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Arundo donax L. or also known as giant cane or giant reed is well known as the 
source of musical reeds and industrial cellulose.  It is potential for 
phytoextraction of arsenic from synthetic wastewater, and also considered as a 
promising energy crop due to its high biomass production. It yields three times 
as much ethanol per acre as corn therefore qualifies it as a cellulosic 
renewable fuel. This sustainable energy crop for second generation ethanol is 
also found in Malaysia, but was never known as native nor invasive. The fact 
that it can grow in Malaysia into full flowering stage brings possibilities that it 
can be cultivated for biofuel purposes. A. donax L. has been cultivated for 
biofuel in countries such as Italy but never in Malaysia. Prior to cultivation, their 
agronomic practices are required. A study was conducted to determine suitable 
techniques in producing seedlings of A. donax L. for its cultivation. Two 
methods were approached, vegetative propagation and in vitro propagation. 
For vegetative propagation, the effects of root hormone, Sadex ® and IBA, at 
concentration of 0-5 mg L-1 Sadex ®, 0-5 g L-1 Sadex ® and 0-5 mg L-1 IBA 
respectively were studied on soft and hard wood cuttings. When using 
hardwood cuttings, cutting should firstly be treated with 1g L-1 Sadex ® for root 
induction then followed by 4g L-1 Sadex ® for elongation. When using softwood 
cuttings, 1g L-1 Sadex ® was the optimum concentration. For in vitro 
propagation, the effects of BAP, IBA, and NAA for multiple shoots induction of 
A. donax L. were studied. The optimum BAP concentration for shoot 
regeneration of A. donax L. was 0.2 mg L-1 and optimum IBA was 0.4 mg L-1. 
Both concentrations resulted with an average of 1.8 shoot per explants. Callus 
was induced on explant cultured in MS media supplemented 5mg L-1 NAA. This 
study suggest that vegetative propagation was more economical for seedlings 
production of Arundo donax L. as the time for shoot regeneration and the 
number of shoots was similar to those produced in vitro. However, in vitro 
cultures provide better techniques for mass production of seedlings through 
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indirect callus regenerations. The outcomes of this study were suitable and 
could be applied for the production of this high potential energy crop. 
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Arundo donax L. atau juga dikenali sebagai rotan atau raksasa gergasi terkenal 
sebagai sumber buluh muzik dan selulosa industri. Ia berpotensi untuk 
fitopengekstakan arsenik daripada air buangan sintetik, dan juga dianggap 
sebagai tanaman tenaga yang menjanjikan kerana pengeluaran biojisim yang 
tinggi . Ia menghasilkan tiga kali lebih banyak etanol per ekar daripada jagung, 
yang mana memenuhi syarat sebagai bahan bakar selulosa boleh 
diperbaharui. Tanaman tenaga mampan untuk etanol generasi kedua ini juga 
dijumpai di Malaysia, tetapi tidak pernah dikenali sebagai tumbuhan asli atau 
invasif. Fakta bahawa ia boleh tumbuh di Malaysia ke peringkat penuh bunga 
membawa kemungkinan bahawa ia boleh ditanam untuk tujuan biofuel. A. 
donax L. Telah ditanam untuk biofuel di negara-negara seperti Itali tetapi tidak 
pernah di Malaysia. Sebelum penanaman, amalan agronomi mereka 
diperlukan. Satu kajian telah dijalankan untuk menentukan teknik yang sesuai 
dalam menghasilkan anak benih A. donax L. untuk penanamannya. Dua 
kaedah telah didekati, penyebaran vegetatif dan propagasi in vitro. Untuk 
penyebaran vegetatif, kesan hormon akar, Sadex ® dan IBA, pada kepekatan 
0-5 mg L-1 Sadex ®, 0-5 g L-1 Sadex® dan 0-5 mg L-1 IBA masing-masing dikaji 
atas keratan kayu lembut dan keras. Apabila menggunakan keratan kayu 
keras, keratan harus terlebih dahulu dirawat dengan 1g L-1 Sadex ® untuk 
induksi akar kemudian diikuti dengan 4g L-1 Sadex ® untuk pemanjangan. 
Apabila menggunakan keratan kayu lembut, 1g L-1 Sadex ® adalah kepekatan 
optimum. Untuk propagasi in vitro, kesan BAP, IBA dan NAA untuk induksi 
pucuk A. donax L. telah ditelidi. Kepekatan BAP optimum untuk penanaman A. 
donax ialah 0.2 mg L-1 dan IBA optimum adalah 0.4 mg L-1. Kedua-dua 
kepekatan ini menghasilkan purata 1.8 pucuk setiap explan. Callus telah 
diinduksi pada media mengandungi MS media yang ditambah dengan 5mg L-1 
NAA. Kajian ini mencadangkan bahawa penyebaran vegetatif lebih ekonomik 
untuk pengeluaran benih Arundo donax L. sebab masa dan jumlah pucuk 
adalah serupa dengan yang dihasilkan secara in vitro. Walau bagaimanapun, 
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propagasi in vitro memberikan teknik-teknik yang lebih baik untuk pengeluaran 
besar-besaran benih melalui regenerasi kalus. Hasil kajian ini sesuai 
digunakan untuk pengeluaran tanaman tenaga berpotensi tinggi ini.  

© C
OPYRIG

HT U
PM



 
 

v 
 

ACKNOWLEDGEMENTS 

 

I would like to take this opportunity to thank my supervisor, Assoc. Prof. Dr. Nur 
Ashikin Psyquay Abdullah for her contribution, guidance and support 
throughout the entire study. Special thanks also extended to Dr. Franklin Ragai 
Kundat, member of my supervisory committee, for his advice, comments and 
guidance whenever sought. 

 

I would also like to express my deepest gratitude to my parents, mother in law, 
my husband and my two children for their unconditional love and strong 
support that make me come this far.  

 

Last but not least, I would also like to express my gratitude to Hock Lee Sdn. 
Bhd. (Bintulu) for funding this project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 
 

vii 
 

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

 

Franklin Ragai Kundat, PhD 
Senior Lecturer  
Faculty of Agricultural and Food Science (Bintulu)  
Universiti Putra Malaysia  
(Chairman) 
 
Nur Ashikin Psyquay binti Abdullah, PhD  
Associate Professor  
Faculty of Agricultural and Food Science (Bintulu)  
Universiti Putra Malaysia  
(Member) 
 
 

 
 
 
 
 

________________________ 
ROBIAH BINTI YUNUS, PhD  
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 

 

 

 

  

© C
OPYRIG

HT U
PM



 
 

viii 
 

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 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. 

 

 

Signature: ________________________   Date: __________________ 

 

Name and Matric No.: _______________________________________ 

 

 

 

 

 

 

 

  

© C
OPYRIG

HT U
PM



 
 

ix 
 

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:   
Name of Chairman 
of Supervisory 
Committee: 

  

 
 
 
Signature: 

  

Name of Member of 
Supervisory 
Committee: 

  

 

 

 

 

 

  

© C
OPYRIG

HT U
PM



 
 

x 
 

TABLE OF CONTENTS 
 

 Page 

ABSTRACT i 
ABSTRAK ii 
ACKNOWLEDGEMENTS iii 
APPROVAL iv 
DECLARATION vi 
LIST OF TABLES ix 
LIST OF ABBREVIATIONS x 
  

CHAPTER      
   

1 INTRODUCTION 1 
    
2 LITERATURE REVIEW 3 
 2.1 Botany of Arundo Donax 3 
 2.2 Importance and Uses of Arundo Donax 4 
 2.3 Vegetative Propagation 5 
 2.4 

 
2.5 
2.6 

Role of plant growth regulators in 
vegetative propagatin 
Growing condition for Arundo Donax 
Micropropagation 

7 
 
8 
9 

   
3 VEGETATIVE PROPAGATION OF ARUNDO 

DONAX L.  
14 

 3.1 Introduction 14 
 3.2 Materials and Methods 15 
 3.3 Results and Discussions 16 

21 
 3.4 Conclusions  
   
4 MICROPROPAGATION OF ARUNDO 

DONAX L. IN VITRO 
22 

 4.1   Introduction 22 
 4.2   Materials and Method 23 
 4.3   Results and Discussions 24 
 4.4   Conclusion 26 
   
5 SUMMARY, CONCLUSION AND 

RECOMMENDATIONS FOR FUTURE 
RESEARCH 

27 

   
REFERENCES 30 
APPENDICES 37 
BIODATA OF STUDENT 43 
  

© C
OPYRIG

HT U
PM



 
 

xi 
 

LIST OF TABLES 

 

Table     Page 
 

3.1 The effects of commercial root hormone Sadex® and 
IBA on root development from Arundo donax L.  
hardwood cuttings 

17 

3.2 The effects of commercial root hormone Sadex® and 
IBA on root development from Arundo donax L. 
softwood cuttings.  

18 

4.1 Effects of BAP on the growth of Arundo donax L. in 
vitro after 4 weeks of culture. 
 

24 

4.2 Effects of IBA on the growth of Arundo donax L. in 
vitro after 4 weeks of culture 

 

24 

 

 

      
   

   
    
   

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 
 

xii 
 

LIST OF ABBREVIATIONS 

 

UPM 
UPMKB 

Universiti Putra Malaysia 
Universiti Putra Malaysia Kampus Bintulu 

PGR 
BAP 
IBA 
NAA 
IAA 
2,4-D 
MS 
TDZ 

Plant Growth Regulator 
6-bezylaminopurine 
Indole Butyric acid 
1-naphtaleneacetic acid 
indole-3-acetic acid 
dichlorophenoxyacetic acid 
Murashige and Skoog 
Thidiazuron 

 

 

© C
OPYRIG

HT U
PM



1 
 

 CHAPTER 1 

 

INTRODUCTION 

 

The current energy infrastructure of the world remained highly dependent on 
fossil fuels. However, human activities related to burning of fossil fuels are the 
main contributor to greenhouse gas emissions and the change to global 
climate (McMichael et al., 2004). Burning of fossil fuels is active in agriculture, 
heavy industry and transportation triggered by human population boom. It was 
expected that the depletion of fossil fuel will occur over the years and therefore, 
strategies were developed to replace fossil fuel with others sustainable 
sources. The current scenario is also one of the major concerns in Malaysia, as 
Malaysia is one of the oil producing countries. According to Muda and Tey 
(2012), the rate of petroleum production has reached the maximum level in 
2004 and started to decline since that time and predicted that petroleum will be 
spent over in 2020, followed by natural gas in 2058 and coal around the year 
2066. 

  

The concern of depletion in fossil fuels and their impact on climate since then 
has propel new strategies to find alternative renewable fuel and energy from 
different sources such as biomass. Crops such as maize, soybean and oil palm 
have oil extract that can be converted to biofuel or biodiesel. However, with 
strict policies governing food crops or forage in related to the world food crisis, 
the cultivation of these plants are restricted as food crops. Therefore, other 
plant species are sought after for biodiesel production such as Jatropha curcas 
(Pandey et al., 2012). Another source known for its biomass for biofuel is 
Arundo donax (Corno, Pilu and Adani, 2014).   

 

Arundo donax or also known as giant cane or giant reed is native to 
Mediterranean Basin and middle-east Asia. It is deride for being aggressive 
invasive species, has the ability to reproduce quickly, allowing it to out-compete 
native plant species and efficient in absorbing water establishing itself as one 
of the primary threats to native riparian habitats (Coffman, Ambrose and 
Rundell, 2010). However, A. donax yields three times as much ethanol per 
acre as corn therefore qualifies it as a cellulosic renewable fuel. It is found in 
Malaysia, but was never known as native nor invasive. The fact that it can grow 
in Malaysia into full flowering stage brings possibilities that it can be cultivated 
for biofuel purposes. A. donax has been cultivated for biofuel in countries such 
as Italy but never in Malaysia. Prior to cultivation, their agronomic practices are 
required. 
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A. donax developed complete panicle type inflorescence but flower are sterile. 
Their most effective mode of reproduction is through underground rhizomes 
which enable them to spread rapidly (Mariani et al., 2010). However, without 
fertile flowers, viable seeds are not available for seedlings production.  

 

A. donax was reported to be successfully propagated through in vitro 
(Takahashi et al., 2010, Cavallaro et al., 2014, Gubisova et al., 2016) and 
shoot cutting (Ceotto and Candillo, 2010). However, there are no reports on the 
vegetative propagation for A. donax in Malaysia as it was never cultivated. 
Therefore, a study was conducted to determine suitable techniques in 
producing seedlings of A. donax for its cultivation. Two approaches were used, 
ex vivo vegetative using stem cuttings and in vitro propagation. The 
optimization of plant growth hormone was carried out in both approaches. This 
study was conducted to test a hypothesis that seedling growths produced from 
vegetative propagules are affected by different type and concentration of 
growth hormones.Vegetative or asexual propagations are used for producing 
seedlings that are true to type. Clones tend to be genetically similar hence 
possessed the same vigorousity and yield. Poaceae culm is hollow and divided 
into visible nodes and internodes. The active meristematic cells in the pro-
cambium region in the nodal area are responsible for secondary growth and 
also differentiation of side shoots (Rudall, 2007).  

 

The number of shoots developing from the node relies on the mobilization of 
indigenous hormones and the cell totipotency in this region (Wareing and 
Philips, 1981). To promote in root development, nursery used plant growth 
hormones (PGR) such as the commercial Seradix® and Sadex®, applied by 
brushing the tip of stem with PGR. To ensure mass propagation in seedlings 
production, the node region is required to develop as many shoots as possible. 
Alternatively, mass propagation can be achieved through micropropagation. 
Although micropropagation are more costly and requires trained and skill staff, 
this technique are usually used when it is difficult to obtain seed, having non-
viable seeds, vegetative propagation are slow, low percentage in seed and 
shoot germination ex vivo and when seedlings are required in mass number in 
a short period of time. Because there is no report on the propagation of Arundo 
donax in the Malaysian environment, this study proposed to test both 
techniques. In both techniques, different type of PGR was compared and 
optimized. 

The objectives of this study were: 

(1) to optimized concentration of root hormone for root development on 
Arundo donax stem cuttings and, 

(2) to optimized concentration of BAP, IBA, and NAA for Arundo donax in 
vitro cultures. 
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