



Experimental study of Impact of Drip Irrigation on Growth, Yield, and Water Use Efficiency of Capsicum in Rooftop Gardening

Abstract

Rooftop gardening has gained popularity as an urban agricultural method in various countries, including India. However, the high temperatures and increased evapotranspiration rates on rooftops require much higher water for crops compared to traditional ground-based farming which leads to a significant challenge in water management. To address these concerns, there is a need for cost-effective and efficient irrigation systems to improve production in urban rooftop gardens. An experiment was conducted at the Academic Building of the College of Agricultural Engineering, Ara, Bihar, from November 2024 to March 2025, to assess the performance of drip irrigation on the growth and yield of Indra Capsicum. The study was designed using a Randomized Block Design (RBD) with six replications, and significant differences were observed across various treatment methods. The results showed that the drip irrigation system led to higher plant growth, including increased plant height, more leaves, flowers, and fruits per plant, as well as improved fruit length, fruit weight, and overall yield per plant. Compared to conventional irrigation methods, drip irrigation saved approximately 75%-80% of water, with a water use efficiency of 9.2 kg/m³. Additionally, the yield of Indra Capsicum was found to increase by 10-15% under drip irrigation, surpassing the potential yield observed with traditional methods. Overall, the drip irrigation system proved to be an effective solution for enhancing Capsicum production in rooftop gardens, demonstrating both water conservation and increased yield.
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Introduction
Rooftop gardening has become increasingly popular in urban areas around the world. One of the most crucial factors in promoting urban rooftop agriculture is water. However, an effective watering method remains one of the primary challenges. Typically, over 85%-90% of rooftop gardeners rely on traditional irrigation methods, using local tools like mugs, hoses, and water drawn from their own groundwater sources (Ahadi et al., 2013). The main drawbacks of these conventional methods are their manual nature, time consumption, excessive water waste, and the discouragement they may cause for gardeners due to inefficiency.

Numerous studies have suggested that drip irrigation is a more suitable and efficient method for irrigating rooftop gardens. This system delivers water directly to the root zone, making it a highly effective method for improving water use efficiency and managing irrigation (Asha et al., 2016). Drip irrigation minimizes human effort, accurately applying the required amount of water when needed. It helps maintain optimal soil moisture in the root zone and reduces the time required for observing plant water needs and manually managing irrigation.

Drip irrigation is a specialized form of micro-irrigation that delivers water directly to small, specific areas via emitters or applicators along water delivery lines, typically polyethylene tubes (Allen et al., 1998). It is a low-pressure system that applies water slowly and evenly to the soil, mainly around the plant’s root zone. Unlike sprinkler and furrow irrigation, it prevents water wastage and reduces the over-exploitation of groundwater resources (Edossa et al., 2011). Additionally, drip irrigation helps mitigate environmental issues such as waterlogging and soil salinity.

Rooftop gardens, also referred to as green roofs or living roofs, offer multiple benefits. They make productive use of space, absorb CO2 emissions, produce oxygen, and improve air quality (Gil et al., 2002). Drip irrigation enhances these benefits by conserving water, increasing water use efficiency, and promoting environmental sustainability. It also reduces the need for tillage, ensures high-quality produce, boosts crop yields, and improves fertilizer use efficiency. Many rooftop gardens also provide recreational spaces for families (Oker et al., 2020). Furthermore, during hot summer months, rooftop gardens can help cool buildings more effectively than traditional roofing systems.

Material and methods
Study Area

The study area is situated in the campus of College of Agricultural Engineering (CoAE), Ara, district Bhojpur represent in Fig 1. The study area was located at 22[image: image2.png]°15'N



latitude and 830[image: image4.png]45'E



 longitude with an altitude of 61m above the mean sea level. The average annual rainfall in the study area was found about 994 mm with 22 annual numbers of rainy days. The field capacity (FC) ranged from 12-20 % with bulk density 1.78 kg cm-3. Permanent wilting point (PWP) was in the range of 6-10 %.
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Fig 1: Geographical Location of Study Area. Source?: ……..
Plant material and pot preparation 
To assess the effectiveness of the drip irrigation system on Capsicum, an experiment was carried out on the rooftop of the Academic Building at the College of Agricultural Engineering, Ara, Bhojpur, from November 2024 to March 2025. Seedlings of the Indra Capsicum variety were sourced from a local market in Ara. A single-factor experiment was designed using a Randomized Block Design (RBD), consisting of 60 earthen pots. Each pot measured 42 cm in diameter and 35 cm in height, and was filled with 7 kg of soil mixed with coco-peat.
Irrigation management

In order to evaluate, drip irrigation systems were applied. The drip irrigation system was composed of pump set, control units, PVC tubing and buried drip tubes or drip tapes. The pumping lines were combined with the main lines; PVC being the most commonly used material. Usually, derivation lines were buried in each pot. The side lines, composed of drip tubes, or drip tapes, are generally made of polyethylene.

Moisture determination
Soil moisture sensors were employed to monitor the moisture content in the pot soil for efficient irrigation management and to minimize water losses, starting from seedling transplantation up to the pre-harvest stage (Malash et al., 2005). Observations were recorded daily at a fixed time. Variations in soil moisture levels were observed, and irrigation was scheduled accordingly to restore the soil to 100% of its moisture-holding capacity.
Increasing yield %

For yield of tomato, after harvesting were packed in polythene. The yield was then measured in kg/plant for each drip and conventional irrigated pot. The increase in yield (%) was computed as under (Lamm, et al.,1995). 

Increase in yield (%) = [image: image7.png]Y1-Y2
Y1





Where, 

Y1 = Total yield obtained in drip irrigation system 

Y2=Potential yield 

Water Reservoir Tank 

Generally, water distribution system of building, main water supply line was connected with water source and electric pump was used to pump the water to store in a water reservoir tank on rooftop. The water reservoir tank of this system was placed on water reservoir basement at rooftop. The size of water tank 500 L capacity with 1.12 m height and 0.85 m diameter was selected for this system. The plastic tank was chosen as a water reservoir to reduce the water temperature for beater crop performance. Besides, plastic materials are free from the problem of rust due to stagnant water. 

Main Line and Sub Main Selection

The main line of drip was designed with a 16 mm diameter black flexible low density poly polyethylene (LDPE) pipe with 1.2 mm thickness.

Laterals Selection 

The lateral lines of drip were designed with a 4 mm diameter black flexible low density poly polyethylene (LDPE) pipe with 1.2 mm thickness. The diameter of pipe was reduced to increase the pressure of water flowing through the laterals in the micro tube emitters.

Dripper Selection 

Adjustable micro dripper (4 mm) was selected at this drip system to easily change the flow rate. Besides, adjustable micro drippers tend to vary greatly in flow and having little pressure compensation.

Performance Indicators

Table 1 presents the parameters which were used to indicate the performance of the developed drip irrigation system. Also, the acceptable limits of parameters are presented.

Table 1: Performance indicator of drip irrigation system

	Parameters
	Typical value 

	Emission uniformity
	   >85%

	Application Efficiency
	85-95%

	Operating Pressure
	1-2 bars

	Flow Rate per Emitter
	2-4 l/hr


Results and discussion
Plant height

The plant height of capsicum exhibited significant variation under drip irrigation at different intervals after transplanting (25, 40, 55, 70, 85 and 100 days), as shown in Fig. 2. The results indicated that plants irrigated through the drip system consistently attained greater height compared to other methods. This increase in height was attributed to the uniform availability of soil moisture in the root zone. The balanced moisture supply promoted optimum vegetative growth, while directing assimilates more efficiently towards overall plant development, even under limited moisture conditions.
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Fig 2: Variation on plant height in drip irrigation system at different days after transplanting
The mean values for growth and yield attributes of capsicum, including number of leaves, canopy cover, flowers per plant, fruits per plant, fruit length, fruit diameter, single fruit weight, and total fruit weight per plant, are presented in Table 2. Drip irrigation had a significant effect on vegetative parameters, with higher averages recorded for number of leaves (53.7), canopy cover (23.2), number of flowers (61.5), and fruits per plant (21.3).

Table 2 also shows the impact of drip irrigation on fruit characteristics. A significant improvement was observed in fruit length (67.2 mm), fruit diameter (52.7 mm), and average single fruit weight (79.81 g) under drip irrigation. Similarly, total fruit weight per plant varied significantly, with an average yield of 3.52 kg per plant. Overall, drip irrigation enhanced crop productivity, resulting in a 10–15% increase in yield compared to the potential yield, as illustrated in Fig. 3.
Table 2. Performance of drip irrigation system on growth and yield of Capsicum
	Treatment
	No of leaves
	Canopy cover
	No of flower per plant
	No of fruit per plant
	Fruit length

(mm)
	Fruit width

(mm)
	Single fruit weight

(g)
	Total fruit weight

(kg/plant)

	Drip
	53.7
	23.2
	61.5
	21.3
	67.2
	52.7
	79.81
	3.52
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Fig 3: Performance evaluation on growth and yield of Capsicum
Uniformity of Water Distribution
The coefficient of uniformity (CU) ranged between 85% and 92%, reflecting efficient and consistent water distribution across all pots. The emitter discharge uniformity (EDU) varied from 80% to 88%, which is considered acceptable for drip irrigation systems, particularly under rooftop conditions where minor pressure fluctuations may occur due to elevation differences and pipeline layout. Such levels of uniformity ensured that capsicum plants received nearly equal amounts of water, a factor essential for maintaining uniform growth and achieving consistent yield.

Emitter Discharge Rate
Emitters with a nominal discharge of 2 lph were tested. The observed average discharge rate was 1.9 lph, with a coefficient of variation (CV) below 7%, indicating high consistency in emitter performance.

Minor variations were observed in emitters placed farthest from the water source, attributed to pressure losses along the lateral lines. However, the overall system pressure (1–1.2 bar) was sufficient to maintain efficient operation.
Water Use Efficiency (WUE)
Capsicum grown under this system exhibited good growth with an average fruit yield of 3.52 kg per plant and a WUE of 9.2 kg/m³ of water applied. This shows effective water conservation while achieving good productivity, which is crucial in urban rooftop gardening where water availability is limited.

Emitter Discharge vs. Pressure Head
Figure 4 illustrates the relationship between pressure head and emitter discharge in the rooftop drip irrigation system. As the pressure head increased from 1 to 7 meters, the emitter discharge also rose, showing a sharp rise at lower pressure levels and a gradual stabilization at higher pressures. For example, discharge increased significantly from about 1.2 lps at 1 meter to nearly 3.0 lps at 3 meters. Beyond 5 meters, the increment became marginal, indicating that the emitter was approaching its maximum discharge capacity. This trend suggests that although increasing pressure improves discharge, the efficiency gain reduces at higher pressures, thereby defining an optimal pressure range for effective irrigation performance.

Table 3: Relationship between Emitter discharge vs. pressure head

	Pressure head (m)
	Discharge emitters (lph)

	1
	1.2

	2
	2.3

	3
	3.0

	4
	3.4

	5
	3.6

	6
	3.7

	7
	3.8
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Fig 4: Emitter discharge vs Pressure head on rooftop drip irrigation system
Hydraulic performance of a rooftop drip irrigation system. 

Figure 5 depicts the hydraulic performance indicators of the rooftop drip irrigation system, highlighting five parameters: uniformity coefficient, average flow rate, pressure head, head loss, and emitter efficiency. The system exhibited high performance with a uniformity coefficient of 90% and emitter efficiency of 85%, confirming consistent water distribution and reliable emitter operation. The average flow rate was measured at 3.5 lph, while the pressure head and head loss were recorded at 4.0 m and 0.6 m, respectively. These results indicate that the system functioned under appropriate pressure conditions with minimal hydraulic losses. Overall, the findings suggest that the rooftop drip irrigation system was well-designed, ensuring efficient and uniform water delivery.
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Fig 5: Hydraulic performance of rooftop drip irrigation system

Average Emitter Flow Rate Across Rooftop system:

Figure 6 illustrates the average emitter flow rates measured at eight positions (E1 to E8) within the rooftop drip irrigation system. The observed flow rates varied between 3.4 and 3.6 lph, reflecting relatively uniform performance across emitters. The highest discharge (3.6 lph) was recorded at E3 and E7, whereas the lowest values (3.4 lph) were observed at E1, E4, and E8. Emitters E2, E5, and E6 maintained intermediate flow rates of 3.5 lph. This overall consistency indicates good hydraulic balance in the system, with the minor variations likely attributable to slight pressure differences or positional effects in the layout.

[image: image12.png]Flow Rate (Iph)

w
o
[

R
o

3,45

w
ES

335

33

3,6 3,6

3,5 3,5 3,5
3,4 3,4 I | 3,4
E1 E2 E3 E4 ES E6 E7 E8

Emitter Position




Fig 6: Average Emitter Flow Rate Across Rooftop system

Moisture loss

Moisture loss plays a critical role in reducing the yield of capsicum. In the present study, lower moisture losses were observed under the drip irrigation system. Figure 7 illustrates the percentage of moisture loss recorded over four months, which was further used to estimate water savings. During the first month, moisture loss under drip irrigation was about 18%, corresponding to a water use efficiency of nearly 80%. Overall, the drip system achieved nearly double the water savings compared to other traditional irrigation methods.
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Fig 7: Variation on moisture loss in four months

Conclusion
Drip irrigation offers several advantages over traditional irrigation methods, particularly in terms of higher water-use efficiency, water savings, and improved crop yield. Compared to conventional flood irrigation, drip systems provide better yield performance even within the same planting area and crop variety.

In this study, the hydraulic performance and irrigation efficiency of a drip irrigation system installed on a 60 m² rooftop garden were evaluated. The system was designed with 1-meter lateral spacing and 1-meter emitter spacing, creating a grid of 60 emitters, each serving 1 m² of cultivation area. The performance indicators showed promising results: Emitter Discharge Uniformity (EU) ranged between 80–88%, Distribution Uniformity (DU) was about 85%, Coefficient of Variation (CV) was ≤0.10, and Application Efficiency (Ea) was approximately 90%. Hydraulic behaviour was analysed both macroscopically (flow ratio) and microscopically (velocity distribution), considering energy dissipation mechanisms.

Overall, the results confirm that drip irrigation significantly enhanced the growth and yield of capsicum while substantially improving water-use efficiency compared to traditional irrigation practices.
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