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Abstract: Problem statement: Ammonia volatilization from surface-applied ureayrbe substantial
but it is possible to control it by mixing urea kviacidic substances such as Humic Acids (HA) and
Fulvic Acids (FA). The objective of this study wlescompare the effects of urea-HA, urea-FA, urea-
acidified (HA+FA) mixtures on ammonia loss, soil psbil exchangeable ammonium and available
nitrate accumulation compared to urea al@x@proach: The effects of urea amended with or without
HA and FA were evaluated in a laboratory conditiasing a closed-dynamic air flow system.
Ammonia loss, soil pH, soil exchangeable ammoniurd available nitrate were determined using
standard proceduresResults: Humic acid alone was not effective in controllirgmmonia
volatilization even though ammonium retention waisrnid to be significantly higher compared to urea
alone. Fulvic acid significantly reduced ammonigatitization by 50% compared to urea alone. It also
caused the highest retention of soil exchangeablaanium and available nitrate. However, there was
no ammonia volatilization with acidified HA and FAmmonium and nitrate accumulation for FA
was better than acidified HA and FA. Ammonia logsild be reduced by improving ammonium
retention. It must be stressed that results obdaiim¢he incubation experiment using an acidic fpdd
6.32) soil of Typic Paleudults (Bekenu series) mayly be applicable to similar acid soils.
Conclusion: Urea amended with HA or HA and FA significantlgloeed ammonia loss. The outcome
of this study might be contributed to the improveimef urea N use efficiency as well as reducing
environmental pollution.
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INTRODUCTION POME could be put into good use in view of its
high content of organic matt8rpotentially present in
Malaysia is the largest producer and exporter othe form of Humic Acids (HA) and Fulvic Acids (FA).
palm oil in the worl#t! and this contributes about U$ In some studies, acidic material such as HA and TSP
7.3 billion in export earnings each yarwith such have been used to reduce ammonia loss from surface-
large production of palm oil there is also abundayyt  applied ure4® but evidence of this type is lacking for
products such as Palm Oil Mill Effluent (POME). The POME. These acidic materials lower the soil midte-s
POME contains high Bio-chemical Oxygen DemandpH immediately around the fertilizer, hence, they
(BOD) and Chemical Oxygen Demand (COD) whichreduce the hydrolysis of urea thus reducing the
pose a great threat to water environment. Disposal ammonia loss. High total acidity (CEC) associatétth w
this highly polluting waste is an economic burden o HA aids in retaining Ni and NQ“*” compounds
communities and industriéstherefore adding value to which are the plant usable form of nitrogen. The
this waste could be economically viable. exchange capacity of FA is double that of Hife to the
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total number carboxyl (COOH) groups present ang thiurea used was based on the standard recommendation
also helps to retain more Nidnd NQ. High contents for mature oil palms grown on Bungor Series (Typic
of NHsand NQ in soils without good retention may not Kandiudults) in Malaysia. The amounts of HA used
guarantee p|ant N use efﬁciency because botha{“d were based on earlier UnpubliShed Iaboratory tizds
NO; are prone to leachiffly The additional loss of N gave better mixtures. Treatment 2 was prepared by
from soil is caused by the biological transformataf ~ Mixing 2.02 g urea with 0.75 g HA. Treatment 3 was
NH, to NO, under anaerobic conditon and prepared by mixing 2.02 g urea with 60 mL .FA, while
denitrification process of converting NOto N,®. T4 was prepared by mixing 2.02 g urea with 60 mL
Inefficient use of urea may cause environmentaf"‘CIdIfIEd HA. and FA. Afterwa}rds., the treatments ever
pollution, monetary loss and poor crop quality. Thetrﬁnlfferreq Into a set of pllaitlcl:(wals,lté%htlpsﬂ}d agg
objective of this study was to compare the effeifts tso 2nzrl]rgstlr:]gyavvr:rcelpurr?i(;grriIyarr(\ei;:cti fom fom
urea-HA, urea-FA, urea-acidified (HA+FA) on NH . . )
loss, pH, exchangeable NHand available N© : Daily -ammonia Ioss_ was measured for 1?ﬂdays
accumulation with urea alone. This study mayusmg the closed.-dynam|c air flow system metfiod
contribute to improvement of urea N use efficiersy The system consisted of an exchange chamber (500 mL
well as reducing environmental pollution. Erlenmeyer flask) and a ”"?‘p (25(.) mL _Erlenmeyer
flask), both stoppered and fitted with an inletleut
MATERIALSAND METHODS The inlet of the chamber was connected to an aimgpu
and the outlet was connected by polyethylene tubing

The soil used in this study was a sandy loam othe trap containing boric acid solution. Soil weigh
Typic Paleudults (Bekenu Series) taken from Uniters 250 g was placed in the exchange chamber and
Putra Malaysia, Bintulu Sarawak Campus. The soilmoistened to 60% field capacity.
samples taken at 0-15 cm depth were air dried and The treatments were applied to the soil surface.
ground to pass a 2 mm sieve. The selected chemmidal Air was passed through the chambers at a rate of
physical properties of the soil were determinechgisi 2.75 > min chamber* and released Ntaptured in
standard procedures. The soil pH was determinea in the trapping solution containing 75 mL boric acid,
1:2.5 of soil: distilled water suspension and 1 MIK promocresol green and methyl red indicator. The
using a glass electrode. Soil organic carbon Wwaghcubation chambers were maintained at room
determined as 58% of the total loss of weight ontemperature. Boric acid indicator traps were regiac
ignition™™.  The hydrometer method was used (Ogyery 24 h and back-titrated with 0.01 N HCI, to

detedrn:med st0|l t_extuPét._ The Iehachmg m%ﬁg_‘;qrhwas estimate the Nkireleased. Measurement was continued
used to determineé cafion exchange capacity!n€ 4 the loss declined to 1% of the N added in the
exchangeable cations (K, Ca, Na and Mg) were

determined by the double acid methddTotal N was ured® . After 15 days of incubation, soi samples
determined using Kjedhal method were evaluated for pH, exchangeable,Nidd available

HA and FA used in this study were isolated usingNo3'

the method described by Steveri&®nwith some The experimental design was a randomized
modification§®1®] The extraction and fractionation COMPIete block design with 3 replications for each

periods used was 24 h. HA and FA were isolatengsintreatmem' Analysis  of variance (ANQVA) was
005 M KOH and 6 N bSO, respectively. Total conducted to test for treatment effect while meahs

organic carbon was determined using the loss offeatments were compared using Tukey's fést
ignition metho#®. The carboxylic-COOH, phenolic-

OH functional groups and total acidity were RESULTS
determined using the method described by lebak*".
The E/E; was determined using.fEs ratid*¥. The The selected chemical properties of soil (Table 1)

solid HA was ground to pass 250 pum and the urea wasere typical of the Bekenu Series and were conttiste
in granular form. FA and acidified (HA+FA) were in with those reported by Paramanatffarexcept for the
liquid form. high values of pH, organic carbon, CEC and

The treatments were: (i) Soil alone (TO); ()28  exchangeable calcium which may be due to soil kmin
urea without additives (T1); (iii) 2.02 g urea /8.9 The pH of urea was high as expected. The carbon,
HA (T2); (iv) 2.02 g urea + 60 mL FA (T3); (v) 2.@2 carboxylic, phenolic, total acidity andy/Eg values of
urea + 60 mL acidified (HA+FA) (T4). The quantitf o the HA were within the range reported'dy”.
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Table 1: Some chemical and physical characterigifcsoil, urea,
HA, FA and acidified (HA + FA)

Acidified
Property Soil Urea HA FA (HA+FA)
pH (water) 6.32 8.06 nd 1.13 1.00
pH (1N KCI) 552 nd nd nd nd
Total organic carbon (%) 472 nd 5495 nd nd
Nitrogen (%) 0.17 nd nd nd nd

133 a nd nd nd
0.18 nd nd nd nd

CEC (cmol kgY)
Exchangeable K (cmol kY

Exchangeable Ca (cmol Ky 1.21 nd nd 0.89 nd
Exchangeable Na (cmol &y  0.01 nd nd 2.78 nd
Exchangeable Mg (cmol Ky 0.12 nd nd 0.29 nd

Texture LS nd nd nd nd
Carboxylic group (cmol kd) nd  nd 538.81 nd nd
Phenolic group (cmol Kg) nd nd 293.89 nd nd
Total acidity (cmol kg') nd nd 83270 nd nd
E4/Es nd nd 8.02 nd nd

CEC: Cation Exchange Capacity; LS: Loamy Sand; hht
DeterminedCEC of HA = Total acidity

Table 2: Total amounts of ammonia loss, pH, exchahtg
ammonium and available nitrate over 15 days oftation

Treatments  Nkl(%) pH (H0)  NH; (ppm) NQ (ppm)
TO 0.00 6.7 81.73 11.68
T1 48.2¢% 7.9° 378.27 23.3%
T2 46.32 7.8 532.38 25.69
T3 37.08 6.1 1167.50 112.08
T4 0.00 2.9 672.48 53.7P

Note: Different alphabets (within column) indicate siigant
difference between means using Tukey’s test aDR5
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Fig. 1: Daily loss of ammonia from incubation

The NH; loss started a day after incubation for T1,suggesting

second day for T2, fourth day for T3 and no J\bks

and FA (T4) had the greatest effect because thae w
no ammonia volatilization for 15 days of incubation
Urea with HA (T2) did not significantly reduce
ammonia loss compared to the control (T1). The @H f
T2 was not significantly different from T21 but
significantly different from T3 and T4. This obsatiwn
was consistent with those reported elsewfiéreUrea
with additives caused significant accumulation of
exchangeable ammonium compared to urea alone
(Table 2). T3 and T4 had pronounced effect on
available nitrate accumulation compared to other
treatments (Table 2).

DISCUSSION

The low pH of HA and FA suggests that they were
fully saturated with hydrogen ions during their
fractionation via acidification using 6 N,HO,.

T3 and T3 significantly reduced ammonia
volatilization because when urea is mixed with &cid
material, the acidic product lowers the micro-ste,
reduces the hydrolysis of urea thus causing afsgnt
reduction in NH. The low soil pH for T3 and T4
obtained in this study also confirms the study of
Delaune and Patri®’ that urea hydrolyzes slowly
when soil pH is less than 5.5 and lasted until dves
away from the acidified sél?. In this study, fulvic
acid (T3) and acidified humic and fulvic acids (T4)
which are acidic materials, acidified the soil, ghu
slowing urea hydrolysis. This may have effectively
increased the volume of soil with which mixing aota
occurred and also increased the time required for
complete  hydrolysis. There was  significant
accumulation of exchangeable Nfbr T2, T3 and T4
compared to urea alone suggesting its retentidhase
3 treatments. The amount of available nitrate was
significantly different for T3 and T4 compared trea
without additives but no significant difference fog
that the retention of exchangeable
ammonium for urea treatments with additives (T3 and

was found for TO and T4 (Fig. 1). The maximum daily T4) had profound effect on N@ccumulation.

rate of NH loss for T1 (13%) and T2 (11.69%) was

similar on the second day while the maximumsNb$s

CONCLUSION

for T3 was 6.61% and it occurred on day 5 of
incubation. The decreasing trend after the maximum  Humic acid alone was not effective in controlling
loss of ammonia for T1, T2 and T3 was similar untiiammonia volatilization even though ammonium
day 15 when the ammonia loss was about 1% of the Ketention was found to be significantly higher camgu
added in the form of urea. to urea alone. Fulvic acid significantly reduced
The total amounts of NHlost, pH, exchangeable ammonia volatilization by 23% compared to urea @lon
ammonium and available nitrate at the end of thdyst It also caused the highest retention of ammonia and
are shown in Table 2. Urea with FA (T3) signifidgnt nitrate. However, there was no ammonia volatilaati
reduced the total amount of N#kbss compared to urea with acidified humic and fulvic acids (T4).
without additives (T1) while urea with acidified HA Exchangeable ammonium and available nitrate
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accumulation under T3 was better than for T4.7.

Ammonia loss could be reduced by improving

exchangeable ammonium retention. It must be stiesse

that results obtained in the incubation experimesing
an acidic (pKater 6-32) soil of Bekenu series may only
be applicable to similar acid soils. This may immgo

urea N use efficiency as well as reducing enviromtale g

pollution.
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