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In the tropics, Nitrogen is considered an indispensible source of nutritional element 

for the productivity of most crops, especially paddy rice (Oryza sativa L.). In flooded 

rice, applied N fertilizer may be susceptible to losses when the time of application 

does not match with period of crop demand. Knowledge about accurate timing of N 

during the reproductive growth stage of flooded rice may be useful in optimizing 

nitrogen recovery efficiency. A glasshouse experiment was conducted to determine 

the critical time of nitrogen fertilizer application during panicle initiation (PI) stage 

to optimize nitrogen recovery efficiency, grain filling and yield of two Malaysian 

rice cultivars (MR219 and MR232). The treatments comprised a control without N 

applied (N1) and different timings of urea N-fertilizer applied at the rate of 60 kg N 

ha-1 during panicle initiation stage at 45 (N2), 50 (N3), 55 (N4), 60 (N5) and 65 (N6) 

days after seeding (DAS) with five replications. The results indicated that plant 

physiological parameters showed statistical difference among some treatments.  
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Chlorophyll meter reading (Minolta SPAD-502 leaf chlorophyll meter) for cultivar 

MR219 in treatment receiving 60 kg N ha-1 at 55 days after seeding, gave the highest 

reading and was significantly higher (P ≤ 0.05) compared with treatments receiving 

60 kg N ha-1 at 60, 65 days after seeding and control, where as for MR232, 

chlorophyll content for treatment receiving 60 kg N ha-1 at 55 days after seeding was 

significantly higher in contrast to treatment receiving 60 kg N ha-1 at 45, 60, 65 days 

after seeding and the control. In cultivar MR219, treatment receiving 60 kg N ha-1 at 

55 days after seeding produced the highest plant height (92.2 cm) compared to 

control (77.4 cm) and treatments receiving 60 kg N ha-1 at 45 (85.6 cm) and 65 (84.2 

cm) days after seeding, while for cultivar MR232, treatments receiving 60 kg N ha-1 

at 50 days after seeding recorded the highest height (96.0 cm). Higher leaf area index 

(LAI) was observed in treatments receiving 60 kg N ha-1 at 50 and 55 days after 

seeding for both cultivars. Application of N also resulted in an increased in plant 

biomass, and was found to be higher in treatment receiving 60 kg N ha-1 at 55 days 

after seeding  (400.2 g pot-1) for cultivar MR219, while for MR232, significant 

increased was observed in treatment receiving 60 kg N ha-1 at 50  (367.2 g pot-1). 

Plant yield and yield component parameters were significantly influenced by timing 

of N applied during the reproductive stage. Percentage of productive tillers for both 

cultivars did not significantly vary among treatments except with control. The 

spikelet number panicle-1 was higher in treatments receiving 60 kg N ha-1 at 50 and 

55 days after seeding for both cultivars. The highest 1000-grain weight (30.3 g) and 

filled grain percentage (94 %) were recorded in treatments fertilized with N at 55 

DAS (N4) for cultivar MR219, while for MR232, similar trend was also obtained 

with the same treatment (N4), recording the highest 1000-grain weight (28.6 g) and  
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filled grain percentage (89%). Rice grain yield in cultivar MR219 was significantly 

higher with treatment receiving 60 kg N ha-1 at 55 days after seeding  (225.75 g pot-1) 

and treatments receiving 60 kg N ha-1 at 50 and 55 days after seeding for MR232 

(210.57 and 214.61g pot-1, respectively). The extent of decrease in grain yield due to 

late N fertilization during reproductive stage in treatments receiving 60 kg N ha-1 at 

65 days after seeding for cultivars MR219 and MR232 were 39% and 17%, 

respectively.  Based on grain yield, cultivar MR219 tend to be more sensitive to 

timing of N fertilizer than MR232 N uptake in rice significantly varies with timing of 

N fertilizer. In both MR219 and MR232, higher Nitrogen recovery efficiency was 

obtained in treatments receiving 60 kg N ha-1 at 55 days after seeding (77%  and 

72%, respectively).  

Keywords: Oryza sativa; urea; Days after seeding (DAS); glasshouse; grain yield; 
timing; Nitrogen recovery efficiency (NRE); Panicle initiation 
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Di kawasan Tropika, Nitrogen (N) dianggap sebagai satu unsur pemakanan yang 

tidak dapat ditukarganti bagi produktiviti kebanyakan tanaman, terutamanya padi 

(Oryza sativa). Bagi padi sawah, baja N yang diberi berkemungkinan hilang jika 

masa pemberian baja tersebut tidak serentak dengan tempoh pengambilan oleh 

pokok. Pengetahuan bagi memastikan tempoh masa tepat untuk pemberian baja N 

sepanjang peringkat pertumbuhan reproduktif padi sawah adalah berguna bagi 

mengoptimumkan penggunaan baja N yang lebih effisien. Satu eksperimen rumah 

kaca telah dijalankan untuk menentukan tempoh masa kritikal dalam pemberian baja 

N pada masa pembentukan tangkai (PI) bagi mengoptimumkan penggunaan baja N 

yang lebih efisien dan penghasilan padi untuk dua kultivar padi di Malaysia (MR219 

dan MR232). Rawatan yang diberikan termasuk satu Kawalan, tanpa memberi baja N  
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(N1) dan rawatan-rawatan lain termasuk pemberian baja N sebanyak 60 kg N per ha 

iaitu  pada hari ke-45 (N2), hari ke-50 (N3), hari ke-55 (N4), hari ke-60 (N5), hari 

ke-65 (N6) selepas menabur benih (DAS) dengan 5 replikasi masing-masing. 

Parameter fisiologi tanaman seperti tinggi pokok menunjukkan perbezaan statistik 

yang ketara antara rawatan. Bacaan kandungan klorofil (Minolta SPAD-502 leaf 

chlorophyll meter) bagi kultivar MR219 yang menerima rawatan 60 kg N per ha 

pada hari ke-55 selepas menabur; menghasilkan bacaan tertinggi dan berbeza katera 

(P < 0.05) jika dibandingkan dengan rawatan 60 kg N per ha pada hari ke-60 dan ke-

65 serta kawalan. Untuk kultivar MR232, kandungan klorofil bagi pokok yang 

menerima rawatan 60 kg N per ha pada hari ke-55 adalah berbeza dengan ketara 

dibanding dengan rawatan yang dibaja pada hari ke-45, ke-60, ke-65 selepas 

menabur serta kawalan.  Untuk kultivar MR219, rawatan 60 kg N per ha pada hari 

ke-55 selepas menabur menghasilkan ketinggian pokok yang tertinggi (92.2 cm) 

dibandingkan dengan kawalan (77.4 cm) dan rawatan yang menerima 60 kg N per ha 

pada hari ke-45 (85.6 cm) dan hari ke-65 (84.2 cm), manakala untuk MR232, 

rawatan 60 kg N per ha pada hari ke-60 selepas menabur memberi ketinggian pokok 

yang tertinggi (96.0cm). Indeks Keluasan Daun (LAI) yang lebih tinggi diperolehi 

daripada rawatan 60 kg N per ha pada hari ke-50 dan ke-55 selepas menabur bagi 

kedua-dua kultivar. Pemberian N juga menghasilkan peningkatan dalam berat jisim 

pokok dan didapati rawatan menerima 60 kg N per ha pada hari ke-55 selepas 

menabur menghasilkan berat jisim pokok yang tertinggi (400.2 g per pasu) bagi 

kultivar MR219, namun bagi MR 232, peningkatan yang ketara dapat diperhatikan 

pada rawatan yang menerima 60 kg N per ha pada hari ke-50 selepas menabur (367.2 

g per pasu). Hasil pokok dan parameter hasil dipengaruhi secara ketara oleh tempoh  
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masa pemberian baja N pada peringkat pertumbuhan reproduktif. Peratus tangkai 

produktif bagi kedua-dua kultivar tidak berbeza secara ketara kecuali dibandingkan 

dengan Kawalan. Nombor spikelets per tangkai bagi pokok yang menerima rawatan 

60 kg N per ha pada hari ke-50 dan hari ke-55 selepas menabur adalah tinggi bagi 

kedua-dua kultivar. Berat 1,000 beras berisi (30.3 g) dan peratus spikelets berisi 

(94%) telah dicatatkan bagi pokok yang diberi baja N pada hari ke-55 selepas tabur 

benih (N4) bagi kultivar MR219, manakala bagi kultivar MR232, trend yang serupa 

juga dapat diperhatikan pada rawatan yang sama (N4), merekodkan berat 1,000 beras 

berisi yang tertinggi (28.6 g) dan peratus spikelets berisi yang tertinggi (89%). Hasil 

butiran beras padi bagi kultivar MR219 yang dirawat dengan 60 kg N per ha pada 

hari ke-55 selepas menabur (225.75 g per pasu) adalah tertinggi dan bagi MR232, 

rawatan 60 kg N per ha pada hri ke-50 dan hari ke-55 selepas menabur mencatatkan 

hasil yang tertinggi (210.57 g per pasu dan 214.61 g per pasu). Takat berkurangan 

dalam hasil butiran beras yang disebabkan oleh pembajaan N yang lewat semasa 

peringkat pertumbuhan reproduktif (65 DAS) bagi rawatan yang menerima 60 kg N 

per ha pada nari ke-65 selepas menabur bagi kultivar MR219 dan MR232 adalah 

39% dan 17% masing-masing. Berdasarkan hasil butiran beras, kultivar MR219 

adalah lebih peka kepada tempoh masa pembajaan N jika dibandingkan dengan 

MR232.  Bagi kedua-dua kultivar MR219 dan MR232, kecekapan pemulihan 

nitrogen yang lebih tinggi telah diperolehi bagi rawatan 60 kg N per ha pada hari ke-

55 selepas menabur (77% dan 72% masing-masing).  

Kata kunci: Oryza sativa; urea; hari selepas manabur benih (DAS); rumah kaca; 

hasil butiran beras; tempoh masa; kecekapan pemulihan nitrogen (NRE); 

pembentukan tangkai (PI)    



viii 

 

ACKNOWLEDGEMENTS 

 

“In the Name of Allah, the Most Gracious and Most Merciful”. Peace and blessings 

of Allah be upon Prophet Muhammad. Praised be to Allah SWT, with His grace I am 

able to complete this thesis.  

I would like to gratefully acknowledge the support of the Islamic Development 

Bank (IDB), Saudi Arabia for providing me scholarship to undertake Master of 

Science degree.  

I would like to thank all people who have helped and inspired me during my study. I 

would like to express my deep and sincere gratitude to my supervisor, Associate 

Professor Dr Syed Omar Syed Rastan, Deputy Dean, Development and Professional 

Services, Faculty of Agriculture, Universiti Putra Malaysia for his outstanding 

support, guidance and encouragement. His perpetual energy, wide knowledge and 

enthusiasm in research had greatly motivated me. The material and financial support 

from Dr Syed Omar is gratefully acknowledged. 

I was delighted to interact with Associate Professor Dr Anuar Abd. Rahim, former 

Head, Department of Land Management, Faculty of Agriculture, UPM and having 

him as my co-supervisor. I am deeply grateful to him for his detailed and 

constructive comments, and for his invaluable support throughout this work. Both Dr 

Anuar and Mr Roslan have been abundantly helpful in my statistical analysis. 

 



ix 

 

I wish to express my warm and sincere thanks to Associate Professor Dr Dato’ Idris 

Abdul, my first advisor in Universiti Putra Malaysia, who gave me the confidence 

and important guidance during my first steps in the preparation of the research 

proposal. I owe my most sincere gratitude to Dato’ Dr Idris and his family for 

encouragement, concern and warm hospitality they always accord me throughout my 

entire stay in Malaysia.  

My warm thanks are due to Dr Hamid Sulaiman, former lecturer, Department of 

Crop Science, UPM, for his kind support and guidance. 

During this work I have collaborated with many colleagues and academicians for 

whom I have great regard, and I wish to extend my warmest thanks to all those who 

have helped me with my work in one way or the other.  

Many thanks to lecturers and students at the Faculty of Agriculture, UPM for 

providing invaluable support towards my research. I would especially like to thank 

Puan Sarimah for her assistance during my laboratory work. 

My sincere thanks are due to Mr Buba Sowe for grooming me up academically and 

mentally. His excellent advice and support towards my academic aggrandizement 

will always remain as a source inspiration in my life. 

My deepest gratitude goes to my family for their unflagging love and support 

throughout my life. I am indebted to my late father, Mbondi Bah, for his care and 

love. I am sincerely grateful to my mum, Juma Sowe, whose foresight and care 

gently offered me counsel and unconditional support at each turn of the road. I have 

no suitable word that can fully describe her everlasting love to me. My special 



x 

 

gratitude is due to Samba, Binta, Kaddy, Chilel, Isatou, Mariama, Saffiatou, Danso, 

Wuri, Sally and entire members of my extended family for their loving support. My 

loving thanks are due to Nakady, Omar, Da Fatou and Da Meseng. 

Finally, I wish to register the invaluable support of all my numerous friends who 

kindled a spirit of optimism for helping me get through the difficult times, and for all 

the emotional support, comradeship, entertainment, and caring they provided. I 

would also like to gratefully acknowledge the support of some very special friends 

like Helena Naitsuwe Amadhila, Yosif salama, Rehema Said, Bangally Kanuteh, 

Mohamad Reza Momayezi, Ali Bahraminejad, Liew Yew Ann, Dr Hamid, Azlan 

Idris, Dawda Badgie, Omar Ceesay, Kodou Sowe, Mama Baldeh, Mantho Zandile 

Koveya, Ali Muhamad, Lamin Drammeh, Ebrima Fatty, Maimuna, Assan Sowe, 

Paul L, Peter L, Fanu, Demba Jallow, Carlos and Matthew. 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

I certify that a Thesis Examination Committee has met on 28 May 2009 to conduct 
the final examination of Alagie Bah on his degree thesis title “Optimizing Grain 
Filling and Nitrogen-use Efficiency of Irrigated Rice (Oryza sativa L.) through 
Timely Nitrogen Application during Reproductive Growth Stage” in accordance with 
the Universities and University Colleges Act 1971 and the Constitution of the 
Uiversiti Putra Malaysia (P.U.(A) 106) 15 March 1998. The Committee recommends 
that the student be awarded the Master of Science. 
 

Members of the Examination Committee were as follows: 

 

Shamsuddin Yusop, PhD 
Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman) 
 
Mohd Khanif Yusop, PhD 
Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Ahmad Husni Mohd Hanif, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Internal Examiner) 
 
Izham Ahmad, PhD 
Lecturer 
Malaysian Agricultural Research and Development Institute 
Serdang, Malaysia 
(External Examiner) 
 
 
 
 
        

 
BUJANG KIM HUAT, PhD 

       Professor and Deputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 

 
Date: 13 July 2009 
 



xii 

 

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: 
 
Syed Omar Syed Rastan, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman) 
 
Anuar Abd. Rahim, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                        HASANAH MOHD GHAZALI, PhD 
                                                                        Professor and Dean 
                                                                        School of Graduate Studies 
                                                                        Universiti Putra Malaysia 

 
                             Date: 17 July 2009 
 
 
 
 



xiii 

 

DECLARATION 
 
 

I declare that the thesis is my original work except for quotations and citations which 
have been duly acknowledged. I also declare that it has not been previously, and is 
not concurrently, submitted for any other degree at Universiti Putra Malaysia or any 
other institution. 

 

 

 

 

 

 

 

 

 

      ALAGIE BAH 

      Date: 4 August 2009 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



xiv 

 

TABLE OF CONTENTS 
 
 

PAGE 
DEDICATION                                                                                                             i 
ABSTRACT                                                                                                               ii 
ABSTRAK                                                                                                                   v 
ACKNOWLEDGEMENTS                                                                                    viii 
APPROVAL                                                                                                   xi 
DECLARATION                                                                                     xiii 
LIST OF TABLES                                                                                                xvi 
LIST OF FIGURES                                                                                               xvii 
LIST OF ABBREVIATIONS                                                                                 xix 
 
CHAPTER 

 
1                      INTRODUCTION                     1
              1.1      Background information                                       1
              1.2 Problem statement                   3 

                   1.3 Research objectives                        5 
 

2   LITERATURE REVIEW                   6 
2.1      Rice production and socio-economic importance               6 
 2.2      Rice ecosystem                   8 
 2.3      Growth phases of rice                   9 

2.3.1       Vegetative phase                           10 
2.3.2       Reproductive phase                           11 
2.3.3       Ripening phase                           13 

2.4  Chemical fertilizers in rice production              13 
2.5      Agronomic constraints in rice production              16 
2.6      Role and uptake of Nitrogen by irrigated rice              17 

2.7.1       Nitrogen requirement at vegetative stage             18 
2.7.2    Nitrogen requirement at reproductive stage             22 

2.7      Sources of nitrogen                 29 
2.8      Mechanism of N uptake and transformation in  

     flooded rice                                                                         31 
                        2.8.1       Mechanism of nitrogen balance in flooded rice 31 
                        2.8.2       Urea transformation in flooded rice   33 

2.9      Nitrogen fertilizer efficiency in flooded rice              38
          

3                    MATERIALS AND METHODS     43 
3.1      Experimental conditions     43 

                        3.1.1       Experimental site and plant materials             43 
                        3.1.2       Glasshouse conditions               44 
             3.2      Experimental treatments      44 

3.3      Experimental soil      46 
3.4      Seed germination and planting    48 

 
 



xv 

 

3.5      Water management      49 
3.6      Plant protection measures     49 

             3.7      Measurement of parameters      50 
                        3.7.1       Plant growth parameters               50 
                        3.7.2       Yield components parameters              53 
                        3.7.3       Nitrogen uptake and utilization              55 

 3.8      Experimental design      56 
 3.9  Statistical analysis      57 

 
4                    RESULTS AND DISCUSSION     58 

 4.1      Effects of nitrogen application at different days during the  
     panicle initiation      58 

4.1.1    Leaf chlorophyll content                          58 
4.1.2    Plant height at maturity                60 
4.1.3    Leaf area index (LAI)    63 
4.1.4    Aboveground dry matter yield   65 
4.1.5    Percentage of productive tillers   67 
4.1.6    Number of spikelets per panicle   68 
4.1.7    Percentage of filled spikelets   70 

                        4.1.8       1000-grain weight     71 
                        4.1.9       Grain yield                 72 
                        4.1.10     Plant harvest index (HI)                   75 
             4.2      Nitrogen uptake and utilization                          78 
                        4.2.1       Nitrogen accumulation in plant organs  78 
                        4.2.2       Nitrogen recovery efficiency    81 

                         4.3      Effect of large application of N at panicle initiation and               
                                    vegetative stage      82
              4.4      Relationship between plant parameters   86 
 
5                  SUMMARY, CONCLUSION AND RECOMMENDATIONS 90 
                         FOR FUTURE RESEARCH     
    

             REFERENCES       93 
 APPENDICES                101 

             BIODATA OF STUDENT                                  116 
 LIST OF PUBLICATIONS               117 

 

 

 

 

 

 

 



xvi 

 

LIST OF TABLES 

TABLE             PAGE 

3.1 Some agronomic characteristics of MR219 and MR232    43 

3.2 The amount of N applied on rice cultivars (MR219 & MR232) at 
            different growth stages during the experiment                                     46

                                
3.3 Selected characteristics of the soil used in the experiment   47 

4.1 Leaf chlorophyll dynamics of rice (SPAD value) as affected  
            by N fertilization at 60 DAS of the two cultivars                                     59
     
4.2 Nitrogen accumulation in plants and Nitrogen recovery efficiency    
            (Difference method) under different N treatments                                  82 

4.3 Comparison between treatments N3 versus N7, and N4 versus N8 for   
cultivar MR219                                                                            83

        
4.4 Comparison between treatments N3 versus N7, and N4 versus N8 for   

cultivar MR232                                                                                       84
         
4.5 Correlation coefficients (r value) between some rice parameters of both  

cultivars at harvest                                                                                      87
         

 
 

 

 

 

 

 

 

 

 

 

 

 



xvii 

 

LIST OF FIGURES 

FIGURE             PAGE  

2.1 An illustration of growth stages of early maturing rice.                 9 

2.2 Trends in Global Use of Nitrogen Fertilizer, 1961–2001 (million tons). 15 

2.3 Nitrification-denitrification reactions and kinetics of the related 
            processes controlling nitrogen loss from the aerobic-anaerobic  
            layers of a flooded soil system.                                                             36
         
3.1 Mean weekly temperature distribution in the glasshouse taken at  
            10:00 am and 3:00 pm.                                                                         44
        
3.2  Rice seedlings growing under greenhouse conditions.   48 

3.3 Digital leaf area meter (LI-COR, Lincoln, NE).    51 

3.4  SPAD reading at reproductive growth stage.     52 

4.1 Height of cultivar MR219 during early grain filling stage of the growth. 61 

4.2.  Plant height patterns of cultivar MR219 at 80 DAS.    62 
 
4.3.  Plant height patterns of cultivar MR232 at 80 DAS.               62 
 
4.4  Leaf area index of cultivar MR219 as affected by timing of N fertilizer. 64 

4.5 Leaf area index of cultivar MR232 as affected by timing of N fertilizer. 64 

4.6 Aboveground plant dry matter accumulation (g pot-1) of MR219 
            as affected by time of nitrogen application.                                                   65 
 
4.7 Aboveground plant dry matter accumulation (g pot-1) of MR232  
            as affected by time of nitrogen application.                                                  66
        
4.8       Percentage of productive tiller for both MR219 and MR232.                      68  
 
4.9  Spikelet number per panicle as affected by N application during  
            PI stage.                                                                                                 69 
 
4.10  Sterility pattern of rice cultivars as affected by time of N ferlitization at                      
 PI stage.                                                                                                   71
        
4.11  One thousand grain weight as affected by timing of N fertilizer  
            during PI stage.                                                                                     72 



xviii 

 

4.12  Grain yield of rice cultivars as affected by timing of N during PI.  73 

4.13     Yield component analysis of MR219 based on plant HI as affected by  
 Nitrogen treatments.                                                                                     76
          
4.14 Yield component analysis of MR232 based on plant HI as affected by  
 Nitrogen treatments.                                                                                     77
         
4.15  The proportion of absorbed N in different plant organs of   
            cultivar MR219.                                                                                   79
           
4.16 The proportion of absorbed N in different plant organs of  
            cultivar MR232.                                                                                     80 
        
4.17  Regression analysis between grain yield and Nitrogen recovery  
            efficiency for MR219.                                                                                     88
            
4.18 Regression analysis between grain yield and Nitrogen recovery  
            efficiency for MR232.                                                                                     88
          
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xix 

 

LIST OF ABBREVIATIONS 

 

ANOVA Analysis of Variance 

AAS  Atomic absorption spectrophotometer  

CNAL   The Cornell Nutrient Analysis Laboratory  
 
CRD  Complete Randomized Design  

DAS   Days after seeding 
 
DNMRT  Duncan Multiple Range Test 
 
GSR  Grain/ Straw ratio  
 
HI   Harvest index 
 
HYVs   High yielding varieties 
 
IRRI  International Rice Research Institute 
 
LAI   Leaf area index 
 
LNC   Leaf nitrogen content 
 
MADA Muda Agricultural Development Authority 
 
MARDI  Malaysian Agricultural Research and Development Institute 
 
MIT   Mineralization-immobilization turn over 
 
Mt   Midtillering 
 
NRE  Nitrogen recovery efficiency 
 
NUE   Nitrogen use efficiency 
 
PAN5   Number of panicles for the 5-hill samples/pot 
 
PI   Panicle Initiation 
 
PM  Physiological maturity  
 
SPAD  Soil Plant Analysis Development  
            
SSNM   Site-specific nutrient management 
 



xx 

 

RTNM  Real-time Nitrogen management 
 
UAN  Urea-ammonium-nitrate  
 
UPM   Universiti Putra Malaysia 
 
WPGs             Weak-potential grains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER 1 

INTRODUCTION 

 

1.1 Background Information 

 

Rice plays a critical role in contributing to food and nutritional security, income 

generation, poverty alleviation and socio-economic growth of people. Rice yield must 

be improved by 43% in 30 years from 2000 to meet the demands of population 

growth in the world (Cassman, 1999). Considering the current trend in population 

growth rate, further improvement in rice productivity is needed in order to overcome 

the challenges of poverty and hunger. 

 

Low soil fertility, and particularly deficiency of Nitrogen, is an important constraint 

on grain yield in rice growing countries. In many countries, governments invest 

heavily in fertilizer subsidies, and make improvements to irrigation facilities, 

infrastructure and rice price support mechanisms that makes rice intensification 

economically attractive especially for commercial farmers.  

 

Nutrient management mostly relies on approaches that do not account for the 

dynamic nature of crop response to the environment. Because average farm yield 

levels of 70–80% of the attainable yield potential are necessary to meet expected 

food demand in the next 30 years, research must seek to develop nutrient 

management approaches that optimize profit, preserve soil quality, and protect 

natural resources in systems that consistently produce at these high yield levels 

(Dobermann and Cassman, 2002).  
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Achieving these goals will require novel strategies for more precise plant nutrient 

management tailored to the technologies, dynamics and spatial scales relevant to 

each system. More than 20% of N fertilizer produced worldwide is used in the rice 

fields of Asia, but N recovery efficiency in most farmers’ fields is only about 25-

40% of applied N (Dobermann and Fairhurst, 2000). 

 

In paddy fields, N is easily lost due to denitrification, leaching and volatilization. 

These substantial losses tend to affect the optimization of rice yield. Use of urea 

fertilizer in flooded rice is one of the key sources of N loss through denitrification 

and volatilization. Moreover, N loss is economically and environmentally 

undesirable. Nitrogen loss as denitrification represents the loss of a valuable plant 

nutrient and hence an economic cost to agriculture.  

 

Over the past decade, global prices for N fertilizers continue to increase and have 

become increasingly difficult for average farmers to meet their fertilizer 

requirements. In Malaysia urea price increased from RM1500/ton in 2007 to 

RM3200/ton in 2008. This situation calls for concerted action so that the fertilizer 

can be used in most effective and efficient way. 

 

In the new global economy, increasing rice production has become a central issue in 

overcoming the growing menace of poverty. One of the most significant current 

discussions is to improve both the genotype and agronomic efficiency of rice 

production systems. Improving fertilizer management and overall N efficiency of 

rice is a critical component of addressing global food crises. 

 


