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Sugar cane molasses is an important carbon source for the growth of nitrogen fixing 
bacteria. Nitrogen fixing bacteria utilize root exudate carbon compound and form 
association with plant and fix nitrogen. Sugar cane molasses as an external carbon 
sources for nitrogen fixing bacteria is low-cost efficient growth factor. Thus, addition 
of sugar cane molasses to the rice plant may be able to provide carbon substrate to 
nitrogen fixing bacteria and also improved rice yield parameter. A series of 
experiments were conducted in the laboratory and glasshouse conditions with the 
following objectives: 1) To determine the effect of different concentrations of molasses 
on growth of Stenotrophomonas maltophilia (Sb16) in culture media incubation and 
soil amended with molasses and urea N, 2) To determine the effect of sugar cane 
molasses on growth of N2-fixing bacteria and effect of S. maltophilia (Sb16) and 
molasses and urea-N on total starch, total sugar and rice yield and to elucidate their 
distribution of N partitioning in the plant parts. Laboratory and glasshouse experiments 
were arranged in a factorial experiments in complete randomized design (CRD) with 3 
replication and factorial completely randomized design (RCBD) with 4 replications 
using SAS statistical program version 9.3. In the glasshouse study, each block consist 
of 2 bacterial treatments: control (0) and Stenotrophomonas maltophilia (Sb16), 3 
amendments treatment: control (0), urea application (60 kg N ha-1) and molasses 
application (2 tan ha-1). Mean separation was carried out using Tukey's Studentized 
Range (HSD) at the 5% level of probability. An experiment was conducted to test the 
growth of Stenotrophomonas maltophilia (Sb16) on different media in laboratory and 
consecutively test the growth of S. maltophilia (Sb16) on soil.  The different media for 
S. maltophilia growth was made by adding molasses as carbon (C) sources, compared 
to commonly used Nutrient broth and Trypic Soy broth. In the soil incubation study 
molasses and urea were added to soil inocculated with S. maltophilia (Sb16). A 
glasshouse study was conducted to determine the effect of N2 fixing bacteria,  S. 
maltophilia (Sb16) and sugar cane molasses on total starch and total sugar and growth 
of rice. Two rates of sugar cane molasses (0 and 2 tan ha-1), urea (0 and 60 kg N ha-1) 
and S. maltophilia (Sb16) were applied to MR 219 rice variety. Plant growth and yield, 
total starch and sugar, N uptake and biomass of plants were determined. The highest 
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growth of S. maltophilia strain Sb16 (14.84 mg mL-1) was observed at sugarcane 
molasses concentration of 20% w/v at 24 hour incubation. Total reducing sugar 
increased with increasing molasses concentrations. High total N (505 mg L-1) was 
produced in 7.5% w/v molasses concentration. Application of urea significantly 
influenced total population and total reducing sugar of S. maltophilia (Sb16). Highest 
of total bacterial population (7.97 log10 cfu dry weight soil-1)  and total reducing sugar 
(0.098 mg g-1 glucose) were observed in urea treatment at day 7. While, application of 
molasses significantly increased total N (0.31%) in the soil applied with S. maltophilia 
(Sb16). Application of molasses to uninoculated MR 219 rice significantly increased 
tiller plant-1, aboveground dry matter, grain yield, 100-grain weight, straw yield, 
harvest index (HI) and biological yield. Application  of molasses and urea to rice plant 
inoculated with S. maltophilia (Sb16) significatly increased grain yield, with 
application of molasses also showed significantly increased grain weight and 
aboveground dry matter compared to inoculated plants. Highest tiller number plant-1, 
aboveground dry matter, grain yield, HI and biological yield were observed in 
application molasses with uninoculated MR 219 rice plant. High N content and N 
uptake in leaf blade were observed with uninoculated plant applied with molasses. 
Application of molasses to inoculated plants showed high total sugar of leaf blade and 
leaf sheath of rice plant. While, application of molasses to uninoculated plants resulted 
in high total sugar of stem, panicle and grain. Application of molasses to uninoculated 
plants showed high total starch in leaf blade, leaf sheath, panicle and grain, while, 
application molasses to inoculated plants was observed to produce high total starch in 
stem. The results suggested  that sugar cane molasses can provide carbon source and 
increase S. maltophilia (Sb16) growth and yeild parameters of rice. 
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Gula merah tebu adalah sumber karbon yang penting untuk pertumbuhan bakteria 
pengikat nitrogen. Bakteria pengikat nitrogen menggunakan komponen karbon dalam 
eksudat akar dan membentuk hubungan dengan pokok serta mengikat nitrogen. Gula 
merah tebu adalah sumber luar karbon untuk bakteria pengikat nitrogen sebagai faktor 
pertumbuhan berkos rendah yg efisien. Oleh itu, penggunaan gula merah tebu pada 
tanaman padi dapat menyediakan karbon sebagai substrat kepada bakteria pengikat 
nitrogen dan juga menambah baik parameter hasil padi. Satu siri eksperimen telah 
dijalankan di makmal dan rumah kaca dengan objektif seperti berikut; untuk 
menentukan kesan kepekatan berbeza gula merah tebu ke atas pertumbuhan 
Stenotrophomonas maltophilia (Sb16) dalam inkubasi media pertumbuhan dan tanah 
yang ditambah dengan gula merah tebu dan urea, dan untuk menentukan kesan gula 
merah tebu pada pertumbuhan bakteria pengikat nitrogen serta kesan S. maltophilia 
(Sb16), gula merah tebu dan urea ke atas jumlah kanji, jumlah gula dan hasil padi dan 
menjelaskan sebaran pembahagian N pada bahagian-bahagian tumbuhan. Ujian 
makmal dan rumah kaca telah disusun dalam ujikaji faktoran dalam reka bentuk rawak 
lengkap (CRD) dengan 3 replikasi dan faktoran reka bentuk rawak lengkap dalam blok 
(RCBD) dengan 4 replikasi menggunakan SAS statistik program versi 9.3. Dalam 
kajian rumah kaca, setiap blok terdiri 2 rawatan bakteria: kawalan (0) dan S. 
maltophilia (Sb16), 3 rawatan bahan tambah untuk tanah: kawalan (0), aplikasi urea 
(60 kg N ha-1) dan gula merah tebu (2 tan ha-1). Semua data dianalisis menggunakan 
Tukey Standard Studentized (HSD) pada keberangkalian 5%. Satu eksperimen telah 
dijalankan untuk menguji pertumbuhan S. maltophilia (Sb16) pada media yang berbeza 
dalam makmal dan juga inkubasi dalam tanah. Rawatan media yang berbeza telah 
dibuat untuk S. maltophila (Sb16) dengan menambah gula merah tebu sebagai sumber 
karbon. Dalam inkubasi tanah gula merah tebu dan urea telah ditambah untuk 
memantau tanah diinkubasi dengan S. maltophilia (Sb16). Kajian rumah kaca telah 
dijalankan untuk menentukan kesan bakteria pengikat N2, S. maltophilia (Sb16) dan 
gula merah tebu ke atas jumlah kanji dan jumlah gula dan pertumbuhan pokok padi. 
Dua kadar gula merah tebu (0 dan 2 tan ha-1), urea (0 dan 60 kg N ha-1) dan S. 
maltophilia (Sb16) telah digunakan untuk varieti padi MR 219. Pertumbuhan tumbuhan 
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dan hasil, jumlah kanji dan gula, pengambilan N dan berat kering pokok padi telah 
ditentukan. Pertumbuhan tertinggi S. maltophilia (Sb16) (14.84 mg mL-1) diperhatikan 
dengan rawatan gula merah tebu dengan kepekatan 20% w / v pada 24 jam inkubasi. 
Jumlah gula meningkat dengan peningkatan kepekatan gula merah tebu. Jumlah N 
tertinggi (505 ng L-1) adalah kepekatan gula merah tebu pada 7.5% w/v. Penambahan 
urea mempengaruhi jumlah populasi dan jumlah gula S. maltophilia (Sb16). Jumlah 
ppopulasi bakteria yang tinggi (7.97 log10 cfu berat kering tanah-1) dan jumlah gula 
(0.098 mg g-1 glukosa) diperhatikan dalam rawatan urea pada hari ke-7. Walau 
bagaimanapun, penggunaan gula merah tebu ketara  meningkat dengan jumlah N 
(0.31%) dalam tanah dengan S. maltophilia (Sb16). Penambahan gula merah tebu pada 
varieti padi MR 219 meningkatkan dengan ketara bilangan pokok padi, jumlah berat 
kering pokok padi, hasil padi, berat 100-biji padi, hasil jerami, HI dan hasil biologi. 
Penggunaan gula merah tebu dan urea pada pokok padi yang ditambah dengan S. 
maltophilia (Sb16) ketara meningkatkan hasil padi, dengan penggunaan gula merah 
tebu juga menunjukkan peningkatan ketara berat padi dan jumlah berat kering pokok 
padi. Bilangan tertinggi bilangan pokok, jumlah berat kering pokok padi, hasil padi, HI 
dan hasil biologi diperhatikan dalam penggunaan gula merah tebu pokok padi varieti 
MR219. Kandungan N yang tinggi dan pengambilan N oleh daun pokok padi dengan 
rawatan pokok dengan gula merah tebu tanpa inokulasi oleh S.maltophilia (Sb16). 
Penggunaan gula merah tebu pada pokok yang diinokulasi oleh S. maltophilia (Sb16) 
tinggi dalam jumlah gula pada daun padi dan sarung daun pokok padi. Walau 
bagaimanapun, penggunaan gula merah tebu meningkatkan pertumbuhan tumbuhan 
pokok yang tidak diinokulasi dengan S. maltophilia (Sb16) jumlah gula pada batang, 
tangkai dan biji padi. Penambahan gula merah tebu pada pokok padi yang tidak 
diinokulasi oleh S. maltophilia (Sb16) menunjukkan jumlah kanji yang tinggi di dalam 
daun, sarung daun, tangkai dan biji padi, manakala, penggunaan gula merah tebu pada 
pokok padi yang diinokulasi S. maltophilia (Sb16) diperhatikan menunjukkan jumlah 
kanji yang tinggi di dalam batang. Hasilnya menunjukkan bahawa gula merah tebu 
boleh memberikan sumber karbon dan meningkatkan pertumbuhan S. maltophilia 
(Sb16) dan parameter hasil padi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 
 
 
Alhamdulillah, my sincere and heartfelt gratitude to Allah the Almighty for without 
His blessing, guidance and mercy it would be impossible for me to fulfill this study. 
 
 
I would like to express my sincere gratitude to my advisor Assoc. Prof Dr. Radziah 
Othman for her continuous support throughout my study, for her patience, motivation, 
and immense knowledge. Her guidance helped me in the time of conducting research 
and writing of this thesis. I could not have imagined having a better advisor and mentor 
for my master study. I would also like to thank my committee members, Prof. Mohd 
Razi Ismail for his comments, and also for the tough questions which encouraged me to 
widen my research from various perspectives. My sincere thanks also goes to Dr. 
Umme Aminun Naher and Dr. Qurban Panhwar for their precious support, insightful 
comments and guidance, without which would not be possible to conduct this research. 
 
 
I would like to express my appreciation to staff of the Soil Microbiology Laboratory, 
En. Dzul Duaji for helping me in my research in the laboratory. I also wish to convey 
my heartiest gratitude to En. Alias for his assistance, guidance and support during my 
research conducted outside the laboratory or glasshouse. I also would like to thank my 
fellow labmates and friends especially Asilah, Yasmi, Ayuni, Walidah, Hanani, 
Rohaniza, Ain, Laili, Mimi, Mahfuzah, Siti Haniza, Amin and Maizatul for the 
stimulating discussions and for their support mentally and physically, the sleepless 
nights  together and for all the fun we have had all these years. 
 
 
Last but not least special thanks goes to both of my parents, sisters and brothers who 
kept faith in me. No words could be enough to express all their sacrifices, 
encouragement and understanding. Without their invaluable assistance and unending 
support I would not be able to complete this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

vii 

 

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

 
 
Radziah Othman, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman) 
 
 
Razi Ismail, PhD 
Professor 
Faculty of Agriculture 
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 Member of 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        iii 
ACKNOWLEGDEMENTS      v 
APPROVAL        vi 
DECLARATION       viii 
LIST OF TABLES       xiii 
LIST OF FIGURES       xiv 
LIST OF ABBREVIATIONS      xvi 
 
 

CHAPTER 
1 INTRODUCTION     1 
 
 
2 LITERATURE REVIEW    3 

2.1 Rice production in Malaysia   3 
2.2 Nitrogen     3 

2.2.1 Effects of nitrogen on plant growth  3 
2.2.2 World demand of nitrogen fertilizer 3 
2.2.3 Nitrogen cycle in rice system  4 

2.3 Biological Nitrogen Fixation (BNF)  5 
2.3.1 Biological Nitrogen Fixation (BNF) in rice 5 
2.3.2 Effect of combined N on N2 fixation 6 

2.4 Nitrogen Fixing Bacteria    7 
2.4.1 Species of N2-fixing bacteria  8 
2.4.2 Role of N2-fixing bacteria   9 
2.4.3 Carbon sources for bacterial growth 10 
2.4.4 Effect of carbon sources to biological N2  

fixation     10 
2.5 Sugar cane by-product    11 

2.5.1 Sugar cane molasses   11 
2.5.2 Molasses as a carbon source for growth of  

bacteria     11 
2.6 Carbon assimilation    11 

2.6.1 Mechanism of C assimilation in rice 11 
2.7 Nitrogen assimilation    13 

2.7.1 N-assimilation in rice   13 
 
 

3 EFFECTS OF SUGAR CANE MOLASSES ON  
GROWTH OF NITROGEN FIXING BACTERIA 16 
3.1 Introduction     16 
3.2 Materials and methods    16 

A) Effect of different concentration of molasses on  
growth of N2-fixing bacteria in media culture  
inoculation     16 



© C
OPYRIG

HT U
PM

xi 

 

3.2.1 Substrate preparation and inoculation 16 
3.2.2 Determination of dry cell mass (DCM) 17 
3.2.3 Determination of total reducing sugar 17 
3.2.4 Determination of total N   17 
B) Effect of molasses on growth of  
Stenotrophomonas maltophilia in paddy soil  
incubation     18 
3.2.5 Preparation for soil incubation  18 
3.2.6 Preparation of soil treatments and bacterial 

inoculums    18 
3.2.7 Extration and determination of total  

reducing sugar in soil   18 
3.2.8 Determination of total N in soil  18 

3.3 Statistical analysis    19 
3.4 Result      19 

A) Effect of different concentration of molasses on  
growth of N2-fixing bacteria in media culture 
 inoculation     19 
3.4.1 Dry biomass cell of Stenotrophomonas  

maltophilia (Sb16), total reducing sugar and  
total N in growth media with different  
molasses concentration   19 

B) Effect of molasses on growth of  
Stenotrophomonas maltophilia in paddy soil  
incubation     25 
3.4.2 Bacterial population   25 
3.4.3 Total reducing sugar in soil  26 
3.4.4 Total soil-N    27 
3.4.5 Regression between total reducing sugar  

and bacterial population   28 
3.5 Discussion     29 
3.6 Conclusion     31 
 
 

4 EFFECT OF SUGAR CANE MOLASSES AND  
NITROGEN FIXING BACTERIA ON GROWTH AND 
PARTITIONING N OF RICE    32 
4.1 Introduction     32 
4.2 Materials and methods    33 

4.2.1 Glasshouse preparation and soil preparation 33 
4.2.2 Seedling preparation   33 
4.2.3 Application of bacterial inoculums  33 
4.2.4 Urea application    33 
4.2.5 Molasses application   34 
4.2.6 Determination of yield and yield component34 
4.2.7 Determination of chlorophyll content 34 
4.2.8 Determination of total nitrogen and total  

nitrogen content    35 
4.2.9 Extraction of total soluble sugar and total  

starch     35 
4.2.10 Determination of total sugar in tissue 35 



© C
OPYRIG

HT U
PM

xii 

 

4.2.11 Determination of total starcch in tissue 36 
4.3 Statistical analysis    36 
4.4 Result      36 

4.4.1 Yield and yield components  36 
4.4.2 N-tissue concentration in rice plants 38 
4.4.3 N-tissue uptake in different part of rice  

Plant     40 
4.4.4 Total sugar in tissue   40 
4.4.5 Total starch in tissue   43 
4.4.6 Effect of molasses, urea and S. maltophilia  

(Sb16) on total sugar and total starch rice  
tissue     43 

4.4.7 Chloropyhll content, tiller number and plant  
biomass different part of rice plant  46 

4.5 Discussion     48 
4.6 Conclusion     49 
 
 

5 GENERAL DISCUSSION AND CONCLUSION  50 
 
 

REFERENCES        52 
APPENDICS        70 
BIODATA OF STUDENT      82 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

xiii 

 

LIST OF TABLES 
 
 

Table Page 
 

2.1 Potential Roles Of Some Rhizospheric Bacteria For  
Promoting Crop Production    8 
 

2.2 Potential Roles Of Some Endophytic Bacteria For  
Promoting Crop  Production    9 
 

3.1 Effects Of Different Growth Media On Biomass Dry  
Cell Of S. maltophilia (Sb16)    20 
 

3.2 Effects Of Different Growth Media On Total Reducing  
Sugar Of S. maltophilia (Sb16)    22 
 

3.3 Effects Of Different Growth Media On Total Nitrogen  
Of S. maltophilia (Sb16)     24 
 

4.1 Chemical Composition Of Sugar Cane Molasses And  
Soil       34 
 

4.2 Effect Of Bacteria, Urea And Molasses Application On  
Yield  Of Rice Plant     37 
 

4.3 Effects Of Bacteria, Urea And Molasses Application  
On Yield Component Of Rice Plant   37 
 

4.4 Analysis Of Variance Different Part Of MR219 Tissue 45 
 
4.5 Chlorophyll Content, Tiller Number And Biomass In  

Different Part Of Rice     47 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

xiv 

 

 
LIST OF FIGURES 

 
 
Figure         Page 
 
2.1 World Demand Of Urea Fertilizer     4 
 
2.2 Nitrogen Cycle In Wetland     5 
 
2.3 Schematic Diagram Of Nitrogen Cycle In Paddy Ecosyste  6 
 
2.4 Mechanism Of The Translocation Of Sugars From Source To Sink 13 
 
2.5 Schematic Routes Of N Uptake From The Rhizosphere Including  

The Source Of Fertilizer N To Be Acquired, Mainly In The Form  
Of Ammonium And Nitrate By Roots, Transportation And  
Assimilation, And Remobilization Inside The Plant. The  
Thicknesses Of The Arrows Schematically Represent The  
Relative Amounts Of Nitrogen And Sugar Inside The plant.  
Abbreviations: AMT, Ammonium  Transporter; AS, Asparagine  
Synthetase; Asn, Asparagine; Asp, Aspartate;  GDH,  
Glutamate Dehydrogenase; Gln, Glutamine; Glu, Glutamate;  
GOGAT, Glutamine-2-oxoglutarate Aminotransferase; GS,  
Glutamate Synthetase; NAC-TF, Certain Transcription Factors  
Belonging To The NAC Family; NiR, Nitrite Reductase; NR,  
Nitrate Reductase; NRT, Nitrate Transporter.   15 
 

3.1 Cell Biomass Of S. maltophilia (Sb16) At Different Concentration  
Of Molasses, Nutrient Broth (NB) And Tryptic Soy Broth (TSB)  
At 24 Hour Incubation. Means With Same Letter Indicate Not  
Significantly Different At p ≥ 0.05 Based On Tukey’s Test. Bars  
Indicates Standard Error, N=3.     21 
 

3.2 Total Reducing Sugar On Different Molasses Concentration,  
Nutrient Broth (NB) And Tryptic Soy Broth (TSB) At 24 Hour  
Incubation. Means With Same Letter Indicate Not Significant  
Different At P ≥ 0.05 Ba sed On Tukey’s Test. Bars Indicates  
Standard Error, N=3.      23 
 

3.3 Total Nitrogen On Different Molasses Concentration, Nutrient  
Broth (NB) And Tryptic Soy Broth (TSB) At 24 Hour Incubation.  
Means With Same Letter Indicates Not Significantly Different  
At P ≥ 0.05 Based On Tukey’s Test. Bars Indicates Standard  
Error, N=3.       25 
 

3.4 Effect Of Molasses And Urea-N On Population Of S. maltophilia  
(Sb16) In Soil. Bars Indicates Standard Error, N=3.   26 
 

3.5 Effect Of Molasses And Urea On Total Reducing Sugar In Soil  



© C
OPYRIG

HT U
PM

xv 

 

Inoculated With S. maltophilia (Sb16). Bars Indicates Standard  
Error, N=3.       27 
 

3.6 Effect Of Molasses And Urea-N On Total N Of Soil Inoculated  
With S. maltophilia (Sb16). Bars Indicates Standard Error, N=3. 28 
 

3.7 Regression Of Total Reducing Sugar And Population Of  
S. maltophilia (Sb16).      29 
 

4.1 N-tissue Content In Different Part Of Rice Plant a) Leaf Blade,  
b) Leaf Sheath, c) Stem, d) Panicle And e) Grain At 90DAT And  
Maturity. Means With Different Letter Indicates Significantly  
Different At P ≤ 0.05 Based On Tukey’s Test. Bars Indicates  
Standard Error N=4      39 
 

4.2 N-tissue Uptake In Different Part Of Rice Plant a) Leaf Blade, b)  
Leaf Sheath, c) Stem, d) Panicle And e) Grain At 90DAT And  
Maturity.Means With Different Letter Indicates Significantly  
Different At P ≤ 0.05 Based On Tukey’s Test. Bars Indicates  
Standard Error N=4.      41 
 

4.3 Total Sugar In Different Part Of Rice Plant a) Leaf Blade, b) 
 Leaf Sheath, c) Stem, d) Panicle And d) Grain At 90DAT And  
Maturity. Means With Different Letter Indicates Significant  
Different At P ≤ 0.05 Based On Tukey’s Test. Bars Indicates  
Standard Error, N=4.      42 
 

4.4 Total Starch In Different Part Of Rice Plant a) Leaf Blade, b)  
Leaf Sheath, c) Stem, d) Panicle And e) Grain At 90DAT And  
Maturity. Means With Different Letter Indicates Significant  
Different At P ≤ 0.05 Based On Tukey’s Test. Bars Indicates  
Standard Error N=4.       44 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

xvi 

 

LIST OF ABBREVIATIONS 
 
 
cfu   Colony forming unit 
SAS  Statistical Analysis System 
NB  Nutrient Broth 
NA  Nutrient Agar 
TSB  Trypic Soy Broth 
PSB  Phosphate Saline Buffer 
BNF  Biological Nitrogan Fixation 
ATP  Adenosine triphosphate 
DCM  Dry Cell Mass 
DAT  Day after transplanting 
PHA  Polyhydroxyalkanoates 
ARA  Acetylene Reduction Assay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 
 
 

 INTRODUCTION  
 
 
Rice (Oryza sativa L.) is one of the most important staple food for more than half of 
the global population. There is a need to increase rice production to ensure security in 
rice production of about 70% of national requirement (Arshad et al., 2011). In order to 
increase rice production due high rice demand, high chemical fertilizer input is 
required. Nitrogen (N) is one of the most yield-limiting nutrients in lowland rice 
production (Fageria and Barbosa Filho, 2001). Nitrogen fertilizers are being applied to 
increase plant growth and yield production. Application of high N fertilizer can lead to 
environmental pollution. Chemical production of nitrogen fertilizers during combustion 
of fossil fuel may release greenhouse gases such as CO2 and N2O. Up to 50% of the 
applied fertilizer is lost by leaching of NO3

- resulted highly contaminated ground water 
with nitrate, eutrophication and blue-baby syndrome (By and Professionals, 2002). 
Nitrification of ammonium-N from nitrogen may cause soil acidification which can 
lead to decreases in plant nutrient availability.  
 
 
One of the strategies to reduce N fertilizer application and enhanced nitrogen use 
efficiently is utilization of the biological nitrogen fixation (BNF). The BNF process has 
been known to be important in sustainable rice cultivation (Saikia and Jain, 2012; 
Houlton et al., 2008). The use of N-fixing bacteria also known as diazotrophs can fix 
atmospheric N2 and supply nitrogen for the plant and, thus, makes the crop less 
dependent on N fertilizer (Prakamhang et al., 2009). Some species of these N2 fixing 
bacteria can colonize the plant’s rhizosphere and at the same time grow endophytically. 
Most plants benefits by harbouring these endophytic microbes (Compant et al., 2005). 
Several diazotrophs have been isolated from rice and able to colonize the surface and 
interior of roots and improved root surface area, root volume and N uptake of rice 
seedlings (Biswas et al., 2000; Naher et al., 2009a). Nitrogen fixation by associative 
diazotrophs is an immediate process in condition where soil N is limited and the 
adequate carbon sources are available (Kennedy et al., 2004). The nitrogen fixing 
bacteria utilized carbon from soil plant system as their energy sources and fix 
atmospheric N2. About 0.11 moles of glucose must be burned to drive fixation of one 
mole of ammonia equal to 1.44g of glucose is needed for one gram of N fixed. In 
biological N2 fixation, glucose supplies energy (carried as ATP) and also the material 
reductant, hydrogen (H2). It is proven that when an energy source such as starch was 
added to stable compost, the expression to fix nitrogen is enhanced (Mulder, 1975). 
Addition of glucose stimulated N2-fixation in compost (Keeling et al., 1998). It is 
proven that the development of N2-fixing bacteria is favored by the presence of 
considerable amount of available carbon compounds (Stella and Suhaimi, 2010). 
Availability of cheap carbon sources for these nitrogen fixing bacteria to fix N2 is 
important for sustainable rice production. Sugar cane molasses also alters the C/N ratio 
in soil and affects the soil microbiota which in turn affects the available nutrients for 
plant (Schenck, 2001). Addition of a range of carbon sources (lactate and sucrose) has 
been shown to regulate N2-fixation in the rhizosphere of plant such as Zostera noltii 
(Welsh et al., 1997). Sugar cane molasses is a cheap carbon and energy source that is 
suitable medium to grow N2-fixing bacteria. In addition to glucose, sugar cane 
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molasses also contain sucrose and fructose that can be used by other microorganisms 
(Olbrich, 2006). Application molasses to paddy soil is as an additional carbon sources 
to N2-fixing bacteria in the soil to fix N and available to rice plant, thus also can 
improved yield of rice. Sugar cane molasses can be functionally used as organic 
fertilizer that may replace urea as main N source commonly used in paddy fields. 
Therefore, the objectives of the study were: 
 
1. To determine the effect of different concentrations of molasses on growth of 

Stenotrophomonas maltophilia (Sb16) in culture media and in soil amended 
with molasses and urea. 

2. To determine the effect of Stenotrophomonas maltophilia (Sb16), molasses 
and urea on rice yield and to elucidate the distribution of N in the plant parts. 
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