 17.46; respectively compared to 73.12 PDI in highly
susceptible genotype of IIHR-389. The disease reaction in selected genotypes of
cucumber confirmed by artificial screening was in accordance with disease reaction
under natural conditions. Resistant genotype 1IHR-438 (14.3 PDI) and Cucumis
metuliferus L. (12.8 PDI) had least average PDI as compared to susceptible check
Swarna Agethi (58.00 PDI) under artificial condition. Screened of genotypes under
field conditions, none of genotypes were found to be immune to downy mildew.
Wherein the genotype, 1IHR-438 and wild cucumber (Cucumis metuliferus L.) were

found resistant to downy mildew disease.

Metwally et al. (2015) evaluated 133 such accessions for downy mildew
resistance under natural field epidemics. Mean ratings for downy mildew leaf damage
ranged from 1 to 9 on a 0 to 9 scale found most resistant Pl accessions were Pl 432870,
P1432873, Pl 432878, Pl 432884, and Pl 432886 with a rating of 1. The most
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susceptible Pl accessions were Ames 7736, Pl 211979, P1 288991, Pl 288992 and PI
289698 with a rating of 9. The five most resistant and five most susceptible accessions
were further evaluated in replicated experiments during the summer 2014. Results from
the repeated test confirmed the results from the first screening. No Pl accession was
found immune to downy mildew. However, high levels of resistance were observed in

several Pl accessions.

Call et al. (2012) screened 1300 cultigens and found most resistant cultigens
over all environments were Pl 605996, Pl 330628 and P1 197088. Cultigens have been

found that significantly outperform checks in all resistance traits.
4.6 Analysis of molecular diversity in cucumber

Molecular marker technology provides information that can help to define the
distinctiveness of germplasm and their ranking according to the number of close
relatives and their polygenetic position. It is a complementary approach for genetic
characterization. The present study was aimed to analyse diversity among thirty six

cucumber lines using SSR molecular marker.
4.6.1 PCR optimization and primer screening

The polymerase chain reaction (PCR) amplification procedure was optimized
by determining the most appropriate concentration of DNA template, Tag DNA
polymerase and Mg™™ ion required to generate repeatable PCR amplification profiles.
The random primers suitable for generation of polymorphic amplification profile
among the genotypes of cucumber were identified by the screening of ten SSR primers.
All thirty six genotypes were scored manually. Bands were recorded as present (1) or
absent (0) across the lane. Very thin or faint bands were not considered for final scoring

as these were inconsistent.
4.6.2 SSR amplification

SSR amplification of DNA extracted from thirty six genotypes was done with
ten SSR primers for their molecular marker characterization and to establish
distinctiveness among them. The PCR products run on agarose gel were scored
manually. The amplification profile generated by each primer was compared and the
relative molecular size of each band was examined by comparing with DNA size

marker.
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Ten SSR primers used for study and out of ten primers, six primers generated
polymorphic bands. Total 17 bands amplified by 6 SSR primers in the thirty six cucumber
genotypes of which polymorphic and monomorphic bands were 13 and 4, respectively. The

range of amplified products was 150-400bp approximately (Table 4.26).

The number of SSR alleles scored, polymorphic information content observed
for each primer in thirty six genotypes are presented in Table 4.26. The number of
alleles per locus varied from two (SSR 13262, SSR 52, SSR 54, SSR 60, and SSR 61)
to three (SSR 69). Average number of bands per primer was 2.16. Polymorphism was
observed 100 per cent. Polymorphic information content (PIC) expresses the ability of
a locus to discriminate between the parental lines at genome level. The PIC values of
SSR markers ranged from 0.26 (SSR 52) to 0.55 (SSR 13262) with mean value of 0.37
(Table 4.26), in which marker, SSR 52 was least informative while marker, SSR 13262
was most informative due to highest PIC value among other markers, therefore this
type of marker system could be efficiently applied to detect polymorphism in
cucumber. The markers namely SSR 60 (0.38), SSR 61 (0.47) SSR 13262 (0.55), had
PIC values more than average value, therefore, these markers could be classified as
good marker for detecting molecular polymorphism among the cucumber genotypes.
Similar PIC were also observed in Indian cucumber accessions (0.31 by Pandey et al.
2013), (0.33 by Dar et al., 2017) and Chinese cucumber (0.39 by Hua et al., 2010).
Valcarcel et al. (2018) evaluated seven SSRs which showed a polymorphic information

content (PIC) ranging from 0.31 to 0.44.

Kumar et al. (2020) observed a total of 171 alleles were amplified with a mean
of 2.85 alleles per locus. The polymorphism information content (PIC) varied from
0.05 (UW084478) to 0.59 (UW084186) with a mean value of 0.36. Dar et al. (2017)
also found polymorphism in cucumber genotypes with primers SSR 54, SSR 60, SSR
61 and SSR 69 they observed polymorphic information content ranged from 0.158 to
0.495 with the mean of 0.333.

A total of ten SSR primers were used in diversity analysis of thirty six
genotypes of cucumber. The primer which showed polymorphism was used for
characterization of germplasm. The amplification results in cucumber germplasm with

individual primers are given below.
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4.6.3 Amplification Profile of Markers

The primer wise analysis of SSRs markers has been described on ensuing page

along with some amplification profiles.
SSR 13262

This primer paired revealed two amplified SSR loci. The size of SSR amplicons
ranged from 190-200bp. This primer pair gave PIC value of 0.55 and per cent
polymorphism was 100 per cent (Plate 4).

SSR 52

This primer paired gave two amplified SSR loci on agarose gel electrophoresis.
The size of SSR amplicons ranged from 190-200bp. The primer pair gave PIC value of
0.26 and showed 100 per cent polymorphism (Plate 9).

SSR 54

Primer generated two amplified loci on agarose gel electrophoresis. The size of
SSR amplicons ranged from 300-310bp. The primer pair revealed PIC value of 0.30
and 50 per cent polymorphism (Plate 7).

SSR 60

This primer revealed two amplified SSR loci and amplified products shown
very less variations in size and very close to 200-210bp in size. Percent polymorphism

shown by this primer was 100 percent. The PIC value was 0.38 (Plate 6).
SSR 61

Primer SSR65 amplified two amplified SSR loci on agarose gel electrophoresis.
The size of SSR amplicons ranged from 250-360bp. This primer pair showed PIC value
of 0.47 and revealed 100 per cent polymorphism (Plate 8).

SSR 69

This primer paired revealed three amplified SSR loci on agarose gel
electrophoresis. The size of SSR amplicons ranged from 150-400bp. The primer pair
gave PIC value of 0.30 and per cent polymorphism was 100 per cent (Plate 5).
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M1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36

300 bp
200 bp

100 bp

Plate 4: PCR amplification of 36 cucumber genotypes by SSR 13262

M1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36

200 bp
100 bp

R AR R R R

Plate 5: PCR amplification of 36 cucumber genotypes by SSR 69

1- PCPGR-50, 2- PCPGR-51, 3- PCPGR-59, 4- PCPGR-66, 5- PCPGR-112, 6- PCPGR-126, 7- PCPGR-138, 8- PCPGR-149, 9- PCPGR-4, 10- PCPGR-123, 11- PCPGR-25, 12- PCPGR-83, 13- PCPGR-
106, 14- PCPGR-199, 15- PCPGR-73, 16- PCPGR-7657, 17- PCPGR-8, 18- PCPGR-478, 19- PCPGR-4273, 20- PCPGR-196, 21- PCPGR-210, 22- PCPGR-87, 23- PCPGR-211, 24- PCPGR-3888,
25- PCPGR-44, 26- PCPGR-264, 27- PCPGR-20, 28- EUC-1-07, 29- PCPGR-36, 30- PCPGR-37, 31- PCPGR-202, 32- PCPGR-55, 33- PCPGR-62, 34- PCPGR-135, 35- PCPGR-160, 36- PCPGR-7566
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

300 bp
200 bp
100 bp
Plate 6: PCR amplification of 36 cucumber genotypes by SSR 60
M1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
B e e e -
300 bp
200 bp
100 bp

Plate 7: PCR amplification of 36 cucumber genotypes by SSR 54

1- PCPGR-50, 2- PCPGR-51, 3- PCPGR-59, 4- PCPGR-66, 5- PCPGR-112, 6- PCPGR-126, 7- PCPGR-138, 8- PCPGR-149, 9- PCPGR-4, 10- PCPGR-123, 11- PCPGR-25, 12- PCPGR-83, 13- PCPGR-
106, 14- PCPGR-199, 15- PCPGR-73, 16- PCPGR-7657, 17- PCPGR-8, 18- PCPGR-478, 19- PCPGR-4273, 20- PCPGR-196, 21- PCPGR-210, 22- PCPGR-87, 23- PCPGR-211, 24- PCPGR-3888,
25- PCPGR-44, 26- PCPGR-264, 27- PCPGR-20, 28- EUC-1-07, 29- PCPGR-36, 30- PCPGR-37, 31- PCPGR-202, 32- PCPGR-55, 33- PCPGR-62, 34- PCPGR-135, 35- PCPGR-160, 36- PCPGR-7566
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M1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

300 bp
200 bp

w ol ecoew ¥ v o

100 bp

Plate 8: PCR amplification of 36 cucumber genotypes by SSR 61

M1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

300 bp
200 bp —

100 bp

Plate 9: PCR amplification of 36 cucumber genotypes by SSR 52

1- PCPGR-50, 2- PCPGR-51, 3- PCPGR-59, 4- PCPGR-66, 5- PCPGR-112, 6- PCPGR-126, 7- PCPGR-138, 8- PCPGR-149, 9- PCPGR-4, 10- PCPGR-123, 11- PCPGR-25, 12- PCPGR-83, 13- PCPGR-
106, 14- PCPGR-199, 15- PCPGR-73, 16- PCPGR-7657, 17- PCPGR-8, 18- PCPGR-478, 19- PCPGR-4273, 20- PCPGR-196, 21- PCPGR-210, 22- PCPGR-87, 23- PCPGR-211, 24- PCPGR-3888,
25- PCPGR-44, 26- PCPGR-264, 27- PCPGR-20, 28- EUC-1-07, 29- PCPGR-36, 30- PCPGR-37, 31- PCPGR-202, 32- PCPGR-55, 33- PCPGR-62, 34- PCPGR-135, 35- PCPGR-160, 36- PCPGR-7566
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Table 4.26: Level of polymorphism revealed by ten SSR primers in thirty six genotypes of cucumber

S.N. Primer code | Amplified product | Number of alleles | Number polymorphic Percent (%0) PIC value
(bp) amplified allele polymorphism
1 SSR13262 190-200 2 2 100.00 0.55
2 SSR52 190-200 2 2 100.00 0.26
3 SSR54 300-310 2 2 100.00 0.30
4 SSR60 200-210 2 2 100.00 0.38
5 SSR61 250-360 2 2 100.00 0.47
6 SSR69 150-400 3 3 100.00 0.30
Total 13 13
Average 2.16 2.16 100.00 0.37




4.6.4 Genetic diversity analysis using SSR primers

Data scored on thirty six cucumber germplasm with ten microsatellite (SSR)
primers were used to generate Jaccard’s similarity coefficient presented in Table 4.27.
In cucumber germplasm, Jaccard’s similarity coefficient varied from 0.45 to 1.00.
Minimum Jaccard’s similarity coefficient was found in PCPGR-51 with PCPGR-66,
PCPGR-196 and PCPGR-106 (0.45). Similar findings were also reported by many
researchers in different cucumber genotypes, Pandey et al. (2013); Normohamadi et al.

(2017); Dar et al. (2017); Pati et al. (2019); Kumar et al. (2020).
4.6.5 Cluster analysis based on SSR markers

The phylogenetic tree was constructed through NTSYSpc cluster analysis
software using UPGMA (Un-weighted pair group method with arithmetic mean). All
thirty six germplasm were demarcated into two major clusters | and 11 (Fig. 1) at 75 per

cent Jaccard’s similarity level.

The genotypes of cucumber were separated into major cluster | and Il. Cluster |
divided into two sub cluster (IA & IB), sub cluster 1A comprised four genotypes
namely PCPGR-149, PCPGR-112, PCPGR-138 and PCPGR-66 whereas, sub cluster
IB contain only one genotype PCPGR-210 and rest of genotypes retained in cluster II.
Cluster Il was bifurcated into two sub clusters namely cluster 11A and I1B at 83 per cent
similarity. Sub cluster 11B consisted of five genotypes namely PCPGR-4273, PCPGR-
59, PCPGR-202, PCPGR-73 and PCPGR-51. Sub cluster 1A further divided in to sub
cluster 11Aa and I1Ab at 92 per cent similarity. Sub cluster 11Ab consist three genotypes
namely PCPGR-160, PCPGR-199 and PCPGR-106 whereas, sub cluster I1Aa further
divided into subcluster I1Aai and Il1Aaii. subcluster 11Aaii contain only one genotypes
namely PCPGR-135 whereas, I1Aai again divided in to two groups a and b, groups b
consist of five genotypes namely PCPGR-478, PCPGR-8, PCPGR-44, PCPGR-55 and
PCPGR-7657 whereas, rest of genotypes contain in groups a.

Genetic diversity within a species gives us an important source of variation
which could be exploited in crop improvement programme for desirable economically
important characters. Under present investigation identified markers are highly

informative and are extremely useful in distinguishing the polymorphism rate at a
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specific locus in cucumber. Several researchers viz. Pandey et al. (2013);
Normohamadi et al. (2017); Dar et al. (2017); Pati et al. (2019); Kumar et al. (2020)
also constructed dendrogram to depict the genetic diversity in cucumber genotypes

based on molecular markers.
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Table 4.27: Pair wise similarity matrix based upon Jaccard-s coefficient for 36 genotypes of cucumber

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 | 1.000
2 | 0.500 | 1.000
3 | 0.780 | 0.800 | 1.000
4 10.700 | 0.550 | 0.580 | 1.000
5 |0.780 | 0.600 | 0.670 | 0.920 | 1.000
6 | 1.000 [ 0.750 | 1.000 | 0.700 | 0.780 | 1.000
7 |0.570 | 0.630 | 0.500 | 1.000 | 0.900 | 0.570 | 1.000
8 | 0.800 | 0.640 | 0.670 | 0.920 | 1.000 | 0.800 | 0.900 | 1.000
9 | 1.000 | 0.780 | 0.800 | 0.730 | 0.800 | 1.000 | 0.700 | 0.820 | 1.000
10| 1.000 | 0.600 | 0.800 | 0.900 | 1.000 | 1.000 | 0.880 | 1.000 | 1.000 | 1.000
11 1.000 | 0.710 | 0.750 | 0.670 | 0.750 | 1.000 | 0.630 | 0.780 | 1.000 | 1.000 | 1.000
12| 1.000 | 0.600 | 0.820 | 0.750 | 0.820 | 1.000 | 0.670 | 0.830 | 1.000 | 1.000 | 1.000 | 1.000
13| 1.000 | 0.450 | 0.670 | 0.620 | 0.670 | 0.800 | 0.500 | 0.690 | 0.820 | 0.800 | 1.000 | 0.830 | 1.000
141 1.000 | 0.450 | 0.670 | 0.620 | 0.670 | 0.800 | 0.500 | 0.690 | 0.820 | 0.800 | 1.000 | 0.830 | 1.000 | 1.000
15 1.000 | 1.000 | 1.000 | 0.670 | 0.750 | 1.000 | 0.630 | 0.780 | 1.000 | 1.000 | 1.000 | 1.000 | 0.780 | 0.780 | 1.000
16| 0.900 | 0.550 | 0.750 | 0.850 | 0.750 | 0.900 | 0.800 | 0.770 | 0.910 | 0.900 | 0.890 | 0.920 | 0.770 | 0.770 | 0.890 | 1.000
171 0.900 | 0.550 | 0.750 | 0.850 | 0.750 | 0.900 | 0.800 | 0.770 | 0.910 | 0.900 | 0.890 | 0.920 | 0.770 | 0.770 | 0.890 | 1.000 | 1.000
18] 0.900 | 0.550 | 0.750 | 0.850 | 0.750 | 0.900 | 0.800 | 0.770 | 0.910 | 0.900 | 0.890 | 0.920 | 0.770 | 0.770 | 0.890 | 1.000 | 1.000 | 1.000
19| 1.000 | 0.750 | 1.000 | 0.700 | 0.780 | 1.000 | 0.570 | 0.800 | 1.000 | 1.000 | 1.000 | 1.000 | 0.800 | 0.800 | 1.000 | 0.900 | 0.900 | 0.900 | 1.000
20 | 1.000 | 0.600 | 0.820 | 0.750 | 0.820 | 1.000 | 0.670 | 0.830 | 1.000 | 1.000 | 1.000 | 1.000 | 0.830 | 0.830 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000
21 0.880 | 0.450 | 0.600 | 0.910 | 0.800 | 0.750 | 0.880 | 0.820 | 0.780 | 0.800 | 0.710 | 0.900 | 0.640 | 0.640 | 0.710 | 0.910 | 0.910 | 0.910 | 0.880 | 0.900 | 1.000
22| 1.000 | 0.640 | 0.830 | 0.770 | 0.830 | 1.000 | 0.700 | 0.850 | 1.000 | 1.000 | 1.000 | 1.000 | 0.850 | 0.850 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000 | 0.820 | 1.000
23| 1.000 | 0.600 | 0.820 | 0.750 | 0.820 | 1.000 | 0.670 | 0.830 | 1.000 | 1.000 | 1.000 | 1.000 | 0.830 | 0.830 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000 | 0.900 | 1.000 | 1.000
24 | 1.000 | 0.600 | 0.820 | 0.750 | 0.820 | 1.000 | 0.670 | 0.830 | 1.000 | 1.000 | 1.000 | 1.000 | 0.830 | 0.830 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000 | 0.900 | 1.000 | 1.000 | 1.000
25 ( 0.900 | 0.550 | 0.750 | 0.850 | 0.750 | 0.900 | 0.800 | 0.770 | 0.910 | 0.900 | 0.890 | 0.920 | 0.770 | 0.770 | 0.890 | 1.000 | 1.000 | 1.000 | 0.900 | 0.920 | 0.910 | 0.920 | 0.920 | 0.920 | 1.000
26 | 1.000 | 0.640 | 0.830 | 0.770 | 0.830 | 1.000 | 0.700 | 0.850 | 1.000 | 1.000 | 1.000 | 1.000 | 0.850 | 0.850 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000 | 0.820 | 1.000 | 1.000 | 1.000 | 0.920 | 1.000
27| 1.000 | 0.640 | 0.830 | 0.770 | 0.830 | 1.000 | 0.700 | 0.850 | 1.000 | 1.000 | 1.000 | 1.000 | 0.850 | 0.850 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000 | 0.820 | 1.000 | 1.000 | 1.000 | 0.920 | 1.000 | 1.000
28| 1.000 | 0.780 | 0.800 | 0.730 | 0.800 | 1.000 | 0.700 | 0.820 | 1.000 | 1.000 | 1.000 | 1.000 | 0.820 | 0.820 | 1.000 | 0.910 | 0.910 | 0.910 | 1.000 | 1.000 | 0.780 | 1.000 | 1.000 | 1.000 | 0.910 | 1.000 | 1.000 | 1.000
29| 1.000 | 0.710 | 0.780 | 0.670 | 0.780 | 1.000 | 0.670 | 0.780 | 1.000 | 1.000 | 1.000 | 1.000 | 0.780 | 0.780 | 1.000 | 0.890 | 0.890 | 0.890 | 1.000 | 1.000 | 0.880 | 1.000 | 1.000 | 1.000 | 0.890 | 1.000 | 1.000 | 1.000 | 1.000
30 | 1.000 | 0.750 | 0.780 | 0.700 | 0.780 | 1.000 | 0.670 | 0.800 | 1.000 | 1.000 | 1.000 | 1.000 | 0.800 | 0.800 | 1.000 | 0.900 | 0.900 | 0.900 | 1.000 | 1.000 | 0.880 | 1.000 | 1.000 | 1.000 | 0.900 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
31 ( 1.000 | 1.000 | 1.000 | 0.800 | 1.000 | 1.000 | 0.800 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.600 | 0.600 | 1.000 | 0.800 | 0.800 | 0.800 | 1.000 | 1.000 | 0.800 | 1.000 | 1.000 | 1.000 | 0.800 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
32(0.900 | 0.550 | 0.750 | 0.850 | 0.750 | 0.900 | 0.800 | 0.770 | 0.910 | 0.900 | 0.890 | 0.920 | 0.770 | 0.770 | 0.890 | 1.000 | 1.000 | 1.000 | 0.900 | 0.920 | 0.910 | 0.920 | 0.920 | 0.920 | 1.000 | 0.920 | 0.920 | 0.910 | 0.890 | 0.900 | 0.800 | 1.000
33| 1.000 | 0.780 | 0.800 | 0.730 | 0.800 | 1.000 | 0.700 | 0.820 | 1.000 | 1.000 | 1.000 | 1.000 | 0.820 | 0.820 | 1.000 | 0.910 | 0.910 | 0.910 | 1.000 | 1.000 | 0.780 | 1.000 | 1.000 | 1.000 | 0.910 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.910 | 1.000
34| 0.880 | 0.670 | 0.700 | 0.640 | 0.700 | 0.880 | 0.600 | 0.730 | 0.910 | 0.880 | 0.890 | 0.900 | 0.730 | 0.730 | 0.890 | 0.820 | 0.820 | 0.820 | 0.880 | 0.900 | 0.670 | 0.910 | 0.900 | 0.900 | 0.820 | 0.910 | 0.910 | 0.910 | 0.890 | 0.900 | 0.800 | 0.820 | 0.910 | 1.000
35| 1.000 | 0.670 | 0.710 | 0.630 | 0.710 | 1.000 | 0.570 | 0.750 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.880 | 0.880 | 0.880 | 1.000 | 1.000 | 0.830 | 1.000 | 1.000 | 1.000 | 0.880 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.880 | 1.000 | 0.880 | 1.000
36| 1.000 | 0.640 | 0.830 | 0.770 | 0.830 | 0.100 | 0.700 | 0.850 | 1.000 | 1.000 | 1.000 | 1.000 | 0.850 | 0.850 | 1.000 | 0.920 | 0.920 | 0.920 | 1.000 | 1.000 | 0.820 | 1.000 | 1.000 | 1.000 | 0.920 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.920 | 1.000 | 0.910 | 1.000 | 1.000

1- PCPGR-50, 2- PCPGR-51, 3- PCPGR-59, 4- PCPGR-66, 5- PCPGR-112, 6- PCPGR-126, 7- PCPGR-138, 8- PCPGR-149, 9- PCPGR-4, 10- PCPGR-123, 11- PCPGR-25, 12- PCPGR-83,

13- PCPGR-106, 14- PCPGR-199, 15- PCPGR-73, 16- PCPGR-7657, 17- PCPGR-8, 18- PCPGR-478,
19- PCPGR-4273, 20- PCPGR-196, 21- PCPGR-210, 22- PCPGR-87, 23- PCPGR-211, 24- PCPGR-3888, 25- PCPGR-44, 26- PCPGR-264, 27- PCPGR-20, 28- EUC-1-07, 29- PCPGR-36, 30- PCPGR-37, 31- PCPGR-202, 32- PCPGR-55, 33- PCPGR-62, 34- PCPGR-135, 35- PCPGR-160, 36-
PCPGR-7566




Fig. 1: Dendrogram of Cucumber lines based on the SSR marker data set using UPGMA based on Jaccard’s similarity coefficient
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PCPGR-55, 33- PCPGR-62, 34- PCPGR-135, 35- PCPGR-160, 36- PCPGR-7566
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Chapter 5 SUMMARY AND CONCLUSION

The present investigation entitled “Studies on Genetic and Molecular
Diversity in Cucumber (Cucumis sativus L.)” was carried out at the Vegetable
Research Centre during 2018 - 2020 and molecular diversity work was carried out in
the NAIP Laboratory, Department of Vegetable Science, G.B. Pant University of
Agriculture and Technology, Pantnagar Uttarakhand, India. The major objectives of the
study were to estimate the genetic variability parameters, and determination of
heterosis, combining ability, screening for downy mildew disease and molecular

diversity analysis in different line of cucumber.

The experimental material for the present study comprised of eight genotypes of
cucumber (Cucumis sativus L.). All these genotypes were evaluated for yield related
traits as well for screening against downy mildew. From the eight genotypes, 28 crosses
were developed in a diallel mating design (excluding reciprocals). Thus, the
experimental materials finally consisted of 36 treatments (28 F1 and 8 parents) which
were evaluated in a Randomized Block Design (RBD) for heterosis and combining
ability studies. The genotypes were studied for fourteen yield related traits viz., days to
first male flower, node number to first male flower, days to first female flower, node
number to first female flower, days to first harvest, days to last harvest, number of
fruits per plant, inter nodal length (cm), plant height (m), fruit length (cm), average
fruit diameter (cm), number of fruits per plant, fruit yield per plant (kg) and Fruit yield
(g/ha). All parents with resistant check and their hybrids were screened against downy
mildew. The data were subjected to appropriate statistical analysis. Further PCR based
molecular diversity analysis of thirty six genotypes of cucumber was done using ten

SSR markers. The salient finding of the investigation are summarized as follows:

v" The analysis of variance revealed that highly significant genetic differences were
present among the cucumber genotypes for all fourteen traits, which clearly
indicated that there was enough variability for these traits among the genotypes

utilized for the present investigation.
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Moderate to high mean values among the genotypes for different yield and its
contributing traits were observed. The magnitudes of PCV estimates were higher
than the corresponding GCV estimates for all the characters, indicating the
substantial influence of environmental variations on the performance of genotypes.
Plant height, average fruit weight, fruit length, average fruit diameter, inter nodal
length, days to first male flower, days to last harvest, days to first female flower and

days to first harvest were less influenced by environmental factors.

Moderate to high GCV together with moderate to high heritability and genetic
advance as per cent of mean was reported for majority of the characters under
study except days to first male flower, inter nodal length, days to last harvest, days
to first female flower, and days to first harvest which indicate that these traits has

ample scope for the improvement through selection.

In the present study, the extent of heterosis was studied in twenty eight F; hybrids
of cucumber. For the development of early fruiting genotypes, negative heterosis is
desirable namely days to first male flower, days to first female, node number to
first male flower, node number to first female flower, days to first harvest and
intermodal length. Most of the crosses manifested highly significant heterosis over

mid, better parent and standard parent for all the characters under study.

For days to first male flower PCPGR-112 x PCPGR-138, for node number to first
male flower PCPGR-51 x PCPGR-112, PCPGR-59 x PCPGR-138, PCPGR-50 x
PCPGR-138, PCPGR-51 x PCPGR-59 and PCPGR-112 x PCPGR-126, for days to
first female flower PCPGR-50 x PCPGR-59 and for node number to first female
flower PCPGR-50 x PCPGR-112, PCPGR-50 x PCPGR-149, PCPGR-83 x
PCPGR-112 showed desirable significant positive relative heterosis,

heterobeltiosis and standard heterosis.

For inter nodal length PCPGR-83 x PCPGR-149 exhibited desirable significant
negative heterosis over mid parent, better parent and standard check variety. In
case of days to first harvest, days to last harvest and plant height none of the hybrid

showed desirable significant heterosis over standard check.

In case of average fruit diameter PCPGR-50 x PCPGR-138 and PCPGR-51 x
PCPGR-138, for number of fruits per plant PCPGR-50 x PCPGR-112, PCPGR-51
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x PCPGR-59, PCPGR - 51 x PCPGR-138, PCPGR-59 x PCPGR-138, PCPGR-83
x PCPGR-112, PCPGR-112 x PCPGR-149 and PCPGR-138 x PCPGR-149,
average fruit weight PCPGR-50 x PCPGR-59, PCPGR-50 x PCPGR-126,
PCPGR-50 x PCPGR-138, PCPGR-51 x PCPGR-112, PCPGR-51 x PCPGR-138,
PCPGR-59 x PCPGR-112, PCPGR-83 x PCPGR-112, PCPGR-112 x PCPGR-
126, PCPGR-112 x PCPGR-138, PCPGR-112 x PCPGR-149 and PCPGR-126 x
PCPGR-149 exhibited desirable significant positive relative heterosis

heterobeltiosis and standard check variety.

Desirable significant positive heterosis over mid parent, better parent and over
check variety for fruit yield per plant and fruit yield per hectare was observed in F;
hybrid crosses namely PCPGR-50 x PCPGR-59, PCPGR-50 x PCPGR-112,
PCPGR-50 x PCPGR-138, PCPGR-51 x PCPGR-59, PCPGR-51 x PCPGR-112,
PCPGR-51 x PCPGR-138, PCPGR-59 x PCPGR-112, PCPGR - 59 x PCPGR-138,
PCPGR-83 x PCPGR-112, PCPGR-112 x PCPGR-138, PCPGR-112 x
PCPGR-149, and PCPGR-138 x PCPGR-149.

PCPGR-112 was found as a best general combiner for maximum number of traits
viz., days to first male flower, node number to first male flower, days to first
female flower, node to first female flower, days to first harvest, average fruit
diameter, number of fruits per plant, average fruit weight, fruit yield per plant and
fruit yield per hectare followed by PCPGR-59 (hode number to first male flower,
node number to first female flower, plant height, average fruit weight, fruit yield
per plant, and fruit yield per hectare. PCPGR-138 (For days to first male flower,
number of fruits per plant, fruit yield per plant, and fruit yield per hectare),
PCPGR-51 (for days to last harvest, internodal length, plant height and number of
fruits per plant) and PCPGR-50 (for average fruit weight and fruit yield per

hectare).

Best specific combiner were PCPGR-50 x PCPGR-59 ( for days to first male
flower, days to first female flower, days to first harvest, average fruit weight, fruit
yield per plant and fruit yield per hectare), PCPGR-51 x PCPGR-59 (for days to
first male flower, node number to first male flower, node number to first female
flower and fruit length), PCPGR-138 x PCPGR-149 (for days to first male flower,
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number of fruits per plant, fruit yield per plant, and fruit yield per hectare),
PCPGR-50 x PCPGR-138 (node number to first male flower, fruit length and
average fruit diameter), PCPGR-51 x PCPGR-138 (average fruit weight, fruit yield
per plant and fruit yield per hectare), PCPGR-59 x PCPGR-138 (node number to
first male flower, fruit length and number of fruits per plant), PCPGR-50 x
PCPGR-149 (node number to first female flower, plant height and days to last
harvest), PCPGR-83 x PCPGR-112 (number of fruits per plant, fruit yield per plant
and fruit yield per hectare), PCPGR-112 x PCPGR-149 (fruit length and average
fruit diameter), PCPGR-83 x PCPGR-126 (node number to first female flower and
plant height), PCPGR-112 x PCPGR-126 (days to first male flower and node

number to first male flower).

v For downy mildew disease resistant reaction out of all parents and F; hybrids only
check variety Poinsette exhibited resistant reaction against downy mildew while
none of the parents and hybrids showed resistant reaction to downy mildew.
Moderately resistance reaction against downy mildew was observed in eight
genotypes one of which was parent viz., PCPGR-112 and seven hybrids viz.,
PCPGR-50 x PCPGR-112, PCPGR-51 x PCPGR-112, PCPGR-59 x PCPGR-112,
PCPGR-83 x PCPGR-112, PCPGR-112 x PCPGR-126, and PCPGR-112 x
PCPGR-138.

v' Ten SSR primers used for molecular diversity study and out of ten primers, six
primers generated polymorphic bands. Total 17 bands amplified by 10 SSR primers
in the thirty six cucumber genotypes of which polymorphic and monomorphic
bands were 13 and 4, respectively. The range of amplified products was 150-400bp

approximately.

v' A range of polymorphism was observed 100 per cent. The PIC values of SSR
markers ranged from 0.26 (SSR 52) to 0.55 (SSR 13262) with mean value of 0.37.
Primer SSR 52 was least informative while marker, SSR 13262 was most
informative due to highest PIC value among other markers, therefore this type of
marker system could be efficiently applied to detect polymorphism in cucumber.
The markers namely SSR 60 (0.38), SSR 61 (0.47) SSR 13262 (0.55), had PIC

values more than average value, therefore, these markers could be classified as
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good marker for detecting molecular polymorphism among the cucumber

genotypes.

v’ Jaccard’s similarity coefficient varied from 0.45 to 1.00. Minimum Jaccard’s
similarity coefficient was found in PCPGR-51 with PCPGR-83, PCPGR-106 and
PCPGR-196 (0.45).

CONCLUSION:

According to findings of present investigation, it can be concluded that
sufficient quantum of genetic variability was generated involving diverse genotypes of
cucumber, which indicates the existence of considerable scope for the improvement of
these genotypes through selection and hybridization Furthermore, moderate to high
GCV together with moderate to high heritability and genetic advance as per cent of
mean was reported for majority of the characters under study except characters related
to earliness which indicated that these characters were less influenced by
environmental factors thus these traits has ample scope for the improvement of

concerned traits through selection.

PCPGR-112 was identified as a best general combiner for maximum number
traits followed by PCPGR-59 and PCPGR-138. Thus, these parents could be used for
the development of superior varieties suitable for most of the yield related traits. The
best specific combiner were PCPGR-50 x PCPGR-59 followed by PCPGR-51 x
PCPGR-59 and PCPGR-138 x PCPGR-149 for most of the yield and its contributing
traits. Hence, these crosses can be utilized in heterosis breeding for improvement in

yield related traits.

It is concluded that three cross combinations namely PCPGR-50 x PCPGR-59,
PCPGR-51 x PCPGR-138 and PCPGR-138 x PCPGR-149 (Plate 5) have significant
positive heterosis for maximum numbers of traits including yield over standard check
and showed their value in combining ability studies. Therefore, these cross
combinations can be commercially exploited for hybrid development after multi

location testing.
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APPENDICES

APPENDIX - |
Weekly weather data 2018
STATION NAME : PANTNAGAR LONGITUDE :79 deg. 30’ E
LATITUDE :29deg. N ALTITUDE 1 243.84 m. AMSL
Temperature Rela.ti\./e No.
Metro 0 Humidity ) Sun- Wind
Month Date Week Q) (%) Rainfall O_f Shine | Velocity Evap.
No. 0712 | 1412 (mm) Rainy Hrs. | (km/hr.) (mm)
Max. | Min. am om Days

Jan-Feb 29-04 5 20.6 6.9 94 60 000.0 0 05.8 3.9 1.2
Feb 05-11 6 23.2 5.6 95 50 000.0 0 06.4 5.4 18
Feb 12-18 7 23.0 9.2 93 61 004.0 2 06.1 53 19
Feb 19-25 8 26.9 11.5 89 51 000.0 0 07.7 3.0 23
Feb-Mar 26-04 9 28.7 115 91 44 000.0 0 07.5 5.6 31
Mar 05-11 10 295 10.7 92 39 000.0 0 08.8 5.5 4.0
Mar 12-18 11 311 11.8 81 44 000.0 0 08.5 49 4.3
Mar 19-25 12 31.9 12.7 83 40 000.0 0 09.0 4.6 4.3
Mar-Apr 26-01 13 33.6 145 78 47 000.0 0 08.2 5.3 5.8
Apr 02-08 14 334 18.7 78 52 029.2 1 08.0 5.2 6.0
Apr 09-15 15 313 16.2 81 49 013.0 2 06.4 4.6 4.8
Apr 16-22 16 37.2 17.2 73 19 000.0 0 09.4 6.1 74
Apr 23-29 17 36.2 19.5 65 36 000.0 0 09.2 7.1 7.7
Apr-May 30-06 18 35.1 22.0 70 41 002.8 1 09.2 9.6 7.2
May 07-13 19 37.0 211 67 32 000.0 0 08.4 7.5 8.3
May 14-20 20 35.6 23.1 76 52 005.8 1 08.4 7.6 7.9
May 21-27 21 39.7 225 65 34 000.0 0 09.3 7.8 9.4
May-Jun 28-03 22 355 23.0 70 55 038.4 4 07.1 9.6 8.3
Jun 04-10 23 35.1 26.0 82 64 087.6 2 07.7 7.5 8.0
Jun 11-17 24 34.6 26.2 85 63 042.8 2 05.2 5.0 5.7
Jun 18-24 25 37.2 26.1 76 45 000.0 0 07.9 6.0 6.8
Jun-Jul 25-01 26 35.9 26.6 81 68 018.2 1 06.4 7.5 7.3
Jul 02-08 27 32.6 25.4 90 70 180.8 3 06.0 35 5.6
Jul 09-15 28 325 26.0 88 78 173.2 3 03.1 6.1 4.2
Jul 16-22 29 333 26.9 82 73 079.6 2 06.7 3.7 6.6
Jul 23-29 30 31.2 25.7 91 80 169.0 5 02.2 5.6 4.6
Jul-Aug 30-05 31 29.7 24.1 94 84 218.1 7 01.0 2.2 35
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Weekly weather data 2019

STATION NAME : PANTNAGAR LONGITUDE :79 deg. 30’ E
LATITUDE :29deg. N ALTITUDE 1 243.84 m. AMSL
Metro TemF(J%‘)ature ﬁjﬁt&\{fy Rainfall '\(l)?‘ Su_n- Winq Evap
Month Date Week (%) (mm) Rainy Shine Velocity (mm).
No. Max. Min. 0712 1412 Days Hrs. (km/hr.)
am pm

Jan-Feb 29-04 5 20.9 7.0 93 63 000.0 0 06.1 16 1.8
Feb 05-11 6 21.3 9.1 95 66 015.0 2 04.7 34 2.0
Feb 12-18 7 22.7 10.8 94 64 012.0 2 04.8 28 1.9
Feb 19-25 8 243 11.4 92 64 003.2 1 04.6 2.8 24
Feb-Mar 26-04 9 21.5 9.0 92 69 006.8 3 05.7 22 2.6
Mar 05-11 10 26.0 8.9 85 50 000.0 0 09.4 22 3.6
Mar 12-18 11 27.8 11.9 90 47 002.6 1 06.4 1.8 3.2
Mar 19-25 12 30.7 11.7 85 41 000.0 0 09.1 12 4.8
Mar-Apr 26-01 13 32.3 15.5 85 50 000.0 0 07.7 1.6 4.5
Apr 02-08 14 333 18.0 70 43 000.0 0 08.4 44 5.9
Apr 09-15 15 35.7 17.3 74 32 003.2 1 09.2 49 7.1
Apr 16-22 16 33.2 17.8 72 37 011.2 2 07.7 45 6.0
Apr 23-29 17 38.3 20.0 63 25 000.0 0 10.1 5.6 9.0
Apr-May 30-06 18 39.1 21.1 60 18 000.0 0 09.9 7.1 10.1
May 07-13 19 40.7 19.6 51 16 000.0 0 10.2 8.1 10.5
May 14-20 20 37.2 20.9 65 29 000.0 0 07.1 7.1 9.3
May 21-27 21 30.6 21.5 57 17 000.0 0 09.9 6.6 10.1
May-Jun 28-03 22 34.9 23.0 50 28 000.0 0 09.8 8.7 111
Jun 04-10 23 38.9 26.0 63 37 023.4 1 10.0 6.9 10.1
Jun 11-17 24 39.0 25.1 69 36 018.4 1 09.4 8.6 10.9
Jun 18-24 25 35.9 24.2 77 52 062.2 3 08.2 7.0 7.2
Jun-Jul 25-01 26 35.3 25.7 74 51 153.0 1 08.8 5.5 8.0
Jul 02-08 27 38.2 25.7 62 39 023.4 1 08.8 79 10.0
Jul 09-15 28 39.7 25.2 69 35 018.4 1 10.6 7.7 10.4
Jul 16-22 29 36.8 245 70 43 002.0 1 08.0 7.7 8.4
Jul 23-29 30 34.9 255 81 58 213.2 3 08.2 53 7.2
Jul-Aug 30-05 31 333 26.0 88 67 108.2 4 04.8 5.0 4.9
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APPENDIX-11

Reagents for Genomic DNA isolation and PCR amplification
I. Reagents for Genomic DNA isolation
Requirements:

Tris base, EDTA-Na,, NaCl, Potassium Acetate, Glacial acetic acid,
isoproponol, chloroform, isoamyl alcohol, and Absolute alcohol.

Preparation of solutions:
STOCKS SOLUTIONS:
1. 1M Tris-ClI buffer (pH 8.0), 100 ml

12.114 g Tris-base was dissolved in 80 ml ddw. The pH was adjusted to 8.0 by
6 N HCI. The volume was made upto 100 ml with ddw. Autoclaved and stored at 4°C.

2.0.5 M EDTA (pH 8.0), 50 ml

9.3 g EDTA-Na; was dissolved in 30 ml of ddw (10N NaOH was added to
make the pH 8.0). The final vol. was made upto to 50 ml, Autoclaved and stored at 4°C.

3. 10N NaOH, 50 ml

20 g of NaOH was dissolved in 30 ml of autoclaved ddw. The volume was
made upto 50 ml. Stored in a plastic bottle at RT.

4.5 M NaCl, 50 mi

14.6 g NaCl was dissolved in 30 ml of ddw. The final vol. was made upto 50
ml. Autoclaved and stored at RT.

WORKING SOLUTIONS

1. DNA extraction buffer 25 ml

2% (w/v) CTAB : 059

100 mM Tris-Cl : 2.5 ml (1M stock)
1.4 M NaCl : 2.0475¢

20 mM EDTA X 1 ml (0.5 M stock)
0.2 % beta mercaptoethanol : 50 wl

The final vol. was made upto to 25 ml with ddw.
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2. 5 M potassium Acetate (pH 5.4) 50 ml

24.8 g potassium acetate was dissolved in 30 ml of ddw. The pH was adjusted
to 5.4 with glacial acetic acid. The final volume was made upto 50 ml with ddw.
Autoclaved and stored at RT.

3. Isopropanol : Kept at 0°C.
4. Chloroform: isoamyl alcohol : 24:1, 25 ml
5. 70% ethanol : 10 ml

6. TE Buffer (pH 8.0) 25 ml
10 mM Tris-ClI : 250 pl (1M stock)
1mM EDTA : 50 ul (0.5 M stock)

Volume was made up by adding ddw to 25 ml. Autoclaved and stored at RT.

Il. PCR Ingredients
(i) Design and Synthesis of the primers

The most essential requirement of PCR is the availability of short
oligonucleotides called primers having sequence complementary to either ends of the
target DNA segment called tamplate DNA to be synthesized. The primers used in the
study are synthesized from Eurofins, Banglore

(if) Taqg DNA polymerase

Taq DNA polymerase is a thermostable enzyme that replicates DNA at 72-74°C
and remains functional even after incubation at 95°C. The enzyme has 5’-3’ polymerase

and 3’-5’ exonuclease activity. The concentration of the enzyme was 3units per pl (3U/
ul).

(iiii) dNTPs

The dNTPs used in this reaction were obtained from Genei Pvt. Ltd. Banglore
as 10mM each (dATP, dGTP, dCTP, dTTP).

(iv) Assay Buffer (10X)

Assay buffer (10X) contained 10 mM Tris-Cl (pH 9.0), 15 mM MgCl,, 50 mM
KCl and 0.01% gelatin.
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I11. Running buffer, Dye and Reagents
Running Buffer

0.5 X TBE huffer

Dye

98% formamide, 10mM EDTA, 0.023mg Bromophenol Blue, 0.023mg Xylene
Cynol

Reagents used and preparation

1. Electrophoresis buffer (5X) 100ml

Tris base (0.045M) 54 g

Boric acid 27.59

EDTA (0.001M) 10ml (1M stock)

Components were dissolved in 80ml of de-ionized water. pH was adjusted to
8.0 with 6N. Final volume was made up to 10 ml, autoclaved and stored at 40°C. 0.5X
was the working solution of TBE buffer.

2. DNA loading dye (Double Dye) 10ml
Bromophenol Blue (0.25% w/v) 0.025¢
Xylenecynol FF (0.25% w/v) 0.025¢

Sucrose (40% wi/v)

The components were dissolved in 8.0ml of sterile de-ionized water. pH was
adjusted to 8.0 and finally volume was made 10ml. Aliquots were made and stored
at -20°C.

3. DNA staining solution and Ethidium Bromide (10000X)

Ethidium Bromide 10ml
Sterile de-ionized water Iml
Note:

e Working solution for staining gel was made by dissolving 60ul ethidium
bromide

e Stock (10mg/ml) in 3000ml of de-ionized water.
e Stock was stored at 4°C

e Ethidium bromide being highly carcinogenic was handled wearing gloves
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ABSTRACT

The present investigation was carried out at Vegetable Research Center of Govind Ballabh
Pant University of Agriculture and Technology, Pantnagar with the objectives to assess the genetic
variability, heterosis, combining ability, screening for downy mildew disease and molecular
diversity in Cucumber (Cucumis sativus L.).

The analysis of variance for RBD and combining ability revealed the significant genetic
differences among 37 cucumber genotypes for the fourteen yield contributing traits under study. The
magnitudes of PCV estimates were higher than the corresponding GCV estimates for all the
characters. Moderate to high GCV together with moderate to high heritability and genetic advance
as per cent of mean was reported for majority of the characters under study except days to first male
flower, inter nodal length, days to last harvest, days to first female flower and days to first harvest.
Three cross combinations namely PCPGR-50 x PCPGR-59, PCPGR-51 x PCPGR-138 and PCPGR-
138 x PCPGR-149 have significant positive heterosis for maximum numbers of traits including
yield over standard check and showed their value in combining ability studies. Therefore, these
cross combinations can be commercially exploited for hybrid development after multi location
testing. PCPGR-112 was identified as a best general combiner for maximum number traits followed
by PCPGR-59 and PCPGR-138. Thus, these parents could be used for the development of superior
varieties suitable for most of the yield related traits. The best specific combiner were PCPGR-50 x
PCPGR-59 followed by PCPGR-51 x PCPGR-59 and PCPGR-138 x PCPGR-149 for most of the
yield and its contributing traits. Hence, these crosses can be utilized in heterosis breeding for
improvement in yield related traits.

For downy mildew disease resistant reaction, out of all parents and F; hybrids only check
variety ‘Poinsette’ exhibited resistant reaction while none of the parents and hybrids showed
resistant reaction to downy mildew. Moderately resistance reaction against downy mildew was
observed in eight genotypes one of which was parent viz.,, PCPGR-112 and seven hybrids viz.,
PCPGR-50 x PCPGR-112, PCPGR-51 x PCPGR-112, PCPGR-59 x PCPGR-112, PCPGR-83 x
PCPGR-112, PCPGR-112 x PCPGR-126, and PCPGR-112 x PCPGR-138.

Ten SSR primers were used for the molecular diversity analysis. Out of ten primers, six
primers generated polymorphic bands. Total 17 bands were amplified by 10 SSR primers in the
thirty six cucumber genotypes of which polymorphic and monomorphic bands were 13 and 4,
respectively. The range of amplified products was 150-400bp approximately. The range of
polymorphism was observed 100 per cent. The PIC values of SSR markers ranged from 0.26
(SSR52) to 0.55 (SSR13262) with mean value of 0.37. Primer SSR52 was least informative while
marker, SSR13262 was most informative due to highest PIC value among other markers, therefore
this type of marker system could be efficiently applied to detect polymorphism in cucumber. The
markers namely SSR60 (0.38), SSR 61 (0.47) and SSR13262 (0.55) had PIC values more than
average value, therefore, these markers could be classified as good marker for detecting molecular
polymorphism among the cucumber genotypes. Jaccard’s similarity coefficient varied from 0.45 to
1.00. Minimum Jaccard’s similarity coefficient was found in PCPGR-51 with PCPGR-83, PCPGR-
106 and PCPGR-196 (0.45).
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