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Penghasilan Padi dan Pengambilan Nitrogen)
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ABSTRACT

Implementation of sound fertilizer management in rice cultivation is essential in optimizing productivity and profitability. 
The use of controlled release fertilizer (CRF) to improve crop production in various cropping systems has been widely 
explored, with new  approaches and materials continually being studied to produce new CRF. A field study was carried 
out to determine the efficiency of local CRFs on rice production and N uptake using MR220 CL1 rice variety. Ten different 
types of CRFs consisting of two groups namely biochar impregnated urea (BIU 300-5, BIU 300-10, BIU 700-5 and BIU 
700-10) and palm stearin (PS) coated urea with nitrification inhibitors (PS, PS+DMPP-100, PS+DMPP-50, PS+DMPP-150, 
PS+Cu and PS+Zn) were used as treatments. Plant height, SPAD reading, 1000-grain weight and harvest index (HI) showed 
significant improvement in rice treated with both biochar impregnated and palm stearin coated urea. With respect to grain 
yield, BIU 300-10, BIU 700-5, BIU 700-10, PS+DMPP-100, PS+DMPP-50, PS+DMPP-150 and PS+Cu treatments significantly 
increased rice yield. The CRFs mostly showed significantly higher N uptake in rice, especially in rice grains, however, there 
was no significant difference among treatments in soil residual ammonium (NH4

+-N). The newly-developed CRFs showed 
huge potential as an alternative for common urea, especially BIU 700-5, BIU 700-10, PS+DMPP-100 and PS+DMPP-50, in 
increasing rice grain yield. With proper approaches, these CRFs can contribute in improving rice production to provide 
sufficient food for ever increasing population.
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ABSTRAK

Pengurusan pembajaan yang baik untuk penanaman padi adalah penting dalam meningkatkan pengeluaran dan 
keuntungan. Penggunaan baja perlepasan terkawal untuk meningkatkan pengeluaran tanaman telah dikaji secara 
meluas dan pelbagai pendekatan baru digunakan untuk menghasilkan baja yang terkini. Sebuah kajian lapangan 
telah dijalankan untuk menentukan keberkesanan baja perlepasan terkawal yang dihasilkan secara tempatan ke atas 
pengeluaran padi dan pengambilan N dengan menggunakan varieti padi MR220 CL1. Sepuluh jenis baja telah digunakan 
dalam kajian ini yang terdiri daripada dua kumpulan, iaitu urea diimpregnasi dengan biochar (BIU 300-5, BIU 300-10, BIU 
700-5 dan BIU 700-10) dan urea bersalut stearin sawit dengan penghalang nitrifikasi (PS, PS+DMPP-100, PS+DMPP-50, 
PS+DMPP-150, PS+Cu dan PS+Zn). Ketinggian pokok, bacaan SPAD, berat 1000 biji padi dan indeks tuaian menunjukkan 
peningkatan yang signifikan untuk padi yang dirawat menggunakan baja urea diimpregnasi dengan biochar dan urea 
bersalut stearin sawit. Penggunaan baja BIU 300-10, BIU 700-5, BIU 700-10, PS+DMPP-100, PS+DMPP-50, PS+DMPP-150 
dan PS+Cu telah meningkatkan penghasilan padi dengan signifikan. Penggunaan baja perlepasan terkawal juga 
meningkatkan pengambilan N oleh pokok padi terutamanya dalam biji padi. Walau bagaimanapun, tiada kesan dapat 
diperhatikan untuk baki ammonium (NH4

+-N) dalam tanah. Baja perlepasan terkawal yang baru ini dilihat berpotensi 
besar bagi menggantikan baja urea dalam meningkatkan hasil padi, terutamanya BIU 700-5, BIU 700-10, PS+DMPP-100 
dan PS+DMPP-50. Dengan pendekatan yang bersesuaian, baja perlepasan terkawal ini mampu menyumbang kepada 
peningkatan hasil padi negara, seterusnya menyediakan bekalan makanan yang mencukupi untuk menampung jumlah 
penduduk yang semakin bertambah.

Kata kunci: Keberkesanan; penghalang nitrifikasi; stearin sawit; urea; urea diimpregnasi dengan biochar

INTRODUCTION

Low efficiency of nitrogen fertilizer applied to the 
agricultural crop is a common problem all around the 
world. In rice cultivation, the recovery of nitrogen (N) is 
reported to be less than 50% (Katyal et al. 1985; Singh 

et al. 2001). In Asia, average N recovery of irrigated 
rice is about 30% (Dobermann & Fairhurst 2000). The 
main  reason for the low efficiency is that much of the 
N applied as soluble fertilizer is lost from the plant-soil 
system through various pathways such as nitrification-
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denitrification, mineralization-immobilization, ammonia 
volatilization, leaching and surface runoff (Mikkelsen et 
al. 1995; Yan et al. 2003; Zhu & Chen 2002).
	 Controlled released fertilizer (CRF) is defined 
as fertilizers containing plant nutrient with delayed 
availability for plant uptake and use or has longer nutrient 
availability to the plant than common fertilizer such as 
urea and ammonium nitrate (AAPFCO 1995). The principal 
process of CRF production is by covering or encapsulating 
conventional fertilizer such as urea with protective coating 
to control water penetration and dissolution rate of fertilizer 
(Trenkel 2010). The release pattern of CRF is affected by 
several factors such temperature, moisture content and 
osmotic potential (Carson & Ozores-Hampton 2013; 
Carson et al. 2013; Morgan et al. 2009), but the release 
mechanism is difficult to comprehend as it also depends 
on numerous factors such as nature of the coating material, 
the type of CRF and agronomic conditions (Azeem et al. 
2014; Carson & Ozores-Hampton 2013).
	 Application of CRF has been well appraised for its 
various advantages. Specifically, it improves nutrient 
use efficiency, which will generally result in reduced 
loss of nutrients from crop fields. The application of CRF 
also reduces fertilizer toxicity to the plant especially for 
seedlings (Trenkel 2010). In the environmental perspective, 
CRF can reduce both nitrous oxide emission (Chu et al. 
2004) and disturbance to aquatic and terrestrial ecosystem, 
as well as the atmosphere (Dalton & Brand-Hardy 2003). 
The use of controlled release fertilizers may minimize 
various health risks related to fertilizer application 
especially N (Galloway & Cowling 2002).
	 Biochar-impregnated urea and palm stearin coated 
urea are among the CRF products that are currently 
being developed for the agricultural market. Biochar- 
impregnated urea is a new fertilizer, which is intended to 
integrate biochar with urea into a fertilizer. It is produced 
by chemically reacting molten urea with biochar. The 
quantity of added biochar ranges between 5 and 10%. 
The biochar used is originally obtained from rubber 
wood sawdust, which is pyrolysed at 300 and 700°C. The 
negative surface charges from functional group of biochar 
such as carboxylic acid, phenolic and lactone improve 
the adsorption of positively charged ion from fertilizer 
(Dimin et al. 2014), potentially reducing nutrient loss from 
fertilizer application.
	 Palm stearin, a byproduct of palm oil production, can 
be used as a coating material for plain urea. This concept is 
adopted from Trenkel (2010) in which fertilizer coating is 
made of materials that release the nutrients through physical 
barriers. Palm stearin act as a physical barrier to the urea 
granules, preventing it from rapid dissolution upon making 
contact with water. Apart from palm stearin as physical 
barrier, nitrification inhibitors can be added to the urea 
coating to further enhance the performance of the CRFs. 
	 Nitrification inhibitor such as 3,4-dimethylpyrazole 
phosphate (DMPP) has been utilized as a substance to 
enhance nitrogen use efficiency by reducing nitrification 
process with proven effectiveness in agriculture (Gong et 

al. 2012). Copper (Cu) and zinc (Zn) also has been studied 
as nitrification inhibitors. Cu reacts by binding to cell 
membranes and enzymes of nitrifying bacteria, disrupting 
the cell structure (Sato et al. 1988), while Zn is responsible 
for the disturbances of mitochondrial function. In this 
study, palm stearin was used as a base material to coat urea 
to produce controlled release fertilizer. The objective was 
to evaluate the effects of selected CRFs on growth, yield 
production and N uptake of Malaysian rice cultivar MR 
220 CL1 under field condition. 

MATERIALS AND METHODS

EXPERIMENTAL SITE

Field experiment was conducted at a rice field in Sungai 
Besar, in the State of Selangor, Malaysia (3°42́20̋ N, 
100°58́08̋ E). Rice variety MR 220 CL1 was used as the 
planting material. The soil at the field was Selangor soil 
series (isohyperthermic, aeric tropic fluvaquent) (DOA 
1993). The properties of the soil are presented in Table 1.
Physico-chemical analyses of the soil were conducted. 
Mechanical analysis of the soil was performed using the 
pipette method and textural class was determined using 
United State Department of Agriculture (USDA) soil textural 
triangle. Soil pH was analyzed using Mettler Toledo pH 
meter in 1:2.5 soil to water ratio. Cation exchange capacity 
(CEC) was determined using leaching method (Chapman 
1965). Total N was determined using Kjeldahl method 
with salicylic acid (Bremner & Mulvaney 1982). Available 
phosphorus (P) was determined using Bray 2 method 
(Bray & Kurtz 1945). Available copper (Cu), iron (Fe), 
manganese (Mn) and zinc (Zn) were determined using 
Mehlich 1 method (Mehlich 1953). Rice seedlings were 
grown in 3 m × 3 m experimental plots. Soil around the 
plot was elevated to act as barrier. The seed rate was 100 
kg ha-1 and directly seeded into the plot. 

FERTILIZER APPLICATION AND SOIL SAMPLING

Detailed properties of the CRFs used in this study are shown 
in Table 2. The CRFs were applied at the recommended rate 
of 120 kg N ha-1 with three split applications at 15, 35 and 
55 days after seeding (DAS). Soil sampling was conducted 
seven days after each split application and during harvest 
to determine residual N status in the soil. Phosphorus (P) 
in the form of triple superphosphate and potassium (K) 
in the form of muriate of potash fertilizer were applied 
as basal fertilizer at the rate of 50 kg P2O5 ha-1 and 50 kg 
K2O ha-1, respectively. Standard agronomic practices were 
carried out to control insects, pests, diseases and weeds. 
Water level was maintained at 5-10 cm depth.

PLANT PARAMETERS

Indirect leaf chlorophyll index measurements were 
carried out with soil plant analysis development (SPAD) 
meter (Minolta SPAD-502, Konica Minolta, Japan) on the 
youngest most developed leaves. The SPAD readings were 
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taken at the middle of each leaf and averaged. Plant height 
(cm) was recorded at maturity (week 16). The plants were 
harvested on week 16 after seeding by cutting off the parts 
about 2 cm above soil surface. Harvested plants were dried 
at 60°C for 72 h, separated into straw and grains. Dry 

matter yield of each part was recorded and Harvest index 
(HI) calculated as follows (1):

	 HI = (Grain yield / (Grain yield + Biomass)] × 100. 
	 (1)

TABLE 1. Basic physical and chemical properties of experimental 
soil at 0-20 cm depth

Particle size distribution Values
 Clay (%)
 Silt (%)
 Sand (%)
 USDA textural class: Clay

64.06
34.54
1.33

Chemical properties
 pHw (1:2.5)
 CEC (cmolc/kg)
 Total N (%)
 Inorganic NH4

+-N (mg/kg)
 Available P (mg/kg)
 Available Cu (mg/kg)
 Available Fe (mg/kg)
 Available Mn (mg/kg)
 Available Zn (mg/kg)

6.04
20.20
0.15
17.85
8.54
1.35
23.72
2.70
1.50

TABLE 2. Fertilizers used to supply N and treatment properties

N treatments Code name % N Properties
Urea (control) Urea 46 Granules

Agrenas®, no coating
Biochar Impregnated Urea 
(BIU) 300-5

BIU 300-5 44 Powder
Urea added with 5% biochar pyrolysed at 300ºC

BIU 300-10
BIU 300-10 43 Powder

Urea added with 10% biochar pyrolysed at 300ºC
BIU 700-5 BIU 700-5 44 Powder

Urea added with 5% biochar pyrolysed at 700ºC
BIU 700-10 BIU 700-10 42 Powder

Urea added with 10% biochar pyrolysed at 700ºC
Urea (Palm Stearin coated only) PS 41 Granules

Palm stearin as coating materials
Urea + DMPP 100% 
(0.464g/100g urea)
*recommended rate

PS+DMPP-100 41 Granules
Palm stearin compound added with DMPP (0.464 g/100 g 
urea) before coating with urea

Urea + DMPP 50% 
(0.232g/100g urea)

PS+DMPP-50 42 Granules
Palm stearin compound added with DMPP (0.232 g/100 g 
urea) before coating with urea

Urea + DMPP 150% 
(0.696g/100g urea)

PS+DMPP-150 39 Granules
Palm stearin compound added with DMPP (0.696 g/100 g 
urea) before coating with urea

Urea + Cu PS+Cu 40 Granules
Palm stearin compound added with Cu (5 kg/ha) before 
coating with urea

Urea + Zn PS+Zn 40
Granules
Palm stearin compound added with Zn (10 kg/ha) before 
coating with urea
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	 Plant tissues were ground using a mechanical grinder. 
Total tissue N was analyzed using TruMac® CNS Analyzer. 
Total N uptake was calculated by multiplying total N (%) 
with dry matter weight (Panda et al. 1995).

STATISTICAL ANALYSIS

Data were subjected to one-way ANOVA, and significant 
differences in means between the treatments were 
compared by Duncan’s multiple range tests procedure at 
p≤0.05 with the Statistical Analysis System (SAS) software 
(version 9.4).

RESULTS AND DISCUSSION

PLANT HEIGHT

All CRF treatments showed significantly higher rice plant 
height compared to common urea (Table 3). The highest 
plant height (116.9 cm) was recorded in treatment BIU 
700-5 while the lowest value (108.5 cm) was observed in 
treatment that received common urea dosage. Generally, 
in grain crops, N improves the protein content in plant 
(Uchida 2000). When plants absorb sufficient amount 
of N, protein will be available at an optimum level to 
accomplish metabolic processes, which in turn will 
improve the vegetative and reproductive growth of 
the plant, as well as improve the yield (Lawlor 2002). 
Improved growth could be attributed to higher plant 
height. Study by Fazlina et al. (2014) using sulfur coated 
urea also showed similar trend with rice that received 
coated urea dosage establishing higher plants height than 
that treated with common urea.

LEAF CHLOROPHYLL CONTENT (SPAD READINGS)

The results of plant chlorophyll content index (Minolta 
SPAD-502 values) for different treatments are presented 
in Table 3. SPAD reading for rice plants were significantly 
higher in CRF treatments compared to common urea. 
Measurement of leaf chlorophyll concentration is an 

important parameter that is frequently used to gauge 
general plant health in terms of its photosynthetic capacity 
and leaf N content. 
	 In this study, SPAD readings for rice plants were 
significantly higher in seven CRF treatments, while that 
of three CRFs (BIU 700-5, PS and PS+DMPP-150) were not 
significantly different from common urea. Study by Loh et 
al. (2002) showed that SPAD reading was linearly correlated 
with chlorophyll content and N concentration in plants. 
Higher SPAD reading means higher chlorophyll content as 
a result of better N uptake. Higher N uptake by plant will 
increase the photosynthesis rate, subsequently improving 
plant growth. Higher N in plant also increases the amount 
of N per unit leaf area, as well as the amount of soluble 
protein (Evans 1989) which subsequently enhance plant 
photosynthesis.
	 According to Dobermann and Fairhurst (2000), the 
optimum SPAD threshold of wet seeding rice is between 29 
and 32. From this study, application of CRFs has increased 
the SPAD reading for rice plant above the optimum SPAD 
threshold with values ranging at 35.2-37.5. The control 
treatment with urea only gave SPAD reading at 30.4, which 
falls within the optimum threshold range. Increase in SPAD 
reading means CRF application improved N concentration 
in plants, as the result of more efficient N uptake by rice. 

GRAIN YIELD

Data presented in Table 3 shows that plant grain yield 
was affected by CRF treatments. In economic aspect, grain 
yield is the most important parameter in CRF production, 
with the purpose of increasing the grain yield. All CRF 
treatments applied in this study increase the grain yield 
of rice, with seven CRFs showing significant increment 
(Table 3). Significant increase of grain yield recorded by 
BIU 300-10, 700-5, 700-10, PS+DMPP-100, PS+DMPP-50, 
PS+DMPP150% and PS+Cu. PS+DMPP-50 displayed the 
highest increment among treatments. In term of percentage, 
the yield increment ranged from 4.5 to 13.6%. 
	 The BIU treatments (BIU 300-10, BIU 700-5 and BIU 
700-10) showed significant increase in yield compared 

TABLE 3. Rice growth parameters in response to the different CRFs application

N treatments Plant height
(cm)

SPAD
values

1000 grain
(g)

Grain yield
(t ha-1)

Urea
BIU 300-5
BIU 300-10
BIU 700-5
BIU 700-10
PS
PS+DMPP-100
PS+DMPP-50
PS+DMPP-150
PS+Cu
PS+Zn

 108.5 d
 114.5 bc
 114.3 bc
 116.9 a
 112.9 bc
 115.4 ab
 112.2 c 
 113.2 bc
 114.9 bc
 112.9 bc
 114.0 bc

 30.44 b
 36.89 a
 36.69 a
 34.35 ab
 36.84 a
 35.19 ab
 36.43 a
 37.40 a
 35.97 ab 
 37.15 a
 37.53 a

 25.73 b
 26.19 ab
 26.35 a
 26.39 a 
 26.05 ab
 26.39 a
 26.27 ab
 26.37 a
 26.22 ab
 26.40 a
 25.92 ab

 5.65 c
 6.00 bc
 6.28 ab
 6.39 a
 6.36 a
 5.97 bc
 6.38 a
 6.42 a
 6.28 ab
 6.16 ab
 5.91 bc

Means in a column followed by common letter are not significantly different at 5% level using DMRT
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to urea, except for BIU 300-5. Biochar is a beneficial 
substance widely recognized for its various benefits such 
as improving soil physical properties (Atkinson et al. 
2010; Downie et al. 2009) and provides microbial habitat 
(Atkinson et al. 2010). More importantly, biochar is also 
capable of improving cation exchange capacity (CEC) 
and anion exchange capacity (AEC) in soil, consequently 
improving nutrient retention ability for better plant 
consumption (Sohi et al. 2010). With all these benefits, it 
will provide a conducive environment for plants to grow 
better and produce higher grain yield.
	 The use of palm stearin as a coating material appears 
to improve grain yield albeit not significantly. However, 
with the addition of nitrification inhibitors, rice yield 
was significantly increased. DMPP addition at 50, 100 and 
150% rates all increased the yield significantly, as well as 
Cu addition. The use of DMPP in CRF was widely studied 
on various crops, resulting in significant yield increment. 
Heavy metal elements also have been studied as nitrification 
inhibitors previously with positive effects on reducing 
nitrification (Rovita & Killorn 2008). Yield increment in 
PS+Cu could be attributed to lower nitrification in soil, 
which enhances N use efficiency by rice. Treatment PS+Zn 
did not significantly improve yield probably due to the 
high level (1.5 mg kg-1) of Zn in soil (Table 1). The critical 
level of Zn in soil for rice is 1.0 mg kg-1 (Dobermann & 
Fairhurst 2000). Therefore, all the treatments received the 
same effects of Zn inhibition in soil and the additional Zn 
in PS+Zn did not show significant effect. 

1000-GRAIN WEIGHT

1000-grain weight is an important indicator for rice quality. 
Higher 1000-grains weight means better grain quality. 
Generally, CRF application as a source of N improves grain 
quality. Six CRFs (BIU 300-10, BIU 700-5, PS+DMPP-100, 

PS+DMPP-50, PS+Zn and PS) showed significantly higher 
1000-grain weight than the other treatments (Table 3). 
Better N use efficiency and better N uptake by plants 
increase protein percentage in grain, resulting in higher 
mass per unit of grain (Chaturvedi 2005). In rice, nitrogen 
plays an important role in formation of organs and 
physiological processes, as well as becoming a major 
component in tillers and grains production (MARDI 2003), 
which explains the higher 1000-grain weight of rice with 
better N uptake.

HARVEST INDEX

Harvest index (HI) is the ratio of dry grain to the total 
aboveground dry matter weight (Mae et al. 2006). Higher 
HI means more of the harvested aboveground part of 
rice were grains. Since grain yield is the most important 
part of rice cultivation, better HI is preferred when CRF 
is applied to the rice field. From Figure 1, all the CRF 
treatments improved rice HI significantly, except for PS and 
PS+DMPP-150, which still showed improvement although 
insignificantly. 
	 According to Hashim et al. (2015), total N uptake 
rice plant peaked during 11th week in which the rice is 
at grain formation stage. After 11th week, during grain 
filling and maturation stage, large portion of N required 
in rice come from the culm, leaves and panicles rather 
than directly from the soil (Jones et al. 2011). It means, N 
uptake from soil was very minimal. This could probably 
be a major factor that improves HI. When plants absorb 
more N before the 11th week, more N will probably be 
transferred to grain, increasing HI or grain proportion over 
rice biomass. The period from planting up until the 11th 
week is a crucial period in which rice need to absorb N in 
optimum amount. The ability of CRFs to increase N uptake 
by rice could give an advantage when rice plants were 

FIGURE 1. Harvest index of rice as affected by CRF application
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treated with it. Higher N uptake from CRFs application will 
promote higher N accumulation in rice tissue, which will 
eventually be transferred to the grain resulting in improved 
grain development and higher HI. 
	 Addition of PS as coating without inhibitor probably 
did not reduce the loss of N especially in early period after 
application. Without inhibitory effects from nitrification 
inhibitors, N is more susceptible to losses. Therefore, 
it will reduce the availability of N in soil and rice plant 
could not remove higher N for its grain development. 
As for PS+DMPP-150, the increased rate of DMPP than the 
recommended rate of 0.464 g/100 g urea might induced 
higher losses of N in the form ammonia (NH3). The 
inhibitory effects of DMPP resulted in excessive NH4

+-N 
ions accumulation in soil upon urea application to the soil. 
Loosely water-bound NH4

+-N ions in the flooded soils 
might escape in the gaseous form of NH3 (Ghosh & Bhat 
1998). 

PLANT NITROGEN UPTAKE FROM CRFS APPLICATION

Generally, application of CRFs increased nitrogen uptake in 
both rice grain and straw, although some of the increments 
were not significant (Table 4). In grain, the seven treatments 
that exhibited significant N uptake increment were BIU 300-
10, BIU 700-5, BIU 700-10, PS+DMPP-100, PS+DMPP-50, 
PS+DMPP-150 and PS+Cu. In the straw, only BIU 300-5 
and BIU 300-10 exhibited significant increment. Again, 
this could probably be as a result of N translocation from 
vegetative parts of rice to the grain during the later stage 
of plant development (Jones et al. 2011).
	 CRF has the ability to gradually release its nutrient 
content to precisely match with the plant requirement 
(Hanafi et al. 2000). By using CRF, N could be supplied 
according to the plant development stages (Sharma 1979), 
allowing better N uptake by rice plant. Better N uptake 
from CRFs has also been proven in previous studies such 
as Kiran et al. (2010) and Fazlina et al. (2014) on rice and 
Nasima et al. (2011) on Guinea grass. 

RESIDUAL AMMONIUM (NH4
+-N) IN SOIL

No significant differences were found among the 
treatments, including all the CRFs used for residual N 
in soil after harvesting (Figure 2). Residual NH4

+-N in 
soil during harvest ranged at 14.2-18.5 mg kg-1, which is 
almost equivalent to the NH4

+-N content of pre-planted 
soil (17.85 mg kg-1) (Table 1). Most of the applied N from 
the fertilizers are either utilized by the rice or susceptible 
to loss to the environment. When fertilizer application 
precisely matched with crop needs, less residual N were 
traced in soil (Andraski et al. 2000), especially when the 
rate of application was equal. This trend is also similar to 
the study by Fazlina et al. (2014), where CRFs application 
on rice end up having less residual N in soil. When CRFs 
were applied to the soil, more efficient uptake by rice 
resulted in more N accumulated in rice. 
	 Higher residual N in soil does not indicate greater 
fertilizer efficiency, as more removal of N by rice would 
result in less residual N in the soil. Therefore, a more 
tangible indicator of fertilizer performance is the actual 
N uptake in rice. In essence, higher N uptake by rice is 
indicative of better N use efficiency, which can serve as a 
bench mark to evaluate the performance of CRFs.

CONCLUSION

As a conclusion, the application of CRFs urea improved 
rice growth and production especially BIU 700-5, BIU 
700-10, PS+DMPP-100 and PS+DMPP-50. Biochar and 
nitrification inhibitors incorporation with urea fertilizer in 
CRFs increased rice yield by 4 to 13%, as well as improved 
plant height, chlorophyll content in leaf, grain quality and 
HI. The application of CRFs also improved rice N uptake, 
especially in grain by up to 36%, but did not improve 
residual N in soil. The CRFs used in this study were newly 
developed with major improvement still needed to be made 
for better performance. High efficiency CRFs can reduce 
fertilizer application rounds and save labor cost without 
compromising crop yield.

TABLE 4. Nitrogen uptake by rice from different CRFs application

Treatment
Grain Straw

Total N (%) N Uptake (kg ha-1) Total N (%) N Uptake (kg ha-1)
Urea
BIU 300-5
BIU 300-10
BIU 700-5
BIU 700-10
PS
PS+DMPP-100
PS+DMPP-50
PS+DMPP-150
PS+Cu
PS+Zn

1.42 a
1.46 a
1.56 a
1.61 a
1.52 a
1.56 a
1.49 a
1.51 a
1.56 a
1.56 a
1.44 a

75.72 c
87.65 abc
97.73 ab
102.67 a
96.30 ab
92.72 abc
95.66 ab
96.73 ab
98.22 ab
95.75 ab
84.98 bc

0.83 c
1.23 a
1.21 a
1.16 ab
0.99 abc
1.15 ab
0.87 bc
1.00 abc
1.12 abc
1.14 ab
1.18 ab

80.36 b
112.11 a
110.38 a

104.50 ab
94.60 ab
103.65 ab
97.95 ab
99.91 ab
108.74 ab
99.19 ab
93.46 ab

Means in a column followed by a common letter are not significantly different at 5% level using DMRT
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