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AMMONIA YQLATILIZATION LOSSES FROM NITROGEN FERTILIZERS
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Ammonia volatilization losses of nitrogen from urea, sulphor
coated urea, ammonium sulphate and ammonium nitrate in alluvial
alkaline calcareous soil were measured under laboratery conditions.
The results showed that ammonia velatilization loss from vurea was
50 per cent higher than that from ammoniom sulphate, Overa
period of 49 days the loss of nitrogen as ammoniz was about 30
and 20 per cent from urea and ammoaonium suiphate, respectively,
Whereas NH, volatilization loss of nitregen from svlphor coated
urea was not detected undr these conditions,

Ammonia volatilization loss from uréa was redoced to 7
per cent {about 77 per ¢ent suppression) by amending the seil with
straw of Leptochipa fusca (Kallar grass) or straw of Orpza softve
{rice] at 1 per cent of s0il (W/W), The ammoniacal loss of nitro-
gen from ured could be reduced significantly by thiourea, phenol
and hpdrogquincne. Phepol was the most effective to reduce the
volatilization of ammonia. Thicurta, hydroquinene -and phenol
suppressed NH, volatilization by about 30, 87 and 95 per ceat for
El2 days, respectively,

INTRODUCTION

Nitrogen is the leading nutrient interms of tonnage for crop produc
tion. Most of the scils do pot cantain enough native nitrogen to sustain
high production of crops.  Modern agriculture, therefore, now reliss heavily on
the commercial nitrogen fertilizers for obtaining higher yields of crops,
However, the efficiency of fertilizer ritrogen use by crops is low, with caly 50
per cent of applied fertilizer nitrogen taken up by non-legume crops such as
meize and wheat and only 30 to 40 per cent by paddy rice (Hardy ef al., 1975,
P.ecent research {(Mikkelsen z2nd DeDatta, 1979; Viek and Craswell, 1979; 1581}
showed that this low efficiency is largely due to NH, ,

volatilization which j
encouraged by the high pH of soil, ,

As the nitrogen fertilizers used in Pakistan



contain their nitrogen  as amm:::mcal mtmgcn o1 hccnmes amm umacal upnn
hydrolysis and the soils are alkallne and calcareous the NH; volatilization losses
might be very high. '

The objective of this study was to obtain. quantitative data. on rdte and
extent of fertlizer nitrogen losses through volatilization in alluwal alkaline
ca]cureous seil, and to devciop umethud fur mmm:uzmg thc ammomacal loss
aof mlrog:n

MP-TER]ALS AND METHDDS

Birect mmmremmtqf NHylogs. . . :

The- experimental  apparatus- for cﬂlltctmg NH; volatilized from the
fertilizeq soil cosisted of dAn acid trap, water trap (humidifier); oil chamber
{Erlenmeyer Flask) NH; cellection vessel containing 50ml of 450 H;y BO; solution
With bromcresol green and .methyl red indicators: (Matocha. 1976), An air
compressor was used in moving the air across the sample surface, |

As soon as the nitrogen was added to the soil, compisdsed Hir scrubbed
through 0.5 N H,; 80, and then through water was passed intg the flasks. This
air had sufficient humidity to keep the moisture in the soil 'at & constant level,
Ajr 1eft the flasks (1.5 1/h) through the glass tubing and :passed into the boric
acid solution, .Capillnry tnbes were used at this puint to equalize the ‘pressure
in the gystern: - The NH;was trapped in the borm adlﬂ saIimnu whlch Was back
titrated agaizst standard H; SO, (Jackson) 1958). :

Laboratory exprriments were conducted on’ aliuvial alkaline calcargous
sandy loam soil (obtained fiodi surface 30 'em) which was 10.2 *s clay,
11 ﬂ,.r; silt and 75. E/ sand w1th pH E 0, .M. 0.83% and CaCD, 3.53%.

Ferullzcra included in the stud}r were [HH.J; SD.;, NH; NG_,, ‘Wea and
sulqhur cualed urea. ; " 3

Alr dried samples of suil (500 g) ‘were placed i 11 Erlenm:yer Hasks
The surface area of soil was 113 r cm-'! in the ﬁasks " The' soil was mumtt.ncd
with enough-water to bring the water cnntent of o8l to 1 3 W, H.C. Nitrogen
was applied tov the furface nf $0il, Tha amou:;t -::t‘ N apph=d was equivallent
12 120 kg/ha (on area basis). The measurcments were made atroom temperature
(24 4. 2°C) except the effect of tempcraturf: oft NH, volannhzntmn
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The effect of plant residyes, moisture content and chemicals on NH,
logses from urea was studied as follows:

Effect of crop restdue _

Straw of Leplochloa fusca (Kallar grass; 0.57% N), Straw of Oryza sofive
(rice; 0.39%, N), straw of Tritl cumt cestivum {wheat: 0.8322 N, leaves of Sashania
aculeata {Jantar; 4,973 N), and leaves of Gossypinm hirsurim (cotton; 2.41% N)
were used as amendments at the rate of 19 of soil {wiw),

Effect of moisiure content

Moisture levels maintained in the soil were * ajr dry, 2%, 592, 10% and
1522 on weight basis of air dry soil,

Effect of temperature

In order to study the effect of temperature on NH; volatilization, the
experiment was done under controlled tamperature conditions, Three temperatures
(20 & 1°C, 30 * 1°C and 35 & 1°C) were maintained for this study,

Effect of ;hem!ca!.s

Phenol, hydtoquinone and thicurea were applied at rate 1o provide the
chemical equivalent to 5% by weight of the urea added,

RESULTS AND DISCUSSIGN

The rate of volatilization of NH, from vrea and (NH,}; S0, after addition
to soil in shown Fig, 1, Initially the volatilization of NH; from {NH,}, SO, was
higher which decreased gradually. While in urea no NH; volartilization eccurred
during the first day after application to soil, The self liming effect of the soluble
urea increased the pH (Doak, 1952) and urea hydrolysis proceeded after the initial
delay, Ammonia volatilization increased repidly from urea after two days and
this high loss rate continued through the sixth day and then the loss slowed
during the second week. The cwnulative loss of MH; (Fig, 2) was about 50
per cent higher in case of urea as compared to {WNH,); 80,, and the NH; loss
from MH, NQ; was half of {NH,}: 80,. No NH; loss was delected from sulphur
coated urea under (kese experimental condilions.

Terman and Hunt (1964) hypothesized that in calearcous soils the chem;-
cal reaction between {NH,), SO, and CaCQ, which results in the formation of
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sparingly soluble Ca 80, and unstable {NH,); CO, is expected to increase the
rete of NHy-N loss. The low solobility of Ca50; pushes the reaction to contple.
tion with the unstable {NH,};, CQy decompeosing further to WHi, €0, and H,O.
Terman and Hunt (1964) sugpest that NH,-N losses would be considecably less
from compounds such a3 NH, NG; which form no Ca-precipitate,  Qur results
suppart this hypoth-‘.fs_is.. The biolegically deqendant reaction of grea hydrolysts
is slower and less affected initialiy by the presence of CaCO; or high soil pH
{Gasser, 19641,

. The residues of different plants had a marked effect on volatilization of
NH,; from vrea (Fig. 3). The residues with low nitrogan content such as straw
of Leptochioa fusca (Kallar grass) and straw of Oryza sativa (rice) reducted the
NHy-N loss cansiderably, Only 6-7 per cent NHy-N was volatilized (abaut 77
per cent suppression in NH, loss) In the presence of Kallar grass and rice straw
in about 7 weeks, Whereas residuses with high nitrogen content like isaves of
Sasbonfe acufeata (Jantar) increased the NH, volatilization loss to 55 per cent
which was aboul double of that volatilized in unamended sofl, These results
contradiet those reported by Rashid (Rashid 19773, In fact microbial popula-
tion immobilize the available nitrogen during the decomposition of plant
residues with low nitrogen content. The nitrogen demand of the microbes
during decomposition is of obvious practical importance (Safigna et al., 1382},
Russel (1981) has pointed out that materials containing less than 1.2 per cent N,
when rotting in the presence of NH, salts will cause some of the NH, to be taken
up and converted into organic nitrogen compounds, If the material contains
more than 1.8 per eent N, some of this nitrogen will be converted into NH,
during the roiting process.

Moisture content of the soil affected the volatilization of NH, from urea
(Fig. 4). Highest NH, loss was recorded, at 2 per cent moisture level, As the
moisture content was increased from 2 per cent to 15 per eent the NH-N lass
decreased from 43 per cent to 28 per cent in 20 days, Ammonia volatilization
also occurredin air dry soil;S per cent N volatilized in 20 days. The NH; lossfrom
air dry soil was nat observed by Volk (1959), probably duration of measurement
was too short in his case.  The loss of NH; at lower moisture contents are
quits high in our experiment. Doak (1952) reported the hydrolysis of
uted io be more rapid at moderate moisture content. Our results show that
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urea hydrolysed at low moisture content even in air dry soil by absorbing moeis-
ture from the air. At the lower moisture levels other transformations of nitrogen
might be slow (Wahhab ef af., 1960} and this condition favoured NH; volatiliza-
tion. Several workers (Fenn and Miyamoto, 1981; Viek and Certer, 1983;
Ferguson et af., 1984, Bouwmeester of al., 1985) observed reduction in NH,
valatilization with increased rate of water application following urea application
which was ascribed to the movement of ureéa deep into the seil and adsorption
{Buumeester et al., 1985). This explanation Joes not apply to our ohservations
Under such condition the affinity of NH, for water and other transformations
of N might be the reason of reduction in NH; volatilization with tha increase of
the initial moisture content in the soil.  These points nesd confirmation.

Temperature affected the NH; volatilization from ur¢a (Table 1), Amme-
nia volatilization was 23.6 per cent at 20 &+ 1°C and 52,2 per cent at 35 £ 1°C.
Hydrolysis of urea is temperature dependant {Doak, 1952; Broadbent ef #f., 1738;
Fisher and Parks, 1958). The optimum temerature for urea hydrolysis is reported
ta de 55°C (Van Slyke and Cullen, 1914) and accordingly the volatilization of
NH; would also be inereased with the increase in temperature.,

Table 1, Effect of temperature on NHy volutilization from urea in alfluvial sandy
loam atkaline soil (in 6 weeks)

Teimperature °C NH, volatilized, %N
20 41 23.6 4 1.5
o1 BILIs
I+l 52.2 1 3.4
LSD P=(h0d=38.48 P<0.01=14,07

The ammoniacal losses of nitrogen could be reduced significantly by thic-
urea, hydroquinene and phenol (Fig. 5). Phenol was most effective and thiourea
least effective inhibitor of urease enzyme that hydrolyses urea. In 112 days the
the loss of NH? observed was 15, 4 and 1.5 ptr cent in the presence of thiourea
hydroquinone and phenol, réspectively, The effect of urease inhibitors on the
réduciion of hydrolysis of urea in soils has been demonstrated by other workers
(Kistiakewsky and Shaw, 1953; Bremner and Douglas, 1973: Malhi and Nyborg,
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1979; Byrnes ef af., 1983; Martens and Bremner, 1984; Magid and Mahi, 1986,
Stupe and Monem, 1986; Fillery «f al., 1986).- Thiouren has been shown to be
inhibitor of urease {Kistiakowky and Shaw, 1953). Malhi 2nd Nyborg (1979)
observed supression of hydrolsis of urea with thicurea by about 50 per cent for
ane week and Rodger and Pruden (1984) cbserved no NH, loss from urea for 13
days by applyiog hydroguinone with urea. In our experiment thiourea, hydroqu-
none and phenol suppressed NH; volatilization (which follows hydrolysis of urea)
by about 50, 87 and 93 per cent for 112 days, respectively. The high cost of {hese
chemicals for field application warrants the development of economical and
practical measures to control NH; volatilization from urea possibly through
fertilizer modificatien and manipulation,
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