
_____________________________________________________________________________________________________ 
 
++ 

Scientist (SMS), Directorate of Extension; 
 
 

# 
Doctoral Research Scholar;  

† 
Assistant Professor;  

‡ 
PhD Research Scholar;  

^ Senior Research Fellow; 
## 

Ph.D. Scholar;  
*Corresponding author: E-mail: jayarajm96@gmail.com; 
 
Int. J. Plant Soil Sci., vol. 35, no. 18, pp. 624-633, 2023 

 
 

International Journal of Plant & Soil Science 
 
Volume 35, Issue 18, Page 624-633, 2023; Article no.IJPSS.102837 
ISSN: 2320-7035 

 
 

 

 

Unlocking Productivity Potential: The 
Promising Role of Agricultural Robots 

in Enhancing Farming Efficiency 
 

Avinash Kumar Rai 
a++

, Jayaraj M. 
b#*

, Naveen Kumar 
c†

, 
Drishty Katiyar 

d‡
, Omkar Singh 

e^
, Bhojendra 

f
,  

Gadha Sreekumar 
g##

 and Parkash Verma 
h‡

 
 

a 
Krishi Vigyan Kendra, Ghazipur, Aacharya Narendra Dev University of Agriculture & Technology, 

Kumarganj, Ayodhya, UP, India. 
b 
Department of Agronomy, Agricultural College and Research Institute, Madurai-625 104, India. 

c 
Department of Entomology. National P.G. College Barhalganj, Gorakhpur, India. 

d 
Department of Soil Science and Agricultural Chemistry, CSAUA&T University, U.P.-208002, Kanpur, 

India. 
e 
Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, U.P.,-250110, India. 

f 
Department of Entomology, PJTSAU, Hyderabad, India. 

g 
Department of Vegetable Science, Horticulture College and research institute (TNAU), Periyakulam, 

Tamil Nadu, India. 
h 
Department of Agronomy, ICAR- National Dairy Research Institute, Karnal, Haryana-132001, India. 

  
Authors’ contributions  

 
 This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: 10.9734/IJPSS/2023/v35i183327 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  

peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/102837 

 
 

Received: 01/05/2023 
Accepted: 07/07/2023 
Published: 21/07/2023 

 

Review Article 



 
 
 
 

Rai et al.; Int. J. Plant Soil Sci., vol. 35, no. 18, pp. 624-633, 2023; Article no.IJPSS.102837 
 

 

 
625 

 

ABSTRACT 
 

Integration of advanced robotics in agriculture can exponentially boost productivity, alleviate labor 
shortages, reduce the environmental footprint, and increase the overall profitability of farming. 
Agricultural robots, often controlled by sophisticated algorithms and AI, offer precision farming 
capabilities that can enhance yield and quality, while minimizing waste and harmful impacts on the 
environment. They carry out numerous tasks such as sowing, watering, harvesting, and pest 
control, more efficiently than traditional methods. The usage of robotic systems enables 24/7 
farming operations, overcoming the challenges posed by traditional human labor like working hours 
and physical exhaustion. The review also explores how this technology can help cater to the rising 
global food demand in a sustainable way, making it a promising solution to achieving food security 
in the face of increasing population pressures and climate change impacts. Despite the significant 
capital investment required for adopting these technologies, the potential long-term benefits, such 
as reduced operational costs and enhanced farm outputs, underscore their vital role in the future of 
farming and food production. Concluding that the integration of robotics in agriculture could bring 
about a revolution in farming practices, ushering in a future of enhanced productivity and 
sustainability in the sector. 
 

 
Keywords: Crop Monitoring; farming practices; farming technology; smart farming. 
 

1. INTRODUCTION 
 
The field of agriculture has a profound history, 
tracing back approximately 10,000 years when 
early humans transitioned from nomadic hunter-
gatherers to settled farmers .This dramatic shift, 
often referred to as the Agricultural Revolution, 
marked a critical turning point in human history, 
spurring the growth of civilizations and shaping 
societies as we know them today [1]. Throughout 
the centuries, the practice of agriculture has 
evolved significantly, influenced by technological 
advancements, societal changes, and the 
growing understanding of the natural world [2]. At 
the core of agricultural progression lies the 
concept of agricultural productivity. Simply 
defined, agricultural productivity is a measure of 
the efficiency of a farm in converting inputs (such 
as labor, land, and capital) into outputs (i.e., 
crops or livestock) [3]. It is an essential 
determinant of farm income, economic growth, 
and food security, particularly in developing 
countries where agriculture plays a critical role in 
their economies [4]. Numerous issues plague 
agricultural productivity. Climate change, for 
instance, poses a significant challenge due to 
unpredictable weather patterns, increasing 
occurrences of droughts and floods, and rising 
temperatures [5]. The escalating problem of labor 
shortage in agriculture, driven by urbanization 
and the decreasing appeal of farming as a 
profession, further aggravates productivity 
challenges [6]. The constant need to feed a 
growing global population further exacerbates 
the strain on agricultural productivity [7]. In 
response to these challenges, agricultural 

practices are rapidly evolving, incorporating 
technology to optimize productivity. A paradigm-
shifting development within this technological 
evolution is the introduction of agricultural robots. 
Agricultural robots, also known as AgBots or 
smart farming robots, are designed to automate 
slow, repetitive, and dull tasks for farmers, 
allowing them to focus more on improving overall 
farm efficiency [8]. These automated solutions 
vary from autonomous tractors to robotic 
weeders, drone-based monitoring systems, and 
harvest robots. The potential of agricultural 
robots in enhancing farming efficiency is 
immense. By taking over tedious tasks, these 
robots can address labor shortages while 
increasing precision and efficiency [9]. In 
addition, through advancements in artificial 
intelligence (AI) and sensor technology, 
agricultural robots can provide unprecedented 
levels of data for more informed decision-making, 
ultimately boosting productivity [10]. This topic's 
significance is underscored by the crucial role of 
agriculture in global food security and the 
economy. As the global population is projected to 
reach nearly 10 billion by 2050, the necessity for 
efficient, sustainable, and productive agricultural 
practices has never been more critical [11]. The 
implications of this research extend beyond 
productivity, affecting areas such as climate 
change, rural livelihoods, and societal well-being. 
The purpose of this review is to provide a 
comprehensive overview of the promising role of 
agricultural robots in enhancing farming 
efficiency. It aims to outline the current state of 
agricultural robotics, identify the potential 
benefits and challenges of adopting this 
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Image 1. Different types of robot for agricultural purposes  
(Source- https://www.mdpi.com/) 

 
technology, and explore future opportunities for 
growth and innovation. In doing so, it will 
contribute to the broader discourse on 
technological innovation in agriculture, providing 
valuable insights for researchers, policymakers, 
farmers, and all stakeholders within the 
agricultural value chain. 
 

2. CHALLENGES IN AGRICULTURAL 
PRODUCTIVITY 

 
The process of farming and food production is as 
old as human civilization itself. Traditional 
farming methods have evolved over millennia, 
from basic hand cultivation to the use of draught 
animals and simple machinery [12]. These 
conventional methods, while enduring, carry 
inherent drawbacks. They are labor-intensive, 
often imprecise, and can lead to land 
degradation due to overuse and poor 
management [13]. Such techniques, while 
sufficient in the past, are now increasingly 
insufficient to meet the growing demand for food. 
Traditional farming is characterized by its heavy 
reliance on human labor and is subject to its 
inefficiencies. Human error, inconsistent 
performance, and the physical limitations of 
manual labor are significant challenges [14]. 
Furthermore, these traditional techniques often 
lead to soil degradation and overuse of water 
and chemicals, contributing to environmental 

harm [15]. Climate change poses an additional 
and formidable challenge to agricultural 
productivity. Changing weather patterns, 
increased temperature, and more frequent 
extreme weather events directly impact crop 
yields [16]. For example, higher temperatures 
can accelerate the plant's metabolic rates, 
shorten the growing season, and reduce yields. 
Likewise, droughts and floods, expected to 
increase in frequency due to climate change, 
have devastating effects on crops and livestock 
[17]. On top of the environmental challenges, 
agriculture faces a labor shortage crisis. Globally, 
the trend towards urbanization, coupled with the 
decreasing appeal of farming as a profession, 
has led to an increasing scarcity of agricultural 
labor [18]. In many countries, the agricultural 
labor force is aging, and younger generations are 
often reluctant to take up farming, seeking 
opportunities in cities instead. This labor 
shortage can lead to unharvested fields, limiting 
agricultural productivity. Another significant 
challenge is the continuous need to feed a 
growing global population. According to the 
United Nations, the world's population is 
expected to reach nearly 10 billion by 2050 [19]. 
This growth, coupled with changing dietary 
patterns in many parts of the world, translates 
into increasing demand for food and pressure on 
agricultural systems. It is estimated that food 
production will need to increase by 70% by 2050 
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to meet this demand, a target that current 
productivity levels will struggle to meet [20]. Low 
agricultural productivity also carries significant 
economic implications. Agriculture is the main 
source of income for many rural communities 
around the world, and low productivity can lead 
to poverty and food insecurity [21]. At the 
national level, countries heavily dependent on 
agriculture can experience economic stagnation 
due to low productivity [22]. Additionally, low 
productivity can lead to higher food prices, 
affecting the affordability of food and potentially 
leading to social unrest [23]. To address these 
challenges, the global agricultural sector needs 
to undergo a profound transformation. Adopting 
more efficient and sustainable farming methods, 
leveraging technology, and investing in 
agricultural research and development are critical 
to increasing productivity, improving farmers' 
livelihoods, and ensuring food security. 
 

3. AGRICULTURAL ROBOTICS 
 
Agricultural robots, or agbots, represent an 
exciting development in the field of farming 
technology (Table 1). These machines can 
perform a wide variety of farming tasks, from 
seeding and harvesting to crop monitoring and 
weed control [24]. By employing advanced 
technologies such as computer vision, artificial 
intelligence (AI), and machine learning, these 
robots are capable of precise, efficient, and 
consistent agricultural operations [25]. The 
journey of agricultural robotics began in the 20

th
 

century with the mechanization of agriculture. 
This mechanization involved replacing manual 
and animal labor with machinery to perform tasks 
like planting, harvesting, and tilling [26]. The 
evolution of agricultural robots can be traced 
back to the advent of the first autonomous tractor 
in the late 20

th
 century [27]. Over the years, 

technological advancements have led to more 
sophisticated machines that are capable of a 
wide range of tasks, improving productivity and 
reducing the demand for manual labor [28]. 
Agricultural robots today can be broadly divided 
into several types, based on their functions. 
 
Autonomous Tractors: These machines can 
carry out ploughing, seeding, and harvesting 
tasks without the need for a human operator. 
They utilize GPS and sensor data to navigate 
fields and perform tasks with high precision, 
leading to optimized usage of resources like 
seeds, water, and fertilizers [29]. 
 
Drones for Crop Monitoring: These aerial 
robots are used for monitoring large fields, 
enabling early detection of plant diseases, pests, 
and nutrient deficiencies. Equipped with 
advanced sensors and cameras, these drones 
can capture detailed images, which are then 
processed using AI algorithms to provide insights 
into crop health [30]. 
 
Robotic Harvesters: Harvesting is a labor-
intensive and delicate process, especially for 
fruits and vegetables that are susceptible to 
damage. Robotic harvesters can identify ripe 
produce using computer vision and carefully pick 
them without causing damage, making the 
harvesting process more efficient and less 
wasteful [31]. 
 
Robotic Weeders: Weeds compete with crops 
for resources, leading to reduced yields. Robotic 
weeders can identify and eliminate weeds using 
computer vision, without damaging the crops. 
This not only improves crop yield but also 
reduces the need for chemical herbicides, 
leading to more sustainable farming practices 
[32]. 

 
Table 1. Types and applications of agricultural robots 

 

Type of Robot Application Manufacturer Current Status 

Autonomous 
Tractors 

Ploughing, planting, and 
harvesting crops 

John Deere, Mahindra In use and under 
development 

Drone 
Technology 

Surveying, crop monitoring, 
and precision spraying 

DJI, Yamaha In use and under 
development 

Robotic 
Harvesters 

Picking and harvesting crops Abundant Robotics, 
FFRobotics 

In use and under 
development 

Weed Control 
Robots 

Weed identification and 
removal 

EcoRobotix, Naïo 
Technologies 

In use and under 
development 

Robotic Milkers Automated milking of livestock Lely, DeLaval In use 
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4. POTENTIAL OF AGRICULTURAL 
ROBOTS TO ENHANCE 
PRODUCTIVITY 

 
Agricultural robots, in their various forms, 
represent a powerful tool for addressing many of 
the limitations and challenges inherent in 
traditional farming methods. The integration of 
these machines into farming operations can lead 
to significant enhancements in agricultural 
productivity. One of the most pressing challenges 
in traditional farming is its labor-intensive nature. 
Here, robots serve as a potent solution. With the 
ability to work tirelessly, agricultural robots can 
perform tasks such as seeding, harvesting, 
weeding, and crop monitoring, freeing up human 
labor for other essential tasks and reducing the 
physical burden on farmers [33]. Robots' 
capability to operate 24/7 also enhances 
productivity by enabling farming operations even 
during off-hours. The incorporation of robotic 
technologies also introduces an unprecedented 
level of precision and efficiency into farming. For 
instance, autonomous tractors equipped with 
GPS and sensors can plant seeds and apply 
fertilizers with high accuracy, minimizing waste 
and maximizing crop yields [34]. Drones 
equipped with advanced imaging technologies 
can monitor crops on a detailed level, enabling 
early detection and treatment of diseases, pests, 
or nutrient deficiencies, thus ensuring optimal 
crop health [35]. Agricultural robots also play a 
significant role in promoting sustainable farming 
practices. For instance, robotic weeders can 
identify and eliminate weeds with high precision, 
reducing the need for chemical herbicides that 
can harm the environment [36]. Similarly, robots' 
precision in applying fertilizers and pesticides 
means less chemical runoff into nearby water 
bodies, contributing to the preservation of aquatic 
ecosystems [37]. Labor shortages in farming, a 
growing issue worldwide, can also be addressed 
by the implementation of agricultural robots. 
Robots can perform labor-intensive tasks without 
breaks, reducing the need for manual labor. They 
can also operate in harsh conditions where it 
might be challenging for human workers, further 
alleviating the labor shortage problem [38]. 
Various case studies demonstrate the impact of 
agricultural robots on farm productivity. A 
research project at Harper Adams University in 
the UK found that an entirely automated barley 
farm achieved a yield of 4.5 tonnes per hectare, 
demonstrating the potential of complete 
automation in farming. Similarly.The adoption of 
agricultural robots has profound economic 
implications. Despite the high initial investment, 

the increased productivity and reduced labor and 
input costs can lead to significant economic 
gains in the long run [39]. Robots can operate 
continuously, providing a higher return on 
investment compared to human labor or 
traditional machinery [40]. 
 

5. TECHNOLOGICAL ADVANCES AND 
INNOVATIONS IN AGRICULTURAL 
ROBOTS 

 
Agricultural robots represent the fusion of 
multiple technological domains, each evolving 
rapidly to augment the capabilities of these 
machines. Advances in artificial intelligence (AI), 
machine learning, sensor technologies, and big 
data analytics, along with the development of the 
Internet of Things (IoT), have significantly 
expanded the potential of agricultural robots. In 
the field of AI and machine learning, significant 
strides have been made. These technologies 
empower agricultural robots with the ability to 
learn from data, adapt to new situations, and 
make decisions autonomously. For example, AI 
algorithms allow robotic weeders to distinguish 
between crops and weeds accurately, enabling 
precise and efficient weed control [41]. Machine 
learning techniques also enable drones to 
identify symptoms of plant diseases from aerial 
images, facilitating early intervention [42]. This 
autonomous decision-making capability is key to 
enhancing the effectiveness and efficiency of 
agricultural robots. The development of IoT in 
agriculture, termed as agri-IoT, has further 
enhanced the capabilities of agricultural robots. 
IoT connects farming equipment, sensors, and 
software over a network, enabling real-time data 
exchange and remote control of equipment [43]. 
This enables farmers to monitor and manage 
their operations more effectively. For instance, 
sensors on an autonomous tractor can send soil 
moisture data to a central system, which then 
commands the tractor to adjust irrigation levels 
accordingly [44]. Sensor technologies play a 
critical role in agricultural robots. Advanced 
sensors enable robots to perceive their 
environment, detect obstacles, and carry out 
tasks with high precision. For example, Lidar 
sensors help autonomous tractors navigate fields 
and avoid obstacles. Hyperspectral sensors on 
drones can measure plant health by detecting 
light reflected from crops, enabling early 
detection of plant stress [45]. This sensor-driven 
capability enables agricultural robots to execute 
tasks with high precision, significantly improving 
farming efficiency. Big data and analytics are 
another crucial aspect of agricultural robotics. 
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With sensors and IoT devices generating vast 
amounts of data, big data analytics                    
techniques are necessary to extract actionable 
insights. For instance, data from drones 
monitoring a large field can be analyzed to 
assess crop health, predict yields, and guide 
farming decisions [46]. Big data analytics can 
also identify patterns and trends, enabling 
predictive maintenance of robots and reducing 
downti. 
 

6. BARRIERS TO THE ADOPTION OF 
AGRICULTURAL ROBOTS 

 
While agricultural robots present substantial 
benefits, several barriers limit their widespread 
adoption (Table 2). These hurdles span from 
technological challenges and high costs to 
regulatory issues, social acceptance, and a 
significant skills gap. The integration of robots 
into farming presents several technological 
challenges. For instance, agricultural robots often 
need to operate in complex and dynamic outdoor 
environments that can vary significantly, posing a 
significant challenge for the technology [47]. 
Also, despite advancements in AI and machine 
learning, the algorithms are still not perfect. They 
often struggle to deal with uncertainties or rare 
events, which could lead to errors in decision-
making [48]. The need for reliable, high-speed 
internet for IoT applications remains unmet in 

many rural areas, limiting the deployment of 
network-dependent agricultural robots financial 
barriers also exist. The high upfront cost of 
agricultural robots makes them unaffordable for 
many small and medium-sized farms [49]. While 
the potential return on investment is high, it often 
requires several years of operation, posing 
significant financial risk. There can be additional 
costs for maintenance, repairs, and updates, 
further discouraging potential adopters [50]. 
Legal and regulatory issues also pose significant 
barriers. For instance, the operation of 
autonomous tractors and drones might need 
approval from transportation or aviation 
authorities. There are also concerns about data 
privacy and security related to the vast amounts 
of data generated by these machines [51]. 
Addressing these regulatory complexities 
requires time and can be a significant                     
deterrent. Social and cultural acceptance of 
robots in farming is another significant barrier. 
Many farmers have deeply ingrained                    
traditions and ways of doing things and might be 
hesitant to adopt technologies that fundamentally 
change their practices [52]. The adoption of 
agricultural robots requires a skilled                          
workforce that can operate and maintain                   
these machines. This skills gap poses a 
significant challenge, especially in regions where 
education and training opportunities are limited 
[53]. 

 
Table 2. Barriers to the adoption of agricultural robots 

 

Barrier Description Potential Solutions 

High Initial Cost The cost of purchasing and installing 
robotics can be prohibitively high for small 
and medium-sized farms. 

Government subsidies, leasing 
or sharing options, and cost 
reductions as technology 
matures 

Technological 
Complexity 

Understanding and managing robotic 
technologies may require skills and 
knowledge that many farmers do not 
currently possess. 

Training programs, better user 
interfaces, and improved 
autonomous capabilities 

Uncertain ROI The financial return on investment (ROI) 
may not be clear, especially given potential 
maintenance costs and the risk of 
technology becoming obsolete. 

Economic studies demonstrating 
long-term benefits, warranties, 
and upgrade options 

Limited 
Technology 
Compatibility 

Robots may not integrate well with existing 
farm infrastructure and equipment. 

Standardization of robotic 
technologies, and development 
of adaptable, flexible systems 

Regulatory 
Hurdles 

Current regulations may not fully account 
for the use of autonomous robots in 
agriculture, particularly with respect to 
safety and liability. 

Policy reform, industry 
standards, and insurance 
options 
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7. FUTURE PERSPECTIVES AND 
OPPORTUNITIES 

 
Agricultural robots are poised to revolutionize the 
agricultural industry. The convergence of 
advanced technologies, evolving market 
demands, and the need for sustainable and 
efficient farming practices present a promising 
future for these intelligent machines. 
 
Forecasts suggest a robust growth trajectory for 
the agricultural robots market. The global market 
is expected to reach $20.3 billion by 2025, 
expanding at a compound annual growth rate of 
24.2% during 2020-2025 [54]. This growth is 
driven by increasing labor costs, the need for 
precision farming, and the growing demand for 
high-quality food products. Emerging 
technological trends are expected to enhance the 
capabilities of agricultural robots significantly. 
Innovations in sensor technology, AI, machine 
learning, IoT, and big data analytics will continue 
to improve the precision, efficiency, and 
automation level of these machines [55]. For 
example, advancements in computer vision 
techniques could enable robots to identify and 
pick ripe fruits without causing any damage [56]. 
Similarly, improvements in IoT technologies 
could lead to the development of smart farms 
where multiple robots and sensors work together 
seamlessly. Opportunities for research and 
development abound in the realm of agricultural 
robotics. While much progress has been made, 
many technical challenges remain. For instance, 
developing robots that can work effectively under 
diverse and changing environmental conditions is 
a complex task that needs more research [57]. 
Similarly, there is a need for research on the 
socioeconomic implications of agricultural 
robotics, such as its impact on rural employment 
and income distribution [58]. The integration of 
robots into farming practices could reshape the 
agriculture industry in profound ways. They could 
transform farming from a labor-intensive activity 
to a knowledge-intensive one, requiring farmers 
to acquire new skills and knowledge [59]. Farms 
could become more like manufacturing plants, 
with high levels of automation and precision. 
Robots could enable a shift towards more 
sustainable farming practices by reducing the 
use of pesticides and optimizing resource use 
[60]. 
 

8. CONCLUSION 
 
The integration of robotics into agriculture holds 
tremendous potential for enhancing productivity, 

efficiency, and sustainability. By overcoming 
traditional farming challenges, they can address 
labor shortages, climate change impacts, and the 
growing global food demand. Despite existing 
barriers such as high costs, regulatory 
complexities, and skills gaps, the future of 
agricultural robotics is promising. Emerging 
technological trends and ongoing research and 
development are paving the way for smarter, 
more capable agricultural robots. As these 
machines become more prevalent, they will 
inevitably reshape farming practices, 
transforming agriculture into a more knowledge-
intensive, precise, and sustainable sector. 
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