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Under laboratory conditions, the cffect of clay content, plant cover, plant
species, seasonal temperature and the size of urca granules on ammonia loss was in-
vestigated. Encreasing clay content from 15.6 to 31.6% reduced the ammonia loss by
50%. The loss of ammonia lrom cropped soil was 2.4 times more than that from the

bare soil. The average loss of ammonia in soil under Jantar (fcgumc), wheat, cuca-
typtus {trec), grass, sugarcane and garden was 19.4, 18.6, 18.6, 13.4, 7.6 and 6.9% N,
respectively. The loss of ammonia from soil samples collected in February was 30%

lowere than that of samples collected in June. The size of urca granules was found Lo

be directly correlated to ammonia loss,
INTRODUCTION

Presently urea is the major source of
nitrogen  used {or crop production in
Pakistan. But i is inferior 1o other nitrogen
ferulizers {Gasser, 1964). Recent rescarch
(Vlek and Craswell, 1981) showed that this
low efficiency is due to ammonia volatiliza-
tion from urea, As the risk of ammonia
volatilization is very high in alkaline soils,
there is a need of developing methods for
the control of ammonia loss of nitrogen
{rom urea.

Changes in the physical environment of
the soil influence ammonia volatilization
from urea; increasing the bulk density
markedly increased hydrolysis of urca
(Savant et af., 1987), mulching soil with corn
leaves decreased ammonia  volatilization
(Clay et al., 19%). _

The controt of ammoniacal loss of nitro-
gen warrants the study regarding the contri-
bation of various soil parameters and factors
in such loss. Thus the objective of this study
was to investigate the effect of soil scries,
plant cover, clay content, seasonal temper-

sture and physical condition of urea on am-
monia loss from the alluvial alkaline soil,

MATERIALS AND METHODS

In order to study the cffect ol dilferent

soil parameters and factors on ammoniacil
loss of nitrogen from urca applicd to seil,
[ollowing laboratory experiments were done.
Experiment 1: Effect of clay content on am-
monia volatilization from urea: Two soil
samples having 156 and 31.6% clay were
cotlected [rom surface 0-15 cm layer. Wheat
crop was growing in both the ficlds at (he
time of soif sampling.
Experiment II: Effect of plant cover on
ammonia volatilization: Soil samples from
surface 0-15 cm layer from two adjacent
ficlds (one cropped and one bare) were col-
lected. For studying the effect of plant
species on ammonia loss soil profile sampics
in 15 cm depth increments were collected
from ficlds under Jantar (legume), wheat,
grass, cucalyplus (trec), sugarcanc and gar-
den.
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Experiment I1I: Effect of seasonal tempera-
ture on ammonia volatilization: For study-
ing the effect of scasonal temperature on
ammonia loss soil samples were collected in
February, April, May and June.

Experiment IV: Effect of sizes of urea gran-
ules on ammonia volatilization: Threc sizes
of granules were sclected, te. 0, 2.2 and 17.8
mm diameter. Nitrogen applicd to soil was
cquivalent to the largest granule in the three
sizes of urca granules.,

The soil samples collected from the
fields were air dried under shade. The air
dried samples of soils (500 g) were placed in
i | Erlenmeyer flasks. The amount of urca N
applicd was equivalent to 120 kg/ha (on
area basis). The water content in the soil
was maintained at 20% (W/V). The mea-
surements were made at room {emperature
(24°C £ 27°C). As soon as the urca N was
added to the soil, compressed air scrubbed
through 0.5N H,80; and then through water
was passcd into the reaction flasks, The air
left the flasks through the glass tubing and
passed into the 4% boric acid solution con-
taining bromocresol green and methy! red
indicators (Matocha, 1976). Capillary tubes
were uscd at this point to equalize the pres-
surc in the system. The ammonia evolved in
the reaction flasks was absorbed in the boric
acid solution which was dctermined by
titrating againsi standard H,S0,.

RESULTS AND DISCUSSION

The measurement of ammoniacal loss of
N from urca applicd to two scils having
156% and 31.6% clay showed that higher
clay content would reduce the ammonia loss
of N (Table 1). In a period of 40 days the
ioss of N observed in coarsce soil and fine
soil was 42.5 and 19.5%, respectively, These
results indicated that urca fertilizer is not a
suitable fertitizer for coarse textured soils.
The loss of ammonia from urea follows its
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hydrolysis by urcase enzyme and its activity
is assessed as mg NHe-N released /100 g
soil/hour. In general, the fine textured soils
have the higher mean urease activitics.
There is trend for the heavier textured soils
to also contain higher levels of organic car-
bon which itscll is positively related to ure-
asc activity. Colloids both organic and inor-
ganic apparently act as stabilizing agents for
urcase released into the soil (Pinck and
Allison, 1961}, so that where levels of col-
loids are low, sites for accumulation and
prescrvation of extracellular urease may be
restricted. Higher contents of colloids, how-
ever, may provide a potentially large number
of sites for preservation of urcase activity.
The results presented here appear to con-
tradict these statements. In fact, it is not the
contradiction bul an evidence showing that
colloidal materials (clay and organic matter)
also provide sites for adsorption of NH, ions
and thus reduce the potential of ammonia
for volatilization. Thus soil with higher clay
content exhibited lower ammoniacal loss of
nitrogen.

Tuble 1, Effect of clay content on ammonia
volatilization (% N) from urea

% clay
Days mmeemmmema e LS.D.
15.6 316 (P = 0.05)
10 21.5 6.5 78
20 325 12.5 9.5
30 37.5 16.5 10.2
4) 42.5 18.5 13.3

The comparison of ammonia loss in
soil samples colleeted from cropped and
bare ficld, (Tuble 2) showed that the soil
supporting planls had more activity which
was conducive to ammonia loss of nitrogen
from urea, The loss of ammonia recorded in
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40 days was 32.5 and 12.5% in cropped and
bare soils, respectively,

Table 2. Effect of plant cover on ammonia
volatilization (% N) from urea

Days Bare  Cropped LS.D.
soil soil (F = 0.05)

10 35 7.0 30

20 6.0 14.0 7.2

30 940 220 9.6

40 12.5 325 14.0

The surface §-15 em layer of soil under
Jantar (legume) and tree {eucalyplus) had
the highest urease activity which resulted in
higher loss (Fig. 1). In casc of wheat and
grass, 15-30 em layer had the highest activity
and accordingly higher loss of ammonia was
recorded in these samples.
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Fig. 1. Effect of crop and depth of soil on
loss of ammonia from urea,
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The measurement of ammonia loss in
soil samples {rom different depths also
showed that urcase cnzyme was present in
the surface 45 em layer of soil. No measur-
able toss of ammonia occurred in soil col-
lected from profiles at depth beyond 60 cm.
Avcrage loss of ammonia in 14 days ob-
served in (-60 em profile samples from ficlds
under Jantar (legume), wheat, cucalyptus,
grass, sugarcane and garden was 19.4, 186,
18.6, 134, 7.6 and 69% N, respectively.
These variations may also be due to fluctua-
tions in the urcase activitics with plant
specics (McGarity and Myers, 1967).

The highest loss of N was recorded in
samples collected in June and being the
lowest in samples collected in February
(Table 3). The loss of ammonia from soil
samples taken in February was 30% lower
than that obscrved in samples coliccted in
June, This indicated that ureasc activity
fluctuated with the scason (McGarity and
Myers, 1967).

LOSS OF NHy {mg N

Fig. 2. Elfect of sizc of urca granule on loss
of ammonia,
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Table 3. Effect of season on ammonia
volatilization (% N) from urea

Time of Days
sampling --- ---
10 20 30

February 2.0 185 - 245
April 110 209 275
May 12.5 235 290
June 16.0 310 370
LS.D. 32 5.6 75
(P = 0.05)

As the size of granules increased, the
loss of ammonia also increased (Fig. 2) be-
cause of higher rate of nitrogen application
at the microsites in case of larger granules,
In 7 days the cumulative loss of ammonia
doubled as the size of granule increascd
from 2.2 to 17.8 mm. Fig. 3 shows a high
positive correlation of loss of ammonia {from
the granules to square root of the diameter
of the granule. On the basis of these results
it could be concluded that urea granules
bigger in size (Super granules) would not be
suitable for alkaline calcareous soils.
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Fig. 3. Relationship between ammonia loss
and (Diameter)? of urea pranule.
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The hydrolysis of urea to ammonia is
an important pathway of conversion of or-
ganic ni{rogen to inorganic nitrogen in soils
receiving application of urca. Urca hydroly-
sis could be catalyzcd by extracellular urcasce
adsorbed in soil (Pinck and Allison, 1961).
The ureasc in soil is found within the cells of
metabolising urcolytic microorganisms and
plant organs and as an cxtracellular portion
developed from ruptured morbid cells. Since
extracellular urease is adsorbed on clay par-
ticles and humified organic matter {Pinck
and Allison, 1961; Stojanovic, 1959), soils
exhibit different levels of urcase activity
which would result in variable loss of am-
monia in different soits. The results of am-
monia loss presented here showed that fac-
tors like soil type, condition of soil, plant
species, and scasonal temperature caused
vartations in the activity of urease enzyme
and ammonia volatilization {rom urea in al-
luvial alkaline soils. -
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