Il
UNIVERSITI PUTRA MALAYSIA

EFFECTS OF GENOTYPES, TERRAIN, AND IRRIGATION ON OIL PALM YIELD,
AND LEAF AND RACHIS NUTRIENT CONCENTRATIONS

LEE CHIN TUI

FP 2014 26




EJI]E'I.I

uPM
EFFECTS OF GENOTYPES, TERRAIN, AND

IRRIGATION ON OIL PALM YIELD, AND LEAF
AND RACHIS NUTRIENT CONCENTRATIONS

LEE CHIN TUI

DOCTOR OF PHILOSOPHY
UNIVERSITI PUTRA MALAYSIA

2014



U[PIM

UNIVERSITI PUTRA MALAYSIA
(BERILMU BERBAKTI

EFFECTS OF GENOTYPES, TERRAIN, AND IRRIGATION ON OIL PALM
YIELD, AND LEAF AND RACHIS NUTRIENT CONCENTRATIONS

LEE CHIN TUI

Thesis Submitted to the School of Graduate, Universiti Putra Malaysia
in Fulfilment of the Requirements for the Doctor of Philosophy

April 2014



COPYRIGHT

All material contained within the thesis, including without limitation text,
logos, icons, photographs and all other artwork, is copyright material of
Universiti Putra Malaysia unless otherwise stated. Use may be made of any
material contained within the thesis for non-commercial purposes from the
copyright holder. Commercial use of material may only be made with the
express, prior, written permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



Abstract of thesis submitted to the Senate of Universiti Putra Malaysia in fulfillment of
the requirements for Doctor of Philosophy

EFFECTS OF GENOTYPES, TERRAIN, AND IRRIGATION ON OIL PALM
YIELD, AND LEAF AND RACHIS NUTRIENT CONCENTRATIONS

By
LEE CHIN TUI

April 2014

Chairman : Professor Zaharah Abdul Rahman, PhD

Faculty : Agriculture

Foliar analysis is the most common diagnostic tool used to determine the nutritional
status of oil palm. Thus the fertilizer requirements of palms are then inferred from these
results. In Malaysia, most of the oil palm nutritional research works and their optimal
leaf concentrations references were derived from DxP AVROS planting materials. The
objective of this study was to evaluate the effects of different oil palm origins, subjected
to irrigation and terrain on oil palm yield, leaf, rachis nutrient concentrations and
contents over 8 years covering of two periods of yielding assessment i.e ascending and
prime stage. An experiment was laid out on palms planted in 1999 at the Tun Razak
Centre for Agricultural Services, Jerantut, Pahang, Malaysia (3° 52' 55" North, 102° 43'
41" East) to evaluate the selected genotypes under irrigation and terrain conditions.

Results over 8 years on the variations of leaf and rachis nutrient concentrations detected
in four clonal oil palm genotypes from different origins i.e. AVROS, Yangambi, La Me
and NIFOR and two DxP hybrid Yangambi which were planted on terraced and non-
terraced fields subjected to irrigated and non-irrigated conditions were studied. Results
clearly showed that rainfall pattern had a great influence on leaf nutrient concentrations
and oil yield. Non irrigated palms during ascending yielding stage subjected to uneven
rainfall distribution, had higher leaf nutrient concentrations as compared to irrigated
palms especially on leaf K and Mg (by 10%) but with lower oil yield (by 13.6%).
However, palms grown in the non-terraced area yielded almost 9% higher compared to
those planted on terraced areas. The former also have higher leaf Mg and B
concentrations which are 10% higher. As the palms reached the prime yielding stage and
with good evenly distributed rainfall over time, the effects of terrain and irrigation had
been nullified on both yield and foliar nutrient concentrations except for some of the
nutrient elements. However, there are marked differences in term of both foliar and



rachis nutrient contents among the genotype studied which is attributed to the distinct
differences in petiole cross section. Obviously genotypes have a great significant
influence on foliar nutrient concentrations and contents for both period of yielding
phases. The present study indicated that the high yielding genotypes, DxP Yangambi-
DQ 8 consistently showed 15%-20% lower leaf K concentration than the clonal
materials of AVROS-A122. Despite the lower leaf K concentration of the former, it
retained relatively higher leaf and rachis K contents. It appears therefore that leaf
concentration alone is not an adequate method to evaluate the nutritional status of the
palms. Incorporation of leaf nutrient contents as well as the rachis nutrient
concentrations and contents are certainly useful for better assessment. The present study
revealed that fresh fruit bunch (FFB) productions were not significantly different
between the genotypes tested, but the oil to bunch ratio (O:B) of the high yielding
genotypes remain higher than the standard control (YYangambi DxP, SC3), resulting in a
14-17.5% higher oil yield and 6.1-13.5% more of total economic product (TEP) at the
prime yielding phase. Monitoring the leaf cations (K, Ca and Mg) concentrations and
contents over 12 years strongly revealed that the high yielding genotypes (Yangambi-
Y103, AVROS-A122, and Yangambi-DQ8), had moderate to high leaf nutrient
concentrations and consistently recorded higher total leaf cations (TLC) throughout this
study and vice-versa for the poorer yielding palms (Yangambi-SC3 and NIFOR-N144).
The correlation studies between leaf nutrient concentrations and oil yield components
showed that leaf Ca and Mg concentrations are strongly correlated to oil to bunch (O:B)
ratio, oil yield and TEP. The results of this study are useful for developing new
strategies on oil palm nutrition and breeding programme.
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Analisis foliar merupakan kaedah yang biasa digunakan dalam penentuan status
pemakanan tanaman dan menjadi asas dalam pengiraan syor keperluan pembajaan
tanaman sawit. Di Malaysia, kebanyakan penyelidikan untuk penentuan kandungan
pemakanan tanaman sawit serta paras kepekatan optimum di dalam daun adalah terhasil
dari kajian ke atas baka tanaman DxP AVROS. Objektif kajian ini adalah untuk menilai
kesan perbezaan keturunan baka sawit, tertakluk kepada pengaruh pengairan dan
kelerengan muka bumi ke atas hasil, kepekatan dan kandungan nutrien daun serta rakis
bagi tempoh 8 tahun meliputi dua peringkat penilaian hasil iaitu peringkat hasil menaik
dan peringkat hasil puncak. Kajian ini telah dijalankan pada pokok sawit yang ditanam
pada tahun 1999 di Pusat Perkhidmatan Pertanian Tun Razak, Jerantut, Pahang,
Malaysia (3° 52" 55" Utara, 102° 43' 41" Timur) untuk menilai keupayaan beberapa
genotip terpilih dalam keadaan berpengairan dan berteres. Kajian selama lebih 8 tahun
telah dijalankan bagi mengenalpasti variasi kepekatan nutrien di dalam daun dan rakis
pada empat klon yang berlainan asal-usulnya iaitu AVROS, Yangambi, La Me dan
NIFOR serta dua hibrid DxP Yangambi yang ditanam pada kawasan berteres dan tidak
berteres serta berpengairan dan tanpa pengairan. Keputusan kajian jelas menunjukkan
corak taburan hujan menunjukkan pengaruh yang besar ke atas paras kepekatan nutrien
di dalam daun serta penghasilan minyak sawit. Pada fasa umur hasil sedang meningkat,
sawit yang ditanam di kawasan tanpa pengairan serta menerima taburan hujan yang
tidak seragam mempunyai paras kepekatan nutrien yang lebih tinggi berbanding sawit di
kawasan berpengairan terutamanya paras K dan Mg di dalam daun (melebihi 10%),
tetapi memberikan hasil minyak yang rendah (kekurangan 13.6%). Walau
bagaimanapun, sawit yang ditanam di kawasan tidak berteres memberi penghasilan
hampir 9% lebih tinggi berbanding sawit di kawasan berteres. Pokok sawit di kawasan
tidak berteres juga mempunyai paras kepekatan Mg dan B dalam daun melebihi 10%
berbanding sawit di kawasan berteres. Apabila pokok sawit mencapai fasa umur
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berhasil memuncak, dan disokong oleh taburan hujan yang mencukupi dan seragam
sepanjang tahun, faktor kecerunan mukabumi dan pengairan ke atas hasil dan kepekatan
nutrien daun tidak lagi berkesan kecuali pada beberapa nutrien tertentu. Walau
bagaimanpun, terdapat perbezaan yang ketara pada kandungan nutrien di dalam daun
dan rakis antara setiap genotip bahan tanaman yang digunakan dalam kajian. Ini
berkemungkinan berpunca dari perbezaan pada keratan rentas petiol pada setiap satunya.
Sumber bahan tanaman jelas mempunyai pengaruh yang ketara ke atas kandungan dan
kepekatan nutrien daun pada kedua tempoh fasa penghasilan sawit. Kajian ini telah
menunjukkan bahawa bahan tanaman berhasil tinggi, DxP Yangambi-DQ8 secara
konsisten mempunyai paras K daun sebanyak 15%-20% lebih rendah berbanding bahan
tanaman klon AVROS-A122. Di sebalik paras K daun yang rendah, ia masih
mengekalkan kandungan relatif K daun dan rakis yang tinggi. Keadaan ini
menunjukkan bahawa kepekatan daun secara bersendirian adalah tidak memadai untuk
menilai status kandungan nutrien pada pokok sawit. Gabungan kandungan nutrien di
dalam daun serta kepekatan dan kandungan nutrien di dalam rakis adalah sangat
berguna bagi membuat penilaian yang lebih baik. Kajian ini membuktikan bahawa tiada
perbezaan ketara pada penghasilan tandan buah segar (TBS) antara bahan tanaman yang
dikaji tetapi nisbah minyak kepada tandan (O:B) pada bahan tanaman berhasil tinggi
kekal lebih tinggi berbanding bahan tanaman yang digunakan sebagai kawalan piawai
(Yangambi DxP, SC3). Bahan tanaman berhasil tinggi memberikan hasil minyak 14-
17.5% lebih tinggi dan mempunyai 6.1-13.5% jumlah hasil ekonomi [total economic
product (TEP)] pada fasa hasil memuncak. Pengawasan paras kepekatan kation di
dalam daun (K, Ca and Mg) dan kandungannya bagi tempoh melebihi 12 tahun jelas
menunjukkan bahawa bahan tanaman berhasil tinggi (Yangambi-Y103, AVROS-A122,
dan Yangambi-DQ8) mempunyai kepekatan nutrien daun yang sederhana ke tinggi dan
secara konsisten merekodkan paras jumlah kation daun [total leaf cations (TLC)] yang
tinggi sepanjang tempoh kajian dan keadaan sebaliknya berlaku pada pokok sawit
berhasil rendah (Yangambi-SC3 dan NIFOR-N144). Beberapa kajian korelasi antara
kepekatan nutrien daun dan komponen hasil minyak menunjukkan terdapatnya korelasi
kuat antara kepekatan Ca dan Mg di dalam daun dengan nisbah minyak kepada tandan
(O:B ratio), hasil minyak dan TEP. Keputusan dari kajian ini amath berguna dalam
merangka strategi baharu untuk program pemakanan dan biakbaka tanaman sawit.
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CHAPTER 1

INTRODUCTION

1.1 Oil palm in general

Over the last 100 years, oil palms (Elaeis guineensis Jacq) a native plant from tropical
Africa has been extensively planted in South East Asia, primarily in Malaysia and
Indonesia. By 2011, it has become the main source of vegetable oil in the world and
contributed to almost 36% of total world’s production or equivalent to 55.88 million
tonnes of vegetable oil (FAO, 2012). Currently, over 13.4 million hectares of land had
been planted with oil palm worldwide, and grown under very diverse agro-climatic
environments. The two key exporting countries of palm oil are Malaysia and Indonesia,
producing over 86% of world palm oil which account for over 93% of world palm oil
export.

More oil palms are planted in the marginal environment such as low rainfall and hilly
conditions. There are means to overcome the shortcomings such as to implementing
irrigation in a drier area and to construct a terraced in hilly area to assure that
respectable yields can be achieved. In order to sustain high oil yields, selected elite
planting materials and adopting good agronomic practices (GAP) are amongst the key
success factors to ensure that respectable yields can be achieved. Leaf nutrient
concentrations in oil palm trees indirectly provide an indicator on the status of palm
health. This information has been used by the agronomists to formulate appropriate
fertilizer requirements to be applied to the palms to obtain good growth and high yields.
In Malaysia, most of the oil palm nutritional research was carried out in the 1960’s to
1990’s using palms derived from DxP AVROS planting materials. These nutritional
works provided a reference for optimal leaf nutrient concentrations as a benchmark to
the oil palm industry. Over the years, newer and higher yielding planting materials
capable of producing high yields of > 10 tonnes ha™ of total economic product (TEP,
include the oil plus kernel) became available. These new materials are quite diverse in
their origins and showed some differences in the leaf nutrient concentrations as
compared to the older data. Therefore, to review the optimum leaf and rachis nutrient
concentrations in oil palm is crucial. Thus, the general objectives of this study are:-

1) To determine the effects of oil palm genotypes planted on non-terraced and
terraced areas on leaf and rachis nutrient concentrations and contents.

i) To determine the effects of irrigation and terrain on oil palm leaf and rachis
nutrient concentrations and contents, and

i) To study the correlation between leaf and rachis nutrient concentrations of
oil palm and their oil yield components.



REFERENCES

Bailey, J.S. (1991). A re-examination of phosphorus-lime interactions in perennial
ryegrass. Plant and Soil 135: 185-196.

Bates, T.E. (1971). Factors affecting critical nutrient concentrations in plants and their
evaluation: A review. Soil Sci 112:116-130.

Blaak, G., Sparnaaij, D. and Menendez, T. (1963). Breeding and inheritance in the
oil palm (Elaeis guineensis Jacq). Part 2: Methods of bunch quality analysis. J.
of WAIFOR 4: 146-155.

Beaufils, E.R. (1954). Mineral diagnosis of Hevea brasiliensis. Arch. Rubber Cult. 32.1.

BLRS (2001). Annual Research Report 2000. Bah Lias Research Station, North
Sumatara.

Broeshart, H. (1954). The use of foliar analysis in oil palm cultivation. Tropical
Agriculture 31: 251-260.

Chapman, G.W. and Gray, H.M. (1945). Leaf analysis and the nutrition of the oil palm
(Elaeis guineensis Jacq). Annals of Botany 13: 415-433.

Chan, K.W. (1979). Irrigation of oil palm in Malaysia. In Proc. Symp Water in Malaysia
Agric, ed. E. Pushparajah, pp. 103-116. Kuala Lumpur: Malaysia Society of
Soil Science.

Chan, K. W. (1981) Nitrogen requirement of oil palm in Malaysia: Fifty years of
experiments conducted by Guthrie. In  The Oil Palm in Agriculture in the
Eighties. Volume Il eds. E Pushparajah & Sharifuddin H A Hamid, pp. 119-153.
Kuala Lumpur: Incorporated Society of Planters.

Chan, K. W. (1982a) Potassium requirement of oil palm in Malaysia: Fifty years of
experimental results. In Phosphorus and Potassium in the Tropics. eds. E
Pushparajah & Sharifuddin H A Hamid, pp. 323-348. Kuala Lumpur: Malaysian
Society of Soil Science.

Chan, K. W. (1982b) Phosphorus requirement of oil palm in Malaysia: Fifty years of
experimental results. In Phosphorus and Potassium in the Tropics. eds. E
Pushparajah & Sharifuddin H A Hamid, pp 395-423. Kuala Lumpur: Malaysian
Society of Soil Science.

Chan, K. S. and Chew, P. S. (1984) Volatilisation losses of urea on various soils under

oil palm. in Proc Fertilisers in Malaysian Agriculture. pp. 91-104. Kuala
Lumpur: MSSS and Universiti Pertanian Malaysia,

72



Chan, K. W. and Rajaratnam, J. A. (1977) Magnesium requirement of oil palm in
Malaysia: 45 years of experimental results. In Int. Devt in Oil Palm. eds.
D.A.Earp and W. Newall, pp. 371-388. Kuala Lumpur: Inc. Soc. Planters.

Chan, K.W., Yee, C.B., Lim, K.C. and Goh, M. (1985). Effect of rainfall and
irrigation on oil palm yield production. In National Conf. on soil and climate
relationship on crop production in Malaysia, ed. C.K. Mok, K.H. Lim, and
M.A. Azmi, pp. 43-67. Kuala Lumpur: Malaysia Society of Soil Science.

Chan, K.W., Lim, K.C. and Ahmad, A. (1993). Fertiliser efficiency studies in
Malaysia. In 1991 PORIM Int. Palm Oil Conf.-Agriculture, ed. Y. Basiron, pp.
302-311. Kuala Lumpur: PORIM.

Chang, A.K. and Pupathy, U.T (2003). Qil palm cultivation on hilly and steep terrain in
Sarawak. In Workshop and soil correlation tour ‘Managing soils of the Miri-
Bintulu Area, Bintulu, Sarawak, 9-11 December 2003. Organized by Malaysian
Soc. Soil Science and Param Agricultural Soil Survey Sdn Bhd.

Chee, C.F., Chuan,J.H., Lim, K.H and Ho,C.Y. (1993). Preliminary result of oil palm
terracing and platforming trials on steep terrains. In 1993 PORIM intl. Palm Oil
Congress — Update and Vision (Agriculture). pp 245-252

Chin, C.W., Ng, W.J., Junaidah, J., Shuhaimi, S. and Mohd. Nasruddin, M. (2005).
Developing High Qil Yield DxP: The Felda Experience. In Proceeding of the
2005 National Seminar and Advance in Breeding and Clonal Technologies for
Super Yielding Planting Materials. 152-174

Corley, R.H.V. (1976). Inflorescence abortion and sex differentiation . In Oil Palm
Research, ed. R.H.V. Corley, J.J. Hardon, and B.J. Wood, pp. 37-54.
Amsterdam: Elsevier Scientific Publishing Company.

Corley, R.H.V. andHong, T.K.(1981). Irrigation of oil palm in Malaysia. In QOil
palm in Agriculture in the Eighties, ed. E. Pushparajah, and P.S. Chew, Vol. 11:
343-356. Kuala Lumpur: Incorporated Society of Planters.

Corley, R.H.V., Lee, C.H., Law, I.H., and Cundall, E. (1988). Field testing of oil palm
clones. In Proceedings of the 1987 International Oil Palm Conference, Progress
and Prospects on Oil Palm in Agriculture in the Eighties, ed. H. Abdul, P.S.
Chew, B.J. Wood, and E. Pushparajah, pp. 173-185. Kuala Lumpur: PORIM.

Corley, R.H.V., Boonrak, T., Donough, C.R., Nelson, S., Dumortier, F., Soebagjo,
F.X. and Vallejo. (1995). Yield of oil palm clones in different environments. In
Proceedings Recent Developments in Oil Palm Tissue Culture and
Biotechnologies, ed. V. Rao, I.E. Henson, I.E and N. Rajainadu, pp. 145-157.
Kuala Lumpur: PORIM.

73



Corley, R.H.V. and Tinker, P.B. (2003). The Oil Palm.  4th Edition.  United
Kingdom: Blackwell Sciences Ltd., Oxford.

Coulter, J.K. (1958). Mineral nutrition of the oil palm in Malaya. The use of frond
analyses as a guide to manorial requirements. Malay. Agric Journal 41: 131-151.

Donough, C.R., Corley, R.H.V., Law, I.H. and Ng, M. (1996). First results from an oil
clone x fertilizer trial. The Planter 72: 69-87.

Dumas, J. and Martin Prevel, P. 1958. Controle de nutrition en Guinee (Premiers
Resultats). Fruits 13: 375-386.

Fairhurst, T., Caliman, J.P., Hardter, R. and Witt, C. (2005). Oil Palm: Nutrient
Disorder and Nutrient Management (Oil Palm Series, Volume 7). Pacific Rim
Palm QOil Pte. Ltd. and CIRAD.

FAQ (2012). http://www.fao.org/docrep/015/i2490e/i2490e03d.pdf. page 224

Foong, S.F. (1991). Potential evapotranspiration, potential yield and leaching losses of
oil palm. In Proc. PORIM Inter. Palm Oil Conference. ed. B. Yusof, S. Jalani,
K.C. Chang, and N. Rajainaidu, pp. 105-119. Kuala Lumpur: PORIM.

Foong, S.F. (1999). Impact of moisture on potential evapotranspiration, growth and
yield of oil palm. In Proc. Int. Oil Palm Congress — Emerging Technologies and
Opportunities in the Next Millennium. pp. 64-86. Kuala Lumpur: PORIM.

Foong, S.F. and Syed Sofi, S.0. (1987) Two 4x2 NK factorial trials on Rengam and
Kuantan series soils in mature oil palm. . In Proceedings of 1987 International
Oil Palm/Palm Oil Conference- Agriculture. eds Halim et al. pp. 329-335.
Kuala Lumpur: Palm Oil Research Institute of Malaysia.

Foong, S.F. and llangovan, K. (1999). Review of agronomic practices for yield
improvement. In Seminar Perladangan 1999. Felda Agricultural Services Sdn.
Bhd, 20 September 1999, Sungai Tekam, Pahang.

Foong, S.F. and Lee, C.T. (2000). Increasing Oil Palm Productivity with Irrigation-
Felda’s Experience. In Proc. of the International Planters Conference -
Plantation Tree Crops in the New Millennium: The Way Ahead. ed. E.
Pushparajah, pp. 277-301. Kuala Lumpur: The Incorporated Society of Planters.

Foster, H.L. (1995). Experience with fertilizer recommendation systems for oil palm. In
Proc. 1993 PORIM Int. Palm Qil Congress: Update and Vision (Agric), ed. S.
Jalani et al., pp. 313-328. Kuala Lumpur: PORIM.

Foster, H.L. (2003). Assessment of oil palm fertilizer requirements. In: Oil Palm:
Management For Large And Sustainable Yields. ed. T. Fairhurst, and R. Hardter,
pp. 231-257. Singapore: Potash and Phosphate Institute (PPI).

74


http://www.fao.org/docrep/015/i2490e/i2490e03d.pdf

Foster, H.L. and Goh, H.S. (1977).  Fertiliser requirements of oil palm in West
Malaysia. In International Developments in Oil Palm, ed. D.A. Earp, and W.
Newall, pp. 234-261. Kuala Lumpur: Incorporated Society of Planters.

Foster H.L. and Chang K.C. (1977a). The diagnosis of the nutrient status of oil palms
in West Malaysia. In Proc. Malay Int. Agric.Oil Palm Conf., ed. =~ D.A. Earp,
and W. Newall, pp. 290-312. Kuala Lumpur: The Incorporated Society of
Planters

Foster H.L. and Chang K.C. (1977b). Seasonal fluctuations in oil palm leaf nutrient
levels. MARDI Res. Bull. 5, 2: (74-90).

Foster, H.L. (1982). The determination of oil palm fertiliser requirements in
Peninsular Malaysia. Part Il: Effect of different environments. PORIM Bulletin
No 4: 46-56.

Foster, H.L., Ghazali, M.Z. and Tayeb, D.M. (1984). The availability water holding
capacity of oil palm soils Peninsular Malaysia. PORIM Bulletin 16: 1-19.

FOSTER, H L; M TAYEB HJ DOLMAT and ZIN, Z. Z (1985) Qil palm yield response
to N and K fertilisers in different environments in Peninsular Malaysia. PORIM
Occasional Paper No. 16. 23pp.

Foster, H.L. and Tayeb, D.M.  (1986). The effect of different methods of
placement and frequency of application of fertiliser to oil palm on an inland soil
in Peninsular Malaysia. PORIM Bulletin 12: 1-11.

Foster, H.L., Ahmad, T.M., Tayeb, D.M, Chang, K.C., Zin, Z.Z. and Abdul, H.H.
(1986). Fertiliser recommendations for oil palm in Peninsular Malaysia (First
approximation). PORIM Technology, No 13.

Foster, H.L., Tarmizi, A.M. and Zin, Z.Z. (1988). Foliar diagnosis of oil palm in
Peninsular Malaysia. In: Proc. 1987 Int. Oil Palm Conf, ed. H.A.H. Halim, P.S.
Chew, B.J. Wood and E. Pushparajah, pp. 244-261. Kuala Lumpur: PORIM and
Inc. Soc. of Planters.

Foster H.L. and Prabowo N.E. (2002). @ Overcoming the limitations of foliar
diagnosis in oil palm. In International Oil Palm Conference 2002. Bali:
Indonesian Oil Palm Research Institute.

Jacquemard, J.C.H., Ollivier, J., Erwanda, Edyana, S. and Pepep, P. (2009). Genetic
signature in mineral nutrition in oil palm (Elaeis guineensis Jacq): a new
panorama for high yielding materials at low fertilizer cost. In PIPOC 2009
International Palm Oil Congress - Agric Biotech. & Sustain. Conf., Vol. 2: 737-
77. Kuala Lumpur: MPOB.

75



Goh, K.J., Chew, P.S. and Teo, C.B. (1994). Maximizing and maintaining oil
yields on commercial scale in Malaysia. In Management for Enhanced
Profitability in Plantations, ed. K.H. Chee, pp.121-141. Kuala Lumpur: The
Incorporated Society of Planters.

Goh, K. J. and Chew, P. S. (1995) Direct application phosphate rock to plantation tree
crops in Malaysia. In Proc Int. Workshop on Direct Application of Phosphate
Rock and Appropriate Technology Fertilisers in Asia: What Hinders Acceptance
and Growth.eds Dahanayake, K., Van Kauwenbergh, S.J. and Hellums, D.T. pp.
59-76. Sri Lanka: International Fertiliser Development Centre, U.S.A and
Institute of Fundamental Studies, Sri Lanka, Kandy.

Goh, K.J., Chew, P.S. and Kee, K.K. (1996). Spatial soil fertility in mature oil palm
agroecosystem and its implications on fertiliser management. In Proc. of the Soil
Science Conf. of Malaysia 1995, ed. B.H. Aminuddin, A.B. Ismail, A.R.
Ahmad, and M.Z. Ghazali, pp. 80-90. Kuala Lumpur: Malaysian Society of Soil
Science.

Goh, K.J., Chew, P.S. and Teoh, K.C. (1998) Ground magnesium limestone as a sources
of magnesium for mature oil palm on sandy soils in Malaysia. In Proceedings of
1998 International Oil Palm Conference: Commodity of the past, today, and the
future eds. Angga et al. pp. 347-362. Indonesia: IOPRI and GAPKI.

Goh, K.J., Gan, H.H. and Soh, A.C. (2002). QOil Palm Productivity — Commercial
FFB Yield Analysis. In R & D for Competitive Edge in The Malaysian Oil Palm
Industry. Bangi: Malaysian Palm Oil Association Preprint.

Goh, K.J. and Hardter, R. (2003). General oil palm nutrition. In Oil palm management
for large and sustainable yields, ed. T. Fairhurt, and R. Hardter, pp. 199-205
Oxford Graphic Printers Pte. Ltd.

Goh, K.J., Ng, P.H.C. and Lee, C.T. (2009). Fertilizer management and productivity of
oil palm in Malaysia. In Proceedings of the International Planters Conference
on Plantation Agriculture and Environment. ed. E. Pushparajah, pp. 49-88. Kuala
Lumpur: The Incorporated Society of Planters.

Hardon, J. J. and Thomas, R. L. (1968) Breeding and selection of the oil palm in
Malaya. Oleagineaux 3: 85-90

Hartley, C. W. S. (1988) The Oil Palm. Third ed. London: London.

Hew, C. K. and Ng, S. K. (1968). A general schedule for manuring oil palms in West
Malaysia. The Planter 44 (509): 417-429.

76



Hew, C.K,, Ng, S.K. and Lim, K. P. (1973). The rationalisation of manuring oil
palm and its economics in Malaysia. In Advances in Oil Palm Cultivation, ed.
R.L. Wastie, and D,A Earp, pp. 306-320. Kuala Lumpur: The Incorporated
Society of Planters.

Hockman, J.N. and Allen, H.L. (1990). Nutritional diagnosis in young loblolly pine
stands using a DRIS approach. In Sustained Productivity of Forest Soils ed. S.P.
Gessel, D.S. Lacate, G.F. Weetman, and R.F. Powers, pp.500-514. Canada:
University of British Columbia, Faculty of Forestry Publication VVancouver.

Kee, K.K. (1995). Regional rainfall pattern and climatic limitations for plantation crops
in Peninsular Malaysia. The Planter 71 (827): 67-78.

Kee, K.K. and Chew, P.S. (1991). Oil palm response to nitrogen and drip
irrigation in wet monsoonal climate in Peninsular Malaysia. In Proc. PORIM
International Palm Oil Conference, ed. B. Yusof, pp. 321-339. Kuala Lumpur:
PORIM.

Kumaran, R. and Jamaluddin, N. (2002). Big planting hole technique of oil palm on
inland and coastal soils. In Proc. Malaysian Soc. Soil Sc. Conference 2002, pp.
133-140. Kuala Lumpur: Malaysia Soil Science Society.

Kushairi, A., Rajanaidu, N. and Jalani, B.S. (1998). Effects of genotype x fertilizer
interaction on bunch yield, oil and kernel production in oil palm. In Proc. of Oil
and Kernel Production in Oil Palm — A Global Perspective, pp. 88-108. Kuala
Lumpur: PORIM.

Kushairi, A. (1992). Prestasi baka kelapa sawit dura x pisifera di Malaysia. M.Sc.
Thesis. Universiti Kebangsaan Malaysia. Bangi. 149 pp.

Kushairi, A. (1998). Genetic variation for bunch yield, bunch quality and morpho-
physiological traits in oil palm breeding populations. Ph.D Thesis. Universiti
Kebangsaan Malaysia. Bangi. 194 pp.

Kushairi, A., Rajanaidu, N., Jalani, B.S., Mohd Rafi, Y. and Mohd Din, A. (1999).
PORIM oil palm planting materials. PORIM Bulletin No. 38: 1-13.

Landis, T.D., Haase, D.L. and Dumroese, R.K. (2005). Plant nutrient testing and
analysis in forest and conservation nurseries. In National proceedings: Forest
and Conservation Nursery Associations—2004. Proc. RMRS-P-35, ed. R.K.
Dumroese, L.E. Riley and T.D. Landis, pp. 76-83. Fort Collins, Colo, USDA
Forest Service, Rocky Mountain Forest and Range Experimental Station.

77



Law, W.M. and Tan, M.M. (1973). Chemical properties of some Peninsular
Malaysian soil series. In Proc. Conf. Chemistry and Fertility of Tropical Soils,
pp. 180-191. Kuala Lumpur: Malaysian Society of Soil Science.

Lee, C.H. and Yeow, K.H. (1985). Progress in breeding and selection for seed
production at HMPB Oil Palm Research Station. The Planter, 61: 18-31

Lee, C.H. and Toh, P.Y. (1992). Yield performance of Golden Hope OPRS DxP
planting materials. In Proc. Yield Potential in Oil Palm, pp. 24-29. Kuala
Lumpur: PORIM.

Lee, C.H. and Donough, C.R. (1993). Genotype-environment interaction in oil palm
clones In genotype x environment studies in perennial tree crops, ed. V. Rao,
I.E. Henson, and N. Rajainadu, pp. 33-45. Kuala Lumpur: PORIM.

Lee, C.T. and Romzi, I. (2000). Technique in constructing flatbed and connecting drains
for irrigation in oil palm. In Kemajuan Penyelidikan Bil. 35:21-23.

Lee, C.T., Foong, S.F., Eow, W.S. and Suhaidi, H. (2003). Effect of boron fertilizer on
oil palm leaf nutrient status and yield. In Proc. Malaysian Soc Sc. Conference
2003. pp. 224-225. Kuala Lumpur: Malaysian Society of Soil Science.

Lee, C.T., Nga, S.K., Romzi, I. and Ismail, H. (2005). Early growth and yield
performance of irrigated and non-irrigated oil palms planted on undulating and
terraced areas in Peninsular Malaysia. In Proceedings of Agriculture,
Biotechonology & Sustainability Conference ‘Technologies Breakthrough and
Commercialization — The Way Forward’. pp 267-284. Kuala Lumpur: Malaysian
Palm Oil Board.

Lee, C.T, lIzwanizam, A. and Nga, S.K. (2008). Water management for oil palm on
inland soils in Peninsular Malaysia. In Proceedings of the Soil Science
Conference of Malaysia ‘Peat and other soil factors in crop production’, ed. J.
Hamdol, , K.J. Goh, I. Che Fauziah, M. Lulie, H.A. Osumanu, B.J. Mahomadu,
S. Alexander, and B. Siva, pp. 233-247. Kuala Lumpur: Malaysian Society of
Soil Science.

Lee, C.T., Zaharah, A.R., Mohamed Hanafi, M., Mohd. Shahkhirat, N. and Tan, C.C.
(2011a) Leaf nutrient concentrations in oil palm as affected by genotypes,
irrigation and terrain. Journal of Oil Palm & the Environment (JOPE), 2:38-
47.

Lee, C.T., Zaharah, A.R., Chin, CW., Mohamed Hanafi, M., Mohd. Shahkhirat, N.,
Tan, C.C. and Wong, M.K. (2011b). Variation of leaf nutrient concentrations in
oil palm genotypes and their implication on oil yield. In International Society of
Oil Palm Breeders Seminar- ¢ Breeding For Sustainability In Oil Palm’, pp. 62-
75. Kuala LumpurConvention Centre (KLCC), Malaysia.

78



Lee, C.T., Zaharah, A.R., Chin, C.W., Mohamed H.M., Mohd. Shakirat, N., Tan, C.C.
and Mohd Salihuddin, M.Y. (2012). Improving leaf nutrient concentrations in
oil palm through irrigation and planting materials. In XVII International Oil Palm
Cothnference, held in Cartagena de Indias (Colombia) from 26™ to September the
28", 2012.

Lo K.K., Chan K.W., Goh K.H. and Hardon J.J. (1973). Effect of anuring on yield,
vegetative growth and leaf nutrient level of oil palm. In Advances in Qil
Palm Cultivation, ed. R.L Wastie and D.A. Earp, pp. 324-337. Kuala Lumpur:
The Incorporated Society of Planter.

Ling, A.H. (1979).  Some lysimeteric measurements of evapotranspiration of oil palm
in central Peninsular Malaysia. In Proc. Of Symposium on Water in Malaysian
Agriculture,ed. E. Pushparajah, pp. 89-101. Kuala Lumpur: Malaysia Society of
Soil Science.

Malaysian Metrological Services (MMS). (1981). Climatological summaries on rainfall
analyses 1951-1980. Malaysian Meteorological Services Press.

Mathews, J., Foong, L.C., Tay, C.A., Tan, T.H., Chong, K.M., Nurlnahar, B.E., Yong,
K.K. and Lai, H.H. (2006). Maximizing the fresh fruit bunch (FFB) in 101 Group
Estates in Peninsular Malaysia through oil palm site yield potential concept. The
Planter 82 (967): 659-685.

Mead, D.J. 1984. Diagnosis of nutrient deficiencies in plantations. In Nutrition of
Plantation Forests, ed. G.D. Bowen, and E.K.S. Nambiar, pp. 259-291.
Academic Press New York,

Mohd. Basri. W. and Mohd Arif. S. (2009) Cost of palm oil production. The Planter,
Kuala Lumpur, 85 (1000): 375-394

Mohd. Din, A., Kushairi, A., Maizura, I., Isa, Z.A., Noh, A. and Rajanaidu, N. (2005).
MPOB strategic plan for fast track breeding programmes, In Proc. of the 2005
Nat. Sem. Breed. & Clonal Tech, pp. 43-53. Kuala Lumpur: MPOB.

Mohamad, P.Z. and Zin, Z.Z. (1995). Large planting hole technique rationale for
increased growth and high FFB yield. In PORIM National Oil Palm Conference-
Technologies in Plantation ‘The Way Forward’, Kuala Lumpur: PORIM.

Mohd Hussin, M.S., Foong, S.F. and Ismail, H. (1998) Comparison of the efficacy of
kieserite and ground magnesium limestone in promoting oil palm yield. In
Kemajuan Penyelidikan Bil. 31: 29-34.

Malaysian Palm Oil Board (2011). Ownership of Oil Palm Planted Area As At June
2011 (Hectares).http://econ.mpob.gov.my/economy/area/Area_piechart June.htm

79



Miller, G. and Evans, H.J. (1957). The influence of salts on pyruvate kinase from tissue
of higher plants. Plant Physiology, 32: 346-354.

Ng, S.K. and Thamboo, S. (1967). Nutrient contents of oil palms in Malaysia — 1.
Nutrients required  for reproduction: Fruit bunches and male
inflorescence. The Malaysian Agricultural Journal 46 (1): 3-45

Nieuwolt, S., Zaki, M.G. and Gopinathan, B. (1982). Agro-ecological regions in
PeninsularMalaysia. Selangor: MARDI.

Ochs R. and Olivin J. (1976). Research on mineral nutrition by the IRHO. In Oil Palm
Research, ed. R.H.V. Corley, J.J. Hardon and B.J. Wood. Amsterdam: Elsevier
Scientific Publishing Co.

Palat, T., Chayawat, N., Cledon, J.H. and Corley R.H.VV.  (2008). A review of 15
years of Oil Palm Irrigation Research in Southern Thailand. The Planter
84(989): 537-546.

Pamin, K. (1995). Obituary - SP540T. ISOPB Newsletter 11 (1): 1-2

Paramananthan, S. (2003). Land selection for oil palm. In Oil Palm Management for
Large and Sustainable Yields, ed. T.H. Fairhurst, and R, Hardter, pp. 27-54.
Oxford Graphic Printers Pte. Ltd.

Phang, S., Ooi, C.H., Chan, KW. and Menon, C.M. (1973). Influence of soil series
and soil depth on vegetative growth and early FFB production of the oil palm
(Elaeis guineeensis Jacq.) In International Development in Qil Palm. ed. D.A.
Earp, and W. Newall, pp. 153-166. Kuala Lumpur: Incorporated Society of
Planters.

Puspharajah, E. and Chew, P.S. (1979). Utilization of plant and soil analysis for
plantation agriculture. In Proc. Seminar on fertility and management of
deforested land. Kota Kinabalu: Malaysia Society of Soil Science.

Rajanaidu, N., Kushairi, A., Rafii, M., Mohd. Din, A., Maizura, I. and Jalani, B.S.
(2000). Oil palm breeding and genetic resources. In Advances in Oil Palm
Research. pp.171-237. Kuala Lumpur: PORIM.

Rajanaidu, N., Rao and  Abdul Halim, H. (1990). Progress of Serdang Elmina and
Serdang Avenue Deli dura breeding populations. In Proc Workshop. on Progress
of Oil Palm Breeding Populations, ed. A.C. Soh, N. Rajanaidu, Mohd. Nasir
Hassan Basri., Kabul Pamin, and C. Muluk, pp. 70-80. Kuala Lumpur: PORIM.

Rajanaidu, N. and Jalani, B.S. (1999). World-wide population and performance DxP
planting materials. In Proc. of the International Seminar on Sourcing of Oil
Palm Planting Materials for Local and Overseas Joint-ventures, ed. N.
Rajanaidu, and B.S. Jalani, pp. 28-70. Kuala Lumpur: PORIM.

80



Rajaratnam, J.A., Goh, K.H and Chan, K.W (1976) Fertliser trials support the value of
heavier application on KGSB estate. In Oil Palm Seminar, Balai Penelitian
Perkebunan, Medan. 13pp

Rosenquist, E. A. (1986). The genetic base of oil palm breeding populations. In Proc.
Intl. Workshop on Oil Palm Germplasm and Utilization, p27-56. B Kuala
Lumpur: PORIM.

SAS (2002). SAS/STAT User’s Guide. Version 9.0. SAS Institute Inc., Cary. North
Carolina, USA.

SIRIM (1980). SIRIM Recommended Methods for Plants Analysis (first revision)
MS 677: PT.1-VII: 1980.

Tan, K.S (1976) Efficient fertiliser usage for oil palm on inland soils. In Proc.
Malaysian Int., Agric. Oil Palm Conf. eds. Earp, D.A and Newall, W. pp. 262-
289. Kuala Lumpur.

Tang, M. K., Nazeeb, M. and Loong, S.G. (1999). An insight into fertiliser type and
application methods in Malaysian oil palm plantations. The Planter 75 (876):
115-137.

Tampubolon, F.H., Daniel, C. and Ochs, R. (1990) Oil palm responses to nitrogen and
phosphate fertilizer in Sumatra. Oleagineux 45: 475-486.

Tarmizi, A.M., Foster, H.L., Zin, Z.Z and Chow, C.S. (1986) Statistical and economic
analysis of oil palm fertiliser trials in Peninsular Malaysia between 1970-1981.
PORIM Occasional Paper 22:122pp

Teoh, K.C. and Chew, P.S. (1984) Investigation on areas and frequencies of fertiliser
application in mature oil palms. In Proc. Int. Conf. On Soils and Nutrition of
Parennial Crops. eds. Bachik, A.T. and Pushparajah. pp. 375-387. Kuala
Lumpur: MSSS,

Teoh, K.C. and Chew, P.S. (1988). Use of rachis analysis as an indicator of K nutrient
status in oil palm. In International Oil Palm /Pal m Qil Conferences: Progress
and Prospects. Conference I: Agriculture, ed. H.A.H. Hassan, P.S. Chew, B.J.
Wood, and E. Pushparajah, pp.262-271. Kuala Lumpur: PORIM/ISP.

Teo, C. B.,, Chew, P.S., Goh, KJ. and Kee, K.K. (1998). Optimizing return from

fertiliser for oil palms : an intergrated agronomic approach. In 1998 International
Oil Palm Conference, pp. 335-346. Bali: IOPRI.

81



Teo, L., Ong, K.P. and Zainurah, A.  (2000). Effect of fertiliser withdraw prior to
replanting on oil palm performance. In Proceedings of the International Planters
Conference on Plantation Tree Crops in the New Millennium: The Way Ahead,
ed. E. Pushparajah. pp. 233-249. Kuala Lumpur: The Incorporated Society of
Planters.

Thomas, D.A. (1970). The regulation of stomatal aperture in tobacco leaf epidermal
strips. 1. The effect of ions. Australian Journal of Biological Sciences 23: 91-
979.

Vicekananda, P. (1990).Diagnosis and recommendation integrated system (DRIS) for oil
palm. In Develoments in Soil Research in Malaysia, ed. Y.M. Khanif, S.R. Syed
Omar and J. Shamshuddin, pp. 84-93. Kuala Lumpur: Malaysia Society of Soil
Science.

Walworth, J.L. and Sumner, M.E. (1986). Foliar diagnosis - a review. In Advance of
Plant Nutrition, ed. P.B. Tinker, pp. 193-241. New York: Elsevier.

Warriar S.M. and Piggott C.J. (1973). Rehabilitation of oil palm by corrective manuring
based on leaf analysis. In Advance in Oil Palm Cultivation. ed. R.L. Wastie, and
D.A. Earp, pp. 289-305. Kuala Lumpur: The Incorporated Society of Planters.

Woo, Y.C., Ooi, S.H. and Hardter, R. (1994). Potassium for clonal oil palm in the 21%
century. In IFA-FADINAP Regional Conference for Asia and the Pacific. Kuala
Lumpur, 12-15 December 1994, IFA, pp7.

von Uexkull, H R (1985) Chlorine in the nutrition of palm trees. Oleagineux 40: 67-74

von Uexkull, HR (1990)  Chlorine in the nutrition of coconut and oil palm. In 14"
International Congress of Soil Science. Commission IV. Symposium IV on New
Aspects of Essential and Beneficial Elements in Plant Nutrition. pp. 134-139.
Kyoto, Japan 12-18 August 1990.

Zin, Z.Z (1995) Phosphate rock fertiliser requirements for oil palm in Peninsular
Malaysia. Paper presented in Seminar on the Use of Reactive Phosphate Rock for Direct
Application at Petaling Jaya, Selangor on 20 July1995. 8 pp.

Zin, Z.Z. (1996). Assessment of fertilizer requirement in oil palm: Foliar diagnosis
and soil analysis. In Oil Palm Plantation Management Course, pp. 88-94. Kuala
Lumpur: PORIM.

82



	EFFECTS OF GENOTYPES, TERRAIN, AND IRRIGATION ON OIL PALM YIELD, AND LEAF AND RACHIS NUTRIENT CONCENTRATIONS
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES

