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Abstract Precision agriculture has changed modern farming a lot by making it more sustainable, productive, and good at
managing resources. Using the Internet of Things (IoT) and Artificial Intelligence (Al) together in adaptable watering
systems is a new way to make the best use of water and make sure crops grow well. IoT monitors give real-time
information about the weather, temperature, humidity, and soil wetness, which makes it possible to precisely track when
watering is needed. Al programs look at these data sources to figure out the best times and amounts of watering based on
how the environment is changing. Because the system is flexible, it can respond instantly to changes in weather trends,
soil conditions, and food growth stages. This saves water and encourages people to do the same. This essay looks at how
IoT and Al can be used together to create an adaptable irrigation system that can be adjusted to the needs of different
crops. This would allow for more precise watering while having the least possible effect on the environment. Machine
learning is used by the system to learn from previous watering rounds. This helps it make better guesses and work better
over time. The combination of cloud computing and big data analytics also makes solutions flexible, giving farmer’s
useful information they can use to make decisions. The suggested system makes better use of resources, lowers costs, and
encourages farming methods that are good for the environment. This technology not only increases food growth, but it
also solves the problem of not having enough water for farming around the world.

Keywords: Precision Agriculture, IoT Integration, Adaptive Irrigation, Artificial Intelligence, Sustainable Farming

I. Introduction

Precision agriculture has emerged as a revolutionary way to farm inside the 21st century. It we could farmers improve
their operations by means of the usage of new tools to better deal with their resources. This new way of farming makes
use of sensors, records analytics, and technology to maintain a watch on and manipulate the fitness of plants, the country
of the land, and natural elements at the neighbourhood degree. Growing output, reducing down on waste, and minimising
the damage that farming does to the earth are the main desires. Farmers can get extra vegetation from less water,
fertiliser, and chemical use via the use of precision agriculture and other associated techniques. As the sector's population
grows and weather change causes issues, precision agriculture is becoming extra crucial for making sure there are enough
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meals for each person and for farming to remaining [1]. putting the internet of factors (IoT) and artificial Intelligence
(Al) to apply in farming has absolutely changed the sport, dashing up the circulate from a techniques to smarter, facts-
driven ones. 10T is the network of devices and sensors which are all connected to every other and accumulate and
percentage statistics. This offers us real-time facts approximately the surroundings in agriculture. This gear can find out
much stuff, like the temperature, humidity, soil wetness, and even the climate. This statistics could be very useful for
making smart choices approximately things like watering, fertilising, and getting rid of pests [2]. Al systems can look at
and system the facts that 10T devices receive, which facilitates farmers make accurate picks on the right time that boom
efficiency and yield.

Al is a key part of converting traditional farming strategies as it we could self-driving structures have a look at big
amounts of information and make guesses or tips. A form of Al referred to as system studying algorithms may be taught
to discover styles and developments in facts. This will help make more correct predictions and higher plans for
operations. Particularly, Al-powered answers can help farmers wager how properly their plants will do, locate early
symptoms of disorder or pest outbreaks, and improve the way they water their crops, all of which can be important for
better farm control usually [3]. now not simplest does the interplay between 10T and Al make farming extra green,
however it also enables the surroundings by slicing down on trash and useful resource use. When put together, that gear
should exchange the future of farming and assist solve problems like limited resources and the need for long-term meals
manufacturing.

I1. Adaptive Irrigation in Precision Agriculture

A changing method of watering plants that changes how much and when it is applied based on current weather conditions
and plant needs is known as adaptive irrigation. Unlike traditional irrigation methods that usually stick to a set plan,
adaptable irrigation systems are made to react to changing weather, soil moisture levels, and crop growth stages.
Adaptive irrigation is based on using data to give the right amount of water at the right time, which keeps crops healthy
and reduces the amount of water that is wasted [4]. 10T devices, weather predicting tools, and machine learning
techniques are just a few of the advanced technologies that are often used in this process. Adaptive irrigation is a very
important part of precision agriculture for making farming techniques last. One of the most important and limited
resources in agriculture is water. This is especially true in dry and semi-dry areas where irrigation is needed to grow
crops, as shown in figure 1. Traditional ways of watering crops often result in either too much or too little watering,
which wastes water, damages the soil, and stresses the plants. On the other hand, flexible irrigation systems make sure
that crops only get the water they need, so there is no water shortage and no damage to the environment from too much
irrigation. Adaptive systems help cut water use by up to 30% by changing watering plans based on the needs of each
crop.
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Figure 1: Key factor of smart farming
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Adaptive watering also helps with long-term sustainability by encouraging the use of fewer resources. 10T monitors give
real-time input that can change watering right away by constantly checking soil wetness and other weather factors [5].
Machine learning systems make this flexibility even better by figuring out what kind of watering will be needed in the
future based on past data, weather predictions, and other factors. This flexible method makes sure that water is used
effectively, lowers costs, and raises food returns, all of which help farming businesses stay in business and make money.
As a result of climate change, weather trends are becoming less reliable. Adaptive irrigation gives farmers a strong way
to better control water resources.

I11. Benefits of Integrating 10T and Al
A. Water Conservation through Precise Irrigation

One big benefit of adding IoT and Al to watering systems is that they use less water. Traditional ways of watering crops,
like flood or spray irrigation, often result in over-irrigation, which wastes water and wears away the earth. 10T-enabled
watering systems, on the other hand, use sensors to get real-time information about the weather, crop needs, and soil
wetness levels. With this information, Al programs can figure out exactly how much water each crop needs, so you don't
have to guess when you water. The method makes sure that crops only get the water they need by changing watering
plans based on weather conditions [6]. This cuts down on water waste by a large amount. Also, this method is especially
important in places where water is limited, since smart water use can help lessen the effects of floods and support
farming methods that last.

B. Reduced Costs and Labor Associated with Traditional Irrigation Methods

When you add 10T and Al to watering systems, they work better and require less work, which saves money. With
traditional watering systems, it's often necessary to do things like check the dirt, change the settings, and manage how the
water is distributed by hand. This not only makes labour more expensive, but it also makes mistakes more likely, which
can make watering less effective. With 10T devices, gathering data is done automatically, and Al programs can look at
and change watering plans so that people don't have to keep changing them by hand [7]. This technology cuts down on
the need for watching and helping on-site, giving farms more time and money. Also, because less water is being used, the
costs of water utilities go down, which saves money generally in farm management.

C. Crop Yield Due to Optimal Water and Nutrient Management

By making better use of water and nutrients, the combination of 10T and Al increases food output. Al-powered watering
systems can make sure that crops get the right amount of water for best growth by using real-time data about the
environment to figure out the best way to send water. 10T sensors can also check the amount of nutrients in the soil and
send that information to Al programs that change when and how much to fertilise. This method based on data makes sure
that plants get the right amount of water and nutrients at the right time. This directly leads to better plants and higher
yields. By creating the best conditions for growth, these systems not only increase output but also lower the chances of
crop stress, disease, or lack of nutrients, which are common in traditional farming methods. This makes crops better, cuts
down on losses, and makes farms more money altogether [8].

IVV. Challenges and Scope
A. Technical Challenges in Ensuring the Accuracy of 10T Sensor Data

Making sure that the data received by devices is correct is one of the hardest parts of adding 10T to flexible watering
systems. 10T monitors keep an eye on important natural factors like temperature, humidity, soil wetness, and weather
conditions. But these sensors can't always work as well because of things in their surroundings, like dust or very high or
low temperatures, or because they need to be calibrated or just wear out over time. Incorrect sensor data can cause bad
choices about when to water, which can lead to either too much or too little watering, which is bad for crop health and
waste of resources. To fix these problems, sensors must be regularly maintained, calibrated, and replaced when they stop
working right [9]. Also, new data merging methods that merge information from many devices can help make the data
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more reliable. But getting accurate results across a lot of different sensor kinds and working situations is still a big
technology problem.

B. Advanced Al and 10T Infrastructure in Developing Regions

High prices and limited access to technology make it hard for many growing areas to use advanced Al and loT systems
for precise gardening. loT devices and Al-powered systems often need a lot of money up front to buy hardware,
software, and infrastructure. This can be too expensive for small farms or people who live in areas with low incomes.
Also, emerging areas might not have the internet access and data storing needed for cloud-based Al systems, which
would make it hard to use real-time data analysis and adaptable watering [10]. To get around these problems, we need to
work on making these tools more cheap and easy for everyone to use. This could be done through grants from the
government, agreements with tech companies, or the creation of low-cost 10T gadgets that are made in the country.
Mobile-based options and handling data without an internet connection could also be looked into to help places with poor
access.

C. Data Privacy and Security Concerns in Agricultural Data Collection

As 10T devices gather a lot of data from farms, including private details about the land, how much water is used, and how
well crops are doing, data privacy and security issues become big problems. it is not simply farmers who can advantage
from agricultural data; businesses, experts, and government bodies also can find it useful. If sturdy facts protection
strategies are not in vicinity, this statistics may be used to make money without the farmer's permission or to trade market
fees. Also, the truth that more and more precise agriculture devices are connecting to every different makes farming
operations extra open to hacking or data breaches [11]. To guard the privacy and safety of farming data, robust
encryption, safe data keeping, and clear rules about who owns the information are all wanted. To stop people from
abusing their facts and make certain that farming technology is utilized in a sincere way, farmers need to also be trained
approximately statistics safety and their rights when it comes to how their data is used [12].

V. Conclusion

The usage of 10T and Al collectively for adjustable watering in precision agriculture is a large step towards making the
first-rate use of resources, increasing meals output, and making farming more environmentally friendly. Using internet of
factors (IoT) monitors to get real-time records on things like temperature, humidity, and weather, at the side of Al's
potential to analyse this records, farmers can make smart selections approximately watering based on facts. This bendy
approach makes sure that water is used efficaciously, tackling the vital hassle of water scarcity while causing the least
amount of harm to the surroundings. Being able to exchange watering plans based on real-time facts and past tendencies
makes it even easier to shop water, reduce down on prices, and boost produce production. Although it has quite a few
promises, using loT and Al in adaptive irrigation structures is not easy. There are issues like making sure the data is
correct, getting around poor infrastructure in growing areas, protecting data privacy, and combining new technologies
with old ones. But these problems can be lessened by keeping up with new technologies, finding cheap solutions, and
working together with others, like farms, tech companies, and governments. In the future, there will be a lot of room for
10T and Al to be used together in precision gardening. These technologies have the ability to change farming around the
world by making food production better and more sustainable. They will also change the way irrigation works. As
technology keeps getting better and more data becomes available, adaptable irrigation systems driven by 10T and Al will
be very important for protecting the future of farmland. They will make sure that farming is both resource-efficient and
able to adapt to changing weather conditions.

References

[1] Morkunas, M.; Wang, Y.; Wei, J. Role of Al and IoT in Advancing Renewable Energy Use in Agriculture. Energies
2024, 17, 5984.

[2] Petcu, M.A.; Sobolevschi-David, M.-l.; Curea, S.C.; Moise, D.F. Integrating Artificial Intelligence in the
Sustainable Development of Agriculture: Applications and Challenges in the Resource-Based Theory Approach.
Electronics 2024, 13, 4580.

https://intwater.com 320




(3]
[4]
(5]
(6]
[7]

(8]
[0l

International Water and Irrigation
Volume 44 Issue 1 (2025)

ISSN: 0334-5807

Pages 317 - 321

www.intwater.com

Akkem, Y.; Biswas, S.K.; Varanasi, A. Smart Farming Using Artificial Intelligence: A Review. Eng. Appl. Artif.
Intell. 2023, 120, 105899.

Oliveira, R.C.D.; Silva, R.D.D.S.E. Artificial Intelligence in Agriculture: Benefits, Challenges, and Trends. Appl.
Sci. 2023, 13, 7405.

Tang, Y.; Dananjayan, S.; Hou, C.; Guo, Q.; Luo, S.; He, Y. A Survey on the 5G Network and Its Impact on
Agriculture: Challenges and Opportunities. Comput. Electron. Agric. 2021, 180, 105895.

Mohr, S.; Kiihl, R. Acceptance of Artificial Intelligence in German Agriculture: An Application of the Technology
Acceptance Model and the Theory of Planned Behavior. Precis. Agric. 2021, 22, 1816-1844.

Williamson, H.F.; Brettschneider, J.; Caccamo, M.; Davey, R.P.; Goble, C.; Kersey, P.J.; Leonelli, S. Data
Management Challenges for Artificial Intelligence in Plant and Agricultural Research. F1000Research 2021, 10,
324.

Mowla, M.N.; Mowla, N.; Shah, A.F.M.S.; Rabie, K.M.; Shongwe, T. Internet of Things and Wireless Sensor
Networks for Smart Agriculture Applications: A Survey. IEEE Access 2023, 11, 145813-145852.

Senoo, E.E.K.; Anggraini, L.; Kumi, J.A.; Karolina, L.B.; Akansah, E.; Sulyman, H.A.; Mendonga, I.; Aritsugi, M.
loT Solutions with Artificial Intelligence Technologies for Precision Agriculture: Definitions, Applications,
Challenges, and Opportunities. Electronics 2024, 13, 1894,

[10] Kaushik, K. Smart Agriculture Applications Using Cloud and IoT. In Convergence of Cloud with Al for Big Data

Analytics: Foundations and Innovation; John Wiley & Sons, Ltd: New York, NY, USA, 2024; pp. 89-105.

[11] Prasad, G.D.S.; Vanathi, A.; Devi, B.S.K. A Review on 10T Applications in Smart Agriculture. Adv. Transdiscipl.

Eng. 2023, 32, 683-688.

[12] Pathmudi, V.R.; Khatri, N.; Kumar, S.; Abdul-Qawy, A.S.H.; Vyas, A.K. A systematic review of 10T technologies

and their constituents for smart and sustainable agriculture applications. Sci. Afr. 2023, 19, e01577.

https://intwater.com

321




