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Abstract of the thesis submitted to the Senate of Universiti Putra Malaysia in 

fulfillment of the requirement for the degree of Doctor of Philosophy 

EVALUATION OF SELECTED COATED UREA ON NITROGEN USE 

EFFICIENCY OF  RICE  

By 

ROSMARINA BINTI AHMAD KHARIRI

October 2016 

Chairman  :  Professor Mohd  Khanif Yusop, PhD 

Faculty       :  Agriculture 

Urea is the main nitrogen (N) fertilizer sources applied in the rice production. 

However, the efficiency of urea in rice system is generally low. A part of applied N 

will be loss due to ammonia (NH3) volatilization, nitrification and denitrification. In 

order to minimize N losses, urea was coated with urease inhibitor, nitrification 

inhibitor, inorganic materials or supplemented with biochar. This study was carried 

out with the following objectives: to evaluate the effect of different coated urea on N 

transformation, NH3 volatilization, nitrous oxide (N2O) gas emissions in selected rice 

soils and rice production; to determine N utilization and the pattern of fertilizer N 

uptake by hybrid rice in comparison of inbred varieties. Copper (Cu) and zinc (Zn) 

acted as urease inhibitors and dimethylpyrazol-phosphate (DMPP) was selected as 

nitrification inhibitor. The N fertilizers compared were  urea, Cu coated urea (CuU), 

Zn coated urea (ZnU), Cu + Zn coated urea (CuZn), DMPP coated urea (DMPPU), 

DMPP + Cu + Zn coated urea (DMPPCuZn),   sulfur coated urea (SU), dolomite 

coated urea (DU) and  OneBaja (urea impregnated biochar).   Copper, Zn and DMPP 

coated urea were prepared by coating them with palm stearin. Laboratory evaluation 

of coated urea was conducted to measure N transformation, NH3 volatilization and 

N2O emission in Selangor and Chempaka soil.  Results indicated that treatments 

consisting of urease inhibitor slowed urea hydrolysis.  Copper coated urea, ZnU, 

CuZn, DMPPCuZn, SU, OneBaja were effective in reducing NH3 loss as compared 

to urea by 12.12 - 37.48%. Furthermore, SU, CuU, ZnU, CuZn, DMPPU and 

DMPPCuZn reduced N2O emission over urea by 14.86 - 48.65%.   Glasshouse study 

was carried out to measure fertilizer N utilization and pattern of fertilizer N uptake 

by hybrid rice named Siraj in comparison to MR219 by using 15N isotopic label 

technique. Rice plants were harvested at two weeks interval starting from 2nd week 

(DAT-day after transplant) until 14th   week.  Fertilizer N uptake and utilization 

reached a peak between 10th and 12th week. Relatively, Siraj recorded better fertilizer 

N utilization and N uptake as compared to MR219 variety. A second glasshouse 

study was carried out to determine the effect of coated urea on rice yield.  Siraj and 

MR220 variety were grown in one growing season in Selangor  and Chempaka soil. 

Pots treated with OneBaja, CuU, ZnU, CuZn, DMPPU and DMPPCuZn showed an 

improvement of grain yield by 32.96 - 39.05% over urea in Chempaka soil. Higher 
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grain yield was recorded in pots applied with CuU, CuZn, DMPPCuZn and SU as 

compared to urea   in Selangor soil.  Field study was conducted at Sungai Besar 

Selangor. The rice were directly seeded by manual broadcasting practice. Results 

demonstrated that, coated urea (CuU, CuZn, DMPPU, DMPPCuZn) and OneBaja 

treated plots produced better rice yield and N uptake with an increment of 17.43 - 

28.44% and 20.72 - 42.28% respectively. Siraj outperformed MR220 in increasing 

grain yield and N uptake. This suggests that there is a prospect of using urease and 

nitrification inhibitor coated urea and OneBaja to improve N efficiency of urea and 

rice yield. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia     

sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

PENILAIAN KEBERKESANAN UREA BERSALUT TERPILIH TERHADAP  

KECEKAPAN PENGGUNAAN NITROGEN PADA TANAMAN PADI 

Oleh 

ROSMARINA BINTI AHMAD KHARIRI 

October 2016 

Pengerusi : Professor  Mohd Khanif  Yusop, PhD 

Fakulti : Pertanian  

Urea merupakan sumber baja N utama digunakan dalam pengeluaran padi. Walau 

bagaimanapun, kecekapan urea dalam pengeluran padi  adalah rendah. Sebahagian 

daripada  baja N yang ditabur hilang melalui pemeruwapan NH3, nitrifikasi dan 

denitrifikasi. Dalam usaha untuk mengurangkan kehilangan N, urea telah disalut 

dengan perencat urease, perencat nitrifikasi, bahan bukan organik atau ditambah 

dengan biochar. Kajian dijalankan dengan objektif : untuk menilai kesan urea 

bersalut terhadap transformasi N, pemeruwapan NH3,  pelepasan  N2O dalam tanah 

padi dan pengeluaran padi; untuk menentukan penggunaan N dari baja dan corak 

pengambilan N dari baja oleh varieti padi hibrid berbanding varieti padi  inbred. 

Kuprum (Cu) dan zink (Zn) digunakan sebagai perencat urease manakala 

dimethylpyrazol-fosfat (DMPP) dipilih sebagai perencat nitrifikasi. Rawatan baja 

terdiri daripada urea, urea bersalut Cu (CuU), urea bersalut Zn (ZnU), urea bersalut 

Cu + Zn (CuZn), urea bersalut DMPP (DMPPU), urea bersalut DMPP + Cu + Zn 

(DMPPCuZn), urea bersalut  sulfur (SU), urea bersalut dolomite (DU) dan OneBaja 

(urea impregnated  biochar). Untuk penyediaan urea bersalut  Cu, Zn dan DMPP, 

baja  tersebut  disaluti dengan lapisan palm stearin. Kajian di makmal dijalankan 

untuk mengukur transformasi N, pemeruwapan NH3 dan pelepasan N2O pada tanah 

siri Selangor dan Chempaka. Keputusan menunjukkan hidrolisis urea adalah 

perlahan pada rawatan yang mengandungi  perencat urease. Urea bersalut kuprum 

(CuU), ZnU, CuZn, DMPPCuZn, SU, OneBaja didapati berkesan untuk 

mengurangkan kehilangan NH3 berbanding urea sebanyak  12.12 -37.48%. Selain 

dari itu, CuU, ZnU, CuZn, DMPPU dan DMPPCuZn mengurangkan pelepasan N2O 

sebanyak 14.86 - 48.64%. Kajian rumah kaca dijalankan untuk mengukur 

penggunaan N dan corak pengambilan N dari baja  oleh padi hibrid  Siraj berbanding 

padi MR219  dengan menggunakan  kaedah 15N label isotop. Tanaman padi dituai 

berselang dua minggu bermula dari minggu ke 2 (HLU- hari lepas ubah) sehingga 

minggu ke 14.  Penggunaan N dan  pengambilan N dari baja  adalah maksimum di 

antara minggu ke 10 dan minggu ke12. Penggunaan N  dan pengambilan N dari baja 

yang lebih baik direkodkan oleh Siraj beras hibrid berbanding varieti MR219. Kajian 
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rumah kaca yang kedua  dijalankan untuk menentukan kesan urea bersalut  terhadap  

hasil padi. Padi Siraj dan MR220 ditanam dalam bekas untuk satu musim penanaman 

pada tanah siri Selangor dan Chempaka. Pada tanah siri Chempaka, bekas yang 

dirawat dengan OneBaja CuU, ZnU, CuZn, DMPPU, DMPPCuZn meningkatkan 

hasil bjirin padi sebanyak 32.96 - 39.05% berbanding  urea. Hasil bijirin yang lebih 

tinggi telah direkodkan dengan rawatan CuU, CuZn , DMPPCuZn  dan SU  

berbanding dengan urea di dalam tanah siri Selangor.   Kajian di ladang telah 

dijalankan untuk menilai keberkesanan urea bersalut terhadap prestasi varieti Siraj 

dan MR220. Kajian  dijalankan di Sungai Besar Selangor. Biji benih padi ditabur 

terus secara manual.  Keputusan kajian menunjukkan bahawa, plot yang dirawat 

dengan urea bersalut (CuU, CuZn, DMPPU, DMPPCuZn)  dan OneBaja 

menunjukkan hasil padi dan pengambilan N yang lebih baik daripada plot yang 

dirawat dengan urea dengan peningkatan sebanyak 17.43 - 28.44% dan 20.72 - 

42.28% setiap satu. Keputusan ini menunjukkan bahawa penggunaan  urea yang 

disalut dengan perencat urease dan perencat nitrifikasi  dan juga OneBaja 

mempunyai prospek bagi meningkatkan kecekapan N baja urea dan juga 

meningkatkan hasil padi. 
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MARDI    Malaysia Agriculture Research Development Institute 

MOP    Muriate of potash 

N   Nitrogen 

N2   Dinitrogen 

N2O   Nitrous oxide 

NBPT   N-(n-Butyl) thiophosphoric triamide  

NH3   Ammonia 

NH4   Ammonium ion 

Nar    Nitrate reductase 

Nir    Nnitrite reductase 

NO2   Nitrite ion 

NO3   Nitrate ion 

O   Ozone 

OH   Hydroxyl ion 

PPD    Phenylphosphorodiamidate  

RCBD                    Randomized completely block design 

SU   Sulfur coated urea 

TSP    Triple superphosphate 

 Zn   Zinc 

ZnSO4   Zinc sulphate 

ZnU    Zn coated urea 
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CHAPTER 1 
 

 

INTRODUCTION 

 

 

The world is currently facing a new set of multiple challenges. Achieving food 

security on  existing agricultural land without causing undue damage to the 

environment is a major challenge. World population is continuing to grow,   the 

current world population of 7.3 billion is projected to reach 8.5 billion by 2030 and 

9.7 billion in 2050 and with that, food demand is estimated to escalate substantially 

(United Nations, 2015).  Rice production has to be increased, as it is the main staple 

food for nearly half of the world’s population (Muthayya et al., 2014).   Hence, rice 

yield should increase without further increase in rice cultivated area.  In order to 

address the matter, more grain per area must be produced and this requires more 

fertilizer input (Zhang et al., 2012).   

 

 

Among nutrients required by plants, nitrogen (N) is applied at the highest quantities 

and has the greatest potential for losses (Linquist et al., 2013). Urea is extensively 

being used as a source of N in  rice cropping and it is the cheapest source of N in 

addition to its ease of  handling. Unfortunately, recovery of applied urea is low in 

rice system. The recovery efficiency of applied N was reported to be at 26 - 50% in 

Malaysian rice  soils  implying that a large portion of the applied N is not being used 

for productive purposes (Hashim et al., 2015; Khanif, 1988;  Sariam and Khanif, 

2006).  

 

 

The inefficient use of N in rice cultivation can be attributed to synchronization 

release of N from fertilizers with the plant demand due to the N losses    via various 

pathways such as volatilization, nitrification and denitrification.   Nitrogen losses 

result in significant yield loss and environmental consequences with respect to the 

emissions of gases such as nitrous oxide (N2O), ammonia (NH3) and aquatic 

pollution through nitrate (NO3) leaching (Chen et al., 2014; Saggar et al., 2013). 

Recent report, revealed that N export to the environment from rice fields accounted 

for 13.1 - 31.7% of the N input (Yang et al., 2015).  Yield loss also pararrels with 

economic implication to the farmers and increase expense for the rice production.  

 

 

For the above reasons, it is desirable to reduce N losses so as to improve N use 

efficiency, improve rice yields for food demand, reduce cost of production and 

maintain environmental quality. The minimal modifications and improvement of the 

fertilizer itself is one of the approaches to reduce losses (Junejo et al., 2011a; Zaman 

et al., 2009). The use of specially formulated form of fertilizer by coating and 

supplemented with inhibitors or inorganic material might have a great prospect. 

Application of  nitrification inhibitor has  proven to be  efficient in mitigating N2O 

emission and improving N use efficiency (Qiao et al., 2105). Addition of urease 

inhibitor  to urea increase the efficiency of fertilizer by reducing NH3 volatilization  

in flooded soil (Xue et al., 2013).  
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The use of micronutrients such as copper (Cu) and zinc (Zn) as urease inhibitor was 

recorded to be effective in reducing NH3 volatilization loss and improved crop N 

uptake (Junejo et al., 2011b; Junejo et al., 2012). Application of these elements as 

urease inhibitors can give double benefits; in addition to inhibit urease activity, these 

elements can serve as micronutrients for plant growth particularly in micronutrients 

deficient soil.  To the date, there have been limited studies of the inhibitory effect of 

micronutrient as urease inhibitor. 

 

 

In addition, the use of nitrification inhibitor should be part of fertilizer N. Among the 

nitrification inhibitors, dimethylpyrazol-phosphate (DMPP) has been reported by 

many researchers as the most efficient in improving efficiency of N fertilizer and 

effective at low rate (Liu et al., 2013; Weiske et al., 2001). Many compounds are 

capable of inhibiting urease activity and nitrification process. However their efficacy 

under tropical condition especially in flooded soil have not been documented and the   

study to evaluate the efficacy of Cu, Zn as urease inhibitor, DMPP as nitrification 

inhibitor and combination of these in rice cultivation system is limited.   

 

 

Instead of fertilizer technologies, hybrid rice technology is one of the most important 

and practically feasible technologies to boost rice productivity. Hybrid rice was first 

developed in China in the 1960s and has a yield advantage over the inbred rice 

varieties, facilitating a 44.1% increment in rice production (Cheng et al., 2007). With 

concern about the sustainable food production and environmental issue, there is a 

need to conduct comprehensive studies on urease and nitrification inhibitor on rice in 

order to improve N use efficiency and enhancing rice production.  With this in view, 

the current study was carried out with the following objectives: 

 

1. To evaluate the effect of different coated urea on N transformation, N2O 

emission and NH3 volatilization in selected Malaysian rice soil under 

laboratory and glasshouse conditions, 

2. to determine the pattern of N fertilizer uptake and utilization  by selected 

hybrid rice variety in comparison to non-hybrid rice variety and 

3. to determine the efficacy of different coated urea on yield and nutrient uptake 

of hybrid and non-hybrid rice under glasshouse and field conditions. 

 

 

 

 

  



©
 C

O
P
Y
R
IG

H
T U

P
M

 

 

REFERENCES 

 

 

Abalos, D., Sanz-Cobena, A., Misselbrook, T., & Vallejo, A. (2012). Effectiveness 

of urease inhibition on the abatement of ammonia, nitrous oxide and nitric 

oxide emissions in a non-irrigated Mediterranean barley field. 

Chemosphere, 89(3), 310. 

 

Abalos, D., Jeffery, S., Sanz-Cobena, A., Guardia, G., & Vallejo, A. (2014). Meta-

analysis of the effect of urease and nitrification inhibitors on crop 

productivity and nitrogen use efficiency. Agriculture, Ecosystems & 

Environment, 189, 136-144. 

 

Akiyama, H., Yan, X., & Yagi, K. (2010). Evaluation of effectiveness of enhanced‐
efficiency fertilizers as mitigation options for N2O and NO emissions from 

agricultural soils: meta‐analysis. Global Change Biology, 16(6), 1837-1846. 

 

AAPFCO - Association of American Plant Food Control Officials. (1997). Official 

Publication No. 50. Association of American Plant Food Control Officials, 

Indiana, USA.  

 

Ahmed, O.H.,  &  Nik Muhamad, A.M. (2014). Towards Efficient Utilization of 

Nitrogen Based Fertilizers. Serdang, Malaysia: Universiti Putra Malaysia 

Press. 

 

Akita, S. (1988).  Proceedings of the International Symposium on Hybrid Rice : 

Physiological Bases of Heterosis in Rice. Manila, Philippines :International 

Rice Research Institute. 

 

Alloway, B. J. (2004). Zinc in soils and crop nutrition. International Zinc 

Association, Brussels, Belgium.  

 

Amtul, Z., Siddiqui, R. A., & Choudhary, M. I. (2002). Chemistry and mechanism 

of urease inhibition. Current Medicinal Chemistry, 9(14), 1323-1348. 

 

Baligar, C., &  N.K. Fageria. (2015). Nutrient Use Efficiency in Plants: An 

Overview. In  Amitava Rakshit, Harikesh Bahadur Singh, & Avijit Sen 

(Eds). Nutrient Use Efficiency: from Basics to Advances (pp. 1-16). India : 

Springer. DOI 10.1007/978-81-322-2169-2 

 

Barneze, A. S., Minet, E. P., Cerri, C. C., & Misselbrook, T. (2015). The effect of 

nitrification inhibitors on nitrous oxide emissions from cattle urine 

depositions to grassland under summer conditions in the UK. Chemosphere, 

119, 122-129. 

 

 

 

 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

108 

 

Barth, G., Tucher, S. V., & Schmidhalter, U. (2001). Influence of soil parameters on 

the efficiency of the new nitrification inhibitor DMPP (ENTEC®). In  Horst, 

W.J., Schenk, M.K., Bürkert, A., Claassen, N., Flessa, H., Frommer, W.B., 

Goldbach, H., Olfs, H.-W., Römheld, V., Sattelmacher, B., Schmidhalter, U., 

Schubert, S., von Wirén, N., Wittenmayer, L. (Eds.), Plant Nutrition (pp. 

756-757). Netherlands: Springer. 

 

Benckiser, G., Christ, E., Herbert, T., Weiske, A., Blome, J., & Hardt, M. (2013). 

The nitrification inhibitor 3, 4-dimethylpyrazole-phosphat (DMPP)-

quantification and effects on soil metabolism. Plant and Soil, 371(1-2), 257-

266. 

 

Bernard, R., Ahmed, O. H., Majid, N. M. A., & Muhamad, N. (2011). Utilization of 

activated carbon produced from Sago hampas (Metroxylon sagu) to reduce 

ammonia loss from urea.  International Journal Physics Science, 6, 6140-

6146. 

 

Bhattacharyya, P., Roy, K. S., Neogi, S., Adhya, T. K., Rao, K. S., & Manna, M. C. 

(2012). Effects of rice straw and nitrogen fertilization on greenhouse gas 

emissions and carbon storage in tropical flooded soil planted with rice. Soil 

and Tillage Research, 124, 119-130. 

 

Bloom, P. R. (2000). Soil pH and pH buffering. In   Sumner, M.E. (Ed). Handbook 

of Soil Science  (pp. 333-352). New York, USA: CRC Press.  

 

Blumenthal, J. M., Baltensperger, D. D., Cassman, K. G., Mason, S. C., & Pavlista, 

A. D. (2008). Importance and effect of nitrogen on crop quality and health. 

In Hatfield, J.L & Follet, R.F. (Eds).   Nitrogen in the Environment: Sources, 

Problems and Management (pp.51-70).   New York, USA : Elsivier Inc.  

 

Bolan, N., Saggar, S., & Singh, J. (2004). The role of inhibitors in mitigating 

nitrogen losses in grazed pasture. New Zealand Soil News, 42. 

 

Borkert, C. M., Cox, F. R., & Tucker, M. (1998). Zinc and copper toxicity in peanut, 

soybean, rice, and corn in soil mixtures. Communications in Soil Science and 

Plant Analysis, 29(19-20), 2991-3005. 

 

Bremner, J. M. (1997). Sources of nitrous oxide in soils. Nutrient Cycling in 

Agroecosystems 49, 7–16. 

 

Bremner, J. M., & Mulvaney, C. S. (1982). Nitrogen—total.  In A. L. Page, R. H. 

Miller, & D. R. Keeney (Eds), Methods of soil analysis. Part 2. (pp. 1149–
1178). Madison, Wisconsin, USA: American Society of Agronomy. 

 

Broadbent, F.E. (1978). Nitrogen transformations in flooded soils. Soils and Rice, 

543-559. 

 

 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

109 

 

Buresh, R.J., Reddy, K.R., & Van Kessel, C. (2008). Nitrogen transformations in 

submerged soils. In Schepers, J.S.,  & Raun, W.R. (Eds). Nitrogen in 

Agricultural Systems. Agronomy monograph 49 (pp. 401–436). Madison, 

Wisconsin: American Society of Agronomy. 

 

Cameron, K. C., Di, H. J., & Moir, J. L. (2013). Nitrogen losses from the soil/plant 

system: a review. Annals of Applied Biology, 162(2), 145-173. 

 

Cao, Z. H., De Datta, S.K., & Fillery, I.R.P. (1984). Effect of placement method on 

floodwater properties and recovery of applied nitrogen (15N labelled urea) in 

wetland rice. Soil Science Society  American Journal, 48, 96-203. 

 

Cerri, C. C., Maia, S. M. F., Galdos, M. V., Cerri, C. E. P., Feigl, B. J., & Bernoux, 

M. (2009). Brazilian greenhouse gas emissions: the importance of agriculture 

and livestock. Scientia Agricola, 66(6), 831-843. 

 

Chen, Q., Qi, L., Bi, Q., Dai, P., Sun, D., Sun, C., & Lin, X. (2014). Comparative 

effects of 3, 4-dimethylpyrazole phosphate (DMPP) and dicyandiamide 

(DCD) on ammonia-oxidizing bacteria and archaea in a vegetable 

soil. Applied Microbiology and Biotechnology, 99(1), 477-487. 

 

Cheng, S.H., Zhuang, J.Y., Fan, Y.Y., Du, J.H., & Cao, L.Y. (2007). Progress in 

research and development on hybrid rice: A super domesticate in China. Ann 

Bot, 100(5), 959–966. 

 

Chien, S. H., Prochnow, L. I., & Cantarella, H. (2009). Recent developments of 

fertilizer production and use to improve nutrient efficiency and minimize 

environmental impacts. Advances in Agronomy, 102, 267-322. 

 

Chiroma, T. M., Ebewele, R. O., & Hymore, F. K. (2014). Comparative assessment 

of heavy metal levels in soil, vegetables and urban grey waste water used for 

irrigation in Yola and Kano. International Refereed Journal of Engineering 

and Science, 3(2), 01-09. 

 

Chislock, M. F., Doster, E., Zitomer, R. A. & Wilson, A. E. (2013). Eutrophication: 

causes, consequences, and controls in aquatic ecosystems. Nature Education 

Knowledge, 4(4), 10. 

 

Choudhury, T.M.A., & Khanif, Y.M. (2001). Evaluation of effects of nitrogen and 

magnesium fertilization on rice yield and fertilizer nitrogen efficiency using 
15N tracer technique. Journal of Plant Nutrition, 24(6), 855-871. 

 

Choudhury, A. T. M. A., & Kennedy, I. R. (2005). Nitrogen fertilizer losses from 

rice soils and control of environmental pollution problems. Communications 

in Soil Science and Plant Analysis, 36(11-12), 1625-1639. 

 

Christopher, P.,  Richard, K., & William, J. (2010).  Potential for ammonia 

volatilization from urea in dryland Kentucky bluegrass seed production 

systems. Communications in Soil Science and Plant Analysis, 41(3), 320-

331. 



©
 C

O
P
Y
R
IG

H
T U

P
M

110 

 

Cui, Z., Zhang, F., Chen, X., Dou, Z., & Li, J. (2010). In-season nitrogen 

management strategy for winter wheat: maximizing yields, minimizing 

environmental impact in an over-fertilization context.  Field Crops Research, 

116 (1–2), 140–146. 

 

Crutzen, P.J. (1981). Atmospheric chemical processes of the oxides of nitrogen, 

including nitrous oxide. In Delwiche, C.C. (Ed). Denitrification, Nitrification 

and Nitrous Oxide  (pp. 17–44). New York, USA  : John Wiley & Sons. 

 

Dass, A., Jat, S. L., & Rana, K. S. (2015). Resource conserving techniques for 

improving nitrogen-use efficiency. In  Amitava Rakshit, Harikesh Bahadur 

Singh, Avijit Sen (Eds). Nutrient Use Efficiency: From Basics to 

Advances (pp. 45-58). India : Springer. DOI 10.1007/978-81-322-2169-2 

 

Datta, A., & Adhya. T.K. (2014). Effects of organic nitrification inhibitors on 

methane and nitrous oxide emission from tropical rice paddy. Atmospheric 

Environment, 92, 533-545. 

 

Davidson, E. A., Keller, M., Erickson, H. E., Verchot, L. V., & Veldkamp, E. 

(2000). Testing a conceptual model of soil emissions of nitrous and nitric 

qxides. Bioscience, 50(8), 667-680. 

 

Dawar, K., Zaman, M., Rowarth, J. S., Blennerhassett, J., & Turnbull, M. H. (2011). 

Urea hydrolysis and lateral and vertical movement in the soil: effects of 

urease inhibitor and irrigation. Biology and Fertility of Soils, 47(2), 139-146. 

 

De Datta, S. K. (1985). Workshop on Wetland Soils: Characterization, 

Classification, and Utilization : Availability and Management of Nitrogen in 

Lowland Rice in Relation to Soil Characteristics. Manila, Philippines: 

International Rice Research Institute.  

 

Dharmakeerthi, R. S., & Thenabadu, M. W. (1996). Urease activity in soils: a 

review. Journal of the National Science Foundation of Sri Lanka, 24(3), 159-

196. 

 

Di, H. J., & Cameron, K. C. (2011). Inhibition of ammonium oxidation by a liquid 

formulation of 3, 4-Dimethylpyrazole phosphate (DMPP) compared with a 

dicyandiamide (DCD) solution in six New Zealand grazed grassland soils. 

Journal of Soils and Sediments, 11(6), 1032-1039. 

 

Dimin, M. F., Sian Meng, S., Azizah, S., & Hashim, M. M. (2014). Urea 

impregnated biochar to minimize nutrients loss in paddy soils. International 

Journal of Automotive and Mechanical Engineering, 10, 2016-2024. 

 

Dobermann, A., & Fairhurst, T. H. (2000). Nutrient Disorders and Nutrient 

Management. Potash and Phosphate Institute, Potash and Phosphate Institute 

of Canada and International Rice Research Institute, Singapore. 

 

Douglas, L. A., & Bremner, J. M. (1970). Extraction and colorimetric determination 

of urea in soils. Soil Science Society of America Journal, 34(6), 859-862. 



©
 C

O
P
Y
R
IG

H
T U

P
M

111 

 

Du, N., Chen, M., Liu, Z., Sheng, L., Xu, H., & Chen, S. (2012). Kinetics and 

mechanism of jack bean urease inhibition by Hg2+. Chemistry Central 

Journal, 6(1), 154. 

 

Eagle, A. J., Bird, J. A., Horwath, W. R., Linquist, B. A., Brouder, S. M., Hill, J. E., 

& van Kessel, C. (2000). Rice yield and nitrogen utilization efficiency under 

alternative straw management practices. Soil Science Society of America 

Journal Soil, 92(6), 1096-1103.  

 

Evans, J. R. (1989). Photosynthesis and nitrogen relationships in leaves of C3 plants. 

Oecologia, 78(1), 9-19. 

 

Fageria, N. K. (2007). Yield physiology of rice. Journal of Plant Nutrition, 30, 843–
879. 

 

Fageria, N.K. (2014). Mineral Nutrition of Rice. CRC Press : Boca Raton. 

 

Fageria, N. K., & Baligar, V. C. (2005). Enhancing nitrogen use efficiency in crop 

plants. Advances in Agronomy, 88, 97-185. 

 

Fageria, N.K.,  Baligar, V.C. Heinemann, &  Carvalho, M.C.S. (2015).   Nitrogen 

uptake and use efficiency in rice. In  Amitava Rakshit , Harikesh Bahadur 

Singh  & Avijit Sen (Eds). Nutrient Use Efficiency: From Basics to 

Advances (pp. 285-296). India : Springer. DOI 10.1007/978-81-322-2169-2. 

 

Fan, X. H., Li, Y. C., & Alva, A. K. (2011). Effects of temperature and soil type on 

ammonia volatilization from slow-release nitrogen fertilizers. 

Communications in Soil Science and Plant Analysis, 42(10), 1111-1122. 

 

Faqir, H., & Kauser, A. M. (1983). Comparison of two methods of nitrogen 

application in lowland rice using Nitrogen-15 tracer technique. Pakistan 

Journal Agricultural Research, 4(1), 1-5. 

 

Felber, R., Leifeld, J.,  Horak, J.,  & Neftel, A.  (2014). Nitrous oxide emission 

reduction with greenwaste biochar: comparison of laboratory and field 

experiments. European Journal of Soil Science, 65, 128–138 

 

Fenn, L. B., & Kissel, D. E. (1973). Ammonia volatilization from surface 

applications of ammonium compounds on calcareous soils: I. General 

theory. Soil Science Society of America Journal, 37(6), 855-859. 

 

Firestone, M.K., Firestone, R.B., & Tiedje, J.M. (1980). Nitrous oxide from soil 

denitrification: factors controlling its biological production. Science, 208, 

749–751. 

 

Follet, R.F. (2008). Nitrogen in the environment  sources problem, management. In 

Hatfield, J.L. &  Follet, R.F (Eds). Transformation and Transport Process  of 

Nitrogen in Agriculture System. (pp 19-50). San Diego : Elsevier. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

112 

 

Freddo, A., Cai, C., & Reid, B.J. (2012). Environmental contextualisation of 

potential toxic elements and polycyclic aromatic hydrocarbons in biochar. 

Environmental Pollution, 171,18-24. 

 

Freney, J. R., Denmead, O. T., Watanabe, I., & Craswell, E. T. (1981). Ammonia 

and nitrous oxide losses following applications of ammonium sulfate to 

flooded rice. Crop and Pasture Science, 32(1), 37-45.  

 

Freney, J. R., Keerthisinghe, D. G., Phongpan, S., Chaiwanakupt, P., & Harrington, 

K. J. (1995). Effect of urease, nitrification and algal inhibitors on ammonia 

loss and grain yield of flooded rice in Thailand. Fertilizer Research, 40(3), 

225-233. 

 

Gandahi, R., Khanif, M. Y., Oad, F. C., Hanafi, M. M., & Othman, R. (2015). 

Estimation of greenhouse gases emission from a rice field of Kelantan, 

Malaysia by using DNDC model. Pakistan Journal of Agricultural 

Sciences, 52(1), 247-257. 

 

Garcia, J. L., & Tiedje, J. M. (1982). Denitrification in rice soils. In X. R. 

Dommergues & H.G.  Diem (Eds). Microbiology of  Tropical Soils and 

Plant Productivity (pp. 187-208). Netherlands :Springer .  

 

Gilsanz, C., Báez, D., Misselbrook, T. H., Dhanoa, M. S., & Cárdenas, L. M. (2016). 

Development of emission factors and efficiency of two nitrification 

inhibitors, DCD and DMPP. Agriculture, Ecosystems and Environment, 216, 

1-8. 

 

Gioacchini, P., Nastri, A., Marzadori, C., Giovannini, C., Antisari, L. V., & Gessa, 

C. (2002). Influence of urease and nitrification inhibitors on N losses from 

soils fertilized with urea. Biology and Fertility of Soils, 36(2), 129-135. 

 

Glibert, P. M., J. Harrison, C. Heil, & S. Seitzinger. (2006). Escalating world-wide 

use of urea: A global change contributing to coastal eutrophication. 

Biogeochemistry, 77, 441–463. 

 

Gnanavelrajah, N. (2011). Blending urea with organic materials possessing 

antimicrobial property on nitrification and ammonia volatilization in a 

tropical soil. World Journal of Agricultural Sciences, 7(6), 705-709. 

 

Gonzalez, M.E., Cea, M.E., Medina, J., Gonzalez, A.,  Diez, M.C., Cartes, P., 

Monreal, C., & Navia, R. (2015). Evaluation of biodegradable polymers as 

encapsulating agents for the development of a urea controlled-release 

fertilizer using biochar as support material. Science of the Total Environment, 

505, 446–453. 

 

Gowariker, V., Krishnamurthy, V. N., Gowariker, S., Dhanorkar, M., & Paranjape, 

K. (2009). The Fertilizer Encyclopedia. New Jersey, USA : John Wiley & 

Sons. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

113 

 

Guindo, D., Wells, B. R., Wilson, C. E., & Norman, R. J. (1992). Seasonal 

accumulation and partitioning of nitrogen-15 in rice. Soil Science Society of 

America Journal, 56(5), 1521-1527. 

 

Guindo, D., Norman, R.J., & Wells, B.R. (1994a). Accumulation of fertilizer 

Nitrogen-15 by rice at different stages development. Soil Science Society of 

America Journal, 58, 410-415. 

 

Guindo, D., Wells, B.R., & Norman, R.J. (1994b). Cultivars and nitrogen rate 

influence on nitrogen uptake and partitioning in rice. Soil Science Society of 

America Journal, 58(3), 840–849. 

 

Gullet, L. L., Simmons, C. L., & Lee, R. G. (1991). Sulfur coating of urea treated 

with attapulgite clay. Fertilizer Research, 28(1), 123-128. 

 

Hakeem, K. R., Sabir, M., Khan, F., & Rehman, R. U. (2014). Nitrogen regulation 

and signalling in plants. In  Khalid Rehman Hakeem, Reiaz Ui Rehman, & 

Inayatullah Tahir (Eds).  Plant signaling: Understanding the Molecular 

Crosstalk (pp. 117-131). India : Springer. DOI 10.1007/978-81-322-1542-4. 

 

Hargrove, W. L. (1988). Evaluation of ammonia  volatilization in the field. Journal 

of Production Agriculture, 1(2), 104-111. 

 

Hashim, M.M.,  Khanif, Y.M., Othman, R., & Wahid, S.A. (2015). Characterization 

of nitrogen uptake pattern by Malaysian Rice MR219 at different growth 

stage using 15N isotope. Rice Science, 22(5), 250-254. 

 

Heffer, P. (2009). Assessment of Fertilizer Use by Crop at the Global Level. 

International Fertilizer Industry Association, Paris. 

 

Hua, L. I., Liang, X., Yingxu, C. H. E. N., Yanfeng, L. I. A. N., Guangming, T. I. A. 

N., & Wuzhong, N. I. (2008). Effect of nitrification inhibitor DMPP on 

nitrogen leaching, nitrifying organisms, and enzyme activities in a rice-

oilseed rape cropping system. Journal of Environmental Sciences, 20(2), 

149-155. 

 

Huang, L., Gao, X., Guo, J., Ma, X., & Liu, M. (2013). A review on the mechanism 

and affecting factors of nitrous oxide emission in constructed 

wetlands. Environmental Earth Sciences, 68(8), 2171-2180. 

 

IAEA-International Atomic Energy Agency. (1992). Manual on Measurement of 

Methane and Nitrous Oxide Emission from Agricultural (pp. 91). IAEA-

TECDOC-674. IAEA, Vienna. 

 

Ibrahim, K. R. M., Babadi, F. E., & Yunus, R. (2014). Comparative performance of 

different urea coating materials for slow release. Particuology, 17, 165-172. 

 

Inamori, R., Wang, Y., Yamamoto, T., Zhang, J., Kong, H., Xu, K., & Inamori, Y. 

(2008). Seasonal effect on N2O formation in nitrification in constructed 

wetlands. Chemosphere, 73(7), 1071-1077. 

http://link.springer.com/search?facet-creator=%22Khalid+Rehman+Hakeem%22
http://link.springer.com/search?facet-creator=%22Reiaz+Ul+Rehman%22
http://link.springer.com/search?facet-creator=%22Inayatullah+Tahir%22


©
 C

O
P
Y
R
IG

H
T U

P
M

114 

 

IPCC. Intergovernmental Panel on Climate Change (2007). Working Group III 

Report “Mitigation of Climate Change”: Chapter 1. Introduction. Retrieved 

from http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-

chapter1.pdf. 

 

IPCC- Intergovernmental Panel on Climate Change. (2014). Climate Change 2014: 

Mitigation of Climate Change. Contribution of Working Group III to the 

Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 

Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. 

Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. 

Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and J.C. Minx (Eds.). 

Cambridge University Press, Cambridge, United Kingdom and New York,  

USA.  

 

Ji, Y., Liu, G., Ma, J., Zhang, G., Xu, H., & Yagi, K. (2013). Effect of controlled-

release fertilizer on mitigation of N2O emission from paddy field in South 

China: a multi-year field observation. Plant and Soil, 371(1-2), 473-486. 

 

Jiang, L., Dai, T., Jiang, D., Cao, W., Gan, X., & Wei, S. (2004). Characterizing 

physiological N-use efficiency as influenced by nitrogen management in 

three rice cultivars. Field Crops Research, 88(2), 239-250.  

 

Jiang, L.G., Dong, D.F., Gan, X.Q. & Wei, S.Q. (2005). Photosynthetic efficiency 

and nitrogen distribution under different management and relationship with 

physiological N-Use efficiency in three rice genotypes. Plant Soil 217, 321-

328. 

 

Jones, J. J. B. (2001). Laboratory Guide for Conducting Soil Tests and Plant 

Analysis. CRC Press :New York, USA. 

 

Jones, C.A., Richard, T.K., Koenig, R. T., Ellsworth, J. W., Brown, B. D., & 

Jackson, G. D. (2007). Management of Urea Fertilizer to Minimize 

Volatilization. Extension Bulletin, Montana State University, USA. 

 

Junejo, N., M.Y. Khanif, M.M. Hanfi M.Z.W.Y. Wan & K.A. Dharejo. (2010). 

Maize response to biodegradable polymer and urease inhibitor coated urea. 

International Journal  of  Agriculture Biology, 12, 773–776. 

 

Junejo, N., Khanif, Y. M., Dharejo, K. A., Hanafi, M. M., & Wan Yunus, W. M. Z. 

(2011a). Reduced NH3 losses by coating Urea with biodegradable polymers 

and Cu in a sandy soil. African Journal of Biotechnology, 10(52), 10618-

10625. 

 

Junejo, N., Khanif, M. Y., Dharejo, K. A., Abdu, A., & Abdul-Hamid, H. (2011b). 

A field evaluation of coated urea with biodegradable materials and selected 

urease inhibitors. African Journal of Biotechnology, 10(85), 19729-19736. 

 

Junejo, N., Khanif, M. Y., Hanafi, M. M., Yunus, W. W., & Dharejo, K. A. (2011c). 

Role of inhibitors and biodegradable material in mitigation of nitrogen losses 

from fertilized lands. African Journal of Biotechnology, 10(18), 3504-3514. 



©
 C

O
P
Y
R
IG

H
T U

P
M

115 

 

Junejo, N., Khanif, M.Y., Dharejo, K. A., Abdul-Hamid, H., & Abdu, A. (2012). 

Evaluation of coated urea for ammonia volatilization loss, nitrogen 

mineralization and microsite pH in selected soil series. African Journal of 

Biotechnology, 11(2), 366-378. 

 

Keeney, D.R.  &  Nelson, D.W. (1982). Nitrogen-inorganic forms. Methods of soil 

analysis, Part 2. In  Page, A.l. (Ed).  Chemical and Microbiological 

Properties (pp. 643-698). Agronomy Monograph 9. Madison, Wisconsin: 

American Society of Agronomy. 

 

Khalil, M., Rosenani, A., Van Cleemput, O., Boeckx, P., Shamshuddin, J., & 

Fauziah, C. (2002). Nitrous oxide production from an ultisol of the humid 

tropics treated with different nitrogen sources and moisture regimes. Biology 

and Fertility of Soils, 36(1), 59-65. 

 

Khan, A. Z., Ali, B., Afzal, M., Wahab, S., Khalil, S. K., Amin, N., Ping, Q., 

Qiaojing, T., & Zhou, W. (2015). Effects of sulfur and urease coated 

controlled release urea on dry matter yield, N uptake and grain quality of 

rice.  Journal of Animal and Plant Sciences, 25(3), 679-685.  

 

Khanif, Y. M. (1988). Recovery of field applied fertilizer nitrogen by rice. 

Pertanika, 11(1), 25-30. 

 

Khanif, Y.M. (1992). Ammonia volatilization from Malaysian soils following 

application of Urea. Pertanika. 15(2), 115-120. 

 

Khush, G.S. (1995). Breaking the yield frontier of rice. Geo Journal, 35(3):329-332 

 

Kiran Jeet Kaur. (2008).Efficacy of controlled- release urea fertilizers and nitrogen 

uptake by rice. Master Thesis, Universiti Putra Malaysia. 

 

 Kiran, J. K., Khanif, Y. M., Amminuddin, H., & Anuar, A. R. (2010). Effects of 

controlled release urea on the yield and nitrogen nutrition of flooded rice. 

Communications in Soil Science and Plant Analysis, 41(7), 811-819. 

 

Kiss, S., and Simihaian, M. (2002). Improving Efficiency of Urea Fertilizers by 

Inhibition of Soil Urease Activity. Dordrecht : Kluwer Academic Publishers. 

 

Ladha, J.K., Pathak, H., Krupnik, T.J.J., Six, J., & Van Kessel, C. (2005). Efficiency 

of fertilizer nitrogen in cereal production: retrospects and prospects. 

Advances in Agronomy, 87, 85–156. 

 

Laird, D., Fleming, P., Wang, B., Horton, R., & Karlen, D. (2010). Biochar impact 

on nutrient leaching from a Midwestern agricultural soil. Geoderma, 158(3), 

436-442. 

 

Lan, T., Han, Y., Roelcke, M., Nieder, R., & Car, Z. (2014). Sources of nitrous and 

nitric oxides in paddy soils: nitrification and denitrification. Journal of 

Environmental Sciences, 26(3), 581-592. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

116 

 

Li, H., Chen, Y., Liang, X., Lian, Y., & Li, W. (2009). Mineral-nitrogen leaching 

and ammonia volatilization from a rice–rapeseed system as affected by 3, 4-

dimethylpyrazole phosphate. Journal of Environmental Quality, 38(5), 

2131-2137. 

 

Li, G., Zhang, J., Yang, C., Song, Y., Zheng, C., Liu, Z., Wang, S., Tang, S., & 

Ding, Y. (2014). Yield and yield components of hybrid rice as influenced by 

nitrogen fertilization at different eco-sites. Journal of Plant Nutrition, 37(2), 

244-258. 

 

Liang, X. Q., Xu, L., Li, H., He, M. M., Qian, Y. C., Liu, J., Nie, Z.Y., Ye, Y.S., & 

Chen, Y. (2011). Influence of N fertilization rates, rainfall, and temperature 

on nitrate leaching from a rainfed winter wheat field in Taihu 

watershed. Physics and Chemistry of the Earth, Parts A/B/C, 36(9), 395-400. 

 

Linquist, B. A., Liu, L., van Kessel, C., & van Groenigen, K. J. (2013). Enhanced 

efficiency nitrogen fertilizers for rice systems: Meta-analysis of yield and 

nitrogen uptake. Field Crops Research, 154, 246-254. 

 

Liu, J., You, L., Amini, M., Obersteiner, M., Herrero, M., Zehnder, A. J., & Yang, 

H. (2010). A high-resolution assessment on global nitrogen flows in 

cropland.  Proceedings of the National Academy of Sciences, 107(17), 8035-

8040. 

 

Liu, C., Wang, K., & Zheng, X. (2013). Effects of nitrification inhibitors (DCD and 

DMPP) on nitrous oxide emission, crop yield and nitrogen uptake in a 

wheat–maize cropping system. Biogeosciences, 10(4), 2427-2437. 

 

Mae, T. (1997). Physiological nitrogen efficiency in rice: nitrogen utilization, 

photosynthesis and yield potential. Plant Soil, 196, 201-210. 

 

Malla, G., Bhatia, A., Pathak, H., Prasad, S., Jain, N., & Singh, J. (2005). Mitigating 

nitrous oxide and methane emissions from soil in rice–wheat system of the 

Indo-Gangetic plain with nitrification and urease inhibitors. 

Chemosphere, 58(2), 141-147. 

 

MARDI - Malaysia Agriculture Research Development Institute. (2003). Varieti 

padi MR220. Pusat Penyelidikan Padi dan Tanaman Industri. Kuala 

Lumpur, Malaysia : Mardi. 

 

MARDI - Malaysia Agriculture Research Development Institute. (2011). Padi 

hybrid Siraj.  Retrieved from 

https://blogmardi.wordpress.com/2011/08/02/padi-hibrid-siraj/ 

 

McInnes, K. J., Ferguson, R. B., Kissel, D. E., & Kanemasu, E. T. (1986). Field 

measurements of ammonia loss from surface applications of urea solution to 

bare soil. Agronomy Journal, 78(1), 192-196. 

 

 

https://blogmardi.wordpress.com/2011/08/02/padi-hibrid-siraj/


©
 C

O
P
Y
R
IG

H
T U

P
M

117 

 

Migliorati, M. D. A., Scheer, C., Grace, P. R., Rowlings, D. W., Bell, M., & 

McGree, J. (2014). Influence of different nitrogen rates and DMPP 

nitrification inhibitor on annual N2O emissions from a subtropical wheat–
maize cropping system. Agriculture, Ecosystems and Environment, 186, 33-

43. 

 

Mikkelsen, D.S., Gaman, R. J. and Dennis, E. R. (1995). Nitrogen Fertilization 

Practices of Lowland Rice Culture. In Peter E. B (Ed). Nitrogen Fertilization 

in the Environment (pp. 171-223). Boca Raton: CRC Press.   

 

Mitra, G. N. (2015). Regulation of Nutrient Uptake by Plants. New Delhi: Springer. 

DOI 10.1007/978-81-322-2334-4. 

 

Mondal, S., Ghosh, M., & Ghosh, D. C. (2014). Effect of fertility and plant density 

on hybrid rice productivity, nutrient use efficiency and soil fertility. 

Research Journal of Agriculture and Environmental Science, 1(1), 38-44. 

 

Muhammad, R. S., & Zahid, H. S. (2012). Urease Inhibition. In  Rakesh Sharma 

(Ed). Enzyme Inhibition and Bioapplications, ISBN: 978-953-51-0585-5, In 

Tech. Retrieved from: http://www.intechopen.com/books/enzyme-inhibition-

and-bioapplications/urease-inhibition. 

 

Muthayya, S., Sugimoto, J. D., Montgomery, S., & Maberly, G. F. (2014). An 

overview of global rice production, supply, trade, and consumption. Annals 

of the New York Academy of Sciences, 1324(1), 7-14.  

 

Navin, K. & Rajendra, P. (2014). Effect of levels and sources of nitrogen on 

concentration and uptake of nitrogen by a high yielding variety and a hybrid 

of rice. Archives of Agronomy and Soil Science, 50, 447 – 454. 

 

Nguyen, D. H., Grace, P. R., Scheer, C., & Rowlings, D. (2014). Determining gas 

sampling timelines for estimating emissions in small chamber incubation 

experiments. IOSR-  Journal of Engineering, 4, 14-16. 

 

Ni, K., Pacholski, A., & Kage, H. (2014). Ammonia volatilization after application 

of urea to winter wheat over 3 years affected by novel urease and 

nitrification inhibitors. Agriculture, Ecosystems and Environment, 197, 184-

194. 

 

Ntanos, D.A., &  Koutroubas, S.D. (2002) Dry matter and accumulation and 

translocation for Indica and Japonica rice under Mediterranean conditions. 

Field Crop Research, 74, 93–101 

 

Nur Syamimi A Rahman. (2015). Effect of coated urea to the growth and yield of 

rice MR219. Master Thesis, Universiti Putra Malaysia. 

 

Patra, D. D., Kiran, U., Chand, S., & Anwar, M. (2009). Use of urea coated with 

natural products to inhibit urea hydrolysis and nitrification in soil. Biology 

and Fertility of Soils, 45(6), 617-621. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

118 

 

Peng, S., Cassman, K. G., Virmani, S. S., Sheehy, J., & Khush, G. S. (1999). Yield 

potential trends of tropical rice since the release of IR8 and the challenge of 

increasing rice yield potential. Crop Science, 39, 1552-1559. 

 

Pingali, P. L., Morris, M., and  Moya, P. (1998).  Proceedings of the 3rd 

International Symposium on Hybrid Rice Prospects for hybrid rice in tropical 

Asia : Advances in Hybrid Rice Technology. Manila, Philippines: 

International Rice Research Institute. 

 

Ponnuthurai, S., Virmani, S.S., & Vergara, B.S. (1984). Comparative studies on 

growth and grain yield of some F1 Rice (Oryza sativa L.) hybrids. Journal 

Crop Science, 9(3), 183-193. 

 

Prasad, R., & Power, J. F. (2012). Soil Fertility Management for Sustainable 

Agriculture. New York, USA: CRC Press. 

 

Qi, X., Nie, L., Liu, H., Peng, S., Shah, F., Huang, J., Cui, K., & Sun, L. (2012). 

Grain yield and apparent N recovery efficiency of dry direct-seeded rice 

under different N treatments aimed to reduce soil ammonia volatilization. 

Field Crops Research, 134, 138-143. 

 

Qiao, C., Liu, L., Hu, S., Compton, J. E., Greaver, T. L., & Li, Q. (2015). How 

inhibiting nitrification affects nitrogen cycle and reduces environmental 

impacts of anthropogenic nitrogen input. Global Change Biology, 21(3), 

1249-1257. 

 

Qing, X. L., De-feng, Z., Hui-zhe, C., & Yu-ping, Z. (2009). Effects of plant density 

and nitrogen application rate on grain yield and nitrogen uptake of super 

hybrid rice. Rice Science, 16(2), 138–142. 

 

Qingwen, Z., Yang, Z., Zhang, H., & Yi, H. (2012). Recovery efficiency and loss of 
15N-labelled urea in a rice–soil system in the upper reaches of the Yellow 

River Basin. .Agriculture, Ecosystems and Environment, 158, 118– 126. 

 

Rachhpal-Singh, & Nye, P.H. (1986). A model of ammonia volatilization from 

applied urea. III. Sensitivity analysis, mechanisms and applications. Journal 

of  Soil Science, 37, 31-40. 

 

Rao, R. R., Peterson, A. W., Ceccarelli, J., Putnam, A. J., & Stegemann, J. P. (2012). 

Matrix composition regulates three-dimensional network formation by 

endothelial cells and mesenchymal stem cells in collagen/fibrin materials. 

Angiogenesis, 15(2), 253-264. 

 

Reddy, K. R., Patrick, W. H., & Phillips, R. E. (1975). Ammonium diffusion as a 

factor in nitrogen loss from flooded soils. Soil Science Society of America 

Journal, 40(4), 528-533. 

 

Reddy, K. R. & Patrick, W.H. JR. (1980). Uptake of fertilizer nitrogen and soil 

nitrogen by rice using 15N labelled nitrogen fertilizer. Plant and Soil, 57, 

375-381. 



©
 C

O
P
Y
R
IG

H
T U

P
M

119 

 

Rochette, P., Angers, D. A., Chantigny, M. H., MacDonald, J. D., Gasser, M. O., & 

Bertrand, N. (2009). Reducing ammonia volatilization in a no-till soil by 

incorporating urea and pig slurry in shallow bands. Nutrient Cycling in 

Agroecosystems, 84(1), 71-80. 

 

Ruser, R., & Schulz, R. (2015). The effect of nitrification inhibitors on the nitrous 

oxide (N2O) release from agricultural soils—a review. Journal of Plant 

Nutrition and Soil Science, 178(2), 171-188. 

 

Saggar, S., Singh, J., Giltrap, D. L., Zaman, M., Luo, J., Rollo, M., Kim, D.G., Rys, 

G.,   & Van der Weerden, T. J. (2013). Quantification of reductions in 

ammonia emissions from fertilizer urea and animal urine in grazed pastures 

with urease inhibitors for agriculture inventory: New Zealand as a case 

study. Science of the Total Environment, 465, 136-146.  

 

Sahoo, S. C., Behera, M., & Banerjee, P. K. (2015). Assessment of hybrid rice 

(Oryza sativa) under farmers' condition in the east and south eastern coastal 

plain zone of Odisha. International Journal of Agricultural Sciences, 11(1), 

204-206. 

 

Sariam, O., & Khanif, M.Y. (2006). Effects of water management on nitrogen 

fertilizer uptake and recovery efficiency in rice. Journal of Tropical 

Agriculture and Food Science, 34(2), 249-255. 

 

Schollenberger, C. J., & Simon, R. H. (1945). Determination of exchange capacity 

and exchangeable bases in soil-ammonium acetate method. Soil 

Science, 59(1), 13-24. 

 

Serrano-Silva, N., Luna-Guido, M., Fernández-Luqueno, F., Marsch, R., & 

Dendooven, L. (2011). Emission of greenhouse gases from an agricultural 

soil amended with urea: a laboratory study. Applied Soil Ecology, 47(2), 92-

97. 

 

Shaaban, A., Se, S. M., Dimin, M., Juoi, J. M., Husin, M. H. M., & Mitan, N. M. M. 

(2014). Influence of heating temperature and holding time on biochars 

derived from rubber wood sawdust via slow pyrolysis. Journal of Analytical 

and Applied Pyrolysis, 107, 31-39. 

 

Shang, Q., Gao, C., Yang, X., Wu, P., Ling, N., Shen, Q., & Guo, S. (2014). 

Ammonia volatilization in Chinese double rice-cropping systems: a 3-year 

field measurement in long-term fertilizer experiments. Biology and Fertility 

of Soils, 50(5), 715-725. 

 

Shivay, Y. S., Prasad, R., Singh, R. K., & Pal, M. (2015). Relative efficiency of 

zinc-coated urea and soil and foliar application of zinc sulphate on yield, 

nitrogen, phosphorus, potassium, zinc and iron biofortification in grains and 

uptake by basmati rice (Oryza sativa L.). Journal of Agricultural 

Science,7(2), 161-173. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

120 

 

Shaviv, A. (2001). Advances in controlled-release fertilizers. Advances in 

Agronomy, 71, 1-49. 

 

Shaviv, A. (2005). IFA International Workshop on Enhanced-Efficiency Fertilizers 

: Controlled Release Fertilizers. Frankfurt : International Fertilizer Industry 

Association Paris. 

 

Sheng-gang, P., Sheng-qi, H., Jing, Z., Jing-ping, W., Cou-gui, C., Ming-li, C., Zhan 

Ming, & Tang Xiang-ru. (2012). Effects of N management on yield and N 

uptake of rice in Central China. Journal of Integrative Agriculture, 11(12), 

1993-2000.  

 

Shrestha, R. K., & Ladha, J. K. (1998). Nitrate in groundwater and integration of 

nitrogen-catch crop in rice-sweet pepper cropping system. Soil Science 

Society of America Journal, 62(6), 1610-1619. 

 

Signor, D., & Cerri, C. E. P. (2013). Nitrous oxide emissions in agricultural soils: a 

review. Pesquisa Agropecuária Tropical, 43(3), 322-338. 

 

Singh, M. V.,  &  Abrol, I. P. (1986). Transformation and movement of zinc in an 

alkali soil and their influence on the yield and uptake of zinc by rice and 

wheat crops. Plant and Soil, 94(3), 445-449. 

 

Singh, J., Kumar, V., & Dahiya, D.J. (1991). Urease activity in some benchmark 

soils of Haryana and its relationship with various soil properties. Journal of 

the Indian Society of Soil Science, 39(2), 282-285. 

 

Singh, J., Saggar, S., Bolan, N. S., & Zaman, M. (2008). The role of inhibitors in the 

bioavailability and mitigation of nitrogen losses in grassland 

ecosystems. Chemical Bioavailability in Terrestrial Environment, 329-362. 

 

Singh, J., Kunhikrishnan, A., Bolan, N. S., & Saggar, S. (2013). Impact of urease 

inhibitor on ammonia and nitrous oxide emissions from temperate pasture 

soil cores receiving urea fertilizer and cattle urine. Science of the Total 

Environment, 465, 56-63. 

 

Singh, S. K., Bhati, P. K., Sharma, A., & Sahu, V. (2015). Super hybrid rice in 

China and India: current status and future prospects. International Journal of 

Agriculture  Biology, 17, 221-232. 

 

Smith, C. J., Brandon, M., & Patrick Jr, W. H. (1982). Nitrous oxide emission 

following urea-N fertilization of wetland rice. Soil Science and Plant 

Nutrition, 28(2), 161-171. 

 

Soares, J. R., Cantarella, H., & de Campos Menegale, M. L. (2012). Ammonia 

volatilization losses from surface-applied urea with urease and nitrification 

inhibitors. Soil Biology and Biochemistry, 52, 82-89. 

 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

121 

 

Solihen, M. J., Elixon, S., & Ahmad, A. I. (2014). Proceedings of the International 

Agriculture Congress : Comparative Performance of Hybrid Rice for Yield 

and Its Components with Several Commercialized Varieties.  Serdang, 

Malaysia: Universiti Putra Malaysia. 

 

Solaiman, Z. M., Murphy, D. V., & Abbott, L. K. (2012). Biochars influence seed 

germination and early growth of seedlings. Plant and Soil, 353(1-2), 273-

287. 

 

Sommer, S. G., Schjoerring, J. K., & Denmead, O. T. (2004). Ammonia emission 

from mineral fertilizers and fertilized crops. Advances in Agronomy, 82, 557-

622. 

 

Song, X., Lin, J., Wu, M., & Ruan, G. (2015). The Breeding of new Indica-japonica 

intersubspecific hybrid rice combination Chunyou 84. Agricultural Science 

and Technology, 16(6), 1103. 

 

Soaud, A. A., Saleh, M. E., El-Tarabily, K. A., & Rahman, M. M. (2011). Effect of 

elemental sulfur application on ammonia volatilization from surface applied 

urea fertilizer to calcareous sandy soils. Australian Journal of Crop 

Science, 5(5), 571. 

 

Speir, T.W., Lee, R., Elizabeth, A. Pansier, & Annette Cairns. (1980). A comparison 

of sulphatase, urease and protease activities in planted and in fallow soils. 

Soil Biology and Biochemistry, 12(3), 281-291. 

 

Stein, A. J. (2010). Global impacts of human mineral malnutrition. Plant and 

Soil, 335(1-2), 133-154. 

 

Steiner, C., Das, K. C., Melear, N., & Lakly, D. (2010). Reducing nitrogen loss 

during poultry litter composting using biochar. Journal of Environmental 

Quality, 39(4), 1236-1242. 

 

Subbarao, G. V., Nakahara, K., Ishikawa, T., Yoshihashi, T., Ito, O., Ono, H., 

Ohnishi-Kameyama, M., Yoshida, M, Kawano, N., & Berry, W. L. (2008). 

Free fatty acids from the pasture grass Brachiaria humidicola and one of their 

methyl esters as inhibitors of nitrification. Plant and Soil, 313(1-2), 89-99. 

 

Sun, H., Zhang, H., Powlson, D., Min, J., & Shi, W. (2015). Rice production, nitrous 

oxide emission and ammonia volatilization as impacted by the nitrification 

inhibitor 2-chloro-6-(trichloromethyl)-pyridine. Field Crops Research, 173, 

1-7. 

 

Suter, H., Chen, D., Li, H.,  Edis, R., & Walker, C. (2010). Reducing N2O Emissions 

from Nitrogen Fertilisers with the Nitrification Inhibitor DMPP. Paper 

presented at the  19th World Congress of Soil Science, Soil Solutions for a 

Changing World. Brisbane, Australia. August 2010.  

 



©
 C

O
P
Y
R
IG

H
T U

P
M

122 

 

Szydelko-Rabska, E., & Sowinski, J. (2014). Content of mineral nitrogen in soil at 

the beginning of sorghum development after application of polyolefin-coated 

urea. Polish Journal of Environmental Studies, 23(1). 

 

Taghizadeh-Toosi, A., Clough, T. J., Sherlock, R. R., & Condron, L. M. (2012). 

Biochar adsorbed ammonia is bioavailable. Plant and Soil, 350(1-2), 57-69. 

 

Tairo, E. V., & Ndakidemi, P. A. (2014). Macronutrients uptake in soybean as 

affected by Bradyrhizobium japonicum inoculation and phosphorus (P) 

supplements. American Journal of Plant Sciences, 5(04), 488. 

 

Takishima, K., Suga, T., &  Mamiya, G. (1988). The structure of jack bean urease. 

The complete amino acid sequence, limited proteolysis and reactive cysteine 

residues. European Journal of Biochemistry, 175,151–165. 

 

Timilsena, Y. P., Adhikari, R., Casey, P., Muster, T., Gill, H., & Adhikari, B. 

(2015). Enhanced efficiency fertilizers: a review of formulation and nutrient 

release patterns. Journal of the Science of Food and Agriculture, 95(6), 

1131-1142. 

 

Tisdale, S. L., Nelson, W. L., &  Beaton, J. L. (1993). Soil Fertility and Fertilizers. 

New Jersey, USA: Pearson Education.  

 

Trenkel, M.E. (2010). Slow- and Controlled-Release and Stabilized Fertilizer: an 

Option for Enhancing Nutrient Efficiency in Agriculture. International 

Fertilizer Industry Association, Paris. 

 

United Nations. (2015). Sustainable development goals.  Retrieved from 

http://www.un.org/sustainabledevelopment/blog/2015/07/un-projects-world-

population-to-reach-8-5-billion-by-2030-driven-by-growth-in-developing-

countries/. 

 

Upadhyay, L. S. B. (2012). Urease inhibitors: A review. Indian Journal of 

Biotechnology, 11(4), 381-388. 

 

Vahed, H. S., Shahinrokhsar, P., & Rezaei, M. (2011). Influence of some soil 

properties and temperature on urease activity in wetland rice soils. American-

Eurasian Journal of Agricultural and  Environmental Science, 11, 310-313. 

 

Vicente, O., Al Hassan,.M., & Boscaiu, M. (2016). Contribution of osmolyte 

accumulation to abiotic stress tolerance in wild plants adapted to different 

stressful environments. In  Iqbal, N., Nazar, R., & Khan, A.N. (Eds). 

Osmolytes and Pants Acclimation to Changing Environment (pp 13-25). 

India: Springer. 

 

Virmani, S.S. (1996). Hybrid rice. Advances in Agronomy, 57 : 337-462. 

 

Vlek, P. L. G., & Carter, M. F. (1983). The effect of soil environment and fertilizer 

modifications on the rate of urea hydrolysis. Soil Science, 136(1), 56. 



©
 C

O
P
Y
R
IG

H
T U

P
M

123 

 

Watson, C. J. (2005). Urease Inhibitors. Paper presented at IFA international 

Workshop on Enhanced Efficiency Fertilizers, Frankfurt, Germany. June 

2005.  

 

Weiske, A., Benckiser, G., & Ottow, J. C. (2001). Effect of the new nitrification 

inhibitor DMPP in comparison to DCD on nitrous oxide (N2O) emissions 

and methane (CH4) oxidation during 3 years of repeated applications in field 

experiments. Nutrient Cycling in Agroecosystems, 60(1-3), 57-64. 

 

Xie, Z., Xu, Y., Liu, G., Liu, Q., Zhu, J., Tu, C., Amonette , J. E.,  Cadisch, G., 

Yong, J. W. H., & Hu, S. (2013). Impact of biochar application on nitrogen 

nutrition of rice, greenhouse-gas emissions and soil organic carbon dynamics 

in two paddy soils of China. Plant and Soil, 370(1-2), 527-540. 

 

Xing, G. X., & Zhu, Z. L. (2000). An assessment of N loss from agricultural fields 

to the environment in China. Nutrient Cycling in Agroecosystems,57(1), 67-

73. 

  

Xu, L., Chen, H., Xu, J., Yang, J., Li, X., Liu, M., Jiao, J., Hu, F., & Li, H. (2014). 

Nitrogen transformation and plant growth in response to different urea-

application methods and the addition of DMPP. Journal Plant Nutrition Soil 

Science, 177, 271-277. 

 

Xue, Z.W., Sun Gang, He Ping, Liang Guo-qing, Wang Xiu-bin, Liu Guang-rong., 

& Zhou Wei. (2013). Effects of urease and nitrification inhibitors on 

ammonia volatilization from paddy fields. Journal of Plant Nutrition and 

Fertilizer, 19(6), 1411-1419. 

 

Yanai, Y., Toyota, K., Okazaki, M.. (2007). Effect of charcoal addition on N2O 

emissions from soil resulting from rewetting air-dried soil in short-term 

laboratory experiments. Soil Science  Plant Nutrition 53, 181–188. 

 

Yang, S., Peng, S., Xu, J., He, Y., & Wang, Y. (2015). Effects of water saving 

irrigation and controlled release nitrogen fertilizer managements on nitrogen 

losses from paddy fields. Paddy and Water Environment, 13(1), 71-80. 

 

Ye, Y., Liang, X., Chen, Y., Liu, J., Gu, J., Guo, R., & Li, L. (2013). Alternate 

wetting and drying irrigation and controlled-release nitrogen fertilizer in late-

season rice. Effects on dry matter accumulation, yield, water and nitrogen 

use. Field Crops Research, 144, 212-224. 

 

You, Z. L., Ni, L. L., Shi, D. H., & Bai, S. (2010). Synthesis, structures, and urease 

inhibitory activities of three copper (II) and zinc (II) complexes with 2-{[2-

(2-hydroxyethylamino) ethylimino] methyl}-4-nitrophenol. European 

Journal of Medicinal Chemistry, 45(7), 3196-3199. 

 

Yoshida, S. (1981). Fundamentals of Rice Crop Science.  International Rice 

Research Institute,  Manila, Philippines. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

124 

 

Yuan, L.P. (1994). Increasing yield potential in rice by exploitation of heterosis. In: 

Virmani, S.S. (Ed). Hybrid Rice Technology: New Developments and Future 

Prospects. Manila, Philippines: International Rice Research Institute. 

 

Yuan, L.P. (2002). Proceedings of the 20th Session of the International Rice 

Commission : The Second Generation of Hybrid Rice in China.  Italy: Food 

and Agriculture Organization of the United Nations. 

 

Yu, Q. G., & Chen Y. X  (2011). Effect of the urea with nitrification inhibitor 

DMPP addition on different form nitrogen transformation in rice fields. 

Journal of Agro-Environment Science, 7 , 017 

 

Zaborska, W., Krajewska, B., & Olech, Z. (2004). Heavy metal ions inhibition of 

jack bean urease: potential for rapid contaminant probing. Journal of Enzyme 

Inhibition and Medicinal Chemistry, 19(1), 65-69. 

 

Zaman, M., & Blennerhassett, J. D. (2010). Effects of the different rates of urease 

and nitrification inhibitors on gaseous emissions of ammonia and nitrous 

oxide, nitrate leaching and pasture production from urine patches in an 

intensive grazed pasture system. Agriculture, Ecosystems and 

Environment, 136(3), 236-246. 

 

Zaman, M., Cameron, K.C., Di, H.J., & Inubushi, K. (2002). Changes in mineral N, 

microbial biomass and enzyme activities in different soil depths after surface 

applications of dairy shed effluent and ammonium fertilizer. Nutrient 

Cycling in Agroecosystems, 63,275–90. 

 

Zaman, M., Nguyen, M. L., Blennerhassett, J. D., & Quin, B. F. (2008). Reducing 

NH3, N2O and NO3
--N losses from a pasture soil with urease or nitrification 

inhibitors and elemental S-amended nitrogenous fertilizers. Biology and 

Fertility of Soils, 44(5), 693-705. 

 

Zaman, M., Saggar, S., Blennerhassett, J. D., & Singh, J. (2009). Effect of urease 

and nitrification inhibitors on N transformation, gaseous emissions of 

ammonia and nitrous oxide, pasture yield and N uptake in grazed pasture 

system. Soil Biology and Biochemistry, 41(6), 1270-1280. 

 

Zerulla, W., Barth, T., Dressel, J., Erhardt, K., von Locquenghien, K. H., Pasda, G., 

& Wissemeier, A. (2001). 3, 4-Dimethylpyrazole phosphate (DMPP)–a new 

nitrification inhibitor for agriculture and horticulture. Biology and Fertility of 

Soils, 34(2), 79-84. 

 

Zhang, A., Cui, L., Pan, G., Li, L., Hussain, Q., Zhang, X., & Crowley, D. (2010). 

Effect of biochar amendment on yield and methane and nitrous oxide 

emissions from a rice paddy from Tai Lake plain, China. Agriculture, 

Ecosystems and Environment, 139(4), 469-475. 

 

Zhang, Q., Yang, Z., Zhang, H., & Yi, J. (2012). Recovery efficiency and loss of 
15N-labelled urea in a rice–soil system in the upper reaches of the Yellow 

River basin. Agriculture, Ecosystems and Environment, 158, 118-126. 



©
 C

O
P
Y
R
IG

H
T U

P
M

125 

Zhang, M., Fan, C. H., Li, Q. L., Li, B., Zhu, Y. Y., & Xiong, Z. Q. (2015). A 2-yr 

field assessment of the effects of chemical and biological nitrification 

inhibitors on nitrous oxide emissions and nitrogen use efficiency in an 

intensively managed vegetable cropping system. Agriculture, Ecosystems 

and Environment, 201, 43-50. 



©
 C

O
P
Y
R
IG

H
T U

P
M

138 

 

LIST OF  PUBLICATIONS 
 

 

Publications 

 

 

Rosmarina, A.K., Y.M. Khanif, K. B. Abdul Rahim., M. M. Hanafi., & Aminuddin 

Hussin. Fertilizer nitrogen utilization pattern by hybrid rice using  15N 

isotopic tracer technique. (Under review 2015 in Communication in Soil 

Science and Plant Analysis). 

  

Rosmarina, A.K. Y.M. Khanif, Aminuddin Hussin, M. M. Hanafi., & Muaz Hashim. 

Field evaluation of nitrification and urease  inhibitor coated urea on yield and 

nutrient uptake of hybrid and non hybrid rice. (Accepted June 2016 in Rice 

Science). 

 

Rosmarina, A.K. Y.M. Khanif, Aminuddin Hussin, & M. M. Hanafi. (2016). 

Laboratory evaluation of DMPP nitrification inhibitor and metal elements 

urease inhibitor on nitrogenous gas losses in selected rice soils, Water, Air 

and Soil Pollution, 232, 1-14.  

 

Rosmarina, A.K. Y.M. Khanif, M. M. Hanafi.,Aminuddin Hussin, and K. B. Abdul 

Rahim. (2016). Nitrogen loss pathways in anaerobic soils and 

mitigation approaches through inhibitors- A review.   American Eurasian 

Journal of Agricultural and Environmental Science, 16 (4), 641-651. 

 

 

Proceedings 

 

 

Rosmarina, A.K., Y.M. Khanif, K. B. Abdul Rahim., M. M. Hanafi., & Aminuddin 

Hussin. Fertilizer nitrogen  utilization pattern by hybrid rice using  15N 

isotopic tracer technique. In Proceedings of the OneBaja 3rd Postgraduate  

Colloquium, 22 May, 2014. Kuala Lumpur, Malaysia. (pp. 40-42). Zainovia 

Lockman. (Ed). Universiti Teknologi Petronas : Perak. 

 

Rosmarina, A.K., Y.M. Khanif, K. B. Abdul Rahim., M. M. Hanafi., & Aminuddin 

Hussin. Fertilizer nitrogen  utilization pattern by hybrid rice using  15N 

isotopic tracer technique. In Proceedings of  the Soil Science Conference of 

Malaysia- Soil management and environment, 8-10 April, 2014. Perlis, 

Malaysia. (pp. 228-231).  Rosazlin Andullah, Radziah Othman, Mohamadu 

Boyie Jalloh, Mohamad Fakri Ishak, Vijandran  Juva Rajah and Wan Rasidah 

Kadir. (Eds). Malaysian Society of Soil Science : Serdang. 

 

Rosmarina A.K., Y.M. Khanif, Aminuddin Hussin and M. M. Hanafi. Efficacy of 

coated urea fertilizers on nitrogenous gas losses in selected rice soils. In 

Proceedings of the International Agriculture Congress. 25-27 Nov 2014, 

Putrajaya, Malaysia.  Izham Ahmad and Nur Azura Adam (Eds).  Universiti 

Putra Malaysia : Serdang. 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

139 

 

Khanif, Y.M., Rosmarina, A.K., Mahfuzah, R., Muaz, H, and Nur Faizatulakma.  

Efficiency enhanced fertilizers urea for crop production and the environment. 

In Proceedings of the International Agriculture Congress. 25-27 Nov 2014, 

Putrajaya, Malaysia.Izham Ahmad and Nur Azura Adam (Eds).  Universiti 

Putra Malaysia : Serdang. 

 

Rosmarina A.K., Y.M. Khanif, Aminuddin Hussin, and M.M. Hanafi. Field 

Evaluation of Coated Urea Fertilizers on Nitrogen Uptake and Yield of 

Hybrid and Non-hybrid Rice. In Proceedings of the OneBaja 4th  Postgraduate 

Colloquium, 23–24 March 2015. Penang, Malaysia.  Zainovia Lockman. 

(Ed). Universiti Teknologi Petronas  : Perak. 

 

Rosmarina A.K., Y.M. Khanif, Aminuddin Hussin and M. M. Hanafi. Evaluation of 

coated urea fertilizers on nitrogenous gas losses in selected rice soils.  In 

Proceedings of the Soil Science Conference of Malaysia- Soil security for 

sustainable food production, 7-9 April 2015. Putrajaya, Malaysia. Che 

Fauziah Ishak, Christopher The Boon Sung, Mohamed Hanafi Musa, 

Rosazlin Abdullah, Rosenani Abu Bakar, Shamsuddin Jusop, Qurban Ali 

Panhwar and Wan Rasida Kadir.  (Eds). Malaysian Society of Soil Science : 

Serdang. 

 

 

 



©
 C

O
P
Y
R
IG

H
T U

P
M

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION :  FIRST SEMESTER 2016/2017 

TITLE OF THESIS / PROJECT REPORT : 

 EVALUATION OF SELECTED COATED UREA ON NITROGEN USE EFFICIENCY OF RICE 

NAME OF STUDENT:  ROSMARINA BINTI AHMAD KHARIRI 

I acknowledge that the copyright and other intellectual property in the thesis/project report 

belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 

the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

I declare that this thesis is classified as : 

*Please tick (√ )

CONFIDENTIAL (Contain confidential information under Official Secret 
Act 1972). 

RESTRICTED (Contains restricted information as specified by the 
organization/institution where research was done). 

OPEN ACCESS I agree that my thesis/project report to be published 
as hard copy or online open access. 

This thesis is submitted for : 

PATENT Embargo from_____________ until ______________ 
(date) (date) 

Approved by: 

_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 

Date :  Date : 

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



