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The primary objective of this article is to present a comprehensive dataset for

controlling and monitoring red palm weevil (RPW) (Rhynchophorus ferrugineus)

infestation. For this purpose, several digital and thermal images of date palm trees

(Phoenix dactylifera L.) have been captured from various date palm groves in

Khairpur, Sindh, Pakistan. Each image in the dataset is annotated with the farmers’

feedback regarding the health status of the corresponding tree, categorizing it as

non-infected, infected, badly damaged, or dead. This dataset aims to facilitate (1)

RPW pest management and (2) the development and evaluation of machine

learning algorithms for automated date palm tree classification by providing a

diverse collection of images and groundtruth labels. It contains 832 images (RGB

and thermal) collected through the onground survey in date palm fields, which

are classified based on visual inspection and the farmers’ feedback. A neural

network-based thermal analysis is made, which validates the initial classification.

The dataset shows promising potential for further studies, supporting a wide

range of research topics extending the body of knowledge. It is valuable for

researchers, industry professionals, public authorities, and others interested in

harvesting date palm trees.
KEYWORDS

date palm tree dataset, smart agriculture, RPW infestation, thermal images, AI
in agriculture
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1 Introduction

The date palm trees are revered for their nutritious and high-

energy fruits. They are drought-tolerant and thrive in hot, arid

regions. Each tree has a single sturdy trunk covered with persistent

leaf bases. The male tree produces pollen while the female tree bears

fruit. The date palm trees (Phoenix dactylifera) are of significant

economic and cultural importance in various regions worldwide,

particularly in arid and semi-arid climates like those found in

Khairpur, Sindh, Pakistan. However, these trees are susceptible

to the red palm weevil (RPW) pest, bayoud disease, and

environmental stresses that adversely affect their productivity and

overall health. Timely detection and management of these issues are

crucial for sustainable date palm cultivation. The date palm is a

nutritious and high-energy fruit consumed globally. According to

statistics from Nationmaster (2020), Pakistan ranks as the sixth-

leading producer and consumer of dates worldwide. Remote

sensing techniques, including RGB and thermal imaging, offer a

non-invasive and efficient means of monitoring plant health and

detecting stress factors. RGB imaging provides visual information

about the foliage and appearance of date palm trees, while thermal

imaging offers insights into their physiological status by measuring

the trunk and crown temperature variations. Integrating these two

modalities can enhance the accuracy and reliability of plant

health assessment.

El-Habbab et al. (2017) demonstrated the effectiveness of

remote sensing technologies for monitoring plant health and

detecting stress factors in various crops, including date palm

trees. A review by Alsadik et al. (2024) explored UAV-based

remote sensing for monitoring and managing pests and diseases

in date palms, highlighting sensor technologies (RGB, multispectral,

hyperspectral, thermal, and LiDAR), vegetation indices, and

machine learning integration for accurate detection. It outlines

future directions to enhance UAV applications in palm health

management. Similarly, Al-Mulla and Al-Ruehelli (2020) explore

the use of airborne remote sensing, including VHR satellite imagery

and UAVs, to detect pest infestations in Oman’s 7.6 million date

palm trees, a vital crop covering 35% of the agricultural area.

Focused on the Sultan Qaboos University farm, the research

identified a new disease through its unique spectral signature in

the large-scale detection of infected trees using multispectral and

high-resolution RGB drone imagery.

NationMaster provides the statistical data on date production in

Pakistan from 1991 to 2019, highlighting a consistent pattern of

decline from 2002 to 2019. Meanwhile, the annual consumption of

dates has been significantly increasing since 2005, indicating a

growing imbalance between production and consumption. The

decrease in production is primarily attributed to water scarcity

and inappropriate pest management. The local farmers rely on

manual methods for identifying infected trees through on-ground

routine surveys, which are inefficient and sometimes delayed,

allowing pests to spread to nearby trees. This late detection causes

the need for timely identification and intervention to prevent

further damage. This study emphasizes the critical importance of
Frontiers in Agronomy 02
early detection to mitigate the spread of pests and preserve healthy

trees. Therefore, decision-making requires a comprehensive and

dependable dataset.

Table 1 shows that Hamaidi (2019) published the dataset

named “Date Palm data,” which encompasses a collection of

2,631 images capturing various aspects of date palm health,

including healthy leaves, brown spots disease, and white scale

infection, which contain 1,203, 470, and 958 files, respectively. In

contrast, Al-Saad et al. (2022) Palm-Tree-Dataset focuses on remote

sensing data tailored for palm tree detection, primarily for research

and educational purposes, with specific emphasis on Al Ain

Municipality in the UAE. Similarly, “Image dataset of infected

date palm leaves by dubas insects” in Al-Mahmood et al. (2023)

offers digital images of infected and uninfected palm fronds. The

palm fronds are categorized into (1) healthy palm leaves; (2) leaves

infected by dubas bug; (3) leaves infected by honeydew; and (4)

leaves infected by both dubas bug and honeydew. The images of the

leaves that the insects infect include different stages of an insect’s life

cycle, ranging from the third generation of nymphs to the adult

stage in the fifth stage of the nymph. All the images are collected

from a distance of 0.5 to 2 m. The dataset of infected date palm

leaves for palm tree disease detection and classification (Namoun

et al., 2024) also offers digital images of infected and uninfected

palm fronds. It covers eight main types of palm tree disorders

broadly categorized as physiological, fungal, and insect. Mineral

deficiencies such as magnesium (Mg-), manganese (Mn-), and

potassium (K-) exhibit physiological symptoms. Similarly, black

scorch, leaf spots, fusarium wilt, and rachis blight exhibit fungal

symptoms. It also includes the leaves infected by the parlatoria

blanchardi bug. Ammar et al. (2021) collected 10,000 aerial images

of date palm trees and then devised a deep-learning-based

framework for auto-counting and geolocating the date palm trees

through aerial imaging.

Each dataset varies in scope, focus, and geographical context,

catering to distinct research needs within the date palm tree

monitoring and analysis domain. These datasets only cover leaf

frond diseases, which can be recorded with a digital camera.

However, a digital camera is not capable of getting insight into

concealed activities in tree trunks. We did not find any

comprehensive dataset that provides sufficient insight into the RPW

infestation that causes severe damage to the internal structure of a date

palm tree. Some authors, including Alaa et al. (2020) and Nadeem et al.

(2023), provide very few thermal images of RPW infestation, which are

insufficient to facilitate the study and development of detection

methods for this destructive pest. Therefore, a comprehensive dataset

of thermal and digital images is necessary to cope with the problem.

This article presents a comprehensive dataset for controlling

and monitoring the RPW infestation. The dataset aims to facilitate

(1) RPW pest management and (2) the development and evaluation

of machine learning algorithms for automated date palm tree

classification by providing a diverse collection of images and

ground-truth labels. It contains 832 images (RGB and thermal)

collected through the on-ground survey in date palm fields. Each

image in the dataset is annotated with the farmers’ feedback
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TABLE 1 Datasets with some relevant attributes.

No. (1) Hamaidi (2019) (2) Al-Saad et al. (2022) (3) Al-Mahmood et al. (2023) (4) Namoun et al. (2024)

age dataset of infected date palm leaves by dubas insects Diseases of date palm leaves dataset

contains images of leaf fronds categorized as healthy,
fected with bugs only, infected with honeydew only, and
fected by mixed insects and honeydew.

This is an image dataset of date palm leaves with eight types
of diseases and infections. The images were collected from 10
date farms in Madinah, Saudi Arabia.

23 2024

oun district at Karbala Governorate, Iraq Medina Province, Saudi Arabia

o types of drone-based cameras including Canon 77D
MP CMOS Sensor and Mavic Air 2

iPhone-15Pro 48MP (iPhone-14, iPhone13ProMax, iPhone-
13Pro, iPhone-13, iPhone12ProMax) 12MP, and Nikon
D5300 24.2MP

o types of drone-based cameras were used to collect the
ta in spring and autumn over 6 months

An SLR camera and six smartphones were used to collect the
data from 10 date farms in spring and autumn over
3 months

af fronds Leaf fronds

ubas bug (Ommatissus lybicus and Stenotus binotatus) Eight main types of disorders (three physiological, four
fungal, and one pest)

pg and.png) (.jpg,.jfif, and.heic)

total of 3,000 images with 800 images per category for
e non-bug categories and 600 images for the
g category

A total 3,697 images with 1,972 images for physiological,
1,112 images for fungal, 161 images for bug, and 425 images
for healthy leaves

endeley Data Mendeley Data

o thermal sensor No thermal sensor

w images range from (6,000 × 4,000 × 3) to (8,000 ×
000 × 3) pixels. However, the resolution of the processed
ages is set to 896 × 869 × 3 pixels.

Raw images range from 2,778 × 1,284 to 6,000 × 4,000
pixels. However, the resolution of the processed images is set
to 300 × 300 pixels.
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Dataset title Date Palm data Palm-Tree Dataset Im

Description Contains images of healthy leaves,
brown spots disease, and white scale
infection related to date palm trees.

This is a remote sensing palm tree
detection dataset created from Data
provided by Al Ain Municipality UAE.

It
in
in

Year 2019 2022 20

Location (city, state) N/A Al Ain Municipality - UAE A

Tools N/A N/A Tw
24

Experimental setup Collected 2,631 from various sources,
labeled manually

Aerial RGB imagery and manual labeling
in Pascal VOC

Tw
da

Tree part Leaf fronds Crown from the top (Ariel) Le

Disease labels Brown spots, white scale, healthy Not specified D

Data format .jpg (.tif and.xml) (.j

Data size 2,631 images 1,209 aerial images of 10,975 palm trees A
th
bu

Source Kaggle GitHub M

Thermal sensor type No thermal sensor No thermal sensor N

Resolution Not specified (256 × 256) Ra
6,
im
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regarding the health status of the corresponding tree, categorizing it

as non-infected, infected, badly damaged, or dead. A neural

network-based thermal analysis is made to validate the initial

classification; further investigation of this dataset is left for users

as future endeavors. The dataset shows promising potential for

further studies, supporting a wide range of research topics

extending the body of knowledge. It is valuable for researchers,

industry professionals, public authorities, and others interested in

harvesting date palm trees.
2 Dataset description

The dataset was particularly developed for RPW pest

management. All the thermal and color images were collected

from 179 trees, which we selected from various date palm groves

in Khairpur, Sindh, Pakistan. These trees were categorized into four

classes—non-infected (80 trees), infected (32 trees), badly damaged

(12 trees), and dead (55 trees)—based on visual inspection and the

farmers’ feedback in the field. We could find these trees with the

help of a local navigator, who contacted local farmers and then led

us to the various date palm groves for data collection. Some infected

trees were deep inside the groves, while others were on the borders.

Some of the infected trees were at the initial stages of the RPW

infestation, and their physical appearance was quite normal due to

the minimal damage. We also visited a date palm grove where all the

trees were badly damaged. We found no overlap of trees in any date

palm grove. Local farmers there do not use technology; instead, they

employ human labor to manage their various tasks in the

field manually.
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The dataset contains 832 processed images (RGB and thermal) of

the Aseel cultivar, a predominant cultivar in Khairpur and Sukkur

regions. Each image in the dataset is annotated with the farmers’

feedback regarding the health status of the corresponding tree,

categorizing it as non-infected, infected, badly damaged, or dead.

Table 2 briefly describes the specifications of the dataset. A few sample

images are presented as an example in Figure 1, where the health

status of the sample tree can be observed easily. This dataset serves as a

valuable resource for researchers and practitioners working on

precision agriculture and plant health monitoring by providing a

diverse collection of images along with segregated folders. Future

research endeavors can leverage this dataset to develop and evaluate

machine learning algorithms for automated date palm tree

classification and disease detection, ultimately contributing to the

advancement of sustainable agriculture practices and food security in

arid regions.

Each tree in the dataset has a single sturdy trunk covered with

persistent leaf bases, which form a thick coat that protects the

bundles of vascular tissue in the tree trunk. These vascular bundles

contain the tissues of xylem and phloem, where xylem transports

the minerals and water to the aerial part of the tree, and phloem

transports carbohydrates from the source to the sink. When a date

palm tree is infested, the larvae inside the trunk gradually damage

the vascular tissue bundles, which degrade the tree’s efficacy for

water utilization. This degradation leads the infected tree to a

severe infection level where the recovery of that tree becomes

impossible; hence, the tree finally dies. As the concealed damages

gradually increase from an initial level to the final severe stage,

internal fermentation raises the trunk’s temperature at damage

points. Therefore, temperature profiles of the trunk’s surfaces can
TABLE 2 Specification of the dataset.

Subject Pest Management

Specific subject area Red Palm Weevil (RPW) Pest Management

Type of data RGB and thermal images of date palm trees captured from three fields of view (FOVs). Each image in the dataset is annotated with the farmers’
feedback regarding the health status of the corresponding tree, categorizing it as non-infected, infected, badly damaged, or dead.

How are
data collected?

Data were collected through on-ground surveys at various temporal setups (including dawn, morning, late morning, afternoon, and evening)
during the summer season of 2023. A SeekShot IP54 thermal imaging camera with SEEKFUSION was used to capture the RGB color and thermal
images of the date palm trees. The camera has a high-performance 206 × 156 thermal sensor; however, it combines this thermal sensor with a 640
× 480 color sensor. The SEEKFUSION technology generates 640 × 480 RGB and thermal images with precise detail and accuracy. As concealed
activities of RPW lie in the lower and upper parts of the trunk, temperatures were captured from three FOVs. All the trees were categorized as
non-infected, infected, badly damaged, or dead based on visual inspection and the farmers’ feedback. Later on, this classification was validated by
applying the histogram-based thermal analysis.

Data format PNG (Portable Network Graphic)

Experimental factors The camera’s resolution, thermal sensitivity (NETD), field of view (FOV), and emissivity of the targeted tree, as well as external factors like
ambient temperature, distance, and viewing angle.

Experimental
features

The temperature of a subject tree in Celsius, its visual appearance, clock time, and the farmers’ feedback to classify among non-infected, infected,
badly damaged, and dead.

Data source location Data were collected from various date palm groves in Khairpur, Sindh, Pakistan. The approximate location is (27.548783, 68.773707).

Data accessibility Repository Name: A Dataset of Date Palm Trees’ Thermal and RGB Images for Pest Management
Data identification number: https://doi.org/10.6084/m9.figshare.25974295
Direct URL to data: https://figshare.com/articles/dataset/
A_Dataset_of_Date_Palm_Trees_Thermal_and_RGB_Images_for_Pest_Management_/25974295
frontiersin.org
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play a key role in pest management. We can use them to validate

the initial classification based on visual inspection and the

farmers’ feedback.
2.1 Temperature profiles

Thermal histograms can be used as the temperature profiles of

thermal images; they are immune to the roughness of a thick coat

on the trunk surface. The histograms of sampled images are

presented in Figure 2, where a slight shift of the temperature

envelope can be observed in temperature distributions. The

distribution envelope slightly shifts towards the higher

temperature if concealed fermentation rises due to the severity of

internal damages. The temperature envelope of the dead and
Frontiers in Agronomy 05
diseased trees shifts toward the right compared to the

temperature envelope of the non-infected tree. Such information

is very critical for conducting a comprehensive study on the health

status of diseased date palm trees. The thermal analysis presented in

Section 3.2.3 also supports the concept that thermal analysis can

provide insight into the concealed activities in tree trunks.

Minimum and maximum temperatures of a thermal image are

required to compute its thermal histogram. Therefore, these values

are provided for every thermal image in the dataset.
3 Methodology

The process involved several key steps, including image

acquisition, annotation, and validation (see Figure 3a). RGB and
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FIGURE 1

Sample images from the dataset (the trunk outline is highlighted in each thermal image).
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thermal images were captured using a highly sensitive SeekShot

IP54 thermal imaging camera, ensuring the comprehensive

coverage of a date palm tree with three different fields of view

(FOV), as shown in Figure 3b. Every selected tree was carefully

observed before image acquisition, then its health status was

inquired about from local farmers. After image acquisition, each

image in the dataset was annotated with the farmers’ feedback

regarding the health status of the corresponding tree, categorizing it

as non-infected, infected, badly damaged, or dead. These

annotations were carefully reviewed by the expert agronomists

familiar with date palm cultivation and the domain knowledge.
3.1 Annotation

Several online annotation tools exist for manually generating

the trunks’ outlines, but we used interactive segmentation tools for
Frontiers in Agronomy 06
precise outlines. The trunk outlines for sampled images are shown

in Figure 1a, obtained using a region-based interactive

segmentation tool. The Growcut (Vezhnevets and Konouchine,

2005) algorithm was employed for annotating tree trunks;

however, other interactive segmentation algorithms, such as

Cel lular cut (Ashraf et al . , 2017) , can also perform

accurate annotation.
3.2 Data collection framework

Special attention was paid to identifying the subtle signs of

stem-boring beetles, such as leaf discoloration, wilting, and pest

infestation. The initial framework regarding dataset collection

consists of the following major steps:
1. Acquisition of RGB and thermal images;
3weiV2weiV1weiV
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FIGURE 2

Thermal histograms for sample images and normal distribution models.
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Fron
2. Organization of raw data (tree-wise);

3. Preprocessing (grouping, pairing, and naming);

4. Categorization of data (based on visual parameters and the

farmers’ feedback); and

5. Thermal analysis (validation of trees’ classification)
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3.2.1 Acquisition of RGB and thermal images
RGB and thermal images were captured using a highly

sensitive SeekShot IP54 thermal imaging camera, ensuring the

comprehensive coverage of a date palm tree with three pre-

defined FOVs, as shown in Figure 3b. Each image in the dataset
(a) Methodology

(b) Image acquisition from three different fields-of-view (FOVs)

(c) Data Organization

FIGURE 3

Experimentation setup of data gathering. (a) Methodology, (b) Image acquisition from three different fields-of-view, (c) data organization.
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was annotated with the farmers’ feedback regarding the health

status of the corresponding tree, categorizing it as non-infected,

infected, badly damaged, or dead.

Ambient temperature, sunlight irradiance, and background

reflectance significantly affect the thermal readings; therefore,

images were collected in five different time slots—dawn, morning,

late morning, afternoon, and evening—to ensure diversity and

representativeness. These time slots exhibit different climatic

conditions as shown in Figure 4. Furthermore, efforts were made

to capture images of date palm trees exhibiting a range of health

conditions, from optimal growth to various degrees of stress and

disease symptoms.

3.2.2 Preprocessing and organization
After raw data collection, all images of every tree were gathered

in separate folders and then preprocessed and organized according

to the hierarchy shown in Figure 3c. Every thermal image in the

processed data has a corresponding color image in RGB color

images. The computation of a thermal histogram requires the

image’s minimum and maximum temperatures; therefore, these

values are provided in a separate spreadsheet. The raw data are also

presented in a separate folder.

3.2.3 Thermal analysis (validation of trees’
classification)

The analysis of thermal images mainly relies on thermal

histograms, which cover all the parameters mentioned in

Figure 3b. The histograms themselves or after further processing

may construct unique feature vectors to form a new basis for

accurately identifying the trees’ classes. We employed a pattern

recognition tool for image classification. For this purpose, a neural

network model with 20 neurons was constructed and then trained,
Frontiers in Agronomy 08
where 70% of the feature vectors were used for training, 15% for

validation, and 15% for testing. The trained network effectively

recognizes their health conditions, classifying the date palm trees in

their respective categories. The primary-level analysis of thermal

histograms is shown in Figure 5, where a total of 416 thermal

images were categorized in their respective classes. According to the

“All Confusion Matrix,” 265 thermal images were truly classified,

constituting 63.7% of 416 thermal images. The receiver operating

characteristic (ROC) curves are also shown in Figure 5. According

to these curves, the neural network performs well at various

classification thresholds. The error histogram of the neural

network is also shown in Figure 5, which visualizes the error

between targets and outputs after the training. This analysis

somewhat validates the initial classification, based on visual

inspection and domain knowledge; however, further analysis can

improve these results if segmentation masks for trunks are created

and then applied to the analysis. Since the data were collected in five

different time slots, the ambient temperature may be considered to

get further improvements. Further analysis of this dataset is left for

users as future endeavors. The abovementioned thermal analysis

can be extended to a multi-modal domain, where digital and

thermal features are combined to enhance the accuracy of the

prediction analysis. This improvement is critical for paste

management in actual fields on a large scale; therefore, a larger

and more comprehensive study should be conducted to achieve

this goal.
4 Conclusion and future directions

In conclusion, this paper has presented a novel dataset that

aims to facilitate (1) RPW pest management and (2) the
FIGURE 4

Climatic conditions of Khairpur, Sindh in August 2023.
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development and evaluation of new machine learning algorithms

for pest monitoring. It comprises RGB and thermal images of

date palm trees, accompanied by the farmers’ feedback on the

health conditions of the trees. The dataset offers valuable

insights into the health status of date palm trees, which play a

critical role in the assessment of internal damage to the vascular

bundles. It provides a way forward to conduct multi-modal
Frontiers in Agronomy 09
analysis in two heterogeneous domains and contains various

research challenges for evaluating new algorithms, working in

RGB and thermal vision. The current dataset is collected from

the Khairpur region; however, we have planned further data

collection from Sukkur, Sindh, Pakistan, and then from various

date palm farms in Madina, KSA, to add diversity; then, the

generalizability will be addressed.
margotsihrorrE)b(secirtaMnoisufnoC)a(

setatsgniniarT)d(sevrucCOR)c(

FIGURE 5

Performance analysis of Neural Network. (a) Confusion Matrices, (b) Error histogram, (c) ROC curves, (d) Training States.
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Data availability statement

The datasets generated for this study can be found here: https://

figshare.com/articles/dataset/A_Dataset_of_Date_Palm_Trees_
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