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Faculty  : Engineering 

Basal stem rot (BSR), caused by Ganoderma boninense is known as one of the 
deadliest diseases in the oil palm plantations in Southeast Asia. Ganoderma 
could reduce the productivity of oil palm plantations and possibly reduce the 
market value of palm oil in Malaysia. The available technique of BSR detection 
is time-consuming and human dependence. This study focuses on detecting the 
oil palm tree infected by BSR using thermal imaging technique. In order to find a 
suitable time to capture the thermal images, thermal images of canopy and trunk 
sections of the oil palm trees from healthy and BSR-infected trees were captured 
in the morning (9 to 12 pm) and afternoon (12 to 3 pm) session. The images were 
pre-processed using FLIR QuickReport 1.2 (FLIR Systems, Inc., Oregon, United 
States). The images were then processed using MATLAB software (Version 
R2016b, The MathWorks Inc., Massachusetts, United States) to extract pixel 
value representing thermal properties of the trees. After that, statistical analysis 
was done using these pixel values. The result from T-test has shown that thermal 
images taken at canopy section during the afternoon session have a significant 
difference (α<0.05) between healthy and BSR-infected trees. There were four 
features extracted from the images of canopy section namely minimum, 
maximum, mean and standard deviation value. Based on the statistical analysis, 
only mean of the pixel value gave a significant difference with a P value of 
0.0052. For the maximum feature, all the data has the same value regardless of 
the healthiness condition, hence this feature will not be used for further analysis. 
Four different types of classifier namely, Linear Discriminant Analysis (LDA), 
Quadratic Discriminant Analysis (QDA), Support Vector Machine (SVM) and k-
nearest neighbour (kNN) were used and compared. Input parameters were taken 
from different combinations of the features to classify the healthy and BSR-
infected trees. The result showed that quadratic SVM with the input parameter 



© C
OPYRIG

HT U
PM

ii 

 

using a combination of minimum and mean gave the highest percentage of 
accuracy with 67.0%. In order to improve the accuracy, new indices called; 
healthy variance (YH) BSR-infected variance (YUH) and all variance (YALL) were 
developed based on the squared value of the difference between the mean 
intensity value of an oil palm tree and the averaged mean intensity value of 
healthy, BSR-infected and all samples accordingly. However, it only gave the 
best accuracy at 62.3% from the combination of minimum, mean, standard 
deviation and YUH using linear SVM classifier. As a result, the Principal 
Component Analysis (PCA) was introduced to extract the most suitable features 
among six features available. The score plot of PC1 versus PC3 has shown that 
there were two distinguishable trendlines where the BSR-infected tree is located 
outside the trendline of the healthy trees. Values of PC1 and PC3 were later used 
for classification using all fourteen different types of classification model. Based 
on the results, the quadratic SVM model gave the best classification with the 
highest accuracy of 89.2% for the training set and 84.4% for the test set. Based 
on this study, it can be concluded that thermal imaging has the potential for BSR 
detection in oil palm trees. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

MENGENALPASTI PENYAKIT REPUT PANGKAL BATANG PADA POKOK 
KELAPA SAWIT MENGGUNAKAN TEKNIK PENGIMEJAN TERMA 

Oleh 

GHAIBULNA BINTI ABDOL LAJIS 

Ogos 2018  

Pengerusi : Siti Khairunniza Bejo, PhD 
Fakulti  : Kejuruteraan 

Reput pangkal batang (RPB) adalah sejenis penyakit yang disebabkan oleh 
sejenis fungus, Ganoderma boninense. Ia dikenali sebagai penyakit paling 
berbahaya di ladang kelapa sawit sekitar Asia Tenggara. Ganoderma boleh 
mengurangkan kadar produktiviti ladang kelapa sawit dan juga berpotensi 
mengurangkan nilai pasaran minyak sawit di Malaysia. Teknik pengesanan RPB 
sedia ada memerlukan masa yang lama dan terlalu bergantung dengan tenaga 
kerja manusia. Kajian ini menumpukan pengenalpastian sifat terma pokok yang 
sihat dan yang dijangkiti penyakit RPB menggunakan teknik pengimejan terma. 
Bagi mendapatkan masa yang sesuai untuk mengambil imej terma, imej terma 
pada bahagian kanopi dan batang pokok kelapa sawit telah diambil daripada 
pokok yang sihat dan pokok yang dijangkiti RPB ketika sesi pagi (9 hingga 12 
pm) dan sesi petang (12 hingga 3 pm). Imej terma tersebut telah dipra-proses 
menggunakan perisian FLIR QuickReport 1.2 (FLIR Systems, Inc., Oregon, 
United States) dan kemudiannya diproses menggunakan perisian MATLAB 
(Versi R2016b, The MathWorks Inc., Massachusetts, United States) untuk 
mengestrak nilai piksel yang mewakili sifat terma pokok. Selepas itu, analisis 
statistik dilakukan menggunakan nilai tersebut. Hasil daripada ujian-T 
menunjukkan imej terma yang diambil pada bahagian kanopi ketika sesi petang 
mempunyai perbezaan yang signifikan (α<0.05) antara pokok yang sihat dan 
dijangkiti RPB. Terdapat empat sifat yang disari daripada imej pada bahagian 
kanopi iaitu nilai minimum, maksimum, purata dan sisihan piawai.  Hasil daripada 
analisis statistik, hanya purata nilai piksel yang memberikan perbezaan 
signifikan dengan nilai P sebanyak 0.0052. Bagi nilai maksimum pula, kesemua 
data mempunyai nilai yang sama walaupun berbeza keadaan kesihatan. Oleh 
itu, sifat ini tidak akan digunakan untuk analisis seterusnya. Empat belas jenis 
model pengelasan yang berbeza iaitu Analisis Pembeza Layan Linear (LDA), 
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Analisis Pembeza Layan Kuadratik (QDA), Mesin Vektor Sokongan (SVM) dan 
Jiran Terhampir-k (kNN) digunakan dan dibandingkan. Parameter input daripada 
gabungan sifat yang berbeza telah digunakan untuk mengelaskan pokok yang 
sihat dan dijangkiti RPB. Keputusan menunjukkan SVM kuadratik dengan 
gabungan sifat minimum dan purata telah menghasilkan peratus ketepatan 
tertinggi dengan nilai 67.0%. Bagi mempertingkatkan ketepatan pengelasan, 
indeks baru yang dikenali sebagai variasi sihat (YH), variasi jangkitan RPB (YUH) 
dan variasi kesemuaya (YALL) telah dihasilkan berdasarkan nilai kuasa dua 
perbezaan purata pokok dengan purata kesemua pokok yang dikira berdasarkan 
sampel pokok yang diambil daripada pokok yang sihat, dijangkiti RPB dan 
gabungan kedua-duanya. Walau bagaimanapun, ia hanya memberikan peratus 
ketepatan tertinggi pada 62.3% sahaja daripada gabungan sifat minimum, 
purata, sisihan piawai dan indeks YUH melalui pengelas SVM linear. Hasilnya, 
AKP telah digunakan untuk mengekstrak sifat yang paling sesuai di antara enam 
sifat yang ada. Plot skor PC1 versus PC3 telah menunjukkan bahawa ada dua 
garis arah aliran yang boleh dibezakan di mana pokok yang dijangkiti RPB 
terletak di luar garis arah aliran pokok yang sihat. Nilai PC1 dan PC3 
kemudiannya digunakan untuk pengelasan menggunakan empat pengelas 
berbeza. Hasil keputusan menunjukkan pengelas SVM kuadratik memberi 
peratus ketepatan tertinggi dengan nilai 89.2% untuk set latihan dan 84.4% 
untuk set ujian. Berdasarkan kajian ini, dapat disimpulkan bahawa teknik 
pengimejan terma mempunyai potensi untuk mengenalpasti jangkitan RPB pada 
pokok kelapa sawit.  
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CHAPTER 1 

INTRODUCTION 

1.1 General Overview 

Oil palm is one of the most important crops in Malaysia. In 2016, the agriculture 
sector stood at 8.1% or RM89.5 billion to the Gross Domestic Product (GDP). Oil 
palm was a major contributor to the GDP of agriculture sector at 43.1% followed 
by other agriculture (19.5%), livestock (11.6%), fishing (11.5%), forestry & 
logging (7.2%) and rubber (7.1%) (Department of Statistics Malaysia, 2017).  
Malaysia is one of the top producers and exporters of the palm oil globally, 
producing 103.96 million tonnes of oil palm fresh fruit bunch in 2017 (Economics 
and Industry Development Division, 2018).  

Oil palms have an extensive range of products and applications in both food and 
non-food sector. Its multi-purpose property makes oil palm industry high in 
demand. The potential productivity of oil palm is several times greater than the 
other oil-producing crops, given that the crop is managed appropriately, much 
less land is required to produce the same amount of vegetable oil compared with 
other vegetable oil crops (Donough et al., 2009).  

However, the oil palm tree in Malaysia is no exception to disease. Among other 
diseases, a fungal disease caused by Ganoderma boninense, known as basal 
stem rot (BSR) leads to great losses in oil palm production. BSR is notorious as 
one of the most destructive diseases at oil palm tree in plantations around 
Southeast Asia, particularly in Malaysia and North Sumatra (Flood et al., 2000). 
It attacks the basal stem of oil palm trees making them rot and slowly affecting 
xylem of the trees and causing water transportation to the upper part of oil palm 
become disturbed, thus the leaves at the oil palm’s frond turn yellow. It is a major 
threat to the palm oil industry as it can reduce the yield of oil palm, hence causing 
economic losses to oil palm plantations (Kamu et al., 2016). 

Different treatment methods were invented to treat BSR infection. Among the 
common methods used in controlling BSR infection are fungicide treatment 
(George et al., 1996) and biological control (Sapak et al., 2006). Another 
common method used in treating BSR-infected oil palm trees is by removing the 
infected oil palms and mounding the soil around the tree or a mixture of these 
two methods (Darus & Abu Seman, 2002).  However, none of the methods 
mentioned is completely adequate in stopping and minimizing the effects of the 
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disease on the yield production as well as the health of the trees (Singh, 1991). 
Some plantations purposely leave the trees without any treatment to reduce the 
treatment cost, causing the yield production to reduce over time.  

It was found that the existing treatments for BSR infection were not completely 
efficient in treating the oil palm trees in the later stages of infection. Therefore, 
detection of BSR infection is needed in order to treat the trees as soon as 
possible before the infection in oil palm plantation becomes worse. Currently, 
there are three approaches to detect BSR; manual, laboratory-based and remote 
sensing method. The manual observation is the most common technique to 
detect BSR. It was done by detecting the Ganoderma specific foliar symptoms 
and fungus fruiting bodies which grow as a parasite on the trunks. However, it 
requires a labour force with the knowledge to identify BSR-infected trees and 
differentiate other unhealthy trees due to different causes. It is also time-
consuming as the oil palm trees are needed to be observed carefully and closely 
to check for the symptom one by one.  

For laboratory-based approaches, the test sample is extracted by drilling the 
trunk of the oil palm tree. Ganoderma Selective Medium (GSM) test and 
Polymerase chain reaction (PCR) analysis are done using the extracted samples 
for the isolation, growth and identification of the fungus in the samples (Lim & 
Fong, 2005). The diagnostics method used are usually difficult to do due to its 
complex procedures. Some of the methods are also considered as expensive 
because of the cost needed to provide all necessary components for the analysis 
(Lelong et al., 2010; Wahab et al., 2011). 

Non-invasive remote sensing based approaches have also been explored in 
order to identify and map the BSR-infected trees using different techniques such 
as ground-based, airborne and space-borne remote sensing. Hyperspectral and 
multispectral remote sensing approaches had shown the capability of identifying 
healthy and BSR-infected trees from recent studies (Khairunniza-Bejo et al., 
2015; Mohamad Anuar et al., 2015). Terrestrial Laser Scanning (TLS) 
(Khairunniza-Bejo & Vong, 2014), Intelligent Electronic Nose (E-Nose) system 
(Abdullah et al., 2012; Azahar et al., 2011), tomographic sensor  (Hamidon & 
Mukhlisin, 2014) and Microfocus X-ray Fluorescence (μXRF) (Meor Yusoff et al., 
2009) also showed positive results in detecting BSR-infected tree. These reports 
showed that the techniques used are capable of early detection of BSR and 
differentiating the healthy and BSR-infected trees. However, some of the 
approaches were still limited to further classify the severity level of BSR infection 
(Khosrokhani et al., 2016).  

Thermal imaging is a method of detecting infrared radiation of an object 
represented by an image. All objects with a temperature greater than absolute 
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zero (-273°C) emit infrared radiation, however, human’s vision is limited to visible 
spectrum electromagnetic radiation. Thermal imaging extends human’s limited 
vision beyond the boundary to view the infrared radiation. Thermal imaging has 
been used in various applications in different industries such as detecting 
moisture and building failure, including leaks. It is also used in medical field to 
detect peripheral vascular disorders (Bagavathiappan et al., 2009), to aid in 
detecting breast cancer (Arora et al., 2008) and to assist in detecting bone 
fracture injury (Cook et al., 2005). For agricultural industry, it is used to determine 
the plant physiological state and irrigation scheduling (Jones, 2004) and yield 
forecasting (Smith et al., 1985; Stajnko et al., 2004). Water stress in sunflower 
leaves can also be analysed from thermal image processing system (Hashimoto 
et al., 1984). It was also employed in detecting infestation by Cryptolestes 
ferrugineus inside wheat kernels (Manickavasagan et al., 2008) and to evaluate 
the damage to fruits and vegetables due to microbial activities (Hellebrand et al., 
2002). Sankaran et al. (2013) used a combination of visible, near infrared and 
thermal imaging techniques to detect citrus greening disease in citrus trees. 
Based on the literature, it can be concluded that thermal imaging was able to 
analyse the water stress of plants as well as detecting disease. As BSR infection 
affected the water transportation of oil palm, the water stress of the BSR infected 
tree will vary from the healthy tree. Therefore, there is a potential use of thermal 
imaging in detecting BSR infection. 

1.2 Problem Statement 

A variety of study and approach has been explored for the detection of BSR 
disease in oil palm trees including manual visual inspection, laboratory analysis 
and remote sensing. The capability of these techniques to detect BSR in oil palm 
tree is still limited in term of the labour force, cost and time. It is also noted that 
some approaches still have a limitation in detecting BSR infection at the early 
stage.  

Thermal imaging has been used in agricultural applications for disease detection 
and water stress analysis. Previous studies showed a good potential of using 
thermal imaging in detecting oil palm tree infected by BSR as BSR infection also 
affected the water stress of the oil palm tree.  However, up to recently, the study 
on detecting the infected BSR tree in palm oil plantation using thermal imaging 
is still a largely unexplored research area to date. This research will explore and 
evaluate the potential of thermal imaging in detecting BSR at oil palm trees. 
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1.3 Objectives 

The goal of this research is to explore the potential of using thermal imaging to 
identify oil palm trees infected with Basal Stem Rot (BSR) disease. Specific 
objectives are: 

i. To identify the suitable time and tree section for thermal image 
acquisition.  

ii. To identify the suitable features to differentiate healthy and BSR-infected 
trees extracted from thermal images.   

iii. To classify BSR-infected trees using machine learning techniques. 

1.4 The Scope of the Study 

This study explored the potential of using thermal images to detect BSR disease 
at matured oil palm trees. The healthiness status of the trees was classified by 
the expert from Malaysian Palm Oil Board (MPOB). Therefore, the differences of 
the tree condition were assumed due to Ganoderma boninense infection, not by 
other factors. The emissivity of the thermal camera was fixed to 0.98 to ensure 
all the images are in the same condition. This study was focused on analysing 
the variation of thermal in intensity, not in detecting the temperature of the trees.  



© C
OPYRIG

HT U
PM

65 

 

REFERENCES 

Abdullah, A. H., Adom, A., Md Shakaff, A. Y., Ahmad, M. N., Zakaria, A., Ahmad 
Saad, F. S., … Kamarudin, L. M. (2012). Hand-Held Electronic Nose 
Sensor Selection System for Basal Stamp Rot (BSR) Disease Detection. 
In 2012 Third International Conference on Intelligent Systems Modelling 
and Simulation (pp. 737–742). https://doi.org/10.1109/ISMS.2012.139 

Abdullah, A. H., Adorn, A. H., Md Shakaff, A. Y., Ahmad, M. N., Saad, M. A., 
Tan, E., … Zakaria, A. (2011). Electronic nose system for ganoderma 
detection. Sensor Letters (Vol. 9). 

Abdullah, F., Ilias, G. N. M., Nelson, M., Mohd Zainudin, N. A. I., & Umi Kalsom, 
Y. (2003). Disease assessment and the efficacy of Trichoderma as a 
biocontrol agent of basal stem rot of oil palm. Research Bulletin Science 
Putra, 11, 31–33. 

Abu Seman, I., Kushairi, A., Darus, A., & Wahid, M. B. (2006). Technique for 
Inoculation of Oil Palm. MPOB Information Series, 321(314), 1–4. 

Abu Seman, I., Mohd Su’ud, M., Loonis, P., & Wahid, M. B. (2010). GanoSken 
for early detection of ganoderma infection in oil palm. MPOB Information 
Series, June 2010(MPOB TT No. 442), 3–6. 

Abu Seman, I., & Rafidah, A. R. (2008). Polyclonal antibody for detection of 
Ganoderma. MPOB Information Series, June 2008(MPOB TT No. 405). 

Abu Seman, I., S., I., & Darus, A. (2004). Innovative Technique of Sanitation for 
Controlling Ganoderma at Replanting. MPOB Information Series, June 
2004(MPOB TT No 213), 3–6. 

Abu Seman, I., Yamaoka, M., Hayakawa, S., Wahid, M. B., Noorhasimah, I., & 
Darus, A. (2003). PCR Technique for Detection Ganoderma. MPOB 
Information Series, June 2003(MPOB TT No. 188), 1–4. 

Adam, H., Collin, M., Richaud, F., Beulé, T., Cros, D., Omoré, A., … Tregear, J. 
W. (2011). Environmental regulation of sex determination in oil palm: 



© C
OPYRIG

HT U
PM

66 

 

current knowledge and insights from other species. Annals of Botany, 
108(8), 1529–1537. https://doi.org/10.1093/aob/mcr151 

Ahmadi, P., Muharam, F. M., Ahmad, K., Mansor, S., & Abu Seman, I. (2017). 
Early Detection of Ganoderma Basal Stem Rot of Oil Palms Using Artificial 
Neural Network Spectral Analysis. Plant Disease, 101(6), 1009–1016. 
https://doi.org/10.1094/PDIS-12-16-1699-RE 

Ajanki, A. (2007). Example of k-nearest neighbour classification. Retrieved from 
https://en.wikipedia.org/wiki/K-
nearest_neighbors_algorithm#/media/File:KnnClassification.svg 

Alpaydin, E. (2010). Introduction to Machine Learning. (T. Dietterich, C. Bishop, 
D. Heckerman, M. Jordan, & M. Kearns, Eds.) (Second). London: The MIT 
Press. https://doi.org/10.1016/j.neuroimage.2010.11.004 

Amon, F., Hamins, A., Bryner, N., & Rowe, J. (2008). Meaningful performance 
evaluation conditions for fire service thermal imaging cameras. Fire Safety 
Journal (Vol. 43). https://doi.org/10.1016/j.firesaf.2007.12.006 

Arango, M., Martínez, G., & Torres, G. (2016). Advances in the Interpretation of 
Tomographic Images as an Early Detection Method of Oil Palm Affected by 
Basal Stem Rot in Colombia. Plant Disease, 100(8), 1559–1563. 
https://doi.org/10.1094/PDIS-12-15-1473-RE 

Arora, N., Martins, D., Ruggerio, D., Tousimis, E., Swistel, A. J., Osborne, M. P., 
& Simmons, R. M. (2008). Effectiveness of a noninvasive digital infrared 
thermal imaging system in the detection of breast cancer. The American 
Journal of Surgery, 196(4), 523–526. 
https://doi.org/10.1016/j.amjsurg.2008.06.015 

Azahar, T. M., Che Mustapha, J., Mazliham, S., & Boursier, P. (2011). Temporal 
Analysis of Basal Stem Rot Disease in Oil Palm Plantations: An Analysis 
on Peat Soil. International Journal of Engineering & Technology IJET-
IJENS, 11(3), 96–101. 

Bagavathiappan, S., Thangavelu, S., John, P., Jayakumar, T., Raj, B., 
Karunanithi, R., … Jagadeesan, K. (2009). Infrared thermal imaging for 
detection of peripheral vascular disorder. Journal of Medical Physics, 34(1), 



© C
OPYRIG

HT U
PM

67 

 

43–47. https://doi.org/10.4103/0971-6203.48720 

Ballester, C., Jiménez-Bello, M. A., Castel, J. R., & Intrigliolo, D. S. (2013). 
Usefulness of thermography for plant water stress detection in citrus and 
persimmon trees. Agricultural and Forest Meteorology, 168, 120–129. 
https://doi.org/10.1016/J.AGRFORMET.2012.08.005 

Banerjee, K., Krishnan, P., & Mridha, N. (2018). Application of thermal imaging 
of wheat crop canopy to estimate leaf area index under different moisture 
stress conditions. Biosystems Engineering, 166, 13–27. 
https://doi.org/10.1016/J.BIOSYSTEMSENG.2017.10.012 

Battalwar, P., Gokhale, J., & Bansod, U. (2015). Infrared Thermography and IR 
Camera. International Journal of Research in Science & Engineering, 1(3), 
9–14. 

Benjamin, M., & Chee, K. H. (1995). Basal stem rot of oil palm - a serious 
problem on inland soils. MAPPS Newsletter, 19(1), 3. 

Berdugo, C. A., Zito, R., Paulus, S., & Mahlein, A. K. (2014). Fusion of sensor 
data for the detection and differentiation of plant diseases in cucumber. 
Plant Pathology, 63(6), 1344–1356. https://doi.org/10.1111/ppa.12219 

Bhange, M., & Hingoliwala, H. A. (2015). Smart Farming: Pomegranate Disease 
Detection Using Image Processing. Procedia Computer Science, 58, 280–
288. https://doi.org/10.1016/j.procs.2015.08.022 

Campbell, J. B. (2002). Introduction to Remote Sensing. CRC Press. Retrieved 
from https://books.google.com.my/books?id=1KfQxsN0vp8C 

Chang, A., Jung, J., Maeda, M., & Landivar, J. (2017). Crop height monitoring 
with digital imagery from Unmanned Aerial System (UAS). Computers and 
Electronics in Agriculture (Vol. 141). 
https://doi.org/10.1016/j.compag.2017.07.008 

Chavarria, G., & dos Santos, H. P. (2012). Plant Water Relations: Absorption, 
Transport and Control Mechanisms. Advances in Selected Plant 
Physiology Aspects. https://doi.org/10.5772/33478 



© C
OPYRIG

HT U
PM

68 

 

Chemat, S. (2017). Edible Oils: Extraction, Processing, and Applications. (S. 
Chemat, Ed.). CRC Press. Retrieved from 
https://books.google.com.my/books?id=klAsDwAAQBAJ 

Chen, Y., Chen, D., Li, Y., & Chen, L. (2010). Otsu’s thresholding method based 
on gray level-gradient two-dimensional histogram. In 2010 2nd 
International Asia Conference on Informatics in Control, Automation and 
Robotics (CAR 2010) (Vol. 3, pp. 282–285). 
https://doi.org/10.1109/CAR.2010.5456687 

Chung, G. F. (2015). Effect of Pests and Diseases on Oil Palm Yield. In O. M. 
Lai, C. P. Tan, & C. C. Akoh (Eds.), Palm Oil: Production, Processing, 
Characterization, and Uses. Elsevier Science. Retrieved from 
https://books.google.com.my/books?id=6uRxCgAAQBAJ 

Cook, R. J., Thakore, S., & Nichol, N. M. (2005). Thermal imaging: A hotspot for 
the future? Injury Extra, 36, 395–397. 

Corley, R. H. V., & Tinker, P. B. H. (2008). The Oil Palm (4th ed.). John Wiley 
and Sons. Retrieved from 
https://books.google.com.my/books?id=NtCo1TdXuQkC 

Cortes, C., & Vapnik, V. (1995). Support-Vector Networks. Machine Learning, 
20, 273–297. https://doi.org/10.1023/A:1022627411411 

Danielson, M. (2016). Why palm oil is so attractive to food manufacturers. 
Retrieved April 30, 2018, from https://www.palmoilhealth.org/faq/palm-oil-
attractive-food-manufacturers/ 

Danno, A. K., Miyazato, M., & Ishiguro, E. (1978). Quality evaluation of 
agricultural products by infrared imaging method, 1: Grading of fruits for 
bruise and other surface defects. Memoirs of the Faculty of Agriculture, 
Kagoshima University1. 

Danno, A. K., Miyazato, M., & Ishiguro, E. (1980). Quality evaluation of 
agricultural products by infrared imaging method. III. Maturity evaluation of 
fruits and vegetables. Memoirs of the Faculty of Agriculture, Kagoshima 
University. 



© C
OPYRIG

HT U
PM

69 

 

Darus, A., & Abu Seman, I. (1991). A selective medium for the isolation of 
Ganoderma from diseased tissues. In Proceeding of the 1991 International 
Palm Oil Conference: Progress, Prospects and Challenge Towards the 
21st Century - Agriculture Conference (pp. 517–519). 

Darus, A., & Abu Seman, I. (2002). Progress and Research on Ganoderma Basal 
Stem Rot of Oil Palm. In Seminar Recent Progress in the Management of 
Peat and Ganoderma (p. 50). Bangi: Malaysian Palm Oil Board. 

Darus, A., Abu Seman, I., & Hashim, K. (1993). Confirmation of Ganoderma 
infected palm by drilling technique. In S. Jalani, A. Darus, N. Rajanaidu, D. 
Tayeb, K. Paranjothy, M. B. Wahid, … K. C. Chang (Eds.), Proceeding of 
1993 PORIM International Palm Oil Congress: Update and Vision 
(Agriculture) (pp. 735–738). 

Darus, A., Abu Seman, I., & Hassan, A. H. (1989). Significance of the black line 
within oil palm tissue decayed by Ganoderma boninense. Elaieis, 1(1), 11–
16. 

Darus, A., Abu Seman, I., & Singh, G. (2000). Status of Ganoderma in oil palm. 
In J. Flood, P. D. Bridge, & M. Holderness (Eds.), Ganoderma. Diseases of 
Perennial Crops. (pp. 49–68). Wallingford: CABI. 

Department of Environment. (1999). Industrial Processes & The Environment 
(Handbook 3): Crude Palm Oil Industry. (M. I. Thani, R. Hussin, W. R. Wan 
Ibrahim, & M. S. Sulaiman, Eds.). 

Department of Statistics Malaysia. (2017, December 22). Selected Agricultural 
Indicators, Malaysia, 2017, pp. 1–4. 

Dey, A. K., Sharma, M., & Meshram, M. R. (2016). Image Processing Based Leaf 
Rot Disease, Detection of Betel Vine (Piper betle L.). Procedia Computer 
Science, 85, 748–754. https://doi.org/10.1016/j.procs.2016.05.262 

Donough, C. R., Witt, C. W., & Fairhurst, T. H. (2009). Yield Intensification in Oil 
Palm Plantations through Best Management Practice. Better Crops, 93(1), 
12–14. 



© C
OPYRIG

HT U
PM

70 

 

Economics and Industry Development Division. (2018). Overview of the 
Malaysian Oil Palm Industry 2017. Malaysian Palm Oil Board. Retrieved 
from http://bepi.mpob.gov.my 

Eslamian, S. (2014). Handbook of Engineering Hydrology: Fundamentals and 
Applications. CRC Press. Retrieved from 
https://books.google.com.my/books?id=SH3NBQAAQBAJ 

Flood, J., Hasan, Y., Turner, P. D., & O’Grady, E. B. (2000). The spread of 
Ganoderma from infective sources in the field and its implications for 
management of the disease in oil palm. In J. Flood, P. D. Bridge, & M. 
Holderness (Eds.), Ganoderma. Diseases of Perennial Crops. (pp. 101–
112). Wallingford: CABI. https://doi.org/10.1079/9780851993881.0101 

Frater, M. R., & Arnold, J. F. (2000). Coding of 12-bit video from thermal imaging 
systems. Signal Processing: Image Communication, 15(10), 907–916. 
https://doi.org/10.1016/S0923-5965(99)00038-7 

George, S. T., Chung, G. F., & Zakaria, K. (1996). Updated results (1990-1995) 
on trunk injection of fungicides for the control of Ganoderma basal stem rot. 
In A. Darus, M. B. Wahid, R. N, M. T. D, P. K, S. C. Cheah, … R. S (Eds.), 
Proceedings of the 1996 PORIM International Palm Oil Congress - 
Agriculture Conference (pp. 508–515). Kuala Lumpur: PORIM. 

George, S. T., Chung, G. F., & Zakaria, K. (2000). Benefits of Soil Mounding Tall 
Palms in a High Ganoderma Incidence Area in Lower Perak. In 
International Planters Conference 2000 (pp. 565–576). Kuala Lumpur. 

Giorleo, G., & Meola, C. (2002). Comparison between pulsed and modulated 
thermography in glass–epoxy laminates. NDT & E International, 35(5), 
287–292. https://doi.org/10.1016/S0963-8695(01)00062-7 

Gong, A., Yu, J., He, Y., & Qiu, Z. (2013). Citrus yield estimation based on 
images processed by an Android mobile phone. Biosystems Engineering, 
115, 162–170. https://doi.org/10.1016/j.biosystemseng.2013.03.009 

Gonzalez, R. C., Woods, R. E., & Eddins, S. L. (2009). Introduction. In Digital 
Imaging Processing Using MATLAB (2nd ed.). Gatesmark Publishing. 
https://doi.org/10.1109/IEMBS.2011.6091204 



© C
OPYRIG

HT U
PM

71 

 

Grover, S., & Gusain, V. (2014). Digital image processing. International Journal 
of Innovative Research in Technology, 1(6), 70–73. Retrieved from 
http://dl.acm.org/citation.cfm?id=518399 

Habi Mat Dian, N. L., Abd Hamid, R., Kanagaratnam, S., Awg Isa, W. R., Mohd 
Hassim, N. A., Ismail, N. H., … Mat Sahri, M. (2017). Palm Oil and Palm 
Kernel Oil: Versatile Ingredients for Food Applications. Journal of Oil Palm 
Research, 29(4), 487–511. https://doi.org/10.21894/jopr.2017.00014 

Hamidon, N. A., & Mukhlisin, M. (2014). A Review of Application of Computed 
Tomography on Early Detection of Basal Stem Rot Disease. Jurnal 
Teknologi (Sciences & Engineering), 70(3). 

Harun, M. H., & Md Noor, M. R. (2006). Canopy temperature difference (CTD) 
for detecting stress in oil palm. MPOB Information Series, June 
2006(MPOB TT No. 309). 

Harun, M. H., S., I., & Abu Seman, I. (2005). Gas exchange responses of oil palm 
to Ganoderma boninense infection. Asian Journal of Plant Sciences. 
https://doi.org/10.3923/ajps.2005.438.444 

Hasan, Y., & Turner, P. D. (1998). The comparative importance of different oil 
palm tissues as infection sources for basal stem rot in replantings. The 
Planter, 74(864), 119–135. 

Hashim, K. (1990). Basal Stem Rot of Oil Palm : Incidence, Etiology and Control. 
Universiti Pertanian Malaysia. 

Hashim, K. (1995). Basal stem rot of oil palm caused by Ganoderma boninense: 
an update. In B. S. Jalani (Ed.), Proceeding 1993 PORIM International 
Palm Oil Congress - Agriculture (pp. 739–749). Kuala Lumpur: Palm Oil 
Research Institute of Malaysia. 

Hashimoto, Y., Ino, T., Kramer, P. J., Naylor, A. W., & Strain, B. R. (1984). 
Dynamic Analysis of Water Stress of Sunflower Leaves by Means of a 
Thermal Image Processing System. Plant Physiology, 76, 266–269. 
https://doi.org/10.1104/pp.76.1.266 



© C
OPYRIG

HT U
PM

72 

 

Hassan Abdalla, S., & Fattoh Osman, S. E. (2016). Digital Image Processing 
Technology based on MATLAB. International Journal of Advanced 
Research in Computer Science, 7(3). 

Heldman, D. R., & Moraru, C. I. (2014). Encyclopedia of Agricultural, Food, and 
Biological Engineering, Second Edition - (2nd ed.). CRC Press. Retrieved 
from https://books.google.com.my/books?id=MU5ZDwAAQBAJ 

Hellebrand, H. J., Beuche, H., & Linke, M. (2002). Thermal Imaging. In J. 
Blahovec & M. Kutílek (Eds.), Physical Methods in Agriculture: Approach 
to Precision and Quality (pp. 411–427). Boston, MA: Springer US. 
https://doi.org/10.1007/978-1-4615-0085-8_22 

Ho, C. T., & Hashim, K. (1997). Usefulness of soil mounding treatments in 
prolonging productivity of prime-aged Ganoderma infected palms. The 
Planter, 73, 239–244. 

Ho, Y. W., & Nawawi, A. (1985). Ganoderma boninense Pat. from based stem 
rot of oil palm [Elaeis guineensis] in Peninsular Malaysia. Pertanika, 8(3), 
425–428. 

Husin, Z., Md Shakaff, A. Y., Abdul Aziz, A. H., & S Mohamed Farook, R. (2012). 
Feasibility Study on Plant Chili Disease Detection Using Image Processing 
Techniques. 2012 Third International Conference on Intelligent Systems 
Modelling and Simulation, 291–296. https://doi.org/10.1109/ISMS.2012.33 

Imran, S. N. M., Baharudin, F., Ali, M. F., & Rahiman, M. H. F. (2018). Chemical 
Relationship on Detection of Ganoderma Disease on Oil Palm Tree 
System. IOP Conference Series: Earth and Environmental Science, 140(1). 
https://doi.org/10.1088/1755-1315/140/1/012048 

Ishaq, I., Alias, M. S., Kadir, J., & Kasawani, I. (2014). Detection of basal stem 
rot disease at oil palm plantations using sonic tomography. Journal of 
Sustainability Science and Management (Vol. 9). 

Jafari, M., Minaei, S., & Safaie, N. (2017). Detection of pre-symptomatic rose 
powdery-mildew and gray-mold diseases based on thermal vision. Infrared 
Physics and Technology, 85, 170–183. 
https://doi.org/10.1016/j.infrared.2017.04.023 



© C
OPYRIG

HT U
PM

73 

 

Jones, H. G. (1999). Use of infrared thermometry for estimation of stomatal 
conductance as a possible aid to irrigation scheduling. Agricultural and 
Forest Meteorology, 95(3), 139–149. https://doi.org/10.1016/S0168-
1923(99)00030-1 

Jones, H. G. (2004). Irrigation scheduling: Advantages and pitfalls of plant-based 
methods. Journal of Experimental Botany, 55(407), 2427–2436. 
https://doi.org/10.1093/jxb/erh213 

Jones, H. G., Stoll, M., Santos, T., de Sousa, C. I. G., Chaves, M. M., & Grant, 
O. M. (2002). Use of infrared thermography for monitoring stomatal closure 
in the field: application to grapevine. Journal of Experimental Botany, 53 
378, 2249–2260. 

Kamu, A., Chong, K. P., Abu Seman, I., & Ho, C. M. (2016). Economic Loss due 
to Ganoderma Disease in Oil Palm. International Journal of Economics and 
Management Engineering, 10(2), 604–608. Retrieved from 
https://waset.org/Publication/economic-loss-due-to-ganoderma-disease-
in-oil-palm/10003869 

Khairunniza-Bejo, S., & Vong, C. N. (2014). Detection of Basal Stem Rot (BSR) 
Infected Oil Palm Tree Using Laser Scanning Data. Agriculture and 
Agricultural Science Procedia, 2, 156–164. 
https://doi.org/10.1016/j.aaspro.2014.11.023 

Khairunniza-Bejo, S., Yusoff, Y., Nik Yusoff, N. S., Abu Seman, I., & Mohamad 
Anuar, I. (2015). Identification of Healthy and BSR-Infected Oil Palm Trees 
Using Color Indices. International Journal of Biological, Biomolecular, 
Agricultural, Food and Biotechnological Engineering, 9(8), 876–879. 
Retrieved from https://waset.org/Publication/identification-of-healthy-and-
bsr-infected-oil-palm-trees-using-color-indices/10001908 

Khosrokhani, M., Khairunniza-Bejo, S., & Pradhan, B. (2016). Geospatial 
technologies for detection and monitoring of Ganoderma basal stem rot 
infection in oil palm plantations: a review on sensors and techniques. 
Geocarto International. https://doi.org/10.1080/10106049.2016.1243410 

Kumar, G., & Bhatia, P. K. (2014). A Detailed Review of Feature Extraction in 
Image Processing Systems. In 2014 Fourth International Conference on 
Advanced Computing & Communication Technologies (pp. 5–12). 



© C
OPYRIG

HT U
PM

74 

 

https://doi.org/10.1109/ACCT.2014.74 

Lee, D.-J., Schoenberger, R., Archibald, J., & McCollum, S. (2008). Development 
of a machine vision system for automatic date grading using digital 
reflective near-infrared imaging. Journal of Food Engineering, 86(3), 388–
398. https://doi.org/10.1016/J.JFOODENG.2007.10.021 

Lelong, C. C. D., Roger, J.-M., Brégand, S., Dubertret, F., Lanore, M., A Sitorus, 
N., … Caliman, J.-P. (2010). Evaluation of Oil-Palm Fungal Disease 
Infestation with Canopy Hyperspectral Reflectance Data. Sensors (Basel, 
Switzerland), 10(1), 734–747. https://doi.org/10.3390/s100100734 

Liaghat, S., Mansor, S., Ehsani, R., Shafri, H. Z. M., Meon, S., & Sankaran, S. 
(2014). Mid-infrared spectroscopy for early detection of basal stem rot 
disease in oil palm. Computers and Electronics in Agriculture, 101, 48–54. 
https://doi.org/10.1016/j.compag.2013.12.012 

Lillesand, T., Kiefer, R. W., & Chipman, J. (2014). Remote Sensing and Image 
Interpretation. John Wiley and Sons. Retrieved from 
https://books.google.com.my/books?id=AFHDCAAAQBAJ 

Lim, H. P., & Fong, Y. K. (2005). Research on basal stem rot (BSR) of 
ornamental palms caused by basidiospores from Ganoderma boninense. 
Mycopathologia, 159(1), 171–179. https://doi.org/10.1007/s11046-004-
4440-6 

Lim, K. H., Chuah, J. H., & Ho, C. H. (1993). Effects of soil heaping on 
Ganoderma infected oil palms. In Proceedings of the 1993 PORIM 
International Palm Oil Congress “Update and Vision” (Agriculture) (pp. 
735–738). Bangi: Palm Oil Research Institute of Malaysia. 

Lim, K. H., & Udin, W. (2010). Management of Ganoderma in peat soil in 
Indonesi. In 2010 Second International Seminar Oil Palm Diseases: 
Advances in Ganoderma Research and Management (p. 11). Yogyakarta. 

Lisnawita, Hanum, H., & Tantawi, A. R. (2016). Survey of Basal Stem Rot 
Disease on Oil Palms (Elaeis guineensis Jacq.) in Kebun Bukit Kijang,North 
Sumatera, Indonesia. IOP Conference Series: Earth and Environmental 
Science, 41(1). https://doi.org/10.1088/1755-1315/41/1/012007 



© C
OPYRIG

HT U
PM

75 

 

Malaysian Palm Oil Council. (2012). The Oil Palm Tree. Retrieved April 30, 2018, 
from http://www.mpoc.org.my/The_Oil_Palm_Tree.aspx 

Manickavasagan, A., Jayas, D. S., & White, N. D. G. (2008). Thermal imaging to 
detect infestation by Cryptolestes ferrugineus inside wheat kernels. Journal 
of Stored Products Research, 44, 186–192. 
https://doi.org/10.1016/j.jspr.2007.10.006 

Markom, M. A., Shakaff, A. Y. M., Adom, A. H., Ahmad, M. N., Hidayat, W., 
Abdullah, A. H., & Fikri, N. A. (2009). Intelligent electronic nose system for 
basal stem rot disease detection. Computers and Electronics in Agriculture, 
66(2), 140–146. https://doi.org/10.1016/J.COMPAG.2009.01.006 

Meor Yusoff, M. S., Khalid, M. A., & Abu Seman, I. (2009). Identification of Basal 
Stem Rot Disease in Local Palm Oil By Microfocus Xrf. Journal of Nuclear 
and Related Technologies, 6(1), 282–287. 

Merlot, S., Mustilli, A.-C., Genty, B., North, H., Lefebvre, V., Sotta, B., … 
Giraudat, J. (2002). Use of infrared thermal imaging to isolate Arabidopsis 
mutants defective in stomatal regulation. The Plant Journal, 30(5), 601–
609. https://doi.org/10.1046/j.1365-313X.2002.01322.x 

Meunkaewjinda, A., Kumsawat, P., Attakitmongcol, K., & Srikaew, A. (2008). 
Grape leaf disease detection from color imagery using hybrid intelligent 
system. 2008 5th International Conference on Electrical 
Engineering/Electronics, Computer, Telecommunications and Information 
Technology, 513–516. https://doi.org/10.1109/ECTICON.2008.4600483 

Mohamad Anuar, I., Abu Seman, I., Nor Maris, N., & Bahrom, E. (2015). Spectral 
based Analysis of Airborne Hyperspectral Remote Sensing Image for 
Detection of Ganoderma Disease in Oil Palm. In Int’l Conference on 
Biological and Environmental Science (BIOES 2015) (pp. 13–20). Phuket. 

Mohamad Anuar, I., Abu Seman, I., Wahid, M. B., Mohd Noor, N., & Mohd Shafri, 
H. Z. (2012). Field spectroscopy for detection of Ganoderma disease in oil 
palm. MPOB Information Series, (MPOB TT No 532). 

Ng, E. Y. K. (2009). A review of thermography as promising non-invasive 
detection modality for breast tumor. International Journal of Thermal 



© C
OPYRIG

HT U
PM

76 

 

Sciences, 48(5), 849–859. 
https://doi.org/10.1016/J.IJTHERMALSCI.2008.06.015 

Othman, N., Manan, Z. A., Wan Alwi, S. R., & Sarmidi, M. R. (2010). A Review 
of Extraction Technology for Carotenoids and Vitamin E Recovery from 
Palm Oil. Journal of Applied Science, 10(12), 1187–1191. 
https://doi.org/10.3923/jas.2010.1187.1191 

Otsu, N. (1979). A Threshold Selection Method from Gray-Level Histograms. 
IEEE Transactions on Systems, Man, and Cybernetics, 9(1), 62–66. 
Retrieved from http://ieeexplore.ieee.org/document/4310076/ 

Owoyele, B. V., & Owolabi, G. O. (2014). Traditional oil palm (Elaeis guineensis 
jacq.) and its medicinal uses: A review. Tang [Humanitas Medicine], 4(3), 
16.1-16.8. https://doi.org/10.5667/tang.2014.0004 

Paterson, R. R. M., Holderness, M., Kelly, J., Miller, R., & O’Grady, E. B. (2000). 
In vitro diodegradation of oil-palm stem using macroscopic fungi from South 
East Asia: a preliminary investigation. In J. Flood, P. D. Bridge, & M. 
Holderness (Eds.), Ganoderma. Diseases of Perennial Crops. (pp. 129–
138). Wallingford. 

Peng, D., Huang, J., Li, C., Liu, L., Huang, W., Wang, F., & Yang, X. (2014). 
Modelling paddy rice yield using MODIS data. Agricultural and Forest 
Meteorology (Vol. 184). https://doi.org/10.1016/j.agrformet.2013.09.006 

Phadikar, S., & Sil, J. (2008). Rice disease identification using pattern recognition 
techniques. In Proceedings of 11th International Conference on Computer 
and Information Technology (ICCIT 2008) (pp. 420–423). 
https://doi.org/10.1109/ICCITECHN.2008.4803079 

Rahkonen, J., & Jokela, H. (2003). Infrared Radiometry for Measuring Plant Leaf 
Temperature during Thermal Weed Control Treatment. Biosystems 
Engineering, 86(3), 257–266. https://doi.org/10.1016/S1537-
5110(03)00138-7 

Rao, A. K. (1990). Basal stem rot “Ganoderma” problem in oil palm smallholdings 
- the West Johor experience. In Proceedings of Ganoderma workshop (pp. 
36–48). Kuala Lumpur: Palm Oil Research Institute of Malaysia. 



© C
OPYRIG

HT U
PM

77 

 

Rees, R. W., Flood, J., Hasan, Y., Potter, U., & Cooper, R. M. (2009). Basal stem 
rot of oil palm (Elaeis guineensis); mode of root infection and lower stem 
invasion by Ganoderma boninense. Plant Pathology, 58(5), 982–989. 
https://doi.org/10.1111/j.1365-3059.2009.02100.x 

Riazi, M. R., & Chiaramonti, D. (2017). Introduction: Biofuel Production and 
Processing Technology. In M. R. Riazi & D. Chiaramonti (Eds.), Biofuels 
Production and Processing Technology (pp. 1–9). 

Roughgarden, T., & Valiant, G. (2016). CS168: The Modern Algorithmic Toolbox 
Lecture #8: PCA and the Power Iteration Method. 

Rubin, G. D. (2014). Computed Tomography: Revolutionizing the Practice of 
Medicine for 40 Years. Radiology, 273(2S), S45–S74. 
https://doi.org/10.1148/radiol.14141356 

Sambanthamurthi, R., Singh, R., Ghulam Kadir, A. P., Ong-Abdullah, M., & 
Kushairi, A. (2009). Opportunities for the Oil Palm via Breeding and 
Biotechnology. In Breeding Plantation Tree Crops: Tropical Species (pp. 
377–421). https://doi.org/10.1007/978-0-387-71201-7_11 

Sankaran, S., Maja, J., Buchanon, S., & Ehsani, R. (2013). Huanglongbing 
(Citrus Greening) Detection Using Visible, Near Infrared and Thermal 
Imaging Techniques. Sensors, 13, 2117–2130. 
https://doi.org/10.3390/s130202117 

Santoso, H., Gunawan, T., Jatmiko, R. H., Darmosarkoro, W., & Minasny, B. 
(2010). Mapping and identifying basal stem rot disease in oil palms in North 
Sumatra with QuickBird imagery. Precision Agriculture, 12, 233–248. 

Sapak, Z., Meon, S., & Zainal Abidin, M. A. (2006). Isolation and characterization 
of microbial endophytes from oil palm roots: Implication as biocontrol 
agents against Ganoderma. Planter, 82, 587–597. 

Sarawak Land Consolidation And Rehabilitation Authority. (2012). Pests and 
Diseases Control. Retrieved April 30, 2018, from 
http://www.salcra.gov.my/en/sustainable-plantation/pest-diseases-
control.html 



© C
OPYRIG

HT U
PM

78 

 

Sauki, A., Zazarli Shah, M. S., & Wan Bakar, W. Z. (2015). Application of Ester 
based Drilling Fluid for Shale Gas Drilling. IOP Conference Series: 
Materials Science and Engineering, 83(1). https://doi.org/10.1088/1757-
899X/83/1/012012 

Sethupathi, S., Chai, S.-P., & Mohamed, A. R. (2008). Utilization of oil palm as a 
source of renewable energy in Malaysia. Renewable and Sustainable 
Energy Reviews, 12(9), 2404–2421. 
https://doi.org/10.1016/j.rser.2007.06.006 

Shuit, S. H., Tan, K. T., Lee, K. T., & Kamaruddin, A. H. (2009). Oil palm biomass 
as a sustainable energy source: A Malaysian case study. Energy, 34(9), 
1225–1235. https://doi.org/10.1016/J.ENERGY.2009.05.008 

Singh, G. (1991). Ganoderma - the scourge of oil palms [Elaeis guineensis] in 
the coastal areas [Peninsular Malaysia]. Planter, 67(786), 421–444. 

Singh, V., & Misra, A. K. (2017). Detection of plant leaf diseases using image 
segmentation and soft computing techniques. Information Processing in 
Agriculture, 4, 41–49. https://doi.org/10.1016/j.inpa.2016.10.005 

Smith, R. C. G., Barrs, H. D., Steiner, J. L., & Stapper, M. (1985). Relationship 
between wheat yield and foliage temperature: theory and its application to 
infrared measurements. Agricultural and Forest Meteorology, 36(2), 129–
143. https://doi.org/10.1016/0168-1923(85)90005-X 

Spruyt, V. (2014). The Curse of Dimensionality in Classification. Retrieved from 
http://www.visiondummy.com/2014/04/curse-dimensionality-affect-
classification/ 

Stajnko, D., Lakota, M., & Hočevar, M. (2004). Estimation of number and 
diameter of apple fruits in an orchard during the growing season by thermal 
imaging. Computers and Electronics in Agriculture, 42(1), 31–42. 
https://doi.org/10.1016/S0168-1699(03)00086-3 

Susanto, A., Sudharto, P. S., & Purba, R. Y. (2005). Enhancing biological control 
of basal stem rot disease (Ganoderma boninense) in oil palm plantations. 
Mycopathologia, 159, 153–157. https://doi.org/10.1007/s11046-004-4438-
0 



© C
OPYRIG

HT U
PM

79 

 

Teoh, C. H. (2002). The palm oil industry in Malaysia. From seed to frying pan., 
14(2), 24–33. 

Turner, P. D. (1981). Oil palm diseases and disorders. Kuala Lumpur, Malaysia: 
Oxford Univ. Press. 

Turner, P. D., & Gillbanks, R. A. (1974). Oil Palm Cultivation and Management. 
Kuala Lumpur: Yau Seng Press. 

Varith, J., Hyde, G. M., Baritelle, A. L., Fellman, J. K., & Sattabongkot, T. (2003). 
Non-contact bruise detection in apples by thermal imaging. Innovative 
Food Science and Emerging Technologies, 4, 211–218. 
https://doi.org/10.1016/S1466-8564(03)00021-3 

Verheye, W. H. (2010a). Growth and Production of Oil Palm. In W. H. Verheye 
(Ed.), Land Use, Land Cover and Soil Sciences. UNESCO-EOLSS 
Publishers. Retrieved from 
https://biblio.ugent.be/publication/1009126/file/1009127.pdf 

Verheye, W. H. (2010b). Soils, Plant Growth and Crop Production - Volume II. 
(W. H. Verheye, Ed.). EOLSS Publications. Retrieved from 
https://books.google.com.my/books?id=wwswCwAAQBAJ 

Verleysen, M., & François, D. (2005). The Curse of Dimensionality in Data Mining 
and Time Series Prediction. In J. Cabestany, A. Prieto, & F. Sandoval 
(Eds.) (pp. 758–770). Berlin, Heidelberg: Springer Berlin Heidelberg. 

Wahab, A., Meon, S., Paterson, R., Zainal Abidin, M. A., & Lima, N. (2011). 
Ergosterol analyses of oil palm seedlings and plants infected with 
Ganoderma. Crop Protection, 30(11), 1438–1442. 
https://doi.org/10.1016/j.cropro.2011.07.004 

Wong, L. C., Bong, C. F. J., & Abu Seman, I. (2012). Ganoderma Species 
Associated with Basal Stem Rot Disease of Oil Palm. American Journal of 
Applied Sciences, 9(6), 879–885. 
https://doi.org/10.3844/ajassp.2012.879.885 

Xu, L., & Zhao, Y. (2010). Automated strawberry grading system based on image 



© C
OPYRIG

HT U
PM

80 

 

processing. Computers and Electronics in Agriculture (Vol. 71). 
https://doi.org/10.1016/j.compag.2009.09.013 

Yao, Q., Chen, G., Wang, Z., Zang, C., Yang, B., & Tang, J. (2017). Automated 
detection and identification of white-backed planthoppers in paddy fields 
using image processing. Journal of Integrative Agriculture, 16(7), 1547–
1557. https://doi.org/10.1016/S2095-3119(16)61497-1 

Yao, Q., Guan, Z., Zhou, Y., Tang, J., Hu, Y., & Yang, B. (2009). Application of 
Support Vector Machine for Detecting Rice Diseases Using Shape and 
Color Texture Features. Engineering Computation, International 
Conference on (Vol. 0). https://doi.org/10.1109/ICEC.2009.73 

Zhang, S., Wu, X., You, Z., & Zhang, L. (2017). Leaf image based cucumber 
disease recognition using sparse representation classification. Computers 
and Electronics in Agriculture, 134, 135–141. 
https://doi.org/10.1016/j.compag.2017.01.014 

  




