UNIVERSITI PUTRA MALAYSIA

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

VIJIANDRAN A/P JUVA RAJAH

FP 2019 57




UlPiM

UNIVERSITI PUTRA MALAYSIA

il

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

VIJIANDRAN A/L JUVA RAJAH

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

March 2019



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



DEDICATION

This thesis is dedicated to: -

My father, Mr. N. Juva Rajah, my first hero and role model

My late mother, Mrs Punithavathy Juva Rajah, my first teacher and my best friend

My wife, Christina Vijiandran, who stood by my side in all ups and downs since the
very first day we met

My children, Lovinah, Pratamesh and Nitesh, who never fail to cheer me up and make
my day

To all the contributors and potential contributors of any kind of knowledge that is
beneficial to mankind and is as well in harmony with nature



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



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™! year! while palms fertilised with compound
fertilisers yielded comparably at 28.72 t FFB ha' year!. Palms fertilised with
ammonium nitrate as a source of N had lower average yields at 27.83 t FFB ha™! year
! 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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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, (i1) 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.

v



ACKNOWLEDGEMENTS

My humble salutations to the Almighty Lord Vinayagar for his blessings which
ultimately gave me the self-motivation and strength to complete my PhD studies. My
profound pranams also goes to my spiritual guides and gurus, Guruji Sakthi
Priyananda and Swami Kumarananda Giri for the spiritual awakening and building of
my inner confidence

Adding to the them, numerous souls have been instrumental in helping me to complete
this journey of education excellence. First and foremost, my deepest gratitude goes to
my beloved parents, Mr and Mrs Juva Rajah who had been my greatest support. I
wouldn’t have even dreamt of a PhD if not for them in sowing the seed of pushing
towards excellence into me. To my loving wife and soul mate Christina, your constant
support had always boosted my confidence and at the same time you had provided me
the necessary push to complete this thesis. A much appreciated thank you to my
siblings Navindran and Thaneswary and their respective their spouses for all the moral
support given to me all the time. A special love and kisses to my three young children,
Lovinah, Pratamesh and Nitesh, who was born during my PhD journey had always
managed to extract a smile out of me even at the most challenging times. To all my
extended family members, thank you for your constant support given to me in one way
or another especially to all my cousins. Most of you had been by my side besides being
my teacher since school days till today where it was a cousin who had edited this thesis
for me. Your love and support had always made me feel blessed to be part of this big
family.

My deepest gratitude and appreciation and gratitude goes to Associate Prof. Dr.
Ahmad Husni Mohd Hanif who had been a mentor and role model in the world of soil
science and science generally. He had given me all the guidance, advice, help and
support since the very first time [ became his student back in 1998. Thank you so much
sir for the confidence you had in me. The contributions of the supervisory committee
members of Prof. Dr. Zaharah Abdul Rahman, Assoc. Prof. Dr. Christopher Teh Boon
Sung and Dr. Xaviar Arulandoo on their various fields of expertise is deeply
acknowledged. Prof Zaharah’s calm, focused and motherly composure motivates one
to push further and these values are certainly of admiration and following. The intense
comments, advices and suggestions given by Assoc. Prof. Dr. Christopher Teh is
something I shall never forget. His meticulous comments on thesis was a great help in
making this study valid and worth a PhD. My heartfelt gratitude also goes to Dr.
Xaviar who was not only the member of my supervisory committee but also
responsible in shaping me from the very first day of joining United Plantations Berhad
to become an agronomist that I am today. His constructive comments and critical
analysis of my results added with his fatherly advice on many occasions is deeply
appreciated. The meticulous editing and comments given by both Assoc. Prof Dr.
Christopher Teh and Dr. Xaviar on my thesis writing allowed me to complete the
thesis without much complications. A special thank you also goes to Dr. Peter Law
Chu Chien who had guided me with all the technicalities involved in thesis writing
and formatting.



The help rendered by my staffs Mr. Chandramohan, Mr. Venggitassar and Mr.
Kandasamy who had assisted me in the field data collections together with the
personnel of United Plantations Research Department’s Soil and Leaf Analysis
Laboratory is deeply appreciated and shall never be forgotten. The assistance and co-
operation provided by the managers and staffs of Lima Blas Estate and Ulu Bernam
Estate is worth of mention.

I would also like to take this opportunity to also thank my employers’, United
Plantations Berhad especially to Dato Carl Bek Nielsen, Mr. Martin Bek Nielsen and
members of the EXCOM for the permission and financial assistance given to me to
carry out my PhD studies. I hope the findings of this study would in one way or another
help the company to propel further into greater heights.

Lastly my sincere appreciation and gratitude goes to each individual who helped me
in one way or another in completing this study. In closing I always believe

A Phd Is Not A Race But A Journey

vi



This thesis was submitted to the Senate of the Universiti Putra Malaysia and has been
accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Ahmad Husni Mohd Hanif, PhD
Associate Professor

Faculty of Agriculture

Universiti Putra Malaysia
(Chairman)

Zaharah Abdul Rahman, PhD
Professor

Faculty of Agriculture
Universiti Putra Malaysia
(Member)

Christopher Teh Bung Soon, PhD
Associate Professor

Faculty of Agriculture

Universiti Putra Malaysia
(Member)

Xaviar Arulandoo, PhD
Research Department
United Plantations Berhad
Malaysia

(Member)

ROBIAH BINTI YUNUS, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

Viil



Declaration by graduate student

I hereby confirm that:

Signature: Date:

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 institutions;

intellectual property from the thesis and copyright of 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 software

Name and Matric No: Vijiandran a/l Juva Rajah, GS31806

1X



TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
1.5 Background of Study
1.2 Objectives
2] Hypothesis

2 LITERATURE REVIEW
281 The Oil Palm
2.2 Oil Palm Nutrient Use and Demand
23 Fertiliser Types and Its Use in Oil Palm Plantations
2.4  Interaction of Fertilisers in Soils
2.5 Soil Erosion and Its Associated Impacts
2.6 Soil Erosion and Nutrient Loss Under Oil Palm in Malaysia
2.7 Leaching Loss of Nutrients Under Oil Palm
2.8 Summary

3 EVALUATION OF FERTILISER FORMS ON NUTRIENT
LOSSES THROUGH SURFACE RUNOFF FOR MATURED OIL
PALMS
3.1 Background
3.2 Study Objective
33 Materials and Methods

3.3.1 Experimental Location
3.3.2 Experimental Setup
3.3.3 Planting Materials
3.3.4 Fertiliser Treatments
3.3.5 Soil and Nutrient Loss Measurements
3.3.6 Foliar and Soil Sampling
3.3.7 Measurement of vegetative variables
3.3.8 Foliar Analysis
3.3.8.1 Ashing
3.3.8.2  Nutrient content determination
3.3.9 Soil Chemical Analysis
3.3.10 Analysis of Runoff Water
3.4  Statistical Analysis

X1

Page

11

vii
X
X1V
XVi
XX

19
19
20
20
20
23
26
26
27
28
29
29
29
29
30
31
31



3.5  Results and Discussion

3.5.1 Rainfall

3.5.2  Soil and Runoff Losses

3.5.3 Nutrient Losses

3.5.4 Foliar Analysis

3.5.5 Soil Analysis

3.5.6 Vegetative Growth of Palms
3.6 Cost Analysis of Nutrient Losses
3.7  Conclusion

DETERMINATION OF NUTRIENT LOSSES THROUGH
LEACHING ON STRAIGHT AND COMPOUND FERTILISERS
FOR MATURED OIL PALMS
4.1 Background
4.2 Study Objective
43 Materials and Methods
4.3.1 Experimental Location and Setup
4.3.2 Leachate Analysis
4.4  Statistical Analysis
4.5 Results and Discussion
4.5.1 Rainfall
4.5.2 Leaching Loss of Nutrient in Lima Blas Estate
4.5.3 Leaching Loss of Nutrient in Ulu Bernam Estate
4.6 Conclusion

FIELD EVALUATION OF STRAIGHT AND COMPOUND
FERTILISERS ON OIL PALM YIELD COMPONENTS
5.1 Background
5.2 Study Objective
53 Materials and Methods
5.3.1 Experiment Location
5.3.2 Planting Materials
5.3.3 Treatments
5.3.4 Experimental Design and Statistical Analysis
5.3.5 Variables Recorded
5.3.6 Bunch Analysis
5.3.7 Foliar Analysis
5.3.8 Soil Analysis
5.3.9 Vegetative measurement
54 Results and Discussion
5.4.1 Fresh Fruit Bunch Yields
5.4.2 Oil to Bunch Content and Oil Yield
5.4.3 Foliar Nutrient Content
5.4.4 Soil Nutrient Content
5.4.5 Vegetative Measurements
5.5 Conclusion

Xii

31
31
32
37
46
49
52
54
57

58
58
58
59
59
64
64
64
64
65
70
76

77
77
78
78
78
81
81
82
82
83
84
84
84
85
85
88
89
92
94
97



6 SUMMARY, CONCLUSION AND RECOMMENDATIONS FOR

FUTURE RESEARCH 08
6.1 Summary and Conclusions 98
6.2 Recommendations for Future Research 100
REFERENCES 101
BIODATA OF STUDENT 108

PUBLICATION 109

xiil



Table

10

11

12

13

14

15

16

17

18

19

20

LIST OF TABLES

Nutrient removal, immobilisation and recycling in matured oil palm in
Malaysia

Nutrient content in fresh fruit bunches

Uptake and distribution of nutrients among different plant components
for 148 palms per hectare

Nutrient demand of oil palm as cited by various authors
Comparison of nutrient content in tenera and dura fresh fruit bunches
Nutrient losses in eroded sediments and runoff water

Summary of mean net nutrient losses (1992-1994) in matured oil palm
via surface runoff for slopes ranging from 3° to 8°

Net nutrients losses in percentage of applied fertilisers in oil palm
ecosystem through surface runoff and eroded sediments (kg ha™!)

Leaching losses of nutrients with 4 and 22-year old oil palms
Leaching losses of nutrient under oil palm on Munchong soils
Nutrient inputs for erosion plot palms

Quantity of fertiliser applied on each treatment plot

ANOVA structure for erosion studies

Total soil and runoff losses recorded at the erosion plots

Soil texture analysis of erosion plots

Mean nutrient loss of unfertilised plots

Nitrogen, phosphorus, potassium and magnesium losses in eroded
sediments and runoff water

Mean nutrient Loss expressed as per tonne sediment and per 100mm
runoff

Costs of fertilisers used in the trial

Monetary value of nutrient lost through eroded sediments and runoff

X1V

Page

14

15

15
17
17
26
26
31
34
37

38

39

45
55

55



21

22

23

24

25

26

27

28

29

30

Variable used for fertiliser application cost for mature oil palms using
different fertiliser forms

Fertiliser application cost in matured oil palm on rolling terrain
Fertiliser input at both experiment locations for each study round
Leachate nett nutrient content (mg kg!) in Lima Blas Estate

Nett nutrient content of leachates (mg kg™') in Ulu Bernam Estate
Nutrient inputs (kg palm™ ha!) in field evaluation trials

ANOVA Structure for field studies

Yield variables recorded in field trial from 2010 to 2015

Components of bunch analysis from bunches collected from plots A, B
and C

Soil nutrient analysis at 0-15¢cm and 15-30 cm for plots A, B and C

XV

56

56

63

69

75

81

82

86

88

93



Figure

10

11

12

13

14

15

16

17

18

19

20

21

LIST OF FIGURES

Cross Section of an Oil Palm Fruit

Global Soil Loss Estimation (Mg ha') Map

Effects of Raindrops Causing Soil Erosion

Location of Lima Blas Estate in Peninsular Malaysia

Scaled Map Indicating Location of the Erosion Plots at Lima Blas
Estate

Front View of Erosion Plot

Side View of Erosion Plot

Aerial View of Erosion Plot

Schematic Diagram of the Erosion Plot

Soil and Runoff Loss Collection Mechanism Layout

Rainfall Distribution at Lima Blas Estate During Study Period

Soil Loss in Plots Straights, Compounds and CRF from February 2013
to January 2015

Runoff Loss in Plots Straights, Compounds and CRF from February
2013 to January 2015

Relationship Between Soil Loss and Rainfall
Relationship Between Surface Runoff and Rainfall

Wash-off of Controlled Released Fertilisers Away from the Palm
Circle

Mean Nitrogen Loss per Mg Sediments

Mean Total Phosphorus Loss per Mg Sediments
Mean Potassium Loss per Mg Sediments

Mean Magnesium Loss per Mg Sediments

Mean Nitrogen Loss per 100mm Runoff

Xvi

Page

11

12

21

22

23

24

24

25

27

32

33

33

35

36

40

41

42

42

43

43



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Mean Phosphorus loss per 100mm Runoff

Mean Potassium Loss per 100mm Runoff

Mean Magnesium Loss per 100mm Runoff

Nitrogen Content in Frond 17 of Erosion Plot Palms

Phosphorus Content in Frond 17 of Erosion Plot Palms
Potassium Content in Frond 17 of Erosion Plot Palms
Magnesium Content in Frond 17 of Erosion Plot Palms

Soil Nitrogen Content at 0-15cm Depth at Erosion Plots

Soil Total Phosphorus Content at 0-15cm Depth at Erosion Plots
Soil Available Phosphorus Content at 0-15cm Depth at Erosion Plots
Soil Potassium Content at 0-15¢cm Depth at Erosion Plots

Soil Magnesium Content at 0-15¢cm Depth at Erosion Plots

Leaf Area Index (LAI) of Palms in Erosion Plot

Leaf Dry Matter of Palms in Erosion Plot

Trunk Height of Palms in Erosion Plot

Trunk Diameter of Palms in Erosion Plot

Scaled Map Indicating Location of the Leaching Tubes n Lima Blas
Estate

Scaled Map Indicating Location of the Leaching Tubes in Ulu Bernam
Estate

Leaching Tube Used for the study
Schematic diagram of the porous cup leaching tube
Leaching Tube Installed at Ulu Bernam Estate

Rainfall Distribution During Leaching Studies. Experimental Period is
Highlighted with Red Fillings on Chart

Cumulative Nitrate-N Losses in Experiment 1, LBE
Cumulative Ammonical-N Losses in Experiment 1, LBE

Cumulative Total N Losses in Experiment 1, LBE

Xvil

44

44

45

47

47

48

48

49

50

50

51

51

52

53

53

54

60

61

62

62

63

65

65

66

66



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Cumulative P Losses in Experiment 1, LBE

Cumulative K Losses in Experiment 1, LBE

Cumulative Mg Losses in Experiment 1, LBE
Cumulative Nitrate-N Losses in Experiment 2, LBE
Cumulative Ammonical-N Losses in Experiment 2, LBE
Cumulative Total N Losses in Experiment 2, LBE
Cumulative P Losses in Experiment 2, LBE

Cumulative K Losses in Experiment 2, LBE

Cumulative Mg Losses in Experiment 2, LBE
Cumulative Nitrate-N Losses in Experiment 1, UBE
Cumulative Ammonium-N Losses in Experiment 1, UBE
Cumulative Total-N Losses in Experiment 1, UBE
Cumulative P Losses in Experiment 1, UBE

Cumulative K Losses in Experiment 1, UBE

Cumulative Mg Losses in Experiment 1, UBE
Cumulative Nitrate-N Losses in Experiment 2, UBE
Cumulative Ammonium-N Losses in Experiment 2, UBE
Cumulative Total-N Losses in Experiment 2, UBE
Cumulative P Losses in Experiment 2, UBE

Cumulative K losses in Experiment 2, UBE

Cumulative Mg Losses in Experiment 2, UBE

Location of Ulu Bernam Estate in Peninsular Malaysia
Position of Field 53 in Ulu Bernam Estate

Cumulative FFB Yields from 2010 to 2015

Nitrogen Content in Frond 17 for palms in plots A, B and C

Phosphorus Content in Frond 17 for palms in plots A, B and C

Xviil

66

67

67

67

68

68

68

69

69

71

71

71

72

72

72

73

73

73

74

74

74

79

80

87

89

90



73

74

75

76

77

Potassium Content in Frond 17 for palms in plots A, B and C
Magnesium Content in Frond 17 for palms in plots A, B and C
Leaf Area Index of Palms in Plots A, B and C

Leaf Area per Frond of Palms in Plots A, B and C

Height of Palms in Plots A, B and C

X1X

90

91

95

95

96



LIST OF ABBREVIATIONS

ABW Average Bunch Weight

ANOVA Analysis of Variance

BNo Bunch Number

CEC Cation Exchange Capacity

CPO Crude Palm Oil

CRF Controlled Released Fertilisers

FAO Food and Agriculture Organisation of the United Nations
FFB Fresh Fruit Bunch

K/B Kernel to Bunch ratio

LAI Leaf Area Index

LBE Lima Blas Estate

O/B Oil to Bunch ratio

OER Oil Extraction Rate

PORIM Palm Oil Research Institute of Malaysia
PVC Polyvinyl Chloride

SEM Standard Error of Mean

UBE Ulu Bernam Estate

UPB United Plantations Berhad

XX



CHAPTER 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 °C and 28°C 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.



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: -

1. 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

1. 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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