
AgriCos e-Newsletter 

    Open Access Multidisciplinary Monthly Online Magazine 
Volume: 07   Issue: 05   May 2026                     Article No: 05 

www.agricosemagazine.com                                                                                                                                              18 

Sensor-Based Monitoring of Soil Moisture and Nutrients in Fruit Crops 
Vidhu Dixit 1, Abhinav Bajpai 2 & Arun Arya3* 

1Teaching Associate, Chandra Shekhar Azad University of Agriculture & Technology, Kanpur, Uttar Pradesh 
2Research Scholar, Chandra Shekhar Azad University of Agriculture & Technology, Kanpur, Uttar Pradesh 

3M.Sc. Scholar, Chandra Shekhar Azad University of Agriculture & Technology, Kanpur, Uttar Pradesh, India

SUMMARY 
Sensor-based monitoring technologies are transforming modern fruit production by enabling precise 

management of soil moisture and nutrients. Soil moisture sensors, nutrient sensors, and IoT-based systems 

provide real-time information that helps farmers improve irrigation scheduling and fertilizer application. These 

technologies increase water-use efficiency, reduce nutrient losses, enhance fruit yield and quality, and support 

sustainable orchard management. Their integration with smart farming tools and artificial intelligence is 

promoting climate-smart and precision horticulture in fruit crops such as citrus, mango, grape, and pomegranate.  

 

INTRODUCTION 

 Fruit crops are among the most valuable horticultural commodities worldwide and contribute significantly to 

nutritional security, employment generation, and agricultural income. According to the Food and Agriculture 

Organization, global fruit production exceeds 920 million tonnes annually, with citrus, banana, mango, apple, and 

grape being major contributors. India is the second-largest producer of fruits in the world, producing more than 112 

million tonnes of fruits from approximately 7 million hectares of cultivated area. Major fruit-producing states include 

Uttar Pradesh, Maharashtra, Andhra Pradesh, Gujarat, and Karnataka. Efficient soil moisture and nutrient 

management are critical for achieving higher productivity and better fruit quality in orchards. Studies indicate that 

agriculture consumes nearly 70% of global freshwater resources, and a large portion of irrigation water is lost due 

to inefficient management practices. In fruit orchards, improper irrigation and excessive fertilizer application often 

result in nutrient leaching, soil degradation, reduced water-use efficiency, and environmental pollution. Research 

has shown that over-irrigation can reduce oxygen availability in the root zone, while water stress during flowering 

and fruit development stages may significantly decrease fruit size, yield, and quality. Traditional soil monitoring 

methods involve manual sampling and laboratory analysis, which are labor-intensive, time-consuming, and unable 

to provide real-time information. Recent advances in precision agriculture, Internet of Things (IoT), wireless sensor 

networks, and smart sensing technologies have introduced innovative approaches for continuous soil monitoring. 

Soil moisture sensors, nutrient sensors, electrical conductivity probes, and cloud-based monitoring systems enable 

farmers to monitor orchard conditions in real time and make accurate irrigation and fertilization decisions. Sensor-

based technologies are now being increasingly adopted in modern fruit orchards such as citrus, mango, grape, 

pomegranate, pear, and apple. Studies have reported that smart irrigation systems using soil moisture sensors can 

reduce irrigation water use by 30–50% while maintaining or even increasing fruit yield. Similarly, precision nutrient 

management using sensors improves fertilizer-use efficiency and minimizes environmental losses. 

 

Concept of Sensor-Based Monitoring 

Sensor-based monitoring refers to the use of electronic devices to measure soil and environmental parameters 

continuously and automatically. The collected data are transmitted through wireless networks or cloud platforms for 

analysis and decision-making. 

Important parameters monitored in fruit orchards include: 

 Soil moisture 

 Soil temperature 

 Electrical conductivity (EC) 

 Soil pH 

 Nitrogen (N), phosphorus (P), and potassium (K) 

 Relative humidity 

 Leaf wetness 

Modern systems commonly use Arduino, ESP32, LoRaWAN, and cloud platforms for real-time orchard monitoring. 
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Soil Moisture Sensors in Fruit Crops 

Soil moisture is one of the most critical factors affecting fruit growth and quality. Different sensors are used for 

monitoring soil water status: 

 

Types of Soil Moisture Sensors 

 Capacitance Sensors 

 Time Domain Reflectometry (TDR) Sensors 

 Frequency Domain Reflectometry (FDR) Sensors 

 Tensiometers 

 Neutron Probe 

 
These sensors help maintain optimum moisture levels in orchards and improve irrigation scheduling. 

 

Applications in Fruit Crops 

 Smart irrigation in pear orchards 

 Moisture management in pomelo cultivation 

 Water stress monitoring in vineyards and citrus orchards 

A wireless sensor network developed for pear orchards reduced irrigation water use by up to 50% while maintaining 

productivity. 

 

Nutrient Monitoring Sensors 

Nutrient monitoring is essential for balanced fertilization and sustainable orchard productivity. Modern nutrient 

sensors estimate soil nutrient levels through ion-selective electrodes, EC measurements, and optical sensing systems. 
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Important Nutrients Monitored 

 Nitrogen (N) 

 Phosphorus (P) 

 Potassium (K) 

 Soil pH 

 Electrical conductivity 

 

Advantages 

 Site-specific nutrient management 

 Reduction in fertilizer losses 

 Improved fruit quality 

 Prevention of nutrient deficiency 

Recent studies have shown that intelligent nutrient diagnosis systems can improve precision fertilization in orchards. 

 

IoT and Wireless Sensor Networks in Orchard Management 

The integration of IoT with agricultural sensors has transformed traditional farming into smart farming. 

Components of IoT-Based Orchard Systems 

 Soil sensors 

 Microcontrollers 

 Wireless communication modules 

 Cloud databases 

 Mobile applications 

 

Working Principle 

Sensors collect data from the orchard and transmit them to cloud servers using WiFi, GSM, or LoRaWAN networks. 

Farmers can access real-time information through smartphones and make immediate irrigation or fertilization 

decisions. 

 

Benefits of Sensor-Based Monitoring in Fruit Crops 

Parameter Benefits 

Soil Moisture Monitoring Efficient irrigation scheduling 

Nutrient Monitoring Balanced fertilizer application 

IoT Integration Real-time data access 

Smart Irrigation Water conservation 

Precision Farming Increased fruit yield and quality 

Environmental Monitoring Reduced nutrient leaching 

 

Major Advantages 

 Water-use efficiency 

 Reduced production cost 

 Improved fruit quality 

 Sustainable soil management 

 Climate-resilient horticulture 

 

Challenges and Limitations 

Despite their advantages, sensor technologies face several challenges: 

 High initial installation cost 

 Calibration difficulties 

 Sensor maintenance issues 

 Limited nutrient sensing accuracy 

Discussions among IoT users also indicate that reliable low-cost nutrient sensors are still under development. 

 

Future Prospects 
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Future orchard monitoring systems may integrate: 

 Artificial Intelligence (AI) 

 Machine Learning 

 UAVs and drones 

 Remote sensing 

 Cloud analytics 

 Digital soil mapping 

Advanced sensor networks combined with AI can predict irrigation and nutrient requirements more accurately, 

improving sustainability in fruit production systems. 

 

CONCLUSION 
Sensor-based monitoring technologies are transforming fruit crop management by enabling precise 

irrigation and nutrient application. Soil moisture sensors, nutrient probes, IoT platforms, and wireless sensor 

networks provide real-time information for efficient orchard management. These systems improve water-use 

efficiency, reduce fertilizer wastage, enhance fruit quality, and support sustainable agriculture. Although challenges 

such as high costs and sensor calibration remain, ongoing advancements in AI, remote sensing, and smart agriculture 

are expected to make these technologies more accessible and reliable in the future. Sensor-based orchard 

management represents an important step toward climate-smart and precision horticulture. 
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