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ABSTRACT

Pest, disease and natural disasters in oil palm 
have caused significant income loss to Malaysia. 
Early detection of pest and disease is one of the best 
prevention procedures. However, the tools or devices 
to efficiently detect and monitor the problems are 
still limited, especially for oil palm plantations. 
Therefore, it is necessary to develop an airborne-
based detection and monitoring study to reduce cost 
and time, and also to cover a wide-scale oil palm 
plantation area. This study examines the performance 
of multispectral image from drones and satellites for 
aerial detection and monitoring of Ganoderma 
disease, bagworm infestation and flood hazard in oil 
palm. The images were used to categorise: a) healthy; 
b) Ganoderma-infected; c) bagworm-infested oil 
palm and d) stressed oil palm due to flood area. The 
difference between categories were assessed using 
visual interpretation of different band combinations 
displays. Then comparative statistical analysis was 
conducted to confirm whether there is a statistically 
significant difference between the spectral response 
of each multispectral band. The results suggested 
that NIR, RE, R and G, R, RE band combinations 
were significantly distinguished between healthy, 
Ganoderma-infected and bagworm infested oil 
palm. Meanwhile, NIR, R and G band combinations 
provided significant difference between healthy and 
stressed oil palm in flooded area. Future work will 
explore deep learning analysis for early detection of 
pest, disease and environmental hazards in oil palm 
plantations.
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oleaginous crops. Malaysia exported 18.3% of the 
global oils and fats (17.37 million tonnes), while 
contributing to 34.3% of the total palm oil trade 
and also recorded the improvement of total export 
revenue by 8.4% in 2020 (Ahmad Parveez et al., 
2021). The oil palm plantation in Malaysia is facing 
several problems such as disease, pest infestation 
and natural hazard (Idris et al., 2004; Norman and 
Wahid, 2010). Therefore, a suitable technology has 
to be developed to detect and monitor large scale 
infestations. Large scale monitoring of oil palm 
plantations requires the use of aerial monitoring 
apparatus such as multispectral remote sensing 
satellite and drones or Unmanned Aerial Vehicle 
(UAV). Multispectral remote sensing has been 
applied for many agriculture applications (Sishodia 
et al., 2020). This is because the multispectral image 
has the capability to provide high accuracy of 
different land cover and crops classification (Qadri 
et al., 2016). 
 Early detection, scheduled and rapid 
monitoring of pests, diseases and natural disasters 
such as flood in oil palm plantations using 
remote sensing technology could save labour 
cost and time as compared to ground-based 
work for implementation of preventive treatment 
particularly. Availability of multispectral remote 
sensing drones and satellites can detect and monitor 
these problems. Multispectral image consists of 
three to four bands ranging from visible and near 
infrared region of electromagnetic spectrum. The 
multispectral image is able to provide false colour 
composite that can quantify the differences between 
healthy and unhealthy vegetations (Dadras Javan 
et al., 2019; Izzuddin et al., 2020). False colour 
composite (FCC) images are representation of a 
multispectral image produced using any bands 
other than visible red, green and blue as the red, 
green and blue components of the display. FCC 
allows us to visualise wavelengths beyond the limits 
of the human eye (i.e. near-infrared and beyond) 
(Patra et al., 2006; Humboldt State University, 2019).
 The FCC has been used to detect disease 
infection, pest infestation and also natural hazard 
such as flood. It was also applied for mapping of 
land use and land cover (LULC) with high accuracy 
(Kumar et al., 2012; Fahrentrapp et al., 2019). The 

Keywords: bagworm, false colour composites, 
Ganoderma, flood, oil palm, multispectral image,

INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is recognised 
as one of the most important crops, with the 
highest oil yield as compared to other cultivated 
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was able to capture multispectral images consisting 
of Green (G) band at 560 nm with 20 nm bandwidth, 
Red (R) at 668 nm with 10 nm bandwidth, Red Edge 
at 717 nm with 10 nm bandwidth and Near Infrared 
(NIR) at 840 nm with 40 nm bandwidth. 
 Then, the Parrot Sequoia using G band at 550 
nm with 40 nm bandwidth, R at 660 nm with 40 nm 
bandwidth, RE at 735 nm with 10 nm bandwidth 
and NIR at 790 bandwidth 40 nm bandwidth. The 
four bands from Pleaides 1A consisted of B band: 
430-550 nm G band: 490-610 nm, R band: 600-720 
nm and NIR band: 750-950 nm. The Pleaides 1A 

FCC also provides coloured representation of image 
that can be interpreted visually using human-
eye to distinguish differences among the features. 
Therefore, this study analyses the multispectral 
image to identify the best FCC which is able to 
differentiate between healthy, Ganoderma-infected, 
bagworm-infested oil palm and stressed oil palm in 
the flooded area.

MATERIALS AND METHODS

The flowchart methodology is shown in Figure 1.

Multispectral image

Pre-processing

Spectral response extraction

Statistical analysis

Different band combination

False colour composite

Final output

Figure 1. Flowchart of methodology for multispectral image processing.

Study Area

 The study area was located in an oil palm 
plantation in Seberang Perak, Perak, Malaysia. The 
area was planted with Dura x Pisifera (DxP) planting 
material. The study area consisted of 10-13 years old 
oil palm. The topography of the area was generally 
flat with slightly undulating plains. The area has 
been reported to have problems with Ganoderma, 
bagworm infestation and flooding in different 
plots within the area. Four oil palm categories were 
analysed in this study: i) Healthy; ii) Ganoderma-
infected; iii) Bagworm-infested and iv) Stressed Oil 
Palm in Flooded Area. In this study, two types of 
multispectral images from different remote sensing 
cameras and platforms were obtained. Table 1 shows 
the specification of the multispectral used in this 
study.
 From Table 1, the multispectral camera used for 
this study were: 1 Micasense camera onboard DJI 
Phantom 3 Drone; Parrot Sequoia camera onboard 
Ebee Sensefly drone and Pleaides 1A camera 
onboard Pleaides 1A satellite. The Micasense camera 

image also used a panchromatic band: 480-830 
nm. The panchromatic image was then fused with 
the multispectral image to produce a pan-sharpen 
0.5 m multispectral image from Pleaides 1A camera.

Image Processing and Analysis
False colour composites. The FCC from the original 
multispectral image was generated using different 
band combinations technique. In this study, a three-
band combination from four original multispectral 
bands was tested using naked-eye interpretation. 
The possible number of combinations from the 
original four bands multispectral image can be 
calculated using:

                                                                    (1)

where:
P = number of possible combinations
n = number of bands
r = size of band combination

(n–r)!
n!

P=
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Comparative analysis of the spectral responses. 
Comparative analysis was used to determine 
whether there are significant differences between 
spectral responses for the best band combinations 
from four categories: 1) Healthy; 2) Ganoderma-
infected; 3) Bagworm-infested and 4) Stressed oil 
palm due to flood. The spectral responses were 
measured in the reflectance spectrum from the best 
band combinations that can distinguish between 
categories visually. They were then extracted and 
stored in ASCII format using Spectral Collector 
function in ENVI 4.3 software. 
 Then, the reflectance spectrum for each 
category were analysed using one-way ANOVA 
using Sigmastat 3.5 software. The data was tested 
for normality first using Kolmogorov-Smirnov test. 
Normal data was tested using the one-way ANOVA 
while non-normal data was tested using Kruskal-
Wallis one-way ANOVA analysis with p-value = 
0.05. The Kruskal-Wallis one-way ANOVA is a 
rank-based non-parametric test that can be used to 
determine if there are significant differences between 
two or more groups of an independent variable 
on a continuous or ordinal dependent variable. It 
is considered as non-parametric alternative to the 
one-way ANOVA, and an extension of the Mann-
Whitney U test was done to allow the comparison 
of more than two independent groups (Laerd 
Statistics, 2020).

RESULTS AND ANALYSIS

Multispectral Image 

 Figures 2a and 2b show the multispectral 
images from Ganoderma infected and bagworm-

TABLE 1. SPECIFICATION OF MULTISPECTRAL IMAGE 

No. Camera Platform Spatial 
resolution 

(cm)

Spectral 
resolution 

(bands)

Application

1. 10 4 Ganoderma 
disease

Micasense DJI Phantom 3 Drone
2. 10 4 Bagworm 

Infestation

Parrot Sequoia Ebee Sensefly Drone
3. 50 4 Stressed 

Oil Palm in 
Flooded Area

Pleaides 1A Pleaides 1A Satellite

Figure 2. Multispectral image for (a) Ganoderma disease; 
(b) Bagworm infestation and (c) Oil palm in flooded area.

(a)

(b)

(c)
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infested area captured by the Micasense and Parrot 
Sequoia multispectral cameras mounted on drones 
meanwhile Figure 2c shows the multispectral image 
captured by Pleaides 1A satellites over stressed oil 
palm in the flooded area. Figure 3 shows the true 
colour (R, G, B) images of each of oil palm categories 
analysed in this study.

category. Kruskal-Wallis one-way ANOVA on Ranks 
test was conducted with 95% level of confidence. 
 The results for NIR, RE, R and RE, R, G 
combinations showed that the differences in the 
median values among the treatment groups are 
greater than those that expected by chance; there 
is a statistically significant difference (p = <0.001) 

(c)(a) (b) (d)

Figure 3. True colour (red, green, blue) band combination of (a) Healthy; (b) Ganoderma-infected; (c) Bagworm-infestation and 
(d) Stressed oil palm in flooded area.

Band Combinations

 The results showed that the specific band 
combinations are capable to differentiate between 
healthy and unhealthy oil palms. There are 24 
possible band combinations consisted of three bands 
each has been generated and tested using human 
naked-eye visual interpretation to determine the 
best combinations that could differentiate between 
categories. The analysis suggested that the band 
combinations that provide visual difference between 
healthy, Ganoderma-infected and bagworm-infested 
palm are the NIR, RE, R and G, R and RE band 
combinations (Table 2).
 Meanwhile, the healthy and stressed oil palm 
in flooded area could be distinguished visually by 
using band combinations of NIR, R and G from 
Pleaides 1A satellite imagery (Figure 4).

Comparative Statistical Analysis

 The statistical analysis of each band combination 
was conducted using Sigmastat 3.5 software. 
Firstly, the spectral responses from the best band 
combinations for Ganoderma disease infection and 
bagworm infestation were analysed for normality 
using Kolmogorov-Smirnov test and comparative 
analysis using one-way ANOVA for parametric 
test and Kruskall-Wallis one-way ANOVA for 
non-parametric test. Table 3 showed the results of 
analysis conducted on the spectral responses of 
healthy, Ganoderma-infected and bagworm-infested 
palms in NIR, RE and R band combination.
 Table 3 showed that the data distribution for 
both band combinations were not normal using 
Kolmogorov-Smirnov test. A non-parametric 
comparative statistical test was conducted to 
determine the difference between each oil palm 

where H = 346.720 and H = 20.501 with 2 degrees of 
freedom (DoF). Meanwhile, the results for NIR, R, G 
band combinations to differentiate between healthy 
and stressed palms due to flooded area showed that 
there was a significant difference between these 
categories (p<0.001) with H = 86.369 with 1 degree 
of freedom.
 The results also suggested that the best band 
combinations have significant visual differences. 
Further work should focus on application of deep 
learning for early detection of pest, disease and 
natural hazard problems in oil palm plantations.

CONCLUSION AND 
RECOMMENDATION

The availability of high spatial resolution 
multispectral image from drone and satellites has 
improved the capability to monitor crop condition 
in field. This study was conducted with different 
band-combination analyses to identify the best 
band combination that could differentiate between 
healthy, Ganoderma-infected, bagworm-infested oil 
palm and stressed oil palm due to flood. Visually, 
the results suggested that NIR, RE and R and RE, 
R, G gave the best visual differentiation between 
healthy and unhealthy oil palm. Meanwhile, band 
combinations of NIR, R and G could differentiate 
from healthy and stressed oil palm due to flood. The 
results were supported by differences in spectral 
responses of each band combination tested using 
one-way ANOVA (p-value < 0.05). It showed that 
high spatial resolution multispectral image has the 
capability to detect and monitor pest, disease and 
environmental hazards in the oil palm plantation. 
Future work may explore the potential of deep 
learning for the early detection of pest, disease and 
environmental hazards in oil palm plantations.
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TABLE 2. THE VISUAL COMPARISON OF OIL PALM CANOPY FROM THE BEST BAND 
COMBINATIONS

Category
band combination

Healthy Ganoderma-Infected Bagworm-Infestation

NIR, RE, R 

G, R, RE

TABLE 3. THE STASTISTICAL ANALYSIS OF SPECTRAL RESPONSES FROM THE BEST BAND 
COMBINATION BETWEEN HEALTHY, Ganoderma-INFECTED AND BAGWORM-INFESTED OIL PALM

No. Band 
Combinations

Normality 
Test

Comparative Test p-value H value Degree of 
Freedom 

(DoF)
1. NIR, RE, R Not Normal Kruskal-Wallis 

ANOVA
<0.001 346.720 2

2. G, R, RE Not Normal Kruskal-Wallis 
ANOVA

<0.001 20.501 2

Figure 4. Multispectral image from Pleaides 1A of Healthy and Stressed Oil Palm in 
Flooded Area (Yellow Boundary). (a) True Colour (Red, Green, Blue) and (b) False 

Colour (NIR, R, G). Spatial resolution 50 cm.

Healthy HealthyFlooded Flooded

(a) (b)
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