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ABSTRACT

	Irrigation is crucial for optimising crop yields, with drip irrigation serving as an efficient method for delivering precise water quantities directly to plants. Evaluating the economic implications of pressure variations within drip systems is essential for enhancing productivity and profitability. This study aimed to thoroughly assess the economic consequences of pressure variations in drip irrigation systems for maize cultivation, offering valuable insights for farmers, policymakers, and agricultural stakeholders. This study was conducted at Sokoine University of Agriculture (SUA) in the Morogoro Region of Tanzania. A randomised complete block design was employed, featuring three inlet pressure treatments – 1.0 bar, 1.5 bar, and 2.0 bar – each replicated three times. Uncompensated drippers were used to supply water efficiently, and volumetric measurements determined emitter flow rates. During the first cropping season, maize evapotranspiration was measured at 271.2 mm, while the second season recorded 212.3 mm. Results showed slight variations in yields across the pressure treatments: in the first season, yields were 2,340.9 kg/ha (T1), 2,432.7 kg/ha (T2), and 2,708.1 kg/ha (T3). In the second season, yields were 2,203.2 kg/ha (T1), 2,233.8 kg/ha (T2), and 2,646.9 kg/ha (T3). The net profit per hectare over the system's long lifespan was estimated at $1,103 (T1), $1,139 (T2), and $1,250 (T3) in the first season and $993 (T1), $1,005 (T2), and $1,170 (T3) in the second season. The Benefit-Cost Ratios (BCRs) were notably favourable, with values of 16.53 (T1), 17.63 (T2), and 20.93 (T3) during the first season. In the second season, the BCRs ranged from 14.88 (T1) and 15.25 (T2) to 20.20 (T3), indicating strong economic viability for long-term investment. These findings underscore drip irrigation as a sustainable water management strategy in agriculture. Based on the results, the adoption of drip irrigation systems is recommended for long-term use. Additionally, utilising a pressure of 2 bars is suggested to enhance water use efficiency (WUE) and profitability, especially for maize farmers in water-scarce regions. Effective water management is critical; therefore, proper irrigation scheduling– considering the timing and quantity of water application – is essential to optimise yields and prevent inefficient water use. 
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1. INTRODUCTION

Maize is one of the world's most vital cereal crops, serving as a staple food for millions and as a key component in animal feed. Globally, it ranks third in importance after rice and wheat, playing a crucial role in agriculture and food security. In 2008, the global maize sowing area reached 159.5 million hectares, yielding 817.1 million tons with an average productivity of 5.12 tons per hectare (El-Wahed and Ali, 2013). Cultivated across diverse continents and climatic zones, maize significantly contributes to global food security and agricultural economics (Ranum et al., 2014). 
In recent years, maize production has experienced steady growth. In 2021, global maize output exceeded 1.2 billion metric tons, according to the Food and Agriculture Organisation (FAO, 2021). This upward trend highlights maize's adaptability to diverse environmental conditions and its versatility across multiple applications, including human consumption, livestock feed, and industrial use. Tanzania, a key maize-producing nation, relies heavily on this crop to achieve its agricultural and food security goals, as it provides a significant portion of the daily caloric intake for much of the population. As the most widely cultivated cereal in the country, maize plays a critical role in ensuring food security and alleviating poverty. Its cultivation is primarily undertaken by smallholder farmers, for whom maize serves as a cornerstone crop, supporting both livelihoods and household incomes. 

In Irrigation management methods, the required amount of water is applied to the field to satisfy the crop needs at various stages. Based on the soil moisture and crop evaporation conditions, IoT-based smart irrigation management detects the irrigation schedule, the amount of water required, and the frequency of irrigation for the maize crop. In the agriculture industry, new technologies are required to satisfy the increasing food needs and requirements (Prema et al., 2024). Acknowledging maize's significance, the Tanzanian government has introduced various initiatives and policies to boost production and promote food self-sufficiency (Nkonya et al., 1998). However, achieving optimal maize growth and maximising yields are highly dependent on consistent and precise irrigation practices.
In this context, the adoption of drip irrigation systems has brought significant advantages to maize production. Drip irrigation offers an efficient and sustainable approach to water management, particularly suited for maize cultivation. By delivering water directly to plant roots, this method enables precise and efficient water distribution, making it a cornerstone of precision agriculture. Compared to traditional surface irrigation techniques, such as basin or furrow irrigation, drip irrigation has the potential to increase crop yields while minimising water loss and conserving valuable water resources (Yang et al., 2023; Windows, 2012). To ensure the effectiveness of drip irrigation systems, maintaining consistent and controlled pressure levels and water flow throughout the network is essential. Pressure variations can occur due to factors such as fluctuations in water supply, system design flaws, or operational challenges. These variations often result in uneven water distribution, leading to under- or over-irrigation across the field. Such irregularities can decrease crop yields, increase water consumption, and cause economic losses (Sharma et al., 2016). In maize production, non-uniform irrigation can significantly affect crop growth, development, and yield potential (Sui et al., 2015). It is well established that higher yields depend on achieving optimal plant population and providing adequate nutrient application, especially nitrogen. Moreover,     appropriate crop geometry is essential for efficient interception of sunlight for photosynthesis and for maximising nutrient and moisture utilisation within the crop's root zone (Rajanikanth et al., 2025; Pourgholam-Amiji et al., 2025).
The economic implications of pressure variation in drip irrigation systems are complex and far-reaching. Uneven water distribution directly impacts crop yields, as both water stress and excess moisture hinder maize growth and development, ultimately reducing productivity per hectare (Wambua, 2025). Additionally, to compensate for non-uniform distribution, farmers often need to apply more water, leading to increased water consumption and higher operational costs (Lamm et al., 2010). These inefficiencies are further compounded by energy waste, as additional pumping is often required to sustain the desired pressure levels (Soboyejo et al., 2019).
Narayanamoorthy (2004) demonstrated that drip irrigation is economically viable even without subsidies, highlighting its long-term sustainability. Similarly, (Wahid et al., 2020) found that drip irrigation offers the highest net benefits and marginal rate of return compared to alternative irrigation methods. Although the initial investment costs are higher, the system's ability to ensure sustainable yields justifies the expense. Narayanamoorthy et al. (2018) further emphasised that drip irrigation significantly improves crop productivity compared to flood irrigation, making it a compelling choice for farmers. Additionally, (Guo & Li, 2024) and (Whittlesey, 2003) concluded that drip irrigation is notably more efficient in water use, reinforcing its value in resource conservation.
The success of any irrigation investment depends on the cost-effectiveness and overall performance of the chosen system. Mukherjee et al. (2023) evaluated the economic impact of integrating pressure gauges (regulators) into drip irrigation systems on a commercial tomato farm in California. Their findings revealed a 20% reduction in water consumption and a 15% increase in crop yield compared to systems without pressure gauges. These improvements led to significant water cost savings and increased revenue from higher yields, achieving a return on investment (ROI) within two years. Similarly, Liu et al. (2023) compared drip irrigation to the border irrigation method (BI) in northwest China; the net return and benefit/cost ratio rose by 60.90% and 22.88%, respectively. These findings show that drip irrigation can significantly increase maize's growth, yield, WUE, and economic benefits. 
The lack of a comprehensive evaluation of the economic implications of pressure variation, water use efficiency, and crop yields in drip irrigation systems limits the development of effective strategies for promoting sustainable agriculture and economic prosperity in water-scarce regions. Understanding the economic impact of pressure fluctuations in these systems is crucial for enhancing efficiency, optimising resource use, and ensuring the sustainability of maize production. This study aimed to thoroughly assess the economic consequences of pressure variations in drip irrigation systems for maize cultivation, offering valuable insights for farmers, policymakers, and agricultural stakeholders.


2. MATERIALs AND Methods

2.1 Description of the Study Area
A field experiment was conducted at a research site of the School of Engineering and Technology (SoET) within Sokoine University of Agriculture (SUA). The site is located approximately 3 km from Morogoro town, Tanzania, at coordinates 6°51'30"S and 37°39'0"E, with an elevation of 533 meters above sea level. Figure 1 presents the map showing the location of the study area.
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Figure 1: Location map of the study area
2.2 Experimental Design and Layout
The experiment was laid out in a randomised complete block design with three treatments, i.e., 1.0 bar, 1.5 bar, and 2.0 bar pressure at the head of the lateral. These were replicated three times with a total of 9 individual plots, as shown in Figure 2.
A conventional drip irrigation system was installed on each plot to assess its technical performance. The system components - including operating pressure head, pipe diameter, pipe length, emitter type, and emitter spacing – were selected in accordance with standard drip irrigation practices. Each component was critical to ensure the model accurately simulated the functionality of the actual installed system. A non-pressure compensating emitter was used throughout the system. Each plot measured 6 m by 17 m, with a 2-meter buffer zone surrounding it. The maize variety DK777 was planted at a spacing of 30 cm between plants within the row and 1 m between rows, on raised beds with drip lines positioned alongside. The emitter spacing on the lateral lines matched the within-row plant spacing, ensuring that each plant received water from a single emitter. Each plot was fitted with three drip lines, as illustrated in Figure 2.
The setup comprised a 1-horsepower (hp) centrifugal pump, a 10,000-litre water tank elevated on a platform 1 m above ground level, and a filter attached to the tank's outlet. Water was discharged from the tank into a mainline made of high-density polyethylene (HDPE), 32 mm in diameter and 50 m in length. This mainline branched into a sub-mainline of the same diameter. From the sub-main, water was metered to the manifold, also 32 mm in diameter, located at the head of each plot (Figure 2). Each manifold supplied three lateral lines, each 16 mm in diameter and 15 m long. Additionally, a control valve and a pressure gauge were installed at the head of each manifold to facilitate effective pressure regulation.

[image: ]Figure 2: Experimental field layout of the study
2.3. Data Collection
2.3.1 Determination of crop water requirements
Rainfall —a critical climatic factor influencing crop growth —was monitored using the manual rain gauge method throughout the growing seasons of the experiment. The collected data were then used to calculate dependable effective rainfall using CROPWAT version 8.0 software (Smith and Nations, 1992). 
The reference crop evapotranspiration (ETo) was computed using the Penman-Monteith method with the aid of INSTAT-plus (v3.6) software (Stern et al., 2006).  
The crop water requirement (ETc) was determined by multiplying daily reference evapotranspiration (ETo) by the crop coefficient (Kc) value. The ETc was determined using CROPWAT 8.0 software, along with monthly ETo values using ClimWat 2.0 (Allen et al., 1998).
................................................................................................................(1)
Where ETc = Crop evapotranspiration (mm/day)
             ETo = References evapotranspiration (mm/day)
             ETo = References evapotranspiration (mm/day)
The daily ETc values calculated were aggregated for the different growth stages of the crop – initial, developmental, mid-season, and late-season – to determine the seasonal crop water requirement.
2.3.2 Estimation of crop coefficients for different stages
Crop coefficient values provided by the FAO (Allen, Richard G., PEREIRA, Luis S., RAES, Dirk and SMITH, 1998) were utilised following the single crop coefficient approach to calculate ETc. Specifically, Kc values of 0.30 for the initial stage, 1.20 for the mid-season stage, and 0.35 for the late-season stage were assigned for the maize crop. Additionally, the respective durations of the growth stages were taken as 13, 21, 25, and 16 days for both seasons, the first and second. This approach facilitated the determination of crop evapotranspiration (ETc) for maize in accordance with the FAO guidelines (FAO et al., 2015).

2.3.3 Determination of irrigation requirement
The first step in determining irrigation requirements is to calculate the net irrigation (In). This was done according to (Smajstrla and Zazueta, 2011).
....................................................................................................................(2)
[bookmark: _Int_4rc7A8dZ]Where,
Pe = dependable effective rainfall (mm).
Next, the gross irrigation requirement (Ig) was determined as follows (Savva et al., 2002) where field application efficiency, expressed as a fraction with an Ea of 94% was employed in this study.
2.3.4 Yield parameter measurements
At the maturity stage, maize samples from the different treatment plots were harvested manually. Subsequently, the number of plants and ears was counted, and the ears per plant were recorded. Kernels from 15 representative ears per treatment plot were oven-dried at 70°C and weighed using a scale (Figure 4), with measurements recorded in kilograms. A moisture meter was used to determine the grain moisture content. Grain yield was calculated at a standard moisture content of 14% and was used for statistical analysis and the computation of water use efficiency (WUE).
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Figure 3: Appearance of the maize crop at various stages of development
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Figure 4: Laboratory preparations of the harvested maize to obtain dry weight

2.3.5 WATER PRODUCTIVITY
i. Water use and irrigation water use efficiency
ii. Following the crop harvest, water use efficiency (WUE) and irrigation water use efficiency (IWUE) values, measured in kg of grain per cubic meter (kg m⁻³), were calculated for various treatments using the equations provided by Gheysari et al., 2015.
iii. Water use efficiency
Water use efficiency was computed by dividing the grain yield by the total evapotranspiration over the entire season.
.....................................................................................(3)
iv. Irrigation Water Use Efficiency
Irrigation water use efficiency was computed by dividing the grain yield by the total water applied.
......................................................(4)

2.3.6 Economic analysis
Economic analysis was conducted following the guidelines outlined by Scott & Farquharson (2004). The benefit-cost (B-C) ratio, which is a measure of project worth, was used to evaluate the economic viability of the drip irrigation system in maize production, calculated as the present value of benefits divided by the present value of costs. When the ratio is greater than or equal to 1, the project is considered acceptable because benefits outweigh costs. The total cost of maize production encompasses expenses related to land preparation, irrigation system installation, labour, fertilisers, and pest control for a long-term period (10-year lifespan). The benefit-cost ratio (BCR) can be expressed as:
.........................................................................................................(5)
Where:
Bt = Benefit at time t
Ct = Cost at time t
r = Interest (discount) rate
t = time (1, 2… n)
n = time horizon (years)

2.4. Statistical Analysis
The collected data were systematically organised, and mean values were calculated using Microsoft Excel. Data analysis was performed with R software, employing ANOVA to compare the treatment means. Furthermore, a Least Significant Difference (LSD) test at the 5% significance level was conducted to identify significant differences among treatments regarding plant growth and yield.

3. RESULTS AND DISCUSSION
3.1 Soil Physical Properties of the Study Area
The results of the soil physical analysis of samples taken from the experimental site are shown in Table 1.
Table 1: The physical properties of the soil
	Physical properties
	Values

	Bulk density (g cm-3)
	1.46

	Porosity (% by vol.)
	45

	Field capacity (% by vol.)
	17.9

	Wilting point (% by vol.)
	8.1

	Organic matter (%)
	2.5

	
Particle size distribution 

	(%)

	Sand
	65

	Silt
	25

	Clay
	10



The analysis indicates that the soil texture is sandy loam, with a total available soil moisture (difference between field capacity and wilting point) of 98.0 mm/m. This value represents the lower end of the water-holding capacity for sandy loam soils, which influences the selection of an appropriate irrigation method considering the available water resources. Based on site conditions, implementing drip irrigation is recommended, as it aligns well with the observed maximum rain infiltration rate of 6 mm/day. The maximum rooting depth for maize in the study area was determined to be 100 cm. The initial available soil moisture at the site was taken as 98.0 mm/m.


3.2. Climatic Characteristics of the Study Area
Table 2 shows the mean monthly values of climatic variables for the study area, including the reference evapotranspiration (ET₀) calculated using the Penman-Monteith method (Stern et al., 2006). The region experiences a warm, sub-humid climate throughout the year, characterised by moderate winds. As a tropical climate, it receives annual precipitation ranging from 450 to 1,300 mm, with an average of approximately 870 mm (Table 3), reflecting considerable variability. Precipitation is predominantly concentrated from March to May (the long rains) and, to a lesser extent, from October to December (the short rains), indicating a bimodal rainfall pattern (Figure 4). The humid period – when precipitation exceeds potential evapotranspiration – lasts approximately three months, from March to May (Figure 5). This rainfall distribution plays a significant role in determining suitable crop choices and management practices in the area. Water availability is a critical concern, given the limited duration of the humid period, highlighting the need for supplemental irrigation and effective water conservation strategies (Kihupi et al., 2015).  

Table 2: Mean monthly values of climatic variables for Morogoro station
	Month
	Minimum
Temperature 0C
	Maximum Temperature
0C
	Relative Humidity %
	Wind
km/day
	Sun
hours
	Radiation
MJ/m2/day
	ETo
mm/day

	January
	21.0
	31.5
	71
	130
	5.7
	18.6
	4.38

	February
	20.8
	31.7
	73
	121
	5.9
	19.1
	4.40

	March
	20.8
	31.5
	76
	121
	6.0
	18.8
	4.27

	April
	20.4
	29.6
	83
	104
	4.6
	15.7
	3.40

	May
	18.8
	28.2
	82
	112
	4.2
	13.9
	3.00

	June
	15.9
	27.3
	78
	130
	4.5
	13.5
	2.93

	July
	15.0
	27.2
	74
	130
	4.4
	13.7
	3.00

	August
	15.8
	28.3
	69
	130
	4.4
	14.8
	3.39

	September
	16.6
	29.8
	67
	156
	4.9
	16.7
	4.03

	October
	18.0
	31.2
	65
	190
	5.8
	18.6
	4.74

	November
	19.5
	31.8
	68
	173
	6.1
	19.2
	4.73

	December
	21.1
	32.0
	69
	173
	5.7
	18.4
	4.64

	Average
	18.6
	30.0
	73
	139
	5.2
	16.8
	3.91



Table 3: Mean monthly rainfall data (1961 – 2020) for Morogoro station
	Month
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept
	Oct
	Nov
	Dec
	Total

	Rainfall (mm)
	104.5
	82.6
	140.9
	207.5
	81.9
	17.9
	13.6
	9.5
	10.6
	38.0
	68.6
	103.1
	878.8

	Effective Rainfall (mm)
	87.0
	71.7
	109.1
	138.6
	71.2
	17.4
	13.3
	9.4
	10.4
	35.7
	61.1
	86.1
	711.0
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Figure 5: Expected rainfall amounts for each month at Morogoro, with a 20, 50 and 80% probability of exceedance representing a wet, normal and dry period respectively

[image: ]
Figure 6: Mean monthly rainfall and evapotranspiration for Morogoro

3.3 Crop Water Requirements
The evapotranspiration (ET) of maize was recorded at 271.2 mm during the first season (November, December, and January) and 212.3 mm during the second season (February, March, and April). Notably, crop evapotranspiration was higher during the dry months compared to the rainy months, as crops require more water for replenishment during dry periods. Additionally, crop water consumptive use (ETc) varies significantly depending on the crop's developmental stage and is predominantly influenced by climatic factors, with rainfall being the most impactful.
Rainfall in the second season was higher (159.2 mm) than in the first season (101.5 mm). Conversely, water applied was lower in the second season (53.1 mm) compared to the first season (169.7 mm), as shown in Table 4. The duration of water application differed among treatments according to the crop's growth stages. In the first season, application intervals were every 5 days with durations of 1.30 hours at the initial stage, 7 days with 3 hours at the development stage, 10 days with 5 hours at the mid-stage, and 10 days with 4 hours at the late stage. Similarly, in the second season, intervals were every 5 days with 1 hour at the initial stage, 7 days with 2 hours at the development stage, 10 days with 4 hours at the mid-stage, and 10 days with 3 hours at the late stage. The higher rainfall in the second season significantly influenced yield outcomes, as detailed in Table 5.

Table 4. Crop water and irrigation requirements for the first and second season, for all four growth stages
	Month
	Decade
	Stage
	Kc
Coeff
	ETc
mm/day
	ETc
mm/dec
	Eff rain
mm/dec
	Irr. Req.
mm/dec

	First Season

	Nov
	3
	Init
	0.30
	1.41
	14.1
	3.2
	10.9

	Nov
	1
	Dev
	0.41
	1.93
	19.3
	7.1
	12.2

	Nov
	2
	Dev
	0.81
	3.75
	37.5
	10.4
	27.1

	Dec
	3
	Mid
	1.13
	5.68
	56.8
	29.2
	27.6

	Dec
	1
	Mid
	1.16
	5.16
	51.6
	25.7
	25.9

	Dec
	2
	Mid
	1.14
	5.00
	50.0
	11.9
	38.1

	Jan
	3
	Late
	0.75
	3.63
	36.3
	10.3
	26.3

	Jan
	1
	Late
	0.40
	1.76
	5.3
	10.3
	1.6

	Total
	271.2
	101.5
	169.7

	Second Season

	Feb
	3
	Init
	0.30
	1.31
	1.3
	0.0
	1.3

	Mar
	1
	Init
	0.30
	1.30
	13.0
	10.7
	2.3

	Mar
	2
	Dev
	0.44
	1.89
	18.9
	15.6
	3.3

	Mar
	3
	Dev
	0.85
	3.39
	37.3
	25.5
	11.8

	Apr
	1
	Mid
	1.12
	4.15
	41.5
	27.6
	13.9

	Apr
	2
	Mid
	1.13
	3.84
	38.4
	31.0
	7.4

	Apr
	3
	Late
	1.10
	3.59
	35.9
	30.2
	5.7

	May
	1
	Late
	0.17
	2.24
	22.4
	17.2
	5.2

	May
	2
	Late
	0.40
	1.19
	3.6
	1.4
	2.2

	Total
	212.3
	159.2
	53.1


3.4 Crop yield parameters
The results for crop yield, including grain weight, water use, and water use efficiency, are summarised in Table 5 for both growing seasons. The application rates were 271.2 mm in the first season and 212.3 mm in the second season. The discharge rates from the emitters varied depending on the operating pressure.
As shown in Table 5, in the first season, the yields were 2,340.9 kg/ha for T1, 2,432.7 kg/ha for T2, and 2,708.1 kg/ha for T3. In the second season, with a slight decrease attributable to rainfall, the yields were 2,203.2 kg/ha for T1, 2,233.8 kg/ha for T2, and 2,646.9 kg/ha for T3. Statistical analysis indicated no significant differences (p > 0.05) among the treatments in terms of yield.
Table 5: Comparison of yield, water use and water use efficiency among treatments
	TREATMENT
	                         FIRST SEASON

	
	Pressure
	Yield (kg/ha)
	Water applied 
(mm)
	Water use efficiency (kg/m3)
	Irrigation water use efficiency (m3)

	T1
	1 bar
	2,340.9
	271.2
	8.632
	27.638

	T2
	1.5 bar
	2,432.7
	271.2
	8.970
	28.721

	T3
	2 bar
	2,708.1
	271.2
	9.986
	31.973

	                                                  SECOND SEASON

	T1
	1 Bar
	2203.2
	212.3
	10.378
	26.012

	T2
	1.5 Bar
	2233.8
	212.3 
	10.522
	26.373

	T3
	2 Bar
	2646.9
	212.3
	12.468
	31.250


There are no significant differences (p > 0.05) among treatments in yield.
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Figure 7: Effect of different operating pressures on yield 
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Figure 8: Regression relationship between different operating pressures on yield

4. ECONOMIC ANALYSIS
4.1. Cost of Cultivation
An interesting observation is that the substantial profits derived from cultivating a single crop allow farmers to offset both the capital expenditure on the drip irrigation system and the operational costs, which amount to $262 per hectare, as detailed in Table 6.

Table 6: Overall Cost of cultivation for maize production under drip irrigation for season one and season two (USD)
	
	Agricultural Inputs
	First Season
	
	
	Second 
Season 
	

	
	
	
	
	
	
	

	
	
	T1
	T2
	T3
	T1           T2
	T3

	
Cost of cultivation per hectare for maize production under drip irrigation

	1
	Ploughing and Harrowing
	$ 20
	$ 20
	$ 20
	$ 20
	$ 20
	$ 20

	2
	Maize Seed (DK777)
	$ 10
	$ 10
	$ 10
	$ 10
	$ 10
	$10

	3
	Fertiliser (DAP)
	$ 15
	$ 15
	$ 15
	$ 15
	$ 15
	$ 15

	4
	Fertiliser (Urea)
	$ 15
	$ 15
	$ 15
	$ 15
	$ 15
	$ 15

	5
	Pesticides
	$ 12
	$ 12
	$ 12
	$ 12
	$ 12
	$ 12

	6
	Herbicides
	$ 12
	$ 12
	$ 12
	$ 12
	$ 12
	$ 12

	7
	Weeding (Hand and Hoes)
	$ 12
	$ 12
	$ 12
	$ 12
	$ 12
	$ 12

	8
	Harvesting (Manual)

	$ 9

	$ 9

	$ 9
	$ 9

	$ 9

	$ 9


	Investment cost of the drip irrigation in maize cultivation

	9
	Material Purchase (Drip Irrigation System)
	$ 107
	$ 107
	$ 107
	$ 107
	$ 107
	$ 107

	10
	Water Pump (1 Horsepower)
	$ 20
	$ 20
	$ 20
	$ 20
	$ 20
	$ 20

	11
	Drip Installation (HDPE Pipes 32mm & 16mm)
	$ 17
	$ 17
	$ 17
	$ 17
	$ 17
	$ 17

	12
	Maintenance  
	$ 13
	$ 13
	$ 13
	$ 13
	$ 13
	$ 13

	
	TOTAL
	$ 262
	$ 262
	$ 262 
	$ 262
	$ 262
	$ 262



4.2 Profit 
The analysis of cost reduction and yield benefits clearly demonstrates that the installed drip irrigation system is both technically and economically advantageous across different cultivation seasons and operating pressures (treatments). Table 7 shows the net returns from maize cultivation, with gross returns calculated by multiplying the yield by the market prices received by farmers. Net returns, or profit, are derived by subtracting the variable cultivation costs from the gross returns, consistent with the methodology outlined by (Mufunda et al., 2021) 
The estimated net returns per hectare for maize grown under three different operating pressures are detailed in Table 7. Results indicate that maize cultivated using drip irrigation yields profits approximately 75% higher than those achieved through conventional irrigation methods. This finding corroborates the study by Narayanamoorthy et al. (2018), which emphasises the effectiveness of drip irrigation in addressing water scarcity.
Although the initial cost of implementing drip irrigation is substantial, amounting to $262 per hectare, the system offers long-term benefits. Over a 10-year investment horizon, maize farms utilising drip irrigation experienced notable yield increases: T1 2,340.9 kg/ha, T2 2,432.7 kg/ha, and T3 2,708.1 kg/ha in the first season. In the subsequent season, yields slightly declined to T1 2,203.2 kg/ha, T2 2,233.8 kg/ha, and T3 2,646.9 kg/ha, respectively.
Table 7: Profit from maize cultivation for each season  
	Seasons
	         First Season 
	Second Season 

	Treatments

	T1
	T2
	T3
	 T1
	   T2
	T3

	Production Cost (USD/ha)

	$ 262
	$ 262
	$262
	 $ 262
	   $ 262
	$ 262

	Yield in Kg/ha (5 years)
                        (10 years)   
	1170.45
2340.9
	1216.35
2432.7
	1354.05
2708.1

	 1101.6
 2203.2

	  1116.9
   2233.8
	1323.45
2646.9


	Yield in ton/ha (5 years)
                        (10 years)

Total Income (5 Years)
                    (10 Years)  
  
	1.17045
2.3409

$584
$1,169
	1.21635
2.4327

$621
$1,213
	1.35405
2.7081

$731
$1,345

	1.1016
2.2032

$529
$1,059

	  1.1169
  2.2338

 $542
 $1,082 
	1.3235
2.6469

$707
$1,413


	Net Returns (5 years)                  
                    (10 years) 
	$518
$1,103

	$554
$1,139

	$665
$1,250
	$463
$993

	$475
$1,005

	$640
$1,170




4.3 Economic Viability of Investing in Drip Irrigation
The Benefit-Cost Ratio (BCR) was evaluated across various operating pressures, as summarised in Table 8. This analysis assessed the cost-effectiveness of the installed drip irrigation system at different pressures - 1.0 bar, 1.5 bars, and 2.0 bars - specifically for maize cultivation, yielding encouraging results.
During the dry season, BCR values for the three treatments were as follows: Treatment T1 at 1.0 bar achieved a BCR of 7.765, while increasing the pressure to 1.5 bars (T2) resulted in a slight improvement, with a BCR of 8.316. The most significant enhancement was observed at 2.0 bars (T3), which attained a BCR of 9.968, indicating optimal cost-effectiveness at this pressure. Although T2 performed well, the increase was less pronounced compared to T3, suggesting diminishing returns at intermediate pressures.
In the wet season, Treatment T3 at 2.0 bars continued to outperform the other options, recording the highest BCR of 9.601 - affirming its status as the most cost-effective choice across both seasons. Treatment T2 at 1.5 bars maintained solid performance with a BCR of 7.122, though this represented a slight decline from its dry season result, indicating consistent returns despite seasonal variations. Conversely, Treatment T1 at 1.0 bar experienced a decline in efficiency, with a BCR of 6.939, making it the least economically viable - likely due to the adverse effects of increased rainfall on production during the wet season.
A seasonal comparison reveals that BCR values are generally higher during the dry season, implying that drip irrigation is more cost-efficient under drier conditions. Overall, Treatment T3 demonstrated the greatest resilience and profitability across both seasons, whereas the consistently lower performance of T1 suggests a need for further optimisation.
The net profit and BCR are also significantly influenced by the lifespan of the drip irrigation system. While a five-year lifespan is considered optimal, extending the system’s operational period to ten years - assuming proper maintenance - can substantially increase net profits and improve BCR values, thereby enhancing overall economic returns, see table 8.

[bookmark: _GoBack]Table 8: Benefit Cost Ratio (BCR) for maize cultivation across seasons and lifespan
	Treatment
	Lifespan (years)
	BCR 

	
	
	Season 1
	Season 2

	T1 (1 BAR)
	5
10
	7.7654
16.5308
	6.9392
14.8784

	T2 (1.5 BAR)
	5
10
	8.3162
17.6324
	7.1228
15.2456

	T3 (2 BAR)
	5
10
	9.9686
20.9372
	9.6014
20.2028
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Figure 9: BCR under different operating pressures 
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Figure 10: Regression between BCR and yield across varying operating pressures 

5. Conclusion and Recommendations
5.1. Conclusion
This study demonstrates that the adoption of drip irrigation systems in maize cultivation can yield a favourable benefit-cost ratio (BCR) and enhance crop productivity, making it a viable strategy for farmers seeking to improve both sustainability and profitability. Specifically, the research evaluated the economic impact of pressure variations in drip irrigation for maize, with net water applications of 217.2 mm in the first season and 212.3 mm in the second season. Results indicated no significant differences (p>0.05) in yield attributes and BCR among the three tested operating pressures (1.0, 1.5, and 2.0 bars). However, all treatments demonstrated a notable increase in water use efficiency (WUE), primarily due to an 18.2% reduction in water consumption.
Yield outcomes were comparable between treatments T1 (1.0 bar) and T2 (1.5 bars), with yields of approximately 2,340.9 kg/ha and 2,432.7 kg/ha in the first season, respectively. Treatment T3 (2.0 bars) achieved the highest yields at 2,708.1 kg/ha in the first season and 2,646.9 kg/ha in the second season. Economic analysis revealed that all systems performed well, with T3 exhibiting the highest BCRs – 16.53 and 17.63 in the first and second seasons, respectively – indicating strong potential for long-term investment (over 10 years). The most cost-effective operating pressure was identified as 2.0 bars, achieving BCRs of 20.93 and 20.20 across the two seasons for a ten-year lifespan under the conditions in Morogoro, Tanzania.
Beyond its economic benefits, drip irrigation offers significant environmental advantages by conserving water, reducing losses, minimising leaching, and supporting higher crop yields.
5.2. Recommendations
Based on the findings, it is recommended that maize farmers adopt drip irrigation systems for medium- to long-term use, as they are economically advantageous despite higher initial costs. Specifically, operating at a pressure of 2.0 bars is advised to maximise water use efficiency and profitability in water-scarce regions like Morogoro, Tanzania.
Effective water management is critical; therefore, proper irrigation scheduling– considering the timing and quantity of water application – is essential to optimise yields and prevent inefficient water use. Implementing precise irrigation practices will enhance the benefits of drip systems, ensuring sustainable and profitable maize production in regions facing water constraints.
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