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ABSTRACT 

 

A pot experiment was carried out to determine the effect of different levels of Nitrogen (N), 

Phosphorus (P), and Potassium (K) on growth, yield and Nutrient Use Efficiency (NUE) of 

coloured rice variety (MRM16). Pots were arranged according to Randomized Complete 

Block Design (RCBD) with five replicates (R) for each treatment (T). The soil used for this 

research was the Bijat soil series, which distinguishes its clay particle size class by more 

than 35% clay particle size. The experiment was conducted at MARDI Kuching Research 

Nursery during the main rice cultivation season of 2016 (from December 2016 to April 

2017). The experimental design consisted of four (4) treatments according to the levels of 

nitrogen (N), phosphorous (P), and potassium (K) fertilizers added to the MRM16 

cultivation. Growth parameter measurements, namely crop growth performance and yield 

component performance, were assessed. Besides, Nutrient Use Efficiency (NUE) of 

cultivated rice was also evaluated. Growth performance data (plant height, number of tillers, 

and leaf N content) for a plant in each pot was recorded at 15, 45, 75, 105 days after 

transplant (DAT) and maturation. Panicles from each plant in pots were collected at maturity 

(115 DAT). Yield component data (total spikelet number per panicle, 1000 grain weight, the 

number of panicle and percentage of filled- grain) from all treatments were determined after 

all yield was harvested.  In this study, there were significant differences in MRM16 rice 

growth parameters when more N, P, and K fertilizers were added during cultivation. T3 (120 

kg N/ha, 70 kg P/ha and 80 kg K/ha) and T4 (180 kg N/ha, 105 kg P/ha, and 120 kg K/ha) 

recorded the highest plant height among all treatments. The increase in N fertilizer 

application for T2, T3, and T4 resulted in higher Leaf N content. The result showed that the 

leaf Nitrogen (N) content for all treatments peaked at 45 DAT before gradually decreased at 

115 DAT. All growth parameters rapidly increased during the plant vegetative stage before 
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the growth performance reached its optimum growth at the maturity stage. The results 

showed that yield was not significantly affected by the increment of NPK fertilizer added at 

a rate of more than 60 kg/ha N, 35kg/ha P and 40 kg/ha K (T2). In this study, the yield of 

coloured rice was affected by both the number of panicles/m2 and the percentage of filled 

spikelets. Nutrient use efficiency (NUE) such as PFP (Partial Factor Productivity), AE 

(Agronomic Efficiency), RE (Apparent Recovery Efficiency), PE (Physiological 

Efficiency), and IE (Internal Efficiency) can improve to achieve desirable yield potential 

while also preventing N, P, and K fertilizer loss to the environment. Treatment 2 was found 

to have higher NUE values. Higher NUEs were obtained at lower N, P, and K levels in this 

study. The observations made in this pot study gave the preliminary data. The initial 

information, it can be concluded that the coloured rice MRM16 variety, was suitable to be 

cultivated in the Bijat soil series and using fertilizer rates of T2 (N60 P35 K40). It showed no 

significantly different from T3 (recommended treatments) in terms of yield. However, it is 

recommended that further on a field trial of MRM16 variety to be carried out before large 

scale planting in Sarawak and before being introduced to local farmers. 

Keywords: Coloured rice, growth performance, yield performance, nutrient use efficiency 
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Prestasi Pertumbuhan dan Hasil Padi Warna Mengikut Kadar Baja Berbeza 

 

ABSTRAK 

Eksperimen menggunakan pot telah dijalankan untuk tujuan menentukan kesan kadar baja 

Nitrogen (N), Fosforus (P) dan Kalium (K) yang berbeza ke atas pertumbuhan, hasil dan 

kecekapan penggunaan nutrien (NUE) padi warna (MRM16). Pot menggunakan kaedah 

RCBD dengan lima replikasi (R) bagi setiap rawatan (T). Tanah yang digunakan dalam 

kajian ini adalah siri tanah Bijat yang mempunyai lebih 35% tanah liat. Kajian telah 

dijalankan di Pusat Penyelidikan MARDI Kuching pada musim utama penanaman padi 

tahun 2016 (bermula Disember 2016 hingga April 2017). Kajian ini meliputi empat kadar 

baja Nitrogen (N), Fosforus (P) dan Kalium (K) yang ditambah untuk penanaman MRM16. 

Pengukuran parameter pertumbuhan iaitu prestasi hasil dan komponen hasil telah 

direkodkan. Data pertumbuhan (ketinggian pokok, bilangan tangkai dan kandungan N 

dalam daun) dalam setiap pot direkodkan pada 15, 45, 75 dan 105 (HST) serta hari matang. 

Tangkai pada setiap pokok di dalam pot diambil pada hari matang (115 HST). Prestasi hasil 

dan komponen hasil data (jumlah biji per tangkai, dengan berat 1000 biji, jumlah tangkai 

dan peratusan biji bernas) bagi setiap rawatan juga ditentukan. Kajian ini menunjukkan 

perbezaan yang signifikan dengan parameter pertumbuhan MRM16 apabila peningkatan 

baja N, P dan K digunakan. T3(120 kg N/ha, 70 kg P/ha and 80 kg K/ha) dan T4 (180 kg 

N/ha, 105 kg P/ha, and 120 kg K/ha) merekodkan ketinggian optima padi berbanding 

rawatan lain. Selain itu, kandungan N dalam daun meningkat dengan kadar pertambahan 

baja N pada T2, T3 dan T4. Kandungan N dalam daun untuk semua rawatan meningkat 

pada 45 DAT sebelum menurun pada 115 DAT. Kandungan N dalam daun, menunjukkan 

parameter pertumbuhan meningkat dengan pesat pada peringkat vegetatif sebelum 
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memasuki fasa linear dan /atau menurun apabila memasuki peringkat reproduktif dan 

matang. Keputusan menunjukkan bahawa tiada signifikan dalam hasil padi dengan 

kenaikan baja, N, P dan K pada kadar lebih dari 60 kg/ha N, 35 kg/ha P dan 40 kg/ha K 

(T2). Terdapat perbezaan dari segi parameter pertumbuhan apabila kadar baja N, P dan K 

ditingkatkan. Penggunaan baja N, P dan K (T2, T3, T4) menunjukkan prestasi pertumbuhan 

keseluruhan yang lebih baik berbanding kawalan (T1). Hasil padi warna dalam kajian ini 

telah dipengaruhi oleh bilangan tangkai/m2 dan peratusan biji bernas. Peningkatan nilai 

NUE seperti PFP(Partial Factor productivity), AE (Agronomic Efficiency), RE (Apparent 

Recovery Efficiency), PE (Physiological Efficiency) dan IE (Internal Efficiency) boleh 

membantu untuk meningkatkan potensi hasil dan pada masa yang sama mengelakkan 

pembaziran baja N, P dan K ke persekitaran. Kajian ini mendapati NUE yang lebih tinggi 

adalah pada kadar baja N, P dan K yang lebih rendah (T2). Melalui pemerhatian ke atas 

pot, varieti padi warna, MRM16 adalah sesuai ditanam di tanah jenis Bijat dengan 

penggunaan kadar baja T2 (N60 P35 K40) dan  hasilnya tidak berbeza berbanding rawatan 

T3 yang disyorkan. Walaubagaimanapun, kajian yang lebih lanjut secara lapangan ke atas 

varieti MRM16 adalah disarankan sebelum diperkenalkan kepada golongan petani.  

Kata kunci: Padi warna, prestasi pertumbuhan, prestasi hasil, kecekapan penggunaan 

nutrien  
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CHAPTER 1 

 

INTRODUCTION 

1.1 Background 

 

Rice, wheat, and maize are the world’s top three food crops, but of these three major 

crops, rice is gaining popularity as a preferred source of caloric supply. Rice provides around 

60 to 70 % of the body calories to consumers (FAO, 2003). In 2012, at least 162.3 million 

hectares of land were allocated for rice cultivation, with 734.9 million tonnes worldwide. 

(FAOSTAT, 2012). According to Dawe (2000), rice is a primary staple food and an essential 

income source to millions of rice farmers and farmworkers in Asia. In Malaysia, rice is the 

most crucial staple food (Brown, 1973). Malaysia needs an additional 1,320,000 tonnes of 

rice per year to reach the self-sufficient 90 percent rice production level in 2060 to sustain 

existing population growth and autonomous rates (Al-Amin et al., 2011). It is estimated that 

over 100,000 farmers in Malaysia cultivate rice for their subsistence. From 2010 to 2020, 

Malaysia’s rice consumption of around 2.30 million tonnes to 2.69 million tonnes (MOA, 

2011). Land utilisation for paddy production in Malaysia is 674,928 hectares (Rahim et al., 

2012).  It is estimated that more than 100,000 farmers in Malaysia cultivate rice for their 

livelihoods.  

The global market for high-quality rice and nutritious food has increased, particularly 

among affluent and healthy consumers. Coloured rice with red pigment (MRM16) has been 

consumed due to its health benefit. Coloured rice has met the concepts of efficiency and 

productivity that have emerged to fulfill the needs for products that enhance its consuming 

population's eating habits. Coloured rice is a food-based industry, mainly for nutritional 

based food products and infant food products. In Malaysia's case, limited market resources 
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of coloured rice have resulted in full reliance on imported supplies of coloured rice in the 

country. Coloured rice is considered to have antioxidant properties. It is used in bread, 

coloured pasta, vinegar, alcoholic drinks, medicines, and cosmetics (Patindol et al., 2006). 

Procyanidins are the main antioxidant compounds of coloured rice (Oko, 2012).  

MARDI develops MRM16 from crossing involving MRQ72 and ER6275 (Hassan, 

2015). Most coloured rice varieties in Malaysia are cultivated in Sabah & Sarawak. MARDI 

has produced its pioneer-coloured rice variety MRM 16 which was intended for raw material 

in NESTLE’s baby food formula. This variety is targeted for cultivation in the non-granary 

areas (as in Sabah and Sarawak) as the government prohibited the coloured varieties to be 

planted in the granaries in Peninsular Malaysia to prevent adulteration to the white rice. 

 

1.2 Problem statement  

 

The global demand for high-quality rice and nutritious food has increased, 

particularly to affluent and healthy consumers. Therefore, it is essential to improve rice yield 

to match the requirement for food and healthy food. All consumers want the best possible 

quality. Coloured rice with red pigment (red rice) is eaten due to its health benefits. Coloured 

rice has met the productivity and quality concepts that emerged to meet the demands for 

products that enhance its population's eating pattern. Limited supply and the high price of 

coloured rice in Malaysia led to a fully imported from other countries (Hassan, 2015). The 

food industry depends entirely on imported coloured rice and high demand for coloured rice 

by the food industry of about 1500 tonnes per year. Since Sarawak's state is one of the 

potential areas for the growth of coloured rice, due to its vast land resources, the right 

guidelines for the cultivation of coloured rice are in place. Currently, the farmers are 
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receiving the subsidized fertilizer from government with the rate of 104:42:62 kg/ha 

Nitrogen (N), Phosphorus (P) and Potassium (K). This “blanket” fertilizer incentive is the 

same as Peninsular Malaysia and Sabah. Therefore, a specific fertilizer program is needed 

for Sarawak’s condition especially for this coloured rice variety. 

No agronomic information on the Best Agronomic Practice for coloured rice 

cultivation in Sarawak. There is a need to develop an appropriate fertilizing plan to promote 

sustainable yield and promote better fertilizer use efficiency for crop production. Fertilizer 

is the primary input and one of the most critical factors in rice production. 

Nitrogen (N), phosphorus (P), and potassium (K) are used as fertilizers in large 

quantities in rice fields, and the insufficiency of either nutrient leads to losses in yields. In 

general, this practice of imbalanced Nitrogen (N), Phosphorus (P), and Potassium (K) 

fertilization application can affect soil productivity (Cassman et al., 1996). Therefore, to 

achieve a potential yield of coloured rice, adequate nitrogen, phosphorus, and potassium 

fertilization at right and proper rate is essential. Information on the effect of nitrogen, 

phosphorus, and potassium on yield and yield components of coloured rice has not been 

done in Sarawak, and the site-specific fertilizer requirement is not known. The proper 

guideline, especially on the fertilizing program for the production of coloured rice still yet 

in place to be applied in Sarawak. The findings will help facilitate the potential of different 

fertilizer rates in coloured rice field before being introduced to local farmers. 
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1.3 Objectives  

 

Considering the statement above, the purposes of this study are as follows: 

 

1. To evaluate the growth performance, yield and yield component of coloured rice 

(MRM16 variety) at different fertilizer rates;  

 

2. To determine the Nutrient use efficiency (NUE) of coloured rice (MRM16 

variety) cultivated at different fertilizer rates. 

 

3. To determine the optimum fertilization rate for coloured rice production in Bijat 

soil series from Sarawak. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Chemical Composition of Coloured rice  

 

Coloured rice with red pigment (variety MRM16) was consumed due to its health 

benefits. Coloured rice has met the concepts of efficiency and quality that emerged to meet 

the demands for goods that increase its population’s eating pattern. Coloured rice is valued 

in Asia for its antioxidant properties when used in bread, colourful pasta, vinegar, alcoholic 

beverages, medicines, and cosmetics (Patindol et al., 2006). As compared to the white rice, 

the coloured rice is more nourishing because it still has the nutritious bran and germ. 

Coloured rice is partly hulled or with red husks. Oki et al. (2002) stated that Procyanidins 

are the main compounds engaged in the antioxidant activity of coloured rice. Coloured rice 

is known to have an antioxidant that reduces the risk of developing some chronic health 

conditions. According to Ling et al. (2001), a high antioxidant in coloured rice may decrease 

atherosclerotic plaque formation. Coloured rice is rich in fiber, iron, zinc, B vitamins, and 

calcium. The primary compound in coloured rice, which has been quantified by many 

researchers, is the anthocyanins (Abdel-Aal & Huel, 1999, 2003; Mazza & Gao, 2005; 

Salinas Moreno et al., 2005; Kim et al., 2008). Coloured rice varieties contain anthocyanin 

pigments that make them coloured.  

A total of 129,040 hectares of land area in Sarawak state was planted with rice as 

wetland and upland rice (Department of Agriculture, Sarawak, 2013). Total rice production 

in Sarawak consists of 145,011 metric tonnes and 241,684 paddies. It has been mentioned 

that 129,040 hectares of rice have been planted in Sarawak in 2012 (Department of 
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Agriculture Peninsular Malaysia, 2013), including 63,821 hectares of upland areas and 

65,219 hectares of lowland Table 2.1. 

 

Table 2.1: Total rice cultivation and rice production statistics for Sarawak 2012 

         

(Source: Department of Agriculture, Peninsular Malaysia, 2013) 

Given statistics have shown that the Sarawak state might be one of the possible areas 

for the growth of coloured rice production due to its vast land resources; correct guidelines 

for the agroecosystem in Sarawak for the cultivation of coloured rice are necessary. As for 

rice production in general, proper fertilizers’ proper application enhanced the yield and, to a 

certain extent, sustain soil productivity. Global demand for fertilizers will grow by 1.7% 

annually, to 15 million tonnes from 2008 to 2012, 69% needed in Asia alone (FAO, 2008). 

Increased performance of rice at the unit level is essential instead of increasing the planted 

land area. Proper fertilization effectively improves the quality and yield of crops and also 

can reduce cost. 

Protein is the second most abundant component of rice (Probart et al., 1993). In 

comparison with other food crops, rice protein is of very high quality. Oko et al. (2012) 

stated that, the nutritional values of rice were determined by varieties, soil quality, 

fertilization, and other environmental conditions. The protein content of the grain averages 

about 7% in milled rice and 8% in brown rice.  According to Tang et al. (2004), crude protein 

State Sarawak 

  

Area cultivated lowland rice (ha) 65, 219 

Area cultivated upland rice (ha) 63, 821 

Total Area (ha) 129,040 

Production lowland rice (tonne metric) 189,443 

Production upland rice (tonne metric) 47,668 

Total rice production (tonne metric) 237,111 
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content (CPC) is an essential rice quality in rice grain components. The protein content is a 

crucial indicator for determining rice grain quality in particular for human consumption 

(Fageria, 2014). According to Zhou et al. (2002), protein is regarded as the main component 

of grain, affecting rice-eating quality. Fageria (2014) has stated that the improvement in rice 

grain protein through N in the late reproductive growth stage or the grain filling phase of 

growth. The consistency of rice must be measured in terms of specific fertilization. At 

maturity, 75 % of assimilated nitrogen is present in the grains (Wopereis et al., 2009). 

The main components of coloured rice, as reported by FAO (2010), in 7.0% protein, 

2.0% fiber, and the micronutrients iron and zinc at 5.5 and 3.3 mg per 100 g rice, 

respectively. Also, coloured rice is rich in fiber, fat, and minerals than the commercial white 

rice. According to Ramli (n.d), the nutrient content of red rice variety (MRM16) developed 

by MARDI is found to be highly nutritious as compared to white and brown rice Table 2.2. 

 

Table 2.2: Nutrient content of MRM16 compared to white rice and brown rice 

Note: n.d = no data 

(Source: Ramli, unpublished) 

 

 White rice Brown rice MRM16 

Protein (%) 7.50 7.49 7.30 

Fat (%) 0.38 0.88 0.34 

Gross fibre (%) 0.28 0.7 0.78 

Carbohydrate (%) 79.7 73.1 80.1 

Riboflavin (mg/100 g) 0.05 0.01 0.07 

Thiamine(mg/100 g) 0.13 nd 0.15 

Niasin (mg/100 g) 3.7 nd 3.9 

Potassium (mg/100 g) 43.0 49.5 60.0 

Phosphorus (mg/100 g) 127 159 265 

Sodium (mg/100 g) 25 nd 37 

Ion (mg/100 g) 1.3 nd 1.5 

Amilose content (%)                    nd nd 15.2 
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2.2 General overview on MRM16 variety  

 

MARDI develops MRM16 from crossing involving MRQ72 and ER6275 (Hassan, 

2015). This variety has a 115 days of the maturation period, which is much shorter than other 

traditional rice varieties, which usually have 146 days’ maturation period. The potential yield 

reported is between 4.0 to 4.5 tonne per hectare. It has amylose content of 15.2% and gel 

consistency is 34. 

           Traditional rice varieties in Sarawak were planted by the conventional rice farmers. 

These traditional rice varieties have photoperiod sensitive, and only a single crop can be 

planted in a year. These traditional rice varieties can produce a yield of 2.5 to 3.5 tonnes. It 

matures in 130 to 146 days after transplanting. The plant is tall, with stems measuring about 

140 to 145 cm. These traditional rice varieties have amylose content of 15.6% and gel 

consistency is 80.  

 

Table 2.3: Characteristic of MRM16 compared to traditional rice variety 

 

Variables MRM16 
Traditional rice 

variety 

Maturation (sowing to harvesting) 

(days) 

113-115 130 - 146 

Culm height (cm) 89-91 - 

Panicle length (cm)  24-26 32 – 34 

Grain length (mm) 9.99 5.75 

Width (mm) 2.33 1.66 

1000 grain weight (g) 26.5-28.5 21.73 

Amylose content (%) 15.2 15.6  

Gel consistency (mm) 30 - 34 80 

Yield (tonne/hectare) 4.0 - 4.5  2.5 - 3.5 

 (Source: MARDI, 2010 & Department of Agriculture Sarawak, unpublished) 

 


