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Introduction 

Cucumber (Cucumis sativus L.) is an important commercial salad 

vegetable belonging to the family Cucurbitaceae. It is cultivated in 

different parts of the world (India, China, Camerron, Russian 

Federation and Turkey) and comprised of 117 genera and 825 

species (1). It is the second largest cultivated cucurbit after 

watermelon for trade and export. It grows best at a temperature of 

18-24 °C but does not withstand frost. In India, its production is 1608 

thousand metric tonnes from an area of 116 thousand hectare with 

productivity of 13.86 metric tonnes per hectare (2). Protected 

cultivation has become popular for taking all the year-round 

production and fetching maximum prices for better livelihood of the 

farmers. This cultivation helps to remove glut from the market, 

hence provide better quality cucumbers to the consumers. 

Nowadays quality of vegetable produce has been achieving highest 

demand due to prevailing health concerns. With a water content 

exceeding 90 %, cucumbers are valued for their refreshing and 

hydrating properties, particularly in warm climates. They are 

recognized for their potential cooling effect when ingested and are 

utilized for relaxation and alleviation of physical stress (3). In 

traditional medicinal contexts, cucumbers are esteemed for their 

therapeutic benefits against conditions such as jaundice and 

constipation (4). Additionally, their antioxidant properties may help 

reduce oxidative stress and inflammation (5). Cucumbers contribute 

to weight loss and rehydration owing to their low-calorie content (16 

calories per cup), high fiber content in the skin and have essential 

nutrients such as vitamin K and potassium (6). The advent of hybrid 

cucumber varieties in recent years has markedly influenced 

productivity trends, cultivation techniques and geographic 

expansion (7). Genetic advancements and the adoption of modern 

agricultural technologies, particularly in management practices, are 

pivotal for achieving optimal quality standards. These developments 

have spurred interest and engagement among both commercial 

and non-commercial growers in cucumber cultivation (8). The role of 

genetic variability in a crop is of paramount importance in selecting 

the best genotypes for making rapid improvement in quality 

characters as well as to select most potential parents for making the 

hybridization programme successful (9). Any crop improvement 

programme primarily depends on the amount of genetic variability 
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Abstract  

Six cucumber genotypes of cucumber (Cucumis sativus L.) cultivars used for the present study in mid-hills of Himachal Pradesh under protected 

conditions. The experiment was carried out at Vegetable Research Farm, Department of Vegetable Science and Floriculture, CSK Himachal Pradesh 

Krishi Vishvavidyalaya, Palampur in Randomized Block Design with four replications in spring-summer and rainy season during 2023. The outcomes of 
the present investigation revealed that the cultivar PN (Punjab Naveen) and PU (Pusa Uday) were the best performing cultivars among all the cultivars 

in relation of quality parameters of cucumber. The correlation coefficients among the different characters were worked out at both phenotypic and 

genotypic levels. The results indicated that yield per plant had significant positive association with shelf life, phosphorus content, calcium content 

during summer season while calcium content, shelf life and phosphorus content expressed significant positive correlation during the rainy season. 
The path coefficient analysis on phenotypic and genotypic level revealed that among these characters, phosphorus content exhibited highest positive 

direct effect on yield per plant followed by diameter of seed during summer season and number of seeds per fruit followed by shelf life, calcium 

content, disease incidence and test weight showed positive direct effect on yield per plant during the rainy season, thus indicating that direct selection 

for yield improvement in cucumber can be performed.   
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available and the extent to which the economic traits are heritable. 

Therefore, this current study has been conducted to find out the 

variability among genotypes in order to get the most diverse parents 

for hybridization program under protected environment for quality 

improvement.  

 

Materials and Methods 

Study area and plant material 

The experiment was carried out at Department of Vegetable Science 

and Floriculture, College of Agriculture, Chaudhary Sarwan Kumar 

Himachal Pradesh Krishi Vishvavidyalaya, Palampur Himachal 

Pradesh (32°6′ N; 76°3′ E and 1290.80 m above mean sea level) under 

naturally ventilated polyhouse during spring-summer and rainy 

season 2023. The nursery was raised in soil-less media containing 

mixture of perlite:cocopeat:vermiculite in the ratio of 1:3:1 and was 

transplanted after 25 days under naturally ventilated polyhouse. The 

cucumber varieties (Him Palam Kheera-1, Him Palam Kheera-2, 

Punjab Kheera-1, Gyno G-1, Pusa Uday and Punjab Naveen) seed 

was procured from CSK HPKV, Palampur, Punjab Agriculture 

University and IARI, New Delhi. 

Experimental design 

The experiment with six treatments was carried out in Randomised 
Block Design with spacing 70 × 30 cm in four replications. To ensure 

optimal growth and yield, consistent watering, soil mounding, 

nutrient application, stacking and pest control measures were 

adopted as per package of practices (10). 

Nutrient application 

The recommended package of practices was followed to raise 

healthy crop of cucumber. Before planting in pits, chemical fertilisers 

(50 kg of nitrogen, phosphorus and potassium per acre) were 

applied along with 5 tonnes of vermicompost. Following three 

weeks of transplanting, fertigation was carried out three times a 

week using liquid fertilisers (19:19:19) at a rate of 5.0 g/L of water and 

was stopped 15 days before the last fruit harvesting. 

Quality traits 

The observations were recorded for different quality traits viz., 

protein content (g/100g), vitamin C (mg/100g), total soluble solids (°

Brix), calcium content (mg/100g), phosphorus content (mg/100g), 

number of seeds per fruit, length of seed (mm), diameter of seed 

(mm), test weight (g), seed viability (%) and germination percentage 

(%). Five competitive plants were selected randomly from each of 

the plots and its replications for recording the data. The observation 

of the following quantitative traits has been taken according to the 

methodology described by Kaur and Sharma (11). 

Statistical analysis 

The quality analysis was carried out following standard procedures 

in the previous studies (12, 13). The obtained data were subjected to 

analysis of variance using established statistical methods (14). 

Genetic variability for different parameters was estimated using 

conventional approaches (15). Heritability along with expected 

genetic advance were calculated accordingly to the previous 

research (16). The genotypic and phenotypic correlations were 

calculated (17) and path coefficient analysis was performed using 

standard biometric techniques (18, 19).  

 

Results and Discussion 

Quality traits 

Disease incidence (%) 

In the present study, mean performance among cucumber 

genotypes revealed significant differences for all the characters 

(Table 1). Data pertaining to disease incidence (%) of Powdery 

Mildew (PM) revealed that during summer season cultivar PN (4.63 

%) and HPK-2 (4.87 %) showed minimum disease incidence, while 

cultivar PU (8.62 %) showed minimum disease incidence during 

rainy season. Effective management practices, such as resistant 

cultivars and integrated pest management, are essential for 

mitigating these effects and optimizing production (20). Significant 

variation in this trait has also been reported in previous studies (21), 

where the range of disease incidence (%) varied from 5.72 to 29.73. 

Shelf life (days) 

During summer season, cultivar HPK-1 (6.42 days) exhibited 

maximum shelf life, while cultivar PN (4.28 days) and PU (4.42 days) 

showed minimum shelf life during rainy season The shelf life of 

cucumbers is affected by physiological factors and storage 

conditions, influencing overall marketable yield. Improved 

postharvest handling can extend shelf life, maximizing economic 

returns by minimizing losses (22). Similarly, in another experiment 

(23), the shelf life (days) ranging from 4.92 to 8.43. In another study 

(24) it is also reported the shelf life (days) in cucumber valued from 

2.24 to 3.80. 

TSS (°Brix) 

During summer season, cultivar PN (3.28 °Brix) exhibited maximum 

TSS (Table 1). Similar results were found during rainy season where 

cultivar PU (3.28 °Brix) exhibited maximum TSS followed by PN (3.16 °

Brix) and were statistically at par with each other. Higher TSS levels 

typically indicate enhanced fruit maturity and flavor, which can 

contribute to increased marketable yield (25). In a previous 

experiment, total soluble solids (°Brix) were found to vary from 2.73 to 

5.01, which is in agreement with the findings of the present study (26). 

Cultivar 
Disease incidence (%) PM Shelf life (Days) TSS (°Brix) 

Summer Rainy Summer Rainy Summer Rainy 

HPK-1 5.35c 10.23bc 6.42a 6.12b 2.66d 2.59c 

PK-1 7.21a 11.42a 5.98b 6.06b 2.58d 2.61c 

Gyno-G1 6.04b 9.57c 6.22ab 6.68a 2.97c 2.98b 

PU 5.58c 8.62d 4.89c 4.42c 3.17ab 3.28a 

PN 4.63d 10.60b 4.91c 4.28c 3.28a 3.16ab 

HPK-2 4.87d 12.08a 6.12b 5.93b 3.03bc 2.99b 

CD (P = 0.05) 0.37 0.74 0.26 0.25 0.16 0.18 

CV 3.69 3.94 2.50 2.51 3.14 3.50 

Table 1. Mean performance of disease, shelf life and TSS in cucumber (Cucumis sativus L.) genotypes  

Mean followed by common letters are not significantly different at α = 0.05 (p ≤ 0.05) according to Fisher’s LSD Post Hoc test.  
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Ascorbic acid (mg/100g) 

During both summer and rainy season, cultivar PN (3.80 mg/100g) 

showed maximum ascorbic acid content (Table 2). Elevated 

ascorbic acid levels are associated with improved fruit quality and 

overall biomass, positively impacting marketable yield (27). Previous 

studies (28) have documented similar results for ascorbic acid 

(mg/100g) and recorded the range of trait from 2.32 to 3.42 mg/100g 

while another investigation (29) recorded for ascorbic acid 

(mg/100g) ranged from 3.12 to 4.11 mg/100g. 

Phosphorus content (mg/100g) 

During summer season, cultivar HPK-1 (27.42 mg/100g) had the 

maximum value for phosphorus content followed by PK-1 (26.93 

mg/100g) (Table 2) and HPK-1 (27.63 mg/100g) had the maximum 

phosphorus content during rainy season. Adequate availability of 

phosphorus is critical for optimal yield and fruit quality, as it supports 

metabolic processes and flowering (30). The phosphorus content 

(mg/100g) in the previous study showed the same results as of 

current experiment viz., 16.54 to 32.62 mg/100g (11). 

Calcium content (mg/100g) 

During both summer and rainy season, cultivar HPK-1 (11.26 

mg/100g; 11.28 mg/100g) exhibited maximum content of calcium. 

Calcium is vital for cucumber development, as it strengthens cell 

walls and regulates physiological processes, promoting structural 

integrity and reducing susceptibility to diseases. Adequate calcium 

levels enhance fruit quality and shelf life by preventing disorders 

such as blossom end rot and ensuring proper growth (24). Similar 

result for this trait were also reported in earlier studies (31), where 

calcium content (mg/100g) ranging from 8.12 to 12.54 mg/100g. 

Total sugars (%) 

For total sugar content during both summer and rainy season, 

cultivar PN (3.26 %; 3.30 %) exhibited maximum total sugars. Total 

sugars in cucumbers are crucial for determining fruit quality, as they 

influence flavor, palatability and consumer preference. Elevated 

total sugar content also reflects the plant's photosynthetic efficiency 

and overall health, contributing to improved marketable yield (11). 

Previous studies have reported similar results for ascorbic acid 

content (mg/100 g), with values ranging from 2.65 % to 3.29% (32). 

Reducing sugars (%) 

During summer season, cultivar PN (0.83 %) exhibited maximum 
reducing sugars followed by PU (0.79 %) and HPK-2 (0.78 %) (Table 

3). In rainy season, cultivar PU (0.88 %) had the maximum amount of 

reducing sugars followed by HPK-1 (0.79 %) and PN (0.76 %). Higher 

levels of reducing sugars indicate effective carbohydrate 

metabolism, which supports plant energy needs and promotes 

healthy fruit development (33). Similarly, in another experiment, 

reducing sugars were observed to range from 0.58 % to 0.87% (32). 

Number of seeds per fruit 

During both summer and rainy season, cultivar PN (192.13; 204.91) 

and PU (188.18; 194.68) showed maximum number of seeds per 

fruit. The number of seeds in cucumbers is critical for reproductive 

success, as it directly influences fruit set and overall yield potential. 

Additionally, seed quantity affects genetic diversity and can enhance 

consumer appeal, as larger, well-seeded fruits are often preferred in 

the market (34). In a similar experiment, the number of seeds per 

fruit was observed to range from 143.34 to 195.97 (26). 

Test weight (g) 

Cultivar PN (35.32 g) had the maximum test weight of seeds during 

summer season followed by PU (33.17 g) and Gyno-G1 (31.72 g) 

(Table 4). Similar trend for test weight was found during rainy 

season. Test weight of seeds in cucumbers is a key indicator of seed 

quality, as it reflects viability, vigor and potential germination rates. 

Higher test weights are associated with better seed performance 

and establishment, ultimately contributing to improved crop yield 

and consistency (35). Similar results for this trait were also reported 

in earlier studies, with test weight (g) ranging from 26.73 to 37.42 g 

(31). 

Length of seed (mm) 

In summer season, cultivar PN (1.28 mm) and PU (1.25 mm) had the 

maximum length of seed, whereas for rainy season, cultivar PN (1.31 

Table 2. Mean performance of ascorbic acid, phosphorus and calcium content in cucumber (Cucumis sativus L.) genotypes  

Cultivar 
Ascorbic acid content (mg/100g) Phosphorus content (mg/100g) Calcium content (mg/100g) 

Summer Rainy Summer Rainy Summer Rainy 

HPK-1 2.28e 2.32e 27.42a 27.63a 11.26a 11.28a 
PK-1 2.67d 2.55d 26.93a 26.58b 10.82b 10.65b 
Gyno-G1 2.94c 2.84c 24.82b 24.31c 10.89b 10.92ab 
PU 3.43b 3.62b 19.74d 20.04e 8.40e 8.520 
PN 3.80a 3.92a 20.38cd 20.19e 9.62d 8.520 
HPK-2 2.87cd 2.97c 21.21c 21.53d 10.30d 10.53b 
CD (P = 0.05) 0.21 0.17 1.07 0.64 0.19 0.58 
CV 3.95 3.11 2.52 1.51 1.04 3.13 

Mean followed by common letters are not significantly different at α = 0.05 (p ≤ 0.05) according to Fisher's LSD Post Hoc test.  

Table 3. Mean performance of total sugar, reducing sugar and number of seeds in cucumber (Cucumis sativus L.) genotypes  

Mean followed by common letters are not significantly different at α = 0.05 (p ≤ 0.05) according to Fisher's LSD Post Hoc test.  

Cultivar 
Total sugar (%) Reducing sugar (%) Number of seeds per fruit 

Summer Rainy Summer Rainy Summer Rainy 

HPK-1 2.92b 2.84b 0.75a 0.79b 145.66d 148.31cd 

PK-1 2.51c 2.53c 0.58b 0.61c 158.31b 153.29c 

Gyno-G1 3.06ab 2.91b 0.60b 0.62c 153.11c 154.16c 

PU 3.11ab 3.18a 0.79a 0.88a 188.18a 194.68b 

PN 3.26a 3.30a 0.83a 0.76 192.13a 204.91a 

HPK-2 2.94b 2.94b 0.78a 0.75b 146.62d 142.68d 

CD (P = 0.05) 0.20 0.19 0.10 0.08 4.09 7.83 

CV 3.81 3.62 8.07 6.26 1.37 2.59 
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mm) had the maximum length of seed followed by PU (1.19 mm) 

and Gyno-G1 (1.09 mm). Seed length in cucumbers is an important 

trait influencing germination and seedling vigor, as longer seeds are 

often associated with higher nutrient reserves. This trait can enhance 

early growth rates and overall establishment, positively impacting 

crop yield and uniformity. Previous studies have also reported seed 

length (mm) in cucumber, ranging from 0.89 to 168 mm (24). 

Seed diameter (mm) 

In case of diameter of seed during both summer and rainy season, 

cultivar PN (3.63 mm, 3.52 mm) and PU (3.57 mm, 3.48 mm) had the 

maximum diameter of seed, respectively and were statistically at par 

with each other (Table 4). Larger seed diameters can enhance early 

growth and resilience, ultimately contributing to improved yield and 

crop uniformity (28). Seed diameter (mm) has also been reported in 

previous studies, with values ranging from 3.31 to 4.29 mm (32). 

Yield per plant 

The fruit yield per plant summer season ranged from 1660.61 to 

2594.19 g (Table 4). Significantly maximum value for these traits was 

noticed in Him Palam Kheera-1. During rainy season the fruit yield 

per plant ranged from 1682.41 to 2331.93 g, where maximum yield 

was recorded for Him Palam Kheera-2. Maximisation of marketable 

yield is the ultimate objective of every research effort. This is also the 

key factor in acceptance or rejection of a cultivar by the farmer (25). 

Fruit yield per plant provides a measure of individual plant output, 

influenced by factors like pollination and plant vigour (28). Higher 

fruit yield per plant signifies efficient cultivation methods and healthy 

plants. A wide genetic variation in yield per plant has also been 

reported in previous studies, with values ranging from 1582.29 to 

2010.63 g (21). 

 

Parameters of variability 

The estimates of variability viz., coefficients of variability (phenotypic 

and genotypic), heritability (in broad sense) and genetic advance as 

percent of mean (genetic gain) were worked out for selection of 

various characters. 

 As can be perused from Table 5, the phenotypic coefficient of 

variability (PCV) in our present investigation for summer season was 

high for yield per plant (34.32 %), moderate for ascorbic acid content 

(18.37 %), disease incidence (16.82 %), reducing sugar (15.79 %) and 

length of seed (15.34 %) and low for phosphorus content (14.68 %), 

number of seeds per fruit (12.73 %), test weight (11.51 %), calcium 

content (10.36 %), TSS (9.76 %), diameter of seed (9.37 %) and total 

sugars (9.18 %). Similarly, the genotypic coefficients of variability 

(GCV) were high for yield per plant (33.32 %), moderate for disease 

incidence (16.41 %), ascorbic acid content (17.95 %), length of seed 

(15.05 %) and low for phosphorus content (14.46 %), reducing sugar 

(13.57 %), number of seeds per fruit (12.66 %), shelf life (11.67 %), test 

weight (11.11 %), calcium content (10.31 %), TSS (9.24 %) and 

diameter of seed (9.09 %).  

 The phenotypic coefficient of variability (PCV) for rainy 

season was high for yield per plant (36.42), moderate for ascorbic 

acid content (17.28 %), disease incidence (16.22 %), reducing sugar 

(15.49 %), Shelf life (15.43 %) length of seed (15.18 %) and low for 

phosphorus content (14.59 %), number of seeds per fruit (11.83 %), 

calcium content (10.29 %), test weight (10.21 %), TSS (9.92 %), total 

sugars (9.53 %) and diameter of seed (9.29 %). Similarly, the 

genotypic coefficient of variability (GCV) was high for yield per plant 

(32.92 %), moderate for ascorbic acid content (17.21 %), disease 

incidence (16.01 %), reducing sugar (15.43 %) and low for length of 

seed (14.85 %), shelf life (14.67 %), phosphorus content (14.02 %), 

number of seeds per fruit (11.16 %), TSS (9.04 %), diameter of seed 

Table 4. Mean performance of test weight, length and diameter of seed in cucumber (Cucumis sativus L.) genotypes  

Mean followed by common letters are not significantly different at α = 0.05 (p ≤ 0.05) according to Fisher's LSD Post Hoc test.  

Cultivar 
Test weight (g) Length of seed (mm) Diameter of seed (mm) Yield per plant (g) 

Summer Rainy Summer Rainy Summer Rainy Summer Rainy 

HPK-1 28.36c 27.87c 0.98bc 0.91e 2.98b 3.02b 2594.19±47.93a 2216.73±29.53b 

PK-1 27.21c 28.02c 0.93cd 0.95d 3.07b 3.06b16. 2494.34±21.36b 2083.26±46.62c 

Gyno-G1 31.72b 32.23b 1.02b 1.09c 3.02b 3.08b 2025.37±25.31c 1964.37±11.03d 

PU 33.17b 33.62b 1.25a 1.19b 3.57a 3.48a 1838.72±6.7d 1693.19±42.3e 

PN 35.32a 36.18a 1.28a 1.31a 3.63a 3.52a 1660.61±12.1e 1682.41±32.4e 

HPK-2 27.11c 26.43c 0.91d 0.94de 3.06b 3.04b 2438.6±26b 2331.93±24.55a 

CD (P = 0.05) 1.65 2.04 0.05 0.04 0.13 0.13 91.84 105.20 

CV 2.97 3.65 2.93 2.13 2.28 2.22 2.321 2.898 

Table 5. Estimates of phenotypic and genotypic coefficients of variability, heritability, genetic advance and genetic gain characters in 
cucumber (Cucumis sativus L.)  

Characters 

Coefficient of variation (%) 
Heritability (%) Genetic gain 

PCV GCV 

Summer Rainy Summer Rainy Summer Rainy Summer Rainy 

Disease incidence (%) PM 16.82 16.22 16.41 16.01 95.18 96.68 32.99 39.48 

Shelf life (days) 10.36 15.43 10.31 14.67 98.97 97.79 21.14 21.62 

TSS (°Brix) 9.76 9.92 9.24 9.04 89.62 83.62 18.02 13.72 

Ascorbic acid content (mg/100g) 18.37 17.28 17.95 17.21 95.37 98.32 36.11 38.82 

Phosphorus content (mg/100g) 14.68 14.59 14.46 14.02 97.04 97.34 29.34 31.51 

Calcium content (mg/100g) 11.93 10.29 11.67 8.36 95.59 98.84 23.51 20.08 

Total sugar (%) 12.73 9.53 12.73 9.26 98.83 88.73 25.93 15.02 

Reducing sugar (%) 11.51 15.49 11.11 15.43 93.31 78.84 22.12 22.52 

Number of seeds per fruit 9.18 11.83 8.35 11.16 82.73 98.23 15.65 29.28 

Test weight (g) 15.79 10.21 13.57 8.76 73.84 94.31 24.02 20.14 
Length of seed (mm) 15.34 15.18 15.05 14.85 96.34 97.84 30.45 25.62 

Diameter of seed (mm) 9.37 9.29 9.09 9.01 94.05 94.15 18.17 17.83 

Yield per plant (g) 34.32 33.32 36.42 32.92 97.62 97.26 68.99 66.93 
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(9.01 %), test weight (8.76 %) and calcium content (8.36 %). In an 

earlier study, moderate PCV and GCV for ascorbic acid (19.47 and 

17.24) and low for reducing sugar (12.83 and 13.70), test weight 

(11.65 and 12.87) and TSS (10.16 and 9.28) (9).  

 High heritability (>80 %) was estimated for summer season 

(Table 5) viz., calcium content (98.97 %), number of seeds per fruit 

(98.83 %), yield per plant (97.62 %), phosphorus content (97.04 %), 

length of seed (96.34 %), shelf life (95.59 %), ascorbic acid content 

(95.37 %), disease incidence (95.18 %), diameter of seed (94.05 %), 

test weight (93.31 %), TSS (89.62 %) and total sugars (82.73 %). 

Moderate heritability (50-80 %) was recorded for reducing sugar 

(73.84 %). High heritability (>80 %) was estimated for rainy season 

viz., calcium content (98.84 %), ascorbic acid content (98.32 %), 

number of seeds per fruit (98.23 %), length of seed (97.84 %), shelf life 

(97.79 %), phosphorus content (97.34 %), yield per plant (97.26 %), 

disease incidence (96.68 %), test weight (94.31 %), diameter of seed 

(94.15 %), total sugars (88.73 %) and TSS (83.62 %). This indicated 

that a large portion of phenotypic variance is contributed through 

genotypic variance and therefore, a reliable selection can be made 

for these traits based on phenotypic expression. Moderate 

heritability (50-80 %) was recorded for reducing sugar (78.84 %), 

which indicates a considerable influence of environment on the 

expression of above-mentioned trait. Higher magnitude of 

heritability suggested major role of genotypes factor in the 

expressing of characters. Characters with low heritability are 

considered less dependable because their genotypic expression is 

strongly influenced by environmental factors (36). Thus, the degree 

of success in selection depends upon the magnitude of the 

heritability value, furthermore; the progress in selection is also 

directly proportional to the amount of genetic advance. Therefore, 

the effect of selection is realized more quickly in those characters 

which have high heritability as well as genetic advance. 

 An inquisition of data in Table 5 revealed that genetic gain for 

summer season (expressed as percent of population mean) ranged 

from 15.65 to 68.99 percent for different characters under study. It 

was found high for yield per plant (68.99 %), moderate for ascorbic 

acid (36.11 %), disease incidence (32.99 %), length of seed (30.45 %), 

phosphorus content (29.34 %), total sugars (25.93 %), reducing sugar 

(24.02 %), shelf life (23.51 %), test weight (22.12 %), calcium content 

(21.14 %) diameter of seed (18.17 %) and TSS (18.02 %), while it was 

low for number of seeds per fruit (15.08 %). Similarly, for rainy 

season, genetic gain ranged from 13.72 % to 66.93 % for different 

characters. It was found high for yield per plant (66.93 %), moderate 

for disease incidence (39.48 %), ascorbic acid (36.82 %), phosphorus 

content (31.51 %), number of seeds per fruit (29.28 %), length of seed 

(25.62 %), test weight (20.14 %), calcium content (20.08 %), reducing 

sugar (22.52 %), shelf life (21.62 %), diameter of seed (17.83 %) and 

total sugars (15.02 %), while it was low for TSS (13.72 %). The 

expression of the traits with high heritability and genetic advance is 

predominantly governed by additive gene effects and therefore, 

selection based on phenotypic performance will be useful to 

improve these characters in the future (37).  

Correlation studies 

All the possible phenotypic and genotypic correlation coefficient 

between yield and quality components during the summer and 

rainy season is given in Table 6 and 7. The present study disclosed 

that, genotypic correlation coefficient was higher than their 

phenotypic ones indicating strong association of two characters 

genetically. In our investigation, during both the summer and rainy 

season correlation coefficient among seven traits indicated that yield 

per plant had significant negative association at phenotypic and 

genotypic levels with test weight (-0.939, -0.981); (-0.901, -0.984), 

ascorbic acid content (-0.928, -0.949); (-0.781, -0.817), length of seed (-

0.892, -0.929); (-0.918, -0.948), number seeds per fruit (-0.861, -0.877); 

(-0.915 -0.953), diameter of seed (-0.829, -0.868); (-0.871, -0.939), TSS 

(-0.815, -0.895); (-0.660, -0.712) and total sugars (-0.722, -0.814); (-

0.630, -0.682). While significant positive correlation at phenotypic 

and genotypic levels of yield per plant was observed in shelf life 

(0.814, 0.853), phosphorus content (0.724, 0.733), calcium content 

(0.713, 0.725) during summer season while calcium content (0.752, 

0.815), shelf life (0.748, 0.760) and phosphorus content (0.564, 0.596) 

expressed significant positive correlation during the rainy season. 

Diameter of seed was observed to have significant negative 

correlation with shelf life (-0.964, -1.007), calcium content (0.864, -

0.891) and phosphorus content (-0.771, -0.788) during the summer 

season, while shelf life (-0.897, -0.974), calcium content (-0.834, -

0.953), phosphorus content (-0.753, -0.789) and disease incidence (-

0.486, -0.502) showed significant negative correlation during the 

rainy season with character diameter of seed. Whereas significant 

positive correlation was observed with number of seeds per fruit, 

length of seed, ascorbic acid content, test weight, TSS, total sugars 

and reducing sugars during both summer and rainy season. Length 

of seed exhibited highly significant positive correlation with number 

of seeds per fruit (0.943, 0.956); (0.932, 0.944), test weight (0.914, 

0.965); (0.941, 0.996), ascorbic acid content (0.845, 0.884); (0.913, 

0.927), TSS (0.745, 0.785); (0.775, 0.816), total sugars (0.709, 0.773); 

(0.758, 0.853) and reducing sugars (0.485, 0.624). Reducing sugars 

was found to have significant negative correlation with disease 

incidence (-0.757, -0.990), phosphorus content (-0.640, -0.757), 

calcium content (-0.512, -0.613) and shelf life (-0.490, -0.598) during 

the summer season while shelf life (-0.657, -0.697), calcium content (-

0.569, -0.665) and phosphorus content (-0.472, -0.534) exhibited 

significant negative correlation during rainy season. Total sugars 

showed highly significant positive correlation with TSS, test weight, 

ascorbic acid content and number of seeds per fruit during both the 

seasons. Similarly test weight exhibited highly significant positive 

correlation with ascorbic acid content (0.839, 0.870); (0.796, 0.840), 

number of seeds per fruit (0.829, 0.864); (0.878, 0.924) and TSS (0.756, 

0.813); (0.670, 0.747) during the summer and rainy season. Number 

of seeds per fruit expressed significant positive correlation with TSS 

and ascorbic acid content during both the summer and rainy 

season. While shelf life and phosphorus content were found to have 

significant negative correlation with TSS and ascorbic acid content 

during both the seasons. Ascorbic acid exhibited significant positive 

correlation with TSS during summer (0.857, 0.922) as well as rainy 

(0.865, 0.930) season. While TSS was found to have significant 

negative correlation with calcium content (-0.714, -0.761) and 

disease incidence (-0.651, -0.722) during the summer season and 

with calcium content (-0.762, -0.871) during the rainy season. Studies 

on such quality parameters are very limited; however, correlations 

between yield and various horticultural traits have been reported in 

previous investigations. (25, 26, 38-42). 

Path coefficients analysis  

Path coefficient analysis enables the subdivision of correlation 

coefficients into direct and indirect effects of various characters on 

yield and its attributing traits (9). The data on path coefficient 

analysis at phenotypic and genotypic level showing direct and 
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indirect effects of significant characters over yield per plant is 

tabulated in Table 8 and 9. The path coefficient analysis on 

phenotypic and genotypic level revealed that among these 

characters, phosphorus content (0.589, 0.594) exhibited highest 

positive direct effect on yield per plant followed by diameter of seed 

(0.203, 0.218) during summer season and number of seeds per fruit 

(0.564, 0.641) followed by shelf life (0.531, 0.480), calcium content 

(0.500, 0.559), disease incidence (0.290, 0.331) and test weight (0.289, 

0.341) showed positive direct effect on yield per plant during the 

rainy season. Further, number of seed per fruit (-0.673, -0.690) 

followed by test weight (-0.555, -0.600), shelf life (-0.469, -0.506), 

calcium content (-0.238, -0.241), TSS (-0.111, -0.122), total sugars (-

0.086, -0.068), length of seed (-0.097, -0.118) and ascorbic acid 

content (-0.0446, -0.0148) showed negative contribution to the yield 

per plant during the summer season at phenotypic and genotypic 

level. While during rainy season negative contribution to the yield per 

plant was expressed at phenotypic and genotypic level by length of 

seed (-1.121, -1.228) followed by phosphorous content (-0.723, -

0.720), total sugars (-0.159, -0.146), ascorbic acid content (-0.139, -

0.169), TSS (-0.063, -0.044) and diameter of seed (-0.019, -0.011). It is 

evident from the data that during summer season, at phenotypic 

and genotypic level shelf life had positive indirect effect on yield per 

plant through number of fruits per plant (0.653, 0.684) followed by 

phosphorous content (0.443, 0.475), test weight (0.432, 0.479), length 

of seed (0.087, 0.110), TSS (0.082, 0.091), total sugars (0.043, 0.039), 

ascorbic acid content (0.039, 0.013) and reducing sugar (0.004, 

0.004). Test weight showed negative indirect effect on yield per plant 

both at phenotypic and genotypic level through number of seeds 

per plant (-0.558, -0.596) followed by phosphorous content (-0.346, -

0.366), length of seed (-0.088, -0.114), TSS (-0.084, -0.099), total sugars 

(-0.067, -0.058), ascorbic acid (-0.037, -0.012) and reducing sugars (-

0.003, -0.003). While during rainy season, both at phenotypic and 

genotypic level number of seeds per fruit had negative indirect effect 

on yield per plant through length of seed (-1.044, -1.159) followed by 

shelf life (-0.482, -0.448), calcium content (-0.412, -0.489), disease 

incidence (-0.142, -0.167), ascorbic acid (-0.122, -0.154), total sugars (-

0.114, -0.120), TSS (-0.043, -0.033) and diameter of seed (-0.019, -

0.011). However, shelf life showed positive indirect effect on yield per 

plant through length of seed (0.861, 0.964) followed by calcium 

content (0.432, 0.511), ascorbic acid (0.119, 0.149), total sugars (0.116, 

0.115), disease incidence (0.081, 0.105), TSS (0.041, 0.032) and 

diameter of seed (0.017, 0.011). Positive direct effects of phosphorus 

content, shelf life and number of seeds per fruit on yield was also 

reported (38). Similarly, positive direct effects of calcium content and 

test weight on yield were observed, while ascorbic acid and total 

sugars exhibited negative direct effects (25).  

 

Conclusion  

The present study concluded that cultivar PN and PU were the 

best performing cultivars among all the cultivars in relation of 

quality parameters of cucumber during both the seasons. The 

correlation coefficients among the different characters were 

worked out at both phenotypic and genotypic levels. The results 

indicated that yield per plant had significant positive association 

with shelf life, phosphorus content, calcium content during 

summer season while calcium content, shelf life and phosphorus 

content expressed significant positive correlation during the 

rainy season. Thus, from the correlation studies it is concluded 

that selection should be made on the basis above results to bring 

desired improvement in the yield of cucumber. The path 

coefficient analysis on phenotypic and genotypic level revealed 

that among these characters, phosphorus content exhibited 

highest positive direct effect on yield per plant followed by 

diameter of seed during summer season and number of seeds 

per fruit followed by shelf life, calcium content, disease incidence 

and test weight showed positive direct effect on yield per plant 

during the rainy season, thus indicating that direct selection for 

yield improvement in cucumber can be performed.   
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