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OF AMMONIUM SALTS
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The effect of amonium chloride, ammonium sulphate and
ammonium nitrale on ammeoniz volatilization loss from urea applied
in atlovial alkaline goil was studied under the laboratory conditions.
These ammonium salts suppressed the ammonia loss, Ammonium
nitrate was the most effective and it supperssed tha ammonia loss
by abouot 909 when mixed with urea in the ratio of 2 - 1 furea ;
Ammonium nitzate, oo N equivalent basis). The effect of difterent
proportions of urea and ammenium nitrate on ammonia loss wag
also studied, A highly significant positive correlation coefficient
( r = D.976) was found beiween the ratios of urea ammoninm
nitrate and the loss of ammonia. The following cunation describes
the regression line ¢

Y = 2.561 x —D.65%

Slowing down of urea decomposition and stimulation of nitrifi-
cation by ammonium salts cesulted in supprassion of ammonia loss
from ures.

INTRODUCTION

At present, over 80 per cent of the N fertilizer in Pakistan is urea, A dis-
advantage of urea is the risk of volatilization of ammonia from soii surface, falla-
wing urease mediated kydrolysis of urea to ammonium, Valatiliz ation losses mey
be especially largs ftom soils with high pH and with low cation exchange capacity
particutarly if' the soil is warm and drying when urea is epplied {Gasser, 1964 :
Ernst and Massey, 1960). Since all these conditions prevail in Pakistan soils
30 per cent of ures nitrogen is lost as ammonis {Hamid and Ahmad, 1987).
Higher fertilizer and tnergy costs and the need to meintain 1he queality of plobal



enviranmsznt provide prwerfol incentives for using agricultural N more efficient-
1¥. In this endevour the control of ammonia loss is of prime impertance. Thus
the development of an effeciive chemieal that can retard urea hydralysis in soil
is 2 major N rescarch goal of soil scientists,

Numerous chemicels have been tested for their potential s vrease inhibi-
tors for use with animal feed containing yrea or with urea fertilizer. Among the
compounds proposed for vke with uree fertilizer are piridine-3-Sulphonic 2cid,
O.chloro-p amine benzeic acid, andr-henzene hexachlorida {Petercon and Walter,
1970} dithiocarbamate (Hyson, 196); Tomlison 1967), urea derivatives such 2z
methyl vrea, dimethyl uren, thiourea or phenyl uren(Sor ef af. 1966; Geissler ef
af, 1970) mercaptans (Gould &t zl. 1978) quinones and pelyhydric phencls (An-
derson, 196%;1%70) and hydroquinane {Rodger and Pruden, 1984), Of more than
100campounds tested as oil ureass iphibitors Bremner and Douglas (1871) found
that diliydric pheacls and quinones were the mont effective organic compounds
and that silver and mercury salts were the most ¢ffective inorganic compounds.
The cost of production of these compoundsl imits their use in the field with
fertilizer., Hence there is a need of developing simple economical means
and meihods of controlling the ammconia loss from urea fertilizer. The objective
of cur regcarch, thercfore, was 1o test the etfcctivensss of ammoniom e2lts on
ammonia loss reduction campared with application of urea alone.

MATERIALS AND METHODS

The laboratory experiments were conducted on alluvial alkaline calcareous
sapdy loam soil (obtained from eurface 30 cm leyer) which was 10.2% clay,
11.0% kilt and 78,8% sand with pH 8.0, O. M. 0.83% and CaCQ; 3.53%,

The experimentaj spparaius for collecting ammmonia valgtilized from the
fertitized soil consisied of an acid trap, waler trap (humidifier), soil chamber
(Erfenmeyer Flask) ammonia collcction vessel containing 3t rl of 4% H,BO,
solution with Bromceresol preen and methy] red indicaters, An alr comressor
was used in moving the air across the sample surfacs,

Ag soon as the witrogen was added to the seil, compressed air scrubbed
through 0.5 N H,5C, and then through water was passed inte the flasks, This
gir bad sulficient humidity to keep the moiture in soil at a constant level,  Air
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left the flasks (1.5 I/h) through the glass tubing and passed into the baric acid
svlution, Capillary tubes were used at this point to equalize the pressure in the
systeit, The ammonia was ebsorbed in the boric acid solution which was back

titrated against standard H,80,,

Air dried samples of soil (500 g) were placed in | | Erlenmeyar Flasks.
The surface area of soil wes 113.1 cm? in the flasks., The soil was maistened with
enough water to bring the water content of soil ta 1/3 W. H (. Nitrogen was
applied to the surface of secil. The amount of N applied was equivalent to
120 kgjha {on area basis). The measurements were made at Loum lemperature

(16 4 3°C),

Initially mixtures of prea and ammonium salts were prepaved by mixing 2
narts of urea and ! part of ammonivm salts {on N equivilent basis)  Urea and
mixtures of urea with amuoaium salts were applied to soil in solutivn,  Then
mixtores of urea and ammenium nitrate wers prepared to oblaia the ratios of
FoL4:0,3:010,2:1 and 11 (urea : mmmonium nitrate on N equivalent
basish, Ammonia [usses were ineasured Fram these mixiures and urea,

Mincral N in sl at different {ntervals of incubation was alse determined,
For estimation of mineral N snil was exiracled with 2 M KCl by shaking for 30
nunutes, Extrects were then Filtered and analyzed for NHy- end NOy,N by
gteam distillation (Bremner and Kecney, 1966).

RESULTS

The cumulative volatilization losses from snil fertilized with urea and
mixtures of urea and ammoonium salts (NH,Cl, {NH),80, and NH.,NO;) are
shewn in Fig. 1. During 38 days of the experiment 2847 of the applied mitrogen
was volatilized from urea alone. Mixing ammosium salts with urea sigothcantly
reduced the ammonia losses, Ammonivm chloride reduced the ammonia losa
by 449, ammonium sulphate reduced the loss by 0% and ammenium nitrate
reduced the loss by 0087,

The wvolatilization losses from mixtures of urea and ammmoniom nitrats
having urca : ammonium Ritrate rativs of 93 1,4:1,3:1,2:1and i 1 are
Bwen in Fig. 2, itis eviden! from the curves {hat increas ng the proportion ol
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Ammozium nitrate in the mixture resulied ig increassd redution in volatilization
loss, Atl!1 ratio of urea ; ammonium Bitrate only 2% loss of ammaonia was
observed which corresponded to 959 reduction in ammonia lass, Over & period
of 40 days loss of ammonia from 1 : 1 wixivrs of urea : ammenium nitrate was
€% and that from uvrea was 31237,  The widest ratio of urea to ammonium
nitrate that could reduce ammoniz loss by 2302 was 9: 1. A highly signficapt
polilive correlation cosfficient (r=0.976) was found between tha ratics of
ures to ammonium aitrate end the loss of ammonia (Fig. 3). The following
equation describes the regression line :

Y = 3.561 x - (0.655

The estimation of minsral N 2t differcat intervals of incubation showed that NH,-
and NH,-N was consisiently higher in urea alops tregtment as comparad tg mix-
ture of urea and ammoniym nitrate: but the differences were statistically nop-sig-
nificant (Table 1). Hower, NO;-N was sigaificantly higher in case of miztura of
urea and ammonium nilrate as compared to urea alone (Table !, I' = 0.03),

F-3
o

Y » Z2.B81 X - 0O- 8358

8

2
.

NHx LOSS IN 40DAYS (%N )
n
o

0 2 4 A 8 10
U/ AN

Fig- 3- Relatonship Betwsan NHx Loss ond Rotio
of Urea to Ammonium Nitrate { U /AN )

105



Tatle 1 1 Effect of ammontum mitrate on mineralizaiion of urea in alfyvial alk eline

xoif.
';imu Mineral pitrogen, mg N 1000g-1 soil
ayr
NHJ NHq NG}
Trea U+ AN Urea U+AN LUrea U+ AN

d; 1.31 1.1} 1.3 20,33 432 10,49
LI B 0.371 N§ 1.73 N2 6,320+

d; 590 3.9 51.01 53.13 P.54 15.08
1 2,696 NS 3.41 NS 4 393*

d, 13.12 g.52 71.8% ag.22 12 46 18.40
i 189 N3 1.0341 NS £407%

dy 14 67 12 6d $1.00 74,18 12,44 19,02
2 1.620 NS 2.497 NS 4, 788"

da; 21.82 18 35 00,52 £0.52 12,21 013
1w 3.047 NS 2,932 N5 g 40"

"1 U4 AN = Urea + ammonium nitrate N$§ = Mon-significant.

* Significant at P = 0.05.
DISCUSSION

Uraa when applied soil to first reacts with urense to from am nopium
cathonate as Tellows :

[eaze

cO {NH3}1+3H10 — {HH.]:CD;H]G

Ammonium carbanate is an unsiable compound and decomposes according ta

the [ollowing resctions :

(NH,.;C0O; H;0 — INH,0H+C0; 1

NH, + OH = NH,OH < NH; § + H_Q

Ammonium carbopate crestes microsites in the vicinity of urea perticle having
high ammonitm concentration and pH. It it with n these microsiles that volatili-

zation of ammenia sccurs (Gasser, 1964),
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The addition of Ca, Mg, K salts with vrea has been Tonnd to substapntial
by reduce ammonia loszes (Fenn ef al., 1981, 19%7: Rappapert and Axley, 198+;
Rheinbaben 1987} due to (1) the reductive cffect on the pres microsite pH, (2}
. he rexction of (NH,),€0, with Ca forming CaCOy and {3) a substential decrease

in the urea hydrolysis rate (Fenn et af, 1981).

_ Similarly Kresge and Satchell (1960) and Watkins ef al. (1972) abserved
reduction in ammaonia loyses from vrea by mixing ammonium nitrate 2pd amma-
ninm chloride with vrea. But they did not give any diffinitive explapation in
regard to possible effects of these salts on ammonia {osses.

In our study the ammonium salts also proved effective in reducing the
ammonia losses. We observed an extensive lag phese ia hydrolysis of urea when
mixed with ammonium salts, The extensive lag phase resulted dus to delayed
decomposition of urea which had a regulatory effect on pH of soil-urea microsite
and this was tha condition that retarded 1he ammonia loss, In addition to this
the stimulatory effect of NH, ion of ammonium ealt on nitrification, prior to
bydralysis of urea, might alse play a role in reducing the accumulation af excess
ammonia and thus suppress the ammoaia volatization,

On the basis of results of our study we conclude that ammounium salts
especially ammonium nitrate is an effectlve inhibitor of ammonia velatilization
from urea and its use is made more attractive by the fact that the inhibitor has
& value as a ferilizer material, Like other salts {Terman and Fleming, 1063)
ammonium nifrate could be used to produce an addition compound or an
Bdduct with wrea for overcoming the risk of ammonia volatilization losses lrom
urea and getting the higher efficiency of fertilizer in alluyial alkaline soils,
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