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Abstract

The micrometeorological mass balance method was used to measure ammonia (NH,) volatilization
from rotationally grazed swards throughout the 1987 and 1988 growing seasons. In both years the
swards were dressed with calcium ammonium nitrate (CAN) split over 7 dressings. In 1987 the sward
received a total of 550 kg N ha™', in 1988 a total of 550 or 250kg N ha™'. For the 550 kg N ha”
treatments there were 8 and 9 grazing cycles, respectively, in 1987 and 1988 and 7 for the 250 kg N ha
treatment. Losses from the 550 N sward were 42.2 and 39.2kg N ha™' in 1987 and 1988, respcctwely,
this was equivalent to 8.5 and 7.7% of the N returned to the sward in the excreta of the grazing catile.
The NH, loss from the 250 N sward was 8.1 kg N ha™" in 1988, which was equivalent to 3.1% of the N
returned to the sward in excreta during the growing season. There was a wide variation in NH,
volatilization between the individual grazing periods. This indicates the necessity of continued
measurements throughout the growing season to obtain reliable data on NH; volatilization. Soil
humidity is suggested to be a key factor, because emissions were high from wet soil, and low from drier
soil. Results of a Monte Carlo simulation study showed that the measured NH, loss from the 250 and
550 N swards had a standard deviation of 13 and 5% of the mean, respectively.

Introduction concern, because of the impact they may have on
aerosol chemistry {21} and acid deposition [1].
On grazed swards with a fertilizer N input of The major input of NH, into the atmosphere is
200kg N ha™' yr™' and more — as is common in thought to be the NH, vol'mllzed from urinc and
the Netherlands — only a minor portion of the N faecces excreted by farm livestock [1]. Only
from.ingested herbage is retained in milk or live limited data exist on NH, loss¢s from grazed
weight gain. Thc remainder, about 75-95%, is swards. Losses were found to depend on fertil-
excreted in dung and urine [10 17]. Generally, izer input {9]; total dressings of 210 and 420 kg N
the recovery of excreted N in herbage yield is ha™' yr™' resulted in NH, losses of 10 and 25kg
low on well fertilized swards [10]. The fraction N ha™', respectively {9]. A grass-clover sward
not recovered in herbage yield may be immobil- gave a loss of 7 kg N ha~' [9]. On tropical
ized by the soil microbial biomass or may be lost pastures dressed with 374kg N ha™" yr™', NH,
from the soil-grassland system through a combi- losses amounted to 17-3d kg N ha™' [7].
nation of NH, volatilization, nitrate lcaching and NH, losses from grazed pasturcs are thought
denitrification. to result mainly from urine deposited by cattle

NH, losses to the atmosphere are of great [9, 10]. The main N component in urine is urea,

-y 5%{
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which has a high potential for NH, volatilization
[5]- The extent of the NH; loss is also affected by
soil and environmental factors [5] and possibly
grassland management. In the present study NH,
losses from rotationally grazed swards were
measured continuously throughout the grazing
scason. The swards were grazed with dairy cows
and supplicd with a total of 250 or 550 kg N ha™'
yr~'as @amm“rm"nmn—ﬁn?ﬁtr(cxﬂg It
was hypOthtsized That Mphcr N dressings would
increase herbage yield and herbage N concen-
tration, and thus N intake and N cxcretion by
the cows. More N excretion increases the poten-
tial for NH; loss. Mecasured losses were therefore
related to the estimated N returns via dung and
urinc to the sward.

Materials and methods

Method

A micrometeorological mass balance mcthod,
similar to the method described by Denmead [3],
was used to measure NH; losses from grazed
plots throughout the 1987 and 1988 growing
scasons. This method assumes that the vertically
intcgrated product of wind speed and the differ-
cnce between the centre and boundary of the
plot in NH; concentration of the air, divided by
the fetch is equal to the NH, flux from the soil
surface, The fetch, which is the distance between
upwind boundary and the centre of the plot
should be known exacily.

Meastrements

Differences in NH, concentration between the
centre and the boundary of the plot were mea-
sured via NH, sampling traps in the centre of the
plot and at the windward boundary. Eight such
traps were fixed to a mast in the centre of the
plot, at heights of 0.25, 0.40, (.55, 0.75, 1.00,
1.30. 2,30 and 3.30 m. At the windward bound-
ary of the plot. a mast was placed with five NH,
traps. at heights of 0.40, 0.55. 0.75. 1.30 and
2.30 m. Fewer traps were placed at the boundary
because the background concentration was low
and essentially uniform with height, Each trap
contained 20ml 0.02M H,PO, held in 100 ml
collection tubes. With Charles Austin pumps
(85 SE) air was sucked through the acid via a gas
dispersion tube (porosity 2) at a rate ol 2.41

min~ ', controlled by a Platon flow meter. A
correction of 0.1 to 0.251 min~' was made for
the measured pressure drop between the flow
meter and the air inlet of the trap. Sampling and
analysis of the 0.02M H,PO, solution was
usually carricd out on a 24 h basis. The tubes
were transferred to the laboratory and the NH,
concentration was determined by mcans of the
phenolhypochlorite method [18].

Wind speed was measured on o mast outside
the plot, at cight different heights, varying from
0.40 to 4.30m. Casclla cup ancmometers
(T16108/2) were used at the lower four posi-
tions, while Lambrecht cup ancmometers
{14691) were used at the four top positions. Wind
direction was measured with a Porton windvane.
The wind data were recorded on mechanical
counters. Other weather data (rainfall, air tem-
perature, radiation and potential evaporation)
were provided by the meteorclogical station at
the cxperimental site.

Sampling was continuous throughout the
period May~October. In a number of cases, the
sampling, traps were analyzed four times a day to
determine the diurnal pattern of the NH, emis-
sion. In 1988, extra NH, traps were fixed at the
mast and analyzed in order to dctermine the
accuracy of the NH; measurcments.

Experimental treatments

The experimental site, with a size of five ha, was
situated on a young marine. calcarcous clay soil
in the Flevopolder in the Netherlands. The
sward was more than 7 years old, with ryegrass
(Lotitvn perenne L.) as the dominant grass
species. The top 5cm of the soil had a clay
content 19.59, an organic matier content of
8.3%. a CEC of 0.12 mol_ kg™ and a pH (KCl)
of 6.8. The background NH, concentration in
the atmosphere is relatively low in the Fievopol-
der, mainly because the polder is predominantly
used for arable farming. In 1987, the experiment
was carried out on one square test plot of
(.18 ha. heavily fertilized with a total of 550 kg N
ha ™' yr ™" as CAN. split into 7 dressings. In 1988
there were two (reatments. receiving totals of
550 and 250 kg N ha™' yr™', split into 7 and 6
dressings. respectively. These plots were circu-
lar, with a radius of 23 m. to obtain a constant
feteh. and were 80m apart. After the last fertil-
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izer N dressing in September of 1987 there were,

another two grazing periods on the 550N plot,
because herbage continued to grow until late in
autumn. In 1988, the 250 N plot was grazed twice
and the 550N plot three times after the last
fertilization in Septcmber.

The plots were rotationally grazed — as is com-
mon in the Netherlands — with lactating Holstein
Friesian dairy cows (age 27 yrs). The cows first
grazed on a field with the same N trcatment as
the test plot to become accustomed to the N
concentration of the grass. Grazing on the test
plot started at a target herbage vield of 1700 kg
DM ha™'. Stocking rates were high, 60 to
120 cows ha™', in order to have the sward grazed
in one or one and a half days and to ensure that
the distribution of dung and urine patches over
the plot was as uniform as possible. Within two
days after grazing the sward was dressed with
fertilizer N and then allowed to regrow prior to
the next grazing period.

The total N intake by the dairy cows via
herbage and concentrates (1 kg per cow per day)
and the N retention in milk and live weight gain
(PJAG Deenen, pers comm) were used to calcu-
late the N content of the excreta. The distribu-
tion of N between faeces and urine per grazing
period was. calculated as follows [10]:

N retention = 0.0087
X (number of cow grazing days)

+ (milk protein yield)/6.38 (kgNha™')

(1)
N in faeces = N intake X 0.0078 (kg Nha™")
(2)
N in urine = N intake — N in faeces
~ Nretention (kgNha™'} (3)

where N intake is total N intake via herbage and
concentrates in kg ha™'. It is assumed that about
2/24 of the excreta were not returned to the
sward immediately, because the cows were in the
milking shed twice a day for about 1h during
milking time. So as to verify the N in excreta
calculated from equation (3), urine produced
during grazing was sampled and analyzed a
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number of times during the 1988 grazing season.
Between 10 to 18 cows were sampled in the
morning, in the afternoon and in the cvening by
collecting urine in 0.51 pots attached to a bean-
pole. Sampling was done on the day before
grazing started on the test plot. Becausc of this,
cow behaviour was not disturbed on the test
plot. The urine was analyzed for total N by a
Kjeldahl method [15].

Resulis

Anunonia emissions

During the 1987 growing season, cumulative
NH, volatilization was 42.2kg N ha™' from the
sward supplied with 550kg N ha™' yr™' (Table
1). The amount volatilized varied considerably
between grazing periods. The NH; volatilization
per grazing period was related partly to the
amount of N excreted via dung and urine per
grazing period (Table 1). Hence, the NH, losses
were expressed as percentages of the total
amount of N excreted on the pasture in each
period. The relative josses varied from 4.8 to
14.8% with a mean of 8.5%. Or, expressed in a

.different way, the average toss was 47 g N (range

22.6 to 73.2) per cow per grazing day.

In 1988, cumulative NH, wvolatilization was
39.2kg N ha™' for the 550N plot and 8.1kg N
ha™' for the 250 N plot. The difference between
the two plots was striking throughout the season.
On average, 7.7% of the excreted N volatilized
from the 550 N plot and 3.1% from the 250 N
plot (Table 1).

Figure 1 shows typical patterns of NI, loss,
for four consecutive grazing periods. Generally,
NH, losses were high during the first few days
after grazing and decreased to negligible
amounts about 10 days after the grazing period.
In most cases, a peak emission was measured on
the second day. Rainfall appeared to influence
this genecral pattern. The relatively low NH,
emissions following grazing in the sccond half of
August were associated with high rainfall (Fig.
1). The NH, emission rate varicd also between
day and night. During day-time the emission rate
was much higher than during night-time. Maxi-
mum cmission rates were recorded between
12.00 and 16.30h (Fig. 2).
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Table !. Cow grazing days, N retention, N cxcretion and NH,, cmissions during the 1987 (550 N} and 1988 (350N and 250 N)

Brizing seasons

Period Cow N rctention

N ¢xcretion

NH,-N emission

grazing by cows

days kg ha ™! facces
kg ha™!

urine kgha" % of gper
kg ha™' N excreted cow grazing
on plot day

1987; 550N
1. 7/5-2/6

2. 206-22/6"
3. 22/6-6/7'

4. 6/7-28/7

5. 28/7-23/8'

6. 23/8~16/9

7. 16/9-20/10
8. 20/10-29/10*"

5.3 22.6
12.5 73.2
11.1 64.7

6.1 36.6
14.8 62.3

5.2 323

7.6 44.4

4.8 309

total
mean

8.5 40.5

1988: 550N
4/5~20/5

. 20/5-9/6
916-117T"
2H1-2047

L 2TT-1T8
17/8-5/9
5/9-4/10°
4/10-31/10**
. 31710-10711"*

RS LA LN

3.9 17.6
7.7 40.9
76.0

82.2

53.8

4.4

45.5

26.6

56.0

total
mean

40.2

1988; 250N
4/5-20/5 i1 16.2 13.8
. 20/5-9/6 106 15.5 16.6
96-134T 77 11.2 10.5
. 13/7-4/8' 72 10.5 12.4
4/8-519 63 9.3 10.1
5/9-4/10 74 10.8 11.8
4/10-14/10"" 76 0.5 9.0

6.2
13.0
22.6
15.6
279

8.5
10.1

total 380 74 84
mean

14.¢

** During this period the sward was grazed by dry cows;
'The sward was topped after grazing.

N excretion

Mean results of the urine analyses for urine
collected during 1988 are shown in Table 2. The
mcan N concentration of the urine varied during
the day, and also between days. Typically, the N
concentration was higher in the carly morning
and lower in the cvening. This diurnal variation
is probably rclated to the drinking pattern of the
dairy cows during the day. The urine from the
250N plot generally had a lower N content,

however the differences were small and inconsis-
tent. This difference is very small in relation to
the large difference in NH, emission per cow
grazing day rccorded between the 550N and
250 N plot in 1988 (Table 2).

In 1987 there were 908 cow grazing days, and
an estimated 101 kg N ha™' were retained in
milk and live weight gain (Table 1). An esti-
mated 539kg N ha ™' was excreted, 425kg N in
urine and }14kg N in dung. The estimated N

NH,-N emission (kg.ha™}

rain (mm)

temperature {max. and min.} {°C)
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Fig. 1. Daily values for NH, emission, global radiation,
rainfall and minimum (- - =) and maximum (—) tempera-
tures at 1.50 m during the 4th, 5th, 6th and 7th grazing period
on the S50 N plot in 1988.

excreted in urine was 3.7 times of that in dung.
In 1988 there were 974 cow grazing days per ha
on the 550 N plot and 580 on the 250 N plot. This
difference was mainly due to the higher grass
production on the 550N plot. Calculated N
excretion was 555 and 287 kg ha™' on the 550N
and 250 N plots, respectively. The ratio between
N ¢xercted via urine and faeces was 3.4 and 2.4
on the 550N and 250N plot, respectively. Ex-
pressed per cow grazing day, the ratio of esti-
mated N excretion via urine was 1.26 times
higher on the S50 N plot than on the 250 N plot.
The results of the urine analysis {Table 2) did
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Fig. 2. NH, emission pattern (~®-) and wind speed (-4-)
during the first five days of the 4th grazing period in 1988 on
the 550 N plot.

Table 2. N content of urine collected from grazing dairy
cows on 9 June, 27 July and 5 September 1988

Period Total-N (g!™")
350N 250N
9 June
morning k.1 10.0
afternoon 8.4 9.5
evening 8.0 7.1
daily mean 9.1 8.9
27 July
maorning 9.1
afternoon 6.9
eveming 5.8
daily mean 7.2
5 September
morning, 9.5 9.6
afternoon 8.2 6.2
evening 7.7 7.1
daily mean 8.6 7.5

Between 10 and 18 cows were sumpled per period.

not show a 26% difference in N excretion via
urine. Thus far we arc unable to interpret this
difference. Possibly more urine was excreted on
the 550N plot (H. Valk, pers comm).

Discussion

Error analysis

The overall error in the cumulative NH, emis-
sion depends on the distribution of urine and
dung patches over the plot and on the accuracy
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of the wind speed and NH, concentration mea-
surcments. During the scason dung patches were
counted per quarter scction of the plat. The
numbers per scction were found to be very
similar and the patches were evenly distributed.
The distribution of urine patches is much mare
difficult to quantify. However, since dung pat-
ches were randomly distributed, the urine pat-
ches were assumed to also be evenly distributed.
An almost uniform distribution of urine and
dung patches provides a relatively regular pat-
tern of NH; sources over the plot. A high degree
of uniformity of NH; source is a prerequisite for
the mass balance method [3]. The error of the
measurcd wind profile was small as the log-linear
wind profiles generally had a correlation coeffi-
cicnt of 0.95 or more and the anemometers had
an crror of =1%.

The largest error in the NH, emission was
found in the accuracy of the NH, concentration
measurcments. The duplicate measurements of
NH, concentration indicated that the mean co-
efficient of variation (cv) was 5 to 6% (Tablc 3).
The cv was essentially independent of measuring
height and NH, concentration.

To estimate the effect of the variations in the
concentration measuremenis on  variations in
NH; emission from the 250 N and 550 N plots a
‘Monte Carlo’ simulation [13] was carried out,
using a normal distribution of the logarithmically
transformed NH, concentrations, with the cv's
(Table 3} as standard deviation. For each
mcasuring day in 1988 on the 550N and 250N
plot S0NH, emission simulations were run.
Statistical analysis of the 50 cumulative scasonal
NH; ecmissions for the 550N and 250N plots
gave cv's of 5% and 139%, respectively, These
results indicated that the concentration measure-
ments were an appreciable source of error in the
determination of NH, emission, particularly at
low cmission rates.

Table 3. The cocflicient of variation (cv) and standard ecrer
{se) of the N, concentrations bused on dupliciate measure-
ments from grazed plots receiving two rates of N ferilizer

N rate Numberol  Meanlevel  Se Cv
kgha 'yr ' duplicates  pgNm * peNm %

250N 90 1.1 0.535 5.3
550N 175 14.2 0.909 6.4

Another possible source of crror is associated
with diurnal variations in wind speed and NH
concentration profile (Fig. 2). These possiblé
crrors were examined by comparing the caley.
latcd NH ; emission based on mcans per day angd
means per quarter day. This comparison wag
made for 19 days in 1988 {Tablc 4). The mean
total emission calculated on a quarter-day basig
was slightly higher than that based on one meap
per day. The statistically significant (p <0.01,
Student t-test) mean difference was equivalent to
about 10% of the mean per 24 hrs, This suggests,
that the mecans given in Table | are underesti-
mates of thc actual emission. However the
summed cxperimental error increases by doing
quarter day measurements, because of a fourfold
increasc in the number of samplings and concen-
tration measurements. Furthermore, the relative
error of the NH, measurements tend to increase
as the NH, concentration decreases by a factor
4. Given these arguments and that the estimated
cumulative NH, emission based on a mean per
day was only 10% lower than the summed daily
total of means per quarter day and the additional
costs associated with extra mcasurements, we
consider that daily measurements are acceptable,

Effects of N fertilization
NH, losses from grazed plots are the sum of the
NH; losses from applied fertilizer, dung and
urine and from decaying grass after topping [20].
NH, losses from the applied CAN fertilizer are
likely to be negligible [16]. Little herbage re-
mained after grazing and topping, thercfore only
a small proportion of total herbage production
decaycd in the field. Furthermore, the environ-
mental conditions during the growing season of
relatively dry air and intermittent rainfall, were
not conducive to NH, loss from decaying her-
bage [20, N Vertregt, pers comm]. Therefore, 1t
is likely that the measurcd NH, losscs in our
experiments resulted mainly from excreta,
Generally, the volatilization potential of urine
is considerably greater than that of facces due to
the very lubile nature of urca which in well
fertilized temperate grassland constitutes 75% or
more [4.6.8] of the total N content of urinc.
The much higher potential for NH, loss from
urine compared 10 dung has been confirmed in
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Table 4. NH,-N emission (kg ha™'} based on four measurement periods per 24 h and on one period, for 19 days in 1988 on the

350N plog
Date per measuring period’ A+B+C+D 24 h (A+B+C+D)
pertod —24h
A B C D
20-05 0 0.6t 0.13 0.10 0.84 0.63 .20
205 0.13 0.21 0.21 0.02 .65 - .68 - -0.03
22-415 0.11 0.22 0.12 0.02 047 - 0.55 -~ —0.08
23-05 (.04 0.16 0.06 0.02 0.28 0.18 0.10
24-05 0. 0.51 0.11 0.14 0.75- .67 - 0.08
8-07 (.49 0.67 0.71 0.69 2.56 ~ 247 0.09
9-07 0.07 0.28 0.16 0.07 0.58 0.46 0.12
10-07 0.36 0.34 0.06 0.02 0.72 0.53 0.19
1-07 0.40 0.77 0.17 0.27 i.61 1.52- 0.09
12-07 0.42 0.23 0.15 0.31 11— ifld— 0.97
27-07 0 a .15 0.41 0.56 0.81 ~0.25
2847 0.69 0.80 0.63 1.78 3.90.. 3.86- ~0.04
29-07 0.30 0.26 0.04 0.06 0.76 0.49 0.27
30-07 0.07 0.04 0.02 0.11 0.24 0.12 0.12
6-09 0 0.77 0.41 0.34 1.52 1.32 (.20
7-08 0.22 0.03 0.10 0.33 0.68 0.56 0.12
8-0% 0.49 0.21 0.06 (.06 0.82 0.33 0.49
9-09 0.02 0.03 0.04 0.07 0167 g.14— 0.02
10-09 0 0.05 G 0.03 0.08 -~ 0.10 — -0.02
total 18.29 16.46 1.83
mean 0.097*
se 0.03458

"A=730-12.00h B=12.00-16.30h C=16.30~21.00 h D=21.00-7.30h

* Differs significantly from 0 (p <0.01, Student t-test).

enclosure experiments 11, 12, 14]. In our experi-
ments it was calculated that, on the 550 N sward,
about 78% of the excreted N was contained in
urine and 22% in faeces. This estimated parti-
tioning is in agreement with experimental data
from well-fertilized pasture [17], where approxi-
matety 70% of the excrcted N was present in
urine.

It has somectimes been assumed that!abproxi-
mately 40% of the N in urine and 5% of the N in
facces from grazing cattle volatilizes as NH, [2].
These percentages suggest that approximately
30% of the excreted N volatilized as NH,-N on
well fertilized grassland, Qur data indicate much
fower NH, losses of approximately 8% of the
total amount of excreted N. Other recent field
experiments in NW  Europe indicated similar
small losses, in the UK, NH; losses of 25kg N
ha™', corresponding to 9.0% of the excreted N,
were determined on a 420N sward [9]. Under
subtropical conditions NH, losses may be much
larger duc to higher temperatures. On a 374N

grazed pasture in Queensland, Australia, 14.4 to
28.4% of the urinary N volatilized as NH, [7].
There was an effect of fertilizer application
rate on the total NH, volatilization loss. The loss
from the 550 N plot was almost five times higher
that from the 250N plot. Part of this difference
can be attributed to the difference in the total
amount of excreta returned to the sward due to a
lower intensity of grazing. Expressed as a per-
centage of the estimated excreted N, the total
NH, volatilization loss from the 550 N plot was
2.5 times larger. The difference in emission rates
from heavily and moderately fertilized swards
was less pronounced in a UK study [9]. In that
study NH, losses from rotationally grazed 420N
and 210N plots were 9.0% and 6.7% of the
excreted N. This corresponded to 12.1% and
11.2% of the total urinary N [9]. The difference
between the UK study and our study regarding
the effect of N fertilizer application rate may
possibly be attributed to differences in soil type,
like the higher clay content of the soil used in
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this study. Differences in climatic conditions
between the UK and the Netherlands are likely
to be smatl.

An increase in N concentration in urine will
increase the potential for NH; volatilization.
This was confirmed in an experiment with year-
ling steers [8]. Higher N application rates gave
higher N concentrations in urine and a propor-
tional increase in NH; losses. In our experiment,
higher N concentrations were cxpected in the
urine on the 550 N plot than on the 250 N plot,
but the limited results in Table 2 show only
minor differences, despite the large differences
in NH; emission for the grazing periods begin-
ning at the Yth of June and the 5Sth of September
in 1988 (Table 1).

Effects of soil and environmental conditions
Numerous soil and environmental conditions
affect NH, emission {5]. For instance, tempera-
ture gencrally has a positive effect on volatiliza-
tion [5]. However in our experiment, tempera-
ture did not have a straightforward effect; warm
periods did not coincide with peak emissions
(Fig. 1).

There was a tendency for NH, volatilization to
be higher from wet soil than from dry soil. For
example, rain just before and during grazing in
the 4th and 5th grazing period (Fig. 1) coincided
with high emission rates. In contrast, during and
for the first three days after grazing in the 6th
grazing period it was relatively dry, and very low
NH, losses occurred during the 6th grazing
period. It is suggested that urine infiltrates more
rapidly and deeply into dry soil. This would
result in lower NH, concentrations in the upper
layers of dry scil compared to wet soil, and
reduce the potential for NH; volatilization.

Effects of grassland management

Some of the large differences in NH, losses
between grazing periods (Table 1) may be duc to
differences in grassland management. NH, losses
from the 550 N plot were relatively large in the
2nd, 3rd and 5th grazing period of 1987 and in
the 3rd, 4th and 7th period of 1988. In all these
periods the sward was topped after grazing. The
resultant increase in the surface area of dung

patches (combined with decaying herbage top-
pings {19]) may contribute to the higher NH,
losses measured from topped swards. '

Another important management decision fyc-
tor is herbage yield. It was difficult to achjeve
the target yicld of about 1700 kg DM ha™' at the
start of grazing, in this experiment it ranged
from 1500 to 3000 kg ha™'. The inverse relation-
ship between herbage yield and herbage N
content influences the N intake of cattle and
consequently the N content of e¢xcreta and its
potential for volatilization. Jarvis et al. [9] ob-
served a positive relationship between herbage
N concentration and emission  percentage,
However no clear relationships could be estab-
lished between herbage yield, N concentration of
herbage, N intake of herbage and NH,; emission
for the various grazing periods in our experi-
ment, probably because of the confounding
influence of weather conditions.

In conclusion in this experiment, the level of N
fertilization had an effect on NH; losses. A
number of environmental soil and management
factors may also have an effect, consequently the
nature of the relationship between N application
rate and NH, emission from grazed swards is
difficult to quantify, The data from this study
suggest that reducing N application rate may be
an cffective tool in minimizing NH, losses from
grazed swards. Further studies over time, on
different soil types and with different manage-
ment regimes arc required to develop a clear
understanding of the relationship between N
fertilizer rates and NH, volatilization from
grazed swards.
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