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Abstract: Ammomnia emission from agriculture 13 one of the most important pathways of mtrogen loss from
agricultural cultivated field In this study, the measurement of ammonia emission from paddy field obtained by
surface application of urea fertilizer was reported. The main objective of the present study were to assess
amount of NH, emission and the loss of mtrogen from paddy field as affected by wvarious N doses, 1e.
0 (control), 90 (N,), 180 (N,), 270 (N,) and 360 (N,) Kg ha™', following field surface application of urea fertilizer.
Ammonia emissions were measured by continuous air flow enclosure method from plots fertilized with the
application of surface urea. Increase in urea-N dosage increased NH, emission that was measured from paddy
field. Most of the NH, emission cccurred during the first 12 days after fertilizer application. Highest ammoma
emission rate was 28 g day ' and total amount of ammonia emission was 56.21 kg ha™ in N, treatment. The
results also show that N loss through NH, emission accounted for 11 to 16% during the rice growing season.
These magnitudes of loss of N appear to be most important for environmental point of view.
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INTRODUCTION

Ammonia emissions to the atmosphere are
considered a threat for environment in the world. Tt is one
of the mam pathways of nitrogen loss from soils. The
proportion of N lost by emission measured using the
micrometecrological method ranged from 0 to 60% under
various conditions™?. Urea-based fertilizers are commonly
used in paddy field because they are highly concentrated,
relatively less leaching occurs compared with mitrate
fertilizer forms and they are less toxic to man and arumals
than nitrate-containing N fertilizers™. Urea fertilizer has
been shown to produce the highest emissions of the total
available NH, at 6-25% . When urea fertilizer 1s added to
soil, it is usually hydrolyzed to ammonium carbonate by
soil urease’”. Harper et al!” showed large losses of NH,
from the soil surface following surface application of N.
Harper et al” demonstrated large losses from plant
canopies (via the stomata) due to an excess of soil N in
relation to plant needs. Other work has shown significant
NH; absorption from atmosphere due to plant N stress
and/or high atmospheric NH, concentrations'™. Values of
ammonia emission factors from fertilizers are typically
expressed as a percentage of nitrogen applied that
volatilizes as ammonia. Several authors have reported
empirical ammorma emission rates as functions of wind
speed, soil pH and soil moisture content™. In many
regions the release of NH, has increased in recent years
and re-deposited NH; may play an important role in soil
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acidification™. However, very little work has been carried
out to determine ammonia emissions and nitrogen loss
from paddy field through surface application of urea
fertilizer. The present study was undertaken to estimate
gaseous loss of applied N through NH, emission m paddy
field. The specific objective was to measure the degree of
NH, emission from paddy field as affected by urea-N
dosages.

MATERIALS AND METHODS

The experimental sites: The experimental paddy field is
located in ShuangQiao farm of Zhejiang University at
northern part of Zhejiang Province (120°40°E, 30° 50°N), in
southeast coastal area of china. This region possessed
the characteristics of typical climate, terrace and
agriculture practice of the coastal area. The annual
precipitation of the area was 12055 mm, of which
1006.7 mm occurred from April to August. The soil is
coastal saline clay loam and blue soil with medium fertility.
The soil in the plot trail containg 0.06-0.08% total N,
0.05-0.06% total P, 1.2-1.4% organic matter, 0.1-0.3% total
salt, pH 7.6-7.8. The mean air temperature during the
experimental period was 28.1°C and the average maximum
temperature was 34°C.

Experimental design: The experiment was designed to
represent fertilizer application to paddy field. Urea was
broadcast evenly by hand in each 4x5 m size plots. The
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Table 1: Nitrogen fertilizer treatment

Nitrogen treatment Urea (ke ha™) Pure nitrogen (kg ha™!)
N, 0 0
N, 196 20
N, 392 180
N; 588 270
N, 784 360

experimental field consists of 15 plots and a strip of 0.3 m
land was left between the plots. The experiment was laid
down in a Completely Randomized Block Design with
three replicate. Sixty percent of the total amount of urea-N
was applied as a basal dressing and 40% was top-dressed
1 rice growing seasorn. Bach plot received same fertilizer
treatment throughout the experiment, which were
mcorporated n the plough layer before flooding (Table 1).
The rice seedlings were transplanted the current day
when basal fertilizer was applied. All fields were plowed
with a tractor and harrowed three times in a dry condition
to about 15 cm depth.

Measurements of ammonia emission: Ammorma emission
rate was measured using a continuous air flow enclosure
methed™. The chamber volume of the velatilization
chamber (200 mm 1n diameter) can be adjusted with the
chamber depth mserted mto soil/water. The rate of airflow,
generated by a pump, was adjusted using valves to 15-20
times the chamber volume per minute. Two control
chambers were put mto a basin with wrigation water.

Ammonia emission rate was measured twice a day, in
the morming and in the afternoon after urea application.
The air was continuously pumped for 2 h and allowed to
flow through NH, absorbent (2% H,BO,) for each
measurement. After measurement, chambers were moved
away to avoid any effects of the chambers on
environmental conditions. The measurement was
continued every day until there were no sigmficant
differences between the NH, volatilization rates from the
N treatments and the control (no N addition). Daily NH,
emission was calculated by the average of the rates
measured on each day. Total NH, emission was calculated
by the sum of the daily emission rates over the period. Air
temperature was recorded when NH, emission was
measured.

RESULTS

Ammonia emission: Figure 1 showed relationship among
ammora emission, period of sampling, nitrogen fertilizer
treatment and temperature from paddy field. Background
emissions were very low for the first 2 day prior to the
fertilizer application, but immediately following the
application, NH, emission increased sigmficantly. The
NH; emission rate reached its maximum 2-3 days after
urea was applied to the paddy field and then decreased
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Fig. I: Relationship among temperature, nitrogen
fertilizer treatment for ammomnia emission

Table 2: Total amumonia emission from N fertilizer application
NH: emission

Nitrogen treatments Amount (kg ha™") Nitrogen loss percentage
No 7.08 -

N, 11.97 13.30

N, 22.68 12.60

N; 30.20 11.18

Ny 56.21 15.61

gradually to a level similar to the control. Large ammonia
emission were measured in 15th JTuly. At the end of 12 day
NH, emission were drastically decreased (near to zero) in
all treatments. Ammornia emission started immediately and
was almost complete within 12 days after urea application
to the soils. Ammonia emissions were nearly constant in
all treatments from 12 days after fertilizer application.
During sampling of ammonia emission temperature varied
from 23 to 33°C. So, it was mentioned that ammonia was
not remarkably emitted in the day of maximum
temperature. From this Fig. 1 it was clearly justified that
amimornia emission rate was increased with the mereasing
rate of nitrogen fertilizer application. Tem perature was the
not prominent factor for ammonia emission. There were no
considerable ammoma emissions after 22nd July in all
treatments. Some times 10 emissIONn. Ammorna was
emitted just after fertilizer application. Maximum ammonia
emission was 28 g day ™' in N, treatment that was just
9 days after fertilization Present results show that NH,
emission was a rapid process that was completed within
12 days after N application. After this period there was no
significant increase in periodic or cumulative NH, loss.

Amount of ammonia emission and nitrogen loss
percentage: In Table 2, total ammonia emission was
estimated in the period of 10th July to 13th August in
each treatment separately. There was linear relationship
between amount of ammomia emission and nitrogen
treatment. Amount of NH, emissions in N, N, N,, N,, N,
and N, were 7.08, 11.97, 22.68, 30.20 and 56.21 kg ha™,
respectively. But for the case nitrogen loss through NH,
emission, mtrogen loss percentage was fluctuating with
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respect to nitrogen fertilizer treatment. Losses of nitrogen
(expressed as a percentage of that applied), following N,
N,, N,, N, treatments were 13.29, 12.59, 11.18 and 15.61
respectively. However, the losses measured from the
paddy field increased from about 11 to 16% of the N
applied when the application rate was increased from 0 to
360 kg N ha™".

DISCUSSION

The application of urea in the paddy field resulted in
significant ammoma emissions and nmitrogen losses. The
extent of these losses was affected by the soil conditions
and atmosphere.

Ammonia emission: Ammonia emission was a rapid
process that was completed in 6-9 days after fertilizer
application. Same opinion was observed from other
researchers. Ammomnia gas has a relatively short lifetime in
the atmosphere of a few hours to a few days!™. In
contrast, the ammonium ion, as an aerosol, may have a
lifetime on the order of 1-15 days*. Present results
indicate that the amount of NH, emission in 6 days (16 to
22nd July) accounted for more than 90% of the total
ammonia emitted. The results indicate that NH, emission
was faster during the paddy growing period The
temperature during the rice growth period was higher
which might be the main reason leading to faster

hydrolysis of urea and driving NH, emission!'”.

Amount of ammonia emission and nitrogen loss
percentage: The amount of NH, emission increased with
the increase in urea-N dosage. There was also a trend of
mcreasing amount of NH; percentage that was emitted
with higher doses of urea. The results, concermng the
mcrease in NH; losses in relation to N dosage, are in
agreement with those reported by Nelson'?. However,
Nelson’s results showed that the proportion of added N
that was emitted as NH, remains constant across the
range of N application. Net cumulative NH, emission
losses during sampling period were 11 to 16% for the
applied fertilizer throughout the experiment. This finding
1s consistent with those of other workers, whose field
experiments have shown emissions ranging from 6 to 49%
of the applied urea-N!""*1. A similar relationship was also
noted by Black et al.™, who observed an increase in NH,
loss from 13 to 33% of the N applied as the application
rate increased from 30 to 200 kg N ha™".

This experiment was conducted under field
conditions in order to provide a preliminary measurement
of potential NH; emission from surface applied urea
fertilizer on paddy field. Surface application of urea-based
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fertilizers may resultin loss of some N by emission of NH,.
Losses of NH, from fertilized plots were higher as
compared to control. Increase in urea-N dosage increased
NH; emission from the field. The loss of ammoma by
emission after fertilizer application may lead to large
losses of soil-plant mitrogen. Ammonia emissions are
basically determined by the amount of mtrogen excreted
in the urea. Therefore the total amounts of NH; emissions
were 56.21 kg ha™' and maximum nitrogen loss through
NH, emission was 16%, respectively. A loss of this
magnitude would important, especially in view of the
possibility that when urea will be emitted, ammonia reacts
with oxides of mitrogen and sulfur to form particles,
typically m the fine particle size which will be deposited in
the ecosystem. So, ammonia emission from the field
causes environmental problems and losses of a valuable
fertilizer resource.
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