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Abstract

Rooftop gardening has become popular in many regions of the world, yet its adoption in Bangladesh
remains limited due to several challenges. Urban households often avoid rooftop cultivation because
of concerns such as over-irrigation causing waterlogging, the structural threat of water accumulation
on roofs, and the inconvenience of frequently climbing stairs to water plants. These factors
collectively discourage broader participation in rooftop agriculture despite its environmental and
socio-economic benefits. To overcome these barriers, this study introduces a sensor-based automatic
drip irrigation system designed to optimize water use, reduce manual labor, and ensure safe rooftop
gardening. The research evaluated a rain sensor-based automatic drip irrigation system in comparison
with customary watering system for tomato (Solanum lycopersicum L.) cultivation. The experiment
was conducted at Sylhet Agricultural University from November 2024 to January 2025 following a
Completely Randomized Design with two treatments: Sensor Based Automatic Drip Irrigation (SI)
and Conventional Irrigation (CI) and five replications. The findings showed that the SI system
significantly enhanced plant height, flower production, fruit yield, and total output relative to manual
irrigation. Water use efficiency improved by 40%, with an overall 25% reduction in water application.
Economic analysis showed that SI system was more profitable, with lower production costs (USD
55.10) compared to the CI system (USD 66.18). Overall, the findings indicate that sensor-based smart
watering system offer a practical, cost-effective, and water-efficient solution for rooftop gardening in
Bangladesh. By addressing limitations of manual irrigation, this technology can promote adoption of
sustainable rooftop farming practices across the country.

Keywords: Automated irrigation system, Home gardening, Tomato production, Urban agriculture,
Water use efficiency (WUE).

1. Introduction cityscape, adding greenery to concrete

In Bangladesh and other urban locations
across the world, rooftop gardening is
becoming more and more popular. Rooftop
gardens are growing in popularity as a green
solution because they help reduce heat in urban
areas, grow vegetables, fruits, herbs in cities
where open land is limited and make better use
of unused rooftop spaces (Jawad et al. 2022;
Koriesh and Abo-Soud 2020). Rooftop
gardens also enhance the aesthetic value of the

structures and creating visually appealing
environments (Villalba et al. 2023), plants emit
oxygen and absorb carbon dioxide during
photosynthesis, helping improve air quality
and contributing to a healthier urban
atmosphere (Priya and Senthil 2024; Zhang
and Kim 2023). A single 1.5 m by 1.5 m
section of a grass-planted roof can produce
enough oxygen in one year to support the
annual respiratory needs of one person.
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Rooftop gardening in Dhaka improves mental
health, recreation and income (Ashikuzzaman
et al. 2025; Chowdhury et al. 2020). Because
of limited time and poor soil, its popularity has
increased, especially after the COVID-19
pandemic (Chowdhury et al. 2020).

The most important and crucial component
for advancing urban rooftop gardening is
water. However, the main drawback of this
strategy is the crop irrigation method (Gilliom
et al. 2019). About 87% rooftops are being
used for gardening (Appolloni et al. 2021;
Dipannita et al. 2025). Generally, almost 90%
of rooftop gardeners used traditional irrigation
techniques with their own groundwater source
and local traditional instruments like hose
pipes and cups. The primary drawbacks of the
conventional water application method are that
it is labor-intensive, time consuming, wastes a
significant amount of valuable water that
discourages rooftop gardening (Zaman 2022).

Maintaining a garden has become difficult
for many people due to busy schedules and the
need for regular plant care. The main
challenges faced by rooftop gardeners are
limited time, insufficient soil fertility, and the
absence of appropriate guidance (Specht and
Sanyé-Mengual 2017). Without proper
monitoring and timely watering, plant health
often declines and the garden’s condition
suffers (Song 2020). Also excess irrigation and
inadequate drainage system of rooftop gardens
can cause wetted condition of roofs, which
may lead to damage of rooftop.

To overcome the challenges of manual
watering and limited time availability, smart
irrigation systems using sensors, timers and
artificial intelligence have been developed.
These systems monitor soil moisture and
automate irrigation to provide plants with the
right amount of water (Ahmed et al. 2021;
Miah et al. 2022). They also help avoid
overwatering, which supports healthy growth
and reduces both labor and expenses
(Askaraliev et al. 2024; Touil et al. 2022).
These automated systems also protect rooftop
structures from water damage and support
efficient water use (Prodhan et al. 2022).
Numerous studies indicate that drip irrigation
is a better option than other methods for
watering rooftop gardens. A drip irrigation
system, which delivers water directly to the
root zone, can be an effective method for

improving irrigation management and water
use efficiency in rooftop gardens (Li et al.
2021; Ma et al. 2020). Given the vulnerability
of rooftop gardens to extreme weather such as
strong winds and direct sunlight, maintaining
appropriate soil moisture is essential to prevent
plant wilting, reduce crop loss, and ensure
sustainable production. Rain sensor enabled
automatic irrigation devices further enhance
efficiency by stopping irrigation during
rainfall and thus preventing waste and root rot
(Ishak et al. 2017). Tomato (Solanum
lycopersicum L.) was selected as the test crop
because it is widely grown in rooftop gardens
in Bangladesh, well-suited for container-based
cultivation, and economically important. It is
also sensitive to soil moisture variation,
making it an effective indicator crop for
evaluating smart irrigation systems, and it is
suitable for the growing season during the
experiment.

This study evaluated a rain sensor
automatic irrigation system that uses a hose
pipe-operated drip system, a solenoid valve, a
filter, and a programmable digital timer to
irrigate rooftop gardens. With this irrigation
system, the crop was watered at the selected
interval, discharge, and occurrence rate
according to a programmable digital timer that
sends a signal to the solenoid valve, which
opens or shuts the whole irrigation system. For
a number of reasons, including minimizing
plant root rot and other problems, saving water,
lowering expenses, and  preventing
overwatering by automatically stopping
irrigation when it rains, a rain sensor automatic
irrigation device is highly advantageous.

2. Materials and Methods

2.1. Study area

The experiment was carried out at Sylhet
Agricultural University (SAU), located within
the Sylhet metropolitan area of Bangladesh.
Geographically, SAU lies at 24°54' N latitude
and 91°53’ E longitude, with an elevation of
about 10 meters above sea level (Deb et al.
2013; Singha et al. 2024). The experimental
period extended from November 2024 to
January 2025. Based on records from the
Bangladesh  Meteorological ~ Department
(BMD), the average temperature in January
was approximately 21.9°C, which gradually
decreased to 14 °C December. By January, the
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mean temperature was 13.5°C. A location map
of the study area is presented in Fig. 1.

2.2. Experimental design and treatment

A field experiment was carried out using a
factorial setup within a  Completely
Randomized Design (CRD). Two factors were
evaluated: (i) Conventional irrigation (CI) and
(i1) Sensor-based automatic drip irrigation (SI).
Five replications were conducted for the
experiment. So, the total number of
experimental units was ten.

2.3. Soil preparation
Soils were collected from their respective
sources, air-dried, and sieved to remove coarse

particles. The physical and chemical
characteristics of each soil type were
determined prior to planting. Table 1 and Table
2 showing the physical and chemical
properties of soil. For soil temperature
measurement, a digital soil thermometer was
used. Soil texture was determined using the
hydrometer method, and soil pH was measured
using a digital pH meter.

The concentrations of other chemical
components, including total nitrogen, available
phosphorus, sulfur, zinc, iron, calcium,
magnesium, and potassium, were determined
using the spectrophotometric method.
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Fig. 1. Location map of study area

Table 1. Physical Properties of Soil.

Percentage of Soil Particles Soil
Temperature Color -
Sand (%)  Silt(%) Clay (%) Texture
2225°C Dark Brown  67.56 22.00 10.44 ii‘;‘z
Table 2. Chemical Properties of Soil.
Total N P S Zn Fe Ca Mg K

% ug/g soil (Available) Meq/100 g soil (Available)

6.3 0.062 34 12 555 4482 352  1.19 0.27




Adoption of Sensor-Based Smart Drip Irrigation for Water-Efficient..... 74

Fertilizer applications followed local
agronomic recommendations. Soil, cow dung
and vermicompost were incorporated at a ratio
of 3:2:1 (Soil: Cow dung: Vermicompost),
ensuring thorough mixing before planting. A
balanced NPK fertilizer (20-20-20) was
applied in three equal splits at 15, 30, and 45
days after planting. For this study 19 L volume
(Height 30.5 cm, Top diameter 30 cm and
bottom diameter 24.5 cm) plastic pots were
utilized. Drainage holes were properly created
at the bottom of the pot to prevent root rot.
After mixing all the ingredients properly the
pots were filled with the mixed soil.

2.4. Installation and irrigation setup

A NADSTER rain sensor irrigation timer
was used in this experiment and attached to the
tank tap using a grooved special water tap. The
timer had two ends: one connected to the main
supply pipe and the other to the tap. A filtration
system was installed to prevent clogging of
drippers and other components by impurities in
the irrigation water. The irrigation pipe was
connected to the universal hose connector at
the bottom of the device. A NADSTER (Dia
4/7 series PVC-PN10) pipe was used as the
main supply line, while five lateral pipes were
connected to supply water to five pots. A
NADSTER (Dia 8/12 series PVC-PN10) pipe
was used for the lateral lines. Adjustable
drippers were fixed to the lateral pipes and
positioned near the base of each plant to ensure
water supply to the root zone.

2.5. Irrigation scheduling

An automated rain-sensor device was used
for irrigation by setting a specific start time and
watering duration. The device was connected
to a tap attached to a nearby water tank.
Irrigation was scheduled at 4:00 PM with a
fixed watering duration of 9 minutes on
alternate days. The irrigation duration was
determined based on the dripper flow rate (2.9
Lhr'!) and crop water requirement of tomato
(approximately 600-700 mL per plant). In this
study, an average of about 400 mL water per
plant was applied under the SI system, while
about 500 mL per plant was applied under the
CI method. In the CI treatments, water was
applied manually every afternoon in a fixed
amount to each plant using the traditional
method.

2.6. Seed germination and transplanting

Seedbeds were prepared according to the
assigned soil and irrigation treatments. Seeds
of a standardized BINA-4 Tomato
(Solanum lycopersicum L.)  cultivar  were
soaked in water for 12 hr, wrapped in a moist
cotton cloth, and allowed to germinate.
Germinated seeds were transferred to small
pots for nursery growth. 30 days-old healthy
seedlings were moved to the main pots,
maintaining 70 cm between each plot, and
were sown at a depth of 2-3 cm (Fig. 2). To
mitigate transplant shock, the process occurred
in the afternoon. Adequate watering was
managed to ensure optimal hydration of the
seedlings before transplantation.
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Fig. 2. Rooftop experimental layout for pot-
grown Tomato cultivation

2.7. Irrigation management

At the beginning of the experiment, the field
capacity (FC) of the soil was determined to
ensure the application of optimal irrigation
levels. Field capacity was determined using the
gravimetric (weight-based) method.

Based on the measurements, the field
capacity of the soil was found to be 26.41%.
To determine the required irrigation under the
conventional method, soil moisture was
monitored regularly using the gravimetric
method. Each pot was weighed daily to find
out how much water was lost through
evaporation and plant use. The difference
between the pot’s field capacity weight and its
actual weight indicated the amount of water
lost, which is the amount of water needed to
replenish or maintain the target field capacity.
Irrigation was applied every two days to
maintain the desired soil moisture for
conventional irrigation. For the sensor based
automatic drip irrigation, the discharge rate of
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emitter was calibrated according to the water
volume needed to replenish field capacity, and
irrigation start time and duration were
programmed based on this discharge rate to
ensure accurate and consistent water delivery
(Fig. 3). The emitter flow rate was calculated
by using the following equation:
Flow e (L) Lo stessttin )
The calculated average flow rate of emitters
was 2.9 Lhr!

P R e
4,_‘-“)_ 5 P 2

2.8. Flowering and fruit development

The first flowering occurred 30 days after
transplantation and the first fruit was set 38
days after transplanting (Fig. 4). Plant height,
stem diameter, the number of blooms and fruits
were all monitored during the observation
period. The plants were pruned twice to
remove surplus vegetation, thereby promoting
vigorous growth and better fruit production.

Fig. 3. Components of the automated rrgaion system: (a) installation layout of the drip emitter, and (b) the
automatic irrigation controller unit

2.9. Crop management

To manage infestations of cutworms and
leathoppers, a solution of Diazinon 60 EC (2
ml per liter) was applied. Staking was
performed to support plant structure, ensure
proper branch orientation, and facilitate better
sunlight interception and fruit development.
Weeding was also performed to remove
unwanted vegetation.

2.10. Harvesting and data collection
The first harvesting was done 61 days after
transplanting. Fruits were harvested as they

|

Fig. 4. Tomato plant development showing (a) the flowering stage, and (b) fit Velopment

ripened and attained maturity. Measurements
were taken to record the height of the plants,
number of flowers, fruit weight, yield, water
use efficiency between sensor based automatic
drip irrigation and conventional irrigation
system.

2.11. Statistical analysis

All data were analyzed using SPSS version
23.0 (SPSS Inc., Chicago, IL, USA). One-way
analysis of variance (ANOVA) was used to
determine the effects of soil type and irrigation
regime. T test was applied to determine the
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level of significance. Graphs were prepared productivity by  optimizing  root-zone
using  OriginPro  2025b  (OriginLab conditions and water use efficiency

Corporation, MA, USA).

2.12. Water Use Efficiency (WUE)

Between the two treatments, in sensor based
automatic drip irrigation (SI) the device
applied water with the predetermined
frequency and amount, for other treatment (CI)
manually applied water like farmers' practices.
For measuring water use efficiency (WUE) at
first water used in each plant was measured.
After that the mean value of plant water use
was measured. Water use efficiency was
measured by using grain yield and total
amount of water that was irrigated. Grain yield
divided by total irrigation water used
throughout the growing season is known as
water use efficiency. It was estimated by the

following equation:
WUE (%) = [Dry matter produced(kg)

2)

]><100

Water applied (kg or L)

3. Results and Discussion

3.1. Statistical analysis results

Table 3 presents the statistical analysis of
yield between sensor-based automatic drip
irrigation and conventional irrigation. The
statistical analysis showed a significant effect
of irrigation regime on tomato yield. The
independent t-test revealed a highly significant
difference between sensor based automatic
drip irrigation and conventional irrigation (p =
0.0015), while ANOVA confirmed overall
significant variation among treatments (p <
0.05), indicating that yield differences were
treatment-dependent rather than random.
Higher yield under SI can be attributed to
improved soil moisture regulation, better
nutrient uptake, and reduced water stress.

This agrees with recent studies reporting

(Mukherjee et al. 2023; Wang et al. 2022).
Overall, both statistical tests confirm that
irrigation regime significantly influences
tomato yield, with drip irrigation consistently
outperforming conventional practice.

3.2. Plant height

Figure 5 illustrates the variation in tomato
plant height under sensor-based automatic drip
irrigation (SI) and conventional irrigation (CI)
treatments at different days after transplanting.
Plant height was recorded from the top of the
root to the tip of the branch. The results from
the statistical analysis were consistent with
those of other measured parameters, indicating
that irrigation method influenced plant height
at 15-60 days after transplanting for SI and CI
practice was statistically significant (P< 0.05)
at a field capacity of 26.41%, where different
lowercase letters above the bars represented
significant differences between treatments.
The minimum average plant height was
observed 62 cm on CI and 72 c¢cm on SI
treatments for 60 days after transplanting. The
maximum average plant was observed 76 cm
on CI and 94 cm on SI for 60 DAT. Thus, the
height of plants for SI increased 10.45% than
the conventional system (Fig. 5).

The notable increase in plant height under
SI suggests that a steady and well-regulated
water supply promotes consistent vegetative
growth. At 60 days after transplanting (DAT),
plants under SI system reached a height of 94
cm, which was 10.45% greater than those
under CI 76 cm. This enhancement is likely
due to the precise delivery of water to the root
zone, minimizing water stress and enhancing
nutrient absorption.

that drip irrigation enhances tomato
Table 3. Statistical analysis of yield under two treatments.
Parameters Sensor Based Automatic Drip Irrigation Conventional Irrigation
Mean 2.86 2.516
Variance 0.01595 0.00393
Number of Observations (n) 5 5
Degrees of Freedom (df) 6
P(T<=t) two-tail 0.001579207
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Fig. 5. Variation in tomato plant height at different days after transplanting under Sensor based Automatic
Drip Irrigation (SI) and Conventional Irrigation (CI) treatments.

Comparable results were observed by Singh
et al. (2023), who reported that regulated
irrigation improves root performance and
overall plant health. Similarly Yang et al.
(2023) demonstrated that, drip irrigation
improves crop growth, physiology and quality.

3.3. Number of flowers

The Fig. 6 presents the number of flowers
produced per plant under sensor-based
automatic drip irrigation (SI) and conventional
irrigation (CI) treatments at 50 days after
transplanting (DAT). There was a significant
effect of controlled amount of water

45

application on plants flowers. At 50 days after
transplanting, the number of average flowers
for SI was 24.8 and the number of average
flowers for CI was 16.2.

The number of flowers per plant for
automatic drip irrigation was more than the
farmer’s practice. It was statistically
significant (P< 0.05), bars with different
lowercase letters indicated  significant
differences and error bars represented standard
error (SE). As shown in Table 4 the flowers of
plants for SI were 53.08% more than the CI. A
difference of average number of flowers
between two treatments shown in Fig. 6.
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Fig. 6. Effects of water application on number of flowers in two treatments at 50 DAT. SI1-SI5 denote the
five replications of the sensor-based automatic drip irrigation treatment; CI1-CI5 denote the five replications
of the conventional irrigation treatment. Vertical bars represent the mean value + standard error.
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The number of flowers per plant was
markedly higher under SI compared to
conventional irrigation (CI). Plants receiving
controlled water supply produced 53.08%
more flowers, indicating that maintaining
optimal soil moisture promotes reproductive
development and enhances flower initiation
and fruit set. In contrast, irregular moisture
levels in conventional irrigation likely led to
soil water fluctuations, adversely impacting
flowering, and pollination.

This result is similar to a recent study by
Elhindi et al. (2016) which found that, the
combination of drip irrigation (especially
subsurface) and nitrogen fertigation enhanced
flowering, along with overall growth and
nutrient uptake of zinnia (Zinnia elegans).
Another study by Kabir et al. (2021), also
reported that drip irrigation supports improved

physiological processes such as
photosynthesis and transpiration regulation.

3.4. Fruits weight

The Fig. 7 shows the mean fruit weight per
plant under sensor-based automatic drip
irrigation (SI) and conventional irrigation (CI)
treatments. The comparison of the data
obtained from two treatment showed that the
average fruits weight of 5 replication was 2.86
kg for SI practice and 2.516 kg CI practice. The
minimum weight of fruits for SI treatment of
one plant was 2.70 kg and maximum were 3.00
kg. The minimum weight of fruits CI of plant
was 2.45 kg and maximum weight was 2.60 kg
(Fig. 7). Different lowercase letters placed
above the bars indicate statistically significant
differences at (P< 0.05). SI practice
considerably enhanced fruit output in response
to other method.
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Fig. 7. Mean fruit weight per plant under different water application treatments; data represents cumulative
yield across three harvests up to 80 DAT. SI1-SIS denote the five replications of the sensor-based automatic
drip irrigation treatment; CI1-CI5 denote the five replications of the conventional irrigation treatment.
Vertical bars represent the mean value + standard error.

3.5. Yield

Figure 8 presents the effect of irrigation
method on tomato yield under sensor-based
automatic drip irrigation (SI) and conventional
irrigation (CI) treatments, while the yield data
are summarized in Table 4. Irrigation water has
significant effects on plants yield. Yield varied
between the two treatments. As number of
flowers and plant height increased under the
SI, yield also increased. Total yield from SI
treatment for plant was 14.3 kg and total yield
for CI treatment was 12.58 kg. The yield from

the automatic smart irrigation method was
13.67% higher than that from the conventional
method. Which indicate that using more water
does not necessarily mean a higher yield. Yield
difference between two treatments shown in
Fig. 8.

Fruit weight and total yield further
confirmed the superiority of the sensor based
automatic drip irrigation system. The average
fruit weight per plant under SI was 2.86 kg
compared to 2.516 kg under conventional
irrigation. Similarly, total yield increased by
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13.67%, demonstrating that steady water
availability during the critical growth and fruit
development stages leads to larger and
healthier fruits. These results are consistent
with the findings of Mukherjee et al. (2023),
who observed increased yield in tomato crops
under controlled irrigation due to enhanced
nutrient uptake and reduced waterlogging
stress. This results also aligns with the study by
Wang et al. (2022), who reported that sub
surface drip irrigation increased fruit
production of about 3.37% compare to other
method.
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Fig. 8. Effect of irrigation method on tomato yield
under Sensor-based Automatic Drip Irrigation (SI)
and Conventional Irrigation (CI).

3.6. Water use efficiency

Table 4 summarizes the yield, water use,
and water use efficiency (WUE) under SI and
CI treatments. The water use efficiency for SI
treatment was 0.59% and for CI treatment
WUE was 0.42%. Water use efficiency was
significantly affected by irrigation treatment (P
< 0.05). The conventional irrigation method
used 25% more water than SI. The amount of
excess water applied in CI was determined by
comparing the total water applied under two
treatments. SI system applied an average of 0.4
liters of water per plant per day to five plants
over 59 days, resulting in a total water use of
24 liters. In contrast, the CI method applied
slightly more water 0.5 liters per plant per day
for the same number of plants and duration
amounting to 30 liters in total.

The difference between the two methods
shows that conventional irrigation required 6
liters more water than SI, indicating that SI is
more water-efficient.

Water use efficiency (WUE) was markedly
improved in the SI treatment, which used 25%
less water than CI. The WUE under SI was
0.59%, whereas under conventional irrigation
it was only 0.42%. The higher WUE indicates
that SI system not only saved water but also
produced higher yield per unit of water
applied. The result has similarity with Singh et
al. (2022), who strongly suggest that sub
surface drip irrigation improve WUE.
According to Alharbi et al. (2024), smart
irrigation including drip or variable rate
irrigation can significantly improve water use
efficiency.

3.7. Cost and return comparison between
sensor based automatic drip irrigation and
conventional irrigation

Table 5 and Table 6 present the cost
components and economic returns of sensor-
based automatic drip irrigation (SI) and
conventional irrigation (CI) treatments. The
economic performance of the two irrigation
treatments was evaluated by comparing the
total production costs, labor requirements,
gross returns, and net returns from tomato
cultivation. The SI system reduced labor
requirements through automated irrigation
scheduling, which contributed to lower
operational costs and improved resource-use
efficiency.

Therefore, a cost and return analysis was
conducted to determine the economic
feasibility and profitability of SI compared
with the conventional irrigation method. The
total investment and economic returns of two
treatments determined which method is more
profitable and efficient. The process involves
calculating all associated costs including
devices, materials, labor, soil, seedlings, and
pesticides (Table 5) and comparing them with
the revenue generated from tomato yield
(Table 6). Although the initial investment for
SI system was relatively high due to equipment
and installation costs, long-term analysis
revealed that it is economically advantageous.

The system operated efficiently over
extended periods without additional labor
expenses for watering. In  contrast,
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conventional irrigation methods incurred
ongoing costs for labor and materials. The
cost-benefit analysis further strengthens the
case for adopting SI. The total cost of SI (USD
$55.10) was notably lower than CI (USD
$66.02), mainly due to the reduced labor and
water requirements. Moreover, the income
generated from SI USD $9.34) exceeded that
of the CI method USD $8.22).

These results are consistent with the study
conducted by Baranchuluun et al. (2014), who
compares drip, sprinkler, and furrow irrigation

for potatoes, radish, cabbage, and tomatoes
using cost-benefit analysis. Results show that
drip irrigation is a water and labor-saving
alternative to conventional methods. The
economic advantage, combined with improved
yield and water savings, demonstrates that
smart drip irrigation is not only agronomically
superior but also financially viable for small-
scale farmers. These results align with global
evidence suggesting that smart irrigation
technologies improve profitability by reducing
input costs and enhancing output.

Table 4. Comparison of yield, water use, and water-use efficiency (WUE) under Sensor based automatic
drip irrigation (SI) and conventional irrigation (CI).

Number of Yield Total Yield Water use Total water use 3
Factors fruits per plant (kg/plant) (kg) (m*/plant) (m%) WUE (kg/m’)
Smart Drip Irrigation 24.8 2.86 143 0.024 0.12 0.59%
Conventional Method 16.2 2.52 12.58 0.03 0.15 0.42%
Table 5. Cost Breakdown of Drip Irrigation and Conventional Irrigation Method
Types of Irrigation Category Item Description Amoug; (USD
NADSTER rain sensor device 28.52
Dia 4/7 (70ft) and 8/12 (10ft) PVC- 4.40
PN10 pipe. )
Device and related materials Adjustable Dripper (5 piece) 0.24
Tee Connector (5 piece) 0.33
Sensor Based Pot (19 litre) 1222
Automatic Drip Water tap 2.04
Irrigation Initial setup Labor cost 3.67
. . Soil 2.04
Soil and seedlings Seedlings 122
Pesticides Diazinon 60EC 0.42
Total cost for SI = 55.10
Pot (19 litre) 12.22
Materials Soil 1.63
Seedlings 1.22
Conventional Pesticides Diazinon 60EC 0.42
Irrigation Labor cost for initial setup (USD $ 6.50 244
Labor per day) :
Labor cost for watering plant (USD $ 48.19
0.813 per hour in a day, for 59 days)
Total cost for CI = 66.18
Table 6. Economic Return from Two Method
Irrigation Type Item Priceper Kg = NO. of Plants  Total Yield (kg)  Amount (USD $)
Sensor Based Automatic Drip Irrigation ~ Tomato 0.65 5 14.3 9.34
Conventional Irrigation Tomato 0.65 5 12.58 8.22

Overall, the study concludes that SI
significantly improves plant growth, flower
formation, fruit weight, yield, and WUE while
simultaneously lowering production costs.
Unlike conventional irrigation, which relies on
frequent manual watering and often leads to
water excess or deficit, SI ensures precise,
uniform, and timely water delivery that helps

reducing waterlogging, promoting healthier
and more productive plants. These findings
underscore the potential SI systems as a
sustainable, resource-efficient, and
economically advantageous technology for
tomato cultivation, particularly in regions
facing water scarcity and rising labor costs.
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Future research could explore long-term
field trials, on refining irrigation scheduling,
integrating  nutrient  delivery  through
fertigation, and assessing system performance
across varying soil types and climatic
conditions to maximize productivity and
sustainability.

4. Conclusion

This study confirms that a sensor-based
automatic drip irrigation (SI) system is highly
effective for rooftop vegetable production. The
system enhances crop growth and productivity
while improving irrigation efficiency under the
constraints of rooftop environments, where
water availability, space, and labor are limited.
Compared with conventional irrigation (CI)
practices, the proposed system enables precise
and controlled water application, which not
only improves resource use efficiency but also
helps reduce waterlogging conditions in
rooftop  cultivation  systems,  thereby
contributing to better root health and structural
safety. Although the initial investment cost is
comparatively higher, the system contributes
to improved long-term economic performance
by reducing operational costs associated with
labor and minimizing water losses. Overall, the
findings demonstrate that sensor-based drip
irrigation is a sustainable and efficient
irrigation  strategy for rooftop tomato
cultivation, with strong potential to support
urban  agriculture  through  improved
productivity, resource conservation, and
reduced waterlogging risk. Future research can
focus on integrating renewable energy sources
such as solar-powered operation, incorporation
of fertigation systems for simultaneous
nutrient delivery, and development of
intelligent irrigation scheduling algorithms to
further enhance system efficiency,
adaptability, and scalability in urban rooftop
farming systems.

5. Acknowledgements

The authors thank the anonymous reviewers
for providing constructive comments and
suggestions.

6. Conflict of Interest
The authors declare no conflict of interest
over this paper.

7. References
Ahmed, N., Hoque, M. A. A., Pradhan, B., &

Arabameri, A. (2021). Spatio-temporal assessment
of groundwater potential zone in the drought-prone
area of Bangladesh using GIS-based bivariate
models. Natural Resources Research, 30(5), 3315-
3337. https://doi.org/10.1007/s11053-021-09870-0

Alharbi, S., Felemban, A., Abdelrahim, A., &
Al-Dakhil, M. (2024). Agricultural and
Technology-based strategies to improve water-use
efficiency in Arid and Semiarid areas. Water,
16(13), 1842. https://doi.org/10.3390/w16131842

Appolloni, E., Orsini, F., Specht, K., Thomaier,
S., Sanyé-Mengual, E., Pennisi, G., & Gianquinto,
G. (2021). The global rise of urban rooftop
agriculture: A review of worldwide cases. Journal
of Cleaner Production, 296, 126556.
https://doi.org/10.1016/j.jclepro.2021.126556

Ashikuzzaman, M., Swapan, M. S. H., Zaman,
A. U., & Song, Y. (2025). Transitioning from
Social Innovation to Public Policy: Can
Bangladesh Integrate Urban Rooftop Farming
Policies into Governance by Examining Global
Practices? Sustainability, 17(19), 8768.
https://doi.org/10.3390/sul 7198768

Askaraliev, B., Musabaeva, K., Koshmatov, B.,
Omurzakov, K., & Dzhakshylykova, Z. (2024).
Development of modern irrigation systems for
improving efficiency, reducing water consumption
and increasing yields. Machinery & Energetics,
15(3).
https://doi.org/10.31548/machinery/3.2024.47

Baranchuluun, S., Bayanjargal, D., &
Adiyabadam, G. (2014). A cost benefit analysis of
crop production with various irrigation systems.
Ifeama Spscp, 5, 146—-156.
https://ifeama.org/ifeamaspscp

Chowdhury, M. H., Eashat, M. F. S., Sarkar, C.,
Purba, N. H., Habib, M. A., Sarkar, P., & Shill, L.
C. (2020). Rooftop gardening to improve food
security in Dhaka city: A review of the present
practices. International Multidisciplinary
Research Journal, 10, 17-21.
https://doi.org/10.25081/imrj.2020.v10.6069

Deb, J. C., Halim, M. A., Rahman, H. T., & Al-
Ahmed, R. (2013). Density, diversity, composition
and distribution of street trees in Sylhet
Metropolitan City of Bangladesh. Arboricultural
Journal, 35(1), 36-49.
https://doi.org/10.1080/03071375.2013.770656

Dipannita, S., Uddin, M. T., Kundu, N. D., &
Akib, S. W. (2025). Rooftop Gardening and Its
Contribution to Income Generation in Dhaka City.
Journal of the Bangladesh Agricultural University,
23(2), 201-210.
https://doi.org/10.3329/jbau.v23i2.82589



https://doi.org/10.1007/s11053-021-09870-0
https://doi.org/10.3390/w16131842
https://doi.org/10.1016/j.jclepro.2021.126556
https://doi.org/10.3390/su17198768
https://doi.org/10.31548/machinery/3.2024.47
https://ifeama.org/ifeamaspscp
https://doi.org/10.25081/imrj.2020.v10.6069
https://doi.org/10.1080/03071375.2013.770656
https://doi.org/10.3329/jbau.v23i2.82589

Adoption of Sensor-Based Smart Drip Irrigation for Water-Efficient..... 82

Elhindi, K., El-Hendawy, S., Abdel-Salam, E.,
Elgorban, A., & Ahmed, M. (2016). Impacts of
fertigation via surface and subsurface drip
irrigation on growth rate, yield and flower quality
of Zinnia elegans. Bragantia, 75(1), 96-107.
https://doi.org/10.1590/1678-4499.176

Gilliom, R. L., Bell, C. D., Hogue, T. S., &
McCray, J. E. (2019). A rainwater harvesting
accounting tool for water supply availability in
Colorado. Water, 11(11), 2205.
https://doi.org/10.3390/w11112205

Ishak, S. N., Abd Malik, N. N., Latiff, N. A,
Ghazali, N. E., & Baharudin, M. A. (2017,
November). Smart home garden irrigation system
using Raspberry Pi. In 2017 IEEE 13th Malaysia
International Conference on Communications
(MICC) (pp. 101-106). IEEE.
https://doi.org/10.1109/micc.2017.8311741

Jawad, N., Zahra Abidi, S. R. T., & Jahangir, A.
(2022). Green Roofs: More than Just a Pretty
Face. Journal of Arts & Social Sciences, 9(1).
https://doi.org/10.46662/jass.v9il.237

Kabir, M. Y., Nambeesan, S. U., Bautista, J., &
Diaz-Pérez, J. C. (2021). Effect of irrigation level
on plant growth, physiology and fruit yield and
quality in bell pepper (Capsicum annuum L.).
Scientia Horticulturae, 281, 109902.
https://doi.org/10.1016/j.scienta.2021.109902

Koriesh, E. M., & Abo-Soud, 1. H. (2020).
Facing climate change: Urban gardening and
sustainable agriculture. In Climate  Change
Impacts on Agriculture and Food Security in
Egypt:  Land and Water Resources—Smart
Farming—Livestock, Fishery, and
Aquaculture (pp. 345-419). Cham: Springer
International Publishing.
https://doi.org/10.1007/978-3-030-41629-4_16

Li, Z., Zong, R., Wang, T., Wang, Z., & Zhang,
J.(2021). Adapting root distribution and improving
water use efficiency via drip irrigation in a jujube
(Zizyphus jujube Mill.) orchard after long-term
flood irrigation. Agriculture, 11(12), 1184.
https://doi.org/10.3390/agriculturel1 1121184

Ma, X., Sanguinet, K. A., & Jacoby, P. W.
(2020). Direct root-zone irrigation outperforms
surface drip irrigation for grape yield and crop
water use efficiency while restricting root growth.
Agricultural water management, 231, 105993.
https://doi.org/10.1016/j.agwat.2019.105993

Miah, S., Raihan, S. R., Sagor, M. M. H,,
Hasan, M. M., Talukdar, D., Sajib, S., Naim, M. R.
A., Anisa, U., & Suaiba, U. (2022). Rooftop
Garden and Lighting Automation by the Internet of
Things (IoT). European Journal of Engineering
and  Technology  Research, 7(1), 37-43.
https://doi.org/10.24018/ejene.2022.7.1.2700

Mukherjee, S., Dash, P. K., Das, D., & Das, S.
(2023). Growth, Yield and Water Productivity of

Tomato as Influenced by Deficit Irrigation Water
Management. Environmental Processes, 10(1).
https://doi.org/10.1007/s40710-023-00624-z

Priya, U. K., & Senthil, R. (2024). Framework
for enhancing urban living through sustainable
plant selection in residential green spaces. Urban
Science, 8(4), 235.
https://doi.org/10.3390/urbansci8040235

Prodhan, Md. S., Diip, N. S., Tirumony, M. N.
Z., Zahangir, Md. A. B., & Paul, B. (2022). Roof
Garden Irrigation and Drainage Automation Using
Microcontroller. ICT Analysis and Applications,
355-364. https://doi.org/10.1007/978-981-19-
5224-1_36

Singh, A., Kumar, S., Dhaloiya, A., Kumar, N.,
Mor, A., Kumar, A., Dhanger, P., & Dagar, H.
(2022). Soil water dynamics and yield response of
broccoli (Brassica oleracea) under drip irrigation
with different irrigation frequency. The Indian
Journal of Agricultural Sciences, 92(12), 1447—
1452. https://doi.org/10.56093/ijas.v92i12.123503

Singh, C. D., Rao, K. V. R., Kumar, M., &
Rajwade, Y. A. (2022). Development of a smart
IoT-based drip irrigation system for precision
farming. Irrigation and Drainage, 72(1), 21-37.
Portico. https://doi.org/10.1002/ird.2757

Singha, A., Gope, H. L., Islam, A. K. M., Billah,
M. M., Hasan, M. M., & Barman, S. (2024).
Integrating IoT-Based Smart Irrigation Systems to
Optimize Crop Yield and Water Management for
Sustainable Agriculture. Proceedings of the 3rd
International ~ Conference  on  Computing
Advancements, 123-130.
https://doi.org/10.1145/3723178.3723195

Song, M.-H. (2020). A study on IoT based real-
time plants growth monitoring for smart garden.
International journal of internet, broadcasting and
communication:  IJIBC, 12(1), 130-136.
https://www.dbpia.co.kr/journal/articleDetail ?7nod
eld=NODE12202691

Specht, K., & Sanyé-Mengual, E. (2017). Risks
in urban rooftop agriculture:  Assessing
stakeholders’ perceptions to ensure efficient
policymaking. Environmental Science & Policy,
69, 13-21.
https://doi.org/10.1016/j.envsci.2016.12.001

Touil, S., Richa, A., Fizir, M., Argente Garcia,
J. E., & Skarmeta Gomez, A. F. (2022). A review
on smart irrigation management strategies and their
effect on water savings and crop yield. [rrigation
and Drainage, 71(5), 1396-1416.
https://doi.org/10.1002/ird.2735

Villalba, M. R., Cervera, R., & Sanchez, J.
(2023). Green solutions for urban sustainability:
photobioreactors for algae cultivation on facades
and artificial trees. Buildings, 13(6), 1541.
https://doi.org/10.3390/buildings13061541



https://doi.org/10.1590/1678-4499.176
https://doi.org/10.3390/w11112205
https://doi.org/10.1109/micc.2017.8311741
https://doi.org/10.46662/jass.v9i1.237
https://doi.org/10.1016/j.scienta.2021.109902
https://doi.org/10.1007/978-3-030-41629-4_16
https://doi.org/10.3390/agriculture11121184
https://doi.org/10.1016/j.agwat.2019.105993
https://doi.org/10.24018/ejeng.2022.7.1.2700
https://doi.org/10.1007/s40710-023-00624-z
https://doi.org/10.3390/urbansci8040235
https://doi.org/10.1007/978-981-19-5224-1_36
https://doi.org/10.1007/978-981-19-5224-1_36
https://doi.org/10.56093/ijas.v92i12.123503
https://doi.org/10.1002/ird.2757
https://doi.org/10.1145/3723178.3723195
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE12202691
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE12202691
https://doi.org/10.1016/j.envsci.2016.12.001
https://doi.org/10.1002/ird.2735
https://doi.org/10.3390/buildings13061541

83

Singha et al. /Water Harvesting Research, 2025, 9(1):71-83

Wang, H., Wang, N., Quan, H., Zhang, F., Fan,
J., Feng, H., Cheng, M., Liao, Z., Wang, X., &
Xiang, Y. (2022). Yield and water productivity of
crops, vegetables and fruits under subsurface drip
irrigation: A global meta-analysis. Agricultural
water management, 269, 107645.
https://doi.org/10.1016/j.agwat.2022.107645

Wang, J., Du, Y., Niu, W., Han, J., Li, Y., &
Yang, P. (2022). Drip irrigation mode affects
tomato yield by regulating root—soil-microbe
interactions. Agricultural water Management, 260,
107188.
https://doi.org/10.1016/j.agwat.2021.107188

Yang, P., Wu, L., Cheng, M., Fan, J., Li, S.,
Wang, H., & Qian, L. (2023). Review on drip
irrigation: impact on crop yield, quality, and water
productivity in China. Water, 15(9), 1733.
https://doi.org/10.3390/w15091733

Zaman, R. U. (2022). Design and development
of smart irrigation system for watering rooftop
garden. Review of Plant Studies, 9(1), 12-18.
https://doi.org/10.18488/rps.v9i1.2948

Zhang, L., & Kim, C. (2023). Computer vision
interaction  design in  sustainable urban
development: A case study of roof garden
landscape plants in marine cities. Plants, 12(18),
3320. https://doi.org/10.3390/plants12183320

@ Authors retain the copyright and full publishing rights.
@ Published by University of Birjand. This article is an open access article licensed under the
Creative Commons Attribution 4.0 International (CC BY 4.0)


https://doi.org/10.1016/j.agwat.2022.107645
https://doi.org/10.1016/j.agwat.2021.107188
https://doi.org/10.3390/w15091733
https://doi.org/10.18488/rps.v9i1.2948
https://doi.org/10.3390/plants12183320
https://creativecommons.org/licenses/by/4.0

