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The need to reduce ammonia (NH3) loss from nitrogen based fertilizers such
as urea has been recognized. Amending urea with humic acid (HA) and acid
sulphate soil could control urea hydrolysis and reduce NH3; volatilization. This
approach may contribute to urea-N use efficiency. The objectives of this
study were to: 1) evaluate the effect of mixing urea with HA and acid
sulphuric soil on NH3 loss, and 2) investigate the effect of the selected urea-
ASS-HA mixture on N uptake by maize plant. In this study, peat soil was
used because it contains about 40% HA, while ASS is abundant in Malaysia.
Both acid sulphate soil and HA used were oven dried and ground to pass a
250 pm sieve before being thoroughly mixed with urea based on treatment
ratios. The mixtures were mixed thoroughly on a reciprocal mechanical
shaker at 200 rpm. All the 14 treatments including 2 controls, mainly soil
without fertilizers (T1) and urea without additives (T2) were evaluated in a
laboratory study to determine their effect on NH; loss, soil exchangeable

ammonium (NH;") and soil available nitrate (NO3") using a closed dynamic air



flow system. Out of the 12 mixtures studied, 3 treatments, 2.02 g urea + 0.75
gHA +0.75 g ASS (T5), 2.02 g urea + 0.75 g HA (T9) and 2.02 g urea + 1.00
g HA (T10) significantly reduced NH; volatilization compared with T2 (urea
alone). The treatments selected based on their performance in controlling
NHs loss (T5, T9 and T10) were further investigated in a pot experiment
(greenhouse) together with T1 and T2 (controls). Again the mixtures
improved soil pH and retention of soil exchangeable ammonium. However, in
terms of dry matter production and nutrient uptake (N, P, and K) on Zea
mays L. (test crop; variety Masmadu) the effect was statistically similar to that
of urea alone. Three to five cropping cycles may be required to confirm this
finding on Nyalau Series and also reducing the effect of ammonia

volatilization with efficient application of urea based fertilizers.
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Keperluan untuk mengurangkan kehilangan amonia (NH3) daripada baja
berasaskan nitrogen seperti urea telah diakui. Penambahan urea bersama
asid humik (AH) dan tanah asid sulfuric (TAS) boleh mengawal hidrolisis
urea dan berupaya mengurangkan pemeruapan amonia. Pendekatan ini
boleh menyumbang kepada kecekapan penggunaan urea-N. Objektif kajian
ini adalah untuk: 1) menilai kesan campuran urea bersama asid humik dan
tanah asid sulfirik terhadap kehilangan NHj;, dan 2) mengkaji kesan
campuran urea-TAS-AH terhadap serapan N pada pokok jagung. Dalam
kajian ini, tanah gambut digunakan kerana mengandungi AH sekitar 40%
manakala TAS terdapat banyak di Malaysia. Kedua-dua TAS dan AH yang
digunakan dikeringkan secara ketuhar dan dihancurkan untuk melepasi
pengayak bersaiz 250 pm sebelum ianya dicampurkan mengikut nisbah
rawatan yang dikaji dalam penyelidikan ini. Campuran tersebut
digoncangkan secara rata dengan menggunakan mesin timbal balik pada

kelajuan 200 rpm. Kesemua 14 rawatan termasuk 2 kawalan, iaitu tanah



tanpa baja (T1) dan urea tanpa campuran(T2) dinilai di dalam kajian makmal
untuk mengkaji kesannya terhadap kesan kehilangan NH;, amonium (NH;")
tukarganti tanah dan nitrat (NOj’) tersedia tanah dengan menggunakan
sistem tertutup dinamik. Daripada 12 rawatan yang dikaji, 3 rawatan, 2.02 g
urea+0.75g AH + 0.75 g TAS (T5), 2.02 g urea + 0.75 g AH (T9) dan 2.02 g
urea + 1.00 g AH (T10) terbukti dapat menggurangkan pemeruapan NHj; jika
dibandingkan dengan T2 (urea sahaja). Kajian lanjutan dijalankan ke atas
rawatan (T5, T9, dan T10) yang dipilih bedasarkan prestasi di dalam
mengawal kehilangan NH; beserta T1 dan T2 (kawalan). Sekali lagi
campuran tersebut berupaya memperbaiki pH tanah dan mengekalkan NH,"
tukarganti tanah. Namun dalam penghasilan bahan kering dan penyerapan
nutrien (N, P, dan K) pada Zea mays L. (tanaman ujikaji; variati Masmadu)
kesannya adalah sama jika dibandingkan dengan urea sahaja. Tiga hingga
lima kitaran tanaman di tanah Siri Nyalau mungkin diperlukan bagi
memastikan hasil kajian ini benar dan dapat membantu mengurangkan
kesan pemeruapan ammonia dan pengunaan baja berasaskan urea yang

lebih cekap.
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CHAPTER 1

INTRODUCTION

The improvement in the Malaysian agriculture landscape recently has had a
significant impact on Malaysia economy, as this sector has become the third
engine of Malaysia’s economic growth (MOA, 2008). The development of
this sector has brought many opportunities in many agriculture based
research and development including fertilizers research in order to increase
and sustain crop production as well as reducing fertilizers price (Mohamed
Ali, 2009; Leegreid et al., 1999). Nitrogenous fertilizers are one of the
essential sources of nitrogen in sustaining the productivity of crops, as they
have most rapid-reacting nutrient such as nitrogen with obvious visual effect

(Havlin et al., 2005; Leegreid et al., 1999).

Urea is one of the common sources of nitrogen (N) fertilizers used in
Malaysia. This fertilizer is imported or produced locally for use (Mohamed Ali,
2009; FAO, 2004). Usage of urea however is still limited despite the possible
advantage of having high N content and low unit N cost. The main reason for
the restricted use of this fertilizer is due to significant volatilization losses

upon its surface application (Jones et al., 2007; Khanif, 1992).

Studies on improving urea fertilizers quality have been carried out in many
years in order to increase the efficiency of fertilization as well reducing
environmental pollution (Regis et al., 2009; Damodar Reddy and Sharma,

2000). One of the approaches of reducing ammonia volatilization from urea is



by reducing the microsite pH with acidic materials which helps to control urea
hydrolysis and dissolution process (Ahmad et al., 2006; Siva et al., 1999).
The cost and the availability of the acidic materials however must be

considered before these materials can be used as amendment materials.

An approach of using little amount of acid sulphate soil and humic acids from
peat in this study was based on their potential acidity (usually less than 3.5)
that could reduce soil microsite pH when these materials are used to amend
urea before application. Use of acid sulphate soils in amending urea could
give an additional value of this soil. Acid sulphate soils is readily available
(0.5 million ha) in Malaysia (Shamsuddin, 2006). Iron in acid sulphate soils is
an added advantage as the iron might also reduce nitrate (NOj3’) to
ammonium (NH4") form in soil solution (Thomas et al., 2003). This is

important because nitrate ions are mobile and susceptible to leaching losses.

Peat soil on the other hand is one of the good sources of HA. There are
available in about 2.5 million ha of peat soil in Malaysia (Andriesse, 1988).
Recent research in reducing the laboratory work in isolating HA (Susilawati et
al., 2007; Ahmed et al., 2004) could give benefit to this country to produce
humic acids locally at low cost besides reducing the import bill of HA based
fertilizers from China and Australia. The high cation exchange capacity
(CEC) of HA (more than 650 cmol/kg soil) could be used to improve NH,"

retention and yet ensuring the timely release of NH,".



The approach of using above mention materials could be useful in reducing
the cost of amending urea with the aim of reducing NH3 loss from urea at the
same time increasing N use efficiency in agriculture. Thus, the objectives of
this study were to: 1) evaluate the affect of mixing urea with HA and acid
sulphate soil on NHj3 loss, and 2) investigate the effect of the selected urea-

acid sulphate soil-humic acid mixture on N uptake by maize plant.
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