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Summary

Arid and semi-arid regions are generally characterized by water resource scarcity that
hampers and limits normal crop production. Despite this scarcity, flood irrigation is still
practiced in many areas around the world. Date palm is a key crop in arid and semi-arid
regions. Though date palm is considered a tolerating crop to drought, its growth, yield, and
fruit quality are drastically affected by deficient irrigation. Proper water management for
sustainable date palm production in arid and semi-arid environmental conditions is a highly
focused target for scientists and related stakeholders. Several water conservation systems
were developed in these areas. However, the development of more efficient irrigation and

water conservation models/systems is likely feasible under a date palm.

Considering this concept, our study was conducted to investigate the impact of limited
irrigation water using a smart solar-powered subsurface irrigation system and a cloud-
based IoT platform on the date palm. The study was carried out from 2016 to 2020 on date
palm trees at field of Date Palm Research Center of Excellence, Research and Training

Station, King Faisal University, Al-Ahsa, Kingdom of Saudi Arabia.

The objectives of this project were: 1) Design and build a subsurface irrigation system to
enhance low water application rate, and distribution vertically and laterally within the root
zone to ensure reduced water use and plant the highest accessibility to available soil water.
2) Design, install, and evaluate a sensor network system to measure the related soil
moisture content for real-time monitoring and controlling of the environment within the
root zone using a cloud-based internet of things platform (Ubidots and IFTTT). 3) Assess
the performance of the designed subsurface irrigation system and compare it with the
surface drip irrigation and bubbler irrigation methods. 4) Stud the impact of the designed
subsurface irrigation system on photosynthetic characteristics of the date palm. 5) Assess
the effect of the designed subsurface irrigation system on water productivity, date palm

yield, and fruit quality under different maturity stages.

The objectives were conducted in three stages. In the first stage, we designed and
constructed, and assed the subsurface irrigation units to select the optimum design. In the
second stage, we designed an experiment to study the impact of subsurface irrigation was

compared to two irrigation methods (drip and bubbler irrigation). The applied irrigation



water was set at 50%, 75%, and 125% of ETc for methods of subsurface irrigation (SSI),
surface drip irrigation (SDI), and surface bubbler irrigation (SBI), respectively, which were
based on the higher crop water productivity recorded in an initial field study. The total
annual volume of water applied for SSI, SDI, and SBI was 22.89, 34.34, and 57.24 m’
palm™, respectively. In the third stage, we developed the SSI due to its efficiency to be a
smart system using the electronic sensors, programmable microcontroller, and multi-tier
cloud-based Internet of Things (IoT) platform. The platform connected all solenoid valves,
sensors, and water pumps in the farm to provide long-distance communication for

monitoring, controlling, and management of the irrigation water.

The crop water productivity (CWP) at the SSI system was significantly higher, with a value
of 1.15 kg m™, compared to the SDI (0.51 kg m™) and SBI systems (0.37 kg m™3). The
photosynthetic water use efficiency (WUE) was 10.09, 9.96, and 9.56 pmol CO2 mmol-1
H20 for SSI, SBI, and SDI, respectively. The maximum chlorophyll content (62.4 SPAD)
was observed in SBI, followed by SSI (58.9 SPAD) and SDI (56.9 SPAD). Similarly, net
photosynthesis and the transpiration rate were significantly higher in SBI and lowest in
SSI. However, the SSI system substantially increased palm yield and enhanced fruit

quality.

The solar-powered subsurface irrigation system through its positive impact on the
efficiency of irrigation water use and enhancement on fruit yield and fruit quality of date
palm seems quite suitable for the irrigation of palm trees in arid and semi-arid regions. The
cloud-based IoT platform provided favorable facilities for smart irrigation through

effective processes of monitoring and controlling.

The new irrigation system is currently used in the date palm fields of the Date Palm

Research Center of Excellence in King Faisal University, Saidi Arabia.



