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Kenaf (Hibiscus cannabinus L.) consists of two major parts: bast and core, that have
greatly different properties in term of anatomy, mechanical, physical and chemical
content. Due to these differences, both parts are to be refined separately and the
behaviour of the bast fibre is the research of interest.

In this research, different levels of potassium, boron and zinc were used to improve
fiber quality, which aim to be utilized in biocomposite and textile industry. This
research had been conducted in two field tests. The first field test involved three
levels of potassium, three levels of boron and two levels of zinc on two kenaf
varieties namely Fuhong FH-952 and kenaf variety 4383. Field test was laid out in
randomized complete block design and three replications for each variety. Field test
was conducted at Taman Pertanian Universiti, UPM, while second field test utilized
optimum fertilizer level for FH-952 variety with various rate of zinc.

In the first part of the project, all levels of potassium, boron, and zinc used showed
an improvement on the growth, nitrogen content, fiber yield, morphological, and
mechanical properties. Potassium at the rate of 100 kg/ha and 150 kg/ha while boron
at the rate of 1.0 kg/ha and 1.5 kg/ha showed good effect on both varieties.
Meanwhile, zinc was found effective only on morphological and mechanical
properties for both varieties. FH-952 variety gave better performance than 4383
variety in terms of plant growth (plant height and stem diameter) except for leaf
number. The maximum height achieved was 232.13 cm and stem diameter was 15.58
mm when 150 kg/ha potassium was added without boron and zinc, which is about
30% of the increment. Nitrogen content showed highly effect on FH-952 variety
when the percentage was increased with increasing of potassium rate. The nitrogen
content value was recorded at 4.82% with potassium rate of 150 kg/ha without boron
and zinc. Similar level of potassium 150 kg/ha showed an improvement in results
fresh stem, dry stem, fresh bast, dry bast, fresh core and dry core, it was by 210.4,
58.0, 60.2, 16.6, 150.2 and 41.4 ton/ha, respectively. Fiber length, fiber width and the



cell wall thickness for the FH-952 variety were higher than 4383 variety when
potassium was added at the rate of 150 kg/ha without boron and zinc, the value
recorded was 2.53 mm, 23.22 pum and 7.73 pm, respectively. The highest value of
lumen 9.67 um and flexibility 47.76 were also recorded by FH-952 variety, when
100 kg/ha of potassium and 1.5 kg/ha boron applied. Variety 4383 has high value of
tensile stress at 324.94 MPa and tensile modulus at 54.39 GPa when zinc was added
at the rate of 5 kg/ha. However, fiber elongation of FH-952 is better than 4383
variety with 553.3 um value when potassium, boron, and zinc were added at the rate
of 100, 1.5 and 5.0 kg/ha, respectively.

In the second part of the project, the morphological properties of FH-952 variety
were also improved when zinc at a lower rate of 1.5 kg/ha was applied, while
maintaining potassium and boron at the optimum levels. Fiber length and lumen
width were 3.55 mm and 11.28 pm, respectively, when zinc was added at the rate of
1.5 kg/ha, while zinc at the rate of 3 kg/ha showed the best result of flexibility by
49.85.

The overall results indicated that the 4383 variety i1s more suitable for biocomposite
applications and the FH-952 is suggested to be applied in textile processing due to its
morphological properties consistency.
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Kenaf (Hibiscus cannabinus L.) terdiri dari dua bahagian utama, iaitu gentian kulit
dan teras, yang keduanya mempunyai sifat anatomi, mekanikal, fizikal dan
komposisi kimia yang berbeza. Disebabkan oleh perbezaan ini, kedua-dua bahagian
ini diproses secara berasingan dan sifat gentian kulit merupakan kepentingan
penyelidikan ini.

Dalam kajian ini, tahap kalium, boron dan zink yang berbeza diguna untuk
meningkatkan kualiti gentian kulit, yang bertujuan untuk kegunaan dalam industri
biokomposit dan tekstil. Kajian ini telah dijalankan dalam dua ujian lapangan. Ujian
lapangan pertama melibatkan tiga tahap kalium, tiga tahap boron dan dua tahap zink
ke atas dua kenaf varieti iaitu Fuhong FH-952 dan varieti 4383. Ujian lapangan telah
ditetapkan dalam reka bentuk rawak blok lengkap dan tiga ulangan bagi setiap
varieti. Ujian lapangan telah dijalankan di Taman Pertanian Universiti, UPM,
sementara, ujian lapangan kedua menggunakan kepekatan baja yang optimum untuk
varieti FH-952 dengan kadar zink ynag berbeza

Dalam fasa pertama projek itu, semua tahap kalium, boron, dan zink yang digunakan
telah menunjukkan peningkatan terhadap tumbesaran, kandungan nitrogen, hasil
pengeluaran serat, sifat-sifat morfologi, dan mekanikal. Kalium pada kadar 100 kg/ha
dan 150 kg/ha sementara boron pada kadar 1.0 kg/ha dan 1.5 kg/ha menunjukkan
kesan yang ketara pada kedua-dua varieti. Sementara itu, zink didapati memberi
kesan hanya pada sifat morfologi dan mekanikal pada kedua-dua varieti. Varieti FH-
952 memberikan prestasi yang lebih baik daripada varieti 4383 dari segi tumbesaran
(ketinggian dan diameter) kecuali bilangan daun. Ketinggian maksimum yang
dicapai adalah 232.13 c¢cm dan diameter batang ialah 15.58 mm apabila 150 kg/ha
kalium ditambah tanpa boron dan zink iaitu kira-kira 30% peningkatan. Kandungan
nitrogen telah menunjukkan kesan ketara kepada varieti FH-952 apabila peratusan itu
meningkat dengan peningkatan kadar kalium. Nilai kandungan nitrogen dicatatkan
pada 4.82% dengan kadar kalium 150 kg/ha tanpa boron dan zink. Tahap kalium
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yang sama 150 kg/ha menunjukkan peningkatan pada hasil batang segar, batang
kering, kulit segar, kulit kering, teras segar dan teras kering, iaitu pada 210.4, 58.0,
60.2, 16.6, 150.2 dan 41.4 tan/ha, masing-masing. Panjang gentian kulit, diameter
kulit gentian dan ketebalan dinding sel untuk varieti FH-952 adalah lebih tinggi
daripada varieti 4383 apabila kalium ditambah pada kadar 150 kg/ha tanpa boron dan
zink, nilai yang dicatatkan adalah 2.53 mm, 23.22 ym dan 7.73 pm, masing-masing.
Nilai tertinggi lumen 9.67 um dan fleksibiliti 47.76 juga direkodkan oleh FH-952
variati, apabila 100 kg/ha kalium dan 1.5 kg/ha boron digunakan. Variati 4383
mempunyai nilai tinggi tegasan tegangan pada 324.94 MPa dan modulus tegangan
pada 54.39 GPa apabila zink ditambah pada kadar 5 kg/ha. Walau bagaimanapun,
pemanjangan gentian FH-952 adalah lebih baik daripada variati 4383 dengan nilai
553.3 um apabila kalium, boron, dan zink ditambah pada kadar masing-masing 100,
1.5 dan 5.0 kg/ha.

Dalam fasa kedua ujian lapangan, ciri-ciri morfologi variati FH-952 juga telah
bertambah baik apabila zink pada kadar yang lebih rendah iaitu 1.5 kg/ha
diaplikasikan, disamping mengekalkan kalium dan boron pada tahap optimum.
Panjang gentian dan lebar lumen adalah 3.55 mm and 11.28 pm, masing-masing,
apabila zink telah ditambah pada kadar 1.5 kg/ha, sementara zink pada kadar 3 kg/ha
menunjukkan yang hasil terbaik fleksibiliti pada 49.85.

Secara keseluruhannya, keputusan ini menunjukkan bahawa variati 4383 adalah lebih
sesuai untuk aplikasi biokomposit dengan sifat mekanikal yang bersesuaian dengan
keupayaan gentian untuk aplikasi produk tersebut dan variati FH-952 dicadangkan
untuk digunakan dalam pemprosesan tekstil kerana sifat morfologi yang lebih
konsisten pada struktur dalaman gentian.

v



ACKNOWLEDGEMENTS

My deepest gratitude goes to the Most Merciful Allah S.W.T., who granted me the
opportunity to pursue my PhD degree study in Malaysia. However, this project
would have been impossible without the continuous support and supervision of my
supervisor, Associate Professor Dr. Khalina Binti Abdan. All steps taken on the way
to finishing this thesis were under her direct guidance. Beginning from the very idea
of the thesis until aiding this research through her grant, she acted not only as a
supervisor, but also as a sister. I am deeply indebted to her. Alongside her, the other
members of the supervisory committee, Dr. Aimrun Wayayok and Dr. Norhashila
Binti Hashim, who never came short answering my questions and giving helpful
comments. Also, I cannot forget the helpful comments from Associate Professor Dr.
Anuar Abdul Rahim. Allah blesses him in Jannah. I am also thankful to all the
laboratory assistants, and to the staff at Universiti Putra Malaysia, who endured with
me with great patience in all my laboratory tasks.

I would also want to express my full gratitude to my beloved wife who endured
difficult days in Malaysia, helping me with all that she got during my study.
Similarly, many thanks go to my beloved parents, brother, and sisters who supported
me with prayers and endure the pain of being away for few years. My friends, who
helped me with all what they got, I will never forget. Finally, I thank the Kurdistan
regional government’s Human Capacity Development Program who sponsored my
PhD study and spent generously on my research. I pray to Allah to give me a chance
to use my experience for the reconstruction of my country.



I certify that a Thesis Examination Committee has met on 23 February 2016 to
conduct the final examination of Rabar Fatah Salih on his thesis entitled "Influence
of Potassium, Boron and Zinc on Growth, Yield and Fiber Quality of Two Kenaf
(Hibiscus cannabinus 1.) Varieties" in accordance with the Universities and
University Colleges Act 1971 and the Constitution of the Universiti Putra Malaysia
[P.U.(A) 106] 15 March 1998. The Committee recommends that the student be
awarded the Doctor of Philosophy.

Members of the Thesis Examination Committee were as follows:

Wan Ishak bin Wan Ismail, PhD
Professor Ir.

Faculty of Engineering

Universiti Putra Malaysia
(Chairman)

Hasfalina binti Che Man, PhD
Associate Professor

Faculty of Engineering
Universiti Putra Malaysia
(Internal Examiner)

Desa bin Ahmad, PhD
Professor Ir.

Faculty of Engineering
Universiti Putra Malaysia
(Internal Examiner)

Santosa, MP, PhD
Professor Ir.
Andalas University
Indonesia

(External Examiner)

ZULKARNAIN ZAINAL, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date: 25 May 2016

vi



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:

Khalina Binti Abdan, PhD
Associate Professor

Faculty of Engineering
Universiti Putra Malaysia
(Chairman)

Aimrun Wayayok, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Member)

Norhashila Binti Hashim, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



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 other 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.: Rabar Fatah Salih, GS36728

viii



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) were adhered to.

Signature:
Name of

Chairman of
Supervisory
Committee: Associate Professor Dr. Khalina Abdan

Signature:
Name of
Member of
Supervisory

Committee: Dr.Aimrun Wavyayok

Signature:
Name of
Member of
Supervisory

Committee: Dr.Norhashila Hashim

X



TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

1.1
1.2
1.3
1.4
1.5

Background

Problem Statement
Justification

Scope and Limitations
Objectives

2 LITERATURE REVIEW

2.1

2.2
23
24
2.5
2.6

2.7
2.8

2.9

Malaysian Natural Fibers

2.1.1 Kenaf Fibers

2.1.2 Banana Fibers

2.1.3 Coconut Fibers

2.1.4 Oil Palm Fibers

2.1.5 Sugar Palm Fibers

2.1.6 Sugarcane Fibers

2.1.7 Pineapple Leaf Fibers
Natural Fiber and its Morphology Properties
Plant Taxonomy

Plant Anatomy

Kenaf Varieties

Uses of Kenaf

2.6.1 Fiber

2.6.2 Food

2.6.3 Medicine

Classification of Textile Materials

Mechanical Properties of Various Varieties of Kenaf Fibers

2.8.1 Tensile Strength

2.8.2  Young Modulus

2.8.3 Elongation at Break

2.8.4 Fiber Flexibility

Morphological Properties of Kenaf Varieties
2.9.1 Fiber Length

2.9.2 Fiber Width

2.9.3 Lumen Width

2.9.4 Cell Wall Thickness

Page
il

vi
viil
X1il

XV
XiX

AP W W = -

ol N B HeXle Ne SRV, BV, RV, IRV |

— e = e e e e e e e e e e e
ool oo/ RNe HEN BEN Be)Wie) WV, I SN = e I o)



2.10

2.11
2.12
2.13
2.14

2.15
2.16

Plant Agronomy

2.10.1 Function of Potassium

2.10.2 Function of Boron

2.10.3 Function of Zinc

Effects of Potassium on Growth, Yield, and Fiber Quality of Plants
Effects of Boron on Growth, Yield, and Fiber Quality of Plants
Effects of Zinc on Growth, Yield, and Fiber Quality of Plants
Interaction of Micronutrient and Macronutrients and their Effect on
Plants

Relationships of Potassium to Protein in Plants

Summary of Reviews

MATERIALS AND METHODS

3.1

32
33

34

3.5

Experimental Overview

3.1.1 Materials

3.1.2 Location

Botanical Characterization

Cultivation Practices

3.3.1 Ploughing and Experimental Design

3.3.2 Plant Population

3.3.3  Soil Sampling

3.3.4 Weed and Diseases Control

3.3.5 Application of Fertilizer and Micronutrients
3.3.6 Harvesting

Sampling Method

3.4.1 Determination of Growth Parameters

3.4.2 Determination of Nitrogen Content

3.4.3 Determination of Stem and Fiber Yield
3.4.4 Determination of Morphological Properties
3.4.5 Determination of Mechanical Properties
Statistical Analysis

RESULTS AND DISCUSSIONS

4.1
4.2
4.3
4.4
4.5

4.6
4.7

4.8
4.9

Effect of Potassium, Boron, and Zinc on Growth Parameters
Changes of Nitrogen Content

Effect of Potassium, Boron, and Zinc on the Nitrogen Content
Effect of Potassium, Boron, and Zinc on Bast and Core Fiber Yield

Effect of Potassium, Boron, and Zinc on the Morphological Properties

of Bast Fiber

Effect of Potassium, Boron, and Zinc on Fiber Length and Distance
between Nodes

Effect of Variety, Potassium, Boron, and Zinc on the Fiber Diameter
Relationship between Fiber Diameter and Mechanical Properties
Effect of Variety, Potassium, Boron, and Zinc on the Mechanical
Properties of Bast Fiber

CONCLUSIONS AND RECOMMENDATIONS

X1

19
19
20
21
22
23
24

26
27
28

29
29
31
31
31
32
32
35
35
37
39
41
42
42
43
44
46
49
52

53
53
63
65
68

79

92
99

102

104

112



REFERENCES
APPENDICES

BIODATA OF STUDENT
LIST OF PUBLICATIONS

Xii

114
136
161
163



Table

(98]

wWow bbb
N = N W N =

LIST OF TABLES

Plant fibers and its fiber morphology
Mechanical properties of kenaf fiber
Natural fiber and its mechanical properties
Morphological properties of kenaf bast fiber
Growth, yield, and quality of kenaf plants

The initial physical and chemical properties of the soil used in the
experiment

Fertilizers and date of application

The levels of potassium, boron and zinc during the first
experiment (kg/ha)
Fertilizers and date of application

The levels of zinc during the second experiment (kg/ha)

The analysis of variance (ANOVA) for the effect of different
treatment and their interactions on the mean of plant height, stem
diameter, and leaf number collected at harvesting day (75 DAP)

The analysis of variance (ANOVA) for the effect of different
levels of zinc on the mean of plant height, stem diameter, and leaf
number collected at harvesting day (75 DAP)

The analysis of variance (ANOVA) for the effect of different
treatments and their interactions on the mean of nitrogen content
of kenaf fiber

An analysis of variance (ANOVA) for the effect of different
treatments, and their interactions on the mean of stem and fiber
yield were collected on harvesting day (75 DAP)

The analysis of variance (ANOVA) for the effect of different
levels of zinc on the mean of stem, bast, and core yield

Analysis of variance (ANOVA) for the effect of different
treatments and their interactions on the fiber quality in bast fiber

Analysis of variance (ANOVA) for the effect of zinc on the fiber
quality of bast fiber

Analysis of variance (anova) for the effect of different treatments
and their interactions on the fiber length and distance between
nodes

Analysis of variance (ANOVA) for the effect of zinc on fiber
length and distance between nodes

xiii

Page

14
15
19
29

36
39

40
41
41

53

59

63

69

76

80

88

93

95



4.11

Analysis of variance (ANOVA) for the influence of the various
treatments and their interactions on the mechanical properties of

kenaf bast fiber 100
Analysis of variance (ANOVA) for the influence of the zinc levels
on the mechanical properties of kenaf bast fiber 108

X1V



Figure

|98)
9]

W W W W 98]

(98]

w W W W

AW N =

.10
.11
12
.13

.14

.15

.16

17

18

.19

.20

.21

.22

LIST OF FIGURES

Fiber classifications and textiles (Textile Handbook, 2001).

The flow chart of experimental methods.

Botanical characteristics of two kenaf varieties (FH-952 and 4383).
Design of the farm during first experiment; 36 treatments times.

Design of the farm during second experiment; 5 treatments
replicated three times.

Farm during the first experiment.
Farm during the second experiment.

Soil sampling; (A) preparing area for taking the samples; (B)
collecting soil.

Weed control manually.

Effects of worms, leaf miners, sucking insects and other diseases
on kenaf plants.

Kenaf plants after weed and insects control.
Plants stored in the cool room.
Plant labeling and data collection.

(A) weighting of powder (bast and core); (B) preparing samples
for digestion.

Kenaf bast fiber and kenaf core fiber.
Preparing bast and core fibers for drying in oven.

Biomass measurements (A) core fiber after oven dried at 65°C for
48 hours; (B) bast fiber weighted after oven dried at 65°C for 48
hours.

Maceration process stages for making slide and determination of
morphological properties.

(A) bundle bast ready to be used into fiber opener machine; (B) the
outlet of fiber opener machine; (C) the collected individual bast
fiber after processed in the fiber opener machine.

The bundle bast fiber before and after using fiber opener machine.

Retting process; (A) kenaf bast fiber in the water; (B) kenaf bast

fiber after retting it was air dried in the room temperature; (C)
bundle kenaf bast fiber after dried.

Schematic representation of the fiber preparing for the tensile
testing.

Average of bundle fiber diameter.

XV

Page
13
30
32
33

34
34
35

36
37

38
38
42
43

44

45

45

46

47

48

49

50

51
51



o

.23

O 0 9 N

11

12

.13

.14

.15

.16

17

.18

.19

.20

4.21

.22

4.23

(A) microscope image analyzer; (B) instron universal testing
machine.

Effect of varieties and fertilizers on the plant growth.

Fertilizers effect on the plant height for two varieties of kenaf; FH-
952 and 4383.

Comparation of plant height between FH-952 and 4383 varieties.

Fertilizers effect on the stem diameter for two varieties of kenaf;
FH-952 and 4383.

Fertilizers effect on the leaf number for two varieties of kenaf;, FH-
952 and 4383.

Effect of zinc on the plant height of kenaf FH-952 variety.
Comparison of effects of zinc on plant height for FH-952 variety.
Effect of zinc on the stem diameter of kenaf FH-952 variety.
Effect of zinc on the leaf number of kenaf FH-952 variety.

Basic chemical structure of protein. Source: (Donohue et al,
2003).

The effect of different levels of potassium, boron, and zinc on the
nitrogen content of kenaf fiber for two varieties; FH-952 and 4383.

Arrangement of fibrils, microfibrils, and cellulose in cell walls.
Source: (wWww.bio.miami.edu).

Influence of different levels of fertilizers on fresh stem yield (t/ha)
of kenaf; FH-952 and 4383 varieties.

Influence of different levels of fertilizers on dry stem yield (t/ha)
of kenaf; FH-952 and 4383 varieties.

Influence of different levels of fertilizers on fresh core yield (t/ha)
of kenaf fiber; FH-952 and 4383 varieties.

Influence of different levels of fertilizers on dry core yield (t/ha)
of kenaf fiber; FH-952 and 4383 varieties.

Influence of different levels of fertilizers on fresh bast yield (t/ha)
of kenaf fiber; FH-952 and 4383 varieties.

Influence of different levels of fertilizers on dry bast yield (t/ha)
of kenaf fiber; FH-952 and 4383 varieties.

Kenaf stem for FH-952 wvariety, transverse, and longitudinal
sections cross-cut after 48-hours oven dried at 65 °C.

Kenaf stem for 4383 variety, transverse, and longitudinal sections
cross-cut after 48-hours oven dried at 65 °C.

Effect of zinc on stem yield for FH-952 variety.
Effect of zinc on core yield for FHh-952 variety.
Effect of zinc on bast yield for FH-952 variety.

XVi

52
54

55
56

58

59
60
61
62
62

64

65

67

70

70

71

71

72

72

74

74
77
78
78



.24

4.25

.26

4.27

.28

.29

4.30

.31

.32

33

.34

35

4.36
4.37

.38

4.39

.40

.41

.42

.43

.44

4.45

.46

.47

Fertilizers effect on single fiber length (mm) of bast fiber in the
kenaf.

Fertilizers effect on fiber width (um) of bast fiber in the kenaf.
Fertilizers effect on lumen width (um) of bast fiber in the kenaf.

Fertilizers effect on cell wall thickness (um) of bast fiber in the
kenaf.

Schematic image of cell wall of the natural plans (Rouison et al.,
2004).

Fertilizers effect on flexibility of bast fiber in the kenaf.

Kenaf bast fiber for FH-952 variety under image analyzer machine
(NIKON DS-RI1/ ECLIPSE E200, 90X).

Kenaf bast fiber for 4383 variety under image analyzer machine
(NIKON DS-RI1/ ECLIPSE E200, 90X).

Zinc effects on single fiber length (mm) for kenaf FH-952 variety.
Effect of zinc on fiber width (um) for kenatf FH-952 variety.
Effect of zinc on lumen width (um) for kenaf FH-952 variety.

Effect of zinc on cell wall thickness (um) for kenaf FH-952
variety.

Effect of zinc on flexibility for kenaf FH-952 variety.
The effect of different levels of fertilizers on the fiber length (cm).

The effect of different levels of fertilizers on the distance between
nodes (um).

Effect of zinc on fiber length (cm) for kenaf FH-952 variety.

Effect of zinc on distance between nodes (um) for kenaf FH-952
variety.

Image microscopy of single bast fiber of kenaf at magnification
30X (A) distance between nodes when zinc was controlled; (Bb)
also distance between nodes of bast fiber when zinc was added at
the rate of 1.5 kg/ha.

Effect of fertilizers on the fiber diameter (um) of the kenaf bast
fiber.

Effect of fertilizers on the tensile stress (MPa) of the kenaf bast
fiber.

Effect of fertilizers on the tensile modulus (GPa) of the kenaf bast
fiber.

Effect of fertilizers on the elongation (um) of the kenaf bast fiber.

The effect of different levels of zinc on the fiber diameter (um)
of FH-952 variety.

The effect of different levels of zinc on the tensile stress (MPa)
of FH-952 variety.

Xvil

81
82
82

83

84
85

86

87
89
90
90

91
92
93

94
95

96

97

101

103

103
106

109

110



4.48  The effect of different levels of zinc on the tensile modulus (GPa)
of FH-952 variety. 110

4.49  The effect of different levels of zinc on the elongation (um)
of FH-952 variety. 111

XViil



ANOVA
a.s.l.
p

B
B1B2B3
B/ha
°C

C

C3
Ca
cm
CO,
Cu
CWT
Cv
DAP
DBN
DBY
DCY
DF
DP
DSY
EC
EFB
FAO
FBY
FCY
Fe
FH-952
FSY
FD
FW
FL
F.V
FX

LIST OF ABBREVIATIONS

Analysis of Variance
Above sea level

Beta

Boron

Boron (0, 1.0 and 1.5)
Boron per hectare

Degree celsius

Carbon

Three carbon compound
Calcium

Centimeter

Carbon dioxide

Copper

Cell wall thickness
Cultivars

Day after planting
Distance between nodes
Dry bast yield

Dry core yield

Degree of freedom
Degree of the cellulose polymerization
Dry stem yield

Electrical conductivity
Oil palm empty fruit bunch
Food and Agriculture Organization
Fresh bast yield

Fresh core yield

Iron

Fuhong-952 kenaf variety
Fresh stem yield

Fiber diameter

Fiber width

Fiber length

F Value

Flexibility

Gram

XiX



g/em’
g/plant

GPa

H,SO4

HT

IAA
ICP-AES
1ISG
INTROP
IPC TM-650

K
K1K2K3
K/ha
kg/ha
K,O

kN

LAI

LW

LN

m

mm
mm/min
pum
MARDI
mg/kg
Mg

Mn

ml

M.S
MPa

46% N
ND
n.d.

ns
OPF

Gram per cubic centimeter

Gram per plant

Gigapascal

Sulfuric acid

Plant height

Indole acetic acid

Inductively coupled plasma—atomic emission spectroscopy
International Jute Study Group

Institute of Tropical Forestry and Forest Production

Institute for Interconnecting and Packaging Electronic
Circuits or (Association Connecting Electronics Industries)
Test Methods Manual

Potassium

Potassium (0, 100 and 150)
Potassium per hectare
Kilogram per hectare
Potassium oxide
Kilonewton

Leaf area index

Lumen width

Leaf number

Meter

Millimeter

Millimeter per minute
Micrometer

Malaysian Agricultural Research and Development Institute
Milligram per kilogram
Magnesium
Manganese

Milliliter

Mean square
Megapascal

Square meter

North

Nitrogen

Not detected

No date

Not significant

Oil palm fiber

XX



OPFR

P

ppm

pH
plants/ha
R
RCBD
RNA

S

SS

SAS

SE
seeds/kg

SFL
SNK
T

TPU

t/ha

\Y%

4

7172
7172737475
%

Oil Palm Fronds Rachis
Phosphorus

Parts per million
Potential of Hydrogen
Plants per hectare

Replication

Randomized Complete Block Design

Ribonucleic acid

South

Sum of square

Statistical Analysis System
Standard error

Seeds per kilogram

Single fiber length
Student-Newman-Keuls
Treatment

Taman Pertanian Universiti
Ton per hectare

Variety

Zinc

Zinc (0 and 5.0)

Zinc (0, 1.5, 3.0, 4.5 and 6.0)
Percent

XX1



CHAPTER 1

INTRODUCTION

1.1 Background

Natural plant fibers except cotton fiber are not perfect fibers for yarn and textiles
including kenaf, jute, flax, ramie, and others. Textile grading also of the natural
fibers in textiles and yarn have the following characteristics: fiber length, fineness,
elongation, flexibility, diameter, luster, and its color. It is different based on
economical request. Fiber’s length, fineness, strength and stiffness determine the
commercial value of the natural fibers (Lips and Dam, 2013). Natural fibers can be
used in engineering applications due to the morphological properties. Consequently,
a gap exists to determine the relationship between the morphological characteristics
and the mechanical properties based on the textile process which the gap needed to
focus on and resolve.

Nevertheless, valuable engineering products made from natural resources such as
kenaf plants are widely used (Akil et al, 2011) because they are renewable and
environmentally friendly. The fiber reinforced polymer composite sector, largely use
kenaf fibers as a fiber in the field of engineering (Mahjoub ef al., 2014).

Therefore, it is necessary to develop kenaf fiber if it is suitable for the requirements
of most engineering applications. Furthermore, the development of kenaf fiber
properties is required for excellent marketing of the products made from kenaf fibers.

It is unfortunate so far that for textile processing, the bast kenaf quality is not
adequate to make clothes. Eventually, some researchers blended the bast fiber of
kenaf with other natural fibers especially cotton to solve this problem. Thus, the
problems of kenaf bast fiber are repeated during fabric processing. Several previous
studies showed the fact about the problems of the kenaf bast fiber (Ramaswamy et
al., 1994; Zhang, 2003; Ismail et al., 2011).

Kenaf fiber is blended with cotton, several textile products can be produced using the
conventional textile machinery (Ramaswamy et al., 1994). Estimation of price and
suitability of fiber are determined by the mechanical properties and the fineness of
the fiber for the purpose of quality yarn manufacturing. Welford (1996) found that a
fiber which could offer high tenacity and a small and an even diameter would be
welcomed to the textile field.

Moreover, Rowell and Stout (1998) stated that the kenaf and jute fibers are strong
but exhibits brittle break and have only a slight extension at break. Three varieties of
kenaf are treated to determine the quality properties in using textile. A small and



even diameter is necessary for producing good quality yarn (Samad et al., 2002).
Furthermore, if kenaf bast fiber is coarse, brittle, and too short, it is difficult to use it
for textile processes (Zhang, 2003). However, Ismail et al. (2011) reported that the
elongation at the break of the kenaf bast fiber is too short because the kenaf fibers are
stiff. Harwood et al. (2008) reported that flax has also faced the same problem for
yarn products. They further stated that flax is so stiff such that the blending and
spinning of yarn products into fine yarns is difficult.

Kenaf (Hibiscus cannabinus L.) which grows in a warm season is an herbaceous
plant and a fellow of the Malvaceae family. It was introduced in Malaysia in early
1990s. It was also known as a potential alternative fiber material for wood
composite, pulp, and paper under the 70 Malaysian Plan 1996-2000 during late
1990s (Khalil ez al., 2010).

Kenaf is a fast growing plant which can be harvested in only 4 to 5 months (Paridah
and Khalina, 2009). Therefore, it is suitable to plant it twice a year. Kenaf, one of the
significant plants of the world, is cultivated for the production of gunny bag,
sackcloth, rope, and twine (Dempsey, 1975; Webber et al., 2002a). Moreau et al.
(1995) and Ramaswamy et al. (1995) stated that the coarse fabrics are produced due
to blend jute and pineapple fibers. However, kenaf is better than jute if treated
properly, because it is lustrous, higher in tensile strength, and stronger in resistance
to rot. These characteristics have made kenaf to be a valuable natural fiber source
available for industrial and clothes uses.

Currently, there are many kenaf applications. Potentially, it can be changed into
paper, building material, sound absorbent, particleboard, and fiberboard. It is also
used as a filler in polymer composite (Zampaloni et al, 2007; Liu et al., 2007,
Paridah et al., 2009; Juliana et al., 2012).

However, after wood and bamboo, kenaf is considered as a traditional third-world
crop. It originated from Africa, and it has been introduced for industrial uses as a
new resource (Khalil and Suraya, 2011). In addition, it is commercially planted in
more than 20 countries around the world. Kenaf was introduced in Asia in about
1990.

Currently, India, China, and Thailand are among the principal kenaf fiber
manufacturers in the global bast fiber market (FAO, 2012). Kenaf, an important bast
fiber, is largely cultivated for its fibers. Moreover, the kenaf stems are also used in
biocomposites and insulation mat, and in textile applications (Alexopoulou et al.,
2013).



1.2 Problem Statement

Kenaf fiber is one of the most important plant fibers in Malaysia. As known, kenaf
fibers are very beneficial to a broad range of composite and textile uses. These
impacts make it feasible for kenaf fibers to be studied, so as to improve the quality of
the crop.

Generally, this kind of natural fiber has a problem with quality, and may relate with
an agronomy. These problems appear during the textile process and yarn products.
Since the fiber bundles are coarse and stiff (hard), they eventually create problems
for kenaf processing. Furthermore, the shortness of the single fibers of the bast kenaf
causes many problems for textile industries. Moreover, the physical properties of the
fiber have a strong relationship with the mechanical properties. For instance, when
the fiber has high modulus, the fibers have less elongation and low flexibility. For
yarn products, a fiber which has good length and small diameter is accepted. Reddy
and Yang (2005) stated that a fiber has low modulus fiber which is flexible, soft, and
durable.

Kenaf fiber is used in a broad range of manufacturing. Therefore, its quality is very
important to improve. This project aims to find the alternative way to improve the
bast fiber of kenaf for the processing of the textile by using agronomy approach.
Also, it tries to prevent these adverse properties in the production of higher quality
yarns for fabric.

1.3 Justification

It is believed that kenaf bast fibres produce fibre with excellent morphological and
mechanical properties, while the fertilizers potassium, boron, and zinc adding at
different concentrations. On the other hand, it is expected that the manipulation of
potassium, boron and zinc will increase the length between nodes of fiber, and
improve flexibility. It is also expected that the coarseness and brittleness become
lower.

On the other hand, in this work, it is hypothesized that the combination of potassium,
boron, and zinc would increase plant height, stem diameter, nitrogen content, and
fiber yield. Also, it would improve the morphological and mechanical properties of
the kenaf varieties. Potassium, boron, and zinc are considerably important for most
plant and it encourage researcher to supplement these fertilizers. To the best of the
researcher’s knowledge, no study has been conducted to investigate the impact of the
combination of potassium, boron, and zinc on kenaf. Information on the relationship
between these fertilizers and kenaf varieties are limited.



1.4 Scope and Limitations

This study focuses on two new kenaf varieties; FH-952 and 4383. It was limited to
an investigation of improving quality and quantity for both varieties. Two field
experiments were conducted at Taman Pertanian Universiti (TPU), Universiti Putra
Malaysia, Serdang, Selangor which was to improve growth parameters: plant height,
stem diameter, and leaf number, and also to increase and improve fiber yield,
morphological, and mechanical properties of kenaf fibers by increasing nitrogen
content in the cell wall of the fibers through adding of potassium, boron, and zinc at
different concentrations.

1.5 Objectives

The goal of the project is to improve kenaf bast fiber quality for textile processing
industry purposes. The specific objectives are:

1) To determine the effect of potassium, boron, and zinc on the growth of
kenaf plants,
2) To determine the effect of potassium, boron, and zinc on the mechanical

properties of bast fiber for two kenaf varieties, and
3) To investigate quality and morphological properties of two kenaf
varieties.
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