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ABSTRACT 

Present investigation on heterosis and combining ability was undertaken at 

College of Horticulture, Bangalore during 2016-17. Twenty five hybrids developed by 

crossing five lines with five testers in L × T fashion were evaluated along with the 

parents in RCBD with two replications. The magnitude of heterosis over the commercial 

check (Chitra) for vine length (-12.85 to 19.91), number of branches per plant (-7.69 to 

25.00), number of nodes per vine (-11.5 to 46.50), node of female flower appearance  

(-28.95 to 28.07), days to female flower anthesis (-9.67 to -28.46), sex ratio (-20.27 to 

34.17), days to first fruit harvest (-3.14 to -23.74), number of fruits per plant (-17.68 to 

44.44), Fruit length (-10.05 to 41.94), Fruit yield per plant (-43.16 to 55.79). The hybrid 

which exhibited maximum heterosis over the commercial check (Chitra) was Green long 

× Poinsette (55.79 %), Green long × Pusa Uday (54.30 %), Pondicherry 1 × Punjab 

Naveen (50.47 %) for fruit yield per plant. The crosses Green long × Poinsette and 

Pondicherry 1 × Punjab Naveen and lines Pondicherry 1 and green long were identified 

as good specific combiner and general combiner for fruit yield. Among the parents IIHR 

341, Green long, Pusa Uday were identified as good  general combiners overall 17 

characters based on comprehensive study considering gca effects. Non additive 

component of genetic variance was slightly higher than additive component for all the 

traits studied. 
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ಸೌತೆಕಾಯಿ (ಕುಕುಮಿಸ್ ಸಟೈವಸ್ ಎಲ್.) ಜಿನೋಟೈಪ್್ಸನಲಿ್ಲ  ಹೆಟಿರೋಸಿಸ್ ಮತ್ತು  

ಸಂಯೋಜನಾ ಸಾಮಥ್್ರ ಯ ದ ಕುರಿತ್ತ ಅಧ್ಯ ಯನ 

ಸಾರಾಂಶ 

 ರ ಸ್ತು ತ ಹೆಟಿರೋಸಿಸ್ ಮತ್ತು  ಸಂಯೋಜನಾ ಸಾಮಥರ ಯ ದ ಮೇಲಿನ 

ಸಂಶೋಧನೆಯನ್ನು  2016-17 ನೇ ಸಾಲಿನಲಿಿ  ತೋಟಗಾರಿಕಾ ಮಹಾವಿದ್ಯಯ ಲಯ, ಜಿಕೆವಿಕೆ, 

ಬೆಂಗಳೂರಿನಲಿಿ  ಕೈಗೊಳ್ಳ ಲಾಯಿತ್ತ. ಐದು ಸಂತತಿಗಳು ಹಾಗೂ ಐದು ರಿೋಕ್ಷಕಗಳ್ನ್ನು  

ಎಲ್xಟಿ ಮಾದರಿಯಲಿಿ  ಕೂಡಿಸಿ 25 ಸಂಕರಣ ತಳಿಗಳ್ನ್ನು  ಅಭಿವೃದಿ್ಧಡಿಸಿ ಅವುಗಳ್ನ್ನು  

ಪೋಷಕ ತಳಿಗಳೆಂದ್ಧಗೆ ಮೂರು ಪುನರಾವತತನೆಗಳ್ಲಿಿ  ಆರ್.ಸಿ.ಬಿ.ಡಿ. ವಿನಾಯ ಸದಲಿಿ  

ಮೌಲಯ ಮಾನ ಮಾಡಲಾಯಿತ್ತ. ಹೆಟಿರೋಸಿಸ್ನ ರ ಮಾಣವು ವಾಣಿಜಯ  ತಳಿ (ಚಿತ್ರರ ) ಗೆಂತ, 

ಬಳಿಳ ಯ ಉದದ  (-12.85 ರಿೆಂದ 19.91), ರ ತಿ ಬಳಿಳ ಗೆ ಕವಲುಗಳ್ ಸಂಖ್ಯಯ  (-7.69 ರಿೆಂದ 25), ರ ತಿ 

ಬಳಿಳ ಗೆ ಕಣ್ಣು ಗಳ್ ಸಂಖ್ಯಯ  (-11.65 ರಿೆಂದ 46.5), ಹೆಣ್ಣು  ಹೂ ಗೊೋಚರಿಸ್ತವ ಕಣ್ಣು ಗಳ್ ಸಂಖ್ಯಯ  (-

28.95 ರಿೆಂದ 28.07), ಹೆಣ್ಣು  ಹೂವು ಅರಳ್ಲು ದ್ಧನಗಳು (-9.67 ರಿೆಂದ -28.46), ಲಿೆಂಗಾನ್ನಪಾತ (-

20.27 ರಿೆಂದ 34.17), ಮೊದಲ ಬಾರಿ ಕಾಯಿಗಳು ಕಟಾವಿಗೆ ಬರುವ ದ್ಧನಗಳು (-314 ರಿೆಂದ -23.74), 

ರ ತಿ ಗಡಕೆೆ  ಒಟ್ಟು  ಕಾಯಿಗಳ್ ಸಂಖ್ಯಯ  (-17.68 ರಿೆಂದ 44.44), ಕಾಯಿಯ ಉದದ  (-10.05 ರಿೆಂದ 

41.94), ರ ತಿ ಗಡಕೆೆ  ಕಾಯಿಯ ಇಳುವರಿ (-43.16ರಿೆಂದ 55.79) ರಷ್ಟು  ಕಂಡುಬಂದ್ಧತ್ತು . ವಾಣಿಜಯ  

ತಳಿ (ಚಿತ್ರರ ) ಗೆಂತ ಅತಿ ಹೆಚ್ಚು  ಹೆಟಿರೋಸಿಸ್ ರ ಮಾಣವು, ರ ತಿ ಗಡದ ಇಳುವರಿಯಲಿಿ  

ಗರ ೋನ್ಲಾೆಂಗ್ x ಪಯಿನ್ಸೆಟ್ಟು  (ಶೇ. 55.79), ಗರ ೋನ್ಲಾೆಂಗ್ x ಪೂಸಾ ಉದಯ್ (ಶೇ. 54.30) 

ಮತ್ತು  ಪಾೆಂಡಿಚೇರಿ-1 x ಪಂಜಾಬ್ನವಿೋನ್ (ಶೇ. 50.47) ದ್ಯಖಲೆಗೊೆಂಡಿತ್ತು . ಸಂಯೋಗ 

ವಿನಾಯ ಸದ ಅಧಯ ಯನದ್ಧೆಂದ ತಿಳಿಸ್ತವುದೇನೆೆಂದರೆ, ಸಂಕರಣ ತಳಿಗಳಿೆಂದ ಗರ ೋನ್ಲಾೆಂಗ್ x 

ಪಯಿನ್ಸೆಟ್ಟು , ಪಾೆಂಡಿಚೇರಿ-1 x ಪಂಜಾಬ್ನವಿೋನ್ಗಳು ಕರ ಮವಾಗ ರ ತಿ ಗಡದ ಮಾರಟಕೆೆ  

ಸೂಕು ವಾದ ಅತ್ತಯ ತು ಮವಾದ ಇಳುವರಿ, ನಿದ್ಧತಷು  ಮತ್ತು  ಸಾಮಾನಯ  ಕೂಡುವಿಕೆಯ 

ಕ್ಷಮತೆಯನ್ನು  ಹೆಂದ್ಧದದ ವು. ಎಲಿಾ  17 ಗುಣಗಳು ಜಿ.ಸಿ.ಎ ರಿಣಾಮಗಳ್ನ್ನು  ರಿಗಣಿಸಿ 

ಮಾಡಿದ ಸಮಗರ  ಅಧಯ ಯನದ ಆಧಾರದ ಮೇಲೆ ಸಾಲುಗಳು  ಪಾೆಂಡಿಚೇರಿ-1 ಮತ್ತು  

ಗರ ೋನ್ಲಾೆಂಗ್. ಒಳ್ಳಳ ಯ ಸಾಮಾನಯ  ಸಂಯೋಜಕಗಳಾಗ ಗುರಿತಿಸಲಾಗದೆ. 
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I. INTRODUCTION 

Cucumber (Cucumis sativus L.) is one of the most popular vegetable of the family Cucurbitaceae. 
The “Cucurbit” is a term coined by Liberty Hyde Bailey for cultivated species consisting of 118 genera and 
825 species (Jeffrey, 1990). Cucumber is distinct from the other Cucumis species as it has got seven 
pairs of chromosomes 2n=2x=14 a true diploid. India is the centre of origin of many Cucurbitaceous 
vegetables, where the Cucurbits are capable of thriving and performing well even under the hot summer. 

The cucumber has been originated in India. The genus Cucumis comprises of about 30 species 
which is distributed over two distinct geographic areas viz., South-East Himalayan an important origin of 
the Asiatic group with chromosome number of x=7, are distributed in India, China, Myanmar and Korea to 
which cucumber belongs and African group consisting of species Cucumis sativus var. sativus and 
Cucumis sativus var. hardwickii (Royle) with basic chromosome number x=12. These species are also 
found in different parts of Africa, Middle East, Sudan, Egypt, Ethiopia and Pakistan. Cucumber has 
become the fourth important vegetable in the world after tomato, cabbage and onion (Tatilioglee, 1993). 

It is an ideal summer vegetable crop which is  grown for its edible tender fruits, preferred as a 
versatile fruit consumed in various ways, salad ingredient, pickles, deserts fruit and as a cooked 
vegetable. Cucumber has got the cooling effect, so in the eastern countries, fruits were often used as 
cooling vegetable. It is ideal for the people suffering from jaundice and allied diseases and also very 
much useful in preventing constipation. 

One hundred gram of edible cucumber fruit contain 96g water, 0.6g protein, 0.1g fat, 2.2g 
carbohydrate, 45 IU Vitamin A, 0.03mg Vitamin B1, B2, 0.3mg Niacin, 12mg vitamin C, 12mg Calcium, 
0.3mg Iron, 15mg Magnesium and 24mg Phosphorus (Alcazar, et al., 1983). Seeds contain oil, which is 
helpful for brain development and body smoothness. Hence, it is being used in Ayurvedic preparations 
(Robinson and Decker-Walter, 1999). Besides this, the whole fruit is used in cosmetic and soap 
industries. 

Globally cucumber is cultivated in an area of 21,09,651 ha with an annual production of 
6,51,34,078 tonnes (FAO, 2012). While, India produces about 6,40,990, tonnes of cucumber from an area 
of 40,900 hectares with a productivity of 15.98 tonnes per hectare (NHB, 2014). In Karnataka the area 
under cucumber cultivation is about 6,903 ha with an average production of 1,03,396  mt. The average 
productivity of cucumber in Karnataka is about 14.98 mt per ha (Anon., 2013). 

Cucumber is a monoecious, trailing or climbing vine with angled, hirsute or rough stems. The 
staminate flowers have three stamens are in clusters with short, slender pedicels. The pistillate flowers 
contain upto five stigma and are epigynous and hermaphrodite flowers are perigynous. The main stem of 
monoecious cucumber is usually characterized by three phases of sex expressions. Only staminate 
flowers are produced in the first phase followed by a phase of irregularly alternating female, male or 
mixed nodes and finally a phase of only pistillate flowers. Fruits from perigynous flowers are more 
rounded as opposed to elongated ones from epigynous ones. Sex expression is generally influenced by 
environment. Under long day and high light intensities staminate flowers predominate, whereas under 
short day and low light intensities pistillate flower predominate. Anthesis takes place around 5.30 a.m - 
7.00 a.m. Anther dehiscence occurs around 4.30 a.m - 5.00 a.m, and pollen fertility is upto 14 hr. 

Cucumber it exhibits an considerable heterozygosity in the population and does not suffer much 
due to the inbreeding depression resulting in natural variability in the population. The demand for the 
hybrids in cucumber is increasing because of earliness, uniformity and higher yield. Cucumber is a 
suitable crop for the development of hybrids of commercial importance due to monoecious sex form 
which eliminates emasculation and large number of seeds per cross, make it more economical. 



Heterosis breeding has been recognized as practical tool in providing breeder a means for 
increasing yield and other economic traits. The hybrid vigour or the superiority of the F1 hybrids over 
parents may be manifested in terms of high productivity, uniformity in improved qualities, built in 
resistance, environmental adoptions, earliness etc. However it never happens that each hybridization is 
accompanied by manifestation of hybrid vigour. Only certain pair of parents gives heterotic progeny. 

Another issue that leads to less yield in cucumber is “Sex ratio”. Efforts have been made by the 
various researchers in order to increase number of female flowers per plant and eventually yield. 
Peterson (1960) improved early yield by introducing gynoecious lines. Therefore, development of an 
effective heterosis breeding  in cucumber one needs to elucidate genetic nature and magnitude of 
quantitatively inherited traits and estimate prepotency of parents in hybrid combinations. Among the 
variety of biometrical procedures, line x testers analysis proposed by Kempthorne (1957) will provide 
information in this direction which has received considerable attention to access genetic differences 
among the parents for quantitative traits. The general combining ability (gca) effects and specific 
combining ability (sca) effects in selection of superior hybrids and to understand the nature of gene action 
involved in the expression of yield and yield contributing characters. 

Cucumber has received little attention in crop improvement as compared to other cucurbit 
vegetables. Therefore exploitation of heterosis involving locally adapted cucumber genotypes for 
commercial cultivation in priority area of research in improving the productivity, uniformity and fruit quality. 
Hence, the present study was undertaken with the following objectives: 

1. To estimate the heterosis for yield and yield attributing traits in cucumber. 

2. To study the combining ability of parents for yield, yield attributing traits in cucumber. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



II. REVIEW OF LITERATURE 

Cucumber (Cucumis sativus L.) is an important Cucurbitaceous vegetable crop grown in tropical 
and subtropical region. The main goal of any breeding programme is to increase the yielding ability of 
crop plants. The information on genetic architecture of various traits, particularly of those contribute to 
yield will be most useful in implementation of the breeding programme. Exploitation of heterosis is an 
efficient approach for improvement of vegetable crops, where F1 seed production is economically viable. 
Nevertheless, for a comparatively less known crop like cucumber, taking stock of the earlier works on the 
crop improvement aspects with special reference to heterosis breeding on which present investigation is 
concerned must. Therefore, investigation is carried out to assess the magnitude of heterosis and good 
combiners for the immense use in breeding programme. The review of literature on heterosis and 
combining ability for growth, yield and quality parameters of cucumber and other cucurbits are presented 
under the following headings. 

2.1 Heterosis for yield and yield contributing traits in cucumber 

Hybrid vigour and heterosis are nearly synonymous. The word heterosis was coined by Shull 
(1914), which refers to the phenomena in which the F1 hybrid obtained by crossing the two genetically 
dissimilar homozygous individuals, shows increased or decreased vigour over the  better parent 
(heterobeltiosis) or best parent value (best-parent heterosis)  or commercial check hybrid (standard or 
true heterosis). Hayes and Jones (1916) were the first investigators to report heterosis in cucumber. They 
found 24 to 30 per cent increase in yield over the high yielding parents. Heterosis was also reported for 
various other traits in cucumber by Hutchins (1938).  In vegetable crops, heterosis breeding has found 
useful in the improvement of yield potential of self as well as cross pollinated crops. 

The expression of heterosis may be due to factors such as heterozygosity, allelic interaction such 
as dominance or over-dominance, non-allelic or epistasis and maternal interactions. The degree of 
heterosis depends upon the number of heterozygous alleles. Higher the number of heterozygous alleles, 
more is the heterosis expected (East and Hayes, 1912). Various hypothesis have been put forward to 
know genetic basis of Heterosis. Among them, dominance hypothesis, over-dominance hypothesis and 
epistasis hypothesis are widely accepted. 

 Hybrids offer opportunity for increased vigour, earliness, uniformity, size, fruitfulness, resistance 
to diseases and pests. Considerable degree of heterosis has been documented in cucumber and other 
cucurbits for various characters. The heterosis of some traits as reported by various scientists is reviewed 
in the Table 1. 

2.2 Combining ability 

The concept of combining ability for the evaluation of parents in a crossing programme is of 
immense important. It has been originated through intensive hybridization work in maize. Hybridization is 
the most potent technique for breaking yield barriers and evolving varieties having high yielding potential. 
The selection of suitable parents is one of the most important steps in heterosis breeding. Selection of 
parents on the basis of phenotypic performance alone is not a sound procedure, since phenotypically 
superior lines may not lead to expected degree of heterosis. Thus, one of the potential tool for identifying 
prospective parents for hybridization and shifting productive hybrids from a set of crosses in F1 generation 
is the analysis of combining ability (Griffing, 1956). The combining ability concept was first proposed by 
Sprague and Tatum (1942) in corn.  

According to them, the general combining ability (gca) is the comparative ability of the line to 
combine with other lines. It is the deviation of the mean performance of all the crosses involving a parent 
from overall mean. Specific combining ability (sca) was defined as the deviation in the performance of 
specific cross from the performance expected on the basis of general combining ability effects of parents 



involved in the crosses. A positive combining ability (gca) indicates a parent that produces above average 
progeny, whereas parent with negative gca produces progeny that performs below average of the 
population. Specific combining ability (sca) can be either negative or positive and sca always refers to 
specific cross and never to a particular parent by itself. 

The most commonly design for combining ability studies are line x tester and diallel analysis. 
Combining ability analysis following the line x tester technique was given by Kempthorne (1957) and 
Arunachalam (1974). It is also useful for the characterizing the nature and magnitude of gene action 
involved in controlling the quantitative traits. The general and specific combining ability effects and 
variances obtained from a set of F1‟s enables the breeder to select desirable parents and crosses for 
each of the quantitative components separately. Sprague and Tatum (1942) from their results concluded 
that, the general combining ability was largely the result of additive gene action, while the specific 
combining ability due to dominance, epistasis and genotypic environment interaction. Review of literature 
on combining ability and gene action in cucumber is presented in Table 2. 

 



Table 1. Review of literature on extent of heterobeltiosis, best parent and standard heterosis for various traits of cucumber 

Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

1 Vine length (cm) 

Cucumber 
30 L × T -140.50 to 54.50 - - Bairagi et al. (2005) 

21 HD 4.18 to -27.93 5.22 to -27.93 - Jat et al. (2015) 

Ridge gourd 

28 HD 30.21 to 39.73 - - Rao et al. (2000a) 

10 Crosses -17.97 to 54.18 - -4.03 to 36.27 Mole et al. (2001) 

36 Crosses -44.97 to 54.18 - 1.83 to 75.49 Niyaria and Bhalala (2001) 

45 HD -32.94 to 37.53 - - Shaha and Kale (2003b) 

28 HD -49.37 to 45.60 - -40.15 to 29.72 Poshiya et al. (2015) 

Bottle gourd 

15 HD -9.32 to 13.09 - - Kushwaha and Hariharram (2002) 

36 HD 1.67 to 64.75 - 0.00 to 75.48 Dubey and Maurya (2003) 

30 L × T -36.50- 49.18 - - Sharma et al. (2004) 

Bitter gourd 

30 HD 2.36 to 33.33 - 9.15 to 43.79 Singh et al. (2001) 

25 L × T -11.05 to 23.60 - -17.20 to 15.53 Mohan (2005) 

28 HD -140.50 to 54.50 - -22.70 to 14.64 Laxuman (2005) 

28 HD -17.50 to 10.81 -21.74 to 5.37 - Jadhav et al. (2009) 

29 L × T -24.51 to 2.20 - - Yadav et al. (2009) 

21 HD -6.35 to 38.58 - - Singh et al.(2013) 

Sponge gourd 36 HD -50.50 to 29.06 - -38.41 to 75.28 Naliyadhara et al. (2007) 

Musk melon 10 HD - 0.88 to 17.14 - Kamer et al. (2015) 

2 
Number of    

branches per plant 

Cucumber 
28 crosses -45.50 to 46.10 - -43.80 to 21.00 Bairagi et al. (2005) 

15 FD -1.86 to 10.83 - - Pandey  et al. (2005) 

Ridge gourd 

28 HD -54.33 to 60.82 - - Rao et al. (2000a) 

36 crosses -48.60 to 40.17 - -24.60 to 57.36 Niyaria and Bhalala (2001) 

10 crosses -18.41 to 46.26 - -9.52 to 50.00 Mole et al. (2001) 

Bottle gourd 
15 HD -12.39 to 21.04 - - Kushwaha and Hariharram (2002) 

36 HD 1.23 to 72.22 - 1.18 to 45.88 Dubey and Maurya (2003) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

30 L × T -4.26 to 31.52 - -20.16 to 11.12 Sharma et al. (2004) 

Bitter gourd 
28 HD -18.70 to 23.76 -21.59 to 8.93 - Jadhav et al. (2009) 

24 L × T -11.21 to 293.65 - - Yadav et al. (2009) 

Sponge gourd 36 HD 32.28 to 22.78 - -27.43 to 30.38 Naliyadhara et al. (2007) 

Muskmelon 10 HD - -13.98 to 7.85 - Kamer et al. (2015) 

3 
Number of nodes per 

vine 
Cucumber 36 L × T 15 to 37 - - Singh et al.(2011) 

4 
Days to first female 

flower anthesis 

Cucumber 
28 HD -11.72 to 82.65 - -17.72 to 65.19 Dogra et al. (2011) 

21 HD -12.37 to 7.80 -6.08 to -24.24 - Jat et al. (2015) 

Ridge gourd 

10 crosses -21.90 to 76.73 - - Rao et al. (2000a) 

28 HD -0.36 to -41.36 - -42.26 to -1.85 Mole et al. (2001) 

45 crosses -28.93 to 105.69 - - Shaha and Kale (2003b) 

28 HD -14.29 to 17.08 - -21.77 to 7.94 Poshiya et al. (2015) 

Bottle gourd 

20 L x T -31.39 to 43.76 - -35.94 to 13.00 Singh and Kumar (2002) 

15 FD -13.42 to 36.43 - - Kushwaha and Hariharram (2002) 

36 HD -1.02 to 38.88 - -0.85 to 28.21 Dubey and Maurya (2003) 

30 HD -20.00 to 27.22 - - Sharma et al. (2004) 

10 HD -28.26 to 27.53 - - Sreevani(2004) 

10 HD  - -9.93 to 42.00 Upadhyay and Hariharram (2007) 

30 L x T -3.66   to    16.30 - - Singh et al. (2012) 

  Bitter gourd 

21 HD -14.71 to -27.80 - -27.80 to -1.44 Singh et al. (2000) 

25 L x T -19.37 to 14.50 - -7.38 to 12.90 Mohan (2005) 

28 HD -25.95 to 10.93 - -19.63 to 15.70 Laxuman (2005) 

56 FD -50.52 to 45.35 - - Sundaram (2007) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

28 HD -20.08 to 21.43 -8.60 to 21.43 - Jadhav et al. (2009) 

24 L x T -2.42 to -41.67 - - Yadav et al. (2009) 

Pumpkin 28 crosses -51.9 to 9.70 - - Mohanty (2001a) 

5 
Node to first female 

flower appearance 

Cucumber 
28 HD -40.00 TO 11.11 - -38.46 to 30.77 Dogra et al. (2011) 

21 HD -10.64-to-37.96 -11.55 to -53.13 - Jat et al. (2015) 

Ridge gourd 

10 crosses -21.90 to 76.73 - - Rao et al. (2000a) 

28 HD -0.36 to -41.36 - -42.26 to -1.85 Mole et al. (2001) 

45 crosses -28.93 to 105.69 - - Shaha and Kale (2003b) 

28 HD -17.08 to 36.97 - -28.42 to 24.10 Poshiya et al. (2015) 

Bottle gourd 

20 L x T -31.39 to 43.76 - -35.94 to 13.00 Singh and Kumar (2002) 

15 FD -13.42 to 36.43 - - Kushwaha and Hariharram (2002) 

36 HD -1.02 to 38.88 - -0.85 to 28.21 Dubey and Maurya (2003) 

30 HD -20.00 to 27.22 - - Sharma et al. (2004) 

10 HD -28.26 to 27.53 - - Sreevani(2004) 

10 HD  - -9.93 to 42.00 Upadhyay and Hariharram (2007) 

6 
Node to first male 

flower appearance 

Ridge gourd 
28 HD - - - Rao et al. (2000a) 

28 HD -16.19 to 52.44 - -29.59 to 27.55 Poshiya et al. (2015) 

Bottle gourd 
30 L × T -36.10 to 34.25 - 47.49 to 25.61 Singh and Kumar (2002) 

16 HD -13.42 to 36.43 -  Kushwaha and Hariharram (2002) 

Bitter gourd 
21 HD -21.08 to -41.19 - -42.97 to -18.57 Singh et al. (2000) 

28 HD - - 19.1 to 86.4 Chaubey and Hariharram (2004) 

Pumpkin 28 crosses -43.70 to 15.50 - - Mohanty (2001a) 

7 No. of fruits per plant 
Cucumber 

28 crosses -5.60 to 67.70 - 0.00 to 22.20 Bairagi et al. (2005) 

28 HD -45.71 to 15.79 - -40.63 to 25.18 Dogra et al. (2011) 

21 HD 38.51 to -33.95 141 to 3.55 - Jat et al. (2015) 

15 FD 7.47 to 43.51 - - Pandey  et al. (2005) 

Ridge gourd 28 HD -64.04 to 76.15 - - Rao et al. (2000a) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

30crosses -45.40 to 55.4 - 14.12 to 129.00 Mole et al (2001) 

10 crosses -27.78 to 75.44 - -31.53 to  154.63 Niyaria and Bhalala (2001) 

45 HD 41.64 to 83.33 - - Shaha and Kale (2003b) 

45 HD -0.38 to 75.86 - 0.04 to 80.45 Hedau and Sirohi (2004a) 

28 HD -37.89 to 57.13 - -28.81 to 99.60 Poshiya et al. (2015) 

Bottle gourd 

20 L × T -39.00 to 86.70 - -24.00 to 70.00 Singh and Kumar (2002) 

36 HD 7.50 to 143.33 - 6.52 to 95.65 Dubey and Maurya (2003) 

10 HD -3.81 to 22.95 - - Sreevani (2004) 

28 HD 0.87 to 23.49 - - Sirohi and Rana (2007) 

10 HD -59.00 to 4.41 - - Upadhyay and Hariharram (2007) 

Bitter gourd 

21 HD 13.15 to 130.06 - 25.39 to 86.20 Singh et al. (2000) 

30 HD 4.40 to 74.05 - - Singh et al. (2001) 

25 L × T -34.34 to 35.57 - -42.76 to 15.86 Mohan (2005) 

28 HD -56.02 to 16.69 - -32.56 to 72.69 Laxuman (2005) 

21 L × T -17.65 to 131.62 - - Singh et al. (2007) 

50 FD -74.14 to 89.36 - - Sundaram (2007) 

28 HD -23.10 to 43.72 -23.10 to 29.54 - Jadhav et al. (2009) 

24 L × T -38.14 to 1.94 - - Yadav et al. (2009) 

21 HD 2.51 to 48.75 - - Singh et al.(2013) 

  
Sponge gourd 

36 HD -27.54 to 112.58 - -26.21 to 72.12 Naliyadhara et al. (2007) 

28 HD 34.54 to 78.40 - - Patel and Desai (2008) 

Musk melon 10 HD - -21.14 to 40.6  Kamer et al. (2015) 

8 Fruit diameter (cm) 
Cucumber 

28 HD -23.84 to 7.86 - -11.81 to 27.99 Dogra et al. (2011) 

12 topcross -6.02 to 19.50 - - Airina et al. (2013) 

21 HD 15.56 to -18.66 15.56 to -36.63 - Jat et al. (2015) 

15 FD -10.93 to 13.07 - - Pandey  et al. (2005) 

Ridge gourd 10 crosses -2.39 to 21.10 - -2.43 to 19.54 Mole et al. (2001) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

28 HD -23.52 to 11.52 - - Rao and Rao (2002) 

45 HD -9.67 to 26.43 - -11.68 to 7.66 Shaha and Kale (2003a) 

28 HD -9.33 to 12.00 - -9.93 to 11.26 Poshiya et al. (2015) 

Bitter gourd 

30 L X T 0.28 to 16.49 - - Singh et al. (2001) 

25 L X T -19.78 to 14.35 - -18.33 to 4.07 Mohan (2005) 

28 HD -35.48 to 9.09 - -32.14 to 20.24 Luxuman (2005) 

55 HD -37.76 to 17.45 - - Sundaram (2007) 

21 L X T -24.91 to 11.39 - - Singh et al. (2007) 

28 HD -15.65 to 11.08 -20.68 to 6.05 - Jadhav et al. (2009) 

90 FD - - -13.43 to 25.52 Thangamani et al. (2011) 

21 HD -16.62 to 4.37 - - Singh et al.(2013) 

Bottle gourd 

30 L × T -25.68 to 19.35 - - Sharma et al. (2004) 

15 HD -8.99 to 23.15 - 8.84 to 23.02 Pandey et al. (2004) 

30 L x T 11.31 to -14.43 -  Singh et al. (2012) 

Sponge gourd 36 HD -11.43 to 18.63 - -14.63 to 10.74 Naliyadhara et al. (2007) 

9 Fruit length (cm) 

Cucumber 

28 HD -17.38 to 25.88 - -14.30 to 20.60 Dogra et al. (2011) 

12 Topcross -24.36 to 13.78 - - Airina et al. (2013) 

21 HD 15.42 to -13.56 15.42 to -32.03 - Jat et al. (2015) 

15 FD -60.20 to 9.92 - - Pandey  et al. (2005) 

Ridge gourd 

10 crosses -36.57 to 15.56 - -48.21 to -7.22 Mole et al. (2001) 

36 crosses -45.10 to 4.67 - -45.00 to 9.49 Niyaria and Bhalala (2001) 

28 HD -24.24 to 23.97 - - Rao and Rao (2002) 

45 HD 4.91 to 24.66 - 0.38 to 18.56 Hedau and Sirohi (2004a) 

30 L × T 1.40 to 25.46 - - Singh et al. (2001) 

28 HD -23.23 to 6.92 - -39.64 to 7.63 Poshiya et al. (2015) 

Bottle gourd 10 L × T -58.80 to 17.33 - -54.93 to 26.19 Singh and Kumar (2002) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

36 HD 7.50 to 143.33 - 6.52 to 95.65 Dubey and Maurya (2003) 

30 L × T -24.15 to 2.74 - - Sharma et al. (2004) 

30 L x T 9.79 to -17.38 - - Singh et al. (2012) 

10 HD -6.24 to 50.28 - - Sreevani (2004) 

28 HD 3.58 to 19.58 - - Sirohi and Rana (2007) 

Bitter gourd 

25 L × T -30.44 to 28.18 - -25.40 to 7.64 Mohan (2005) 

28 HD -29.45 to 30.31 - -34.40 to 7.24 Laxuman (2005) 

55 HD -52.75 to 5.36 - - Sundaram (2007) 

28 HD -36.19 to 13 -36.19 to 6.28 - Jadhav et al. (2009) 

24 L × T -30.95 to 20.76 - - Yadav et al. (2009) 

90 FD  - -59.90 to 2.25 Thangamani et al. (2011) 

21 HD - 19.09 to 30.15 - - Singh et al.(2013) 

10 Days to first harvest Cucumber 
12 topcross -21.43 to 6.60 - - Airina et al. (2013) 

21 HD -7.36 to 17.58 -4.32 to -20.74 - Jat et al. (2015) 

  

Ridge gourd 

36 HD -11.76 to 17.97 - -6.25 to 20.12 Niyaria and Bhalala (2001) 

45 HD -9.79 to 22.74 - - Shaha and Kale (2003b) 

45 crosses -0.34 to -13.03 -9.67 to 1.02 - Hedau and Sirohi (2004a) 

28 HD -16.67 to 6.95 - -18.12 to 5.08 Poshiya et al. (2015) 

Bottle gourd 

20 L x T -33.74 to 12.09 - -5.91 to -37.92 Singh and Kumar (2002) 

15 HD -7.13 to 11.05 - - Kushwaha and Hariharram (2002) 

36 HD -0.44 to 7.92 - -0.74 to 11.36 Dubey and Maurya (2003) 

30 L x T -10.59 to 12.22 - - Sharma et al. (2004) 

28 HD -15.21 to 10.25 - - Sirohi and Rana (2007) 

30 L x T -3.57 to16.13 - - Singh et al. (2012) 

Bitter gourd 

21 HD -6.19 to -22.20 - -6.20 to 0.00 Singh et al. (2000) 

30 HD -0.47 to 5.97 - - Singh et al. (2001) 

25 L x T -20.65 to 10.65 - -8.04 to 17.09 Mohan (2005) 

28 HD -14.46 to 9.90 - 10.83 to 13.27 Laxuman (2005) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

21 L x T -57.00 to 9.95 - - Singh et al. (2007) 

28 HD -16.39 to 11.49 - -12.67 to 12.02 Jadhav et al. (2009) 

90 FD  - -8.49 to 5.45 Thangamani et al. (2011) 

Sponge gourd 
36 FD -6.19 to 21.89 - -17.56 to 5.6 Naliyadhara et al. (2007) 

28 HD -24.71 to 8.94 - - Patel and Desai (2008) 

11 
Average fruit weight 

(g) 

Cucumber 
12 Topcross -0.18 to 43.36 - - Airina et al. (2013) 

21 HD -20.32 to 6.92 -35.20 to 6.92 - Jat et al. (2015) 

Ridge gourd 

10 crosses -35.00 to 3.13 - - Mole et al. (2001) 

28 HD -21.56 to 26.41 - - Rao and Rao (2002) 

45 HD -20.80 to 19.99 - - Shaha and Kale (2003a) 

45 HD 1.20 to 16.15 - - Hedau and Sirohi (2004) 

28 HD -21.83 to 13.57 - -32.31 to 13.14 Poshiya et al. (2015) 

Bottle gourd 

10 L × T -16.19 to 54.16 - -16.19 to 66.66 Singh and Kumar (2002) 

15 HD -32.65 - 41.81 Pandey et al. (2004) 

30 L × T -25.68 to 19.35 - - Sharma et al. (2004) 

28 HD 0.66 to 39.78 - - Sirohi and Rana (2007) 

30 L x T 16.67 to 15.13 - - Singh et al. (2012) 

Bitter gourd 21 HD -46.57  to  53.85 - - Singh et al.(2013) 

Sponge gourd 36 HD -11.43 to 18.63 - -14.63 to 10.74 Naliyadhara et al. (2007) 

Musk melon 10 HD - -27.06 - Kamer et al. (2015) 

12 
Fruit yield per vine 

(kg) 

Cucumber 
12 Topcross -24.28 to 445.82 - - Airina et al. (2013) 

21 HD -1.26 to 45.54 -4.38 to 64.51 - Jat et al. (2015) 

Ridge gourd 

45 HD -14.09 to 50.81 - -2.26 to 99.71 Mole et al.(2001) 

36 crosses -46.05 to 67.88 - -18.11 to 121.5 Niyaria and Bhalala (2001) 

28 HD -41.66 to 200.13 - - Rao and Rao (2002) 

45 HD 2.05 to 93.09 - 2.49 to 93.09 Hedau and Sirohi (2004a) 

18 crosses -27.30 to 57.22 - -48.85 to 33.10 Ahmed et al. (2006) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

18 crosses -58.33 to 112.34 - 74.09 to 24.04 Neeraja (2008) 

28 HD -45.93 to 67.46 - -52.12 to 80.51 Poshiya et al. (2015) 

Bottle gourd 

20 L × T -35.17 to 80.50 - -10.61 to 72.73 Singh and Kumar (2002) 

15 HD -40.28 to 69.91 - -26.60 to 76.19 Kushwaha and Hariharram (2002) 

36 HD 3.11 to 91.02 - - Dubey and Maurya (2003) 

30 L × T -27.46 to 52.16 - 1.86 to 84.47 Sharma et al. (2004) 

10 HD 47.89 to 98.12 - - Sreevani (2004) 

30 L x T 66.73 to  27.55 - - Singh et al. (2012) 

  

Bitter gourd 

21 HD 25.85 to 20.00 - 38.13 to 100.00 Singh et al. (2000) 

30 L T 4.85 to 95.31 - - Singh et al. (2001) 

25 L × T -31.11 to 84.88 - -50.42 to 25.43 Mohan (2005) 

28 HD -58.27 to 73.51 - -56.83 to 23.16 Laxuman (2005) 

56 FD -41.13 to 94.70 - - Sundaram (2007) 

28 HD -38.91 to 63.14 -38.91 to 41.48 - Sundaram (2007) 

24 L × T -10.29 to 58.51 - - Jadhav et al. (2009) 

90 FD - - -10.61 to 72.73 Thangamani et al. (2011) 

Sponge gourd 
36 HD -23.57 to 69.10 - -25.26 to 53.56 Naliyadhara et al. (2007) 

36 HD 23.70 to 51.55 - - Patel and Desai (2008) 

13 Cavity thickness (cm) 

Ridge gourd 45 HD 1.69 to 29.76 - - Abusaleha and Dutta (1994) 

Bottle gourd 10 crosses -5.11 to 34.05 - - Sreevani (2004) 

Bitter gourd 28 HD -38.62 to 38.27 -38.62 to 21.71 - Jadav at al. (2009) 

Sponge gourd 28 HD 1.96 to 15.90 - - Abusaleha and Dutta (1995) 

Muskmelon 
28 crosses - 17.37 to 20.33 2.97 to 7.81 Choudary et al. (2003) 

15 crosses -18.84 to 64.92 - 5.00 to 144.60 Vishwanatha (2003) 

14. Flesh thickness (cm) Cucumber 
28 HD - - -32.01 to 11.11 Kaur et al. (2016) 

28 HD -32.93 to  26.67 - -20.31 to 21.88 Dogra et al. (2011) 

15. Rind thickness (mm) Cucumber 77 L × T -8.48 to 3.03 -  Pandey et al. (2005) 



Sl. 

No. 
Character Crop 

No. of hybrids 

and method 

Heterobeltiosis 

(%) 

Best parent 

(%) 

Standard 

Heterosis (%) 
Reference 

Ridge gourd 51 L × T 22.57 to 27.27 - 1.57 to 8.07 Narasannavar et al. (2014) 

HD- Half diallel                     FD- Full diallel                  L × T- Line × tester 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Review of literature on combining ability and gene action on various traits in cucumber and other cucurbit vegetables 

Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

1 Vine length (cm) 

Cucumber 

8 × 8 HD 
Highly 

Significant 
- + - Bairagi et al.(2001) 

36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al.(2000b) 

10 × 10 HD Significant Significant + + Shaha and Kale (2003b) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al.(2007) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al.(2006) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Neeraja (2008) 

Bottle gourd 

10 × 10 HD 
Highly 

Significant 
 - + Maurya et al.(2004) 

9 × 9 HD Significant Significant + + Dubey and Maurya (2006) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
- + Sharma et al.(2007) 

Bitter gourd 

10 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Khattra et al.(2000) 

8 × 8 D 
Highly 

Significant 

Highly 

Significant 
+ - Singh et al.(2004) 

5 × 5 L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

  
9 × 9 HD 

Highly 

Significant 

Highly 

Significant 
+ + Gupta et al.(2006) 

8 × 8 FD Significant Significant + + Sundaram (2008) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

Pumpkin 
8 × 8 HD Significant Significant + + Mohanty (2000 a) 

8 × 8 HD Significant Significant + + Mohanty (2000 b) 

2 No. of branches 

Cucumber 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ - Bairagi et al.(2001) 

36  L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

18 L × T 
Highly 

Significant 
- + - Ahmed et al. (2006) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al. (2007) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Neeraja (2008) 

Bottle gourd 

9 × 9 HD Significant Significant + + Dubey and Maurya (2003) 

10 × 3 L × T - Significant - + Maurya et al. (2004) 

9 × 9 HD Significant Significant + + Dubey and Maurya (2006) 

Bitter gourd 

5 × 5 L × T Significant Significant + + Mohan (2005) 

9 × 9 HD Significant Significant + + Laxuman (2005) 

8 × 8 HD Significant Significant + + Sundaram(2008) 

Sponge gourd 10 × 10 FD Significant Significant + + Ram et al.(2007) 

Pumpkin 
8 × 8 HD 

Highly 

Significant 

Highly 

Significant 
+ + Mohanty (2000 a) 

8 × 8 HD Significant - + + Mohanty (2000 b) 

3 
Number of nodes per 

vine 
Cucumber 36 L × T 

Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

4 
Days to first female 

flower anthesis 
Cucumber 

5 × 5 HD Significant Significant + + Ananthan and Pappiah (2000) 

36 L × T Highly Highly + + Singh et al.(2011) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

Significant Significant 

8 × 8 HD  
Highly 

Significant 
+ - Bairagi et al. (2001) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al. (2000b) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed (2006) 

Bottle gourd 

10 × 3 L × T Significant - + - Maurya et al. (2004) 

8 × 8 HD Significant Significant + + Dubey and Maurya(2006) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Sharma et al. (2007) 

15 × 3 L × T Significant - + - Wani et al. (2009) 

Bitter gourd 

10 × 3 L × T - 
Highly 

Significant 
- + Khattra et al.(2000) 

8 × 8 HD Significant Significant + + Singh et al. (2004) 

5 × 5 L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Gupta et al. (2006) 

Sponge gourd 10 × 10 FD Significant Significant + + Ram et al. (2007) 

  Pumpkin 
8 × 8 HD Significant Significant + + Mohanty and Mishra (2000) 

8 × 8 HD Significant Significant + + Mohanty (2001b) 

5 
Node to first male 

flower appearance 

Cucumber 36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

Ridge gourd 

8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al. (2000 b) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al. (2006) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

Bottle gourd 8 × 8 HD Significant - + - Maurya et al. (2004) 

Bitter gourd 10 × 3 L × T Significant Significant + + Singh et al. (2004) 

6 
Node to first female 

flower appearance 

Cucumber 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ - Bairagi et al.(2001) 

36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

 

8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al. (2000 a) 

10 × 10FD Significant Significant + + Rao et al. (2000 b) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al. (2006) 

18 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Neeraja (2008) 

Bottle gourd 

10 × 3 L × T Significant - + - Maurya et al.(2004) 

9 × 9 HD Significant Significant + + Dubey and Maurya (2006) 

15 × 3 L × T Significant - + + Wani et al. (2009) 

Bitter gourd 8 × 8 HD Significant Significant + + Singh et al.(2004) 

  

 

5 × 5 L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9 HD 
Highly 

significant 

Highly 

significant 
+ + Gupta et al.(2006) 

8 × 8 FD Significant Significant + + Sundaram (2008) 

10 × 10 FD Significant Significant + + Thangamani et al.(2011) 

Pumpkin 
8 × 8 HD Significant Significant + + Mohanty and Mishra(2000) 

8 × 8 HD Significant Significant + + Mohanty (2001b) 

7 No. of fruits per vine Cucumber 36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

10 × 10 H Significant Significant + + Shaha and Kale (2003b) 

8 × 8 HD Significant 
Highly 

Significant 
+ + Rao et al. (2000b) 

10 × 10 HD Significant Significant + + Hedau and Sirohi (2004b) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al.(2007) 

6 × 3L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al.(2006) 

6 × 3L × T 
Highly 

Significant 

Highly 

Significant 
+ + Neeraja (2008) 

Bottle gourd 

9 × 9 HD Significant Significant + + Dubey and Maurya (2006) 

15 × 3 L × T Significant Significant + + Wani et al.(2009) 

30 L x T Significant 
Highly 

Significant 
+ + Singh et al. (2012) 

  

Bitter gourd 

10 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Khattra et al. (2000) 

8 × 8 FD Significant Significant + + Singh et al.(2004) 

5 × 5 L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9 HD Significant Significant + + Gupta et al.(2006) 

9 × 9 FD Significant Significant + + Sundaram (2008) 

10 × 10 FD Significant Significant + + Thangamani et al.(2011) 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

Pumpkin 
8 × 8 HD Significant - + + Mohanty (2000a) 

8 × 8 HD Significant Significant + + Mohanty (2000b) 

Watermelon 8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Sapovadiya et al.(2014) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

8 
Fruit diameter 

(cm) 

Cucumber 

36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

 

8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al.(2000 b) 

10 × 10 HD Significant Significant + + Shaha and Kale (2003b) 

10 × 10 HD 
Highly 

Significant 
- + - Hedau and Sirohi (2004b) 

6 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al. (2006) 

6 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Neeraja (2008) 

Bottle gourd 15 × 3 L × T Significant - + - Wani et al. (2009) 

  

 30 L x T Significant 
Highly 

Significant 
+ + Singh et al. (2012) 

Bitter gourd 

 

5 × 5 L × T 

 
Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Gupta et al.(2006) 

8 × 8 FD Significant Significant + + Sundaram (2008) 

10 × 10 FD Significant Significant + + Thangamani et al. (2011) 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

9 Fruit length (cm) 

Cucumber 

36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 8 × 8 FD 
Highly 

Significant 
Significant + + Rao et al.(2000 b) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

10 × 10 HD Significant Significant + + Hedau and Sirohi (2004b) 

6 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al.(2006) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al.(2007) 

6 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + 

Neeraja (2008) 

 

Bottle gourd 

10 × 3 L × T Significant - + - Maurya et al. (2004) 

9 × 9 HD Significant Significant + + Dubey and Maurya (2007) 

15 × 3 L × T Significant - + - Wani et al.(2009) 

30 L x T Significant 
Highly 

Significant 
+ + Singh et al. (2012) 

  

Bitter gourd 

10 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Khattra et al.(2000) 

8 × 8 HD Significant Significant + + Singh et al.(2004) 

5 × 5L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Gupta et al.(2006) 

8 × 8 FD Significant Significant + + Sundaram (2008) 

10 × 10 FD Significant Significant + + Thangamani et al. (2011) 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

Sponge gourd 8 × 8 HD - 
Highly 

Significant 
+ + Patel and Desai (2008) 

10 Days to first harvest 
Cucumber 

36 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013 ) 

Ridge gourd 10 × 10 FD Significant Significant + + Shaha and Kale (2003b) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

18 LXT 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al.(2006) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al.(2007) 

Bottle gourd 

9 × 9HD Significant Significant + + Samadia and Khandelwal (2002) 

10 × 3 L × T Significant - + - Maurya et al.(2004) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Dubey and Maurya (2006) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Sharma et al.(2007) 

  

 

15 × 3 L × T Significant - + - Wani et al. (2009) 

30 L x T Significant 
Highly 

Significant 
  Singh et al. (2012) 

30 L x T Significant 
Highly 

Significant 
+ + Singh et al. (2012) 

Bitter gourd 

10 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
- + Khattra et al. (2000) 

6 × 6 HD - 
Highly 

Significant 
- + Bahve et al.(2004) 

7X 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2006) 

5 × 5 L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Gupta et al.(2006) 

8 × 8 FD Significant Significant + + Sundaram (2008) 

10 × 10 FD Significant Significant + + Thangamani (2011) 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

11 
Average fruit weight 

(g) 
Cucumber 36 L × T 

Highly 

Significant 

Highly 

Significant 
+ + Singh et al.(2011) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 

8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al.(2000b) 

10 × 10HD Significant Significant + + Shaha and Kale (2003b) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al.(2007) 

  

 

6 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Ahmed et al.(2006) 

6 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Neeraja (2008) 

Bottle gourd 

10 × 3 L × T 
Highly 

Significant 
- + - Maurya et al. (2004) 

15 × 3 L × T Significant - + - Wani et al.(2009) 

30 L x T Significant 
Highly 

Significant 
+ + Singh et al. (2012) 

Bitter gourd 

10 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ - Khattra et al. (2000) 

5 × 5 L × T Significant Significant + + Mohan (2005) 

7 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Singh et al. (2006) 

8 × 8 HD Significant Significant + + Sundaram (2008) 

10 × 10 HD Significant Significant + + Thangamani et al. (2011) 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

Pumpkin 
8 × 8 HD Significant Significant + + Mohanty (2000a) 

8 × 8 HD Significant Significant + + Mohanty (2000b) 

Watermelon 8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Sapovadiya et al.(2014) 

12 
Fruit yield per plant 

(kg) 
Cucumber 8 × 8L × T 

Highly 

Significant 

Highly 

Significant 
+ - Bairagi et al.(2001) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Bairagi et al. (2013) 

Ridge gourd 8 × 8 FD Significant 
Highly 

Significant 
+ + Rao et al. (2000 b) 

  

 

10 × 10 HD Significant Significant + + Shaha and Kale (2003b) 

10 × 10 HD Significant Significant + + Hedau and Sirohi (2004b) 

6 × 3 L × T Significant Significant + + Ahmed et al. (2006) 

8 × 8 FD 
Highly 

Significant 

Highly 

Significant 
+ + Purohit et al. (2007) 

6 × 3 L × T Significant 
Highly 

Significant 
- + Neeraja (2008) 

Bottle gourd 

10 × 3 L × T Significant - + - Maurya et al. (2004) 

9 × 9 HD Significant Significant + + Dubey and Maurya (2007) 

9 × 9 HD 
Highly 

Significant 

Highly 

Significant 
+ + Sharma et al. (2007) 

30 L x T Significant 
Highly 

Significant 
+ + Singh et al. (2012) 

Bitter gourd 

10 × 3 L × T 
Highly 

Significant 

Highly 

Significant 
+ + Khattra et al.(2000) 

5 × 5 L × T Significant Significant + + Mohan (2005) 

8 × 8 HD Significant Significant + + Laxuman (2005) 

9 × 9HD 
Highly 

Significant 

Highly 

Significant 
+ + Gupta et al. (2006) 

8 × 8 FD Significant Significant + + Sundaram (2008) 

10 × 10 FD Significant Significant + + Thangamani (2011) 

7 × 7 HD Significant Significant + + Singh et al.(2013) 

Sponge gourd 10 × 10FD Significant Significant + + Ram et al. (2007) 

Pumpkin 8 × 8 HD Significant Significant + + Mohanty (2000 a) 



Sl. 

No. 
Character Crop 

Material and 

Method used 

Combining ability Gene action 
Reference 

GCA SCA Additive Non-additive 

8 × 8 HD Significant Significant + + Mohanty (2000 b) 

  Watermelon 8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Sapovadiya et al.(2014) 

13 
Cavity  thickness 

(cm) 

Cucumber 
8 × 8 HD Significant - + + Ananthan and Pappiah (2000) 

36 L × T Significant Significant + + Singh et al.(2011) 

Pumpkin 
8 × 8 HD Significant Significant + + Mohanty (2000 a) 

8 × 8 HD Significant Significant + + Mohanty (2000 b) 

14 Rind thickness (mm) Muskmelon 

8 × 8 HD 
Highly 

Significant 

Highly 

Significant 
+ + Vashisht et al. (2010) 

5 × 5 FD 
Highly 

Significant 

Highly 

Significant 
+ + Bayoumy et al. (2014) 

HD- Half diallel                     FD- Full diallel                  L × T- Line × tester 
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III. MATERIAL AND METHODS 

The present study was carried out to assess heterosis and combining ability in cucumber was 
undertaken during the year 2016-17. The details of experiment, materials used and techniques 
adopted in the present investigation are presented in this chapter. 

3.1 Experimental site 

The experiment was conducted in the Research Block of the Department of Vegetable 
Science, College of Horticulture, UHS campus, GKVK, Bengaluru-65. 

3.2 Location and climate 

The experimental plot is located at an altitude of 930 m above the mean sea level and that 
comes under the Eastern dry zone of Karnataka. It is situated at 12°58‟   latitude north and 77°11‟ 
longitude east.  The soil texture was red sandy loam, friable, good water holding capacity and slightly 
acidic in nature (pH 5). The climatic conditions were moderate and suitable for cucumber cultivation. 
The details of the meteorological data on weather conditions that prevailed during the experimentation 
period are presented in Appendix-I. 

3.3 Experimental materials 

The experimental materials consisted of 5 Lines and 5 Testers of cucumber collected from the 
germplasm maintained by the Department of Vegetable Science, College of Horticulture, UHS 
Campus, GKVK, and Bengaluru. Their 25 F1‟s were developed by crossing them in Line X Tester 
mating design. In the present study the following are the parental lines and testers along with their 
sources are listed below in Table 3. Among the 10 genotypes, 5 collections were used as lines and 
the remaining 5 genotypes were selected as testers based on their yield and its contributing 
characters. 
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Table 3. Details of cucumber parental lines with their sources 

Sl. No. Genotypes Source 

                Lines  

1 IIHR-285 IIHR, Bengaluru 

2 IIHR-341 IIHR, Bengaluru 

3 IIHR-304 IIHR, Bengaluru 

4 Green Long College of Horticulture, Bengaluru 

5 Pondicherry-1 PAJANCOA, Puducherry 

                Testers 

7 Poinsette College of Horticulture, Bengaluru 

8 Phule Shubhangi MPKV, Rahuri, PAU, Ludhiana 

9 Punjab Naveen College of Horticulture, Bengaluru 

10 Pusa Uday IARI, New Delhi 

11 Kerala-1 College of Horticulture, Bengaluru 

 

3.4 Methods 

3.4.1 Development of F1 hybrids 

The investigation consisted of a field experiment conducted during Kharif season of 2016 for 
attempting crosses in Line X Tester fashion. All the recommended cultivation practices were followed 
to raise a good crop. 

3.4.2 Crossing technique 

A day before anthesis or on the previous day of anthesis, fully matured buds of male parent 
and female flower buds of seed parent were bagged using butter paper bags. On the next day, 
between 6 and 8 am the pollen grains from the male flowers of male parent were collected and dusted 
on to the stigmatic surface of the female flowers of the female parent. The pollinated flowers were 
labelled and covered with butter paper bags. 
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3.5 Studies on heterosis and combining ability 

3.5.1 Evaluation of F1’s, along with parents and a commercial check 

Experiment was undertaken in Kharif season of 2016-17 at Research Block of the 
Department of Vegetable Science, College of Horticulture, Bengaluru under open field condition. 
Other details of experiment are given below. 

Mating design                :  Line X Tester 

Experiment design : Randomized Complete Block Design 

No. of replications : 2 

Spacing  : 1.5 m×1 m 

No. of genotypes : Lines-5 

   Testers-5 

No. of crosses                :  25 

Commercial Check         : Chitra 

Total                                : 36 

3.5.2 Cultural operations 

3.5.2.1 Land preparation 

The experimental field ploughed, harrowed and made into a fine tilth. Well decomposed farm 
yard manure at the rate of 25 tonnes per hectare was applied along with the commercial fertilizer 
dose of 60:50:80 kg NPK per hectare. According to the fertilizer application schedule full doses of 
phosphorous, potassium and half dose of nitrogen was applied as basal dose and the remaining half 
of nitrogen was top dressed after 30 days of transplanting. 

3.5.2.2 Nursery raising and transplanting 

Seeds were sown into protrays filled with coir pith. Necessary plant protection measures were 
taken up before and after seed sowing. The 12 days old seedlings were transplanted into main field. 
The experimental plot was irrigated uniformly just before transplanting and thereafter at an interval of 
two days depending upon the soil and climate condition. 
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3.5.2.3 Intercultural operations 

All necessary care was taken to establish a healthy cucumber crop. Plots were kept free from 
weeds by hand weeding at regular intervals and prophylactic sprays taken against pest and diseases 
at different intervals. Other intercultural practices were undertaken such as earthing up, drenching, 
staking, irrigation as per the package of practices for horticultural crops given by University of 
Horticultural Sciences, Bagalkot. 

3.5.3 Observations recorded 

Each treatment was replicated twice consisting 10 plants in individual replication. Five 
representative plants from each treatment were selected randomly, tagged and observations were 
recorded on these plants. The data recorded on five plants from each treatment was averaged and 
used for statistical analysis. The details of observations recorded and techniques for recording 
observations were as follows. 

3.5.3.1 Growth parameters 

3.5.3.1.1 Vine length (cm) 

The length of the vine from the collar to the tip was measured in all the five representative 
plants in each treatment at final harvest. Mean was calculated and expressed in centimetres. 

3.5.3.1.2 Number of branches per plant 

The total number of branches was counted at final harvest in all the five representative plants 
in each treatment at final harvest and mean was calculated. 

3.5.3.1.3 Number of nodes per vine 

The number of nodes per vine on the main stem was counted at final harvesting in all the five 
representative plants in each treatment at final harvest and mean was calculated. 

3.5.3.1.4 Node of first female flower appearance 

The node number from the cotyledonary leaves at which the first female flower appeared was 
recorded in all the five representative plants in each treatment and mean was calculated. 

3.5.3.1.5 Node of first male flower appearance 

The node number from the cotyledonary leaves at which the first male flower appeared was 
recorded in all the five representative plants in each treatment and mean was calculated. 

3.5.3.1.6 Days to first female flower anthesis 

Number of days taken from the date of transplanting to the appearance of the first female 
flower on the vine was recorded in all the five representative plants in each treatment and mean was 
calculated. 
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3.5.3.1.7 Days to first fruit harvest 

Number of days taken from the date of transplanting to first fruit harvest was recorded in all 
the five representative plants in each treatment and mean was calculated. 

3.5.3.2 Yield parameters 

3.5.3.2.1 Number of fruits per plant 

The number of fruits per vine upto the last harvest were counted in all the five representative 
plants in each treatment and mean was calculated. 

3.5.3.2.2 Average fruit weight (g) 

The weight of five individual fruits harvested at the edible stage was recorded. The average 
weight of the fruit was calculated and expressed in gram. 

 

3.5.3.2.3 Fruit yield per plant (kg) 

The weight of all the fruits per vine was recorded in all the five representative plants in each 
treatment. Mean was calculated and expressed in kilo gram. 

3.5.3.2.4 Fruit length (cm) 

Length of five fruits harvested at edible maturity was recorded from base to the apex of fruit in 
all the five representative plants in each treatment. Mean was calculated and expressed in centimetre. 

3.5.3.2.5 Fruit diameter (cm) 

Diameter of the five fruits selected for recording the length, was measured in centimetre with 
the help of Vernier calliper. Mean was calculated and expressed in centimetre. 

3.5.3.3 Quality parameters 

3.5.3.3.1 Fruit rind thickness (mm) 

The rind thickness was measured by Vernier calliper. Mean was calculated and expressed in 
milimetre. 

3.5.3.3.2 Fruit flesh thickness (cm) 

The fruit flesh thickness was measured by Vernier calliper. Mean was calculated and 
expressed in centimetre. 

3.5.3.3.3 Fruit cavity at harvesting (cm) 

The flesh thickness without the skin was measured using Vernier calliper by cutting the fruit in 
equatorial plane. Mean was calculated and expressed in centimetre. 
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3.5.3.3.4 Shelf life (days) 

To study the shelf life of fruits, five fruits were collected after harvest from each treatment and 
kept at room temperature. Fruits were observed for retention of freshness and firmness. Number of 
days the fruits were looking fresh was recorded based on visual observation and expressed in days. 

3.5.3.3.5 Color of the fruit 

Color of the fruit was recorded according to visual observation. DUS guideline that is Creamy 
white, Yellow, Light green, Dark green are presented in Appendix-II. 

3.5.3.3.6 Spines on the fruit surface 

Spines on the fruit surface were recorded according to DUS guidelines are presented in 
Appendix-II. 

 

3.5.4 Statistical and biometrical analysis 

3.5.4.1 Analysis of variance 

Analysis of variance was carried out separately for all the characters. The population mean 
for each of the replication was calculated for 36 entries from five plants in each entries. The model of 
analysis of variance adopted is given below. 

 

 

Where, 
r = Number of replications 
t = Number of treatments 
MSS = Sum of squares/ d.f. 
Mr = Mean sum of square due to replication 
Mt = Mean sum of square due to treatments 
Me = Mean sum of square due to error 

3.5.4.1 Estimation of heterosis 

The mean of all the replications for each parents, hybrids and check for each of the 
characters was computed and used in estimation of heterosis. Heterosis was calculated as the 

Source of 
variation 

Degrees of 
freedom (d.f.) 

Sum of squares 
(SS) 

Mean sum of 
squares (MSS) 

F value 

Replication r-1 SSr Mr Mr / Me 

Treatments t-1 SSt Mt Mt / Me 

Error (r-1) (t-1) SSe Me  

Total (rt-1)    
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percentage increase or decrease of mean F 1 performance (F 1) over the means of better parent (BP    ), 

the best parent (BTP      ) and the commercial check (CC    ). 

1) Heterosis over better parent (%) (Heterobeltiosis) = 

F 1 - BP     

 100 

BP     

Where, BP     is the mean of better parent involved in development of respective F1. 

2) Heterosis over best parent (%) = 

F 1 - BTP       

 100 

BTP       

Where, BTP       is the superior parent involved in the development of respective F1. 

 

 

3) Heterosis over commercial check (%) (Standard Heterosis) = 

F 1 - CC     

 100 

CC     

Where, CC     is the mean of commercial checks. 

3.5.4.2 Combining ability 

Information about general combining ability (GCA) and specific combining ability (SCA) were 
obtained by subjecting the data to line x tester analysis as outlined by Kempthorne (1957). 
 

ANOVA for combining ability 

Sources Degrees of freedom 
Mean sum 
of squares 

Expected mean sum of 
squares 

Replication  (r - 1)   

Genotype  (l + t + lt - 1) Mg  

Parents  (l + t - 1) Mp  

Parents Vs crosses 1 Mpc  

Crosses  (lt - 1) Mc  

Lines  (l - 1) M1 
2
 + rCov(F.S) – 2Cov (F.S.)+ 

lrCov (H.S.) 

Testers  (t - 1) M2 
2
 + rCov (F.S) – 2Cov (F.S.) + 

trCov(H.S.) 

Line x tester (l - 1) x (t - 1) M3 
2
 + rCov(F.S) – 2Cov(F.S.) 

Error  (l + t + lt - 1) (r - 1) M4 
2
 

Total  (ltr-1)   
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Where  
r = number of replications 
l = number of lines 
t = number of testers 
Cov(FS) = Covariance of full sibs 
Cov(HS) = Covariance of half sibs 

For the expectations of the mean sum of squares the following estimates were worked out. 

 

 

Variance due to GCA= Cov (HS) 

Variance due to SCA = Cov (FS) – 2 Cov (HS) 

GCA variance for lines = 

(M1-M3) 

rm 

 

GCA variance for testers = 

(M2-M3) 

rf 

 

SCA variance for hybrids = 

(M2-M3) 

r 

Where, 
            M1 = Mean sum of square of males 
            M2 = Mean sum of square of females 
            M3 = Mean sum of square of males and females interaction 
            M4 = Error mean sum of squares 

Estimation of combining ability effects 

The model adopted to estimate gca and sca effects of ijk observations was as follows. 

Xijk =  + gi + gj + Sij+ eijk 

Where  = population mean 
gi = gca effects of i

th
 line 

gj= gca effects of j
th
 tester 

Sij= sca effects of i x j cross 
eijk= error associated with observation ijk 

The gca effects of parents and sca effects of crosses (hybrids) were estimated as indicated 
below. 

General combining ability effects 
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Specific combining ability effects 

 

Where l = number of lines 
t = number of testers 
r  = number of replications 
gi = gca of i

th
 line 

xi..= total of i
th
 line over all the testers 

x.. = total of all the crosses 
gj  = gca of j

th
 testers 

xj..= total of j
th
 testers over all lines and replications 

Sij = sca effects of i x j crosss 
x.j. = total of cross i x j over all replications 

Standard errors of gca and sca effects  

 SE (GCA) for lines =  

SE (GCA) for testers =   

SE (SCA)                  =  

r = Number of replications 
t = Number of treatments 
Mr=replication mean square 
Mt=treatment mean square 
Me=error mean square 
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IV. EXPERIMENTAL RESULTS 

To estimate the heterosis and combining ability studies in cucumber was conducted at college 
of horticulture, UHS campus. In this experiment twenty five crosses were obtained by crossing five 
testers and five lines. All the parents and their crosses were evaluated for assessing the magnitude of 
heterosis to identify the good combiners. The results obtained in the investigation are presented 
under the following headings. 

4.1   Analysis of variance 

4.2   Per se performance and magnitude of heterosis 

4.3   Combining ability study 

4.1 Analysis of variance 

The analysis of variance for 17 characters under the study results are summarized in Table 4 
and presented under different headings as components of variance. 

4.1.1 Genotypes 

The  variance  due  to  genotypes  (crosses  and  parents)  was  highly  significant (at p=0.01) 
for  all the  growth, earliness, yield parameters, viz., vine length (cm), number of branches, number of 
nodes per vine, node at first female flower appearance, node at first male flower appearance, days to 
first fruit harvest , sex ratio, days to female flower anthesis, number of fruits per vine , fruit length (cm), 
fruit diameter (cm), average fruit weight (g), fruit yield per plant(kg),shelf life (days),cavity thickness 
(cm), flesh thickness (cm) and  rind thickness (mm) . 

4.1.2 Parents 

Parents differed significantly at p=0.01 among themselves for vine length (cm),  number of 
nodes per vine, node at first female flower appearance, node at first male flower appearance, sex 
ratio, number of fruits per vine, fruit length (cm), fruit diameter (cm), average fruit weight (g), flesh 
thickness and rind thickness (mm)  and parents differ significantly at p= 0.05 for  number of branches, 
days to female flower anthesis and cavity thickness. Whereas the variance were non-significant for 
number of female flowers per plant, days to first fruit harvest. 
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Table 4. Analysis of variance (mean sum of squares) of line × tester analysis for various characters in cucumber 

Sl. 

No. 
Character Replications Genotypes Parents 

Parents vs 

Crosses 
Crosses Lines Testers 

Line × 

Tester 
Error 

 Degree of freedom 1 34 9 1 24 4 4 16 34 

1 Vine length (cm)b 12.85 1037.40** 538.52** 0.02** 553.01** 1580.53* 834.32* 225.81** 15.59 

2 No. of branches per vine 0.25 0.71** 0.27* 10.90** 0.46** 1.83 ** 0.33 NS 0.15 NS 0.09 

3. No. of nodes per vine 0.01 32.80** 5.14** 439.64** 26.22** 102.38** 8.46 NS 11.63** 0.23 

4. Node of female flower 

appearance 
0.13 1.59** 1.34** 4.95** 1.55** 3.71* 1.60 NS 1.00** 0.05 

5. Node of male flower 

appearance 
0.04 0.74** 0.48** 0.10 NS 0.87 ** 1.69 NS 0.73 NS 0.70** 0.01 

6. Days to first fruit harvest 0.08 30.24** 4.93 NS 367.65** 25.68** 101.38** 5.32 NS 11.84* 5.06 

7. Sex ratio 0.01 1.34** 0.40** 25.31** 0.70** 2.54** 0.38 NS 0.32** 0.06 

8. Days to female flower anthesis 0.03 27.91** 10.05* 429.94** 17.86** 33.92 NS 17.58 NS 13.91** 3.86 

9. Number of fruits per plant 0.192 2.04** 0.92** 0.23 NS 2.54** 7.29* 0.16 NS 1.95** 0.07 

10. Fruit diameter (cm) 0.19 0.78** 0.32** 6.77** 0.71** 3.21** 0.04 NS 0.25* 0.09 

11. Fruit length (cm) 0.684 20.55** 4.38** 241.05** 17.42** 82.62** 5.05 NS 4.21** 0.23 

12. Average  fruit weight (g) 92.20 48485.31** 28037.32** 141301.39** 52285.98 ** 231923.90 ** 19514.9 15569.3** 62.78 

13. Fruit yield per plant (kg) 0.03 2.11** 0.42 NS 15.92 NS 2.17* 9.71** 1.92** 0.35 NS 0.89 

14. Shelf life (days) 1.76 1.38** 0.76 NS 12.17 NS 1.16* 5.03** 0.87* 0.26 NS 0.50 

15. Cavity thickness (cm) 0.06 0.04** 0.01* 1.23** 0.003 NS 0.006 NS 0.002 NS 0.003 NS 0.006 

16. Flesh thickness (cm) 0.02 0.14** 0.26** 0.19** 0.10 ** 0.07 NS 0.19 NS 0.08 *** 0.01 

17. Rind thickness (mm) 0.001 0.009** 0.012** 0.005** 0.009** 0.023** 0.009* 0.002** 0.00 

*and ** indicate significance of values at p=0.05 and p=0.01, respectively, NS: Non significant
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4.1.3 Parent versus crosses 

The variance due to parent vs. crosses was found to be significant at p=0.01 for vine length (cm), 
number of branches, number of nodes per vine, node at first female flower appearance, days to first 
fruit harvest, sex ratio, days to female flower anthesis, fruit length (cm), fruit diameter (cm), average 
fruit weight (g), cavity thickness (cm), flesh thickness (cm), rind thickness (mm) and it was not 
significant for all other parameters variance due to parent vs. crosses. 

4.1.4 Crosses 

There was highly significant (p=0.01) difference among the crosses for 14 characters and 
significant (p=0.05) difference was observed in fruit yield per plant and shelf life. However, variance 
due to crosses was non- significant for cavity thickness. 

4.1.5 Lines 

Lines differ significantly for vine length (cm), node at first female flower appearance and 
number of fruits per vine at p=0.05, whereas variance due to lines was highly significantly for number 
of branches, number of nodes per vine, days to first fruit harvest, sex ratio, fruit length (cm), fruit 
diameter (cm), average fruit weight (g), fruit yield per plant (kg), shelf life (days) and rind thickness 
(mm). For all other traits variance due to lines was not significant. 

4.1.6 Testers 

Variance due to testers was found to be significant at only p=0.05 for vine length (cm), shelf 
life and rind thickness (mm), whereas variance due to testers was highly significant at p=0.01 for fruit 
yield per plant (kg). However, testers did not significantly differ for all other characters studied, among 
themselves. 
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Table 5. Per se performance of parents and crosses for earliness, growth and yield parameters in cucumber 

Sl. 

No. 
Genotypes 

Vine 

length 

(cm) 

No. of 

branches per 

vine 

No. of 

nodes per 

vine 

Node of female 

flower appearance 

Node of male 

flower 

appearance 

Days to first 

fruit 

harvest 

Sex 

ratio 

Days to female flower 

anthesis 

1.  IIHR 285 × Poinsette 194.30 5.10 26.10 5.10 2.30 49.75 4.17 42.65 

2.  IIHR 285 × Phule Shubhangi 180.35 5.30 19.30 5.80 3.65 50.80 4.23 44.8 

3.  IIHR 285 × Punjab Naveen 214.15 5.30 24.50 4.40 2.30 53.10 4.36 44.95 

4.  IIHR 285 × Pusa Uday 223.13 5.10 25.30 4.95 2.45 52.55 4.39 45.05 

5.  IIHR 285 × Kerala-2 211.10 5.10 22.10 4.85 1.95 51.60 4.31 45.60 

6.  IIHR 341× Poinsette 175.30 5.70 20.68 5.20 2.15 49.40 3.74 41.90 

7.  IIHR 341 × Phule Shubhangi 212.10 6.00 26.80 4.80 3.25 58.30 3.74 44.10 

8.  IIHR 341 × Punjab Naveen 217.10 5.50 26.30 4.75 3.40 51.65 3.68 45.65 

9.  IIHR 341 × Pusa Uday 219.00 5.50 27.30 4.50 1.95 48.75 4.31 48.85 

10.  IIHR 341 × Kerala-2 214.40 5.50 22.25 4.40 1.90 53.15 3.94 45.10 

11.  IIHR 304 × Poinsette 206.15 5.00 18.45 5.35 3.25 50.80 4.32 43.35 

12.  IIHR 304 × Phule Shubhangi 184.15 5.15 17.70 5.25 1.85 52.25 4.71 47.10 

13.  IIHR 304 × Punjab Naveen 211.65 4.80 21.40 5.75 1.80 49.40 4.95 42.80 

14.  IIHR 304 × Pusa Uday 219.35 5.30 18.70 6.80 1.75 53.65 4.81 45.20 

15.  IIHR 304 × Kerala -2 211.25 5.50 19.30 5.55 2.25 54.55 4.65 50.00 

16.  Green Long × Poinsette 221.30 5.40 24.60 4.05 2.55 46.10 4.07 39.60 

17.  Green Long × Phule Shubhangi 226.10 6.50 24.30 4.60 3.45 54.75 4.44 48.75 

18.  Green Long × Punjab Naveen 233.00 6.30 22.60 4.70 3.25 55.15 4.55 45.80 

19.  Green Long × Pusa Uday 241.20 6.20 26.70 4.50 2.40 46.25 4.67 41.45 

20.  Green Long × Kerala -2 223.25 5.60 28.40 4.40 2.50 54.00 4.64 49.50 

21.  Pondicherry- 1 × Poinsette 228.50 5.75 27.70 5.35 3.50 57.60 4.93 47.85 
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22.  Pondicherry- 1 × Phule Shubhangi 231.00 6.30 29.30 4.20 2.55 58.55 4.97 44.00 

23.  Pondicherry- 1 × Punjab Naveen 234.50 6.35 28.60 4.60 3.65 46.35 4.82 41.00 

24.  Pondicherry- 1 × Pusa Uday 226.00 6.20 29.00 7.30 3.30 56.35 5.22 43.50 

25.  Pondicherry- 1 × Kerala 2 223.15 5.60 24.50 7.25 3.40 55.75 5.27 51.55 

 Lines  

26.  IIHR 285 182.60 4.50 17.70 6.10 2.20 60.45 5.69 54.10 

27.  IIHR 341 186.00 4.05 18.55 4.75 2.10 58.35 5.46 48.05 

28.  IIHR 304 148.60 4.38 16.50 6.15 2.70 59.35 5.43 49.80 

29.  Green Long 180.80 4.85 18.33 4.35 2.35 56.85 5.93 51.05 

30.  Pondicherry- 1 205.20 5.30 20.55 7.15 3.15 55.45 5.86 54.20 

 Testers    

31.  Poinsette 163.25 4.82 20.55 5.35 2.45 56.15 6.15 47.55 

32.  Phule Shubhangi 169.93 4.50 18.25 5.50 3.40 56.15 6.83 50.40 

33.  Punjab Naveen 186.10 4.90 15.75 6.15 2.45 57.45 5.37 49.85 

34.  Pusa Uday 186.10 5.05 19.20 5.40 2.45 56.65 5.69 49.80 

35.  Kerala-2 197.50 4.95 19.90 6.35 3.45 58.10 6.24 52.10 

 Check    

36.  Chitra 201.50 5.20 20.00 5.70 3.45 60.45 4.75 55.35 

 S.Em+_ 3.94 0.30 0.48 0.24 0.12 2.24 0.26 1.96 

 CD at 5% 
8.15 0.62 1.00 0.50 0.26 

4.64 
0.53 4.05 

 CD at 1% 11.04 0.84 1.36 0.68 0.35 6.29 0.72 5.49 

Table 5. Contd… 
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1 

4.1.7 Line x tester 

Variance due to line x tester interaction was significant at p=0.05 only for days to first fruit harvest 
and fruit diameter (cm). Variance was not significant for number of branches, fruit yield per plant (kg), shelf 
life, cavity thickness. Variance for other 12 character it was  highly significant due to line x tester interaction. 

4.2 Per se performance and magnitude of heterosis 

The per se performance of parents, hybrids and their heterosis was worked out over better parent, 
the best parent and the commercial check hybrid (Chitra) are presented. The hybrid „Chitra‟ were selected 
as standard check, since it is commercially and widely popular grown variety. 

4.2.1 Vine length (cm) 

For the vine length among the lines, IIHR 304 showed the lowest (148.60cm) and the highest 
(205.20 cm) per se values was observed in Pondicherry 1. The vine length for tester was ranges from 
163.25 cm (Poinsette) to Kerala- 2 (197.50 cm). Among F1, the lowest mean value (180.35 cm) was 
recorded in IIHR 285 x Phule Shubhangi and the highest (241.20 cm) was recorded in the cross Green 
Long x  Pusa Uday (Table 5). The magnitude of heterosis over  better  parent, the best parent and the 
commercial  check was highly significant  in both the directions. The maximum heterosis was observed in 
the cross IIHR 304 × Poinsette (26.28 %) over the better parent, while the cross Pondicherry 1 × Pusa Uday 
exhibited  highest heterosis  over the best parent (33.41 %) and over the commercial check Green Long × 
Pusa Uday (19.91 %). Twenty three crosses exhibited significantly positive heterosis over better parent, 
twenty one crosses   exhibited positively significant heterosis over the best parent and the thirteen crosses 
over the commercial check for vine length. 

4.2.2 Number of branches 

Genotypes differed significantly among themselves for number of branches. Number of branches 
ranged from 4.50 (Phule Shubhangi) to 5.05 (Pusa Uday) ranges among testers, 4.05 (IIHR 341) to 5.30 
(Pondicherry -1) ranges among lines and 4.80 (IIHR 304 × Punjab Naveen) to 6.50 (Green Long × Phule 
Shubhangi) among crosses. Maximum positive and significant heterobeltiosis was observed in the cross 
Green long × Phule Shubhangi (34.02 %) and the cross  Green Long × Phule Shubhangi  exhibited highly 
significant heterosis over the best (34.02 %) and the commercial check (25.00%). Among the crosses, 11 
crosses over better parent and seven crosses over the commercial check exhibited positive and significant 
heterosis. 
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Table 6. Heterosis (%) over better parent, the best parent and the commercial check for Vine length, No. of branches /vine, No. of 

nodes / vine in cucumber 
Sl. 

No. 
Cross 

Vine length (cm) No. of branches per vine No.of nodes per vine 

BP BTP CC BP BTP CC BP BTP CC 

1.  IIHR 285 × Poinsette 6.41** 7.47** -3.41 5.92 5.15 -1.92 27.01** 42.43** 30.50** 

2.  IIHR 285 × Phule Shubhangi -1.23 -0.25 -10.34** 17.78* 9.28 1.92 5.75* 5.32 -3.50 

3.  IIHR 285 × Punjab Naveen 15.07** 18.45** 6.46 8.27 9.28 1.92 38.42** 33.70** 22.50** 

4.  IIHR 285 × Pusa Uday 19.90** 23.41** 10.92** 0.99 5.15 -1.92 31.77** 38.06 26.50** 

5.  IIHR 285 × Kerala-2 6.89** 16.76** 4.95 3.03 5.15 -1.92 11.06** 20.60** 10.50** 

6.  IIHR 341× Poinsette -5.75** -3.04 -12.85** 18.38** 17.53** 9.62 0.61 12.82** 3.38 

7.  IIHR 341 × Phule Shubhangi 14.03** 17.31** 5.44 33.33** 23.71** 15.38* 44.47** 46.25** 34.00** 

8.  IIHR 341 × Punjab Naveen 16.66** 20.08** 7.93 12.36 13.40* 5.77 41.78** 43.52** 31.50** 

9.  IIHR 341 × Pusa Uday 17.68** 21.13** 8.87* 8.91 13.40* 5.77 42.19** 48.98** 36.50** 

10.  IIHR 341 × Kerala-2 8.56** 18.58** 6.59 11.11 13.40* 5.77 11.81** 21.42** 11.25** 

11.  IIHR 304 × Poinsette 26.28** 14.02** 2.49 3.84 3.09 -3.85 -10.22** 0.68 -7.75** 

12.  IIHR 304 × Phule Shubhangi 8.37** 1.85 -8.45* 14.44* 6.19 -0.96 -3.01 -3.41 -11.5** 

13.  IIHR 304 × Punjab Naveen 13.73** 17.06** 5.22 -1.94 -1.03 -7.69 29.70** 16.78** 7.00** 

14.  IIHR 304 × Pusa Uday 17.87** 21.32** 9.05* 4.95 9.28 1.92 -2.60 2.05 -6.50* 

15.  IIHR 304 × Kerala -2 6.96** 16.84** 5.02 11.11 13.40* 5.77 -3.02 5.32 -3.50 

16.  Green Long × Poinsette 22.40** 22.40** 10.02* 11.34 11.34 3.85 19.71** 34.24** 23.00** 

17.  Green Long × Phule Shubhangi 25.06** 25.06** 12.40** 34.02** 34.02** 25.00** 32.61** 32.61** 21.50** 

18.  Green Long × Punjab Naveen 25.20** 28.87 15.83** 28.70** 29.90** 21.15** 23.33** 23.33** 13.00** 

19.  Green Long × Pusa Uday 17.54** 33.41** 19.91** 22.77** 27.84** 19.23** 39.06** 45.70** 33.50** 

20.  Green Long × Kerala -2 13.04** 23.48** 10.99* 13.13* 15.46* 7.69 42.71** 54.98** 42.00** 

21.  Pondicherry- 1 × Poinsette 11.35** 26.38** 13.60** 8.49 18.56** 10.58 34.79** 51.16** 38.50** 

22.  Pondicherry- 1 × Phule Shubhangi 12.57** 27.77** 14.84** 18.87** 29.90** 21.15** 42.58** 59.89** 46.50** 

23.  Pondicherry- 1 × Punjab Naveen 14.28** 29.70** 16.58** 19.81** 30.93** 22.12** 39.17** 56.07** 43.00** 

24.  Pondicherry- 1 × Pusa Uday 21.44** 25.00** 12.35** 16.98** 27.84** 19.23** 41.12** 58.25** 45.00** 

25.  Pondicherry- 1 × Kerala 2 8.75** 23.42** 10.94* 5.66 15.46* 7.69 19.22** 33.70** 22.50** 

 S.Em+_ 3.94 3.94 3.94 0.30 0.30 0.30 0.48 0.48 0.48 

 CD at 5% 8.15 8.15 8.15 0.62 0.62 0.62 1.00 1.00 1.00 

 CD at 1% 11.04 11.04 11.04 0.84 0.84 0.84 1.36 1.36 1.36 

*and ** indicate significance of values at p=0.05 and 0.01, respectively. 

BP- Heterosis over better parent  BTP- Heterosis over the best parent (Green Long)  CC- Heterosis over the commercial check (Chitra) 
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Fig.  1: Vine length (cm) of F1 hybrids, lines and testers in cucumber 
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Table 7. Heterosis (%) over better parent, the best parent and the commercial check for Node of female flower appearance, Node of 

male flower appearance, Days to first harvest 
Sl. 

No. 
Cross 

Node of female flower appearance Node of male flower appearance Days to first fruit harvest 

BP BTP CC BP BTP CC BP BTP CC 

1.  IIHR 285 × Poinsette -3.77** 17.24** -10.53* -6.12 -2.13 -33.33 ** -11.32** -12.49** -17.70** 

2.  IIHR 285 × Phule Shubhangi 5.45 33.33** 1.75 7.35 55.32** 5.80 -9.45** -10.64* -15.96** 

3.  IIHR 285 × Punjab Naveen -27.87** 1.15 -22.81** -6.12 -2.13 -33.33 ** -7.49 -6.60 -12.16** 

4.  IIHR 285 × Pusa Uday -8.33** 13.79** -13.16** 0.01 4.26 -28.99 ** -7.16 -7.56 -13.07** 

5.  IIHR 285 × kerala-2 -20.49** 11.49 -14.91** -43.48** -17.02 ** -43.48 ** -11.19** -9.23* -14.64** 

6.  IIHR 341× Poinsette 20.93 19.54** -8.77 -12.24* -8.51 -37.68 ** -11.94** -13.10** -18.28** 

7.  IIHR 341 × Phule Shubhangi 2.13 10.34 -15.79** -4.41 38.30** -5.80 5.23 2.55 -3.56 

8.  IIHR 341 × Punjab Naveen 1.06 9.20 -16.67** 38.78** 44.68** -1.45 -10.02** -9.15* -14.56** 

9.  IIHR 341 × Pusa Uday -4.26 3.45 -21.05** -20.41** -17.02 ** -43.48 ** -13.87 -14.25** -19.35** 

10.  IIHR 341 × Kerala-2 -6.38** 1.15 -22.81** -44.93** -19.15 ** -44.93 ** -5.26 -6.51 -12.08** 

11.  IIHR 304 × Poinsette 0.94 22.99** -6.14 20.37** 38.30** -5.80 -9.45** -10.64* -15.96** 

12.  IIHR 304 × Phule Shubhangi -4.55 20.69** -7.89 -45.59** -21.28 ** -46.38 ** -6.86 -8.09 -13.56** 

13.  IIHR 304 × Punjab Naveen -5.74** 32.18** 0.88 -33.33** -23.40 ** -47.83 ** -13.94** -13.10** -18.28** 

14.  IIHR 304 × Pusa Uday 25.93 56.32** 19.3** -35.19** -25.53 ** -49.28 ** -5.21 -5.63 -11.25** 

15.  IIHR 304 × Kerala -2 -9.02** 27.59** -2.63 -34.78** -4.26 -34.78 ** -6.11 -4.05 -9.76** 

16.  Green Long × Poinsette -5.81 -6.90 -28.95** 4.08 8.51 -26.09 ** -20.65** -18.91** -23.74** 

17.  Green Long × Phule Shubhangi 6.98 5.75 -19.30** 1.47 46.81** 0.00 -2.41 -3.69 -9.43** 

18.  Green Long × Punjab Naveen 9.30 8.05 -17.54** 32.65** 38.30** -5.80 -3.92 -2.99 -8.77** 

19.  Green Long × Pusa Uday -10.64** -3.45 -26.32** -2.04 2.13 -30.43 ** -18.29** -18.65** -23.49** 

20.  Green Long × Kerala -2 -24.59** 5.75 -19.30** -27.54** 6.38 -27.54 ** -7.06 -5.01 -10.67** 

21.  Pondicherry- 1 × Poinsette 0.94 22.99** -6.14 11.11** 48.94** 1.45 3.97 1.32 -4.71 

22.  Pondicherry- 1 × Phule Shubhangi -18.18** 3.45 -21.05** -25.00** 8.51 -26.09 ** 5.69 2.99 -3.14 

23.  Pondicherry- 1 × Punjab Naveen 2.33 1.15 -22.81** 15.87** 55.32** 5.80 -17.38** -18.47** -23.33** 

24.  Pondicherry- 1 × Pusa Uday 35.19 67.82** 28.07** 4.76 40.43** -4.35 1.71 -0.88 -6.78 

25.  Pondicherry- 1 × Kerala- 2 15.08 66.67** 27.19** -1.45 44.68** -1.45 0.63 -1.93 -7.78** 

 S.Em+_ 0.24 0.24 0.24 0.12 0.12 0.12 2.24 2.24 2.24 

 CD at 5% 0.50 0.50 0.50 0.26 0.26 0.26 4.64 4.64 4.64 

 CD at 1% 0.68 0.68 0.68 0.35 0.35 0.35 6.29 6.29 6.29 

*and ** indicate significance of values at p=0.05 and 0.01, respectively. 

BP- Heterosis over better parent  BTP- Heterosis over the best parent (Green Long)  CC- Heterosis over the commercial check (Chitra) 
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4.2.3 Number of nodes per vine 

Number of nodes per vine ranged from 15.75 (Punjab Naveen) to 20.55 (Poinsette) among testers, 
16.50 (IIHR 304) to 20.55 ((Pondicherry- 1) among lines and 17.07(IIHR 304 × Phule Shubhangi) to 29.30 
(Pondicherry 1 × Phule Shubhangi) among crosses. Magnitude of heterosis was highly significant over 
better parent, the best parent and the commercial check in both the directions. The cross IIHR 341 × Phule 
Shubhangi exhibited highly significant heterosis over better parent (44.47 %), the best parent (59.89%) 
Pondicherry 1 × Phule Shubhangi and the commercial check 46.50 % (Pondicherry 1 × Phule Shubhangi). 
Among the 25 crosses, 21 over better parent, 20 crosses over the best parent and 22 crosses over the 
commercial check exhibited positive and significant heterosis. 

4.2.4 Node at first female flower appearance. 

Genotypes  differed  significantly  among  themselves  for  node  at  first  female flower appearance 
and ranged from  5.35 (Poinsette) to 6.35 (Kerala -2)  among testers, 4.35 (Green Long ) to 7.15 
(Pondicherry 1) lines and  4.05 (Green Long × Poinsette)   among crosses.  The magnitude of heterosis was 
significant in both directions over   better parent and the commercial check. The maximum and significantly 
negative heterosis over the better parent was observed in the cross IIHR 285× PunjabNaveen  (-27.87 %). 
Green Long × Poinsette exhibited significant and negative heterosis over the commercial check (-28.95 %). 
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Table 8. Heterosis (%) over better parent, the best parent and the commercial check for Sex ratio, Days to female flower anthesis, 

Number of fruits per plant 
Sl. 

No. 
Cross 

Sex ratio Days to female flower anthesis Number of fruits per plant (kg) 

BP BTP CC BP BTP CC BP BTP CC 

1.  IIHR 285 × Poinsette -27.10** -29.62** -12.85* -10.21 -16.36** -22.85** -39.63** -19.05 ** -17.68** 

2.  IIHR 285 × Phule Shubhangi -18.46 -28.44** -11.39* -10.40** -12.34** -19.15** -30.89** -0.95 -14.14* 

3.  IIHR 285 × Punjab Naveen -23.60** -26.33** -8.78 -8.27 -11.95** -18.79** -14.05** 34.29** 5.05 

4.  IIHR 285 × Pusa Uday -28.47** -32.15** -15.99** -8.06 -11.75** -18.61** 11.90** 15.71** 42.42** 

5.  IIHR 285 × kerala-2 -33.30** -35.61** -20.27** -12.31** -10.68* -17.62** 0.41 44.76** 22.73** 

6.  IIHR 341× Poinsette -31.91** -36.79** -21.73** -10.85 -17.92** -24.30** 6.29 55.24** 53.54** 

7.  IIHR 341 × Phule Shubhangi -30.64** -35.61** -20.27** -8.13** -13.61** -20.33** 13.99** 40.95** 64.65** 

8.  IIHR 341 × Punjab Naveen -29.64** -34.68** -19.12** -4.90 -10.58* -17.52** 3.50 35.24** 49.49** 

9.  IIHR 341 × Pusa Uday -26.36** -31.65** -15.36** -0.31 -4.31 -11.74** -0.70 38.10** 43.43** 

10.  IIHR 341 × Kerala-2 -9.82 -16.29** 3.66 -4.04 -11.66** -18.52** 1.40 20.95** 46.46** 

11.  IIHR 304 × Poinsette -10.19 -21.18** -2.40 -8.74** -15.08** -21.68** -5.93 36.19** 28.28** 

12.  IIHR 304 × Phule Shubhangi -15.87 -26.16** -8.57 -3.88 -7.74 -14.91** 16.26** 0.95 44.44** 

13.  IIHR 304 × Punjab Naveen -11.06 -13.50** 7.11 -12.65** -16.16** -22.67** -2.75 -15.24 ** 7.07 

14.  IIHR 304 × Pusa Uday -12.21 -22.95** -4.60 -7.76 -11.46** -18.34** -29.37** -9.52 -10.10 

15.  IIHR 304 × Kerala -2 -15.38 -25.65** -7.94 2.04 -2.06 -9.67** -11.21** 0.95 -4.04 

16.  Green Long × Poinsette -29.21** -31.73** -15.46** -17.50** -22.43** -28.46** -21.48** 0.95 7.07 

17.  Green Long × Phule Shubhangi -20.09** -22.70** -4.28 -2.50 -4.51 -11.92** -13.82** 3.81 7.07 

18.  Green Long × Punjab Naveen -19.30 -21.35** -2.61 -6.53 -10.28* -17.25** 0.00 20.95** 10.10 

19.  Green Long × Pusa Uday -17.54 -20.17** -1.15 -13.65** -18.81** -25.11** 0.79 20.95** 28.28** 

20.  Green Long × Kerala -2 -20.18** -22.87** -4.49 -2.94 -3.04 -10.57** 18.69** 17.14** 28.28** 

21.  Pondicherry- 1 × Poinsette -14.04 -16.03** 3.97 1.81 -6.27 -13.55** -8.89** 18.10** 24.24** 

22.  Pondicherry- 1 × Phule Shubhangi -11.40 -14.68** 5.64 -12.00** -13.81** -20.51** 0.81 36.19** 25.25** 

23.  Pondicherry- 1 × Punjab Naveen -14.04 -16.62** 3.24 -16.33** -19.69** -25.93** 31.19** -1.90 44.44** 

24.  Pondicherry- 1 × Pusa Uday -7.89 -10.89* 10.34 -11.22** -14.79** -21.41** -18.25** 0.00 4.04 

25.  Pondicherry- 1 × Kerala- 2 11.40 8.35 34.17** -0.87 0.98 -6.87 -1.87 -9.52 6.06 

 S.Em+_ 0.26 0.26 0.26 1.96 1.96 1.96 0.26 0.26 0.26 

 CD at 5% 0.53 0.53 0.53 4.05 4.05 4.05 0.55 0.55 0.55 

 CD at 1% 0.72 0.72 0.72 5.49 5.49 5.49 0.74 0.74 0.74 

*and ** indicate significance of values at p=0.05 and 0.01, respectively. 

BP- Heterosis over better parent  BTP- Heterosis over the best parent (Green Long)  CC- Heterosis over the commercial check (Chitra) 
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4.2.5 Node at first male flower appearance 

Nodes at first male flower appearance varied among the genotypes which ranged from 2.45 
(Poinsette) to 3.45 (Kerala -2) among testers, 2.1 (IIHR 341) to 3.15 (Pondicherry 1) among lines and 
among crosses 1.75 (IIHR 304 × Pusa Uday) to 3.65 (Pondicherry 1 × Punjab Naveen) and also (IIHR 285 
× Phule Shubhangi). The magnitude of heterosis was significant in both the directions over better parent 
and the commercial check, whereas heterosis  over the  best parent  significant  only  in  positive  direction. 
In the cross (IIHR 304 × Phule Shubhangi) -45.59 % followed by the cross IIHR 341 × Kerala-2 (-44.93%) 
the maximum and significantly negative heterosis over better parent was observed. 

4.2.6 Days to first fruit harvest 

Days to first harvest varied significantly among the genotypes. It ranged from 56.15 (Poinsette and 
Phule Shubhangi) to 58.10 (Kerala-2) among testers, 55.45 (Pondicherry 1) to 60.45 (IIHR 285)  among 
lines and 46.10 (Green long × Poinsette ) to 58.55 (Pondicherry 1 × Phule Shubhangi) among crosses. The 
magnitude of heterosis over the better parent was significant in both the directions, whereas heterosis over  
the  best parent and the commercial check was significant in the negative direction.  The significant 
negative heterosis in the desirable direction was observed in the cross (-20.65 %) Green Long × Poinsette 
over better parent, (-18.91 %) over best parent and also  
(-23.74 %) over commercial check. 

4.2.7 Sex ratio 

For the sex ratio significant  difference  was observed among the genotypes and it varied  from  
5.37 ( Punjab Naveen ) to  6.83 (Phule Shubhangi ) among  testers,  among lines 5.43 (IIHR 304) to 5.93 
(Green long ). Among crosses 3.68 (IIHR 341 × Punjab Naveen) to 5.27 (Pondicherry- 1 × Kerala -2). The 
cross  IIHR 341× Poinsette (-21.73 %) were showed significant heterosis over check. The magnitude of 
heterosis over better parent and the commercial check was found to be highly significant in both the 
directions. The cross IIHR 285 × Kerala-2 (-33.30 %) exhibited maximum and significantly negative 
heterosis over  the better  parent . 
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Table 9. Per se performance of parents and crosses for yield and fruit quality parameters in cucumber 

Sl. No. Genotypes 

Number 

of fruits 

per plant 

Fruit 

diameter 

(cm) 

Fruit 

length 

(cm) 

Avg. fruit 

weight (g) 

Fruit yield 

per plant 

(kg) 

Fruit 

yield 

per ha 

(t) 

Shelf 

life 

(days) 

Cavity 

thickness 

(cm) 

Flesh 

thickness 

(cm) 

Rind 

thickness 

(mm) 

1.  IIHR 285 × Poinsette 4.07 4.35 18.35 256.35 1.35 9.00 4.10 1.75 1.85 0.71 

2.  IIHR 285 × Phule Shubhangi 4.25 4.70 19.25 260.60 1.40 9.33 5.70 1.86 1.60 0.74 

3.  IIHR 285 × Punjab Naveen 5.20 5.00 20.36 386.05 1.59 10.60 5.20 1.85 1.65 0.91 

4.  IIHR 285 × Pusa Uday 7.05 4.50 21.75 415.15 2.80 18.67 4.65 1.86 1.55 0.74 

5.  IIHR 285 × Kerala-2 6.07 5.25 20.75 520.65 3.10 20.67 5.65 1.84 1.70 0.77 

6.  IIHR 341× Poinsette 6.60 5.30 18.13 292.75 3.10 20.67 5.25 1.78 1.60 0.76 

7.  IIHR 341 × Phule Shubhangi 8.15 5.50 24.10 278.80 2.75 18.33 5.35 1.90 1.70 0.69 

8.  IIHR 341 × Punjab Naveen 7.40 5.35 20.36 403.05 3.45 23.00 5.35 1.82 1.85 0.72 

9.  IIHR 341 × Pusa Uday 7.10 5.35 22.05 522.30 3.15 21.00 5.75 1.88 1.35 0.73 

10.  IIHR 341 × Kerala-2 7.25 4.85 21.65 358.15 3.65 24.33 6.30 1.88 1.95 0.75 

11.  IIHR 304 × Poinsette 6.35 5.00 18.70 293.65 2.00 13.33 5.70 1.87 1.45 0.75 

12.  IIHR 304 × Phule Shubhangi 7.15 4.36 19.35 327.05 1.75 11.67 5.50 1.87 1.35 0.75 

13.  IIHR 304 × Punjab Naveen 5.30 5.05 20.04 250.80 1.55 10.33 6.15 1.86 1.25 0.75 

14.  IIHR 304 × Pusa Uday 6.20 4.21 19.93 369.30 2.75 18.33 5.45 1.87 1.55 0.75 

15.  IIHR 304 × Kerala -2 4.75 4.15 20.70 515.70 2.35 15.67 6.20 1.90 1.85 0.75 

16.  Green Long × Poinsette 7.50 4.80 27.87 557.05 4.65 31.00 6.70 1.88 1.85 0.77 

17.  Green Long × Phule Shubhangi 5.30 5.30 24.75 670.70 2.70 18.00 6.80 1.81 1.40 0.78 

18.  Green Long × Punjab Naveen 5.45 5.00 26.27 601.75 3.35 22.33 6.95 1.80 1.30 0.78 

19.  Green Long × Pusa Uday 6.35 5.60 28.60 698.65 4.63 30.87 7.15 1.82 1.50 0.91 

20.  Green Long × Kerala -2 6.35 5.40 25.06 599.20 4.05 27.00 7.15 1.79 1.60 0.94 

21.  Pondicherry- 1 × Poinsette 3.20 6.40 23.67 717.65 2.25 15.00 6.00 1.88 2.00 0.95 

22.  Pondicherry- 1 × Phule 5.20 5.90 24.01 747.75 3.95 26.33 5.75 1.88 1.89 0.78 
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Sl. No. Genotypes 

Number 

of fruits 

per plant 

Fruit 

diameter 

(cm) 

Fruit 

length 

(cm) 

Avg. fruit 

weight (g) 

Fruit yield 

per plant 

(kg) 

Fruit 

yield 

per ha 

(t) 

Shelf 

life 

(days) 

Cavity 

thickness 

(cm) 

Flesh 

thickness 

(cm) 

Rind 

thickness 

(mm) 

Shubhangi 

23.  Pondicherry- 1 × Punjab Naveen 7.15 5.95 25.25 699.25 4.50 30.00 6.15 1.88 1.25 0.79 

24.  Pondicherry- 1 × Pusa Uday 5.15 6.00 24.33 683.85 3.75 25.00 6.70 1.84 1.35 0.79 

25.  Pondicherry- 1 × Kerala- 2 5.25 5.85 22.65 547.65 4.40 29.33 6.55 1.89 1.55 0.81 

 Lines 

26.  IIHR 285 6.05 4.11 16.40 202.75 2.05 13.67 4.25 2.05 2.15 0.69 

27.  IIHR 341 7.15 4.29 16.50 206.10 2.10 14.00 4.65 2.02 2.37 0.72 

28.  IIHR 304 5.25 4.32 16.20 344.80 2.25 15.00 4.55 2.21 1.85 0.69 

29.  Green Long 5.25 4.55 19.01 480.75 2.55 17.00 5.85 2.32 1.59 0.70 

30.  Pondicherry- 1 5.35 5.05 20.66 515.70 2.68 17.87 6.10 2.24 1.65 0.94 

 Testers 

31.  Poinsette 5.10 4.20 18.21 330.70 1.25 8.33 4.50 2.12 1.22 0.71 

32.  Phule Shubhangi 5.25 4.15 19.24 377.90 1.75 11.67 4.90 2.11 1.85 0.77 

33.  Punjab Naveen 5.45 4.10 18.15 376.75 1.60 10.67 4.65 2.04 1.71 0.82 

34.  Pusa Uday 5.30 4.85 19.55 405.70 1.58 10.53 5.45 2.15 1.28 0.83 

35.  Kerala-2 5.35 5.15 18.18 402.85 1.63 10.87 5.15 2.17 1.45 0.87 

 Check 

36.  Chitra 5.95 5.15 20.15 510.35 3.00 20.00 5.50 2.1 1.45 0.7 

 S.Em± 0.26 0.30 0.48 7.92 0.94 4.34 0.70 0.08 0.11 0.01 

 CD at 5% 0.55 0.62 1.01 16.35 1.95 8.64 1.46 0.16 0.24 0.02 

 CD at 1% 0.74    0.84 1.36 22.16 2.65 11.48 1.98 0.22 0.35 0.03 

 

Table 9. Contd… 
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4.2.8 Days to female flower anthesis. 

The per se performance of parents and hybrids revealed that testers took 47.55 
(Poinsette) to 52.10 (Kerala -2) days and lines took 48.05 (IIHR 341) to 54.20 (Pondicherry 1) days 
for the production of first female flower. However, the crosses took 39.60 (Green Long × Poinsette 
) to 51.55 (Pondicherry 1 × Kerala -2) days for the first  female  flower  production . The magnitude 
of heterosis over better parent was significant in both the directions, whereas heterosis over the 
best parent and the commercial check was significant in the positive direction. The maximum and 
significant negative heterosis over better parent and also over check was found in the cross Green 
Long × Poinsette (-17.50%) and (-25.93%) Pondicherry 1 × Punjab Naveen. 

4.2.9 Number of fruits per vine 

In the  genotypes the number  of  fruits  per  vine  varied  significantly , which ranged from 
5.10 (Poinsette ) to  5.45 (Punjab Naveen) among testers, 5.25 (IIHR 304  and Green Long ) to 
7.15 (IIHR 341) among lines and  3.20  (Pondicherry-1 × Poinsette)  to  8.15 (IIHR 341 × Phule 
Shubhangi)  among crosses. Heterosis over better parent, the best parent and the commercial 
check was highly significant in both the directions. The maximum and positively significant 
heterosis was observed in the cross Green long × Kerala -2 over better parent (18.69 %), over the 
best parent (55.24 %) IIHR 341× Poinsette and over the commercial  check 64.65 % (IIHR 341 × 
Phule Shubhangi) .Out of 25  crosses, 5 crosses over better parent, 15 crosses over the best 
parent and 14 crosses over the commercial check exhibited positive significant heterosis. 

4.2.10 Fruit diameter (cm) 

The genotypes differed significantly among themselves for fruit diameter which ranged 
from 4.10 (Punjab Naveen) to 5.15 (Kerala -2) among testers,   4.11 (IIHR 285 ) to 5.05  
(Pondicherry-1) among  lines  and 4.15 (IIHR 304 × Kerala -2)  to  6.00 (Pondicherry 1 × Pusa 
Uday)  among crosses. Heterosis over better parent, the best parent and the commercial check 
was highly significant in both the directions.  The cross IIHR 341 × Phule Shubhangi exhibited 
negative and highly significant heterosis over better parent (-28.35 %). Maximum and positively 
significant heterosis over the best parent (-19.42%) IIHR 304 × Kerala -2 and over the commercial 
check (-19.42 %) also. Two crosses over better parent, five cross over the best parent and five 
crosses over the commercial check showed the significant and negative heterosis for fruit 
diameter. 
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Table 10. Heterosis (%) over better parent, the best parent and the commercial check for  Fruit diameter, Fruit length, Average fruit 

weight 
Sl. 

No. 
Cross 

Fruit diameter (cm) Fruit length (cm) Avg. fruit weight (g) 

BP BP BP BP BTP CC BP BTP CC 

1.  IIHR 285 × Poinsette 3.57 3.57 3.57 0.77 -3.45 -8.93 ** -22.48** 6.21** -49.77 ** 

2.  IIHR 285 × Phule Shubhangi 13.25 13.25 13.25 0.08 1.29 -4.47 35.12** -19.70 ** 0.05 

3.  IIHR 285 × Punjab Naveen 21.80** 21.8** 21.80** 12.15** 7.10* 1.02 -9.75** -13.65 ** -24.36 ** 

4.  IIHR 285 × Pusa Uday -7.22 -7.22 -7.22 11.25** 14.44** 7.94 -17.91** 8.30** -18.65 ** 

5.  IIHR 285 × Kerala-2 1.94 1.94 1.94 14.14** 9.18** 2.98 3.54* -39.11 ** 2.02 

6.  IIHR 341× Poinsette 23.69** 23.69** 23.69** -0.47 -4.63 -10.05** -11.48** -42.01 ** -42.64 ** 

7.  IIHR 341 × Phule Shubhangi -28.35** 28.35** 28.35** 25.29** 26.81** 19.6** -26.22** -16.16 ** -45.37 ** 

8.  IIHR 341 × Punjab Naveen 24.85** 24.85** 24.85** 12.15** 7.10* 1.02 -5.77** 8.64** -21.02 ** 

9.  IIHR 341 × Pusa Uday 10.31 10.31 10.31 12.79** 16.02** 9.43** 3.28* -25.50 ** 2.34 

10.  IIHR 341 × Kerala-2 -5.83 -5.83 -5.83 19.09** 13.92** 7.44** -28.78** -38.92 ** -29.82 ** 

11.  IIHR 304 × Poinsette 15.87* 15.87* 15.87* 2.69 -1.60 -7.20 ** -14.83** -31.97 ** -42.46 ** 

12.  IIHR 304 × Phule Shubhangi 0.93 0.93 0.93 0.60 1.82 -3.97 -13.46** -47.83 ** -35.92 ** 

13.  IIHR 304 × Punjab Naveen 17.03* 17.03* 17.03* 10.41** 5.45* -0.55 -41.37** -23.18 ** -50.86 ** 

14.  IIHR 304 × Pusa Uday -13.30* -13.30* -13.30* 1.94 4.87 -1.09 -26.97** 7.27** -27.64 ** 

15.  IIHR 304 × Kerala -2 -19.42** -19.42** -19.42** 13.86** 8.92** 2.73 2.56 15.87** 1.05 

16.  Green Long × Poinsette 5.49 5.49 5.49 46.65** 46.65** 38.31** 15.87** 39.51** 9.15 

17.  Green Long × Phule Shubhangi 16.48* 16.48* 16.48* 28.67** 30.23** 22.83** 39.51** 25.17** 31.42** 

18.  Green Long × Punjab Naveen 9.89 9.89 9.89 38.23** 38.23** 30.37** 25.17** 45.33** 17.91** 

19.  Green Long × Pusa Uday 15.46* 15.46* 15.46* 46.29** 50.49** 41.94** 38.16** 24.64** 36.90** 

20.  Green Long × Kerala -2 4.85 4.85 4.85 31.86** 31.86** 24.37** 19.16** 49.28** 17.41** 

21.  Pondicherry- 1 × Poinsette 26.73** 26.73** 26.73** 14.55** 24.52** 17.44** 39.16** 55.54** 40.62** 

22.  Pondicherry- 1 × Phule Shubhangi 16.83** 16.83** 16.83** 16.21** 26.34** 19.16** 45.00** 45.45** 46.52** 

23.  Pondicherry- 1 × Punjab Naveen 17.82** 17.82** 17.82** 22.22** 32.86** 25.31** 35.59** 42.25** 37.01** 

24.  Pondicherry- 1 × Pusa Uday 18.81** 18.81** 18.81** 17.74** 27.99** 20.72** 32.61** 13.92** 34.00** 

25.  Pondicherry- 1 × Kerala= 2 13.59* 13.59* 13.59* 9.63** 19.18** 12.41** 6.20** 6.21** 7.31** 

 S.Em+_ 0.30 0.30 0.30 0.48 0.48 0.48 7.92 7.92 7.92 

 CD at 5% 0.62 0.62 0.62 1.01 1.01 1.01 16.33 16.33 16.33 

 CD at 1% 0.84 0.84 0.84 1.36 1.36 1.36 22.16 22.16 22.16 

*and ** indicate significance of values at p=0.05 and 0.01, respectively. 

BP- Heterosis over better parent  BTP- Heterosis over the best parent (Green Long)  CC- Heterosis over the commercial check (Chitra) 
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4.2.11 Fruit length (cm) 

In the genotypes significant  differences  were observed  for the character fruit length  and 
it varied  from 18.18 (Kerala -2) to 19.55 (Pusa Uday ) among  testers,  16.40 (IIHR 285) to  20.66  
(Pondicherry 1) among lines and 18.13 (IIHR 285 × Kerala-2) to  28.60 (Green long × Pusa Uday) 
among  crosses.  The magnitude of heterosis was significant in both the directions over better 
parent, the best parent and the commercial check. The cross Green Long × Poinsette showed 
maximum and positive significant heterosis over better parent (46.65 %), over the best parent 
(50.49%) Green long × Pusa Uday and over the commercial check (41.94 %) by Green long × 
Pusa Uday.   Out of 25 crosses, 19 crosses over better parent, 20 crosses over best parent and 13 
cross over commercial check recorded positive and significant heterosis for fruit length. 

4.2.12 Average fruit weight (g) 

The genotypes differed significantly among themselves for average fruit weight which 
ranged from 330.70 (Poinsette) to 405.70 (Pusa Uday) among testers, 202.5 (IIHR 285) to  515.00 
(Pondicherry- 1) among lines and 250.80 (IIHR 304 × Punjab Naveen)  to 747.75  (Pondicherry 1 × 
Phule Shubhangi) among crosses. The magnitude of heterosis over better parent and the 
commercial check was significant in both the directions.  Maximum positive and significant 
heterosis over better parent was observed in the cross Green long × Phule Shubhangi (39.51 %) 
and (55.54 %) Pondicherry- 1 × Poinsette over best parent. The cross Pondicherry- 1 × Phule 
Shubhangi (46.52 %) showed maximum and positively significant heterosis over the commercial 
check. Among 25 crosses, 13 over better parent and 9 over the commercial check showed positive 
and significant heterosis. 
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Table 11. Heterosis (%) over better parent, the best parent and the commercial check for Fruit yield per plant, Shelf life, Cavity 

thickness 
Sl. 

No. 
Cross 

Fruit yield per plant (kg) Fruit yield per ha (t) Shelf life (days) 

BP BTP CC BP BTP CC BP BTP CC 

1.  IIHR 285 × Poinsette -34.15 -47.06** -55.16** -52.19 49.63 -25.00** -8.89 -29.91 * -25.45 

2.  IIHR 285 × Phule Shubhangi -31.95 -45.29** -53.26** -54.63 47.76 -26.67** 16.33 -2.56 3.64 

3.  IIHR 285 × Punjab Naveen -22.68 -37.84** -47.26** -63.89 40.67 -33.00** 11.83 -11.11 -5.45 

4.  IIHR 285 × Pusa Uday 36.59** 9.80 -6.60 -122.92 -4.48 -73.33 -14.68 -20.51 -15.45 

5.  IIHR 285 × kerala-2 51.22** 21.57 3.53 -137.55 -15.67 -83.33 9.71 -3.42 2.73 

6.  IIHR 341× Poinsette 47.62** 21.57 3.53 -133.63 -15.67 -83.33 12.9 -10.26 -4.55 

7.  IIHR 341 × Phule Shubhangi 30.95 7.84 -8.30 -116.96 -2.61 -71.67 9.18 -8.55 -2.73 

8.  IIHR 341 × Punjab Naveen 64.29** 35.29** 13.30* -150.30* -28.73* -95.00* 15.05 -8.55 -2.73 

9.  IIHR 341 × Pusa Uday 50.00** 23.53** 5.30 -136.01* -17.54* -85.00* 5.50 -1.71 4.55 

10.  IIHR 341 × Kerala-2 63.81** 43.14** 21.60** -159.82 -36.19* 101.67** 22.33 7.69 14.55 

11.  IIHR 304 × Poinsette -11.11 -21.57 -33.33** -73.90 25.37 -46.67* 25.27 -2.56 3.64 

12.  IIHR 304 × Phule Shubhangi -22.22 -31.37** -41.60** -62.78 34.70** -38.33** 12.24 -5.98 0.00 

13.  IIHR 304 × Punjab Naveen -31.11 -39.22** -48.30** -53.89 42.16** -31.67** 32.26* 5.13 11.82 

14.  IIHR 304 × Pusa Uday 22.22 7.84 -8.30 -107.23 -2.61 -71.67 0.00 -6.84 -0.91 

15.  IIHR 304 × Kerala -2 4.44 -7.84 -21.60** -89.45 12.31 58.33** 20.39 5.98 12.73 

16.  Green Long × Poinsette 68.22** 61.57** 55.79** 165.36** 73.51** 135.00** 14.53 14.53 21.82 

17.  Green Long × Phule Shubhangi 5.88 5.88 -10.00 -88.89 -0.75 -70.00 16.24 16.24 23.64 

18.  Green Long × Punjab Naveen 31.37** 31.37** 11.60 -114.38* -25.00* -91.67 18.80 18.80 26.36 

19.  Green Long × Pusa Uday 66.47** 66.47** 54.30** -164.58* -72.76* -134.33* 22.22 22.22 30.00* 

20.  Green Long × Kerala -2 58.82** 58.82** 35.53** 141.83** 51.12** 115.00** 22.22 22.22 30.00* 

21.  Pondicherry- 1 × Poinsette -11.76 -11.76 -25.26** -66.09 16.04 -55.00** -1.64 2.56 9.09 

22.  Pondicherry- 1 × Phule Shubhangi 47.66** 54.90** 31.32** -129.53** -47.39* -111.67* -5.74 -1.71 4.55 

23.  Pondicherry- 1 × Punjab Naveen 55.79** 62.35** 50.47** 150.05** 67.91** 130.00** 0.82 5.13 11.82 

24.  Pondicherry- 1 × Pusa Uday 47.06** 47.06** 35.89** 122.06** -39.93* 105.00* 9.84 14.53 21.82 

25.  Pondicherry- 1 × Kerala- 2 4.47 9.80 -6.60 -146.32 -64.18 -126.67 7.38 11.97 19.09 

 S.Em+_ 0.94 0.94 0.94 4.34 4.34 4.34 0.70 0.70 0.70 

 CD at 5% 1.95 1.95 1.95 8.64 8.64 8.64 1.46 1.46 1.46 

 CD at 1% 2.65 2.65 2.65 11.48 11.48 11.48 1.98 1.98 1.98 

*and ** indicate significance of values at p=0.05 and 0.01, respectively. 

BP- Heterosis over better parent  BTP- Heterosis over the best parent (Green Long)  CC- Heterosis over the commercial check (Chitra) 
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Fig. 2: Fruit yield (kg) of F1 hybrids, lines and testers in cucumber
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4.2.13 Fruit yield per plant (kg) 

Genotypes  differed significantly among themselves for fruit yield per vine which ranged 
from 1.25 (Poinsette) to 1.75 (Phule Shubhangi) among testers, 2.10 (IIHR 285 ) to 2.68 
(Pondicherry 1) among lines and 1.35 (IIHR 285 × Poinsette) to 4.65 (Green Long  × Poinsette) 
among crosses.  The magnitude of heterosis over  better parent, the best parent and the 
commercial check was significant in both the directions. The maximum and positively significant 
heterosis over commercial check exhibited by the cross 55.79 % (Green long × Poinsette), 54.3 % 
(Green Long × Pusa Uday) followed by the cross 50.47 % (Pondicherry 1 × Punjab Naveen) . 

4.2.14 Shelf life (days) 

The genotypes differed significantly among themselves for shelf life which ranged from 
4.50 (Poinsette) to 5.45 (Pusa Uday) among testers, 4.25 (IIHR 285) to 6.10 (Pondicherry 1) 
among lines and 4.10 (IIHR 285 × Poinsette) to 7.15 (Green Long × Pusa Uday and Green long × 
Kerala -2) among crosses.  The  magnitude  of  heterosis  over  better  parent,  the  best  parent  
and  the commercial check was significant in both the directions. The maximum heterosis over 
better parent was exhibited in the cross IIHR 304 × Punjab Naveen (32.26%) and over the 
commercial check 30.00 % (Green Long × Pusa Uday and Green long × Kerala -2. 

4.2.15 Cavity thickness (cm) 

Cavity thickness differed significantly among the genotypes which ranged from 2.04 
(Punjab Naveen) to 2.17 (Kerala-2) among testers, 2.02 (IIHR 341) to 2.24 (Pondicherry- 1) among 
lines and 1.78 (IIHR 341× Poinsette) to 1.90 (IIHR 304 × Kerala -2 and IIHR 341 × Phule 
Shubhangi) among  crosses. The magnitude of heterosis over better parent, the best parent and 
the commercial check was significant in both the directions.  The maximum and significant 
heterosis over better parent was observed in the cross (-14.29%) Green Long × Punjab Naveen 
and over the commercial check (-15.24%) IIHR 341× Poinsette. 
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Table 12. Heterosis (%) over better parent, the best parent and the commercial check for Flesh thickness, Rind thickness 

Sl.  

No. 
Cross 

Cavity thickness (cm) Flesh thickness (cm) Rind thickness (mm) 

BP BTP CC BP BTP CC BP BTP CC 

1.  IIHR 285 × Poinsette -12.25** -24.35 ** -16.43** -13.95 15.99** 27.59** -8.39** -3.40 -0.70 

2.  IIHR 285 × Phule Shubhangi -7.00 -19.83 ** -11.43** -25.58** 0.31 10.34 -11.38** 0.68 3.50 

3.  IIHR 285 × Punjab Naveen -7.50 -20.26 ** -11.90** -23.26** 3.45 13.79 5.85** 23.13** 26.57** 

4.  IIHR 285 × Pusa Uday -7.00 -19.83 ** -11.43** -27.91** -2.82 6.90 -4.52* 0.68 3.50 

5.  IIHR 285 × kerala-2 -7.75 -20.47 ** -12.14** -20.93 6.58 17.24* -7.78** 4.76* 7.69** 

6.  IIHR 341× Poinsette -11.00** -23.28 ** -15.24** -32.63** 0.31 10.34 -10.53** 4.08 6.99** 

7.  IIHR 341 × Phule Shubhangi -5.00 -18.10 -9.52 -28.42** 6.58 17.24* -10.32** -5.44** -2.80* 

8.  IIHR 341 × Punjab Naveen -9.00 -21.55 ** -13.33** -22.11** 15.99* 27.59** -14.37** 2.72 0.01 

9.  IIHR 341 × Pusa Uday -6.00 -18.97 -10.48 -43.16** -15.36* -6.90 -14.62** -0.68 2.10 

10.  IIHR 341 × Kerala-2 -6.00 -18.97 -10.48 -17.89 22.26** 34.48** -3.23 2.04 4.90* 

11.  IIHR 304 × Poinsette -10.95 -19.40 ** -10.95 -21.62** -9.09 0.00 -9.58** 2.72 5.59** 

12.  IIHR 304 × Phule Shubhangi -10.71 -19.18 ** -10.71 -27.03** -15.36* -6.90 -11.70** 2.72 5.59** 

13.  IIHR 304 × Punjab Naveen -11.43** -19.83 ** -11.43** -32.43** -21.63** -13.79 -3.87* 1.36 4.20** 

14.  IIHR 304 × Pusa Uday -10.95 -19.40 ** -10.95 -16.22 -2.82 6.90 -10.18** 2.04 4.90** 

15.  IIHR 304 × Kerala -2 -9.52 -18.10 -9.52 0.00 15.99* 27.59** -9.94** 4.76* 7.69** 

16.  Green Long × Poinsette -10.24 -18.75 -10.24 15.99* 15.99* 27.59** -0.65 4.76* 7.69** 

17.  Green Long × Phule Shubhangi -13.81** -21.98 ** -13.81** -24.32** -12.23 -3.45 -5.99** 6.80** 9.79** 

18.  Green Long × Punjab Naveen -14.29** -22.41 ** -14.29** -24.20** -18.50* -10.34 -8.19** 6.80** 27.27** 

19.  Green Long × Pusa Uday -13.10** -21.34 ** -13.10** -5.96 -5.96 3.45 0.55 23.81** 31.47** 

20.  Green Long × Kerala -2 -14.52** -22.63 ** -14.52 0.31 0.31 10.34 3.87* 27.89** 32.87** 

21.  Pondicherry- 1 × Poinsette -10.48 -18.97 -10.48 21.21** 25.39** 37.93** 4.97** 29.25** 9.79** 

22.  Pondicherry- 1 × Phule Shubhangi -10.24 -18.75 -10.24 2.16 18.5* 30.34** 1.29 6.80** 10.43** 

23.  Pondicherry- 1 × Punjab Naveen -10.48 -18.97 -10.48 -27.11** -21.63** -13.79 -5.39** 7.48** 11.19** 

24.  Pondicherry- 1 × Pusa Uday -12.38** -20.69 ** -12.38** -18.18 -15.36* -6.90 -7.02** 8.16** 12.59** 

25.  Pondicherry- 1 × Kerala- 2 -9.76 -18.32 -9.76 -6.06 -2.82 27.59** -8.00** 9.52** 15.38** 

 S.Em+_ 0.08 0.08 0.08 0.11 0.11 0.24 0.01 0.01 0.01 

 CD at 5% 0.16 0.16 0.16 0.24 0.24 0.32 0.02 0.02 0.02 

 CD at 1% 0.22 0.22 0.22 0.32 0.32 27.59** 0.03 0.03 0.03 

*and ** indicate significance of values at p=0.05 and 0.01, respectively. 

BP- Heterosis over better parent  BTP- Heterosis over the best parent (Green Long)  CC- Heterosis over the commercial check (Chitra)
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4.2.16 Flesh thickness (cm) 

Flesh thickness differed significantly among the genotypes which ranged from 1.22 
(Poinsette ) to 2.17 (Kerala -2) among testers, 1.59 (Green Long) to 2.37 (IIHR 341) among lines  
and 1.30 (Green long × Punjab Naveen) to 1.89  (Pondicherry 1 × Phule Shubhangi) among 
crosses. The magnitude of heterosis over better parent, the best parent and the commercial check 
was significant in both the directions.  The maximum and significant heterosis over better parent 
was observed in the cross Pondicherry-1 × Poinsette (21.21 %) and showed the maximum and 
significant heterosis over the best parent (25.39%) Pondicherry-1 × Poinsette and over the 
commercial check (37.93 %) Pondicherry-1 × Poinsette. Out of 25 crosses, 2 crosses over better 
parent, and 10 crosses over the commercial check exhibited the positive and significant heterosis 
for flesh thickness. 

4.2.17 Rind thickness (mm) 

Rind thickness differed significantly among the genotypes. It varied from 0.71 (Poinsette) 
to 0.87 (Kerala -2) among testers, 0.69 (IIHR 285 and IIHR 304) among lines and 0.69 (IIHR 341 × 
Phule Shubhangi) to 0.95 (Pondicherry 1 × Poinsette) among crosses. The magnitude of heterosis 
over better parent, over the best parent and the commercial check was observed in both the 
directions. The maximum negative and significant heterosis over better parent (-14.62 %) IIHR 341 
× Pusa Uday , over  the best  parent (-5.44%) IIHR 341 × Phule Shubhangi and over  the 
commercial check (-2.80 %)  IIHR 341 × Phule Shubhangi.  Among crosses, 15 over better parent, 
1 over the best parent and 2 over the commercial check exhibited positive and significant 
heterosis. 

4.3 Combining ability 

The variance due to general combining ability (GCA), specific combining ability (SCA) and 
GCA to SCA ratio for various characters are presented in Table 13. GCA to SCA ratio was higher 
than unity for vine length (1.13), number of branches (3.18), days to first fruit harvest (1.42), sex 
ratio (1.07), fruit length (2.19), fruit diameter (1.84), average fruit weight (1.62), shelf life (2.10) and 
rind thickness (1.30). Low GCA to SCA ratio was observed for the ratio was near to unity for 
number of nodes per vine (0.96), node at first female flower appearance (0.55), node at first male 
flower appearance (0.34) ,days to female flower anthesis (0.45), number of fruits per vine (0.38), 
fruit yield per plant(0.63), cavity thickness (0.14), flesh thickness (0.33), indicating predominance of 
non-additive gene action and hence these traits can be improved through recurrent  selection for 
specific combining ability or heterosis. There is a great scope for heterosis  breeding to exploit 
non-additive  variance  observed  for yield and yield components. 
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Table 13. Variance due to general and specific combining ability for different 

characters in cucumber 

Sl. No. Character GCA SCA GCA:SCA 

1 Vine length (cm) 119.18 105.11 1.13 

2 No. of branches per plant 0.09 0.03 3.18 

3 No. of nodes per vine 5.51 5.69 0.96 

4 Node of female flower appearance 0.26 0.47 0.55 

5 Node of male flower appearance 0.11 0.34 0.34 

6 Days to first fruit harvest 4.83 3.39 1.42 

7 Sex ratio 0.14 0.13 1.07 

8 Days to female flower anthesis 2.18 5.02 0.43 

9 Number of fruits per plant 0.36 0.93 0.38 

10 Fruit diameter (cm) 0.15 0.08 1.84 

11 Fruit length (cm) 4.36 1.98 2.19 

12 Average fruit weight (g) 12565.66 7753.24 1.62 

13 Fruit yield per plant (kg) 0.03 0.05 0.63 

14 Shelf life (days) 0.24 0.11 2.10 

15 Cavity thickness (cm) 0.00 0.002 0.14 

16 Flesh thickness (cm) 0.01 0.03 0.33 

17 Rind thickness (mm) 0.0013 0.0010 1.30 
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4.3.1 Vine length (cm) 

For vine length, there was significant gca effects in both the direction. Maximum positive 
and significant gca effects was observed in the lines Pondicherry- 1 and Green Long (10.67).  The 
testers also exhibited significant gca effects like Pusa Uday (10.47).  Among crosses, seven 
crosses showed positively significant sca effects. Maximum sca effects (9.78) was exhibited by the 
cross IIHR 304 x Poinsette followed by Pondicherry 1 x Poinsette  (6.79). 

4.3.2 Number of branches 

Two lines exhibited significant gca effects in positive direction, which is desirable. 
Maximum gca effects was observed in the line Pondicherry- 1 (0.43) followed by Green Long 
(0.39). The testers showed significant gca effects in (0.24) Phule Shubhangi. Among the crosses, 
two crosses showed positive and significant sca effects. Maximum positive sca effects was 
observed in the cross IIHR 304 × Kerala -2 (0.42) followed by IIHR 341× Poinsette (0.27). 

4.3.3 Number of nodes per vine 

For number  of nodes per vine, maximum positive and significant gca effects was 
observed in the line (3.75) Pondicherry 1 and testers exhibited  positive  and  significant  gca  
effects in (1.35) Pusa Uday. Among the crosses only cross (2.73) IIHR 341 × Phule Shubhangi 
was exhibited positive and significant sca effects which is desirable. 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 
 

Table 14. General combining ability effects for growth and earliness parameters in cucumber 

Sl. 

No. 
Parents 

Vine 

length 

No. of 

branches 

per plant 

No.of 

nodes 

per vine 

Node of 

female 

flower 

appearance 

Node of 

male flower 

appearance 

No. of 

male 

flowers 

per plant 

No. of 

female 

flowers 

per plant 

Days to 

first fruit 

harvest 

Sex 

ratio 

 Lines 

1 IIHR 285 -10.65 ** -0.42** -0.61** -0.11 -0.14** -1.46 1.92** -0.86 -0.41** 

2 IIHR 341 -7.67 ** 0.03 0.59** -0.60** -0.14** 0.99 2.95** -3.97** -0.45** 

3 IIHR 304 -8.74 ** -0.45** -4.96** 0.60** -0.49** -4.24* -1.68** -0.29 0.09 

4 Green Long 10.67** 0.39** 1.24** -0.54** 0.16** -2.30 -0.63* 0.23 -0.02 

5 Pondicherry- 1 10.67** 0.43** 3.74** 0.66** 0.61** 7.01** -2.54** 4.88** 0.79** 

 Testers 

1 Poinsette -10.14 ** -0.21* -0.57** -0.19* 0.08 -3.16* 0.44 -0.28 -0.21* 

2 Phule Shubhangi -8.51** 0.24* -0.59** -0.14 0.28** -2.18 0.08 0.11 -0.12 

3 Punjab Naveen 6.82** 0.04 0.60** -0.42** 0.21** 1.48 -0.04 1.09 0.05 

4 Pusa Uday 10.47** 0.05 1.32** 0.61** -0.30** 1.44 0.28 -0.91 -0.09 

5 Kerala-2 1.37 -0.14 -0.76** 0.15 -0.27** 2.41 -0.75* -0.02 0.29** 

 S.Em± 1.24 0.09 0.15 0.07 0.04 1.53 0.30 0.71 0.08 

 CD at 5% 2.57 0.19 0.31 0.15 0.08 3.16 0.16 1.46 0.17 

 CD at 1% 3.4 0.26 0.43 0.21 0.11 4.28 0.83 1.98 0.23 

*and ** indicate significance of values at p=0.05 and 0.01, respectively 
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4.3.4 Node at first female flower appearance 

For number  of nodes at first female flower, two lines exhibited  negative  and  significant  
gca  effects  like (-0.60) IIHR 341 and (-0.54) Green long  and  two testers exhibited significantly 
negative gca effects. Among the 25 crosses only five crosses  exhibited negative and significant 
sca effects which is desirable. Maximum negative sca effects was observed in the cross 
Pondicherry- 1 ×  Punjab Naveen (-0.77 %)  . 

4.3.5 Node at first male flower appearance 

For nodes up to first male flower, three lines had negatively significant gca effects and two 
line had positively significant gca effects.  Maximum negative gca effects was observed in the lines 
(-0.49) IIHR 304 .Among the testers, (-0.30) Pusa Uday showed significant and negative gca 
effects. Among the crosses, 11 crosses exhibited significant and negative sca effects and 9 cross 
exhibited significant and positive sca effects. Maximum negative sca effects was observed in the 
cross Pondicherry 1 × Phule Shubhangi (-1.01). 

4.3.6 Days to first fruit harvest 

Among 5 lines, two lines each exhibited significant gca effects in both the directions. The 
highest gca effects was observed in the line (-3.97) IIHR 341. Among the  testers, there was no 
significant gca effects. Among the crosses, two crosses each exhibited significant sca effects in 
both the directions. The highest sca effects was observed in the cross Green Long × Pusa Uday (-
5.49). 

4.3.7 Sex ratio 

For sex ratio, lines IIHR 341 (-0.45) and IIHR 285(-0.41) showed negative and significant  
gca effects  and  other lines  exhibited  significant  positive  gca  effects.  Among the testers, 
Poinsette (-0.21) exhibited significant and negative gca effects. Among 25 crosses, four  crosses  
exhibited  significant  in  desirable  direction  (negative)  and  three  cross exhibited the positive 
and significant sca effects. The highest negative and significant sca effects was observed in the 
cross (-0.60) IIHR 285 × Kerala-2. 
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Table 15. General combining ability effects for yield and quality parameters in cucumber 

 

Sl. 

No. 

Parent 

Days to 

female 

flower 

anthesis 

Number 

of fruits 

per 

plant 

Fruit 

diameter 

(cm) 

Fruit 

length 

(cm) 

Avg. fruit 

weight 

(g) 

Fruit 

yield per 

plant 

(kg) 

Shelf 

life 

(days) 

Cavity 

thickness 

(cm) 

Flesh 

thickness 

(cm) 

Rind 

thickness 

(mm) 

 Lines 

1 IIHR 285 -0.59 -0.70** -0.40 ** -2.22 ** -71.19 ** -0.95** -0.86 ** -0.01 0.07 -0.003 

2 IIHR 341 -2.66** 1.46** 0.10 -1.06** -117.94 ** 0.22 -0.32 0.00 0.09* -0.030** 

3 IIHR 304 0.48 -0.43** -0.61 ** -2.57 ** -137.65 ** -0.91** -0.12 0.02 -0.10** -0.035** 

4 Green long 2.39** -0.28* 0.05 4.19 136.51** 0.22 1.02** -0.02 -0.06 -0.033** 

5 Pondicherry- 1 0.37 -0.05 0.85 1.66 190.27** 1.42** 0.30 0.02 0.01 -0.008 

 Testers 

1 Poinsette -1.02 -0.13 0.00 -0.97 ** -65.46 ** -0.33 -0.37 -0.01 0.15** 0.145** 

2 Phule Shubhangi 0.53 0.17* -0.01 -0.02 18.02** -0.48 -0.10 0.01 -0.01 0.002 

3 Punjab Naveen -1.16 0.06 0.10 0.13 -20.77 ** -0.08 0.03 -0.01 -0.13** -0.020** 

4 Pusa Uday -0.39 -0.01 -0.03 1.01** 48.89** 0.39 0.01 0.00 -0.13** 0.023** 

5 Kerala-2 2.04* -0.09 -0.06 -0.15 19.31** 0.51 0.44 0.01 0.13** 0.0031 

 S.Em± 0.62 0.08 0.09 0.15 2.50 0.29 0.22 0.02 0.03 0.003 

 CD at 5% 1.28 0.17 0.19 0.31 5.17 0.61 0.46 0.05 0.07 0.006 

 CD at 1% 1.73 0.23 0.26 0.43 7.00 0.83 0.62 0.07 0.10 0.008 

*and ** indicate significance of values at p=0.05 and 0.01, respectively
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4.3.8 Days to female flower anthesis 

Among 5 lines, one line exhibited negative and significant gca effects and one line showed 
positively significant gca effects. The only line IIHR 341 (-2.66) exhibited negative and significant gca 
effects. Among the testers, Kerala-2 (2.04) showed significantly positive gca effects. Among the 25 
crosses, two crosses exhibited  significant  and negative  sca  effects  and  three crosses  exhibited  
significantly  positive  sca effects. Maximum negative and significant sca effects was observed in the 
cross  (-4.98) Green Long × Poinsette. 

4.3.9 Number of fruits per vine 

Among 5 lines, only one line exhibited positive and significant  gca effects. The highest gca 
effects was observed in the line (1.46) IIHR 341. The tester (0.17) Phule Shubhangi exhibited positive 
and significant gca effects. The eight crosses exhibited significant sca effects for number of fruits per 
vine. The highest was (1.37) IIHR 304 × Phule Shubhangi. 

4.3.10  Fruit length (cm) 

For fruit length, none of the lines had shown positive and significant gca effects and three lines 
had significantly negative gca effects. Among crosses, only one cross showed significantly positive sca 
effects (1.05) Pusa Uday and one cross showed significantly negative sca effects. Among crosses six 
exhibited significantly positive sca effects. The highest positive and significant sca effects was exhibited 
by the cross (2.33) Green Long × Poinsette 

4.3.11 Fruit diameter (cm) 

Among 5 lines, none of the lines exhibited significant gca effects for fruit diameter. Among 
testers, there was no significant gca effects.  Among the crosses, two cross exhibited positive and 
significant sca effects. Maximum and significant sca effects was observed in the cross (0.55) IIHR 285 × 
Kerala-2. 
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Table 16. Specific combining ability effects for growth and earliness parameters in cucumber 

Sl. 

No. 
Cross 

Vine 

length 

(cm) 

No. of 

branches 

per plant 

No. of 

nodes per 

vine 

Node of female 

flower 

appearance 

Node of male 

flower 

appearance 

Days to 

first fruit 

harvest 

Sex ratio 

Days to 

female 

flower 

anthesis 

Number of 

fruits per 

plant 

1.  IIHR 285 × Poinsette -0.15 0.13* 3.21** 0.27 -0.31** -1.52 0.26 -0.88 -1.11** 

2.  IIHR 285 × Phule Shubhangi -15.73** -0.12 -3.56** 0.92** 0.84** -0.87 0.24 -0.39 -1.25** 

3.  IIHR 285 × Punjab Naveen 2.72 0.07 0.43 -0.19 -0.44** 0.44 0.18 1.50 -0.19 

4.  IIHR 285 × Pusa Uday 8.04** -0.13* 0.51 -0.68** 0.22* 1.90 -0.09 0.83 1.73** 

5.  IIHR 285 × Kerala-2 5.72* 0.06 -0.59 -0.32 -0.31** 0.06 -0.60** -1.05 0.84** 

6.  IIHR 341× Poinsette -22.13** 0.27** -3.42** -0.01 -0.46** 1.23 -0.12 0.38 0.23 

7.  IIHR 341 × Phule Shubhangi 13.03** 0.11 2.73** 0.41* 0.44** -0.10 -0.14 1.02 0.47* 

8.  IIHR 341 × Punjab Naveen 2.69 -0.18** 1.03** 0.64** 0.66** 2.10 -0.27 4.27** -0.16 

9.  IIHR 341 × Pusa Uday 0.94 -0.19** 1.31** -0.64** -0.28** 1.21 -0.02 1.64 -0.38 

10.  IIHR 341 × Kerala-2 5.76* 0.00 -1.65** -0.28** -0.36** 0.77 0.57** -1.47 -0.15 

11.  IIHR 304 × Poinsette 9.78** 0.06 -0.09 -0.19 0.99** -1.04 0.25 -1.31 0.88** 

12.  IIHR 304 × Phule Shubhangi -13.84** -0.24** -0.81* -0.34 -0.61** 0.01 -0.12 0.87 1.37** 

13.  IIHR 304 × Punjab Naveen -1.68 -0.39 1.68** 0.43* -0.59** -3.82* 0.44* -1.72 -0.36 

14.  IIHR 304 × Pusa Uday 2.36 0.09 -1.73** 0.44* -0.13** 2.43 -0.05 -0.09 -1.13** 

15.  IIHR 304 × Kerala -2 3.36 0.49** 0.95* -0.34 0.34** 2.44 -0.51** 2.26 -0.75** 

16.  Green Long × Poinsette 5.51* -0.38** -0.15 -0.11 -0.36** -2.32 -0.25 -4.98** -0.33 

17.  Green Long × Phule Shubhangi 8.68** 0.25** -0.42 0.15 0.34** 1.97 0.18 0.61 -0.62** 

18.  Green Long × Punjab Naveen 0.24 0.25** -3.32** 0.30 0.21** 1.39 0.08 -0.63 -0.38 

19.  Green Long × Pusa Uday -10.40** 0.14* 0.05 -0.13 -0.13 -5.49** 0.22 -0.69 0.61** 

20.  Green Long × Kerala -2 -4.05 -0.25** 3.84** -0.34 -0.06 1.32 -0.24 -0.14 0.69** 

21.  Pondicherry- 1 × Poinsette 6.97** -0.07 0.45 -0.25 0.14 0.57 -0.14 3.29* 0.30 

22.  Pondicherry- 1 × Phule Shubhangi 7.84** 0.01 2.07** -1.15** -1.01** 1.12 -0.15 -2.11 0.04 

23.  Pondicherry- 1 × Punjab Naveen -3.91 0.26** 0.17 -0.77** 0.16 -2.21 -0.44* -3.41* 1.10** 

24.  Pondicherry- 1 × Pusa Uday -0.94 0.10 -0.14 0.88** 0.32** -0.04 -0.05 -1.68 -0.81** 

25. Pondicherry- 1 × Kerala -2 -9.89 ** -0.29** -2.55** 1.29** 0.39** -1.53 0.79** 3.92** -0.63** 

 S.Em± 2.79 0.06 0.34 0.17 0.09 1.59 0.18 1.38 0.18 

 CD at 5% 5.76 0.13 0.71 0.35 0.18 3.28 0.38 2.86 0.39 

 CD at 1% 7.81 0.17 0.96 0.48 0.25 4.44 0.51 3.88 0.52 

*and ** indicate significance of values at p=0.05 and 0.01, respectively 
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4.3.12 Average fruit weight (g) 

Five of each lines exhibited significant gca effects in both the directions among the lines. 
Maximum and positive gca effects was observed in the line (190.20)  Pondicherry- 1 followed by 
(136.50) Green Long. Three of the testers exhibited the significant and positive gca effects. Among the 
crosses, 10 crosses exhibited positive and significant sca effects. Maximum and significant sca effects 
was observed in the cross (145.00) IIHR 304 × Kerala -2 followed by (102.30) IIHR 341 × Pusa Uday. 

4.3.13 Fruit yield per plant (kg) 

For fruit yield per vine , one line showed significant and positive gca effects, the highest was 
observed in the line (1.48) Pondicherry-1 and two lines showed significantly  negative gca effects. 
Among testers there was no significant and positive  gca  effects.  Among crosses, seven crosses 
exhibited positively sca effects. Maximum and positively significant sca effects was observed in the 
cross (0.54) Green Long × Poinsette. 

4.3.14 Shelf life (days) 

Among 5 lines, one line exhibited significant gca effects for shelf life . The highest positive gca 
effects was exhibited by the line (1.02) Green Long . Among testers, there was no positive and 
significant gca effects. Among the crosses, there was no significant  sca  effects  . 

4.3.15 Cavity thickness (cm) 

For cavity thickness,  none of the lines and testers showed significant  gca effects  None  of  the  
testers exhibited  significant  gca  effects.  Among the crosses, there was no significant sca effects. 

4.3.16 Flesh thickness (cm) 

For flesh thickness, only line (0.09) IIHR 341 exhibited positive and significant gca effects. 
Among the testers, (0.15) Poinsette and (0.13) Kerala -2 exhibited positive and significant gca effects. 
Among the crosses, four crosses exhibited positive and significant sca effects. Maximum and significant 
sca effects was observed in the cross (0.29) Pondicherry -1 × Phule Shubhangi. 
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Table 17. Specific combining ability effects for yield and quality parameters in cucumber 

Sl. 

No. 
Cross 

Fruit 

diameter 

(cm) 

Fruit length 

(cm) 

Avg. fruit 

weight (g) 

Fruit yield per 

plant 

(kg) 

Shelf life 

(days) 

Cavity 

thickness 

(cm) 

Flesh 

thickness 

(cm) 

Rind 

thickness 

(mm) 

1.  IIHR 285 × Poinsette -0.41 -0.76* -95.94** -0.36 -0.58 -0.06 0.02 -0.05** 

2.  IIHR 285 × Phule Shubhangi -0.04 -0.81* 74.81** -0.16 0.74 0.01 -0.06 -0.04** 

3.  IIHR 285 × Punjab Naveen 0.13 0.12 -10.93 -0.38 0.10 0.02 0.11 0.09** 

4.  IIHR 285 × Pusa Uday -0.22 0.64 -51.50** 0.36 -0.42 0.02 0.01 0.001 

5.  IIHR 285 × Kerala-2 0.55 * 0.81* 83.57** 0.54 0.14 0.01 -0.10 0.015 

6.  IIHR 341× Poinsette 0.02 -2.15** -12.79* 0.21 0.02 -0.05 -0.24** -0.013 

7.  IIHR 341 × Phule Shubhangi 0.24 2.86** -110.23** 0.01 -0.14 0.03 0.02 0.002 

8.  IIHR 341 × Punjab Naveen -0.02 -1.03** 52.81** 0.31* -0.28 -0.02 0.29** 0.004 

9.  IIHR 341 × Pusa Uday 0.11 -0.22 102.39** -0.46 0.13 0.02 -0.20** -0.006 

10.  IIHR 341 × Kerala-2 -0.35 0.54 -32.17** -0.08 0.25 0.01 0.12 0.017 

11.  IIHR 304 × Poinsette 0.44 * -0.07 7.81 0.25* 0.27 0.01 -0.19* 0.004 

12.  IIHR 304 × Phule Shubhangi -0.18 -0.37 -42.27** 0.15 -0.19 -0.01 -0.13 -0.021* 

13.  IIHR 304 × Punjab Naveen 0.39 0.15 -79.72** -0.44 0.31 -0.00 -0.10 0.010 

14.  IIHR 304 × Pusa Uday -0.31 -0.82* -30.89** 0.13 -0.36 -0.00 0.19* -0.002 

15.  IIHR 304 × Kerala -2 -0.33 1.11** 145.08** -0.24 -0.04 0.01 0.22** -0.008 

16.  Green Long × Poinsette -0.42 2.33** -2.95 0.53** 0.12 0.08 0.16 0.010 

17.  Green Long × Phule Shubhangi 0.09 -1.73** 27.20** -0.03 -0.04 -0.02 -0.12 0.008 

18.  Green Long × Punjab Naveen -0.32 -0.37 -2.94 0.31* -0.03 -0.01 -0.09 -0.018 

19.  Green Long × Pusa Uday 0.41 1.07** 24.28** 0.31** 0.18 -0.01 0.10 -0.003 

20.  Green Long × Kerala -2 0.24 -1.29** -45.58** 0.27 -0.24 -0.03 -0.06 0.009 

21.  Pondicherry- 1 × Poinsette 0.37 0.65 103.88** -0.63** 0.14 0.02 0.24** -0.006 

22.  Pondicherry- 1 × Phule Shubhangi -0.10 0.05 50.49** 0.01 -0.37 -0.05 0.29** 0.015 

23.  Pondicherry- 1 × Punjab Naveen -0.17 1.13** 40.79** 0.30** -0.11 0.01 -0.22** 0.003 

24.  Pondicherry- 1 × Pusa Uday 0.01 -0.67 -44.27** -0.31 0.45 -0.03 -0.12 -0.018 

25. Pondicherry- 1 × Kerala -2 -0.10 -1.17** -150.89** -0.53 -0.12 0.08 -0.19* 0.003 

 S.Em± 0.21 0.34 5.60 0.09 0.50 0.05 0.08 0.009 

 CD at 5% 0.44 0.71 11.56 0.19 1.03 0.11 0.17 0.019 

 CD at 1% 0.59 0.96 15.67 0.26 1.40 0.15 0.22 0.025 

 

*and ** indicate significance of values at p=0.05 and 0.01, respectively
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4.3.17 Rind thickness (mm) 

For rind thickness, only three line showed negative and significant gca effects and two line 
showed negative and significant gca effects.  One of the tester exhibited significant gca effects.  Among 
the crosses, only three cross exhibited negative and significant sca effects. The maximum was found in 
(-0.04) IIHR 285 × Phule Shubhangi. 
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Table  18. Per cent contribution of lines, tester and line × tester for different characters 

in cucumber 

Sl. 

No. 
Character Line Tester Line × Tester 

1.  Vine length (cm) 47.63 25.14 27.22 

2.  Number of branches per plant 65.92 11.87 22.19 

3.  Number of nodes per vine 65.05 5.37 29.56 

4.  Node of female flower appearance 39.79 17.20 42.99 

5.  Node of male flower appearance 32.25 13.90 53.84 

6.  Days to first fruit harvest 65.79 3.45 30.74 

7.  Sex ratio 60.03 9.04 30.92 

8.  Days to female flower anthesis 31.64 16.40 51.94 

9.  Number of fruits per plant 47.80 1.05 51.13 

10.  Fruit diameter (cm) 74.92 0.96 24.11 

11.  Fruit length (cm) 79.03 4.83 16.13 

12.  Average fruit weight (g) 73.92 6.22 19.85 

13.  Fruit yield per plant (kg) 74.30 14.75 10.93 

14.  Shelf life (days) 72.02 12.56 15.41 

15.  Cavity thickness (cm) 30.34 10.02 59.62 

16.  Flesh thickness (cm) 12.09 31.70 56.20 

17.  Rind thickness (mm) 78.70 7.15 14.13 
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Fig. 3: Per cent contribution of lines, testers and line × tester for different characters in cucumber
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V. DISCUSSION 

Cucumber is the one of the important crop grown in India. It is regarded as home of cucumber 
and greater range of variability is available in cucumber. Hence, there is a wide scope to exploit 
heterosis. Hybridization is one of the means of obtaining increased yield and exploitation of heterosis 
and is an efficient approach for crop improvement. Heterosis can be defined as superiority of F1 over its 
parents and F1 hybrids derived from crossing of pure lines are uniform in growth and development and 
possess better adaptability to changing and adverse environmental conditions and give early as well as 
higher total yield. In practical plant breeding, superiority of the F1 over mid parent is of little value, since 
it does not offer any advantage to exploit it commercially. The commercial usefulness of the hybrid 
would depend on its performance in comparison to the best available hybrid. Hence, heterosis over the 
better parent, best parent and the standard check was worked out in the present investigation for 
identification of superior hybrids in cucumber. 

The line x tester analysis is one of the technique where a large number of genotypes could be 
tested for their combining ability. This method was developed by Kempthrone (1957) which has been 
used in the present study for estimating combining ability and other genetic parameters. Heterosis and 
combining ability for growth, earliness,  yield and quality parameters are discussed in this chapter. 

For a systematic breeding programme, it is essential to identify the parents, as well as crosses 
which could be exploited. This is important in order to bring about further genetic improvement in 
economic characters. For exploitation of heterosis, the information on gca should be supplemented with 
sca  and hybrid performance.  Heterosis in F1 indicates operation of non-additive gene effects, but it 
cannot give any idea about the relative magnitude of non-additive (dominance + epistasis) and additive 
gene action.  Hence analysis of combining ability is one of the potential tools for identifying prospective 
parents to develop commercial F1 hybrids (Griffing, 1956). General and specific combining ability effects 
and variances obtained from a set of F1‟s would enable a breeder to select desirable parents and 
crosses for each of the quantitative components. 

General combining ability effects of parents and specific combining ability effects of crosses 
were highly significant for the characters studied. From the present investigation, it is evident that gca or 
sca effects in parents and crosses are in desirable direction for some characters and in undesirable 
direction for some other traits. Therefore, it is important to ascertain the status of parent or hybrid with 
respect to combining ability effects over a number of component characters (Arunachalam and 
Bandopadhay, 1979). 

The best cross combinations for most of the characters generally involved one good and one 
poor general combiner with high sca effects. It may be due to a complementary gene action, which can 
be fixed in the segregating generation. On the contrary, crosses with high sca effects involving low 
(negative) x low (negative) combiners parents may be used for exploring hybrids as the non-additive, 
non-fixable genes seems to play a major role (Brar et al., 2011). 

Among the parents involved at least one parent as poor or average combiner. These results 
indicated that high frequency of highly heterotic hybrids could be obtained from parental combinations 
with high (positive) x low (negative) or low (negative) x average general combining ability which clearly 
indicates that, the parental contribution to the heterosis is mainly through non-additive gene effects. 
Complement the epistatic effects present in the cross, which would finally result in higher sca effects. 

Hence, exploitation of heterosis appears to be an appropriate strategy for improvement in cucumber. 

With the main aim of increasing the yield of the crop an ideotype has to be developed. The 
ideotype in cucumber should have more vine length, more number of branches and early flowering, 
greater fruit length, high fruit weight, more number of fruits per vine and highest fruit yield per vine. 
Therefore, the present study is conducted to find out the magnitude of heterosis in the cross 
combinations and to make use of line x tester analysis to estimate the combining ability keeping an 
ideotype in view. 
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5.1 Analysis of variances for parents and hybrids 

Genetic diversity is prerequisite for getting high magnitude of heterosis. In this present 
investigation, variance due to genotypes was highly significant for all growth, earliness, and yield 
parameters except days to first harvest. Variance due to parents was highly significant for majority of 
characters studied (Table 4) indicating, the presence of diversity among parents used in the study. The 
mean sum of squares of hybrids were significant for all characters. The significance indicates the 
divergence among themselves. The contribution to the total hybrid variance was found to be higher in  
female parents than the male parents for all the characters under study as female parents were 
genetically diverse than male parents. 

5.2 Heterosis and its attributing characters 

5.2.1 Vine length (cm) 

In the present study, most of the hybrids recorded heterosis in positive direction. The vine 
length was measured at time of harvest and the parent range of vine length was 148.60 cm to 205.60 
cm. The vine length of the crosses ranged from 175.30 cm to 241.20 cm. The maximum vine length was 
exhibited by the hybrid Pondicherry -1 × Pusa Uday (241.20 cm). 

Green Long × Pusa Uday (19.91%) followed by Pondicherry 1 × Punjab Naveen (16.58 %) 
exhibited the significant positive standard heterosis over check Chitra. Vine length is positively 
correlated with yield hence, this hybrids also exhibited the significant standard heterosis for yield. The 
increased vine length, it is a desirable trait to realize higher yield provided the environmental conditions 
are otherwise conducive for growth and fruiting over a longer period. From the productivity point of view, 
vine length is an important growth parameter which was reported by several workers, to be an important 
yield component as it was significantly associated with fruit yield. This results in line with the findings of 
Ojha et al. (2009), Sharma et al. (2012), Arya and Singh (2014) and Jat et al. (2015). 

5.2.2 Number of branches per vine 

Branches are the important growth parameters contributing to productivity. For realizing high 
fruit yield, desirable degree of vegetative growth is essential (Mule et al., 2012). The parents had the 
range of 4.05 to 5.30 branches per vine. The maximum per se performance of parent was observed in 
Pondicherry 1 (5.30), while the hybrids had the range of 4.80 to 6.50 and maximum per se performance 
was observed in the cross Green long × Phule Shubhangi (6.50)  followed by Pondicherry 1 × Punjab 
Naveen  (6.35). 

Green long × Phule Shubhangi (25.00 %) followed by Pondicherry 1 × Punjab Naveen (22.12 
%) exhibited the significant standard heterosis over check Chitra. This results in line with findings of 
Sharma et al. (2012) and Narasannavar et al. (2014). Similar results with significant heterosis for 
number of branches were reported by Aravindkumar et al. (2005), Bairagi et a.l (2005), Pandey et al. 
(2005), Jadhav et al. (2009), Ojha et al. (2009),  Yadav et al. (2009), Shaik et al. (2011) and Sarkar et 
al. (2015). 

 

 

5.2.3 Number of nodes per vine 

To increase the productivity, nodes play a very important role. The parents had the range of 
15.75 to 20.55 nodes per vine. The maximum per se performance of parent was observed in 
Pondicherry- 1 and Poinsette (20.55), while the hybrids had the range of 17.70  to 29.30 and maximum 
per se performance was observed in the cross  Pondicherry 1 × Phule Shubhangi  (29.30)  followed by 
Pondicherry 1 × Pusa Uday  (29.00). 
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Pondicherry- 1 × Phule Shubhangi (46.50 %)  followed by Pondicherry 1 × Pusa Uday (45.00 
%)  exhibited the significant standard heterosis over check Chitra. This results are in line with findings of 
Singh et al. (2011). 

5.2.4 Node of female flower appearance. 

The prime objective is that the appearance of first female flower at the lower node for 
development of early hybrid. Among parents, the node at which the first female flower appeared is in 
the Green Long (4.35) and relatively higher in Pondicherry 1 (7.15). With respect to hybrids, Green 
Long × Poinsette (4.05) recorded the first female flower at lower node and it indicated the earliness. 

For the development of early fruiting, genotypes with negative heterosis is desirable for node 
number at which first female flower appear (Arya and Singh., 2014). The crosses IIHR 285 × Punjab 
Naveen (-27.87 %) and Pondicherry 1 × Punjab Naveen        (-24.59%) exhibited the significant 
heterobeltiosis in negative direction. This is in accordance with the research findings of Bairagi et al. 
(2005), Hanchinamani and Patil (2009), Kumar et al. (2010), Singh et al. (2010) and Singh et al. (2015). 
The crosses exhibited the positive standard heterosis over superior Check and similar findings was 
reported by Dogra et al. (2011) in cucumber. 

5.2.5 Node of male flower appearance 

For earliness flowering at lower node is an indication. In cucurbits male flower appear at the 
lower node, usually 6-7 days before the female flower open. Hence, appearance male flower is related 
with earliness. Among the parents, IIHR 341 (2.10) showed flowering at lower nodes while Kerala -2 
(3.45) showed first male flower at higher node. 

Heterosis in negative direction was desirable for this trait, the cross IIHR 304 × Pusa Uday (-
49.28%) exhibited the significant negative heterosis over check. Similar standard heterosis was 
recorded by Singh and Ram (2009) in cucumber. Five crosses viz., IIHR 304 × Phule Shubhangi (-
45.59 %), IIHR 341 × Kerala-2 (-44.93 %), IIHR 285 × Kerala-2 (-43.48 %), IIHR 304 × Kerala -2 (-34.78 
%) exhibited the significant negative heterobeltiosis. This result is in line with research findings of Singh 
et al. (2010), Mule et al. (2012) and Singh et al. (2015) in cucumber. 

5.2.6 Days to first fruit harvest 

For days to first harvest negative estimates of heterosis is a well-recognized and prime 
objective of any breeding programme as it helps the grower to earn a good early market price (Airina et 
al., 2013). Among parent Pondicherry 1 (55.45) shows the early harvest while IIHR 285 (60.45) shows 
more days to first harvest. 

Heterosis in negative direction is desirable for days to first harvest. The cross Green long × 
Poinsette exhibited the significant negative heterobeltiosis (-20.65%) as well as standard heterosis (-
23.74 %) over the check Chitra. This is in line with the research findings  with Kumar et al. (2010) and 
Jat et al. (2015) in cucumber. 

5.2.7 Sex ratio 

For sex  ratio,  out  of  25  crosses,  10 crosses  over  better  parent  and  9  crosses  over 
commercial  check exhibited significant negative heterosis. The cross IIHR 341 × Punjab Naveen (-
29.64 %)had showed maximum and significant heterosis over better parent which is low  as  compared  
to  -80.14  per  cent  reported  by  Sundaram  (2007)  in  bitter  gourd. The cross IIHR 341× Poinsette (-
21.73 % ) exhibited the maximum and negative heterosis over the  commercial  check  and  is  
comparable  with  earlier  report      -29.90  per  cent  by Thangamani et al. (2011) in bitter gourd. 
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5.2.8 Days to female flower anthesis 

Heterosis in negative direction is preferred for earliness. The parent Poinsette (47.55) showed 
significant negative heterosis. The crosses Green Long × Poinsette  (39.60) and Pondicherry 1 × 
Punjab Naveen (41.00) exhibited the significant negative heterosis. The reason for significant negative 
heterosis may be due to the presence of dominant loci in different directions leading to cancellation of 
effects (Pandey et al., 2005). Most of the crosses shown significant negative heterosis over commercial 
check and few crosses exhibited the significant negative heterosis over better parent. The crosses 
showing no heterosis indicated that the parent involved in the cross do not differ in the gene frequency 
with respect character under study (Pandey et al., 2005). 

5.2.9 Number of fruits per plant 

Number of fruits is important parameter which directly contributes to the yield. The more 
number of fruits was recorded in the parents like IIHR 341 (7.15) followed by Poinsette (6.75). 

Hayes and Jones (1916) reported the first generation crosses in cucumber frequently exhibited 
the high parent heterosis due to increased fruit number per plant. The crosses viz., IIHR 341 × Phule 
Shubhangi (8.15), IIHR 341 × Punjab Naveen (7.40), IIHR 341 × Kerala-2 (7.25), Pondicherry 1 × 
Punjab Naveen (7.15), IIHR 341× Poinsette (6.6) exhibited the significant standard heterosis . The 
crosses like viz., IIHR 341 × Phule Shubhangi (64.65%),  IIHR 341× Poinsette  (53.54 %), IIHR 341 × 
Punjab Naveen  (49.49 %), IIHR 341 × Kerala-2 (46.46 %), Pondicherry 1 × Punjab Naveen  (44.44 %) 
exhibited the significant standard heterosis over the check. Significant and desirable heterosis in 
aforesaid crosses is due to dominance and dominance x dominance type of interaction, Singh et al. 
(2012). Higher heterobeltiosis for number of fruits was observed in Pondicherry 1 × Punjab Naveen 
(31.19 %) , Green Long × Kerala -2 (18.69 %) similar result was reported by Hanchinamani and Patil 
(2009), Kushwaha et al. (2002), Mule et al. (2012), Singh et al. (2012), Airina et al. (2013) and Singh et 
al. (2015). 

5.2.10 Fruit diameter (cm) 

For the fresh consumption less fruit diameter is preferred (Arya and Singh., 2014). Hence, 
negative direction of heterosis consider to be an desirable. Among parent lesser fruit diameter is 
observed in Punjab Naveen (4.10 cm) with respect to crosses lesser fruit diameter was observed in 
IIHR 304 × Kerala -2 (4.15) . 

Most of the crosses exhibited the significant positive heterosis for this trait it is in accordance 
with the research findings of Kumar et al. (2010). IIHR 304 × Kerala -2     exhibited the significant 
negative heterosis over better parent (-19.42%) and over the check Chitra (-19.42%). It is in line with 
the research findings of Hanchinamani and Patil (2009), Dogra et al. (2011), Kushwaha et al. (2002), 
Mule et al. (2012), Singh et al. (2012), Arya and Singh (2014),  Jat et al. (2015) and Singh et al. (2015) 
in cucumber. 

5.2.11 Fruit length (cm) 

Heterosis in positive direction is desirable for fruit length, which is an important traits, contribute 
towards yield and Highest significant positive heterosis was recorded in the crosses Green long × Pusa 
Uday (41.94 %), Green long × Poinsette  (38.31 %), Green Long × Punjab Naveen (30.37 %) over the 
check it is in line with Dogra et al. (2011), Singh et al. (2012), Arya and Singh (2014) and Jat et al. 
(2015) in cucumber. 

5.2.12  Average fruit weight (g) 

Fruit weight is an important component which ultimately results in higher fruit yield. The 
maximum average fruit weight was recorded in Pondicherry- 1 (515.50 g) among parents and 
Pondicherry- 1 × Phule Shubhangi (747.75 g)  with respect to hybrids. The heterosis in positive 
direction is desirable for this trait. Positive heterobeltiosis was reported by Hanchinamani and Patil 
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(2009), Kushwaha et al. (2002), Mule et al. (2012), Singh et al. (2012), Airina et al. (2013) and Singh et 
al. (2015) in cucumber. 

Similarly, in this study significant posistive heterobeltiosis was recorded in Green long × Phule 
Shubhangi (39.51 %), Pondicherry 1 × Poinsette ( 39.16 % ), Green Long × Pusa Uday  (38.16 %), 
Pondicherry 1 × Punjab Naveen (35.59 %),Pondicherry 1 × Pusa Uday  (32.61 %). More number of 
crosses exhibited the significant Positive standard heterosis over check Chitra and maximum was 
recorded in Pondicherry 1 × Phule Shubhangi  (46.52 %) . It is in line with the findings of Dogra et al. 
(2011) Arya and Singh (2014) and Jat et al. (2015) in cucumber. 

5.2.13  Fruit yield per vine (kg) 

Increase in the fruit yield per vine is an important criteria to increase the productivity. 
Pondicherry- 1 (2.68) and Pondicherry- 1 × Punjab Naveen (4.65 kg) exhibited the maximum yield 
potential among parents and hybrids respectively. Hanchinamani and Patil (2009) reported that the 
maximum yield attributed to increase in average fruit weight and total number of fruits per plant. 

For yield and yield attributing characters heterosis in positive direction is desirable. Only 16 
crosses exhibited the significant standard heterosis over the check Chitra. Among 25 crosses, 13 
crosses exhibited the significant positive heterobeltiosis and maximum was observed in Green Long × 
Pusa Uday (68.22 %). Similar results were reported by Hanchinamani and Patil (2009), Kushwaha et al. 
(2002), Mule et al. (2012), Singh et al. (2012), Airina et al. (2013) and Singh et al. (2015). The cross 
Pondicherry- 1 × Punjab Naveen (55.79 %) exhibited the significant positive heterosis over the check. It 
is in line with the research findings of Kumar et al. (2010), Dogra et al. (2011), Singh et al. (2012), Arya 
and Singh (2014) and Jat et al. (2015) in cucumber. 

5.2.14 Shelf life (days) 

For fruit shelf life positive heterosis is desirable in cucumber. Among parents maximum shelf life 
was observed in Pondicherry-1 (6.10) and less shelf life was observed in IIHR 285 (4.25). Low 
genotypic and phenotypic coefficients of variation were recorded for fruit moisture per cent. Most of the 
crosses under study show the positive heterosis it is in line with the findings of Pushpalatha et al. (2015) 
in cucumber. 

5.2.15 Cavity thickness (cm) 

The negative heterosis is desirable for fruit cavity thickness in cucumber. Among parents 
maximum cavity thickness was observed in Pondicherry-1 (2.24) and thin cavity was observed in IIHR 
341 (2.02). Most of the crosses under study show the positive heterosis it is in line with the findings of 
Vishwanatha et al. (2003) in muskmelon. 

The crosses IIHR 285 × Poinsette (-16.43 %) exhibited the negative direction heterosis over the 
commercial check which is desirable. Similar result reported by Choudary  et al. (2003). 

5.2.16  Flesh  thickness (cm) 

For flesh thickness, out of 25 crosses, 22 crosses over better parent, two crosses over the best 
parent and 10 crosses over the commercial check exhibited positive and significant heterosis. The cross 
Pondicherry- 1 × Poinsette exhibited 21.21 % of heterosis over better parent. The cross Pondicherry- 1 
× Poinsette showed 37.93 % of  heterosis over the commercial  check  and is very  low as compared  to 
144.60  per cent in musk  melon reported by Vishwanath (2003). 
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5.2.17 Rind thickness (mm) 

For fruit rind thickness negative heterosis is desirable in cucumber which is reported by Pandey 
et al. (2005). Among parents maximum rind thickness was observed in Pondicherry 1 (0.94) and thin 
rind was observed in IIHR 304  (0.64). Most of the crosses under study shows the positive heterosis it is 
in line with the findings of Narasannavar et al. (2014) in ridge gourd. 

The crosses IIHR 341 × Pusa Uday (-14.62%) exhibited the heterobeltosis in negative direction 
which is desirable. Similar result reported by Pandey et al. (2005). 

5.3 Combining ability 

Estimation of combining ability effects is done to assess the relative ability of a genotype to 
transmit its desirable performance to its crosses. Combining ability analysis provides information about 
the components of genetic variance involved in the expression of various polygenic characters and thus 
helps in the selection of desirable parents for hybridization and also in deciding the breeding procedure 
for the genetic improvement of such characters. The knowledge of gene action and combining ability 
helps in identifying the best combiners which may be hybridized either to exploit heterosis or to 
accumulate fixable genes through selection. For developing a new variety through conventional 
breeding programme, selection of potential parents based on their combining ability and few special 
attributes under consideration is most important. The combining ability analysis is an indication of the 
variances due to gca and sca which represents a relative measure of the additive and non-additive 
gene action, respectively. The variance component due to gca and sca are used to derive conclusions 
regarding the gene action that is prevalent in determining any trait. 

General combing ability is the average performance of a strain in a series of hybrid 
combination, which reflects the additive gene effects of parents. Specific combining ability indicates the 
deviation in the performance of specific cross from the performance expected on the basis of general 
combining ability effects of parents involved in the crosses. It is an indication of non-additive gene 
action. A positive general combining ability (gca) indicates a parent that produces above average 
progeny, whereas parent with negative gca produces a progeny that performs below average of the 
population. Specific combining ability (sca) can be either negative or positive and sca always refers to a 
specific cross. Some of them manifested positive heterosis while others exhibited negative heterosis 
mainly due to varying extent of genetic diversity between parents of different cross combination for the 
component characters. The manifestation of negative heterosis observed in some of the crosses for 
different traits may be due to the combination of the unfavourable genes of the parents. 

5.3.1 Vine length 

Both positive and negative significant gca effect was recorded for vine length among the 
parents. Green Long and Pondicherry 1 exhibited the significant positive gca effect, it is in line with the 
research findings of Mule et al. (2012), Bairagi et al. (2013) and Pati et al. (2015). 

Among 25 crosses, 7 crosses exhibited the positive sca effect but 4 crosses showed the 
negative effect. It is in accordance with the research findings of Bairagi et al. (2013) in cucumber. 

5.3.2 Number of branches per plant 

Among the parents, Pondicherry- 1 exhibited the significant positive gca effect for number of 
branches , it is in line with Dubey and Maurya (2006), Singh and Singh (2009) in bitter gourd, Reddy et 
al. (2013) and Sarkar et al. (2015) in ridge gourd. Similar findings were reported by Bairagi et al. (2013) 
in cucumber, Purohit et al. (2007) and Neeraja (2008) in ridge gourd. 

The cross IIHR 304 × Kerala -2  exhibited the significant positive sca effect it is in accordance 
with the research findings of Dubey and Maurya (2006), Singh and Singh (2009) in bitter gourd, Reddy 
et al. (2013) and Sarkar et al. (2015) in ridge gourd. Most of the crosses exhibited the non-significant 
sca effect for number of branches per vine (Mule et al., 2012) in cucumber. 
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5.3.3 Number of nodes per vine 

Among the parents, Pondicherry- 1 exhibited the significant positive gca effect for number of 
branches. The cross Green Long × Kerala -2 exhibited the significant positive sca effect. Most of the 
crosses exhibited the significant sca effect for number of nodes per vine (Singh et al., 2011) in 
cucumber. 

5.3.4 Node of female flower appearance 

Among lines Pondicherry-1 and tester Punjab Naveen recorded highly significant negative gca 
effect. It is in line with the research findings of Kumar et al.  (2011),  Mule et al. (2012), Bairagi et al. 
(2013) and Pati et al. (2015). 

Out of 25 crosses, 5 crosses exhibited the negative sca effect for node at first female flower 
appear. It is in agreement with the research findings of Maurya et al. (2004) and Wani et al. (2009) in 
bottle gourd. 

5.3.5 Node of male flower appearance 

Among lines IIHR 304  and tester Pusa Uday  exhibited the significant negative gca effect. It is 
in accordance with the research findings Rao et al. (2000b) in ridge gourd,  Maurya et al. (2004) , 
Sreevani (2005) and  and Vegad et al. (2011) in bottle gourd. Among hybrids, IIHR 304 × Phule 
Shubhangi exhibited the significant sca it is in line with the research findings of Sreevani (2005) and 
Vegad et al. (2011) in bottle gourd. 

5.3.6 Days to first fruit harvest 

Among parents, IIHR 341 exhibited the significant gca effect for days to first harvest. It is in line 
with research findings of Laxuman (2005) and Mohan (2005) in bitter gourd. Wani et al. (2009), Singh 
and Singh (2009) in bottle gourd. 

Out of 25 crosses, four crosses exhibited the negative sca effect for days to first harvest and 
only cross Green long × Pusa Uday exhibited the significant negative sca effect, it is in line with the 
research findings of Sundaram (2008), Yadav et al. (2008), Kushwaha and Maurya (2009), Dey et al. 
(2010), Thangamani (2011) and Kumara et al. (2013) in bitter gourd. 

5.3.7 Sex ratio 

The line IIHR 341  exhibited maximum and significant gca effects for sex ratio in desirable 
direction. For these characters significant gca effects  was  reported by Sreevani (2005) in bottle gourd. 

5.3.8 Days to female flower anthesis. 

IIHR 341 (1ine) and Punjab Naveen (tester) exhibited highly significant negative gca  effect. It is 
in line with the earlier studies of Kumar et al. (2011), Mule et al. (2012) , Bairagi et al. (2013) and Pati et 
al. (2015). 

Out of 25 cross combinations, two crosses exhibited the negative sca effect and none of the 
crosses recorded significant sca effect. It is in line with the research findings of Mourya et al. (2004) in 
muskmelon and Wani et al.  (2009) in bottle gourd. 

5.3.9 Number of fruits per plant 

Among the lines, IIHR 341 and in tester Phule Shubhangi exhibited the significant positive gca 
effect it is in line with research findings of Kumara et al. (2013) and Singh et al. (2013). Similar of 
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significant gca effect for number of fruits was observed by Mule et al. (2012), Bairagi et al. (20 1 3), 
Kumara et al. (2013) and Pati et al. (2015) in cucumber. 

Out of 25 crosses, eight crosses exhibited highly significant positive sca effect for number of 
fruits. This superiority of sca effects may be due to complementary type of gene action or involvement 
of non-allelic interaction of fixable and non-fixable genetic variance Purohit (2007). The present findings 
are in congruence with reports of Mule et al. (2012), Bairagi et al. (2013), Kumara et al. (2013) and Pati 
et al. (2015) in cucumber. 

5.3.10 Fruit diameter (cm) 

Among parents IIHR 304 exhibited the highly significant negative gca effect for fruit diameter. It 
is in accordance with the research findings of Pati et al. (2015) in cucumber. Out of 25 crosses, 2 
exhibited the positive sca effect and none of the cross exhibited the significant sca effect it is in line with 
the research findings of Bairagi et al. (2013) in cucumber and Wani et al. (2009) in bottle gourd. 

5.3.11 Fruit length (cm) 

Among parents, Pusa uday exhibited the highly significant positive gca effect for fruit length and 
similar result was found by Mule et al. (2012), Bairagi et al. (2013), Kumara et al. (2013) and Pati et al. 
(2015) in cucumber 

Both positive and negative sca effect was observed for this trait and four of the cross 
combinations exhibited the significant sca effect for fruit length, it is in line with the earlier findings of 
Maurya et al. (2004) and Wani et al. (2009) in bottle gourd. 

 

5.3.12  Average fruit weight (g) 

The lines Green Long and Pondicherry- 1 exhibited the highly significant positive gca effect. 
Similar highly significant gca was recorded by Mule et al. (2012), Kumara et al. (201 1) and Pati et al. 
(2015) in cucumber. 

Out of 25 crosses, ten crosses exhibited the highly significant positive sca effect for average 
fruit weight, it is in line with the research findings of Mule et al. (2012), Kumara et al. (2011 ) and Pati et 
al. (2015). Pondicherry 1 × Poinsette and IIHR 304 × Kerala -2  exhibited the positive significant sca 
effect, it is in line with the research findings of Sreevani (2005) and Wani et al. (2009) in bottle gourd. 

5.3.13  Yield per plant (kg) 

Among 10 parents only one exhibited the highly significant positive gca effect for yield per vine 
it is in line with the research findings of Mule et al. (2012), Bairagi et al. (2013), Kumara et al. (2013) 
and Pati et al. (2015) in cucumber. Green long × Poinsette , Green Long × Pusa Uday and  Pondicherry 
1 × Punjab Naveen exhibited the highly significant positive sca effect it is in line with the research 
findings of Singh et al. (2011), Mule et al. (2012), Bairagi et al. (2013), Kumara et al. (2013) and Pati et 
al. (2015) in cucumber. 

5.3.14 Shelf life (days) 

For fruit shelf life positive gca and sca is desirable in cucumber. Among parents maximum gca 
for shelf life was observed in green long and less gca for shelf life was observed in IIHR 285. Most of 
the crosses under study show the maximum sca it is in line with the findings of Pushpalatha et al. 
(2015) in cucumber. 
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5.2.15 Cavity thickness (cm) 

The gca effects for cavity thickness were reported by Vishwanatha et al. (2003) in muskmelon. 
Most of the parents does not exhibited significant gca for this character and among the crosses also 
does not exhibited significant sca effects. 

5.3.16 Flesh thickness (cm) 

The significant gca effects for flesh thickness were reported by Sreevani (2005) and Singh et al. 
(2006) in bottle gourd. Only one line exhibited significant gca for this character and among the crosses 
only five exhibited significant sca effects. 

5.3.17 Rind thickness (mm) 

Among 10 parents, four showed the highly significant gca effect it is in line with_the research 
findings of Vashisht et al. (2010) and Bayoumy et al. (2014) in muskmelon. The crosses viz., IIHR 285 × 
Poinsette , IIHR 285 × Phule Shubhangi , IIHR 304 × Phule Shubhangi exhibited the highly significant 
sca effect for fruit rind thickness. Similar result was found by Vashisht et al. (2010) and Bayoumy et al. 
(2014) in muskmelon. 
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Table 19. Top three crosses based on high mean performance and percent heterosis  

for important economic traits 

Sl. No. Cross combinations 
Mean 

performance 

Heterosis over 

BP SC 

Node at first female flower appearance 

1.  Green long × Poinsette 4.05 -5.81 -28.95** 

2.  Green long × Pusa Uday 4.20 -10.64** -26.32** 

3.  Pondicherry 1 × Punjab Naveen 4.40 2.33 -22.81** 

Days to first female flower appearance 

1.  Green long × Poinsette 39.60 -17.50** -28.46** 

2.  Pondicherry 1 × Punjab Naveen 41.00 -16.33** -25.93** 

3.  Green long × Pusa Uday 41.45 -13.65** -25.11** 

Days at first fruit harvest 

1.  Green long × Poinsette 46.1 -20.65** -23.74** 

2.  Pondicherry 1 × Punjab Naveen 46.25 -17.38** -23.33** 

3.  Green long × Pusa Uday 46.35 -18.29** -23.49** 

Number of fruits 

1.  IIHR 341 × Phule Shubhangi 8.15 13.99** 64.65** 

2.  IIHR 341× Poinsette 6.60 6.29 53.54** 

3.  IIHR 341 × Punjab Naveen 7.40 3.50 49.49** 

Fruit length (cm) 

1.  Green long × Pusa Uday 28.60 46.29** 41.94** 

2.  Green long × Poinsette 27.87 46.65** 38.31** 

3.  Green long × Punjab Naveen 26.27 38.23** 30.37** 

Fruit diameter (cm) 

1.  IIHR 304 × Kerala -2 4.15 -19.42** -19.42** 

2.  IIHR 304 × Pusa Uday 4.20 -13.3* -18.35** 

3.  IIHR 304 × Phule Shubhangi 4.30 0.93 -15.44* 

Average fruit weight (g) 

1.  Pondicherry 1 × Phule Shubhangi 747.75 45** 46.52** 

2.  Pondicherry 1 × Poinsette 717.65 39.16** 40.62** 

3.  Pondicherry 1 × Punjab Naveen 699.25 35.59** 37.01** 

Fruit yield per plant (kg) 

1.  Pondicherry 1 × Punjab Naveen 4.65 53.83** 55.79** 

2.  Green long × Poinsette 4.63 61.57** 54.35** 

3.  Green long × Pusa Uday 4.50 68.22** 50.47** 
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Table 20. Heterosis range over better parent and standard check for different characters 

in cucumber 

Sl. No. Characters BP SC 

1.  Vine length (cm) -5.75 to 26.28 -12.85 to 19.91 

2.  No. of branches per plant -1.94 to 34.02 -7.69 to 25.00 

3.  No. of nodes per vine -10.22 to 44.47 -11.5 to 46.50 

4.  Node of female flower appearance -27.87 to 25.93 -28.95 to 28.07 

5.  Node of male flower appearance -45.59 to 20.37 -49.28 to 5.80 

6.  Days to first fruit harvest -20.65 to 5.69 -3.14 to -23.74 

7.  Sex ratio -33.30 to 11.40 -20.27 to 34.17 

8.  Days to female flower anthesis -17.50 to 2.04 -9.67 to  -28.46 

9.  Number of fruits per plant -39.63 to 31.19 -17.68 to 44.44 

10.  Fruit diameter (cm) -19.42 to 28.35 -19.42 to 24.27 

11.  Fruit length (cm) -0.47 to 46.65 -10.05 to 41.94 

12.  Average fruit weight (g) -26.22 to 39.51 -45.37 to 46.52 

13.  Fruit yield per plant (kg) -34.15 to 68.22 -55.16 to 55.79 

14.  Shelf life (days) -14.68 to 32.26 -15.45 to 11.82 

15.  Cavity thickness (cm) -12.38 to -5.00 -15.24 to -12.38 

16.  Flesh thickness (cm) -32.63 to 21.21 10.34 to 37.93 

17.  Rind thickness (mm) -14.62 to 5.85 2.10 to 26.57 
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VI. SUMMARY 

The present investigation on heterosis and combining ability studies in cucumber (Cucumis 
sativus L.) was undertaken at College of Horticulture, UHS Campus, GKVK, Bengaluru during Kharif 
(2016) and rabi (2017) seasons. The diversed group of ten genotypes (five lines and five testers) of 
cucumber and one check cultivar (Chitra) were used to fulfil the objective such as to estimate the 
general combining ability (gca) and specific combining ability (sca) for yield and yield attributing traits to 
estimate the magnitude and direction of heterosis for the yield and yield attributing traits, to identify the 
highly heterotic combination. Twenty five crosses were developed by crossing with five lines with each 
of five testers. All the crosses were evaluated along with the parents in Randomized Complete Block 
Design with two replications. Here are some of the salient features obtained from present investigations 
have been summarized as below. 

All the parameters recorded were subjected to line x tester analysis. Some of the parameters 
manifested positive heterosis while others exhibited negative heterosis mainly due to varying extent of 
genetic diversity between parents of different cross combinations for the component characters. In the 
this present study, the estimation of the best parent, better parent and standard check were found to be 
highly variable in direction and magnitude among crosses for all the characters under study. 

The variance due to parents was significant for all the characters studied except days to first 
harvest, fruit yield per plant, shelf life. Variance due to parents vs. crosses was significant for vine 
length, number of branches per plant, number of nodes per vine, node of female flower appearance, 
days to female flower anthesis, fruit diameter, fruit length, average fruit weight, shelf life, cavity 
thickness, rind thickness and it was not significant for node of male flower appearance, days to first fruit 
harvest and number of fruits per plant. 

The magnitude of heterosis over the standard check (Chitra) for important earliness, growth and 
yield parameters ranges from for vine length -12.85 to 19.91, node at first female flower appearance -
12.85 to 19.91,  node of male flower appearance            -49.28 to 5.8,  days to first fruit harvest  -3.14 to 
-23.74, sex ratio -20.27 to 34.17, days to female flower anthesis -9.67 to  -28.46,  number of fruits per 
plant  -17.68 to 44.44, fruit length  -10.05 to 41.94, average  fruit weight  -45.37 to 46.52 and fruit yield 
per plant -53.16 to 55.79. 

Green long × Poinsette , Green long × Pusa Uday , Pondicherry 1 × Punjab Naveen these 
hybrids exhibited the maximum significant standard heterosis over the check (Chitra)  for yield per vine 
and same cross combination exhibited maximum significant standard heterosis for fruit length, average 
fruit weight, number of fruits per vine over  standard check. The results indicated the importance of 
heterosis breeding for the effective utilization of non-additive genetic variance which had a predominant 
role in the improvement of yield attributing traits. 

The crosses have higher sca effects due to involvement of poor (negative) x poor (negative) 
and poor (negative) x good (positive) parents. The higher sca effect observed in poor (negative) x poor 
(negative) general combiners cross might be due to non-additive gene effects and such could be 
exploited through the hybridization, which is possible in the crop due to monoecious nature of flowers. 
The cross involved poor (negative) x good (positive) general combiners can produce good transgressive 
segregants in later generation. The parents viz., Green Long, Poinsette, Pusa Uday, Pondicherry- 1, 
Punjab Naveen are the good general combiner for yield and yield attributing traits. For earliness 
character the parent Green Long, Poinsette, Pusa Uday, Punjab Naveen, IIHR 341 exhibited the good 
gca effect. These parents were superior for most of the traits, an inter mating population involving all 
possible crosses among themselves subjected to biparental mating in early generation will be expected 
to offer the maximum promise in breeding for yield and earliness in cucumber. 

The combining ability studies indicated that the high proportions of sca variances than gca 
variances. Study on combing ability variance revealed that non-additive gene action for node at first 
female flower appear, fruit length (cm) average fruit weight (g), yield per vine (kg). This could be 
attributed to dominance, over dominance and or the epistatic components such as additive x dominance 
and dominance x dominance type of gene interaction. Green Long × Poinsette, Green Long × Pusa 
Uday, Pondicherry 1 × Punjab Naveen  exhibited the significant positive sca effect for yield attributing 
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traits. However keeping the basic objective of the investigation in view, the cross Green Long × 
Poinsette was exhibited the highly significant sca effects for yield contributing traits. This hybrid also 
exhibited maximum significant and positive heterosis over the checks for total fruit yield per plant. 

 

      FUTURE LINE OF WORK 

1. The hybrids Green Long × Poinsette , Green Long × Pusa Uday , Pondicherry 1 × Punjab Naveen 
are the top most hybrids in order of merit for yield potentiality and can also be commercially 
exploited.  

2. It is suggested to test the superior hybrids in multilocation trial to confirm their potentiality and 
stability over different agro climatic conditions. 

3. Selected parents with desirable per se and combining ability effect can be used in multiple crossing 
schemes to recombine different productive components. 

4. These hybrids can be subjected for selection in segregating generation to identify their superior 
lines which will be useful for future breeding programme.  

5. Population involving parents viz., Green Long, Poinsette, Pusa Uday , Pondicherry 1, Punjab 
Naveen can be constituted to create a promising gene pool for future breeding programmes as 
these lines and testers are good general combiners over all traits studied. 
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APPENDIX I 

Meteorological data recorded during the period of experimentation 
(2016-17) 

Month 

Rainfall Temperature  (oC) Relative humidity (%) 

mm days Maximum Minimum Maximum Minimum 

Aug  20.3 2 27.5 19.4 91.9 60.1 

Sep  50.7 4 27.4 19.3 92.1 59.3 

Oct  0.2 0 30.8 18.0 83.3 49.8 

Nov  2.4 0 28.9 17.0 86.2 33.2 

Dec  63.8 3 26.2 20.7 88.7 43.7 

 

* UHS Campus (RHREC & COH), Bengaluru 
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APPENDIX II  

Type of spines, fruit shape, fruit color, fruit at blossom end, fruit 
ribs, fruit creasing in cucumber. genotypes as for DUS guidelines 

Genotypes 

Type of 
vesture/ 

spines 

Fruit 
shape 

Fruit color 
Fruit shape 
@ blossom 

end 

Fruit 
ribs 

Fruit 
creasing 

Lines 

IIHR 285 Prickles Cylindrical Light green Trunket Absent Absent 

IIHR 341 Prickles Cylindrical Dark green Round Absent Absent 

IIHR 304 Prickles Cylindrical Dark green Trunket Absent Absent 

Green long Prickles Cylindrical Light green Round Absent Absent 

Pondicherry 1 Hairy Elongate Dark green Round Present Present 

Testers 

Poinsette Prickles Elongate Light green Round Absent Absent 

Phule 
shubhangi 

Prickles Elongate Dark green Round Absent Absent 

Punjab 
Naveen 

Prickles Elongate Dark green Round Absent Absent 

Pusa uday Prickles Cylindrical Light green Round Absent Absent 

kerala 2 Prickles Oblong 

Light green 

+ Yellow 
patches 

Trunket Present Present 

Crosses 

IIHR 285 × 
Poinsette 

Prickles Cylindrical Yellow Round Absent Absent 

IIHR 285 × 
Phule 
shubangi 

Prickles Cylindrical Light green Round Absent Absent 

IIHR 285 × 
Punjab 
naveen 

Prickles Cylindrical Light green Round Absent Absent 

IIHR 285 × 
Pusa uday 

Prickles Cylindrical Dark green Round Absent Absent 

IIHR 285 × 
kerala-2 

Prickles Cylindrical Light green Round Absent Present 

IIHR 341× 
Poinsette 

Prickles Elongate Light green Round Absent Absent 

IIHR 341 × 
Phule 
shubhangi 

Prickles Cylindrical Light green Round Present Absent 

IIHR 341 × 
Punjab 
naveen 

Prickles Cylindrical Light green Obtuse Absent Absent 

IIHR 341 × 
Pusa Uday 

Prickles Cylindrical Light green Round Absent Absent 

IIHR 341 × 
Kerala-2 

Prickles Elongate Dark green Round Absent Present 
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Genotypes 

Type of 
vesture/ 

spines 

Fruit 
shape 

Fruit color 
Fruit shape 
@ blossom 

end 

Fruit 
ribs 

Fruit 
creasing 

IIHR 304 × 
Poinsette 

Prickles Elongate Dark green Round Absent Absent 

IIHR 304 × 
Phule 
shubhangi 

Prickles Cylindrical Yellow Round Absent Absent 

IIHR 304 × 
Punjab 
naveen 

Prickles Cylindrical Light green Round Absent Absent 

IIHR 304 × 
Pusa uday 

Prickles Cylindrical Light green Round Absent Absent 

IIHR 304 × 
Kerala -2 

Prickles Cylindrical Dark green Round Absent Present 

Green long × 
Poinsette 

Prickles Elongate Light green Round Absent Absent 

Green long × 
Phule 
shubangi 

Prickles Cylindrical Dark green Round Absent Absent 

Green long × 
Punjab 
naveen 

Prickles Elongate Light green Round Absent Absent 

Green long × 
Pusa uday 

Prickles Cylindrical Light green Obtuse Present Absent 

Green long × 
kerala -2 

Prickles Elongate Dark green Obtuse Absent Present 

Pondicherry 1 
× Poinsette 

Hairy Elongate Light green Round Absent Present 

Pondicherry 1 
× Phule 
Shubhangi 

Hairy Elongate Yellow Round Absent Present 

Pondicherry 1 
× Punjab 
naveen 

Hairy Elongate Light green Round Absent Present 

Pondicherry 1 
× Pusa uday 

Hairy Elongate Dark green Round Absent Present 

Pondicherry 1 
× Kerala 2 

Hairy Oblong Dark green Trunket Absent Present 

Chitra Prickles Elongate Dark green Obtuse Present Absent 
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APPENDIX III 

LIST OF ABBREVATIONS 

Abbreviations                   Descriptions  
% : Per cent 
/   : Per 
Anon. : Anonymous 
BP      : Better parent 
BTP   : Best parent 
CC     : Commercial check 
cm      : Centimeter 
°C       : Degree centigrade 
CD      : Critical difference 
DAS    : Days after sowing 
df        : Degrees of freedom 
gca : General combining ability 
et al.  : Co- authours 
EMSS  : Error mean sum of squares 
E. df     : Error degrees of freedom 
Fig       : Figure 
g          : Gram 
ha        : Hectare 
kg        : Kilo gram 
mm      : Mili meter 
MP       : Mid parent 
MSL    : Mean sea level 
SC       : Standard check 
sca       : Specific combining ability 
SD       : Standard deviation 
S. Em  : Standard error mean 
Sl. No.  : Serial number 
viz.,       : Namely 

 

 

 


