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ABSTRACT

The integration of Internet of Things (IoT) and machine learning (ML) technology has the
capacity to transform agriculture via the improvement of precision agricultural methods.
This survey paper explores the integration of loT and ML in the field of soil nutrient
monitoring and crop recommendation systems. In the context of crop recommendation
systems and soil nutrient monitoring, this paper explores the integration of loT and ML. Its
goal is to provide a thorough overview of the most recent developments, applications,
challenges, and potential future directions. 10T sensors collect and give immediate soil
health information, while ML algorithms analyses this data to suggest nutrient deficits and
recommend the most suitable crops. The paper reviews the progress made in sensor
technology and machine learning applications, highlighting the advantages they provide to
precision farming. This integration promises to enhance agricultural productivity and
sustainability through datadriven decision-making and resource optimization. At the end
research gaps are discussed, along with future research directions.
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1. INTRODUCTION

The agricultural field is the most prominent and is undergoing fast transformation, driven by
technology innovations that seek to improve production and sustainability. With the ongoing
increase in the world population, there is a growing need for agricultural techniques that are both
efficient and sustainable. Conventional approaches of monitoring soil nutrient levels and
managing crops frequently fail to adequately meet the complex and ever-changing requirements
of contemporary agriculture. To address this discrepancy, the advancements of loT and ML
presents a transformative method. One of the notable breakthroughs is the integration of 10T with
ML technology, which is considered as a groundbreaking approach. The loT facilitates the
gathering of data in realtime by using a network of sensors that observe different soil
characteristics, such as moisture levels, pH levels, temperature, and nutrient concentrations.
Continuous monitoring enables farmers to promptly get insights into soil health, allowing for
quick and accurate actions.
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Machine learning enhances IoT by providing robust tools for data analysis and predictive
modelling. ML algorithms can analyse the extensive data produced by 10T sensors to recognise
trends, identify deviations, and provide precise forecasts on soil nutrient deficits and the most
suitable crop selections. Machine learning algorithms have the ability to analyse large volumes
of data produced by loT sensors, revealing hidden patterns and trends that may not be
immediately obvious.

By using predictive analytics and pattern recognition, ML provides a practical and useful
information, such as the most effective schedules for fertilisation, methods for crop rotation,
and early alerts for possible soil deficiencies. The integration of 10T and ML improves the
accuracy of soil nutrient management and facilitates the creation of customised crop
recommendations. The integration of 10T with ML has the capacity to transform soil nutrient
management and crop recommendation systems, resulting in enhanced decision-making,
optimised resource utilisation, and refined agricultural production.

The aim of the presented survey paper is to provide a thorough and comprehensive examination
of the present status of research and development in this particular sector. This paper analyses
the structure and operation of integrated loT and ML systems. It explores the challenges and
potential future scope in the field of precision agriculture.

Rest of the paper is organised as follows: Section Il discusses about the background and related
work to 1oT and ML in agriculture sector. Section Il presents the identified research gaps.
Section 1V describes the future direction for further investigation in precision agriculture by
highlighting the scope of integrated 10T and ML technologies together. Section V provides the
conclusion with key findings from presented literature survey.

2. LITERATURE REVIEW

In recent years, there has been significant study on the combination of 1oT and ML for the
purpose of monitoring soil nutrients and providing crop recommendations. This literature
review examines prominent research and advancement in this multidisciplinary domain,
empbhasising notable contributions, approaches, and discoveries.

2.1. loT-Based Soil Monitoring Systems

loT-based systems for soil monitoring have gained traction due to the ability to provide real-
time data. Researchers such as [1][2] have developed advanced sensor networks to measure soil
moisture, temperature, pH, and nutrient levels. Their systems utilize wireless sensor networks
(WSNSs) and communication protocols to transmit data to centralized platforms. In [3] authors
continuously measured variables at the agro-field. The implemented work provides the
development and testing of 10T based smartphones platform with 10T, DSS and Real-time data.
Authors in [4] implemented the automated remote field monitoring system and provides the
visualization in the cloud with LoRaWAN and Real-time data. [5] introduced a low-cost,
energy-efficient 10T sensor system for precision agriculture, which significantly improved the
accuracy of soil condition assessments.

2.2. Machine Learning for Data Analysis
Machine Learning techniques have been applied to analyse the vast amounts of data generated

by 10T sensors. Studies in [6] proposes the Soil Classification based on micronutrients. Soil
classification result in accuracy of 94 % with ELM and Private dataset. In [7] explored the crop
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recommendation for predictive accuracy of soil health and crop yield forecasts. Their work
highlighted the potential of ML to uncover complex relationships between soil parameters and
crop performance. Crop recommendation were predicted in accuracy of 98.22 % with MLP
and Kaggle dataset. Authors in [8] implemented the system to aid the farmer in developing a
platform that provides recommendations for crops. Results shows that crop recommendation
by Random forest achieved 97.18 % accuracy with RF and Kaggle dataset.

2.3. Integration Challenges and Solutions

Integrating 10T and ML in agriculture involves several challenges, including data management,
system interoperability, and scalability. Authors in [9], proposed the solution to provide
consistent and up-to-date agricultural data and field updates to assist farmers. The proposed
mode achieved the accuracy of 97.3 % with MSVMDAG-FFO and own dataset. In [10],
discussed the implementation using RFC and one's own dataset, crop recommendation
achieved 99% accuracy. Also discussed the novel approaches to improve data accuracy and
consistency. In [11], worked on crop selection with SCS and dataset from Pakistan achieved
accuracy 97.4 %. Along with that addressed issues of system integration and interoperability,
recommending standardized protocols and frameworks for seamless communication between
loT devices and ML models. In [12], authors has a system with an Arduino board, an Amazon
Web Service, and a set of sensors. To analyse and visualise data, they made use of mobile
applications, cloud computing, and machine learning techniques. This system makes it possible
to ascertain the minerals that are present in the soil and prescribe the appropriate amount of
fertiliser. Crop recommendation and soil nutrient monitoring are made more comprehensive by
the combination of 10T and ML technology[13-21].
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Fig. 1:Methodology framework for soil nutrients monitoring and crop recommendation using an
advanced ML-Enabled IoT system [1].

Figure 1, shows framework having the integration of ML and 10T. The suggested framework in
[1] uses three sensors—JXBS-3001, FC-28, and DHT1l—to measure soil nutrient
concentrations (NPK), moisture, humidity, and temperature in the agricultural field. The
NodeMCU sends gathered data to a remote server via MQTT for processing. These sensors
give real-time data to the suggested machine learning algorithm for using data to recommend
planting schedules, crop kinds, and fertilisation strategies. This helps farmers choose crops and
boost output. In addition, soil monitoring assures the health and safety of harvested product,
and implanted sensors analyse food nutritional content, pesticide residues, and hazardous
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pollutants. The framework's User-Friendly Mobile App lets farmers remotely monitor and
manage their agricultural activities with seamless device and data access.

Table 1 shows a brief review provided on the related work for soil nutrients monitoring and
crop recommendation with the Machine learning enabled IoT system.

3. RESEARCH GAPS

After extensive literature survey the following gaps are identified in soil nutrients monitoring and crop
recommendation:

« Labor-intensive and subjective soil nutrient analysis:

Conventional techniques for analysing soil nutrients and recommending crops frequently depend
on labour-intensive, subjective evaluations.

« Inefficient resource utilization:

Ineffective resource management and fertiliser application choices can result in lower yields and
inefficient use of resources.

Table 1: Summary of Existing Literature Survey

Sr. Authors Year Problem Statement ML-1oT Solution
No. Enabled
1 Md Reazul 2023 | The integration of Yes Innovative ML-enabled
Islam et al [1] loT and machine monitoring and
learning algorithms recommendation system
to  monitor  soil with 10T device and
nutrients and Real-time data.
recommend crops.
2 S.J. Ramson et 2021 Soil health monitoring No Development and
al [2] in UpToDate manner. testing of a low cost

(5667 USD) monitoring
system with loT and
Real-time data.

3 S.V. Gaikwad et | 2021 | Continuously No Develop and test the
al [3] measures variables smartphones platform
at the agrofield. with
loT, DSS and Real-time
data.
4 B.M. Zerihun et 2022 | A system that No Visualization in the cloud
al [4] monitors fields with LoRaWAN and
remotely using Realtime data.
automation.
5 V. Shukla et al 2022 Soil monitoring No Identify soil type
[5] system. effectively and use loT

and real-time data to
visually represent related
information.
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Sr. Authors Year Problem Statement ML-1oT Solution
No. Enabled
6 T. Blesslin 2022 | Soil Classification Yes Soil classification
Sheeba et al [6] based on result in accuracy of 94
micronutrients. % with ELM and Private
dataset.
7 K. 2022 Crop Yes Crop recommendation
Bakthavatchalam recommendation. were predicted in
etal [7] accuracy of 98.22 % with
MLP and Kaggle dataset.
8 Thilakarathne 2022 To create a platform No Crop recommendation by
NN et al [8] for crop Random forest achieved
recommendations in 97.18 % accuracy with
order to help farmers. RF and Kaggle dataset.
9 Senapaty MK et 2023 To regularly provide Yes The  proposed mode
al [9] farmers with up-to- achieved the accuracy of
date crop and field 97.3 % with
information. MSVMDAG-FFO and
own
dataset.
10 | S.Sundaresanet | 2023 Crop Yes Using RFC and one's own
al [10] Recommendation dataset, crop
system. recommendation
achieved 99% accuracy.
11 A. lkram et 2022 Correct Selection of Yes Crop selection with SCS
al [11] Crop. and dataset from Pakistan
achieved accuracy 97.4 %

» Lack of real-time monitoring and decision-making:

Conventional farming methods frequently lack the ability to monitor and make decisions in real time.

» Limited access to crop quality assessment:

Information concerning the quality of the crops that consumers eat is frequently not readily available to

them.

» Fragmented solutions and high costs:

High costs and fragmented solutions are common problems with current loT-based soil monitoring
systems.

4. FUTURE DIRECTION

- Enhanced Sensor Technology: The creation of more sophisticated, affordable sensors with
increased precision and extended battery life will enhance realtime data gathering and
minimize upkeep needs.
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Data Integration and Management: Enhancing techniques for merging data from various
loT devices and making sure that data management systems are strong will improve the
accuracy and breadth of the information gathered.

Advanced Machine Learning Algorithms: More advanced machine learning (ML)
algorithm research, such as deep learning and reinforcement learning, may increase
prediction accuracy and yield more useful information for crop recommendations and soil
management.

Edge Computing: Especially in remote agricultural areas, integrating edge computing into
local data processing on loT devices can improve real-time analytics, lower latency, and
increase system responsiveness.

Interoperability Standards: Standardized frameworks and protocols for ML models and
lIoT devices will enable smooth communication and integration between various platforms
and systems.

Explainability and Transparency: Improving ML models' interpretability will help
farmers make better decisions by making results easier to comprehend and apply.

Scalability and Cost-Effectiveness: Small and medium-sized farms will be able to afford
more sophisticated loT-ML systems thanks to research into scalable and economical
solutions, which will encourage wider adoption.

Integration with Recent Technologies: To further improve the capabilities and uses of 10T-
ML systems in agriculture, new technologies like blockchain for data security and
augmented reality (AR) for visualization should be investigated.

5. CONCLUSION

The combination of 10T and Machine Learning is a significant development in the field of soil
nutrient monitoring and crop recommendation. Through the utilization of real-time data
collection using 10T technology and advanced analytics through ML, the collaboration provides
substantial enhancements in precision agriculture, specifically in the areas of soil management
and crop yield. Despite the persistent obstacles of data integration, system interoperability, and
algorithmic complexity, continuous research and technological advancements offer hope for
conquering these challenges. Developments in sensor technology, data management, and
machine learning algorithms will enhance agricultural practices, promoting sustainability and
efficiency in precision farming.

REFERENCES

[1]

2]

[3]

Md Reazul Islam, Khondokar Oliullah, Md Mohsin Kabir, Munzirul Alom, M.F. Mridha, “
Machine learning enabled IoT system for soil nutrients monitoring and crop recommendation”,
Journal of Agriculture and Food Research, Volume 14, 2023, 100880, ISSN 2666-1543,
https://doi.org/10.1016/j.jafr.2023.100880.

S.J. Ramson, W.D. Le"on-Salas, Z. Brecheisen, E.J. Foster, C.T. Johnston, D. G. Schulze, T. Filley,
R. Rahimi, M.J.C.V. Soto, J.A.L. Bolivar, et al., “A selfpowered, real-time, lorawan iot-based soil
health monitoring system”, IEEE Internet Things J. 8 (11) (2021) 9278-9293.

S.V. Gaikwad, A.D. Vibhute, K.V. Kale, S.C. Mehrotra, “An innovative iot based system for
precision farming”, Comput. Electron. Agric. 187 (2021), 106291.



Computer Science & Engineering: An International Journal (CSENJ), Vol 15, No 1, February 2025

[4] B.M. Zerihun, T.O. Olwal, M.R. Hassen, “Design and analysis of iotbased modern agriculture
monitoring system for real-time data collection”, Computer Vision and Machine Learning in
Agriculture, Springer, 2022, pp. 73-82, https://doi.org/10.1007/978-981-16-99917_5, 2.

[5] V. Shukla, S. Dixit, P. Dixit, “An iot based user authenticated soil monitoring system”, Ad Hoc
Sens. Wirel. Netw. 53 (2022). DOI: 10.32908/ahswn.v53.9453.

[6] T. Blesslin Sheeba, L. Anand, G. Manohar, S. Selvan, C.B. Wilfred, K. Muthukumar, S.
Padmavathy, P. Ramesh Kumar, B.T. Asfaw, “Machine learning algorithm for soil analysis and
classification of micronutrients in iot-enabled automated farms”, J. Nanomater. (2022),
https://doi.org/10.1155/2022/5343965.

[71 K. Bakthavatchalam, B. Karthik, V. Thiruvengadam, S. Muthal, D. Jose, K. Kotecha, V.
Varadarajan, “Iot framework for measurement and precision agriculture: predicting the crop using
machine learning algorithms, Technologies 10 (1) (2022) 13.
https://doi.org/10.3390/technologies10010013

[8] Thilakarathne NN, Bakar MSA, Abas PE, Yassin H., “A Cloud Enabled Crop Recommendation
Platform for Machine LearningDriven Precision Farming”, Sensors. 2022; 22 (16) : 6299.
https://doi.org/10.3390/522166299

[91 Senapaty MK, Ray A, Padhy N. loT-Enabled Soil Nutrient Analysis and Crop Recommendation
Model for Precision Agriculture. Computers. 2023; 12(3):61
https://doi.org/10.3390/computers12030061

[10] S. Sundaresan and S. Daniel Johnson and V. Mani Bharathy and P. Mohan Pavan Kumar and M.
Surendar, “Machine learning and IoTbased smart farming for enhancing the crop yield”, Journal of
Physics: Conference Series, 2466(2023), 1, 012028. doi:10.1088/1742-6596/2466/1/012028

[11] A. Ikram, W. Aslam, R.H.H. Aziz, F. Noor, G.A. Mallah, S. Ikram, M.S. Ahmad, A. M. Abdullah,
[. Ullah, “Crop yield maximization using an iot-based smart decision”, J. Sens. (2022),
https://doi.org/10.1155/2022/2022923

[12] R. Reshma, V. Sathiyavathi, T. Sindhu, K. Selvakumar, L. SaiRamesh, “IoT based classification
techniques for soil content analysis and crop yield prediction”, in: 2020 Fourth International
Conference on I-SMAC (loT in Social, Mobile, Analytics and Cloud)(I-SMAC), IEEE, 2020, pp.
156-160.

[13] M. Mulge, M. Sharnappa, A. Sultanpure, D. Sajjan, M. Kamani, Agricultural crop recommendation
system using iot and ml, Int. J. Anal. Exp. Modal Anal. 12 (6) (2020).

[14] K. Oliullah, S. Tarafdar, M. Whaiduzzaman, Fog computing and iot based modern agricultural
system,  Topics in Intell  Comput Ind Design 2 (1) (2020) 88-92,
https://doi.org/10.26480/cic.01.2020.88.92

[15] D.A. Reddy, B. Dadore, A. Watekar, Crop recommendation system to maximize crop yield in
ramtek region using machine learning, International Journal of Scientific Research in Science and
Technology 6 (1) (2019) 485-489, https://doi. org/10.32628/1JSRST196172.

[16] V. K.. Kolekar and S. R. . Sakhare, :A Research Perspective on Data Management Techniques for
Federated Cloud Environment:, IJRITCC, vol. 11, no. 5, pp. 338-346, May 2023.

[17] S. R. Rathi and V. K. Kolekar, :Trust Model for Computing Security of Cloud,: 2018 Fourth
International Conference on Computing Communication Control and Automation (ICCUBEA),
Pune, India, 2018, pp. 1-5, doi: 10.1109/ICCUBEA.2018.8697881.

[18] Vikas Kanifnath Kolekar and Sachin R Sakhare, :Scheduling Algorithms of Cloud Computing: State
of the Art:, ijngc, vol. 12, no. 2, pp. 145-157, Apr. 2021.

[19] V. K. Kolekar and M. B. Vaidya, :Click and session based — Captcha as graphical password
authentication schemes for smart phone and web,: 2015 International Conference on Information
Processing (ICIP), Pune, 2015, pp. 669-674, doi: 10.1109/INFOP.2015.7489467.

[20] N. . Sakhare, D. . Verma, V. . Kolekar, A. . Shelke, A. . Dixit, and N. . Meshram, :E-commerce
Product Price Monitoring and Comparison using Sentiment Analysis:, IJRITCC, vol. 11, no. 5, pp.
404-411, May 2023.

[21] V. K. . Kolekar, M. . Oswal, Y. . Wankhade, G. . Shirke, A. . Sondur, and P. . Wable, :Smart City
loT Data Management with Proactive Middleware:, IJRITCC, vol. 11, no. 5s, pp. 319-329, May
2023



	1. Introduction
	2. Literature Review
	3. Research Gaps
	4. Future Direction
	5. Conclusion
	References

