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Abstract

Water scarcity is one of the most critical challenges facing agriculture in
arid and semi-arid regions. This study designed and implemented a fuzzy
logic-based smart irrigation system to accurately predict the water
requirements of Indian ginseng (Ashwagandha). Fuzzy logic was selected
due to its exceptional ability to handle uncertainty and model complex,
nonlinear relationships among input variables, making it an ideal approach
for irrigation optimization. Field experiments were conducted on a 400 m?
plot in Saravan (Sistan and Baluchestan Province, Iran) during the 2025
growing season. Utilizing five environmental inputs (soil moisture, air
temperature, relative humidity, wind speed, and plant age) and 243
Mamdani-type fuzzy rules, the system achieved a **41.9% reduction in

Water saving, Arid

3 water consumption®* (from 336 to 195 L per season), a **16.3% increase
regions, Saravan.

in yield** (from 46 to 53.5 kg), and a **98.2% prediction accuracy** (R?
=0.982). Compared to traditional irrigation practices, the proposed system
improved water use efficiency by **71.4%**.

1. Introduction

Water resources management in agriculture, especially in arid and semi-arid regions such as Sistan and
Baluchestan Province is an important issue. Due to traditional irrigation systems not being effective,
Saravan County (one of the most important areas for cultivation of medicinal plants) in Iran suffers
from a serious water shortage. This research concentrates on designing a fuzzy logic based smart
irrigation system that uses environmental data for optimising the time and amount of irrigation using
soil moisture, air temperature, relative humidity, wind speed and a plant age parameters.This system
aims to save the water needed for irrigation, grow crops better, reduce irrigation expenses and conduct
monitoring of the field conditions with real-time feedback. Integrating smart technologies has the
potential to optimise water use and promote sustainable agricultural development of medicinal plants
at the level of these regions or areas with similar characteristics.
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2. Methodology

In the present study, we designed and established a fuzzy logic-based smart irrigation system for
growing Indian ginseng (Withania somnifera) in Saravan County of Sistan and Baluchestan Province
of Iran. The system consists of Arduino Uno microcontroller connected with high-accuracy sensors for
continuous monitoring of real-time environmental parameters such as soil moisture, air temperature,
relative humidity and wind speed. Plant age is also incorporated as a biological variable within the
decision-making process. Collected data are processed through a Mamdani fuzzy inference engine that
dynamically simulates irrigation scheduling as well as the amount of water providing for crops. Field
studies were carried out over the 400 m2 area during the growing season of 2025 and meteorological
data were recorded from official Iranian Meteorological Organization stations within the Saravan
region. Results revealed the average seasonal temperature of 34.8°C and cumulative evaporation over
1,800 mm figures that unmistakably reflect the execution conditions prevailing in this hot dry
environment region.

3. Discussion and Conclusion

Collected data are processed through a Mamdani fuzzy inference engine that dynamically simulates
irrigation scheduling as well as the amount of water providing for crops. Field studies were carried out
over the 400 m2 area during the growing season of 2025 and meteorological data were recorded from
official Iranian Meteorological Organization stations within the Saravan region. Results revealed the
average seasonal temperature of 34.8°C and cumulative evaporation over 1,800 mm figures that
unmistakably reflect the execution conditions prevailing in this hot dry environment region.In the
proposed system, irrigation scheduling and the amount of water applied are adjusted dynamically in
real time, drawing on data from soil moisture levels, air temperature, relative humidity, wind speed, and
the plant’s growth stage. All of this data flows through a Mamdani fuzzy inference engine, which keeps
growing conditions on track while avoiding unnecessary water use. Field results showed the system
holds up well under real conditions, making it a genuinely practical choice for farmers dealing with
limited water supplies.

4. Results

Running the system through a full growing season on the 400-square-meter test plot in Saravan painted
a clear picture of how well it holds up under real pressure with temperatures averaging 34.8°C and total
evaporation pushing past 1,800 mm, the Mamdani inference engine kept pace with shifting conditions
by continuously reading soil moisture, air temperature, humidity, wind speed, and plant age, then
adjusting irrigation timing and volume accordingly, which kept soil moisture at healthy levels
throughout the 2025 season while cutting water use well below what conventional methods would have
required, and with the system handling most decisions on its own, the need for manual oversight
dropped significantly a practical advantage that matters most in remote, water-scarce areas like Sistan
and Baluchestan.
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