



Assessment of Borehole Water Quality for The Growth and Yield of Sweet Melon (Cucumis Melo L) Cultivation Under Controlled Environment in North Central Nigeria


        ABSTRACT
Water scarcity and variability in water quality remain a major challenge for agricultural productivity in Sub-saharan Africa. This study assessed the suitability of borehole water for irrigation and examined its effect on the growth, yield and water use efficiency of sweet melon (Cucumis melo L.) under controlled environment conditions in North-Central Nigeria. Physiochemical and microbial properties of borehole water were analysed and compared with (WHO) standards for irrigation. Results showed that all parameters including pH, electrical conductivity, (EC), total dissolved solids(TDS) and microbial load, were within permissible limits, indicating that the water was suitable for crop production. A greenhouse experiment was conducted using three irrigation levels (100%, 80%, and 60% of crop evapotranspiration, ETc) in combination with four fertilizer application rate (0kg/h (F0), 25kg/h (F25), 50kg/h (F50) and 75kg/h (F75) of recommended dose).  Findings revealed that plants irrigated at 80% ETc with 75% fertilizer application produced significantly higher fruit yield and superior water use efficiency compared to the control treatment (100% ETc with full fertilizer). Sever deficit irrigation (60% ETc) reduced fruit size and yield, though it improves water savings. The study concludes that borehole water in the region is safe for irrigation and that adopting moderate deficit irrigation with optimized fertilizer use offers a practical strategy for improving productivity and conserving water. These results have direct implications for farmers and policymakers, providing evidence-based recommendations for sustainable horticultural production in water-scarce environments. 
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1. INTRODUCTION
Water is a critical input in agricultural production, influencing crop growth, yield and quality. In sub-Saharan Africa, especially in Nigeria, the increasing variability of rainfall and effects of climate change the reliance on groundwater sources such as boreholes for irrigation (Ayuba et al., 2018). Borehole water is considered more dependable than surface water sources, such as rivers and streams, which are often seasonal, contaminated, or affected by competing uses. The growing reliance on borehole water is particularly evident in peri-urban and rural communities of North-Central Nigeria, where vegetable and fruit production in controlled environments (such as greenhouses and screen houses) is gaining popularity.        However, groundwater quality is influenced by geological formations, anthropogenic activities, and environmental factors, and its suitability for irrigation cannot be assumed without assessment (Abulude et al., 2023; Mutileni et al., 2023). Parameters such as salinity, heavy metals, microbial load, and nutrient concentrations can have direct consequences on plant growth, soil health, and ultimately crop yield. 
[bookmark: _GoBack]“Sweet melon (Cucumis melo L), a member of the Cucurbitaceae family, is an economically important horticultural crop cultivated across tropical and subtropical regions. It is valued for its nutritional richness (vitamins minerals, antioxidants) and contributes to food security and income generation for farmers” (Wang et al., 2023). In Nigeria, demand for fresh fruits such as sweet melon has increased due to population growth and changing dietary preferences, However, Sweet melon is highly sensitive to salinity and water stress, which may significantly reduce fruit set, fruit weight, sugar content and overall yield (Zhang et al., 2021).  One of the key challenges to melon production in Nigeria is water management. The crop has relatively high water requirements but is also sensitive to water stress. Over-irrigation can lead to excessive vegetative growth, fruit cracking, and reduced sweetness, while under-irrigation can limit fruit size and yield (Zeng et al., 2009). 
Therefore, efficient water management is crucial for maximizing both yield and fruit quality. Fertilizer management is equally important, as nutrient imbalances can affect melon fruit development and postharvest quality. Controlled environment agriculture (CEA), particularly greenhouse cultivation, provides an opportunity to maximize sweet melon production by regulating environmental factors such as temperature, humidity and irrigation frequency. Nevertheless, the success of CEA is strongly influenced by the quality of irrigation water used. Even within greenhouse system, irrigation water with high electrical conductivity (EC), sodium absorption ratio (SAR), or microbial load can negatively affect crop performance and reduce water use efficiency (FAO, 1985; Ihenetu et al., 2024).
In North-Central Nigeria, particularly Kwara State, most farmers depend on borehole water for both domestic and agricultural purposes (Abdulsalam et al., 2020). While boreholes are generally considered safer than shallow wells, studies have revealed varying levels of salinity, sodium hazards heavy metals and microbial contaminants in borehole water across Ilorin and surrounding communities (Awe and Faloye, 2020; NJPAS, 2023). The implications of using such water on sensitive crops like sweet melon under greenhouse conditions are not fully understood, creating the need for a systematic evaluation. This research therefore seeks to assess the effect of borehole water quality on the growth and yield of sweet melon under controlled greenhouse conditions in North-Central, Nigeria. The main objective is to assess the borehole water quality on the growth and yield of sweet melon under controlled environment conditions.
2 Materials and Methods
2.1 Study Area
This research was conducted in an 8x24m Quonset green house at National Centre for agricultural mechanization Ilorin. The National Centre for Agricultural Mechanization (NCAM) Ilorin is situated on longitude 40 35” East and longitude 80 29” North, with an altitude of 370 m above sea level. The mean annual rainfall 1,200mm while the rainfall is bimodal. The rainfall season spans from April through October with a dry spell in the month of August.  The project was carried out from February, 2024 to June, 2024, on one of the nine greenhouses of NCAM, a free standing, Quonset type with dimension of 8m x 24 m operated by General Service department.
2.2 Experimental Design and Treatments 
The experiment followed a split-plot design, where the main plots consisted of three irrigation regimes, and the sub-plots consisted of four fertilizer application. The three irrigation regimes were based on different percentages of crop evapotranspiration (ETc), with the 100% ETc (I1) treatment as the control. The three irrigation treatments are as follows: (100% ETc, (I1) control), (80% ETc, (I2) moderate deficit), and (60% ETc, (I3) severe deficit). For the fertilizer application rate, the sub-plots include four treatments: F0 (Zero fertilizer), F25 (25kg/h), F50 (50kg/h), and F75 (75kg/h). Sweet melon seeds were planted and allowed to grow and developed during which measurements were taken on the growth and yield parameters.
2.3 Water Sampling and Laboratory Analysis
A plastic container of about 1.0 litre in capacity was used in taking the sample. The containers were properly washed, cleaned and sterilized using sulphuric acid and then rinsed with distilled water. At sample points, the containers were rinsed with the water from which sampling will be collected from before they were later filled with the same water from the same source. The container was clearly labelled and filled with sample to the top. The samples were labelled B.  The samples were taken for physico-chemical and bacteriological analysis at a standard laboratory and Organoleptic properties such as appearance, odour and taste were also assessed
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Figure 1:    Study Map Area of  Kwara and Study Map Area of  NCAM   











3 RESULTS AND DISCUSSION
3.1 Water Quality Analysis 
        The physio-chemical properties of the borehole water used for irrigation throughout the experimental period are presented in Table.1. The analysis was conducted to assess the suitability of the borehole water source for sweet melon cultivation and to identify potential constraints that might influence crop response to the applied irrigation. The water temperature averaged 24.35°C, which is within the acceptable range for irrigation purposes as it does not pose thermal stress on plant roots. The electrical conductivity (EC) measured 421 µS/cm, indicating low salinity levels that are unlikely to impair crop growth and development. This value falls well below the threshold of 1,500 µS/cm suggested by Ayers and Westcot (1985) for sensitive crops like sweet melon.
     The water pH was slightly alkaline (7.09), which is within the optimal range (6.5 -7.5) for nutrient availability and microbial activity in soils. Total dissolved solids (TDS) were recorded at 211.5 mg/L, substantially below the critical level of 500 mg/L recommended for irrigation water quality (Adroja, 2017). The relatively low total hardness (8.00 mg/L) indicates minimal risk of scale formation in the drip irrigation system, which is advantageous for maintaining consistent water distribution efficiency throughout the crop cycle. The concentrations of major cations including calcium (2.01 mg/L), magnesium (0.69 mg/L), sodium (2.65 mg/L), and potassium (5.86 mg/L) were all within acceptable limits for irrigation water. The sodium adsorption ratio (SAR), calculated from these values, indicated low sodicity risk (2.29), which is beneficial for maintaining soil structural stability under the various soil management practices investigated in this study. Among the anions measured, sulphate exhibited the highest concentration (56.10 mg/L), though still within permissible limits. Chloride (0.96 mg/L) and nitrate (0.32 mg/L) concentrations were notably low, reducing the risk of specific ion toxicity that might confound experimental results. The negligible levels of iron (0.05 mg/L) further confirm the suitability of the water source for drip irrigation, as higher iron concentrations could potentially lead to emitter clogging through precipitation reactions. The water quality analysis indicates that the borehole water used in this study meets the recommended standards for agricultural irrigation (FAO, 2019) and is suitable for sweet melon cultivation under the experimental conditions.  




















Table 1: Physico-Chemical and Microbial Properties of Borehole Water
	Parameter
	Mean Value                          WHO (2011)

	Temperature (0C)
	24.35                                         -

	Electrical Conductivity (µS/cm)
	0.25                                           0-3

	PH
Total Dissolved Solid
	7.23                                         6.5-8.5
104.67                                     0-2000

	Total Hardness (mg/L)
	8.00                                          100-500

	Calcium Ca2+ (mg/L)
	2.01                                         75-200

	Magnesium Mg2+ (mg/L)
	0.69                                         0-120

	Total Alkalinity (mg/L)
	0.51                                         0-200

	Total Acidity (mg/L)
	0.00                                        0-10

	Chloride (mg/L)
	0.96                                        0-1065

	Sulphate (mg/L)
	56.10                                     0-1920

	Nitrate (mg/L)
	0.32                                         0-10

	Sodium (mg/L)
	2.65                                        0-920

	Potassium (mg/L)
	5.86                                       75-200

	Iron (mg/L)
	0.05                                        0.05-0.50

	Sodium Adsorption Ratio (SAR)
	 2.29                                           0-15

	Total Plate Count (cfu.M/L)
	0.81                                               -

	Biochemical Oxygen Demand (mg/L)
	
	1.5                                                  -

	Dissolved Oxygen  (mg/L)
	2.5                                                   -

	Feacal Coliform (cfu.M/L)
	Nil                                                   -

	Eucherichia Coli (cfu.M/L)
	Nil                                                    -

	
	



3.2 Effect of irrigation levels of borehole water on plant height
         	A significant difference in plant height due to different levels of irrigation is presented in Table 2. The plant height was observed significantly higher in irrigation level I2 (80% ETC), (141.69 cm) than I1 (100% ETC). Significantly lower plant height was recorded with I3 (60% ETC) (121.80 cm) than the rest of the treatments. The plant height in I2 (80% ETC) was found to be 1.16 times higher than I3 (60% ETC), increasing vegetative characteristics under (80% ETC) irrigation level could be attributed to the suitable irrigation quantity especially in the early stage of crop growth enhanced a deeper and more extensive root system and these result are closely related to Ngouajio, et al., (2017) in tomatoes.
3.2.1 Effect of fertilizer application rate of borehole water on plant height
            A significant difference in plant height at harvesting stage was observed under different fertilizer application rate and they are accounted in Table.2. F0 received no fertilizer as compared to F25, F50 and F75 which allowed for the better yield and growth of plants. Significantly higher plant height was observed in F75 treatment (183.11cm) which was 1.68 times higher F50 treatment (108.76cm) and 1.58 times higher than F25 treatment. 
Table 2 Effect of Irrigation Levels and Fertilizer Application Rate of Borehole Water on Plant Height (cm)
	
Irrigation                                                         Levels
	
                          Fertilizer application
	


	
	F0
	F25
	F50
	F75
	Mean

	I1
	180.00
	117.33
	129.67
	113.33
	135.08

	I2
	195.33
	122.00
	135.70
	 113.73
	141.69

	I3
	174.00
	107.00
	107.00
	 99.23
	121.80

	Mean
	183.11
	115.44
	124.12
	108.76
	






Figure: 2 Graph showing the effects of irrigation levels and fertilizer application rate on plant height at harvest stage (cm)

3.3 Effect of fertilizer application rate of borehole water on number of fruit per plant
         The data presented in Table 3 reveals that the number of fruits per plant was influenced by different fertilizer application rate. Highest number of fruits per plant were observed with F75 (75% fertilizer application rate) (22.51nos/plant).  Lowest number of fruits per plant were observed in F0 (Control) (11.22nos/plant) which was found significantly lower than rest of the treatments.
3.3.1 Effect of irrigation level of borehole water on number of fruits per plant
           A significant difference in number of fruits per plant was noticed due to different levels of irrigation (Table 3). Highest number of fruits per plant was recorded with I2 (80% ETc) irrigation level 18nos/plant) which was significantly higher than the rest of irrigation treatment.  Significantly lowest number of fruits per plant was observed in I3 (60 ETc) irrigation level (10nos/plant).
Table 3 Effect of Irrigation Levels and Fertilizer Application Rate on Number of Fruits per Plant
	
Irrigation                                                         Levels
	
                          Fertilizer application
	


	
	F0
	F25
	F50
	F75
	Mean

	I1
	10 
	14
	17
	 22
	15.75

	I2
	12
	16
	18
	26
	18.00

	I3
	10
	13
	16
	18
	14.25

	Mean
	10.67
	14.33
	17.00
	22.00
	






Fig 3: Graph showing the effect of irrigation levels and fertilizer application rate on number of fruits per plant
3.4 Effect of irrigation levels of borehole water on weight of fruit per plant
     A significant difference in weight of fruits per plant was observed due to different levels of irrigation (Table 4.). Maximum weight of fruits per plant of 238.31kg was recorded with I2 (80% ETc) irrigation level which was observed at par with I1 (100% ETc). Significantly minimum weight of fruits per plant of 206.78kg was observed in I3 (60% ETc) irrigation level. 
3.4.1 Effect of fertilizer application rate of borehole water on weight of fruit per plant 
       The data presented in Table 4 indicates that the weight of fruits per plant was influenced by different fertilizer application rate. Maximum weight of fruits per plant was observed with F75 (75% fertilizer application rate) (288.55kg). Minimum weight of fruits per plant was observed with F0 (Control) (152.20kg) and it was found significantly lower than rest of the fertilizer application rate. “Heavier fruit was observed in F75 (75% fertilizer application rate) than the other treatments which could be explained in light of beneficial effects of fertilizer which enables retention of soil moisture and prevent soil temperature to rise high at the end of vegetative phase which enables increase in the CO2 content, which results in increased photosynthesis”. (Lamount, 2019).
Table 4 Effect of Irrigation Levels and Fertilizer Application Rate on Weight of Fruits per Plant (g)
	
Irrigation                                                         Levels
	
                          Fertilizer application
	


	
	F0
	F25
	F50
	F75
	Mean

	I1
	157.33
	217.47
	238.17
	286.93
	224.97

	I2
	175.30
	225.53
	256.33
	296.10
	238.31

	I3
	123.97
	197.67
	222.87
	282.63
	206.78

	Mean
	152.20
	213.56
	239.12
	288.55
	





Figure: 4. Graph showing the effect of irrigation levels and fertilizer application rate on weight of fruits per plant (g)

4 CONCLUSION
The assessment of borehole water quality for sweet melon cultivation under controlled environment in North Central Nigeria revealed that all the tested physico-chemical and microbial parameters of the water were within the permissible limits set by the World Health Organization (WHO). This indicates that the borehole water source is suitable for agricultural use, particularly for the production of sweet melon.
Furthermore, irrigation scheduling and fertilizer management played a crucial role in crop performance. Results showed that sweet melon irrigated with 80% of crop evapotranspiration (ETc) combined with 75% fertilizer application rate produced significantly higher fruit compared to the control treatment. The same treatment also enhanced water use efficiency, demonstrating the potential for optimizing limited water resources while sustaining high productivity.
Overall, the study highlights that borehole water in the study area is safe and reliable for crop irrigation, and that adopting deficit irrigation at 80% ETc with moderate fertilizer application can improve both yield and water productivity of sweet melon in controlled environments. These findings provide useful insights for farmers, researchers and policymakers seeking sustainable strategies for greenhouse sweet melon production under water scarce conditions in Nigeria and similar agro-ecological zones.
5  Recommendations:
    Routine water quality monitoring for greenhouse farmers.
     Adoption of borehole and treated water for commercial sweet melon production.
      Further studies on long-term soil impacts of irrigation water sources.
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