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Multi-environmental yield trials is vital in assessing the newly developed rice genotypes 

for its adaptability and stability across environments especially when the objective to 

release the newly developed variety for commercial cultivation. The growth 

performance and phenotypic variability of these genotypes are the combination of 

environment, genotype and genotype by environment (G×E) interaction factors, thus 

evaluation must be done since it creates an opportunity for an effective selection of 

superior genotype. In this study, 18 improved blast resistant rice genotypes developed 

from the crossing between MR219 and Pongsu Seribu 2 including MR219 as recipient 

parent were evaluated under four different environments in Peninsular Malaysia. The 

experiments were carried out using randomized complete block design with three 

replications at each environment. Data were collected on the vegetative, yield and yield 

component traits. Analysis of variance revealed significant differences among the 

genotypes, environments and G×E interaction for most of the traits under study. Low 

heritability (<30%) was found for all the traits.  Similarly, low genetic advance was also 

observed for all the traits except for number of tillers per hill and number of panicles per 

hill. Correlation coefficients observed with yield per hectare showed a significant and 

positively correlated with most evaluated traits except for days to flowering, days to 

maturity, plant height and number of unfilled grains. Cluster analysis divided the 19 

evaluated genotypes into six groups. The recipient parent, MR219 was clustered with 

G17 and G18. Stability analyses classified the rice genotypes into three groups based on 

the univariate (bi, S2
d, σi

2, Wi
2, YSi) and multivariate stability statistics. The first group 

consisted of genotypes such as G11, G17, G118 and MR219 that were having high mean 

yield trait with high stability. These genotypes were widely adapted across 

environments. The genotypes in the second group such as G1, G6 and G8 had possessed 

characteristic with high mean yield trait but low stability, which are suitable for 

cultivation at a specific environment. The last group included genotypes having low 

mean yield trait but high stability for example genotypes G7, G9 and G13. Tanjung 

Karang 1 environment was the most suitable environment for majority of the genotypes 
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revealed by environmental discriminate analysis using GGE biplot. This followed by 

Serdang and Kota Sarang Semut, meanwhile Tanjung Karang 2 was the poorest 

environment for the genotypes selection. From this study, superior genotypes namely 

G18, G17, G11, G14, and G5 had produced high yield and highly stability across diverse 

environments are recommended for large scale evaluation before commercial release to 

rice farmers. 
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Percubaan hasil pelbagai persekitaran adalah penting dalam menilai genotip padi yang 

baru dibangunkan untuk kesesuaian dan kestabilannya dalam persekitaran yang berbeza 

terutama apabila matlamatnya adalah untuk pengeluaran varieti baharu untuk 

penanaman secara komersial. Prestasi pertumbuhan dan kepelbagaian fenotip bagi 

genotip ini adalah merupakan kombinasi faktor genotip, persekitaran dan interaksi 

genotip dan persekitaran (G×E), oleh itu penilaian mesti dilakukan kerana ia memberi 

peluang untuk pemilihan genotip unggul. Dalam kajian ini, 18 genotip maju padi rintang 

karah yang dihasilkan dari kacukan antara varieti MR219 dan Pongsu Seribu 2 termasuk 

MR219 sebagai induk penerima telah dinilai di empat persekitaran yang berbeza di 

Semenanjung Malaysia. Eksperimen ini telah dijalankan menggunakan rekabentuk blok 

penuh terawak dengan tiga replikasi di setiap persekitaran. Pengumpulan data dilakukan 

pada ciri vegetatif, hasil dan komponen hasil. Analisis varians menunjukkan terdapat 

perbezaan yang bererti di kalangan genotip, persekitaran dan interaksi G×E untuk 

kebanyakan ciri yang dikaji. Semua ciri menunjukkan nilai heritabiliti yang rendah 

(<30%). Begitu juga, kemajuan genetik yang rendah juga didapati untuk kesemua ciri 

kecuali bilangan anak pokok serumpun dan bilangan tangkai serumpun. Pekali korelasi 

bagi ciri hasil sehektar menunjukkan mempunyai hubungan positif yang bererti dengan 

kebanyakan ciri yang dinilai kecuali untuk hari berbunga, hari ke kematangan, 

ketinggian pokok dan bilangan bijian yang tidak terisi. Analisa kluster telah 

membahagikan 19 genotip yang dinilai kepada enam kumpulan. Induk penerima, 

MR219 adalah sama kluster dengan G17 dan G18. Analisa kestabilan 

mengklasifikasikan genotip padi tersebut kepada tiga kumpulan berdasarkan kestabilan 

statistik univariat (bi, S2
d, σi

2, Wi
2, YSi) dan multivariate. Kumpulan pertama terdiri 

daripada genotip seperti G11, G17, G118 dan MR219 yang mempunyai sifat hasil purata 

serta kestabilan yang tinggi. Genotip ini mempunyai kebolehsesuaian yang luas di 

pelbagai persekitaran. Genotip dalam kumpulan dua pula seperti G1, G6 dan G8 

mempunyai sifat hasil purata yang tinggi tetapi kestabilan yang rendah, yang mana 

mempunyai kebolehsesuaian di sesuatu persekitaran tertentu. Kumpulan terakhir 
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termasuk genotip yang mempunyai sifat hasil purata yang rendah tetapi kestabilan yang 

tinggi seperti genotip G7, G9 dan G13. Persekitaran Tanjung Karang 1 merupakan 

persekitaran yang paling sesuai untuk kebanyakan genotip yang telah di kenalpasti 

melalui analisis diskriminatif persekitaran menggunakan GGE biplot. Ini diikuti oleh 

Serdang dan Kota Sarang Semut, manakala Tanjung Karang 2 adalah persekitaran 

terburuk untuk pemilihan genotip. Dari kajian ini, genotip unggul iaitu G18, G17, G11, 

G14, dan G5 yang memberikan hasil yang tinggi serta kestabilan tinggi di pelbagai 

persekitaran adalah disyorkan untuk penilaian berskala besar sebelum pengesyoran 

komersial kepada pesawah padi.   
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Background of Study 

Rice (Oryza sativa L.) is a staple food for over 3 billion of the world population majority 

in Asia continent. Its role at present and future global food security is important due to 

the number of daily calories and protein intake (Prasad et al., 2017). Rice is subjected to 

many controls and interventions from the government in order to attain food self-

sufficiency while ensuring a good price for farmers and secured price for consumers 

(Tobias et al., 2012). Over the years, there is a continuous  increased in human population 

and also consumption of rice due to people’s desire for well balanced and healthy diet. 

This had caused vast gap between rice demand and its production, thus creating a need 

to increase the current rice yield potential (Conforti, 2011). However, rice productivity 

and sustainability are constrained particularly by biotic and abiotic stresses which will 

be further aggravated by climate change, weather variability, and water shortage 

(Maclean et al., 2013).  

In Malaysia, rice is completely guarded by subsidize, price control, and import tariffs 

(Vengedasalam et al., 2011) because it is heavily influenced by social, economic and 

political sensitivity (Ramli et al., 2012). Rice demand has been increasing on yearly basis 

in Malaysia. The current mean yield of Malaysian rice production was 4.03 t/ha (USDA, 

2017). This output can only meet 72.3% of its local demands (Department of Statistics 

Malaysia, 2017) with production of 2.2 million tons of rice annually, eventhough there 

was an increased in area harvested and rice production from 2015 to 2016 (FAOSTAT, 

2017). Malaysia lacks comparative advantage in paddy production and limited available 

land area for rice production compared with bordering countries like Vietnam and 

Thailand, consequently, the country needs to depend on imported rice to fulfill its level 

of self-sufficiency (SSL) (Arshad et al., 2011). Production shortfall is forecast to 

encourage Malaysia to step-up imports over the course of 2018.  

As one of the significant factors, rice blast disease is seriously threatening high 

production of rice (Divya et al., 2014). It is a recognized dangerous disease for rice plant 

worldwide that is caused by the blast fungal, Magnaporthe oryzae (Kato, 2001; Ou, 

1985). Blast disease can reduce rice yield at about 10 - 20% in susceptible varieties, but 

the loss can be more than 80% in serious conditions (Koutroubas et al., 2009). Nasruddin 

& Amin (2012) report the use of integrated management strategy which includes 

resistant cultivar, suitable date of planting, and fungicide to control blast disease. 

However, this disease happens due to the interaction of a favourable environment, a 

susceptible genotype and a virulent pathogen. Hence, the utilization of resistant cultivar 

is a favourable way to decrease the use of destructive pesticides (Bevitori & Ghini, 2014; 

Miah et al., 2013). Molecular markers have been intensively used to pyramid beneficial 

and multiple alleles to develop new rice blast resistant varieties (Miah et al., 2015; 
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Tanweer et al., 2015; Jayawardana et al., 2014). This approach is the most cost-effective 

and environmental safety in order to manage rice blast disease (Mackill & Bonman, 

1992). 

An evaluation on the performance of the improved genotypes is needed before the 

selection of ideal genotype. This is because the phenotypic performance and adaption to 

adverse environments are influenced by the genotype (G), environment (E), and 

genotype × environment (G×E) interaction (Falconer, 1975). Furthermore, variation in 

their performance is more significant due to higher proportion of this G×E interaction 

than genotypic main effects (Kang, 2004; Inthapanya et al., 2000; Wade et al., 1999). 

This G×E interaction is described as the differential response in respective genotypes 

performance in dissimilar or unpredictable environments (Cooper et al., 1996). 

Therefore, an evaluation of the newly developed genotypes in varies environmental 

conditions is required to maximize the influences of the environment, and precisely 

measure the response of these advanced lines tested in multiple environments. Genotype 

selection based on stability and adaptability in multiple environmental conditions is 

important before the recommendation for large cultivation (Oladosu et al., 2017; Xavier 

et al., 2017; Islam et al., 2016b; Tariku et al., 2013). 

1.2 Problem Statements 

Blast disease is becoming a devastating problem to rice production since it caused 

several yield losses on yearly basis. With an increasingly challenging in environment, it 

gave a tremendous worries since it greatly affect the production of food crops (Arunrat 

& Pumijumnong, 2015; Wheeler & Von Braun, 2013). In addition, these factors can 

change pathogen developmental rates and also modified the growth, metabolism and 

resistance of the host plants. Malaysia has taken serious actions on development of new 

improved variety that suits with Malaysia’s climate to pave way for continuous increase 

in rice production. However, the newly develop improved genotypes with similar yield 

may have different degrees of stability due to G×E interaction. Therefore, before 

releasing or commercializing the new improved variety, selection of an ideal variety that 

is most stable or giving consistent performances across wide range of environments is 

required. Selection is possible due to the existence of strong genotypic differences 

between genotypes for this G×E interaction, thus creating chances to select variety which 

is more stable in adverse environments.  

Multi-Environmental Trial (MET) is a vital strategy in evaluating the improved breeding 

lines to determine genotype with stable yield for a particular area basis or relatively 

across a wild areas. So, in this study, progenies (BC2F2 generation) from the crosses of 

MR219 and Pongsu Seribu 2 that was developed using marker-assisted backcross 

breeding from the previous study was presented for preliminary field trials.  
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1.3 Significance of Study 

Development of improved rice varieties that suitable for climate change with high yield 

potential, and increased pests and disease resistant is needed to fulfill the increased rice 

demand. An assessment on these genotypes performance is required for superior 

genotypes selection. This MET is needed due to the inconsistency in phenotypic 

response and stability of genotypes at each environment caused by the effects of G×E 

interaction. So, this study will help to reveal the ideal genotype with high yield and stable 

over tested environments among the improved genotypes. A new blast-resistant rice 

variety can be established that suitable for Malaysian cultivation either for a broad or 

specific environment. Furthermore, this newly developed variety will help to increase 

the genetic diversity of rice varieties in Malaysia.  

1.4 Objectives of Study 

The objectives of this study are: 

i) To assess the growth, yield performances and stability of the advance blast 

resistant rice genotypes evaluated under four different environments. 

ii) To identify environment with high discriminative and representative ability 

among the test environments that suitable for cultivation of the advance blast 

resistant rice genotypes. 

iii) To select superior genotypes with high mean yield and stable across 

environments among the advance blast resistant rice genotypes prior to 

commercial cultivation. 

 
 

 

 



© C
OPYRIG

HT U
PM

 

 

129 

6 REFERENCES 

Abed-Ashtiani, F., Kadir, J. B., Selamat, A. B., Hanif, A. H. B. M., & Nasehi, A. (2012). 

Effect of Foliar and Root Application of Silicon against Rice Blast Fungus in 

MR219 Rice Variety. The Plant Pathology Journal, 28(2), 164-171. 

 

Acuña, T. B., Lafitte, H. R., & Wade, L. J. (2008). Genotype× environment interactions 

for grain yield of upland rice backcross lines in diverse hydrological 

environments. Field Crops Research, 108(2), 117-125. 

 

Ahmad, S., Hussain, A., Ali, H., & Ashfaq, A. (2005). Transplanted Fine Rice (Oryza 

sativa L.) Productivity as Affected by Plant Density and Irrigation 

Regimes. International Journal of Agriculture and Biology, 7(3), 445-447. 

 

Ahmadikhah, A., Nasrollanejad, S., & Alishah, O. (2008). Quantitative Studies for 

Investigating Variation and Its Effect on Heterosis of Rice. International 

Journal of Plant Production, 2(4), 297-308. 

 

Akdemir, D., & Sanchez, J. I. (2017). Multi-Objective Optimized Breeding 

Strategies. bioRxiv (The Preprint Server for Biology), 209080. 

Doi: https://doi.org/10.1101/209080.  

 

Akinwale, M. G., Gregorio, G., Nwilene, F., Akinyele, B. O., Ogunbayo, S. A., & Odiyi, 

A. C. (2011). Heritability and Correlation Coefficient Analysis for Yield and 

Its Components in Rice (Oryza sativa L.). African Journal of Plant 

Science, 5(3), 207-212. 

 

Alias, I. (2002). MR 219, A New High-Yielding Rice Variety with Yields of More Than 

10 MT/Ha. MARDI, Malaysia. FFTC (Food and Fertilizer Technology 

Center): An International Information Center for Small Scale Farmers in the 

Asian and Pacific Region. Retrieved from 

http://www.fftc.agnet.org/library.php?func=view&id=20110725142748&type

_id=8 (accessed 21 January, 2018) 

 

Anis, G., El-Sabagh, A., Ghareb, A., & EL-Rewainy, I. (2016). Evaluation of Promising 

Lines in Rice (Oryza sativa L.) To Agronomic and Genetic Performance under 

Egyptian Conditions. International Journal of Agronomy and Agricultural 

Research, 8(3), 52-57. 

 

Annicchiarico, P. (2002). Genotype x Environment Interactions: Challenges and 

Opportunities for Plant Breeding and Cultivar Recommendations. Rome, Italy: 

Food and Agriculture Organization of the United Nations. 115 pp. 

 

Arshad, F. M., Alias, E. F., Noh, K. M., & Tasrif, M. (2011). Food Security: Self-

Sufficiency of Rice in Malaysia. International Journal of Management 

Studies, 18(2), 83-100. 

 

http://www.fftc.agnet.org/library.php?func=view&id=20110725142748&type_id=8
http://www.fftc.agnet.org/library.php?func=view&id=20110725142748&type_id=8


© C
OPYRIG

HT U
PM

 

 

130 

Arunrat, N., & Pumijumnong, N. (2015). The Preliminary Study of Climate Change 

Impact on Rice Production and Economic in Thailand. Asian Social 

Science, 11(15), 275-294. 

 

Ashkani, S., Rafii, M. Y., Rahim, H. A., & Latif, M. A. (2013). Genetic Dissection of 

Rice Blast Resistance by QTL Mapping Approach using an F3 

Population. Molecular Biology Reports, 40(3), 2503-2515. 

 

Baker, R. J. (1988). Tests for Crossover Genotype-Environmental Interactions. 

Canadian Journal of Plant Sciences, 68, 405-410. 

 

Begum, M., Hossain, M. A., Hossain, F. M. M., & Hasan, A. K. (2015). Genetic 

Variability for Grain Yield and Yield Associated Traits in Transplant Aman 

Rice (Oryza sativa L.). Research in Agriculture Livestock and Fisheries, 2(2), 

207-213. 

 

Begum, M., Rashid, M., Arifuzzaman, M., Hasan, M. S., & Hasan, M. Z. (2018). Genetic 

Variability and Crossing among Blast Resistant and Susceptible Fine Aromatic 

Rice (Oryza sativa) Land Races. Research on Crops, 19(3), 450-457.  

 

Behera, B., Sahu, S., Kar, R. K., & Pandey, R. K. (2018). Studies on Genetic Variability 

for Some Metric Traits in Slender Grain Rice Genotypes. Journal of Applied 

and Natural Science, 10(1), 375-378. 

 

Berry, P. M., Sylvester-Bradley, R., & Berry, S. (2007). Ideotype Design for Lodging-

Resistant Wheat. Euphytica, 154(1-2), 165-179. 

 

Bevitori, R., & Ghini, R. (2014). Rice Blast Disease in Climate Change Times. Journal 

Rice Research: Open Access. 3:e111. Doi: 10.4172/2375-4338.1000e111 

 

Bhat, Z. A., Ahangar, M. A., Sanghera, G. S., & Mubarak, T. (2013). Effect of Cultivar, 

Fungicide Spray and Nitrogen Fertilization on Management of Rice Blast under 

Temperate Ecosystem. International Journal of Science, Environment and 

Technology, 2(3), 410-415. 

 

Bitew, J. M. (2016). Estimation of Genetic Parameters, Heritability and Genetic 

Advance for Yield Related Traits in Upland Rice (Oryza sativa L. and Oryza 

glaberrima Steud) Genotypes in Northwestern Ethiopia. World Scientific News, 

47(2), 340-350. 

 

Bouis, H. E. (2002). Plant Breeding: A New Tool for Fighting Micronutrient 

Malnutrition. The Journal of Nutrition, 132(3), 491S-494S. 

 

Brar, D. S., & Khush, G. S. (2003). Utilization of Wild Species of Genus Oryza in Rice 

Improvement. In: Nanda, J. S., & Sharma, S. D. (Eds.), Monograph of Genus 

Oryza (pp. 283–309). UK: Science Publishers.  

 

Burton, G. W., & Devane, E. H. (1953). Estimating Heritability in Tall Fescue (Festuca 

Arundinacea) from Replicated Clonal Material 1. Agronomy Journal, 45(10), 

478-481. 



© C
OPYRIG

HT U
PM

 

 

131 

Cacique, I. S., Domiciano, G. P., Moreira, W. R., Rodrigues, F. Á., Cruz, M. F. A., Serra, 

N. S., & Català, A. B. (2013). Effect of Root and Leaf Applications of Soluble 

Silicon on Blast Development in Rice. Bragantia, 72(3), 304-309. 

 

Ceccarelli, S. (2009). Chapter 3: Main Stages of a Plant Breeding Programme. In: 

Ceccarelli, S., Guimarães, E. P., & Weltzien, E. (Eds.), Plant Breeding and 

Farmer Participation (pp. 63-74). Rome, Italy: Food and Agriculture 

Organization of the United Nations. 

 

Chan, Y. H. (2003). Biostatistics 104: Correlational Analysis. Singapore Medical 

Journal, 44(12), 614-619. 

 

Childs, N. W., & Kiawu, J. (2009). Factors behind the Rise in Global Rice Prices in 

2008. United States Department of Agriculture (USDA), Economic Research 

Service, RCS-09D-01. Retrived from 

www.ers.usda.gov/webdocs/publications/38489/13518_rcs09d01_1_.pdf?v=0 

(accessed 11 March, 2018) 

 

Chouhan, S. K., Singh, A. K., Singh, A., Singh, S. P., Singh, N. K., & Singh, P. K. 

(2015). Agro-Morphological Diversity in Wild Rice Accessions of Eastern 

Indo-Gangetic Region of India. Bangladesh Journal of Botany, 43(3), 337-344. 

 

Collard, B. C., & Mackill, D. J. (2008). Marker-Assisted Selection: An Approach for 

Precision Plant Breeding in the Twenty-First Century. Philosophical 

Transactions of the Royal Society of London B: Biological Sciences, 363(1491), 

557-572. 

 

Conforti, P. (2011). Looking Ahead in World Food and Agriculture: Perspectives to 

2050. Rome, Italy: Food and Agriculture Organization of the United Nations 

(FAO). 539 pp. 

 

Cooper, M., Byth, D. E., & Hammer, G. L. (1996). Understanding Plant Adaptation to 

Achieve Systematic Applied Crop Improvement – A Fundamental Challenge. 

In: Cooper, M., & Hammer, G. L. (Eds.), Plant Adaptation and Crop 

Improvement (pp. 5-23). UK: CAB International. 

 

Couch, B. C., & Kohn, L. M. (2002). A Multilocus Gene Genealogy Concordant with 

Host Preference Indicates Segregation of a New Species, Magnaporthe oryzae, 

from M. grisea. Mycologia, 94(4), 683–693. 

 

CRAN. (2014). The Comprehensive R Archive Network. Comprehensive R Archive 

Network for the R Programming Language. Retrieved from http://cran.r-

project.org/web/packages/available_packages_byname.html#available-

packages-A (accessed 28 April, 2018).  

 

Department of Statistics Malaysia. (2017). Supply and Utilization Accounts Selected 

Agricultural Commodities, Malaysia 2012-2016. Retrieved from 

https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=164&

bul_id=UDROQllWME5ETGZrcUE5VnAzcHJEQT09&menu_id=Z0VTZG

U1UHBUT1VJMFlpaXRRR0xpdz09 (accessed 13 June, 2018). 

http://www.ers.usda.gov/webdocs/publications/38489/13518_rcs09d01_1_.pdf?v=0
http://cran.r-project.org/web/packages/available_packages_byname.html#available-packages-A
http://cran.r-project.org/web/packages/available_packages_byname.html#available-packages-A
http://cran.r-project.org/web/packages/available_packages_byname.html#available-packages-A
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=164&bul_id=UDROQllWME5ETGZrcUE5VnAzcHJEQT09&menu_id=Z0VTZGU1UHBUT1VJMFlpaXRRR0xpdz09
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=164&bul_id=UDROQllWME5ETGZrcUE5VnAzcHJEQT09&menu_id=Z0VTZGU1UHBUT1VJMFlpaXRRR0xpdz09
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=164&bul_id=UDROQllWME5ETGZrcUE5VnAzcHJEQT09&menu_id=Z0VTZGU1UHBUT1VJMFlpaXRRR0xpdz09


© C
OPYRIG

HT U
PM

 

 

132 

Dhurai, S. Y., Bhati, P. K., & Saroj, S. K. (2014). Studies on Genetic Variability for 

Yield and Quality Characters in Rice (Oryza sativa L.) Under Integrated 

Fertilizer Management. The Bioscan, 9(2), 745-748. 

 

Dia, M., Wehner, T. C., & Arellano, C. (2017). RGxE: An R Program for Genotype × 

Environment Interaction Analysis. American Journal of Plant Sciences, 8(07), 

1672-1698. 

 

Dia, M., Wehner, T. C., Hassell, R., Price, D. S., Boyhan, G. E., Olson, S., ... & Juarez, 

B. (2012). Mega-Environment Identification for Watermelon Yield Testing in 

the US. In Cucurbitaceae 2012. Proceedings of the Xth EUCARPIA Meeting 

on Genetics and Breeding of Cucurbitaceae, Antalya, Turkey, 15-18 October, 

2012 (pp. 385-390). University of Cukurova, Ziraat Fakultesi. 

 

Divya, B., Biswas, A., Robin, S., Rabindran, R., & Joel, A. J. (2014). Gene Interactions 

and Genetics of Blast Resistance and Yield Attributes in Rice (Oryza sativa L.). 

Journal of Genetics, 93(2), 415-424. 

 

Eberhart, S. T., & Russell, W. A. (1966). Stability Parameters for Comparing 

Varieties. Crop Science, 6(1), 36-40. 

 

El Khoury, W., & Makkouk, K. (2010). Integrated Plant Disease Management In 

Developing Countries. Journal of Plant Pathology. 92(4), S4.35-S4.42. 

 

Eriksson, L., Byrne, T., Johansson, E., Trygg, J., & Vikström, C. (2013). Multi-and 

Megavariate Data Analysis: Basic Principles and Applications (Vol. 1). 

Sweden: Umetrics Academy. 521 pp. 

 

Espino, L. (2012, June 21). Rice Tillering. UC Rice Blog, California Rice Production. 

Retrieved from 

https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=7779 (accessed 20 

February, 2018). 

 

Falconer, D. S. (1975). Introduction to Quantitative Genetics. Pearson Education India. 

 

FAOSTAT. (2017). Statistical Database of the Food and Agriculture of the United 

Nations. FAO, Rome. Retrived from 

http://www.fao.org/faostat/en/#data/QC/visualize (accessed 27 January, 2018). 

 

Fasahat, P., Muhammad, K., Abdullah, A., & Ratnam, W. (2012). Proximate Nutritional 

Composition and Antioxidant Properties of Oryza rufipogon, a Wild Rice 

Collected from Malaysia Compared to Cultivated Rice, MR219. Australian 

Journal of Crop Science, 6(11), 1502-1507. 

 

Fatah, T., Rafii, M. Y., Rahim, H. A., Azhar, M., & Latif, M. A. (2014). Cloning and 

Analysis of QTL Linked to Blast Disease Resistance in Malaysian Rice Variety 

Pongsu Seribu 2. International Journal of Agriculture and Biology, 16(2), 395-

400. 

 

https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=7779
http://www.fao.org/faostat/en/#data/QC/visualize


© C
OPYRIG

HT U
PM

 

 

133 

Finlay, K. W., & Wilkinson, G. N. (1963). The Analysis of Adaptation in a Plant 

Breeding Programme. Australian Journal of Agricultural Research, 14(6), 

742–754. 

 

Gabriel, K. R. (1978). Least Squares Approximation of Matrices by Additive and 

Multiplicative Models. Journal of the Royal Statistical Society: Series B 

(Methodological), 40(2), 186-196. 

 

Gauch Jr, H. G. (1988). Model Selection and Validation for Yield Trials with Interaction. 

Biometrics, 44(3), 705-715. 

 

Gauch Jr, H. G. (2013). A Simple Protocol for AMMI Analysis of Yield Trials. Crop 

Science, 53(5), 1860-1869.  

 

Gauch, G. H., & Zobel, R. W. (1996). AMMI Analysis of Yield Trials. In: Kang, M. S., 

& Gauch, H. G. (Eds.), Genotype by Environment Interaction (pp. 85–122). 

Boca Raton, Florida: CRC Press. 

 

Gepts, P. (2002). A Comparison between Crop Domestication, Classical Plant Breeding, 

and Genetic Engineering. Crop Science, 42(6), 1780-1790. 

 

Ghazanfar, M. U., Waqas, W., & Sahi, S. T. (2009). Influence of Various Fungicides on 

the Management of Rice Blast Disease. Mycopath, 7(1), 29-34. 

 

Govintharaj, P., Shalini, T., Manonmani, S., & Robin, S. (2016). Estimates of Genetic 

Variability, Heritability and Genetic Advance for Blast Resistance Gene 

Introgressed Segregating Population in Rice. International Journal of Current 

Microbiology and Applied Sciences, 5(12), 672-677. 

 

Gyawali, S., Poudel, A., & Poudel, S. (2018). Genetic Variability and Association 

Analysis in Different Rice Genotypes in Mid-Hill of Western Nepal. Acta 

Scientific Agriculture, 2(9): 69-76. 

 

Habib, S. H., Bashar, M. K., Khalequzzaman, M., Ahmed, M. S., & Rashid, E. S. M. H. 

(2005). Genetic Analysis and Morpho-Physiological Selection Criteria for 

Traditional Biroin Bangladesh Rice Germplasms. Journal of Biological 

Sciences, 5(3), 315-318. 

 

Hasan, M. M., Yusop, M. R., Ismail, M. R., Mahmood, M., Rahim, H. A., & Latif, M. 

A. (2015). Performance of Yield and Yield Contributing Characteristics of 

BC2F3 Population with Addition of Blast Resistant Gene. Ciência e 

Agrotecnologia, 39(5), 463-476. 

 

Hittalmani, S., Parco, A., Mew, T. V., Zeigler, R. S., & Huang, N. (2000). Fine Mapping 

and DNA Marker-Assisted Pyramiding of the Three Major Genes for Blast 

Resistance in Rice. Theoretical and Applied Genetics, 100(7), 1121-1128. 

 

 

 



© C
OPYRIG

HT U
PM

 

 

134 

Hosagoudar, G. N., & Kovi, B. S. (2018). Evaluation of Advanced Varietal Rice 

Genotypes for Leaf Blast Reaction, Genotypic Performance and Correlation 

Studies. International Journal of Current Microbiology and Applied 

Sciences, 7(4), 75-81. 

 

Hosagoudar, G. N., Kovi, B. S., & Sheela, H. K. (2017). Genetic Variability, Correlation 

and Leaf Blast Resistance Studies in Early Maturing Rice Genotypes under 

Hilly Conditions. International Journal of Current Microbiology and Applied 

Sciences, 6(12), 3451-3459. 

 

Huang, H., Huang, L., Feng, G., Wang, S., Wang, Y., Liu, J., ... & Li, Z. (2011a). 

Molecular Mapping of the New Blast Resistance Genes Pi47 and Pi48 in the 

Durably Resistant Local Rice Cultivar Xiangzi 3150. Phytopathology, 101(5), 

620-626. 

 

Huang, M., Zou, Y. B., Jiang, P., Bing, X. I. A., Md, I., & Ao, H. J. (2011b). Relationship 

between Grain Yield and Yield Components in Super Hybrid Rice. Agricultural 

Sciences in China, 10(10), 1537-1544. 

 

Ikeda, M., Hirose, Y., Takashi, T., Shibata, Y., Yamamura, T., Komura, T., ... & Kitano, 

H. (2010). Analysis of Rice Panicle Traits and Detection of QTLs Using an 

Image Analyzing Method. Breeding Science, 60(1), 55-64.  

 

Immanuel, S. C., Pothiraj, N., Thiyagarajan, K., Bharathi, M., & Rabindran, R. (2011). 

Genetic Parameters of Variability, Correlation and Pathcoefficient Studies for 

Grain Yield and Other Yield Attributes Among Rice Blast Disease Resistant 

Genotypes of Rice (Oryza sativa L.). African Journal of Biotechnology, 10(17), 

3322-3334. 

 

Inthapanya, P. S., Sihavong, P., Sihathep, V., Chanphengsay, M., Fukai, S., & 

Basnayake, J. (2000). Genotypic Performance under Fertilized and Non-

Fertilized Conditions in Rainfed Lowland Rice. Field Crops Research, 65(1), 

1–14.  

 

IRRI. (2013). Standard Evaluation System for Rice, 5th edition. Manila, Philippines: 

International Rice Research Institute. 55 pp. 

 

IRRI. (2018). World Rice Statistics Online Query Facility. Retrived from 

http://ricestat.irri.org:8080/wrsv3/entrypoint.htm (accessed 15 January 18). 

 

IRRI, Africa Rice and CIAT. (2010). CGIAR Thematic Area 3: Sustainable Crop 

Productivity Increase for Global Food Security. Global Rice Science 

Partnership (GRiSP). A Proposal for CGIAR (Consultative Group on 

International Agricultural Research) Research Program on Rice-Based 

Production Systems. Philippines: IRRI, Benin: Africa Rice and Colombia: 

International Center for Tropical Agriculture (CIAT). 252 pp. 

 

 

 



© C
OPYRIG

HT U
PM

 

 

135 

Islam, M. A., Raffi, S. A., Hossain, M. A., & Hasan, A. K. (2015). Analysis of Genetic 

Variability, Heritability and Genetic Advance for Yield and Yield Associated 

Traits in Some Promising Advanced Lines of Rice. Progressive Agriculture, 

26(1), 26-31. 

 

Islam, M. Z., Khalequzzaman, M., Bashar, M. K., Ivy, N. A., Haque, M. M., & Mian, 

M. A. K. (2016a). Variability Assessment of Aromatic and Fine Rice 

Germplasm in Bangladesh Based on Quantitative Traits. The Scientific World 

Journal, 2016. 

 

Islam, M. R., Sarker, M. R. A., Sharma, N., Rahman, M. A., Collard, B. C. Y., Gregorio, 

G. B., & Ismail, A. M. (2016b). Assessment of Adaptability of Recently 

Released Salt Tolerant Rice Varieties in Coastal Regions of South 

Bangladesh. Field Crops Research. 190, 34–43.   

 

Iwasaki, Y., Mae, T., Makino, A., Ohira, K., & Ojima, K. (1992). Nitrogen 

Accumulation in the Inferior Spikelet of Rice Ear during Ripening. Soil Science 

and Plant Nutrition, 38(3), 517–525. 

 

Jairin, J., Teangdeerith, S., Leelagud, P., Kothcharerk, J., Sansen, K., Yi, M., ... & 

Toojinda, T. (2009). Development of Rice Introgression Lines with Brown 

Planthopper Resistance and KDML105 Grain Quality Characteristics through 

Marker-Assisted Selection. Field Crops Research, 110(3), 263-271. 

 

Jayawardana, W. A .D., Jayasekera, G. A. U., Wijesundera, R. L. C., Dissanayake, D. 

M., Sooriyapathirana, S. D. S. S., Weebadde, C. K., ... & Hettige, P. (2014). 

Evaluation of DNA Markers Linked to Blast Resistant Genes, Pikh, Pit (p), and 

Pita, for Parental Selection in Sri Lankan Rice Breeding. Tropical Agricultural 

Research, 26(1), 82-93. 

 

Jia, Y., Bryan, G. T., Farrall, L., & Valent, B. (2003). Natural Variation at the Pi-ta Rice 

Blast Resistance Locus. Phytopathology, 93(11), 1452-1459. 

 

Johannsen, W. (1903). Heredity in Populations and Pure Lines. In: Peters, J. A. 

(Ed.), Classic Papers in Genetics (pp. 20-26). Englewood Cliffs, New Jersey: 

Prentice Hall Inc. 

 

Johnson, H. W., Robinson, H. F., & Comstock, R. E. (1955). Estimates of Genetic and 

Environmental Variability in Soybeans 1. Agronomy Journal, 47(7), 314-318. 

 

Kahani, F., & Hittalmani, S. (2016). Identification of F2 and F3 Segregants of Fifteen 

Rice Crosses Suitable for Cultivation under Aerobic Situation. SABRAO 

Journal of Breeding and Genetics, 48(2), 219-229. 

 

Kang, M. S. (2002). 15 Genotype–Environment Interaction: Progress and Prospects. In: 

Kang, M. S. (Ed.), Quantitative Genetics, Genomics, and Plant Breeding (pp. 

221-243). CAB International. 

 



© C
OPYRIG

HT U
PM

 

 

136 

Kang, M. S. (2004). Breeding: Genotype-by-Environment Interaction. In: Goodman, R. 

M. (Ed.), Encyclopedia of Plant and Crop Science (pp. 218-221). Marcel-

Dekker, New York: Taylor & Francis. 

 

Kang, M. S., Miller, J. D., & Darrah, L. L. (1987). A Note on Relationship between 

Stability Variance and Ecovalence. Journal of Heredity, 78(2), 107-107. 

 

Kariaga, M. G., Wakhungu, J., & Were, H. K. (2016). Identification of Rice Blast 

(Pyricularia Oryzae Cav.) Races from Kenyan Rice Growing Regions Using 

Culture and Classical Charaterization. Journal of Research in Agriculture and 

Animal Science, 4(4), 16-24. 

 

Kato, H. (2001). Rice Blast Disease. Pesticide Outlook, 12(1), 23-25. 

 

Ketan, R., & Sarkar, G. (2014). Studies on Variability, Heritability, Genetic Advance 

and Path Analysis in Some Indigenous Aman Rice (Oryza sativa L.). Journal 

of Crop and Weed, 10(2), 308-315. 

 

Khaliq, A., Shakeel, A., Kashif, M., & Ghulam, M. (2018). Chapter 15: Stagnant Yields. 

In: Khan, I. A., & Khan, M. S. (Eds.), Developing Sustainable Agriculture in 

Pakistan (pp. 283-310). Boca Raton, Florida: CRC Press, Taylor & Francis 

Group. 

 

Khush, G. S., & Jena, K. K. (2009). Current Status and Future Prospects for Research 

on Blast Resistance in Rice (Oryza sativa L.). In: Wang, G., & Valent, B. 

(Eds.), Advances in Genetics, Genomics and Control of Rice Blast Disease (pp. 

1-10). Dordrecht: Springer Science & Business Media. 

 

Kihoro, J., Bosco, N. J., Murage, H., Ateka, E., & Makihara, D. (2013). Investigating 

the Impact of Rice Blast Disease on the Livelihood of the Local Farmers in 

Greater Mwea Region of Kenya. SpringerPlus, 2(1), 308. 

 

Kole, P. C., Chakraborty, N. R., & Bhat, J. S. (2010). Analysis of Variability, Correlation 

and Path Coefficients in Induced Mutants of Aromatic Non-Basmati 

Rice. Tropical Agricultural Research and Extension, 11, 60-64. 

 

Konate, A. K., Zongo, A., Kam, H., Sanni, A., & Audebert, A. (2016). Genetic 

Variability and Correlation Analysis of Rice (Oryza sativa L.) Inbred Lines 

Based on Agro-Morphological Traits. African Journal of Agricultural 

Research, 11(35), 3340-3346. 

 

Koutroubas, S. D., Katsantonis, D., Ntanos, D. A., & Lupotto, E. (2009). Blast Disease 

Influence on Agronomic and Quality Traits of Rice Varieties under 

Mediterranean Conditions. Turkish Journal of Agriculture and Forestry, 33(5), 

487-494. 

 

Kumar, A., & Verma, O. P. (2015). Correlation and Path Coefficient Analysis in Certain 

Quantitative Traits in Rice (Oryza sativa L.) under Saline-Alkaline Condition. 

Research in Environment and Life Sciences, 8(3), 443-446. 

 



© C
OPYRIG

HT U
PM

 

 

137 

Kumar, M. P., Gowda, D. S., Moudgal, R., Kumar, N. K., Gowda, K. P., & Vishwanath, 

K. (2013). Impact of Fungicides on Rice Production in India. In: Nita, M. (Ed.), 

Fungicides-Showcases of Integrated Plant Disease Management from Around 

the World. InTechOpen. Doi: 10.5772/51009.  

 

Kumar, P., Gupta, V. K., Misra, A. K., Modi, D. R., & Pandey, B. K. (2009). Potential 

of Molecular Markers in Plant Biotechnology. Plant Omics, 2(4), 141-162. 

 

Kumar, P., Sao, A., Salam, J. L., Kanwar, R. R., Kumari, P., Gupta, A. K., ... & Kar, S. 

(2016). Formulating Phenological Equations for Rainfed Upland Rice in Bastar 

Plateau and Assessment of Genotype X Environment Interaction. Pakistan 

Journal of Botany, 48(4), 1609-1618. 

 

Kumar, V., & Singh, D. (2018). Association Studies for Yield and Its Component Traits 

in Basmati Genotypes of Himachal Pradesh, India. International Journal of 

Current Microbiology and Applied Sciences, 7(3), 1243-1249. 

 

Kürschner, E., Bonman, J. M, Garrity, D. P., Tamisin, M. N., Pabale, D., & Estrada, B. 

A. (1992). Effects of Nitrogen Timing and Split Application on Blast Disease 

in Upland Rice. Plant Disease, 76(4), 384-389. 

 

Le, M. T., Arie, T., & Teraoka, T. (2010). Population Dynamics and Pathogenic Races 

of Rice Blast Fungus, Magnaporthe Oryzae in the Mekong Delta in 

Vietnam. Journal of General Plant Pathology, 76(3), 177-182. 

 

Lee, S., & An, G. (2007). Diversified Mechanisms for Regulating Flowering Time in a 

Short-Day Plant Rice. Journal of Plant Biology, 50(3), 241-248. 

 

Lestari, A. P., Sopandie, D., & Aswidinnoor, H. (2015). Panicle Length and Weight 

Performance of F3 Population from Local and Introduction Hybridization of 

Rice Varieties. HAYATI Journal of Biosciences, 22(2), 87-92. 

 

Lin, C. S., Binns, M. R., & Lefkovitch, L. P. (1986). Stability Analysis: Where Do We 

Stand?. Crop Science, 26(5), 894-900. 

 

Liu, B., Zhu, X. Y., Zhang, S., Wu, J., Han, S. S., Cho, Y. C., ... & Bordeos, A. (2009). 

What it Takes To Achieve Durable Resistance To Rice Blast?. In: Wang, G., & 

Valent, B. (Eds.), Advances in Genetics, Genomics and Control of Rice Blast 

Disease (pp. 385-402). Dordrecht: Springer Science & Business Media. 

 

Liu, W., & Wang, G. L. (2016). Plant Innate Immunity in Rice: A Defense against 

Pathogen Infection. National Science Review, 3(3), 295-308. 

 

Mackill, D. J., & Bonman, J. M. (1992). Inheritance of Blast Resistance in Near-Isogenic 

Lines of Rice. Phytopathology, 82(7), 746-749. 

 

Mackill, D. J., Nguyen, H. T., & Zhang, J. (1999). Use of Molecular Markers in Plant 

Improvement Programs for Rainfed Lowland Rice. Field Crops 

Research, 64(1), 177-185. 

 



© C
OPYRIG

HT U
PM

 

 

138 

Maclean, J., Hardy, B., & Hettel, G. (2013). Rice Almanac: Source Book for One of the 

Most Important Economic Activities on Earth. Los Banos, Philippines: IRRI. 

283 pp. 

 

Malicdem, A. R., & Fernandez, P. L. (2015). Rice Blast Disease Forecasting for 

Northern Philippines. WSEAS Transactions on Information Science and 

Applications, 12, 120-129. 

 

Manandhar, H. K., Shrestha, K., & Amatya, P. (1992). Seed-Borne Diseases. In: Mathur, 

S. B., Amatya, P., Shrestha, K., & Manandhar, H. K. (Eds.), Plant Diseases, 

Seed Production and Seed Health Testing In Nepal (pp. 59-74). Copenhagen, 

Denmark: Danish Government, Institute of Seed Pathology for Developing 

Countries (DGISP). 

 

MARDI. (2008). Manual Teknologi Penanaman Padi Lestari. Institut Penyelidikan dan 

Kemajuan Pertanian Malaysia. 

 

MARDI. (2011), “Malaysian Agricultural Research and Development Institute 

(MARDI)”, 1432H | 2011G, Malaysia. 

 

Mekbib, F. (2003). Yield Stability in Common Bean (Phaseolus vulgaris L.) Genotypes. 

Euphytica, 130(2), 147-153. 

 

Miah, G., Rafii, M. Y., Ismail, M. R., Puteh, A. B., Rahim, H. A., Asfaliza, R., & Latif, 

M. A. (2013). Blast Resistance in Rice: A Review of Conventional Breeding to 

Molecular Approaches. Molecular Biology Reports, 40(3), 2369-2388. 

 

Miah, G., Rafii, M. Y., Ismail, M. R., Puteh, A. B., Rahim, H. A., & Latif, M. A. (2015). 

Recurrent Parent Genome Recovery Analysis in A Marker-Assisted 

Backcrossing Program of Rice (Oryza sativa L.). Comptes Rendus 

Biologies, 338(2), 83-94. 

 

Ministry of Agriculture and Agro-Based Industry (MOA). (2011). National Agro-Food 

Policy 2011-2020. Division of International and Strategic Planning. Putrajaya, 

Malaysia, ISBN: 978-983-9863-41-3. 

 

Ministry of Agriculture and Agro-Based Industry (MOA). (2016). MOA & DOA Open 

Data. Retrieved from http://www.data.gov.my/data/dataset/0833e816-0cbe-

4f6c-9ff7-c1710abef17e/resource/26fb62ab-c874-4186-8f9d-

b1841642e4d2/download/jad53.1.1.xlsx (accessed on 13 November 2018). 

 

Misra, J. K., Merca, S. D., & Mew, T. W. (1994). Chapter 14: Fungal Pathogens 

(Pyricularia oryzae). In: Mew, T. W., & Misra, J. K. (Eds.), A Manual of Rice 

Seed Health Testing (pp. 83-84). Los Banos, Philippines: International Rice 

Research Institute (IRRI).  

 

Mohapatra, P. K., Patel, R., & Sahu, S. K. (1993). Time of Flowering Affects Grain 

Quality and Spikelet Partitioning Within the Rice Panicle. Australian Journal 

of Plant Physiology, 20(2), 231-242. 

 

http://www.data.gov.my/data/dataset/0833e816-0cbe-4f6c-9ff7-c1710abef17e/resource/26fb62ab-c874-4186-8f9d-b1841642e4d2/download/jad53.1.1.xlsx
http://www.data.gov.my/data/dataset/0833e816-0cbe-4f6c-9ff7-c1710abef17e/resource/26fb62ab-c874-4186-8f9d-b1841642e4d2/download/jad53.1.1.xlsx
http://www.data.gov.my/data/dataset/0833e816-0cbe-4f6c-9ff7-c1710abef17e/resource/26fb62ab-c874-4186-8f9d-b1841642e4d2/download/jad53.1.1.xlsx


© C
OPYRIG

HT U
PM

 

 

139 

Mungomery, V. E., Shorter, R., & Byth, D. E. (1974). Genotype× Environment 

Interactions and Environmental Adaptation. I. Pattern Analysis—Application 

to Soya Bean Populations. Australian Journal of Agricultural Research, 25(1), 

59-72. 

 

Mustapha, N. H. (1996). Sustainable Development of Malaysian Rice Industry in the 

Context of Asian Countries: An Assessment. Jurnal Ekonomi Malaysia, 30, 67-

86. 

Nasruddin, A., & Amin, N. (2012). Effects of Cultivar, Planting Period, and Fungicide 

Usage on Rice Blast Infection Levels and Crop Yield. Journal of Agricultural 

Science, 5(1), 160-167. 

 

Nirmaladevi, G., Padmavathi, G., Kota, S., & Babu, V. R. (2015). Genetic Variability, 

Heritability and Correlation Coefficients of Grain Quality Characters in Rice 

(Oryza sativa L.). SABRAO Journal of Breeding and Genetics, 47(4), 424-433. 

 

Nishanth, G. K., Dushyanthakumar, B. M., Gangaprasad, S., Gowda, T. H., Nataraju, S. 

P., & Shashidhar, H. E. (2017). Screening and Genetic Variability Studies in 

Submergence Tolerance Rice Germplasm Lines Under Flood Prone Lowlands 

of Hill Zone of Karnataka, India. International Journal of Current 

Microbiology and Applied Sciences, 6(7), 1254-1260.  

 

Ogunbayo, S. A., Ojo, D. K., Sanni, K. A., Akinwale, M. G., Toulou, B., Shittu, A., ... 

& Gregorio, G. B. (2014). Genetic Variation and Heritability of Yield and 

Related Traits in Promising Rice Genotypes (Oryza sativa L.). Journal of Plant 

Breeding and Crop Science, 6(11), 153-159. 

 

Oka, H. I. (2012). Origin of Cultivated Rice (Vol. 14). Amsterdam: Elsevier. 273 pp. 

 

Oladosu, Y., Rafii, M. Y., Abdullah, N., Abdul Malek, M., Rahim, H. A., Hussin, G., ... 

& Kareem, I. (2014). Genetic Variability and Selection Criteria in Rice Mutant 

Lines As Revealed By Quantitative Traits. The Scientific World Journal, 2014. 

 

Oladosu, Y., Rafii, M. Y., Abdullah, N., Magaji, U., Miah, G., Hussin, G., & Ramli, A. 

(2017). Genotype × Environment Interaction and Stability Analyses of Yield 

and Yield Components of Established and Mutant Rice Genotypes Tested in 

Multiple Locations in Malaysia. Acta Agriculturae Scandinavica, Section B—

Soil & Plant Science, 67(7), 590-606.  

 

Osman, K. A., Mustafa, A. M., Ali, F., Yonglain, Z., & Fazhan, Q. (2012). Genetic 

Variability for Yield and Related Attributes of Upland Rice Genotypes in Semi 

Arid Zone (Sudan). African Journal of Agricultural Research, 7(33), 4613-

4619. 

 

Ou, S. H. (1985). Rice Diseases. Los Banos, Philippines: International Rice Research 

Institute (IRRI). 380 pp.  

 

Panjaitan, S. B., Abdullah, S. N. A., Aziz, M. A., Meon, S., & Omar, O. (2009). Somatic 

Embryogenesis from Scutellar Embryo of Oryza sativa L. var. 

MR219. Pertanika Journal of Tropical Agricultural Science, 32(2), 185-194. 



© C
OPYRIG

HT U
PM

 

 

140 

Panigrahi, A. K., Bharathi, M., & Kumaravadivel, N. (2018). Genetic Variability and 

Character Association Studies in Advanced Backcross Generation of Rice 

(Oryza sativa L.). Journal of Pharmacognosy and Phytochemistry, 7(1), 2397-

2400. 

 

Paul, B. (2013). Food Security in Malaysia: Challenges and Opportunities for Malaysia 

of Present and in 2050 for Maintaining Foods Security. University of Alberta, 

Edmonton. Doi: 10.13140/2.1.2707.7923. 

 

Peng, S., Khush, G. S., & Cassman, K. G. (1994). Evolution of the New Plant Ideotype 

for Increased Yield Potential. Breaking the Yield Barrier: Proceedings of a 

Workshop on Rice Yield Potential in Favorable Environments. International 

Rice Research Institute, Los Banos, Philippines. pp. 5-20. 

 

Pham, H. N., & Kang, M. S. (1988). Interrelationships Among and Repeatability of 

Several Stability Statistics Estimated From International Maize Trials. Crop 

Science, 28(6), 925-928. 

 

Piotti, E., Rigano, M. M., Rodino, D., Rodolfi, M., Castiglione, S., Picco, A. M., & Sala, 

F. (2005). Genetic Structure of Pyricularia grisea (Cooke) Sacc. Isolates from 

Italian Paddy Fields. Journal of Phytopathology, 153(2), 80-86. 

 

Prasad, R., Shivay, Y. S., & Kumar, D. (2017). Current Status, Challenges, and 

Opportunities in Rice Production. In: Chauhan, B. S., Jabran, K., & Mahajan, 

G. (Eds.), Rice Production Worldwide (pp. 1-32). Cham, Switzerland: Springer 

International Publishing. 

 

Puteh, A. B., Mondal, M., Ismail, M., & Latif, M. A. (2014). Grain Sterility in Relation 

to Dry Mass Production and Distribution in Rice (Oryza sativa L.). BioMed 

Research International, 2014. 

 

Rafii, M. Y., Zakiah, M. Z., Asfaliza, R., Haifaa, I., Latif, M. A., & Malek, M. A. (2014). 

Grain Quality Performance and Heritability Estimation in Selected F1 Rice 

Genotypes. Sains Malaysiana, 43(1), 1-7. 

 

Rahim, H. (2010). Genetic Studies on Blast Disease (Magnaporthe grisea) Resistance 

in Malaysian Rice. Dissertation, Universiti Kebangsaan Malaysia. 

 

Rahim, H. A., Bhuiyan, M. A. R., Saad, A., Azhar, M., & Wickneswari, R. (2013). 

Identification of Virulent Pathotypes Causing Rice Blast Disease 

('Magnaporthe oryzae') and Study on Single Nuclear Gene Inheritance of Blast 

Resistance in F2 Population Derived from Pongsu Seribu 2 x 

Mahshuri. Australian Journal of Crop Science, 7(11), 1597-1605. 

 

Rahman, M. A., Hossain, M. S., Chowdhury, I. F., Matin, M. A., & Mehraj, H. (2014). 

Variability Study of Advanced Fine Rice with Correlation, Path Co-Efficient 

Analysis of Yield and Yield Contributing Characters. International Journal of 

Applied Sciences and Biotechnology, 2(3), 364-370. 

 



© C
OPYRIG

HT U
PM

 

 

141 

Rajamoorthy, Y., & Munusamy, S. (2015). Rice Industry in Malaysia: Challenges, 

Policies and Implications. Procedia Economics and Finance, 31, 861-867. 

 

Ramli, N. N., Shamsudin, M. N., Mohamed, Z., & Radam, A. (2012). The Impact of 

Fertilizer Subsidy on Malaysia Paddy/Rice Industry Using a System Dynamics 

Approach. International Journal of Social Science and Humanity, 2(3), 213-

219. 

 

Ranawake, A. L., & Amarasinghe, U. G. S. (2014). Relationship of Yield and Yield 

Related Traits of Some Traditional Rice Cultivars in Sri Lanka as Described by 

Correlation Analysis. Journal of Scientific Research and Reports, 3(18), 2395-

2403. 

 

Razak, A. H., Suhaimi, O., & Theeba, M. (2012). Effective Fertilizer Management 

Practices for High Yield Rice Production of Granary Areas in Malaysia. Kuala 

Lumpur, Malaysia: Strategic Resource Research Centre, Malaysian 

Agricultural Research and Development Institute (MARDI). 

 

Rebitanim, N. A., Rebitanim, N. Z., & Tajudin, N. S. (2015). Impact of Silicon in 

Managing Important Rice Diseases: Blast, Sheath Blight, Brown Spot and 

Grain Discoloration. International Journal of Agronomy and Agricultural 

Research, 6(3), 71-85. 

 

Romagosa, I., & Fox, P. N. (1993). Genotype × Environment Interaction and Adaptation. 

In Hayward, M. D., Bosemark, N. O., & Romagosa, I. (Eds.), Plant Breeding: 

Principles and Prospects (pp. 373-390). London: Chapman & Hall. 

 

Romagosa, I., van Eeuwijk, F. A., & Thomas, W. T. (2009). Statistical Analyses of 

Genotype by Environment Data. In Carena, M. J. (Ed.), Handbook of Plant 

Breeding: Cereals (pp. 291-331). New York: Springer. 

 

RStudio. (2014). RStudio: Integrated Development Environment for R (Computer 

Software v0.98.1074). RStudio. Available at: https://www.rstudio.org/ 

(accessed 30 Jun 2018). 

 

Sajid, M., Khan, S. A., Khurshid, H., Iqbal, J., Muhammad, A., Saleem, N., & Shah, S. 

M. A. (2015). Characterization of Rice (Oryza sativa L.) Germplasm through 

Various Agro-Morphological Traits. Scientia Agriculturae, 9(2), 83-88. 

 

Sarawagi, A. K., Ojha, G. C., Koshta, N., & Pachauri, A. (2015). Genetic Divergence 

and Association Study for Grain Yield in Rice (Oryza sativa L.) Germplasm 

Accessions. The Ecoscan, 9(1&2), 217-223. 

 

Seebold Jr, K. W., Datnoff, L. E., Correa-Victoria, F. J., Kucharek, T. A., & Snyder, G. 

H. (2004). Effects of Silicon and Fungicides on the Control of Leaf and Neck 

Blast in Upland Rice. Plant Disease, 88(3), 253-258. 

 

 

 



© C
OPYRIG

HT U
PM

 

 

142 

Seebold, K. W., Kucharek, T. A., Datnoff, L. A., Correa-Victoria, F. J., & Marchetti, M. 

A. (2001). The Influence of Silicon on Components of Resistance to Blast in 

Susceptible, Partially Resistant and Resistant Cultivars of Rice. 

Phytopathology, 91(1), 63-69. 

 

Séré, Y., Sy, A. A., Sie, M., Akator, S. K., Onasanya, A., Kabore, B., ... & Kiepe, P. 

(2011). Chapter 9: Importance of Varietal Improvement for Blast Disease 

Control in Africa. JIRCAS (Japan International Research Center for 

Agricultural Sciences) Working Report 2011, 70, 77-90.  

 

Setter, T. L., Laureles, E. V., & Mazaredo, A. M. (1997). Lodging Reduces Yield of 

Rice by Self-Shading and Reductions In Canopy Photosynthesis. Field Crops 

Research, 49(2-3), 95-106. 

 

Shaikh, S. A., Umate, S. M., Syed, A. J., & Deosarkar, D. B. (2017). Study on Genetic 

Variability, Heritability and Genetic Advance in Rice (Oryza sativa L.) 

Genotypes. International Journal of Pure and Applied Bioscience, 5(4), 511-

515. 

 

Sharma, T. R., Chauhan, R. S., Singh, B. M., Paul, R., Sagar, V., & Rathour, R. (2002). 

RAPD and Pathotype Analyses of Magnaporthe grisea Populations from the 

North‐western Himalayan Region of India. Journal of Phytopathology, 150(11‐
12), 649-656. 

 

Shukla, G. K. (1972). Some Statistical Aspects of Partitioning Genotype Environmental 

Components of Variability. Heredity, 29(2), 237-245. 

 

Signor, C., Dousse, S., Lorgeou, J., Denis, J. B., Bonhomme, R., Carolo, P., & 

Charcosset, A. (2001). Interpretation of Genotype× Environment Interactions 

for Early Maize Hybrids Over 12 Years. Crop Science, 41(3), 663-669. 

 

Singh, A. K., Nandan, R., & Singh, P. K. (2014). Genetic Variability and Association 

Analysis in Rice Germplasm under Rainfed Conditions. Crop Research, 47(1-

3), 7-11. 

 

Singh, B. D. (2001). Plant Breeding: Principles and Methods. New Delhi, India: 

Kalyani Publishers. 896 pp. 

 

Singh, R. K., & Chaudhary, B. D. (1977). Biometrical Methods in Quantitative Genetic 

Analysis. Ludhiana, New Delhi, India: Kalyani Publishers. 318 pp. 

 

Sivasubramanian, S., & Madhavamenon, P. (1973). Genotypic and Phenotypic 

Variability in Rice. Madras Agricultural Journal, 60(9-13), 1093-1096. 

 

Skamnioti, P., & Gurr, S. J. (2009). Against the Grain: Safeguarding Rice from Rice 

Blast Disease. Trends in Biotechnology, 27(3), 141-150. 

 

Slafer, G. A., Araus, J. L., Royo, C., & Moral, L. F. G. (2005). Promising Eco‐
Physiological Traits for Genetic Improvement of Cereal Yields in 

Mediterranean Environments. Annals of Applied Biology, 146(1), 61-70. 



© C
OPYRIG

HT U
PM

 

 

143 

Slayton, T. (2009). Rice Crisis Forensics: How Asian Governments Carelessly Set the 

World Rice Market on Fire. CGD Working Paper 163. Washington, D. C.: 

Center for Global Development (CDG). Retrived from 

http://www.cgdev.org/content/publications/detail/1421260/ (accessed 25 

March, 2018) 

 

Smith, A. B., Cullis, B. R., & Thompson, R. (2005). The Analysis of Crop Cultivar 

Breeding and Evaluation Trials: An Overview of Current Mixed Model 

Approaches. The Journal of Agricultural Science, 143(6), 449-462. 

 

Sohrabi, M., Rafii, M. Y., Hanafi, M. M., Siti Nor Akmar, A., & Latif, M. A. (2012). 

Genetic Diversity of Upland Rice Germplasm in Malaysia Based on 

Quantitative Traits. The Scientific World Journal, 2012. 

 

Sowmiya, C. A., & Venkatesan, M. (2017). Studies on Correlation and Path Coefficient 

Analysis in Rice (Oryza sativa L.). International Journal of Current 

Microbiology and Applied Science, 6(9), 1757-1763. 

 

Srivastava, D., Shamim, M., Kumar, M., Mishra, A., Pandey, P., Kumar, D., ... & Singh, 

K. N. (2017). Current Status of Conventional and Molecular Interventions for 

Blast Resistance in Rice. Rice Science, 24(6), 299-321. 

 

Srujana, G., Suresh, B. G., Lavanya, G. R., Ram, B. J., & Sumanth, V. (2017). Studies 

on Genetic Variability, Heritability and Genetic Advance for Yield and Quality 

Components in Rice (Oryza sativa L.). Journal of Pharmacognosy and 

Phytochemistry, 6(4), 564-566. 

 

Supaad, M. A., Abdullah, S., & Chin, K. M. (1980). Control of Some Rice Diseases with 

Special Reference to Rice Blast in Peninsular Malaysia. Research for the Rice 

Farmer: Proceedings of the National Rice Conference 1980. Malaysian 

Agricultural Research and Development Institute (MARDI), Kuala Lumpur, 

Malaysia. pp. 230–240.  

 

Takahashi, N. (1984). Seed Germination and Seedling Growth. In: Tsunoda, S., & 

Takahashi, N. (Eds.), Biology of Rice, (7, 71-88). Tokyo: Japan Scientific 

Societies Press/ Amsterdam: Elsevier. 

 

Tanweer, F. A., Rafii, M. Y., Sijam, K., Rahim, H. A., Ahmed, F., Ashkani, S., & Latif, 

M. A. (2015). Introgression of Blast Resistance Genes (Putative Pi-b and Pi-

kh) into Elite Rice Cultivar MR219 through Marker-Assisted 

Selection. Frontiers in Plant Science, 6, 1002. 

 

Tariku, S., Lakew, T., Bitew, M., & Asfaw, M. (2013). Genotype by Environment 

Interaction and Grain Yield Stability Analysis of Rice (Oryza sativa L.) 

Genotypes Evaluated in North Western Ethiopia. Net Journal of Agricultural 

Science, 1(1), 10-16. 

 

Taylor, R. (1990). Interpretation of the Correlation Coefficient: A Basic Review. Journal 

of Diagnostic Medical Sonography, 6(1), 35-39. 

 

http://www.cgdev.org/content/publications/detail/1421260/


© C
OPYRIG

HT U
PM

 

 

144 

TeBeest, D. O., Guerber, C., & Ditmore, M. (2007). Rice Blast. The Plant Health 

Instructor. The American Phytopathological Society (APS). Doi: 10.1094/PHI-

1-2007-0313-07.  

 

Thurston, H. D. (1998). Tropical Plant Disease. 2nd ed. St. Paul, USA: American 

Phytopathological Society (APS Press). 200 pp. 

 

Tobias, A., Molina, I., Valera, H. G., Mottaleb, K. A., & Mohanty, S. (2012). Handbook 

on Rice Policy for Asia. Los Banos, Philippines: International Rice Research 

Institute (IRRI). 47 pp. 

 

Tuhina-Khatun, M., Hanafi, M. M., Rafii Yusop, M., Wong, M. Y., Salleh, F. M., & 

Ferdous, J. (2015). Genetic Variation, Heritability, And Diversity Analysis of 

Upland Rice (Oryza sativa L.) Genotypes Based on Quantitative Traits. BioMed 

Research International, 2015. 

 

USDA. (2017). World Agricultural Production. Foreign Agricultural Service Circular 

Series WAP 08-17 August 2017. 

 

Vaghefi, N., Shamsudin, M. N., Radam, A., & Rahim, K. A. (2016). Impact of Climate 

Change on Food Security in Malaysia: Economic and Policy Adjustments for 

Rice Industry. Journal of Integrative Environmental Sciences, 13(1), 19-35. 

 

Vaughan, D. A. (1994). The Wild Relatives of Rice: A Genetic Resources Handbook. 

Manila, Philippines: International Rice Research Institute (IRRI). 137 pp. 

 

Vengedasalam, D., Harris, M., & MacAulay, G. (2011). Malaysian Rice Trade and 

Government Interventions (No. 422-2016-26954). Contributed Paper Presented 

to The 55th Annual Conference of the Australian Agricultural and 

Resource Economics Society, Melbourne, Australia. February 8-11, 2011. 

 

Wade, L. J., McLaren, C. G., Quintana, L., Harnpichitvitaya, D., Rajatasereekul, S., 

Sarawgi, A. K., ... & Siopongco, J. (1999). Genotype by Environment 

Interactions across Diverse Rainfed Lowland Rice Environments. Field Crops 

Research, 64(1-2), 35-50.  

 

Wang, G. L., & Valent, B. (2017). Durable Resistance to Rice Blast. Science, 355(6328), 

906-907. 

 

WARDA. (1999). Work Plans and Budget. Bouaké, Côte d’Ivoire (Ivory Coast): West 

Africa Rice Development Association (WARDA). 

 

Wheeler, T., & Von Braun, J. (2013). Climate Change Impacts on Global Food 

Security. Science, 341(6145), 508-513. 

 

Wopereis, M. C. S., Defoer, T., Idinoba, P., Diack, S., & Dugué, J. (2009). Curriculum 

for Participatory Learning and Action Research (PLAR) for Integrated Rice 

Management (IRM) in Inland Valleys of Sub-Saharan Africa: Technical 

Manual. WARDA Training Series. Cotonou, Benin: Africa Rice Center 

(WARDA). 128 pp. 



© C
OPYRIG

HT U
PM

 

 

145 

Wricke, G. (1962). Evaluation Method for Recording Ecological Differences in Field 

Trials. Z Pflanzenzücht, 47, 92-96. 

 

Wubneh, W. Y., & Bayu, F. A. (2016). Assessment of Diseases on Rice (Oriza sativa 

L.) in Major Growing Fields of Pawe District, Northwestern Ethiopia. World 

Scientific News, 42, 13-23. 

 

Xavier, A., Jarquin, D., Howard, R., Ramasubramanian, V., Specht, J. E., Graef, G. L., 

... & Nelson, R. (2017). Genome-Wide Analysis of Grain Yield Stability and 

Environmental Interactions in a Multiparental Soybean Population. G3: Genes, 

Genomes, Genetics, 8(2), 519-529. 

 

Xia, J. Q., Correll, J. C., Lee, F. N., Ross, W. J., & Rhoads, D. D. (2000). Regional 

Population Diversity of Pyricularia grisea in Arkansas and The Influence of 

Host Selection. Plant Disease, 84(8), 877-884. 

 

Xue, Y., Shui, G., & Wenk, M. R. (2014). TPS1 Drug Design for Rice Blast Disease in 

Magnaporthe Oryzae. Springer Plus, 3(1), 18. 

 

Yan, W. (2001). GGEbiplot—A Windows Application for Graphical Analysis of 

Multienvironment Trial Data and Other Types of Two-Way Data. Agronomy 

Journal, 93(5), 1111-1118. 

 

Yan, W. (2002). Singular-Value Partitioning in Biplot Analysis of Multienvironment 

Trial Data. Agronomy Journal, 94(5), 990-996. 

 

Yan, W., Cornelius, P. L., Crossa, J., & Hunt, L. A. (2001). Two Types of GGE Biplots 

for Analyzing Multi-Environment Trial Data. Crop Science, 41(3), 656-663. 

 

Yan, W., & Holland, J. B. (2010). A Heritability-Adjusted GGE Biplot for Test 

Environment Evaluation. Euphytica, 171(3), 355-369. 

 

Yan, W., & Hunt, L. A. (1998). Genotype by Environment Interaction and Crop 

Yield. In: Janick, J. (Ed.), Plant Breeding Reviews  (16, 135-178). New York: 

John Wiley & Sons. Inc. 

 

Yan, W., Hunt, L. A., Sheng, Q., & Szlavnics, Z. (2000). Cultivar Evaluation and Mega-

Environment Investigation Based on the GGE Biplot. Crop Science, 40(3), 597-

605. 

 

Yan, W., & Kang, M. S. (2002). GGE Biplot Analysis: A Graphical Tool for Breeders, 

Geneticists, and Agronomists. Boca Raton, Florida: CRC Press. 288 pp. 

 

Yan, W., Kang, M. S., Ma, B., Woods, S., & Cornelius, P. L. (2007). GGE Biplot vs. 

AMMI Analysis of Genotype-by-Environment Data. Crop Science, 47(2), 643-

653. 

 

Yan, W., & Tinker, N. A. (2006). Biplot Analysis of Multi-Environment Trial Data: 

Principles and Applications. Canadian Journal of Plant Science, 86(3), 623-

645. 



© C
OPYRIG

HT U
PM

 

 

146 

Yang, J., Peng, S., Visperas, R. M., Sanico, A. L., Zhu, Q., & Gu, S. (2000). Grain Filling 

Pattern and Cytokinin Content in the Grains and Roots of Rice Plants. Plant 

Growth Regulation, 30(3), 261-270.  

 

Yoon, M. Y., Cha, B., & Kim, J. C. (2013). Recent Trends in Studies on Botanical 

Fungicides in Agriculture. The Plant Pathology Journal, 29(1), 1-9. 

 

You, C., Zhu, H., Xu, B., Huang, W., Wang, S., Ding, Y., ... & Tang, S. (2016). Effect 

of Removing Superior Spikelets on Grain Filling of Inferior Spikelets in Rice. 

Frontiers in Plant Science, 7, 1161. 

 

Zeigler, R. S., Tohme, J., Nelson, R. J., Levy, M. & Correa-Victoria, F. J. 

(1994). Lineage Exclusion: A Proposal for Linking Blast Population Analysis 

to Resistance Breeding. In: Zeigler, R. S., Leong, S. A., & Teng, P. S. (Eds.), 

Rice Blast Disease (pp. 267-292). Wallingford, UK: CAB International/ 

Manila, Philippines: IRRI.  

 

Zhang, W., Wu, L., Wu, X., Ding, Y., Li, G., Li, J., ... & Wang, S. (2016). Lodging 

Resistance of Japonica Rice (Oryza sativa L.): Morphological and Anatomical 

Traits Due to Top-Dressing Nitrogen Application Rates. Rice, 9(1), 31. 

 

Zhu, Y. Y, Fang, H., Wang, Y. Y., Fan, J. X., Yang, S. S., Mew, T. W., & Mundt, C. C. 

(2005). Panicle Blast and Canopy Moisture in Rice Cultivar Mixtures. 

Phytopathology. 95(4), 433-438. 

 

Zobel, R. W., Wright, M. J., & Gauch, H. G. (1988). Statistical Analysis of a Yield Trial. 

Agronomy Journal, 80(3), 388-393. 



© C
OPYRIG

HT U
PM

 

 

150 

8 BIODATA OF STUDENT 

Raieah Saiyedah binti Sabri was born on 31st March 1992 as second child out of five into 

a muslim family in Terengganu, Malaysia. After the primary education at Sekolah 

Kebangssan Seri Budiman 2, Kuala Terengganu from 1999 till 2004, she continued her 

secondary education at Sekolah Menengah Kebangsaan Sultan Sulaiman, Kuala 

Terengganu in 2005 until 2007 and finished her Penilaian Menengah Rendah (PMR).  

Next year (2008), she moved to Sekolah Menengah Kebangsaan Tengku Lela Segara, 

Marang along with her family and took her Sijil Penilaian Menengah (SPM) there in 

2009.  With the SPM result, she managed to pursue her study at Kuantan Matriculation 

College (2010) and later got certified in Bachelor Degree of Science in Agricultural 

Biotechnology at Universiti Sultan Zainal Abidin (2012-2015). She enrolled for her 

Master degree (M.Sc.) in 2015 at Universiti Putra Malaysia, Institute of Tropical 

Agriculture and Food Security (ITAFoS) in the field of Genetics and Breeding. She can 

be contacted through raieahsaiyedah@gmail.com. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:raieahsaiyedah@gmail.com


© C
OPYRIG

HT U
PM

 

 

151 

9 PUBLICATION 

Sabri, R. S., Rafii, M. Y., Ismail, M. R., Yusuff, O., Chukwu, S. C., & Hasan, N. A. 

(2020). Assessment of Agro-Morphologic Performance, Genetic Parameters 

and Clustering Pattern of Newly Developed Blast Resistant Rice Lines Tested 

in Four Environments. Agronomy, 10(8), 1098 

 



© C
OPYRIG

HT U
PM




