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Rice is a staple food for more than half of the world’s population. Current 
recommended rates of fertilizers are determined through field, pot culture or 
greenhouse trial experiments. These approaches are costly, labour extensive 
and time consuming. As an alternative, simulations of rice crop growth models 
are valuable tools to perform complex scenario studies including studies of 
nitrogen (N) fertilization. However, before a model can be used locally, the 
model’s performance must be evaluated. The main objective of this thesis is to 
evaluate the performance of a rice crop growth model, ORYZA(v3), in simulating 
six rice crop physiological traits for five Malaysian rice varieties namely MR219, 
MR220CL2, MR269, MR297 and UPUTRA. The specific objectives are (i) to 
investigate crop physiological responses of MR219, MR220CL2, MR269, MR297 
and UPUTRA treated with three N rates under field conditions and (ii) to calibrate 
and validate ORYZA(v3) using the rice crop physiological data obtained from the 
field experiment conducted in IADA KETARA, Terengganu. In this thesis, a field 
experiment was carried out to investigate the physiological responses of 
Malaysian rice varieties to three N treatments using a Split-plot Randomized 
Complete Block Design experimental design. The main factor in this study was 
N rates arranged in four blocks while the subplot factor was the five selected rice 
varieties. The three N treatments are T1 (76 kg N ha-1), farmer’s practice T2 (109 
kg N ha-1), and T3 (142 kg N ha-1). Statistical analysis of two-way ANOVA was 
conducted to investigate the effects of N and varieties on the rice crop 
physiological traits. The ORYZA(v3) was calibrated and validated using the field 
experimental data sets. In this study, the Nash-Sutcliffe efficiency (NSE) was 
used as an indicator of the model performance as the NSE reflects the overall fit 
of model simulations against the observations. Except for the dry biomass of 
panicles, the two-way ANOVA shows that there is lack of N responses on most 
of plant physiological traits especially in relative chlorophyll content, leaf area 
index and dry biomass of green leaves. Each of the variety has different biomass 
partitioning percentage for different plant organs at different growth phases, but 
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overall, no distinct trend was observed. Calibration of ORYZA(v3) using T1 data 
consistently resulted in acceptable NSE, where 25 out of 30 rice crop 
physiological traits of the T1 treatment had NSE of above 0.6. ORYZA(v3) was 
poorly calibrated T2 and T3 treatments. Except for MR220, validation of the 
model shows better fit between simulations and observations for the T2 
treatment compared to the T3 treatment for the other four varieties. In this thesis, 
calibrated crop files improved the performance of ORYZA(v3) in simulating the 
local Malaysian rice varieties for the low N treatment when compared to using a 
default crop file. Confidence in ORYZA(v3)’s performance and its robustness can 
be increased with more data in future. 
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Nasi ialah makanan ruji bagi separuh daripada keseluruhan penduduk dunia. 
Sehingga kini, pengesyoran kadar baja untuk tanaman padi kebiasaannya 
ditentukan melalui kajian percubaan di lapangan, di dalam pasu, atau di dalam 
rumah hijau. Kesemua kaedah tersebut memerlukan sumber kewangan yang 
besar, tenaga kerja yang banyak dan memakan masa. Sebagai satu alternatif, 
simulasi model pertumbuhan tanaman adalah kaedah yang boleh digunakan 
untuk mengkaji scenario rumit termasuk kajian pembajaan nitrogen (N). Namun, 
prestasi model tersebut harus diuji sebelum digunakan untuk keadaan tempatan. 
Objektif utama di dalam tesis ini adalah untuk menguji prestasi model 
pertumbuhan tanaman, ORYZA(v3), untuk mensimulasi enam ciri fisiologi 
tumbuhan bagi lima varieti padi Malaysia iaitu MR219, MR220CL2, MR269, 
MR297 dan UPUTRA. Objektif spesifik adalah untuk (i) menyiasat tindakbalas 
fisiologi varieti MR219, MR220CL2, MR269, MR297 dan UPUTRA yang dirawat 
dengan tiga kadar N pada keadaan sebenar di lapangan dan (ii) menentu ukur 
dan mengesahkan model ORYZA(v3) menggunakan data ciri fisiologi padi yang 
diperolehi dari kajian lapangan yang dijalankan di IADA KETARA, Terengganu. 
Di dalam tesis ini, kajian lapangan dilakukan untuk menyiasat tindakbalas ciri 
fisiologi varieti padi Malaysia yang dirawat dengan tiga kadar N yang berbeza 
dengan menggunakan kaedah reka bentuk blok lengkap rawak beserta plot 
berpecah (RCBD). Faktor utama dalam kajian ini adalah kadar N yang disusun 
di dalam 4 blok secara rawak dan faktor subplot adalah 5 varieti padi terpilih. 
Tiga kadar N yang digunakan adalah T1 (76 kg N ha-1), amalan petani T2 (109 
kg N ha-1), dan T3 (142 kg N ha-1). Analisis statistik ANOVA dua-hala digunakan 
untuk menyiasat kesan N dan varieti pada sifat fisiologi tanaman padi. Di dalam 
kajian ini, kecekapan Nash-Sutcliffe (NSE) digunakan untuk mengukur prestasi 
model kerana nilai NSE dapat mencerminkan kesamaan antara simulasi model 
dan data pemerhatian secara menyeluruh. Kecuali untuk biojisim kering panikel, 
ANOVA dua-hala menunjukkan terdapat kekurangan tindak balas N pada 
kebanyakan ciri fisiologi tanaman terutama pada kandungan klorofil relatif, 
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indeks keluasan daun dan biojisim kering daun hijau. Setiap variati mempunyai 
peratusan pembahagian biojisim yang berbeza bagi setiap organ tanaman pada 
fasa pertumbuhan yang berbeza, tetapi secara keseluruhan tidak ada trend yang 
ketara. Penentukuran ORYZA(v3) menggunakan data rawatan T1 secara 
konsisten menghasilkan NSE yang memuaskan, di mana 25 daripada 30 ciri 
fisiologi tanaman padi T1 mempunyai NSE melebihi 0.6. Hasil penentukuran 
ORYZA (v3) untuk T2 and T3 adalah tidak memuaskan. Kecuali untuk MR220, 
pengesahan model menunjukkan keputusan yang lebih baik antara simulasi dan 
pemerhatian untuk T2 berbanding dengan rawatan T3 untuk empat varieti yang 
lain. Di dalam tesis ini, penggunaan fail tanaman yang telah ditentu ukur 
meningkatkan prestasi ORYZA (v3) dalam mensimulasikan varieti padi 
tempatan Malaysia untuk rawatan T1 jika dibandingkan dengan penggunaan fail 
tanaman asal. Keyakinan terhadap prestasi ORYZA (v3) dan kemantapan dapat 
ditingkatkan dengan mengunakan lebih banyak data pada masa akan datang. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1  Background 
 
 
About half of the world population including 30 million Malaysians consume rice 
(GRiSP, 2013; Omar et al., 2019). Rice industry in Malaysia improved after the 
green revolution (Roslan et al., 2012). The green revolution was initiated in India 
in the mid of 1960’s focusing on introducing high-yielding variety  of maize, wheat 
and rice in order to increase grain production in the country (Beck, 1995). The 
green revolution in general was able to reduce a country’s dependence on 
imported rice and increase the country’s self-sufficiency; in Asia, the rice 
production improved from 2.03 t ha-1 in 1965 to 3.04 t ha-1 in 1982, which is 2.5% 
increment (GRiSP, 2013). In the year 1970, the green revolution movement in 
India motivated the Government of Malaysia to introduce the concept of 
integrated agriculture  to increase rice grain production (Roslan et al., 2012).  
 
 
From the year 1990 to 2016, Malaysia’s rice grain production was relatively 
stagnant (2 million MT) compared to other countries in the Southeast Asia such 
as Indonesia (30 million to 45 million MT) , Vietnam (13 million to 28 million MT) 
, Thailand (11 million to 22 million MT) and Philippines (6 million to 13 million 
MT) (Omar et al., 2019). Malaysia’s current self-sufficiency level remains the 
lowest compared to the other country in Southeast Asia region from year 2000 
to 2016 (Harun et al., 2017; Omar et al., 2019). Current 70% self-sufficiency level 
is insufficient to meet the demand for local consumption (Harun et al., 2017; 
Omar et al., 2019).  
 
 
Nitrogen (N) is one of the macro nutrients for rice crop growth and the  N 
requirement by the rice crop is dependent on the growth stages (Makino, 2011; 
Yoshida, 1981). One of the main challenges in rice cultivation is to optimally 
apply the N for rice crop growth and to increase the rice grain production. In 
practice, the recommended rates of fertilizers are determined through field, pot 
culture or greenhouse trial experiments (Fageria et al., 2014; Ibrahim et al., 2017; 
Khairunniza-Bejo et al., 2017). However, this approach is costly, labour 
extensive and time consuming.  
 
 
As an alternative, simulations of rice crop growth models are valuable tools to 
perform complex scenario studies in order to explore opportunities for 
understanding of the complex crop-soil-water system, increasing system 
productivity, assessing environmental trade-offs, and forecasting the effects of a 
changing climate on the production at a reduced cost, labour and time (Basso et 
al., 2016; Gaydon et al., 2012; Yuan et al., 2017). 



© C
OPYRIG

HT U
PM

2 
 

In this thesis, the performance of a rice crop growth model, i.e., ORYZA(v3), in 
simulating six rice crop physiological traits is evaluated for five Malaysian rice 
varieties, namely the MR219, MR220CL2, MR269, MR297 and UPUTRA. 
 
 
1.2  Problem statement  
 
 
N fertilizer application must be efficiently managed to improve N uptake by rice 
crop in order to maximise rice production (Guan et al., 2011; Sheng-gang et al., 
2012). Therefore, to ensure improved and sustainable rice production, selection 
of a suitable rice variety and optimal fertilizer usage, subject to Malaysian climate 
conditions must be accounted for. 
 
 
Typically, the recommended N fertilizer rates are determined through field, pot 
culture or greenhouse trial experiments (Fageria et al., 2014; Ibrahim et al., 2017; 
Khairunniza-Bejo, 2017). However, this approach is costly, laborious and time 
consuming. As an alternative, scenario studies via simulations of rice crop 
growth models are valuable tools to investigate optimum N fertilizer rates for 
different rice varieties at a reduced cost, labour and time. 
 
 
Only a handful of studies have reported on the evaluation of rice crop growth 
models for Malaysian rice varieties (Vaghefi et al., 2011; Vaghefi et al., 2016). 
ORYZA(v3) is a recent improvement of the frequently used ORYZA2000 rice 
crop growth model (Bouman et al., 2001; Li et al., 2017).  ORYZA(v3) had only 
been evaluated for four combinations of N and water treatments in flooded rice 
systems in China, Philippines and India (Li et al., 2017). Currently, to the best of 
our knowledge, existing rice crop growth models, in particular ORYZA(v3), have 
not been extensively evaluated and used to assess productivity of Malaysian rice 
systems. 
 
 
1.3  Objective  
  
 
The main objective of this thesis is to evaluate the performance of a rice crop 
growth model, ORYZA(v3), in simulating five rice crop physiological traits for 
five Malaysian rice varieties namely MR219, MR220CL2, MR269, MR297 and 
UPUTRA. 
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The specific objectives are: 
 
 
1. To study physiological responses of MR219, MR220CL2, MR269, MR297 

and UPUTRA treated with three N rates under open field conditions. 
 

2. To calibrate and validate ORYZA(v3) using the rice crop physiological traits 
obtained from the open field conditions experiment. 

 
 
1.4 Scope and limitation 
 
 
The scope and limitations of this study are as follows. 
 
 
1. An open field experiment was conducted for one season at Kg. Lubuk 

Kawah, Besut, Terengganu. The area was located within IADA KETARA 
granary area. 
 

2. The field experiment was conducted from February to June 2018. 
 

3. Rice varieties used in this study were MR219, MR220CL2, MR269, MR297 
and UPUTRA. 
 

4. N treatments consisted of three rates which were 76 kg N ha-1 (30% less 
than the farmer’s rate, T1), 109 kg N ha-1 (farmer’s rate, T2) and 142 kg N 
ha-1 (30% more than the farmer’s rate, T3). 
 

5. The rice crop growth model studied in this thesis was the ORYZA(v3) which 
was developed by the researchers from the International Rice Research 
Institute (IRRI). The model was an improvement of an earlier version of rice 
crop growth model ORYZA2000. 
 

6. ORYZA(v3) simulated the effects of rice phenological properties, water 
management, N treatment, soil physical and chemical properties, 
micrometeorological properties on the crop physiological traits. Effects of 
other macro- and micro-nutrients and pest and disease were not 
conceptualised in ORYZA(v3). 

 
 
1.5 Thesis overview 
 
 
In this thesis, the performance of a rice crop growth model, namely ORYZA(v3), 
in simulating the rice crop physiological traits of five local varieties subject to local 
climate conditions was investigated. Chapter 1 describes the background to this 
work. Research objective, scope and limitation as well as the importance of the 
study are provided in this chapter. Chapter 2 provides a literature review of rice 
cultivation. The chapter further describes the importance and comparisons of six 
rice crop growth models. Chapter 3 describes the materials and methods. This 
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chapter is divided into two main sections. The first section of Chapter 3 covers 
the experimental design, sampling and statistical analysis of the crop 
physiological traits. Meanwhile, the second section of Chapter 3 describes 
details on ORYZA(v3) rice crop growth model including data requirement and 
followed by the procedures for calibration and cross-validation of the model. 
Similarly, Chapter 4 is also divided into two main sections. The first section of 
Chapter 4 discusses the results and finding of statistical analysis from 
experimental design for a comprehensive understanding of the data. The second 
section of Chapter 4 discusses simulations and evaluations of ORYZA(v3) rice 
crop growth model. Finally, Chapter 5 provides conclusions of the findings and 
recommendations to improve the model robustness in the future. 
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