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Abstract: The present communication is a survey
of digital tools related to plant health care which
is beneficial for farmers. The computational
methods are used by researchers these days for
developing agricultural extension services. This
research used more than 200 research papers in
which nine diverse research issues are observed in
this survey. We have identified 9 research areas in
plant health care in which computational methods
can be used. Image processing is the most common
computational method used by researchers in
solving plant health care related issues. The
computational methods are also identified based
on each research area separately. We have
identified most commonly used computational
tool for each of the nine plant health care issue.
One of the observations is that the researchers
use Decision Support Systems tools for sharing
knowledge about plant health care. The results of
this study will be helpful for computer scientists
to select research gaps in plant health care related
issues.
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[. INTRODUCTION

Modern technological evolution plays a vital role
in the field of plant health management and plant
care. Farmers can get instant help with information
for crop management and disease management by
using current digital technologies. Farmers can
get acquainted with support services, facilities,
schemes, and the schemes of the government on

time with modern digital technologies that help them
to recognize plant diseases early, cure ailments of
plants timely, and improve crop production. Farmers
can also get advisory services from scientists
with the help of digital tools to adapt to modern
agricultural practices. Fig. 1 represents applications
of information technology for sustainable agriculture
practices. These services include climate prediction,
an online marketplace, field-level decision support
systems, pest management, disease management,
damage analysis, and plant health monitoring.
Modern computational tools and technologies used in
the published literature are studied. This information
will also be helpful for researchers interested in plant
health care services.
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Fig. 1: Applications of IT for Sustainable
Agriculture Practices

II. DigitAL TooLs AND TECHNIQUES

A. Knowledge Based Tools and Techniques
a. Knowledge Sharing

Knowing modern agricultural tools is necessary
for farmers. The world faces local atmospheric
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uncertainties and variable weather patterns due
to constant climatic change. Early and on-time
information about local weather conditions 1is
essential for a farmer to know. It is possible only
when farmers can use modern tools and technology.
The Internet of Things (IoT) can fill the gap
between technology and the traditional agriculture
system. Technological shifts toward agriculture
and farming show a positive impact on agriculture
services. Governments and NGOs are trying to
fill this gap between farmers and technology
by developing knowledge-sharing portals and
websites. Knowledge is shared through meetings
and discussions by the farmers traditionally. Farmers
can also share their observations with their peers
while working in farms and marketplaces. Modern
technological innovations can provide farmers
with an efficient and fast agriculture information-
sharing platform. WeFarm [1] is a farmer-to-farmer
digital network in which farmers can communicate
with each other via SMS and online chats. Nearly
1.8 million small-scale farmers are using this
platform. Agtech company Verdant connects
African farmers to provide agricultural insight
and extension services. It uses mobile technology
to increase market accessibility [2]. International
Fund for Agricultural Development (IFAD) and
International Development Research Centre (IDRC)
jointly develop a knowledge networking for rural
development in the Asia Pacific. It is a knowledge-
sharing tool [3]. Online and offline knowledge
sharing can be effective if websites, blogs, and digital
radios are used instead of specialized applications.
Busoga Rural Open Source Development Initiative
(Kampala, Uganda) (BROSDI) broadcasts a live
monthly program that facilitates farmers about
effective farming practices [4]. The knowledge
disseminated by audio blogs can reach a wider
audience [5]. WorldSpace radio uses two satellites
named- AfriStar and AsiaStar, to broadcasts more
than 100 digital-quality audio channels for farmers
around the world. Agricultural blogging allows
quick dissemination of information to the farmers.
The Voices of Africa blog [6] and Kisan blog [7]
show the contribution of blogging in sharing the
experiences of rural farmers. The Collecting and

Exchange of Local Agricultural Content (CELAC)
blog is another blog where farmers and agriculture
practitioners can post articles [8]. Some public and
private organizations use mobile technology to
provide market information to farmers. Tradenet.
biz is an enterprise that covers 15 countries and
500 markets to offer information related to supply-
chain, from price updates, harvests, transport,
trading offers, disease outbreaks, and weather.
The poor farmers in Tanzania use mobile phones
to access market information in real-time under the
First Mile Project [9-14]. It is a joint venture of the
Government of Switzerland and the Government of
Tanzania.

b) Climate Predictions

Due to climate change, fluctuations in the temperature
and rainfall observed impose a diverse effect on
agricultural production. The North-Eastern United
States developed free, online decision-making tools
for farmers in a Cornell Climate Smart Farming
program. The developed tools combine local weather
stations and agricultural data and inform farmers that
are useful in decision-making [15]. The United States
Environmental Protection Agency also developed
a toolkit for farmers. The developed climatic tools
include the growing degree day calculator [16], water
deficit calculator [17], Nitrogen management tool
[18], crop planting scheduler [19], drought monitor
[20-21], EPA’s climate resilience evaluation and
awareness tool [22] for annual total precipitation,
annual average temperature. The South-East Climate
Consortium developed a web tool that deals with
volatile weather patterns in Florida [23]. The Climate
Predictability Tool is a software package designed
by Columbia University for the seasonal Climate
forecast Model [24]. Machine learning can also
play role in Climate prediction [25-27]. Example
of some of the contemporary tools are - outbreak
risk prediction [28], seasonal precipitation [29-31],
weather prediction [32], climate change prediction
[33, 34], solar radiation prediction [35-36], to predict
plant growth and yield [37-38]. Some researchers use
GIS-based machine learning for climate downscaling
prediction [39]. Fig. 2 is showing some eTools
helpful for sustainable agricultural practices.
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Fig. 2: eTools for Sustainable Agriculture Practices

¢) Linkages with Agriculture Research Scientists
and Local Advisors

Active Linkages between researchers and farmers
are necessary. Agriculture-based research could be
successful if it is helpful for farmers. This linkage
of research and farmers such interactions lead to
the design and delivery of appropriate technology
practically suitable for the stakeholders [40]. Many
gaps between agricultural research and extensions
cause the complexity of agriculture research products
[41-42]. Communication and digital knowledge-
share are effective for this [43].

d) Field-Level Decision Support System

Applications of decision support systems in
agriculture have increased rapidly in the last
decade [44-46]. A decision support system (DSS)
is an interactive software-based system used to
help decision-makers to compile information from
a combination of raw data to identify and solve
problems. It also makes an optimized decision
[44, 45]. An effective DSS could be paper-based,
software, or a mobile app. A study suggests that
software is 28% more useful for a farmer than paper-
based (22%) DSS, followed by mobile app based
(10%) [47]. Nowadays, the evolution of agriculture
steps into Agriculture 4.0, thanks to the employment
of current technologies like the Internet of Things

[48], Big Data [49], Artificial Intelligence, Cloud
Computing [50], and Remote Sensing [51-53]. The
applications of these technologies can improve the
efficiency of agricultural activities significantly. A
machine learning-based DSS could be more effective
[54-55]. A decision support system used for farm
management [56], assessment and management of
soil functions [57], enhancing crop productivity
[45, 110, 112], farm machinery management [58-
59], agro-technology transfer [46], improving the
efficiency of water use [60]. The Watson Decision
platform for agriculture combines IBM’s advanced
capabilities in artificial intelligence, the Internet of
things, and cloud computing [61].

e) Tools for Plant Protection

Early control of pests is a must in agriculture.
Pesticides can harm the crop and human health,
hazardous to the environment also. It is required to
inform farmers about sustainable plant protection
techniques [62].

f) Sustainable Plant Protection

The global impact of climate change is influencing
plant production and constraining farmers’ change
crop monitoring and management strategies. Farmer
finds difficulty in the present climatic scenario to get
ecological and economic ROI (return on investment).
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One factor is to protect plants from plant disease
outbreaks. For this, a farmer must concentrate on
plant type, soil-weather conditions, predictions
and forecasting of disease outbreaks, and optimal
timing and quantity of using pesticides. Smart field
monitoring viz [oT-based soil monitoring systems
improve the soil as per the crop [63] and proper
irrigation [64-65].

g) Online Marketplace for Sustainable Plant
Protection

To have sustainable plant products, farmers must
have sustainable plant protection products such as
biofertilizers and organic pesticides at affordable
prices. All India Network Project on biofertilizers
(aicrp BNF) is an example of such an initiative
of The Indian Council of Agricultural Research
(ICAR) [66]. Indian Farmers Fertilizer Cooperative
Limited (IFFCO) [67] and e-Urvarak is a dashboard
developed by National Informatics Center, India,
ensures adequate and on-time delivery of sustainable
fertilizers to the farmers and facilitates easy
monitoring by various stakeholders [68].

B. Tools for Plant Health Care

a) Plant Health Care is an Important Issue

The production is directly dependent on the healthy
crop. It is desirable to keep plants healthy by early
detection of diseases and attack of pests. Continuous
monitoring of plants is the main factor for disease
monitoring. Al-enabled plant disease detection [69-
70] and monitoring systems [71-72] are helpful
in disease detection [73-74], monitoring [71-72],
classification [75], and pest detection [76]. The
computational techniques used in plant disease
detection and monitoring digital tools are neural
networks [73, 77], multimedia sensor networks
[74], remote sensing [78], biosensors [79], image
processing [69], and deep learning [75-76].

b) Detecting, Monitoring and Controlling Pest
Threats

Climate change affects the behavior, distribution, life
cycle, and outbreak potential of pests. An effective
pest monitoring system is essential as an embedded

feature of climatic predictions to eradicate potential
threats. During the outbreaks, a real-time monitoring
system must have pest risk prediction data and pest
distribution observations. An effective digital pest
control and monitoring system can have several
modules as pest detection [76, 78, 80-85], pest
management [86-88], pest monitoring [89], pest
controlling [89-90], pest classification [85, 91],
pest surveillance [80, 92-93] and, damage detection
[94-95]. Researchers use deep learning [76, 96-
97], remote sensing [78], SVM classification [84,
98], computer vision [81, 98, 99-101], Supervised
learning [102], clustering [103], intelligent mobile
applications [104], radio [105], multi-object
detection method [104], image processing [83],
bio-inspired methods [106], artificial intelligence
[88], wireless sensors [90], AloT [82] and electronic
nose [107-108], artificial intelligence [109], sensing
technologies [110] for pest detection and monitoring.
PestinaNet [111] is an example of a real-time crop
pest detection system.

i) Pest Recognition

Pest recognition is finding pest attacks in plants
using various computational techniques [112-113].
Researchers attempt to successfully recognize
pests in plant leaves [114-115], roots [89] [102],
tuber [89], fruits [116], and trunk [115]. Diverse
computational techniques used by researchers in pest
recognition. Some of this are-image processing [114,
117], attention-embedded lightweight network [112],
artificial intelligence [119], SVM [120], K-means
clustering [91, 121], machine learning [91], deep
learning [116], embedded system [122], machine
vision [99].

ii) Damage Analysis

Another issue related to pest control and
management is detecting the amount of damage
by pests [94, 95, 123]. Farmers use information
about the severity of the infection and the damage
to the plant. It may help farmers decide to apply
for medicine or discard the plant. The computation
techniques used by researchers for damage analysis
are pattern recognition [94], RBF-SVM algorithm
[124], artificial nose [125-126], remote sensing
[127], computer vision [128], and image processing
[123].
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iii) Pest Management

An initiative is required to develop response plans
to tackle crop health threats [129]. Digital pest
management [130] helps farmers to elevate pest
control by automating the monitoring of pests. These
Intelligent and automatic systems improve pest
monitoring and support pest managers smartly. An
example of this is rodent traps using loT Technology
[131]. The classification and detection of insects in
crops using intelligent pest management [132] is an
efficient way of pest control. There is evidence of
using climate-smart pest management systems [86],
Automatic Moth detection [133], and Environment
monitoring [134] in the literature. Information
technology tools like Drones [135], Satellite images
[136], and agricultural aircraft [137-138] for pest
control and management system. The computing
technologies used for this purpose include image
processing [132, 133, 138-139], decision support
systems [148], deep learning [132,140], GIS [141],
and web technology [142].

¢) Detection, Monitoring, Management and
Controlling Plant Diseases

i) Disease Detection

Disease detection is the process of detecting diseases
from infected plants. Many disease detection tools
are discussed in the literature [143-144, 70, 79]. The
digital techniques used for disease detection in plants
are image processing [69, 145-152], sensors [153],
robotics [154], deep learning [76, 149, 151-152,
155-161], hyperspectral imaging and image sensing
[162-164], Internet of Things (I0T) [165-166], neural
networks [167-168], machine learning [150,169],
orthogonal learning [168], evolutionary computation
[168], swarm intelligence [168], support vector
machine (SVM) [170-171], soft computing [146,
149]. The AuToDiDAC [172] and pathology [154]
are plant disease detection tools designed for plant
disease detection.

ii) Disease Monitoring and Management

Combining modern plant disease monitoring and
management tools with disease detection tools is
required. It is beneficial for the development of
integrated high-tech crop protection systems in the
future [72, 173]. The computational methods used
by the researchers for this purpose are IoT [174-
178], neural networks [77, 179], robotics [154,
180], unmanned aerial vehicles [178, 181], soft
computing [182], image processing [182- 183],
remote sensing imaginary [184-186], deep learning
[187], geographical Information system (GIS) [188],
machine learning [176], data mining [189], wireless
sensor network [178, 190], wearable sensors [191],
online decision support system (DSS) [192] and,
hyperspectral technology [193]. A playhouse is a
plant monitoring system that uses a convolutional
neural network (CNN) for disease monitoring [77].
Chlorophyll fluorescence imaging is another tool to
monitor the progress of a root pathogen in a perennial
plant [183].

A decision support system was developed by
researchers for decision-making [194-195]. An
expert system is used for this purpose [196]. Quant
is a software to quantify disease severity [197-198].
IoT tools have been used in literature by researchers
for detecting and controlling plant diseases [174].

III. DiscussioN

Pest detection, pest monitoring, disease detection,
and disease monitoring issues are common research
areas in the literature. Monitoring of field, soil and
irrigation, damage detection, damage prediction,
and predictions of real-time early pest approaches
are some issues ignored by IT professionals. The
development of intelligent computational methods
for plant health care is required. Table I indicates the
observed research areas related to plant health care
and the computational methods used for that issue.
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TaBLE I: CompuTaTIONAL METHODS USED IN DIFFERENT RESEARCH AREAS RELATED TO PLANT HEALTH CARE

Sr. No.

Major Research Area

Sub Areas

Computational Method Used

1

Knowledge Based Tools &
Techniques

Knowledge Analysis

Knowledge Sharing

Decision Support System [44, 45-46, 50, 56-59]
GIS [39]

Digital Knowledge Sharing Tools [43]

Mobile Apps [47]

Internet of Things [48, 61]

Big Data [49]

Artificial Intelligence [50, 61]

Cloud Computing [50, 61]

Remote Sensing [51-53]

Machine Learning [54-55]

Field Monitoring

Field Monitoring

Smart Applications [202-204]

Soil Monitoring

10T [63]

Irrigation Monitoring

IoT [64-65]
Decision Tool [205]

Crop Productivity Monitoring

Decision Support System [206]

Plant Health Monitoring

Disease Detection

Disease Classification

Neural Networks [73, 87]
Multimedia Sensor Networks [74]
Remote Sensing [78]

Biosensors [79]

Image Processing [69]

Deep Learning [75-76]

Pest Detection

Pest Detection

Deep Learning [76, 96-97]
Remote Sensing [78]

SVM Classification [98, 114]
Computer Vision [81, 98-101]
Supervised Learning [102]
Clustering [103]

Smart Phones Applications [104]
Radio [101]

Multi Object Detection Method [104]
Image Processing [83]
Bio-Inspired Methods [106]
Artificial Intelligence [19, 109]
Wireless Sensors [90]

AloT [82]

Electronic Nose [107-108]
Sensing Technologies [110]

Pest Recognition

Pest Recognition

Image Processing [114, 117]
Attention-Embedded Lightweight Network [118]
Artificial Intelligence [119]

SVM [120]

K-means Clustering [91, 121]

Machine Learning [91]

Deep Learning [116]

Embedded System [122]

Machine Vision [99]
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Sr. No.

Major Research Area

Sub Areas

Computational Method Used

6

Pest Management

(Monitoring, Controlling,
and Surveillance)

Climate-Smart Pest Management

Systems

Automatic Pest Detection

Environment Monitoring

Drones [137]

Satellite Images [136]

Agricultural Aircraft [137-138]

Image Processing [132-133, 138-139]
Decision Support System [148]

Deep Learning [132, 140]

GIS [141]

Web Technology [142]

Damage Analysis

Damage Detection

Damage Severity Analysis

Pattern Recognition [94]
RBF-SVM Algorithm [124]
Artificial Nose [125-126]
Remote [127]

Computer Vision [128]
Image Processing [123]

Plant Disease Detection

Plant Disease Detection

Image Processing [69, 112, 145-147, 149-152]
Sensors [153]
Robotics [154]

Deep Learning [76, 149, 151, 155-157, 158-161,
199, 201]

Hyperspectral Imaging and Image Sensing [162-
164]

Internet of Things (IoT) [165-166]

Neural Networks [167-168]

Machine Learning [150,169]

Orthogonal Learning [168]

Evolutionary Computation [168]

Swarm Intelligence [168]

Support Vector Machine (SVM) [170-171]
Soft Computing [149]

Disease Monitoring and
Management

Disease Monitoring

Disease Management

Disease Control

[oT [172, 176-178]

Neural Network [77, 179]

Robotics [154, 180]

Unmanned Aerial Vehicles [178,181]

Soft Computing [182]

Image Processing [182-183]

Remote Sensing Imaginary [184-186]

Deep Learning [187]

Geographical Information System (GIS) [188]
Machine Learning [176]

Data Mining [189]

Wireless Sensor Network [178, 190]
Wearable Sensors [191]

Online Decision Support System (DSS) [192]
Hyper Spectral Technology [193]

Expert Systems [196]




Contemporary Trends in Plant Health Care and Agriculture Extension Services 17

It is required to identify computational methods
before solving an issue related to plant health. A
review of more than 200 already published research
papers has been performed to answer this query.
Fig. 3 shows commonly used computational
methods in already published research papers for
plant health care. Fig. 3 is a frequency distribution

chart of computational methods by computer
scientists used for plant health care issues. It is
observed that image processing and image analysis
is the most frequently used computational method
for solving plant health care issues, followed by the
internet of things (IoT) and decision support system
(DSS).
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Fig. 3: Frequency Distribution Graph for Computational Methods Opted by Researchers
for Development of Plant Health Care Related Tools and Applications

Fig. 4 is showing the share of various computational
methods used in different research areas observed in
the survey. For knowledge Analysis and sharing of
plant related information, decision support systems
(35%) and remote sensing (13%) is most commonly
used, followed by cloud computing (9%) and
artificial intelligence (9%). For Field Monitoring
related issues smart application tools and internet of
things shares 50-50% part.

In plant health management applications, Biosensors
(36%), neural networks (18%) and deep learning are
most commonly used by the researchers. For pest
detection, computer vision (19%), deep learning
(12%) and support vector machines (8%) are given
importance. For pest monitoring and management
systems agriculture aircrafts (15%) and drones
(8%) and, GIS (8%) are used with support of image
processing (31%) and deep learning (15%) etc.
For pest recognition image processing (18%) and

unsupervised learning (18%) is most commonly
used by the researchers. Electronic nose is a modern
technology used in 29% research papers reviewed
for damage analysis. Some other methods used for
this damage analysis are- pattern recognition (14%),
support vector machines (14%), remote sensing
(14%), image processing (14%) and computer vision
(14%). For plant disease detection deep learning
(29%) is most commonly used followed by image
processing (24%).

I'V. CoNcLUSION

Plant health is an important issue that has direct
effect on crop production. In the present survey of
more than 200 papers it was observed that image
processing, followed by Decision Support System
(DSS), Internet of Things (IoT), computer vision
and deep learning are contemporary computational
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tools used by researchers for various research areas
related to plant health care. Among nine identified
research areas, plant disease detection and disease
monitoring is most frequently researched. For each
observed nine research arecas in the literature, the
most used computational method identified. The
area most used tool duo for each of the observed
research area are: (i) Knowledge Analysis & Sharing
— DSS (35%), (ii) Field Monitoring — IoT (50%),
(ii1) Plant Health Management — Biosensors (36%),
(iv) Pest Detection — Computer Vision (19%),
(v) Pest Recognition — Image Processing (18%),
(vi) Pest Management — Image Processing (31%),
(vil) Damage Analysis — Artificial Nose (29%),
(viii) Plant Disease Detection — Deep Learning (29%)
and (ix) Disease Monitoring and Management — [oT
(19%). The present research can be used to identify
research gaps in terms of plant health issues and used
computational methods.

REFERENCES

[1] Wefarm - The World’s Largest Platform for
Small-Scale Farmers. [Online]. Available:
https://wefarm.com/about

[2] https://verdant.ng/farmers/

[3] Facilitator’s Guide. [Online]. Available at:
https://www.fsnnetwork.org/sites/default/files/
ifad km.pdf

[4] Audio Blog for Knowledge Sharing. [Online].
Available: http://audioblog.podbean.com/

[5] WorldSpace Community Radio. [Online].
Available: www.worldspace.com

[6] Voices of Africa Blog. [Online]. Available:
http://voicesofafrica.africanews.com

[7] Kisan Blog. [Online]. Available: http://kisan.
wordpress.com

[8] Collecting and Exchange of Local Agricultural
Content Blog. [Online]. Available: http://celac.
wordpress.com

[9] C. Lightfoot, H. Gillman, U. Scheuermeier,
and V. Nyimbo, “The first mile project in
Tanzania,” Mt. Res. Dev., vol. 28, no. 1, pp.
13-17, 2008.

[10] P. Njenga, S. Willilo, and J. Hine, “First mile
transport challenges for smallholder tomato
farmers along Thimbo-Itimbo Road, Kilolo
District Tanzania,” AFCAP Report, AFCAP/
TAN2015C, 2015.

[11] J.Hine, P. Njenga and S. Wilolo, “Overcoming
the first mile - Lessons from farmers in Kenya
& Tanzania”.

[12] A. Nazir, D. Vervoort, and C.L. Reddy, “From
the first mile to the last: Challenges of the
global surgical supply chain,” The American
Journal of Surgery, vol. 222, no. 4, pp. 709-
711, 2021.

[13] P. Njenga, G. Wahome, and J. Hine, “Pilot
study on first mile transport challenges in the
onion smallholder sector,” AFCAP Report,
AFCAP/GEN/147,2014.

[14] M. Skjoldevald, ‘“Small-scale farmers and
the shift in the food trading paradigm: A
comparison of two rice supply chains in Babati
district, Tanzania,” 2008.

[15] U.S. Climate Resilience Toolkit. [Online].
Available: https://toolkit.climate.gov/tools

[16] Climate Smart Farming CSF Growing Degree
Day Calculator. [Online].

[17] Climate Smart Farming CSF Water Deficit
Calculator. [Online].

[18] Climate Smart Farming Adapt-N Nitrogen
Management Tool. [Online].

[19] Climate Smart Farming CSF Winter Cover
Crop Planting Scheduler. [Online].

[20] Climate Smart Farming CSF New York State /
Northeast Drought Atlas. [Online].

[21] Climate Smart Farming CSF Caribbean
Drought Atlas. [Online].

[22] Document Display | NEPIS | US EPA. [Online].

[23] AgroClimate — Tools for Managing Climate
Risk in Agriculture. [Online].

[24] J. M. Simon, K. T. Michael, S. Lulin, and G.
M. Angel, “Climate predictability tool version
16.1.2,>  Columbia  University —Academic
Commons, 2019.



20 International Journal of Knowledge Based Computer Systems

Volume 13 Issue 1 2025

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

D. Rolnick, P. L. Donti, L. H. Kaack, K.
Kochanski, A. Lacoste, K. Sankaran, A.
S. Ross, N. Milojevic-Dupont, N. Jaques,
A. Waldman-Brown, and A. S. Luccioni,
“Tackling climate change with machine
learning,” ACM Comput. Surv. (CSUR), vol.
55, no. 2, pp. 1-96, 2022.

K. S. Kirishna, and N. Padhy, “Climate
prediction by using a machine learning
approach: A case study,” in The Role of IoT

and Blockchain: Techniques and Applications.
CRC Press, 2022.

Y. Liu, D. Li, S. Wan, F. Wang, W. Dou, X. Xu,
S. Li, R. Ma, and L. Qi, “A long short-term
memory-based model for greenhouse climate
prediction,” Int. J. Intell. Syst., vol. 37, no. 1,
pp. 135-151, 2022.

Z. Tianyu, R. Fethi, B. Ali, C. Xin, P. Hye-
Young, Y. Lina, and R.M. Chandini, “Use of
automated machine learning for an outbreak
risk prediction tool,” Inform. Med. Unlocked,
vol. 34, no. 101121, 2022.

J. Yang, Y. Xiang, J. Sun, and X. Xu, “Multi-
model ensemble prediction of summer
precipitation in China based on machine

learning algorithms,” Atmosphere, vol. 13, no.
9, p. 1424, 2022.

V. S. Monego, J. A. Anochi, and H. F. de
Campos Velho, “South America seasonal
precipitation prediction by gradient-boosting
machine-learning approach,” Atmosphere, vol.
13, no. 2, p. 243, 2022.

A. Ghazikhani, 1. Babaeian, M. Gheibi, M.
Hajiaghaei-Keshteli, and A. M. Fathollahi-
Fard, “A smart post-processing system
for forecasting the climate precipitation

based on machine learning computations,”
Sustainability, vol. 14, no. 11, p. 6624, 2022.
B. Bochenek, and Z. Ustrnul, “Machine
learning in weather prediction and climate
analyses - Applications and perspectives,”
Atmosphere, vol. 13, no. 2, p. 180, 2022.

M. Kadkhodazadeh, M. ValikhanAnaraki, A.
Morshed-Bozorgdel, and S. Farzin, “A new
methodology for reference evapotranspiration

[34]

[35]

[36]

[37]

[38]

[39]

prediction and uncertainty analysis under
climate change conditions based on machine
learning, multi criteria decision making and
Monte Carlo methods,” Sustainability, vol. 14,
no. 5, p. 2601, 2022.

H. Li, Y. Yang, H. Wang, P. Wang, X. Yue, and
H. Liao, “Projected aerosol changes driven by
emissions and climate change using a machine

learning method,” Environ. Sci. Technol., vol.
56, no. 7, pp. 3884-3893, 2022.

S. Ghimire, R.C. Deo, D. Casillas-Pérez, and
S. Salcedo-Sanz, “Boosting solar radiation
predictions with global climate models,
observational predictors and hybrid deep-
machine learning algorithms,” App. Energy.,

vol. 316, p. 119063, 2022.

J. Mustafa, S. Husain, U. A. Khan, and M. M.
Akhtar, “Prediction of diffuse solar radiation
using machine learning models based on
sunshine period and sky-clearness index for the
humid-subtropical climate of India,” Environ.
Prog. & Sustainable Energy, vol. 42, no. 29, p.
e13973, 2022.

G. Nagarajan, and K. Mahesh, “Machine
learning based predict plant growth and yield
in greenhouse environments,” in Technology
Innovation in  Mechanical Engineering,
Springer, Singapore, 2022.

W. Zhou, Y. Liu, S. T. Ata-Ul-Karim, Q. Ge,
X. Li, and J. Xiao, “Integrating climate and
satellite remote sensing data for predicting
county-level wheat yield in China using
machine learning methods,” Int. J. App. Earth
Obs. Geoinf., vol. 111, p. 102861, 2022.

S. Mohapatra, M. Kundu, and S. Mohanty,
“Climate downscaling and prediction using
GIS-based machine learning,” in Proc. Second
International  Conference on  Computer

Science, Engineering and Applications
(ICCSEA), 1IEEE, 2022, pp. 1-6.

D. Byerlee, and R. Tripp, “Strengthening
linkages in agricultural research through a
farming systems perspective: The role of
social scientists,” Exp. Agric., vol. 24, no. 2,
pp. 137-151, 1988.



Contemporary Trends in Plant Health Care and Agriculture Extension Services 21

[49]

[50]

S. Kumar, R. Kumar, and U. Sah, “Linkages
among research, extension and farmers - A
review,” Agric. Rev. - Agric. Res. Commun.
Cen. Ind., vol. 22, no. 3/4, pp. 215-221, 2001.

R. Bourgeois, “Structural
integrating  agricultural
extension,” 1990.

R. Rivera-Huerta, G. Dutrénit, J. M. Ekboir,
J. L. Sampedro, and A. O. Vera-Cruz, “Do
linkages between farmers and academic
researchers influence researcher productivity?
The Mexican case,” Res. Pol., vol. 40, no. 7,

pp. 932-942, 2011.

M. Rinaldi, and Z. He, “Decision support
systems to manage irrigation in agriculture,”
Adv. Agron., vol. 123, pp. 229-279, 2014.

Z. Zhai, J. F. Martinez, V. Beltran, and N.
L. Martinez, “Decision support systems for
agriculture 4.0: Survey and challenges,”

Comput. Electron. Agric., vol. 170, no.
105256, 2020.

Y. W. Jame, and H. W. Cutforth, “Crop growth
models for decision support systems,” Can. J.
Plant Sci., vol. 76, no. 1, pp. 9-19, 1996.

C. D. Rose, W. J. Sutherland, J. William, C.
Parker, M. Lobley, M. Winter, C. Morris, S.
Twining, C. Ffoulkes, and T. Amano, “Decision
support tools for agriculture: Towards effective
design and delivery,” Systems, vol. 149, pp.
165-174, 2016.

F. J. Ferrandez-Pastor, J. M. Garcia-Chamizo,
M. Nieto-Hidalgo, J. Mora-Pascual, and J.
Mora-Martinez, “Developing  ubiquitous
sensor network platform using internet of
things: Application in precision agriculture,”
Sensors, vol. 16, no. 7, p. 1141, 2016.

S. Wolfert, L. Ge, C. Verdouw, and M. J.
Bogaardt, “Big data in smart farming - A
review,” Agric. Syst., vol. 153, pp. 69-80, 2017.

J. A. Lépez-Riquelme, N. Pavon-Pulido, H.
Navarro-Hellin, F. Soto-Valles, and R. Torres-
Sanchez, “A software architecture based on
FIWARE cloud for precision agriculture,”
Agric. Water Manage, vol. 183, pp. 123-135,
2017.

for
and

linkages
research

[51]

[54]

[55]

[56]

[58]

[59]

A. Sharifi, “Remote sensing and decision
support systems,” in Spatial Statistics for
Remote Sensing, A. Stein, F. Van der Meer,
and B. Gorte, Eds. Remote Sensing and Digital
Image Processing, Dordrecht: Springer, vol. 1,
1999.

W. Ping, I. R. Farah, and A. Hussain, “A novel
decision support system for the interpretation

of remote sensing big data,” Earth Sci. Inform.,
vol. 11, pp. 31-45, 2018.

W. Ping, J. Fu, W. Qiao, M. Yasir, S. Hui, M.
S. Hossain, and S. Nazir, “Decision support
system for hyperspectral remote-sensing data
of yellow river estuary, China,” Sci. Program.,
vol. 2021, no. 1376167, 2021.

B.J. Sowmya, A. Singh, Z. Khan, B. Sathvik, S.
Seema, and K. G. Srinivasa, “A utility system
for farmers to build decision support system
on agrometeorological data using machine
learning algorithms,” in Proc. 3rd International
Conference on Computing Informatics and
Networks. Lecture Notes in Networks and
Systems, A. Abraham, O. Castillo, D. Virmani,
Eds. Singapore: Springer, 2021.

M. W. P. Maduranga, and R. Abeysekera,
“Machine learning applications in IoT based
agriculture and smart farming: A review,” Int.
J. Eng. Appl. Sci. Technol., vol. 4, no. 12, pp.
24-27, 2020.

M. Singh, P. Singh, and S. B. Singh, “Decision
support system for farm management,”
World Academy of Science, Engineering and
Technology, vol. 39, pp. 346-349, 2008.

M. Debeljak, A. Trajanov, V. Kuzmanovski, J.
Schroder, T. Sandén, H. Spiegel ez al., “A field-
scale decision support system for assessment
and management of soil functions,” Front.
Environ. Sci., vol. 7, no. 115, 2019.

P. Ajewole, and F. Fayose, “Decision
support system approach to farm machinery
management in Nigeria,” in Proc. Pasae-Niae
2021 Virtual International Conference, 2021.

S. Fountas, C. G. Sorensen, Z. Tsiropoulos, C.
Cavalaris, V. Liakos, and T. Gemtos, “Farm
machinery management information system,”



22 International Journal of Knowledge Based Computer Systems

Volume 13 Issue 1 2025

[64]

[65]

[67]
[68]

[69]

Comput. Electron. Agric., vol. 110, pp. 131-
138, 2015.

R. G. Evans, and E. J. Sadler, “Methods and
technologies to improve efficiency of water
use,” Water Resour. Res., vol. 44, no. 7, 2008.

Watson Decision Platform for Agriculture.
[Online]. Available at: https://www.ibm.com/
downloads/cas’fONVXEB2A

L. Burketova, L. Trda, P. G. Ott, and O.
Valentova, “Bio-based resistance inducers
for sustainable plant protection against
pathogens,” Biotechnol. Adv., vol. 33, no. 6,
pp. 994-1004, 2015.

N. Ananthi, J. Divya, M. Divya, and V.
Janani, “loT based smart soil monitoring
system for agricultural production,” in
IEEE Technological Innovations in ICT for
Agriculture and Rural Development (TIAR),
2017, pp. 209-214.

R. N. Rao, and B. Sridhar, “IoT based
smart crop-field monitoring and automation
irrigation system,” in 2nd International
Conference on Inventive Systems and Control
(ICISC), 2018, pp. 478-483.

G. Fernandez, K. Vijayakumar, V.
Kalyanasundaram, S. Vidyasagar, K. S. D.
Selvabharathi, and R. Palanisamy, “Smart
soil monitoring and water conservation using
irrigation on technology,” Indo. J. Elec. Eng.
Comput. Sci., vol. 19, no. 1, pp. 99-107, 2020.

All India Network Project on Biofertilizers
(aicrp BNF). [Online]. Available: biofertilizers
— aicrp-biofertilizers (icar.gov.in)
https://www.iffco.in/en/organic -and-bio-fertilisers
e-Urvarak | National Informatics Centre.
[Online]. Available: www.nic.in

S. D. Khirade, and A. B. Patil, “Plant
disease detection using image processing,”
in International Conference on Computing
Communication Control and Automation,

2015, pp. 768-771.

F. Martinelli, R. Scalenghe, S. Davino et al.,
“Advanced methods of plant disease detection

- A review,” Agron. Sustain. Dev., vol. 35, pp.
1-25,2015.

[71]

[74]

[75]

[76]

[77]

[79]

I. Buja, E. Sabella, A. G. Monteduro, M.
S. Chiriaco, L. De Bellis, A. Luvisi, and
G. Maruccio, “Advances in plant disease
detection and monitoring: From traditional
assays to in-field diagnostics,” Sensors
(Basel), vol. 21, no. 6, p. 2129, 2021.

A. Mohammad-Razdari, D. Rousseau, A.
Bakhshipour, S. Taylor, J. Poveda, and H.
Kiani, “Recent advances in e-monitoring of
plant diseases,” Biosens. Bioelectron., vol.
201, p. 113953, 2022.

A. Musa, M. Hamada, F. M. Aliyu, and
M. Hassan, “An intelligent plant disease
detection system for smart hydroponic
using convolutional neural network,” in
Proc. IEEE 14th International Symposium on
Embedded Multicore/Many-core Systems-on-
Chip (MCSoC), 1IEEE, 2021, pp. 345-351.

K. Indumathi, R. Hemalatha, S. A. Nandhini,
and S. Radha, “Intelligent plant disease
detection system using wireless multimedia
sensor networks,” in Proc. International
Conference on Wireless Communications,
Signal  Processing  and  Networking
(WiSPNET), 1EEE, 2017, pp. 1607-1611.

A. Haridasan, J. Thomas, and E. D. Raj,
“Deep learning system for paddy plant disease
detection and classification,” Environ. Monit.
Assess., vol. 195, no. 120, 2023.

J. Liu, and X. Wang, “Plant diseases and pests
detection based on deep learning: A review,”
Plant Methods, vol. 17, no. 22, 2021.

N. Radha, and R. Swathika, “A polyhouse:
Plant monitoring and diseases detection using
CNN,” in Proc. International Conference

on Artificial Intelligence and Smart Systems
(ICAILS), 2021, pp. 966-971.

J. Zhang, Y. Huang, R. Pu, P. Gonzalez-
Moreno, L. Yuan, K. Wu, and W. Huang,
“Monitoring plant diseases and pests through
remote sensing technology: A review,”
Comput. Electron. Agric., vol. 165, p. 104943,
2019.

Y. Fang, and R. P. Ramasamy, “Current
and prospective methods for plant disease



Contemporary Trends in Plant Health Care and Agriculture Extension Services 23

[85]

detection,” Biosensors (Basel), vol. 5, no. 3,
pp. 537-561, 2015.

S. Augustin, N. Boonham, W. J. D. Kogel, P.
Donner, M. Faccoli, D. C. Lees, and A. Battisti,
“A review of pest surveillance techniques for
detecting quarantine pests in Europe,” EPPO
Bull., vol. 42, no. 3, pp. 515-551, 2012.

T. Liu, W. Chen, W. Wu, C. Sun, W. Guo, and
X. Zhu. “Detection of aphids in wheat fields
using a computer vision technique,” Biosyst.
Eng., vol. 141, pp. 82-93, 2016.

C.J. Chen, Y. Y. Huang, Y. S. Li, C. Y. Chang,
and Y. M. Huang, “An AloT based smart
agricultural system for pests detection,” IEEE
Access, vol. 8, pp. 180750-180761, 2020.

H. Nagar, and R. S. Sharma, “A comprehensive
survey on pest detection techniques using
image processing,” in 4th International
Conference on Intelligent Computing and
Control Systems (ICICCS), 1IEEE, 2020, pp.
43-48.

M. A. Ebrahimi, M. H. Khoshtaghaza, S.
Minaei, and B. Jamshidi, “Vison-based
pest detection based on SVM classification
method,” Comput. Electron. Agric., vol. 137,
pp. 52-58, 2017.

G. Pattnaik, and K. Parvathi, “A review on
advanced techniques on plant pest detection
and classification,” Smart Intell. Comput.
Appl., pp. 665-673, 2020.

L. Heeb, E. Jenner, and M. J. Cock, “Climate-
smart pest management: Building resilience
of farms and landscapes to changing pest
threats,” J. Pest Sci., vol. 92, no. 3, pp. 951-
969, 2019.

C. Frezal, and G. Garsous, “New digital
technologies to tackle trade in illegal
pesticides,” OECD Trade and Environment
Working Papers, no. 2020/02, Paris: OECD
Publishing, 2020.

J.Kaur, K. P. Sahu, and S. Singh, “Optimization
of pest management using artificial
intelligence: Fundamentals and applications,”
Souvenir & Abstracts, vol. 11, n.d.

[89]

[95]

J. Kreuze, J. Adewopo, M. Selvaraj, L.
Mwanzia, P. Kumar, W. J. Cuellar, and G.
Blomme, “Innovative digital technologies to
monitor and control pest and disease threats
in Root, Tuber, and Banana (RT&B) cropping
systems: Progress and prospects,” Root, Tuber
and Banana Food System Innovations, pp.

261-288, 2022.

S. Azfar, A. Nadeem, and A. Basit, “Pest
detection and control techniques using
wireless sensor network: A review,” Journal

of Entomology and Zoology Studies, vol. 3,
no. 2, pp. 92-99, 2015.

J. G. A. Barbedo, “Detecting and classifying
pests in crops using proximal images and
machine learning: A review,” A7, vol. 1, no. 2,
pp. 312-328, 2020.

F. Awuor, S. Otanga, V. Kimeli, D. Rambim,
and T. Abuya, “e-pest surveillance: Large
scale crop pest surveillance and control,”
in Proc. IST-Africa Week Conference (IST-
Africa), IEEE, 2019, pp. 1-8.

J. M. Jez, C.N. Topp, G. Silva, J. Tomlinson,
N. Onkokesung, S. Sommer, and N. Boonham,
“Plant pest surveillance: From satellites to
molecules,” Emerging Top. Life Sci., vol. 5,
no. 2, pp. 275-287, 2021.

Z. Basati, B. Jamshidi, M. Rasekh, and Y.
Abbaspour-Gilandeh, “Detection of sunn
pest-damaged wheat samples using visible/
near-infrared spectroscopy based on pattern

recognition,” Spectrochim. Acta, Part A, vol.
203, pp. 308-314, 2018.

Y. Zhao, Y. He, and X. Xu, “A novel algorithm
for damage recognition on pest-infested
oilseed rape leaves,” Comput. Electron. Agric.,
vol. 89, pp. 41-50, 2012.

D. Mondal, K. Roy, D. Pal, and D. K. Kole,
“Deep learning-based approach to detect and
classify signs of crop leaf diseases and pest
damage,” SN Comput. Sci., vol. 3, no. 6, pp.
1-12, 2022.

C. Nandhini, and M. Brindha, “Deep learning
solutions for pest detection,” in Object



24 International Journal of Knowledge Based Computer Systems

Volume 13 Issue 1 2025

Detection with Deep Learning Models,
Chapman and Hall/CRC, pp. 179-198, 2022.

M. A. Ebrahimi, M. H. Khoshtaghaza, S.
Minaei, and B. Jamshidi, “Vision-based
pest detection based on SVM classification
method,” Comput. Electron. Agric., vol. 137,
pp. 52-58, 2017.

K. A. Vakilian, and J. Massah, “Performance
evaluation of a machine vision system for
insect pests identification of field crops using
artificial neural networks,” Arch. Phytopathol.
Plant Prot., vol. 46, no. 11, pp. 1262-1269,
2013.

[100] Z. Qiang, and F. Shi, “Pest disease detection of
Brassica chinensis in wide scenes via machine
vision: Method and deployment,” J. Plant Dis.
Prot., vol. 129, no. 3, pp. 533-544, 2022.

[101]E. Onler, “Real time pest detection using
YOLOVS,” Int. J. Agric. Nat. Sci., vol. 14, no.
3, pp. 232-246, 2021.

[102] D. C. Corrales, J. C. Corrales, and A. Figueroa-
Casas, “Towards detecting crop diseases and
pest by supervised learning,” Ingenieriay
Universidad, vol. 19, no. 1, pp. 207-228, 2015.

[I03]R. Pratheba, A. Sivasangari, and D.
Saraswady, “Performance analysis of
pest detection for agricultural field using
clustering techniques,” in Proc. International
Conference on Circuits, Power and Computing
Technologies(ICCPCT-2014), 1EEE, 2014, pp.
1426-1431.

[104]J. W. Chen, W. J. Lin, H. J. Cheng, C. L. Hung,
C. Y. Lin, and S. P. Chen, “A smartphone-
based application for scale pest detection
using multiple-object detection methods,”
Electronics, vol. 10, no. 4, p. 372, 2021.

[105] H. Rware, M. K. Kansiime, I. Mugambi, D.
Onyango, J. A. Tambo, C. M. Banda, and
J. Godwin, “Is radio an effective method
for delivering actionable information for
responding to emerging pest threats? A case
study of fall armyworm campaign in Zambia,”
CABI Agric. Biosci., vol. 2, no. 1, pp. 1-11,
2021.

[106] L. Nanni, G. Maguolo, and F. Pancino, “Insect
pest image detection and recognition based on
bio-inspired methods,” Ecol. Inf., vol. 57, no.
101089, 2020.

[107] Z. Zheng, and C. Zhang, “Electronic noses
based on metal oxide semiconductor sensors
for detecting crop diseases and insect pests,”
Comput. Electron. Agri., vol. 197, p. 106988,
2022.

[108] W. G. Henderson, A. Khalilian, Y. J. Han, J.
K. Greene, and D. C. Degenhardt, “Detecting
stink bugs/damage in cotton utilizing a
portable electronic nose,” Comput. Electron.
Agri., vol. 70, no. 1, pp. 157-162, 2010.

[109] S. Miresmailli, D. Badulescu, M. Mahdaviani,
R. H. Zamar, and M. B. Isman, “Integrating
plant chemical ecology, sensors and artificial
intelligence for accurate pest monitoring,”

Tomatoes.: Agriculture Procedures Pathogen,
2009.

[110] B. D. Lampson, “Detection and identification
of agricultural pests and pest damage using
novel sensing technologies,” Doctoral
dissertation, Clemson University, 2012.

[111] H. Abid, N. Nida, and A. Irtaza, “PestinaNet
- A real-time crop pest detection system,”
in Proc. 2nd International Conference on
Computing and Machine Intelligence (ICM]I),
IEEE, 2022, pp. 1-4.

[112] C. H. Bock, G. H. Poole, P. E. Parker, and T.
R. Gottwald, “Plant disease severity estimated
visually, by digital photography and image
analysis, and by hyperspectral imaging,” Crit.
Rev. Plant Sci., vol. 29, no. 2, pp. 59-107,
2010.

[113] M. C. Ferreira Lima, M. E. Damascena de
Almeida Leandro, C. Valero, L. C. Pereira
Coronel, and C. O. Gongalves Bazzo,
“Automatic detection and monitoring of insect

pests - A review,” Agriculture, vol. 10, no. 5,
p. 161, 2020.

[114] L. C. Ngugi, M. Abelwahab, and M. Abo-
Zahhad, “Recent advances in image processing
techniques for automated leaf pest and disease



Contemporary Trends in Plant Health Care and Agriculture Extension Services 25

recognition - A review,” Info. Process. Agri.,
vol, 8, no. 1, pp. 27-51, 2021.

[115] K. Kusrini, A. Setyanto, . M. A. Agastya, S.
Pariyasto, W. W. Widiyanto, and H. Priantoro.
“Automatic mango leaf and trunk detection
as supporting tool of mango pest identifier
(MPI),” in Proc. 3rd International Conference
on Cybernetics and Intelligent System
(ICORIS), IEEE, 2021, pp. 1-7.

[116] W. Tan, C. Zhao, and H. Wu, “Intelligent
alerting for fruit-melon lesion image based on
momentum deep learning,” Multimedia Tools
Appl., vol. 75, no. 24, pp. 16741-16761, 2016.

[117] W. Dawei, D. Limiao, N. Jiangong, G. Jiyue,
Z. Hongfei, and H. Zhongzhi, “Recognition
pest by image-based transfer learning,” J. Sci.
Food Agric., vol. 99, no. 10, pp. 4524-4531,
2019.

[118] J. Chen, W. Chen, A. Zeb, A. D. Zhang, and Y.
A. Nanehkaran, “Crop pest recognition using
attention-embedded  lightweight network
under field conditions,” Appl. Entomol. Zool.,
vol. 56, no. 4, pp. 427-442, 2021.

[119] M. G. Selvaraj, A. Vergara, H. Ruiz, N. Safari,
S. Elayabalan, W. Ocimati, and G. Blomme,
“Al-powered banana diseases and pest
detection,” Plant Methods, vol. 15, no. 1, pp.
1-11, 2019.

[120]P. K. Sethy, C. Bhoi, N. K. Barpanda, S.
Panda, S. K. Behera, and A. K. Rath, “Pest
detection and recognition in rice crop using
SVM in approach of bag-of-words,” in
International Conference on Software and
System Processes, 2017.

[121] F. Faithpraise, P. Birch, R. Young, J. Obu, B.
Faithpraise, and C. Chatwin, “Automatic plant
pest detection and recognition using k-means
clustering algorithm and correspondence
filters,” Int. J. Adv. Biotech. Res., vol. 4, no. 2,
pp- 189-199, 2013.

[122] T. A. S. Perera, and J. Collins, “Novel
embedded system based species recognition

system for pest control,” Int. J. Comput.
Digital Syst., vol. 5, no. 5, 2016.

[123] C. J. Chen, J. S. Wu, C. Y. Chang, and Y. M.
Huang, “Agricultural pests damage detection
using deep learning,” in Proc. International
Conference on Network-Based Information
Systems, Springer, Cham, 2019, pp. 545-554.

[124]J. Zhang, R. Ji, X. Yuan, H. Li, and L. Qi,
“Recognition of pest damage for cotton leaf
based on RBF-SVM algorithm,” Trans. Chin.
Soc. Agric. Mach., vol. 42, no. 8, pp. 178-183,
2011.

[125] S. Cui, P. Ling, H. Zhu, and H. M. Keener,
“Plant pest detection using an artificial nose
system: a review,” Sensors, vol. 18, no. 2, p.

378, 2018.

[126] B. D. Lampson, Y. J. Han, A. Khalilian, J. K.
Greene, D. C. Degenhardt, and J. O. Hallstrom,
“Development of a portable electronic nose for

detection of pests and plant damage,” Comput.
Electron. Agric., vol. 108, pp. 87-94, 2014.

[127] P. Gimbarzevsky, “Remote sensing in forest
damage detection and appraisal: Selected
annotated bibliography,” Pacific Forest
Research Centre, Canadian Forestry Service,
1984.

[128] A. L. P. de Ocampo, and E. P. Dadios,
“Integrated weed estimation and pest damage
detection in Solanum melongena plantation
via aerial vision-based proximal sensing,”
Philipp. J. Sci., vol. 150, no. 4, pp. 677-688,
2021.

[129] C. K. Panda, “Advances in application of ICT
in crop pest and disease management,” in
Natural Remedies for Pest, Disease and Weed
Control. Academic Press, 2020, pp. 235-242.

[130] G. Norton, and M. Taylor, “What pest is
that? Recent developments in digital pest
diagnostics,” Outlooks Pest Manage., vol. 21,
no. 5, pp. 236-238, 2010.

[131] W. M. Getz, and A. P. Gutierrez, “A perspective
on systems analysis in crop production and
insect pest management,” Annu. Rev. Entomol.,
vol. 27, no. 1, pp. 447-466, 1982.

[132] W. Li, T. Zheng, Z. Yang, M. Li, C. Sun, and X.
Yang, “Classification and detection of insects



26 International Journal of Knowledge Based Computer Systems

Volume 13 Issue 1 2025

from field images using deep learning for
smart pest management: A systematic review,”
Ecol. Inf., vol. 66, no. 101460, 2021.

[133]W. Ding, and G. Taylor, ‘“Automatic
moth detection from trap images for pest
management,” Comput. Electron. Agric., vol.

123, pp. 17-28, 2016.

[134] D. L. Haynes, R. K. Brandenburg, and P. D.
Fisher, “Environmental monitoring network
for pest management systems,” Environ.
Entomol., vol. 2, no. 5, pp. 889-900, 1973.

[135] F. H. L. Filho, W. B. Heldens, Z. Kong, and E.
S. de Lange, “Drones: Innovative technology
for use in precision pest management,” J.
Econ. Entomol., vol. 113, no. 1, pp. 1-25,
2020.

[136] R. M. Strickland, D. R. Ess, and S. D.
Parsons, “Precision farming and precision
pest management: The power of new crop

production technologies,” J. Nematol., vol.
30, no. 4, p. 431, 1998.

[137] S. J. Thomson, and D. L. Sudbrink, “Digital
imaging from agricultural aircraft: System
configurations and constraints for integrated
pest management, weed detection, and
determination of crop status,” in Proc. [8th
Biennial Workshop on Color Photography and
Videography in Resource Assessment, 2004.

[138] Y. Huang, Y. Lan, and W. C. Hoffmann,
“Use of airborne multi-spectral imagery in

pest management systems,” Agricultural
Engineering International: CIGR Journal,
vol. 1, 2008.

[139] Y. Koumpouros, B. D. Mahaman, M.
Maliappis, H. C. Passam, A. B. Sideridis, and
V. Zorkadis, “Image processing for distance
diagnosis in pest management,” Comput.
Electron. Agric., vol. 44, no. 2, pp. 121-131,
2004.

[140] Y. He, H. Zeng, Y. Fan, S. Ji, and J. Wu,
“Application of deep learning in integrated
pest management: A real-time system for
detection and diagnosis of oilseed rape pests,”
Mobile Inf- Syst., vol. 1, 2019.

[141] A. A. Beckler, B. Wade French, and L. D.
Chandler, “Using GIS in areawide pest
management: A case study in South Dakota,”
Trans. GIS, vol. 9, no. 2, pp. 109-127, 2005.

[142] P. Damos, “Modular structure of web-based
decision support systems for integrated pest
management - A review,” Agron. Sustainable
Dev., vol. 35, no. 4, pp. 1347-1372, 2015.

[143] S. Sankaran, A. Mishra, R. Ehsani, and C.
Davis, “A review of advanced techniques
for detecting plant diseases,” Computers and

Electronics in Agriculture, vol. 72, no. 1, pp.
1-13, 2010.

[144] A. K. Mahlein, E. C. Oerke, U. Steiner, and H.
W. Dehne, “Recent advances in sensing plant
diseases for precision crop protection,” Eur.
J. Plant Pathol., vol. 133, no. 1, pp. 197-209,
2012.

[145] J. G. Arnal Barbedo, “Digital image processing
techniques for detecting, quantifying and
classifying plant diseases,” SpringerPlus, vol.
2,no. 1, pp. 1-12, 2013.

[146] S. Kumar, and R. Kaur, “Plant disease
detection using image processing - A review,”
Int. J. Comput. Appl., vol. 124, no. 16, 2015.

[147] V. Pooja, R. Das, and V. Kanchana,
“Identification of plant leaf diseases using
image processing techniques,” in Proc.
IEEE Technological Innovations in ICT for
Agriculture and Rural Development (TIAR),
IEEE, 2017, pp. 130-133.

[148] P. Trematerra, “Aspects related to decision
support tools and integrated pest management
in food chains,” Food Control, vol. 34, no. 2,
pp. 733-742, 2013.

[149] G. G. Hungilo, G. Emmanuel, and A. W.
Emanuel, “Image processing techniques for
detecting and classification of plant disease: A
review,” in Proc. International Conference on

Intelligent Medicine and Image Processing,
2019, pp. 48-52.

[150] N. Gobalakrishnan, K. Pradeep, C. J. Raman,
L. J. Ali, and M. P. Gopinath, “A systematic
review on image processing and machine



Contemporary Trends in Plant Health Care and Agriculture Extension Services 27

learning techniques for detecting plant
diseases,” in Proc. International Conference
on Communication and Signal Processing
(ICCSP), IEEE, 2020, pp. 465-468.

[151] S. P. Mohanty, D. P. Hughes, and M. Salathé,
“Using deep learning for image-based plant
disease detection,” Front. Plant Sci., vol. 7,
no. 1419, 2016.

[152] S. K. Tichkule, and D. H. Gawali, “Plant
diseases detection using image processing
techniques,” in  Online  International

Conference on Green Engineering and
Technologies (IC-GET), 1EEE, 2016, pp. 1-6.

[153] C. A. Berdugo, R. Zito, S. Paulus, and A.
K. Mahlein, “Fusion of sensor data for the
detection and differentiation of plant diseases

in cucumber,” Plant Pathol., vol. 63, no. 6, pp.
1344-1356, 2014.

[154] Y. Ampatzidis, L. De Bellis, and A. Luvisi,
“iPathology: Robotic  applications and
management of plants and plant diseases,”
Sustainability, vol. 9, no. 6, p. 1010, 2017.

[155] K. P. Ferentinos, “Deep learning models
for plant disease detection and diagnosis,”
Comput. Electron. Agric., vol. 145, pp. 311-
318, 2018.

[156] J. G. Barbedo, “Factors influencing the use of
deep learning for plant disease recognition,”
Biosyst. Eng., vol. 172, pp. 84-91, 2018.

[157]J. Chen, D. Zhang, and Y. A. Nanehkaran,
“Identifying plant diseases using deep transfer
learning and enhanced lightweight network,”
Multimedia Tools Appl., vol. 79, no. 41, pp.
31497-31515, 2020.

[158] M. Loey, A. ElSawy, and M. Afify, “Deep
learning in plant diseases detection for
agricultural crops: A survey,” Int. J. Serv. Sci.
Manage. Eng. Technol. (1IISSMET), vol. 11,
no. 2, pp. 41-58, 2020.

[159] S. Sladojevic, M.  Arsenovic, A.
Anderla, D. Culibrk, and D. Stefanovic,
“Deep neural networks based recognition of
plant diseases by leaf image classification,”
Comput. Intell. Neurosci., 2016.

[160] S. Hernandez, and J. L. Lopez, “Uncertainty
quantification for plant disease detection using
Bayesian deep learning,” Appl. Soft Comput.,
vol. 96, p. 106597, 2020.

[161] M. Afify, M. Loey, and A. Elsawy, “A robust
intelligent system for detecting tomato crop
diseases using deep learning,” Int. J. Software
Sci. Comput. Intell. (IJSSCI), vol. 14, no. 1,
pp. 1-21, 2022.

[162] S. Thomas, M. T. Kuska, D. Bohnenkamp,
A. Brugger, E. Alisaac, M. Wahabzada, and
A. K. Mahlein, “Benefits of hyperspectral
imaging for plant disease detection and plant
protection: A technical perspective,” J. Plant
Dis. Prot., vol. 125, no. 1, pp. 5-20, 2018.

[163] A. Ahmad, D. Saraswat, and A. El Gamal, “A
survey on using deep learning techniques for
plant disease diagnosis and recommendations
for development of appropriate tools,” Smart
Agric. Technol., p. 100083, 2022.

[164] L. Wan, H. Li, C. Li, A. Wang, Y. Yang, and
P. Wang, “Hyperspectral sensing of plant
diseases: Principle and methods,” Agronomy,
vol. 12, no. 6, p. 1451, 2022.

[165] T. Singh, D. Singh, and S. S. Bedi, “Monitoring
and detecting plant diseases using cloud-
based internet of things,” in Integration and
Implementation of the Internet of Things
Through Cloud Computing. 1GI Global, 2021,
pp- 217-235.

[166] A. Khattab, S. E. Habib, H. Ismail, S. Zayan,
Y. Fahmy, and M. M. Khairy, “An IoT-based
cognitive monitoring system for early plant

disease forecast,” Comput. Electron. Agric.,
vol. 166, no. 105028, 2019.

[167] J. Boulent, S. Foucher, J. Théau, and P. L. St-
Charles, “Convolutional neural networks for

the automatic identification of plant diseases,”
Front. Plant Sci., vol. 10, p. 941, 2019.

[168] A. Darwish, D. Ezzat, and A. E. Hassanien,
“An optimized model based on convolutional
neural networks and orthogonal learning
particle swarm optimization algorithm for

plant diseases diagnosis,” Swarm Evol.
Comput., vol. 52, p. 100616, 2020.



28 International Journal of Knowledge Based Computer Systems

Volume 13 Issue 1 2025

[169] X. Yang, and T. Guo, “Machine learning in

plant disease research,” European Journal of

BioMedical Research, vol. 3, no. 1, p. 6,2017.

[170] T. Rumpf, A. K. Mabhlein, U. Steiner, E. C.
Oerke, H. W. Dehne, and L. Pliimer, “Early
detection and classification of plant diseases
with support vector machines based on

hyperspectral reflectance,” Comput. Electron.
Agric., vol. 74, no. 1, pp. 91-99, 2010.

[171] R. Kaur, and S. S. Kang, “An enhancement in
classifier support vector machine to improve
plant disease detection,” in Proc. IEEE
3rd International Conference on MOQOCs,
Innovation and Technology in Education
(MITE), IEEE, Oct. 2015, pp. 135-140.

[172] D. S. Tan, R. N. Leong, A. F. Laguna, C. A.
Ngo, A. Lao, D. M. Amalin, and D. G. lvindia,
“AuToDiDAC: Automated tool for disease
detection and assessment for cacao black pod
rot,” Crop Prot., vol. 103, pp. 98-102, 2018.

[173]J). Quinn, “Computational techniques for
crop disease monitoring in the developing
world,” in Proc. International Symposium on
Intelligent Data Analysis, Springer, Berlin,
Heidelberg, 2013, pp. 13-18.

[174] A. Rehman, T. Saba, M. Kashif, S. M. Fati,
S. A. Bahaj, and H. Chaudhry, “A revisit of
internet of things technologies for monitoring
and control strategies in smart agriculture,”
Agronomy, vol. 12, no. 1, p. 127, 2022.

[175] Y. Shi, Z. Wang, X. Wang, and S. Zhang,
“Internet of things application to monitoring
plant disease and insect pests,” in Proc.
International Conference on Applied Science

and Engineering Innovation, Atlantis Press,
2017, pp. 31-34.

[176] G. Nagasubramanian, R. K. Sakthivel, R.
Patan, M. Sankayya, M. Daneshm, and A. H.
Gandomi, “Ensemble classification and IoT-
based pattern recognition for crop disease
monitoring system,” /IEEE Internet Things J.,
vol. 8, no. 16, pp. 12847-12854, 2021.

[177] Shi, “Monitoring and discrimination of plant
disease and insect pests based on agricultural
[0T,” in Proc. 4th International Conference

on Information Technology and Management
Innovation, Atlantis Press, 2015, pp. 112-115.

[178] D. Gao, Q. Sun, B, Hu, and S. Zhang, “A
framework for agricultural pest and disease
monitoring based on internet-of-things and
unmanned aerial vehicles,” Sensors, vol. 20,
no. 5, p. 1487, 2020.

[179] E. Ivliev, V. Demchenko, and P. Obukhov,
“Automatic monitoring of smart greenhouse
parameters and detection of plant diseases
by neural networks,” in Robotics, Machinery
and Engineering Technology for Precision
Agriculture, Springer, Singapore, 2022, pp.
29-36.

[180] H. Rizk, and M. K. Habib, “Robotized early
plant health monitoring system,” in Proc.
IECON 2018 - 44th Annual Conference of the
IEEE Industrial Electronics Society, 1EEE,
2018, pp. 3795-3800.

[181] K. Neupane, and F. Baysal-Gurel, “Automatic
identification and monitoring of plant diseases
using unmanned aerial vehicles: A review,”
Remote Sens., vol. 13, no. 19, p. 3841, 2021.

[182] S. Zhang, W. Huang, and H. Wang, “Crop
disease monitoring and recognizing system by
soft computing and image processing models,”
Multimedia Tools and Appl., vol. 79, no. 41,
pp- 30905-30916, 2020.

[183] D.A.Ivanov,and M. A. Bernards, “Chlorophyll
fluorescence imaging as a tool to monitor the
progress of a root pathogen in a perennial
plant,” Planta, vol. 243, no. 1, pp. 263-279,
2016.

[184] L. Yuan, Z. Bao, H. Zhang, Y. Zhang, and X.
Liang, “Habitat monitoring to evaluate crop
disease and pest distributions based on multi-
source satellite remote sensing imagery,”

Optik, vol. 145, pp. 66-73, 2017.

[185] M. C. Mothapo, T. Dube, E. Abdel-Rahman,
and M. Sibanda, “Progress in the use of
geospatial and remote sensing technologies in
the assessment and monitoring of tomato crop

diseases,” Geocarto Int., vol. 37, no. 16, pp.
4784-4804, 2022.



Contemporary Trends in Plant Health Care and Agriculture Extension Services 29

[186]J. Zhang, L. Yuan, J. Wang, J. Luo, S. Du,
and W. Huang, “Research progress of crop
diseases and pests monitoring based on remote

sensing,” Trans. Chin. Soc. Agric. Eng., vol.
28, no. 20, pp. 1-11, 2012.

[187] M. Brahimi, M. Arsenovic, S. Laraba, S.
Sladojevic, K. Boukhalfa, and A. Moussaoui,
“Deep learning for plant diseases: Detection
and saliency map visualisation,” in Human
and Machine Learning, Springer, Cham, 2018,
pp. 93-117.

[188] X. Wu, C. Wang, Z. Xu, and Y. Hu,
“Application of GIS technology in monitoring
and warning system for crop diseases and
insect pests,” in Proc. Geoinformatics 2008
and Joint Conference on GIS and Built
Environment: Monitoring and Assessment of
Natural Resources and Environments, SPIE,

2018, vol. 7145, pp. 391-399.

[189] A. Gamal, G. 1. Sayed, A. Darwish, and A.
E. Hassanien, “A new proposed model for
plant diseases monitoring based on data
mining techniques,” in Plant Bioinformatics,

Springer, Cham, 2017, pp. 179-195.

[190] F. Nabi, S. Jamwal, and K. Padmanbh,
“Wireless sensor network in precision farming
for forecasting and monitoring of apple
disease: A survey,” Int. J. Inf. Technol., pp.
1-12, 2020.

[191] Z. L1, Y. Liu, O. Hossain, R. Paul, S. Yao, S.
Wu, and Q. Wei, “Real-time monitoring of
plant stresses via chemiresistive profiling of

leaf volatiles by a wearable sensor,” Matter,
vol. 4, no. 7, pp. 2553-2570, 2021.

[192] C. Von Krocher, and M. Réhrig, “Monitoring
of plant pests and diseases as a base of the
Germany-wide online decision support
system ISIP,” J. Fiir Verbraucherschutz und
Lebensmittelsicherheit, vol. 2, no. 1, pp. 50-
51, 2007.

[193] H. Zhang, H. Hu, and H. Zhang, “Monitoring
methods of crop diseases and pests based on

hyperspectral technology,” Int. J. Simul. Syst.
Sci. Technol., vol. 17, no. 11, p. 2, 2016.

[194] A. Y. Dong, Z. Wang, J. J. Huang, B. A.
Song, and G. F. Hao, “Bioinformatic tools
support decision-making in plant disease
management,” Trends Plant Sci., vol. 26, no.
9, pp. 953-967, 2021.

[195] K. Alemu, “The role and application of
bioinformatics in plant disease management,”
Adv. Life Sci. Technol., vol. 28, pp. 28-33,
2015.

[196] J. W. Travis, and R. X. Latin, “Development,
implementation, and adoption of expert
systems in plant pathology,” Annu. Rev.
Phytopathol., vol. 29, no. 1, pp. 343-360,
1991.

[197] F. X.R. Do Vale, E. I. F. Filho, J. R. Liberto, and
L. Zambolim, “Quant - A software to quantify
plant disease severity,” in [nternational

Workshop on Plant Disease Epidemiology,
vol. 1, p. 161, 2001.

[198] K. P. Singh, T. Aravind, A. K. Srivastava,
and C. S. Karibasappa, “Decision-making
tools for integrated disease management,” in
Emerging Trends in Plant Pathology, Springer,
Singapore, 2021, pp. 703-724.

[199]J. Lakhani, and D. Harwani, “Deep
convolution neural network based prediction

and classification of blight disease of potato,”
J. Phytol. Res., vol. 34, no. 2, 2021.

[200] B. S. Dhillon, and T. S. Thind, “Information
and communication technology for effective

integrated pest management,” Curr. Sci., vol.
110, no. 3, p. 287, 2016.

[201] R. Alguliyev, Y. Imamverdiyev, L. Sukhostat,
and R. Bayramov, “Plant disease detection
based on a deep model,” Soft Comput., vol. 25,
no. 21, pp. 13229-13242, 2021.

[202] M. K. Gayatri, J. Jayasakthi, and G. S. Mala,
“Providing smart agricultural solutions to
farmers for better yielding using IoT,” in
IEEE Technological Innovation in ICT for
Agriculture and Rural Development (TIAR),
IEEE, 2015, pp. 40-43.

[203] S. Sadowski, and P. Spachos, “Wireless
technologies for smart agricultural monitoring



30 International Journal of Knowledge Based Computer Systems Volume 13 Issue 1 2025

using internet of things devices with energy  [205] M. Sachidananda, S. Rahimifard, and D.

harvesting capabilities,” Comput. Electron. P. Webb, “A decision tool for improving
Agric., vol. 172, p. 105338, 2020. manufacturing water usage efficiency,” Int.
[204] M. Ashifuddin Mondal, and Z. Rehena, “IoT J. Comput. Integr. Manuf., vol. 33, no. 9, pp.
based intelligent agriculture field monitoring 823-839, 2020.
system,” in Proc. 8th International Conference  [206] A. J. Churi, M. R. Mlozi, H. Mahoo, S. D.
on Cloud Computing, Data Science & Tumbo, and R. Casmir, “A decision support
Engineering (Confluence), 1EEE, 2018, pp. system for enhancing crop productivity of
625-629. smallholder farmers in semi-arid agriculture,”

Int. J. Inf., vol. 3, no. 8, 2013.



