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February 2015 

Chair: Robiah binti Yunus, PhD 

Faculty: Engineering 

This study was motivated by the fact that even though urea is the most efficient 
nitrogen carrier in solid form, it is not efficient in delivering the nutrient to the 
plant. Approximately 70% of the applied urea fertiliser may be lost to the 
environment. These losses are due to leaching, decomposition and ammonium 
volatilization in soil, water and air. The common solutions that are available now 
which is by coating the urea with polymer or sulphur is not being used by farmers 
in Malaysia primarily due to the high cost. The effect of these coating materials 
to the environment after prolonged usage is also now being questioned. The 
study seeks to explore common readily available materials as an alternative 
coating material. These materials were Portland cement, gypsum plaster, 
sulphur and zeolite. The materials were also selected based on their availability, 
processability and price. All these materials also doubles as either nutrients or 
conditioner to plant and soil. The materials were varied and blended to produce 
several coating formulations. A coating drum was used to coat the urea with the 
formulated materials in a dry blend process. The coated urea samples produced 
were tested for its particles size distribution, crushing strength and dissolution 
properties. Its dissolution properties were used to benchmark the effectiveness 
of the coating. Scanning electron microscope was used to further investigate at 
a microscopic level the coating thickness and the surface morphology of the 
samples. Cavities were identified in the coating layer of samples and not seen 
on SCU which may be the cause for a faster diffusion of the samples compared 
to SCU. Gypsum plaster and sulphur based coating material were found to have 
performed better than the other formulations which was 13.8% higher than 
uncoated urea based on the dissolution analysis performed. This formula was 
further improved where paraffin wax was experimented as a sealant and showed 
an improvement in dissolution concentration at 24.2% improved efficiency 
compared to uncoated urea. The final product achieved the highest efficiency at 
26%, a marked improvement in dissolution properties than an uncoated urea. 
This was produced by pretreating (sieving) the base materials (gypsum plaster 
and sulphur). It is hope that this product will be commercialized and made 
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available to the farmers as an affordable alternative and solution in the near 
future. The environment will also be benefitting from a more efficient use of 
nitrogen fertiliser. 
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Kajian ini didorong oleh fakta bahawa walaupun urea adalah pembawa nitrogen 
paling cekap dalam bentuk pepejal, namun ia tidak cekap dalam menyampaikan 
nutrien kepada tumbuhan. Kira-kira 70% daripada baja urea yang digunakan 
berkemungkinan hilang ke persekitaran. Kehilangan ini adalah disebabkan oleh 
larut lesap, penguraian, dan pemeruapan ammonium dalam tanah, air dan 
udara. Penyelesaian yang sering didapati kini ialah menyalutkan urea dengan 
polimer atau sulfur, namun ini tidak digunakan oleh para petani di Malaysia 
disebabkan oleh kos yang tinggi. Kini juga terdapat persoalan tentang kesan 
bahan-bahan salutan ini kepada alam sekitar apabila digunakan untuk jangka 
masa panjang. Kajian ini bertujuan untuk meneroka bahan-bahan biasa yang 
sedia ada sebagai bahan penyalutan alternatif. Bahan-bahan ini ialah, simen 
Portland, plaster gipsum kontang, sulfur, dan zeolit. Bahan-bahan ini dipilih 
berdasarkan ketersediaan, keupayaan memproses dan harga. Semua bahan-
bahan ini juga mempunyai dwifungsi sama ada sebagai nutrien atau sebagai 
bahan perapi kepada tumbuhan dan tanah. Bahan-bahan ini divariasikan dan 
dicampur untuk menghasilkan beberapa rumusan salutan. Mesin gelendong 
salutan digunakan untuk menyalut urea dengan bahan yang dirumuskan di 
dalam proses campuran kering. Sampel urea bersalut yang dihasilkan diuji dari 
segi taburan saiz zarah, kekuatan hancur, dan sifat pelarutan. Sifat pelarutan 
digunakan sebagai tanda aras keberkesanan penyalutan. Mikroskop elektron 
imbasan digunakan untuk mengetahui ketebalan salutan dan morfologi 
permukaan sampel di tahap mikroskopik. Liang-liang halus dapat dilihat pada 
permukaan sampel dan tiada pada SCU mungkin faktor pelarutan yang lebih 
cepat pada sampel dan tidak berlaku pada SCU. Penyalutan berasaskan plaster 
gipsum kontang dan sulfur menunjukkan prestasi yang lebih baik berbanding 
rumusan-rumusan lain iaitu 13.8% berbanding urea yang tidak disalut 
berdasarkan dari analisa pelarutan yang dijalankan. Rumusan ini 
ditambahbaikkan di mana lilin parafin digunakan sebagai bahan pengadang 
telah dapat meningkatkan kepada 24.2% kadar keberkesanannya berbanding 
urea tanpa sulutan. Produk akhir berjaya mencapai 26% kadar keberkesanan, 
jelas lebih baik sifat pelarutan berbanding urea asal tanpa disalut. Sampel ini 
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dihasilkan dengan menjalankan prarawatan (mengayak) bahas asas (gipsum 
dan sulfur). Adalah diharapkan produk ini akan dikomersilkan dan tersedia 
kepada para petani sebagai bahan alternatif yang mampu dimiliki dan sebagai 
penyelesaian dalam jangka masa terdekat. Alam sekitar turut mendapat manfaat 
daripada penggunaan baja nitrogen yang lebih cekap. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1  General Background  
 
The agriculture sector has been identified as the third engine of growth in the 9th 
Malaysian Plan. In 2013, it contributed RM55.9 billion to Malaysia’s GDP 
representing 7.1% of total GDP, an increase from RM54.8 billion in 2012. The 
sector employs about 1.7 million workers, representing 13% of the country’s total 
workforce (Malaysia Productivity Corporation, 2014). The outcome is consistent 
as Malaysia is known as a major player in the world’s scene for oil palm and 
rubber products. Major commodity crops which are oil palm, rubber and padi 
cover 90% of Malaysian planted soils of which oil palm comprises 63.4% of the 
total planted area (Arshad et al., 2007) 
 
Fertilisers are important for plant growth. Just like men need food which consist 
of protein, carbohydrates, fibers and minerals – plant requires nutrient which are 
categorized as primary and secondary macro micro nutrients. Major nutrients 
include Nitrogen, Phosphorus, Potassium, Sulfur, Calcium and Magnesium 
which enable plants to meet optimum growth and function (FAO, IFA, 2000). 
 
Nitrogen is the most important nutrient for plant growth. Nitrogen fertiliser has 
been widely produced in the world since the process of fixing nitrogen from the 
air was discovered in the early 20th century in Germany and is known as the 
Haber-Bosch process. Since then, fertiliser consumption grew rapidly, largely in 
parallel with an accelerating expansion of the world population which can be 
correlated to the world food production providing adequate food supply to feed 
the world (Erisman et al., 2008). Though famine is still a serious issue in certain 
parts of the world, without the mass production of nitrogen fertilisers, it is 
impossible for the world to feed the current 6.2 billion people on earth. 
 

1 
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Figure 1.1. World fertiliser consumption and population in the past 
century (Erisman et al., 2008) 

In general, nitrogen fertilisers are hypothesized to have an efficiency of between 
30-50% and even more in severe conditions (Jones et al., 2013). This means, 
from the amount of fertiliser applied, 30-50% is absorbed by the plant and the 
rest is lost through various means including surface run-off, leaching and 
volatilization. Plant yield could be further optimized should the efficacy of fertiliser 
be improved. To improve the efficiency of fertiliser, many products have been 
available in the market and many studies were done to address the issue. The 
term currently coined to describe these products is Enhanced-Efficiency 
Fertiliser (EEF). Some of the main products available and known in the market 
includes polymer coated fertilisers, sulfur coated urea and urease inhibitors 
(Trenkel, 2010). 

Studies began as early as 1960s in Japan to address the inefficiency of Nitrogen 
(N) fertilisers. Japanese scientist came out with a polymer coated fertiliser (Shoji, 
1999). On the other side of the globe around the same time, the Tennessee 
Valley Authority (TVA) based in Alabama, USA saw the advantage of a high 
efficiency fertiliser (Rindt et al., 1968). With the abundant supply of sulfur from 
the oil refineries and knowing sulfur is an important nutrient to the plant, molten 
sulfur was sprayed coated onto urea and then came the sulfur coated urea. 
Though sulfur was later found to be too brittle as a coating, wax and other 
polymers have been used as a secondary coating to solve the problem. 

Now, several decades from the first commercially available enhanced fertiliser, 
growth and acceptance by the industry has been very slow as it only represents 
0.47% of the total market. Such simple question is why a scientifically proven 
product has not been able to capture the demand of the industry? The answer is 

2 
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also simple – cost! Due to its high nitrogen concentration per unit which is 46%, 
urea is the most consumed nitrogen fertiliser in the world and used as core for 
most coated nitrogen fertiliser. As urea is the core, it is made as price reference. 
A polymer-coated product has been said to be 4-8 times the price of urea and 
sulfur coated products are less than 2 times (Trenkel, 2010). 
 
 
1.2. Problem Statement 
 
Nitrogen fertiliser is very important for plant’s wellbeing as this nutrient is often 
the limiting factor to enable other nutrient uptake. Urea is a nitrogen fertiliser with 
46% nitrogen content which is the highest percentage of nitrogen per unit weight 
(Jones et al., 2013). As the most widely the most widely synthesized inorganic 
nitrogen fertiliser, the high content of nitrogen makes urea preferred in many 
ways including savings in logistics cost per unit nitrogen. 
 
Despite all the advantages of urea, efficiency is a major concern which has been 
estimated at 50%. This directly translated that money spent on urea for fertiliser 
application is 50% straight to the drain.  
 
Measures have been taken to address these losses with the booming of the EEF 
products in the market. Though the most advances in coated fertilisers are 
polymer coated, the price is only economical for use in high value crops in the 
European Union states and the United States of America. As the move to adapt 
high efficiency technology in the agriculture sector increases, this has led to the 
use in Japanese rice production (Shoji, 1999). They also incorporated total 
mechanization of the planting and fertilisation process which was able to produce 
high yielding crops (Trenkel, 2010). 
 
A research to develop novel EEF fertiliser by examining the effect of gypsum 
based material as coating agent to urea fertiliser is proposed. Urea has been 
chosen for the advantages mentioned above. Gypsum is chosen as coating 
material due to the low cost and availability. Gypsum is also known as a strong 
binder and it is also sparingly used as a fertiliser for source of both sulfur and 
calcium (Kost et at., 2007). 
 
 
1.3. Objectives of the Study 
 
The efficiency of urea is low and estimated at average 50% (Dobermann, 2005). 
Improving the efficiency would be very beneficial especially moving towards 
sustainable resource utilization. EEF has not been accepted in Malaysian market 
primarily due to the high price. The development of cost competitive coated 
fertiliser is best achieved by following a logical sequence of testing and 
evaluation procedures in a variety of settings from the laboratory to the field. The 
effect of gypsum based coating material and additives to the leaching rate of the 
urea will be investigated. The specific objectives are: 
 

 To establish the base line properties of uncoated urea and commercial 
sulfur coated urea.  

3 
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 To evaluate the effectiveness of various coating formulations of gypsum 
based materials according to its crushing strength, surface morphology 
and dissolution properties. 

 To investigate the efficiency improvement of coated urea by varying 
coating thickness, drying time, adding wax as sealant and by sieving the 
coating material. 

 
 
1.4. Scope of the Study 
 
This study examined gypsum and several gypsum based formulation to coat 
urea in order to improve the efficiency of the urea fertiliser. Coating was done 
using a lab scale coating pan. Characterization of the coated urea was done by 
analysing its particle size distribution which indicates the uniformity level of the 
process in coating the urea. The mode sample size were further analysed for its 
crushing strength to investigate the durability of the coating layer. Dissolution 
properties was also investigated to determine the efficiency improvement effect 
of the coating layer. Morphology of the surface was further studied to examine 
the microsite structure in relations to the other characteristics observed. 
 
Further improvement works on the coating material was also carried out and 
studied by varying the coating thickness, drying time, adding wax as top coat and 
sieving coating material. Similarly, the improvised samples characteristics were 
studied for its uniformity, strength, dissolution properties and surface 
morphology. 
 
Although field procedures are better as environmental factors are considered, it 
requires a long time for plant N uptake and analysis (Rice & Havlin, 1994). As 
such, the coated urea developed were not tested for its performance on plants. 
As the scope of this research was fundamentally coating formula selection, 
methods adopted were to quickly screen the many formulations and samples 
developed. This has resulted in a more effective product development 
prototyping. 
 
 
1.5. Significance of the Study 
 
The common and expensive method in reducing fertiliser losses is by coating 
with polymer which products are available but not affordable to the farmers. By 
using the gypsum based coated material it is expected that it could lower the cost 
of production of a more efficient urea fertiliser and will be affordable to all. This 
would also solve the environmental problems and minimize the loss of resources. 
 
 
1.6. Structure of Thesis 
 
This thesis is presented in chapters. Chapter 1 covers the general background 
of the subject, problem statements, significance of study, objectives including the 
scope of study.  

4 
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A literature review on previous research work in various topics which is relevant 
to this research is presented in Chapter 2. The literature starts with a general 
overview of fertiliser and agriculture. Challenges faced by the industry are also 
presented. A comprehensive literature survey on the works done on 
development of EEF is also done and more emphasis is given to coated urea. A 
review of the international market scene of coated urea is also included in this 
chapter. 
 
The methodology of the study is described in Chapter 3. This chapter presents 
the materials and equipment used in this study. The process of preparation of 
the samples is also presented. Analytical techniques used to analyse samples 
are discussed in detail. 
 
Chapter 4 covers the results of the research. Design of the equipment is 
presented. Summary and finding of the research are deliberated. The limitations 
of the study will are also discussed in this chapter. 
 
Finally, Chapter 5 is to summarize and to conclude the research exercise. 
Recommendations for future research are also put forward. 
  

5 



© C
OPYRIG

HT U
PM

 67  
 

REFERENCES 
 
Arshad, F. M., R. M. N. Abdullah, B. Kaur, and M. A. Abdullah (2007). 50 years 

of Malaysian agriculture: transformational issues, challenges and direction 
(Eds.). Serdang: Penerbit UPM. 

 
Ayub, G.S.E., Rocha, S.C.S., & Perrucci, A.L.I.. (2001). Analysis of the surface 

quality of sulphur-coated urea particles in a two-dimensional spouted bed. 
Brazilian Journal of Chemical Engineering, 18(1), 13-22. 

 
Babadi, F. E., Yunus, R., Rashid, S. A., Salleh, M. A. M., & Ali, S. (2015). New 

coating formulation for the slow release of urea using a mixture of gypsum 
and dolomitic limestone. Particuology. DOI:10.1016/j.partic.2014.12.011. 

 
Blaise, D. and Prasad, R. (1995). Effect of blending urea with pyrite or coating 

urea with polymer on ammonia volatilization loss from surface-applied prilled 
urea. Biology and Fertility of Soils, 20, 83-85. 

 
Carlson, C. A., & Ingraham, J. L. (1983). Comparison of denitrification by 

Pseudomonas stutzeri, Pseudomonas aeruginosa, and Paracoccus 
denitrificans. Applied and Environmental Microbiology, 45(4), 1247-1253. 

 
Chatterjee, K. K. (2015). Macro-Economics of Mineral and Water Resources. 

Cham, Switzerland: Springer International Publishing. DOI 10.1007/978-3-
319-15054-3. 

 
Charola, A. E., Pühringer, J., & Steiger, M. (2007). Gypsum: a review of its role 

in the deterioration of building materials. Environmental Geology, 52(2), 339-
352. 

 
Chen, D., Freney, J. R., Rochester, I., Constable, G. A., Mosier, A. R. and Chalk, 

P. M (2008). Evaluation of a polyolefin coated urea (Meister) as a fertilizer for 
irrigated cotton. Nutrient Cycling in Agroecosystems, 81(3), 245-254. 

 
Ciullo, P. (1996). Industrial minerals and their uses a handbook and formulary. 

Westwood, N.J.: Noyes Publications. 
 
da Rosa, G. S., & dos Santos Rocha, S. C. (2010). Effect of process conditions 

on particle growth for spouted bed coating of urea. Chemical Engineering and 
Processing: Process Intensification, 49(8), 836-842. 

 
Dick, W. A., Liming Chen (2011). Gypsum as an Agricultural Amendment: 

General Use Guidelines. The Ohio State University, 945. Retrieved from 
http://fabe.osu.edu/sites/fabe/files/imce/files/Soybean/Gypsum%20Bulletin.p
df. 

 
Dobermann, A. R. (2005). Nitrogen use efficiency–state of the art. Agronomy & 

Horticulture, Faculty Publications. University of Nebrask, Paper 316. 
Retrieved from http://digitalcommons.unl.edu/agronomyfacpub/316. 

 

67 



© C
OPYRIG

HT U
PM

 68  
 

Erisman, J. W., Sutton, M. A., Galloway, J., Klimont, Z., & Winiwarter, W. (2008). 
How a century of ammonia synthesis changed the world. Nature Geoscience, 
1(10), 636-639. 

 
FAO. IFA. (2000). Fertilizers and their use, a pocket guide for extension officers 

(5th ed.). Rome, Italy:  FAO and IFA. 
 
United Nations Industrial Development Organization (UNIDO) and International 

Fertilizer Development Center (IFDC). (1998). Fertilizer Manual. The 
Netherlands: Kluwer Academic Publishers. 

 
Grant, C., & Wu, R. (2008). Enhanced-efficiency fertilizers for use on the 

Canadian prairies. Crop Management, 7(1), 0-0. 
 
Gowariker, V., Krishnamurthy, V. N., Gowariker, S., Dhanorkar, M., & Paranjape, 

K. (2009). The fertilizer encyclopedia. Hoboken, New Jersey: John Wiley & 
Sons. 

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

with attapulgite clay. Fertilizer Research, 28, 123-128. 
 
Hala, Y., Jumadi, O., Muis, A., Hartati, H., & Inubushi, K. (2014). Development 

of Urea Coated with Neem (Azadirachta indica) to Increase Fertilizer 
Efficiency and Reduce Greenhouse Gases Emission. Jurnal Teknologi, 69(5). 

 
Han, X., Chen, S., & Hu, X. (2009). Controlled-release fertilizer encapsulated by 

starch/polyvinyl alcohol coating. Desalination, 240(1), 21-26. 
 
Ibrahim, A. A., & Jibril, B. Y. (2005). Controlled release of paraffin wax/rosin-

coated fertilizers. Industrial & Engineering Chemistry Research, 44(7), 2288-
2291. 

 
Islam, M. S. and Parsons, J. W. (1979). Mineralisation of urea and urea 

derivatives in anaerobic soils. Plant and Soil, 51, 319-330. 
 
Ivanky, K., Wahyudi, R. T., & Suherman, S. (2012). Pembuatan Urea Pelepasan 

Terkendali Melalui Pelapisan Dengan Amilum Menggunakan Teknologi 
Fluidized Bed Spray. Jurnal Teknologi Kimia Dan Industri, 1(1), 64-68. 

 
Jones, C., Brown, B. D., Engel, R., Horneck, D. and Olson-Rutz, K. (2013) 

Management to minimize nitrogen fertiliser volatilisation. Montana State 
University Extension. Retrieved from 
http://www.landresources.montana.edu/soilfertility/documents/PDF/pub/Uvol
BMPEB0209.pdf. 

 
Joseph, P.A. and Prasad, R. (1993). The effect of dicyandiamide and neem cake 

on the nitrification of urea-derived ammonium under field conditions. Biology 
and Fertility of Soils, 15, 149-152. 

 

68 



© C
OPYRIG

HT U
PM

 69  
 

Kahl, T., Schröder, K. W., Lawrence, F. R., Marshall, W. J., Höke, H., & Jäckh, 
R. (2002). Ullmann's Encyclopedia of Industrial Chemistry. Weinheim, 
Germany: Wiley-VCH. 

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

Inhibition of Soil Urease Activity. Dordrecht – Boston – London: Kluwer 
Academic Publishers. 

 
Klein, C., Hurlbut, C. S., Dana, J. D., & Mineraloge, G. (1993). Manual of 

mineralogy (Vol. 527). New York: Wiley. 
 
Kost, D., Chen, L., Dick, W., & Wooster, O. H. (2007). What is gypsum and what 

is its value for agriculture? Ohio Agricultural Research and Development 
Center Presentation. Retrieved from http://library.acaa-usa.org/1-
What_is_Gypsum_and_What_is_its_Value_for_Agriculture.pdf. 

 
Lan, R., Liu, Y., Wang, G., Wang, T., Kan, C., & Jin, Y. (2011). Experimental 

modeling of polymer latex spray coating for producing controlled-release 
urea. Particuology, 9(5), 510-516. 

 
Larry C. Brown and Jay W. Johnson (1991). Nitrogen and the Hydrologic Cycle. 

Retrieved 23 August 2014 from http://ohioline.osu.edu/aex-fact/0463.html. 
 
Liu, Y. H., Wang, T. J., Qin, L., & Jin, Y. (2008). Urea particle coating for 

controlled release by using DCPD modified sulfur. Powder Technology, 
183(1), 88-93. 

 
Lubkowski, K. (2014). Coating Fertilizer Granules with Biodegradable Materials 

for Controlled Fertilizer Release. Environmental Engineering and 
Management Journal, 13(10), 2573-2581. 

 
Boral. (5 February 2013). Casting plaster [Material Safety Data Sheet]. Retrieved 

from http://www.boral.com.au/plasterboard/msds/pdfs/CASTING_ 
PLASTER_BORAL.pdf. 
 
LaFarge. (December 2010). Portland cement [Material Safety Data Sheet]. 

Retrieved from http://www.lafarge.com.my/MSDS-QP_30KG-Dec2010.pdf. 
 
Zeolite Australia. (September 2012). Zeolite [Material Safety Data Sheet]. 

Retrieved from http://www.zeolite.com.au/products/MSDS-zeolite.pdf. 
 
Maquieira, A., Climent, M. D., Puchades, R. and Primo Yufera, E. (1984). 

Fertilization of orange trees with sulfur-coated urea: Nitrogen levels in leaves 
and fruits. Plant and Soil, 80, 247-254. 

 
McKague, K., Reid, K., & Simpson, H. (2005). Environmental impacts of nitrogen 

use in agriculture. Ontario: Ministry of Agriculture, Food and Rural Affairs. 
Retrieved from http://www.omafra.gov.on.ca/english/engineer/facts/05-
073.pdf. 

 

69 



© C
OPYRIG

HT U
PM

 70  
 

Mohamed Arshad, F., Mohd. Noh, K (2010). Evaluation of Malaysia’s food 
balance of trade plan: achievement rates. Global Economy & Finance 
Journal, 3(1), 88-100. 

 
Mumpton, F. A. (1999). La roca magica: uses of natural zeolites in agriculture 

and industry. Proceedings of the National Academy of Sciences, 96(7), 3463-
3470. 

 
Naz, M. Y., & Sulaiman, S. A. (2014). Testing of starch-based carbohydrate 

polymer coatings for enhanced urea performance. Journal of Coatings 
Technology and Research, 11(5), 747-756. 

 
Nômmik, H. (1973). The effect of pellet size on the ammonia loss from urea 

applied to forest soil. Plant and Soil, 39(2), 309-318. 
 
Prasad R., Singh, S., Saxena, V.S. and Devkumar C. (1999). Coating of prilled 

urea with neem (Azadirachta Indica Juss) oil for efficient nitrogen use in rice. 
Naturwissenschaften, 86, 538–539. 

 
Prilled Urea and Granular Urea. (n.d.). Retrieved May 27, 2015, from 

http://www.sabic.com/corporate/en/productsandservices/fertilizers/prilled-
rea-granular-rea. 

 
Prins, W.H., and Rauw, G.J.G. (1989). Use of large granular urea (LGU) to 

improve efficiency of broadcast urea in wetland rice cultivation. Fertilizer 
Research, 19, 21-27. 

 
Petronas. (September 2014) Urea [Safety Data Sheet]. Retrieved from 

https://sds.petronas.com.my/ehswww/petronas/pages/report.jsp?P_LANGU
=E&P_SYS=1&P_SSN=7496&P_REP=00000000000000000004&P_RES=7
149. 

 
Malaysia Productivity Corporation. (2014). Chapter 6, productivity performance 

of the Agriculture sector. Productivity Report 2013/2014. Malaysia 
Productivity Corporation. Retrieved from 
http://www.mpc.gov.my/mpc/images/file/APR%202013%202014/Chapter%2
06.pdf. 

 
Puchades, R., Yufera, E. P., & Rubio, J. L. (1984). The release, diffusion and 

nitrification of nitrogen in soils surrounding sulfur-coated urea granules. Plant 
and soil, 78(3), 345-356. 

 
Rao, E.P, Singh, M., Narayana and Chandrasekhara, G. (1984). Relative 

efficiency of prilled urea and urea-supergranules in Java citronella 
(Cymbopogon winterianus Jowitt). Fertilizer Research, 5, 435-437. 

 
Rice, C.W. and Havlin, J.L. (1994). Integrating mineralizable nitrogen indices into 

fertilizer recommendations. Soil Testing Prospectus for Improving Nutrient 
Recommendations (Eds.). Madison, WI, USA: SSSA Publication. 

 

70 



© C
OPYRIG

HT U
PM

 71  
 

Rindt, D. W., Blouin, G. M., & Getsinger, J. G. (1968). Sulfur coating on nitrogen 
fertilizer to reduce dissolution rate. Journal of Agricultural and Food 
Chemistry, 16(5), 773-778. 

 
Robert E. White (2009). Principles and Practice of Soil Science: The Soil as a 

Natural Resource (4th ed.). Oxford, UK: Wiley-Blackwell. 
 
Roy, B. (1988). Coated and modified urea materials for increasing nitrogen use 

efficiency of lowland rice in heavy clay soils. Fertilizer Research, 15, 101-109. 
 
Sigma-Aldrich. (30 April 2014). Paraffin wax [Safety Data Sheet]. Retrieved from 

http://www.sigmaaldrich.com/MSDS/MSDS/DisplayMSDSPage.do?country=
MY&language=en&productNumber=76228&brand=SIAL&PageToGoToURL
=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsial
%2F76228%3Flang%3Den. 

 
ConocoPhillips. (3 April 2012). Sulphur, Solid [Safety Data Sheet]. Retrieved 

from http://www.conocophillips.com/sustainable-
development/Documents/SMID_213_Sulphur,%20Solid%20_Canada_.pdf. 

 
Sahrawat, K.L. (1980). Control of urea hydrolysis and nitrification in soil by 

chemicals - prospects and problems. Plant and Soil, 57, 335-352. 
 
Sahrawat, K.L. (1981). Comparison of karanjin with other nitrification inhibitors 

for retardation of nitrification of urea n in soil. Plant and Soil, 59, 495-498. 
 
Sandanam, S., Krishnapillai, S. and Sabaratnam, J. (1978). Nitrification of 

ammonium sulphate and urea in an acid red yellow podzolic tea soil in Sri 
Lanka in relation to soil fertility. Plant and Soil, 49, 9-22. 

 
Savant, N.K. and Stangel, P.J. (1990). Deep placement of urea supergranules 

in transplanted rice: Principles and practices. Fertilizer Research, 25, 1-83. 
 
Savant, N.K., James, A.F. and McClellan, G.H. (1983). Urea release from 

silicate- and polymer-coated urea in water and a simulated wetland soil. 
Fertilizer Research, 4, 191-199. 

 
Sharma, S. N. and Rajendra Prasad. (1980). Effect of rates of nitrogen and 

relative efficiency of sulphur-coated urea and nitrapyrin-treated urea in dry 
matter production and nitrogen uptake by rice. Plant and Soil, 55, 389-396. 

 
Shoji, S. (1999). MEISTER Controlled Release Fertilizer: Properties and 

Utilization. Sendai, Japan: Konno Printing Company Limited. 
 
Singh, M. and Yadav, D. S. (1981). Transformation of urea and ammonium 

sulphate in different soils. Plant and Soil, 63, 511-515. 
 
Speight, J. G. (2002). Chemical and Process Design Handbook. New York: 

McGraw-Hill. 
 

71 



© C
OPYRIG

HT U
PM

 72  
 

Stephen, R.C. and Waid, J.S. (1963). Pot experiments on urea as a fertilizer: 
The influence of rate, form, time, and placement. Plant and Soil, 19 (2), 184 
– 192. 

 
Stewart, W. M., Dibb, D. W., Johnston, A. E., & Smyth, T. J. (2005). The 

contribution of commercial fertilizer nutrients to food production. Agronomy 
Journal, 97(1), 1-6. 

 
Tabatabai, M. A. (1984). Importance of sulphur in crop production. 

Biogeochemistry, 1(1), 45-62. 
 
Takahashi, S. and Ono, S.I. (1996). Nitrogen release from polyolefin-coated urea 

with attention to individual weights. Nutrient Cycling in Agroecosystems, 46, 
153-156. 

 
Trenkel, M.E. (2010). Slow- and controlled release and stabilized fertilizers in 

agriculture: an option for enhancing nutrient use efficiency in agriculture. 
Paris, France: International Fertilizer Industry Association. 

 
van der Ploeg, R. R., & Kirkham, M. B. (1999). On the origin of the theory of 

mineral nutrition of plants and the law of the minimum. Soil Science Society 
of America, 6 (63), 1055-1062. 

 
Vashishtha, M., Dongara, P. and Singh, D. (2010). Improvement in properties of 

urea by phosphogypsum coating. International Journal of ChemTech 
Research, 2 (1), 36 – 44. 

 
Watson, C.J., Poland, P., Miller, H., Allen, M.B.D., Garrett, M.K. and 

Christianson, C.B. (1994). Agronomic assessment and 15N recovery of urea 
amended with the urease inhibitor nBTPT (N-(n-butyl) thiophosphoric 
triamide) for temperate grassland. Plant and Soil, 161, 167 – 177. 

 
Watson, C.J. and Kilpatrick, D.J. (1991). The effect of urea pellet size and rate 

of application on ammonia volatilization and soil nitrogen dynamics. Fertilizer 
Research, 28, 163-172. 

 
Whiting, D., Card, A., Wilson, C. and Reeder, J. (2011). Soil pH. CMG Garden 

Notes No. 222. Colorado Master Gardener Garden Notes, pp 222-1 – 222-4. 
 
Wong, L. C. (2007). Development of Malaysia’s agricultural sector: Agriculture 

as an engine of growth. Paper presented at ISEAS Conference on the 
Malaysian Economy: Development and Challenges, Singapore. 

  

72 



© C
OPYRIG

HT U
PM

83 

PUBLICATION 

Ibrahim, K. R. M., Babadi, F. E., & Yunus, R. (2014). Comparative performance 
of different urea coating materials for slow release. Particuology, 17, 165-172. 



© C
OPYRIG

HT U
PM

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION : 

TITLE OF THESIS / PROJECT REPORT : 

EVALUATION OF GYPSUM BASED MATERIAL AS COATING AGENT TO IMPROVE THE 
EFFICIENCY OF GRANULAR UREA FERTILIZER  

NAME OF STUDENT :  KHAIRUL RIDZWAN MOHD IBRAHIM 

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. ] 


	CHAPTER 2
	REFERENCES



