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Study of mathematical modeling for plant disease
transmission: a systematic literature review during 2012-2022

Sanubari Tansah Tresna1, Nursanti Anggriani2,∗, and Asep Kuswandi Supriatna2

1Magister Program of Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, Indonesia
2Department of Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, Indonesia

ABSTRACT. Many models representing disease transmission have been constructed and analyzed mathematically.
However, literature studies on the mathematical models for plant disease transmission are more sparse than for disease
transmission in humans. This study aims to obtain information about the research conducted and find room for
developing the model, including mathematical analysis, intervention used, and biological factors considered. We
employ a Systematic Literature Review (SLR) to explore all of the studies on plant disease transmission modeling
collected from four digital databases. First, the JabRef reference manager helps conduct the inclusion and exclusion
processing. Then, we obtain 60 selected articles that passed the criterion. Next, the VOSviewer application is resulting
a bibliometric analysis of the database containing chosen articles. Finally, we classify the model constructed based on
the system used and elaborate on the intervention used. The results show that the existing researcher clusters are not
linked to each other, and the models only consider usual interventions such as roguing and insecticide spraying. Hence,
there is much room to build collaboration between the researcher and develop models for plant disease transmission
by considering the other various intervention and biological factors in the model to improve further.

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonComercial 4.0 International License. Editorial of JJBM: Department of Mathematics, Uni-
versitas Negeri Gorontalo, Jln. Prof. Dr. Ing. B. J. Habibie, Bone Bolango 96554, Indonesia.

1. Introduction

Plants are the survival foundation for all creatures, includ-
ing humans and animals. One major problem in the field of crops
around the world is plant disease, which causes health, social,
and economic impacts [1]. Many plant diseases possibly affect
crop fields, such as Huanglongbing or Citrus greening disease [2–
4], Rice tungro virus [5, 6], Maize streak virus [7, 8], and Cocoa
black pod disease [9]. Plant disease transmission is well known as
considered host-vector disease transmission. It is caused by the
fact that the disease is usually transmitted by an insect popula-
tion, which is known as a vector in the disease transmission field.
The study of plant disease transmission through a mathematical
model is exciting and needed to achieve better crop yields by
considering preventive and control strategies in the model.

The study of plant diseases is interesting because there
are often difficulties in supplying agricultural products, such as
corn, rice, and soybeans. The disease causes the plant to expe-
rience growth disorders so that crop yields are not achieved or
even crop failure when the transmission is controlled. Therefore,
this study also interests epidemiologists in establishing accept-
able and effective mechanisms to prevent the disease and apply
control strategies [1, 10]. This is because epidemiological infor-
mation is important in developing effective integrated disease
management (IDM). It involves selecting and applying preventive
and control strategies that minimize losses and maximize prof-
its. IDM comprises chemical, biological, and cultural tactics to
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prevent and suppress the impact of the disease on plants and
the environment [11]. The frequent interventions to prevent and
control the disease with IDM are rouging, replanting, and inject-
ing nutrients. At the same time, there are still more methods,
such as controlling the pH of water, soil humidity, and air tem-
perature, to prevent the disease infection. Furthermore, there
is a convenient method for controlling the disease known as in-
tegrated pest management (IPM). In the IPM method, the inter-
ventions aim to prevent and control the disease by suppressing
the vector population and considering the stability of the ecosys-
tem in nature. This method is generally conducted by spraying
insecticide or bio-insecticide suitable for controlling the disease
andmanaging the impact of the intervention on the environment.
Moreover, the IPM’s goal can be achieved by spreading a predator
population against the vector population to minimize the use of
chemical material. The authors in [12] explained that IPM aimed
to optimize the collective effect caused by disease control by in-
terpreting the interactions and strategy formulation.

A mathematical model is helpful for studying disease trans-
mission and population dynamics to understand the complex sys-
tem, including human, animal, and plant, also improve the strate-
gies of health control [13]. This approach tests and compares
different interventions to prevent and control the disease inter-
preted by parameter values. A mathematical model for studying
plant disease transmission is usually developed as a host-vector
model. It was built to explain, describe, analyze, and predict the
severity of disease spread [11]. Moreover, a mathematical model
investigates various interventions to determine whether the dis-
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ease spread is controlled through numerical simulations. Formu-
lating a host-vector model for a plant disease requires acceptable
assumptions regarding the mechanism of disease spread and the
other factors considered in the research [14]. The history of a
mathematical model for plant disease transmission was studied
in [15–17].

Many studies on the host-vector model for plant disease
problems were conducted using various plants as objects. Dif-
ferent plants are used as objects in plant disease transmission
modeling, including paddy [5, 18], banana [19, 20], maize [7, 8],
cassava [21, 22], and trees in forest ecosystems [23]. The models
for plant disease transmission are usually developed as a com-
partmental model in an autonomous system by considering in-
terventions such as roguing [24, 25], replanting [26, 27], nutrient
injection [3], and using insecticide [28, 29] also bio-insecticide
[6]. Moreover, authors in [30, 31] built a compartmental model
in a non-autonomous system to study plant disease by consid-
ering factors in disease transmission phenomenon that change
over time to obtain more realistic models. The mathematical
model for plant disease transmission seemed to develop over
time. However, a literature study is a need conducted to con-
firm its development. In addition, our study aims to explore the
possibility of model development by considering any other inter-
vention or biological factor, also the development of mathemati-
cal analysis conducted in research. Hence, this research finding is
valuable and helpful as a reference for deciding the development
direction of this study field.

This review article analyzed mathematical models for plant
disease transmission from 60 selected papers. A dataset was cre-
ated containing the content and information of articles collected
from four digital library databases. The dataset was processed
using the PRISMA method to select and classify the proper arti-
cle with this study term. The study recapped and obtained vari-
ous insights about the disease spread in a crop field and factors
that are considered related to the developed model. The devel-
opment of a mathematical model for plant disease transmission
could be analyzed by many kinds of plants objected to in studies
and various interventions conducted over time. The bibliomet-
ric analysis using VOSviewer was undertaken to analyze the con-
nection between co-authorship-author and co-occurrence-word
in the built dataset. Moreover, a specific relationship between
some selected words and other words is figured out that gener-
ally represents the research scope in a study. A conclusion was
presented to explain the complete result of the systematic lit-
erature review and the possibility of developing a plant disease
transmission model for further research.

2. Materials and Methods

In this section, we provide a simple explanation of the re-
lationship between plant diseases and mathematical modeling.
Then, the materials and methods were elaborated, including the
data search strategy, the PRISMA method, and bibliometric anal-
ysis.

2.1. The Relationship between Plant Disease and Mathematical
Modeling

Plant disease is the interaction results between the host,
insect, and environment that interrupts their vital function [32].

A simultant combination of these three factors caused the oc-
currences of any disease in any agricultural area. An example is
the lack of favorable weather for mildew development, such as
air temperature and leaf wetness. For illustration, if there are
infectious hosts in a growing area, but the weather is not sup-
porting the infection process and the relationship of parasitism,
then the plant-pathogen relationship leads to incompatible inter-
action disease development [33].

Plant diseases are grouped due to the nature of their causal
hosts and their respective parasitism relationship to cause re-
lated symptoms from the interaction of host-pathogen. Hence,
a plant’s disease occurrence is always caused by microorganisms
such as bacteria, fungi, nematodes, and viruses [33]. A disease
of infectious nature is the result of interaction between the host
and the insect. It spreads when the plants are eaten by infected
insects that eat an infected host before [34]. Generally, its trans-
mission phenomenon can be seen as a disease that spreads in
the human population transmitted by insect populations as a
disease-carrying vector, such as dengue, schistosomiasis, rabies,
etc. Therefore, the plant disease transmission phenomenon is
well known as host-vector transmission.

Mathematical modeling is the field of mathematics that
studies any possible phenomenon in nature by interpreting it into
mathematical equations. In plant disease transmission cases, its
phenomenon can be studied by introducing ordinary differen-
tial equations. It is one of the differential equation types other
than partial, fractional, and stochastic differential equations. In
general, the differential equation system is classified due to the
use of the parameter type. There are two types of parame-
ters, namely time-dependent and non-time-dependent parame-
ters. These types caused the differential equations for represent-
ing a disease transmission to be classified as autonomous and
non-autonomous systems.

In an autonomous system, a model is constructed with non-
time-dependent parameters. Whereas environmental influences
in plant disease transmission cases mostly fluctuate over time.
Therefore, it needs a lot of assumptions to develop the model,
resulting in a model lacking reality. In order to improve the qual-
ity by considering the fluctuating environmental factor, a model
must be a non-autonomous system. The parameter used in non-
autonomous is interpreted as a time-dependent function. The
function is constructed to suit the natural condition. Therefore,
the developed model is able to represent disease transmission
as a result of plant-insect interaction in a better form and more
realistic. For example, an autonomous system that is introduced
in [35] is rewritten as follows:

dS

dt
= −βSI

dI

dt
= βSI − γI (1)

dR

dt
= γI

The above equation shows a simple disease transmission
model in an autonomous system with S(t) and I(t) defined each
as susceptible and infectious sub-populations at time t. Given
that γ is the recovery rate. In themodel, the disease transmission
rate is denoted by β and is assumed to be a non-time-dependent
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Table 1. The number of published articles from four digital library databases with four keyword sets

Dataset Keywords Dimension Google Scholar Science Direct Scopus
Dataset 1 A 1177883 18200 222577 205957
Dataset 2 A AND B 88874 16900 8802 6679
Dataset 3 A AND B AND C 8888 5020 1103 102
Dataset 4 A AND B AND C AND D 192 56 10 2

parameter. The model in eq. (1) is able to study plant disease
transmission in case it spreads directly. For example, the article in
[18] studies direct disease transmission in the plant population.
In order to represent the vector-borne disease, the researcher
has to consider susceptible and infectious sub-populations for
each plant and vector population. It may suit if the transmission
has not happened seasonally, but it is incompatible with some
seasonal diseases. For example, dengue andmalaria are the cases
that will increase significantly in the rainy season related to the
mosquito life cycle as a vector in the disease transmission process
[36–38]. Therefore, the transmission rate β can be set as a time-
dependent parameter β(t). Then, eq. (1) changes to eq. (2), as
follows:

dS

dt
= −β(t)SI

dI

dt
= β(t)SI − γI (2)

dR

dt
= γI

The system (2) is well-known as a mathematical model in
a non-autonomous system. The use of time-dependent parame-
ters in a model results in a better approach to representing the
disease spread phenomenon. The authors in [39] explain that
the non-autonomous system is so relevant in real life and gives
a more realistic model in order to represent disease transmis-
sion. The term that changes a non-time-dependent parameter to
a time-dependent one also prevails for representing a biological
factor in the plant disease spreading process.

2.2. Data Search Strategy
This study began by determining sets of keywords used

to search for published articles in four selected digital library
databases, such as Dimensions, Google Scholar, Science Direct,
and Scopus. For instance, the first set of keywords used to search
publications related to mathematical modeling was (”Mathemat-
ical Model”) OR (”Mathematical Modeling”). The collected arti-
cles are limited based on the year of publication from 2012 to
2022. Moreover, the study only collected articles written in En-
glish and published or final peer-reviewed articles accepted for
publication.

Data collection from Dimension, Science Direct, and Di-
mensions databases were conducted with some keywords used
for the “title, abstract, and keywords.” The keywords are only
used in the title in the Google Scholar database since this
database does not provide processing search using abstracts
specifically. The first search was to find all articles about a math-
ematical model. The search obtained 1177883 articles from Di-
mension, 18200 articles from Google Scholar, 222577 articles
from Science Direct, and 205957 articles from Scopus. Other key-
word sets were applied, including (“Epidemic”) OR (“Epidemiol-
ogy”), (“Dynamical System”), and (“Plant Disease”) in each step

of the article search. All of the keywords are selected due to
the need for this literature review and for further research in this
field. We chose general words to reach more articles in order to
obtain the well-represented articles in this study field. Then, we
combined the keywords to obtain the proper articles with our
search. This was conducted since, without combination, the key-
words search results show articles are too much and not focused
on this research aim. The search results from four filtering pro-
cesses were served on the four databases in Table 1. The alpha-
bets symbolize the set of keywords, and the ”Keywords” column
in Table 1 represents the following keywords:

• Keywords A : (”Mathematical Model”) OR (”Mathe-
matical Modeling”)

• Keywords B : (”Epidemic”) OR (”Epidemiology”)
• Keywords C : (”Dynamical System”)
• Keywords D : (”Plant Disease”)

2.3. The PRISMA Method
A systematic literature review is a method that makes it

possible to gather pertinent data about a specific subject that
meets the pre-established eligibility requirements. There are sev-
eral methods to conduct this study, such as SALSA, PRISMA, PSAL-
SAR, and PICOC [40]. In this study, the method used is the Pre-
ferred Reporting Item for Systematic Review and Meta-Analyses,
known as the PRISMA method. This method is a procedure for
resulting in articles suitable to study by conducting some selec-
tion processes. This process is elaborated in the following step
[41]:

• Step 1 : Identification is collecting related articles
from databases and removing duplicated ar-
ticles.

• Step 2 : Screening is a process to select articles that
pass the criterion terms. This step allows the
researcher to determine suitable criteria for
obtaining relevant articles for the conducted
studies. Generally, it is separated into some
steps as researchers needs.

• Step 3 : Collect suitable studies into one new
database to conduct further analysis more
easily.

Authors in [42] explain that the PRISMA method is an anal-
ysis conducted to identify elements of articles included in a
database. It is a brief review of the questions used to obtain in-
sights into the study topics through identification, selection, and
critical assessments of the relevant literature, such as the above-
elaborated steps.

The selection processes were classified into semi-
automatic and manual stages. The semi-automatic selection
was conducted to check the existence of duplicate articles in
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a database against other databases. The Scopus database is
a reference for checking the possibility of duplication on the
whole articles in Dimension, Google Scholar, and Science Direct
databases. First, the search results data from each database is
stored in a BIB file. Then, the first selection process is conducted
using open-source software called JabRef by uploading the saved
BIB files, which aim to produce unique articles in a combined
database. In addition, the JabRef app helps the researcher
classify the articles concerning the selection criteria by manually
marking the passed article in each selection process. For
instance, the researcher may add a ”star” column beside the
”article title” column as a mark and add the number of stars in
the column for related articles in each selection. The software
details and how to run it can be accessed at this link JabRef.
Therefore, this application is very helpful in carrying out the
inclusion-exclusion process by counting stars representing the
article’s level of suitability. This study found 36 articles in
Dimension and 20 in Google Scholar that have been identified
as duplications of articles in the Scopus and Science Direct
combination database due to no duplicate articles in Science
Direct against Scopus. Finally, 204 unique articles were collected
from four databases without redundant articles and stored as a
RIS file format to conduct bibliometric analysis using VOSviewer.
The manual selection is a process to determine the relevant
articles for this study. This stage was divided into two steps,
including (1) determining the relevance of the ”title, abstract,
and keywords” of an article and (2) conducting a brief review of
the entire article’s contents.

All the relevant articles for tremendous understanding are
divided into two classes based on the system used, autonomous
and non-autonomous systems. The whole article was explored to
gain information about the authors and the year of publication.
This study briefly explained the constructed model in a selected
article due to the most cited and one of the latest articles in the
dataset. Additionally, the interventions used in the study were
identified to track the model development by considering the
factors that affect the disease transmission phenomenon. The
articles’ findings were summarized to share insights and the pos-
sibility of model development for further studies.

2.4. Bibliometric Analysis

The bibliometric analysis was conducted for 60 selected ar-
ticles for massive understanding. The sixty articles selected for
the analysis are accessible articles that study plant disease us-
ing ordinary differential equations. All of it explains how the
disease transmits at the population level. This analysis method
is frequently implemented in literature studies to gain biblio-
graphic mapping of the publications. It could cover a list of
keywords, authors, national or subject bibliographies, or other
specialized subject patterns [43]. The bibliometric analysis used
the VOSviewer computer software application. The VOSviewer
is open-source software that obtains a mapping due to biblio-
metric analysis [44]. VOSviewer visualizes the links between dif-
ferent nodes in a network image. The analysis using this app is
conducted by saving the new database containing related arti-
cles and following the procedure in [44]. The software details
and how to run it can be accessed at this link VOSViewer.

3. Results and Discussion

This section presents the bibliometric analysis results by
network visualizations and findings of the systematic literature
review using the PRISMA method.

3.1. Results of PRISMA Method

The selection of articles based on the relevance ”title, ab-
stract, and keywords” in Dataset 4 resulted in 136 relevant ar-
ticles for full paper selection. A skimming method was used to
study all 136 articles to summarize the main content contain-
ing the type of model developed and its explanation. This study
selected the relevant article related to a specific criterion. Arti-
cles were identified as compatible studies for tremendous under-
standing if the authors develop a compartmental model in an or-
dinary differential equations system using autonomous and non-
autonomous systems. A compartmental model is constructed
by dividing a population into some sub-populations denoted by
symbols that usually mean the description of the condition, re-
spectively. The study obtained 60 articles suitable to the terms
for tremendous understanding. The selection process was de-
termined using the flow chart of the PRISMA method shown in
Figure 1.

Figure 1 shows that some articles were eliminated due to
the title, abstract, and keywords used in an article being irrele-
vant to the terms. In case the article’s title, abstract, and key-
words are relevant to the terms, the study explained why they
should be excluded from the selection process. First, all the arti-
cles that passed the relevance title, abstract, and keywords were
skimmed through to determine the suitability of the article con-
tents with the terms to be discussed to achieve the goal of this
study. The results showed that several articles did not contain
the content under study. For instance, articles in [45] study the
plant disease phenomenon but do not discuss how the disease
spreads. Authors of articles in [46–48] researched plant disease
based on image processing to detect disease but did not study
its transmission. The references in [49–51] explain plant disease
transmission, especially for Mosaic disease, but developed the
model in a fractional differential equations system. The other ar-
ticles in [52, 53] studied plant disease transmission using a com-
partmental model but must be excluded due to the developed
model constructed in a partial differential equations system. Al-
though several articles contain a differential equations system
to represent the disease phenomenon, it remains eliminated be-
cause the authors do not study the transmission and explainmore
effects on the individual plant, such as in [45]. The final selection
result obtained 60 compatible articles formassive understanding.

The bibliometric analysis results were presented using the
network, overlay, and density visualization. The analysis was
conducted in two scopes, including co-authorship-author and co-
occurrence-word.

3.1. Visualization of the Co-Authorship-Author Connection

The analysis of the co-authorship author was conducted by
determining the relationship among the authors. The VOSviewer
conducts an overview of the connection of the co-authorship
author from the menu. The study analyzed the relationship
between authors with one published article that would appear
in the analysis result. It means that all passed papers in the
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Figure 1. The flow chart of the PRISMA method.

Figure 2. Network visualization of the co-authorship-author connection.

dataset are analyzed. Therefore, VOSviewer performed 192 au-
thors names divided into 47 clusters, as shown in Figure 2. The
clusters represent each author’s team that frequently conducted
studies together. The result showed that the most productive au-
thors studying plant disease transmission using a mathematical
model were Gao, S with six publications, Anggriani, N and Isti-
fadah N with five each, and Huang, L with four published articles.

The bibliometric analysis is also resultingmapping for over-
lay and density visualizations. The overlay visualization shows

the year with the most publication of each author. In contrast,
the density visualization represents how an author influences the
scope of the study for the other authors. The overlay and density
visualization are shown in Figures 3 and 4, respectively.

3.1. Visualization of the Co-Occurrences-Word Connection

The analysis for the Co-Occurrence-Word connection is
aimed at investigating the frequent words used in all passed ar-
ticles. The VOSviewer also has a supportive feature to conduct

JJBM | Jambura J. Biomath Volume 4 | Issue 1 | June 2023



S. T. Tresna, N. Anggriani, A. K. and Supriatna – Study of mathematical modeling for plant disease transmission… 6

Figure 3. Overlay visualization of the co-authorship-author connection.

Figure 4. Density visualization of the co-authorship-author connection.

an exploration of the co-occurrence-word relationship. First, the
minimum occurrences number of a word in an article is decided
based on recommendations from the VOSviewer system, which is
ten times. Therefore, VOSviewer performed 28 words, but only
16 words passed the threshold recommended by the system at
60%most relevant to the terms. Thewords obtainedwere divided
into two clusters interpreting the word classification due to their

frequency of use relation. The finding shows that the most of-
ten words used in Dataset 4 are ”model,” ”analysis,” and ”plant,”
which are used 74, 25, and 32 times, respectively. In contrast, the
sparsest words that are used are ”infected plant,” ”analytical re-
sult,” and ”huanglongbing,” that used ten times each. The most
relevant words to the Dataset 4 were ”infected plant,” ”model,”
and ”number,” which scored 2.52, 1.91, and 1.36, respectively,

JJBM | Jambura J. Biomath Volume 4 | Issue 1 | June 2023
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Figure 5. Network visualization of the co-occurrence-word connection.

Figure 6. Overlay visualization of the co-occurrence-word connection.

whereas the ”basic reproduction ratio” only scored 0.34. The
visualization of the co-occurrence-word connection is shown in
Figure 5. Moreover, the study investigated the one-color line that
connected twowords representing the inner cluster relation. The
line with gradation color represents the relation between two
words in different clusters. In case the words ”infected plant”
and ”endemic equilibrium” looked in another cluster and there is
no line that connected the words means that they have no direct
connection.

The bibliometric analysis is also resulting the overlay and
density visualization for co-occurrence-word connection. The

overlay visualization shows the frequently used words in articles
based on the publication year. The density visualization repre-
sents the words representing the dominant content or scope in
the whole passed article. The overlay and density visualization is
shown in Figures 6 and 7.

3.2. Results of Systematic Literature Review

One of the earlier articles that contained a transmission
model for plant disease phenomenon divided plant and vector
populations into three sub-populations each [54]. The model
was constructed using a differential equations system in an au-

JJBM | Jambura J. Biomath Volume 4 | Issue 1 | June 2023
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Figure 7. Density visualization of the co-occurrence-word connection.

tonomous system, where the value of the parameter used does
not change over time. The authors considered a latent period of
infected plant and vector and conducted parameter estimating.
Additionally, they claim that the developed model could answer
why the disease does not become extinct and is used to explore
other natural aspects.

The study explored all articles that contained a compart-
mental model using an ordinary differential equations system.
It elaborated on all the articles identified, such as the authors
with published time represented by citation number, cited by,
the plants, the data type used, whether the model was analyzed
mathematically, and the intervention used. The article’s explo-
ration is divided based on the system used, including the au-
tonomous system (see Table 2) and the non-autonomous system
(see Table 3). These aimed to perform the identity of the whole
article and obtain essential information for further exploration.

The essential information of 60 articles has been elabo-
rated on and is available to use for further work. Published arti-
cles in [1] and [10] are the most cited in the autonomous system
at 43 times each, whereas in the non-autonomous system, the
article in [18] is the most cited at 14 times. Somehow, there are
still articles that remain not been referenced, including the arti-
cles in [57, 78, 82]. Some possibilities caused an article has not
been used as a reference, including the latest publication time,
the model in the article frequently explored, and the findings not
being followed up by the other studies.

Studies on transmissionmodeling have examinedmany dis-
eases in various plants. Plants that produce food materials, such
as rice [18, 54] and maize [8, 28], are the types of plants that are
frequently explored in this research. Articles in [4, 65, 73, 81]
studied the plant disease problem in orange plants, the most in-
vestigated problem in selected articles. Other than agricultural,

several diseases on trees, such as pine [29, 60, 62], olive [61, 85],
and palm [77], are studied. The various plants discussed in the
articles indicate a mathematical model development and explo-
ration activity.

A transmission model for plant disease phenomenon con-
tained in almost every publication was analyzed using mathemat-
ical theories. Only 3 out of 60 articles did not analyze the model
contained mathematically. Analyzing the model aimed to check
the solution positivity, solution boundedness, and equilibrium
points with their local and global stability [26, 28, 55, 56, 83].
The analysis procedure conducted on the model in the non-
autonomous system is different and more complicated than in
the autonomous system. For example, the articles in [26, 30]
needed a Brouwer fixed point theorem and LaSalle’s invariance
theorem to determine the equilibrium points and their stability.
The primary reproduction ratio is a parameter used to determine
the endemicity level of disease and was always constructed in ev-
ery analyzed article. Bifurcation is another analysis conducted to
investigate the condition where the basic reproduction ratio is
equal to one (ℜ0 = 1), representing that the disease is endemic
and non-endemic. Bifurcation analysis has several approaches,
including forwarding [28, 57], backward [73, 88], and Hopf bifur-
cation [70, 85] were figured out in their reports.

The optimal control theory was used to obtain the optimal
intervention considering some constraints [89]. This theory al-
lows the researcher to get optimal results through efforts by con-
sidering intervention costs and bounded resources. In the plant
disease problem, the costs for conducting the interventions, such
as insecticide and injecting more nutrients into the plants, were
the most explored in the articles. The optimal control explo-
ration for the plant disease transmission model is ably conducted
in the autonomous system [61, 62] and non-autonomous system
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Table 2. List of Eligible Studies Involving Autonomous System

Ref. Cited by Plant Data Type Analysis Interventions
[55] 0 Orange Estimated Yes Quarantine
[56] 1 Potato Secondary Yes Roguing
[22] 1 Cassava Estimated Yes Resistant Plant Used, Reducing Pathogens
[57] 0 Not-Specified Simulation Yes Insecticide
[27] 7 Maize Secondary Yes Insecticide, Quarantine
[58] 11 Orange Secondary Yes Insecticide, Roguing, Adding Nutrient to Plant
[59] 5 Cassava Simulation Yes Cleaning Seed
[60] 2 Pine Simulation Yes Insecticide, Roguing
[61] 12 Olive Secondary Yes -
[9] 6 Cocoa Estimated Yes Treatment
[62] 5 Pine Simulation Yes Roguing
[63] 8 Not Specified Simulation Yes Roguing
[64] 8 Not Specified Simulation Yes -
[19] 1 Banana Secondary Yes Roguing
[3] 10 Orange Estimated Yes Insecticide, Roguing, Adding Nutrient to Plant
[6] 7 Paddy Simulation Yes -
[7] 4 Maize Secondary Yes -
[28] 17 Maize Secondary Yes -
[65] 5 Orange - Yes -
[66] 26 Cassava Simulation Yes Insecticide, Roguing
[67] 3 Paddy Simulation Yes Roguing, Curative
[4] 12 Orange Secondary Yes Roguing
[5] 10 Paddy Simulation Yes -
[68] 9 Apple Simulation Yes Roguing
[69] 3 Not Specified Simulation Yes Roguing
[70] 6 Not Specified Secondary Yes -
[8] 3 Maize Estimated Yes Resistant Plant Used
[71] 14 Paddy Simulation Yes Roguing, Curative
[23] 2 Pine Simulation No -
[72] 6 Not Specified Simulation Yes -
[73] 12 Orange Secondary Yes Roguing
[74] 4 Not Specified - Yes Roguing
[29] 16 Pine Simulation Yes Insecticide
[25] 13 Not Specified - Yes -
[20] 13 Banana Estimated Yes Insecticide
[10] 43 Not Specified Simulation Yes -
[75] 13 Not Specified Estimated No Elicitor
[11] 9 Not Specified Secondary Yes Roguing
[1] 43 Not Specified Simulation Yes Roguing
[24] 20 Not Specified Simulation Yes Roguing
[76] 11 Not Specified Simulation Yes -
[77] 0 Palm Secondary Yes Treatments

Table 3. List of Eligible Studies Involving Non-Autonomous System

Ref. Cited by Plant Data Type Analysis Interventions
[78] 0 Not Specified Secondary Yes Roguing
[21] 5 Cassava Estimated Yes Roguing
[79] 2 Potato Simulation Yes -
[80] 1 Banana Secondary Yes -
[18] 14 Paddy Estimated No -
[81] 4 Orange Estimated Yes Vaccination
[82] 0 Banana Secondary Yes Roguing
[26] 5 Not Specified Simulation Yes Roguing
[83] 2 Not Specified Simulation Yes Roguing
[84] 11 Not Specified Secondary Yes -
[31] 11 Not Specified Simulation Yes Insecticide
[30] 3 Not Specified Simulation Yes -
[85] 1 Olive Simulation Yes -
[13] 5 Not Specified Simulation Yes -
[86] 13 Not Specified Estimated Yes -
[87] 13 Not Specified Simulation Yes Roguing
[88] 9 Not Specified Simulation Yes -
[2] 11 Orange Estimated Yes -

[31, 81].

The models for plant disease transmission were con-
structed by conducting various interventions to control the

spread and suppress the risk of infection. Roguing is the most
used intervention to suppress the possibility of disease transmis-
sion [14, 59, 74, 75]. Roguing is conducted by removing the in-
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fected plants to stop the transmission through vectors. The other
interventions usually used to prevent the disease’s spread are
adding nutrients to plants and applying insecticides. Conduct-
ing nutrient injection is one of the actions to avoid the infection
because the resistance plant increases [3, 58, 75]. In comparison,
applying insecticides is usually used to suppress the number of in-
fected or susceptible vectors [13, 22, 76]. This intervention is bet-
ter used if the infection happens, considering its side effects on
the environment. Numerical simulations were conducted to con-
firm the analysis results. In addition, the simulation with chang-
ing the value of the selected parameter is explored to figure out
the long-term behavior of the disease phenomenon. However,
the parameter value in the simulationmainly uses simulation data
and secondary data due to limited data availability. Only eight ar-
ticles in autonomous systems confirm this limitation, and six in
the non-autonomous system estimate the parameter value based
on data obtained to conduct the numerical simulation.

Two articles were picked based on special criteria in the fol-
lowing subsections. The constructed models and research scope
were elaborated to explain why the article was selected for more
exploration and the possibility for further development.

3.2. The Article with the Model Constructed in the Autonomous
System

The study explored the whole content in [10] because the
article contained a transmission model in the autonomous sys-
tem and was the most used as a reference in articles including
[66, 90–92]. For instance, the authors in the article [90] devel-
oped the model in [10] into a delay differential equation system
for covering the latent period process such as in transition from
susceptible to infected plant or vectors since the identification
in this infection process is hard to interpret by an equation. It
represents that the article content is constructive for other re-
searchers. In addition, the constructed model seemed to leave
much room for development to obtain a better model. The fur-
ther consideration in this decision is publication time because
publication in [1] is also frequently used as a reference. The con-
structed model is identified and rewritten in the following equa-
tions (see eq. (3)) with the parameter used description in Table 4.

dS(t)

dt
= f(S(t), I(t))− µS(t)

−
(

βpY (t)

1 + αpY (t)
+

βsI(t)

1 + αsI(t)

)
S(t)

dI(t)

dt
=

(
βpY (t)

1 + αpY (t)
+

βsI(t)

1 + αsI(t)

)
S(t)

− (r + µ+ γ)I(t)

dR(t)

dt
= γI(t)− µR(t)

dX(t)

dt
= Λ− βiI(t)X(t)

1 + αiI(t)
−mX(t)

dY (t)

dt
=

βiI(t)X(t)

1 + αiI(t)
−mY (t)

(3)

Note that f(S(t), I(t)) = µK(t) + rI(t).
The model in eq. (3) was developed by considering two

creature populations: plant and vector. First, the plant popula-
tion (K) is divided into susceptible (S), infected (I), and recov-

ered (R) sub-populations. The vector population was divided
into susceptible (X) and infective (Y ) sub-populations. By in-
vestigating the parameter representing the factor considered in
this study, no one intervention was identified to control the dis-
ease. There are many possibilities to make the model better and
more realistic. However, the author analyzed the model compre-
hensively, including the existence of solutions and equilibrium
points with their local and global stability also tried to introduce
the possibility of a periodic solution existence. The findings in
this study show that disease transmission is influenced mainly by
βi, βp, βs and m. Therefore, it is important to pay more atten-
tion to decreasing the infection rates and increasing the removal
vectors rate to control the disease. The article was mainly used
as a reference due to its contents. This confirms that the model
remainsmuch room for development by considering intervention
to prevent and control the disease spread. Therefore, the analysis
results could be a basis for further studies.

3.2. The Article with the Model Constructed in the Non-Autonomous
System

The study explored the whole content in [78] because the
article contained a transmission model in the non-autonomous
system and is more suitable for the disease spread phenomenon.
Although the article in [18] is the most often used as a reference,
the contents do not precisely describe the phenomenon since
the authors don’t describe disease transmission as a vector-host
model and represent that the disease spread directly between
plants. The constructed model in the selected article was identi-
fied and rewritten in the following equations with the parameter
used description in Table 5.

dX(t)

dt
= r − k1X(t)V (t)− gX(t)

dY (t)

dt
= k1X(t)V (t)− gY (t)− α(t)Y (t)

dU(t)

dt
= b(U(t) + V (t))

(
1− U(t) + V (t)

m(X(t) + Y (t))

)
− k2U(t)Y (t)− cU(t)

dV (t)

dt
= k2U(t)Y (t)− cV (t)

(4)

The model in eq. (4) was developed by considering two
creature populations: plant and vector. First, the plant popula-
tion was divided into susceptible and infected sub-populations.
The vector population was also divided into susceptible and in-
fective sub-populations. The authors consider intervention to re-
duce infected plants in the model, namely roguing, represented
by a time-dependent parameter. It caused the model to be cate-
gorized as a non-autonomous model. There are still many possi-
bilities to make the model better by considering more biological
factors represented by time-dependent parameters to obtain a
better approach to the actual situation. For example, further re-
search must consider a time-dependent parameter for infection
rate since the virus transmission is affected by environmental fac-
tors that change over time. However, the author analyzed the
model comprehensively, including the existence of periodic so-
lutions and equilibrium points with their local and global stability
through the LaSalle’s invariance theorem. The main findings of
this study show that the infected populations, both plant and vec-
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Table 4. Parameter description in [10]

Parameters Descriptions
βi The infection rate in vector population
βp The infection rate in plant population through vector bites
βs The infection rate in plant population directly
αi The level of infection saturates
αp The level of infection saturates
αs The level of infection saturates
γ Recovery rate
µ Plant natural death rate
Λ Vector natural recruitment rate
m Vector natural death rate
r Mortality of disease infected

Table 5. Parameter description in [78]

Parameters Descriptions Units
r Rate of replanting day−1
α Rate of roguing day−1
g Rate of harvesting day−1
m Carrying capacity of the plant population day−1
b Vector natural birth rate day−1
c Vector natural death rate day−1
k1 Rate of infection vector−1day−1
k2 Rate of acquistion vector−1day−1

tor, are eradicated if the cultural control strategy, such as rogu-
ing, is conducted frequently. The model could still develop by
considering various interventions and applying optimal control
theory to obtain the optimal solution due to the resource limita-
tions and expand the research scopes.

3.3. Discussion
The development of mathematical modeling for plant dis-

ease transmission is mostly studied in autonomous systems.
Based on Tables 1 and 2, 60 articles study disease transmission
using an ordinary differential equation system. Various plants
are set to be an object in the research due to the different ways
of transmission, such as direct and indirect transmission. The
data type used to validate the model and obtain the population
dynamics in the system is mostly secondary data referenced to
some articles. It is confirmed by the finding that only 33.3% of
selected articles conducting data processing based on the pri-
mary data to obtain the parameter’s value. It is necessary to use
the primary data related to the object of the research intention
to obtain more appropriate behavior. Whereas the analysis con-
ducted on the research in this field is well-presented.

For instance, the model analysis in [10] and [78] is well-
conducted to obtain the biological meaning and explain the phe-
nomenon using mathematical insights. However, the researchers
still use primary data to validate the model and obtain a long-
term behavior prediction of the disease spread phenomenon. In
addition, both models do not construct with considering any in-
tervention to prevent or control the disease spread. Therefore,
themodels remainmuch room for development in further studies
with considering intervention and using primary data for simula-
tion.

To study the impact of an intervention to control the dis-
ease, researchers in this field mostly consider roguing, especially
in constructing models in the non-autonomous system. At the
same time, represented by 22 articles, which is about 36.6%, that
do not consider any intervention to prevent and control the dis-

ease, the model is only used to express the disease transmission
phenomenon. In addition, most intervention considered in the
model, such as roguing, applying insecticide, and adding nutri-
ents, is common and usual. This means that many scopes remain
and are possibly considered in further research to prevent and
control the disease, including studying the photosynthesis effect
on the plant cycle, soil moisture level, water pH level, and spread-
ing the predator to control the vector population, etc.

4. Conclusion
This study performed a systematic literature review to ex-

plore the development of a mathematical model for plant dis-
ease transmission. It collected 204 unique articles from four
databases: Dimensions, Google Scholar, Science Direct, and Sco-
pus. Publication time is one filter that is applied in search pro-
cesses, which is from 2012 to 2022. After conducting selection
processes by including and excluding criteria, 60 articles were
found suitable for this study. The whole passed article contained
a compartmental-based model to represent the disease spread
phenomenon.

The collected articles mainly explain the model’s analy-
sis using a mathematical theory, especially dynamical theory,
such as examining the equilibrium point, analyzing its local or
global stability, and bifurcation. However, few articles use pri-
mary data to perform numerical simulations and apply optimal
control theory. The interventions, plant kinds, and data types
used are shown in Tables 1 and 2. Studies on a mathematical
model for plant disease transmission is highly possible to de-
velop based on the elaboration and explanation in this article.
Further study could be conducted with a new collaboration be-
tween inter-cluster researchers. We believe that the develop-
ment of mathematical modeling for plant disease transmission
will be more significant and comprehensive by considering other
interventions and biological factors. In addition, it allows the
research to produce more mathematical insights for further de-
velopment through analysis, such as sensitivity analysis and ap-
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plying more optimal control theory to consider the limitation of
resources. Furthermore, the study of obtaining and processing
primary data is needed to get a more realistic simulation that al-
lows the results to be used as a prediction and not only to study
its long-term behavior.
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