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

INFLUENCE OF POTASSIUM, BORON, AND ZINC ON GROWTH, YIELD, 
AND FIBER QUALITY OF TWO KENAF (Hibiscus cannabinus L.) 

VARIETIES 

By

RABAR FATAH SALIH 

February 2016 

Chair : Associate Professor Khalina Binti Abdan, PhD
Faculty : Engineering

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 



© C
OP

UPM

ii

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 µm and 7.73 µm, respectively. The highest value of 
lumen 9.67 µm 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 µm 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 µm, 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 is 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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Abstrak Tesis abstrak yang dikemukakan kepada Senat Univeriti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

PENGARUH KALIUM, BORON, DAN ZINK TERHADAP TUMBESARAN, 
HASIL PENGELUARAN DAN KUALITI GENTIAN BAGI DUA JENIS 

VARIETI KENAF (Hibiscus cannabinus L.) 

Oleh

RABAR FATAH SALIH 

Februari 2016 

Pengerusi : Profesor Madya Khalina Binti Abdan,PhD 
Fakulti : Kejuruteraan 

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 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 μm dan 7.73 μm, masing-masing. 
Nilai tertinggi lumen 9.67 μm 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 μm 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 µm, 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. 
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1. CHAPTER 1 

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 et 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 
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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 7th Malaysian Plan 1996-2000 during late 
1990s (Khalil et 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).
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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.  
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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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