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ABSTRACT 

Indian agriculture is facing several challenges, such as climate change, irregular weather patterns, 

soil degradation, shortage of farm labour, and declining interest of youth in farming. To overcome 

these problems, smart farming technologies have emerged as an effective solution. This review 

paper discusses the role of modern technologies such as artificial intelligence, robotics, drones, 

sensors, Internet of Things (IoT), and Geographic Information Systems (GIS) in transforming 

traditional agriculture into technology-driven farming in India. 

Smart farming systems help farmers in selecting suitable crops, monitoring weather conditions, 

managing water resources, detecting pests and diseases at early stages, and maintaining optimal 

temperature and humidity for better crop growth. Automated weather stations, soil and climate 

sensors, robotic surveillance, and drone-based monitoring provide real-time data, which supports 

timely decision-making and reduces crop losses. Centralised data management platforms and 

decision-support systems also improve farm planning, productivity, and sustainability. 

The review highlights the importance of training farmers, students, and researchers in advanced 

agricultural technologies and emphasises the role of agricultural universities and research centres 

in promoting digital agriculture. Smart farming initiatives also create opportunities to attract young 

people to agriculture by reducing physical labour and increasing efficiency. Overall, smart farming 
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technologies provide a sustainable approach to enhancing Indian agriculture, ensuring food 

security, and supporting future generations of farmers. 

Keywords: Smart farming; Digital agriculture; Artificial intelligence in agriculture; Internet of 

Things (IoT); Robotics; Drones; Sensors; Precision farming; Sustainable agriculture; Indian 

agriculture. 

1.  INTRODUCTION 

Indian agriculture is gradually shifting from traditional practices to technology-supported farming 

systems known as smart farming. This approach uses modern tools such as Internet of Things (IoT) 

devices, artificial intelligence (AI), drones, satellites, robotics, and digital mapping technologies 

to improve farm management. Smart farming supports precision-based cultivation by providing 

accurate information on soil, crops, weather, and resources, helping farmers improve productivity 

while reducing unnecessary inputs and costs. 

1.1 Technological Components of Smart Farming 

IoT-enabled sensors are widely used to measure soil moisture, nutrient availability, temperature, 

and environmental conditions. These sensors allow automated irrigation and fertiliser application, 

ensuring crops receive inputs only when required. Drone and satellite technologies supply detailed 

images of agricultural fields, helping identify crop stress, pest infestation, and disease symptoms 

at early stages. This enables timely and targeted application of inputs, reducing wastage. 

Artificial intelligence and machine learning tools process large volumes of farm data to predict 

crop performance, support planting decisions, and recommend suitable management practices. 

Robotic systems and automated machinery assist in field operations such as sowing, spraying, 

monitoring, and harvesting, reducing dependence on manual labour and improving precision. GPS 

and GIS technologies help map fields accurately and guide farm machinery for site-specific 

resource application. High-speed communication networks further strengthen smart farming by 

enabling real-time data transfer and quick decision-making. 

1.2 Advantages for Indian Farmers 

The adoption of smart farming technologies leads to improved crop yield and quality through 

informed decision-making. Precision use of water, fertilisers, and pesticides reduces production 

costs and minimises environmental damage. Early warning systems help farmers respond quickly 

to pest outbreaks, plant diseases, and extreme weather conditions, thereby reducing crop losses. 

Digital platforms also support better access to markets, advisory services, and financial resources, 

allowing farmers to receive fair prices and improve income stability. 
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1.3 Addressing Agricultural Challenges 

At present, Indian agriculture is facing several serious challenges, including small and fragmented 

landholdings, climate change, irregular rainfall, labour shortages, rising input costs, and declining 

interest among young people in farming. These issues are affecting farm productivity, profitability, 

and long-term sustainability. In this context, smart farming technologies offer practical and 

effective solutions for transforming Indian agriculture. 

Smart farming is especially suitable for Indian conditions, where most farmers cultivate small 

areas of land. Precision farming tools such as sensors, drones, and data-based advisory systems 

enable farmers to manage even small plots efficiently by applying water, fertilisers, and pesticides 

in the right quantity and at the right time. Real-time monitoring of weather, soil, and crop 

conditions helps farmers respond quickly to climate uncertainty, unpredictable monsoon patterns, 

and extreme weather events. 

Training programmes, agricultural extension services, and digital platforms play a crucial role in 

increasing farmers’ awareness and adoption of smart farming technologies. By providing technical 

knowledge, demonstrations, and affordable access to modern tools, these initiatives help bridge 

the gap between traditional farming practices and advanced agricultural technologies. 

Overall, the adoption of smart farming technologies is transforming Indian agriculture into a more 

efficient, resilient, and sustainable system. By combining traditional agricultural knowledge with 

digital innovation, smart farming supports data-driven decision-making, improves resource 

management, reduces physical labour, and increases farm income. This review paper mainly aims 

to highlight how smart farming technologies are transforming Indian agriculture, contributing to 

economic growth, ensuring food security, and making agriculture easier and more attractive for 

future generations. 

2. DATA COLLECTION THROUGH SENSORS IN SMART FARMING 

Smart farming starts with the continuous collection of real-time data using Internet of Things 

(IoT)-based sensors installed in agricultural fields. These sensors measure key soil parameters such 

as moisture content, temperature, pH, salinity, and nutrient levels, including nitrogen, phosphorus, 

and potassium (NPK). Environmental sensors monitor air temperature, humidity, rainfall, wind 

speed, light intensity, and carbon dioxide concentration, while advanced plant-based sensors assess 

crop health through indicators like chlorophyll content and leaf temperature (Wolfert et al., 2017; 

Liakos et al., 2018). 

IoT sensor nodes are deployed at various locations and soil depths to capture spatial and temporal 

variations in field conditions. The collected data is transmitted through wireless communication 

networks to a central gateway or cloud-based platform. Artificial intelligence and data analytics 



International Journal of Agriculture and Environmental Research 

ISSN: 2455-6939 

Volume: 11, Issue: 06 "November-December 2025" 

 

www.ijaer.in Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0  Page 2052 

 

tools process this data to identify patterns, predict potential risks, and generate actionable 

recommendations for farmers (Kamilaris et al., 2017; Zhang et al., 2021). In advanced systems, 

automated actions such as irrigation scheduling, nutrient application, and environmental control 

are performed based on sensor feedback. (Table-1). 

Sensor-based monitoring enables data-driven decision-making, leading to efficient use of water, 

fertilizers, and pesticides. Early detection of nutrient deficiencies, pest infestations, and disease 

outbreaks helps reduce crop losses and minimize environmental impact. Thus, the integration of 

sensor technologies bridges traditional farming practices with modern digital tools, improving 

productivity, sustainability, and automation in Indian agriculture (FAO, 2020). 

Table 1: Role of IoT Sensors and Data Analytics in Smart Farming 

Component Type Parameters Measured Purpose / Application 

Soil Sensors IoT-based 

sensors 

Soil moisture, temperature, 

pH, salinity, NPK (nitrogen, 

phosphorus, potassium) 

Assess soil health, 

support precise irrigation 

and fertiliser management 

Environmental 

Sensors 

IoT-based 

sensors 

Air temperature, humidity, 

rainfall, wind speed, light 

intensity, CO₂ concentration 

Monitor climatic 

conditions and support 

weather-based farm 

decisions 

Plant-based 

Sensors 

Advanced crop 

sensors 

Chlorophyll content, leaf 

temperature 

Evaluate crop health, 

detect stress and nutrient 

deficiency 

Sensor 

Deployment 

Field-level 

sensor nodes 

Data from different soil 

depths and field locations 

Capture spatial and 

temporal variations in 

field conditions 

Data 

Transmission 

System 

Wireless 

communication 

networks 

Sensor-generated real-time 

data 

Transfer data to gateway, 

cloud platform, or mobile 

applications 

Data Processing 

Tools 

AI and data 

analytics 

systems 

Pattern recognition, risk 

prediction 

Generate actionable 

recommendations for 

farmers 

Automated 

Farm Actions 

Smart control 

systems 

Irrigation scheduling, nutrient 

application, climate control 

Enable automated and 

timely farm operations 
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Decision 

Support 

Sensor-based 

monitoring 

Integrated field and crop data Improve resource use 

efficiency and reduce 

uncertainty 

Impact on 

Agriculture 

Digital farming 

integration 

Reduced water, fertiliser, and 

pesticide use 

Enhance productivity, 

sustainability, and 

automation 

 

3. WEATHER MONITORING AND FORECASTING 

Weather monitoring is a critical component of smart farming because agricultural production is 

highly sensitive to climatic variations. In smart farming systems, automatic weather stations and 

IoT-enabled devices continuously collect accurate, location-specific data on temperature, 

humidity, rainfall, wind speed and direction, and solar radiation. This real-time information enables 

farmers to move away from guess-based practices and adopt precise, data-driven farm 

management decisions. 

Temperature data supports proper planning of sowing dates and crop growth stages while helping 

prevent damage caused by heat stress or frost. Humidity measurements are important for 

understanding plant water requirements and assessing the risk of fungal and bacterial diseases. 

Wind speed and direction influence pollination, pesticide spray efficiency, and the spread of pests 

and diseases, whereas rainfall data assists in irrigation scheduling and harvest planning, 

particularly for moisture-sensitive crops. Information on sunshine duration directly affects 

photosynthesis and crop productivity (Wolfert et al., 2017; Zhang et al., 2021). 

Smart farming platforms integrate weather data with artificial intelligence and predictive analytics 

to support timely farm operations. Precision irrigation systems use combined soil moisture and 

weather data to activate watering only when required, leading to significant water savings. 

Weather-based pest and disease forecasting models analyse factors such as humidity, temperature, 

and leaf wetness to predict outbreaks, allowing early and targeted interventions. Real-time climatic 

data also helps optimise fertiliser application, spraying schedules, and harvesting operations, 

improving efficiency and crop quality (Liakos et al., 2018; Kamilaris et al., 2017). 

By combining IoT-based weather monitoring with data analytics, smart farming enables proactive 

management of agricultural risks rather than reactive responses. This approach reduces resource 

wastage, minimises environmental impact, and enhances farmers’ ability to adapt to climate 

variability and extreme weather events. Overall, weather monitoring strengthens productivity, 

sustainability, and resilience in Indian agriculture, supporting long-term agricultural development 

(FAO, 2020). 
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4. CROP SELECTION AND PLANNING USING GIS-BASED SMART FARMING 

SYSTEMS 

Crop selection and land-use planning are critical decisions in agriculture that directly influence 

productivity, profitability, and sustainability. In smart farming, these decisions are guided by data 

collected from sensors, weather stations, and remote sensing technologies. Based on seasonal 

conditions and field-specific information, smart systems assist farmers in identifying suitable crops 

and planning cultivation activities more effectively. 

Geographic Information System (GIS)-based platforms play a major role in modern crop planning 

by integrating spatial data such as soil characteristics, climate patterns, topography, and land use. 

By analysing soil type, slope, elevation, rainfall, and temperature, GIS tools help determine the 

suitability of land for specific crops, horticulture, forestry, or conservation purposes. This scientific 

approach supports precision agriculture and reduces the risks associated with inappropriate crop 

selection (Wolfert et al., 2017). 

GIS combined with GPS and remote sensing technologies enables precision farming practices such 

as variable-rate application of fertilisers, pesticides, and irrigation water. Spatial maps generated 

through GIS help optimise resource use by applying inputs only where and when they are needed, 

thereby reducing costs and environmental impact. Crop and soil monitoring using satellite imagery 

and spectral data allows early identification of stress conditions related to moisture deficiency, 

nutrient imbalance, or disease incidence (Kamilaris et al., 2017). 

GIS-based models also support yield prediction by analysing historical data, crop growth patterns, 

and climatic factors. Yield forecasting helps farmers manage production risks, plan market 

strategies, and improve overall farm management. Furthermore, GIS-driven decision support 

systems integrate analytical models and databases to assist farmers, researchers, and policymakers 

in developing sustainable land-use plans and improving agricultural planning at regional and 

national levels (Liakos et al., 2018). 

Overall, GIS-based crop selection and planning systems enhance agricultural productivity and 

profitability while promoting sustainable use of natural resources. By enabling evidence-based 

decision-making, these tools support climate-resilient agriculture and strengthen environmental 

stewardship in Indian farming systems (FAO, 2020). 

5. WATER AND SOIL MANAGEMENT THROUGH SMART IRRIGATION SYSTEMS 

Efficient water and soil management is a major requirement of modern agriculture, especially 

under conditions of water scarcity and climate variability. Smart irrigation systems play a crucial 

role in addressing this challenge by using sensor-based data and automated control mechanisms to 

deliver water precisely according to crop needs. These systems replace traditional fixed irrigation 
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schedules with data-driven, demand-based water application, thereby improving water-use 

efficiency and soil health. 

Smart irrigation systems rely on soil moisture sensors, weather sensors, and climatic data to 

continuously monitor field conditions. Soil moisture sensors measure the actual water content in 

the root zone, while weather sensors record parameters such as temperature, humidity, rainfall, and 

evapotranspiration. This information is integrated into smart controllers, which analyse the data 

and automatically adjust irrigation schedules to supply water only when required and in the 

appropriate quantity (Zhang et al., 2021). 

IoT connectivity allows farmers to monitor and control irrigation systems remotely using mobile 

phones or computer-based platforms. Automated valves, pumps, and actuators respond instantly 

to sensor feedback, reducing manual labour and enabling timely interventions. Advanced systems 

use artificial intelligence and machine learning models to predict crop water requirements, 

optimise irrigation timing, and improve long-term water management strategies (Liakos et al., 

2018). 

Smart irrigation significantly reduces water losses caused by over-irrigation, runoff, and 

evaporation. By maintaining optimal soil moisture levels, these systems prevent waterlogging, 

improve soil structure, and reduce the risk of root diseases. Consistent and precise water supply 

promotes better crop growth, higher yields, and improved produce quality. In addition, reduced 

water and energy use lowers production costs and minimises the environmental footprint of 

agriculture (FAO, 2020). 

Technologies such as subsurface drip irrigation and solar-powered irrigation systems further 

enhance efficiency by delivering water directly to the root zone and enabling off-grid operation. 

Overall, smart irrigation transforms water and soil management from experience-based practices 

to precise, automated, and sustainable systems, making it an essential component of smart farming 

and future agricultural development. 

6. PEST AND DISEASE DETECTION USING SMART TECHNOLOGIES 

Timely identification of pests and plant diseases is critical for minimising yield losses and reducing 

excessive chemical use in agriculture. Smart farming technologies such as drones, robotic 

platforms, digital cameras, and artificial intelligence (AI)–based systems have transformed 

traditional crop scouting into an automated and highly precise process. These technologies enable 

continuous monitoring of crop health and facilitate early intervention before visible symptoms 

appear. 

Unmanned aerial vehicles (UAVs) equipped with RGB, multispectral, hyperspectral, and thermal 

sensors are widely used to capture high-resolution images of crop fields. These sensors detect 
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subtle physiological changes in plants, such as variations in leaf colour, canopy temperature, and 

reflectance patterns, which often indicate pest infestation, disease onset, or nutrient deficiency. The 

collected data are processed using machine learning and deep learning algorithms that can 

accurately differentiate between healthy and stressed plants (Mahlein, 2016). 

AI-based image analysis systems extract key features such as colour intensity, texture, shape, and 

thermal anomalies from plant images. Advanced models, including convolutional neural networks 

(CNNs), enable precise identification of specific pests and diseases, even at early growth stages. 

Spatial mapping of affected zones allows farmers to visualise disease spread and implement 

targeted control measures instead of blanket pesticide application (Ferentinos, 2018). 

Ground-based agricultural robots further enhance detection accuracy by performing close-range 

inspection of leaves, stems, and fruits. These robots can operate autonomously, collect real-time 

data, and in some cases execute site-specific actions such as precision spraying or removal of 

infected plants. By automating surveillance and treatment, robotic systems significantly reduce 

labour requirements and human exposure to agrochemicals (Bechar & Vigneault, 2016). 

The integration of drones, sensors, robotics, and AI improves pest and disease management by 

enabling early warning systems, reducing chemical inputs, conserving resources, and enhancing 

crop productivity. Overall, smart detection technologies support sustainable agriculture by shifting 

pest and disease control from reactive practices to proactive, data-driven management strategies. 

7.  AUTOMATED FIELD OPERATIONS 

Automated field operations are a key component of smart farming, helping to reduce dependence 

on manual labour while improving efficiency and precision in agricultural activities. Modern 

agricultural robots and automated machinery are designed to carry out routine field tasks such as 

spraying, crop monitoring, weeding, planting, and nursery management with minimal human 

intervention. 

Robotic sprayers use sensors, GPS, and AI-based vision systems to identify crop rows and target 

specific areas for pesticide or fertiliser application. This targeted approach minimises chemical 

usage, reduces environmental pollution, and lowers production costs. Automated monitoring 

systems continuously assess crop growth, soil conditions, and plant health, providing farmers with 

real-time updates and early warnings of potential problems. 

In nurseries, automation supports activities such as seed sowing, transplanting, watering, and 

seedling management. Controlled automated systems ensure uniform growth conditions, improve 

seedling survival rates, and save time during large-scale plant production. Automated machines 

also maintain consistency and accuracy, which are often difficult to achieve through manual 

operations alone. 
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By integrating robotics, GPS guidance, IoT sensors, and artificial intelligence, automated field 

operations make farming more time-efficient, cost-effective, and sustainable. These technologies 

allow farmers to focus on decision-making and farm management while machines handle labour-

intensive tasks, thereby improving productivity and supporting the future of modern agriculture. 

8. RESULTS AND DISCUSSION: AUTOMATED FIELD OPERATIONS IN SMART 

FARMING 

Automated field operations are rapidly transforming modern agriculture by integrating robotics, 

IoT sensors, and AI-based control systems. Studies indicate that automated machines significantly 

reduce physical labor requirements while improving operational efficiency and precision in crop 

management (Bechar & Vigneault, 2016; Zhang & Kovacs, 2012). 

1. Efficiency and Labor Savings: Robotic systems performing spraying, planting, weeding, and 

monitoring reduce the need for manual labor, especially in large-scale farms. For instance, 

autonomous sprayers equipped with AI and vision systems can accurately target pesticide and 

fertilizer application to specific crop rows, avoiding unnecessary coverage. This precision not only 

conserves inputs but also reduces operator fatigue and labor costs (Shah et al., 2020). Field trials 

reported that automated spraying systems reduce chemical usage by up to 30–40% compared to 

conventional methods, demonstrating improved resource efficiency. 

2. Precision in Crop Management: Automated monitoring systems equipped with multispectral 

and thermal sensors provide real-time assessment of crop health, soil moisture, and nutrient levels. 

Data collected through these systems enable early detection of crop stress, nutrient deficiencies, 

or disease outbreaks, allowing timely interventions (Mahlein, 2016). The use of AI-driven analysis 

allows the system to recommend precise actions such as selective irrigation, fertilization, or 

pesticide application, improving crop uniformity and yield quality. 

3. Nursery and Plant Management: Automation in nurseries has shown substantial improvements 

in seedling survival rates and uniformity. Automated seed sowing, transplanting, and irrigation 

ensure consistent growth conditions and reduce human error. Reports suggest that automated 

nursery operations can save 25–35% of labor time while maintaining high-quality seedlings 

suitable for transplantation in the main field (Bechar & Vigneault, 2016). 

4. Sustainability and Environmental Impact: By minimizing over-application of fertilizers and 

pesticides, automated field operations contribute to sustainable agricultural practices. Reduced 

chemical runoff and precise input management decrease environmental pollution and conserve soil 

health. These systems also optimize water use in irrigation-linked automation, enhancing water 

productivity and climate resilience (Liakos et al., 2018). 
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5. Challenges and Future Prospects: Despite their advantages, automated field operations face 

challenges such as high initial investment costs, complex maintenance, and the need for trained 

operators. However, ongoing advancements in affordable robotics, AI algorithms, and IoT 

connectivity are likely to overcome these limitations, making automated agriculture accessible to 

small- and medium-scale farms in the near future (Wolfert et al., 2017). 

CONCLUSION 

Automated field operations improve labor efficiency, precision, and sustainability in agriculture. 

Integrating robotics, IoT, and AI enables real-time monitoring, timely interventions, and resource 

optimization, ultimately enhancing productivity and supporting the transition to smart farming. 

The adoption of these technologies is expected to play a crucial role in modernizing agriculture, 

reducing environmental impact, and addressing labor shortages in the Indian context. 
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