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The current self-sufficiency level for rice in Malaysia is about 71.4% and the 
average yield of rice in Malaysia is 3.77 t/ha. Zinc and copper are essential 
micronutrients for the growth of rice due to their role in plant metabolism and 
physiological processes and deficiency can greatly reduce rice yield. Urea 
[(CO(NH2)2] is the most common granular N fertilizer in rice production 
worldwide but the efficiency of N from added urea in most paddy fields is 
usually low. Coating the urea granules with polymer or other binding materials 
seems effective in reducing urea volatilization and leaching. In order to reduce 
N loss and improve micronutrient status of paddy soils, addition of Zn and Cu-
based fertilizers during rice cultivation is essential.The field trial were 
conducted for 2 seasons consecutively in KADA site in Melur, Kelantan. Rice 
cultivar, MR219 was used in the experiment for both seasons. While the third 
season was conducted in MADA site in Tunjang, Kedah using rice cultivar of 
MR220. The field experiment was designed as a randomized complete block. 
The treatments consisted of a control and six different types of copper and zinc 
coated fertilizer combinations namely: 1) urea (control), 2) copper coated urea, 
3) copper + urea, 4) zinc coated urea, 5) zinc + urea, 6) copper and zinc coated 
urea, 7) copper + zinc + urea. Nitrogen was applied as urea (120 kg/ha), while 
P and K were applied as TSP and MOP with 50 kg of P₂O₅ and K₂O. The paddy 

was harvested to measure grain yield and the yield components (panicle 
length, 1000- grain weight, filled and unfilled grain). The plant tissue was 
analysed for Total N and Cu and Zn   using the Kjedahl method and dry ashing 
method respectively. The soil samples from post-harvested were collected and 
were analysed for Total N using Kjedahl method, while the concentration of Cu 
and Zn was determined using dilute double acid method. The data collected 
were analysed using ANOVA (SAS 9.3), and LSD (P<0.05) was used to test 
the difference among treatments. The result from all three field experiments 
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showed that application of urea coated fertilizer improved plant growth 
parameter and nutrient uptake (N, Cu and Zn) in grain over other treatment 
combinations. However, the addition of Cu and Zn without coated showed no 
positive effect to the plant growth and yield.  Increased in N uptake in plant is 
due to reduction of N loss by urea inhibitor (Cu and Zn). Nevertheless, coating 
Cu and Zn to urea managed to avoid them from leaching.  Application of Cu 
and Zn coated urea in season one produced the highest rice yield whereas for 
seasons two and three, the maximum rice yield was obtained from treatment 
Zn coated urea.  There was large difference of yield between the three season 
due to two reasons. The first one was due to the different types of soil and the 
second, was due to the effect of drought. In MADA the soil is made of marine 
alluvium parent material whereas in KADA the soil is made up from riverine 
alluvium parent material.  In lowland paddy field, water is essential element to 
maintain good growth. But due to drought, yield in season one is very much 
reduced compared to season two.   
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Kadar sara diri bagi pengeluaran padi di Malaysia adalah sebanyak 71.4% 
dengan purata hasil padi sebanyak 3.77 t/ha. Kuprum dan Zinc adalah 
mikronutrien yang penting bagi pertumbuhan pokok padi kerana mereka 
mempunyai peranan yang penting didalam proses fisiologi dan metabolisma 
tumbuhan. Oleh itu, kekurangan Ku dan Zn boleh menyebabkan pengurangan 
hasil padi. Urea [(CO(NH2)2] adalah baja nitrogen yang digunakan secara 
meluas dalam industri padi, tetapi  mempunyai tahap efisiensi yang rendah. 
Pelbagai cara telah dilakukan untuk memperbaiki tahap efisiensi urea. 
Antaranya adalah dengan menyalut urea dengan bahan polimer. Cara ini telah 
berjaya mengurangkan pemeruapan dan larut lesap urea. Selain 
menggunakan bahan polimer, Ku dan Zn juga boleh digunakan untuk 
mengurangkan kehilangan N selain dapat menambahbaik status mikronutrien 
di tanah sawah.Kajian lapangan telah dijalankan sebanyak 2 musim di Melur, 
Kelantan (KADA) dan satu musim lagi di Tunjang, Kedah (MADA).  Varieti padi 
yang berbeza telah digunakan di kedua-dua lokasi. Bagi kajian di KADA varieti 
jenis MR219 telah digunakan. Manakala bagi kajian di MADA, varieti jenis 
MR220 digunakan. Terdapat 7 jenis rawatan yang digunakan dengan satu plot 
kawalan dan 6 jenis campuran baja digunakan iaitu: 1) urea (kawalan), 2) 
kuprum salut urea, 3) kuprum dan urea, 4) zinc salut urea, 5) zinc dan urea, 6) 
kuprum dan zink salut urea, 7) kuprum, zink dan urea. Baja nitrogen ditambah 
didalam bentuk baja urea sebanyak 120 kg/ha. Selain itu,baja P dan K pula 

ditambah dalam bentuk baja TSP dan MOP sebanyak 50 kg P₂O₅ dan 50 kg 

K₂O. Pengukuran hasil dan komponen pokok padi dilakukan semasa akhir 

musim ketika pokok dituai bagi menentukan kualiti padi. Pokok tuaian dan 
sampel tanah akan dikeringkan sebelum di analisis bagi mendapatkan jumlah 
nitrogen, kuprum dan zink. Data yang diperolehi akan dianalisis dengan 
menggunakan ANOVA (SAS 9.3). Rawatan akan diuji dengan menggunakan 
LSD pada paras keertian 5%. Data yang diperolehi dari ketiga-tiga musim 
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menunjukkan penggunaan baja salutan urea berjaya menambahbaik 
parameter pertumbuhan pokok dan juga pengambilan nutrien dari tanah 
(nitrogen, kuprum dan zink) berbanding dengan rawatan lain. Peningkatan 
ambilan nutrien N di dalam pokok adalah disebabkan oleh pengurangan 
kehilangan baja N dari urea. Selain itu, salutan Ku dan Zn pada urea juga 
berjaya mengelakkan Ku dan Zn dari larut lesap.  Manakala penggunaan baja 
kuprum dan zink tanpa salutan menunjukkan tiada kesan positif terhadap hasil 
padi. Di musim yang pertama, rawatan kuprum dan zink salut urea telah 
memberikan hasil padi yang tertinggi. Manakala di musim kedua dan ketiga, 
rawatan zink salut urea pula memberikan hasil padi yang tertinggi. 
Berdasarkan data, terdapat jurang yang besar diantara hasil padi bagi ketiga-
tiga musim. Terdapat beberapa faktor yang mempengaruhi perkara ini iaitu 
jenis tanah yang berbeza dan juga musim kemarau. Tanah di KADA terbentuk 
dari tanah mendakan sungai manakala di MADA pula terbentuk dari tanah 
mendakan laut. Hasil padi yang sangat rendah ketika musim pertama adalah 
disebabkan oleh kemarau yang melanda semasa ujikaji dijalankan. Secara 
keseluruhan, berdasarkan data yang diperolehi, rawatan zink salut urea 
memberikan hasil padi yang tinggi dan berjaya menambahbaik komponen 
pokok.  
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CHAPTER 1 

INTRODUCTION 

Rice (Oryza sativa L.) is the most important staple food for nearly more than 
half of the world’s population. It provides more than 21% of the calorific needs 
of the world population and up to 76% of the calorific intake of the population in 
the South East Asian region (Fitzgerald et al., 2009). Global rice consumption 
particularly in Asia and Africa remains strong mainly due to population and 
economic growth conditions of countries in those regions. Although Southeast 
Asia remains the leading source of world rice exports, the production growth 
rate in the region is projected to slow down over the next decade (Baldwin et 
al., 2011), thus raising food security concerns globally (Parker, 2011). 
 

Rice is a staple food in Malaysia. The current self-sufficiency level for rice 
production is about 71.4% (Chamhuri et al., 2014). According to statistics, the 
average yield of rice in Malaysia between 2009 and 2011 was about 3.77 t/ha, 
which is lower than the global average of almost 4.4 tons per ha in 2011/12 
(Baldwin et al., 2012). To meet its consumption needs, Malaysia imports rice 
from countries such as Vietnam, Thailand and Pakistan. 
 

In line with the national agricultural policy, more concerted efforts are therefore 
needed to meet the targeted production sufficiency level for rice. Whereas 
Malaysian rice farmers routinely apply macronutrients-based fertilizers such as 
nitrogen (N), phosphorus (P) and potassium (K). In current situation, nitrogen is 
the major limiting factor in rice production, where it is reported that rice requires 
1 kg of nitrogen to produce 15-20 kg of grain. In order to accommodate rapidly 
increasing populations, higher yield is needed. Therefore, additional N must be 
applied (Ladha, et al.,2003). Celine et a.l,(2010) stated that  85-90 million 
tonnes of nitrogen fertilizer were added to the soil annually to provide the 
demand for plant growth and urea [(CO(NH2)2] is the most common granular N 
fertilizer in rice production worldwide (Fageria, 2009) and it happened to have 
low recovery efficiency in most paddy fields. 
 

It also appears that application of micronutrients such as zinc (Zn), copper 
(Cu), manganese (Mn) and boron (B) is not a usual practice (Zulkefli et al., 
2004). The occurrence of micronutrient deficiencies is exacerbated by factors 
such as intensive cropping, loss of fertile top soils and nutrients through 
leaching and surface runoff (Somani, 2008). Micronutrients deficiency in soil 
has been reported to greatly affect rice production in the main granary areas in 
Malaysia (Zulkefli et al., 2004).  
 

Increases in crop yields from the application of micronutrients have been 
reported in many parts of the world (Fageria et al., 2002). Zinc and copper are 
essential micronutrients for the growth of rice due to their role in plant 

http://www.tandfonline.com/doi/full/10.1080/00103624.2015.1069315#CIT0004
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metabolism and physiological processes (Rehman et al., 2012; Yruela, 2005) 
and deficiency can greatly reduce rice yields (Hafeez et al., 2013). 
 

Zinc deficiency is considered the most widespread micronutrient disorder in 
rice field (Fageria et al., 2002; Dobermann and Fairhurst, 2000), where it is 
dominant in temperate and tropical climate (Shivay et al., 2008). On top of that, 
in particularly high pH soil, zinc is common to be deficient (Nasima et al., 
2011). While Hafeez (et al., 2013) stated that almost all crops and calcareous, 
sandy soils, peat soils and soils with high phosphorus and silicon are expected 
to be deficient. Cakmak(1999) stated that 30% soils in the world exhibit zinc 
deficiency to different level. While in submerged and flooded soil showed that 
decreasing availability of zinc because of the change in pH value and the 
formation of insoluble zinc compound. (Hafeez et al., 2013). Thus, almost all 
crops give a positive respond to application of zinc.  
 

The sufficiency range for zinc in leaf is 15 to 50 ppm in the dry matter of mature 
plants to suffice the plant growth and yield. Shortage of zinc in rice will affect 
several biochemical processes in the rice plant, such as cytochrome and 
nucleotide synthesis, auxin metabolism, chlorophyll production, enzyme 
activation and membrane integrity (Alloway, 2008). Thus, it will cause the plant 
to be stunted in growth, decreasing number of tillers, chlorosis and smaller 
leaves, increasing crop maturity period, spikelet sterility and inferior quality of 
harvested products (Hafeez et al.,2013). The plant will also show brown 
blotches and streaks that may fuse to entirely cover older leaves and in severe 
cases the plants may die.  
 

Copper is an essential element for all crops, and its influence both 
carbohydrate and nitrogen metabolism in plants (Nasima et al., 2011). 
Insufficiency of copper in a plant will contribute to the development of specific 
deficiency symptoms, most of which effect young leaves and reproductive 
organs. On top of that, it will also affect reduction in pollen viability and 
increase in spikelet sterility and many unfilled grains (Dobermann and 
Fairhurst., 2000). Wu et al., (2010) also stated that copper deficiency can 
cause grain sterility that may lead to formation of unfilled grains thus reducing 
rice production. Some of the symptoms of copper deficiency is development of 
chlorotic streaks on either side of the midrib of leaf, dark brown necrotic lesions 
on leaf tips and reduced tillering.  
 

It was reported that copper concentrations in a plant, needs to be maintained. 
The average content of copper in plant tissue is 10 µg g-1 dry weight (Yruela, 
2005). Copper availability decreases in soil solutions due to adsorption of 
copper in soil exchange complexes, as well as due to chemical to chemical 
fixation as sulfides. Soil copper availability depends on soil pH; it is lower in the 
alkaline range and higher in the acidic range. (Nasima et al., 2011). 
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Though both zinc and copper fertilization are important, they are needed in a 
very small amount. The main problem is to apply the fertilizer uniformly to a 
wide area and these can be solved by coating them to urea because it exists in 
a larger size and needed in large amount. By coating them to urea, it can 
enhance the spreading of micronutrient for better uniformity.  
 

Coating the urea granules with polymer or other binding materials seems 
effective in reducing urea volatilization and leaching. In order to reduce N loss 
and improve micronutrient status of paddy soils, addition of zinc and copper-
based fertilizers during rice cultivation is essential. Data related to the effect of 
zinc and copper coated urea on lowland rice grown on Malaysian Oxisols is 
limited. The present study was therefore conducted to address this knowledge 
gap. 
 
 
The objectives of this study were; 
 
1) To determine the effect of copper and zinc coated urea on the growth and 
yield of rice in the field 
2) To determine effect of copper and zinc coated urea on zinc and copper 
uptake in plant tissue 
3) To determine the effect of copper and zinc coated urea on nitrogen uptake in 
rice tissue  
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