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In the realm of agriculture and natural resources, medicinal plants stand out as a valuable 

resource. In recent years, faced with challenges such as predicting climate changes, soil 

classification, land use, and identifying patterns, there is a growing need for optimal 

techniques with higher efficiency, particularly in the cultivation of medicinal plants. 

Therefore, this article introduces the application of data mining to analyze available data 

in the agriculture and natural resources areas, focusing specifically on the medicinal plant 

industry. The primary objective is to explore data mining techniques that can enhance 

various aspects of medicinal plant cultivation, addressing challenges related to climate 

predictions, soil classification, and optimizing production. The article concludes by 

presenting the most effective data analysis methods in this domain, accompanied by their 

corresponding algorithms. Additionally, the aforementioned research is a guide for those 

intending to investigate the applications of data mining methods are highlighted for 

increased productivity, encompassing areas such as predicting crop yield, forecasting 

weather conditions, rainfall patterns, seed and plant conditions, soil quality, and 

medicinal plant production. The summarization and analysis of the outcome indicated 

that implementing AI could improve the design and process engineering strategies in 

bioprocessing fields. 

 

INTRODUCTION 

Medicinal plants, renowned as primary resources for 

the development of economically and medically 

valuable products, have gained prominence and 

consistently provide a growing array of advantages to 

humanity [1]. According to current statistical data, 

there has been a gradual rise in attention towards 

medicinal plants in recent years. The utilization rate 

of medicinal plants in developing countries is notably 

high at 80%, and simultaneously, their market 

presence in developed Western countries, such as 

Europe, is steadily increasing [2- 4]. The domain of 

medicinal plants, traditionally associated with 

developing nations, is gradually expanding to include 

developed Western countries. The heightened focus 

on healthcare has led to an increasing demand for 

medicinal plants. Despite the involvement of millions 

of individuals globally in the cultivation, processing, 

and wild harvesting of medicinal plants, the available 

diversity remains insufficient to adequately meet the 

heightened demand [5]. The World Health 

Organization estimates that a substantial proportion, 

ranging from 70% to 95%, of the population in 

developing nations relies on traditional medicines, 

primarily derived from plant sources, as a primary 

healthcare resource [6]. Medicinal plants not only 

serve as a means of self-treatment but also constitute 

a significant source of revenue [7]. Furthermore, the 

utilization of medicinal herbs is increasing, 

particularly in the aftermath of the COVID-19 

pandemic [8, 9], with global trade amounting to USD 

138 billion in 2019 [10], characterized by an average 

annual growth of 2.4% in volume and 9.2% in value 

[11]. Consequently, there is a compelling need for 

actionable knowledge to address the potential threat 

to the sustainability of medicinal plants resulting 

from their escalating utilization [12]. 
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This study investigates the effective application of 

machine learning algorithms in the agricultural 

sector, specifically focusing on data science 

principles. It introduces and scrutinizes both 

supervised and unsupervised machine learning 

methodologies, along with data mining techniques, 

examining their significance within the context of the 

medicinal plant industry. The text also deliberates on 

the utilization of diverse data mining approaches in 

this sector and offers recommendations for potential 

avenues of future research and applications. 

Subsequent sections delve into the examination of 

climate changes and their repercussions on the 

agricultural industry, with a specific emphasis on 

medicinal plants. The imperative of employing data 

science to address these challenges is underscored. 

Section 2 elucidates the escalating significance of 

applying data science in the agricultural domain. 

Furthermore, it explores how mastery of machine 

learning algorithms can enhance this sector. In 

Section 3, emphasis is placed on machine learning 

methods (both unsupervised and supervised) as well 

as data mining techniques. The application of various 

data mining methods in the medicinal plants industry 

is detailed in Section 4, with further discussion in 

Section 5 summarizing suggestions for future 

research directions and applications. 

 

Research Methodology 

As the nature of research in n the application of data 

mining in medicinal plants and agriculture to confine 

to specific disciplines, the relevant materials are 

scattered across scholarly journals. Predominantly, 

artificial intelligence and knowledge discovery are 

the most common academic discipline for data 

mining research in agriculture and medicinal plants. 

As a result, the following online journal databases 

were searched to provide a comprehensive 

information of the academic literature on the 

application of data mining in medicinal plants and 

agriculture: 

 IEEE Transaction; 

 ECS Transactions; 

 NRHA/LWT Database; 

 IJAERS Journals; 

 Agriculture, Environment and Food Journals; and 

 WHO Database. 

The literature search was based on the descriptor, " 

medicinal plants" ‘‘agriculture” and ‘‘data mining”, 

which originally produced approximately 500 

articles. The full text of each article was reviewed to 

eliminate those that were not actually related to 

application of data mining techniques in medicinal 

plants. The selection criteria were as follows: 

 Articles published in journals specializing in 

artificial intelligence and knowledge discovery 

were exclusively chosen, given their relevance as 

the most fitting platforms for research on data 

mining in medicinal plants and climate change, 

aligning with the focus of this review. 

 Only articles clearly delineating the application of 

the mentioned data mining technique(s) in 

addressing agricultural issues were included in the 

final selection. 

 Conference papers, masters and doctoral 

dissertations, textbooks and unpublished working 

papers were excluded, two sites are exceptions, as 

academics and practitioners alike most often use 

journals to acquire information and disseminate 

new findings. Thus, journals represent the highest 

level of research. [13]. 

 

Medicinal Plants 

With the evolution of agricultural and natural 

resource policies globally, the entire agricultural 

sector has experienced rapid development [14]. In 

comparison to other industries, the agricultural sector 

is recognized for exhibiting lower levels of 

operational efficiency and constrained managerial 

authority, predominantly attributed to smaller farm 

sizes [15]. 

Moreover, these bioresources encounter significant 

uncertainty attributed to weather and environmental 

conditions, along with the volatile balance between 

food supply and demand, influenced by the growing 

and breeding times of crops and livestock [16]. 

Technological advancements in natural resources and 

agriculture can contribute to the broader benefit of 

society [17], and medicinal plants, as a subcategory 

within these domains, have demonstrated notable 

progress to date. 

Medicinal plants represent a valuable resource 

capable of contributing to society's health, 

employment generation, and non-oil exports when 

scientifically identified, cultivated, developed, and 

utilized appropriately [18]. Over millennia, humans 

have selected medicinal plants and foods by 

evaluating their suitability and quality based on 

sensory characteristics. The use of medicinal plants 
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as a healing resource has persisted as a fundamental 

healthcare practice for approximately 85% of the 

global population across diverse communities [19]. 

Preservation efforts must be directed towards both 

endemic and widespread medicinal plants, along with 

the associated knowledge about their usage. This is 

crucial as these plants could serve as renewable 

sources in the processing of foods and drugs [20]. 

The utilization of medicinal plants has traditionally 

been prevalent in developing countries, but it is 

increasingly becoming common in developed 

Western countries as well. With a heightened focus 

on health, there is a growing demand for medicinal 

plants. Despite millions of individuals globally being 

engaged in the cultivation, processing, and harvesting 

of these plants, the supply is still unable to meet the 

escalating demand [4]. The growth of medicinal 

plants is influenced by various environmental factors, 

including soil, climate, and terrain, leading to notable 

variations in active ingredients within the same 

medicinal plant [21]. Ensuring consistency in the 

chemical composition of medicinal plants is 

paramount for maintaining drug efficacy. 

Consequently, there is a pressing need to investigate 

and assess the quality of these plants. However, 

evaluating the quality of medicinal plants is intricate, 

involving multiple components that cannot be 

comprehensively characterized by a single analytical 

technique. This complexity renders quality 

evaluation a challenging task [22]. 

Over the past seventy years, the development of basic 

analytical techniques has progressed from reliance on 

sight, touch, and smell to the utilization of more 

sophisticated instrumentation. Some of the earliest 

analytical tools, such as the telescope and 

microscope, were devised to augment our sensory 

perception. As time has elapsed, our comprehension 

of the world has advanced from the exploration of 

new celestial bodies to the investigation of structural, 

chemical, and atomic levels of matter [23]. 

The advancement of computer systems and data 

management tools has facilitated the application of 

new techniques, allowing for the rapid and selective 

synthesis of information from the extensive array of 

instrumental and analytical data signals generated 

[24]. A pivotal factor that has propelled the analysis 

of medicinal plants, and analysis in general, in recent 

times is the capability to collect, assimilate, and 

utilize substantial volumes of data in a more 

meaningful and human-readable format. With 

advancements in modern analytical strategies, the 

analysis of multiple data sources has proven 

advantageous for comprehensively evaluating the 

quality of medicinal plants [25]. The properties of 

medicinal plants play a crucial role in determining the 

extent of the advantages derived from utilizing multi-

source data to elucidate changes in chemical 

information. This is attributed to the collaborative 

nature of multi-source data, which furnishes valuable 

insights for a more profound understanding and 

characterization of the quality of medicinal plants 

[26]. 

Integrating data from multiple sources through data 

fusion strategies can enhance reliability, accuracy, 

and efficiency compared to relying on a single data 

source [27]. The analysis of medicinal plants is 

intricate due to the variety of data sources, but data 

pre-processing and feature extraction techniques can 

simplify the fusion process [28]. 

Due to the escalating demand for medicinal plants 

and their pivotal role in various industries, such as 

food, pharmaceuticals, and agriculture, researchers 

and the government are making concerted efforts to 

explore new techniques and increase plant production 

in this field. Consequently, automatic data collection 

technologies are increasingly being employed, 

leading to a growing volume of data collected in the 

agriculture and natural resources sectors. 

This substantial amount of data, commonly referred 

to as big data, holds the potential to revolutionize 

decision-making in this field through the application 

of information technology and improve overall 

efficiency. Given the expanding global population, 

there exists an urgent need to enhance food 

production with limited land resources [14]. 

To address the challenges posed by increasing food 

demand and climate change, policymakers and 

industry leaders are seeking support from 

technological advancements such as IoT (Internet of 

Things), big data, analytics, and cloud computing 

[29]. 

 

Data Science  

It is widely acknowledged that the advent of Big Data 

[30] has transformed the landscape of data 

generation, storage, and processing, to the extent that 

approximately 90% of the world's existing data has 

been generated in recent years [31]. Managing such 

extensive datasets can present challenges in terms of 

comprehension and analysis, necessitating the 
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development of techniques to process this 

information. In response to this demand, novel tools 

have emerged under the umbrella term of Data 

Science [32]. 

Throughout the decades, the escalating requirements 

for provisioning agri-food products have exerted a 

considerable influence on global agricultural 

practices. Furthermore, shifts in human lifestyles, 

coupled with the continuous growth of the human 

population and urbanization, have directly shaped the 

dynamics of agri-food product production and 

consumption [33]. The economic significance of key 

plants and the limited availability of natural resources 

for agriculture have prompted plant producers and 

agricultural researchers to explore innovative 

approaches aimed at addressing the challenges 

associated with food scarcity. 

Big data and data mining are becoming increasingly 

important in modern agriculture, offering numerous 

benefits that help optimize productivity and 

efficiency such as Improved prediction of crop yield 

and production, Expedited delivery, Real-time 

decision-making, Predictive maintenance, Energy 

efficiency, Data-driven decision-making, Optimized 

farming practices, Demand prediction, Innovative 

pricing programs, Food waste reduction, Cost 

savings, and business opportunities, Supply chain 

management. [34]. 

Furthermore, in some cases, big data can also create 

marvelous works in the form of the following: 

1. Ensuring food supply for a rapidly 

increasing population 

Big data offers farmers highly detailed information 

on various factors like rainfall patterns, water cycles, 

fertilizer requirements, and more. This information 

empowers farmers to make informed decisions such 

as which crops to plant for better profitability and 

when to harvest them. By making these smart 

decisions, farmers can optimize their farm yields and 

ensure better outcomes. 

2. Ethical use of pesticides 

The use of big data can aid farmers in managing this 

issue by providing recommendations on which 

pesticides to use, when to use them, and how much to 

apply. By closely monitoring their pesticide usage, 

farmers can comply with government regulations and 

avoid overusing chemicals in their food production 

process. Additionally, this results in increased 

profitability as crops are protected from destruction 

caused by weeds and insects. 

3. Improving the efficiency of farm 

machinery 

Some companies have incorporated sensors into their 

farming equipment and implemented big data 

applications that can assist in managing their fleet 

more effectively. For large farms, this level of 

monitoring can be crucial as it enables users to keep 

track of tractor availability, service due dates, and 

fuel refill alerts. This ultimately optimizes usage and 

ensures the longevity of farm equipment. 

4. Dealing with supply chain problems 

Tracking and optimizing delivery truck routes with 

big data can improve supply chain efficiency [35]. 

In the field of agriculture, farmers and agribusinesses 

face numerous decisions every day that involve 

intricate complexities and various factors that can 

influence them. Accurate yield estimation is vital for 

agricultural planning, as it involves numerous crops. 

To achieve practical and effective solutions for this 

problem, data mining techniques are necessary. 

Agriculture is an obvious target for big data, as 

environmental conditions, variability in soil, input 

levels, combinations, and commodity prices make it 

more relevant for farmers to use information and get 

help to make critical farming decisions [36]. 

In this regard, data mining technology [37] is used to 

manage, process, and predict big data in many fields 

of natural sciences [38]. Data mining is a well-

established concept worldwide and many developed 

countries are already utilizing it in their systems and 

services [39]. It is currently one of the most rapidly 

advancing fields of study and involves extracting 

useful and meaningful information from large 

datasets [37]. It is the process of extracting valuable 

information from a large dataset and presenting it in 

a way that is easy for humans to comprehend. The 

concept of data mining dates back to the 1960s and it 

is built on the principles of machine learning, 

artificial intelligence, statistics, and probability [40]. 

Data mining refers to the process of discovering 

knowledge from data. It is typically divided into two 

categories. The first category is descriptive data 

mining, which involves describing the characteristics 

of data in the database. The second category is 

predictive data mining, which involves modeling 

available data and making predictions about future 

and experimental data [41], Currently, data mining 

prediction methods are widely used in the field of 

agriculture and natural resources, specifically for 

medicinal plants. These methods are utilized to solve 
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yield estimation of crops [42], weather conditions, 

product income, and other relevant factors in the 

studied area [43]. The data mining process involves 

three essential steps: data extraction from various 

sources, data transfer to the database and multiple 

layers, and data analysis. 

Knowing the variables associated with medicinal 

plants, such as planting, harvesting, harvest 

productivity, irrigation, rainfall, weather, soil, and 

extraction methods, plays a crucial role in the 

industry. Proper management of these variables and 

staying informed about new cultivation methods and 

devices are necessary for better performance and 

outcomes. To achieve maximum production and 

productivity, resources should be utilized efficiently 

[44]. 

In agriculture data mining starts with a hypothesis, 

and the results are then adjusted to fit that hypothesis. 

While standard data mining pays attention to patterns 

and trends in datasets, agricultural data mining 

focuses on the majority that stands out from patterns 

and trends [45]. Processing collected data 

automatically to support the decision-making process 

is a vital strategic issue. In the case of medicinal 

plants, data mining enables the discovery of patterns 

and practical methods to predict system behavior and 

desired relationships [46].  

This study reviews data mining techniques and 

methods in natural systems, including medicinal 

plants. Through data mining, medicinal plant 

enterprises can provide predictive and descriptive 

information to support decision-making in crop, seed 

variety, fertilizer, pesticides, etc. 

Several data mining processes have been proposed by 

researchers and practitioners, including KDD and 

CRISP-DM, which CRISP-DM is a reliable data 

mining model consisting of six phases [47].

 

 
Fig. 1 Data Mining Process: Models, Process Steps & Challenges Involved 

 

Machine Learning 

With the rapid development of artificial intelligence, 

machine learning can be utilized to collect 

information on various medicinal plants and establish 

an ideal database. Moreover, leveraging machine 

learning to effectively extract available information 

from multi-source data can significantly improve the 

robustness and accuracy of the obtained results [48]. 

The swift advancement of artificial intelligence has 

significantly contributed to transforming the 

landscape of data processing and analysis. Within the 

realm of artificial intelligence, machine learning, 

functioning as a subset, depends on computer 

algorithms and models to acquire proficiency in 

intricate functions. [49]. Over the course of its 

development, it has transformed into a potent 

instrument for the statistical modeling and mining of 

data [50]. Hence, the necessity for strategies to avert 

partial data loss has emphasized the significance of 

utilizing machine learning algorithms in conjunction 

with multi-source data related to medicinal plants. 

Machine learning is acknowledged as a promising 

mechanism capable of improving the comprehensive 

efficiency of data fusion, owing to its exceptional 

computational and analytical capacities [51, 52]. 

 

Data Mining Techniques 

Data science is an interdisciplinary field that aids in 

comprehending and analyzing large amounts of data 

to generate useful information. Various data mining 
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activities may be applied to big biological data sets, 

such as classification, clustering, association rules, 

and regression mining, prediction [53]. Data mining 

in agriculture is a relatively novel research field. It is 

our opinion that efficient techniques can be 

developed and tailored for solving complex 

agricultural problems using data mining [54]. 

1. Classification 

Classification is a technique used for discovering 

classes of unknown data. This technique involves 

using a set of reliable models to make predictions 

about new data, based on input ratios. In 

classification, the objective is to predict the desired 

value based on the given input variables. Various 

classification methods exist like Bayesian, decision 

trees, rule-based, neural networks, etc [55]. 

Algorithms used for classification can help analyze 

the relationship between features. A good algorithm 

is one that accurately predicts outcomes. In the 

cultivation of medicinal plants, it is possible to define 

different uses for the plants in the future 

pharmaceutical industry by identifying the different 

characteristics of available plant types and the 

percentage of their chemical compounds. This data 

can be classified into separate groups using data 

mining software. 

2. Clustering  

Clustering data mining is the process of putting 

together meaning-full or use-full similar objects into 

one group. It is a common technique for statistical 

data, machine learning, and computer science 

analysis. Clustering is a kind of unsupervised data 

mining technique that describes general working 

behavior, and pattern extraction and extracts useful 

information from electricity price time series [56], 

Clustering is very similar to classification, but it 

involves grouping chunks of data based on their 

similarities [57].   

Algorithms used in cluster analysis have the ability to 

identify the various elements and chemicals present 

in herbal medicines. Clustering is a technique that is 

commonly employed to discuss water quality in 

agriculture and to improve the production of high-

yield medicinal plants. Additionally, clustering and 

classification techniques are also useful to study land 

use in agriculture and medicinal plant growth [58]. 

3. Regression 

Regression analysis, as a data mining process, is 

employed to identify and analyze relationships 

between variables, accounting for the influence of 

other factors. It serves to determine the probability of 

a specific variable, primarily functioning as a method 

for planning and modeling. For instance, regression 

analysis can be utilized to project the costs of 

medicinal plants, considering factors like 

availability, consumer demand, and competition. Its 

principal utility lies in providing an exact relationship 

between two or more variables within a given dataset 

[59]. 

Regression analysis, a statistical method, is utilized 

to predict quantities related to agricultural products, 

natural resources, and consumer demand for new 

products. This analysis can be conducted using both 

linear and non-linear regression prediction methods. 

For example, regression analysis facilitates the 

prediction of the market value of medicinal plants 

based on various factors such as production volume, 

regional location, and prices [60]. 

4. Association Rules 

Association rule mining identifies significant 

associations and relationships within extensive 

datasets. This technique employs if-then statements, 

referred to as association rules, to illustrate the 

likelihood of interactions between data items within 

various types of databases. Association rule mining 

is frequently utilized to discern correlations in sales 

data or medical datasets and possesses diverse 

applications [61]. An exemplar application of 

association rule mining involves the examination of 

market portfolios for medicinal plants, customer 

segmentation, and the formulation of pertinent 

catalogs for advertising purposes. 

The Application of Data Mining Methods in 

the Medicinal Plants Industry 

Considering the importance of data in the agricultural 

industry and natural resources, especially medicinal 

plants in table 1, various data mining methods 

introduce the application of different algorithms in 

the medicinal plants industry.
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Table 1 The Application of Data Mining Methods in the Medicinal Plants Industry 

Technique Method of analysis Algorithms Application 

Classification Prediction 

Bayes networks 

Decision tree 

K-Nearest Neighbors 

Artificial neural network 

Support vector machine 

Hard sets 

Fuzzy Logic Genetic algorithms 

Forecasting of climate change 

Prediction of soil fertility 

Remote sensing 

Analysis of correlations 

Soil classification 

Classification of crops 

land use 

Prediction of flowering and maturity in 

plants 

rainfall prediction 

prediction 

forecasting heat waves 

runoff simulation 

Clustering Descriptive 

Hierarchy Division methods 

Density based methods Model-

based clustering methods 

Network based methods Software 

computing (fuzzy, based on neural 

network) Clustering diagram 

Network data 

Precipitation simulation 

Identify patterns 

Image analysis 

Weather analysis 

land use 

Estimation of soil parameters 

Association 

rules 
Prediction 

Previous algorithm Classification 

Dynamic pruning Counting the set 

of dynamic factors Growth 

Efficient storage management 

Prevention of disorders 

Index structures 

Regression Descriptive 
Linear regression Non-linear 

regression Logical regression 

Economic structures 

air pollution 

Medicinal plants market forecast 

Optimization 

 

DISCUSSION 

The field of agriculture and natural resources is the 

most crucial area for applying data in developed 

countries. Data mining is expected to play a 

significant role in Smart Agriculture, facilitating real-

time data analysis with massive datasets [62]. The 

medicinal plant industry, vital for food and medicine, 

has been growing significantly and requires special 

attention in terms of data collection and analysis. The 

concept of big data in medicinal plants is not only 

related to the volume of data but also to the variety 

and speed of collected data. Big data is a fundamental 

concept for the future development of agriculture and 

natural resources, particularly in the medicinal plant 

industry, providing unprecedented capabilities 

through various tools and services to transform the 

current situation. Data mining, referring to the 

analysis of big data, enhances productivity by 

equipping existing systems, improving the 

management of seeds, poisons, and fertilizers, and 

predicting product yields through mathematical 

models and machine learning. 

With the rapid development of artificial intelligence, 

machine learning can be employed to gather 

information on various medicinal plants and establish 

an ideal database. Furthermore, leveraging machine 

learning to effectively extract information from 

multiple sources can significantly enhance the 

robustness and accuracy of the results obtained [48]. 

Data mining is a crucial element in all databases used 

for data selection. Given the challenges faced by the 

medicinal plant industry in recent years, it is essential 

to explore various data mining techniques for 

decision-making. While big data and data mining in 

the medicinal plant industry are still in their early 

stages, this study aims to underscore the significance 

of data mining in agriculture and natural resources. 

The ultimate objective is to promote the use of data 

mining techniques in the field of medicinal plants. 

Furthermore, each of these techniques could be 

applied to a specific sector related to agriculture and 

natural resources, particularly medicinal plants, by 

closely examining them. 
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