Optimizing Nitrogen Fertilization for Enhanced Yield in Cucumber Hybrids: Evaluating Growth and Productivity of Greengo, African Giant and Darina Under Field Conditions 
Abstract
Appropriate inorganic fertilizers application is a strategy to supplement soil nutrients for cucumber production for its optimum production. These inorganic fertilizers will make nutrients readily available for uptake within a short time.  A field experiment was conducted at the Teaching and Research Farm, Ekiti State University, Ado-Ekiti, Nigeria, for three consecutive seasons to ascertain the appropriate nitrogen rate for cucumber hybrids. The experiment was laid out in a Randomized Complete Block Design (RDCB) with three replicates. The 3 x 4 factorial experiment involved three cucumber hybrids (African Giant, Greengo and Darina) and four nitrogen levels (0, 50, 100 and 150 kg N ha-1). Data were collected on the vine length (cm),  number of leaves per plant, leaf area (cm2), days to 50% flowering, number of female flowers per plant, number of fruits per plant, fruit length (cm), fruit diameter (cm), and fruit weight per plant (kg) and analyzed using IRRI STAR software. Means were separated using the Duncan Multiple Range Test. The results showed that the traits studied increase as the nitrogen level increases in all the selected cucumber hybrids. There were significant increases at each of the nitrogen levels except for 100 to 150 kg N ha-1 in all the studied traits. The percentage increase in fruit weight per plant from 100 to 150 kg N ha-1 was very minute and not economical. Furthermore, Greengo recorded the highest mean value for fruit weight per plant, followed by Darina at all the nitrogen levels. The experiment recommended that nitrogen should be applied at the rate of 100 kg N ha-1 for profitable fruit yield in the cucumber hybrid, and commercial farmers should adopt Greengo for higher fruit yield under open field conditions. 
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INTRODUCTION
Soil fertility is crucial to sustainable vegetable production and requires adequate maintenance and improvement. Fertilization impacts soil nutrients and fertility, thus increasing crop yield and product quality. However, excessive usage of chemical fertilizers often results in low efficiency; imbalanced fertilization can result in micronutrient deficiencies. Nitrogen is an essential nutrient for crop productivity, achieving optimal application levels can be challenging due to the dynamic availability of N to plants during growth. Moreover, excessive use of nitrogen (N) fertilizers can pose serious health and environmental hazards, as over 70% of N fertilizer applied in food production is lost to the environment (Bello et al., 2023; Zakaria et al., 2023; Kumari & Topno, 2023).  Cucumber is an ephemeral climbing vegetable crop that matures between 40 and 60 days after planting, depending on the variety (Babatunde, 2022). The crop is cultivated for its edible, medicinal and nutritious fruit. Cucumber fruit is a good source of vitamins, and the hard skin is rich in minerals (Javid et al., 2024).  Cucumber fruit is often eaten raw or with groundnut, garden egg or as a snack or salad (Diouf and Sambou,  2023). Cucumber fruit contains phyto-nutrients that exhibit anti-inflammatory and antioxidant properties. It’s a good source of fisetin, which plays a major role in memory improvement (Khan et al., 2013). The early maturity and quick economic return of the crop made it a farmer’s choice. The northern farmers were formerly known for their production in Nigeria. However, a large market for the crop in the southern part of the country has motivated farmers in the region to adopt its cultivation. Application of the optimum amount of fertilizers gives good growth and yield. If the recommended dose of fertilizer increases, the leaching of nutrients, soil degradation, etc. may take place. So, as per the requirement fertilizer should be applied to get better results (Kumari et al., 2020; Poonia et al., 2024). 
The cucumber plant has a shallow and fragile root structure that requires adequate moisture and nutrients to optimize metabolic processes and yield optimally (Kumar et al., 2024). Fertile soils are crucial for optimal growth, development, and yield in cucumber production. Application of organic fertilizer to the cucumber plant, even at the point of sowing, has not proven to be the best for the crop because of its slow release of nutrients, and the short life cycle of the plant, of less than two and a half months. Appropriate inorganic fertilizers application is a strategy to supplement soil nutrients for cucumber production for its optimum production. These inorganic fertilizers will make nutrients readily available for uptake within a short time.  Infertile soil, water and heat stress, sudden heat change, among others, were factors responsible for bitterness in cucumber fruits (El-Remaly, 2023), hence it loses its market value as consumers reject it. Bitterness and poor yield in cucumber fruits due to poor soil can be minimized through proper soil amendment with fertilizers.

Despite the nutritional and economic importance of cucumber, the standard recommended nitrogen dose for optimum vegetative, flowering, fruit and fruit-related traits among various cucumber hybrids has not been properly documented. The crop is less studied by researchers. This could be a result of fewer studies conducted on the crop by researchers (Diouf and Sambou,  2023).

Nitrogen (N) is a macronutrient that is essential for the vegetative growth and development of plants, which enhances photosynthetic rate (Fathi, 2022). Hence, assimilation increases and an invariable high yield is obtained.  N is a constituent of proteins, nucleic acids, phospholipids, chlorophyll, hormones, vitamins and alkaloids that are essential in all stages of plant (Bocso and Butnariu, 2022; Tariq et al., 2023). Low N in soil reduces the rate of photosynthesis, accelerates leaf senescence and slows down the rate of biomass accumulation in plants (Li et al., 2022). The use of inorganic fertilizers for the immediate release of nutrients is a strategy adopted by farmers to increase yield. Nigeria's soils are naturally low in Nitrogen (Salami and Agbowuro, 2016). Hence, there is a need to supplement the soil N for optimal plant yield. However, extensive use of N fertilizer causes excessive vegetative growth at the expense of the yield, causing serious environmental problems such as the eutrophication of surface water, soil acidification and pollution of water bodies (Tyagi et al., 2022). 

It is therefore necessary to ascertain the appropriate N dosage for optimal cucumber fruit yield to avoid unnecessary vegetative flourishing at the expense of flower and fruit production, resource wastage, and environmental pollution and degradation.

MATERIALS AND METHODS
Description of the Study Sites.
The research was conducted at the Teaching and Research Farm of the Department of Crop, Horticulture and Landscape Design, Ekiti State University, Ado-Ekiti, Nigeria, for three consecutive cropping seasons (late cropping season of 2024, early cropping season of 2025 and late cropping season of 2025). The experimental site was located at the Derived Guinea Savanna with an annual mean temperature of 27 °C and annual mean rainfall of 1200 mm. The plot is moderately flat. The location has been used for cultivating arable crops for three consecutive years and left fallow for two years. The site was mainly occupied by guinea grass and goat weed.

Plant and Experimental Materials
The plant materials used for the study were three cucumber hybrids (Darina, Greengo and African Giant). These cucumber hybrids were purchased from a reliable agricultural store in Ibadan, Oyo State, Nigeria. The three cucumber hybrids were selected based on their popularity among the farmers in Ado-Ekiti and its environs. Darina, Greengo and African Giant were produced by Seminis, East-West Seeds and Chia Tai Seeds, respectively. The urea, fungicide and insecticide were obtained from Ekiti State Ministry of Agriculture, Ado-Ekiti, Ekiti State, Nigeria.

Field Establishment, Treatments and Experimental Design 
The experimental site was cleared, packed and ridged manually. Each row was 20 m. The ridges were 90 cm apart. The spacing of 40 x 90 cm was adopted. 20 soil samples were collected randomly at the experimental plot with a sterilised soil auger at a depth of 30 cm. The soil samples were mixed to form a composite sample. The soil samples were taken before soil manipulation. The soil was properly packed into a clean envelope and sent to the laboratory for physicochemical analysis. Two seeds were planted per hole and carefully thinned to one a week after germination. Six-foot bamboo was used for the staking two weeks after germination, and polytene twine was used for the trellising of the cucumber seedlings. The two fungicides with different active ingredients [Red force: Metalaxyl-M 6% + Copper (I) Oxide 60% WP and Blue Snow: Azoystrobin 200g/l + Difenonazole 125g/l SC] and insecticides [Laraforce Gold: Lambda-Cyhalothrin 5% + Imidacloprid 15% SC and Imiforce: Imidacloprid 200g/l SL] were used interchangeably to prevent resistance following pests and diseases management protocols. The plots were kept weed-free throughout the experiment. The treatment consisted of three cucumber hybrids (Darina, Greengo and African Giant), and four soil nitrogen rates (0, 50, 100 and 150 kg ha-1). The experiment was laid out in a Randomized Complete Block Design in three replicates. N fertilizer was applied two weeks after planting when the soil was moist and properly covered with soil. The ring application method was adopted at about 7 cm away from the plant and 4 cm deep.

Data Collection and Analysis.
Data were collected on the vine length (cm), number of leaves per plant, leaf area (cm2), days to 50% flowering, number of flowers per plant, number of fruits per plant, fruit length (cm), fruit diameter (cm), and fruit weight per plant (kg). Data were analyzed using IRRI STAR software (2014). Means were separated by the Duncan Multiple Range Test (P<0.05).

RESULTS AND DISCUSSION
The physicochemical properties of the soil at the experimental site for the three seasons are shown in Table 1. The pH values for the soil were 5.16, 5.72 and 5.46 for the first, second and third seasons, respectively. These pH values indicated that the soil was slightly acidic. These values fall within an acceptable range (Agbowuro et al., 2024). Soil nutrients are readily available for plant uptake at these pH ranges (Golla, 2019). The textural class of the soil was sandy loam. Texture is a vital soil property that determines the water and nutrient holding capacity of the soil, which invariably enhances plant growth and development. The textural class of the soil across the three environments has the potential to hold water with high humus content.

Total carbon (g kg-1) ranges from 8.50 - 9.40 for the three growing seasons. The available organic matter (g kg-1) values were 9.98, 10.05 and 10.80, while the values for total nitrogen (g kg-1) were 0.89, 0.96 and 0.74, respectively. Available Phosphorus was measured in mg/kg, while Ca2+ and Mg2+ were measured in cmol kg-1. According to the soil nitrogen critical value by Bao et al. (2024), the soil at the experimental sites was deficient in soil nitrogen. This result conformed to the findings of Agbowuro and Salami (2021) that tropical soils are inherently low in soil nitrogen. The total available phosphorus across the three environments falls below the soil phosphorus critical level of 10-15 g kg-1 (Bai et al., 2013). 

Table 1: The physiochemical properties of the soil across the three cropping seasons.

	Properties
	
	    Values
	

	
	Seasons I
	Seasons  II
	Seasons III

	Sand (g kg-1)
	584.25
	589.30
	579.64

	Clay (g kg-1)
	198.54
	198.98
	187.14

	Silt (g kg-1)
	217.19
	211.65
	233.20

	Textural Class
	Sandy loam
	Sandy loam
	Sandy loam

	pH (H2O)
	5.16
	5.72
	5.46

	Total Carbon (g kg-1)
	9.10
	9.40
	8.50

	Organic Matter (g kg-1)
	9.98
	10.05
	10.80

	Total Nitrogen (g kg-1)
	0.89
	0.96
	0.74

	Available Phosphorus (mg kg-1)
	8.89
	9.10
	9.09

	Ca2+ (cmol kg-1)
	1.07
	1.11
	1.20

	Mg2+  (cmol kg-1)
	0.88
	0.80
	0.87

	K+ (cmol kg-1)
	0.15
	0.11
	0.11

	Na+ (cmol kg-1)
	0.20
	0.18
	0.20


The mean performance for vine length (cm), number of leaves per plant and leaf area (cm2) of the three cucumber hybrids evaluated under different nitrogen conditions for three consecutive growing seasons is shown in Table 2. The results revealed that the vegetative traits studied increase as the nitrogen rate increases. The increase in the vegetative growth could be attributed to the roles nitrogen plays in the growth and development of plants (Lawlor et al., 2001; Leghari et al., 2016). However, adequate nitrogen in plants facilitates the uptake of other nutrients, which enhances growth and development throughout the plant growth phases. There were no significant differences (P<0.05) in the vine length and number of leaves per plant among the three cucumber hybrids that received 0 Kg N ha-1. The three hybrids were significantly different (P<0.05) in vine length and number of leaves per plant for the plants that received 50, 100 and 150 Kg N ha-1. The result revealed that Greengo had the longest vine length and the highest number of leaves at 50, 100 and 150 Kg N ha-1.

The leaf area (cm2) was significantly different (P<0.05) across the four nitrogen levels except for the control (the plant that received 0 Kg N ha-1). The level of significance observed in these traits could be attributed to differences in the genetic composition of the cucumber hybrids. This result also revealed that cucumber hybrids respond to nitrogen ultilization differently. The results on the response of vegetative growth in cucumber hybrids to Nitrogen levels in this study are in collaboration with the findings of several researchers who have reported the influence of N fertilizer on tomato plants (Pandit et al., 2022), pepper (Vadillo et al., 2024), and Okra (Sharma et al., 2023).

Table 3 presents the mean performance for some flowering traits of three cucumber hybrids evaluated under different nitrogen conditions for three consecutive growing seasons. There were significant differences (P<0.05) for the number of female flowers per plant and days to 50% flowering for the three cucumber hybrids across the three seasons. The female flowers increase as the nitrogen rate increases, while the 50% days to flowering decrease. The increase in female flowers and reduction in days to flowering could be attributed to the influence of nitrogen on the physiological and metabolic processes in the plant system.  Nitrogen contains different hormones, vitamins, chlorophyll, and alkaloids that actively take part in all the stages of plant growth and development (Tariq et al., 2023). The percentage flowering increase from 100 Kg N hac-1 to 150 Kg N ha-1 was minute compared to 50 Kg N hac-1 to 100 Kg N ha-1. Darina had the highest number of female flowers across the nitrogen levels, followed by Greengo, which produced flowers earlier, and followed by Darina across the nitrogen levels. This shows that Darina has more female flowers than the other hybrids studied.

Table 2: Mean performance for some vegetative traits of three cucumber hybrids evaluated under different nitrogen conditions for three consecutive growing seasons.

	Nitrogen Level (kg N ha-1)

	Varieties
	
	Vine Length (cm)
	
	

	
	0
	50
	100
	150

	African giant
	162.30
	173.86
	181.30
	182.11

	Darina
	161.11
	175.11
	182.11
	184.20

	Greengo
	163.36
	182.30
	194.20
	201.30

	SE(±)
	0.07
	2.52
	2.06
	1.87

	LS
	NS
	*
	*
	*

	Number of Leaves per plant

	
	0
	50
	100
	150

	African gaint
	17.64
	18.53
	19.65
	20.56

	Darina
	18.45
	20.95
	21.65
	23.21

	Greengo
	18.90
	23.65
	24.51
	25.61

	SE(±)
	0.09
	1.32
	1.12
	1.26

	LS
	NS
	*
	*
	*

	
	
	Leaf Area (cm2)
	
	

	African gaint
	430.94
	436.09
	450.55
	452.71

	Darina
	450.75
	453.15
	456.47
	459.08

	Greengo
	463.96
	465.43
	470.16
	471.90

	SE(±)
	2.76
	3.53
	3.11
	3.86

	LS
	**
	**
	**
	**


Note: Single asterisk (*) represents significant at 0.05 level of significance while double asterisk (**) represents significance at 0.01 level of significance according to Duncan’s Multiple Range Test(DMRT), LS: level of significance, SE(±): standard error and NS: Non Significance.

The mean performance for some fruit traits of three cucumber hybrids evaluated under different nitrogen conditions for three consecutive growing seasons is shown in Table 4. The results showed significant differences (P<0.05) for all the fruit-related traits studied. The parameters studied increase as the nitrogen level increases among the three selected cucumber hybrids. For the number of fruits per plant and fruit width, Greengo had the highest values at 0, 50, 100 and 150 kg N ha-1, followed by Darina, while African giant recorded the least value across all the nitrogen levels. African giant recorded the highest value for fruit length, followed by Greengo. For fruit weight per plant (Kg), there were no significant differences at 0 kg N hac-1. Some level of significance (P<0.05) were recorded for 50, 100 and 150 kg N ha-1 across the three hybrids studied. Greengo recorded the highest value for fruit weight per plant, followed by Darina. The fruit weight per plant percentage increase for African giant, Darina and Greengo from 0 to 50 kg N ha-1 was 10.22, 12.26 and 12.56 % respectively, while the percentage from 50 to 100 kg N ha-1 was 13.74, 20.86 and 22.03 for African giant, Darina and Greengo. The percentage fruit weight increase from 100 to 150 kg N ha-1 was 0.07, 0.16 and 0.04 % for African giant, Darina and Greengo, respectively. 

Table 3: Mean performance for some flowering traits of three cucumber hybrid evaluated under different nitrogen conditions for three consecutive growing seasons.

	Nitrogen Level (kg N ha-1)

	Varieties
	Number of female flowers per plant

	
	0
	50
	100
	150

	African gaint
	14.36
	17.31
	20.32
	20.91

	Darina
	18.11
	19.20
	19.20
	20.15

	Greengo
	16.32
	19.15
	21.22
	20.96

	SE(±)
	1.46
	1.83
	1.54
	1.32

	LS
	*
	*
	*
	*

	Days to 50% Flowering

	African giant
	49.36
	48.83
	47.85
	47.04

	Darina
	38.32
	37.32
	36.60
	36.01

	Greengo
	37.20
	36.28
	36.04
	36.11

	SE(±)
	1.98
	2.06
	1.89
	1.81

	LS
	*
	*
	*
	*


Note: Single asterisk (*) represents significant at 0.05 level of significance while double asterisk (**) represents significance at 0.01 level of significance according to Duncan’s Multiple Range Test (DMRT), LS: level of significance, SE(±): standard error and NS: Non Significance.

The percentage increase from 100 to 150 kg N hac-1 in fruit weight per plant is very minute and economical. The percentage increase for fruit weight per plant from 0 to 100 kg N ha-1 was 25.37, 35.68 and 37.40 % for African giant, Darina and Greengo, respectively. The number of leaves and leaf area are part of the factors that enhance photosynthetic rate for more assimilate accumulation (Yan et al., 2024).  The percentage increase in fruit weight per plant in all the cucumber hybrids studied as the nitrogen level increases could be a result of more assimilate accumulated by the plant due to a high number of leaves and leaf area

Table 4: Mean performance for some fruit-related traits of three cucumber hybrids evaluated under different nitrogen conditions for three consecutive growing seasons.

	Varieties
	Nitrogen Level (kg N ha-1)

	Number of fruits per plant

	
	0
	50
	100
	150

	African giant
	8.31
	8.96
	10.41
	10.42

	Darina
	12.36
	13.28
	15.31
	14.30

	Greengo
	13.11
	15.56
	17.11
	15.98

	SE(±)
	1.24
	1.04
	1.53
	1.68

	LS
	**
	**
	**
	**

	Fruit Length (cm)

	
	0
	50
	100
	150

	African Giant
	20.31
	22.11
	25.43
	25.45

	Darina
	14.36
	16.19
	18.20
	18.23

	Greengo
	16.18
	17.20
	20.17
	20.18

	SE(±)
	2.05
	2.14
	2.64
	2.01

	LS
	**
	**
	**
	**

	Fruit Width (cm)

	
	0
	50
	100
	150

	African Giant
	10.11
	10.28
	11.36
	12.11

	Darina
	11.20
	11.34
	12.10
	12.24

	Greengo
	11.39
	11.32
	12.13
	12.50

	SE(±)
	0.53
	0.41
	0.48
	0.44

	LS
	**
	**
	**
	**

	Fruit Weight per Plant (Kg)

	African Giant
	2.64
	2.91
	3.31
	3.33

	Darina
	2.69
	3.02
	3.65
	3.70

	Greengo
	2.70
	3.04
	3.71
	3.73

	SE(±)
	1.12
	1.07
	1.22
	1.06

	LS
	NS
	**
	**
	**


Note: Single asterisk (*) represents significant at 0.05 level of significance while double asterisk (**) represents significance at 0.01 level of significance according to Duncan’s Multiple Range Test (DMRT), LS: level of significance, SE (±): standard error and NS: Non Significance.

Conclusion
The study revealed that the traits studied mean values increase as the nitrogen level increases in all the selected cucumber hybrids. The plant that received 0 kg N ha-1 recorded the least mean values in all the traits studied, followed by 50, 100 and 150 kg N ha-1, respectively. There was a significant percentage increase for fruit weight per plant from 0 to 50 kg and 50 to 100 kg N ha-1. However, the percentage increase in fruit weight per plant for 100 to 150 kg N ha-1 was very minute and therefore not economical. The study also showed that Greengo had the highest mean value for fruit per plant (kg), followed by Darina and African Giant. 

Recommendation
100 kg N ha-1 should be applied to cucumber hybrids for maximum production, and Greengo should be adopted by the farmers for higher yield in Ado-Ekiti and its environs.
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