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Abstract1 

The present investigation was conducted with aim to 

know the interaction of genotype with environment 

of parents (6) and their off-springs (15) developed 

through diallel mating design excluding reciprocals. 

The trials were conducted during Kharif, 2015 (E1), 

Rabi, 2015-16 (E2) (Off-season), Zaid (summer 

season,) 2016 (E3). The observations were recorded 

for twenty one traits (14 yield & yield attributing 

traits and 7 biochemical traits). The present study 

revealed that the mean squares due to environment + 

G×E, environment linear, genotype × environment 

and G×E linear were found significant for all traits 

except G×E for average fruit weight and G×E linear 

for flesh thickness. The present investigation 

revealed that the Kharif and Summer-season 

favourable for most of the traits studied. The top five 

stable F1/genotypes on the basis of per se 

performance, phenotypic index and S2di were 

Narendra Upkar (P1) × Kashi Harit (P5), NDPK-39-2 

(P4) × NDPK-11-3 (P6), Narendra Agrim (P3) × 

Kashi Harit (P5), Narendra Upcar (P1) × NDPK-120 

(P2), NDPK-39-2 (P4) × Kashi Harit (P5) for maturity 

traits and NDPK-39-2 (P4) × NDPK-11-3 (P6), 

Narendra Upkar (P1) × Kashi Harit (P5), Narendra 

Upkar (P1)  × NDPAK-120 (P2), Narendra Agrim 

(P3) × Kashi Harit (P5), Narendra Upkar (P1) × 
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NDPK-39-2 (P4) for fruit yield per plant, number of 

fruits per plant and other yield attributes while, 

crosses namely, P2 × P3, Narendra Upcar (P1) × 

NDPK-39-2 (P4), NDPK-120 (P2) × Kashi Harit (P5), 

Narendra Upkar (P1)  × NDPK-120 (P2), Narendra 

Upkar (P1)  × Narendra Agrim (P3)  for biochemical 

traits. The present study further revealed that the top 

five stable genotypes for any of the characters are 

only F1 rather than either of parental line/varieties 

which reveals that F1 are more stable than the 

parental lines/varieties. Hence it can be concluded 

that F1s are more suitable for stable performance 

under varying environmental condition than the 

parental lines/varieties. Thus, F1s should prefer for 

cultivation under changing/adverse environmental 

condition for high and stable yield for secure 

production in future. 

Key words: Pumpkin, Diallel Mating Design, 

stability analysis, fruit yield and biochemical traits 

Introduction 

Cucurbita (2x = 2n = 40) is an important 

cucurbitaceous plant that is widely grown as a 

commercial crop across the globe. It is known to 

have high nutritional value and health protective 

properties; therefore, it has attracted an increased 

interest in recent years. Cucurbita includes five 

cultivated species: Cucurbita maxima, Cucurbita 

moschata, Cucurbita pepo, Cucurbita ficifolia and 

Cucurbita mixta (Naik et al. 2015). C. pepo is the 

species with the greatest economic value (Paris et al. 

2008). The edible portions of C. pepo, such as the 

fruit, flower, leaf and seeds, are rich in sugars, fatty 

acids, fiber, protein, vitamins and minerals, so they 

can play a protective role as part of a healthy diet, in 

cancer prevention and in the treatment of benign 
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prostate hyperplasia (Schmidlin and Kreuter 2004). 

However, the few high-quality varieties of C. pepo 

are not enough to satisfy the huge market demand 

and have limitations in the development of 

Cucurbita breeding programs. The color of 

pumpkins is derived from the orange pigments 

abundant in them. The main nutrients are lutein and 

both alpha and beta carotene, the latter of which 

generates vitamin A in the body. Pumpkins are very 

versatile in their uses for cooking. Most parts of the 

pumpkin are edible, including the fleshy shell, seeds, 

leaves, and even flowers. Pumpkin purée is 

sometimes prepared and frozen for later use. 

Pumpkin is relatively high in energy and 

carbohydrates with a good source of vitamins, 

especially high caretenoid pigments and minerals. It 

may certainly contribute to improve nutritional 

status of the people, particularly the vulnerable 

groups in respect of vitamin A requirement. Night-

blindness is a serious problem of South Asian 

countries. Encouraging the mass people to take more 

pumpkin can easily solve this problem. The total 

area of pumpkin in India is 78000 hectares whereas, 

the total production is  1.71 million tonne with 

productivity 21.97 MT/ha (NHB 2018). Varietal 

adaptability to environmental fluctuation is 

important for the stabilization of crop production 

both over regions and years. Stability analysis helps 

in the identification of location specific and widely 

adapted genotype and it can be performed with both 

parental as well as segregating populations 

(Admassu et al. 2008). Selection of best genotypes 

adapted to the wide range of environment 

specifically suitable for each of the growing seasons 

may help to improve the selection efficiency as well 

as the productivity of pumpkin. Therefore, to 

identify stable varieties or genotypes over different 

environments, study of genotype × environment 

(G×E) interactions was felt essential as preliminary 

step (Eberhart and Russell 1966). For developing 

better and stable varieties for yield components, it is 

necessary to screen the available genotypes over a 

wide range of climate for their commercial 

exploitation or effective utilization in breeding 

programme. Grafuis (1959) emphasized that the 

study of individual yield components can lead to 

signification in genetic explanation of yield stability.  

Materials and Methods 

The experiments of the present research 

work was conducted during Kharif, 2015 (E1), Rabi 

2015-16 (E2) and Zaid, (E3) of 2016 at Main 

Experiment Station, Department of Vegetable 

Science, Acharya Narendra Deva University of 

Agriculture & Technology, Narendra Nagar 

(Kumarganj), Ayodhya (U.P.) which falls under 

humid sub-tropical climate and is located in between 

24.47º and 26.56º N latitude, and 82.12º and 83.58º 

E longitude at an altitude of 113 m above the mean 

sea level. The experimental materials for the present 

study comprised of six promising diverse inbreds 

and varieties of pumpkin, selected on the basis of 

genetic variability from the germplasm stock. The 

selected parental lines i.e. Narendra Upkar (P1), 

NDPK-120 (P2), Narendra Agrim (P3), NDPK-39-2 

(P4), Kashi Harit (P5) and NDPK-11-3 (P6) were 

raised and crossed with the all possible 

combinations, excluding reciprocals in diallel 

mating design, during Zaid, 2015 to get 15 F1 hybrid 

seeds for the study of stability for twenty one 

quantitative traits including biochemical traits. 

Observations were recorded on fourteen 

horticultural traits viz., days to first female flower 

anthesis, days to first male flower anthesis,  node 

number to first male flower appearance, node 

number to first female flower appearence,  days to 

first fruit harvest,  vine length (m), internodal length 

(cm), number of primary branches  per plant,   fruit 

weight (kg), number of fruits per plant, equatorial 

circumference of fruit (cm), polar circumference of 

fruit (cm), flesh thickness (cm), fruit yield per plant 

(kg) and seven biochemical traits viz., dry matter 

content (%), total soluble solids (ᵒB), reducing 

sugars (%), non-reducing sugars (%), total sugars 

(%), ascorbic acid (mg/100g) and β-carotene 

(mg/100g). 

Ascorbic acid: Ascorbic acid content was estimated 

by crushing 10 g fresh fruit with 3% metaphosphoric 

acid (HPO3) as buffer. The extract was filtered and 

100 ml volume was made with 3% HPO3. 10 ml 

aliquot was titrated against, 2,6-dichlorophenol-

indophenol dye solution till the light pink colour 

appeared. The results were expressed as mg/100g of 

fresh fruit (AOAC 1970).    

100
(g) estimationfor   takensample ofWeight (ml) kenextract ta ofAliquot 

(ml) up made Vol.x factor   Dye(ml)  valueTitrated
  (mg/100g) acid Ascorbic 




=

 

https://en.wikipedia.org/wiki/Lutein
https://en.wikipedia.org/wiki/Lutein


Vegetable Science (2022) 49(2), July – December 2022  147 

 

Reducing sugars: Reducing sugars were estimated 

by Fehling ‘A’ and ‘B’ solution method given by 

Ranganna (1991). 10 g fresh fruit was macerated in 

the small amount of distilled water and filtered 

through muslin cloth and maintained volume up to 

100 ml. An aliquot of 5 ml diluted fruit juice was 

taken from 100 ml as above for titration and mixed 

with 10 ml of Fehling ‘A’ and ‘B’ solution each. 

This mixture was titrated against 1.0% glucose. A 

blank with 10 ml of Fehling ‘A’ and ‘B’ was also 

run. The results were expressed as per cent reducing 

sugars. For estimation invert sugar, out of 100 ml 

sample, 5 ml aliquot was taken, mixed with three 

drops of HCl and kept overnight. Next day 2-3 drops 

of phenolphthalein indicator was added and 

neutralized with 30 per cent sodium hydroxide 

(NaOH) solution containing 10 ml Fehling ‘A’ and 

‘B’. This mixture was titrated against 1.0% glucose 

in boiling solution using methylene blue indicator. 

The appearance of red or black colour was marked 

as the end point. The results were expressed as per 

cent total invert sugars. 

Non-reducing sugars:  Non-reducing sugars was 

calculated by deducting the quantity of reducing 

sugars from total invert sugars and multiplied by 

factor 0.95. The results were expressed as per cent 

non-reducing sugars. 

Total sugars: Total sugars were calculated by 

adding the quantity of reducing and non-reducing 

sugars. The results were expressed as total sugars in 

per cent. 

Total sugars (%) = Reducing sugar (%) + Non-

reducing sugars (%) 

Dry matter: It was estimated as per procedure of 

Arora et al. (5). 

100  (%)matter Dry 
12
=

−

W

WW
 

where, W2 = Weight of dried sample + Weight of 

empty Petri dish (g) 

W1 = Weight of empty Petri dish (g) 

W = Weight of sample taken (g) 

Total soluble solids: Total soluble solids of the juice 

of fresh fruit of each lines and F1’s were determined 

with the help of hand refractometer (Erma, Japan) of 

0-32%. The values were expressed as per cent TSS 

of fresh fruit juice. 

β-carotene: The β- carotene content (mg/100g) was 

determined in mature fruit sample using the method 

develoed by Rangana (1997).  

The statistical model proposed by Eberhart and 

Russell (1966) was utilized to estimate stability 

parameters and genotype x environment interactions 

for different genotypes of turmeric with respect to 

different characters. The phenotypic index (Ram et 

al. 1970) has been introduced in the Eberhart and 

Russels model for easy interpretation and quick 

conclusion.  

Results and Discussion 

 In the present investigation, combined 

analysis of variance (Table 1) revealed that the mean 

squares due to genotypes were highly significant for 

all traits under studied. The mean squares due to 

environment were also significant for all traits. The 

mean squares due to environment + G×E, 

environment linear, genotype × environment and 

G×E linear were found significant for all traits 

except G×E for average fruit weight and G×E linear 

for flesh thickness. Singh et al. (1991), Prasad and 

Singh (1990), Krishna and Singh (1990) and Ahmed 

(2010) also observed significant G x E interaction 

for yield and its attributing traits. 

 The results of present study based on five 

parameters of stability model given by Eberhart and 

Russell (1966) revealed that none of genotypes had 

favorable environmental index, positive or negative 

phenotypic index high Xi, b =  1 and S2di = 0 for all 

twenty one traits. The environmental index (Ij) 

directly reflects the favorable and unfavorable 

environments in terms of positive and negative Ij, 

respectively. For the maturity traits and internodal 

length negative (Ij) is favorable. The present 

investigation revealed (Table 2) that the Kharif and 

Summer-season were found favorable for days to 

first male and female flower anthesis, node number 

to first male flower appearance, days to first fruit 

harvest, equatorial circumference of fruit, polar 

circumference of fruit, flesh thickness, vine length, 

average fruit weight, fruit yield per plant, non-

reducing sugars. While Rabi season was found good 

for node number to first female flower appearance, 

number of primary branches per plant, total sugars, 

reducing sugars, ascorbic acid and β-carotene. 

However, only summer-season observed good for 

intermodal length, number of fruits per plant, dry 

matter content, total soluble solids, total sugars and 

β-carotene
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Table 1: Combined analysis of variance of 21 characters for stability (Eberhart and Russell 1966) in pumpkin 

     G; Genotype; E: Environment; *,**Significant at 5% and 1% levels, respectively 

Source of 

variation 

d.f. Mean squares 

Days to 

first male 

flower 

anthesis 

Days to 

first female  

flower 

anthesis 

Node 

no. to 

first 

male 

flower 

Node no. 

to first 

female 

flower 

Days to 

first fruit 

harvest 

No. of 

primary 

branches 

per plant 

Equotorial 

circumf. 

of fruit 

Polar 

circumf. 

of fruit 

Flesh 

thickness 

Inter-

nodal 

length 

(cm) 

Vine 

length 

(m) 

Average 

fruit 

weight 

No. of 

fruits/ 

plant 

Fruit 

yield 

per 

plant 

Dry 

matter 

content 

Total 

soluble 

solids 

Total 

sugars 

Reducing 

sugars 

Non-

reducing 

sugars 

Ascorbic 

acid 

β-

carotene 

G 20 38.48** 28.02** 1.07** 5.55** 65.40** 5.30** 56.81** 11.07** 0.08* 2.36** 1.095** 0.11** 1.09** 4.56** 1.42** 1.43*** 0.69** 0.51** 0.20** 2.93** 3.85** 

E 2 22775.56** 19231.49** 31.02** 234.69** 19672.99 1.82** 112.86** 46.90** 0.004 0.20*** 10.58** 2.14** 0.41** 23.84** 0.66** 0.83** 0.39** 1.96** 1.03** 3.22** 1.89** 

ENV + 

(G×E) 

42 1093.12** 926.46** 1.80** 12.63** 951.03 0.83** 11.23** 5.32** 0.037 0.99** 0.83** 0.10** 0.057** 1.26** 0.51** 0.31** 0.50** 3.14** 0.18** 1.10** 0.64** 

G x E 40 9.00** 11.21** 0.34** 1.53** 14.93 0.78** 6.15** 3.24** 0.03* 1.03** 0.35** 0.001 0.039** 0.13** 0.51** 0.29** 0.51** 0.26** 0.14** 0.99** 0.58** 

E linear 1 45551.13** 38462.99** 62.05** 469.39** 39345.98 3.65** 225.72** 93.80** 0.001 0.40** 21.17** 4.29** 0.82** 47.68** 1.33** 1.66** 0.78** 35.65** 2.06** 6.44** 3.78** 

G×E 

linear 

20 15.20** 15.11** 0.599** 2.44** 17.78 1.48** 10.41** 4.18** 0.08* 0.77** 0.65** 0.000 0.02* 0.09* 0.22** 0.08* 0.29 0.41** 0.22** 1.32** 0.90** 

Pooled  

Deviation 

21 2.66** 6.95** 0.084 0.58 11.78 0.081 1.80 2.20 -0.004 1.23 0.04 0.001 0.05 0.16 0.76** 0.47 0.69 0.11 0.05 0.63 0.24 

Pooled 

error 

120 0.073 0.420 0.04 0.28 0.59 0.02 1.92 0.42 0.016 0.05 0.09 0.004 0.01 0.09 0.06 0.05 0.05 0.04 0.05 0.023 0.03 
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Table 2: Stability analysis for growth, yield and biochemical traits of 21 genotypes of pumpkin evaluated in three seasons during 2015-2016 

Genotypes Days to first female flower anthesis Days to first male flower anthesis Node number to first male flower appearance 

E1  

(M) 

E2 

(M) 

E3 

(M) 

Pooled  

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 41.33 90.33 40.66 57.44 -2.68 0.86 -0.02 43.11 90.11 42.89 58.70 -2.17 0.89 -0.13 3.89 6.78 3.89 4.85 -0.24 1.37 -0.01 

P1×P3 39.22 93.44 38.55 57.07 -2.90 0.95 0.08 46.22 92.11 42.66 60.33 -0.54 0.90 5.49** 3.89 5.83 4.09 4.60 -0.49 0.87 0.01 

P1×P4 38.66 96.33 37.99 57.66 -2.46 1.02 -0.02 43.33 94.22 43.11 60.22 -0.65 0.97 -0.14 3.64 6.45 3.64 4.58 -0.51 1.33 -0.01 

P1×P5 38.22 99.44 37.55 58.40 -5.38 0.88 -0.02 38.82 85.44 38.60 54.29 -6.58 0.89 -0.13 4.33 5.00 4.33 4.56 -0.54 0.31 -0.01 

P1×P6 39.67 101.22 39.00 59.96 -0.31 1.08 0.10 42.89 98.33 46.00 62.41 1.53 1.02 5.44** 4.09 6.42 3.89 4.80 -0.29 1.15 0.01 

P2×P3 38.85 96.44 38.18 57.82 -2.29 1.01 -0.02 43.83 93.44 43.61 60.29 -0.57 0.94 -0.13 3.82 6.50 3.82 4.71 -0.38 1.27 -0.01 

P2×P4 41.33 98.88 40.66 60.29 0.16 1.01 -0.02 42.78 96.66 42.56 60.67 -0.20 1.03 -0.14 4.79 7.37 4.79 5.65 0.55 1.22 -0.01 

P2×P5 47.00 94.44 46.33 62.59 0.17 0.89 23.24** 40.22 92.00 48.33 60.18 -0.68 0.91 34.44** 5.44 5.55 4.22 5.07 -0.02 0.34 0.72 

P2×P6 40.11 96.33 39.44 58.63 -1.72 0.97 -0.02 42.56 94.88 42.33 59.92 -0.94 1.00 -0.14 5.33 6.77 5.33 5.81 0.71 0.68 -0.01 

P3×P4 40.11 99.44 39.44 59.66 1.84 0.98 23.77** 48.56 97.55 40.00 62.04 1.16 1.01 34.57** 4.22 4.90 5.44 4.85 -0.24 0.03 0.72 

P3×P5 37.55 95.22 36.88 56.55 -3.57 1.01 -0.02 39.56 94.89 39.33 57.93 -2.94 1.05 -0.13 3.78 5.45 3.78 4.33 -0.76 0.79 -0.01 

P3×P6 41.00 99.22 40.33 60.18 0.06 1.02 -0.03 42.40 95.89 42.17 60.15 -0.71 1.02 -0.14 3.34 6.08 3.34 4.25 -0.84 1.30 -0.01 

P4×P5 41.78 96.44 41.11 59.78 -1.35 0.99 4.44** 38.34 93.55 46.22 59.37 -1.49 0.97 32.70** 3.92 5.68 4.40 4.67 -0.43 0.72 0.10 

P4×P6 36.45 100.22 35.78 57.48 -6.34 0.92 -0.02 40.22 87.55 40.00 55.92 -4.94 0.90 -0.13 4.30 5.20 4.30 4.60 -0.50 0.42 -0.01 

P5×P6 38.78 103.66 38.11 60.18 1.05 1.11 4.23** 46.45 98.55 38.11 61.04 0.16 1.07 32.61** 4.40 6.50 3.92 4.94 -0.15 1.11 0.10 

P1 43.22 100.33 42.55 62.03 1.91 1.00 -0.02 41.77 99.11 41.54 60.81 -0.06 1.09 -0.14 5.56 7.85 5.56 6.32 1.22 1.08 -0.01 

P2 50.33 103.00 49.66 67.66 7.53 0.92 -0.02 50.89 100.11 50.67 67.22 6.35 0.94 -0.14 4.44 7.30 4.44 5.40 0.29 1.35 -0.01 

P3 48.22 101.33 47.55 65.70 5.57 0.93 -0.02 49.56 98.22 49.33 65.70 4.83 0.93 -0.14 5.00 7.50 5.00 5.83 0.73 1.18 -0.01 

P4 47.28 104.22 46.61 66.04 5.9 1.00 -0.02 49.11 100.33 48.89 66.11 5.24 0.97 -0.14 4.56 8.27 4.56 5.79 0.69 1.76 -0.01 

P5 41.00 106.33 40.33 62.55 2.42 1.15 -0.02 42.45 104.11 42.22 62.93 2.05 1.17 -0.13 5.14 7.25 5.14 5.85 0.74 1.0 -0.01 

P6 40.28 107.66 39.61 62.52 2.39 1.18 -0.01 40.65 105.00 40.43 62.03 1.15 1.22 -0.13 4.44 7.88 4.44 5.59 0.48 1.63 -0.01 

Ij -18.67 38.02 -19.34     -17.35 34.94 -17.58     -0.70 1.40 -0.70     

*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index; Ij: Env. Index 

 

Table 2: Contd… 

Genotypes Node number to first female flower appearance Days to first fruit harvest Number of primary branches 

E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 18.33 9.50 18.33 15.39 -0.17 1.52 -0.09 61.00 110.75 59.55 77.10 -2.55 0.87 -0.17 9.17 8.31 9.17 8.88 0.21 -1.67 -0 .01 

P1×P3 16.67 11.00 18.44 15.37 -0.19 1.13 1.45** 62.00 113.20 55.89 77.03 -2.62 0.94 10.89** 8.47 6.11 9.50 8.03 -0.64 -5.62** 052 

P1×P4 18.33 12.67 18.33 16.44 0.88 0.97 -0.09 57.33 115.08 55.89 76.10 -3.55 1.01 -0.18 9.09 8.72 9.09 8.97 0.29 -0. 02 -0.01 

P1×P5 19.00 12.61 19.00 16.87 1.31 1.10 -0.9 54.22 108.11 50.55 70.96 -8.69 0.96 2.28** 9.16 8.80 9.16 9.04 0.37 -0.71 -0.01 

P1×P6 18.44 9.97 16.67 15.03 -0.53 1.30 1.51** 57.33 123.22 60.22 80.26 0.60 1.11 10.16** 9.50 8.97 8.47 8.98 0.30 -0.03 0.52 

P2×P3 15.53 12.28 15.53 14.45 -1.11 0.56 -0.09 63.22 115.19 61.55 79.99 0.33 0.91 -0.14 7.80 9.68 7.80 8.43 -0.24 3.67** -0.01 

P2×P4 19.33 9.87 19.33 16.18 0.62 1.63 -0.09 64.33 118.30 57.55 80.06 0.40 0.99 13.81** 8.83 9.88 8.83 9.18 0.50 2.04** -0.01 

P2×P5 17.67 10.33 15.22 14.41 -1.15 1.05 2.93** 55.67 114.10 68.22 79.33 -0.32 0.89 96.37** 9.46 7.31 8.67 8.48 -0.19 -3.42** 0.30 

P2×P6 16.78 10.75 17.11 14.88 -0.68 1.06 -0.04 57.67 117.88 56.22 77.26 -2.39 1.05 -0.18 8.23 9.92 8.23 8.79 0.12 3.29** -0.09 

P3×P4 15.22 9.75 17.67 14.21 -1.34 1.15 2.85** 69.67 122.33 54.22 82.07 2.41 1.04 96.18** 8.67 10.50 9.46 9.54 0.86 2.81** 0.30 

P3×P5 13.78 11.00 13.78 12.85 -2.71 0.47 -0.09 52.33 117.65 51.55 73.85 -5.80 1.13 0.23 10.19 10.59 10.19 10.33 1.65 0.78 -0.01 

P3×P6 15.44 11.92 15.44 14.27 -1.29 0.60 -0.09 63.00 118.43 61.55 81.00 1.34 0.97 -0.19 8.12 11.08 8.12 9.11 0.43 5.80** -0.01 

P4×P5 17.22 11.14 19.00 15.79 0.22 1.20 1.44** 60.44 116.55 63.55 80.18 0.52 0.94 10.01** 10.28 11.29 10.41 10.66 1.99 1.85* -0.01 

P4×P6 17.11 11.87 17.11 15.36 -0.19 0.90 -0.09 59.00 108.44 57.55 75.00 -4.65 0.86 -0.18 11.56 10.85 11.56 11.33 2.65 -1.39* -0.01 

P5×P6 19.00 14.56 17.22 16.92 1.36 0.61 1.49** 65.00 121.21 58.33 81.51 1.86 1.03 12.94** 10.41 9.12 10.28 9.94 1.26 -2.4** -0.01 

P1 20.33 12.44 20.33 17.70 2.14 1.36 -0.09 62.33 118.77 59.22 80.11 0.45 1.00 1.10 5.35 7.35 5.35 6.02 -2.65 3.91** -0.01 

P2 18.65 11.50 18.65 16.27 0.70 1.23 -0.09 68.66 120.77 68.78 86.07 6.41 0.90 0.87 6.47 7.09 6.47 6.68 -1.99 1.22* -0.01 
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P3 14.38 10.98 14.38 13.25 -2.31 .58 -0.09 65.55 123.54 68.11 85.73 6.08 0.98 7.88** 7.65 7.87 7.65 7.72 -0.94 0.42 -0.01 

P4 19.56 13.83 19.56 17.65 2.08 0.98 -0.09 67.44 124.32 66.66 86.14 6.48 0.99 0.05 5.83 8.51 5.83 6.73 -1.94 5.23** -0.01 

P5 18.04 12.78 18.04 16.29 0.72 0.90 -0.09 59.44 127.43 60.55 82.48 2.82 1.16 3.87** 6.83 8.72 6.83 7.46 -1.21 3.68** -0.01 

P6 18.33 14.95 18.33 17.21 1.64 0.58 -0.09 58.22 126.55 56.77 80.51 0.85 1.19 -0.13 7.44 8.58 7.44 7.82 -0.84 2.23** -0.01 

Ij 1.92 -3.86 1.94     -18.54 38.52 -20.01     -0.17 0.34 -0.17     

.*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index 

Table 2: Contd… 

Genotypes Equatorial circumference of fruit (cm) Polar circumference of fruit (cm) Flesh thickness (cm) 

E1  

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 61.00 50.66 61.29 57.65 4.12 2.61** -0.53 53.11 42.67 53.71 49.83 3.48 2.07** -0.29 2.55 2.60 2.55 2.57 -0.03 -7.20** -0.005 

P1×P3 60.43 53.67 63.09 59.06 5.53 2.04** 1.49* 46.65 44.63 50.83 47.37 1.03 0.86 6.27** 2.61 2.80 2.92 2.78 0.17 -5.33** 0.04 

P1×P4 54.42 57.67 54.71 55.60 2.07 -0.76 -0.50 52.45 45.12 53.05 50.21 3.87 1.47* -0.46 2.62 2.43 2.62 2.55 -0.04 27.05** -0.008 

P1×P5 54.42 52.28 54.71 53.81 0.28 0.57 -0.63 44.67 44.00 45.27 44.65 -1.69 0.19 -0.38 2.66 2.82 2.66 2.71 0.11 -22.40** -0.007 

P1×P6 62.80 53.75 60.72 59.09 5.56 1.96* 2.87** 50.23 48.00 47.25 48.49 2.15 0.09 4.12** 2.92 2.97 2.61 2.83 0.23 -29.09** 0.037 

P2×P3 53.25 42.83 53.54 49.87 -3.65 2.63** -0.53 44.89 37.13 45.49 42.50 -3.83 1.55* -0.45 2.16 3.02 2.16 2.44 -0.15 -122.91** -0.072 

P2×P4 55.50 53.40 55.79 54.90 1.37 0.56 -0.63 45.63 47.33 46.23 46.40 0.05 -0.25 -0.21 2.75 2.68 2.75 2.73 0.12 9.41** -0.005 

P2×P5 57.42 54.67 54.96 55.68 2.115 0.34 2.64** 56.11 48.23 45.60 49.98 3.64 0.32 57.45** 2.73 2.65 2.73 2.71 0.10 11.83** -0.006 

P2×P6 53.00 51.75 53.29 52.68 -0. 84 0.35 -0.62 51.78 48.07 52.39 50.74 4.40 0.78 -0.49 2.72 2.12 2.72 2.52 -0.08 85.64** -0.372 

P3×P4 54.67 49.25 57.71 53.87 0.34 1.76* 2.56** 44.99 46.50 56.72 49.40 3.06 1.03* 61.71** 2.73 2.67 2.73 2.71 0.11 9.38** -0.005 

P3×P5 51.67 46.25 51.96 49.96 -3.56 1.38 -0.63 48.89 52.93 49.50 50.44 4.10 -0.70 0.03 2.82 2.76 2.82 2.80 0.19 7.99** -0.005 

P3×P6 58.83 50.75 59.12 56.24 2.70 2.04** -0.59 51.21 42.55 51.82 48.53 2.19 1.73* -0.41 2.52 2.63 2.52 2.56 -0.04 -16.76** -0.006 

P4×P5 57.83 54.25 63.37 58.49 4.95 1.65* 12.21** 46.73 45.94 54.49 49.05 2.71 1.03 25.25** 2.57 3.08 2.48 2.71 0.11 -79.80** -0.03 

P4×P6 55.50 55.75 55.79 55.68 2.15 -0.02 -0.59 44.78 50.93 45.39 47.03 0.69 -1.11 0.31 2.89 2.28 2.89 2.69 0.08 86.07** -0.03 

P5×P6 63.08 60.50 58.12 60.57 7.04 -0.04 11.65** 53.89 46.79 47.33 49.34 2.99 0.62 23.75** 2.48 2.52 2.57 2.52 -0.07 1.14 -0.002 

P1 54.67 48.37 54.96 52.66 -0.86 1.60* -0.62 48.00 37.00 48.61 44.54 -1.80 2.18** -0.25 2.82 2.53 2.82 2.72 0.12 40.35** -0.01 

P2 46.38 47.16 46.67 46.74 -6.78 -0.15 -0.58 46.51 37.79 47.11 43.80 -2.53 1.74* -0.40 2.13 2.28 2.13 2.18 -0.41 -20.51** -0.004 

P3 47.75 45.40 48.04 47.06 -6.46 0.62 -0.63 40.53 34.57 41.13 38.74 -7.59 1.21* -0.49 2.32 2.32 2.32 2.32 -0.28 -0.07 -0.005 

P4 50.58 45.20 50.87 48.89 -4.64 1.37* -0.63 44.84 34.55 45.45 41.61 -4.72 2.04** -0.31 2.45 2.03 2.45 2.31 -0.29 59.44** -0.02 

P5 48.19 46.28 48.48 47.65 -5.87 0.51 -0.62 42.85 33.67 43.45 39.99 -6.35 1.83* -0.38 2.58 2.69 2.58 2.62 0.01 -16.70** -0.006 

P6 47.67 48.12 47.96 47.91 -5.61 -0.07 -0.59 44.11 32.62 44.71 40.48 -5.85 2.27** -0.21 2.67 2.63 2.67 2.66 0.05 4.64** -0.005 

Ij 1.19 -2.67 1.48     1.41 -3.43 2.01     0.002 -0.005 0.002     

*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index; Ij: Env. Index 

 

Table 2: Contd… 

Genotypes Intermodal length (cm) Vine length (m) Average  fruit weight (kg) 

E1  

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 7.20 5.47 7.00 6.56 -0.69 1.12 0.09 3.75 2.97 4.05 3.59 0.36 0.78 -0.02 2.07 1.62 2.24 1.98 0.19 1.00 -0.001 

P1×P3 7.56 6.11 6.38 6.68 -0.56 5.87** 0.08 4.58 2.85 4.96 4.13 0.90 1.58* -0.02 2.02 1.64 2.26 1.97 0.19 0.96 0.001 

P1×P4 9.00 5.56 8.80 7.79 0.53 1.65* 2.99** 4.89 2.53 5.19 4.20 0.97 2.03** 0.02 1.92 1.48 2.10 1.83 0.05 1.00 -0.001 

P1×P5 6.78 5.07 6.58 6.14 -1.10 1.12 0.08 3.56 1.93 3.86 3.12 -0.10 1.45 -0.02 2.19 1.74 2.36 2.10 0.31 1.00 -0.001 

P1×P6 6.58 6.05 7.36 6.66 -0.58 -4.07** 0.02 4.66 2.20 4.88 3.92 0.68 2.07** 0.05 2.09 1.57 2.19 1.95 0.17 1.03 0.001 

P2×P3 9.31 5.38 9.11 7.93 0.68 1.81* 4.56** 4.47 2.40 4.77 3.88 0.65 1.80* 0.00 2.01 1.57 2.19 1.92 0.14 1.00 -0.001 

P2×P4 8.50 7.11 8.30 7.97 0.72 1.02 -0.1 3.36 2.55 3.66 3.19 -0.03 0.80 -0.02 1.84 1.40 2.02 1.75 -0.02 1.00 -0.001 

P2×P5 7.91 6.99 6.32 7.07 -0.17 7.71** 0.84 3.20 2.67 3.28 3.05 -0.17 0.46 -0.02 1.76 1.23 1.85 1.61 -0.16 1.03 0.003 

P2×P6 7.29 6.24 7.09 6.87 -0.37 0.91 0.02 4.16 2.50 4.46 3.71 0.47 1.48* -0.01 1.92 1.48 2.09 1.83 0.05 1.00 -0.001 

P3×P4 6.52 4.47 7.71 6.23 -1.01 -5.60** 1.48* 2.98 2.04 3.50 2.84 -0.38 1.02 -0.02 1.68 1.32 1.94 1.64 -0.13 0.96 0.003 

P3×P5 6.45 6.15 6.25 6.29 -1.06 0.78 0.31 2.78 2.15 3.08 2.67 -0.55 0.66 -0.02 1.74 1.30 1.91 1.65 -0.12 1.0 -0.001 
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P3×P6 8.67 5.43 8.47 7.52 0.17 1.68* 3.29** 3.28 2.00 3.58 2.96 -0.27 1.18 0.01 1.56 1.12 1.73 1.47 -0.30 1.00 -0.001 

P4×P5 6.78 8.18 10.14 8.36 1.01 
-

17.22** 
0.12 3.00 2.59 2.78 2.79 -0.43 0.20 0.03 1.67 1.32 1.94 1.64 -0.13 0.95 0.005 

P4×P6 5.83 5.07 5.64 5.51 -1.83 0.92 0.02 4.67 2.18 4.97 3.94 0.70 2.14** 0.28 1.83 1.39 2.00 1.74 -0.03 1.00 -0.01 

P5×P6 10.33 7.79 6.58 8.24 0.88 18.95** 0.09 2.48 2.85 3.30 2.88 -0.34 0.15 -0.02 1.77 1.20 1.84 1.60 -0.17 1.07 0.005 

P1 8.67 6.83 8.47 7.99 0.63 1.25 0.43 3.92 2.68 4.22 3.61 0.38 1.14 0.01 2.08 1.55 2.25 1.96 0.21 0.96 -0.001 

P2 7.50 6.44 7.30 7.08 0.63 0.18 4.67** 2.26 2.47 2.56 2.43 -0.79 -0.01 -0.01 2.13 1.68 2.30 2.04 0.25 1.00 -0.001 

P3 8.51 7.27 8.31 8.03 1.64 0.17 4.76** 3.73 2.07 4.03 3.27 0.04 1.48 -0.01 1.89 1.44 2.06 1.80 0.01 1.00 -0.001 

P4 7.87 7.10 7.68 7.55 0.53 0.61 0.99 3.65 1.97 3.95 3.19 -0.03 1.50 -0.01 1.96 1.45 2.13 1.85 0.09 1.00 -0.001 

P5 8.62 6.79 8.42 7.95 0.59 1.25 0.42 1.82 2.55 2.12 2.17 -1.06 -0.41 0.06 1.63 1.19 1.81 1.54 -0.23 1.00 -0.001 

P6 6.92 6.14 6.72 6.59 -0.63 0.81 0.21 1.82 2.80 2.12 2.24 -0.98 -0.61 0.09 1.50 1.05 1.67 1.41 -0.37 1.00 -0.001 

Ij 0.10 -0.006 -0.09     0.25 -0.80 0.55     0.09 -0.35 0.26     

*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index; Ij: Env. Index 

Table 2: Contd… 

Genotypes Number of fruits per plant Fruit yield per plant (Kg) Dry Matter content (%) 

E1  

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 3.34 3.28 3.58 3.40 0.65 1.13 -0.004 6.92 5.31 8.05 6.76 1.86 1.29 -0.24 7.04 7.70 7.36 7.37 0.23 0.08 0.19 

P1×P3 2.72 2.49 2.73 2.65 -0.09 0.50 0.02 5.49 4.09 6.17 5.25 0.35 0.98 0.014 7.58 7.90 7.96 7.81 0.67 0.76 0.02 

P1×P4 3.00 3.00 3.24 3.08 0.33 1.01 -0.006 5.76 4.44 6.80 5.66 0.77 1.11 -0.03 6.56 8.00 6.88 7.14 0.01 -1.03 1.05 

P1×P5 3.53 3.62 3.78 3.64 0.90 0.85 -0.003 7.72 6.31 8.92 7.65 2.75 1.22 -0.032 6.62 8.33 6.94 7.30 0.16 -1.41 1.50 

P1×P6 2.49 2.72 2.97 2.73 -0.01 1.52* 0.018 5.18 4.29 6.50 5.32 0.43 1.03 0.034 7.64 5.95 7.90 7.16 0.03 3.25** 1.53 

P2×P3 2.15 2.15 2.40 2.23 -0.51 1.01 -0.006 4.34 3.39 5.25 4.33 -0.56 0.87 -0.029 7.05 7.97 7.37 7.46 0.33 -0.28 0.41 

P2×P4 2.34 2.17 2.59 2.37 -0.37 1.36 0.011 4.32 3.03 5.23 4.19 -0.69 1.03 -0.027 8.05 7.62 8.37 8.01 0.87 1.65* 0.09 

P2×P5 2.70 2.33 2.58 2.54 -0.20 0.22 0.061 4.76 2.88 4.77 4.14 -0.75 0.91 0.442 7.11 7.79 7.87 7.59 0.45 1.46 0.188 

P2×P6 2.76 2.75 3.00 2.84 0.09 1.02 -0.006 5.29 4.06 6.28 5.21 0.31 1.04 -0.032 7.73 7.78 8.05 7.86 0.72 0.96 -0.021 

P3×P4 2.33 2.70 2.95 2.66 -0.07 1.80* 0.055 3.91 3.57 5.70 4.39 -0.49 0.98 0.418 7.55 6.37 7.43 7.12 -0.01 1.30 0.70 

P3×P5 3.20 3.17 3.45 3.27 0.53 1.08 -0.005 5.56 4.10 6.59 5.42 0.52 1.17 -0.026 8.68 6.17 9.00 7.95 0.81 4.61** 3.40** 

P3×P6 2.60 2.60 2.85 2.68 -0.05 1.01 -0.006 4.07 2.89 4.95 3.97 -0.92 0.96 -0.031 7.55 6.17 7.87 7.20 0.06 3.00** 1.03 

P4×P5 3.13 2.17 2.39 2.56 -0.17 -1.15 0.44 5.22 2.86 4.65 4.24 -0.65 0.88 1.235 6.23 7.10 7.15 6.83 -0.30 1.72* 0.32 

P4×P6 4.00 4.00 4.25 4.08 1.34 1.01 -0.006 7.32 5.55 8.51 7.12 2.23 1.39 -0.016 6.43 7.77 6.75 6.98 -0.14 -0.87 0.89 

P5×P6 2.15 3.10 3.38 2.88 0.13 3.19** 0.426 3.79 3.74 6.22 4.58 -0.31 1.12 1.089 6.83 8.74 6.55 7.38 0.24 -3.63** 1.96* 

P1 2.22 2.29 2.47 2.33 -0.366 0.60 0.01 4.61 3.56 5.55 4.57 -0.16 0.71 0.008 5.71 6.70 6.03 6.15 -0.98 -0.39 0.48 

P2 1.50 1.50 1.75 1.58 -1.15 1.01 -0.006 3.20 2.53 4.03 3.25 -1.63 0.69 -0.017 8.18 6.62 8.50 7.77 0.63 3.27** 1.33* 

P3 1.61 1.77 1.85 1.74 -0.99 0.69 0.005 3.03 2.56 3.81 3.13 -1.75 0.58 -0.001 7.19 6.48 7.51 7.06 -0.07 2.04** 0.26 

P4 2.75 2.75 3.00 2.83 0.09 1.01 -0.006 5.39 3.98 6.39 5.25 0.42 1.04 -0.032 6.27 6.12 6.59 6.32 -0.81 1.24 -0.005 

P5 3.26 3.26 3.51 3.34 060 1.01 -0.006 5.33 3.88 6.34 5.18 0.29 1.15 -0.025 5.33 5.03 5.65 5.34 -1.79 1.46* 0.03 

P6 1.96 1.96 2.21 2.04 -0.69 1.01 -0.006 2.93 2.07 3.69 2.89 -1.99 0.75 -0.032 6.07 5.56 6.39 6.00 -1.12 1.75** 0.12 

Ij -0.08 -0.07 0.16     0.06 -1.09 1.03     -0.1 -0.09 0.20     

*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index; Ij: Env. Index 

 

Table 2: Contd… 

Genotypes Total soluble solids Total sugars (%) Reducing sugars (%) 

E1  

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 6.17 6.70 6.56 6.48 0.44 0.81 0.08 5.22 5.57 5.47 5.42 0.53 1.23 -0.008 3.20 2.93 3.45 3.19 0.23 -0.51 0.071 

P1×P3 6.12 7.00 6.28 6.46 0.42 0.02 0.42 4.29 5.87 5.75 5.30 0.41 6.36** 0.027 2.20 3.96 2.85 3.00 0.04 2.90** -0.011 

P1×P4 5.75 7.00 6.14 6.30 0.26 0.49 0.77 5.43 5.87 5.68 5.66 0.77 1.36 0.007 2.85 3.93 3.10 3.29 0.33 1.81* 0.010 

P1×P5 6.40 7.07 6.79 6.75 0.71 0.75 0.15 4.71 5.97 4.96 5.21 0.32 2.77** 0.584 2.83 4.06 3.08 3.32 0.36 2.05** 0.027 
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P1×P6 5.88 5.04 6.51 5.81 -0.22 2.08** 0.72 5.50 4.01 4.54 4.68 -0.20 -4.96** 0.209 2.60 2.77 2.45 2.61 -0.35 0.3 0.017 

P2×P3 6.13 6.97 6.53 6.54 0.50 0.67 0.29 5.77 5.94 6.02 5.91 1.02 0.92 -0.018 3.17 4.04 3.42 3.54 0.57 1.45* -0.006 

P2×P4 6.17 6.43 6.56 6.39 0.35 0.94 -0.009 4.15 5.40 4.40 4.65 -0.03 2.76** 0.576 2.20 3.67 2.45 2.77 -0.18 2.49** 0.068 

P2×P5 6.23 6.49 7.14 6.62 0.58 2.34** -0.01 5.06 5.46 5.85 5.46 0.56 2.65** 0.030 3.17 3.71 4.10 3.66 0.69 0.84 0.314 

P2×P6 6.18 6.48 6.58 6.41 0.37 0.92 -0.003 4.47 5.45 4.72 4.88 -0.01 2.30** 0.308 3.10 3.71 3.35 3.39 0.42 0.99 -0.014 

P3×P4 6.75 5.44 6.63 6.27 0.23 0.26 1.02 5.60 4.41 5.31 5.11 0.21 -2.75** 0.468 3.85 3.00 3.42 3.42 0.46 -1.38 -0.010 

P3×P5 7.23 5.07 7.63 6.64 0.60 2.05** 3.42** 5.70 4.04 5.95 5.23 0.34 -2.19** 1.940* 3.83 2.75 4.08 3.56 0.59 -1.91* 0.304 

P3×P6 6.03 5.27 6.43 5.91 -0.12 1.41* 0.50 4.46 4.27 4.71 4.48 -0.40 0.30 0.073 2.58 2.90 2.83 2.77 -0.18 0.50 -0.005 

P4×P5 5.65 6.12 7.00 6.26 0.22 3.45** -0.01 3.38 5.09 4.74 4.40 -0.48 6.31** 0.124 1.77 3.46 2.65 2.62 -0.33 2.74** 0.008 

P4×P6 6.40 6.87 6.79 6.69 0.65 0.85 0.04 3.66 5.84 3.91 4.47 -0.41 4.33** 2.109** 2.17 3.98 2.42 2.85 -0.10 3.07** 0.146 

P5×P6 6.61 7.59 6.04 6.75 0.71 -1.98* 0.88 4.49 6.56 3.63 4.89 0.01 1.36 4.444** 2.40 4.47 2.02 2.96 -0.00 3.63** 0.987 

P1 5.60 5.58 5.99 5.73 -0.30 1.07 -0.003 4.44 4.55 4.69 4.56 -0.32 0.82 -0.013 2.48 2.39 2.73 2.54 -0.42 -0.20 0.039 

P2 4.14 5.25 4.53 4.64 -1.39 0.55 0.58 4.22 4.22 4.47 4.30 -0.58 0.62 0.008 2.62 2.87 2.87 2.78 -0.17 0.38 -0.000 

P3 4.43 5.22 4.83 4.83 -0.82 0.70 0.24 4.88 4.19 5.13 4.73 -0.15 -0.55 0.443 2.17 2.84 2.42 2.48 -0.48 1.11 -0.014 

P4 5.02 5.22 5.41 5.21 -1.20 0.97 -0.01 4.03 4.19 4.28 4.17 -0.72 0.89 -0.016 2.02 2.71 2.27 2.33 -0.63 1.15 -0.013 

P5 5.02 4.47 5.41 4.96 -1.07 1.31* 0.29 4.67 3.44 4.92 4.34 -0.54 -1.48 1.166* 2.23 2.34 2.48 2.35 -0.61 0.14 0.012 

P6 5.07 4.68 5.46 5.07 -0.96 1.24 0.15 5.25 3.65 5.50 4.80 -0.08 -2.09** 1.823* 2.77 2.48 3.02 2.76 -0.20 -0.53 0.074 

Ij -0.17 -0.03 0.21     -0.15 0.06 0.09     -0.28 0.32 -0.03     

*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index; Ij: Env. Index 

Table 2: Contd… 

Genotypes Non-reducing sugars (%) Ascorbic acid (mg/100g) Β-carotene (mg /100g) 

E1  

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di E1 

(M) 

E2 

(M) 

E3 

(M) 

Pooled 

(M) 

PI (bi) S2di 

P1×P2 1.95 2.64 2.02 2.20 0.27 -1.72* -0.017 7.98 8.87 8.14 8.33 1.91 1.20 -0.007 6.88 7.23 7.24 7.12 1.70 0.62 0.003 

P1×P3 2.09 1.91 2.90 2.30 0.37 1.48* 0.325 4.98 7.82 7.69 6.83 0.41 2.81** 2.683** 6.10 5.47 5.48 5.68 0.26 -1.11 0.027 

P1×P4 2.58 1.94 2.58 2.37 0.44 1.68* -0.017 6.52 8.68 6.67 7.29 0.87 3.05** 0.044 4.03 4.38 4.39 4.27 -1.14 0.62 0.003 

P1×P5 1.87 1.91 1.88 1.89 -0.03 -0.10 -0.018 5.52 7.83 5.67 6.34 -0.07 3.27** 0.055 3.57 7.40 3.93 4.96 -0.45 5.98** 2.49** 

P1×P6 2.90 1.34 2.09 2.11 0.18 3.06** 0.282 7.54 7.14 5.14 6.61 0.19 0.56 3.207** 5.12 6.49 6.46 6.02 0.60 2.41** 0.162* 

P2×P3 2.30 1.90 2.60 2.27 0.34 1.40* 0.032 6.93 7.21 7.09 7.08 0.66 0.32 -0.002 5.36 5.75 5.72 5.61 0.19 0.68 -0.001 

P2×P4 1.96 1.73 1.95 1.88 -0.04 0.59 -0.018 6.72 8.91 6.87 7.50 1.08 3.07** 0.046 4.14 4.53 4.50 4.39 -1.02 0.68 -0.001 

P2×P5 1.91 1.75 1.75 1.80 -0.12 0.21 -0.005 4.73 9.34 7.73 7.27 0.85 5.24** 2.490** 6.78 4.13 4.11 5.01 -0.41 -4.69** 0.741 

P2×P6 1.52 1.75 1.37 1.55 -0.42 -0.94 0.027 5.72 6.05 5.87 5.88 -0.53 0.40 -0.003 7.80 8.18 8.16 8.05 2.62 0.66 0.001 

P3×P4 1.73 1.41 1.89 1.68 -0.24 1.02 -0.004 7.58 5.20 4.89 5.89 -0.52 -2.16** 2.88** 3.75 6.99 7.14 5.96 0.54 5.75** 1.348* 

P3×P5 1.88 1.29 1.86 1.68 -0.24 1.50* -0.018 5.02 7.08 5.17 5.76 -0.65 2.91** 0.030 4.31 4.70 4.67 4.56 -0.86 0.68 -0.001 

P3×P6 1.88 1.37 1.88 1.71 -0.21 1.31* -0.018 6.05 6.89 6.20 6.38 -0.03 1.14 -0.007 3.33 3.82 3.69 3.62 -1.80 0.83 -0.008 

P4×P5 1.61 1.63 2.09 1.78 -0.15 0.54 0.100 7.16 8.19 6.34 7.23 0.81 1.87* 0.634 5.95 5.41 5.39 5.58 0.16 -0.95 0.023 

P4×P6 1.50 1.86 1.50 1.62 -0.30 -0.94 -0.018 8.45 6.70 8.60 7.92 1.50 -2.60** 0.150 6.20 6.59 6.56 6.45 1.02 0.68 -0.001 

P5×P6 2.39 2.09 1.61 2.03 0.10 -0.18 0.288 6.18 6.48 7.31 6.66 0.24 -0.10 0.674 5.03 7.31 6.31 6.22 0.79 3.78** -0.005 

P1 1.95 2.16 1.95 2.02 0.09 -0.53 -0.018 6.11 5.74 6.22 4.63 -1.78 2.44** 0.017 6.13 6.38 6.49 6.34 0.91 0.46 0.017 

P2 1.60 1.35 1.60 1.52 -0.40 0.6 -0.018 6.38 5.13 6.54 6.02 -0.39 1.88* 0.094 5.92 6.17 6.28 6.12 0.70 0.46 0.017 

P3 2.71 1.33 2.71 2.25 0.3 3.60** -0.017 5.38 4.85 5.53 5.25 -1.16 -0.83 0.033 5.00 5.25 5.36 5.20 -0.21 0.47 0.017 

P4 2.01 1.47 2.01 1.83 -0.09 1.40* -0.018 4.72 5.44 4.87 5.01 -1.40 0.97 -0.007 4.28 4.61 4.64 4.51 -0.90 0.58 0.005 

P5 2.45 1.10 2.45 2.00 0.06 3.51** -0.017 5.83 4.63 5.98 5.48 -0.93 -1.80* 0.088 3.22 3.58 3.58 3.46 -1.95 0.64 0.002 

P6 2.48 1.17 2.48 2.05 0.11 3.41** -0.017 5.08 5.84 5.23 5.38 -1.03 1.03 -0.007 4.17 5.23 4.53 4.64 -0.77 1.72* 0.048 

Ij 0.13 -0.25 0.12     -0.29 0.44 -0.14     -0.31 0.27 0.04     

*, ** Significant at 5 per cent and 1 per cent probability levels, respectively; PI: Phenotypic index; Ij: Env. Index 
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Table 3: The top five F1 on the basis of per se performence, phenotypic index and S2di for twenty-one traits 

in pumpkin 

Traits 
Best five F1 

1st  2nd  3rd  4th  5th  

Days to first male flower anthesis P1 × P5 P4 × P6 P3 × P5 P1 × P2 P4 × P5 

Days to first female  flower anthesis P3× P5 P1× P3 P1× P2 P4× P6 P2× P3 

Node number to first male flower 

appearence 
P3× P6 P3× P5 P1× P5 P1× P4 P4× P6 

Node number to first female flower 

appearence 
P3× P5 P3× P4 P3× P6 P2× P5 P2× P3 

Days to first fruit harvest P3× P5 P4× P6 P1× P4 P1× P2 P2× P6 

Number of primary branches per plant P4× P6 P4× P5 P3× P5 P5× P6 P2× P4 

Equatorial circumference of fruit P1× P2 P1× P4 P2× P5 P3× P6 P2× P4 

Polar circumference of fruit P2× P6 P3× P5 P1× P4 P1× P2 P3× P6 

Flesh thickness P1× P6 P3× P5 P1× P3 P1× P5 P2× P5 

Internodal length (cm) P4× P6 P1× P5 P3× P5 P1× P2 P1× P3 

Vine length (m) P1× P4 P1× P3 P4× P6 P1× P6 P2× P3 

Average fruit weight P1× P5 P1× P2 P1× P3 P1× P6 P2× P3 

No. of fruits per plant P4× P6 P1× P5 P1× P2 P3× P5 P1× P4 

Fruit yield per plant P1× P5 P4× P6 P1× P2 P1× P4 P3× P5 

Dry matter content P2× P4 P2× P6 P1× P3 P2× P5 P2× P3 

Total soluble solids P5× P6 P1× P5 P4× P6 P2× P5 P2× P6 

Total sugars P2 × P3 P1 × P4 P2 × P5 P1 × P2 P1 × P3 

Reducing sugars P2 × P5 P3 × P5 P2 × P3 P3 × P4 P2 × P6 

Non-reducing sugars P1× P3 P2× P3 P1× P4 P1× P6 P4× P5 

Ascorbic acid P4 × P6 P1× P2 P2× P5 P1× P3 P5× P6 

β-carotene P2× P6 P1× P2 P4× P6 P5× P6 P1× P6 

 

The top five stable F1/genotypes (Table 2 & 3) on 

the basis of per se performance, phenotypic index 

and S2di were P1 (Narendra Upkar) × P5 (Kashi 

Harit), P4  (NDPK-39-2) × P6 (NDPK-11-3), P3 

(Narendra Agrim) × P5 (Kashi Harit), P1 (Narendra 

Upkar) × P2 (NDPK-120), P4 (NDPK-39-2) × P5 
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(Kashi Harit), for days to first male flower anthesis, 

P3 × P5, P1 × P3, P1 × P2, P4 × P6, P2 × P3, for days to 

first female flower anthesis, P3 × P6, P3 × P5, P1 × P5, 

P1 × P4, P4 × P6 for node number to first male flower 

appearance, P3 × P5, P3 × P4, P3 × P6, P2 × P5, P2 × P3 

for node number to first female flower appearance, 

P3 × P5, P4 × P6, P1 × P4, P1 × P2, P2 × P6 for days to 

first fruit harvest, P4 × P6, P4 × P5, P3 × P5, P5 × P6, P2 

× P4 for number of primary branches per plant, P1 × 

P2, P1 × P4, P2 × P5, P3 × P6, P2 × P4 for equatorial 

circumference of fruit, P2 × P6, P3 × P5, P1 × P4, P1 × 

P2, P3 × P6 for polar circumference of fruit, P1 × P6, 

P3 × P5, P1 × P3, P1 × P5, P2 × P5 for flesh thickness, 

P4 × P6, P1 × P5, P3 × P5, P1 × P2, P1 × P3 for 

intermodal length, P1 × P4, P1 × P3, P4 × P6, P1 × P6, 

P2 × P3 for vine length, P1 × P5, P1 × P2, P1 × P3, P1 × 

P6, P2 × P3 for average fruit weight,  P4 × P6, P1 × P5, 

P1 × P2, P3 × P5, P1 × P4 for number of fruits per 

plant, P1 × P5, P4 × P6, P1 × P2, P1 × P4, P3 × P5 for 

fruit yield per plant, P2 × P4, P2 × P6, P1 × P3, P2 × P5, 

P2 × P3 for dry matter content, P5 × P6, P1× P5, P4 × 

P6, P2 × P5, P2 × P6 for total soluble solids, P2 × P3, P1 

× P4, P2 × P5, P1 × P2, P1 × P3 for total sugars, P2 × P5, 

P3 × P5, P2 × P3, P3 × P4, P2 × P6, for reducing sugars, 

P1 × P3, P2 × P3, P1 × P4, P1 × P6, P4× P5 for non-

reducing sugars, P4 × P6, P1 × P2, P2 × P5, P1 × P3, P5 

× P6 for ascorbic acid and P2 × P6, P1 × P2, P4 × P6, P5 

× P6, P1 × P6 for β-carotene. The similar results have 

also been reported by Prasad and Singh (1970), 

Krishna and Singh (1990) and Ahmed (2010).  

The best five F1/genotypes on the basis of 

per se performance, phenotypic index and S2di were 

Narendra Upkar (P1) × Kashi Harit (P5), NDPK-39-2 

(P4) × NDPK-11-3 (P6), Narendra Agrim (P3) × 

Kashi Harit (P5), Narendra Upcar (P1) × NDPK-120 

(P2), NDPK-39-2 (P4) × Kashi Harit (P5) for maturity 

traits and NDPK-39-2 (P4) × NDPK-11-3 (P6), 

Narendra Upkar (P1) × Kashi Harit (P5), Narendra 

Upkar (P1)  × NDPAK-120 (P2), Narendra Agrim 

(P3) × Kashi Harit (P5), Narendra Upkar (P1) × 

NDPK-39-2 (P4) for fruit yield per plant, number of 

fruits per plant and other yield attributes while, 

crosses namely, P2 × P3, Narendra Upcar (P1) × 

NDPK-39-2 (P4), NDPK-120 (P2) × Kashi Harit (P5), 

Narendra Upkar (P1)  × NDPK-120 (P2), Narendra 

Upkar (P1)  × Narendra Agrim (P3)  for biochemical 

traits. 

Conclusion 

The present study further revealed that the 

top five stable genotypes for any of the characters 

are only F1 rather than either of parental 

lines/varieties. Hence it can be concluded that F1s 

are more suitable for stable performance under 

varying environmental condition than the parental 

lines/varieties. Thus, F1s should be preferred for 

cultivation under changing/off season conditions for 

high and stable yield and to secure production in 

future. 

orZeku v/;;u esa ¼6½ ykbu vkSj muds ianzg oa”kksa ds lkFk 

tuunzO; dk baVjsD”ku tkuus ds mn~ns”; ls v/;;u dh 

xbZ] tks jsflizksdy dks NksM+dj Mk;ysy esfVax fMtkbu ds 

ek/;e ls fodflr gqbZ FkhA ijh{k.k [kjhQ] 2015 ¼bZ1½] jch] 

2015&16 ¼bZ2½ ¼cs&ekSleh½] tk;n ¼xehZ ds ekSle½] 2016 

¼bZZ3½ ds nkSjku fd;s x;s FksA dqy 21 VsªV~l dk v/;;u 

fd;k x;k ftlesa 14 mit rFkk mit ls lacfU/kr VsªV~l 

vkSj 7 tSo jklk;fud y{k.kksa ds fy, ntZ fd;k x;k FkkA 

orZeku v/;;u ls irk pyk gS fd Ik;kZoj.k ds lkFk 

thuksVkbi ¼th½ × i;kZoj.k ¼bZ½] Ik;kZoj.k jSf[kd thuksVkbi 

× i;kZoj.k vkSj th× bZ jSf[kd Qyksa ds otu ds fy, th 

× bZ vkSj isfjdkiZ fFkdus”k ds fy, th × bZ jSf[kd dks 

NksM+dj lHkh y{k.kksa ds fy, egRoiw.kZ ik;s x;sA orZeku 

“kks/k ls ;g Hkh irk pyk gS fd [kjhQ vkSj xzh’e _rq esa 

v/;;u fd;s x;s vf/kdka”k y{k.kksa ds fy, vuqdwy g SaA izfr 

izn”kZu] QsuksVkbfid baMsDl vkSj ,l2MhvkbZ izn”kZu ds 

vk/kkj ij “kh’kZ ikap fLFkj ,Q1@ tuu nzO; QsuksVkbfid 

lwpdkad vkSj ,l2 di Fks v/;;u esa ujsUnz midkj ¼ih1½ x 

dk”kh gfjr ¼ih5½] ,u-Mh-ih-ds-&39&2¼ih4½ x ,u-Mh-ih-ds-

&11&3 ¼ih6½ FksA ujsUnz vfxze¼ih3½ x dk”kh gfjr ¼ih5½] 

ujsUnz midkj ¼ih1½ x ,u-Mh-ih-ds-&120] ,u-Mh-ih-ds-

&39&2¼ih4½ x dk”kh gfjr ¼ih5½]IkfjdYiuk y{k.kksa ds fy, 

vkSj ,u-Mh-ih-ds-&39&2¼ih4½ x ,u-Mh-ih-ds-&11&3 ¼ih6½]  

ujsUnz midkj ¼ih1½ x dk”kh gfjr ¼ih5½]  ujsUnz midkj 

¼ih1½ x ,u-Mh-ih-ds-&120 ¼ih2½] ujsUnz midkj ¼ih1½ x  ,u-

Mh-ih-ds-&39&2¼ih4½] Ikzfr ikS/kk Qy mit] izfr IkkS/ks Qyksa 

dh la[;k vkSj vU; mit fo”ks’krkvksa ds fy,] tcfd ,u-Mh-

ih-ds-&120 ¼ih2½ x ujsUnz vfxze ¼ih3½] ujsUnz midkj ¼ih1½ 

x ,u-Mh-ih-ds-&39&2¼ih4½] ,u-Mh-ih-ds-&120 ¼ih2½ x dk”kh 

gfjr ¼ih5½] ujsUnz midkj ¼ih1½ x ,u-Mh-ih-ds-&120 ¼ih2½] 

ujsUnz midkj ¼ih1½ x ujsUnz vfxze ¼ih3½ tSo jklk;fud 

xq.kksa ds fy,A orZeku v/;;u ls ;g Hkh irk pyk gS fd 

fdlh Hkh o.kZ ds fy, “kh’kZ ikap fLFkj tuu nzO; dsoy ,Q1 

gSa] u fd oa”kkoyh@fdLeksa ds ftlls irk pyrk gS fd ,Q1 

iSrd̀ ykbuksa@fdLeksa dh rqyuk esa vf/kd fLFkj gSaA blfy, 

;g fu’d’kZ fudkyk tk ldrk gS fd ,Q1 iSrd̀ oa”k@fdLeksa 

dh rqyuk esa cnyrh Ik;kZoj.kh; ifjfLFkfr;ksa esa fLFkj izn”kZu 

ds fy, vf/kd mi;qDr gSA bl izdkj] ,Q1 dks Hkfo’; esa 

lqjf{kr mRikn ds fy,] mPp vkSj fLFkj mit ds fy, 
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cnyrh@izfrdwy i;kZoj.kh; fLFkfr ds rgr [ksrh ds fy, 

izkFkfedrk nsuh pkfg,A  
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