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Ammonia fluxes from grazed grassland: annual losses
from cattle production systems and their relation to
nitrogen inputs

S.C.JARVIS, D.J HATCH anp D. R.LOCKYER
AFRC Institute for Grassland and Animal Production, Hurley, Maidenhead, Berks SL6 SLR, UK
(Revised MS reccived 28 February 1989)

SUMMARY

l.osses of NH; from a number of swards grazed by cattle were measured through 2 (1986-87) grazing
years using & mass balance micrometcorological method. Comparisons were made of grass sward
receiving 420 or 210 kg fertilizer N/ha per year and a grass—clover §§§r§ gg;‘; aéﬁéﬁagﬁ; EEon
fixation i razing managements. In one year a continuously grazed sward was also
cxamined. Rates of NH, loss were usually greatest whilst animals were present, especially during early
and late season. This was not always the case, however, and losses sometimes continued into the next
grazing period; there were also large day-to-day variations in fluxes. Seasonal trends were alsg
distinct, but losses tended to be lower during early and late grazings.
The annual losses from 420 and 210 kg N{ha and GC treatments were 25, 10 and 7 kg N/ha,
respectively, and the 7 treatments were still marked when losses were expressed on
a per animal basis, Total loss under continuous grazing was 61 % of that under the rotational system.
Although the losses represent only 7-8, 56 and 37 % of the inputs 10 420N, 210N and GC treatments,

zs )
9.0

ainiosphiere is thought to result from animal pro-

there was a good relationship between inputs and total logses, and also between the concentration of 61
N in the herbage and fosses per animal. The effects of the measured rates of loss on the input of NH,
from grazed grassland to the atmosphere are discussed.

Recent calculations (Ryden er ol 1987) and

INTRODUCTION ,

e volatilization of NH, results in significant and
mportant losses of N from productive agricultural
sisterms. Although, on a world-wide basis, there
wiereasing use of urea-based fertilizers (Gould er af.
“TI86) which may result in mncreased NH, fluxes from
~oil_plant systems, the major input of NH, to the

duction {ApSimon et al. 1987; Ryden er al. 1987)
through the return of N in excreta, especially in urine.
As well as representing significant economic lossts,
the movement of N, into the atmosphere may have
1mportant environmenltal consequences in influencing
ttmospheric  chemistry (Moller & Schieferdecker
1985) and consequently in (i) increasing critical
atmospheric N loads (o the extent that cventual
deposition changes the ecological characteristics of
natural systems (Hutchinson & Viets 1969) and (ii)
promoting  acidification  after  nitrification  of
NH,*- based salts deposited on the soil (van Breemen
et al. 1982).

inventorics (ApSimon et af. 1987) have indicated that
losses of NH, from grazed grassland have a major
impact on atmospheric concentrations. Because of the
difficulty in monitoring losses under grazing con-
ditions, few data exist to allow accurate assessment of
these losses. Recent adaptations of micrometeoro-
logical techniques (Denmead 1983 ; Ryden & McNeill
1984) have, however, allowed fluxes of NH, to be
monitored as swards are grazed. Earlier results
suggested that losses frequently exceeded 1 kg N/ha
per day when cattle grazed a ryegrass sward with a
high lertilizer input (Ryden 1986). Furthermore, there
were major differences in NH, losses between ryegrass
swards with high fertilizer N inputs and a low input
system with a grass—-white clover sward dependent on
N suppiy through fixation (Whitchead er al. 1986,
Jarvis ef al. 1989). Jarvis et al. (1989) have also related
the differences in losses of NH, during a relatively short
period in spring in each of two years. to differences in
N contents in, and distributions between, faccal and
urinary returns which occurred when cattle were
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grazing swards with differing N managements. How-
ever, there is little information on the total losses of
NH,-N from different systems over the longer term.

The mechanisms and processes involved in con-
trolling the various equilibria which influence the
distribution of NH,/NH_* between the various com-
ponents of the soil system (i.e. held on the solid phase,
or in aqueous or gaseous phases) and the release of
NH, 1o the atmosphere are well defined (Freney ef al.
1983). Models have been constructed which have been
used to predict rates of NH, volatilization and the
extent of losses under well-defined and constant
conditions (Sherlock & Goh 1985). However, grazed
swards are complex in nature with much variability
and considerable interaction between thc many
components. Ammonia losses from swards may
therefore differ from those predicted cither from
models or from measurecments based on simple
systems in field or laboratory.

In the present studies we have measured the losses
of NH, from a number of swards which were grazed
by cattle. Comparisons were made of the losses
through two grazing scasons from swards receiving
either high (420 kg N/ha per vear), medium (210 kg
N/ha per year) or zero (grass—white clover) fertilizer
N input. During one of the vears a comparison was
also made between rotational and continuous grazing.

MATERIALS AND METHODS
Experimental site and management

Measurements of NH, fluxes were made during 1986
and 1987, from the samc exper tal swards as
[desanca Breviously (Jarvis e al. I989Sa1 the Institute
farm a1 Hurley, on a freely drained loam soil (of the
Frilsham series) which overlies chalk at a depth of
70-100 ¢m. Cattle (yearling Friesian sigers of approxi-
mately 200 kg live weight at turn-out) were grazed on
0-123 ha plots {55x22 m) on a rotational basis, i.c.
the swards were grazed lor 7-day periods alter which
there was a 21-day recovery period belore the next
grazing. There were seven grazing periods between
May and October; however. in 1986 two of these
periods (2 and 5) were omitted because of poor sward
growth. Animal numbers per treatment were de-
termined on the basis of herbage yields which wese
measured by sampling the sward to 5 cm above the
ground immediately before grazing started. Other
conditions of sward management were as detailed
previously (Jarvis er af. 1989),

Treatnienis

Threc of the treatments were as described before
(Jarvis et af. 1989). that is, rvegrass {Lofium perenne
L.) swards receiving cither 420 kg N/ha per year
(420Ny or 210 kg N/ha per vear (210N) in seven equal

ki

dressings and at regular intervals of 28 days .“\
mid-March, and a mixed ryegrass-white cloye
(Trifolium repens L.) sward which received no ferti) 76 ;
N (GC). The swards were established in 1976 and {gg¥
420N and GC treatments had been imposed since thaf'
time. The 210N treatment was started in 1986 on

area of perennial ryegrass sward which had prev:ousla%
reccived 420 kg/N ha per vear but from which lbﬁ
herbage had been cut and removed. In 1987 a furtha Y
treatment was introduced in which a similar areg qf
vycgrass reccived 420 kg N/ha per year and on whigy

an attempt was made to maintain continuous stockiug
with two animals on the sward for as long as possible

between May and October. N

Ammonia flux measurement A

Full descriptions of the principles behind and u{l:I
methodology involved in the mass balance micro!
meteorological method for determining NH, fluxed
from relatively small areas have been given elsewherg”
(Denmead 1983; Ryden & McNeill 1984). The,
technigues used in the present study exactly followu{
those described for a detailed study of losses dunn;
grazing period 2 in each of the 2 years (Jarvis et a,
1989) In brief, masts were placed in a central position
in each of the four experimental areas. Each mast held
six 100 ml sampling traps. containing 30 ml 0002y
_orthophosphoric acid, which were positioned a1 025;"
@50, 0-75, 1-00, 1-50 and 2-00 m above the sward. Alf
samples were drawn continuously through the acid
solution via a gas dispersion tubc at 51/min andj
profiles of NH; concentration above cach sward were;,
established, whcncvcr possible. for consecutive 241{2
periods: these were extended to 3648 hon a numbﬂ'ﬂl
of occasions. The NH; profile together with back%’
ground NH, concentration (which was assumed o b¢
constant with height and equivalent 10 the corg
centration at the top of the masts), the wind speod
profile and wind direction at the site were then used to
compute NH;-N fluxes from each treatment in everyg
sampling pcriod using the samc methods and parag
meters as before (Jarvis er of. 1989). Air sampling}
was started at the beginning of each grazing period§
and continued until there was no evidence Ofll
positive flux for 3—4 days. i
Throughout both years other environmental dai;
(rainfall, maximum air temperature and potentialf
cvapolranspiration) were obtained from daily meteorg
ological observations made at Huricy. During 198§
further measurements were made. at the experimentaig
site, of relative humidity at sward height and 50
surfuce temperature (using thermistor probes).

v

Analyses .

AL the end of each sampling period, the ammoms
traps were replaced and the originals laken to [h‘
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Annual NH, losses from grassland 10t

{.ble |. Dates of start of grazing and animal numbers per plot* carried by swards of ryvegrass receiving 420 or
' 210 kg N/ha per year or a grass—clover mixiure receiving no fertilizer N in 1986 and 1987

Animal numbers

Start date 1986

1987

el /INE

crod 1986 1987  420kgN  210kgN

Grass-clover 420 kgN  210kgN Grass-clover

21 Apr
21 May
{8 Jun
16 Jul

11 Aug
10 Sep
8 Oct

7 May

1 Jun
29 Jun
27 Jul
25 Aug
21 Sep
19 Oct

5(41)
8 (65)
4(32)

3(23)
3(32)
4(32)

4 (32)
3 (24)

4(32)
3 (24)

+————— No grazing ———

«+—— No grazing ———

4032
757
2(16)
4 (1)
2(16)
4(32)
2 (16)

8 (65)
8 (65)
4(32)
4(32)
2 (16)
4(32)
2 (16)

4(32)
4(32)
2{16)
6 (49)
2 (16)
3(24)
2 (16)

2(16)
5 {41)
4 (32)

2(16)
2(16)

+ sumbers in parentheses indicate equivalent numbers of animals carried per ha.

Lable 2. Herbage pields (kg DM fha) of swards of ryegrass receiving 420 or 210 kg Nfha per year or a
grass—white clover mixture receiving no fertilizer N, prior te grazing in 1986 and 1987

1986

1987

Grazing

period 420kg N 2i0kgN

Grass-clover*

420kg N 210kgN  Grass-clover*

+————— No grazing —————»
781 (169)

1704 (19-6) 1337 601
1557 (11-2) 1253 1604
«+—————— No grazing ———» 6388 329
767 {13-1) 492 483
415 (279) 413 366

5224 (177}

2327 1429
3662 1171
1359 985

1667 1007
466 624

Tolal {mean) 9481 5216

2477 1045
2295 2171

1103 (240)
1132 (23-5)
757 (271
1990 (356)
475 (30-1)
432 (37:6)
218 (109)

8955 6599 6107 (270)

* Sumberyin parentheses indicate proportion (%) of clover (by weight).

<horgtory, The amounts of ammonia collected in
ssohviriap were determined by the phenol-hypochlorite
andophenol blue) method (Weatherburn 1967). Total
> contents of herbage materials taken prior to cach
stamg were determined on oven-dried samples using
1 automated micro-Dumas method,

RESULTS

Production

1:-,-.,..mmcntuI/growing conditions in 1986 mcant

ot mu_nl' the scheduled grazing periods (1 and 5)
*<re omitted from the programme (Table 1). The
Arerage annual dry matter yields (or the 2 years, as
Sinmated by cuts taken immediately before grazing
"-”lcdlwcrc‘ for the 420N, 210N and GC trealments
apeclively, 9218, 5907 and 5665 kg/ha (Table 2). On
'_:' faee lor cach grazing period, this amount of dry
i supported, respectively, 39, 29 and 24 steers/ha

in 1986 and 37, 30 and 26 steers/ha in 1987. These
rates of stocking resulted in values of 1365, 10135,
and 804 stocking days/ha, respectively, in 1986, and
1813, 1470 and 1274 in 1987. The comparable figurc
for the 420N continuously grazed sward in 1987 was
1431 stocking days/ha.

The proportion (by weight) of clover in the mixed
swards differed considerably both between and within
the 2 years. In 1986 the average content of clover
(% of dry weight} was 18 %. compared with 27% in
1987 (Tablc 2). The reasons for the increased clover
content in 1987 are not clear, but the cffect was
consistent throughout the vear.

Nitrogen in the herbage

The amount of N in the dictary intake influences the
cxtent and lorm of excreted returns and hence the
potential for loss through volatilization. The N
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191-8 121-3

272
419

314

1966

320

69-1

* Values for mixed sward show overall figure for herbage, followed by data for separated grass (upper value) and clover (lower value).
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Annual NH, losses from grassiand

2 18 516 15

Ihns fomtnstaan wa S-Sl gt gt dinp s

wl - = .
o 10} 1986 and (4] 1987, Losses from a ryegrass sward receiving 420 kg fertilizer N/ha per year (@-——@) and from a mixed

cemcntrabions in the herbage were always greater in
the 420N treatment (on average, 347 and 399 %, in
19as and 1987, respectively) thanin either of the other
rmo treatments (Table 3). In both years the overall
comentration in the herbage from the mixed sward
aas only slightly lower than that in the 210N
sratment The average tolal amounts for the grazing
wawy thal were available for consumption (as
soawed by culs prior 1o grazing) were, respectively,
VTV and 1585 kg N/ha for 420N, 210N and GC

teratihcnly

NH L dowses  treatment and seasonal effects

Atibough only data Tor the 420N and GC treatments
st ahownan Fig. 1, the trends in the daily fluctuations
sct¢ wmilar in all treatments; the daily losses from
SN and GO swards were not as great as from
§0N As found in previous studies (Ryden 1986;
Vatvi er wl 1989), the rates of NH, loss were
@iually greatest winlst the animals were present on the
tmands (b 1) especially in early and late season:
hete were considerable fluctuations in the daily rates
4 ke which on occasion were as high as 2-5 kg/ha
ez day Although in some grazing periods fluxes
“opped promptly with the removal of the animals, in
theey ugniticant losses continued for many days
after the unimals l}ad been removed, sometimes until
ke tollowing grazing period. In both years the length

May June July August

gon ddorver ward reeciving no fertilizer N (O---0) are shown.

10 5
September October

September October

12aily Nuctuation in NH-loss (kg N/ha per day) from swards during and after seven {-week grazings by yearling steers

of the period during which losses were detected
tended to be shorter during early and late grazings.
Table 4 shows a-summary ofenvironmental data for
each period of measurement during 1987 and indicates
that it is difficult to isclate individual envirenmental
factors as influencing day-to-day variation and overall
loss. The lowest losses during grazings 1 and 7 were
coincident with cool periods with low potential
evapotranspiration. but there is no obvious reason for
the high rate and extended period of loss in grazing 7.

In the first year, the total loss of NH,-N over each
grazing period was always lower from the GC sward
than from the 210N grass (Fig. 2): the distinction in
the second year between these two treatments was not
as clear. In both years, the total loss was always
greater from the high-N input (420N) treatment than
from the other two treatments.

Whilst seasonal trends were not very distinct, the
losses of NH, tended to be lower during early and late
grazing periods than at other times of the year. The
maximum overatl rate of loss occurred during grazing
4 (t.e. during August) in both years, when over 8 kg
N/ha were lost in 1986 and over 6 kg N/ha in 1987,
from the 420N treatment. The 420N ryegrass sward
carried considerably more animals {Table 1) than the
other two rotationally grazed treatments and it might
have been presumed that this higher density was
entirely responsible for the greater rate of NH, loss
from this treatment. However, cven when losses are
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Fig. 2. NH,-N losses (kg/ha} from swards during and of§
seven l-weck grazings by yearling steers in {a) 1986 and ¥
1987, Swards were either ryegrass receiving 420 () 61}
{89) kg fertilizer N /ha per year. or grass—clover ([3) recéh)
no lertilizer N.
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Fig. 3. NH,-N losses from yearling stecrs (kg/animal) in |8
1986 and (h) 1987. Swards were cither ryegrass receiving 42§
(€2) or 210 (H) kg fertilizer N/ha per yeur, or grass-clovis
() receiving no lertilizer N. L
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fable 5. Summary af losses of NH =N from grazed swards of ryegrass receiving 420 or 210 kg N/ha per year and
’ a mixed grass—clover sward receiving no fertilizer N

105

1986 1987
£20kg N

NN fosses 420kg N 210kgN  Grass-clover Rotational Continuous 210 kg N Grass-clover
fatal 235 105 1-0 267 163 86 125

oy N per i) S— ——
L ns per ahimal 0019 0010 0-001 0018 0011 0007 0010
dp Nyanimat per day)

Propattion (%) of 56 _:‘v_c-' 06 64 39 40 90
tertihiser or fixed® —

~ mput lust as NH,
Properttion (%) of 77 70 09 79 _ 42 65
Setary N wailable

tor consumplion .
« Awwumes T60'Kg N7/ha per year acquired through fixation (Whitchead er al. 1986). >

______-.—d-'_’-—_

evpressed on & per animal basis (Fig. 3) the distinctions 420N rotational treatment (i.c. 1431 and 1813,

Itween the treatments are still obvious and the losses
ot animad per day from 420N, 210N and GC
seatments were in the ratio 21:11:1 in 1986 and
> 1 i in 1987, The relative losses between 420N and
1N were therefore similar and the major variability
m the wmounts lost between years occurred with the
G sward,

$he annual total losses were, on average for the

2 years. 251, 96 and 67 kg/N ha (Table 5) from tHe
420N, 210N und GC rotationally grazed treaiments.
Wecatse of the resiricted size of the plots, it was
snpeossible to maintain animals throughout the year
on the 420N continuously grazed treatment and
stoching duys/ha were therefore lower than with the

1
£ oo 3
i &
218 10015 5
by E
e
o 10010 @
’ Z
§ 10005 Z
N:l’ix;alion

100 200 300 400 56_0
N inpui{kgma)
Y1k 4 Relationship between fertilizer N or N, fixation input

A annu Ni,-N losses per unit area (@ @) or daily
s peranimal (O---0).

respectively). Total NH, losses from the continuous
system were only 61 % of those from the rotational
system. In all of the treatments the total amounts lost
therefore represent relatively low proportions of the
N input to the system, whether as ferulizer or as
biologically fixed N (Table 5), as well as low
proportions of the amounts of N taken up into the
~standing crop and-available for consumption by the
cattle. Despite the low losses, there is a good
relationship between the inputs of N and amounts
lost (Fig. 4) whether expressed on a per unil atea or
per animal basis.

DISCUSSION

Losses of NH, as measured by the mass balance
method represent a net loss, since there may be
significant flows of NH, from the atmosphere to the
sward, and absorption from soil and atmospheric
sources by actively growing foliage (Lockyer &
Whitehead 1986) (see Fig. 5).

Models exist which have been constructed to
describe the physical and chemical conditions which
are influential in their impact on (i) the enzymic
hydrolysis of urca and subsequently (ii) the various
equilibria which conirol the distribution of NH, gas
and NH,* ions between solid, solution and gaseous
phases (see Fig. 5). From a chemical standpoint, NH,
volatilization will largely be determined by pH (ie.
by alkalinity} and ammoniacal N content, and their
combined effects can be considered the "NH,-
volatilization potential” {Viek & Craswell 1981).
Actual loss rates lrom the soil surface will then be
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determined by environmental factors (Fig. 5). Wind
speced has been demonstraied to be particularly
important for losses from flooded paddy fields (Vick
& Craswell 1981). Their diffusion model indicates
that, with low wind speeds, diffusion rates are very
small and the gas phasc dominates; with increasing
wind speed the volatilization rate increases and the
liquid phase resistance becomes more significant
because of depletion of NH, in the surface film of the
liquid phase (see Fig. 5). The grazed sward embraces
a complex set of conditions with many interactions
between the various components of the soil/plant/
animal pathway which may influence NH, equilibria
and which may be further confounded by environ-
mental  factors.  Predicting  the  behaviour  of
NH,/NH * and the extent of loss from grazed swards
may Lherefore be difficull.

In the present studies, whilst the total amounts of
mcasured NH, lost did not differ greatly between the 2
years, and there were some scasonal trends, there was
considerable variation both between grazing periods
and from day-to-day, the causes of which werc not
obvious. In our carlier study (Jarvis er af. 1989), the
largest determinant in the removal of NH, appeared
to be wind speed as indicaled by Viek & Craswell
(1981). A detailed asscssment of the contribution of
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Fig. 5. Schemalic representation of the origin and fate of ammonia in grassland systems.

+ management.

lhe measured environmental variables to NH, los]
will be given elsewhere (D. J. Haich, S. C. Jarvas‘
G. Dollard, unpublished).

The relationship obtained between N input ang
total loss is of some significance and indicates that, 4§
far as NH, loss is concerned, it is total N input and]
not the i‘orm which is of importance. There was
considerable similarity between the total amounts lost
in the 2 years from the same treatments with
fertilizer N. The losses from the mixed sward werg
more variable bul this might have been expected
because the clover component, and hence N fixation!
varied both within and between the 2 years. The
relationships obtained assume that the amounts
acquired through fixation by the mixed sward ovel'
the 2 years of measurement were similar to those
estimated in previous studies (Whitchcad et af. 1986),
i.e. 160 kg N/ha A

Whether originating from fertilizer or from fixation
it is clear that the overall N concentralion in the diet
is of importance in determining loss. Iftwo cxccptional
sets of data are omilted from the analysis, there is 2
strong positive relationship between the N conceny
tration (% in the dry matter) of the herbuge at the]
onset of a grazing period {x)and the amount of NH,-N§
(kg/animal per day) lost during that period (). For3
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L0202 400091 v (r= 0734, P < 0-001).
...~ concentration in the diet affects both the Lotal
"ot Nin cxereta and distribution between dung
e tarvis et al. 1989). Although some NH,

" b tast from dung, urine has by [ar the greatest
ol Tor Joss (Ryden et af. 1987). If it is assumed
"l the N in the herbage prior to grazing was
-7--i.‘zhlr jov intake, then, on average, this amount is
i lent o 77 and 82% of the fertilizer N applied
"o and 210N grass swards, respectively, and
. the N estimated to have been acquired
-ouvh lixation in the mixed sward (Whitehcad ef al.
.y Muking further assumptions that (i) the
~oitons of the ingested N that were exereted were
~ amd 79% and (i) 74, 60 and 56% of the
wooed N owas in urine, from 420N, 210N and
ceatments, respectively (Jarvis et al. 1989),
amntdly. 207, 81 and 69 kg N/ha could have been
Caned o the respective swards as urineg.
Aot other studies of NH, loss have been based on
swwrements of losses from urine applied to smal
v bnone case, 66% of the N applied in this way
. . loslin warm dry conditions, but only 6-16%
e cooler or wet weather (Ball 1982), Other
- aies rnge between 14-28% of applied urine N
cneenslaind (Vallis er al. 1982) and 9-25% from
“ounne in the UK (Ryden er af. 1987). In contrast,
ks by volatilization from urine patches in
terass priadvie with moderate stocking rates
~ined of ef. 1986) was nol an important loss
Juanan for Noand was an order of magnitude
wor than originally suggested (Woodmansee 1978),
- mwasured range being between 0-01 and 008 ¢
et sear. Repeating the previous assumptions,

+ e caleuluted that the mean annual losses of
SHE represent 1241, 11-2 and 98 % of the urinary N

“odon A20N, 210N and GC swards, e, well

o but it the lower end of. the ranges previously

e Denmead er ol (1974) estimated higher

»1 N produced at the base of lucerne swards
Vs, hut later showed that a large proportion
s was re-absorbed (Denmcad er of. 1976). The
sl wrezing and s impact on canopy strugctlure
“oioie have important implications for NH, loss
wotassland. Ttis of interest to note that losses per
+slirom the 420N continuously grazed treatment
s than 73% of those with rotational grazing,
Uestunee. any benefit derived through increased
witen by the waller sward during the initial stages
T dnvingin the rotation system were outweighed
L ca_snle stocking density and excretal returns
vt wwieasing pressure on the various equilibria
“oan Figo 5. Furthermore, the much reduced
";”‘! height at the end of rotational grazing (i.¢. 2
“itead boundary layer) may also result in increased

it
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NH, exchange near the base of the sward where NH,
is produced.

Pauterns of loss under grazing are often con-
siderably different from those from urine-treated
plots where the loss of NH, is largely complete within
7 days of treatment (Ryden 1984). Thus, intermittent
losses of varying exients occur in lhe field for
considerable periods after the animals are removed.
This may indicate that other sources (i.e. from faeces
and senescing vegetation) are contributing to the net
NH, loss and provide an explanation for the variable
nature of the fluxes,

As well as he possible economic significance of
losses of NH,. the potentially adverse effects on the
environment have also been highlighted recently
(ApSimon er af. 1987). Our data indicate thal the
emission quotient (i.c. the ratio of NH,-N lost to that
N available for loss) from grazed pastures is con-
siderably lower than previously suggested (ApSimon
et al. 1987). Assuming that (1} 3701 N/year are
excreted on British grassland (Ryden eraf. 1987), (i)
on average, N fertilizer application to grassiand is of
the order of 200 kg/ha per year, (iii) the NH,-N
emission rate [rom urine is 11 %, and that for dung is
3% (Ryden er af. 1987) and (iv) the ratio of excreted
N in dung to N in urine when 200kg N/ha are
applied is 1:1-5 (Jarvis et al. 1989), the overall emission
gquotient for NH, from ecxcrcted N under grazing
conditions is approximately 8% rather than the
suggesied figure of 15% (Ryden et «i 1987). This
reduces total annual UK NH,-N loss from grazed
pastures from 55 to 29-6 1. which is equivalent to
approximately 9% of the estimated totat NH,-N loss
from UK grassland and livesiock procduction (Ryden
et al. 1987).

Other assessments of the contribution of grazed
grassland to NH, fluxes to the atmosphere have been
based on census data (ApSimon ef o 1987), and
losses estimated on a per capita basis. Our data
indicate that not only must animal numbers be taken
into consideration, but also the quality of their diets
with respect to N contents. Bath vadables will be
determined to a large extent by inpuls of N either
through fertilizer addition or N, fixation. It should
also be emphasized that the present results relate o a
single soil type. Other physical and chemical condi-
tions may result in different equilbibria in other soil
types. Furthermore. losses ol NH, may aiso depend
upon animal breed. and species, and the age of the
animal, Further information is required to define
precisely a ‘global” figure for NH, loss from animal

production to the wider environment. both during
grazing and {rom animal housing,

We are grateful to D. H Roberts and S. E.
Reynolds for technical assistance and o C. Craig lor
help im maintenance of the experimental plots. The
work was commissioned by the Ministry of Agri-
culture, Fisheries and Food. London.
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