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By 

SIM CHOON CHEAK 

October 2017 

Chairman : Professor Zaharah Abdul Rahman, PhD 

Faculty : Agriculture 

Conventional approaches of using higher fertilizer inputs to sustain profitable yields in 

oil palm plantations can be uneconomical and produce inconsistent results. In addition, 

the biological potential of attaining much higher oil yield is often limited by marginal 

environments. Nutrient efficient genotypes could potentially lead to higher productivity 

when grown on marginal land and eventually improve the sustainable use of resources 

and production of palm oil. Studies on interaction effects between planting material and 

nutrient inputs show differential uptake and utilization efficiency between the 

commercially available oil palm planting materials. The differences in leaf nutrient 

contents between genotypes and yield response to K fertilizer inputs demonstrated the 

presence of more efficient uptake characteristics. If such potassium efficient cultivars 

could be widely adopted, the industry would not only be capable of saving resources but 

also to increase productivity as well. Potassium use in palm oil production ranges from 

approximately 13 to 21 kg of palm oil per kg of potassium with varying degree of 

efficiency depending on planting varieties. The potassium use efficiency could 

potentially increase by 50 % in the most potassium efficient cultivar. The objectives of 

this study were (1.) to evaluate the growth response of selected oil palm crosses under K 

deficient environment and (2.) to estimate potassium use efficiency of different oil palm 

genotypes as part of the effort to elucidate the physiological mechanism potassium-

efficient oil palms. Phenotypic responses of 5 oil palm genotypes with genetic origin 

from Deli and Nigerian Dura interbred with AVROS, Nigerian and Yangambi Pisiferas 

grown under deficient and adequate potassium supplies were evaluated. Potassium-

efficient genotypes were differentiated in this experiment, where the potassium-efficient 

genotypes produced higher biomass (by 37.3 %) and had higher potassium uptake 

activity (by 41.7 %). The efficient genotypes were capable of extracting higher amount 

of soil potassium (by 95 %) under deficient potassium supplies. The K-efficient genotype 

was capable of sustain growth and to adapt to potassium-deficient environments. 

Alterations in rooting behaviour (increasing fine root proliferation) and maintenance of 

shoot growth (frond production rate) are the primary physical traits of adaptation to 
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potassium-deficient environment. The ability to remobilize the limiting nutrients from 

sink tissues to source tissues i.e. from the bole and rachis to the pinnae (the 

photosynthetically active tissues) and roots (to search for more nutrients allows the plant 

to further acquire more resources to ensure continuous growth) is also a key trait. 

Comparative analysis of transcriptomic differences between the efficient and in-efficient 

genotypes showed significant upregulation of potassium transporters (KUP3, KUP8 and 

KUP11) in the roots of the K-efficient genotype and genes which confer tolerance to 

stress, minimizes cellular damage, stress regulation and potassium homeostasis. Traits 

for potassium efficiency are conferred by the interaction of multiple complex 

mechanisms, governed by pool of genes controlling the physiological processes of stress 

regulation, cellular development and metabolite homeostasis. Stress detection and 

regulating cellular processes to mitigate the effect of stress could be the key in first 

tolerating and reducing damages to cellular and consequently enhancing the genotype’s 

ability to adapt, absorb and utilize nutrients more effectively.  
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Pengerusi : Professor Zaharah Abdul Rahman, PhD 

Fakulti  : Pertanian 

Pendekatan konvensional menggunakan kadar pembajaan yang tinggi untuk 

mengekalkan penghasilan yang menguntungkan oleh industri kelapa sawit sering 

mencapai keputusan yang tidak konsisten dan tidak ekonomik. Di samping itu, potensi 

untuk mendapatkan hasil minyak sawit yang tingi sering dijejaskan oleh keadaan 

persekitaran yang tidak memberangsangkan. Genotip yang cekap di dalam penggunaan 

nutrien mampu meningkatkan potensi produktiviti dan mengurangkan penggunaan 

sumber. Kajian terhadap interaksi di antara genotip dan nutrien menunjukkan perbezaan 

dalam pengambilan dan penggunaan nutrien antara kultivar komersial. Penanaman 

kultivar yang cekap dalam penggunaan kalium memerlukan baja kalium yang rendah dan 

secara tidak langsung mampu meningkatkan hasil sawit nasional serta menjimatkan 

penggunaan sumber baja. Ketika ini, industri kelapa sawit menghasilkan antara 13 

hingga 21 kg minyak sawit untuk setiap kilogram baja kalium diggunakan. Pengunnaan 

kultivar yang cekap dalam kalium mampu meningkatkan hasil sebanyak 50 %. Objektif 

kajian ini adalah untuk menilai pengaruh kalium dalam tanah terhadap pertumbuhan 

genotip sawit terpilih dan kecekapan penggunaan kalium oleh baka tanaman sawit ini. 

Di samping itu, mekanisi fisiologi dalam penggunaan kalium akan dikaji. Tindak balas 

fenotip baka tanaman yang berlainan asal-usulnya iaitu AVROS, Nigeria dan Yangambi 

dibawah pengaruh kalium telah dikaji. Kadar pengambilan kalium dan pertumbuhan 

pokok diukur di dalam rumah kaca dengan menggunakan teknik radioisotop. Tindak 

balas molekular telah diprofilkan dan dikira. Genotip yang ber-kecekapan tinggi 

berupaya menghasilkan biojisim yang lebih tinggi (> 37.3 %), mempunyai kadar 

pengambilan kalium yang lebih tinggi (> 41.7 %) dan berupaya mengextrak kandungan 

kalium yang lebih tinggi (> 95 %) daripada tanah yang mempunyai kandungan kalium 

yang rendah. Genotip yang sedemikian menyesuaikan diri kepada persekitaran kalium 

rendah dengan mengubah tingkah laku perakaran, meningkatkan percambahan akar dan 

mengekalkan nisbah akar dan daun. Tiada variasi atau perubahan morfologi di antara 

genotip. Analisis perbandingan perbezaan transkrip antara genotip cekap dan cekap 

memperlihatkan peningkatan besar pengangkut potasium (KUP3, KUP8 dan KUP11) 

dalam akar genotip dan gen yang efisien yang memberikan toleransi terhadap stres, 

mengurangkan kerosakan selular, peraturan tekanan dan kalium homeostasis. Ciri-ciri 

kecekapan kalium diberikan oleh interaksi pelbagai mekanisme kompleks, yang 
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dikendalikan oleh gen gen yang mengawal proses fisiologi pengawalan tekanan, 

pembangunan selular dan homeostasis metabolit. Pengesanan tekanan dan mengawal 

selia proses selular untuk mengurangkan kesan tekanan boleh menjadi kunci dalam 

menoleransi pertama dan mengurangkan kerosakan kepada selular dan seterusnya 

meningkatkan keupayaan genotip untuk menyesuaikan, menyerap dan menggunakan 

nutrien dengan lebih berkesan. 

  

iv 



© C
OPYRIG

HT U
PM

ACKNOWLEDGEMENTS 

Special gratitude to my supervisors, Professor Zaharah A.R., Professor Hanafi M., and 

Professor Siti Nor Akmar for the trust, patience and supervision. Professor Zaharah is 

extremely crucial to the completion of the thesis and I am proud to be under her academic 

guidance and motivation. 

I would like to thank Pn. Zabedah Tumirin for her support, guidance and assistance in 

radioisotope experiments. Special appreciation to Dr. Teo T.M. and Dr. Cheng C.R. for 

their intellectual help and exchange. 

I would like to thank my research colleagues, especially, Ms. Tan L.H., Ms. Goh C.Y., 

Dr. Tasren N.M., Dr. Lim C.K.; and Dr. Lee C.T. of FGV as well as the research staff 

who ensured the success of this project. Appreciation to Dr. Kee K.K. and Mr. Goh K.J. 

for allowing me the time and opportunity to complete this study. I gratefully 

acknowledge Advanced Agriecological Research Sdn. Bhd. and Felda Agricultural 

Services Sdn. Bhd. for extending their resources in supporting the study. 

It has been a long journey. This thesis remains one of the most challenging tasks I have 

undertaken. 

Forever indebted. 

Sim Choon Cheak 

August 2017 

v 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

Zaharah Bt. Abdul Rahman, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairperson) 

Mohamad Hanafi Musa, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

Siti Nor Akmar Abdullah, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

___________________________ 

ROBIAH BINTI YUNUS, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

Date:  

vii 



© C
OPYRIG

HT U
PM

Declaration by graduate student 

I hereby confirm that: 

 this thesis is my original work;

 quotations, illustrations and citations have been duly referenced;

 this thesis has not been submitted previously or concurrently for any other degree at

any other institutions;

 intellectual property from the thesis and copyright of the thesis are fully-owned by

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research)

Rules 2012;

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and Innovation) before thesis is published (in the form of

written, printed or in electronic form) including books, journals, modules,

proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture

notes, learning modules or any other materials as stated in the Universiti Putra

Malaysia (Research) Rules 2012;

 there is no plagiarism or data falsification / fabrication in the thesis, and scholarly

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies)

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research)

Rules 2012. The thesis has undergone plagiarism detection via Turnitin software.

Signature: _______________________ Date: ____________________ 

Name and Matric No: Sim Choon Cheak (GS29196) 

viii 



© C
OPYRIG

HT U
PM

Declaration by Members of Supervisory Committee 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision;

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: 

Signature: 

Name of 

Chairman of 

Supervisory 

Committee: Zaharah Bt. Abdul Rahman 

Name of 

Member of 

Supervisory 

Committee: Mohamad Hanafi Musa 

Signature: 

Name of 

Member of 

Supervisory 

Committee: Siti Nor Akmar Abdullah 

ix 



© C
OPYRIG

HT U
PM

TABLE OF CONTENTS 

Page 

ABSTRACT  i
ABSTRAK iii
ACKNOWLEDGEMENTS v
APPROVAL vi
DECLARATION viii 
LIST OF TABLES xiv
LIST OF FIGURES xv
LIST OF ABBREVATIONS xvii

CHAPTER 

1 INTRODUCTION 1 

2 LITERATURE REVIEW 

2.1  Fertilizer consumption by the oil palm industry 3 

2.2 Potassium requirements in oil palm 3 

2.2.1 Role of potassium in increasing fresh fruit bunches 

production and oil biosynthesis 

5 

2.2.2 Potassium accumulation and remobilization 

between sink and source organs 

7 

2.3 Oil palm breeding and selection for improved yield 8 

2.4  Oil palm root system and nutrient absorption 9 

2.5  Nutrient efficient plants 11 

2.5.1 Nutrient efficient model plants 13 

2.5.2 Nutrient efficient oil palm 13 

2.5.3 Potassium (K) efficient oil palm 13 

2.6  Physiological adaptation responsible for Potassium Use 

Efficiency 

17 

2.6.1 Biochemical response: exudation of organic 

compounds to facilitate the release of non-

exchangeable soil potassium 

18 

2.6.2 Morphological response: improved root system of 

K-efficient genotype 

19 

2.6.3 Molecular response: increased potassium uptake in 

roots of K-efficient genotype 

20 

2.7  Molecular mechanisms of potassium uptake and transport 

in plants 

21 

2.7.1 Potassium uptake system in plants: High Affinity 

Uptake (HAT) vs. Low Affinity Uptake (LAT) 

23 

2.8 Summary  25 

x 



© C
OPYRIG

HT U
PM

3 POTASSIUM UPTAKE AND UTILIZATION 

EFFICIENCY OF THE SELECTED ELAEIS 

GUINEENSIS GENOTYPES 

 

 3.1 Introduction 26 

 3.2  Materials and Methods 26 

 3.2.1  Elaeis guineensis genotypes 26 

 3.2.2  Experimental evaluation and treatments 26 

 3.2.3  Potassium utilization 27 

 3.2.3.1  Plant mineral composition and soil analysis 27 

 3.2.3.2  Nursery management 28 

 3.2.4 Potassium uptake  29 

 3.2.4.1  Location of experiment, sand culture and 

the modified Hoagland solution 

30 

 3.2.4.2  Rubidium-86 as potassium tracer and the 

Potassium Derived from Fertilizer (KDfF) 

31 

 3.2.4.3 Potassium uptake rate of the primary root 31 

 3.2.5 Statistical analysis 31 

 3.3 Results  32 

 3.3.1 Suitability of Rubidium as Potassium tracer 32 

 3.3.2 Rate of Potassium uptake by the excised roots 33 

 3.3.3 Dry matter yield, potassium accumulation and the 

Potassium derived from fertilizer (KdfF) in 

response to potassium supplies 

36 

 3.3.4 Potassium Uptake Efficiency (KUpE) and 

Potassium Utilization Efficiency (KUtE) of the five 

oil palm genotypes 

38 

 3.3.5 Genotypic variation in potassium concentrations of 

tissues and potassium repartition 

39 

 3.3.6 Indicative nutrient uptake and utilization efficiency 

of other major nutrient elements (N, P and Mg) 

41 

 3.4 Discussions 42 

   

4 GENETIC VARIATION IN THE PHYSICAL 

ADAPTATION OF OIL PALM TO POTASSIUM SUPPLY 

 

 4.1 Introduction 44 

 4.2 Materials and Methods 44 

 4.2.1 Growth and vegetative parameters 44 

 4.2.2 Soil Plant Analysis Development Chlorophyll 

(SPAD Chl) index and leaf chlorophyll content 

45 

 4.2.3 Histology studies 45 

 4.2.4 Statistical analysis 45 

 4.3 Results 46 

xi 



© C
OPYRIG

HT U
PM

4.3.1 Genetic variation in biomass production and 

resource remobilization under deficient potassium 

supplies 

46 

4.3.1.1 Variable responses in the repartitioning of 

the above ground biomass among the 

genotypes 

49 

4.3.1.2 Variation in root growth and adaptation to 

potassium supplies 

49 

4.3.2 Changes in leaf growth, production rate and 

morphology in response to potassium inputs 

52 

4.3.3 Effect of potassium status on chlorophyll content 

and photosynthetic rate 

54 

4.4 Discussion 56 

5 MOLECULAR MECHANISM OF OIL PALM IN 

RESPONSE TO POTASSIUM 

5.1 Introduction 57 

5.2 Materials and Methods 57 

5.2.1 Plant materials and total RNA extraction 57 

5.2.2 Transcriptome analysis: Identification of 

differentially expressed genes in the two genotypes 

58 

5.2.3 Transcriptome analysis: Relative quantification of 

the putative potassium transporter gene 

58 

5.2.4 Multiple sequence alignment and protein motif 

identification of the KUP3, KUP8 and KUP11 

orthologous gene 

59 

5.2.5 Statistical analysis 59 

5.3 Results 60 

5.3.1 Comparative transcriptome analysis: Differentially 

expressed genes of the potassium efficient and in-

efficient genotypes in response to potassium stress 

60 

5.3.1.1 Commonly expressed gene between the K 

efficient and in-efficient genotypes. 

61 

5.3.1.2 Transcripts upregulated by the potassium 

efficient genotype improving growth and 

tolerance to potassium stress 

62 

5.3.1.3 Upregulated transcripts by the K in-

efficient, Genotype C 

65 

5.3.2 Regulation and expression profile of the putative 

potassium transporters in adaptation to K deficient 

environment 

65 

xii 



© C
OPYRIG

HT U
PM

 5.3.3 Multiple sequence alignment and protein motif 

identification of the KUP3, KUP8 and KUP11 

orthologous gene 

68 

 5.4 Discussion 71 

   

6 CONCLUSION AND RECOMMENDATION FOR 

FUTURE RESEARCH  

 

 6.1 Conclusion 74 

 6.2 Implication of study and future research 75 

   

REFERENCES 76 

APPENDICES 90 

BIODATA OF STUDENT 101 

LIST OF PUBLICATIONS  102 

  

 

 

  

xiii 



© C
OPYRIG

HT U
PM

LIST OF TABLES 

Table Page 

2.1 Main effects of potassium treatments on the oil palm bunch 

component. 

6 

2.2 Nutrient uptake (kg) per palm per year. 7 

2.3 Main effects of K fertilizer on nutrient content in different palm 

compartments. 

7 

2.4 Performance of unselected and selected Duras and Teneras in 

breeding trials. 

8 

2.5 Radioactivity counts (x 105) of 32P at various positions from P0 

after 48 hours. 

10 

2.6 Yield (vegetative / grain) variation between efficient and non-

efficient crop genotype. 

12 

2.7 Potassium uptake by ten potato genotypes from exchangeable and 

nonexchangeable soil K in the absence of K fertilizer at 83 days. 

19 

2.8 Dry weight of different organs of 3 tobacco genotypes and 

comparison of K+ uptake. 

20 

3.1 Lineages of the studied oil palm progenies. 27 

3.2 Nutrient input rate and timing of application used in this 

experiment. 

28 

3.3 The physical and chemical properties of soils, Typic Kandiudults, 

used in this experiment. 

29 

3.4 Nutrient composition of ½ strength modified Hoagland solution 

No. 2a as carrier solution used in this experiment. 

30 

3.5 Total dry matter production and accumulated potassium. 36 

3.6 Specific activity of 86Rb and the Potassium derived from Fertilizer 

(KdfF). 

38 

3.7 A summary of the potassium uptake efficiency (KUpE), potassium 

utilization efficiency (KUtE) and other nutrient use efficiency 

parameters of the tested progenies. 

39 

5.1 Positive up-regulated transcript in expression by the K-efficient, 

Genotype A under potassium stress 

63 

5.2 Positive up-regulated transcript in expression by the in-efficient, 

Genotype C under potassium stress. 

65 

xiv 



© C
OPYRIG

HT U
PM

LIST OF FIGURES 

 

Figure  Page 

2.1 Comparison of yield response towards potassium supply in 

different soil group. 

4 

2.2 Distribution of roots from one primary root in a 10-year-old palm. 9 

2.3 Lignified and unlignified portion of primary root of oil palm. 10 

2.4 Differences in P efficiency of wheat and soybean varieties grown 

on low-P soils. 

11 

2.5a Qualitative representation of the genetic effects on the leaf nutrient 

concentration (%) of major element (a. Nitrogen and Phosphorus). 

14 

2.5b Qualitative representation of the genetic effects on the leaf nutrient 

concentration (%) of major element (b. Potassium and 

Magnesium). 

15 

2.6 Average FFB yield (2003 – 2009) of 3 different oil palm genotypes 

at 3 rates of K20 inputs at optimum N. 

16 

2.7 FFB yield and K level (2003 – 2009) of 3 different oil palm 

genotypes. 

16 

2.8 Potential mechanisms of K uptake and utilization efficiency and 

their interactions that influence the expression of K-efficient 

genotype. 

17 

2.9 Interrelationships of various forms of soil K. 19 

2.10 Average K uptake by wheat genotypes growing for 8 weeks in K 

deficient soil with or without K application. 

20 

2.11 Movement of inorganic nutrients. 21 

2.12 Overview of the various transport processes on the plasma 

membrane and tonoplast of plant cells. 

22 

2.13 Models of transporters responsible for mediating potassium 

transport 

24 

3.1 Mean of log10 86Rb detected in the selected genotype supplied with 

different carrier solution. 

33 

3.2 Decay activity of 86Rb in excised root tip of oil palm and the 

uptake rate within 24 hours after exposure to 86RbCl2 solution. 

34 

3.3 Estimated rate of rubidium uptake at initial uptake prior to 

saturation phase. 

34 

3.4 Decay activity of 86Rb profile in the excised non-lignified root tip 

of the selected genotypes. 

35 

3.5 Dry matter production of the selected genotypes in response to 

deficient (-K) and adequate (+K) potassium supplies.  

37 

3.6 Potassium concentration and remobilization between palm tissues. 40 

3.7 Indicative Nitrogen, Phosphorus and Magnesium content of the 

evaluated genotypes. 

41 

3.8 Comparison of the “indicative nutrient uptake efficiency” and the 

“indicative nutrient utilization efficiency” of the major element 

(Nitrogen, Phosphorus and Magnesium) amongst the tested 

genotype.  

42 

xv 



© C
OPYRIG

HT U
PM

4.1 Changes in root to shoot ratio the selected genotypes (mean ± S.E.) 

in response to potassium environment. 

47 

4.2 Dry matter accumulation of the selected genotypes (mean ± S.E.) 

in response to potassium inputs at the end of experimental period. 

48 

4.3 Shoot biomass reallocation to sub-tissues; the bole, rachis and 

pinnae under different potassium supplies.  

50 

4.4 Root mass, root growth and F:C ratio in response to potassium 

inputs. 

51 

4.5 The frond production rate of the respective genotypes as affected 

by potassium inputs. 

52 

4.6 Leaf stomata density of the oil palm genotypes. 53 

4.7 Effect of potassium inputs on leaf anatomy of the K efficient and 

in-efficient oil palm genotype. 

54 

4.8 Total chlorophyll concentration and net photosynthetic rate in 

pinnae of the respective oil palm genotypes as per affected by 

potassium inputs 

55 

5.1 Common and unique transcripts between Genotype A and 

Genotype C in response to potassium stress. 

60 

5.2 Functional classification of the differentially expressed transcripts 

under potassium deficient environment 

61 

5.3 Expression change of FAD2 (Unigene ID: At.23898) and SAP5 

(Unigene ID: Os.12139) by Genotype A and Genotype C in 

response to potassium deficient environment. 

62 

5.4 Relative expression of KUP genes in leaves of different oil palm 

genotypes ground under potassium deficient environment 

66 

5.5 Differential expression profile of the KUP 3, KUP 8 and KUP 11 

between the potassium efficient oil palm, Genotype A and the 

inefficient Genotype C. 

67 

5.6 Unrooted phylogenetic tree constructed and motif distribution of 

translated KUP3, KUP8 and KUP11 genes obtained from Elaeis 

guineensis (Eg), Ananas comosus (Ac), Arabidopsis thaliana (At), 

Musa acuminate (Ma), Oryza sativa (Os), Phoenix dactylifera (Pd) 

and Zea mays (Zm). 

69 

5.7 Protein motif sequence alignment of the KUP obtained by MEME.  70 

5.8 Molecular responses in adaptation of Genotype A to potassium 

stress environment. 

72 

xvi 



© C
OPYRIG

HT U
PM

LIST OF ABBREVATIONS  

 
86Rb  Radioactive isotope of Rubidium 

Ca  Calcium 

CEC  Cation exchange capacity 

CPM  Count per minute 

CRD  Complete Randomized Design 

DPM  Disintegrations per minute 

ICP-OES  Inductively Coupled Plasma - Optical Emission Spectrometry 

K   Potassium 

KdfF  Potassium derived from fertilizer 

KUE  Potassium use efficiency 

KUpE  Potassium uptake efficiency 

KUtE  Potassium utilization efficiency 

Mg  Magnesium 

MgUpE  Magnesium uptake efficiency 

MgUtE  Magnesium utilization efficiency 

N  Nitrogen 

NE  Nutrient efficient 

NitUpE  Nitrogen uptake efficiency 

NitUtE  Nitrogen utilization efficiency 

P  Phosphorus 

PUpE  Phosphorus uptake efficiency 

PUtE  Phosphorus utilization efficiency 

RCBD  Randomized Complete Block Design 

RNA  Ribonucleic acid 

 

xvii 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

 

1 

 
 

CHAPTER 1 

 

INTRODUCTION 

 

Occupying merely 4.8 % of the total oil crop area planted worldwide, the oil palm 

contributed approximately 34.7 % of the global vegetable oil production, ranking it the 

highest oil producing crop known to-date.  At a global production average of 3.8 tonnes 

of crude palm oil (CPO) per hectare, the palm oil productivity has very much stagnated 

over the last two decades especially in Malaysia. The stagnation could be attributed to 

the expansion of oil palm plantation on marginal land where the soil and terrain is least 

favorable for oil palm cultivation (Jalani et al. 2002). The efficient dissemination of 

selected planting material to end users, particularly to small holders is also a key factor 

for productivity improvement in the oil palm. 

 

 

The projected biological potential of oil palm via experimental data indicates that the 

best progenies could be capable of yielding 11.5 tonnes of CPO per hectare. The highest 

plantation yield reported to-date achieved an average of about 6.5 tonnes of CPO, which 

is equivalent to about half of its biological yield potential. The vast gap between this 

biological yield potential and actual yield attained indicates an immense opportunity for 

yield improvement. The productivity of CPO increased from 1.3 to 6.5 tonnes per hectare 

through breeding advances, introduction of pollinating weevils and improved 

management whilst fertilization alone accounted for 29 % of the increase (Davison, 

1993; Corley and Tinker, 2003). Combination of both adequate fertilization regime and 

improved materials that could strive under poor and marginal growing conditions could 

provide viable alternatives in ensuring and improving sustainable production of oil palms 

grown on those marginal areas.  

 

 

Amongst all oil crops, oil palm consumed the highest amount of potash fertilizer i.e. 

about 7 % of total global potash consumption, whilst soybean and other oil crops 

collectively consumed 12 % (Heffer, 2013). On the contrary, consumption of nitrogenous 

and phosphorus fertilizer is relatively low with potash constituting almost 60 % of total 

fertilizer usage for oil palm cultivation. The demand of potassium inputs for growth and 

oil production increases in parallel to the yield and it is further elevated by losses caused 

by the degraded land in the tropics. On per hectare basis, the oil palm requires up to 250 

kg of potassium annually (Goh et al. 1994) and its planting on tropical soils that are 

inherently low in potassium fertility and prone to potassium leaching (Amberger, 2006) 

further contributes to high potassium requirement. 

 

 

Yield responses to potassium fertilization are mostly soil-dependent and are affected by 

the soils inherent potassium fertility; higher yield response is recorded on soils with low 

soil potassium reserve and vice versa. Such yield response variations often translate into 

varying degree of optimal potash fertilization rate which is generally site specific.  

Generally, less than 1.3 kg K palm-1 yr-1 on fertile coastal soils to as high as 6.0 kg K 
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2 

 
 

palm-1 yr-1 are needed for maximum yield on sandy textured soils. On most inland 

sedentary soils, many of the long-term fertilization trial showed an optimum range of 1.8 

to 2.3 kg of potassium palm-1 yr-1.   

 

 

Realizing such limitations, gradual effort is now being concentrated into improving the 

oil palm productivity via adopting nutrient efficient genotypes which could potentially 

lead to higher productivity on marginal land and eventually to a more sustainable use of 

resources and to the sustainable production of palm oil. The main objectives of this study 

are (1) to assess the variability of oil palm genotypes in potassium use efficiency and (2) 

to identify the physiological mechanism underlying the adaptation to potassium-deficient 

soil and the increase of potassium use efficiency.  
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