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EXCESSIVE N AND K FERTILIZERS EFFECT ON GROWTH AND DISEASE
SEVERITY OF BASAL STEM ROT OF OIL PALM SEEDLINGS GROWN ON
PEAT SOIL

By

ABDULLAH WAFI BIN MD. ARIF

ABSTRACT

Oil palm (Elaeis guineensis Jacg.) is a main plantation crop in Malaysia. Basal stem rot
disease (BSR) is one of the most serious disease that cause major losses in the oil palm
plantation in South East Asia, especially in Malaysia and Indonesia. Basal stem rot is
caused by white fungus called Ganoderma. Several species of Ganoderma have been
reported and Ganoderma boninense is a well-known pathogen to oil palm. Oil palm is a
high nutrient demanding crop. Application of N and K nutrients may promote growth
and decrease disease severity. Therefore, the objectives of this study were to examine
the effect of excessive N and K on growth and disease severity of oil palm seedlings
grown on peat soil. The experiment was carried out in shade house at Ladang 2,
Universiti Putra Malaysia. Three treatments and five replications with seven oil palm
seedlings for each replication were used. The treatments were N and K optimum, N and
K excessive and control treatment (NPK blue). For each treatment, half of oil palm
seedlings were inoculated with Ganoderma boninense, whiles the other half was without
Ganoderma. The experiment was arranged in randomized complete block design
(RCBD). The parameters measured were total frond numbers, bole diameter, seedlings
height, chlorophyll contents and basal stem rot disease severity by disease severity index

of foliar (DSIF). The result showed difference patterns of growth for every treatment
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from June until November (six month). Overall result showed that excessive N and K
fertilizer gave an adverse effect on oil palm seedlings growth. Moreover, disease
severity index of foliar result also showed that excessive N and K fertilizer have a high

disease severity compared to other fertilizer treatments.



KESAN BAJA N DAN K YANG BERLEBIHAN TERHADAP PERTUMBUHAN
DAN PENYAKIT REPUT PANGKAL BATANG ANAK BENIH KELAPA
SAWIT YANG DITANAM DI TANAH GAMBUT

Oleh

ABDULLAH WAFI BIN MD. ARIF

ABSTRAK

Kelapa sawit (Elaeis guineensis Jacg.) merupakan tanaman industri utama di Malaysia.
Penyakit reput pangkal batang (BSR) adalah salah satu penyakit utama menyerang
tanaman kelapa sawit dan mengakibatkan kerugian besar kepada industri perladangan
kelapa sawit di Asia Tenggara, khususnya Malaysia dan Indonesia. Penyakit BSR
disebabkan oleh jangkitan kulat Ganoderma. Beberapa spesis kulat Ganoderma telah
dikenalpasti dan kulat Ganoderma boninense adalah kulat yang berbahaya kepada
tanaman kelapa sawit. Kelapa sawit adalah tanaman yang memerlukan keperluan nutrien
yang tinggi untuk tumbesaran. Objektif utama kajian ini adalah untuk mengenalpasti
kesan pembajaan N dan K yang berlebihan terhadap pertumbuhan dan penyakit BSR
anak benih kelapa sawit yang ditanam di tanah gambut. Kajian ini telah dijalankan di
rumah teduhan di Ladang 2, UPM. Tiga jenis pembajaan dilakukan dengan 5 replikasi
dan 7 unit anak benih untuk setiap replikasi. Pembajaan yang digunakan adalah
pembajaan NPK optimum, N dan K berlebihan dan juga NPK biru yang bertindak
sebagai kawalan. Kajian ini telah dijalankan secara rekabentuk blok rawak lengkap
(RCBD) dan tumbesaran anak benih kelapa sawit serta tahap BSR dikaji dan direkod.

Hasil yang diperolehi menunjukkan perbezaan kadar pertumbuhan pada setiap bulan dari

xi



bulan Jun hingga November (6 bulan) terhadap baja yang dibekalkan. Keputusan
keseluruhan yang diperolehi telah menunjukkan baja N dan K berlebihan memberikan
kadar pertumbuhan yang negatif dari keadaan pertumbuhan yang normal. Selain itu, baja

N dan K berlebihan juga meningkatkan kadar tahap penyakit BSR.
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CHAPTER 1

INTRODUCTION

The oil palm tree (Elaeis guineensis Jacg.) originates from West Africa, where it grows
in the wild and later was developed into an agricultural crop. It was introduced to
Malaysia, then Malaya, by the British in early 1870’s as an ornamental plant. In 1917,
the first commercial planting took place in Tennamaran Estate in Selangor. Nowadays,

oil palm is the most important plantation crop in Malaysia.

The oil palm tree is a tropical plant, which commonly grows in temperate climates at
altitude below 490 meters feet above sea level. Oil palm is normally monoceous; with
both male and female flowers at the same tree. The oil palm yield can be harvested from
24 to 30 months after planting and continue to be productive up to 30 years. The oil
palm can produce 8 to 15 fresh fruit bunches (FFB) per year weighing about 15 to 25 kg

each, depending on the planting material and age of the palm.

However, infection with fungi has caused a decline in the productivity of oil palms and
subsequently the palm oil industry, which created significant concern (Hartley, 1967,
Turner, 1981). Basal stem rot (BSR) caused by the Ganoderma boninense fungus, is the
major disease that attacked oil palm tree. This disease can affect the yield of oil palm
and lead to death after infection. The worst part in oil palm plantation, which is this

disease can be spread to another oil palm tree through root to root contact.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3824713/#CR33
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3824713/#CR111

Most severe losses from BSR occur in Indonesia and Malaysia with lower incidences
being recorded in Africa, Papua New Guinea and Thailand (Idris et al., 2004). The BSR
disease rate in 1994 was estimated at 1.51% (or 32 375 ha of affected areas from 2 144
080 ha of total matured areas) as published in the MPOB Basal Stem Rot Census 1994-
1995 report. According to Roslan and Idris (2012), in 2009, BSR disease incidence rate
was estimated at 3.71% (or 151 208 ha of affected areas from 4 705 702 ha of total
matured area). Therefore, the yearly growth rate of area affected over the 15-years
period was 10.3% per year. Assuming that oil palm plantation do not apply or give any
treatment and the disease infection follow the same growth pattern, it was estimated that
the total area affected by BSR in 2020 would be around 443 440 ha (65.6 million of

palm trees).

The essential nutrients supplied to oil palm from nursery stage to matured oil palm are
nitrogen (N), phosphorus (P), potassium (K) and Magnesium (Mg). In addition, boron
(B) and in some nutrients, copper (Cu), zinc (Zn) and sulfur (S) are also essential for
optimal growth. All these essential plant nutrients influence the health of plants and their
susceptibility of oil palm to disease. Oil palm suffering from nutrient stress will be more
susceptible to disease, while adequate nutrition makes it more resistant or tolerant to
disease. Some nutrients have a greater impact on oil palm disease than others. Different
oxidation forms of the same nutrients often have opposing effects on disease. This is
true, mainly for N, S, Mn and Fe. Many experiments have been done to find the
interaction between fertilizers and plant susceptibility to disease. However, in oil palm
plantation, research on this interaction is very little and not widely explored compared

with other crops such as rice.



As concern to this knowledge gap, the project was carried out in order to identify
whether there is an effect of three types of different fertilizers applied to the oil palm

seedlings on BSR disease severity.

Hence, the main objectives of this project were to observe the effect of excessive N and
K fertilizer on (i) growth of oil palm seedlings and (ii) disease severity of oil palm

seedlings that were inoculated with Ganoderma boninense.



REFFERENCES

Agrios, G.N. 2005. Plant pathology. 5th. Elsevier Academic Press. Burlington.

Andriesse, J.P. 1974. Tropical Lowland Peat in Southeast Asia. Royal Tropical Institute,
Amsterdam.

Andriese, J.P. 1988. Nature and Management of Tropical Peat Soils. No. 59. Food &
Agriculture Organization (FAO). USA.

Ariffin, D., Idris, A.S. and Singh, G. 2000. Status of Ganoderma in Oil Palm. In:
Ganoderma Diseases Of Perennial Crops, pp 49. CABI Publishing.

Basiron, Y. 2007. Palm Oil Production through Sustainable Plantations. European
Journal of Lipid Science and Technology. 109(4): 289-295.

Basri Wahid, M., Abdullah, S.N.A., and Henson, I.E. 2005. Oil Palm-Achievements and
Potential. Plant Production Science. 8(3), 288-297.

Breure, C.J. 1982. Factors affecting Yield and Growth of Oil Palm Tenera in West New
Britain. Olégineux. 37(5), 213-227.

Campbell, C. 2000. Reference Sufficiency Ranges for Plant Analysis in the Southern
Region of The United States. Southern Cooperative Series Bulletin, 394 pp.

Chan, J. J., Latiffah, Z., Liew, K. W., and Idris, A. S. 2011. Pathogenicity of
Monokaryotic and Dikaryotic Mycelia of Ganoderma boninense on Oil Palm
Seedlings and Germinated Seeds in Malaysia. Australasian Plant Pathology.
40(3), 222-2217.

Chattopadhyay, S.B., and J.G. Dickson. 1960. Relation of Nitrogen to Disease
Development in Rice Seedlings Infested with H. Oryzae. Phytopath. 50: 434—
438.

Chew, P.S., Kee, K K., Goh, K J., Quah, Y.T., and Tey, S.H. 1994. Fertilizer
Management in Oil Palms. In: International Conference on Fertilizer Usage in
the Tropics (FERTOP). Aziz, B., Talib, B.A., Lim, C.H., Woo, Y.C., Alias, H.,
Mahmud, A.W., Poon, Y.C. and Shamsuddin, J. (eds.). Kuala Lumpur, 24 -27
August 1992. MSSS, pp 43-67.

43



Cheong, S.P., and Ng, S.K. 1977. Major Nutrient Requirements of Oil Palms on Deep
Acid Peat in Malaysia. In Abstracts of Papers. CLAMATROPS. Conference on
Classification and Management of Tropical Soils, Kuala Lumpur, Malaysia,
August 1977. MSSS.

Corley, R.H.V., Mok C.K. 1972. Effects of Nitrogen, Phosphorus, Potassium and
Magnesium on Growth of the Oil Palm. The Malaysian Agricultural Journal, 46:
332-391.

Datnoff, L.E., ElImer, W.H., and Huber, D.M. 2007. Mineral Nutrition and Plant
Disease. American Phytopathological Society (APS Press). USA.

Department of Statistics Malaysia, 2011. Chapter 4: land/terrestrial environment.
Compendium of Environment Statistics Malaysia 2011, pp. 57-71 (Retrieved
2nd June 2014 from:
http://www.statistics.gov.my/portal/download_Environment/files/Compendium
2011/05-BABA4.pdf).

Dijkshoorn, W., Sujitno, J.S.A., and Ismunadji, M. 1974. Potassium Uptake by Rice
Plants and Interaction with other Cations. Plant and Soil. 40(3), 525-534. APS
Press. USA.

Dolmat, M.T. and Bakar, H.A. 1999. Relation of Fertilizers Nutrients to Ganoderma. In:
International Palm Oil Congress. Agriculture. Emerging Technologies and
Opportunities in the Next Millennium. Kuala Lumpur, 1-6 February 1999.
PORIM. pp.422-253.

Driessen, P.M. 1978. Peat Soils. pp: 763-779. Soil and Rice. IRRI. Los Banos.
Philippines.

Flood, J., Keenan, L., Wayne, S., and Hasan, Y. 2005. Studies on Oil Palm Trunks as
Sources of Infection in the Field. Mycopathologia, 159(1): 101-107.

Flood, J., Hasan, Y., Turner, P.D., O'Grady, E.B., Bridge, P.D., and Holderness, M.
2000. The Spread of Ganoderma from Infective Sources in the Field and Its
Implications for Management of the Disease in Oil Palm. Ganoderma diseases of
perennial crops, 101-112. CABI Publishing. USA.

Forde, S., Leyritz, M., and Sly, J. 1966. The Importance of Potassium in the Nutrition of
the Oil Palm in Nigeria. Parts 1 and 2. Potash Review.

Goh, K.J., and Hardter, R. 2003. General Oil Palm Nutrition. In: Oil palm: Management
for Large and Sustainable Yields (Fairhurst and H&dter, eds.), PPI/PPIC-IPI,
Singapore, 191-230.

44


http://www.statistics.gov.my/portal/download_Environment/files/Compendium_2011/05-BAB4.pdf
http://www.statistics.gov.my/portal/download_Environment/files/Compendium_2011/05-BAB4.pdf

Gunarso, P., Hartoyo, M.E., Agus, F., and Killeen, T.J. 2013. Oil Palm and Land Use
Change in Indonesia, Malaysia and Papua New Guinea. Roundtable on
Sustainable Palm Oil, Kuala Lumpur, Malaysia.

Hai, T.C. 2002. The Palm Oil Industry in Malaysia. WWF, Malaysia.

Hasan, Y., and Turner, P.D. 1998. The Comparative Importance of Different Oil Palm
Tissues as Infection Sources for Basal Stem Rot in Replantings. Planter,74(864):
119-135.

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

Huber, D.M. 1980. The Role of Mineral Nutrition in Defense. Plant Disease, Advanced
Treatise. In: How Plants Defend Themselves, 5:381-406. Elsevier. UK.

Huber, D.M., and Wilhelm, N.S. 1988. The Role of Manganese in Resistance to Plant
Diseases. In: Manganese in Soils and Plants (pp. 155-173). Springer.
Netherlands.

Huber, D.M., Graham, R.D., and Rengel, Z. 1999. The Role of Nutrition in Crop
Resistance and Tolerance to Diseases. In: Mineral Nutrition of Crops:
Fundamental Mechanisms and Implications. Food Products Press. Binghamton,
USA.

Idris, A.S., and Ariffin, D. 2004. Basal Stem Rot - Biology, Detection and Control. In:
Proceedings of the International Conference on Pests and Diseases of Importance
to the Qil Palm Industry (No. 10, pp. 134-165).

Idris, A.S., Mior, M.H.A.Z., Maizatul, S.M. and Kushairi, A. 2011. Survey on Status of
Ganoderma Disease of Oil Palm in Malaysia 2009-2010. In: Proceedings of the
PIPOC 2011 International Palm Qil Congress (Agriculture, Biotechnology and
Sustainability) (pp.385-238). Malaysia Palm Oil Board, Malaysia.

Kanapathy, K. 1976. Fertiliser Requirement on Peat Soils. Malaysian Agricultural
Journal.

Latifah, Z., Kulaveraasingham, H., Tan, S.G., Faridah, A., and Ho, Y.W. 2005. Random
Amplified Polymorphic DNA (RAPD) and Random Amplified Microsatellite
(RAMS) of Ganoderma from Infected Oil Palm and Coconut Stumps in
Malaysia. Asia Pacific Journal (Molecule Biology Biotechnology), 13: 23-34.

Lim, H.P. and Fong, Y.K. 2005. An Insight into Spore Dispersal of Ganoderma
boninense on Oil Palm. Mycopathologia, 159: 171-179.

45



Malaysian Palm Oil Council (MPOC). 2011. Retrieved 19 August 2014 from
http://www.mpoc.org.my/Malaysian Palm Oil Industry.aspx

Maltby, E., and Immirzi, P. 1993. Carbon Dynamics in Peatlands and other Wetland
Soils Regional and Global Perspectives. Chemosphere, 27(6): 999-1023.

Murshid, A. 2013. Effect of Excessive N and K fertilizer on Growth and Disease
Severity of Basal Stem Rot of Oil Palm Seedlings Grown on Peat Soil, Universiti
Putra Malaysia.

Mutalib, A.A., Lim, J.S.,, Wong, M.H., and Koonvai, L. 1991. Characterization,
Distribution and Utilization of Peat in Malaysia. In: International Symposium on
Tropical Peatland. pp 6-10.

Mutert, E. 1999. Suitability of Soils for Oil Palm in Southeast Asia. Better Crops
International, 13(1): 37.

Naher, L., Yusuf, U.K,, Ismail, A., Tan, S.G., and 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.

Ng, S.K., and Walters, E. 1968. Field Sampling Studies for Foliar Analysis of Oil Palms.
In: Progress in Oil Palm. Proceedings of the Second Malaysian Oil Palm
Conference, Kuala Lumpur (pp. 14-16).

Ng, S.K. and Thamboo, S. 1967. Nutrient Contents of Oil Palms in Malaysia. I.
Nutrients Required for Reproduction: Fruit Bunches and Male Inflorescence.
Malaysia Agriculture Journal, 46: 3-45.

Ng, S.K., Thamboo, S., and de Souza, P. 1968. Nutrient Contents of Oil Palms in
Malaysia. Il. Nutrients in Vegetative Tissues. Malaysia Agriculture Journal, 46:
332-391.

NUrnberger, T., Brunner, F., Kemmerling, B., and Piater, L. 2004. Innate immunity in
Plants and Animals: Striking Similarities and Obvious Differences.
Immunological Reviews, 198(1): 249-266.

Nur Sabrina, A.A., Sariah, M., Zaharah, A.R., and Hua, L.Y. 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(S): 13-24.

46


http://www.mpoc.org.my/Malaysian_Palm_Oil_Industry.aspx

Okazaki, M. and Yonebayashi, K. 1992: Sampling Sites and Sample Soils-Description
and General Characteristics. In: Coastal Lowland Ecosystems in Southern
Thailand and Malaysia, (Ed.) K. Kyuma, P. Vijarnsorn, and A. Zakaria, p. 55-75,
Kyoto University, Kyoto.

Ollagnier, M., and Renard, J. L. 1976. The Influence of Potassium on the Resistance of
Oil Palms to Fusarium. In: Fertilizer Use and Plant Health. Proceedings of the
12th Colloquium of the International Potash Institute, Izmir, Turkey, 1976. (pp.
157-166). International Potash Institute.

Onwurah, I.N.E., Ogugua, V.N., Onyike, N.B., Ochonogor, A.E., and Otitoju, O.F.
2007. Crude Oil Spills in the Environment, Effects and Some Innovative Clean-
up Biotechnologies.

Ou, S.H. 1985. Rice Diseases. Commonwealth Agricultural Bureau. UK, 62.

Paterson, R.R.M. 2007. Ganoderma Disease of Oil Palm - A white Rot Perspective
Necessary for Integrated Control. Crop Protection, 26(9): 1369-1376.

Paterson, R.R.M, Sariah, M., and Lima, N. 2009. The Feasibility of Producing Oil Palm
with Altered Lignin Content to Control Ganoderma Disease. Journal of
Phytopathology, 157(11-12): 649-656.

Prabowo, N.E. and Foster, H.L. 1998. Variation in Oil and Kernel Extraction Rates of
Palms in North Sumatra Due to Nutritional and Climatic Factors. In:
International Oil Palm Conference. Commodity of the Past, Today, and the
Future. Bali, Indonesia, 23-25 September 1998. IOPRI, GAPKI, pp.275-286.

Roslan, A. and 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(1): 24-30.

Reuter, D., and Robinson, J. B. 1997. Plant Analysis: An Interpretation Manual. CSIRO
Publishing, Melbourne, Australia.

Samsuddin, J. 1990. Sifat dan Pengurusan Tanah di Malaysia. Dewan Bahasa dan
Pustaka, Kuala lumpur.

Sharma, R. C., & Duveiller, E. 2004. Effect of Helminthosporium Leaf Blight on
Performance of Timely and Late-seeded Wheat Under Optimal and Stressed
Levels of Soil Fertility and Moisture. Field Crops Research, 89(2): 205-218.

Singh, G. 1990. Ganoderma-The Scourge of Oil Palms in the Coastal Areas. In:
Proceedings of the Ganoderma Workshop. Ariffin, D. and Jalani, S. (Eds.). Palm
Oil Reseach Institute of Malaysia, Malaysia.

47



Singh G. 1991. Ganoderma- The Scourge of Qil Palm in the Coastal Areas. Planter 67:
421-444,

Soil Survey Staff, 2010. Keys to Soil Taxonomy, 11th edition. USDA — Natural
Resources Conservation Service, Washington DC 338.

Spann, T. M., and Schumann, A. W. 2010. Mineral Nutrition Contributes to Plant
Disease and Pest Resistance. Horticulture Science. University of Florida.

Stevenson, F.J. 1982. Extraction, Fractionation, and General Chemical Composition of
Soil Organic Matter. Humus Chemistry, Genesis, Composition, Reactions, 26-
54.

Sumathi, S., Chai, S.P., and 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.

Sumbali, G. 2005. The Fungi. Alpha Science Int'l Ltd. UK.

Tan, K.S. 1983. The Botany of Oil Palm, Causal Papers on Oil Palm. Kuala Lumpur. In:
Corporate Society of Planters.

Troeh, F. R., and Thompson, L. M. 2005. Soils and Soil Fertility. lowa: Blackwell.

Tie, Y.L., and Kueh, H.S. 1979. A Review of Lowland Organic Soils of Sarawak,
Malaysia. Department of Agriculture, Malaysia.

Turner, P.D., and Gillbanks, R.A. 1974. Oil Palm Cultivation and Management. Oil
Palm Cultivation and Management. 2nd Edition. ISP, Kuala Lumpur, 895p.

Turner, P.D. 1981. Oil palm Diseases and Disorders. Oxford University Press.

Utomo, C., and Niepold, F. 2000. Development of Diagnostic Methods for Detecting
Ganoderma-infected Oil palms. Journal of Phytopathology, 148(9-10): 507-514.

Walters, D.R., and Bingham, 1.J. 2007. Influence of Nutrition on Disease Development
Caused by Fungal Pathogens: Implications for Plant Disease Control. Annals of
Applied Biology, 151(3): 307-324.

Wong, M.H. 1991. The Distribution, Characteristics and Agricultural Utilization of Peat
in Sarawak. Kuching, Malaysia: Department of Agriculture in Sarawak.

Woo, Y.C., Ooi, S.H.H., Uexkull, H.V., and Ng, S.K. 1991. Role of Potash and Boron in
Achieving Maxium Yields in Oil Palm (Elaeis quineensis). In: International
Symposium on the Role of Sulphur, Magnesium and Micronutrients in Balanced
Plant Nutrition. PPI, Hong Kong, pp 379-386.

48



Yonebayashi, K., Okazaki, M., Pechayapisit, J., Vijarnsorn, P., Zahari, A.B., and
Kyuma, K. 1994. Distribution of Heavy Metals among Different Bonding Forms
in Tropical Peat Soils. Soil Science and Plant Nutrition, 40(3): 425-434.

Zhang, X., Huang, G., Bian, X., and Zhao, Q. 2013. Effects of Root Interaction and
Nitrogen Fertilization on the Chlorophyll Content, Root Activity, Photosynthetic
Characteristics of Intercropped Soybean and Microbial Quantity in the
Rhizosphere. Plant, Soil and Environment, 59(2): 80-88.

Zeyen, R.J., Carver, T L.W., Lyngkjaer, M.F., Béanger, R.R., Bushnell, W.R., and Dik,
AJ. 2002. Epidermal Cell Papillae. In: The Powdery Mildews: A
Comprehensive Treatise. APS Press, USA. 107-125.

Zin, Z.Z. and Tarmizi, A.M. 2007. Efficient Use of Urea as Nitrogen Fertilizer for
Mature Oil Palm in Malaysia. MPOB Information Series. 362.

49





