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Abstract 
As the world's population grows, traditional agriculture confronts substantial challenges from resource 

constraint and climate change, making food security and sustainability top priorities. Smart agriculture, 

which incorporates technology such as artificial intelligence (AI), the internet of things (IoT), and 

drones, provides novel solutions for increasing productivity and resource efficiency. AI technologies 

are used to examine large agricultural datasets such as satellite imaging, soil properties, and weather 

patterns, resulting in better crop and resource management as well as higher yields. IoT technologies 

help by monitoring environmental conditions and accurately managing irrigation and agricultural 

inventory. Furthermore, drones are used to check crop health and apply fertilisers with precision, 

reducing waste and increasing efficiency. Practical examples in the Netherlands, Japan, and the United 

States demonstrate how smart agriculture has cut water and fertiliser consumption while increasing 

production. However, problems remain, such as high implementation costs, a lack of technical 

expertise, and insufficient communication infrastructure in rural areas. Smart agriculture in Iraq offers 

significant opportunities to improve productivity through technologies such as smart irrigation systems, 

climate data analysis, and drones. However, its implementation faces challenges related to a lack of 

infrastructure and training, requiring government efforts and international support to overcome these 

obstacles and achieve food security. Integrating artificial intelligence and Internet of Things 

technologies into the agricultural sector can contribute to more efficient use of water and energy 

resources. Partnerships between universities, research centers, and agricultural companies are crucial in 

developing innovative solutions tailored to local environmental and economic conditions. Raising 

awareness among farmers about the importance of shifting towards digital agriculture is an essential 

step to ensure the sustainability of agricultural production and achieve comprehensive rural 

development. 
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1. Introduction 
The expanding global population, which is expected to reach 9 billion by 2050, has pushed 

food security to the forefront of global challenges. According to the Food and Agriculture 

Organisation (FAO), food production must increase by 70% to meet rising demand [1]. 

Traditional agricultural methods are limited due to resource shortages, climate change, and 

decreased soil fertility. In this setting, smart agriculture, which is powered by artificial 

intelligence (AI) and the Internet of Things (IoT), appears as a transformative solution with 

the potential to improve agricultural efficiency and sustainability. 

Smart agriculture uses cutting-edge technology to enable precision farming, optimise 

resource use, and increase output. AI technologies use machine learning and predictive 

analytics to evaluate large datasets and deliver practical insights into crop management and 

weather trends [2]. Meanwhile, IoT devices such as soil moisture sensors and automated 

irrigation systems allow for real-time monitoring and management of farming operations [3]. 

As countries attempt to strike a balance between food production and environmental 

sustainability, smart agriculture provides an important step towards reaching this goal. 

Countries like as the United Kingdom are incorporating AI and IoT technology into their 

agricultural systems to address issues like resource inefficiencies and manpower shortages 
[4]. This introduction lays the groundwork for further exploration of smart agriculture's 

revolutionary role and ability to change global food supply systems. 
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1.1 Modern Technologies in Smart Agriculture 

1.1.1 Artificial Intelligence (AI): Artificial intelligence is 

the foundation for creating smart agriculture. Machine 

learning and neural networks are used to examine massive 

volumes of agricultural data (2). This data could include 

weather patterns, soil characteristics, satellite imaging, and 

even data from ground sensors [5]. 

 

Examples of AI Applications 

1. Satellite and Drone Image Analysis: AI is used to 

detect crop illnesses by evaluating collected photos, 

allowing for early action to avoid disease spread [6]. 

2. Water and Irrigation Management: AI systems 

analyse meteorological and humidity data to determine 

crop water needs [7]. 

3. Productivity Optimisation through Predictions: By 

assessing climatic and soil data, AI can make precise 

planting and harvesting suggestions, enhancing crop 

output [8]. 

 

1.2 Internet of Things (IoT): IoT has enormous promise 

for collecting and evaluating real-time agricultural data [3]. 

Sensors and probes in IoT devices detect environmental 

factors surrounding crops, including temperature, soil 

moisture, light levels, and even air quality. 

 

IoT Applications in Smart Agriculture 

1. Smart Irrigation Systems: IoT devices connected to 

irrigation systems can control water flow using real-

time soil moisture data [3]. 

2. Agricultural Inventory Management: IoT devices 

help monitor grain stocks and stored crops, maintaining 

their quality and reducing spoilage [9]. 

3. Livestock Health Monitoring: IoT sensors can be 

linked to animals to track their health and detect 

infections early on [10]. 

 

1.3 Drones: Drones are an essential part of the smart 

agriculture system. These UAVs can undertake quick and 

precise surveys of agricultural areas [11]. They are also fitted 

with thermal and multispectral cameras to monitor crop 

health. 

 

Benefits of Using Drones 

1. Crop Health Assessment: Drones can collect 

information on crop conditions like as growth rates and 

insect infestations [6]. 

2. Fertilisers and Pesticides Application: Drones can 

use exact field maps to apply fertiliser and pesticides in 

a targeted manner, decreasing waste and ensuring 

efficient coverage [12]. 

3. Disaster Management Support: Drones can provide 

quick evaluations of flood and drought damage [13]. 

 

2. Practical Examples of Smart Agriculture 

2.1 Smart Vertical Farms in the Netherlands 

The Netherlands is the world leader in smart agriculture 

applications. Vertical farms incorporate technologies such 

smart LED lighting and climate control systems to optimise 

productivity [14]. A study found that vertical farms in the 

Netherlands produce 300% better productivity per square 

metre than ordinary farms [15]. 

 

2.2 "Mirai" Smart Farm in Japan: The "Mirai" farm uses 

cutting-edge AI and IoT technologies to control agricultural 

lifecycles. All aspects, including lighting and feeding, are 

properly managed. This resulted in a 90% reduction in water 

use and a 50% increase in production [16]. 

 

2.3 Precision Agriculture in the United States: Precision 

agriculture is being adopted in Iowa, with the use of IoT 

sensors and AI to determine the optimal maize cultivation 

strategies. According to the United States Department of 

Agriculture [17], this strategy has decreased fertiliser use by 

25% while increasing field productivity by 20%. 

 

3. Benefits and Opportunities Offered by Smart 

Agriculture 

3.1 Improving Resource Efficiency: Smart agriculture 

technology aid in the efficient use of natural resources like 

water and fertiliser [18]. The University of California found 

that smart agriculture might reduce resource usage by up to 

50% while boosting output by 20% [7]. 

 

3.2 Enhancing Environmental Sustainability: Smart 

agriculture helps to reduce carbon emissions and the 

negative environmental impact of farming [19]. Smart 

irrigation systems, for example, contribute to the reduction 

of methane emissions linked with traditional irrigation 

operations [20]. 

 

3.3 Improving Global Food Security: Smart agriculture 

improves food production in resource-constrained countries. 

These technologies can help to alleviate global food poverty 

by improving resource management and productivity [21]. 

 

4. Challenges and Barriers 

4.1 High Costs: The early costs of implementing smart 

technology present a considerable obstacle. These 

technologies are frequently unavailable to small-scale 

farmers, particularly in poor countries [22]. 

 

4.2 Lack of Training: Smart agriculture necessitates 

advanced technical capabilities. The absence of proper 

training poses a barrier to widespread implementation of 

these technologies [14]. 

 

4.3 Connectivity Issues in Rural Areas: Many rural areas 

continue to lack sufficient internet infrastructure, limiting 

the usage of IoT devices [9]. 

 

5. Smart Agriculture in Iraq: Opportunities for 

Development and Challenges 

In Iraq, traditional agriculture has various obstacles, 

including water scarcity, poor resource utilisation, and the 

negative consequences of climate change on agricultural 

production [23]. With the agricultural industry under 

increasing strain, smart agriculture technologies have the 

potential to significantly improve land productivity and 

provide food security. 

 

Opportunities for Developing Smart Agriculture in Iraq 

1. Water Management: Water scarcity is one of Iraq's 

key concerns, and smart agricultural technologies like 

smart irrigation systems have the potential to drastically 

minimise water waste [24]. 

2. Climate Data Analysis: Using artificial intelligence 

(AI) to evaluate meteorological data could enhance 
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planting and harvesting timing, increasing production 

and lowering losses caused by adverse weather 

conditions [25]. 

3. Drone Usage: Drones could help monitor and assess 

crop health, detecting pests and diseases early and 

minimising the need for pesticides [26]. 

 

Despite the inherent opportunities, Iraq confronts major 

hurdles in deploying smart agriculture technology, including 

a lack of communication infrastructure and inadequate 

technical training for farmers [23]. However, the Iraqi 

government and international partners are working to 

improve these technologies in rural regions in order to 

overcome these obstacles and achieve better results in the 

agricultural sector. 

 

6. Recommendations and the Future 

 Investing in Research and Development: To reduce 

the cost of smart technologies, more investment is 

needed [10]. 

 Providing Training Programs for Farmers: 
Empowering farmers to use technology efficiently 

requires the implementation of targeted training 

programs [12]. 

 Building Strong Internet Infrastructure in Rural 

Areas: Enhancing connectivity is essential for the 

widespread adoption of IoT devices in remote areas [27]. 

 

7. Conclusion 

Smart autumn is a major contributor to agricultural 

production, representing a qualitative shift in the way 

agricultural resources are managed by employing digital 

technologies such as the Internet of Things (IoT), artificial 

intelligence (AI), mouse-to-mouse, drones, and data analysis 

systems. This approach aims to achieve more efficient and 

sustainable agriculture, capable of meeting the 

environmental, climatic, and economic challenges facing the 

world today. The importance of smart agriculture lies in its 

ability to increase the efficiency of natural resource use, 

especially water, fertilizers, and energy, through precise 

monitoring of plant and soil needs in real time. It also 

contributes to improving crop productivity and quality by 

predicting agricultural diseases and pests at their early 

stages, reducing losses and improving economic returns for 

farmers. In addition, smart farming systems enable more 

accurate agricultural decisions based on data rather than 

personal experience alone, which raises the level of 

agricultural planning and management. Smart agriculture 

also stands out as an effective tool for combating the effects 

of climate change, helping adapt to changes in temperature 

and rainfall through smart irrigation systems and precise 

scheduling of agricultural operations. It also contributes to 

reducing the carbon footprint of the agricultural sector by 

reducing the use of fuel and excessive chemical fertilizers, 

thus preserving ecological balance. Despite these 

advantages, the implementation of smart agriculture faces 

several obstacles, most notably the high costs of modern 

technologies and the difficulty of providing digital 

infrastructure in rural areas. Furthermore, the lack of 

technical awareness among farmers and the lack of 

experience in operating and maintaining smart systems pose 

obstacles to their widespread adoption. In addition, limited 

internet and electrical power networks in some agricultural 

areas limit the effectiveness of IoT and remote sensing 

applications. The absence of supportive government policies 

and the scarcity of agricultural financing programs 

dedicated to digital transformation pose a major challenge to 

the widespread adoption of smart agriculture in developing 

countries. Furthermore, concerns over agricultural data 

security and information privacy pose an additional obstacle 

amid the expanding use of internet-connected systems. 
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