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Introduction   

The field of agriculture is undergoing a 

profound transformation, driven by 

advancements in artificial intelligence (AI). 

Traditionally, horticulture relied heavily on 

manual labour and intuition-based practices. 

However, the advent of AI is revolutionizing 

this sector by introducing precision techniques, 

data-driven insights, and automation. As 

global challenges like climate change and food 

security intensify, AI presents innovative 

solutions that promise to make horticulture 

more efficient, sustainable, and resilient. 

This article explores the latest 

advancements in AI within horticulture, 

detailing specific tools and technologies, their 

applications, benefits, and challenges.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We will highlight real-world examples 

where AI has made significant impacts, 

focusing on precision farming, smart 

greenhouses, pest and disease management, 

and sustainability. 

AI-Powered Precision Farming 

AI’s impact on horticulture is 

especially evident in precision farming. This 

approach utilizes machine learning, data 

analytics, and advanced tools to enhance crop 

management and optimize resource use. 

Key AI Tools in Precision Farming: 

1. Sensors and IoT Devices: 

Soil Moisture Sensors:*In tomato 

farms in the Netherlands, the Sentek Drill & 

Drop sensor provides precise soil moisture 

data at various depths. This allows farmers to  
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fine-tune irrigation schedules, crucial for 

maintaining optimal moisture levels and 

improving tomato yield and quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature Sensors: The Extech 

RHT10 data logger is employed in cucumber 

greenhouses in Spain to monitor temperature 

and humidity. This data helps maintain optimal 

conditions for cucumber growth, resulting in 

higher yields and better-quality produce. 

Nutrient Sensors: In lettuce farms in 

California, the Yara N-Tester measures soil 

nutrient levels to guide fertilization practices. 

This ensures balanced nutrition for the plants 

and reduces excess fertilizer use, promoting 

healthier crops and minimizing environmental 

impact. 

2. Drones and Aerial Imagery: 

Multispectral Cameras: The DJI 

Phantom 4 RTK drone, used in vineyards in 

France, is equipped with multispectral sensors  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

that capture high-resolution images to assess 

grape health. This early detection of issues like 

nutrient deficiencies or diseases helps farmers 

take timely corrective actions. 

Thermal Imaging: The MicaSense 

RedEdge-MX camera, used in potato farms in 

Idaho, provides thermal imagery to detect 

water stress in crops. This allows for targeted 

irrigation, enhancing potato resilience and 

optimizing water use. 

3. Machine Learning Algorithms: 

Predictive Models: The Plantix app, 

utilized in apple orchards in New Zealand, 

uses machine learning to diagnose plant 

 
Figure 1. The concise physical architecture of the system with the basic physical entities, 

implementing the respective groups of functional entities and their placement in the above 

subsystems, as well as the relevant interfaces between entities and subsystems. 
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diseases from visual data. This predictive 

capability helps manage disease outbreaks 

more effectively, protecting apple crops from 

potential losses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Optimization Algorithms: The CropX 

platform, used in corn fields in the Midwest 

USA, employs machine learning to optimize 

irrigation and nutrient application. This results 

in improved crop performance and more 

efficient resource use. 

Smart Greenhouses: The Future of 

Controlled Environment Agriculture 

AI is also making significant strides in 

the management of smart greenhouses. These 

facilities use AI to control environmental 

factors such as lighting, temperature, humidity, 

and CO2 levels, creating optimal growing 

conditions and extending growing seasons. 

Key AI Tools in Smart Greenhouses: 

1. Climate Control Systems: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Automated Climate Management: 

The Priva Connext system, used in bell pepper 

greenhouses in the Netherlands, adjusts 

temperature, humidity, and CO2 levels in real-

time. This ensures ideal conditions for pepper 

growth and enhances energy efficiency. 

Energy Efficiency: In herb cultivation 

in Israel, Netafim’s Climate Control System 

maintains optimal conditions while reducing 

energy consumption. This contributes to more 

sustainable greenhouse operations and lowers 

operational costs. 
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2. Automated Irrigation Systems: 

AI-Enhanced Irrigation: Netafim 

Drip Irrigation systems, implemented in 

strawberry farms in Spain, use AI to analyze 

soil moisture and weather forecasts. This 

technology reduces water usage by up to 30% 

and improves strawberry health and yield. 

Smart Controllers: The Rain Bird 

ESP-LXME controller, applied in cucumber 

greenhouses in the USA, adjusts watering 

schedules based on real-time data. This 

improves water efficiency and reduces waste, 

contributing to more sustainable greenhouse 

management. 

3. Artificial Lighting Systems: 

Dynamic Lighting Control: The 

Valoya LED lighting system, used in lettuce 

production in Canada, adjusts light intensity 

and duration based on plant needs. This system 

enhances growth in low-light conditions and 

optimizes energy use, leading to better lettuce 

quality and increased yield. 

Supplemental Lighting: Lumi Grow’s 

Grow LED systems, implemented in herb 

greenhouses in Australia, provide targeted 

lighting for various plant stages. This improves 

photosynthesis and overall plant health, 

resulting in higher-quality herbs. 

AI-Driven Pest and Disease Management 

AI is transforming pest and disease 

management by offering precise solutions and 

reducing reliance on broad-spectrum 

pesticides. AI tools enable early detection and 

targeted interventions, improving crop 

protection. 

Key AI Tools in Pest and Disease 

Management: 

1. Image Recognition Systems: 

Computer Vision: The PlantVillage 

app, used in tomato crops in Kenya, leverages 

deep learning to diagnose plant diseases 

accurately. This early detection system helps 

manage diseases like tomato blight more 

effectively, reducing crop losses. 

Real-Time Monitoring: The 

AgroSense platform, applied in potato farms in 

the UK, provides real-time pest and disease 

detection through image analysis. This allows 

for timely interventions, minimizing the 

impact of pests and diseases on potato crops. 

2. Predictive Analytics: 

Outbreak Forecasting: The 

AgroCloud system, used in grape vineyards in 

Italy, employs predictive analytics to 

recommend preventive measures based on data 

from various sources. This helps forecast and 

mitigate pest outbreaks, protecting grape 

yields. 

Risk Assessment: The Crop Health 

Monitoring System, utilized in lettuce farms in 

Japan, analyzes environmental conditions to 

assess disease risk. This proactive approach 

enables better management of potential 

diseases and improves crop health. 
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3. Robotic Pest Control: 

Autonomous Robots: The LettuceBot, 

used in lettuce fields in California, 

autonomously navigates fields to remove 

weeds. This reduces the need for herbicides 

and enhances lettuce yield by minimizing 

competition from weeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Precision Spraying: The Ripe 

Robotics system, applied in apple orchards in 

Australia, uses precision spraying to target 

specific pest infestations. This approach 

minimizes chemical use and environmental 

impact, promoting more sustainable pest 

management practices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Robovator automatic intra-row cultivator in a commercial lettuce field near Santa 

Maria, CA. The reciprocating cultivator knives, shown open,move in an out of the row 

removing weeds between the crop plants. Photographby Steve Fennimore. 
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The Role of AI in Sustainable Horticulture 

Sustainability is a key focus in modern 

horticulture, and AI plays a vital role in 

optimizing resource use and minimizing waste, 

leading to more eco-friendly practices. 

Key AI Tools for Sustainability: 

1. Resource Optimization Models: 

Data-Driven Management: AG 

Leader Technology’s InCommand system, 

used in tomato farms in Mexico, analyzes data 

on water, energy, and nutrients to optimize 

usage. This enhances resource management 

and reduces costs, contributing to more 

sustainable tomato farming. 

Waste Reduction: Hortilux LED 

systems, implemented in cucumber production 

in the Netherlands, use AI to adjust light and 

nutrient delivery. This reduces resource waste 

and improves energy efficiency, promoting 

more sustainable cucumber cultivation. 

2. Harvest Prediction Systems: 

Optimal Timing: The Harvest CROO  

 

 

 

 

 

 

 

 

 

 

Robotics system, used in blueberry farms in 

the USA, forecasts harvest windows to 

maximize quality and yield. This ensures 

blueberries are picked at their peak, improving 

overall fruit quality and reducing waste. 

Yield Estimation: Syngenta’s R&D 

platform, applied in corn fields in Brazil, uses 

AI to estimate yield and plan harvesting 

schedules. This optimizes resource allocation 

and improves operational efficiency, leading to 

more sustainable corn farming practices. 

3. Indoor Farming Systems: 

Controlled Environments: 

AeroFarms’ vertical farming system, used in 

herb cultivation in the UAE, integrates AI to 

manage indoor farming conditions. This 

reduces water and fertilizer use while 

maximizing space efficiency, contributing to 

more sustainable herb production. 

Resource Efficiency: The Farm View 

platform, employed in lettuce production in 

South Korea, optimizes resource allocation in  
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indoor farms. This enhances overall efficiency 

and sustainability, leading to more productive 

and eco-friendly lettuce farming. 

 

 

 

 

 

 

 

 

 

 

 

Pros and Cons of AI in Horticulture 

Pros: 

1. Increased Efficiency: AI enhances 

productivity through precision farming, 

leading to higher crop yields and better 

resource management. 

2. Sustainability: AI supports eco-friendly 

practices by optimizing water and energy 

use and reducing pesticide dependence. 

3. Early Detection: AI enables early 

detection of pests and diseases, allowing 

for timely interventions and minimizing 

damage. 

4. Cost Savings: Improved efficiency and 

resource management through AI can lead 

to significant savings in energy and water 

costs. 

Cons: 

1. High Initial Costs: Implementing AI 

technologies can be expensive, potentially 

posing a barrier for small-scale farmers. 

 

 

 

 

 

 

 

 

 

 

 

2. Technical Challenges: AI systems require 

technical expertise and maintenance, which 

may not be available in all regions. 

3. Data Privacy: The collection and use of 

data by AI systems raise concerns about 

privacy and data security. 

4. Dependence on Technology: Over-

reliance on AI could make farmers 

vulnerable to technical failures or system 

malfunctions. 

Looking Ahead: The Future of AI in 

Horticulture 

As AI technology continues to 

advance, its applications in horticulture are 

expected to expand further. Future 

developments may include more sophisticated 

predictive models, enhanced robotics, and 

integration with emerging technologies like the 

 
Figure 3. (a) Indoor farm operated by 80 Acres Urban Agriculture LLC (adapted from [199]); 

(b) 360 m2 cultivation system operating with nutrient-film technique (NFT) in Cincinnati, 

Ohio, USA (adapted from [40]) 
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Internet of Things (IoT) and blockchain. These 

innovations are likely to lead to even more 

efficient and sustainable horticultural 

practices. 

Predicted Trends: AI and IoT Integration 

The integration of AI with IoT devices 

holds significant promise. Smart sensors 

embedded in soil can provide continuous data 

on moisture levels and nutrient content, which 

AI algorithms can analyze to optimize 

irrigation and fertilization schedules. This 

integration is expected to enhance overall 

efficiency and reduce operational costs. 

Conclusion 

The integration of AI into horticulture 

represents a groundbreaking development with 

the potential to revolutionize the industry. 

From precision farming and smart greenhouses 

to advanced pest management and 

sustainability, AI is paving the way for a new 

era in agriculture. As we continue to explore 

and harness the capabilities of AI, the future of 

horticulture looks brighter and more promising 

than ever. 
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