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INTRODUCTION



1 INMTRCLTUCTICE

Cucumber (Cucumis sativus L.) is an important warm

season vegetable. Originated in India (De Candolle, 1882)

it is now grown throughout the world in tropical and
subtropical regions. Being one of the most economical
cucurbits, cucumber is grown for its tender fruits which are

consumed raw, cooked, pickled or processed in other forms. In

India, it is mostly consumed raw or cooked and 1is sold at

premium prices in off season. It contains Vitamins B and C. It

also possesses medicinal, cosmetic, cooling, tonic and diuretic

properties (CSIR, 13950; Yawalkar, 1969).

Despite its economic, medicinal and nutritional
values and extensive cultivation and consumption, lack of
improved varieties/hybrids with high yielding ability and
acceptable quality attributes ‘is one of the major constraints
for cucumber production in the country. There is an imperative
need for developing varieties/hybrids suited to the agro-
climatic conditions of the country in general and Kerala in

particular. This calls for a need based crop Iimprovement

programme.

Yielding ability, a quantitative trait is of primary
importance in cucumber. Although early yield was improved by

the introduction of gynoecious lines (Peterson, 1960), +total



multiple harvest yield was not improved (Wehner and Miller,
1985). The lack of progress for increased fruiting in cucumber
might be partially due to the inadequate breeding effort in
cucumber compared to other crops or due to a lack of
variability for yield (Wehner et al. 18989). Transfer of
quantitatively inherited characters into commercially adopted
cultivars from available germplasm can be an effective way +to
obtain greater genetic variation and response +to selection
(Bliss, 1981). Information on genetic variability and
components of variation are basic for any crop improvement
programme. Being a cross pollinated crop due to monoecy, there
exists considerable scope for exploitation of heterosis in
cucumber. Identification of specific parental combinations

heterotic for economic characters are very important.

Keeping in view of the above aspects, the present

investigation was carried out with the following objectives:

i) To study the genetic variability in cucumber for
different characters by estimating phenotypic and genotypic

coefficients of variation,

ii) To estimate the heritability and genetic advance for

different characters,

iii) To study +the association between yield and its
components by estimating phenotypic, genotypic and

anvironmental ccrrelation coefficients.



iv) To determine the direct and indirect effects of each

components on yield by path coefficient analysis.

v) To generate information on combining ability and
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2. REVIEW OF LITERATURE

Cucumbers are grown for their tender fruits which are
consumed raw, cooked, pickled or processed in other forms.
Cucumber improvement programmes have been in practice for more
than half a century, but much of the improvement can be
attributed to improved cultural practices and incorporation of
better levels of disease resistance. The lack of progress in
cucumber might be partially due to the inadequate breeding
effort in cucumber compared to other crops. Information on
genetic variability and components of variation are basic for
any crop improvement. Being a cross pollinated crop due to
monoecy, there exists considerable scope for exploitation of
heterosis in cucumber. The information available on these

aspects in cucumber is reviewed under the following two heads

1. Genetic variability

2. Combining ability and heterosis

2.1 Genetic variability

2.1.1 Genetic variability, heritability and genetic advance

Planning and execution of a breeding programme for
the improvement of any crop depend to a great extent upon the
magnitude of genetic variability existing in a germplasm.

information on genetic variability among the existing stocks



provides an opportunity for selecting the divergent parents for
hybridization. Selection of parents will be effective only
when major part of the variability of the trait is genetic.
The existence of very high variability in respect of many

vegetative and productive characters was observed by many

workers in cucumber.

Variability available in a population could be parti-
tioned into heritable and nonheritable components with the aid
of genetic parameters such as genotypic and phenotypic
coefficients of variation (GCV and PCV), heritability (HZ) and

genetic advance (GA) which serves as a basis for selection

(Johnson et al.,, 1955a).

Miller and Quisenberry (1976) reported significant
variation for days to first female flower opening in cucumber.

They also reported high heritability for the same character.

Smith et al. (1978) studied several cucumber popula-
tions and reported heritability for yield in the range of 0.17
to 0.25. Also, additive variance was observed to be important
in phenotypic variation. The results indicated genetic

variability for yield sufficient to permit progress.

Solanki and Seth (1980) observed a wide range of

Q

variation among 24 genotypes of cucumber for plant height,

leaves/plant, internode length, male flowers/plant, days to



fruit maturity, female flowers/plant, fruits/plant and yield/
plant. The phenotypic coefficient of variation varied from
10.43 for fruits/plant to 71.80 for plant height. The geno-
typic coefficient of variation was the lowest for fruits/plant
(5.996) and the highest for plant height (69.026), where as the
environmental coefficient of variation r- ged from 6.896 for
days to fruit maturity to 71.202 for yie 4 per plant. High
heritability with high expected genetic advance was also
observed for the above characters except for fruits/plant while
high heritability and low expected genetic advance was recorded

for average fruit weight, duration of flowering, primary

branches/plant, fruits/plant and secondary branches/plant.

In a collection of cucumber varieties, Korneev (1980)
observed significant variation for several characters including
bitterness, vield/plant, female flowers/plant, earliness,

disease resistance and pickling quality.

Wang and Wang (1980) found narrow sense heritability
estimates 1in the range of 40 to 50 per cent for a number of
vield and maturity characters. The values were intermediate
(55%) for fruit length, in low intermediate range (2-44%) for

fruit weight and lower for single fruit weight.

El Shawaf and Baker (1981) observed variability
estimates +to range from 0 to 32 per cent for fruits/plant and

fruit weight. Fruits/plant was most heritable. MNarrow sense



heritability for fruits/plant and fruit weight/plant were 53-60

per cent and 32-65 per cent respectively.

« The existence of very high variability for vine
length, branches/plant and fruit diameter has been reported in
cucumber by Joshi et al . (1981). High heritability with high
genetic advance was also recorded for characters 1like female
flowers/plant, fruit yield and fruits/plant suggesting the role

of additive genes in determining these characters which could

be improved considerably by selection.

Analysis of generation means and components of
variance for fruit size in two cucumber populations by Owens

(1983) revealed moderately high broad sense heritability for

fruit length and fruit weight.

. Choudhary et al. (1985) reported significant geno-
typic variance for several yield components in cucumber.
Secondary branches/vine, yield/vine, primary branches/vine,
vine length and fruits/vine had high genetic advance along with
high heritability. Genetic variance for these characters is
probably due to high additive gene effect. They also reported
high heritability and low genetic advance for days to first

female flower appearance, flowers/vine and fruit length

indicating the role of non-additive gene effects.

v
Owens et al. (198%5a) recorded significant genetic

variability among several lines within a population of cucumber



genotypes for fruit length and weight. Heritability was
moderately high (0.8) for fruit length and intermediate (0.6)
for fruit weight. 1In another study, heritability for dollar
value of the fruit was 0.19 and for fruits/plant 0.17 (Owens

et al,, 19856b).

"Estimates of heritability and genetic advance of
yield and five quality traits were made by Strefeler and Wehner
(1986) in cucumber. Heritability for fruit yield ranged from

0.03 to 0.25 and for fruit quality traits from 0.00 to 0.30.

Significant variance for seed weight was recorded in
cucumber by Globerson et al, (1987). They also reported =a

broad-sense heritability of 26 to 56 percentage for the same.

In a study of 820 cucumber lines of diverse
geographical origin, Neykov and Neilkov (1988) reported a wide
range of variation for characters like yield/plant, harvesting

period, disease resistance, dry matter and vitamin C content

and growth period.

' Prasunna and Rao (1988) reported high degree of both
phenotypic and genotypic variation for female flowers/vine,
percentage of fruit set, fruits/vine and yield/vine in a
collection of cucumber genotypes indicating high genetic
variability. Theéy also observed that +the GCV were lower
ranging from 5.14 to 73.35 per cent while the PCV ranged from

B.52 to 80.13 in a collection of cucumber genotypes. High



estimates of heritability for fruits per vine and average fruit

weight were also recorded.

. Abusaleha and Dutta (1990) examined 75 pure genotypes
of cucumber and observed high magnitude of genotypic and
phenotypic +variance for all the characters studied. Fruit

length and fruits per vine were associated with high herita-

bility and genetic advance.

. Mariappan and Pappiah (19390) studied 45 diverse
cucumber genotypes and reported a wide range of variation for
all +the traits except for leaves per plant. The PCV was the
highest for seeds/fruit followed by weight of seeds/fruit. The
difference between PCV and GCV was invariably low for all the
characters indicating less environmmental influence on the
expression of these characters. High heritability associated
with high genetic advance was observed for fruit girth, days

to first male flower opening, number and weight of seeds per

fruit indicating additive gene effect for the expression of

these characters.

. Rastogi and Deep (1990 a and b) recorded higher PCV
and GCV for fruit yield per plant and fruit weight and the
lowest for days to fruit maturity. The magnitude of genetic
variation nearly approached phenotypic variation in majority of

the characters. They also observed high heritability for yield

prer plant, days to fruit maturity, fruits per vine and fruit



weight. Despite high heritability, certain other characters
viz. vine length, primary branches per plant, male flowers per

plant and days to fruit maturity had only moderate to low

genetic gain.

¢ A wide range of variability among 22 cucumper
accessions was observed by Satyanarayéna (1981) for all the
characters excepting branches/vine and flesh thickness. This
was confirmed by the wide range of phenotypic and genotypic
coefficients of variation observed for all the characters. He
also reported high heritability and genetic advance for

marketable fruit yield/vine, percentage of deshaped fruit and

marketable fruits/vine.

Prasad and Singh (1992) studied 23 genotypes of
cucumber and observed wide range of genetic variation. The
heritability estimates ranged from 0.02% for fruits/plot to 48%
for fruit length. High heritability coupled with high genetic
advance was also observed for fruit length, fruit breadth and

fruit weight indicating the action of additive genes for the

expression of these characters.

Among six monocecious lines of cucumber, yield and its
ten components showed significant genetic variance (Prasad and
Singh, 1994 a). High heritability and genetic advance for more
than 12 growth and yield attributes was also observed in

another collection of cucumber (Prasad and Singh, 1994 b).

i0



Considerable variance in respect of yield and earli-
ness was reported among six slicing cucumber cultivars from an
observational trial in Kerala. Among the cultivars tested EC

179394 and sheetal were found promising for yield and 1local

[

preference (KAU, 1996).

Wehner and Cramer (1996) reported genetic variance
for total, early and marketable fruits per plot, fruit shape
and fruit weight in three slicing cucumber populations. They
also reported low to moderate heritability for fruit yield,

earliness and quality, but of major importance in cucumbers.

2.1.2 Correlation studies

Yield 1is +the most important and complex character
made up of several component characters and the improvement in
the former is possible only through selection in the desirable
direction, in the latter. Hence, the knowledge of correlation
between yield and its component characters and that among the

component characters is essential for a rational improvement in

yvield in any crop.

Hutchins (1940) observed moderate to large positive
rhenotypic correlation between fruits per plant and lateral
branches per plant in cucumber. Fruit 1length and fruit
diameter, and fruit diameter and seed cavity diameter were

found to be correlated in cucumber (Imam et al ., 1977).

i1



Smith et al., (1978) measured a genotypric correlation
of 1.01 and phenotypic correlation of 0.78 between fruit number

and fruit value, where as, Smith and Lower (1978) observed a

correlation of 0.64 and 0.85.

Choudhary et al. (1985) found that the female
flowers/vine, fruit length and fruit diameter and weight were
positively associated with yield. They also observed the

negative association of days to first female flower opening

with fruits/vine and yield/vine.

Haribabu (1985) observed fruit yield to be positively
correlated with fruit weight (0.62), fruits/vine (0.18) and
vine length (0.18). Vine length was correlated with
branches/vine (0.66) and nodes/vine (0.59). In the same study,
branches/vine was correlated to nodes/vine (0.69) and
fruits/vine (0.68). Also, nodes/vine was correlated with

fruits/vine (0.70) and percentage of fruit set (0.49).

Prudek and Wolf (1985) reported significant
correlations (0.87-0.95) between yield and its four components

in five monoecious lines of cucumber and their hybrids.

Studies on correlation conducted by Choudhary and
Mandal (1987) revealed significant genotypic and phenotypic
correlation of yield with fruits/plant, female flowers/plant,

fruit length, fruit weight and fruit diameter in cucumber.

12



High positive association was noted for fruit yield with fruit

length and fruit number.

Abusaleha and Dutta (1888) reported that magnitude of
genotypic correlation coefficients were higher than the
corresponding phenotypic coefficients in most of the
characters. Positive and significant associations were
recorded between yield and fruit length, fruits per vine, fruit
girth and flesh thickness. Days to male and female flowering,
percentage of deshaped fruits and percentage of unmarketable

yield exhibited negative association with yield.

Prasunna and Rao (1989) observed positive correlation
of fruit yield with node to first female flower, days to first
female flower opening, female flowers/ vine, sex ratio,
fruits/vine, average fruit weight and primary branches per
vine. A study by Rastogi and Deep (1990 a) with 25 cucumber
cultivars also revealed positive correlation of total yield per

prlant with fruits per plant, fruit weight and fruit length.

Satyanarayana (1991) reported a positive correlation
of yield with vine length, nodes/vine, marketable fruits/vine,
total <frults/vine and marketable yield/vine and a negative
correlation with cavity size and percentage of deshaped fruits.

Seed maturity was positively correlated with flesh thickness.

Prasad and Singh (1982) also conducted correlation

studies in cucumber and observed a significant and positive

13



correlation of yield per plot with vine length, fruit length,

fruit weight, fruit breadth, flesh thickness, and placental

thickness.

Studies on correlations carried out in 8 genotypes of
cucumber by Saikia et al, (1995) showed that yield per plant
had strong positive association with main vine length, number

of secondary branches, leaf area, fruiting percentage,

fruits/plant, fruit weight and fruit length both at genotypic

and phenotypic levels.
2.1.3 Path coefficient analysis

Path coefficient analysis specifies the direct and
indirect causes of association and allows their indepth

understanding and measures the relative 1importance of each

factor.

Path coefficient analysis in 30 diverse genotypes of
cucumber revealed fruit number, female flowers per plant, fruit
length, fruit weight and fruit diameter as the important

characters determining yield (Choudhary and Mandal, 1987).

Abusaleha and Dutta (1988) also reported highest
direct effect for fruits per vine and fruit length. They also
found direct negative effect of days to female flowering and
vercentage of unmarketable yield on the total fruit yield.

Indirect positive and significant effect of vine length,

14



branches per vine, fruit girth and flesh thickness on yield was

also reported.

Prasunna and Rao (1989) conducted path coefficient
anélysis in cucumber and observed fruits/vine and average fruit

welght as the most important yield contributing factors.

A significant positive effect was found between
fruits/vine and yield, and branches/vine and yield in cucumber.
Harvest period also influenced yield but 1its degree of

association was reduced with increasing vine 1length (Rajput

et al., 1891).

Path analysis of yield and its components in 23
genotypes of cucumber by Prasad and Singh (1982) revealed the
positive direct effect of vine length, days to female flower
appearance, fruit weight and fruit length on yield. However,
the positive direct effects of these components were partially

counter balanced by their negative indirect effects.

Solanki and Shah (1992) revealed +through path

coefficient analysis of 11 yield components in cucumber that
internodal 1length, number of female flowers and days +to

maturity to have positive and highly significant direct effect

on fruit yvield.

Chen et al. (1994) compared seven monoecious cucumber

cultivars for 4 parthenocarpic yield components. There were

15



sigﬁificant positive direct effects of fruits/vine, female
flowers/vine and average fruit yield on yield per plant.

Fruits/vine was reported as the most important trait for yield

in cucumber.

Path coefficient analysis in 8 genotypes of cucumber
by Saikia et al. (1995) also revealed fruits per plant to have
maximum direct effect on yield followed by fruit weight. These
traits were considered important parameters.in any selection

programme for the yield improvement in cucumber.
2.2 Combining ability and heterosis

2.2.1 Combining ability

Selection of parents and hybrids on +the basis of
general combining ability (gca) and specific combining ability

(sca) are pre~-requisites to develop high yielding varieties and

hybrids respectively.

Om et al, (1978) reported in a half-diallel cross of
several varieties of cucumber, significant general and specific
combining ability indicating that both additive and
non-additive components of genetic variation were important,

and the former were the more imvortant for early yield per

plant.

Smith et al, (1978) observed node to first female

flower, female flowers per wins=, branches par vine, frults per

16



viﬁe, average fruit weight, fruit length to diameter ratio and
total yield per vine to have high gca variances indicating the

role of additive gene action for +the expression of these

characters.

Solanki and Seth (1880) observed non additive gene
effect for characters like average fruit weight, duration of
flowering, primary branches/plant, fruits/plant and secondary
branches/plant in cucumber as evidenced by high sca variance

over gca variances.

Wang and Wang (1980) in a study of 36 combinations
involving 16 parents of cucumber found that both gca and sca
effects were significant for a number of yield and maturity
characters. Additive variance was of importance in phenotypic

variation.

Ghaderi and Lower (1981l) carried out breeding
investigations in cucumber and reported significant additive
and/or dominance variances in certain crosses for fruit weight

per plant, fruits per plant and average fruit weight.

Dolgikh and Sidorova (1983) while studying the
combining ability for 80 Fl hybrids 1in cucumber reported
general combining ability to be important for early and total
7ield and for fruit numter per plant. They also reported a

Line W as promising for producing hybrids with high early

17



vield. Total vield, fruits/plant and fruit weight were
controlled mainly by additive genes while early yield was

controlled by non-additive genes.

Guseva and Mospan (1984) while studying combining
ability in the production of cucumber hybrids found high gca
effects for parthenocarpy and disease resistance. Zh L 745
and PML 781 were reported as best combiners for parthenocarpy

and high yield.

Analysis of data on the yields of the parental 1lines
and Fl populations from a 5-1ine diallel cross by Prudek (1984)
showed that both general and specific combining abilities were
significant in determining both frult number and fruit weight
per plant, but general combining ability was more important.
Specific combining ability was not important with regard to
earliness and mean single fruit weight. Line PS 66 was a good

combiner for many characters.

Owens et al., (1985b) conducted biometrical investi-
gations in cucumber and reported that general and specific
combining ability estimates were significant for fruit length
and weight indicating the importance of both additive and non-

additive effects for trait expression.

Prudek .and Wolf (1985) reported lines and crosses
with high gca and sca estimates on the basis of a diallel

analysis of data on four yield components in crosses involving

18



five 1lines of cucumber. PS 66 and PS 13 were reported as
best combiners for all the characters. Specific combining

ability variance was significant for mean fruit weight.

Musmade and Kale (1986) crossed seven cultivars of
cucumber in all possible combinations and observed that both
gca and sca variances were significant for all the characters

studied. In general, the mean squares for gca were greater

than that of sca for all the characters except yield per vine.

Frederick and Staub (1989) following evaluation of
nine cucumber lines for 6 traits reported significant general
combining ability estimates for all +the traits. Specific
combining ability was significant for days to anthesis. W 12963
and 4H 261 had the highest gca estimates as male and female
parents, respectively, for total yield and primary branches,

but general combining ability estimate for fruit size was the

lowest.

Hormuzdi and More (18989) studied combining ability in
cucumber on 9 yield components in 12 genotypes and their Fl
hybrids and reported the genotype SR 551 F as the best combiner

for a number of characters. S8R 551 F and Japanese Long Green

were the best combiners for highest yield.

Rastogi and Deep (1990 a) reported role of non-

additive genes for the expression of traits viz. vine length,

19



primary branches per plant, male flowers per plant and days to

fruit maturity in cucumber.

Solanki and Shah (1990) revealed significant
contribution of gca and sca variances at varied proportions and
magnitudes for yield contributing characters in cucumber.
Balam Kheera and Hinreka were good combiners. The sca effects
were significant for vine length, internodal length, female

flowers/plant, fruits/plant and fruit yield/prlant in most of

the crosses.

Lower et ai, (1991) following biometrical investi-
gations in cucumber reported Gy 14 and NCSU 19 D4 as the best

combiners for once-over multiple harvest yield.

Satyanarayana (1991) observed significant gca for all
the characters except for branches/vine, specific leaf weight,
specific leaf area and cavity size 1in cucumber. Specific
combining ability was significant for all the 27 characters
studied except for branches/vine. Variance due to sca was more

than gca variance indicating the role of non-additive gene

effects.

Significant gca effects reported by Prasad and Singh
{1984a) sugzested existence of genetic differences among the
rarenis selected for hybridization in cucumber. Additive gene

action seemed +to te respcnsible for the expression of yield
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components. Crosses showing maximum sca effects were the

resultants of high and poor combinations.

2.2.2 Heterosis

Hayes and Jones (1916) were the first to observe
heterosis in cucumber. Hybrid vigour expressed itself in total
yield, the increased yield being due to large number of fruits

prer plant. The highest yielding hybrid out yielded the better

parent by 30 per cent.

Jakimovie (1938) noted that hybrids were earlier and
gave higher yields and showed an increase in fruit size when

compared to the corresponding parents.

Cizov (1945) observed hybrid vigour in respect of
earliness,.yield and higher fruit weight in cucumber. Carlsson
(1952) and Axelsson (1956) also reported heterosis for

earliness, increased yield and disease resistance.

Gill et al, (1973) developed an Fl hybrid ‘Pusa
Sanyog’ by crossing a Japanese variety Kaga Aomoga Fushinari
with Green Long Naples. This Fl hybrid out yielded the better

parent by 23.05 - 128.78% and was about 10 days earlier.

Heterosis rangéd from 15.34 per cent for fruit
diameter to 59.22 per cent for fruit shave index 1in cucumber
(Imam et al., 1877). Beterobeltiosis was observed for fruit

weight per plant and main stem length. Also Fl deviation from
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mid-parent was observed for lateral branches per plant (Lower

et al. 1982).

Solanki et al. (1982 a and b) observed hetercais over
better parent for primary branches (26.26%), secondary branches
(43.60%), female flowers (50.95%), average fruit weight
(33.33%), fruits per plant (42.12%) and fruit yield (83.81%).
They also observed pronounced heterosis over better parent in a
similar study for the above characters. Days to maturity had

maximum negative heterosis, while plant height had no

heterosis.

Nikulenkova (1984) studied heterosis in cucumber and
reported heterosis over standard parent for earliness and fruit

yield.

Musmade and Kale (1986) reported heterosis in
cucumber. In most of the hybrids, heterosis observed was due
to high sca effects. Hybrids Pl X PS, P3 b'4 P4 and P5 b'd P7 were
the most promising since these hybrids showed the highest sca
effects and recorded 135.47, 56.42 and 54.72% higher yield per

vine over better parent in that order.

Significant r=lative heterozsis and heterobeltiosis
for total and marketable yield, earliiness and fruit gquality
raits of cucumber were rsported in two varying environments by

Rubino and Wehnexr (1988).
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Delaney and Lower (1987) reported significant
heterosis of the Fl over the mean parental wvalues for fruit
yield and four plant traits. Heterosis over better parent was

observed for average internode length.

Among the progenies from crosses between gynoecious
maternal lines and hermaphrodite pollén parents, Aleksandrova
(1988) noticed two hybrids, Vikhra (Ts 1x13) and Lora (Ts 3x13)

showing significant heterosis for fruit yield, fruit size and

other quality traits.

Pyzhenkov et al. (1988) reported heterosis for vine
length, branches per plant, fruit yield and disease resistance

in the Fl hybrid MOVIR 1 from a cross between line 598 and line

1-29 N.

Hormuzdi and More (1990) reported heterosis for
various economic characters except for total yleld in crosses
involving gynoecious, monoecious and gynomonoecious lines of
cucumber in both summer and rainy seasons. Good combinations
were W 12757 x RK 5295 and Poinsette x RK 5300 for the rainy
season and SR 651 F x Balam, SR 551 F x Japanese Long Green and
SR 551 F x Poonakhira for the summer season. Lack of heterosis
for total yield was attributed to inability of the F; hybrids

to sustain production over late period of harvesting.

Satyanarayana (1991) reported a mean heterosis of

61.1 per cent and 52.2 per cent over mid parent and better
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parent respectively for total fruit yield per vine in a 9x8

diallel analysis in cucumber.

24

Evaluating 34 and 41 gynoecious F,; hybrids for

horticultural characters during summer and rainy seasons
respectively, Vijayakumari et al., (1991) recommended promising
hybrids for both the seasons and generalised that the tropical
gynoecious hybrids were superior to temperate gynoecious
hybrids. In another study of heterosis over better parent and
superiority over +top parent for earliness, yield and its
components, maximum heterosis over better parent with 77.6%

superiority over top parent was evidenced in tropical

gynoecious hybrid 304 x RKS 296. (Vijayakumari et al., 18983).

By crossing the line 8232 with line 8129, Wang et al.
(1993) developed a hybrid having vigorous growth, higher early

and total yield, disease resistance and more quaiity

attributes.

Fang et al. (1994) developed a hybrid Zhongnong 8
from a cross between line 90271 and line 90211, heterotic over
standard variety for early and total yield, vine length,
average fruit weight, fruit quality and disease resistance.

Heterosis for early and total yield was over 30 per cent.

Musmade et al, (1995) evaluated 54 Fl hybrids along
with parents to study the extent of heterosis and observed

significant and positive heterosis for yield and its



contributing characters. They reported greatest heterosis over
better parent for yield and its contributing characters. It
was greatest for yield per vine and least for flesh thickness.
The percentage of heterosis for yield per vine ranged from
-46.79 to 106.37. The hybrid Lg xT3; recorded the highest per

cent heterosis for yield per vine over better parent.

Ram et al. (1995) studied heterosis in cucumber and

the promising hybrids were C 8 x C 28, C 13 x C 10 and C 15 x

C 28; having higher yield, earliness, uniformity and gquality.
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3. MATERIALS AND METHODS

The investigations were conducted at the Department
of Horticulture, College of Agriculture, Vellayani during the

period, 1895-97. Studies were undertaken under the following

two major heads.

3.1 Genetic variability in cucumber

3.2 Development of Fl hybrids and +their evaluation for

combining ability and heterosis.
3.1 Genetic variability

3.1.1 Experimental materials

The basic material for the study included 22 diverse

genotypes of cucumber collected from different parts of the

country (Table 1).
3.1.2 Methods

The 22 genotypes were raised in a Randomised Block
Design with two replications during August 1996. There were 9
plants per plot. The seeds were sown at a spacing of
1.25x0.30 m. The cultural and management practices were
adopted according to the Package of Practices Recommendations

of Kerala Agricultural University (KAU, 1993).



Table 1 Source of 22 cucumber genotypes used for the study
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S1.No Genotypes Source
"1 Japanese Long Green  IARI Regional Station, Katrain,
Himachal Pradesh
2 Spineless Long Green The Raja Farm and Nursery, Madras
3 Marvel Long The Raja Farm and Nursery, Madras
4 BSS 169 Bejo Sheetal Seeds, Jalna
5  sC-1 Pune |
6 Gangtok Local Gangtok, Sikkim
7 Batlagundu Local Saklespur, Karnataka
8 Sel 75-2-10 Mahatma Phule Krishi Vidhyapeeth,
Rahuri
9 Cs § Bejo Sheetal Seeds, Jalna
10 Kasaragod Local Kasaragod
11 Cs 11 Central Horticulture Experiment
Station, Ranchi
12 €S 12 Sungro Seeds Pvt. Ltd., Delhi
13 BSS 236 Bejo Sheetal Seeds, Jalna
14 Punerikhira Nath Seeds, Aurangabad
15 Sheetal Konkan Krishi Vidhyapeeth, Dapoli
16 ARC-1 Ankur Seeds, Pvt. Ltd, Nagpur
17 Poinsette NSC, New Delhi
18 Sikkim Sawney Gangtok, Sikkim
19 White Long Bangalore
20 BSS 235 Bejo Sheetal Seeds, Jalna
21 Green Long Mahy Co, Jalna

BSS 168

Bejo Sheetal Seeds, Jalna



3.1.3 Observations recorded

Five plants were randomly selected from each plot and

tagged for recording the biometrical observations.

Observations were recorded on the following characters and the

average worked out for further analysis.
3.1.3.1 Days to first male flower opening

The number of days taken from sowing to the opening

of the first male flower was recorded.
3.1.3.2 Days to first female flower opening

The number of days taken from sowing to the bloom of

the first female flower was recorded.
3.1.3.3 Node to first female flower

The nodes were counted from the lowest to the one at

which first female flower opened.
3.1.3.4 Days to first harvest

The number of days taken from sowing to the harvest

of first formed fruit in each plant was recorded.

3.1.3.5 Duration of the crop

The number of days from sowing to the harvest of the

last fruit from each plant was considered as the duration of

the crop.
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3.1.3.6 Branches/plant

The number of branches/plant was counted at the full

maturity of the plant.

3.1.3.7 Vine length (cm)

Vine length from the collar region to the tip of the

main vine at 30 days after sowing was measured and expressed in

centimeters.

3.1.3.8 Fruits/plant

The total number of fruits were counted from each

prlant and the average worked out.
3.1.3.9 Average fruit weight (g)

Weight of the randomly selected fruits from each

observational plants were taken and the average worked out and

expressed in gram.

3.1.3.10 Fruit Length (cm)

The 1length of the same fruits used for weight
measurements were recorded and the average worked out in

centimeters.

3.1.3.11 Fruit girth (cm)

The girth at the middle of the same fruits used for

weight measurements were measured and the mean girth worked out

in centimeters.
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3.1.3.12 Fruit diameter (cm)

Diameter at the middle of the same fruits used for

weight measurements were taken and the average worked out in

centimeters.

3.1.3.13 Seeds/fruit

The number of seeds in the above five fruits was

counted and recorded the average number of seeds/fruit.

3.1.3.14 100 seed weight (g)

A random sample of 100 fully developed seeds per
fruit from each genotype were weighed usling an electric

precision balance and the weight recorded in gram.

3.1.3.15 Yield/plant (kg)

Weight of fruits from observational plants at each
harvest was taken using a top loading balance and added to get

the total and the average recorded in kilogram.

3.1.4 Statistical analysis

The data collected were subjected to +the following

statistical analysis.
3.1.4.1 Analysis of variance and covariance

Analysis of variance and covariance were done to test

varietal differences for various traits and to estimate



variance components and other genetic parameters like
heritability, genetic advance, correlation coefficients, etc.

as per Singh and Choudhary (1978).

Table 2 represents the analysis of variance/

covariance. From this table other genetic parameters were

estimated as follows.

Variance

X Y
Environmental 2
variance (6'26) = ¢ “ex = Exx d'zey = Eyy
Genetic 5 2
variance (6 “g) = ¢ “gx = Gxx Exx ‘ 6'zgy = ny - Eyy

r r

Phenotypic
variance (d’zp) = d’sz = d'zgx+6’2ex d'zpy = a’zgy+6'zey

3.1.4.2 Coefficient of variation

31

Phenotypic and genotypic coefficients of variation (PCV

and GCV) were estimated as

o g(x)
GCV = -----~ x 100
X
¢ p(x)
PCV =  ---=--- x 100
X

3.1.4.3 Heritability (Broad sense)



Table 2 Analysis of variance/covariance

- s T ——— i —— o —— - — - e - - e - s = S e - W e v = s W e e W Sy S S o~ ——

Source df OCbser- Expected Observed Expected Observed Expectd
ved mean mean Ssum mean sum of mean mean
mean square of pro- products square square
square XX ducts XY YY YY

XX XY

Block (r-1) Bxx Bxy Byy

Genotype (v-1) Gxx e} 2ex + rd’zgx Cxy 6 exy + r6 gxy Gyy 6’2ey+r 623y

Error (v-1)(r-1) Exx Exy 6 exy Eyy g zey

Total (rv-1) Txx Txy Tyy

- e — - - ——— —— T —— - —— - — —— o —— " —— - - — i —— A — - — . - > MR s A D . - e e WS e T S e e A W e W e ey . - m—

Hence we have the following estimates

¢ 2g(x) = (Gxx - Exx)/r 6 %e(x) = Exx
§ %g(y) = (Gyy - Eyy)/r 6 2e(y) = Eyy
§ %2g(xy) = (Gxy - Exy)/r 6 2e(xy) = Exy

L
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where 0
B¢ is the heritability expressed in percentage,

d’zg(x) is the genotypic variance and

6’2p(x) is the phenotypic variance (Jain, 1982).

3.1.4.4 Genetic advance as percentage of mean

Ksz'p
GA = --—=--- x 100 (Miller et al., 1958)
X
where
K = selection differential = 2.06 at 5 per cent selection and
i’= mean of the character

3.1.4.5 Correlation

Genotyplic correlation o
; _ g(xy)
coefficient, rg(yy,) =  —--=--=o=TTeoo--
S g(x) * % g(y)
Phenotypic correlation 6»p(xy)

]

—— - ———— - — - —

coefficient, rp(xy) > -
p(x) * © p(y)

Environmental correlation d—e(xy)
coefficient, ro(yy,) = ~ —--=-=====t----

S e(x) ¥ S e(y)
3.1.4.6 Path coefficient analysis

The path coefficients were worked out by the method
suggested by Wright (1921). The simultaneous equations which

give estimates of path coefficients with k independent

characters are



| iy % 1 ryo ry3 g covenens ik Pl
3 g 1 r23 ................. erg J P2
riy E = rlj ........ rik ? X Pi
rky E 1 Pk
ie Ry = Rx. P

So that P = Rx~ 1. Ry

where

T3 is the genotypic correlation between the variables
Xi and Xj'

i, 3 = 1, 2, ...... k

Tiy is the genotypic correlation between Xi and Y and

Py is the path coefficient of Xi.

The residual factor (R) which measures the
contribution of other factors not defined in the causal scheme

was estimated by the formula.

k

- - 1/2
R = (1 £ P 15, )
i=1
Indirect effect of ith character via jth character on

yield is estimated as Pi' ryy-
3.1.4.7 Selection index

The selection index developed by Smith (1937) using

discriminant function of Fisher (1936) was used to discriminate
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the genotypes based on eight characters viz. node +to first

female flower, days to first harvest, fruits per plant, average

fruit weight, fruit length, fruit girth, fruit diameter and

vield/plant.

The selection index is described by the function

where Xl’ Xz, C e X7 are the phenotypic values and G1, G2,

G7 are the genotypic worth pf the plant with reaspect +to

characters XI;XZ ..... X7.

The b coefficients are determined such that the
correlation between H and I is maximum. It is also assumed

that the economic weight assigned to each character is equal to

unity.

ie. a1=a2 —....-a7 =1

The expected genetic advance was also estimated at a

given intensity of selection as follows

Expected genetic advance,

2G = a. G. b’ / (b'. P.p)L/2
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where G = genotyplic variance covariance matrix
P = phenotypic variance covariance matrix
= vector of economic weightage and

b = vector of b-coefficients.

3.2 Development of Fl hybrids &and +their evaluation for

combining ability and heterosis
3.2.1 Experimental materials

Seven parents viz. CS 12, CS 9, Punerikhira, Green
long, BSS 169, ARC-1 and Japanese Long Green which were
originally included in the variability studies were selected
based on selection index. These parental lines were crossed in
all possible comblinations excluding reciprocals in a 7x7
diallel to develop 21 Fl hybrids during January-April, 1897.
For crossing, male and female flowers to be used in pollination
were 1identified the day before they open and covered with
butter paper bags. On the next day morning, the selected
female flowers were pollinated using pollen from selected male
flowers. The artificially pollinated flowers were suitably
labelled and again covered with butter paper bags. The fruits
of each cross were collected separately, seeds extracted,

cleared, dried and used for evaluation.

The 21 Fl hybrids and their seven parents were

evaluated in a Randomised Block Design with 2 replications

3e



during April-July, 1997. There were nine plants/ genotype/

replication.
3.2.2 ObservationsArecorded

Five plants each were marked at random for all the 21
Fq hybrids and seven parents in both replications.
Observations were recorded on days to first male flower
opening, days to first female flower opening, node +to first
female flower, days to first harvest, duration of the crop,
branches/plant, vine length (cm), fruits/plant, average fruit
weight (g), fruit ;ength (cm), fruit girth (cm), fruit diameter
(cm), seeds/fruit, 100 seed weight (g) and yield/plant (kg).
Average of five plants were worked out for statistical

analysis.

3.2.3 6Statistical analysis

Data recorded from the parents and hybrids were
initially subjected to analysis of variance +to detect the

genotypic differences if any.
3.2.3.1 Combining ability analysis

The mean data were subjected to combining ability
analysis according to Method II, Model I of Griffing’s approach

(195686).

The gca effects of parents and sca effects of hybrids

were estimated as follows.
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General combining ability effect of i'P parent,

1 2Y
g4 = TTTTTomeos (Yy, + Y34) - -=7-
p+ 2 P

Specific combining ability effect of 1 x J cross

s = Yy4 - —----- (Y + Yy4)+ (Y 5 + Yi3) + —-—--"5----
S e B RTT T IIT ay (pre)

where YiJ is the mean value with respect to 1 x jJ cross
Yy, = g Yiy Y 3= g Yyyand ¥ o= 44 Yy

The significance of gca effects of parents and +their
within differences, sca effects of crosses and their within

differences were tested using ‘t’ test as given below.

e T — W e G E e e . N e i G e e S M S e e b = St A = o = - - —— it - —

Effect v’ SE

gca

gy g / SE (&) (p-1) Me/p(n+2) 1/2
g8y-8 g1-€5 /BE (g3-84) 2Me/(p+2) /2

sca

53 3 sy; /SE(syy) 2(p-1)Me/(p+1)(p+2) 1/2
sij "Sik sij_sik /SE(sij_skl) 2(p+1)Me/(p+2) 1/2

Sij - skl sij “Skl /SE(SiJ"'Skl) ZPMG / (n+2) 1/2

where Me = mean square error



3.2.3.2 Estimation of genetic components of varlance

(1+4F)2 ”
o 2 gca = mm—————-- o
4
2
(14F)
o 2 sca =T mmmmmeme— (o] 2
2 d
where o 2 gca = o 2
o 2 sca = O 2
d

F = coefficient of inbreeding

additive genetic variance

dominance genetic variance

o NI S I I N
1

3.2.3.3 Heterosis

Heterosis was calculated as the deviation of
the mean performance of Fls (EI) from their mid parent (ﬁ?),
better parent (EE) and the standard parent (gﬁ) for each
cross combination expressed as the percentage of the mean

respectively as suggested by Hayes et al. (1955) and Briggle
(1963).

Relative heterosis
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Heterobeltiosis = mmmmmee——e—- x 100

Standard heterosis

i
|
]
]
]
1
1
|
i
i
1
1
]
»
b
(=
o

The significance of heterosis over MP, BP and SP were

compared using the following critical difference (CD) values

3
CDh (0.05) = t+ --- Me (for relative heterosis)
2r
2
CD (0.05) = t --- Me (for heterobeltiosis and standard
r heterosis)

where Me is the estimated error variance with respect +to

each character.

The parent selected as best from the variability

study is considered as standard parent for standard heterosis.
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4. RESULTS

4.1 Genetic variability
4.1.1 Variability, heritability and genetic advance

Analysis of variance showed significant differences
among the 22 genotypes of cucumber for all the 15 characters
studied (Table 3). The mean values are given in Table 4. The
population mean range, genotypic and phenotypic coefficients of
variation, heritability and genetic advance for all the 15

characters are given in Table 5.

Days to first male flower opening

Significant genotypic differences were observed for
days to first male flower opening. .The genotype Punerikhira
(Plate 1) was the earliest which took 28.6 days for the first
male flower anthesis. Kasaragod Local took the maximum days
for the same (51.0 days). The mean was 36.51 days. The PCV
was 14.5 and the GCV 11.20. This character had comparitively

low heritability (60%) and genetic advance (17.94%).

Days to first female flower opening

The performance of the genotypes with respect to the
opening of female flowers was similar to that of male flower.

It ranged from 32.2 days in Punerikhira (Plate 1) to 52.5 days

+1



Table 3 Analysis of variance for 15 characters in 22 genotypes of cucumber

Kean square
Source of df Days to Days to Node to Days Dura- Bran- Vine Fruits/  Fruit  Fruit  Frait Froit  Seeds/ 100 Yield/
variation first first first to tion  ches/ length plant weight length girth dia- fruit seed  plant
sale female  female first of the plant seter weight
flower  flower  flower har- crop
opening  opening vest
Replication § 26,01 10,86 .21 7.82  9.78 0.B7 298,13 0.13 89.00 0.30 0.59 4.88 992,00 4.60 1,82
1] #H 1] H 11 1] 13 1 1 11 i 1 T 1 1]
Genotypes 21 44,87 49.51 18,46 80.24 209.57 434 1300.06 37.62  19061.86 26,97 14,00 1.38  44186.17 0,57 4.03
Error 21 1.2 7.41 0.79 2,30 6,09 0.30 103.48 3.35 366,05 117 1,69 0.17 266,14 0.01 0.12

#¢ Significant at 1X level



Table 4 Mean value of 15 biosetrical characters for 22 cucumsber genotypes

Days to Days to Node to Days Dura- Bran- Vine Fruits/ Fruit Fruit Fruit Fruit Seeds/ 100 Yield/

first first first  to tion  ches/ length plant  weight length qirth dia~ fruit seed  plant
Senotypes male fesale  female first of the plant (cal {g) {ca)  (cm)  meter weight  (kq)

flower  flower  flower har- crop {ca) {g)

opening  opening vest  (days)

1 2 3 4 b b 7 8 9 10 it 12 13 14 15 16

1. Japanese Long Green 37.00 4;:;; 4,00 49,00 69.13  9.00 120.20  3.40 90,00 27.00 B.75 2.79 420.30 2.30  0.28
2. Spineless Long Green 36.35 38.34 6,50 52.50 #9.00  4.00 101,25  3.60 111,00 16,28 10,75 3.43 796,00 2.B4  0.18
3. Marvel Long 39.98 40.67 4.92 5150 57.75 450 76,57 3.13 112,50 15.50 17.00 5.4 713,00 L.79  0.23
4, BSS 169 37.50 39.50 2.6  M4.00 61.25 7.50 6100  7.50 192,50 15.00 16,50 5.26 360.50 2.13 1.2
% 8] 34.40 35.68 .75 43,00 48.63 5.70 106,38  5.97 149,34 13.50 15,50 %.24 340.50 2.02 0.9
6.  Gangtok Local 31.40 32.80 .90 41,75 53.00 5.50 106.20 (1,13 162,79 11.98 16,34 5.20 562,50 2.33  1.43
7. Batlagundu Lotal 33.05 36.00 7.50 43,00 71,50  3.00 9i.46  3.00 214.50 12.63 15,50 4.89 626,50 1.7 0,58
8. Sel 75-2-10 36,10 36.57 .74 44,67 6125 AT T0.50 B.04 145,00 13.13 13,25 A.23 25B.00 2.06  1.89
9. €59 32,20 32,30 2,70 40,80 55.50  5.00 123,28 13.65 248,50 13.88 17,38 §5.49 371,50 2.58 2.44
10 Kasaragod Local 31,00 32,30 13,00 63,00 £8.30 3.50 55.00 3.00 127,50 13.75 14,50 4.0 298,50 1.94  0.73
11. €5 11 36.350 33.97 444 44,00 BL2F b5 7310 9.52 247,00 20.00 16,59 5.26 239.50 2.40 3,22

st



Table 4 contd.

{ 2 3 4 3 b 7 8 9 10 11 12 13 14 15 16

12, €§ 12 34,00 37.33 3,13 43,50 78.63  5.63 128.42 15.57 534,34 18.B4 20,34 6.4 3b3.00 2.5 623
13. BS5 236 35.80 39.15 3.80 46,50 6B.00  6.00 94460 5,50 102,50 17.00 1675 5,33 369.50 271 0.97
14, Punerikhira 28. 60 32,20 340 42,48 69.00 450 109.77 12,55 210,63 14,35 16,27 5.1B 512,50 1.9% 2.07
15. Sheetal 34.10 36.35 3.75 43,00 668.00 7.13 {155.50 10.58 75,00 21.13 19.50 .08 267.50 2.91 2.98
16. ARC-1 34,90 39.03 3,93 46,00 68.25 5.75 92.98 12,00 185,63 14.11 16,83 5.25 253.00 2,79 1.45
7. Poinsette 36.10 33.78 3,93 42,00 55.00 4,00 90.80 15,80 {44.00 17.25 15.25 4,86 521,00 2,06 2,95
18, Bikkim Samney 45,00 8.5 11,50 61,50 56,75  3.00 118.50 2,50 72,50 14,50 16,25 5.13 317,50 .61 0,19
19, White Long 38.73 41.5 11,50 57,50 71.00 7.2 145,75 A.50 101.00 13,00 11.00 3.5% 520.50 1,49 0,52
20, BSS 235 32,64 R WY 4,25 46,50 65.00  6.50 102,87  8.50 142,50 12,00 15,50 4,99 296,50 2.76 1,22
21, Breen Long 36.88 36.84 4,25 45,50 7175 7.00 118.25  5.60 215.50 20.50 15.75 4,98 33.50 I35 L33
22, BSS 148 40.75 £0.50 8.7% 51,00 67,75  5.25 110,77  3.50 126.50 18.25 15,00 5.13 415,00 2.54 0,53

SE (4N) 3,35 2.2 0.89 1,68 2.47 0.3 10.17 1.83 19.13 1,08 1.29  0.41 16,31 0.10 0,35

£0 0.0 6.9b 3.66 1.8 3.42 5.13 1.14 21,16 3.81 39.80 .24 2,49 0.8 33.93 0.21 0,72

co (0.01) 9.48 1.70 2.52 .64 6,99 1,56 28.79 5.18 54.14 306 3,85 116 4617 028 0.99




Table 5 Range, mean, PCY, GCV, heritability and genetic advance as per cent of mean for 15 characters in cucumber
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Characters Range Mean+SE PCY gCY Heritabi- Genetic advance as

(%) (%) lity (X)) percentage of sean

1. Days to first male flawer opeming  28.60-51.00  36.5182.37  14.5  11.2 60,0 17.94
2. Days to first female flower opening 32.20-52.%50 38.16+1.93 14,0 12,0 74.0 21.30
3. Node of first female flower 2,63-13.00 3.5040.63 56.90 83.6 92.0 105.61
4, Days to fruit harvest 40,80~63.00 47.40+1,16 13.6 13.1 93.0 26.16
9. Duration of the crop (days) 48,63-88.5¢0 63.27+1.74 15.9 15.95 94.0 30.92
6. Branches/plant 3.00-9.00 5.56+40,39 27.4 25.5 87.90 49.06
7. Vine length (cm) 55.00-155.50 102.41+7,19 25.9 23.9 85.0 45.54
8. Fruits/plant 2,50-15.80 7.67+1.29 39.0 53.9 B4.0 101.72
9. Fruit weight (g) 72.50-334.34 172.31+413,53 §7.2 56.1 96.0 113,39
10. Fruit length (cm) 11.98-27.00 16,160,746 23.2 22.2 92.0 43,87
11. Fruit girth (cm) 8.75-20.34 15.55+0,91 18.0 16.0 79.0 29.25
12, Fruit diameter (cm) 2.79-6.48 4.94+0,29 17.9 15.8 78.0 28.75
13. Seeds/fruit 253-796 418.02+11.54  36.5 36.3 99.0 74,24
14, 100 seed weight (g) 1.17-3.51 2.28+0,07 23.7 23.3 96.0 46.91
15. Yield/plant (kg) 0.18-6.23 1.5040.25 95.8 92.9 24,0 184.33
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in Kasaragod Local, with a mean of 38.16 days. The PCV was

14.0 and the GCV was 12.0. The character recorded a moderate

heritability (74%) and genetic advance (21.30%).

Node to first female flower

The node to first female flower ranged from 2.63 in
BSS 163 (Plate 2) to 13.00 in Kasaragod Local with a general
mean of 5.50. This trait exhibited a phenotypic coefficient of
variation of 56.00 and genotypic coefficient of wvariation of

53.60, resulting in high estimates of heritability (92%) and

genetic advance (105.61%).

Days to first harvest

The first fruit was harvested within 40.8 days in
CS 9 which was closely followed by Gangtok Local (41.75 days)
and Poinsette (42 days). Kasaragod Local took maximum days to
first fruit harvest (63 days). The variation for the trait was
mainly genetical (PCV, 13.60; GCV, 13.14) as evidenced by high

heritability (93%). The estimate for genetic advance was low

(26.16%).

Duration of the crop

Duration of the crop ranged from 48.63 days (SC 1) to

88.5 days (Kasaragod Local) with general mean of 65.27 days.

It recorded a PCV of 156.9 and GCV of 15.5. It showed high



Plate 1.

Punerikhira, the earliest flowering genotype

Plate 2.

BSS 169, the genotype which produces
female flowers in the lowest node






heritability (94%) and comparitively low genetic advance

(30.92%).

Branches/plant'

Branches/plant was maximum for Japanese Long Green
(9.0) and minimum in Sikkim Sawney (3.0) with a mean of 5.58.

The PCV was 27.4 and GCV 25.5. Heritability was 87 percentage

and genetic advance 45.06 percentage.

Vine length

The main vine length ranged from 55.00 to 155.50 cm
with a general mean of 102.41 cm. The genotype Kasaragod Local
was the shortest (55.00 cm) while Sheetal (Plate 3) had longest
vine (155.50 cm). It had a PCV of 25.9 and GCV of 23.9. Heri-

tability was 85 percentage and genetic advance was 45.54

percentage.

Fruits/plant

The genotype Poinsette produced maximum fruits per
plant (15.8) closely followed by CS 12 (15.57) while genotype
Sikkim Sawney had the minimum number (2.50). Fruit number
showed high PCYV and GCV (59.0 and 53.9 respectively) with a

heritability of B4 percentage. It also indicated high genetic

advance (101.72%).
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Average frult weight

Average fruit weight exhibited a wide range of
variation from 72.50 g in Sikkim Sawney to 534.34 g in CS 12
(Plate 4) with a general mean of 172.31 g. The difference in
fruit weight was mainly genetical (PCV, 57.2; GCV, 56.1) as

evidenced by high heritability (96%) and genetic advance

(113.39%).

Fruit length

The fruits of Japanese Long Green were the longest
(27.00 cm) where as those of Sikkim Sawney were +the shortest
(11.98 cm). The over all mean was 16.16 cm. Major part of the
variation was genetic (PCV, 23.2; GCV, 22.2) as evidenced by
high estimate of heritability (92%). The genetic advance was

moderate for fruit length (43.87%).

Fruit girth

The differences for fruit girth were significant and
it ranged widely from 8.75 c¢m in Japanese Long Green to
20.34 cm in CS 12 (Plate 4) with a general mean of 15.55 cm.
It recorded a PCV of 18.0 and GCV of 16.0 with moderate herita-

bility (79%) and genetic advance (29.25%).

Fruit diameter

Fruit diameter was maximum (6.48 cm) in genotype

CS5 12 (Plate 4) and minimum (2.79 cm) in Japanese Long Green



with a mean of 4.94 cm. It recorded a PCV of 17.9 and GCV of
15.8. This character had a moderate estimate of heritability

(78%) and genetic advance (28.75%).

Seeds/fruit

Seeds/fruit ranged widely from 253 (ARC-1) to 786

Long Green) with a general mean of 418.02. The
The PCV

(Spineless

genotypic variation contributed mostly to seeds/fruit.

was 36.5 and GCV 36.3, resulting in high heritability (99%) and

genetic advance (74.24%).

100 seed weight

100 seed weight was maximum in Green Long (3.51 g)
and minimum in Batlagundu Local (1.17 g) with an over all mean
of 2.28 g. The phenotypic and genotypic coefficients of
variation were 23.7 and 23.3 reespectively resulting in high

heritability (96%). The genetic advance was 46.91 percentage.

Yield/plant

Wide variation existed among genotypes for yield/
plant. Yield was highest (6.23 kg) in CS 12 (Plate 4) followed
by CS 11 (3.22 kg). Lowest yielder was Spineless Long Green
(0.18 kg). The average yield was 1.50 kg. Yield/plant was
found to be genetically controlled (PCV, 95.8; GCV, 92.9) as

evidenced from very high estimate of heritability (94%) and

genetic advance (186.33%).
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Plate 3.

Sheetal, the genotype with longest vines

Plate 4.

CS 12, the genotype with highest yield
and fruit weight, girth and diameter






4.1.2 Correlation studies -

The phenotypic, genotypic and environmental corre-
lations among yield and its components have been estimated and

the results are presented in Table 6, 7 and 8.

The characters which significantly contributed to
yield were days to first male flower opening, days to first
female flower opening, node to first female flower, days to
first harvest, fruits/plant, average fruit weight, fruit girth,
fruit diameter and seeds/fruit. Fruits/plant exhibited the
highest positive and signifiéant correlation with fruit yield
(r. = 0.8078, r, = 0.8336, r, = 0.6960) followed by average

P £
fruit weight (rp = 0.7879, rg = 0.8329, ro = -0.1081), fruit

girth (r = 0.5485, rg = 0.6147, ry, = 0714) and fruit

p Q.
diameter (rp = 0.5474, rg = 0.61786, re = 0.1582). Days to

first harvest exhibited significant negative correlation with

fruit yield (rp = -0.5054, rg = -0.5238, r, = -0,2256) followed
by node to first female flower (rp = -0.43086, rg = -0.4425,
rg = -0.2797).

Intercorrelation among yield components

Days to first male flower opening exhibited negative
correlation with yield through fruits/plant, average fruit
weight, branches/plant and vine length (rg = -0.6704, -0.3910,

~0.3591 and -0.3538 respectively). High positive correlation
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Table 6 Phenotypic correlation coefficients (rp) among yield and its coaponents in cucuaber

Characters

Days to tirst male
fiower opening (g

Days to first female
flower opening (Xp)

Node to first
female flower (Xs)

Days to first
harvest (X‘)

Duration of
the trop X

Branches/plant g
Vine length fXq)
Fruits/plant (Xg)
Fruit weight (Xg)
Fruit length (Xloi
Fruit girth (X,
Fruit diaseter (Xyq!
Seeds/fruit (Xyg

100 seed weight (qu)

Yield/plant (X157

0.8133 0.7161 0.7956 0,2451 -0.242% -0,3073 -0.5402 -0.3181 0.0456 -0,2086 -0,2091 -0,1187 -0,2073 -0, 353!

0.7106 0.8786 0.3083 -0.1948 -0.1653 -0.5797 -0.3371 0.0402 -0.2441 -0,2448 -0.1099 -0,2603 -0.4077

0.8496 0.2658 -0.3352 -0.0044 -0.5937

-0.3347 -0,1765 -0.2803 -0.2828 0.0955 -0.4588 -0.4304

0.2186 -0.2839 -0.0813 -0.6338 -0.4324 -0.0282 -0,37B2 -0.3764 0.0653 -0.2825 -0.5054

0.2042 -0.0855 -0.0409
0.3118 -0.0055

0.1605

0.3093 0.2475 0.0712 0.90700 -0.3927 -0,0129 0.2757
0.0162 0,4503 -0,1559 -0.1966 -0.2238 0.2977 0.0463
0.0230 0.2815 ©,0403 0.0264 0.0084 0,1795 0.1971
0.5465 -0,0279 10,4871 0.4894 -0.2305 0.2351 0.8078
0.0056 0.4749 0.4848 -0.1337 0,0506 0.7879

-0.0757 -0.0868 -0,13680 0.3471 0.1738

0.9988 -0.3070 0.1387 0.5483

-0.3019 0.1570 0.5474

-0.275% -0.31%0

0.1371
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Table 7 Genotypic correlation coefficients (rg) among yield and its components in cucuaber

Characters

Days to first sale
flower opening (Xl)

Days to first female
flower opening (Xz)

Node to first
female flower (XS)

Days to first
harvest (14)

Duration of
the crop (XS)

Branches/plant Xy
Vine length Xy
Fruits/plant (Xg)
Fruit weight (1g)
Fruit length (X,
Fruit girth (Xlﬂ
Fruit diameter X
Seeds/fruit R

100 s=ed reight (Xl‘)

Yield/plant “15’

1.8937 0.8379 0.9680 0,3951 -0,3591 -0,3538 -0.6704 -0,3910 0.1485 -0.2206 -0.2276 -0.1593 ~0.2842 -0.3949
0.8480 0.9408 0.3463 -0.2179 0.2244 -0.7213 -0.3876 0.1396 -0.2744 -0,2812 -0.1299 -0,2939 -0.4614
0.9203 0,3068 -0,3953 0,0128 -0.5643% -0,3498 -0,.1810 -0.3451 -0.3300 0.0909 -0.4740 -0.4425

0.2307 ~0.3000 ~0.0636 -0.7187 -0.4578 -0,0061 -0.4315 -0.4357 0.0455 -0.2924 -0.5238

0.239¢ ~0.1179 -0,0451 0.3172 0.2710 0.1147 0.1137 -0,3978 -0,0056 0.2810
0.3544 0.0118 0.0418 0.5i14 ~0.1503 -0.1560 -0.2527 0,3550 0,0434

0.1669 0.0256 0.3252 0.0934 0.0807 0.00149 0,2193 0.1904

0.6273 -0.0926 0.4988 0.5058 -0.2404 0.2429 0.833b

0.0056 0.5119 0.5242 -0.1378 0.0487 0.8329

-0.1890 -0.2057 -0.1507 0.3499 0.1730

0.9997 -0.3542 0.1390 0.6147

-0.3514 0.1385 0.5174

-0,2856 -0,3160

0.1793




Table B8 Environsental correlation coefficients (r ) among yield and its components in cucumber

Characters

Days to first sale
flower opening (Xl)

Pays to first fesale
t1omer opening (!2)

Node to first
fenale flower (Xﬁ

Days to first
harvest (X4)

buration of
the crop (Xs)

Branches/plaat (lb)
Vine length (X,)
Fruits/plant ﬂy
Fruit weight (Xg)
Fruit length (X4l
Fruit qirth (xll)
Fruit diameter (I,

Seeds/fruit (113)

100 seed weight (Xyg

Yield/plant (Xls)

0.2627 0.518% 0f4366 -0.3480 0.0726 -0.2233 -0.2545 -0.1702 -0.2451 -0.1951 -0,1799 0,0589 -0,1783 -0.3548!
0.0B41 0.7404 0.1556 -0.1091 0.0659 -0.0603 -0.1019 -0.4845 -0.1475 —0.1385 0.,0214 -0,1249 -0, 1839
-0.0333 ~0.2641 0.1716 -0.1419 -0.2561 -0.1106 -0.1271 -0,0969 -0.0983 0.2909 -0,2419 -0,2797

0.0310 -0.1452 -0.2504 -0.0021 0.0359 ~0.3076 -0.0677 -0.0361 0.0872 -0,0990 -0,2254

-0.1442 0.2222 -0.0085 0.1528 -0.0472 0.2531 -0,2493 -0.3371 -0,1474 10,1891
0.0467 ~0,1076 ~0.3145 0.0338 -0.1896 -0.1663 0.2728 -0.3971 0,0804

0.1257 -0.0016 ~0.0555 -0,2052 -0,2197 -0,2255 -0,2654 ~0,2862

-0.2073 0.4570 0.4411 0.4271 -0.2738 0.2214 0.6940

0.0060 0.3268 0.3355 0,0337 0.1005 ~0, 1061

0.6400 0.6434 0.1786 0.3323 0.1874

0.9958 0.1120 0.4274 0.1714

0.1338 0.4125 0.1582

0.1629 -0.5463

-0.29¢48




was observed between days to first male flower opening and days
to first harvest (0.9680), days to first female flower opening

{0.8937) and node to first female flower (0.8379).

Days to first female flower opening had high negatve
correlation with fruits/plant (-0.7213) and average fruit
welght (-0.3876). Days to first harvest (0.9408), node to
first female flower (0.8480) and days to first female flower

opening exhibited high positive correlation with days to first

female flower opening.

Node to first female flower exhibited high negative
correlation with fruits/plant (-0.6439) and 100 seed weight
(-0.4740). Node to first female flower had high positive
correlation with days to first male flower opening, days to

first female flower opening and days to first harvest (0.9203).

Days to first harvest was negatively correlated
with fruits/plant (-0.7187) followed by average fruit weight
(-0.4578), fruit diameter (-0.4357) and fruit girth (-0.4315).
Days to first harvest had positive correlation with days to
first male flower opening, days to first female flower opening

and node to first female flower.

Duration of the crop had high positive correlation
with days to first male flower opening (0.3951), days to first

female flower opening (0.3465), average fruit weight (0.3172)
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and node to first female flower (0.3068). Seeds/fruit

{(-0.3978) showed negative assocliation with duration of the

crop.

Branches/planf showed positive association with fruit
length (0.5114), 100 seed welight (0.3550) and vine 1length
(0.3544). Node to first female flower (-0.3953) and days to

first male flower opening (-0.3591) were negatively corelated

with branches/plant.

Vine 1length exhibited positive correlation with
branches/plant and fruit length (0.3252). Days to first male

flower opening had negative correlation with vine length.

Fruits/plant had a high positive association with
yield +through average fruit weight (0.6273), fruit diameter
(0.5058) and fruit girth (0.4988). Days to first female flower
opening, days to first harvest, days to first male flower

opening and node to first female flower were negatively

correlated with fruits/plant.

Average fruit weight showed high positive correlation
with yield through fruits/plant, fruit diameter (0.5242) and
fruit girth (0.5119). Days to first harvest, days +to first
male flower opening, days to first female flower opening and
node to first female flower (-0.3498) were negatively

correlated with fruit weight.
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Fruit length had positive correlation with branches/

plant, 100 seed weight (0.3699) and vine length.

Fruit girth exhibited high positive correlation with
yvield through fruit diameter (0.9997), average fruit weight

and fruits/plant. Days to first harvest and seeds/fruit

(-0.3542) negatively correlated with fruit girth.

Fruit diameter had high positive association with
vield through fruit girth, average fruit weight and fruit
diameter. Days to first harvest, node to first female flower

and seeds/fruit (-0.3514) were negatively correlated with fruit

diameter.

Seeds/fruit showed high negative association with

duration of the crop, fruit girth and fruit diameter.

100 seed weight was positively correlated with fruit
length and branches/plant. Negative association was noticed

between node to first female flower and 100 seed weight.

4.1.3 Path coefficient analysis

The genotypic correlations among yield and its
component characters were partitioned into different components
to find out +the direct and indirect contribution of each
character on fruit yield (Table 9, Fig. 1). The characters

viz. fruits/plant, average fruit weight, fruit 1length, fruit
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Table 9 Direct and indirect effects of five yield components on fruit yield in

cucumber

. = = En N e S e e v - T . T R VR W W e din d o = o - e S e S Mt Tee R MR e A e M o e - A T T e e e me o - . = e = = .

Fruits/ Fruit Fruit Fruit Fruit Total
Characters rlant weight length girth diameter correlation
Fraits/plant 0.491  0.617  0.027  14.342 -14.645 0.832
Fruit weight 0.308 0,984 -0.002 14.719 -16.177 0.832
Fruit length -0.045 0.006 -0,291 -5.435 5.938 0.173
Fruit girth 0.245 0.504 0.055 28,764 -28.944 0.614
Fruit diameter 0.248 0.516 0.060 28.745 -28,953 0.616

e e e e G e T e e G M G s S R St See M A M M L G Gt e A e A e T M TR M S S e G TR T A S e Rem M . W R e = e S e e e S e M v G M - e - e -

Residual effect (R) = 0.1681
{Underlined, diagonal values indicate direct effects)
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girth and fruit diameter which showed significant correlation

with yield alone were selected for path coefficient analysis.

The path analysis revealed that fruit girth had the
maximum positive direct effect on fruit yield (28.754) followed
by average fruit weight (0.984) and fruits/plant (0.4391). The
direct effect of fruit diameter was high and negative (-28.953)

and that of fruit length was negligible.

Though the direct effect of fruits/plant on fruit
yield was low in magnitude it exerted high and positive
indirect effect through fruit girth (14.342) and fruit weight
(0.617). The indirect effect of fruits/plant on fruit yield
through fruit diameter was high and negative (-14.645). The

indirect effect through fruit length was low in magnitude.

Average fruit weight exerted a positive and high
indirect effect through fruit girth (14.719) and a negative and
high indirect effect through fruit diameter. The indirect
effect through fruits/plant was positive but 1low and that

through fruit length was negligible.

Fruit 1length exerted a positive indirect effect
through fruit diameter (5.938) and negative indirect effect
through fruit girth (-5.435). However, the indirect effects

through other characters were negligible.

The 1indirect effect of fruit girth on fruit yield

through fruit diameter were high and negative (-28.944) even
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Fig .1 Path diagram showing direct effect and genotypic correlation in cucumber

Path coefficients

0.491
0.984

/ -0.291
\ 28.754
-28.953

0.168

Y - Yield/ plant

X\ - Fruits / plant
X, - Average fruit weight

X3 - Fruit length

Correlation
0.6273
-0.0926 0.0056
0.4988 0.5119 -0.1890
0.5058 0.5242 -0.2051 0.9997
X, - Fruit girth

X - Fruit diameter

R - Residual effect




though it had the maximum direct effect. The indirect effect

of fruit girth through other characters were positive but low.

Though the direct effect of fruit diameter on fruit
yield was high and negative, the correlation coefficlient was
high and positive, according to the fact that +the high and

positive indirect effect of fruit girth (28.745) was respon-

sible for this.

The residual effect due to the unknown causal factors
influencing yield was 0.17 indicating that the five characters

considered in path analysis contributed to about eighty three

per cent of the fruit yield.
4.1.4 Selection index (discriminant function)

Selection index is used to discriminate the genotypes
based on major components of yield, viz. node to first female
flower, days to first harvest, fruits/plant, average fruit
weight, fruit 1length, fruit girth, fruit diameter and
vield/plant. The selection index prepared based on yield/plant
and other characters are presented in Table 10. The merit of
each character explained in terms of b-coefficients in the

discriminant function
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Table 10 Selection index (score) for twenty two different
genotypes of cucumber

S1.No Genotypes
T s1z  1036.3¢4
2. Cs 11 504.41
3. Cs 9 450. 39
4. Punerikhira ‘ 376.39
5. Green Long 370.46
6. Batlagundu Local 355.12
T. BSS 169 322.53
8. Poinsette ) 317.97
9. ARC-1 316.79
10. SC-1 277.61
11. Gangtok Local 277.13
12. BSS 235 271.31
13. Sel. 756-2-10 264.08
14. Kasaragod Local 208.28
15. BSS 168 194.68
16. Spineless Long Green 170.31
17. White Long 163.38
18. Marvel Long 158.45
19. Sheetal 1566.98
20. BSS 236 149.27
21. Japanese Long Green 138.75

22. Sikkim Sawney 94.56



b - coefficient

Character
Node to first female flower = 0.4252
Days to first harvest = -0.0832
Fruits/plant = -0.0767
Average fruit weight = 0.8794
Fruit length = - -0.0087
Fruit girth = 4.5263
Fruit diameter = -17.9015
Yield/plant = 12.1309

The highest index was recorded by the genotype CS 12
(1036.34) followed by CS 11 (504.41), CS 9(450.39), Punerikhira

(376.39), etc. in that order.
4.2 Combining ability and heterosis

4.2.1 Combining ability analysis

The analysis of variance showed significant differ-
ences among 28 genotypes for all the fifteen characters
(Table 11). Analysis of variance for combining ability
revealed that the variance due to gca and sca were significant
for all the traits (Table 12). Estimate of gca effect of
parents and sca effects of hybrid combinations are presented in

Tables 13 and 14 respectively.
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Table 11 Analysis of variance for 15 characters in 28 genotypes of cucusber

Hean square
Source of df Days to Days to Node to Days Dura- Bran- Vine Fruits/ Fruit Fruit Fruit Fruit Seeds/ 100 Yield/
variation first first first to tion  ches/ length plant  weight length girth dia- fruit seed  plant

aale female  female first of the plant aeter weight

flower  flower tlower har- crop

opening  opening vest
Replication 0.02 0.49 0.01 5.84 14,25 0,01 162,96 0,05 £72 0.0 0.00 0.16 0.16 0,03 0.01

H 111 1 11 1] 1] 1} 11! H #H #H 1 " H "

Benotypes 27 50.48 51,83 9.12  53.66 62,68 7.40 107B.95 A9.05 18343.47 24.11 17,53 2,15 16833.08 0.42 3.3
Error il 5.77 5,29 0.39 £.03 3,38 0.iB 84,85 0.30 598.92 0.53 1.54 0.15 489.09 0.05 0,01

k& Bignificant at 11 level
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Table 12 Analysis of variance for coabining ability in a 7x7 diallel in cucusber

Mean square

Source of df Days ta Days to Node to Days Dura- Bran- Vine Fruits/  Fruit Freit Fruit Fruit  Seeds/ 100 Yield/

variation tirst first first  teo tion  ches/ length plant weight length girth dia- fruit seed  plant
sale female  female first of the plant seter wefght
flower  flower  flower har- crop
opening  apening vest -
H 11 11 11 # 1 11 1] 11 1 1 H 11 H 1
gea 6 955.28 52,30 20,58 35.18 55,23 11.74 421,96 45.78  21462.03 22.00 26.31 2,90 10060.08 0.09 4.20
" 11 11! 3 " 11! 5 " " 11 H H 1] 11 1
st 28 16,65 18,39 102,48 24,45 24,51 BB.11 573,05 12,74 3660.03 9.21 3.73  0.56 794695 0,25 0.9
Error 27 2.88 2,65 8.02 2,02 1,69 478 42,43  0.13 299.46 0,26 0,77 0,08 244,54 0,02 0,00

t2 Gignificant at 1% level
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Days to first male flower opening

Significant gca and sca variance were observed for
days to first male flower opening. Punerikhira possessed the
highest negative gca effect (-3.61) followed by CS 9 (-3.24).
BSS 169 x Japanese Long Green had highest negative sca effect

(-5.84) followed by CS 12 x Japanese Long Green (-3.50) and

CS 12 x Punerikhira (-2.61).

Days to first female flower opening

Significant gca and sca variances were observed for
this character also. Maximum negative gca effect was noticed
with CS 9 (-3.84) followed by Punerikhira (-2.88). The cross
BSS 169 x Japanese Long Green had maximum sca effect (-5.68)

followed by CS 12 x Punerikhira (-4.15) and Punerikhira x ARC-1

(-3.76).
Node to first female flower

Both gca and sca effects were highly significant for
node to first female flower. CS 9 possessed the maximum nega-
tive gca effect (-0.63) followed by CS 12 (-0.45). The hybrid
combination CS 12 x BSS 169 had the maximum negative sca effect
for node to first female flower (-2.05) followed by Punerikhira

x ARC-1 (-1.88) and CS 9 x BSS 169 (-1.75).
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Days to first harvest

CS 9 showed significant gca effect for days to first
harvest (-1.97) followed by Punerikhira (-1.79). Maximum nega-

tive sca effect was recorded with CS 12 x Japanese Long Green

(-5.51).
Duration of the crop

Significant gca and sca variances were observed for
duration of the crop also. Punerikhira recorded +the maximum
gca effect (2.55) followed by CS 12 (1.58). CS 9 showed the
lowest gca effect (-4.48). The cross BSS 169 x Japanese Long

Green had the highest sca value (9.52) followed by CS 9 x ARC-1

(9.32).

Branches/plant

Highest value of gca effect for branches/plant was
observed in ARC-1 and Punerikhira (0.72 and 0.46) where as
highest sca effects were recorded in the cross CS 12 x CS 9

(2.52) followed by BSS 163 x ARC-1 (1.68).

Vine length

The gca and sca effects were highly significant for
this character. Punerikhira possessed maximum gca effect

(11.10) followed by CS 12 (5.51) and CS 9 (2.47). Maximum sca
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effects were observed in CS 12 x Japanese Long Green (48.19)

followed by CS 9 x ARC-1 and Punerikhira x ARC-1 (35.79 and

356.78).

Fruits/plant

Fruits/plant exhibited highly significant gca and sca
variances. The parents with high gca effects were CS 9 (2.60)
followed by ARC-1 (2.24). High sca effects were shown by

Punerikhira x ARC-1 (7.74) followed by CS 9 x BSS 169 (4.04).

Average fruit weight

The gca and sca variances were highly significant for
average fruit weight. The genotype CS 12 had the maximum gca
effect (90.43) followed by Punerikhira (23.49) and CS 9 (8.68).

The cross CS 9 x ARC-1 recorded the maximum sca effect followed

by CS 12 x Punerikhira (90.94).

Fruit length

Significant gca and sca variances were observed for
fruit length also. Maximum gca effect was shown by Japanese
Long Green (2.20) followed by Green Long (1.61) where as CS 12
x Japanese Long Green (3.54) showed the highest sca effect

followed by Punerikhira x BSS 169 (2.68).
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Fruit girth

Fruit girth also exhibited significant gca and sca
variances. The genotype CS 12 recorded the highest gca effect
(1.24) followed by CS 9 (0.90) where as the crosses BS3S 169 x
Japanese Long Green, CS 9 x Japanese Long Green and CS 9 x

Green Long exhibited the highest sca values (3.08, 2.78 and

1.988).

Fruit diameter

Highly significant gca and sca variances were
observed for fruit diameter. Among the parents CS 12 had the
maximum gca value (0.34) followed by BSS 169 (0.32). Among the
crosses, Punerikhira x BSS 169 exhibited the highest sca effect

(1.42) followed by CS 9 x Japanese Long Green (1.41).

Seeds/fruit

The gca and sca variances for seeds/fruit were highly
significant. The paregt CS 12 had the highest gca value
(56.42). Maximum sca effect was shown by the cross CS 12 x
BSS 169 (112.21) followed by CS 9 x Japanese Long Green (72.71)

and CS 12 x Punerikhira (70.54).

100 seed weight

Both gca and sca variances were highly significant
for 100 seed weight also. The parents with high gca effects

were ARC-1 and Green Long (0.15 and 0.05). Hybrids with
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Table 13

Estinate of gca effects of seven cucusber genotypes for 15 characters

Parental Days to Days to Node to Days Dura-  Bran- Vine Fruits/ Fruit Fruit Fruit Fruit Seeds/ 100 Yield/
lines tirst first first  to tion  ches/ length plant  weight length girth dia- fruit seed  plant
adle female  female first of the plant seter weight
tlower  flower  flower har- crop
opening  opening vest
3 4 1] ¥ ] + [ 3 ¥ ] ] [ 3 4
£s 12 1.42 1.8 -0,45 -0,72 1.58 0.00 §.51 573 90,43 0.92 L4 0,34 5bh.42 0,03  0.99
¥ 3 * ) 3 % ' * ' H ) '
c5 9 -3.24 -3.84 -0,63 -1.97 -4,48 -0,18 2.4 2,60 8.68 -1.72 0.% 0,26 i5.B1 0.0 0.4
‘ H s $ & & ] * ' # ] ] s )
Punerikhira -3.61 -2.848 0,34 -1.79 2,55 0.4 11.10 1.2b 23.49 -1.532 0.4 018 -0.30 -0.06 0.3
% 3 1) ) % ' s * ' ' % t %
treen Long 2,52 131 i.18 3.49 0.42 -0.58 -6.71  -0.83  -26.71 1.6 0,29 0,22 -45.30 0.05 -0.37
$ H ¥ 3 & ] ) ¥ 3 ' ) 1)
8B5S 169 2.10 2,10 0.2 -0.30 -2.2b -0.46 -2.88 -2.40 -11,7% -0.88 0.85 0,32 41.03 -0,05 -0.5b
) ) ) * $ * % ' '
ARE-] 0.07 -0.07 -0.38  -0.34 1.3 0.77 -1.34 2,24 -1B.46 -0.62 0,03 -0,07 -32.B0 0,15  0.1%
4 # 4 & L 4 | J ] | 4 ] L] # *
Japanese Long Green 0,74 174 -0.18 1.42 0.88 0.05 -B.15 -~4.59 -45.65 2.20 -3.77 -1.23 -4,86 -0.15 -1.0%
8E (g;) 0.51 0.30 0.10 0.4 0.40 0.10 2.01 0.10 5.3 0.17 026 0.08 4,82 0,01  0.01
5E (gi-gjl 0.80 0.76 0.17 0.66 0,60 0.14 3,07 0.17 8.15 0.2¢ 041 0.12 .37 0.07 0.4

* Bignificant at 1 level
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Table 14

Estimate of sca effects of 21 Fy hybrids of cucuaber

for 13 characters

Days to Days to Node to Days  Dura- Bran- Vine  Fruits/ Fruit Fruit  Fruit  Fruit Seeds/ 100 Yield/
first first first to tion  ches/ length plant  weight length girth dia- ¢ruit seed  plant
Crosses nale female  female first of the plant seter neight
flower  flower  flower har- crop
opening  opening vest
1 2 3 4 3 6 7 8 9 10 11 12 13 14 13 6
] # ] % ] ] ] ] *
g6 12x0C89 -1.33 -1.68 1.66 0.13 -6.43 -1,14 -11,85 1,45 -111,75 0.46 -1.72  0.19 -41.57 0.00 -0.3b
£5 12 x & ] ] * ] ] % ] ] ]
Punerikhira =2.61 -4, 13 -1,43  -0,30 352 2,52 -10.57 1.38 90.94 -0.99 -0.04 -0.23 70.54 0.66 1. M4
LS 12 x ] # # # ] ] ' ] #
Green Long 4,98 3.9 1,35 14,47 -2,23 -1.62 -0.01 2,09 -6,3 -0.87 0.89 1,15 -23.96 -0.80 -0.b6
' ) ¥ ] * ] ] ) ] s * )
£6 12xBSS 169 11.58 13.04 ~2.00 2.4 333 -2.10 2.6 -5.59 -153.78 -2.38 -3.55 -1.16 112,21 0.07 -1.B0
# # ] # $ ] # $
€S 12xARC-1 -0.20 0.65 0.4 -2,00 -5.11 097 -25,63 -5,77 77,11 L1 0,40 0,27 38,54 -0.253 -1.73
CS 12xJapanese & % ¥ & t ¥ # 4 ¥ $
Long Green -3.50 -3.56 -0.1%  -5.5% -5.81 0.2 48,19 2,17 35,08 3.94 -1.06 0,88 25,60 0,00  0.3b
£8 9« % % ] ! s ] ] ]
Punerikhira 1.05 0.04 2,97 -1,05 -3.92 L6 2,22 0,75 45,19 0.63 0,68 0,35 -106.85 -0.41  0.45
CS 9 x ] s ¥ # 3 & 13 ) ¥ )
Green Long -3.01 -0.33 -1.63 3.22 370 -0.77 -16,72 1,22 -1461 0,02 1,98 0.19  5.65 -0.44 -0,42
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Table 14 contd.

i 2 3 4 ] [ 7 B 9 10 11 12 13 14 13 ih
£ ¥ ' N + s
€S 9xBSS 169 -0.26 -0.84 -1.73 -0.2% -0.61 -0.80 -17.84 .04 -42,03 -0.25 -1.%8 -0.29 15,32 0.09 0.0
' ' ] 3 * * ¥ '
€5 9xARC-1 -1.41 -0, 04 -0.39 -0.25 9.32 1,27 35.79 -1.5% 99.64 0.49 -1.,51 -0,90 57.63 -0.09 .33
£S 9rJapanese ¥ # * # ] ) * * + ¥
Long Breen -1.50 0.15 0.64 2,99 -1.25 -0.57 26,48 -4.23 31.83 -5.07 2,78 .41 72,71 0.09 -0.7{
Punerikhira x ) ] 3 % ¥
Green Long 0.39 0.20 -0,81 -0.26 0.18 -0,24 -11.98 -0,57 3.08  1.82 0.91 0.01 -465.74 -0.14 0.20
Punerikhira x * # ¥ & * ¢ ; '] ' * ¥
BSS 169 -1.29 2.36 3.00 5.3 -1.64 -1.81 11.81 -4 2 33.16 2.6B 1.59 1.42 -51.07 -0.33 ~-1.02
Punerikhira x # * ) ] ' & # 3 3
ARC-1 -2.11 ~3.76 -1.88 -4,02 & 79 0.63 35.78 7.74 34,83 0.80 -0.17 -0.07 0.26 0.26 0.78
Punerikhira x 4 t ] # ] ¥ ' $ ¥ * *
Japanese 2.84 5.30 -0,33 6,31 -0.03 -0,79 -36.03 -2,93 -117.98 -7.85 -1.66 -0.64 -177.68 -0.20 -0.83
Long Green
Green Long x # & | 2 [ 3 ¥ ¥ * s
BES 149 -0.18 -2.69 2,03 -3.45 -4,02 -1.15 0.38 -2.28 35.86  0.18 -0.97 -0,37 -4B.57 0.41 -0.27
t * % ¥ * N * * ¥ $ t * *
Breen Long x ARC-1 5,51 4,98 5.15 4,59 -5.59 -1.B3 1634 2,33 -97.48 -1.91 -1.91 -0.24 26.26 -0.79 0.16
Green Long x # ) ' 3 t ¥ + * ¥ )
Japanese 2.1 0.42 -1,04 -1.67 -2.66 -1.59 12,48 -0.99 -22,78 -1.39 -3.36 -0.68 -106.18 -0.55 -0.02
Long Green

—————
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Table 14 contd.

{ 2 3 4 5 b 7 8 9 10 11 12 13 i4 15 16
] 3 L] ] 3 |
BSS 149xARC-1 -1,82 -3.21 ~-1.54 0.58 -0.91 1.68 18,13 2.23 A7.61 L4014 0.72 -36.07 Q.17 1.33
BSS 149 x ¥ + * ! ' % % ¥ * L1 [ ' 1
Japanese -5.84 -5.68 2.89 -2.68 9.52 -1.78 5,97 0.73 72,30 -2.16 3.08 0.85 -3.01 -0.41 0.19
Long Green
ARC-1 «x % # % s 1 %
Japanese 1,08 -1.75 -0.36 1.86 -3,59 -3.& 4,62 -3.8 -11.,03 -1.42 -0.,85 -0.39 -58.18 0.24 -~0.M
Long Green
SE(sij) 1.52 1.45 0.34 1,27 1.6 0.2 5.4 0.4 15.53 0.45 0,78 0.24 14,03 0.14 0.05
SE('xj'sik) 2.2 2.17 0.50 1,89 1,73 0.40 B.48 0,50 23.07 0.68 1.16  0.36 20.85 0.20  0.07
SE (sij'skl’ .11 2,02 0.47 1,76 1.62  0.37 8.12 047 21,51 0.4 1,09 0.34 19,50 ¢.17 0,07

¢ Significant at (1 level
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highest sca effects were CS 12 x Punerikhira (0.66) and

Green Long x BSS 169 (0.41).

Yield/plant

Yield/plant recorded highly significant values for
gca and sca variances. Maximum gca effect was in parent CS 12
(0.98) followed by CS 9 (0.43). Maximum sca effect was shown
by hybrid CS 12 x Punerikhira (1.44) followed by hybrids CS 9 x

ARC-1 and BSS 169 x ARC-1 with same sca effects (1.33).

4.2.2. Heterosis in cucumber

Analysis of variance for seven parents and 21 hybrids
showed significant difference among the genotypes for all the
characters studied (Table 12). The relative heterosis (RH),
heterobeltiosis (HB) and standard heterosis (SH) calculated

are presented in Tables 15, 16, 17, 18 and 19.

Days to first male flower opening

Highly significant relative heterosis was shown by
the c¢ross BSS 169 x Japanese Long Green (-16.18%) followed by
CS 9xJapanese Long Green (-8.45%). Out of the 21 Fl hybrids,
eight hybrids expressed significant positive and negative
heterobeltiosis, but only one (BSS 169 x Japanese Long Green)

showed heterobeltiosis in the desired direction (-15.64%).
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Table 15

first female flower in cucumber

Heterosis for days to first male flower opening, days to first female flower opening and node to

" o 0 v St S - - = Y = et GO S e ma e A - A e e e T G e A e e e A SR AR e s Am S A AP S e R S W A P N s S wm i e S A AR N S G e D e G S8 W G W G e e A

Days to first female
flower opening

Genotypes

Parents/cropss

Days

- S ——— "= S - A A = = ———

Mean
{No.)

to first male flower

(%)

Mean

(No.)

e - e o v . TS S > e G eyt WD P B S B G - e e WS S e e =y e = T Sm e G e G B S s e Gt A G W e A G S e BB e M S e . P T . AP S G T S B8 A = e e R e am oW e s S A e e an e W

S e e v o S S e - . = Vv A . e o = e =t v e e B A A e L AR B R e T A e S S S SR A - T = e e A - = A . e A s e T = e s = - aa e P e e S s e o= w o

Punerikhira
fireen Long
B3S 169

ARC-1
Japanese Long
Green

Cs 12 x €S 9§

CS 12 «x
Punerikhira

€S 12 «x
Green Long

C5 12xBSS 169

opening

RH HB

(%) (4)

3 4
-2.31% 0.00
-2.58 5.25

* ¥ ¥ %
27.91 30.61

* ¥ * %
39.18 48, 69

-4. 52

-9. 33

43.12

35.00

33.50

-0.83

-2.85

6.87

0.51

~7.48

~11.4%

2.91

35.84

5.295

2.88

3.95

3.75

.50

3.38

7.00

flower
RH HB
(%) {%4)
11 12
'3 '3
56.25 88. 68
-15.20 -11.99
* ¥ * #
49.33 69.70
*
-27.43 -11.463

**
33.50

-17.96
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€8 12 x ARC-1

CS {2xJapanese
Long Green

€S 9 x
Punerikhira

£S5 9 x
Green Long

€5 9x BSS 149
C8 9 x ARC-1

C5 9xJapanese
Long Green

Punerikhira x
Bfreen Long

Punerikhira x
PS8 149

Punerikhira x
ARC~-1

Punerikhira »
Japanese Long
Green

Green Long «x
BSS 169

32.17

34,50

31.12

31.90

35.20

_3- 37

-6.09
-3.83

-qub

-11.70

7.81

—3'43

-7.17

3.91

"1-79

5.34

-4.96

—2-60

19.12

12.01

—12124

-6.21

0.98

-9-27

-7-00

2,62

32.40

36.42

36.50

35.12

37.12

37.92

40,67

-6.70

-1.94

1.74

-2.08

-4,10

_4-65

5.08

-1.01

11.19

11.45

7.23

13
13.36

%
13.76

3]
22,01

-2187

13
29.76

~-3.72

~3.52

-7.14

-1.88

0.24

7.51

10 11
4,55 12.69
4.10 4,13

*y
7.60 123.19
3.84 ~6.06
2.b66 ~7.94
3.53 2.69
13
4.73 42.54
*%
3.62 23.83
i

10.38 209.24
3.00 -22.93
4,75

23.25

(2
B8.25 103.08

%

160.72

31.56

-7.30

20,93

¥
62.95

11
44.68

* %

260,87

-21.77

26.67

-0.49

3
B84.47

-6.50
%

-35.44

-14.32

15.29

'3
36.41

*
151.94

*
-27.18

15.29
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Green Long x
ARC-1

Green Long x
Japanese
Long Green

BES 169xARC-1
BSS 169 «x
Japanese Long
Green

ARC-1 «
Japanese Long
Breen

SE m+

€D (0.03)

€D (0.01)

41.88

36.25

32.90

37.80

2.40

4.92

"2-85

%
~146.18

1.77

*#
~15.64

42.73

37.90

37.25

-7.90

*¥
-14,29

-8.91

10.08

~-6.42

-10.89

=3.70

2.08

—1-53

3.09

* %

9.88 114,47

4,88

3.12

7.75

8.33

-8.42

1]
133.9¢6

8.77

E
169.57

b.b67

0.53

1.09

*E
139.81

18.45

_24 . 27

*E
88.11

-2.%1
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Standard heterosis was observed in 10 hybrids for days‘to first

male flower opening was not in the desired direction.

Days to first female flower opening

Significant relative heterosis, heterobeltiosis and

standard heterosis were expressed for days to first female

flower opening. Maximum relative heterosis was shown by BSS 169

x Japanese Long Green (-14.29%). Punerikhira x ARC-1 (Plate 5)
also had high relative heterosis (-12.30%). Heterobeltiosis
also was the highest in BSS 169 x Japanese Long Green
(-10.89%). Highly significant negative standard heterosis

(-14.41%) was shown by the cross Punerikhira x ARC-1 followed

by CS 9 x Punerikhira (-14.35%).

Node to first female flower

Maximum relative heterosis and standard heterosis was
shown by CS 12xBSS 169 (-27.43%, -38.35%). None of the hybrids
showed significant heterobeltiosis. Other hybrids with

standard heterosis were CS 9xBSS 169 (-35.44%) and Punerikhira

x ARC-1 (-27.18%).
Days to first harvest

The relative heterosis, heterobeltiosis and standard

heterosis were not significant in any of the hybrids.
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Table 16 Heterosis for days to first harvest, duration of the crop and branches/plant in cucuaber
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Parents/cross
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(L)
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Mean
{No,)

A AR Y e S L ey = L S S T G G M S T G R e . e TR D D S ey o A e G e s s e A S A B e . W e Rv A e S AR e R A G e Bu M e e A e e A = e R e e GG G e G T N S e e A

- G S e G T e SR B e Y TS S G A S R e T . - . e e v " W e . T A 4 A o S S n m S Ve e e G MR A S e R e e e e e S S N M A M A v A S - T A B G G S WP A T S e A e e . A = 8 me e S S e - -

Punerikhira
Sreen Long
BSS 169

ARC-1
Japanese Long
Green

£6 12 x C8 9

CS 12 x
Punerikhira

€5 12 x
Green Long

C8 12xBES 169

47.50

45.88

47.50

30.75

446.00

45.75

66.00

8.55

B.44

11
46.67

¥
11.89

-B.88

9.25

*%
55.29

* %
17.65

8.24

7.65

¥
35.29

%
17.65

74,00

60,50

71.00

71.50

58.50

73.50

* %

-13.89

1.43

%%
-10-65

* %
-24-39

-2042

**
=-12,60

¥
-8.89

%%
~24.39

~-2.42

*#
~12.60

rx
-8.89

7.12

.75

6.30

B.75

3.38

7.66

2.50

2.12

%%
-32.50

*%
91,41

* %
-591 60

*%
~-64.58

L X ]
-350 71

2
45.00

* %
~68.9!

x%
-68.952

¥
-33.714

¥
45.00

¥
-52.38

¥
59.62
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€S 12xARC-1 45,50
€S 12xJapanese

Long Green 43.735
€S 9 «x

Punerikhira 43.75
CS 9 x

Green Long 93.50
C6 9 «x

BES 169 46,00
CS 9xARC~1 46.00

€S 9 x Japanese
Lang Green 51.00

Punerikhira «x
Green Long 50.20

Punerikhira x
B58 149 52.00

Punerikhira x
ARC~1 42.42

Punerikhira x

Japanese Long 54.30
Oreen

~6.17

4,01

*#
19.22

3.23

2.51

9.68

%
12.34

* %

17.18

-5- 09

¥
17. 48

2,94

4.48

®#
26.63

8.088

B.88

*%
20.71

* %
i9.88

e
24.18

1.29

* %
30.13%

2.94

2.94

*3
25.88

8.24

BI24

%
20,00

*¥
18.12

11
22.393

-0.19

* ¥
28.24

64.530

62.00

67.50

60.50

74.00

63,00

71.00

66,50

76.50

71.2%

7 8

e ¥
-11.34 -15.19
% ¥

-13.35 -16.64

1
-4.62 -13.29
e

1.89 -8.78
1.68 0.00

*%*
14,29 4.23

**
-3.08 -11.89
-2.41 -4,03
*

0.76 -6.99
*E %

7.37 6.99

-0.35 -0.39

3]
-19.75

%
-12. 89

*
-21.81

~4,37

x
-18.53

* %
—Bn 25

¥
-14.04

-1.14

%%
-7.92

3.16

3.25

.50

4,00

4,34

2.88

6.50

4.41

8.51

* %
"28. 57

13
27.27

13
-46,.69

* ¥
-430 48

19.56

**
-40.74

*E
=27.75

1]
-50.34

13
14,29

* %
-35.19

-1.92

3
-42.8¢6

13
25.64

3
-39.58

*¥
-51.85

0.00

* ¥
~54.29

®E
-3%.16

%
-57.41

0.00

¥
~49.514

-4.74

16.37

e
-39.81

* %
-38.10

133
23.81

%
~23.81

%%
~17.33

%%
-45.14

13
23.81
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Green Long x
BSE 169

Green Long x
ARC-1

Green Long x

Japanese
Long Green

BSS 169xARC-1
B8S 169 x
Japanese Long
Green

ARC-1 x
Japanese Long
Green

SE m+

£b 1{0,03)

thb (0.01)

56.90

52.00

48.30

47.00

51.50

2,01

2.78

* ¥

1B.95

5.85

2.78

_3171

4,83

1.71

3.51

']
18.93

9.47

3.47

0.27

B.42

1.84

3.82

¥
22.35

*%

14.12

10.59

* ¥
21.18

64,00

66.50

66.00

76.00

~-8.59

0.38
¥

15.1%

13
-6.67

%
~10.14

-7n 04

6.29

-6. 99

3.92

3
~14,08

* %

~14.71

’1178

*E
-14.06

3.00

2.62

6.62

2,30

2.00

0.42

0.86

~-44. 93

0.00

*%
-§7.74

%%
-73.77

0.37

0.76

e %)
-62.96 -52.38

% %%
-53.85 -42.86

13 X
-=70.00 -50.10

e
1.92 26,10
113 xa

-71.43-52.38

3 (3]
-77.14 -61.90

0.42 0.42
0.86 0.84
1.16 1,60
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* Bignificant at 5% level
#% Significant at 1% level
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Duration of the crop

Maximum relative heterosis was shown by BSS 169 x
Japanese Long Green (15.15%) followed by CS 9 x ARC-1 (Plate 6)
having 14.29 percentage relative heterosis. Heterobeltiosis

was highest in Punerikhira x ARC-1 (6.99%) followed by BSS 1869

x Japanese Long Green (6.29%). The standard heterosis expressed

by several hybrids was not in the desired direction.

Branches/plant

Highly significant positive heterosis was observed
for branches/plant. The hybrid CS 12 x Punerikhira had the
maximum positive value for relative heterosis, heterobeltiosis

and standard heterosis (51.41, 46.00 and 45.90%).

Vine length

Relative heterosis, heterobeltiosis and standard
heterosis were significant for vine length. Eight hybrids
showed significant positive relative heterosis. Highest
relative heterosis (58.14%) was shown by the cross CS 9 x ARC-1
(Plate 6) followed by CS 12 x Japanese Long Green (49.39%).
Heterobeltiosis also was maximum (32.51%) in CS 9 x ARC-1
followed by ARC-1 x Japanese Long Green (31.59%). Maximum
positive standard heterosis value of 25.59% was recorded in

two hybrids viz. CS 12 x Japanese Long Green and Punerikhira x

ARC-1.
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Table 17 Heterosis for

vine length,

fruits/plant and average fruit weight in cucumber
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Genotypes

Parents/cross

. . . " o " > - - —

HB
s

%)

- - - - - — — ——— . Y. =R =" " -y - - -

—— - - - . - - -

(g)
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Punerikhira
Green Long
BSS 169

ARC-1
Japanese tong
Green

C8 12 x Cc8 9

C8 12 «
Punerikhira

£8 12 x
Green Long

€3 12xBGS 169

€5 12xARC-1

140.33
126.50
157.30
129.62
114.00

85.50

95.62

126.83

136.75

129.50

136.00

~9.62

-13.17

-7.72

-9.62

~-2.39

=7.72

9.95
9.20
.50

11.66

3.12

13,54

12,12

10.75

Fruits/plant

RH HB

(%) ¥

7 8
3.26 1.42
4,08 -9.18
*» ¥
15.90 -19.48
%% %%
~-84.08 -B88.7¢6
*# ¥ ¥
-52.35 -55.36

1.42

A—Q'la

-19

*%

.48

910.00
230.88
220.00
215.38
197.50

182.50

92.62

205.00

422.590

275.00

142,50

e
-44.66

»
15.78

%
~24.18

*E
~-5%9.72

%
-39.80

* *
-17.14

11
-59.80

12
-17.16
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{ 2
CS 12xJapanese
Laong Green 176,25
€8 9 x

Punerikhira 146,990

€S 9 x
Green Long 109,75

C8 9xBES 169 112.67

C5 9xARC-1 167.62

C68 9xJapanese
Long Green 151.50

Punerikhira x
Green Long 123.12

Punerikhira x
B8S 149 150.35

Punerikhira x
ARC~1 176.25

Punerikhira x

Japanese Long 97.62
Green

Green Long x
B8E 147 121.50

3.17

*¥
-14.30

-6u 31

%
58.14

%
36.41

"14.24

10.7¢6

*
45.06

*
~-22.86

-10.94

%
32,51

19.7¢6

* %
‘21-83

-4, 54

11.90

* %
-38.02

4.490

k%
‘21-79

¥
-19.71

E#
19.45

8.00

*¥
25.39

**
-30344

10.88

10.75

12.00

11.04

1.54

7.62

2.41

19.00

® %
‘14-11

_4l71

x¥
18.95

e
30.61

*
~10.02

* %
_BOl 75

0.66

*%
-68.74

%
75.80

* ¥
~77.06

1)
-16.50

-6.80

%%
-14.23

1)
-88.04

¥
-23.37

13
=-75.73

%%
62.88

*%
-B4.92

"19- 48

-10.10

3]
-17.30

*¥
"BB- 46

¥
-42.92

1]
-81.95

e
42,32

*¥
~8B.76

277.30

295.00

185.00

172.50

307.30

192.50

217.50

262,390

257.50

57.50

-7.90

L3
30.86

~17.09

)
-19.46

3
48.78

123
27.77

23
-19.87

**
-25' 28

1
33.19

19.01 -16.62

-0.09

*
25.75

'3 )
27.95

*%
"63-21

-1.14

19.32

17.05

%
-73.84

~0.17

%%
-63.73

%
~-b6.18

**
—40- 29

%
_62l 2%

%%
-87.33

%
~-48.53

x
-49.51

*%

-88.73

%
~37.84
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Green Long x
ARC-~1

Green Long x
Japanese
Long Green

BES 1&9xARC-1

BES 1469 »
Japanese Long
Green

ARC~-1 x
Japanese Long
Green

58 at+

LD (0.0

td (o.01)

139.00

103.17

144.62

126,65

125.83

-8.40

%
44.99

20.83

#
38.95

7.23

¥
-20.41

*%
25.864

it.10

-0.95

**

-26.48

3.0%5

-9.75

1.33

9.84

1.50

*%
-65.22

E 2]
—781 57

0.50

1.02

8 9
* %
-1-41 "13.96
* % %%

-74.04 -89.89

* %
-15.69 -26.29

¥ 1
-72.73 ~BB.74

*# L X
~-B4.41 -88,09
0.61 0.61
1.25 1.25
1.69 i.69

75.00 -62.30

*
102.50 -33.44

*

235.00 23.68

*¥

212.50 44.49

* %

122.50 -10.95

24.487 20.28

50.21 41.61

* %
-63.18

*¥

-52.41

18.99

7.59

%%
~-53.92

%%

-58.33

%
~75.98
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Plate 5.
Punerikhira x ARC-1, the hybrid heterotic

for days to first female flower opening
and fruits/plant

Plate 6.

CS 9 x ARC-1, the hybrid heterotic for crop
duration, vine length and fruit weight






Fruits/plant

Significant and positive relative heterosis of 75.80%
was shown by the cross Punerikhira x ARC-1 (Plate §) followed
by Green Long x ARC-1 (36.38%). Punerikhira x ARC-1 also

expressed the highest positive values for heterobeltiosis and

standard heterosis (62.38 and 42.32%).

Average fruit weight

Significant and ©positive relative heterosis was
observed in seven hybrids. Highest positive relative heterosis
(48.78%) was recorded with CS 9 x ARC-1 (Plate 6) followed by
BSS 169 x Japanese Long Green (46.49%). The cross CS 9 x ARC-1
also recorded the maximum positive heterobeltiosis (33.139%).

Standard heterosis observed in all the hybrids was negative.

Fruit length

Significant and positive relative heterosis, hetero-
beltiosis and standard heterosis were observed for fruit
length. Maximum positive relative heterosis was recorded in
Punerikhira x BSS 169 (12.54%) followed by BSS 169 x ARC-1
(9.50%). Punerikhira x BSS 169 expressed the highest hetero-
beltiosis also (12.16%). The standard heterosis was highest

(30.00%) in the hybrid CS 12 x Japanese Long Green (Plate 7).
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Table 18 Heterosis for fruit length, fruit girth and fruit diameter in cucumber

Genotypes

Parents/cross

- - —— - - —— - -

HB SH
(%) )

- ——— o v - = . S o = A - > -
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Punerikhira
freen Long
B&ES 149

ARC-1
Japanese Long
Green

£S 12 x €S 9

€8 12 x
Punerikhira

£6 12 x
Green Long

£S5 12xBS8 169

€S 12xARC-{

20.38

14,60

14.62

27.67

15.75

14.50

17.75

13.75

17.50

-1.56

*
-9n 38

-6.27

¥
~14.33

-10.00

* %
-17.14

Y3
-12.88

* %
-21.43

-10.00

¥
-17.14

1.43

3]
-21.43

17.40

17.50

17.13

8.59

16.00

17,25

12
-15.04

-3.41

EE 11
~22.33 -22.33

¥ %
-16.26 ~16.26

* *
-12.62 -12.62

¥ ¥
-31.43 31.43

E# *x
-16.26 -16.26

5.62

5.268

3.38

2.78

6.00

3. 50

5.49

_2144

¥
17.87

%
-17.30

~-2.04

-10.20
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i 2 3 4 5 b 7 8 9 10 11 12 13

£S 12xJapanese %% % * *% % * (1] 13
Long Green 22.75 0.74 -17.77 30.00 12.00 -17.77 -41,75 -41.7% 3.62 -18.54 -40.82 -40.82
CS 9 x * %

Punerikhira 13.50 -6.90 -6.90 -22.86 17.62 6.99 3.22 -14,47 6.00 15.38 14.29 -1.96
C8 9 «x * * %

Gireen Long 16.00 -B.24 -21.47 -B.57 18.75 8.77 7.76 -8.98 5,88 8.05 4,44 -3.92

T 'Y
CS 9xBSS 169 13.25 -8.93 -9.25 -24,29 15.7%5 -8.89 -10.00 -23.54 5.50 4.61 4,456 -10.13

*x * 1% * % 11
CS 7 x ARC-1 14,25 -2.15 ~2.396 -18.57 15.00 -12.34 -12.54 -27.18 4,50 -15.29 ~-16.28 -26.47

L8 9xJapanese ** ¥ ¥ ¥ *

LLong Green 11.50 -45.45 -58.43 -34,39 15.50 20.81 -9.22 -24.7% 5.62 4.41 0.00 -8B.17
Punerikhira x % X%

Green Long 18.00 3.23 -11.46 2.86 17.25 3.48 -0.86 ~-16.26 3.62 4,41 0,00 -8.17
Punerikhira x % % Y ¥

BES 149 16.38 12.54 12.16 -b.40 18.4%5 10.56 3.43 10.44 7.12 36.82 35.33 14.34
Punerikhira x E % ¥
ARC-1{ 14,75 1.29 0.8% -1%9.71 15.91 -3.62 -7.20 =-22.77 5.29 -0.24 -2.33 -14.,21
Punerikhira x e ** *% ¥ e FTY
Japanese LDng qul "57-71 -67-78 "'49.09 10-62 "13.12 -33-07 -48045 3.50 _11-67 -32.04 -42,81
Green

6reen Long «x

.
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Breen Long «x
ARC-1

Green Long x
Japanese
Long Green

BES 169xARC-1
BSS 169 x
Japanese Long
Green

ARC-1 x
Japanese Long
Green

SE at

Ch (0.05)

Ch (Q.01)

%
15.16 -13.34

*¥*
18150 -22-98

16.00 9.50
1)
15.25 -27.84
*

16.25 -23.1%

0.73  0.65
1.49 1.33
2.02 1.80

9.40

*%
-44,88

*%
-41.26

0.77

*%
-13.37

5.7‘

—8157

* %
~-12.86

"7.14

0.77

1.58

8.75

17.50

15.75

11.00

20.76

'14-51

0.00

’10000

* %
-35.86

-15.05
1 X

"23- 54

¥
-45.40

10 11
.12 -6.82
*
3.50 -15167
6.18 16.07
* %
5.12 27.49
3.50 -14,11
0.39 0.34
0.80 0.69
1.08 0.94

26.13

14,88

=2.66

11
-34.88

0.39

* %
"42- 91

-0198

'16-34

%
42.81
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Plate 7.

CS 12 x Japanese Long Green, the hybrid with
maximum standard heterosis for fruit length

Plate 8.

Punerikhira x BSS 169, the hybrid heterotic
for fruit diameter






Fruit girth

A maximum and significant positive relative heterosis

observed in CS 9 x Japanese Long Green (20.81%) followed by

was
BSS 169 x Japanese Long Green (20.76%). Though many hybrids
recorded significant heterobeltiosis and standard heterosis,

all the values were negative.

Fruit diameter

Significant and positive relative heterosis was shown

by CS 9 x Japanese Long Green (40.19%). Punerikhira x BSS 169
(Plate 8) also recorded high relative heterosis (36.82%).
Heterobeltiosis and standard heterosis recorded were maximum

(35.33 and 16.34%) in the c¢cross Punerikhira x BSS 169.

Seed3/fruit

Relative heterosis, heterobeltiosis and standard

heterosis were significant for seeds/fruit. Maximum relative

heterosis of 41.00% was recorded by CS 12 x BSS 169 followed by

CS 12 x ARC-1 (29.69%). Heterobeltiosis was also maximum in
CS 12 x BSS 169 (44.06%) Standard heterosis was also maximum
in the same combination (44.06%) followed by CS 12 x
Punerikhira (29.23%).
100 Seed weight

Relative heterosis was maximum and positive in the

cross CS 12 x Punerikhira (23.42%). None of the hybrids showed



Plate 9.

BSS 169 x ARC-1, the hybrid heteroti
for yield/plant






positive significant heterobeltiosis. Standard heterosis was

also significant and maximum in CS 12 x Punerikhira (16.94%).

Yield/plant

Significant positive relative heterosis was shown by

seven hybrids. Maximum positive relative heterosis (111.80%)

was expressed by BSS 169xARC-1 (Plate 9) followed by CS 9xARC-1

(104.87%). Five hybrids which were relatively heterotic
expressed larger values for heterobeltiosis also. BSS 169xARC-1
showed the highest heterobeltiosis (106.92%). None of the
hybrids expressed significant positive standard heterosis for

yield /plant.
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Table 19 Heterosis —for seeds/fruit, 100 seed weight and yield/plant in cucunber

Genotypes Seeds/fruit 100 seed weight Yield/plant
Parents/cross Mean RH HB SH Mean RH HB SH Mean RH HB SH
(No. ) @) X) X) © X X) X) (kg) X) X X)
1 2 3 4 5 6 7 8 9 10 11 12 13
CS 12 357.50 2.42 4. 89
CS 9 365. 50 2.64 2.25
Puneri khi ra 500. 00 2.16 1.83
Green Long 361. 00 3. 46 1. 32
BSS 169 373.00 2.19 1.19
ARC-1 255.00 2.75 1.14
Japanese Long
Green 449. 00 2.42 0.26
CS 12 x CS 9 366. 00 1.24 0. 14 2.38 2.26 -10.63 -14.42 — .61 2.61 -26.84 -46.60 -46.60
S 12 x *- ok % fok *< Tk
Puneri khi ra 462. 00 7.76 =7.60 29. 23 2.83 23.42 16.84 16. 94 4.37 30.18 -10.54 -10.54
CS 12 x ok ok ok Dk skek -k
Breen Long 322.50 -10.23 —i¢ ¢ -9.79 1.48 -49.62 -57.21 -38. 84 1.51 -51.43 -69.16 -69.16
fok Y ok *< ok <& %ok
CS 12xBSS 169 515.00 41.00 38. 07 44. 06 2.24 2,77 -7.31 7.4 , .18 -94.16 -96.37 -96.37
*- * <k #t ek T
CS 12xARC-1 397.50 29.69 11.19 11.19 2. 13 -17.52 -22.48 —,.9B 0.95 -68.46 -80.56 —80.56
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5. DISCUSSION

Cucumber (Cucumis sativus L.) is regarded as an
economic crop in India, grown through out the year in one or
other parts of the country due +to varied agro-climatic
conditions since 1long. They are grown for their immature
fruits which are consumed raw, cooked, pickled or processed in
other forms. The present status of the crop is spelt through
the modified cultural practices and plant protection measures.
Evidence to show the genetic improvement in vield is
comparatively less in the country and ways to push back the
vield or productivity barriers is still a need. The first step
for achieving genetic improvement is understanding the genetic
parameters, viz. wvariability, heritability, genetic advance and
correlation between characters. The second step being, selec-
tion of genotypes with desired genetic background and its
involvement in a definite procedural pattern. The third step
would be the analysis of the results obtained through the
procedural handling of +the genotypes with desired genetic
background. The 1last step would be charting out breeding
programmes based on the information on combining ability, gene
action and heterosis patterns, obtained through the analysis of
the resultant data. Hence, the present study is contemplated
to investigate the genetic variability, correlation among yield

and yield contributing characters, combining ability and



heterosis and +to identify Fl hybrids heterotic for various

economic characters.
5.1 Genetic variability
5.1.1 Variability, heritability and genetic advance

An insight into the magnitude of genetic wvariability
present in a crop species is of utmost importance in any
successful crop improvement programme. Estimates of herita-
bility coupled with genetic advance are more useful +than any

one of the two alone, in the choice of proper selection methods

(Johnson et al., 1955 a).

Cucumber breeders althrough have observed limited
variability in the germplasm. However, it sounds pertinent to
look into the available germplasm for variability. Hallauer and
Miranda (1982) opine, the choice of germplasm, either
fortuitous or planned to play an important role in any breeding
programme, whether an applied programme for inbred development
or population improvement or a selection study comparing
breeding methods. There are certainly differences among
breeding populations and the particular choice of germplasm
deciding the ultimate success or failure of selection. In the
present study, the components of variation due to phenotype and

genotype of 22 accessions from different parts of the country

were evaluated.
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Analysis of variance revealed significant differences
among the 22 cucumber genotypes for all the fifteen characters,
viz. days to first male flower opening, days to first female
flower opening, node to first female flower, days to first
harvest, duration of the crop, branches/plant, vine length,
fruits/plant, average fruit weight, fruit length, fruit girth,
fruit diameter, seeds/fruit, 100 seed weight and yield/plant.
The existence of considerable variation indicated enough scope
for improving the population. Cucumber being a Ccross
pollinated crop, there exists much variation and therefore +the
present observation is quite rational as reported earlier by
Miller and Quisenberry (1976), Solanki and Seth (1980), Joshi
et a). (1981), Choudhary et al. (1885), Globerson et al,
(1987), Prasunna and Rao (1988), Mariappan and Pappiah (1980),
Satyanarayana (1991), KAU (1996) and Wehner and Cramer (1996)
in cucumber. The genotype CS 12 recorded maximum yield per
plant (6.23 kg). The highest number of fruits/plant was in
Poinsette (15.80) closely followed by CS 12 (15.57). Average
fruit weight, fruit girth and fruit diameter were also maximum
in CS 12 .(534.34 g, 20.34 cm and 6.48 c¢cm respectively).
Japanese Long Green had the longest fruit (27.00 cm).

Punerikhlira was the earliest flowering genotype (32.2 days).

The genotypic coefficient of variation (GCY)
resulting in high heritability was of higher magnitude for

vield/plant, fruits/plant and average fruit weight. This



indicated low impact of environment on the expression of these
characters. The reports by Prasunna and Rao (1988) and Rastogi
and Deep (1990 b) supports this view. Days to first male
flower opening and days to first female flower opening had the
lowest values of GCV and heritability indicating greater impact
of environment on these characters. | Alternations 1in sex
expression, flower number and type in cucumbers are subject to
environmental influence due to changes in auxin concentration
(Galun, 19569). The estimated phenotypic coefficient of
variation for different characters followed a similar trend as
that of GCV. Mariappan and Pappisah (1990) reported similar
results in cucumber. \Furthermore, the coefficient of
variability revealed that the magnitude of genetic variation
nearly approached the phenotypic variation in all the
characters indicating that the selection on phenotypic basis
will hold good for genotypic basis too. This observation was

in confirmation with the findings of Rastogi and Deep (1990b)

in cucumber.

Since heritability estimates fluctuate in interaction
with the environment as well as genetic background, it should
be studied along with genetic advance for characters in concern
for effect{ve and a pin point selection (Johnson et al. 1955b).
In the present study, characters such as yield/plant, fruits/
plant, average fruit weight and node to first female flower had

high heritability along with high genetic advance. It shows
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variation for these characters to be due to high additive gene
effect and consequently the scope for improving yield throuszh
selection. This result is in line with the earlier reports of
Solanki and Seth (1980), Joshi et al. (1981), Prasunna and Rao
(1988), Rastogi and Deep (1990 b) and Prasad and Singh (1992).
Though heritability was high for days to first harvest,
duration of the crop and fruit length,.the genetic advance wzas
of moderate +to low magnitude, indicating the action of non-
additive genes for expression of these characters, suggesting
selection based on these characters to be less effective. This
observation is in confirmation with the results of Choudhary
et al. (1985) and Satyanarayana (1991). Thus it implies that

high heritability is not always an indication of high genetic

advance (Johnson et al., 1955a).
5.1.2 Correlation studies

A knowledge of the relationship of yield and its
component characters is essential for the simultanecus
improvement of yield components and in turn yield to be
effective. In the present investigation, fruits/plant, averaze
fruit weight, fruit girth and fruit diameter were the
characters which exerted the highest positive and significant
association with yield (Table 6, 7 and 8). Many earlier
reports of positive association of yield and its comporent
characters such as number, girth, diameter and weight of the

fruits in cucumber are in support of +the present result
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(Choudhary, et al., 1985; Haribabu, 1985; Prasunna and Rao,
1989; Rastogi and Deep, 1990 b; Prasad and Singh, 1992 and Chen
et al., 1994). Days to first harvest showed significant
negative association with yield. In crops 1like cucumber
harvesting tender fruits will stimulate production of further
female flowers and fruits in the vines. Hence, the earliest
the fruits are ready for harvesting, the more will be the

number and yield of the fruits (Seshadri, 1886).

In general, magnitude of genotypic correlation
coefficients were higher than +the corresponding phenotypic
correlations which indicated that environment had small and
similar effects on these characters. Genotypic correlation was
also reported to be higher than the phenotypic correlation by

Solanki and Seth (1980) and Rastogi and Deep (19%0a) in

cucumber.
5.1.3 Path coefficient analysis

Path coefficient analysis provides a knowledge of
paths through which a component character influences +the
expression of economic character like yield. Fruit yield is
influenced by its components directly as well as indirectly.
In the present study, among the direct effects, fruit girth
exhibited maximum positive effect on fruit yield followed by
average fruit weight. The results were in confirmation with
earlier reports of Choudhary and Mandal (1987), Prasunna and

Rao (1889), Abusaleha and Dutta (1990) and Prasad and Singh



(1992). Fruits/plant though exhibited positive and significant
association with yield, their direct effect on yield was low.
The direct effect of fruit diameter was high and negative, but
the positive correlation of the character with yield may be due
to high and positive indirect effect through fruit girth. The

direct effect of fruit length on yield was negligible.

In this study the residual effect noticed was of very
low magnitude (0.17) indicating that almost 83 per cent of the

variation in fruit yield was attributable to factors considered

in this study.

Correlation simply measures the mutual association
without caring for casuation, while path analysis specifies the
causes and measures the relative importance of causal factors.
This could be the reason for the variation observed between

correlation and path coefficient analysis.

Results of genetic variability, correlation and path
analysis indicated that the characters such as fruit diameter,
average fruit weight, fruits/plant, fruit girth and days to

first harvest are to be considered in developing high yielding

genotypes in cucumber.

5.2 Combining ability and heterosis

5.2.1 Assessment of combining ability of parents

In a heterosis breeding programme for evolving high

vielding hybrids, the breeder is often confronted with problem
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of choice of parents. The common approach of selecting parents
on the basis of per se performance does not necessarily lead to
the best result in hybridization programme (Allard, 1960) as a
high yielding inbred may not necessarily be able to transmit
its superiority in cross combinations. Selection of the best
parents based on complete genetic information and knowledge of
combining ability leads to fruitful results in the
identification of promising Fl hybrids. Sprague and Tatum
(1942) emphasised that estimates of general combining ability
(gca) and specific combining ability (sca) are relative to and
dependent on the particular set of parents included in the

hybrids under test, an important principle +that is often

forgetten.

In this study, seven parental lines selected based on
selection index were used to study the combining ability, in a
diallel experiment. They were crossed in all possible
combinations without reciprocals to obtain 21 F; hybrids.
These hybrids along with their parents were evaluated to obtain

information on combining ability and heterosis.

The study revealed significant variances due to gca
and sca for all the characters considered. The significance of
general combining ability and specific combining ability
variances indicated the role of additive as well as non-
additive gene action in the control of most of the characters.

Significance of gca and sca were observed by many workers in
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cucumber which support the present findings (Om et al., 1878;

Wang and Wang, 1980; Owens et al., 1985b; Musmade and Kale,

1986 aﬁd Satyanarayana, 1991):

The mean squares for the genotypes in the analysis of
variance for combining ability were significant for all the
vegetative and productive characters indicating the presence of
adequate variability which could be exploited by selection.
Report by Musmade and Kale (1986) supports this view. The
magnitude of gca variance was much higher than +that of sca
variance in eleven out of the 15 traits considered indicating
the preponderence of additive type of gene action for these
characters. The reports by Prudek (1984) and Prasad and Singh
(1994a) supports +this view. Higher sca variances than gca
variances were observed for characters viz. node to first
female flower, branches/plant, vine length and 100 seed weight,
indicating non-additive gene effect. Solanki and Seth (1980)
observed non-additive gene effect for characters like

branches/plant, average fruit weight and duration of flowering

in cucumber.

The variation 1in the gca effect of parents can be
attributed to genetic as well as geographic diversity among the
parents. Prasad and Singh (1994a) had similar findings. High
sca effect observed for different characters may be helpful for

sorting out outstanding parents with favourable alleles in

heterosis breeding.
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It was observed in the present study that the parents
showing high gca effect for yield and other characters also
gave good per se performance for most of the characters. This
suggests that the combining ability of parents was related to
the per se performance as well. Parents showing higher mean
performance for a particular character were generally good
combiners for +that character. General combining ability
studies revealed that among the seven parental lines, CS 12 and

CS 9 were good combiners for yield.

CS 12 x Punerikhira (1.44) was the best combination
for yield followed by CS 9xARC-1 and BSS 169 x ARC-1 with same
sca effects (1.33). The parent CS 12 showed high gca effect
for average fruit weight, fruit girth, fruit diameter and
yvield. CS 12 x Punerikhira and Punerikhira x ARC-1 flowered
significantly earlier. In these two crosses the common parent
Punerikhira was a good general combiner for early flowering,

which was manifested in its combinations.

In the present study, for all the characters wunder
consideration, additive as well as non-additive gene actions
were significant, suggesting reciprocal recurrent selection and
biparental mating as effective tool in handling the population.
This 1is in confirmation with reports of Satyanarayana (1991)

and Prasad and Singh (1994 a).
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5.2.2. Beterosis

Extent of heterosis was estimated for yield and its
14 components in a 7x7 diallel experiment. Significant differ-

ences were observed among the genotypes for all the characters

studied.

Heterosis (relative heterosié, heterobeltiosis and
standard heterosis) have been considered in conjunction with
significant general and specific combiners. In the present
study, it was observed that parents producing heterotic crosses
for a trait had high and significant sca effect for that trait
in their crosses in all the characters considered. Musmade and

Kale (1986), Solanki and Shah (1990) and Satyanarayana (1891)

had similar results.

Significant and negative relative heterosis and
heterobeltiosis were observed for days to first male flower
opening in cucumber. High relative heterosis and standard
heterosis observed in BSS 169 x Japanese Long Green could be
attributed +to high genetic distance between the parents. The
same cross was heterotic for days to first female flower
opening also. Other combinations Punerikhira x ARC-1 and CS 9
x Punerikhira also showed high relative heterosis and standard
heterosis. These significant heterosis can be attributed to
the high gca effects of the parents, Punerikhira and CS 9.
This result was in agreement with the reports of Gill et al.

(1€73), Nikulenkova (1984) and Vijayvakumari et al. (1983).
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Maximum and negative relative heterosis and standard
heterosis for node to first female flower was shown by CS 12 x
BSS 169. Other hybrids with high standard heterosis were CS 8
x BSS 169 and Punerikhira x ARC-1. This result could be
attributed to the involvement of a good general combiner as one
of +the parents. The sca effects and per se performance of the

hybrids were also high, which are in line with the findings of

Satyanarayana (1991).

The relative heterosis, heterobeltiosis and standard
heterosis were not significant in any of the hybrids for days
to first harvest. This was contrary to the results obtained by
Solanki et al. (1982a). Rubino and Wehner (1986) and Ram
et al., (1995) in cucumber. This 1indicates that despite
earliness 1in flowering, +the behaviour of +the hybrids and

parents were almost similar in the days taken for fruit

maturing.

Significant relative heterosis and heterobeltiosis
were observed for duration of the crop. BSS 169 x Japanese Long
Green had maximum relative heterosis followed by CS 9 x ARC-1.
It is observed that atleast one of the parents involved in the
above crosses had positive gca effect. Maximum hetero-
beltiosis observed in Punerikhira x ARC-1 could be attributed

to the high gca and sca effects of the parents and hybrids

respectively.
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For branches/plant, high and positive relative
heterosis, heterobeltiosis and standard heterosis were shown by
the cross CS 12 x Punerikhira which can be attributed to the
high and positive gca effect of punerikhira and the high sca
effect of the cross. Lower et al., (1982), Solanki et al (1982 a

and b) and Pyzhenkov (1988) got similar results.

Heterosis was significant for vine length also. The
cross exhibiting high relative heterosis were CS 9 x ARC-1 and
CS 12 x Japanese Long Green. Those exhibiting high hetero-
beltiosis were CS 9 x ARC-1 and ARC-1 x Japanese Long Green.
The crosses CS 12 x Japanese Long Green and Punerikhira x ARC-1
showed maximum standard heterosis. It is observed that atleast
one of +the parents involved in these crosses had high gca
effects which gave significant heterosis. The genetic distance
between these parents could be another factor for heterosis in
vine length. This result was in agreement with the reports of

Lower et al. (1982), Pyzhenkov et al. (1988) and Satyanarayana

(1981) in cucumber.

Maximum relative heterosis, heterobeltiosis and
standard heterosis were shown by Punerikhira X ARC-1 for
fruits/plant. The parents were good general combiners and the
combination exhibited high sca effect for fruits/plant.
Besides, the per se performance of the cross was also good.
The observed heterosis for fruits/plant has been in line with

the findings of Solanki et al. (1982 a and b).
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Several hybrids exhibited high relative heterosis and
heterobeltiosis, the maximum being in CS 9 X ARC-1 for average
fruit weight. In all those combinations the sca effects were
high which is supported by reports of Cizov (1945), Solanki et

al,. (1982a and b), Satyanarayana (1981) and Fang et al. (1994).

Significant and positive relative heterosis and
heterobeltiosis fof fruit length were shown by Punerikhira x
BSS 169. The cross showed high sca effect and also good per se
rerformance. The high standard heterosis shown by CS 12 x
Japanese Long Green can be attributed to the high gca effects
of parents and also the genetic distance between them.
Heterosis for fruit length was reported earlier by Labedeva

(1984) and Li and Zhu (1995).

Significant and maximum relative heterosis and
heterobeltiosis for fruit girth was observed in the cross CS 9
x Japanese Long Green closely followed by BSS 169 x Japanese
Long Green. This is due to the positive gca effect of atleast

one of the parents and the geneiic distance between the parents

involved in the croszses.

Heterosis was significant for fruit diameter also.
The cross CS 9 x Japanese Long Green had the maximum relative
heterosis which 1is attributed to the high genetic distance
between the parents. Punerikhira x BSS 169 showed the maximum

heterobeltiosis and standard heterosis. They were good general

lce



combiners for fruit diameter. Similar result was also reported

by Imam et al., (1977).

Heterosis for seeds/fruit was high and significant in
the cross CS 12 x BSS 169 where the parents were good general
combiners and the cross had high sca effect. Highest relative
and standard heterosis for 100 seed weight observed in CS 12 x

Punerikhira is due to the high gca effect of CS 12.

In the present study, relative heterosis was signi-
ficant in seven and heterobeltiosis in five hybrids as far as
vield/plant 1s concerned. The crosses BSS 169 x ARC-1, CS 9 x
ARC-1 and Punerikhira X ARC-1 were significantly heterotic over
mid and better parents. It is clear from the combining ability
studies that in crosses with significant heterosis atleast one
of the parents involved was a good general combiner. It 1is
also evident that heterotic crosses had higher values of sca
effects. Relative heterosis and heterobeltiosis in cucumber
were also reported by Rubino and Wehner (1986), Satyanarayana
(1991) and Musmade et al. (1995). However, 1in the present
diallel crosses, none of the hybrids possessed standard
heterosis. This is because the standard heterosis was worked
out 1in comparison with the best genotype (CS 12) included in
the variability studies since there is no standard cucumber
variety 1in +the State. Despite the heterosis for earliness,

standard heterosis was not manifested for yield/plant in any of
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the hybrids. This lack of standard heterosis for total yield
could also be attributed to the inability of Fl hybrids to
sustain production over late period of harvesting. Thus
cucumber improvement is to be viewed through a) inclusion of
more genetically diverse genotypes b) 1increasing early compo-
nent of total yield and c) Sustaining production through out

the harvesting period. Therefore, early flowering genotypes

with long harvesting period can be considered in cucumber

breeding programme.
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6. SUMMARY

The present investigation ‘Genetic variability and
heterosis in cucumber (Cucumis sativus L.)’ was conducted at
the Department of Horticulture, College of Agriculture,
Vellayani during 1995-97. The objectives of the study were
estimation of genetic variability, heritability and genetic

advance, studying the association among yield and its

components, assessing the direct and indirect effects of the

component characters on yvield by path analysis and

identification of heterotic Fl hybrids in cucumber.

The extent of genetic variability in 22 genotypes
were assessed. From +these genotypes, seven parents were
selected based on selection index and 21 Fl hybrids developed.
These hybrids were evaluated along with their parents for the

esitmation of combining ability and heterosis.

The genotypes showed significant difference for all
the characters studied, viz. days to first male flower opening,

days to first female flower opening, node to first female

flower, days to first harvest, duration of the crop,
branches/plant, vine length, fruits/plant, average fruit
weight, fruit length, fruit girth, fruit diameter,

seeds/fruit, 100 seed weight and yield/plant.
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The genotype CS 12 was first for yvield/plant

(6.23 kg), average fruit weight (534.34 g), fruit girth

(20.34 cm) and fruit diameter (6.48 cm) and second for

fruits/plant (15.57). The earliest flowering genotype was

Punerikhira (32.2 days).

The genotypic coefficient of variation resulting in

high heritability along with genetic advance was of high

magnitude for yield/plant, fruits/plant average fruit weight
and node to first female flower. Days to first harvest,
duration of the crop and fruit length had high heritability but
moderate to low genetic advance. Days to first male flower
opening and days to first female flower opening had the lowest
values of GCV and heritability. The magnitude of genetic

variation nearly approached the phenotypic variation in all the

characters.

In general, the genotypic correlations were higher
than phenotypic correlations. The characters like fruits/
plant, average fruit weight, fruit girth and fruit diameter
were highly correlated with yield. Fruit girth exerted the

maximum direct positive effect on yield, followed by average

fruit weight and fruits/plant.

Analysis of variance for combining ability showed

significant gca and sca variances for all the characters
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indicating the role Qf both additive and non additive gene

action for the control of most of the characters.

It was observed that the parents showing higher mean
performance for a particular character were generally good
combiners for that character. Among the seven parental lines
CS 12 and CS 9 were good general combiners for yield. The
hybrids CS 12 x Punerikhira, CS 9 x ARC -1 and BSS 169 x ARC-1

possessed high sca effects.

In general, heterosis was observed for most of the
characters. Significant relative heterosis, heterobeltiosis
and standard heterosis were expressed for days to first female
flower opening. Punerikhira x ARC -1 and CS 9 x Punerikhira

flowered significantly earlier than the standard variety CS 12.

Relative heterosis was significant in seven and
heterobeltiosis in five hybrids for yield/plant. None of +the
hybrids exceeded the standard parent. The hybrids BSS 169 x
ARC-1, CS-9 x ARC-1 and Punerihira x ARC-1 were significantly

heterotic over mid and better parents.

111



REFERENCES



REFERENCES

Kbusaleha and Dutta, O. P. 1988. Interrelationship of yield

components in cucumber. Veg. Sci. 15: 79-85

~Abusaleha and Dutta, O.P. 1890. Studies on variability,
heritability and scope of improvement in cucumber.

Haryana J, Hort, Sci., 19: 349-352

*Aleksandrova, M. 1988. Results of breeding heterotic hybrid
varieties of green house cucumber. Rasteniev " ‘dni-

Nauki. 25(5): 60-63

Allard, R.W. 1960. Principles of Plant Breeding. John Wiley

and Sons, Inc. New York. p. 89-98

¥Axelsson, F. 1956. Cucumber news from Weibullsholm. Weibulls

Allehanda 2: 13-16

Bliss, F. A. 1881. Utilisation of vegetable germplasm Hort,

Sci. 16: 129-132

Briggle, L.M. 1963. Heterosis in wheat, a review. Crop 5ci,

3: 407-412

*Carlsson, G. 1952. Experiments with hybrid seed of the green

house cucumber. Hedd. Gullak . Vautforadl Anst. 9-10:

213-218



ii

Chen, X.H., Cao, P.S., Xu, Q. and Dong, G. 1994. Genetic corre-
lation and path coefficient analysis of - partheno-

carpic yvyield components of cucumber. In : Advances

In Horticulture (Ed. Meng, L.Y.). p. 249-251

é%oudhary, M.L., Joshi, §S. and Amar Singh. 1985. Genetic
studies in cucumber (Cucumis sativus L.,) Prog. Hort,

17: 236-240

ﬂﬁoudhary, M.L. and Mandal, G. 1987. Correlation and path
analysis in cucumber (Cucumis sativusz L.) Haryana J,

Hort, Sci., 16: 269-273

Cizov, S.T. 1945. Yields of hybrid cucumbers in glass houses.

Proc, Sci, conf, Timirjarev, Agric, Acad. 1: 42-43

CSIR. 1950, The Health of India 1+ Raw HMHaterials, Vol 11,
Director, Council of Scientific and Industrial

Research, Delhi. p. 391-392

De Candolle, A. 1882. Origin of Cultivated Plants. Kegan,

Paul, Trench and Company, London

Delaney, D.E. and Lower, R.L. 1987. Generation mean analysis
of plant characters in crosses between two
determinate cucumber lines and Cucumis sativus var.

hardwickii, J, Amer . Scc., Hort, Sci. 112: 707-711



111

Dolgikh, S. T. and Sidorova, A.M. 1983. Combining gbility of

‘E1-Shawaf,

Fang, X.J.

Fisher, R.

Frederick,

Galun, E.

Ghaderi,

induced mutants and partially dioecious forms of

cucumber. Genetika 19: 1292-1300

I1.1.S. and Baker, L.R. 1981. Inheritance of
parthenocarpic yield in gynoecious pickling cucumber
for once-over mechanical harvest by diallel analysis
of six gynoecious lines. J. Amer . Soc., Hort, Sci,

106: 359-364

, Gu, X.F. and Han, X. 1994, New cucumber cultivar
Zhongnong 8 for outdoor cultivation. Chiness

Vegetables 3: 2

H. 1936. The use of multiple measurement in

taxonomic problems. Ann., Erngen. T: 179-188

L.R. and &Staub, J.E. 1989. Combining ability
analyses of fruit yield and quality in near-
homozygous lines derived from cucumber. J. Anmer.

Soc. Hort, Sci, 114: 332-338

1959. The role of auxins in sex-expression of the

cucumber. Physiol, Plant . 12: 48-81

A. and Lower, R.L. 1981. Estimates of genetic
variance for yield in pickling cucumber. J. Anmer

Boc, Hort, Sci, 106: 237-238



iv

Gill, H.S., Singh, J.P. and Pachauri, D.C. 1973. Pusa banyog

outyields other cucumbers. Indian Hort. 18: 11,13,30

“éloberson, D., Genizi, A. and Staub, J.E. 1887. Inheritance of
seed weight in Cucumis sativus (L.) var. sativus and
var. hardwickii (Royle) Kitamura, Theoretical and

Applied Genetics, T4: 522-526

Griffing, B. 1956. Concept of general and specific combining
ability in relation to diallel crossing systems.

Aust, I, Biol. Bci. 9: 463-493

*Guseva, L.I. and Mospan, M.V. 1984. Studying of combining
ability in the production of cucumber hybrids.
Geneticheske osnovy selektsii sel ' skokhozyalstvennykh

rastenii I rhinotnykh 28: 29

Hallauer, A. R. and Miranda, J.B. 1982. AQuantitative (Cenetics
In Maize Breeding. Iowa State University Press, Ames,

Iowa

“Haribabu, K. 1985. Correlation studies in cucumber (Cucumis

zativus L.). South Indian Hort. 33: 129-130

Hayes, H.K., Immer, F.A. and Smith, D.C. 1955, Methods of

Plant Breeding. Mc Graw Hill Book Co., p. 52-60

Hayes, H. K. and Jones, D.F. 1916. First generation crosses in
cucumbers. Rep. Conn., Agric, Exp. &tn. Pt, 5:

319-322



Hormuzdi, ©8.G. and More, T.A. 1989. Studies on combining
ability in cucumber (Cucumis sativus L.). Indian J,

Genet, Plant Breed. 49: 161-165

Hormuzdi, S.G. and More, T.A. 1980. Heterosis studies in

cucumber (Cucumis sativus L.). Indian J. Hort. 486:

73-79

‘Hutchins, A.E. 1940. Inheritance in the cucumber. J. Agric.

Res, 60: 117-128

vImam, M.K., Abobaker, M.A. and Yacoub, H.M. 1877. Inheritance
of some characters in cucumbers - II, some quanti-

tative characters. Libyan J, Agri. 6: 115-12%5

Jain, J.P. 1982. Statistical Techniques In (Quantitative

Genetics, Tata Mc. Graw Hill Co. New Delhi

*Jakimovic, A.D. 1938. Heterosis in cucumber. Podov. Khoz.

Moscow 12: 17-19

Johnson, H.W., Robinson, H.D. and Comstock, R.E. 1955a.
Estimates of genetical and environmental wvariability

in Soybeans. Agron. J. 47: 314-318

S
Johnson, H.W., Robinson, H.F. and Comstock. 1955 b. Genotypic
and phenotypic correlations in soybeans and their

implications in selection. Agron. J. 47: 477-483



vi

Joshi, 8., Joshi, M.C., Singh, B. and Bishnoi, A.K. 1981.
Genotypic and phenotypic variability in cucumber

(Cucumis sativus L.) Veg. 5ci,. 8: 114-119

KAU. 1993. Package of Practices Recommendations “Crops’ - 93,
Directorate of Extension, Kerala Agricultural

University, Thrissur, Kerala. p. 174-175.

“KAU 1996. Research Report 1993-94, Directorate of Research,

Kerala Agricultural Univeréity, Thrissur, Kerala.

p. 33

*XKorneev, V.D. Breeding material of cucumbers. 1980. Genetike

I Selektsir 66: 131-132

Lebedeva, A.T. 1984. Parameters of variation and selection for

the size of fruilt for seed in cucumber. Plant Breed.

Abstr., B57: 8405

Li, J.W. and Zhu, D.W. 1995. Genetic analysis for major
agronomic characters 1in cucumber (Cucumis =sativus

L.). Acta Horticulturae, 402: 388-391

Lower, R.L., Neinhuis, J. and Miller, C.H. 1982. Gene action
and heterosis for yvield and vegetative
characteristics in a cross between a gynoecious
pickling cucumber inbred and a Cucumis sativus var.

hardwickii line. J. Amer ., Soc, Hort ., Sci. 107: 75-78



vii

R.L., Wehner, T.C. and Jenkins, S.F. Jr. 1891. Gy 4

Lower,
cucumber inbred and ‘Raleigh’ hybrid pickling
cucumber. Hort, Sci, 26: T7-78

~“Mariappan, S. and Pappiah, C.M. 1990. Genetic studies in
cucumber (Cucumis sativus L.) Scuth Indian Hort., 38:
70-74

“Miller, J.C. and Quisenberry, J.E. 1976. Inheritance of time
to flowering and its relationship to crop maturity in
cucumber. J. Amer ., Soc, Hort., Sci., 101: 497-500

Miller, P.A., Williams, V.C., Robinson, H.P. and Comstock, R.E.
1958. Estimates of genotypic and environmental
variances and covarlances in upland cotton and their
implications in selection. Agron. J. 5: 126-131

Musmade, A.M. and Kale, P.N. 1986. Heterosis and combining
ability in cucumber (Cucumis sativus L,) Veg. Sci1,
13: 60-68

Musmade, A.M., Kale, P.N., Desai, U.T. and Lawande, K.E. 1995.

Heterosis in cucumber (Cucumis sativus L.) Naticonal
Symposium on Recent Developments In Vegetable
Improvement, Abstracts, 2-5 Feb. 1995, Raipur. Indian

Society of Vegetable Science. p. 11



viii

‘4Neykov, S. and Neikov, S. 1988. A complex study on cucumber
cultivars of different geographical" origin.
Cucurbitaceae 88, Proceedings of the Eucarpia
meeting In cucurbit genetics and breeding, May 31 -

June 2, 1988, Avignon-Montfavet, France. p. 158-161

*Nikulenkova, E.F. 1984. New hybrid cucumbers from the
Netherlands for winter greenhouses. Genetike I

Selektsii 90: 104-108

Om, Y.H., Choi, K.S., Lee, C.H. and Choi, C.I. 1978. Dialllel
analysis of several characters in cucumbers, Cucumis

sativus §L,. Korean J, Breed, 10: 44-50

6§ens, K. W. 1983. Analysias of generation means and components
of variance for fruit size in two cucumber
populations and genetic and breeding studies on
cucumber fruit size utilising inbred backcross lines.

Dis=. Abstr , Intl. B43:. 31356B

‘6wems, K.W., Bliss, F.A. and Peterson, C.E. 1985 a. Genetic
analysis of fruit length and weight in two Cucumber
poprulations using in bred back cross line method J.

Amer . Boc . Hort. Sci. 110: 431-436

“Owens, K.W., Eliss, F.A. and Peterson, C.E. 1985b. Genetic
variation within and between two cucumber populations
derived via the inbred back cross line method. J .

Amer , Soc, Hort, Sci, 110: 437-441



Peterson,

v
Prasad,

v
Prasad,

Prasad,

e

Prasunna,

Prasunna,

ix

C. E. 1960. A gynoecious inbred line of cucumbers.

Michigan Agrl. Expt. Stat. Quart., Bull. 43: 40-42

V.S5.R.K. and Singh, D.P. 1992, Estimates of
heritability, genetic advance and association between
yield and its components in cucumber (Cucumis sativus

L.). Indian J, Hort, 49: 62-69

V.8.R.K. and Singh, D.P. 1994a. Diallel analysis of
vield components in slicing cucumber (Cucumis sativus

L.) J. Res., 6: 151-1b4

V.S.R.K. and Singh, D.P. 1994b. Genetic association
and interrelationship between yield components in

cucumber J. Maharashtra Agric, Univ, 191 147-148

M.N. and Rao, M.R. 1988. Variability studies in

cucumber (Cucumix ap.). South Indian Hort. 36:237-241

M.N. and Rao, M.R. 1989. Correlation studies and
path coefficient analysis in the segregating popula-

tion of cucumber. South Indian Hort, 37: 212-214

*Prudek, M. 1984. Diallel analysis of combining ability for

vyield components in field grown salad cucumber
(Cucumis= sativus L.) Acta - Universitatis -

Agriculturae - Brno., 32(4): 349-355



*Prudek,

M. and Wolf, J. 1985. Combining ability and
phenotypic stability for yield components in field -
grown salad cucumbers. Acta Universitatis -

Agriculturae - Brno. 33(4): 91-98

*¥Pyzhenkov, V.I., Kosareva, G. A. and Davidich, N.K. 1988.

“*Rajput,

Ram, H.H.

“ﬁastogi,

“Rastogi,

Heterotic cucumber hybrid MOVIR I. Selektsiva - I

Semencovodstvo, - Moscow 4: 40-41

J.C., Palve, &S.B. and Jamadagni, B. M. 13991.
Correlation and path analysis studies in cucumber

(Cucumis sativus L.). Maharastra J. Hort, 5: 52-55

, Singh, D.K. and Rai, P.N. 1995. Prospects of
Hybrid breeding 1in cucurbits. In : National
Symposium on Recent Developments Iin Vegetabe

Improvement, Abstracts, 2-5 Feb. 1995, Raipur. Indian

Soclety of Vegetable Sclence. p. 12

K.B. and Deep, A. 1990a. A note on inter-
relationship between yield and important plant
characters of cucumber (Cucumis sativus [.) Veg., 5c1,

17: 102-104

K.B. and Deep, A. 1990b. Variability studies in

cucumber (Cucumis sativus [.) Veg. Sci ., 17: 224-226



Rubino,

xi

D.B. and Wehner, T.C. 1988. Effect of 1inbreeding on
horticultural performance of lines deielopéd from an
open pollinated pickling cucumber population.

Euphytica, 3b: 459-464

v
Saikia, J., Shadeque, A. and Bora, G.C. 1986. Genetic studies

in cucumber: 3. Correlation and path-coefficient

analysis. Haryana J, Hort, Sci., 241 126-130

”éatyanarayana. N. 1991. Genetical studies in cucumber

Seshadri,

(Cucumis sativus L.) Ph.D. (Hort.) thesis, University

of Agricultural Science, Bangalore

V.6, 1986. Cucurbits. 1In : Vegetable Crops 1in
India (Ed. Bose, T.K. and S8om, M.G.). Noya Prakash

Calcutta p. 91-164

Singh, R.K. and Choudhary, B.D. 1979. Bicmetrical Hethods In

Smith, F.

“Smith,

0

Quantitative Genetic Analysis Kalyani Publishers.

New Delhi. p. 39-79

R. 1937. A discriminant function for plant selection.

Ann ., Engen . T: 240-250

.S. and Lower, R.L. 1978. Field plot +techniques for
selecting increased once-over harvest yields in
pickling cucumbers. J. Amer . Soc, Hort, Sci, 103:

92-94



xii

Smith, 0.S., Lower, R.L. and Moll, R.H. 1978. Estimates of
heritabilities and variance components in pickling

cucumber. J. Amer ., Soc, Hort, Sci. 103: 222-225b

Solanki, S.5. and Seth, J.N. 13880. Studies on genetic
variability in cucumber (Cucumis sativus L.) Prog.

Hort, 12: 43-49

Solanki, §.S5., Seth, J.N. and Lal, S.D. 1982a. Heterosis and
inbreeding depression in cucumber (Cucumis =sativus

L.) IV. Prog., Hort, 14:. 121-125%

Solanki, S.5., Seth, J.N. and Lal. S.D. 1982b. Heterosis and
inbreeding depression in cucumber (Cucumis sativus

L.) V. Prog. Hort. 14: 136-140

Solanki, S.S. and Shah, A. 1990. Line x Tester analysis of
combining ability for yield and its components in

cucumber. Prog. Hort, 22: 87-91

Solanki, S.5. and Shah, A. 1992. Path analysis of fruit yield

components in cucumber. Prog. Hort, 21:322-324

Sprague, G.F. and Tatum, L.A. 1942. General vs. specific
combining ability in single crosses of Corn. J,

Amer . Scoc ., Agron. 34: 923-932



xiii

“Strefeler, M.S. and Wehner, T.C. 1986. Estimates of
heritabilities and genetic variances of three yield
and five quality traits in three-fresh-markset
cucumber populations. J. Amer. Soc., Hort, Sci,
111: 599-605

Vijayakumari, P., More, T.A. and Seshadri, vV.S. 1991.

Evaluation of gynoecious Fl hybrids for horticultural

characters in cucumber. Veg. 5ci. 18: 167-176

Vijayakumari, P., More, T.A. and Seshadri, V.S. 13983.

Heterosis in tropical and temperate gynoecious

hybrids in cucumber. Veg. Sci. 20: 152-157

Wang, X.S., Wang, Y.J. and Qi, Y.T. 1993. Fl hybrid Bi Chun -
a new early-maturing spring cucumber cultivar.

Chinese Vegetables 6: 4-7

“*Wang, Y.J. and Wang, X.S. 1980, Preliminary analysis of
combining ability in autumn cucumber. Scientia

Agricultura Sinica 3. 52-57

~Wehner, T.C. and Cramer, C.S. 1996. Ten cycles of recurrent
selection for fruit yield earliness and quality in
three slicing cucumber populations J. Amer., 5Soc,

Hort, 5ci. 121: 362-366



xiv

Wehner, T.C., Lower, R.L., Staub, J.E. and Tolla, G.E. 1389.
Convergent - Divergent selection for cucumber fruit

yield. Hort, S5ci, 24: 667-669

Wehner, T.C. and Miller, C.H. 1985. Effect of gynoecious
expression on yield and earliness of a fresh market

cucumber hybrid. J. Amer . Soc. Hort ., Sci . 110: 464-

466

-

Wright, S. 1921. Correlation and causation. J. Agric. Res,.

20: 557-585

Yawalkar, K.S. 1969. Vegetable Crops In India, Agri

Horticultural Publishing House, Dharampeth, Nagpur

¥ Originals not seen



GENETIC VARIABILITY AND HETEROSIS
IN CUCUMBEER (Cucumis sativas . D

By
GAYATHRI. K.

ABSTRACT OF THE THESIS
Submitted in partial fulfilment of the requirement
for the degree
MASTER OF SCIENCE IN HORTICULTURE
Faculty of Agriculture

Kerala Agricultural University

Department of Horticulture
COLLEGE OF AGRICULTURE
Yellayani, Thi:uvananthapuram

1887



ABSTRACT

The present investigation on ‘Genetic variability and
heterosis in cucumber (Cucumis sativus L.}’ was conducted
at the College of Agriculture, Vellayani, Trivandrum during
1895-97. Twenty two genotypes of cucumber collected from
different parts of the country were grown in randomised block
design with +two replications and assessed the genetic
variability of fifteen characters. The genetic parameters like
variability, heritability, genetic advance, correlation
coefficients and direct and indirect effects of the component
traits on yield were estimated. Seven parents were selected
based on selection index, crossed in all possible combinations
without reciprocals in a 7x7 diallel and produced 21 Fl
hybrids. These F; hybrids were evaluated along with their

parents and derived information on general and specific

combining ability and heterosis.

Significant differences were observed among the 22
genotypes for all the fifteen characters studied. Yield/plant,
fruits/plant, average fruit weight and node to first female
flower had the highest genotypic coefficient of variation with
high heritability and genetic advance. Fruits/plant, average
fruit weight, fruit girth and fruit diameter were highly

correlated with yield. Fruit girth exerted +the maximum



positive effect on yield followed by average fruit weight and

fruits/plant.

Significant gca and sca variances were observed for
all the +traits. CS 12 and CS 9 were good general combiners
for yield. The hybrids CS 12 x Punerikhira, CS 9 x ARC-1 and

BSS 169 x ARC-1 possessed high sca effects for yield.

Significant heterosis were observed for most of the
traits. Relative heterosis, heterobeltiosis and standard
heterosis were significant for days to first female flower
opening. Punerikhira x ARC-1 and C5 9 x Punerikhira were
significantly earlier than the standard variety CS 12. Relative
heterosis and heterobeltiosis were observed for yield/plant.
None of the hybrids exceeded the standard parent. The hybrids
BSS 169 x ARC-1, CS 9 x ARC-1 and Punerikhira x ARC-1 showed

significant relative heterosis and heterobeltiosis for

vield/plant.



