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Abstract — This study investigates the use of machine learning (ML) techniques for detecting and predicting crop diseases in Nigerian
agriculture. With agriculture playing a vital role in Nigeria's economy and crop diseases posing significant challenges, the research
assesses the effectiveness of various ML algorithms in reducing losses through early detection. It explores data collection methods, the
modeling process, and the transformative potential of integrating ML systems into agricultural practices across Africa. The findings
demonstrate the high accuracy achieved by machine learning algorithms, underscoring their feasibility for widespread implementation.
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I. Introduction

Agriculture is a cornerstone of Nigeria’s economy, employing about 70% of the population and contributing nearly 24% to the
GDP. Effective tools for diagnosing crop diseases and disseminating agricultural information are essential for growth and
development in the sector. Crop pests and diseases pose a significant threat, with annual yield losses of 35-40% reported in the
sub-Saharan region [1]. Traditionally, disease detection has relied on agricultural experts. However, there is a notable shift toward
using machine learning and computer vision techniques for crop inspection, facilitated by mobile devices [2][3].

For rural and smallholder farmers, mobile phones serve as vital tools for accessing information, markets, and services.
Conventional methods of disease detection, which depend heavily on manual observation, are both time-consuming and error-
prone. Disease management in Nigerian agriculture typically involves manual inspection and chemical treatments. While
somewhat effective, these methods are labor-intensive, reactive, and lack a preventive approach.

The information needs of farmers are constantly evolving and can be understood as part of an agricultural cycle across different
seasons [4]. Farmers frequently seek insights about their farms or gardens and often rely on advice from agricultural experts [5].
In cases where this process has been automated, feedback is typically delayed [6]. For instance, some diagnostic applications take
approximately 5-7 days to provide farmers with feedback [7]. The lack of real-time information has contributed to poor farming
practices among smallholder farmers, resulting in significant yield losses. Annually, crop diseases and pests cause yield losses of
20-40%, further intensifying food insecurity and poverty.
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This study explores the application of machine learning (ML) to provide real-time diagnosis and assessment of crop diseases
directly in the field, empowering non-experts to take timely actions. It examines how ML techniques can transform disease
detection and prediction by enabling early interventions and reducing losses.

2. Research Methodology

This study adheres to the PRISMA guidelines, an evidence-based framework for conducting systematic reviews. The focus is
exclusively on the application of machine learning in farming. The search timeframe spanned from 2016 to 2024, with any
articles outside this scope or unrelated to the research focus excluded. Following the PRISMA methodology, a systematic
literature search was performed using digital journal databases such as ResearchGate, Google Scholar, and IEEE Xplore.

After screening, a selection of research publications and articles meeting the eligibility criteria was included for qualitative
analysis. These articles were meticulously reviewed to gather key insights on the impact of IoT, Big Data Analytics, and Machine
Learning on farming in Africa, with a particular emphasis on Nigeria. The reviewed literature was compared based on the
advantages, disadvantages, and applications of these technologies in the agricultural sector.

3. A review of Machine Learning Models and application in farming

Machine learning, a critical branch of artificial intelligence, focuses on developing and optimizing algorithms and statistical
models that enable computers to perform tasks autonomously without explicit programming [8]. Instead, these systems identify
patterns and make predictions or decisions based on input data. Several machine learning approaches facilitate efficient model
training [9]:

1. Supervised Learning: This method uses training datasets comprising input-output pairs, where each input is associated
with a known output.

2. Unsupervised Learning: This approach seeks to uncover patterns, structures, or relationships within data without
predefined labels or guidance.

3. Reinforcement Learning: In this paradigm, an agent learns decision-making by interacting with its environment,
receiving feedback in the form of rewards or penalties. Through this iterative process, the agent refines its strategies
based on experience and exploration.

4. Semi-Supervised Learning: Combining labeled and unlabeled data, this method is particularly beneficial when labeled
data is resource-intensive or costly to acquire.

5. Transfer Learning: This technique leverages knowledge from pre-trained models on one task to improve performance on
a related task. For instance, pre-trained models adapted to detect diseases in crops like wheat, rice, and maize have
shown promise, especially in scenarios with limited labeled data.

6. Ensemble Learning: This approach enhances accuracy and robustness by combining multiple models. Techniques such as
AdaBoost, Gradient Boosting, and Bagging are commonly employed in disease detection to improve prediction
reliability and performance.

Machine learning techniques have demonstrated significant potential in solving complex problems, including crop discase
detection, by leveraging their strengths in pattern recognition and decision-making.

Machine learning, a critical branch of artificial intelligence, focuses on developing and optimizing algorithms and statistical
models that enable computers to perform tasks autonomously without explicit programming [8]. Instead, these systems identify
patterns and make predictions or decisions based on input data. Several machine learning approaches facilitate efficient model
training [9]:

1. Supervised Learning: This method uses training datasets comprising input-output pairs, where each input is associated
with a known output.
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2. Unsupervised Learning: This approach seeks to uncover patterns, structures, or relationships within data without
predefined labels or guidance.

3. Reinforcement Learning: In this paradigm, an agent learns decision-making by interacting with its environment,
receiving feedback in the form of rewards or penalties. Through this iterative process, the agent refines its strategies
based on experience and exploration.

4. Semi-Supervised Learning: Combining labeled and unlabeled data, this method is particularly beneficial when labeled
data is resource-intensive or costly to acquire.

5. Transfer Learning: This technique leverages knowledge from pre-trained models on one task to improve performance on
a related task. For instance, pre-trained models adapted to detect diseases in crops like wheat, rice, and maize have
shown promise, especially in scenarios with limited labeled data.

6. Ensemble Learning: This approach enhances accuracy and robustness by combining multiple models. Techniques such as
AdaBoost, Gradient Boosting, and Bagging are commonly employed in disease detection to improve prediction
reliability and performance.

Machine learning techniques have demonstrated significant potential in solving complex problems, including crop discase
detection, by leveraging their strengths in pattern recognition and decision-making.

Globally, machine learning (ML) has achieved remarkable success in agriculture. Techniques such as Convolutional Neural
Networks (CNNs) are widely used for image-based disease detection, while algorithms like Random Forests and Support Vector
Machines (SVMs) excel in predictive analytics. However, the adoption of these technologies in Africa remains limited, primarily
due to infrastructural and resource challenges. Although ML applications in agriculture have gained significant momentum in
developed countries, there is a lack of studies addressing the specific challenges faced by African agriculture, particularly in
Nigeria.

3.1. Review of related works

In a study by Jonathan et al., researchers explored real-time crop disease monitoring systems designed to provide smallholder
farmers with immediate feedback. The research was conducted in a rural community of 100 smallholder farmers, focusing on
diagnosing cassava diseases and delivering advisory recommendations. The study introduced a field-based recommendation
system capable of real-time feedback on crop disease diagnosis.

This system was built using machine learning and natural language processing (NLP) techniques and relied on question-and-
answer pairs collected from 100 farmers in Uganda. Various state-of-the-art algorithms were tested, with the Sentence BERT
model (RetBERT) achieving the best performance, reflected in a BLEU score of 50.8%. The application integrates both online
and offline functionalities to accommodate farmers in remote areas with limited internet access. The success of this study paves
the way for larger trials to validate the system's potential in addressing food security challenges across sub-Saharan Africa.

A variety of machine learning (ML) techniques, including Convolutional Neural Networks (CNNs), Recurrent Neural Networks
(RNNSs), Support Vector Machines (SVMs), Random Forest (RF), and advanced deep learning architectures such as ResNet and
Inception, were analyzed in terms of their methodologies, datasets, performance metrics, and real-world applications [18]. The
review offered a critical evaluation of existing models, identifying their limitations and gaps. It highlighted that while ML-based
approaches hold significant promise for improving agricultural disease management, there remains an urgent need for robust,
scalable, and adaptable solutions capable of addressing diverse agricultural conditions and the complexities of crop diseases.

A detailed summary of CNN architecture and its applicability in image-based classification tasks was also presented [19]. The
authors examined CNN applications for identifying diseases in vegetable crops, focusing on key research, datasets, and
performance metrics. Their findings emphasized the transformative potential of CNN algorithms in revolutionizing crop disease
diagnosis and management strategies. However, they also noted current limitations in applying computer algorithms to vegetable
disease detection. Figure 3 illustrates the percentage distribution of CNN models utilized in detecting vegetable diseases.
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Figure 3: summary of CNN bases recommender systems. [19]

The VGG model emerged as the most commonly used, while DenseNet was the least utilized. Other models shown in the chart
represent combinations of various architectures that individually had minimal contributions in the reviewed articles.

The effectiveness of a specific CNN in detecting vegetable diseases depends on several factors, including the availability and
quality of annotations, the attributes of the provided images, environmental conditions during image acquisition, and the
variability of disease symptoms across different instances. Despite the range of methodologies proposed for leaf discase
identification, significant challenges remain, as outlined below.

3.2 . Limitations
e Adequate sample sizes are essential for ensuring deep learning (DL) networks can generalize features effectively.

e Despite advancements, only a limited number of diseases have been addressed, highlighting the need for expanded
research to cover a broader spectrum of diseases.

e  Current machine learning models depend heavily on manual feature extraction for performance evaluation, underscoring
the need for automated feature extraction to enhance classification accuracy. Full automation requires models capable of
detecting features independently with higher precision.

e Discriminating critical features in plant leaves using conventional image processing techniques remains challenging due
to significant variability in disease symptoms. Automated analysis of these patterns requires diverse and comprehensive
datasets.

e Some datasets are outdated and fail to account for newly mutated viruses or diseases. Additionally, diseases with similar
symptoms but distinct treatments, or highly contagious diseases misinterpreted as mild, exacerbate the challenge of
accurate diagnosis.

e Disease-level prediction remains a significant limitation, hindering the broader adoption of Al in agriculture.
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e Real-time monitoring is not universally available on all farms, preventing continuous observation of progress or decline
in crops.

e Many datasets are being reused by multiple researchers, leading to inefficiencies as time is spent re-analyzing data
already studied by other groups globally.

e  Variations in the contours of images can confuse Al models, hindering accurate identification of disease symptoms.

e Certain algorithms are computationally demanding, requiring significant storage and processing time. Optimizing these
algorithms is necessary to deliver faster and more robust responses.

An enhanced recommendation system for Nigerian farmers has been developed [20]. Data from various sources, including the
Nigeria Meteorological Agency, the Agronomy Department at the University of Ibadan, Ahmadu Bello University Zaria, and
Federal University Wukari, were preprocessed using numpy and pandas. Four machine learning algorithms—Random Forest,
Naive Bayes, K-Nearest Neighbor, and Support Vector Machine (SVM)—were utilized, with Random Forest showing superior
performance in accuracy, precision, recall, and F1 score. Naive Bayes ranked second, followed by K-Nearest Neighbor, while
SVM performed the poorest. The models successfully recommended crops suited to specific climates and soils, though SVM was
the least effective. This study highlights the importance of accurate crop recommendations for optimizing agricultural
productivity.

Mahenge et al. examined the knowledge and technological gaps related to the application of Al-based technologies for early plant
disease detection and pest prediction, recommending appropriate curative measures [21]. They utilized the PRISMA framework
for conducting systematic reviews on the state-of-the-art Al and deep learning techniques for crop disease identification and pest
prediction in developing countries. The findings revealed that traditional methods for plant disease management face several
challenges, including high labor costs, low detection and prediction accuracy, and negative environmental impacts. Moreover, the
growing demands of data-intensive and computationally demanding tasks required for plant disease classification using traditional
machine learning methods pose difficulties, such as prolonged processing times and limited storage capacity.

To recommend the most suitable seed for specific soil conditions with high accuracy and efficiency, a recommendation system
using an ensemble model with a majority voting technique, incorporating Random Tree, K-Nearest Neighbor, and Naive Bayes as
learners, was proposed [22]. This approach aimed to maximize production and profit for farmers.

Advanced image identification techniques were applied to a dataset consisting of highly detailed aerial photographs of vineyards
[23]. After each algorithm and process was carefully optimized, a comprehensive comparison of the results was conducted,
focusing on baseline and DTE, highlighting the differences in accuracy and performance.

A framework utilizing machine learning and data mining to bridge knowledge gaps and address key issues in animal sciences was
presented in [24]. With data-intensive technologies, animals can be continuously monitored throughout production, and the
collected data can be used to enhance their health, welfare, performance, and environmental impact.

3.3 Potentials of machine learning in Agricultural practices

The application of machine learning (ML) data-driven techniques has the potential to yield significant advancements in
agricultural practices, which could ultimately result in the following outcomes [25]:

i. Enhanced Crop and Livestock Yields: This can be achieved through precise disease diagnosis and management, location-
specific soil analysis, and improved seed variety assessments.

ii. Improved Value Chain Linkages: The integration of various stakeholders, including input suppliers, farmers, financial
institutions, extension agents, and markets, can be facilitated through the ease of data sharing and communication.

iii. Reduction in Production Costs: The adoption of more efficient and cost-effective techniques at each stage of production, such
as land preparation, planting, weeding, fertilization, and harvesting, can significantly reduce overall production costs.

Vol. 48 No. 1 December 2024 ISSN: 2509-0119 548



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2024 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 48 No. 1 December 2024, pp. 544-553

55N:2509-0119

iv. Pathway to Agricultural Sustainability and Self-Sufficiency: Increased profitability and production will lead to higher
participation in farming, fostering self-sufficiency in agricultural products that can meet the growing demands of the population.

v. Increased Contribution of Agriculture to National GDP: The rise in production, employment, and the establishment of new
micro, small, and medium-sized enterprises (MSMEs) in agrotech and agro-processing will bolster the agricultural sector’s
contribution to the national economy.

vi. Global Leadership in ML Technology Advancement: The integration of ML technologies into Nigerian agriculture could
position the country as a leader in ML innovation, fostering local research and the creation of ML incubation labs that could
propel Nigeria to the forefront of global advancements in ML.

4. Challenges Hindering the Application of Machine Learning in Nigerian Agricultural Practices

Despite the significant benefits associated with the use of machine learning in Nigerian agriculture, several challenges hinder its
effective implementation. These challenges can be broadly categorized into personnel, infrastructural, and technical issues,
including:

i. Lack of Sufficient and High-Quality Datasets: The success of machine learning applications relies heavily on the availability of
quality data. In Nigeria, the nascent stage of ML and deep learning (DL) development presents a significant challenge due to the
scarcity of reliable datasets for training algorithms. As a result, developers may have to generate their own datasets, which can
lead to issues such as overfitting, thereby compromising the accuracy and reliability of the models.

ii. Inadequate Infrastructure: The telecommunication and electricity infrastructure in Nigeria is underdeveloped, particularly in
rural areas where the majority of agricultural activities take place. These infrastructures are essential for the effective
implementation of modern ICTs, which are crucial for achieving optimal performance and meeting desired objectives. While
satellite and wireless technologies have been introduced in Nigeria, they are predominantly concentrated in urban centers, and
even here, the infrastructure often remains insufficient. Issues such as low bandwidth and the need for an enhanced internet
backbone further hinder progress.

iii. High Illiteracy Rates in Rural Areas: Literacy is a critical barrier to participation in knowledge-driven societies. A significant
proportion of the rural population in Nigeria, particularly women, remains illiterate. Much of the pictorial and audiovisual
information associated with machine learning technologies is accompanied by text, which places these individuals at a
disadvantage. They lack the necessary skills to fully leverage the benefits of ML technologies. Consequently, the involvement of
intermediaries, such as extension agents, may be essential to assist these farmers in accessing and utilizing these technologies
effectively.

iv. Privacy and Security Concerns: The absence of clear policies and regulations regarding the use of artificial intelligence, not
only in agriculture but across various sectors, raises numerous legal challenges. Precision agriculture and smart farming, while
offering significant benefits, introduce concerns related to privacy and security. Threats such as cyberattacks and data breaches
pose serious risks to farmers, particularly as many farms remain vulnerable to such threats due to inadequate protective measures.

4.1 Factors affecting the adoption of digital technologies in farm practices in Nigeria:

Nigeria's agricultural sector is undergoing significant transformation. Mughele et al. identified several factors driving the adoption
of digital tools, such as machine learning, in the country [26]:

a) Rapid Technological Advancements: The growing affordability and accessibility of IoT sensors, big data tools, and machine
learning algorithms have made precision farming more attainable for Nigerian farmers.

b) Climate Change Challenges: Like many other nations, Nigeria faces the detrimental impacts of climate change. Machine
learning plays a crucial role in developing adaptive strategies that optimize resource utilization, minimize waste, and mitigate
climate-related risks.
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¢) Food Security Imperative: With a rapidly expanding population, Nigeria must increase its food production to meet rising
demand. This highlights the critical need for adopting machine learning in agriculture to enhance productivity and ensure food
security.

d) Government Commitment: The Nigerian government has demonstrated its commitment to agricultural modernization through
initiatives such as the Green Alternative Policy and the National Digital Agriculture Infrastructure.

While precision farming is still in its early stages in Nigeria, the integration of machine learning in agriculture presents promising
opportunities, including:

e) loT-Enabled Farming: IoT sensors offer the capability to monitor soil conditions, weather patterns, as well as crop and animal
health in real-time, providing valuable data to support informed decision-making.

f) Data-Driven Insights: Machine learning and data analytics can transform raw data into actionable insights, facilitating the
optimization of crop management, resource allocation, and pest control.

g) Enhanced Crop Yields: Precision agriculture techniques have the potential to substantially boost agricultural productivity,
thereby ensuring food and animal security while contributing to economic growth.

h) Youth Engagement: The incorporation of technology into agriculture offers the opportunity to attract younger generations to
the sector, revitalizing it and fostering the emergence of digital farming entrepreneurs.

5. Conclusions

The literature review reveals that most machine learning models have the potential to address the limitations inherent in
traditional methods of manual feature extraction and classification. However, the primary challenge lies in the data sources and
testing environments. Much of the existing research relies on public datasets, yet studies should ideally be conducted using data
collected directly from agricultural fields. Weather and geological conditions significantly influence disease characteristics,
meaning that data from one geographical region may not be applicable to another. For instance, training a model with data from
the US and applying it to disease detection in Nigeria may result in significant discrepancies in accuracy.

The wide variety of vegetable diseases, coupled with the variability in symptoms across cases, underscores the need for more
resilient and adaptable models. This necessitates advancements in feature extraction techniques, reorganization of model
architectures, and the integration of advanced approaches such as ensemble learning and transfer learning.

This review highlights the differences in the accuracy of various models for disease detection in vegetables, which are highly
susceptible to a wide range of diseases, leading to significant economic losses. The implementation of Convolutional Neural
Networks (CNNs) has shown promise in reducing these losses by enabling early-stage disease detection.

Furthermore, this review stresses the importance of global data sharing among research communities. To fully harness the
potential of CNNs and deep learning (DL) in transforming plant disease detection and advancing agricultural sustainability,
interdisciplinary collaboration between computer scientists, plant pathologists, and agronomists is crucial. Additionally, ongoing
research and innovation in model development are necessary. Future work should further investigate the issues identified in this
study. In particular, the potential role of the Internet of Things (IoT) in plant disease detection remains largely unexplored, but it
holds great promise for timely and accurate detection, which could lead to more effective interventions.

Recommendations

The detection of disease stages is critical. The model should be capable of identifying the stage of the disease (e.g., curable, non-
curable, or rotten) to enable farmers to take timely and appropriate action, minimizing unnecessary delays.

Improvements in feature extraction techniques are essential to enhance the accuracy and efficiency of data identification and
monitoring. This will help ensure more reliable disease detection and management.
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Real-time farm monitoring should be implemented to provide continuous surveillance of crops. This will enable farmers to
determine the optimal timing for interventions, such as the application of pesticides, and to assess the recovery time or potential
loss of the harvest.

Diseases with similar symptoms often present challenges in identification. Highly contagious diseases, for example, can be
managed with early intervention. The model should exhibit high precision in distinguishing between diseases with similar
symptoms to avoid misdiagnosis.

It is essential for farmers to have clear knowledge of the time remaining to save their crops or the time required to cure the
infected crops. Accurate identification of the disease stage will greatly assist in determining the urgency of the intervention.

The application of pesticides and other chemicals depends on the severity of the disease. The model should recommend the
appropriate concentration of pesticides needed for effective crop protection, preventing unnecessary expenditure and minimizing
losses in production.

The integration of IoT technologies with the output algorithms used in farm management systems can significantly enhance data
sharing and usage across different regions globally. This integration will enable real-time monitoring and decision-making,
adapting to changes in environmental conditions and ensuring timely and efficient interventions.

Multidimensional concatenation of data could contribute valuable insights, particularly regarding plant-insect interactions. This
approach can offer a more comprehensive understanding of the agricultural ecosystem and improve disease management
strategies.

References

[1] Economics (2018). Policy Paper on Transforming Smallholder Farming to Modern Agriculture in Uganda. National Planning
Authority. Available online at: https://www.semanticscholar.org/paper/Policy-Paper-On-TRANSFORMING-
SMALLHOLDERFARMING-TO/a3cfob6ec1942857bf124d9a2dal4614cddcc356

[2] Barbosa, J. Z., Prior, S. A., Pedreira, G. Q., Motta, A. C. V., Poggere, G. C., and Goularte, G. D. (2020). Global trends in apps
for agriculture. Multi Sci. J. 3, 16-20. doi: 10.33837/ms;j.v3il.1095

[3] Kakani, V., Nguyen, V. H., Kumar, B. P., Kim, H., and Pasupuleti, V. R. (2020). A critical review on computer vision and
artificial intelligence in food industry. J. Agric. Food Res. 2, 100033. doi: 10.1016/j.jafr.2020.100033

[4] Mendes, J., Pinho, T. M., Neves Dos Santos, F., Sousa, J., Peres, E., Cunha, J., et al. (2020). Smartphone applications targeting
precision agriculture practices—a systematic review. Agronomy 10, 855. doi: 10.3390/agronomy 10060855

[5] Suvedi, M., and Kaplowitz, M. (2016).What Every Extension Worker Should Know: Core Competency Handbook. Michigan
State University. p. 7

[6] Patel, H., and Patel, D. (2016). Survey of android apps for agriculture sector. Int. J. Inf. Sci. Techn. 6, 61-67. doi:
10.5121/1jist.2016.6207

[7] Monitor Uganda (2019). New App Diagnoses Crop Diseases. Available online at:
https://www.monitor.co.ug/uganda/magazines/farming/new-app-diagnoses-cropdiseases-1847530

[8] G.E. Hinton, S. Osindero, Y.W. The, A fast learning algorithm for deep belief nets Neural Comput., 18 (7) (2006), pp. 1527
1554, 10.1162/neco.2006.18.7.1527

[9] L.H. Sarker, Machine learning: algorithms, real-world applications and research directions, SN Comput. Sci., 2 (3) (2021),
p- 160, 10.1007/s42979-021-00592-x

[10] S. Dargan, M. Kumar, M.R. Ayyagari, G. Kumar

Vol. 48 No. 1 December 2024 ISSN: 2509-0119 551



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2024 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 48 No. 1 December 2024, pp. 544-553

55N:2509-0119

A survey of deep learning and its applications: a new paradigm to machine learning, Arch. Comput. Methods Eng., 27 (2020),
pp. 1071-1092, 10.1007/s11831-019-09344-w

[11] K.M. Sudhesh, V. Sowmya, P.K. Sainamole, O.K. Sikha Al based rice leaf disease identification enhanced by dynamic mode
decomposition Eng. Appl. Artif. Intell., 120 (2023),

[12]  S.V. Vasantha, S. Samreen, Y.L. Aparna, Rice  disease = diagnosis  system (RDDS), Comput.  Mater.
Contin., 73 (1) (2022), 10.32604/cmc.2022.028504

[13] R. Yakkundimath, G. Saunshi, B. Anami, S. Palaiah, Classification of rice diseases using convolutional neural network
models, J. Inst. Eng. (India) Ser. B, 103 (4) (2022), pp. 1047-1059, 10.1007/s40031-021-00704-4

[14] K. Liakos, P. Busato, D. Moshou, S. Pearson, D. Bochtis Machine learning in agriculture: a review, Sensors, 18 (8) (2018),
p. 2674, 10.3390/s18082674

[15] K.P. Panigrahi, H. Das, A.K. Sahoo, S.C. Moharana, Maize leaf disease detection and classification using machine learning
algorithms Progress in Computing, Analytics and Networking: Proceedings of ICCAN 2019, Springer, Singapore (2020), pp. 659-
669, 10.1007/978-981-15-2414-1 66

[16] L. Benos, A.C. Tagarakis, G. Dolias, R. Berruto, D. Kateris, D. Bochtis Machine learning in agriculture: a comprehensive
updated review Sensors, 21 (11) (2021), p. 3758, 10.3390/s21113758

[17] V. Rajpoot, A. Tiwari, A.S. Jalal Automatic early detection of rice leaf diseases using hybrid deep learning and machine
learning methods Multimed. Tools Appl., 82 (23) (2023), pp. 36091-36117, 10.1007/s11042-023-14969-y

[18] Annu Singla, Ashima Nehra, Kamaldeep Joshi, Ajit Kumar, Narendra Tuteja, Rajeev K. Varshney, Sarvajeet Singh Gill, Ritu
Gill, Exploration of machine learning approaches for automated crop disease detection, Current Plant Biology, Volume 40, 2024,
100382, ISSN 2214-6628, https://doi.org/10.1016/j.cpb.2024.100382.

[19] Mahmood ur Rehman, M., Liu, J., Nijabat, A., Faheem, M., Wang, W., & Zhao, S. (2024). Leveraging Convolutional Neural
Networks  for  Disease  Detection in  Vegetables: A  Comprehensive  Review. Agronomy, 14(10),  2231.
https://doi.org/10.3390/agronomy14102231

[20] Samuel, Kavalga & Olamiti, A & Ayorinde, Ibiyinka. (2024). Crop Recommendation Analysis and Validation in Nigeria
Using Machine Learning Algorithms. 11. 36 —45.

[21] Mahenge, M. P. J., Mkwazu, H., Sanga, C. A., Madege, R. R., Mwaipopo, B., & Maro, C. (2023). Artificial intelligence and
deep learning based technologies for emerging disease recognition and pest prediction in beans (phaseolus vulgaris 1.): A
systematic review. African Journal of Agricultural Research, 19(3), 260-27

[22] Akshatha & Shreedhara, Implementation of Machine Learning Algorithms for Crop Recommendation Using Precision
Agriculture, 2018

[23] Treboux & Genoud, 2018, Improved Machine Learning Methodology for High Precision Agriculture,
[24] Briskin et al, 2015, Machine learning and data mining advance predictive big data analysis in precision animal agriculturel,

[25]Bashir Sani, Bashir Sani, Sule Lamido, An Overview of Machine and Deep Learning Technologies Application in
Agriculture: Opportunities and Challenges in Nigeria. University Journal of Science & Technology Vol. 4 No. 1&2 [July, 2022],
pp- 84-96, https://doi.org/10.56471/slujst.v4i.273

[26] Mughele, E. S., Okuyade, O. S, Abdullahi, I. M, Maliki, Dd and Duada I. A, Roles Of Iot, Big Data And Machine Learning
In Precision Agriculture: a Systematic Review

Vol. 48 No. 1 December 2024 ISSN: 2509-0119 552



