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ABSTRACT 

Oil palm or scientifically known as Eiaeis guineensis ]acq. is the most efficient 
oilseed crop in the world. This commodity crop is considered as the golden crop in 
Malaysia. This is due to the contribution of the oil palm industry to the country's 
overall economy, providing both employment and income from exports. The efforts 
of the country to strengthen the industry are being interrupted by a fatal disease 

which is called as Ganoderma Basal Stem Rot (BSR) disease. This disease can 
cause a significant economic loss to the industry. To date, there is still no effective 
control of the disease at the commercial fields' level. The existing control measures 
can only prolong the productive life of the infected palms. It is very crucial to the 
planters to estimate the yield loss due to the disease. Currently, there is no existing 
mathematical model that can be used for that purpose. Therefore, this empirical 
study was conducted to build a mathematical model which can be used for yield 
loss estimation due to the disease. For the purpose of data collection, three 
commercial oil palm plots with different production phase (i. e. step ascent phase, 
plateau phase, and declining phase) were selected as the study sites. The yield and 
disease severity of the selected palms in the three study sites were recorded for the 
duration of twelve months. Before building the yield loss model, a data screening 
was performed in order to remove palms with extreme yield values. The 
identification of the main sources of multicollinearity was also performed based on 
correlation-based test and also variance-based test. All the remaining data set was 
splitted into model building data set and validation data set. Two model building 
approaches were applied, which are estimation-post-selection and Bayesian model 
averaging (BMA). For estimation-post-selection approach, there were two subset 
selection algorithms were applied, namely backward stepwise subset selection and 
best-subset selection. The best single model from the best-subset selection 
algorithm was chosen based on eight criteria, namely Akaike Information Criterion 
(AIC), Finite Prediction Error (FPE), Generalised Cross Validation (GCV), Hannan- 
Quinn (HQ), RICE, SCHWARZ, sigma square (SGMASQ) and SHIBATA. The 
predictive performance of the three best models which represent three different 
model building algorithms were assessed and compared. Based on mean square 
error (MSE), root mean square error (RMSE), and mean absolute error (MAE), BMA 
model has the lowest values, thus selected as the best model for oil palm yield loss. 
This best model (i. e. estimated loss of total bunch weight in 12 months = -24.632 
+ (-18.307*R2) + (13.456*R3) + (21.531*R4) + (2.346*AUDPC) + 
(0.551*NEIGHBOUR) + (35.113*PT) + (0.014*AUDPC*NEIGH BOUR) + (- 
0.011*AUDPC*PT)) revealed that planting technique as the most important 
predictors of oil palm yield loss and followed by disease progress (AUDPC), disease 
severity (mild, medium, and severe), number of infected neighbouring palms, and 
two interaction variables. The economic loss was then estimated by using the best 
model. The estimated economic loss showed that the loss can be up to 68 percent 
as compared to the attainable yields of all the infected palms. In conclusion, the 
yield loss model built in this study can potentially be used by the oil palm planters 
in helping them to estimate the yield loss as well as economic loss due to 
Ganoderma BSR disease if no treatment is applied. 
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ABSTRAK 

PEMODELAN KERUGIAN HASIL KELAPA SA WIT DISEBABKAN OLEH 
PENYAKITGanoderma REPUT PANGKAL BATANG 

Kelapa sawit atau nama saintifiknya Elaeis guineensis Jacq. merupakan tanaman 
benih minyak yang paling cekap di dun/a. Tanaman komoditi inl dianggap sebagai 
tanaman emas di Malaysia. Gelaran /n/ d/ber/ kerana sumbangan industri min yak 
sawit kepada ekonomi negara secara keseluruhan dengan menyed/akan peluang 
pekerjaan dan pendapatan mela/ui eksport. Namun, usaha negara lni untuk 
mengukuhkan industri /n/ sedang diganggu oleh satu penyakit yang dikenali 
sebagai Ganoderma Reput Pangkal Batang (RPB). Penyakit Ini boleh menyebabkan 
kerug/an ekonom/ yang signifikan kepada /ndustri. Setakat /nl, masih dada kawalan 
yang berkesan bagi penyakit /n/ di peringkat ladang komers/al. Kaedah-kaedah 
kawalan sedia ada hanya boleh memanjangkan jangka hayat produktif pokok yang 
dUangk/ti. Penganggaran kerugian has/l yang disebabkan o%h penyakit /nl adalah 
sangat penting kepada pengusaha saw/t. Namun, pada mass ln/ dada model 
matematik sedia ada yang boleh digunakan untuk tujuan tersebut. Oleh /tu, kaj/an 
empirikal inl telah dUalankan untuk membina model matematik yang boleh 
digunakan untuk menganggar kerugian hasll disebabkan o%h penyak/t lnl. Bagi 
tujuan pengumpu/an data, t/ga plot komersial kelapa saw/t dengan fasa 
pengeluaran yang berbeza (iaitu fasa mena/k, fasa mendatar dan fasa menurun) 
telah d/pll/h sebagai plot kajian. Has/l dan tahap penyakit bag/ setiap pokok kelapa 
sawlt yang d/pll/h dalam tiga plot kajian dicatatkan bagi tempoh dua betas bulan. 
Sebelum memb/na model kerugian has/l, pemer/ksaan data telah dilakukan dalam 
usaha untuk menyingkirkan pokok kelapa sawit yang menunjukkan data hasll yang 
ekstrem. Pengena/past/an sumber utama mult/kollnearan juga dilakukan 
berdasarkan uj/an berdasarkan kore/asi dan uj/an berdasarkan varians. Semua set 
data yang tinggal telah dipecahkan kepada set data untuk pembangunan model 
dan set data untuk pengesahan. Dua pendekatan pembangunan model telah 
d/gunakan laitu pemilihan se%pas anggaran dan pemurataan model Bayeslan 
(BMA). Bagi pendekatan pem/l/han selepas anggaran, terdapat dua a/goritma 
pemilihan subset telah digunakan, pemilihan subset langkah dem/ langkah la/tu ke 
belakang dan pemilihan terba/k subset. Model tunggal terba/k darlpada algoritma 
pemilihan terbaik subset dip/llh berdasarkan lapan kriteria /a/tu Kr/terla Maklumat 
Aka/ke (AIC), Ra/at Ramalan Terhingga (FPE), Pengesahan Silang Am (GCV), 
Hannan-Quinn (HQ), RICE, SCHWARZ, sigma kuasa dua (SGMASQ) dan SHIBATA. 
Prestasi ramalan tiga model terbaik yang mewak/l/ tiga algor/tma pemb/naan model 
yang berbeza telah d/n/lai dan d/bandingkan. Berdasarkan ralat min kuasa dua 
(MSE), punca min ralat kuasa dua (RMSE) dan min ralat mutlak (MAE), model BMA 
mempunyal nllai yang terendah, sekali gus dip/lih sebagai model yang terbaik untuk 
kerugian hasil kelapa sawit. Model terbaik ln/ (la/tu anggaran kerugian jumlah berat 
tandan dalam 12 bulan = -24.632 + (-18.307*R2) + (13.456*R3) + (21.531 *R4) + 
(2.346*AUDPC) + (0.551 *NEIGHBOUR) + (35.113*PT) + 
(0.014*AUDPC*NEIGHBOUR) + (-0.011 *AUDPC*PT)) telah mendedahkan bahawa 
teknik penanaman sebagai faktor yang paling penting dalam penganggaran 
kerugian hasil kelapa sawit dan dilkuti o%h progres penyakit (AUDPC), tahap 
penyakit (ringan, sederhana dan teruk), bilangan pokok j/ran dUangkiti dan dua 
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pembolehubah interaksi. Kemudian, kerugian ekonomi telah dianggarkan dengan 
menggunakan model terbaik tersebut. Kerugian ekonomi yang dianggar 
menunjukkan bahawa kerugian boleh mencecah sehingga 68 peratus berbanding 
dengan kadar hasil yang boleh dicapa/ bagi semua pokok yang d#angkiti. 
Kesimpu/annya, model kerugian hasil yang dibina dalam kajian lni berpotensi untuk 
digunakan o/eh penanam kelapa sawit dalam membantu mereka untuk 
menganggarkan kerugian hasil serta kerugian ekonomi akibat penyakit Ganoderma 
BSR jika dada rawatan digunakan. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Oil palm or scientifically known as E/aeis guineensis Jacq. is a monocotyledonous 

tree which belongs to the Pa/mae family and the Cocoidae subfamily. This perennial 

tree crop (i. e. the tree which can live more than two years) is being used 

extensively in food and non-food industries. It can grow over 100 years or more to 

a height of up to 15 meters. Its productive commercial life is only around 20 to 30 

years. Oil palm produces two types of oil, which are palm oil (i. e. the primary 

product) and palm kernel oil (Sime Darby Plantation, 2013). This commodity crop is 

the most efficient oilseed crop in the world or the highest yields per hectare of all 

crops (Murphy, 2014). 

One hectare of oil palm plantation is able to produce up to ten times more oil 

(i. e. 4.14 tonnes per hectare per year) than other leading oilseed crops, such as 

soybean (i. e. 0.4 tonnes per hectare per year), sunflower (i. e. 0.55 tonnes per 

hectare per year), and rapeseed (i. e. 0.72 tonnes per hectare per year) (Corley and 
Tinker, 2016). Furthermore, oil palm only accounted for 5.3% of global land use for 

cultivation of ten major oilseeds in the world with the total of 253.9 million 

hectares. It is lower than soybean (40.9%), cottonseed (13.2%), rapeseed 
(13.0%), and sunflower (9.4%). 



This crop has produced around 33% of global oils and fats output in 2014 

which is the highest as compared to other oilseeds (i. e. 23% by soybean, 13% by 

rapeseed, 13% by animal fats, 8% by sunflower, 2% by coconut oil, and 8% by 

others) (Malaysian Palm Oil Council, 2015). Palm oil was also the highest consumed 

oil in the world in 2011 as compared to the 17 oils and fats with 47.05% of the 

world consumption of oils and fats (Sime Darby Plantation, 2013). 

1.2 Contribution of Oil Palm industry to the Malaysian Economy 

There is a quote saying that oil palm is a 'nature's gift to Malaysia and Malaysia's 

gift to the world' (Mohd Basri, Chan, and Rubaah, 2009). Oil palm is the most 
important commodity crop in Malaysia, thus recognized as the golden crop of this 

country. The palm oil industry has been significantly contributing to Malaysia's 

overall economy, providing both employment and income from exports. In 2011, 

this industry has contributed 9% to the Malaysian gross domestic products. 
Furthermore, it has also created 451,507 paid jobs in 2014 (Department of 
Statistics Malaysia, 2015), which is 27% of the total employment in the agriculture 

sector in Malaysia (Malaysia Productivity Corporation, 2015). In term of contribution 
to the national income, the industry through its various oil palm products has 

contributed around RM80.4 billion to the total export revenue in 2011, which is 

around 12% of the total export revenue (i. e. RM694.5 billion) of the country during 

that year (Malaysian Palm Oil Board, 2015a). 

Oil palm was commercially planted in Malaysia in 1911 at Tenammaran 
Estate, Kuala Selangor (Teoh, 2002; Yusof and Chan, 2004). The oil palm industry 
has been playing a very significant role in strengthening the agriculture sector in 
this country. Currently, oil palm is utilizing more than 5.3 million hectares of land or 
71% of the agriculture land, which is equivalent to 14.3% of the total land area in 
Malaysia (Malaysian Palm Oil Board, 2015a). A total of 4.3 thousand hectares 
(86%) and 697.8 hectares (14%) of the oil palm area are currently cultivated by 

estates and smallholdings respectively. In Malaysia, the producers of oil palm are 
divided into six categories, which are private estates, government schemes (e. g. 
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FELDA, FELCRA, and RISDA), government or estate agencies, and independent 

smallholders with the share of oil palm planted area in 2012 was 61.6%, 18.7% 

(13.9% of FELDA, 3.3% of FELCRA, and 1.5% of RISDA), 6.0%, and 13.6% 

respectively (Malaysian Palm Oil Board, 2013a). 

The state of Sabah is still leading the oil palm industry as compared to other 

states in terms of production and also oil palm planted area. The current figure 

shows that the total oil palm planted area in the state is around 1.51 million 

hectares or 28% of the total oil palm planted area in Malaysia (Malaysian Palm Oil 

Board, 2015a). In Sabah, oil palm currently takes up almost 90% of the total state 

agriculture land, and is mostly concentrated in the palm oil belt stretching from the 

district of Sandakan to Lahad Datu. 

In the world scenario, Malaysia is the second largest palm oil producer and 

exporter after Indonesia. In 2014, Malaysia's palm oil alone has contributed 39% or 
17.31 million tonnes of the total global trade of oils and fats (Malaysian Palm Oil 

Council, 2015). Due to the increasing positive trend in the world demand of edible 

oil especially the palm oil, the country has taken many efforts to response to the 

world demand by increasing the production as well as the productivity of its oil 

palm. These efforts can be seen through the oil palm planted area which is now 

more than five million hectares and also through the extensive effort in research 

and development on oil palm. 

In 2014, Malaysia has exported 64.8% or 11.2 million tonnes of its palm oil 
and kernel oil to only these six countries, which are India (3.2 million tonnes), 
China (2.8 million tonnes), EU-28, Pakistan, USA, Vietnam, and Japan (Malaysian 

Palm Oil Council, 2015). This shows that India is currently the main importer of 
Malaysian palm oil. China used to be the main importer of Malaysia but this country 
has recently increased its import on soybean oil. Pakistan has also reduced the 
import due to the increased in its import on soybean oil and rapeseed oil. For palm 
kernel oil, the two major destinations of export are USA and China with the total of 
0.29 million tonnes (or 24.6% of the total palm kernel oil exports) and 0.18 million 
tonnes (or 15.3%) respectively in 2011 (Malaysian Palm Oil Board, 2013b). 
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The oil palm industry is directed to achieve the vision of 35: 25, which is 35 

tonnes of fresh fruit bunch (FFB) per hectare per year with 25 oil extraction rate 

(OER) (Yusof and Mohd Arif, 2005). The current achievement is 19.67 tonnes and 

20.62% of FFB per hectare per year and OER respectively (Malaysian Palm Oil 

Board, 2015a). Unfortunately, the efforts of the country to focus on the 

improvement of the production as well as the productivity of this oil palm industry 

are being interrupted by the attack of a fatal crop disease. As far as the disease 

problem to oil palm in Malaysia is concerned, Ganoderma disease which includes 

basal stem rot (BSR) and upper stem rot (USR) remains as the most devastating 

disease. It is present in more than 50% of the oil palm fields in Malaysia (Idris, 

Mior, Maizatul, and Ahmad Kushairi, 2011). Furthermore, this disease is also 

considered as the most destructive disease of oil palm in South-East Asia (Ariffin, 

Idris, and Singh, 2000). 

1.3 Incidence of Ganoderma Basal Stem Rot (BSR) Disease and Its 

Economic Impact 

Ganoderma Basal Stem Rot (BSR) disease is the most widely studied and 
knowledge available oil palm disease in Malaysia (Idris, 2012). The disease is 

caused by the white rot fungus Ganoderma (Flood, Hasan, Turner, and O'Grady, 

2000). In the region of Southeast Asia especially in Malaysia and Indonesia, this 

disease is considered as the most devastating disease. In the region of Africa, 

vascular or Fusarium wilt is the most serious field disease of oil palm (Ariffin and 
Mohd Basri, 1993). In some countries in Africa (i. e. Angola, Cameroon, Ghana, 

Nigeria, Zambia, San Tome, Principe, Tanzania, Zimbabwe, and Republic of Congo), 

in Central America (i. e. Honduras), and in Oceania (i. e. Papua New Guinea), some 
oil palm fields were reported to be infected by Ganoderma BSR disease (Ariffin et 

al., 2000). There are many species of Ganoderma reportedly have caused the 
disease, but Ganoderma boninense was identified as the main species that causes 
the disease (Ho and Nawawi, 1985; Siang et al., 2013; Wong, Bong, and Idris, 
2012). The disease was previously considered as an economically unimportant 
disease due to the fact that the disease only attacks older palms which are soon be 

4 



REFERENCES 

Abdul Rahim, A., Kah, 3. G., Tee, B. H. & Osumanu Haruna, A. 2008. Spatial- 
temporal yield trend of oil palm as influenced by nitrogen fertilizer 
management. American Journal of Applied Sciences, 5(10): 1376-1383. 

Abdullah, F. 2000. Spatial and sequential mapping of the incidence of basal stem 
rot of oil palms (E/aeis guineensis) on a former coconut (Cocos nucifera) 
plantation. in 3. Flood, P. D. Bridge and M. Holderness (eds), Ganoderma 
diseases of perennial crops. United Kingdom, 183-194. 

Ahmad Kushairi, D., Rajanaidu, N., Jalani, B. S. & Zakri, A. H. 1993. Variation in 
Malaysian Dura x Pisifera planting materials: I Bunch analysis. Elaeis, 6(1): 
14-23. 

Ahmad, S., Afzal, M., Noorka, I. R., Iqbal, Z., Akhtar, N., Iftkhar, Y. & Kamran, M. 
2010. Prediction of yield losses in wheat (Triticum aestivum L. ) in relation to 
epidemiological factors in Faisalabad. Pakistan Journal of Botany, 42(1): 401- 
407. 

Akaike, H. 1970. Statistical predictor identification. Annals of the Institute of 
Statistical Mathematics, 22(1): 203-217. 

Akaike, H. 1974. A New Look at the Statistical Model Identification. IEEE 
Transactions on Automatic Control, 19(6): 716-723. 

Aldstadt, J., DongMei, C. & Getis, A. 2016. Point Pattern Analysis. Beverly Hills: San 
Diego State University. 

Amstrong, D. L. 1999. Oil Palm Nutrition Management. Better Crops International, 
13(1). 

Ariffin, D. & Idris, A. S. 1991. A selective medium for the isolation of Ganoderma 
from diseased tissues. in B. Yusof, B. S. Jalani, K. C. Chang, S. C. Cheah, I. E. 
Henson, K. Norman, K. Paranjothy, N. Rajanaidu, D. Mohd Tayeb and D. 
Ariffin (eds), International Palm Oil Conference: Progress, Prospects and 
Challenges Towards the 21st Century (Module 1: Agriculture), 517-519. 

Ariffin, D., Idris, A. S. & Singh, G. 2000. Status of Ganoderma in oil palm. in J. 
Flood, P. D. Bridge and M. Holderness (eds), Ganoderma diseases of perennial 
crops. United Kingdom: Cabi Publishing. 

Ariffin, D. & Mohd Basri, W. 1993. Intensive IPM for Management of Oil Palm Pests. 
Oil Palm Bulletin. Kuala Lumpur, 41: 1-14. 

Ataga, C. D. 2010. Yield stability study in oil palm (Elaeis guineensis Jacq) using 
descriptive method of grouping genotypes. World Journal of Applied Science 
and Technology, 2(2): 245-252. 

173 



Azahar, T. M., Boursier, P. & Idris, A. S. 2008. Spatial Analysis of Basal Stem Rot 
disease using Geographical Information System. Map Asia. 

Azahar, T. M., Idris, A. S., Abu Hassan, D. & Norazlin, I. 2014. Assessment of Basal 
Stem Rot Disease Distribution in Palm Oil Plantation Using Geographical 
Information System. Journal of Science and Technology, 6(2): 81-92. 

Azahar, T. M., Jawahir, C. M., 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--DENS, 11(3): 96-101. 

Azman, I. & Mohd Noor, M. 2002. The Optimal Age of Oil Palm Replanting. Oil Palm 
Industry Economic Journal, 2(1): 11-18. 

Balasundram, S. K., Robert, P. C., Mulla, D. 3. & Allan, D. L. 2006. Relationship 
between Oil Palm Yield and Soil Fertility as Affected by Topography in an 
Indonesian Plantation. Communications in Soil Science and Plant Analysis, 
37(9-10): 1321-1337. 

Balli, H. 0. & Sorensen, B. E. 2013. Interaction effects in econometrics. Empirical 
Economics, 45(1): 583-603. 

Bassanezi, R. B., Montesino, L. H., Gasparoto, M. C. G., Bergamin Filho, A. & 
Amorim, L. 2011. Yield loss caused by huanglongbing in different sweet 
orange cultivars in SSo Paulo, Brazil. European Journal of Plant Pathology, 
130(4): 577-586. 

Bluman, A. G. 2009. Elementary Statistics: A Step By Step Approach. 7th Ed. New 
York: McGraw-Hill. 

Bock, C. H., Poole, G. H., Parker, P. E. & Gottwald, T. R. 2010. Plant Disease 
Severity Estimated Visually, by Digital Photography and Image Analysis, and 
by Hyperspectral Imaging. Critical Reviews in Plant Sciences, 29(2): 59-107. 

Bowerman, B. L. & O'Connell, R. T. 1990. Linear Statistical Models: An Applied 
Approach. 2nd Ed. Belmont, California: PWS Pub Co. 

Breure, C. J. & Menendez, T. 1990. The Determination of Bunch Yield Components 
in the Development of Inflorescences in Oil Palm (Elaeis Guineensis). 
Experimental Agriculture, 26(l): 99-115. 

Brown, 3. & Keane, P. 1997. Chapter 20: Assessment of disease and effects on 
yield. in 3. F. Brown and H. 3. Ogle (eds), Plant Pathogens and Plant Diseases. 
Armidale: Rockvale Publications, 315-329. 

Bush, H. M. 2012. Biostatistics: An Applied Introduction for the Public Health 
Practitioner. New York: DELMAR Cengage Learning. 

Campbell, C. & Madden, L. V 1990. Introduction to p/ant disease epidemiology. 1st 
Ed. New York: Wiley-Interscience. 

174 



Chang, L. C., Abdul Rahim, A. S. & Zainon, B. 2003. An Economic Perspective of Oil 
Extraction Rate in the Oil Palm Industry of Malaysia. Oil Palm Industry 
Economic Journal, 3(1): 25-31. 

Chen, P. & Popovich, P. 2002. Correlation - Parametric and Nonparametric 
Measures. in M. S. Lewis-Beck (ed. ), Sage University papers Series on 
Quantitative Applications in the Social Sciences. New Delhi: Sage Publication 
Inc., 7-139. 

Chong, K. P., Lum, M. S., Foong, C. P., Wong, C. M. V. L., Markus, A. & Rossall, S. 
2011. First identification of Ganoderma boninense isolated from Sabah based 
on PCR and sequence homology. African Journal of Biotechnology, 10(66): 
14718-14723. 

Chong, K. P., Markus, A. & Rossall, S. 2012. The susceptibility of different varieties 
of oil palm seedlings to Ganoderma boninense infection. Pakistan Journal of 
Botany, 44(6): 2001-2004. 

Chow, C. S. 1992. The effects of season, rainfall and cycle on oil palm yield in 
Malaysia. Eiaeis, 4(1): 32-43. 

Chung, G. F. 2011. Management of Ganoderma Diseases in Oil Palm Plantations. 
The Planter, 87(1022): 325-339. 

Claeskens, G. 2016. Statistical model choice. Statistics and Its Application, 3(April 
2016). 

Claeskens, G. & Hjort, N. L. 2008. Model selection and model averaging. New York: 
Cambridge University Press. 

Clyde, M. 2003. Model averaging. 2nd Ed. in S. J. Press (ed. ), Subjective and 
Objective Bayesian Statistics: Principles, Models and Applications. New Jersey: 
Wiley-Interscience, 320-335. 

Cohen, J. 1992. Statistical Power Analysis. Current Directions in Psychological 
Science, 1(3): 98-101. 

Cooke, B. M. 2006. Chapter 2 Disease Assessment and Yield Loss. 2nd Ed. in B. M. 
Cooke, D. Gareth Jones and B. Kaye (eds), The Epidemiology of Plant 
Diseases. Springer, 43-80. 

Cooke, B. M., Jones, D. G. & Kaye, B. 2006. The Epidemiology of Plant Disease. 
2nd Ed. New York: Springer. 

Cooper, R. M., Flood, J. & Rees, R. W. 2011. Ganoderma boninense in oil palm 
plantations: current thinking on epidemiology, resistance and pathology. The 
Planter, 87(1024): 515-526. 

175 



Corley, R. H. V& Tinker, P. B. H. 2016. The Oil Palm. 5th Ed. United Kingdom: 
Wiley-Blackwell. 

Cornell, J. A. & Berger, R. D. 2012. Factors that Influence the Value of the 
Coefficient of Determination in Simple Linear and Nonlinear Regression 
Models. Phytopathology, 77(1): 63. 

Department of Statistics Malaysia 2015. Oil Palm. Malaysia Economics Statistics - 
Time Series 2015. Kuala Lumpur: Department of Statistics Malaysia, 136-138. 

Derksen, S. & Keselman, H. J. 1992. Backward, forward and stepwise automated 
subset selection algorithms: Frequency of obtaining authentic and noise 
variables. British Journal of Mathematical and Statistical Psychology, 45(2): 
265-282. 

Dhamu, K. P. & Ramamoorthy, K. 2012. Statistical Methods. Jodhpur: Agrobios 
(India). 

Dixon, P. M. 2002. Ripley's K function. in A. H. EI-Shaarawi and W. W. Piegorsch 
(eds), Encyclopedia of Environmetrics Chichester: John Wiley & Sons, Ltd, 
1796-1803. 

Dowley, L. J., Grant, J. & Griffin, D. 2008. Yield losses caused by late blight 
(phytophthora infestans (mont. ) de bary) in potato crops in Ireland. Irish 
Journal of Agricultural and Food Research, 47(1): 69-78. 

Dziak, J., Li, R. & Collins, L. 2005. Critical Review and Comparison of Variable 
Selection Procedures for Linear Regression. Methodology Center, Penn State 
University, Pennsylvania 

FAO 1983. Assesment and collection of data on pre-harvest food grain losses. FAO 
Econom Ed. Rome: Food and Agriculture Organization (FAO). 

Ferris, H. 1981. Mathematical approaches to the assessment of crop damage. 
Volume 3 Ed. in B. M. Zuckerman and R. A. Rohde (eds), P/ant Parasitic 
Nematodes. New York, 405-420. 

Field, A. 2009. Discovering statistics using SPSS. London: Sage Publication Inc. 

Fischer, M. M. & Getis, A., eds 2010. Handbook of Applied Spatial Analysis: 
Software Tools, Mehtods and Applications. New York: Springer. 

Flood, ]., Hasan, Y., Turner, P. D. & O'Grady, E. 2000. The spread of Ganoderma 
from its infective sources in the field and its implications for management of 
the disease in oil palm. in J. Flood, P. D. Bridge and M. Holderness (eds), 
Ganoderma diseases of perennial crops. United Kingdom: Cabi Publishing, 
101-112. 

Fragoso, T. M. & Neto, F. L. 2015. Bayesian model averaging :A systematic 
review and conceptual classification. Statistical Sciences, 1-35. 

176 



Gastwirth, 3. L., Gel, Y. R. & Miao, W. 2009. The Impact of Levene's Test of 
Equality of Variances on Statistical Theory and Practice. Statistical Science, 
24(3): 343-360. 

Gaunt, R. E. 1990. Practical methods of quantifying diseases and pathogen 
populations. in P. S. Teng (ed. ), Crop Loss Assessment in Rice. Manila: 
International Rice Research Institute (IRRI), 67-74. 

Genell, A., Nemes, S., Steineck, G. & Dickman, P. W. 2010. Model selection in 
medical research: a simulation study comparing Bayesian model averaging and 
stepwise regression. BMC medical research methodology. BioMed Central Ltd, 
10(1): 108. 

George, E. I. 2000. The Variable Selection Problem. Journal of the American 
Statistical Association, 95(452): 1304-1308. 

Golub, G. H., Heath, M. & Wahba, G. 1979. Generalized cross-validation as a 
method for choosing a good ridge parameter. Technometrics, 21(2): 215-223. 

Gonsalves, F. P., Stuchi, E. S., Lourenco, S. A., Hau, B. & Amorim, L. 2012. 
Relationship between sweet orange yield and intensity of Citrus Variegated 
Chlorosis. P/antPathology, 61(4): 641-647. 

Google Inc. 2016. Google Earth. Google Inc. Retrieved from 
https: //www. google. com/earth/. 16 February 2016. 

Green, S. B. 1991. How Many Subjects Does It Take To Do A Regression Analysis. 
Multivariate Behavioral Research, 26(3): 499-510. 

Gujarati, D. N. 2003. Basic econometrics. 4th Ed. New York: McGraw-Hill. 

Hannan, E. 3. & Quinn, B. G. 1979. The determination of the order of an 
autoregression. Journal of the Royal Statistical Society. Series B, 41(2): 190- 
195. 

Harris, R. ]. 1985. A primer of multivariate statistics. 2nd Ed. New York: Academic 
Press. 

Hastie, T., Tibshirani, R. & Friedman, 3.2009. The Elements of Statistical Learning: 
Data Mining, Inference, and Prediction. 2nd Ed. Springer. 

Hayden, E., Stomper, A., Sloan, M. I. T. & Westerkamp, A. 2010. Selection vs . Averaging of Logistic Credit Risk Models. Social Science Research Network, 1- 
8. 

Helmi, Z. M. S., Mohd, I. A., Idris, A. S. & Nisfariza, M. N. 2011. Spectral 
discrimination of healthy and Ganoderma-infected oil palms from hyperspectral 
data. International Journal of Remote Sensing, 32(22): 7111-7129. 

177 



Henson, I. E. 2000. Modelling the Effects of Haze on Oil Palm Productivity and 
Yield. Journal of Oil Palm Research, 12(1): 123-134. 

Henson, I. E. 2005. Modelling Seasonal Variation in Oil Palm Bunch Production 
Using a Spreadsheet Programme. Journal of Oil palm Research, 17(June): 27- 
40. 

Henson, I. E. & Mohd Tayeb, D. 2004a. Seasonal Variation in Yield and 
Developmental Processes in an Oil Palm Density Trial on a Peat Soil :1. 
Yield and Bunch Number Components. Journal of Oil Palm Research, 16(12): 
88-105. 

Henson, I. E. & Mohd Tayeb, D. 2004b. Seasonal Variation in Yield and 
Developmental Processes in an Oil Palm Density Trial on a Peat Soil : 2. 
Bunch Weight Components. Journal of Oil Palm Research, 16(2): 106-120. 

Ho, C. T. & Khairuddin, H. 1997. Usefulness of soil mounding treatments in 
prolonging productivity of prime-aged Ganoderma infected palms. The Planter, 
73(854): 239-244. 

Ho, Y. W. & Nawawi, A. 1985. Ganoderma boninense Pat. from Basal Stem Rot of 
Oil Palm (Elaeis guineensis) in Peninsular Malaysia. Pertanika, 8(3): 425-428. 

Hoeting, 3. A. 2002. Methodology for Bayesian Model Averaging : An Update. 
International Biometric Conference, 231-240. 

Hoeting, 1. A., Madigan, D., Raftery, A. E. & Volinsky, C. T. 1999. Bayesian Model 
Averaging: A Tutorial. Statistica/Sciences, 14(4): 382-417. 

Hushiarian, R., Yusof, N. A. & Dutse, S. W. 2013. Detection and control of 
Ganoderma boninense strategies and perspectives. SpringerPlus, 2: 555. 

Idris, A. S. 2012. Ganoderma disease of oil palm in Malaysia: Latest technologies on detection, control and management. Proceedings of the 17th international 
Conference on Oil Palm and Expopalma. Cartagena De Indias. 

Idris, A. S., Azahar, T. M., Wahid, 0. & Hasnol, 0.2009. Spatial pattern and hotspot analyses of Ganoderma disease in oil palm plantations using the 
Georgraphical Information System. MPOB Information Series, 3une 
2009(MPOB TS No. 62). 

Idris, A. S., Ismail, S. & Ariffin, D. 2004. Innovative technique of sanitation for 
controlling Ganoderma at replanting. MPOB information series, June 
2004(MPOB TT No. 213). 

Idris, A. S., Ismail, S., Ariffin, D. & Ahmad, H. 2004. Prolonging the productive life 
of Ganoderma-infected palms with hexaconale. MPOB Information Series, 
June 2004(MPOB TT No. 214). 

178 



Idris, A. S. & Maizatul, S. M. 2012. Stump treatment with dazomet for controlling 
Ganoderma disease in oil palm. MPOB Information Series, 615(MPOB TS No. 
107). 

Idris, A. S., Mazliham, M. S., Loonis, P. & Mohd Basri, W. 2010. GanoSken for early 
detection of ganoderma infection in oil palm. MPOB Information Series, June 
2010(MPOB TT No. 442): 3-6. 

Idris, A. S., Mior, M. H. A. Z., Maizatul, S. M. & Ahmad Kushairi, D. 2011. Survey on 
status of Ganoderma disease of oil palm in Malaysia 2009-2010. Proceedings 
of the PIPOC 2011 International Palm Oil Congress. Kuala Lumpur: Malaysian 
Palm Oil Board (MPOB), 235-238. 

Idris, A. S., Mior, M. H. A. Z., Wahid, 0. & Ahmad Kushairi, D. 2010. Geostatistics 
fo monitoring Ganoderma outbreak in oil palm plantations. MPOB Information 
Series, June 2010(MPOB TS No. 74). 

Idris, A. S. & Rafidah, A. R. 2008. Polyclonal antibody for detection of Ganoderma. 
MPOB Information Series. Kuala Lumpur, June 2008(MPOB TT No. 405). 

Idris, A. S., Rajinder, S., Madihah, A. Z. & Mohd Basri, W. 2010. Multiplex PCR-DNA 
kit for early detection and identification of ganoderma species in oil palm. 
MPOB Information Series, 3 une 2010(MPOB TT No. 73). 

Idris, A. S., Sharifah-Muzaimah, S. A., Madihah, A. Z., Norman, K., Ahmad Kushairi, 
D., Choo, Y. M., Hamirin, K. & Wan Ismail, W. H. 2014. Embio" ̀' ActinoPlus For 
Biological Control Of Ganoderma Disease. MPOB Information Series, 
652(MPOB Ti" No. 544). 

Idris, A. S., Yamaoka, M., Hayakawa, S., Basri, M. W., Noorhasimah, I. & Ariffin, D. 
2003. PCR Technique for Detection of Ganoderma. MPOB Information Series, 
June 2003(MPOB TT No. 188). 

Ishaq, I., Alias, M. S., Kadir, ]. & Kasawani, I. 2014. Detection of basal stem rot 
disease at oil palm plantations using sonic tomography. Journal of 
Sustainability Science and Management, 9(2): 52-57. 

Jusoh, L., Mohd Noor, M., Mohd Tayeb, D. & Ahmad Kushairi, D. 2003. Economics 
of Higher Planting Density in Oil Palm Plantations. Oil Palm Industry Economic 
Journal, 3(2): 32-39. 

Kaplan, D. & Lee, C. 2015. Bayesian Model Averaging Over Directed Acyclic Graphs 
With Implications for the Predictive Performance of Structural Equation 
Models. Structural Equation Modeling: A Multidisciplinary Journal, 23(3): 343- 
353. 

Karthikeyan, G. & Bhaskaran, R. 2005. Assessment of crop loss due to basal stem 
rot disease of coconut in Tamil Nadu, its epidemiology and biological control. 
Thanjavur. 

179 



Karthikeyan, G., Karunanithi, K., Raguchander, T. & Prabakar, K. 2005. Prevalence 
of basal stem rot (BSR) disease of coconut in coastal and inland districts of 
Tamil Nadu. Madras Agricultural Journal, 92(7-9): 427-430. 

Keane, P. & Kerr, A. 1997. Factors affecting disease development. 2nd Ed. In B. M. 
Cooke, D. Gareth Jones and B. Kaye (eds), Plant Pathogens and Plant 
Diseases. Dordrecht: Springer, 287-298. 

Khairuddin, H. 1993. Basal stem rot of oil palm caused by Ganoderma boninense. 
An update. PORIM International Palm Oil Congress Update and Vision 
Agriculture. Kuala Lumpur: Palm Oil Research Institute of Malaysia (PORIM), 
739-749. 

Kraemer, H. C. & Blasey, C. M. 2011. Centring in regression analyses: a strategy to 
prevent errors in statistical inference. International Journal of Methods in 
Psychiatric Research, 13(3): 141-151. 

Kutner, M. H., Nachtsheim, C. J., Neter, J. & Li, W. 2005. Applied Linear Statistical 
Models. 5th Ed. New York: McGraw-Hill. 

Laila, N., Shafiquzzaman, S., Umi Kalsom, Y. & Mondal, M. M. A. 2015. Issues of 
Ganoderma spp . and Basal Stem Rot Disease Management in Oil Palm. 
American Journal of Agricultural Science, 2(3): 103-107. 

Lal, M., Sharma, S., Ahmad, I. & Yadav, S. 2014. Development of yield loss 
assessment model for potato late blight disease in indo-gangetic plains. Potato 
Journal, 41(2): 130-136. 

Larsson, H. 2005. A crop loss model and economic thresholds for the grain aphid, 
Sitobion avenae (F. ), in winter wheat in southern Sweden. Crop Protection, 
24(5): 397-405. 

Lelong, C. C. D., Roger, J. M., Bregand, S., Dubertret, F., Lanore, M., Sitorus, N. A., 
Raharjo, D. A. & Caliman, 1. P. 2010. Evaluation of oil-palm fungal disease 
infestation with canopy hyperspectral reflectance data. Sensors, 10(1): 734- 
747. 

Lewis, M. 2007. Stepwise versus Hierarchal Regression: Pros and Cons. The Annual 
Meeting of the Southwest Educational Research Association. San Antonio. 

Lim, K. C. & Zaharah, A. R. 2002. The effects of oil palm empty fruit bunches on oil 
palm nutrition and yield, and soil chemical properties. Journal of Oil Palm 
Research, 14(2): 1-9. 

Lim, T. K., Chung, G. F. & Ko, W. H. 1992. Basal stem rot of oil palm caused by 
Ganoderma boninense. Plant Pathology Bulletin, 1: 147-152. 

Lipkovich, I. A. 2002. Bayesian Model Averaging and Variable Selection in 
Multivariate Ecological Models, 165. 

180 



Madden, L. V 1983. Measuring and Modeling Crop Losses at the Field Level. 
Phytopathology, 73(11): 1591-1596. 

Madden, L. V, Pennypacker, S. P., Antle, C. E. & Kingsolver, C. H. 1981. A loss 
model for crops. Phytopatho%ogy, 71(7): 685-689. 

Madigan, D. & Raftery, A. E. 1994. Model selection and accounting for model 
uncertainty in graphical models using Occam's window. Journal of the 
American Statistical Association, 89(428): 1535-1546. 

Madigan, D. & York, 3.1995. Bayesian graphical models for discrete data. 
International Statistical Review, 63(2): 215-232. 

Maizatul, S. M., Idris, A. S., Madihah, A. Z., Nasyaruddin, M. N. M. & Ahmad 
Kushairi, D. 2012. Burkholderia GanoEB2 powder as biological control of 
Ganoderma in oil palm. MPOB information series, 594(MPOB TT No. 507). 

Malaysia Productivity Corporation 2015. Productivity Performance of the Agriculture 
Sector. Productivity Report 2014/2015. Kuala Lumpur: Malaysia Productivity 
Corporation (MPC), 71-84. 

Malaysian Palm Oil Board 2001. Palm oil factory process handbook Part 3: 
Laboratory and milling control. Kuala Lumpur: Malaysian Palm Oil Board 
(MPOB). 

Malaysian Palm Oil Board 2013a. Summary of the Malaysian Oil Palm Industry 
2013. Retrieved from http: //bepi. mpob. gov. my/index. php/summary/654- 
summary-2013. html. 23 April 2015. 

Malaysian Palm Oil Board 2013b. Overview of the Malaysian Oil Palm industry 
2012. Malaysian Palm Oil Board (MPOB). 

Malaysian Palm Oil Board 2014. Standard Operating Procedures (SOP) for 
Ganoderma Disease in Oil Palm. Workshop on integrated management of 
Ganoderma Disease in Oil Pa/m. Malaysian Palm Oil Board (MPOB). 

Malaysian Palm Oil Board 2015a. Overview of the Malaysian Oil Palm Industry 2014. 
Review. 

Malaysian Palm Oil Board 2015b. Monthly FFB Yield (Tonnes/ Hectare). Malaysian 
Palm Oil Board (MPOB). Retrieved from 
http: //bepi. mpob. gov. mylimages/Yield/Yield-2015//FFB Yield (July-December) 
2015. pdf. 

Malaysian Palm Oil Council 2015. Annual Report2014. Kuala Lumpur. 

Mazliham, M. S., Loonis, P. & Idris, A. S. 2007. Towards Automatic Recognition and 
Grading of Ganoderma Infection Pattern Using Fuzzy Systems. World Academy 
of Science, Engineering and Technology, 25: 51-56. 

181 



Mhanhmad, S., Leewanich, P., Punsuvon, V., Chanprame, S. & Srinives, P. 2011. 
Seasonal effects on bunch components and fatty acid composition in Dura oil 
palm (Elaeis guineensis). African Journal of Agricultural Reseearch, 6(7): 
1835-1843. 

Mishra, A., Bohra, A. & Mishra, A. K. 2005. Plant pathology., Disease and 
management. 1st Ed. Jodhpur: Agrobios. 

Moghadam, S. A. 2012. Model Uncertainty & Model Averaging Techniques. State 
University. 

Mohd Basri, W., Chan, K. W. & Rubaah, M. 2009. Palm Oil: Nature's Gift to Malaysia 
and Malaysia's Gift to the World. oil Pa/m Industry Economic Journal, 9(1): 1- 
13. 

Mohd Tayeb, D. 2005. Technologies for Planting Oil Palm On Peat. Kuala Lumpur: 
Malaysian Palm Oil Board (MPOB). 

Montgomery, J. & Nyhan, B. 2008. Bayesian Model Averaging: Theoretical 
developments and practical applications. Political Analysis, 18(2): 245-270. 

Morozova, 0., Levina, 0., Uusküla, A. & Heimer, R. 2015. Comparison of subset 
selection methods in linear regression in the context of health-related quality 
of life and substance abuse in Russia. BMC Medical Research Methodology, 
15(1): 71. 

Mousanejad, S., Alizadeh, A. & Safaie, N. 2010. Assessment of yield loss due to rice 
blast disease in Iran. Journal of Agricultural Science and Technology, 12(3): 
357-364. 

Mukaka, M. M. 2012. Statistics corner: A guide to appropriate use of correlation 
coefficient in medical research. Malawi Medical Journal, 24(3): 69-71. 

Murphy, D. J. 2014. The future of oil palm as a mojor global crop: Opportunities 
and Challenges. Journal of Oil Palm Research, 26(March): 1-24. 

Naher, L., Umi Kalsom, Y., Ismail, A., Tan, S. G. & Mondal, M. M. A. 2013. 
Ecological status of Ganoderma and basal stem rot disease of oil palms (Elaeis 
guineensis Jacq. ). Australian Journal of Crop Science, 7(11): 1723-1727. 

Nazeeb, M., Barakabah, S. S. & Loong, S. G. 2000. Potential of high density oil 
palm plantings in diseased environment. The Planter, 76(896): 699-710. 

Noor Hasmiza, H., Norhisam, M., Roslina Mohd, S., Ishak, A., Desa, A., Wakiwaka, 
H. & Tashiro, K. 2013. Investigations on a novel inductive concept frequency 
technique for the grading of oil palm fresh fruit bunches. Sensors 
(Switzerland), 13(2): 2254-2266. 

182 



North, B. V, Curtis, D. & Sham, P. C. 2002. A note on the calculation of empirical P 
values from Monte Carlo procedures. American journal of human genetics, 
71(2): 439-41. 

Nur Ain Izzati, M. Z. & Faridah, A. 2008. Disease Suppression in Ganoderma- 
infected Oil Palm Seedlings Treated with Trichoderma harzianum. Plant 
Protection Science, 44(3): 101-107. 

Nur Sabrina, A. A., Sariah, M. & Zaharah, A. R. 2012. Suppression of basal stem rot 
disease progress in oil palm (elaeis guineensis) after copper and calcium 
supplementation. Pertanika Journal of Tropical Agricultural Science, 
35(SUPPL. ): 13-24. 

Nutter, F. W. 1990. Generating plant disease epidemics in yield loss experiments. 
Internatio Ed. in P. S. Teng (ed. ), Crop Loss Assessment in Rice. Manila: 
International Rice Research Institute (IRRI), 139-150. 

Nutter, F. W., Guan, ]., Gotlieb, A. R., Rhodes, L. H., Grau, C. R. & Sulc, R. M. 
2002. Quantifying Alfalfa Yield Losses Caused by Foliar Diseases in Iowa, Ohio, 
Wisconsin, and Vermont. Plant Disease, 86(3): 269-277. 

Nutter, F. W., Teng, P. S. & Royer, M. H. 1993. Terms and Concepts for Yield, Crop 
Loss, and Disease Thresholds. Plant Disease, 77(2): 211-215. 

Oboh, B. O. & Fakorede, M. A. B. 1999. Effects of Weather on Yield Components of 
the Oil Palm in a Forest Location in Nigeria. Journal of Oil Palm Research, 
1(1): 79-89. 

Petrocelli, J. V 2003. Hierachial Multiple Regression in Couselling Research: 
Common Problems and Possible Remedies. Journal of Couselling Psychology, 
36(April): 9-22. 

Prajneshu, S. P. & Varma, A. 2004. Statistical Modelling and Forecasting of Powdery 
Mildews Affecting Agricultural Crops : An Overview. Journal of The Indian 
Society of Agricultural Statistics, 57(Special Volume): 257-270. 

Press, S. J. 2003. Subjective and Objective Bayesian Statistics: Principles, models 
and Applications 2nd Ed. New Jersey: Wiley-Interscience. 

Prost, L., Makowski, D. & Jeuffroy, M. H. 2008. Comparison of stepwise selection 
and Bayesian model averaging for yield gap analysis. Ecological Modelling, 
219(1-2): 66-76. 

Rabbinge, R. 1993. The ecological background of food production. Ciba Found Ed. 
in D. J. Chadwick and J. Marsh (eds), Crop Protection and Sustainable 
Agriculture. West Sussex: John Wiley & Sons, Ltd, 2-29. 

Raftery, A. E. 1995. Bayesian Model Selection in Social Research. Sociological 
Methodology, 25: 111-163. 

183 



Raftery, A. E., Hoeting, 3. A., Volinsky, C. T., Painter, I. S. & Yeung, K. Y. 2015. 
Package' BMA', 46. 

Raftery, A. E., Madigan, D. & Hoeting, 3. A. 1997. Bayesian model averaging for 
linear regression models. Journal of the American Statistical Association, 
92(437): 179-191. 

Raftery, A. E., Painter, I. S. & Volinsky, C. T. 2005. BMA: An R package for 
Bayesian Model Averaging. R News, 5(2): 2-8. 

Ramanathan, R. 1993. Statistical methods in econometrics. Academic Press, Inc. 
United Kingdom: Academic Press. 

Ramanathan, R. 2002. Introductory econometrics with applications. 5th Ed. New 
York: Harcourt College Publishers. 

Rawlings, 1 0., Pantula, S. G. & Dickey, D. A. 1998. Applied Regression Analysis: A 
Research Tool. 2nd Ed. Technometrics. New York: Springer. 

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. P/ant Pathology, 58: 982-989. 

Reisinger, H. 1997. The impact of research designs on R2 in linear regression 
models: An exploratory meta-analysis. Journal of Empirical Generalisations in 
Marketing Science, 2: 1-12. 

Rice, 1.1984. Bandwidth choice for nonparametric regression. The Annals of 
Statistics, 12(4): 1215-1230. 

Roslan, A. & Idris, A. S. 2012. Economic Impact of Ganoderma Incidence on 
Malaysian Oil Palm Plantation -A Case Study in Johor. Oil Palm Industry 
Economic Journal, 12(l): 24-3 0. 

Roundtable of Sustainable Palm Oil 2012. RSPO Manual on Best Management 
Practices (BMPs) for Existing Oil Palm Cultivation on Peat. Kuala Lumpur: 
Roundtable on Sustainable Palm Oil (RSPO). 

Sanderson, F. R. 2005. An insight into spore dispersal of Ganoderma boninense on 
oil palm. Mycopathologia, 159(1): 139-141. 

Savary, S., Teng, P. S., Willocquet, L. & Nutter, F. W. 2006. Quantification and 
modeling of crop losses: a review of purposes. Annual Review of 
Phytopathology, 44: 89-112. 

Savary, S. & Willocquet, L. 2014. Simulation Modeling in Botanical Epidemiology 
and Crop Loss Analysis. The P/ant Health instructor. 

Sawit Kinabalu Sdn Bhd 2013. Banckground information of the study sites. Tawau. 

184 



Schwarz, G. 1978. Estimating the dimension of a model. Annals of Statistics, 6(2): 
461-464. 

Shamala, S. & Idris, A. S. 2009. Assessment of arbuscular mycorrhiza (am) as a 
vegetative growth enhancer for oil palm. MP, 489(MPOB TS No. 63). 

Sharifah-Muzaimah, S. A., Idris, A. S., Madihah, A. Z. & Ahmad Kushairi, D. 2012. 
Streptomyces GanoSAl powder as biological control of Ganoderma in oil palm. 
MPOB Information Series, 593(MPOB TT No. 506). 

Sharma-Poudyal, D. & Chen, X. M. 2011. Models for predicting potential yield loss 
of wheat caused by stripe rust in the U. S. Pacific Northwest. Phytopathology, 
101(5): 544-554. 

Shell, D., Casson, A., Meijaard, E., Van Noordwijk, M., Gaskell, J., Sunderland- 
Groves, J., Wertz, K. & Kanninen, M. 2009. The impacts and opportunities of 
oil palm in Southeast Asia. Occasional Paper. Jakarta. 

Shepard, B. M. & Ferrer, E. R. 1990. Sampling insects and diseases in rice. 
Intematio Ed. in P. S. Teng (ed. ), Crop loss assessment in rice. Manila: 
International Rice Research Institute (IRRI), 107-130. 

Shibata, R. 1981. An optimal selection of regression variables. Biometrika, 68(1): 
45-54. 

Shukla, A. N. & Uniyal, K. 1989. Antagonistic interactions of Ganoderma lucidum 
(lyss) Karst. against some soil microorganisms. Journal of Current Science, 58: 
265-267. 

Siang, M. K., rt, K. G., Hun, J. T., Kah, J. G., Wei, C. W. & You, K. G. 2013. In vitro 
growth of Ganoderma boninense isolates on novel palm extract medium and 
virulence on oil palm (Elaeis guineensis) seedlings. Malaysian Journal of 
Microbiology, 9(1): 33-42. 

Sime Darby Plantation 2013. Palm Oil Facts & Figures. Sime Darby Plantation. 
Retrieved from http: //www. simedarbyplantation. com/upload/Palm-Oil-Facts- 
and-Figures. pdf. 19 April 2015. 

Singh, G. 1991. Ganoderma - the scourge of oil palms in the coastal areas. The 
Planter, 67: 421-444. 

Soepena, H., Purba, R. Y. & Pawirosukarto, S. 2000. A control strategy for basal 
stem rot (Ganoderma) on oil palm. in 3. Flood, P. D. Bridge and M. Holdemess 
(eds), Ganoderma diseases of perennial crops. United Kingdom: CABI 
Publishing, 83-88. 

Somayeh, K., Mahsa, L., Azahar, T. M. & Adel, G. 2012. Comparison of 
Interpolation Methods in Prediction the Pattern of Basal Stem Rot Diesease in 
Palm Oil Plantation. Geoinfornmatica - An International Journal (GIL), 2(1): 
12-16. 

185 



Stattrek. com n. d. Random Number Generator. 2015. Retrieved from 
http: //stattrek. com/statistics/random-number-generator. aspx. 20 August 
2015. 

Stetina, K. C., Stetina, S. R. & Russin, J. S. 2006. Comparison of Severity 
Assessment Methods for Predicting Yield Loss to Rhizoctonia Foliar Blight in 
Soybean. Plant Disease, 90(1): 39-43. 

Suriya Rao, A. V, Lim, C. C., Chia, C. C. & Teo, K. W. 2003a. Studies on Ganoderma 
spread and control. The Planter, 79: 67-83. 

Suriya Rao, A. V, Lim, C. C., Chia, C. C. & Teo, K. W. 2003b. Studies on Ganoderma 
spread and control. The Planter, 79(927): 367-383. 

Tabachnick, B. G. & Fidell, L. S. 2007. Using multivariate statistics. 5th Ed. New 
York: Pearson. 

Teng, P. S. 1983. Estimating and Interpreting Disease Intensity and Loss in 
Commercial Fields. Phytopathology, 73(11): 1587-1590. 

Teng, P. S. 1985. Construction of predictive models. H. Forecasting crop losses. In 
C. A. Gilligan (ed. ), Mathematical Modelling of Crop Diseases. London: 
Academic Press, 179-206. 

Teng, P. S. 1990. Crop Loss Assessment: A Review of Representative Approaches 
and Current Technology. Internatio Ed. in P. S. Teng (ed. ), Crop Loss 
Assessment in Rice. Manila: International Rice Research Institute (IRRI), 19- 
37. 

Teoh, C. H. 2002. The palm oil industry in Malaysia: from seed to frying pan. 
Petaling Jaya. 

The Malaysian Society of Soil Science 1977. Characteristics of some soils in Sabah 
and Sarawak. Kuala Lumpur: The Malaysian Society of Soil Science, 95. 

Turner, P. D. 1981. Oil Palm Diseases and Disorders. Incorporated Society of 
Planters the University of Michigan: Incorporated Society of Planters. 

Van Voorhis, C. R. W. & Morgan, B. L. 2007. Understanding Power and Rules of 
Thumb for Determining Sample Sizes. Tutorials in Quantitative Methods, 3(2): 
43-50. 

Verheye, W. 2007. Growth And Production of Oil Palm. Encyclopedia of Life Support 
Systems (EOLSS). EOLSS Publishers Company Limited. 

Virdiana, I., Hasan, Y., Aditya, R. & Flood, 1.2010. Testing the effects of oil palm 
replanting practices (windrowing, fallowing and poisoning) on incidence of 
Ganoderma. 4th International Oil Pollution Compensation (IOPC). Yogjakarta: 
Indonesian Oil Palm Research Institute (IOPRI), 7. 

186 



Walker, P. T. 1990. Empirical models for predicting yield loss caused by stem 
borers. Internatio Ed. in P. S. Teng (ed. ), Crop Loss Assessment in Rice. 
Manila: International Rice Research Institute (IRRI), 131-138. 

Walter, S. & Tiemeier, H. 2009. Variable selection: current practice in 
epidemiological studies. European Journal of Epidemiology, 24(12): 733-736. 

Whittingham, M. ]., Stephens, P. A., Bradbury, R. B. & Freckleton, R. P. 2006. Why 
do we still use stepwise modelling in ecology and behaviour? Journal of Animal 
Ecology, 75(5): 1182-1189. 

Wolf, P. F. 3. & Verreet, ]. -A. 2009. Empirical-deterministic prediction of disease 
and losses caused by Cercospora leaf spots in sugar beets Originalarbeit. 
Journal Fur Kulturflanzen, 61(5): 168-177. 

Wong, L. C., Bong, C. F. & Idris, A. S. 2012. Ganoderma species Associated with 
Basal Stem Rot Disease of Oil Palm. American Journal of Applied Sciences, 
9(6): 879-885. 

Yusof, B. & Chan, K. W. 2004. The Oil Palm and its Sustainability. Journal of Oi/ 
Palm Research, 16(1): 1-10. 

Yusof, B. & Mohd Arif, S. 2005. Vision 2020: The palm oil phenomenon. Oil Palm 
Industry Economic Journal, 5(2): 1-10. 

Zadoks, ]. C. 1985. On the Conceptual Basis of Crop Loss Assessment: The 
Threshold Theory. Annual Review of Phytopatho/ogy, 23: 455-473. 

Zainodin, J., Noraini, A. & Yap, S. 3.2011. An alternative multicollinearity approach 
in solving multiple regression problem. Trends in Applied Sciences Research, 
1-15. 

Zainodin, J. & Yap, S. 12015. Hierarchical Multiple Regression Model in Obtaining 
Body Weight Equation from Anthropometric Measurements. Malaysian Journal 
of Mathematics Sciences, 9(2): 227-241. 

Zou, Y., Lord, D., Zhang, Y. & Peng, Y. 2013. Application of the Bayesian Model 
Averaging in Predicting Motor Vehicle Crashes. Journal of Transportation and 
Statistics, 10(1): 49-60. 

187 




