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INTRODUCTION

•  Irrigation methods, water scarcity, and their 

management are critical, especially in agricultural 

lands of arid and semi-arid regions in the world.

• Agriculture accounts for nearly 80% of GCC’s 

freshwater use and 70% of the global.

• Traditional irrigation methods are inefficient.

•  Smart irrigation strategies that apply water at the 

right time and amount have been critical for good 

plant growth and hence crop productivity.



WHAT IS 
ARTIFICIAL 
INTELLIGENCE, 
OR AI?

When it comes to farming, artificial intelligence is a 
fancy name for ‘turning data into useful information 
to conserve irrigation water and better management’.

“AI can give us new information sooner for traditional 
farming decisions. But it can also give us information 
on new things we would once never have dreamed 
of,”

“But the most exciting part of bringing AI into farming 
is its power to make predictions. For example, we can 
make an accurate, evidence-based yield prediction 
even before we plant a crop.”

The use of meteorological, soil data and plants 
indicators for decision-making in irrigated 
agriculture has been a fully settled using imperical 
equations.



IMPORTANCE 
OF SMART 
IRRIGATION 
WITH AI

Enhances water-use efficiency.

Improves crop productivity and resilience.

Reduces energy and labor costs.

Prevents groundwater depletion and soil salinity.

Supports climate change adaptation.



MECHANISM 
OF AI-BASED 
SMART 
IRRIGATION

1. Data Collection: sensors, weather stations, 
satellites.

2. Data Processing: IoT + AI integration.

3. Prediction Models: machine learning for crop 
water needs.

4. Automated Control: precise irrigation 
scheduling.

5. Results: Increase the irrigation efficiency 



GLOBAL 
EXPERIENCES 
OF AI IN 
IRRIGATION 
AND WATER 
MANAGEMENT

• United States (California)

• Faced with drought, farms adopted AI + IoT systems for real-time soil 

moisture monitoring.

• IBM Watson Agriculture developed predictive models using weather and 

satellite data.

• Some farms reported 25% water savings. (Twarakavi et al.2021)

• “AI-based irrigation scheduling can reduce water usage by up to 30% 

while increasing crop yields by 20% in Hawaii.”

. China

•Project in Hebei Province uses AI with drones and satellite imagery to 

monitor crop growth.

•Provides field-specific irrigation recommendations instead of uniform 

watering. (precision agriculture)

•Achieved 20% reduction in water use and higher grain productivity. 



❑ The Murray-Darling Basin conducted an IoT and AI decision support system 

pilot project that cut water usage by 35% without affecting cotton production 

rates (Parr et al., 2022).

❑ The Tamil Nadu Agricultural University in India built a low-cost IoT-AI 

system for drip irrigation, and this technology enhanced rice production by 

20% while attracting use from the small farmer community (Ahmad & Nabi, 

2021).

- In India, the results of studies have shown that the use of artificial 

Intelligence tools is a viable alternative to increase crop production and 

efficiency in the use of natural resources, among which water is one of the 

most relevant (Udutalapally et al., 2020).



AUSTRALIA 
• Outcomes and Impact

• The adoption of AI-powered irrigation has provided measurable benefits:

• Water Savings: Farms using these systems have reported up to 25% savings in water usage, a crucial factor in 

drought-prone regions

• Increased Yields: Proper water management leads to healthier crops and increased yields, boosting farm profitability 

even for small-scale operations.

• Sustainability: By reducing water waste, small farms can also lower their environmental footprint, contributing to 

more sustainable farming practices.

• Challenges: Initial setup costs can be a barrier, though these are often offset by long-term savings in water and 

increased crop yields. Farmers may also need minimal training to understand the basic operation of AI-powered 

irrigation.

• Lessons for Similar Businesses: For small farms, starting with an AI-powered irrigation system provides a low-risk 

entry into the use of AI technology. This is an easy-to-adopt solution that requires minimal ongoing management, 

making it ideal for operations with limited technical expertise.



• Summarize the challenges as follows:

• 1. *Data quality and availability*: Inaccurate or incomplete data can affect AI model 

performance.

•

• 2. *Sensor reliability*: Faulty sensors can provide incorrect data, impacting AI-driven decisions.

•

• 3. *Complexity of water systems*: Interactions between soil, climate, and crops can be difficult 

to model accurately.

•

• 4. *Scalability*: AI solutions may not be scalable to different farm sizes, crop types, or regions.

•

• 5. *Interpretability*: Understanding AI-driven decisions can be challenging for farmers and water 

managers.



• 6. *Integration with existing systems*: AI solutions may require integration with 

existing infrastructure and systems.

•

• 7. *Cost and accessibility*: Implementing AI solutions can be costly, and accessibility 

may be limited in rural areas.

•

• 8. *Cybersecurity*: Connected systems can be vulnerable to cyber threats.

•

• 9. *Regulatory frameworks*: Existing regulations may not support the use of AI in 

irrigation water management.

•

• 10. *User adoption*: Farmers and water managers may need training and support 

to use AI-driven solutions effectively.



Irrigation System 
5 Types of Irrigation System 

01 02 03 04 05

Surface 
Irrigation 

(a.k.a. Flood 
or Furrow 
Irrigation) 

Drip or 
Micro 

Irrigation 

Sprinkler 
Irrigation 

Center Pivot 
Irrigation 

Sub 
Irrigation



Irrigation System 
Irrigation System are Important for Several Reasons



CROP WATER REQUIREMENTS

• this can be done through the following:

Crop water requirements



FAO Pan methodologies (ETo-pan)

Materials & Methods

Reference Evapotranspiration

𝐸𝑇𝑜−𝑝𝑎𝑛 = 𝐸𝑝𝑎𝑛 0.61 + 0.00341. 𝑅𝐻𝑚𝑒𝑎𝑛 − 0.000162. 𝑢2 . 𝑅𝐻𝑚𝑒𝑎𝑛 − 0.00000959. 𝑢2 . 𝐹𝐸𝑇

+ 0.00327. 𝑢2 . 𝑙𝑛 𝐹𝐸𝑇 − 0.00289. 𝑢2 . 𝑙𝑛 86.4 𝑢2 

− 0.0106 . 𝑙𝑛 86.4 𝑢2  . 𝑙𝑛 𝐹𝐸𝑇 + 0.00063.  𝑙𝑛 𝐹𝐸𝑇  2 . 𝑙𝑛 86.4 𝑢2   

FAO Penman-Monteith approach (ETo-PM)

𝐸𝑇𝑜−𝑃𝑀 =
0.408   𝑅𝑛 − 𝐺 +

 900
𝑇 + 273

𝑢2 𝑒𝑠 − 𝑒𝑎 

 +

 1 + 0.23𝑢2 

 

𝐸𝑇𝑜−𝐹𝑅 =  
 0.288 + 0.0019 ∙ 𝐽𝐷 ∙ 𝑅𝑜 ∙ 𝜏, 𝐽𝐷 ≥ 220
 1.339 + 0.00288 ∙ 𝐽𝐷 ∙ 𝑅𝑜 ∙ 𝜏,      𝐽𝐷 < 220

 
devices and equipment 

used for the different 

measurements

The radiation method (ETo-FR)

Materials & Methods



Actual Crop Coefficient

Water stress coefficient

𝐾𝑐−𝑎𝑐𝑡 =
𝐸𝑇𝑐

𝐸𝑇𝑜
=

𝐸𝑇𝑐−𝑎𝑐𝑡 𝐹𝐼−𝐹𝑊

𝐸𝑇𝑜−𝑝𝑎𝑛

𝐾𝑠 =
𝐸𝑇𝑐−𝑎𝑐𝑡 

𝐸𝑇𝑐
=

𝐸𝑇𝑜𝐾𝑐𝐾𝑠 

𝐸𝑇𝑜𝐾𝑐

=
𝐸𝑇𝑐−𝑎𝑐𝑡 

𝐸𝑇𝑐−𝑎𝑐𝑡 𝐹𝐼−𝐹𝑊  

Materials & Methods







DATE PALM WATER REQUIREMENTS
These estimates differ between 6200 and 55,000 m3 /ha. Alazba (2001) estimates water requirement to be between 
15,000 and 55,000 m3 /ha, depending on the irrigation system or leaching requirement.

Kassem (2007) monitored water requirements in the Qassim region, using the soil water balance method, and he 
determined the annual water use with drip irrigation as 16,400 m3 /ha, with a density of 100 trees/ha.

Al-Amoud et al. (2012) estimated the actual water use in the range between 21,360 and 28,290 m3 /ha, for a 
density of 100 trees/ha.

Ismail et al. (2014) calculated water requirement based on Penman–Monteith for ETo, Kc ranged from 0.8 and 
1.0, and the evapotranspiration area (23 m2 / tree), to be 7300 m3 /ha, for a density of 100 trees/ha.

In Kuwait, date palm water requirement was determined using drainage-type lysimeters through water balance 
and ranged between 23,392 and 27,251  m3 /ha.  (Bhat et al., 2012)

Alharbi et al. (2022). Estimated date water requirements to be 8200 m3/ha







IRRIGATION SCHEDULING

• Important factors to keep in mind when developing a irrigation 

scheduling tool:

• The scheduling tool must consider information about the crop, soil, 

climate, irrigation system, water deliveries and management 

objectives.

• An irrigation scheduling tool needs only be accurate enough to 

determine how much water to apply and when.

• A good rule of thumb to follow when developing an irrigation 

scheduling tool is to keep it simple and easy to understand.

• A calibration of soil moisture sensor is must.



• Soil Sensor for measuring soil 

water content





Soil Moisture Sensors

• (Salinity

عند السعة الحقلية



Temperature





Artificial neural network (ANN) modelsMaterials & Methods



management and conservation:
Conclusions

• 1. Data quality and availability: Implement data validation processes 
to ensure accuracy.

• 2. Sensor calibration: Regularly calibrate sensors to prevent drift and 
ensure reliability.
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