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Rice shortages have become a serious problem due to high demand as a result of 
increasing world population. To meet the global rice demand by 2030, its production 
needs to be increased by more than 50% worldwide. In Malaysia, the average rice 
production of 4.2 t/ha is considered as low largely due to insufficient nutrients and 
blast disease. The main objective of this study was to identify high yielding, blast 
resistant and highly stable rice genotypes with high nitrogen efficiency for commercial 
cultivation in Malaysia. Sixteen blast-resistant rice genotypes were evaluated in three 
rice granary areas (Tanjung Karang, Selangor; Kota Sarang Semut, Kedah and 
Seberang Perai, Penang) with five different nitrogen fertilizer levels over two planting 
seasons (Main and off seasons). Five nitrogen fertilizer levels:- 60, 80, 100, 120 
(standard recommendation) and 140 kg N/ha were applied in each location and 
planting season. The experimental design was a split plot design with three 
replications, where the nitrogen fertilizer levels was assigned as main plot and rice 
genotypes as sub-plot. Nitrogen levels had highly significant effects on all the yields 
and vegetative traits except, panicle length, grain length and grain width. There was 
also presence of interaction between genotype and nitrogen levels in all the 
environments on all traits except, number of tillers per hill, number of panicles per hill 
and filled grain per panicle. In addition, the genotype by nitrogen interaction was 
highly significant for all traits except unfilled grain per panicle, panicle length, grain 
length, grain width and yield per hectare. The nitrogen yield efficiency differed 
significantly with various levels of nitrogen applied. The optimum nitrogen levels for 
MADA, Seberang Perai and Tanjung Karang were 112, 125 and 105 kg N/ha with 
yield production of 9.53, 8.99 and 9.48 t/ha, respectively. The results revealed that the 
ideal environment were ENV6 (Seberang Perai 2), ENV 2 (Tanjung Karang 1) and 
ENV4 (MADA 2). From the result obtained on stability analyses, two genotypes 
(Genotype 9 and 16) were found to be highly stable across the environments and 
produced high yield with 9.39 and 9.13 t/ha, respectively. However, the agronomic 
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nitrogen yield efficiency across environments for the two genotypes were 6.23% and 
2.79%, respectively, at 140 kg N/ha. The two superior genotypes (Genotype 9 and 16) 
with high yield and stability across environments are recommended for commercial 
cultivation in Malaysia.  
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Pengerusi :   Profesor Madya Zulkefly Bin Sulaiman, PhD 
Institut : Pertanian Tropika dan Sekuriti Makanan 

Kekurangan beras telah menjadi masalah yang serius disebabkan peningkatan 
permintaan akibat dari pertambahan populasi dunia. Untuk memenuhi permintaan 
beras dunia sehingga 2030, pengeluarannya perlu ditingkatkan melebihi 50% di 
seluruh dunia. Malaysia, purata pengeluaran padi adalah rendah iaitu 4.2 t/ha yang 
diakibatkan kekurangan nutrien dan penyakit karah. Objektif utama kajian ini adalah 
untuk mengenal pasti genotip padi yang berhasil tinggi dan rintang penyakit karah 
serta genotip yang stabil dengan kecekapan nitrogen yang tinggi untuk penanaman 
secara komersial di Malaysia. Enam belas genotip rintang penyakit karah telah dinilai 
di tiga kawasan jelapang padi (Tanjung Karang, Selangor; Kota Sarang Semut, Kedah 
and Seberang Prai, Penang) dengan lima kadar baja nitrogen yang berbeza pada dua 
musim penanaman (musim utama dan luar musim). Lima kadar baja nitrogen iaitu, 
60, 80, 100, 120 (kadar piawai) dan 140 Kg N/ha digunakan di setiap lokasi dan musim 
penanaman. Kajian ini dijalankan mengunakan rekabentuk plot berbelah dengan tiga 
replikasi di mana kadar baja nitrogen sebagai plot utama dan genotip padi sebagai sub 
plot. Kadar nitrogen telah memberikan kesan yang sangat bererti ke atas semua ciri 
hasil dan vegetatif  kecuali panjang tangkai, panjang dan lebar bijian. Didapati wujud 
interaksi antara genotip dan kadar nitrogen dikesemua persekitaran ke atas semua ciri-
ciri kecuali bilangan anak pokok seperdu, bilangan tangkai seperdu dan bijian bernas 
setangkai. Tambahan pula, interaksi genotip dengan persekitaran adalah sangat 
berbeza untuk semua ciri kecuali bijian tak bernas setangkai, panjang tangkai, panjang 
bijian, lebar bijian dan hasil sehektar. Kecekapan hasil nitrogen adalah berbeza secara 
bererti dengan kadar baja yang berbeza. Kadar baja yang optimum untuk MADA, 
Seberang Perai dan Tanjung Karang adalah 112, 125 dan 105 kg N/ha dengan  
pengeluaran hasil  9.53, 8.99 dan  9.48 t/ha, masing-masing.  Keputusan ini juga 
menunjjukkan  persekitaran ideal adalah  ENV6 (Seberang Perai 2), ENV 2 (Tanjung 
Karang 1) dan ENV4 (MADA 2). Keputusan yang diperolehi dari analisa kestabilan, 
mendapati dua genotip (Genotip 9 dan 16) adalah sangat stabil merentasi persekitaran 
dan menghasilkan hasil yang tinggi dengan 9.39 dan 9.13 t/ha, masing-masing. Walau 
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bagaimanapun, kecekapan hasil agronomi nitrogen merentasi persekitaran untuk dua 
genotip tersebut adalah 6.23% dan 2.79%, masing-masing pada kadar 140 kg N/ha. 
Kedua genotip unggul ini (Genotip 9 dan 16) dengan hasil tinggi dengan kestabilan 
merentasi persekitaran yang tinggi adalah disyorkan untuk ditanam secara komersial 
di Malaysia.  



© C
OPYRIG

HT U
PM

v

ACKNOWLEDGEMENTS 

All praise and thanks be to Allah (Subhanahu Wata’ala), the most compassionate, for 
granting me the opportunity to complete this thesis. I would like to express my sincere 
gratitude to those who assisted me in the completion of this research work. It is my 
pleasure to express my gratitude to my academic and research supervisory committee; 
Dr Zulkefly Ibn Sulaiman (Chairman), Prof. Dr. Mohd Rafii Yusop, Prof. Dr. Mohd 
Razi Ismail, Dr Abdul Rahim Harun and Dr. Asfaliza Ramli, who by the way of 
appreciation of ideas, encouragement, kindness, guidance, useful suggestion and 
constructive criticism guided me throughout the period of the research. I really 
enjoyed every of moment with you all.  

My special appreciation goes to the staff of Laboratory of climate-Smart Food Crops 
Production, Institute of Tropical Agriculture and Food Security, Universiti Putra 
Malaysia and I am also grateful to the staff of the Department of Land management, 
Faculty of Agriculture, Universiti Putra Malaysia Dr. Mohd Yusoff, Abdul Samad for 
his kind assistance.  

I am extremely grateful to my Family members for their love, prayers and 
encouragement shown to me most especially Binta (Magajiya), Sadusu Almustapha, 
Isah Almustapha among others. 

Thankfulness also goes to my friends, colleagues, Rafii students for your kind 
assistance. I must also acknowledge and appreciate the encouragement given to me by 
my precious friend Bala Abdulkadir (Bravo), Nasiru Tanko to mention but a few. 

Finally, appreciation also goes to my beloved wife and my lovely children.  I thank 
you very much for your prayer, support and encouragement full of motivation to the 
end. 



© 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 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: Hamisu Almu, GS43301 



© 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)  were adhered to. 

Signature:
Name of  Chairman 
of Supervisory 
Committee: Associate Professor Dr. Zulkefly Bin Sulaiman

Signature:
Name of  Member
of Supervisory 
Committee: Professor Dr. Mohd Rafii Bin Yusop

Signature:
Name of  Member
of Supervisory 
Committee: Professor Dr. Mohd Razi Ismail

Signature:
Name of  Member 
of Supervisory 
Committee: Dr. Abdul Rahim Harun

Signature:
Name of  Member 
of Supervisory 
Committee: Dr. Asfaliza  Ramli



© C
OPYRIG

HT U
PM

x

TABLE OF CONTENTS 

  
Page

ABSTRACT     i
ABSTRAK iii
ACKNOWLEDGEMENTS v
APPROVAL vi
DECLARATION viii
LIST OF TABLES                                                                                              xiii
LIST OF FIGURES                                                                                             xvii
LIST OF ABBREVIATIONS xxi

CHAPTER
1 INTRODUCTION 1 

1.1 Genaral Introduction 1 
1.2 Problem Statement 2 
1.3 Main Objective 2 
1.4 Specific Objectives: 3

2 LITERATURE REVIEW 4 
2.1 Economic importance of rice 4 
2.2 Environmental Constraints to Rice Production 5 
2.3 Nutrient Requirement of Rice 6 
2.4 Nitrogen and its Importance to Rice Plants 7
2.5 Nitrogen fertilizer rates 8 
2.6 Genetic Variability, Heritability and Genetic advance 8 

2.6.1 Genotype by Environmental Interactions 10 
2.6.2 Crossover and Non-crossover Interactions 12 
2.6.3 Stability Analysis 13 
2.6.4 GGE Biplot 15 
2.6.5 GGE biplots Analysis 15 
2.6.6 Mega-environment Analysis 16 
2.6.7 Genotype Evaluation 17 
2.6.8 Test Environment Evaluation 18 

2.7 Genetic Correlation and Path Coefficient Analysis 18 
2.8 Summary of Literature Review 20

3 GENOTYPE × NITROGEN × ENVIRONMENT INTERACTION       
OF BLAST RESISTANT RICE GENOTYPES ON YIELD AND   
YIELD COMPONENTS IN SELECTED RICE GROWING 
AREAS 22 
3.1 Introduction 22 
3.2 Methodology 23 

3.2.1 Planting Materials 23 
3.2.2 Optimum Nitrogen Value 24 
3.2.3 Response of rice yield to different nitrogen level 25 
3.2.4 Description of the Study Areas 25 



© C
OPYRIG

HT U
PM

xi 

3.2.5 Cultural Practices 27 
3.2.6 Soil Sample 27 
3.2.7 Experimental Design 27 
3.2.8 Data Collection 30 
3.2.9 Data Analysis 30 

3.3 Results and discussion 34 
3.3.1 Rice genotypes under individual environments 34 

3.3.1.1 Plant height 34 
3.3.1.2 Number of tillers per hill 38 
3.3.1.3 Number of panicles per hill 41 
3.3.1.4 Filled grained per panicle 44 
3.3.1.5 Unfilled grain per panicle 47 
3.3.1.6 Percentage filled grain per panicle 50 
3.3.1.7 Panicle length 53 
3.3.1.8 Grain length 56 
3.3.1.9 Grain width 59 
3.3.1.10 Grain weight per plot 61 
3.3.1.11 One thousand grain weight 64 
3.3.1.12 Grain yield per plot 67 
3.3.1.13 Grain yield per hectare 69 
3.3.1.14 Agronomic nitrogen yield efficiency 72 

3.3.2 Combined analysis of variance and variance component 
analysis 75 
3.3.2.1 Pooled competitive study of vegetative, yield       

and yield components traits 75 
3.3.2.2 Agronomic nitrogen yield efficiency per 

hectare 84 
3.3.2.3 Optimum nitrogen Efficiency 85 
3.3.2.4 Response of rice yield to different nitrogen      

levels 89 
3.3.2.5 Variance component analysis 101 
3.3.2.6 Heritability 103 
3.3.2.7 Genetic Advance 103 

3.4 Conclusion 106

4 YIELD AND YIELD COMPONENTS TRAITS STABILITY OF 
BLAST RESISTANT RICE GENOTYPES 107 
4.1 Introduction 107 
4.2 Materials and Methods 108 

4.2.1 Plant Materials, Environments and Cultural Practices 108 
4.2.2 Univariate Stability Methods 108 
4.2.3 Data Collection 110 
4.2.4 Data Analysis 110 

4.3 Results and Discussion 111 
4.3.1 Combined Analysis of Variance 111 
4.3.2 Identification of the GGE biplot 115 
4.3.3 Ammi2 Biplot Polygon (Which-One-Where) 119 
4.3.4 Genotype Evaluation 122 



© C
OPYRIG

HT U
PM

xii 

4.3.4.1 Spearman’s Rank Correlation for Univariate 
Stability Measures 129 

4.4 Means and Stability View in Ranking Genotypes 132 
4.4.1 Genotypes Ranking with an Ideal Genotype 135 
4.4.2 Discrimitiveness vs. Representativeness 138 
4.4.3 Additive Main Effects and Multiplicative Interaction 1

(AMMI1) 142 
4.5 Conclusion 145

5 GENOTYPIC RELATION AND PHENOTYPIC PATH 
COEFFICIENT ANALYSIS FOR YIELD CHARACTER IN          
BLAST RESISTANT RICE GENOTYPES UNDER MULTI-
ENVIRONMENTAL SITUATION 146 
5.1 Introduction 146 
5.2 Materials and Methods 147 

5.2.1 Husbandry of Plant 147 
5.2.2 Data collection 147 
5.2.3 Path coefficient analysis 148 
5.2.4 Effects of yield component variables on yield per 

hectare 148 
5.2.5 Effects of first-order components on filled grain per       

panicle, panicle length, grain length, grain width, grain   
weight per plot and one thousand grain weight 150 
5.2.5.1 Filled grain per panicle 150 
5.2.5.2 Panicle length 150 
5.2.5.3 Grain length 150 
5.2.5.4 Grain weight 150 
5.2.5.5 Grain weight per plot 150 
5.2.5.6 One thousand grain weight 151 

5.2.6 Effects of second order components on yield per hectare
151 

5.3 Results and Discussion 151 
5.3.1 Direct and indirect effects of growth traits on yield per      

plant 151 
5.3.2 Two-stage relations 154 
5.3.3 First-order component relation on second order        

component 154 
5.3.4 Second-order component on yield 155 

5.4 Cluster analysis 157 
5.5 Principal component analysis 160 
5.6 Conclusion 161

6 SUMMARY, GENERAL CONCLUSION AND 
RECOMMENDATIONS FOR FURTHER RESEARCH 162 

REFERENCES 165 
APPENDICES 187 
BIODATA OF STUDENT 201 
LIST OF PUBLICATIONS 202 



© C
OPYRIG

HT U
PM

xiii 

LIST OF TABLES 

Table                  Page 

2.1 Mega-environment analysis on three forms of target environment 17 

3.1  List of rice genotypes used in the study 24 

3.2  Description and Characterization of the three locations in two seasons 26 

3.3  Physico-chemical characteristics of the soil sample of the six       
environments 27 

3.4  Type of fertilizer applications according to growth state 29 

3.5  List of quantitative traits collected 30 

3.6  ANOVA for individual environments and nitrogen 31 

3.7  ANOVA table for pooled environments and nitrogen 32 

3.8  Mean squares and genetic parameters of plant hight at different     
enviroments 35 

3.9  Means of Plant height (cm) in individual location over two planting      
seasons 37 

3.10  Mean squares and genetic parameters of number of tillers per hill at    
different enviroments 39 

3.11  Means of number of tillers per hill (no) in individual location over      
planting seasons 40 

3.12  Mean squares and genetic parameters of number of panicle per hill at 
different enviroments 41 

3.13  Means of number of panicle per hill (no) in individual location over 
two planting seasons 43 

3.14  Mean squares and genetic parameters of filled grain per panicle at      
different enviroments 44 

3.15  Means of number of filled grain per panicle (no) in individual location      
over two planting seasons 46 

3.16  Mean squares and genetic parameters of unfilled grain per panicle at   
different enviroments 47 

3.17  Means of number of unfilled grain per panicle (no) in individual 
location over two planting seasons 49 



© C
OPYRIG

HT U
PM

xiv 

3.18  Mean squares and genetic parameters of the percentage filled grain at 
different enviroments 50 

3.19  Means of percentage filled grain per panicle (%) in individual location     
over two planting seasons 52 

3.20  Mean squares and genetic parameters of the panicle length at different 
enviroments 53 

3.21  Means of panicle length (cm) in individual location over two planting 
seasons 55 

3.22  Mean squares and genetic parameters of the grain length at different 
enviroments 57 

3.23  Means of grain length (mm) in individual location over two Planting
seasons 58 

3.24  Mean squares and genetic parameters of the grain width at different 
enviroments 59 

3.25  Means of grain width of individual location in two planting seasons 60 

3.26  Mean squares and genetic parameters of the grain weight per plot at    
different enviroments 62 

3.27  Means of grain weight per plot (g) in individual location over two       
planting seasons 63 

3.28  Mean squares and genetic parameters of the one thousand grain weight         
at different enviroments 65 

3.29  Means of one thousand grain weight (g) in individual location in two  
planting seasons 66 

3.30  Mean squares of grain yield per plot and genetic parameters at different 
environments 67 

3.31  Means of kilogram (kg) per plot in individual location over two          
planting seasons 68 

3.32  Mean squares of yield per hectare and genetic parameters at different 
encironments 70 

3.33  Means of grain yield per hectare in individual location over two 
planting seasons 71 

3.34  Means squares of agronomic nitrogen yield efficiency and estimate of
genetic parameters at different environments 72 



© C
OPYRIG

HT U
PM

xv

3.35  Means square of agronomic nitrogen yield efficiency in individual 
location over two planting seasons 74 

3.36  Pooled analysis of variance mean square of growth traits across the six 
environments Number of filled grain per panicle 76 

3.37  Pooled analysis of variance mean square of growth traits across the six 
environments 79 

3.38  Pooled analysis of variance mean square of growth traits across the six 
environments 82 

3.39  Pooled analysis of variance mean square of growth traits across the six 
environments 84 

3.40  Agronomic nitrogen yield efficiency in MADA 1 90 

3.41  Agronomic nitrogen yield efficiency in MADA 2 91 

3.42  Agronomic nitrogen yield efficiency in Seberang Perai 1 93 

3.43  Agronomic nitrogen yield efficiency in Seberang Perai 2 94 

3.44  Agronomic nitrogen yield efficiency in TK  1 96 

3.45  Agronomic nitrogen yield efficiency in TK  2 97

3.46  Overall nitrogen yield efficiency over environment 99 

3.47  Mean, phenotypic variation, genotypic variation, heritability,          
phenotypic coefficient of variation, genotypic coefficient of variation, 
Relative distance and Genetic advance for different characters in rice 
genotype 102 

3.48  Pearson coefficient of phenotypic relationship among the investigated     
traits of sixteen rice genotypes 105 

4.1  Pooled analysis of variance mean square of growth traits across the six 
environments 112 

4.2  Pooled analysis of variance mean square of growth traits across the six 
environments 113 

4.3  Means (M), Regression coefficient (bi), deviation from regression           
(S2

d), Shukla’s stability variance (σ2i), Wricke’s ecovalence (W2i) and 
Kang stability statistics (YSi) for the plant height and number of tillers        
per hill of 16 blast resistant rice genotypes tested in six environment 124



© C
OPYRIG

HT U
PM

xvi 

4.4  Means (M), Regression coefficient (bi), deviation from regression            
(S2

d), Shukla’s stability variance (σ2i), Wricke’s ecovalence (W2i) and
Kang stability statistics (YSi) for the number of panicle and number of
filled grain per panicle of 16  blast resistant rice genotypes tested in six 
environment 125 

4.5  Means (M), Regression coefficient (bi), deviation from regression             
(S2

d), Shukla’s stability variance (σ2i), Wricke’s ecovalence (W2i) and 
Kang stability statistics (YSi) for the panicle length and grain length of       
16 blast resistant rice genotypes tested in six environment 126 

4.6  Means (M), Regression coefficient (bi), deviation from regression           
(S2

d), Shukla’s stability variance (σ2i), Wricke’s ecovalence (W2i) and
Kang stability statistics (YSi) for the grain weight and one thousand        
grain weight of 16 blast resistant rice genotypes tested in six 
environment 127 

4.7 Means (M), Regression coefficient (bi), deviation from regression         
(S2d), Shukla’s stability variance (σ2i), Wricke’s ecovalence (W2i) 
and Kang stability  statistics (YSi) for the yield per hectare of 16 blast 
resistant rice genotypes tested in six environment 128 

4.8  Spearman rank correlation among the traits mean (M) and univariate     
stability parameters for the 16 blast resistant rice genotype tested in six 
environment 130 

4.9  Spearman rank correlation among the trait means (M) and univariate     
stability parameters for the 16 advance blast resistant rice genotype         
tested in six environments 131 

4.10  Spearman rank correlation among the trait mean (M) and univariate     
stability parameters for the 16 advance blast resistant rice genotype         
tested in six environments 132 

5.1  Phenotypic path analysis of the direct (BOLD) and indirect effects of           
12 characters on yield per hectare in rice genotypes 153 

5.2  Relationship between first-order with second order component 156 

5.3  Second-order component on yield per plant 157 

5.4  Distribution of 16 blast resistance rice genotypes in to nine cluster 158 

5.5  Eigen vectors and eigen values of the first five blast resistant rice 
genotypes principal comopnents analysis 160 



© C
OPYRIG

HT U
PM

xvii 

LIST OF FIGURES 

Figure                  Page 

2.1  Difference of genotype × environment interaction shown by two       
genotypes in two  environments 12 

2.2  Path and coefficients of factors on the influence of yield components 
on yield. Pij values are the direct effects (single head arrow). rij values 
are the correlation coefficient (double headed arrow). Note In the path      
diagram, the single arrowed lines represent direct influence while the 
doubled-arrowed lines indicate a manual association 20 

3.1 Optimum nitrogen level at MADA 85 

3.2  Optimum nitrogen level at Seberang Perai 86 

3.3  Optimum nitrogen level at Tanjung Karang 87 

4.1  Polygon view of GGE biplot (which-won-where) showing the          
(G+G×E) interaction effect of 16 rice genotypes in 2 season and 3      
locations for (Panel A) plant height, (Panel B) Number of tillers per 
hill, (Panel C) Number of panicle per hill, (Panel D) Filled grain per 
panicle Biplots where on a scaling = 0, and SVP = 2 116 

4.2  Polygon view of GGE biplot (which-won-where) showing the          
(G+G×E) interaction effect of 16 rice genotypes in 2 season and 3      
locations for (Panel E) Unfilled grain per panicle, (Panel F) Percentage    
filled grain per panicle, (Panel G) One thousand grain weight, (Panel 
H) Grain weight per plot. Biplots where on a scaling = 0, and SVP = 2

117 

4.3  Polygon view of GGE biplot (which-won-where) showing the 
(G+G×E) interaction effect of 16 rice genotypes in 2 season and 3 
locations for (Panel I) Kilogram per plot, (Panel J) Tonnes per hectare. 
Biplots where on a scaling = 0, and SVP = 2 118 

4.4  Polygon view of Additive main effects and multiplicative interaction 2 
(AMMI2) biplot of the first two principal component (PC1 and PC2) 
showing the (G+G×E) interaction effect of 16 rice genotypes in 2        
seasons and 3blocations for (Panel A) Plant height, (Panel B )Number           
of tillers per hill, (Panel C) Number of panicle per hill, (Panel D) Filled   
grain per panicle. Biplots are on the scaling = 0, SVP = 2 120



© C
OPYRIG

HT U
PM

xviii 

4.5  Polygon view of Additive main effects and multiplicative interaction 2 
(AMMI2) biplot of the first two principal component (PC1 and PC2) 
showing the (G+G×E) interaction effect of 16 rice genotypes in 2         
seasons and 3 locations for (Panel E) Unfilled grain per panicle, (Panel         
F) Percentage filled grain per panicle, (Panel G) One thousand filled        
grain per panicle, (Panel H) Grain weight per plot. Biplots are on the     
scaling= 0, SVP = 2 121 

4.6  Polygon view of Additive main effects and multiplicative interaction             
2 (AMMI2) biplot of the first two principal component (PC1 and PC2) 
showing the (G+G×E) interaction effect of 16 rice genotypes in 2         
seasons and 3 locations for (Panel I) Kilogram per plot, (Panel J)          
Tonnes per hectare. Biplots are on thE scaling = 0, SVP = 2 122 

4.7  The mean vs. stability view showing the (G+G×E) interaction effect              
of 16 advanced blast resistant rice genotypes in 2 seasons and 6          
locations for (Panel A) Plant height, (Panel B) Number of tillers per            
hill The biplots were based on scaling = 0, Centerng = 2, and SVP = 1.       
The ideal genotype is represented by a circle on average environment 
coordinate (AEC) abscissa which passed through biplot origin 133 

4.8  The mean vs. stability view showing the (G+G×E) interaction effect              
of 16 blast resistant rice genotypes in 2 seasons and 6 locations for 
(Panel C) Number of panicle per hill, (Panel D) Filled grain per panicle, 
(Panel E) Unfilled grain per panicle, (Panel F) Percentage filled grain 
per panicle. The biplots were based on scaling = 0, Centerng = 2, and 
SVP = 1. The ideal genotype is represented by a circle 0n average 
environment coordinate (AEC) abscissa which passed through biplot 
origin 134 

4.9  The mean vs. stability view showing the (G+G×E) interaction effect              
of 16 blast resistant rice genotypes in 2 seasons and 6 locations (Panel 
G) Grain weight per plot, (Panel H) One thousand  grain weight, (Panel 
I) Kilogram per plot, (Panel J) Yield per hectare.The biplots were based 
on scaling = 0, Centerng = 2, and SVP = 1.The ideal genotype is 
represented by a circle 0n average environment coordinate (AEC) 
abscissa which passed through biplot origin 135 

4.10  The genotype comparison with ideal genotype view showing the        
(G+G×E) interaction effect of 16 blast resistant rice genotypes in 2 
seasons and 6 locations (Panel A) Plant height, (Panel B) Number of 
tillers pper hill, The biplots were ased on scaling = 0,Centerng = 2, and 
SVP = 1. The ideal genotype is represented by a circle 0n average 
environment coordinate (AEC) abscissa which passed through biplot 
origin 136



© C
OPYRIG

HT U
PM

xix 

4.11  The genotype comparison with ideal genotype view showing the        
(G+G×E) interaction effect of 16 blast resistant rice genotypes in 2 
seasons and 6 locations (Panel C) Number of panicles per hill, (Panel 
D) Filled grain per panicle, (Panel  E) Unfilled grain per panicle. The 
biplots were based on scaling = 0, Centerng = 2, and SVP = 1. The 
ideal genotype is represented by a circle 0n average environment 
coordinate (AEC) abscissa which passed through biplot      origin 137 

4.12  The mean vs. stability view showing the (G+G×E) interaction effect             
of 16 blast resistant rice genotypes in 2 seasons and 6 locations (Panel 
G) Grain weight per plot, (Panel H) One thousand grain weight, (Panel 
I) Kilogram per plot, (Panel J) Yield per hectare.The biplots were based 
on scaling = 0, Centerng = 2, and SVP = 1.The ideal genotype is 
represented by a circle 0n average environment coordinate (AEC) 
abscissa which passed through biplot origin 138 

4.13  The “discrimating power vs representativeness” view showing the     
(G+G×E) interaction effect of 16 blast resistant rice genotypes in 2 
seasons and 6 locations (Panel A) Plant height, (Panel B) Number of 
tillers per hill. The biplots were based on scaling = 0, Centerng = 2, and 
SVP = 1. The ideal genotype is represented by a circle 0n average 
environment coordinate (AEC) abscissa which passed through biplot 
origin 139 

4.14  The “discrimating power vs representativeness” view showing the     
(G+G×E) interaction effect of 16  blast resistant rice genotypes in 2 
seasons and 6 locations (Panel C) Number of panicle per hill, (Panel 
D) Filled grain per panicle, (Panel E) Unfilled grain per panicle, (Panel 
F) Percentage filled grain per panicle. The biplots were    based on 
scaling = 0, Centerng = 2, and SVP = 1. The ideal genotype is 
represented by a circle 0n average environment coordinate (AEC)        
abscissa which passed through biplot origin 140 

4.15  The “discrimating power vs representativeness” view showing the      
(G+G×E) interaction effect of 16  blast resistant rice genotypes in 2 
seasons and 6 locations (Panel G) Plant height, (Panel H) One thousand 
grain weight, (Panel I) Yield per plot, (Panel J) Number of tillers per 
hill. The biplots were based on scaling = 0,Centerng = 2, and SVP = 1. 
The ideal genotype is represented by a circle 0n average environment 
coordinate (AEC) abscissa which passed through biplot origin 141 

4.16  Additive main effects and multiplicative interaction 1 (AMMI 1)             
biplot showing the main and first principal components (PCI) effects         
both genotype and environments on 16 blast resistant rice   genotypes 
in 2 seasons and 3 locations for (Panel A) Plan height,(Panel B) 
Number of tillers per hill, (Panel C) Number of panicles per hill, (Panel 
D) Filled grain per panicle 143 



© C
OPYRIG

HT U
PM

xx

4.17  Additive main effects and multiplicative interaction 1 (AMMI 1)            
biplot showing the main and first principal components (PCI) effects         
both genotype and environments on 16 blast resistant rice   genotypes 
in 2 seasons and 3 locations for (Panel E) Unfilled grain per panicle, 
(Panel F) Percentage filled grain per panicle, (Panel G) Grain   weight 
per plot, (Panel H) One thousand grain weight 144 

4.18  Additive main effects and multiplicative interaction 1 (AMMI 1)            
biplot showing the main and first principal components (PCI) effects          
both genotype and environments on 16 blast resistant rice   genotypes 
in 2 seasons and 3 locations for  (Panel I) Kilogram per plot, (Panel J) 
Tonnes per hectare 145 

5.1  Path diagram and coefficients of factors on the influence of first order          
on second order components and the latter on yield per hectare of rice.         
Pij values are the direct effects, rij values are the correlation          
coeeficien 152 

5.2  The dendrogram of sixteen advanced blast resistance rice varieties           
based on 12 quantitative trait 159 

5.3  Three-dimensional graph of 16 advance blast resistant rice genotypes           
on physiological and morphological and yield traits (Principal        
Component Analyses) 160 



© C
OPYRIG

HT U
PM

xxi 

LIST OF ABBREVIATIONS 

%    Percentage 

0c   Degree Celsius 

βi   Parkins and jinks beta 

σi2   Shukla’s variance

AEC    Average environment coordinate 

AMMI   Additive main effect and multiplicative interaction effect 

ANOVA   Analysis of variance 

bi   Regression slope 

CM    Centimeter 

G   Gram 

G×E   Genotype × environmental interaction 

GGE   Genotype main effect plus genotype × environmental interaction model 

GGL    Genotype plus genotype by location interaction  

H202    Hydrogen peroxide 

HCL    Hydrochloric acid 

IRRI    International Rice Research Institute 

L   Liter 

LSD    Least significant difference 

M    Trait mean 

MET    Multiple environmental trials  

Mg   Milligram 

Min    Minute 

NACL   Sodium chloride 

PC    Principal component 

Pi  Lin and Binns pi 



© C
OPYRIG

HT U
PM

xxii 

S2
d  Deviation from regression 

SAS    Statistical analysis 

SASG×G   SAS genotype × environment interaction analysis program 

SVD    Singular value decomposition 

SVP    Single value pertitionon

Wi    Wricke’s ecovalence

YSi    Kang’s yield stability statistics

ENV1   Tanjung Karang 1 

ENV2   Tanjung Karang 2 

ENV3   MADA 1 

ENV4   MADA 2 

ENV5   Seberang Perai 1 

ENV6   Seberang Perai 2 



© C
OPYRIG

HT U
PM

1

CHAPTER 1 

1 INTRODUCTION 

1.1 Genaral Introduction  

Rice (Oryza sativa) is one of the most important staple foods for more than half of the 
world’s population (Muthayya et al., 2014). Food shortages has become a serious 
problem due to increasing population (Brown and Funk, 2008; Takeda and Matsuoka, 
2008).  The continuous increase in human population and demand for more food on 
less land is calling for steping up the current production through development of high 
yielding variety. The most important primary objective of rice breeding is to improve 
yield. Therefore, many studies have focused on the improvement and inheritance of 
agronomically important yield-related traits for achieving higher yield (Gravois and 
Ronald, 1993; Samonte et al, 1998). Many researchers have stated that in order to 
meet the global food demand for rice, production has to be increased by more than 
50% worldwide by 2030 (Khush, 2005; Chukwu et al., 2019). It is a tremendous task 
for the development of high yielding rice varieties with tolerance to biotic and abiotic 
stresses (Selvarag et al., 2011). However, the potential yield of rice is more than 10 
t/ha whereas an average of 5 t/ha is obtained globally (Khush and Jena, 2009). This
yield gap is largely due to management practice coupled with biotic and abiotic 
stresses.  

In Malaysia, rice is the most important food, cultivated in 12 rice growing areas across 
the country, covering about 0.6 million hectares of land. About 2.6 million tons of rice 
is produced annually which accounted for 70% of self-sufficiency level while the 
remaining 30% shortfall is met by importation from neighboring countries (Khazanah 
Research Institute, 2019). The rice production has to increase in order to fill the gap 
between rice production and its demand. Rice production can be increased by 
expanding the cultivated area or increasing the current crop yield potential. Expansion 
of cultivated area is no longer feasible because of environmental concern and 
urbanization. Increasing yield potential, combine effort on plant breeding, physiology, 
agronomic and management practices are prerequisite for achieving set goals. The 
green revolution has shown the significant contribution of optimum nitrogen 
management for increasing rice yield (Zorilla et al., 2012). Application of nitrogen 
fertilizer either in excess or less has a significant effect on growth, yield and grain 
quality of rice. Therefore, it is important to apply optimum rate of nitrogen fertilizer 
according to each variety, planting density and soil type requirement (Awan et al., 
2011; Wu et al., 2013). Grain yield is influenced by many factors including the 
genotype, fertilizers, such as nitrogen, water management and location. Hence, 
selection of genotype should be based on fertilizer use efficiency and high stability 
with consistent performance across a wild range of environments.  
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The presence of genotype-by-environment (G×E) interaction in multi-location trial 
usually complicates the interpretation of results obtained and reduces efficiency in 
selecting the best genotypes (Annicchiarico and Perenzin, 1994). This G×E 
interaction is the result of changes in cultivar’s relative performance across 
environments, due to differential responses of the genotypes to various edaphic, 
climatic and biotic factors (Dixon and Nukenine, 1997). Information on G×E 
interaction leads to a successful evaluation and selection of stable genotype across 
environments, which could be recommended for cultivation in diverse locations. 

Yield is a complex quantitative character and is greatly influenced by environmental 
fluctuations; hence, the selection for superior genotypes based on yield solely at 
a single location in a year may not be very effective (Shrestha et al., 2012). Thus,
evaluation of genotypes for the stability performance under different environmental 
conditions for yield has become essential before releasing any new rice variety. 
Variation in yield is a result of genotype, environment and G×E interaction (Dingkuhn 
et al., 2006). The interaction between these explanatory variables gives insight for 
identifying genotype suitable for general and specific environments (Blanche et al.,
2009).  

1.2 Problem Statement  

Rice is a staple food crop in Malaysian and for ensuring food security, the yield 
production has to be increased from the current average yield. In addition, over 
150,000 local farmers depend exclusively on rice cultivation for their overall 
sustenance (Najim et al., 2007). The Institute of Tropical Agriculture and Food 
Security has developed 13 blast resistant rice genotypes that are highly potential for 
commercial cultivation (citation required). However, these newly developed varieties 
have to be evaluated in multi-locational trial and under different nitrogen fertilizer 
levels. Genotypic differences in nitrogen use efficiency has been reported repeatedly 
under well-watered intensive lowlands condition (Broadbent et al., 1987, de Datta and 
Broadbent. 1990 and Ladha et al., 1998). Therefore, evaluation of the 13 blast resistant 
genotypes in diverse environments under different levels of nitrogen fertilizer 
application will be use as selection criteria for stable and high yielding as well as 
nitrogen use efficiency genotypes for commercial cultivation in Malaysia.  

1.3 Main Objective 

This study was conducted with the main objective of identifying stable, high-yielding 
and nitrogen use efficiency rice genotypes across environments for commercial 
cultivation.  
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1.4 Specific Objectives: 

i. To determine the optimum nitrogen fertilizer rates for high production in 
each location  

ii. To estimate and quantify the level of G×E interaction and heritability values 
for vegetative, yield and yield components traits. 

iii. To identify stable genotypes across locations and estimate the G×E 
interaction for all traits in the study   

iv.  To quantify the path of influence and relationship of various traits on the 
yield using genotypic and phenotypic path coefficient analysis.  
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