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Aromatic or fragrant rice is special rice sold at a premium price in local and export 
markets because of their superior grain qualities. The uniqueness of this rice plays 
a major role in its marketability or consumer acceptability. In this research, 40 
advanced fragrant rice genotypes were evaluated at two locations in two planting 
seasons, namely Tanjung Karang, Selangor and Kota Sarang Semut, Kedah. The 
main objectives were to identify genotypes with high grain yield performance and 
high stability using univariate and multivariate analysis (AMMI and GGE biplot 
method). The field experiment was conducted in a randomized complete block 
design (RCBD) with three replications. The morphological and agronomical were 
taken during growing and harvesting stages. The analysis of variance showed 
highly significant differences among genotypes, environments, replications, and 
present of genotype by environment interactions for plant height, effective tillers, 
yield per plant, yield per hectare, total milling rice, milled rice length, milled rice 
width, and milled rice length-to-width ratio. However, the other traits such as total 
tillers, total spikelets per panicle, filled grains per panicle, percentage of filled grain 
per panicle, percentage of unfilled grain per panicle, head rice recovery, and gel 
consistency showed significant presence of genotype by environment interaction. 
Phenotypic correlation shows that yield per plant has same result with yield per 
hectare which is significantly correlated with number of total tillers per plant, 
number of effective tillers per plant, total number of spikelet per plant, filled grain 
per panicle, percentage of filled grain per panicle, yield per hectare (1.00), brown 
rice, total milling rice, head rice recovery, milled rice length, milled rice width, gel 
consistency, and amylose contain traits. High correlation between two characters 
indicated that selection for the improvement of one character leads to the 
simultaneous improvement in the other character. High heritability values were 
observed for days of flowering (95.51%) and days of maturity traits (97.02%). 
While moderate heritability values were observed for plant height (58.19%), rice 
kernel elongation (50%) and aroma (49.59%) traits. For univariate analysis, Linear 
regression of coefficient b deviation of yield trait the results showed there is no 
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genotypes have unity value for b . For Kang stability analysis, the top six genotypes 
with highest yield per hectare and (YS across the entire four environments are 
G40 (control), G25, G8, G1, G21 and G11 respectively. Multivariate analysis GGE 
Biplot show the yield performance of the genotypes fluctuated across 
environments. The three genotypes were selected having the highest grain yield 
mean, namely G1 (7.83 t ha-1), G22 (7.15 t ha-1), and G25 (7.13 t ha-1), across the 
environments. The AMMI analysis results showed that genotype G1 and G14 were 
the best genotypes at Kedah or Kota Sarang Semut due to its highly stable and high 
yielding for both planting seasons. The selected fragrant rice genotypes G1 (7.83 t 
ha-1 ), G14 (6.74 t ha-1 ), G22 (7.15 t ha-1 ) and G25 ( 7.13 t ha-1) are recommended 
for large scale evalution and then for the commercial cultivation in Malaysia. 
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Beras aromatik atau wangi adalah beras istimewa yang dijual pada harga premium 
di pasaran tempatan dan eksport kerana kualiti bijirinnya yang unggul. Keunikan 
beras ini memainkan peranan yang utama dalam keboleh pasaran atau penerimaan 
oleh pengguna. Dalam kajian ini, 40 genotip padi wangi telah dinilai di dua lokasi 
pada dua musim penanaman iaitu Tanjung Karang, Selangor dan Kota Sarang 
Semut, Kedah. Objektif utama adalah untuk mengenalpasti genotip yang 
berprestasi hasil bijian dan kestabilan yang tinggi dengan menggunakan analisa 
univariate dan multivariate (kaedah AMMI dan dwiplot GGE). Eksperimen di 
lapangan telah dijalankan menggunakan rekabentuk blok penuh terawak (RCBD) 
dengan tiga replikasi. Data morfologi dan agronomik telah dicerap semasa 
peringkat pertumbuhan dan penuaian. Analisa varians telah menunjukkan 
perbezaan yang ketara antara genotip, persekitaran, replikasi serta wujud interaksi 
genotip dengan persekitaran untuk ciri ketinggian pokok, anak pokok efektif, hasil 
sepokok, hasil sehektar, jumlah beras, panjang beras, lebar beras dan nisbah 
panjang ke lebar beras. Walau bagaimanapun, ciri-ciri lain seperti jumlah anak 
pokok, jumlah spikelet setangkai, peratus bijian berisi setangkai, peratusan bijirin 
berisi setangkai, peratusan bijirin tidak berisi setangkai, pemulihan kepala beras, 
dan konsistensi gel menunjukkan kewujudan ketara interaksi genotip dengan 
persekitaran. Kolerasi fenotip menunjukkan berat per pokok mempunyai keputusan 
yang sama dengan berat per hektar di mana signifikasi positif terhadap nombor 
keseluruhan tangkai padi, nombor keseluruhan tangkai padi yang aktif, peratus biji 
padi bernas, jumlah spikelet per pokok, peratus biji padi bernas, berat sehektar, 
beras peras, jumlah beras putih, pemulihan kepala beras, panjang beras, lebar beras, 
konsistensi gel, dan nilai amilosa. Kolerasi yang tinggi antara dua karakter 
bermaksud pemilihan untuk perbaiki karakter tersebut menyumbang sebaliknya 
pada karakter yang kolerasi positif. Nilai heritabiliti yang tinggi didapati untuk 
bilangan hari berbunga (95.51%) dan bilangan hari kematangan (97.02%). 
Manakala, nilai heritabiliti sederhana untuk ciri ketinggian pokok (58.19%), 
pemanjangan isirong nasi (50%) dan aroma (49.59%). Untuk univariat analisis, 
regrasi linear b untuk karakter hasil menunjukkan tiada keputusan yang 
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mempunyai nilai 0. Analisis stabiliti Kang pula menunjukkan enam genotip dengan 
hasil paling berat ialah G40, G25, G8, G1, G21 dan G11 yang merentasi keempat- 
empat persekitaran. Multivariat analisis GGE biplot pula menunjukkan prestasi 
hasil genotip berubah-ubah mengikut persekitaran tersebut. Tiga genotip telah 
dipilih berdasarkan purata hasil bijian tertinggi dari semua persekitran iaitu G1 
(7.83 t ha-1), G22 (7.15 t ha-1) dan G25 (7.13 t ha-1). Keputusan analisa AMMI 
menunjukkan bahawa genotip G1 dan G14 adalah genotip terbaik di kawasan 
Kedah atau Kota Sarang Semut kerana kestabilannya serta berhasil tinggi untuk 
kedua-dua musim penanaman. Genotip padi wangi terpilih ini G1 (7.83 t ha-1 ), 
G14 (6.74 t ha-1 ), G22 (7.15 t ha-1 ) dan G25 ( 7.13 t ha-1) adalah disyorkan untuk 
penilaian berskala besar dan seterusnya untuk penanaman secara komersial di 
Malaysia. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 
 
 

Rice is an important staple food that nourishes more than half of the world’s 
population. It was classified as a second-most main crop in the world and Asia is 
the largest producer and consumer (Gumma et al., 2011). In Malaysia, The National 
Agrofood Policy 2011-2020 of Malaysia launched by Ministry of Agriculture and 
Agro-based Industry in 2010 had stated that local rice production should be 
increased to cater the national food security. In order to increase rice production in 
Malaysia, the government policies have focus on encouraging the local rice 
production and lowering dependency on imported rice to give benefit to Malaysia 
rice industry (Rajamoorthy et al., 2015). 

 
 

Aromatic rice is a very famous rice variety and has been introduced into the global 
market. Additionally, fragrance rice also is a key factor in determining the market 
price at RM 4.50 per kg or more in Malaysia on 2019 (MARDI, 2012). The 
chemical compound present in the plants which resulting a fragrance smell 
provides a premium price in the market. A new blueprint for strategy and priority 
2019-2020 launched by Ministry of Agriculture and Agro-based Industry had 
highlighted the expansion the cultivation of fragrant rice in the granary and non- 
granary area in Malaysia (MOA., 2019). 

 
 

Development of a new fragrant rice variety by introgression of the fragrance gene, 
into high yielding variety is very crucial due to higher demand and price in the local 
market. Lack of high yielding fragrant rice variety in Malaysia is one of the major 
hindrances on fragrant rice production in Malaysia. Two fragrant rice variety has 
been released by MARDI namely, MRQ 74 and MRQ 76. (Shahida et al., 2016). 
These varieties have been widely cultivated in the granary and non-granary areas 
in Malaysia. 

 
 

For rice quality, the aromatic trait is one of the quality used in rice classification. 
Aromatic rice was lack in the global market. This type of rice was trade from India, 
Pakistan, and Thailand. Aromatic rice from India and Pakistan consists of Basmati 
types, while Jasmine rice is commonly produced in Thailand. Other important 
aromatic varieties in the world market include Khao Dawk Mali 105, Siamati 
(Thailand), Bahra (Afganistan), Sadri (Iran), Della, Texami and Kasmati (USA) 
(Singh et al., 2000). Aromatic or scented rice typically accounts for only 15% of 
total world trade, but exceeded 5.7 million tons in 2010. 
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Due to high demand of aromatic rice, plant breeder has employed different 
approaches in the development of advance rice variety using both conventional and 
molecular methods. The molecular introgession of the fragrance gene has been 
widely used with numerous sucessful stories. However, the advanced line produce 
needs to undergo multi location yield trial, in order to determine the best and stable 
rice genotype adapted in the granary area under different environment. 

 
 

Yield stability of the advanced lines was response from the genotype × 
environment interaction (G×E). Understanding the G×E interaction is important in 
plant breeding programs and has been a major key in selection of the potential 
advanced lines or genotypes for future development or release as new variety. 
Generally, genotypes responsed differently in diverse environment due to the 
influence of environmental conditions. Inbred or hybrid rice varieties will produce 
different responses as changing the environmental conditions, these varieties may 
not produce uniform yield and other traits as the result of segregation and the 
presence of genotype × environment interaction.(Satoto et al., 2010; Sreedhar et 
al., 2011; Widyastuti et al., 2012; Satoto et al., 2013) 

 
 

In this study, the advanced fragrant rice lines developed from the cross between 
MR269 and Basmati370 was used to evaluate in two different granary areas at two 
season to determine the genotype yield stability. Similarly, lines which produce 
stable high aromatic smell and grain quality across environments were also 
considered. 

 
 

1.2 Significance of study 
 
 

The continuous increase in demand for aromatic rice justifies the need for 
development of high yielding fragrant rice variety to increase the current low yield 
output. However, the developed advance rice line must be evaluated in multi- 
location yield trial to select genotype with high yield, fragrant and stability. This is 
so because: (i). Yield stability performance differs across environments (ii). The 
phenotypic response in different environment is not the same for all the genotypes 
leading to G×E interaction (iii). Released varieties differ in adaptation and 
consistency performance in yield across the various environments. Therefore, it is 
great opportunity to identify genotype with high stable yield and grain quality 
(fragrant trait) that is well adapted to a wide range of environment suitable to 
Malaysia. This advanced lines also will added into genetic diversity of fragrant rice 
variety in Malaysia. 

 
 

1.3 Problem Statement 
 
 

As Malaysia is determined to reduce her dependency on rice importation from other 
countries, couple with the demand for aromatic rice, the development of stable and 
high yielding aromatic rice varieties for local cultivation is of prime important for 
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enhancing self-sufficiency’s and compacting climatic changes. Aromatic rice is 
special rice sold at a premium price in local and export markets because of their 
superior grain qualities (Sakthivel et al., 2009). As stated by FAO, (2012), the 
priced of fragrant rice rise up to USD $1,050/T (RM 4.50/kg) as compared with 
USD $440-580/T (RM 1.80/kg – RM 2.40/kg) of coarse rice and in Malaysia priced 
for fragrant rice. Because fragrant varieties have low yield, farmers stopped 
growing specific local fragrant varieties and replaced them with the new, fast 
growing, disease resistant, high yielding, non-fragrant varieties (Bhattacharjee et 
al., 2002; Itani et al., 2004). Recently, the local fragrant rice developed by MARDI 
are MRQ74 and MRQ76. The disadvantaged is that the yield of these varieties are 
lower than the local high yielding varieties. Increasing the yield of fragrant rice in 
other to reduce the cost of importation from others countries, the rice breeding 
program was fashioned towards development of high yielding fragrant rice 
varieties. Consequently, stability analysis is often part of the performance 
evaluation of genotypes prior to cultivar release. Thus, to ensure the stability of 
BC2F2, the evaluation of genotypes for stability of yield performance under varying 
environmental conditions should be carried out. 

 
 

1.4 Objectives 
 

The objectives of this experiment were: 
i) To evaluate the advanced fragrant rice lines for yield, grain 

quality, growth and aromatic traits in different locations and 
different seasons. 

ii) To estimate genetic variance and heritability values of the rice 
population 

iii) To identify genotypes with high stability and adaptability across 
different environments. 
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