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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the degree of Doctor of Philosophy 

ASSESSMENT OF FERTILIZATION METHODS AND NUTRIENT LOSSES 
ON TENERA OIL PALMS (Elaeis guineensis Jacq.) 

By

VIJIANDRAN A/L JUVA RAJAH 

March 2019 

Chairman : Associate Professor Ahmad Husni bin Mohd Hanif, PhD 
Faculty : Agriculture 

The current labour shortage faced by the palm oil industry had caused disruption of 
the various agricultural activities including manuring. The use of compound or 
controlled release fertiliser (CRF) instead of the traditional straight fertilisers could 
help reduce application rounds and concomitantly save labour usage. A study was 
conducted with the following objectives (i) to quantify nutrient losses through surface 
runoff for mature oil palm under rolling terrain on palms fertilised with straights, 
compounds and controlled released fertilisers (ii) to quantify nutrient losses through 
leaching under flat and rolling terrain on palms fertilised with straights and 
compounds fertilisers (iii) to access the efficiency of straight and compounds 
fertilisers on mature oil palm at field conditions. It was hypothesized that compound 
fertilisers or controlled release fertilisers would have lower nutrient losses through soil 
erosion, runoff and leaching compared to straight fertilisers. The first study was 
conducted in a matured oil palm field using three 20 by 6m erosion plots on an inland 
soil (Serdang Series) with rolling terrain. Studies on leaching losses was conducted on 
two soil types, the Serdang Series and Jawa Series, an acid sulphate marine alluvial 
soil.  The porous cup leaching tubes was used to quantify nutrient loss through 
leaching. The evaluation straight and compound fertilisers was carried out through a 
replicated field trial on a matured oil palm field where yield and vegetative variable 
was measured for 6 years. Application of straight or compound fertilisers did not show 
any significant differences in nitrogen (N), phosphorus (P), potassium (K) or 
magnesium (Mg) losses through eroded sediments or runoff. Application of CRF 
however showed significantly higher N, P and K losses compared to compound 
fertilisers for every tonne of soil loss. No significant differences between CRF and 
other fertiliser forms was noted in the runoff. Even though there were no significant 
differences between fertiliser forms, application of compound fertilisers generally 
showed lower loss of N and K compared to straight fertilisers. Studies comparing 
compound and straight fertilisers on leaching losses showed no significant differences 
on both soil types. Leaching losses recorded was less than 1.0 % of applied fertilisers 
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on both soil types for all nutrients studied. In most cases, differences in leaching losses 
between both fertiliser forms were comparable with marginally lower losses of 
nitrogen and potassium seen between 1 to 3% with the application of compound 
fertilisers. Phosphorus losses on the contrast was higher with the application of 
compound fertilisers as it had higher percentage of soluble phosphorus compared to 
straight fertilisers. The field trial comparing straights and compound fertilisers did not 
show any significant differences in all yield and vegetative growth variables 
measured. Averaged over 6 years, palms fertiliser with straights using urea as N source 
had an average yield of 28.79 t FFB ha-1 year-1 while palms fertilised with compound 
fertilisers yielded comparably at 28.72 t FFB ha-1 year-1. Palms fertilised with 
ammonium nitrate as a source of N had lower average yields at 27.83 t FFB ha-1 year-

1. Input of the different fertiliser forms did not show any significant difference in terms 
of vegetative growth and palm nutrient status. In conclusion, this study had shown that 
use of straight or compound fertilisers applied at equal rates did not significantly affect 
nutrient losses or oil palm yields. Nevertheless, applications of compound fertilisers 
showed consistently lower nutrient losses especially for N both through erosion and 
leaching. However, losses of P were higher through both pathways with the use of 
compound fertilisers.  Compared to leaching nutrient losses, nutrient losses through 
erosion is of more concern as nutrient lost through the later pathway are much higher 
than that of the former. The long-term field trial indicates a possibility of applying 
compound fertilisers at a lower rate compared to straight fertilisers which is a 
favourable scenario to oil palm planters. With the lack of labour supply, compound 
fertiliser usage maybe the better option to reduce fertiliser application rounds.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 

PENILAIAN KAEDAH PENBAJAAN DAN KEHILANGAN NUTRIEN PADA 
POKOK KELAPA SAWIT TENERA (Elaesis guineensis Jacq.) 

Oleh

VIJIANDRAN A/L JUVA RAJAH 

Mac 2019 

Pengerusi : Profesor Madya Ahmad Husni bin Mohd Hanif, PhD 
Fakulti : Pertanian 

Kekurangan pekerja yang dialami oleh industri kelapa sawit dewasa ini telah 
mengakibatkan gangguan kepada kebanyakan aktiviti perkebunan termasuk aktiviti 
pembajaan. Pengunaan baja kompaun atau baja pelepasan terkawal (CRF) sebagai 
pengganti kepada baja terus yang digunakan tradisional boleh membantu 
mengurangkan pusingan pembajaan dan dengan itu menjimatkan pengunaan pekerja. 
Satu kajian telah dijalankan dengan objektif seperti berikut (i) untuk 
mengkuantifikasikan kehilangan nutrien melalui hakisan tanah dan larian permukaan 
untuk kelapa sawit matang yang ditanam di kawasan cerun yang dibaja dengan baja 
terus, baja kompaun atau CRF, (ii) untuk mengkuantifikasikan kehilangan nutrient 
melalui larutlesap nutrient di kebun kelapa sawit matang yang ditanam di atas tanah 
rata dan tanah bercerun yang dibaja dengan baja terus dan baja kompaun dan (ii) untuk 
menilai efisensi baja terus serta baja kompaun dalam kawasan kebun kelapa sawit 
matang. Kajian yang pertama telah dijalankan di satu kebun kelapa sawit matang 
dengan menggunakan plot hakisan tanah berukuran 20 m kali 6 m di atas tanah 
pendalaman (Siri Serdang) yang bercerun. Kajian untuk kehilangan nutrien melalui 
larutlesap telah dijalankan diatas dua jenis tanah yang berlainan, Siri Serdang dan Siri 
Jawa yang merupakan tanah asid sulfat. Sistem tiub-cawan-berliang telah digunakan 
untuk mengukur larutlesap nutrient. Penilaian baja terus dengan baja kompaun telah 
dijalankan melalui satu kajian bereplikasi di satu kebun kelapa sawit matang dimana 
pembolehubah-pembolehubah berkaitan dengan hasil dan pertumbuhan telah diukur 
selama 6 tahun. Aplikasi baja terus atau baja kompaun tidak menunjukkan sebarang 
perbezaan bererti untuk kehilangan nitrogen (N), fosforus (P), kalium (K) atau 
magnesium (Mg) melalui hakisan tanah ataupun larian permukaan. Malakala, 
pembajaan baja CRF pula menunjukkan perbezaan bererti bagi kehilangan N, P dan 
K yang lebih tingi jika dibandingkan baja kompaun untuk kehilangan setiap tan tanah 
yang terhakis. Tiada perbezaan bererti yang dilihat diantara CRF dan bentuk baja yang 
lain untuk kehilangan nutrien melalui larian permukaan. Walaupun tiada perbezaan 
yang bererti dilihat diantara bentuk baja yang berlainan, pembajaan dengan baja 
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kompaun menunjukkan kehilangan N dan K yang lebih rendah berbanding dengan 
baja terus. Bagi kajian yang membandingkan baja terus dan baja kompaun untuk 
kehilangan nutrient melalui larutlesap telah menunjukkan bahawa tiada perbezaan 
bererti diantara kedua-dua baja tersebut pada kedua-dua jenis tanah yang dikaji. 
Kehilangan nutrien melalui larutlesap adalah kurang daripada 1% daripada jumlah 
pembajaan diatas kedua-dua jenis tanah bagi semua nutrien yang dikaji. Dalam 
kebanyakan kes, perbezaan kehilangan nutrien melalui larutlesap adalah rendah bagi 
kedua-dua jenis baja dan kehilangan nutrient yang sedikit rendah diantara 1% hingga 
3% bagi N dan K dengan pengunaan baja kompaun. Kehilangan P pula adalah lebih 
tinggi dengan pengunaan baja kompaun oleh kerana baja tersebut mempunyai 
kandungan P mudah larut yang lebih tinggi jika dibandingkan dengan baja terus. 
Kajian kebun yang membandingkan baja terus dengan baja kompaun tidak 
menunjukkan sebarang perbezaan yang bererti untuk semua pembolehubah hasil dan 
pertumbuhan yang diukur. Apabila dipuratakan hasil selama 6 tahun, pokok kelapa 
sawit yang dibaja dengan baja terus yang menggunakan urea sebagai sumber N telah 
merekodkan hasil purata sebanyak 28.79 tan buah tandan segar (FFB) sehektar 
setahun manakala pokok yang dibaja dengan baja kompaun telah merekodkan purata 
hasil sebanyak 28.72 tan FFB sehektar setahun. Pokok yang telah dibaja dengan 
ammonium nitrat sebagai sumber nitrogen telah menunjukkan purata hasil yang lebih 
rendah untuk tempoh yang sama sebanyak 27.83 tan FFB sehektar setahun. Pengunaan 
baja yang berlainan bentuk tidak menunjukkan sebarang perrbezaan yang bererti 
dalam pertumbuhan pokok serta kandungan nutrien. Sebagai kesimpulan, kajian ini 
telah menunjukkan bahawa pembajaan dengan baja terus atau baja kompaun dengan 
kadar yang sama tidak menunjukkan sebarang perbezaan bererti dalam kehilangan 
nutrient atau hasil kelapa sawit. Dalam pada itu, pembajaan dengan baja kompaun 
telah menunjukkan kehilangan nutrient yang lebih rendah untuk unsur N melalui 
hakisan dan larutlesap. Akantetapi kehilangan unsur P adalah lebih tinggi melalui 
hakisan atau larutlesap dengan pengunaan baja kompaun. Jika kehilangan nutrient 
dibandingkan diantara larutlesap dan hakisan, kehilangan nutrient melalui hakisan 
adalah lebih tinggi dan justeru itu perlu diberi perhatian yang lebih. Kajian kebun 
jangka panjang telah memberi satu petunjuk bahawa baja kompaun dapat di gunakan 
dengan kadar yang lebih rendah daripada baja terus yang merupakan satu senario yang 
memberangsangkan kepada para penanam kelapa sawit. Dengan kekurangan perkerja 
yang dihadapi, pengunaan baja kompaun boleh menjadi suatu alternatif kepada baja 
terus dalam inisiatif pengurangan pusingan pembajaan. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of Study 

Oil palm is the largest planted agricultural commodity in Malaysia and has been one 
of the major income contributors to the country’s economy. As of 2018, the crop is 
cultivated over 5.85 million hectares in Malaysia with the state of Sarawak being the 
largest oil palm planted state at 1.57 million hectares followed closely by Sabah at 
1.55 million hectares (MPOB, 2019). On average, the Malaysian palm oil industry had 
contributed and average of RM 64 billion through export earnings over the last 5 years 
making it the most lucrative agricultural crop to be planted in Malaysia (MPOB, 
2019). The Malaysian palm oil industry, on average, exported about 20 million tonnes 
of palm oil products over the last 5 years meeting about 30% of worlds demand for 
oils and fats (MPOB, 2017b). Currently, Malaysia accounts for 33% of the world’s 
palm oil production and 39% of world palm oil export amounting to 11% and 24% of 
the world’s total production of oil and fats (MPOB, 2017a, 2017b; Thomas Mielke, 
2017). 

The Malaysian palm oil industry is labour intensive, and it employs some 630,000 
people for its upstream and downstream activities ranging from nurseries, plantations, 
mills, refineries to the oleo-chemical plants. The plantation sector has the largest 
labour requirement and it employs close to 450 000 workers or 71.4% of the total work 
force in the palm oil industry. Of this total number of workers in the plantation sector, 
350 300 or 77.8% are guest workers making the industry highly dependent on foreign 
labour to carry out its day-to-day activity (Douglas, 2014). The freeze on recruitment 
of foreign workers by the Malaysian Government in mid-2015, coupled with better 
opportunities and improved wages especially in Indonesia, has made labour 
availability the most difficult challenge faced by the oil palm industry at present.

Oil palm grows well under a tropical climate with mean temperatures ranging between 
24 ºC and 28ºC with evenly distributed annual rainfalls of about 2,000 mm (Corley 
and Tinker, 2015). As most tropical soils have low inherent soil fertility, cultivation 
of oil palm in the tropics requires large quantities of fertilisers to sustain high yields 
(Goh et al., 1999, 2003). Fertilisers are the largest cost element taking up about 60% 
of field upkeep and correspondingly 30% of palm oil production costs (Goh et al.,
2003). Hence, most agronomic trials had been focused on oil palm nutrient demands, 
fertiliser responses to various soil types, nutrient uptake efficiencies and nutrient 
losses under various conditions. Results from these various trials had ultimately been 
used to formulate a sound and robust fertiliser recommendation system for the oil 
palm. 
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Straight fertilisers had been the preferred source of fertilisers by the industry because
of its relatively cheaper prices and ability to facilitate variable nutrient inputs for each 
individual field as per palm requirements. A typical oil palm field requires application 
frequency of 7 to 8 rounds a year with use of various straight fertilisers to fulfil the 
yearly nutrient demand of oil palms. Unfortunately, the current labour shortage faced 
by the industry in recent times had caused most plantations to be unable to keep up 
with their yearly fertilisation programmes due to the high application rounds. In many 
instances, the year’s fertilisation programme is delayed or in worse case not completed 
for the year where such scenarios have adverse effects on productivity and profits. 

Compound or controlled released fertilisers (CRF) could be a possible alternative to 
straight fertilisers especially in times of labour shortage as the use of these fertilisers 
provide two or more nutrients at each application rounds thus reducing application 
frequency. However, the relatively higher prices of compound or CRF compared to 
straight fertilisers and the fixed nutrient ratios in these fertilisers had made the oil palm 
industry shy away from using them. The physical form of compound and controlled 
released fertilisers, either in a granular or prilled form, would make them solubilise at 
a much slower rate compared to straight fertilisers. Such properties would in turn 
likely lead towards lower nutrient losses and better nutrient uptake compared to 
straight fertilisers. However, there had been minimal studies on comparing the 
efficiency of straight fertilisers with other forms of fertilisers such as compound 
fertilisers and CRF in terms of nutrient losses and yield parameters for oil palm. 
Hence, this study was conducted to mainly compare the efficiency of straight and 
compound fertilisers in terms of nutrient losses and also on yield variables under 
matured oil palm. 

1.2 Objectives 

This study mainly compares straights and compound fertilisers on nutrient losses and 
field efficiency on matured oil palm with three main objectives: - 

i. to quantify nutrient losses through surface runoff for matured oil palm under 
rolling terrain on palms fertilised with straights, compounds or controlled 
released fertilisers  

ii. to quantify nutrient losses through leaching in matured oil palms planted on flat 
and rolling terrain for palms fertilised with straights and compound fertilisers  

iii. to access the efficiency of straight and compound fertilisers on matured oil palm 
under field conditions. 

1.3 Hypothesis 

It is hypothesised that compound fertilisers would have lower nutrient losses through 
surface runoff and leaching compared to straight fertilisers under matured oil palm. It 
is also hypothesised that application of compound fertilisers would provide better oil 
palm yields compared to palms fertilised with straight fertilisers.  
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