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ABSTRACT 

Smart technologies in agriculture and horticulture are transforming conventional farming methods 

and fostering a shift toward more sustainable and efficient food systems. The study examines how 

artificial intelligence (AI), Internet of Things (IoT), and precision farming techniques might interact 

to enhance sustainable farming and horticulture methods. It looks at how real-time monitoring of 

environmental factors, soil quality, and crop condition is made possible by IoT-enabled sensors, 

whereas artificial intelligence algorithms process this data to support predictive analytics and 

decision-making. Targeted treatments improve resource utilization, reduce environmental impacts, 

and increase crop output via precision farming approaches. Field data, case studies, and recent 

innovations are used in this study to evaluate the degree to which these technologies help to boost 

production, cut input expenses, and advance environmental sustainability. Emphasizing the need of 

enabling laws, farmer education, and infrastructure building to ensure its successful execution, the 

results show the transformative possibility of smart agriculture. The way intelligent technologies 

including the Internet of Things (IoT), artificial intelligence (AI), and precision agriculture equipment 

are revolutionizing these sectors in India is discussed in this review paper. By combining recent 

research, pilot projects, and government programs, it adds to the growing body of knowledge seeking 

to build sustainable and future-ready agro-ecosystems by assessing how these innovations impact 

productivity, resource efficiency, and sustainability. 

Keywords: Artificial Intelligence, Internet of Things, Precision farming Tools, Pilot Projects, Smart 

Technologies. 

INTRODUCTION 

A nation's economy relies greatly on 

agriculture, which plays a major role in shaping 

its gross domestic product (GDP) (Pawlak et al., 

2020). Leading global powers like the United 

States and the European Union allocate 

substantial resources toward advanced 

agricultural technologies. With the projection  

 

that the majority of the population will reside in 

urban areas by 2050, food production is 

anticipated to require a 70% increase to satisfy 

growing demand (Madau et al., 2020). 

Agriculture (which uses approximately 70% of 

the world's freshwater) depends on water. But it 

is now necessary to conserve resources, as 
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environmental changes have led to an inadequate 

food supply. To address this challenge, fresh and 

inventive agricultural methods are being created. 

Conventional agricultural practices have lagged 

behind modern farming approaches that have 

been more successful at adopting cutting-edge 

technology than other sectors. Digital age 

farming has been changed by Internet of Things 

(IoT) technology and precision agriculture. 

While reducing environmental effects, these 

innovations cut waste, increase crop yields, and 

allow complex farm management (Kumar et al., 

2024).  

Agriculture and horticulture are 

fundamental in global initiatives to guarantee 

food security and promote sustainability. But 

these sectors have several obstacles, including 

limited resources, insect outbreaks, old farming 

techniques and climate change (FAO, 2017). 

Traditional farming methods are under 

increasing pressure from rising populations, 

environmental pressures, and limited resources. 

Consequently, bringing digital innovations and 

intelligent technology has become very 

important for transforming these industries. 

Solving these pressing problems and meeting the 

rising need for plant-based meals and products 

calls for a shift toward wise, sustainable, and 

resilient agricultural systems. The 

transformational possibilities of integrating 

Internet of Things (IoT), artificial intelligence 

(AI), and precision agriculture technologies are 

examined in this research. Effective resource 

utilization, reduced environmental impact, and 

significant productivity improvements are all 

possible with these instruments (Wolfert et al., 

2017). This study explores the present condition 

of digital agriculture and horticulture, 

emphasizing their role in maximizing production 

while minimizing inputs and environmental 

effect. 

 

 

 

 

 

 

 

 

 

 

Fig.1. Key issues of technology in the agriculture industry (Source, Dhanaraju et al., 2022). 

OVERVIEW OF SMART TECHNOLOGIES 

IN AGRICULTURE AND HORTICULTURE 

1. Internet of Things (IoT):- The Internet of 

Things (IoT) is a network of linked gadgets 

and technologies that are essential to 

precision agriculture and smart farming. The 

IoT architecture in agriculture combines 

unmanned aerial vehicles (UAVs) and 

information and communication technology 

(ICT) with agricultural sensors to enable the 

essential data collection necessary for 

precision farming (Sharma and Shivandu, 

2024). Real-time data about soil moisture, 

temperature, humidity, and crop health is 

gathered by IoT devices, such as sensors and 

actuators. This data supports educated 

decision-making, which allows for accurate 

irrigation, fertilization, and pest management 
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(Zhang et al., 2019). These devices enable 

remote monitoring and control, giving 

farmers the ability to make data-driven 

choices. Integration with cloud platforms and 

mobile apps guarantees uninterrupted data 

access and analysis (Ray, 2017). This 

facilitates the early identification of 

problems, allowing for timely intervention 

and support (Kumar et al., 2024). 
 

➢ Foundations of IoT Applications in 

Agriculture (Dhanaraju et al., 2022) 
 

• Strong Models: The agriculture industry is 

characterized by diversity, complexity, 

spatio-temporal variability, and uncertainties 

regarding the proper kinds of harvests and 

infrastructure. 

• Scalability: The variability in farm size, 

from small to big, means that the findings 

ought to be scalable. With fewer costs, the 

placement and testing strategy should be 

gradually scaled up. 

• Affordability: Pricing must be fair and 

backed by significant support since 

affordability is essential to the success of 

agriculture. Cost-effectiveness can be 

attained by using uniform platforms, goods, 

tools, and services. 

• Sustainability: With rising economic 

challenges and intense global competition, 

sustainability has emerged as a key issue. 

 

                               

 

 

 

 

 

 

 

 

 

Fig.2. IoT in horticulture and farming (Source, Singh et al., 2022). 

2. Artificial Intelligence (AI): - Artificial 

intelligence (AI) is a multidisciplinary field 

that combines human-computer interaction, 

emotional recognition, machine learning, 

cognitive computing, data management, and 

smart decision-making. Examples of 

methods commonly used in agriculture for 

crop monitoring, soil management, and pest 

and disease detection are computer vision, 

support vector machines, genetic algorithms 

(GAs), decision support systems (DSSs), and 

artificial neural networks (ANNs) (Singh et 

al., 2022). Artificial intelligence systems 

analyze vast volumes of data acquired from 

satellite images and IoT sensors to develop 

predictive models and offer practical insights 

(Kamilaris and Prenafeta-Boldu, 2018). 

Machine learning can help forecast crop 

diseases, improve planting schedules, and 

offer customized recommendations for 

irrigation and fertilizer. Furthermore, robots 

and AI-enabled drones could automate 

certain agricultural activities including 

planting, weeding, pruning, and harvesting  

(Shamshiri et al., 2018). 
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Fig.3. AI in horticulture and farming (Source, Singh et al., 2022). 

3. Precision Farming Tools: With precision 

farming (PF), land productivity may be 

greatly enhanced. PF demands a sizable 

investment and is more likely utilized on 

larger farms with better access to income and 

capital (Sharma and Shivandu, 2024). 

Focus of PF is on site-specific crop 

management meant at maximizing the use of 

inputs including water, fertilizers, and 

pesticides (Gebbers and Adamchuk, 2010). 

Technologies such as variable rate 

applicators, GPS-guided tractors, and 

geospatial mapping increase operational 

efficiency and minimize waste. Precision 

agriculture can raise farmer income, improve 

the quality of agricultural products inside and 

out, and reduce the bad environmental impact 

of agriculture (Khardia et al., 2022). These 

methods help to foster sustainable resource 

use, lower expenses, and raise crop yields 

(Tzounis et al., 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Methods of precision agriculture (Source, Kumar et al., 2025). 
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4. Automated Irrigation Systems: Modern 

precision irrigation techniques, such as drip 

and sprinkler systems, now have automated 

controllers and AI-driven sensors (Aarif et 

al., 2025). Such a system ensures that plants 

get exactly what they need, exactly when 

they need it by lowering drought stress, 

avoiding overwatering, and so saving water. 

5. Drones and Remote Sensing: The early 

diagnosis of nutrient deficits, illnesses, and 

pests is best accomplished by multispectral 

and thermal imaging cameras mounted on 

drones for aerial crop monitoring using 

remote sensing technologies that allow 

pesticides to be applied with more precision 

and using minimum chemical dosages to 

provide adequate pest and disease 

management (Kumar et al., 2025). 

6. Vertical Farming and Hydroponics: 

Modern soilless farming approaches include 

hydroponics, aeroponics, and aquaponics 

(Kumar et al., 2023). Utilizing limited 

space, using less water, and generating crops 

year-round in regulated environments are 

among the benefits of this type of agriculture. 

The lack of soil-borne diseases and the 

enhanced nutrient delivery efficiency result 

in healthy plant development and increased 

sustainability (Stirling et al., 2016). 

7. Smart Greenhouses:  Contemporary 

greenhouses employ automation to manage 

the climate. This involves keeping the ideal 

temperature, humidity, CO2 levels, and 

lighting conditions to enable plant 

development (Bersani et al., 2022). IoT 

sensors and artificial intelligence algorithms 

have made it possible to dynamically adjust 

environmental variables to achieve high 

yields and lower energy expenses (Rayhana 

et al., 2020). 

BENEFITS OF SMART INTEGRATION 

1. Increased Productivity: Smart technologies 

significantly enhance farm productivity by 

enabling early detection of plant stress, 

diseases, pest infestations, and nutrient 

deficiencies. Using AI-powered image 

recognition and sensor data, farmers can 

identify issues at an early stage and take 

targeted action. For example, drones 

equipped with multispectral cameras can 

scan large fields quickly, identifying areas 

with low chlorophyll levels or signs of fungal 

infections. This early detection minimizes 

crop losses, improves yield quality, and 

maximizes output per hectare. Moreover, 

based on weather forecasts, soil conditions, 

and past yield data, artificial intelligence 

algorithms can improve sowing times, 

seeding densities, and harvesting schedules 

(Liakos et al., 2018). This ensures that every 

decision made on the farm is timely and data-

driven, reducing inefficiencies. 

2. Resource Efficiency: Smart farming 

techniques enable maximum output with 

little resource use. With IoT soil moisture 

sensors and weather data, automated 

irrigation systems can precisely deliver water 

only when and where it's required. Compared 

with traditional irrigation systems, this 

lowers water waste by 30 to 50%. Similarly, 

variable rate technology (VRT) enables site-

specific use of fertilizers and pesticides, 

targeting only the areas needing treatment. 

This lowers input costs, lowers 

environmental impact, and helps to avoid 

excessive usage of agrochemicals. Precision 

sprayers, for example, can automatically 

change the dose based on pest level or plant 

size, therefore reducing superfluous 

application. 

3. Environmental Sustainability: Smart 

agriculture supports long-term ecological 

balance by reducing the adverse 

environmental effects of traditional farming 

practices. With the precise application of 

inputs, there is significantly less chemical 

runoff into nearby water bodies, reducing 

water pollution and eutrophication. 

Moreover, soil health is preserved through 
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practices like controlled tillage, smart crop 

rotation, and targeted nutrient management. 

Data from sensors and satellite imagery can 

help monitor soil pH, organic matter, and 

erosion risks, guiding conservation-focused 

decisions. Smart technologies also support 

biodiversity by enabling the creation of 

habitat zones within farms and reducing 

broad-spectrum pesticide use. 

4. Climate Resilience: As climate change 

increasingly disrupts agricultural 

productivity, smart farming technologies 

offer tools to build resilience against extreme 

weather and climatic uncertainty. AI-based 

predictive models analyse patterns in 

temperature, rainfall, and humidity to 

forecast conditions that may lead to droughts, 

floods, or disease outbreaks (Sarker et al., 

2020). Farmers can use these insights to 

modify planting dates, switch to drought-

tolerant varieties, or implement protective 

measures such as mulching and windbreaks. 

Additionally, real-time weather alerts and 

adaptive irrigation schedules help mitigate 

the impact of sudden climate events, ensuring 

more stable production even in uncertain 

climates. 

5. Economic Gains: Smart agriculture boosts 

farm profitability in multiple ways. First, by 

reducing the need for excessive labour, water, 

fertilizers, and pesticides, operational costs 

are significantly lowered. Second, healthier 

crops with improved quality often command 

better market prices. For instance, precision 

viticulture can improve the quality of wine 

grapes, allowing farmers to enter premium 

markets. Similarly, smart grading and sorting 

technologies can ensure produce meets 

export standards, opening new revenue 

streams. Furthermore, improved forecasting 

and logistics powered by AI can minimize 

post-harvest losses, optimize supply chains, 

and reduce storage costs. Overall, the return 

on investment in smart farming technologies 

tends to be positive in the medium to long 

term, especially when integrated across the 

production cycle. 

OBSTACLES TO THE INTEGRATION OF 

SMART AGRICULTURAL SOLUTIONS 

Agriculture includes several different but 

vital components of technology. Properly used 

smart farming techniques improve accuracy, 

boost output, and reduce time limits for farmers. 

Though they hold much potential to drastically 

raise crop yields, these technologies still have 

several challenges to overcome before they can 

be used generally. (Dhanaraju et al., 2022). 

 

 

 

 

 

 

 

 

 

 

Fig.5. Different challenges in smart agriculture (Source, Kumar et al., 2025).  

 



  Agri Express: 03 (02), Article No. V03I02.01, April - June, 2025                                       E - ISSN No. 2584 – 2498 

 

7 

 

1. Cost of Technology: Although it is unlikely 

that human labour can be completely 

replaced by current technology, it may do so 

well. The demise of these jobs may lead to 

poverty in countries where manual 

agricultural labour is heavily used. The high 

cost of contemporary equipment also 

prevents farmers from switching from 

traditional methods. 

2. Limited Access to Funding: Farmers may 

be able to obtain sufficient loans from 

financial organizations even if they do not 

meet expected yields, possibly as a result of 

unforeseen events such droughts, floods, 

insect infestations, or crop diseases. 

3. The Low Literacy Rates of Farmers: The 

low education levels of farmers is a major 

barrier to the use of technology in poor 

nations. Modern equipment requires 

technical proficiency and understanding, but 

many farmers lack the motivation or ability 

to learn it. As a result, they often stick to 

traditional methods and perceive smart 

farming technologies as overly complex. 

4. System Integration Challenges: Smart 

farming technologies demand better 

integration across different systems, 

including production processes, asset 

management tools, and decision-support 

platforms. Achieving this requires stronger 

collaboration between agricultural 

professionals and IT specialists. High-quality 

data must be effectively combined and 

transformed into actionable insights, with a 

focus on optimizing user experience and 

decision-making. 

5. Telecommunications Facilities: 

 Agricultural activities primarily occur in 

rural areas, where land is more abundant but 

digital infrastructure is often lacking. This 

poor connectivity hampers reliable data 

transmission, which is crucial for smart 

farming operations that depend on real-time 

internet access for system management, such 

as fertilizer and seed application. While 

mobile phone usage has expanded 

connectivity to a degree, issues like weak 

signals and slow data speeds continue to pose 

significant challenges. 

6. Data Processing: Farmers frequently face 

difficulties in organizing and interpreting 

data collected from sensors and other digital 

tools. Despite the availability of useful 

technologies like weather stations, the 

complexity and usability of these systems 

often lead to confusion and misinformed 

decisions. Improved collaboration among 

farmers, advisors, and stakeholders is needed 

to ensure data is presented in a clearer, more 

practical format to support better outcomes. 

FUTURE EXPECTATIONS 

The advancement of smart horticulture 

lies in integrating state-of-the-art technologies 

such as AI, machine learning, and blockchain to 

boost automation, transparency, and data-driven 

decision-making. Innovations like nano sensor 

technology, edge computing, and 5G 

connectivity will enhance real-time precision and 

targeted agricultural practices. Autonomous, 

self-learning robots combined with AI-based 

predictive tools will streamline farm operations, 

increase productivity while conserve resources. 

The broader implementation of IoT in agriculture 

will be driven by supportive policies, 

collaborative research, and private sector 

investment. Sustainability-focused solutions, 

including solar-powered IoT devices and 

biodegradable sensors, will contribute to a 

greener, more resilient approach to farming 

worldwide (Kumar et al., 2025). 

CONCLUSION 

By tackling major problems including 

food security, resource efficiency, and 

environmental effect, smart farming techniques 

including IoT, artificial intelligence, and 

precision agriculture are transforming the 

agricultural and horticultural industries. These 

solutions increase productivity, maximize input 
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usage, and help to enhance climate adaptation. 

High installation costs, scarcity of money, 

inadequate digital literacy, and poor 

infrastructure often restrict the whole potential of 

these breakthroughs. Intelligent farming's future 

will rely on ongoing technical invention, robust 

policy support, and concerted effort across 

industries to build sustainable and effective food 

systems. Meeting worldwide food needs while 

protecting natural resources for next generations 

depends on using these clever solutions. 
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