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Substantial loss through ammonia volatilization from surface-applied urea reduces
urea-N use efficiency in plant production, pollutes environment and burdens
economy. This problem could be minimized through the use of agricultural wastes
such as palm oil mill effluent (POME) sludge. POME sludge could reduce this
volatilization in view of its acidic nature and high cation exchange capacity (CEC)
present in it the form of humic acids (HA) and fulvic acids (FA). The objectives of
this study were to: (1) Evaluate if N, P and K humates produced from POME sludge
could minimize ammonia volatilization from urea as well as improving retention of
soil exchangeable ammonium and nitrates in laboratory condition and (ii) Evaluate
the effect of N, P, and K humates on soil pH, exchangeable ammonium, available
nitrate; N, P, and K concentrations, their uptake and use efficiency in corn (Zea

mays) cultivation under greenhouse condition.



HA and FA were isolated from air-dried POME sludge using 0.5 M KOH and 6 N
H2>SO4. Daily ammonia loss was measured for 15 days using a closed-dynamic air
flow system. Ammonia released was estimated using boric acid indicator traps which
were replaced every 24 h and titrated with 0.01 N HCI. Soil samples were evaluated
for pH, exchangeable ammonium and available nitrate. Under greenhouse condition,
formulated fertilizers were applied 10 days after planting (DAP) in each pot
containing 10 kg of soil. Soil and plant samples (stems, leaves and roots) were
sampled at 31 DAP. Soil samples were analyzed for pH, ammonium and nitrate
content. Plant samples were analyzed for dry matter production, N, P, and K
concentrations, N, P, and K uptake, and their use efficiency. From the laboratory
study, Urea-TSP-MOP-HA, Urea-TSP-MOP, urea-FA, Urea-TSP-MOP-FA, Urea-
acidified (HA+FA) and Urea-TSP-MOP-acidified (HA+FA) mixtures significantly
reduced ammonia by 13, 20, 23, 30%, and 100% (of the N added as urea),
respectively. These treatments also caused significant retention of soil exchangeable
ammonium. When the treatments were further tested in a greenhouse, Urea-TSP-
MOP, urea-FA, Urea-TSP-MOP-Humin, Urea-TSP-MOP-acidified(HA+FA), Urea-
TSP-MOP-FA and Urea-TSP-MOP-HA mixtures had significant effect on dry matter
production, N, P, and K uptake and use efficiency of the test crop (Zea mays)
compared to urea alone. Urea amended with HA, FA, TSP and MOP minimized
ammonia volatilization, as well as improving soil exchangeable ammonium, and
urea-N use efficiency. It must be stressed that results obtained in the laboratory and

greenhouse experiments may only be applicable to similar acid soils.
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Kerugian besar melalui pemeruapan amonia dari urea yang ditabur atas tanah
mengurangkan kecekapan penggunaan N-urea bagi pengeluaran tanaman,
mencemarkan alam sekitar, dan membebankan ekonomi. Masalah ini dapat
diminimumkan melalui penggunaan sisa pertanian seperti mendakan effluen kilang
minyak sawit (POME). Mendakan POME dapat mengurangkan pemeruapan ini
melihat kepada sifat keasidan semula jadinya dan kadar pertukaran kation (KPK)
yang tinggi hadir di dalamnya dalam bentuk asid humik (HA) dan asid fulvik (FA).
Antara objektif kajian adalah : (i) Menilai jika N, P dan K Humat yang dihasilkan
dari mendakan POME dapat mengurangkan pemeruapan amonia dari urea selain
mempertingkatkan penahanan amonium dan nitrat dalam tanah dalam keadaan
makmal dan (ii) Menilai kesan N, P dan K humat pada pH, amonium, nitrat tanah;
kepekatan N, P dan K, pengambilan N, P dan K, dan kecekapan penggunaannya oleh

tanaman jagung (Zea mays) dalam keadaan rumah hijau.



HA dan FA dipencilkan daripada mendakan POME kering menggunakan 0.5 KOH
dan 6 N H2SOs. Kehilangan amonia secara hariannya disukat selama 15 hari
menggunakan satu kaedah sistem pengaliran udara dinamik pada keadaan tertutup.
Amonia yang terbebas disukat menggunakan perangkap penunjuk asid borik yang
mana diganti setiap 24 jam dan dititrat menggunakan 0.01 N HCI. Sampel tanah
dinilai untuk pH, amonium dan nitrat. Dalam keadaan rumah hijau, baja yg
diformulasi diaplikasikan 10 hari selepas ditanam (HST) pada setiap pasu yang
mengandungi 10 kg tanah. Sampel tanah dan tanaman (batang, daun, dan akar)
disampel pada 31 HST. Sampel tanah dianalisis untuk pH, kandungan amonium dan
nitrat. Sampel tanaman dianalisis untuk pengeluaran jirim kering, kepekatan N, P,
dan K, pengambilan N, P dan K, dan kecekapan penggunaannya. Hasil kajian
makmal menunjukkan campuran Urea-TSP-MOP-HA, Urea-TSP-MOP, urea-FA,
Urea-TSP-MOP-FA, Urea-asidik (HA+FA) dan Urea-TSP-MOP-asidik (HA+FA)
mengurangkan amonia secara signifikan masing-masing dengan 13, 20, 23, 30%, dan
100% (dari N yang ditambah dari urea). Rawatan ini juga mengakibatkan penahanan
amonium yang signifikan dalam tanah. Apabila rawatan dikaji selanjutnya dalam
keadaan rumah hijau, campuran Urea-TSP-MOP, urea-FA, Urea-TSP-MOP-Humin,
Urea-TSP-MOP-asidik (HA+FA), Urea-TSP-MOP-FA dan Urea-TSP-MOP-HA
menunjukkan kesan signifikan terhadap pengeluaran jirim kering, pengambilan N, P,
dan K dan kecekapan kegunaan oleh tanaman ujian (Zea mays) berbanding urea
sahaja. Urea dicampur dengan HA, FA, TSP dan MOP mengurangkan pemeruapan
amonia, selain mempertingkat amonium tanah dan kecekapan penggunaan N-urea. la
harus ditekankan bahawa keputusan yang diperolehi dalam eksperimen makmal dan

rumah hijau hanya boleh diaplikasi pada tanah berasid yang serupa sahaja.
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CHAPTER 1

INTRODUCTION

Malaysian palm oil production may reach 18.8 million tons in 2011 where global palm
oil production may rise by 5.5 million tons in 2011 and 2 million tons in 2012
(Bloomberg, 2011). In 2008, palm oil production was 17.7 million tons on 4.5 million
hectares (Malaysian Palm Oil Industry Performance, 2008). Malaysian palm oil exports
increased to 16.7 million tons in 2010, worth 59.8 billion ringgits, compared with the
15.9 million tons that were shipped in 2009, according to data from the Malaysian Palm
Oil Board (Bloomberg, 2011). The export earnings of more than RM 68 billion in 2007
have been reported by the World Bank and the Asian Development Bank (Bernama,
2009). With such large production of palm oil there would also be abundant by-products

such as palm oil mill effluent (POME).

POME contains high bio-chemical oxygen demand BOD (25,000 mg/L) and chemical
oxygen demand COD (50,000 mg L?) content that pose a great threat to water
environment (Yeow, 1983), making it about 100 times more polluting than domestic
sewage (Okwute and Isu, 2007). In terms of its population equivalent, the BOD
generated by the palm oil industry in Malaysia in 1998 is equivalent to that generated by
38 million people (Bek-Nielsen et al., 1999). This contributes 83% of the single largest
polluter of the palm oil industry in Malaysia (Kwon et al., 1989). Disposal of this highly
polluting waste is an economic burden on communities and industries (O-Thong et al.,

2008), therefore, adding value to this waste could be economically viable.



POME could be put into good use in view of its high content of organic matter (Ahmad
et al., 2003) potentially present in the form of humic acids (HA) and fulvic acids (FA).
These acids have a great potential to control ammonia volatilization since they are acidic
materials which aid to lower drastic increase in pH at the soil microsite when urea is
surface-applied. Ammonia volatilization from urea is known to be the major reason for
economic loss of N for years (Bock and Kissel, 1998; Cai et al., 2002; Brady and Weil,
2002). Ammonia loss is serious when it is surface-applied to a sandy soil as this soil has
low cation exchange capacity (CEC) that decrease the soil’s ability to hold exchangeable
NH4*, thereby increasing the total amount of ammoniacal N in solution which is subject

to volatilization (Fan and Mackenzie, 1993).

High total acidity (is also used as a measure for the CEC (Tan, 2003)) associated with
HA may aid to retain NH4s" and NO3™ (Stumpe et al., 1984; Siva et al., 1999; Ahmed et
al., 2006a; Ahmed et al., 2006b) which are the plant usable form of N. The exchange
capacity of FA is twice that of HA due to the total number of carboxyl (COOH) groups
present and this could help retain more NH4" and NO3". High contents of NH4* and NOs
without good retention may not guarantee plant N use efficiency because both NH4* and
NOs™ are prone to leaching (Brady and Weil, 2002). Additional loss of N from soil is
caused by the biological transformation of NH4*and NOs™ under anaerobic condition and
denitrification process of converting NOs™ to N. (Fan and Mackenzie, 1993). Good
retention of ammonium ions (the common source of both nitrification-denitrification and

volatilization) could enhance the efficiency of urea.



In some studies, acidic materials such as HA and TSP have been used to reduce
ammonia loss from surface-applied urea (Stumpe et al., 1984; Siva et al., 1999; Ahmed
et al., 2006a; Ahmed et al., 2006b) but an information such as this is lacking for POME
sludge. These acidic materials lower the soil micro-site pH immediately around the
fertilizer, a process which reduces hydrolysis of urea thus reducing ammonia loss. The
use of muriate of potash (MOP) may help prevent the deficiency of chlorine under field
conditions since chlorine is only very weakly adsorbed to soil colloids (Fan and
Mackenzie, 1993). The mixtures containing MOP, triple superphosphate (TSP) and urea
could also reduce ammonia loss, retain exchangeable NH4* and NOs™ in soil and also
serve as a slow release complete fertilizer. This study may improve urea N use

efficiency as well as reducing environmental pollution.

Objectives

The objectives of this study were:

(1) To evaluate if N, P, and K humates produced from POME sludge could minimize
ammonia volatilization from urea as well as improving retention of soil
exchangeable ammonium and available nitrate; and

(2) To evaluate the effect of N, P, and K humates on soil pH, exchangeable ammonium,
available nitrate; N, P and K concentrations, their uptake and use efficiency in corn

(Zea mays) cultivation under greenhouse condition.
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