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ABSTRACT 

This is the transformative revolution sweeping across the agricultural sector commonly known as "Farming 4.0." It is led by advanced 

technologies such as Artificial Intelligence (AI), Machine Learning (ML), and the Internet of Things (IoT). They are changing the face 

of farming with data-driven, automated, and sustainable methods tailored to the required global food supply production. Agriculture 

will face challenges with the upsurge of a world population projected to reach 9.7 billion by 2050. Climate change, resource scarcity, 

and labor shortages are its significant challenges. Farming 4.0 addresses these issues through predictive analytics, automation, and real-

time monitoring to optimize crop management, livestock monitoring, and supply chains. AI and ML analyze vast volumes of agricultural 

data that can lead to actionable insights that will improve decision-making. Precision farming aims to optimize planting schedules, water 

usage, and fertilizer application while increasing yields with minimal resources by using AI. The ML algorithms predict disease 

outbreaks and improve breeding cycles in livestock management, providing timely delivery with chain optimizations that avoid 

unnecessary waste and amplify market access for the farmers. Examples of Farming 4.0 in real life include the equipment John Deere 

is developing using AI, which consequently reduces chemical inputs such as herbicides, and Plantix, a mobile app for diagnosing plant 

diseases with high accuracy. Platforms such as IBM Watson Decision for Agriculture offer precise predictions about yield, and in this 

regard, assist the farmers in their planning. However, challenges concerning high costs, lack of technical expertise among smallholder 

farmers, and data quality issues hinder adoption. More important, ethical issues-auditing data protection, for instance, and job loss-will 

need to be addressed equally. The future promises much for all robotics, IoT, and AI will do to transform more agricultural. Realtime 

monitoring and even precision will improve with autonomous drones, robotic harvesters, and IoT-enabled sensors. Sustainability is 

going to be key, driven by AI to optimize the use of resources and minimize environmental footprint. End. Farming 4.0 marks a pivotal 

evolution in agriculture, harnessing AI and ML to create a more efficient, resilient, and sustainable farming ecosystem, addressing 

current challenges while meeting future demands. 
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INTRODUCTION 

Agriculture has been an integral part of human 

civilization, allowing people to meet their basic needs 

which included both nutrition and economic activities. 

Over thousands of years, it has changed from being 

self-sufficient farming to advanced and computerized 

agriculture. The change has been fueled by the growing 

need among people to enhance food security, 

maximize the use of resources, and even cope with the 

ever-changing environment. Agriculture has been 

among the basic reproductive endeavors of human 

beings, enabling them to full fill their fundamental 

requirements like food and livelihoods. Over 

thousands of years, it has grown from subsistence 

farming to modern agricultural practices that are 

mechanized. This transition has been driven by the 

increasing desire of people to solve food requirements, 

utilize available resources to the maximum and adapt 

to the prevailing conditions of change. It is appropriate 

to state that these challenges are calling for solutions 

that address the demands of sustainability seeking to 

assure the productivity of the sector over the long 

period. A remedy for these challenges is Farming 4.0 

which integrates advanced technologies such as AI, 

ML, IoT, robotic applications, and big data. The 

purpose of these strategies is to revolutionize the 

concept of farming by increasing effectiveness, 

precision, and productivity to a whole new level. For 

the first time in history the agricultural revolutions 

have come on the stage which has not been only about 

mechanization and chemical fertilizers but Farming 4.0 

is all about technological and automated systems that 

dominate and enhance all facets of the agricultural 

value chain. 

Motivation  

Urbanization of land is contributing to increases in 

global population most of which is predicted to be 

approximately 9.7 billion by year 2050. This 

excessive growth of population will lead to all of the 

global agriculture systems being demanded to 
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provide higher food outputs with the less resources 

that they might have. However, there are other 

issues that increase food insecurity and hunger 

which is climate change, [2]. Extreme and 

unpredictable weather conditions such as rising 

temperatures, flooding and droughts are already 

having negative effects on farm yields, livestock and 

production. There is also the problem of lack of 

arable land and availability of fresh water resources 

due to infrastructural developments and 

environmental pollution & degradation. 

On top of the environmental factors, the agricultural 

industry also has some socio-economic problems. High 

levels of youth out-migration to urbanized regions for 

better opportunities also creates labour shortages in 

many rural areas, especially in developing countries. 

This outflow leaves behind an older farming 

community that is often not able to implement modern 

farming methods. In this regard, smallholder farmers, 

who remain a majority Ngugi across large sections of 

the globe, have their productivity levels quite below 

potential. 

Evolution of Agricultural Practices 

The development of agriculture illustrates the 

progress of man in the hands of nature from the 

dependency stage to the highest technological stage 

that undergoes changes and innovations in different 

phases. Each of them from Farming 1.0, Farming 2.0, 

to Farming 3.0 has been revolutionary in its way and 

has been equipped with various solutions to the 

challenges of the times and prepared for the coming 

one. Agriculture has gone from the labour-intensive 

activities of the pre-industrial age to the current self-

actuated vigorous computerized systems that heed 

the requirements of modern societies. This evolution 

has created not only a relative increase in output but 

has also changed the socio-economic relations in 

society and thus development of civilization. The 

evolution of agriculture, along with its key 

innovations and impacts, is shown in Figure 1. 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 1: Evolution of agricultural practices 

 

Manual Agriculture (Pre-Industrial Era): Farming 

1.0 

In this phase human labour becomes the primary 

resource in agriculture and tools used are rudimentary 

making agriculture which has an estimated origin of 

10000 B.C. during the neolithic revolution as Farming 

1.0. This phase displayed major agricultural features 

that distinguished it. 

Key Characteristics: 

• Subsistence farming: Food was produced mainly to 

feed the family with little surplus available for the 

market. 

• Tools: Sickle made of stone, hand hoes and digging 

sticks were used for planting and harvesting. 

• Cultivation Techniques: In this era slash and burn 

agriculture, crop rotation, intercropping was 

gradually developed as soil fertility management 

and risk management against total crop failure. 

Challenges: 

• Low productivity: Both human and animal labour 

served as constraints. 

• Vulnerability: Exposure to weather conditions, 

pests and diseases as threat factors. 

• Knowledge Gap: Most knowledge on agriculture 

was passed down orally, with limited formal 

knowledge of soil science and plant biology. 

However, this phase laid the basis for established 

systems of permanent settlements and trade even 

though it had several constraints. 

 

MECHANIZATION (18TH TO EARLY 20TH 

CENTURY): FARMING 2.0 

The transition towards Farming 2.0 also included 

mechanization which was ushered in by the Industrial 

Revolution. 

Key Characteristics: 

• Introduction of steam powered and later internal 

combustion engine machinery such as tractors, seed 

drills and threshers. 

• The use of synthetic fertilizers and chemical 
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pesticides significantly increases crop yields. 

• Expansion of areas suitable for farming and 

irrigation systems, making farming possible in 

previously unfavorable regions. 

Economic and Social Impacts: 

• As farming never was a way of earning income, in 

the beginning to a farmer, this allowed producing 

crops for trade. 

• Creates large-scale farming systems, allowing a 

lesser dependence on manual and animal efforts. 

• Agriculture made an essential contribution towards 

the industrial economy in that it provided raw 

material for food processing industries as well as 

for textiles industry. 

Challenges: 

• Environmental Impact: One of the negative 

outcomes was degenerative impacts of excessive 

application of chemical substances on inputs which 

discharged into soil, water thereby polluting them 

causing loss of biodiversity. 

• Socioeconomic Inequalities: Small scale or 

smallholder farmers struggled more to keep up with 

the competition posed by large mechanized farms. 

These stage events assisted in addressing the processes 

of modernization of agricultural processes and 

increasing food supplies so that hunger thrived in a 

greater part of the world. 

 

PRECISION AGRICULTURE (LATE 20TH 

CENTURY): FARMING 3.0 

Farming 3.0 emerged with the development and 

adoption of new technologies and further focuses on 

precision and efficiency. 

Technological Advancements: 

• GPS and Remote Sensing: This facilitated the 

precise delineation of fields, diagnosis of crop 

conditions, and applications of inputs in accurate 

measures. 

• Variable Rate Technology (VRT): Farmers have 

been able to apply water, fertilizers and pesticides 

in different amounts using this technology over a 

piece of land. 

• Data Analytics: Farmers started employing 

software in the interpretation and analysis of 

weather, soil data, and crop uptake records to assist 

in decision making processes. 

Impact on Farming: 

• Higher productivity and lower input costs. 

• Developed improved environmental practices as 

the runoff and over-application of chemicals were 

reduced. 

• There was also an Improvement on the ability to 

monitor and react to crop stress as it happens. 

Challenges: 

• Major Investment: A precision agriculture 

technology involves investment on a big scale 

which is not feasible for many. 

• Divide: Rural areas and developing countries often 

lacked these technologies as they were not widely 

available. 

Farming 3.0 managed to stress again how meaningful 

technology can be for enhancing agricultural processes 

as the framework for even better systems was also 

established. 

Smart and Sustainable Agriculture (21st Century): 

Farming 4.0 

Farming 4.0 marks the current era of agriculture, 

integrating AI, ML, IoT, and robotics to create a highly 

automated and data-driven ecosystem. 

Key Technologies: 

• Artificial Intelligence and Machine Learning: 

Aiding in decision-making through forecasting 

analytics, crop assessment, and yield improvement 

strategies. 

• Internet of Things (IoT): Sensors gather 

information on various parameters, for example; 

soil humidity, temperatures, and crop wellness to 

enable better management. 

• Robotics and Automation: Drones, autonomous 

tractors, and robotic harvesters are capable of doing 

the task with little human oversite. 

• Big Data Analytics: Patterns unseen is sought from 

and with large datasets to utilize in making 

decisions. 

Focus on Sustainability: 

• Resource Efficiency: AI systems maximize the 

consumption of water, fertilizers, and energy. 

• Climate Resilience: With the help of models, 

farmers will be able to respond to altered weather 

conditions. 

• Environmental Protection: Techniques with 

precision decrease the application of chemicals and 

therefore the agriculture’s carbon base could be 

decreased. 
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Economic and Social Impacts: 

• Increased production capacity makes it possible to 

satisfy the rising global food need without 

extending arable land. 

• Smallholder farmers owing to reasonably priced 

technologies can be active players in the global 

village. 

• New employment opportunities will be created in 

the agricultural technology creation and 

maintenance sector. 

Challenges: 

• Data Quality and Privacy: Accuracy and security of 

data collection is very important. 

• High Initial Costs: Costs of sophisticated 

technologies may be beyond reach for many small 

farmers in developing countries. 

• Ethical Concerns: The employment of automation 

raises issues of job loss and accessing the 

technology fairly. 

 

COMPARATIVE SUMMARY OF 

AGRICULTURAL PHASES 

It is mentioned in the text that analysis of the four 

components of agriculture reveals increasing efficiency 

in farming due to improvement of technology. With 

most of Farming 1.0 being performed through sweat 

equity and the use of basic tools, various forms of 

constraints still exist mainly due to productivity and 

ecological circumstance. Farming 2.0 which was the 

next stage further incorporated some mechanization 

which improved capacity, speed, and scale but 

instigated widespread ecological damage through 

excessive use of chemicals.  

In Farming 3.0 the approaches towards the resources 

began shifting where data and mapping became some 

of the strategic resources towards attaining the 

objectives and even increased responsibility over the 

surrounding ecosystems and resources. Because of 

costs and more effective rural infrastructure, these 

technologies also remained inoperative. Farming 4.0 

brings about a new phase that uses complex 

technologies such as AI, ML, IoT, and robotics to solve 

agricultural problems. Definitely, this phase could 

enhance efficiency and sustainability to unprecedented 

degree but concerns such as globalization, access and 

data security remains unfashionable. Moreover, the 

development of this step gives some contours: every 

next phase addresses some of the most significant 

restrictions of the previous phases when all the 

economic, social and environmental strategic priorities 

were put on the same stage. 

 

RELATED WORK 

Farming 4.0 is the transformation in agriculture that aims to 

achieve both increased productivity and better ecological 

sustainability through the application of modern-day 

technologies. IoT, that stands for internet 

of things, has also facilitated to real time monitoring of 

agricultural conditions as one of the most important aspects. 

Wolfert et al. (2017) argue that IoT devices allow for 

accurate data obtained by aiming at specific decision areas 

in precision agriculture [5]. 

Big data analysis has also emerged as an integral component 

in this transformation. Kamilaris and Prenafeta-Boldú 

(2018) observed that there is the use of big data applications 

which look at different aspects be it weather patterns or 

market data to further enhance the efficiency of operations 

[6]. 

Another important aspect of Farming 4.0 is the automation 

of processes using robotics. In one review conducted by 

Basso et al. (2020), systems that do not have a human 

operator were cited as being useful in movement processes 

such as planting and monitoring crops thus improving 

operation effectiveness while cutting down the labour cost 

[11]. It is not only the enhancement of productivity that these 

technologies bring, but also the enhancement of 

sustainability through reduction of inputs and waste. 

Blockchain technology is fast gaining traction as a 

technology that can enhance transparency and traceability 

within agricultural supply chain systems. Kshetri (2018) 

states that blockchain has the potential to improve data 

credibility concerning food origin, enhance consumer 

confidence and encourage responsible farming practices 

[12]. 



   Table 1: Comparative Summary of Agricultural Phases 

Phase Period Technologies Key Features Challenges 

Farming 

1.0 

Pre-

Industrial 

Era 

Basic tools: 

hoes, Plows, 

stone sickles, 

digging sticks 

Subsistence 

farming, 

manual labour, 

low yield; 

Slash-and-

burn, crop 

rotation, 

intercropping 

Vulnerable to 

weather, pests, 

and diseases; 

Limited 

knowledge of 

soil science and 

crop biology 

Farming 

2.0 

18th–

20th 

Century 

Steam 

engines, 

internal 

combustion 

tractors, 

mechanical 

seed drills, 

threshers, 

chemical 

fertilizers, 

synthetic 

pesticides 

Mechanization 

of labour, and 

surplus 

production; 

Expansion of 

arable land 

and irrigation 

systems 

Over-reliance 

on chemical 

inputs leads to 

soil 

degradation; 

Water pollution, 

and biodiversity 

loss. 

Farming 

3.0 

Late 20th 

Century 

GPS, remote 

sensing, 

Variable Rate 

Technology 

(VRT), 

automated 

irrigation 

systems, 

software for 

predictive 

analytics 

Data-driven 

decision-

making, 

optimized 

resource use; 

Improved 

monitoring of 

crop health, 

reduced inputs 

High initial 

technology 

adoption costs; 

Digital divide: 

limited access in 

rural/developing 

areas 

Farming 

4.0 

21st 

Century 

(Current) 

AI, machine 

learning, IoT 

sensors, 

autonomous 

tractors, 

drones, 

robotic 

harvesters, 

big data 

analytics 

Fully 

automated 

systems, real-

time 

monitoring; 

Sustainability 

focus, climate 

resilience 

Data privacy, 

cybersecurity 

risks; High 

capital costs, 

ethical concerns 

(job 

displacement) 

 

CASE STUDIES ON THE DIGITAL 

TRANSFORMATION OF AGRICULTURE 

E-learning resources help farmers around the world to 

be more productive and sustainable. For instance, in 

India, AI-driven pest control solutions have achieved a 

20% increase in cotton production while cutting 

pesticide application by 30%. The Netherlands 

integrates IoT and Big Data within a precision 

agricultural model [5] that allows them to produce 20-

30% more outputs while consuming less of the used 

resources. In this case, Israel's integrated irrigation 

systems employ AI and smart technologies [6], which 

allow for the reduction of water use by up to 40%. 

These case studies stress the following principles: 

agrarian or agricultural methods are decisively 

changing in terms of utilization of AI, IoT, Blockchain, 

and the agrarian digestion curve can be flattened. 

 

AI-DRIVEN PEST MANAGEMENT IN INDIAN 

COTTON FARMING 

Background: India ranks among the top five countries 

producing cotton. Cotton production is, however, a 

very pest infested activity, especially, the Pink 

Bollworm (Pectinophoragossypiella), which causes 

acute loss of yields as well as increased pesticide 

application in the fields. Millions of smallholder 

farmers depend on this crop for their sustenance. 

Implementation: To overcome this problem, the 

Wadhwani Institute for Artificial Intelligence came up 

with an AI-based pest management system that would 

cater specifically to Indian cotton farmers [4]. It is 

based on deep learning algorithms: the Algorithm is 

trained to identify pests through pictures of pests taken 

by farmers using their smartphones. The algorithm 

correctly identifies and counts pests and sends alerts for 

the application of pest control measures at the right 

time.  

Impact: Field implementations carried out in the 

Indian state of Maharashtra resulted in a 30% reduction 

in pesticide applications while cotton yields increased 

by 20%. The farmers incurred savings and had healthy 

crops. These clearly demonstrate how AI can enhance 

agricultural productivity. 

 

AUTONOMOUS TRACTORS IN THE UNITED 

STATES 

Background: The United States agricultural sector is 

affected by several problems which include a lack of 

skilled manpower and the need for improving the 

efficiency of operations. Most of the farming activities 

involve a lot of strenuous work, and the number of 

skilled workers is decreasing. 

Implementation: John Deere presented an 8R tractor 

that is completely autonomous and that has 6 pairs of 

stereo cameras [3] and coupling AI algorithms. This 

tractor is able to work in a field, avoids obstacles and 

performs basic activities like plowing and seeding trees 

all on its own. The mobile application allows farmers 

to monitor and control the tractor remotely. 

Impact: The introduction of autonomous tractors has 

resulted in a decrease in the costs attributed to calabour 

by 25 percent with an increase of 15 percent to the 

efficiency of operations in large farms. With less labour 

farmers are able to cover large areas. This alleviates the 

problem of lack of labour and increases productivity. 

 

SMART IRRIGATION SYSTEMS IN ISRAEL 

Background: Due to Israel’s dry conditions, there is 

need for better water management systems in 
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agriculture. However, a considerable amount of water 

is often squandered, and optimal crop yields 

are often unattainable using traditional irrigation 

methods. 

Implementation: An Israeli company, CropX, 

designed an AI based irrigation system that combines 

soil sensors, weather forecasting, and machine 

learning. The system assists in developing irrigation 

schedules at the right times, applying the appropriate 

amount of water for the crops that are grown. 

Impact: It has been observed that farmers operating 

under the CropX system reduced their water use by 

40% while increasing their crop productivity by 10%. 

It encourages sustainable water practices while 

improving agricultural production in the arid regions of 

the world. 

 

BLOCKCHAIN FOR COFFEE SUPPLY CHAINS 

IN ETHIOPIA 

Background: Coffee is one of the commodities for 

which Ethiopia is famous, but the supply chain has had 

issues of having no traceability, quality control, and 

even a fair return to the farmers. 

Implementation: The FairChain Foundation made it 

possible for consumers to trace coffee beans from 

Ethiopian farms to stores through a blockchain based 

system. The principle of the system is to store all 

transactions in the decentralized ledger so that it is 

reliable and genuine and customers can trace where 

their coffee comes from and its standard.  

Impact: The introduction of a system based on a 

blockchain strengthened the confidence of clients on 

the supply chain, improved the prices accruing to 

farmers and increased the confidence of the consumers 

on the quality of the products.  

It also guarantees fair prices to farmers thereby 

encouraging ethical sourcing. 

PRECISION AGRICULTURE IN THE 

NETHERLANDS 

Background: Optimal production and minimal 

resource utilization remain the principles of agriculture 

in the Netherlands which has emerged to be a renowned 

agricultural innovator. 

Implementation: Dutch farmers have become 

proficient in monitoring agricultural production with 

IoT sensors, drones, and data analytics to investigate 

crop, soil content, and weather conditions. This gradual 

insight allows for a phased application of water, 

fertilizers and pesticides. 

Impact: The use of such techniques has led to a 20 % 

augmentation in crop and a 30 % decrease in water and 

fertilizers after the introduction of precision 

agriculture. These practices further enhance sustainable 

farming and also help the Netherlands to stand out as 

an excellent example of productive agricultural 

practices. 

 

AI-POWERED PEST SURVEILLANCE 
Background: In India, pest infestations are among the 

factors that negatively influence crop yield levels, and 

financial returns to the farmers are also affected. 

Implementation: The introduction of the NPSS was a 

joint effort by the Department of Agriculture & 

Farmers' Welfare, ICAR-NCIPM, ICAR-IASRI, PEAT 

INC and AI-Wadhwani. The system makes use of AI 

technology to track and forecast pest infestation trends 

and patterns allowing for prompt action as need arises. 

Impact: Such improvements have led to the increase in 

the accuracy of pest detection along with the reduction 

of the time that it takes to respond to such threats which 

has steered towards the reduction of crop losses and the 

need to utilize pesticides. In this regard, farmers get 

timely alerts that help them in dealing with the threats 

more efficiently. 

 

CHALLENGES IN IMPLEMENTING FARMING 

4.0 

While Farming 4.0 offers transformative potential for 

agriculture, its widespread implementation faces 

several challenges that need to be addressed for 

successful adoption: 

High Initial Costs: One of the most challenging 

problems is the initial investment rate, especially for 

leasing innovative technologies such as IoT systems, 

self-propelled robots, and AI applications. A large 

cohort of the agriculture workforce in the world, 

smallholder farmers are frequently unable to afford 

these costly technologies.  

Digital Divide: People have uneven capabilities when 

it comes to the accessibility of technology and the 

worldwide web, mostly in remote and rural areas, 

where farming is predominantly located. 

Data Privacy and Security: Farming 4.0 practices 

include the generation and dissemination of a lot of 
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sensitive information such as geographical region, soil, 

plant health, and sometimes financial data. 

Lack of Technical skills and Training: The 

introduction of Farming 4.0 technologies presupposes 

the availability of the employees with necessary 

qualifications for system management and 

maintenance of sophisticated devices. 

Interoperability Issues: Farming 4.0 is based on joint 

usage of a variety of different technologies, for 

example, sensors, cloud services and analytical 

software. 

Ethical and Environmental Concerns: AI and 

robotic applications in agriculture raise serious ethical 

questions on the displacement of human labour and 

ownership of data. Besides, the environmental damage 

that high-tech devices cause during production and 

when they are no longer needed is adverse from a 

sustainability perspective 

Understanding Infrastructure limitations: One of 

the major requirements to implement Farming 4.0 

technologies is having the necessary infrastructure like 

a constant source of electricity or cold storages for 

sensitive products. 

Opposition To New Ideas: Holding on to 

conventional practices, farmers tend to be slow in the 

adoption of digital technologies in agriculture as they 

may doubt the value of such innovations or they may 

be apprehensive with machines taking over human job. 

 

CONCLUSION 
The practice of Farming 4.0 is still far from realization 

owing to systematic issues that include economic and 

technological issues as well as social and ethical issues. 

To overcome these challenges, collaboration between 

governments, technology developers and agricultural 

organizations are crucial to ensure that all farmers 

irrespective of their size and location benefit from the 

potentials of digital agriculture. This enables farming 

4.0 to transition into a more efficient, eco-friendly, and 

robust agricultural sector in the future. Financial 

constraints need to be alleviated through the provision 

of subsidies and motivation by the policymakers 

whereas the dose of technology delivered to the small 

holder farmers should be cost effective and 

straightforward. Also, training sessions and shows can 

suffice in increasing the level of digital literacy and 

trust among farmers. Farming 4.0 will be embraced if a 

collaborative environment is established where the 

technology is integrated with the local farming 

practices for the benefit of all actors along the 

agricultural value chain. 

 

REFERENCES 
United Nations, Department of Economic and Social Affairs, 

Population Division. World Population Prospects 2019: 

Highlights. UN DESA; 2019 (cited 2024 Sep 12) 

Food and Agriculture Organization (FAO). The Future of Food 

and Agriculture – Trends and Challenges. FAO; 2017 (cited 

2024 Sep 12) 

Jha K, Doshi A, Patel P, Shah M. A comprehensive review on 

automation in agriculture using artificial intelligence. 

Artificial Intelligence in Agriculture. 

Saiz-Rubio V, Rovira-Más F. From smart farming towards 

agriculture 5.0: A review on crop data management. 

Agronomy. 2020;10(2):207. 

Wolfert S, Ge L, Verdouw C, Bogaardt MJ. Big Data in Smart 

Farming – A review. Agricultural Systems. 2017;153:69–80. 

Kamilaris A, Kartakoullis A, Prenafeta-Boldú FX. A review on 

the practice of big data analysis in agriculture. Computers and 

Electronics in Agriculture. 2017;143:23–37. 

Javaid, M., Haleem, A., Khan, I. H., &Suman, R. (2023). 

Understanding the potential applications of artificial 

intelligence in agriculture sector. Advanced Agrochemistry, 

2(1), 15–30. 

Jha, K., Doshi, A., Patel, P., & Shah, M. (2019). A comprehensive 

review on automation in agriculture using artificial 

intelligence. Artificial Intelligence in Agriculture, 2, 1–12. 

Liu S. Artificial intelligence (AI) in agriculture. IT Professional. 

2020;22(3):14–15. 

Sood R, Sharma A, Bhardwaj. Artificial intelligence research in 

agriculture: A review. Online Information Review. 

2022;46(6):1054–1075. 

Basso, B., Antle, J., & Wang, E. (2020). Simulating farming 

systems performance at regional level to support target setting. 

Nature Sustainability, 3(1), 9–13. 

Kshetri, N. (2018). Blockchain’s roles in meeting key supply chain 

management objectives. International Journal of Information 

Management, 39, 80–89. 


