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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. I n  1987 the sward 
received a total of 550 kg N ha- ' ,  in 1988 a total of 550 or 250 kg 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 39.2 kg N ha-' in 1987 and 1988, respectively; 
this was equivalent to 8.5 and 7.7%-of the N returned to the sward in the excreta of the grazing cattle. 
The NH, loss from the 250N 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 
measuiements throughout the -growing season to obtain, reliable dava on NI-I, 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 
550N swards had a standard deviation of 13 and 5% of the mean, respectively. 

ammonia volatilization, faeces, grazed swards, nitrogen, urine 

Introduction 

On grazed swards with a fertilizer N input of 
200 kg N ha-' yr-' and more - as is common in 
the Netherlands - only a minor portion of the N 
from.ingested herbage is retained in milk or live 
weight gain. Thc remainder, ,about 75-95%, is 
cxcreted in  dung and urine 110, 171. Generally, 
the recovery of excreted N in  herbage yield is 
low on well fertilized swards [IO].  The fraction 
not recovered in herbage yield may bc immobil- 
ized by the soil microbial biomass or may be lost 
from the soil-grassland system through a combi- 
nation of NH, volatilization, nitrate leaching and 
denitrification. 

NH, losses to the atmosphere are of great 

concern, because of the impact they may have o n  
aerosol chemistry 1211 and acid deposition [I]. 
The major input of NU, into the atrnosphcre is 
thought to be the NH, volatilized from urinc and 
faeces excreted by farm livestock 11). Only 
limited data exist on NH, losses from grazed 
swards. Losses were found to depend on fcrtil- 
izcr input [ 9 ] ;  total dressings of 210 and 420 kg N 
ha- '  yr-' resulted in NH, losses of 10 and 25 kg 
N ha - ' ,  respectively 191. A grass-clover sward 
gave a loss of 7 kg N ha- '  191. On tropical 
pastures dressed with 374 kg N ha- '  yr- ' ,  NH, 
losses amounted to 17-34 kg N ha- '  [7]. 

NH, losses from grazed pastures are thought 
to result mainly from urine deposited by cattle 
19, 101. The main N component in  urinc is urea, 
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which has ii high potential for NH,  volatilization 
15). Thc  extent of the NH, loss is also affectcd h y  
soil and environmental factors (51 and possibly 
grassland management. I n  the prcscnt study NH, 
losses from rotationally grazed swards wcrc 
measured continuously throughout the grazing 
season. The swards wcrc grazed with dairy cows 
i i n d  sunnlicd with a tot id  of 250 o r  550 ke N h a - '  

increiise hcrbage yield and herbagc N concen- 
tration, and thus N intake and N excretion by 
the cows. More N excretion increases the poten- 
tii i l  for NH, loss. Measured losses were thcrcforc 
related to the estimated N returns via dung and 
urine to the sward. 

Materials and methods 

Merliod 
A micrometeorological mass balance mcthod. 
similar to the method described by Denmead 131, 
was used to measure NH,? losscs from grazed 
plots throughout the 1987 and 1988 growing 
seasons. This method assumcs that the vertically 
integrated product of wind speed and the differ- 
cncc between the centre and boundary of t l ic 
plot i n  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 ccntre of the plot 
should he known ex;ictly. 

Merrsiirenrnrrs 
Differences in NH, concentration betwecn t h e  
centre and the boundary of the plot were mea- 
surcd via NH, sampling traps in the centre of the 
plot and a t  the windward boundary. Eight such 
t,raps were fixed to a mast i n  the ccntrc of tlic 
plot. at heights of 0.25, 0.40, 0.55, 0.75, 1.00. 
1.30. 2.30 and 3.30 m.  At the windward hound- 
;try of the plot. a niiist \vas placed with fivc NlH3 
traps. at heights of 0.40, 0.55. 0.75. 1.30 and 
2.30 111. Fewer traps were placed at the boundary 
because thc background coiiccntration was low 
and essentially uniform with height. Each trap 
coimincd 20 nil 0.02 M tl.,l'O, hcld in  I00 nil 
collcctioii tubes. With Charlcs Austin punips 
(85 SE) air was suckcd through the acid via a gss 
dispcrsiori tiihe (porosity 2) at a ra te 01 2.41 

min-', controlled by ii I'l;iton tlow meter. A 
corrcction of 0.1 to 0.25 I min- '  was made for 
the mcasurcd pressure d r q  bctwccn the flow 
meter and the air inlet of the trap. Sampling and 
analysis o f  the 0.02 M H,PO, solution was 
usually carried out o n  a 24 h basis. The tubes 
were transferred to thc Iahor;itory and the NH, 
concentration was detcrmincd by niciins of the 
phcnolliypocliloritc method [ 181. 

Wind spccd was measured on ;I mast outside 
the plor, at  eight diffcrcnt heights. varying from 
0.40 to 4.30 ni. Cascll;~ cup iincmometers 
(T16108/2) were used at the Iowcr four posi- 
tions, while L;imbrecht cup anemometers 
(14691) were used a t  the four top positions. Wind 
direction was measured with ii I'orton windvane. 
The wind data wcrc recorded on mechanical 
counters. Other wcathcr data (rainfall, dir ' ' tem- 
perature, radiation and potential evaporation) 
were provided by the meteorological station at 
the experimental site. 

Sampling was continuous throughout the 
period May-October. In  a number of cases, the 
sampling traps wcrc analyzed four times a day to 
determine the diurnal pattern of the NH, emis- 
sion. In 1988, cxtra NH, traps wcrc fixed at  the 
mast and malyzed in ordcr to dctermine the 
accuracy of the NH, rncasurcmcnts. 

' 

Experirrioir(i/ ~reort)ietirs 
Thc  expcrinicntel site, with B size of five ha, was 
situated on ii young marine. ciilciircous clay soil 
in tlic Flcvopoldcr in tlic Ncthcrlands. The 
sward was more than 7 years old. with ryegrass 
(Lo/ i i (m pererrtie L.) as tlic dominant grass 
species. The top 5 c m  of tlic soil had a clay 
content 19.5%. a n  organic iniittcr content of 
8.3%. a CEC of 0.12 mol, kg-' and a pH (KCI) 
of 6.8. Thc  background NI-13 concentration in 
thc iitinosplicrc is rclativcly low in the Fievopol- 
der,  mainly bccausc the polder is prcdominantly 
used for erahlc farming. 111 I9S7. the cxperiment 
was carried out on one scluitrc test plot of 
0.18 ha. heavily fertilized with ii total of 550 kg N 
haC' yr- '  iis CAN. split into 7 dressings. In 1988 
there wcrc two treiitiiiciits. receiving totals O f  

550 a n d  2.511 kg N h a - '  y r - ' .  split into 7 and 6 
drcssings. rcspcctivcly. These plots were circu- 
lar. with ii radius of 23 111. t o  obtain a constant 
fetch. i i n d  wcrc 8(11n apart, .+\Iter the last f e d  
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izer N dressing in September of 1987 there were. 
another two grazing periods on the 550 N 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 September. 

The plots were rotationally grazed - as is com- 
mon in the Netherlands - with lactating Holstein 
Friesian dairy cows (age 2-7 yrs). The cows first 
grazed on a field with the same N treatment as 
the test plot to become accustomed to the N 
concentration of 'the grass. Grazing on the  test 
plot started at a target herbage yield of 1700 kg 
DM ha- ' .  Stocking rates were high, 60 to 
12Ocows ha- ' ,  in order to have the sward grazed 
in one o r  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 [lo]: 

N retention = 0.0087 

X (number of cow grazing days) 

+ (milk protein yield)/6.38 (kg N ha- ' )  
(1) 

( 2 )  
N in faeces = N intake x 0.0078 (kg N ha - ' )  

N in urine = N intake - N in faeces 

- N retention (kg N ha- ' )  (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 lo the 
sward immediately, because the cows were in the 
milking shed twice a day for about 1 h during 
milking time. So as to verify the N in excreta 
calculated from equation (3), urine produced 
during grazing was sampled and analyzcd a 

number of times during the 1988 grazing season. 
Between I0 to 18 cows were sampled in the 
morning, in the afternoon and in the cvening by 
collecting urine in 0.5 I pots attached to a bean- 
pole. Sampling was done on the day before 
grazing started o n  the test plot. Because of this, 
cow behaviour was not disturbed on the test 
plot. The  urine was analyzcd for total N by a 
Kjcldahl method [15]. 

Results 

Ammonia emissions 
During the 1987 growing season, cumulative 
NH, volatilization was 42.2 kg N ha-'  from the 
sward supplied with 550 kg 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. Thc relative losses varied from 4.8 to 
14.8% with a mean of 8.5%. Or, expressed in a 

.different way, the average loss was 47 g N (range 
22.6 to 73.2) per cow per grazing day. 

I n  1988, cumulative NH, volatilization was 
39.2 kg N ha- '  for the 550 N plot and 8.1 kg N 
ha-' for the 250N plot. The difference between 
the t w o  plots was striking throughout the season. 
On average, 7.7% of the excreted N volatilized 
from the 550N plot and 3.1% from the 250N 
plot (Table 1). 

Figure 1 shows typical patterns of NH, 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. 
I n  most cases, a peak emission was measured on 
the second day. Rainfall appeared to influence 
this gcncral pattern. The relatively low NH, 
emissions following grazing in the second half of 
August were associated with high rainfall (Fig. 
1). The  NH, emission rate varied also between 
day and night. During day-timc the emission rate 
was much higher than during night-time. Maxi- 
mum emission rates were recorded between 
12.00 and 16.30 h (Fig. 2). 
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'roble I .  Cow grazing days. N reteniion. N excretion and NH,  emissions during the 1987 (55IlN) and 1Y8X (55llN and 2 5 0 ~ )  
mizinc xi i sms 

Period cow N retention N excretion NH,-N emission 
grazing hycows 

days kg ha.' 'ILCCS urinc kgha- '  96 of g Per p .  . 

kg ha.' kg ha-' N excrctcd COW grazing 
"" "101 dav 

IYS7: .WIN 
I .  715-216 149 
2. 216-2216" I28 
3. 2216-617' IO9 
4. 617-2x17 76 
5 .  2x17-23ix' 136 
6. ~ s / K - I ~ / Y  I24 
7. 1619-2111111 97 
x. ~IIIIO-~YIIO- YO 

21.7 
18.o 
12.x 
9.7 

Ih.(l 
11.2 
10.6 
0.9 

16.9 
17.7 

10.0 
12.X 
17.2 

12.4 

12.x 

1s.x 

52.2 
63.5 
56.2 
39.2 
49.7 
66.8 
48.0 
50.11 

3.36 5.3 22.6 
9.34 12.5 73.2 
7.05 11.1 64.7 
2.78 6. I 36.6 
x.48 14.X 62.3 
4.01 5.2 32.3 
4.33 7.6 44.4 
2.77 4.8 30.9 

IDllll yon 101 I I 4  425 42.2 
mean 8.5 46.5 

IYSX: SSON 
I .  415-2015 167 22.8 22.5 58.7 2.94 3.9 17.6 
2. 20/5-9/6 140 19.0 211.1 60.9 5.71 7.7 40.9 
3. Yl6-7/7' I08 14.8 15.2 54.0 8.24 12.9 76.0 

I 4. 717-2117' IW 13.8 17.6 53.6 8.24 12.6 82.2 
5. 27/7-1718 101 13.8 14.6 56.5 5.44 8.3 53.8 
6. 17/8-5/9 143 19.5 14.3 41.2 0.63 1.2 4.4 
7. 5/9-4/10' 84 11.4 8.6 32.0 3.80 10.2 45.5 
x. ~IIO-SIIIO- 95 0.7 10.8 51.5 2.15 3.5 26.6 

36 0.3 3.x 17.9 2.01 Y.3 56.0 

laVal 974 1 I6 I27 39.2 

I .  4/5-2015 111 16.2 13.X 27.U 11.69 1.8 6.2 
2. 2015-916 I06 15.5 16.6 34.9 1.38 2.9 13.1) 
3.  916-1317' 77 11.2 l(1.5 22.3 1.73 5.7 22.6 
4. 1317-418' 72 111.5 12.4 28.1 1.13 3.0 15.6 
5. 4111-519 63 9.3 10.1 24.6 1.77 5.5 27.9 
6. 5/9-4110' 74 10.8 I 1.x 31.4 0.63 I .6 K.5 
7. 4/10-14/10** 76 0.5 9.1) 33.5 0.77 1.X IO. I 

I 
1"Ial 580 74 84 203 8. I 
mean 3. I 14.0 

' *  During this period the sward war grazed by dry cows: 
' l h e  sw;ird was topped after grazing. 

N excretion 
Mcan results o f  the urine analyses for urinc 
collectcd during 1988 are shown in Table 2. The 
incan N concentration of the  urinc varied during 
thc day. and iilso between days. Typically, the N 
concciitration was higher in  the carly morning 
and lower in  the evening. This diurnal viiriiition 
i s  probably related to the drinking pattern of the 
dairy cows during the day. The urine from the 
250N plot generally had a lowcr N content, 

I \  ' 

however the differcnces were small and inconsis- 
tent. This difference i s  very small in  relation to 
the large difference in N H 2  emission per cow 
grazing day rccordcd between thc 550N and 
250 N plot in 1988 (Table 2) .  

In  1987 there werc 908 cow grazing days. and 
an cstimatcd I 0 1  kg N h;i- '  wcrc rctainbd in 
milk and live weight gain (Tablc I). An  esti- 
inatcd 539 kg N h a - '  was e ~ ~ r e t ~ t l ,  425 kg N in 
urinc and 114 kg N in dung. The estimated N 
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Fig. I .  Daily vtlues for NH, emission. global radiation. 
rainiiill and minimum (- - -) and maximum (-) tcmpcra- 
tures at 1.50 m during the 4th. 5th. 6th and 7th grazing period 
UII  the 55UN plol in 1988. 

excreted in urine was 3.7 times of that in dung. 
In 1Y88 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 
excrction was 555 and 287 kg ha-' on the 550N 
kitid 250 N plots, respectively. The ratio between 
N excreted via urine and faeces was 3.4 and 2.4 
on the 550 N and 250 N plot, respectively. Ex- 
pressed per cow grazing day, the ratio of esti- 
mated N excretion via urine was 1.26 times 
higher on the 550 N plot than on the 250 N plot. 
Thc rcsults of the urine analysis (Table 2) did 

26 1 

NH,-N emission (pQ.s".m") / wind speed (m.S.') 7 r  

7 8 9 10 11 12 13 14 

date in July 

Fig. 2. NH, emission pattern (-0-) and wind speed (-A-) 
during the first five days of the 4th grnzing period in 1988 on 
the 550N plot. 

Table 2. N contcnt of urine collectcd from grazing dairy 

Period Total-N (g I - ' )  

COWS on Y J U W ,  27 JUIY 5 Septembcr 1988 

550 N 250 N 

9 June 
morning 11.1 10.0 
afternoon 8.4 9.5 
evening 8.0 7.1 
daily mean 9.1 8.9 

21 July 
morning 9 .1  
afternoon 6.9 
evening 5.x 
daily mean 7.2 

morning 9.5 9.6 
afternoon 8.2 6 . 2  
evening 7.7 7.1 
dailvmean 8.6 7.5 

5 September 

Between 10 and 18 cows W C ~ C  simpled per period 

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

Discussion 

Error andysis 
The overall error in the cumulative NH, emis- 
sion dcpends on t h e  distribution of urine and 
dung patches over the plot and on the  accuracy 
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of thc wind spccd and NH, concentration iiicii- 
surcmcnts. During thc sc;ison dung patches wcre 
coiinted pcr quarter scction of thc plot. The 
iiunibcrs per scction wcrc found to bc very 
siiiiiliir ;ind thc patchcs wcrc evenly distributed. 
The distribution of urinc patches i s  much niorc 
diflicult to quantify. I-lowcvcr, since dung pat- 
ches wcrc randomly distributcd, the urinc pat- 
ches wcrc assumed to also he evenly distrihutcd. 
An  illmost uniform distriliution of  uriiic a n d  
dung pitchcs providcs ii relatively regular pat- 
tern of NH, sources over thc plot. A high dcgrcc 
of uniformity of NH, sourcc i s  a prerequisite for 
the mass balancc method 131. The error of the 
measured wind profile was small as the log-linear 
wind profiles generally had a correlation cocffi- 
cicnl of 0.95 or morc and the anemomctcrs had 
an error of el%. 

The largest error in the NH, cmission was 
found in the accuracy of the NH, conccntration 
mcasurcments. The duplicate measurements of 
NH, concentration indicated that the mean co- 
efficient o f  variation (cv) was 5 to 6% (Tablc 3). 
The cv was essentially independent of mcasuring 
height and NH, conccntration. 

To estimate the effect o f  the variations in tlic 
concentration mcasurcmcnts on variations in 
NH, cmission from the 250 N and 550 N plots ii 

'Monte Carlo' simulation I 131 was carricd out. 
using a normal distribution of  the logarithmically 
transformed NH, conccntrations, with thc CY'S 

(Table 3) a s  standard deviation. For cach 
measuring day in 1988 on the 550 N and 250 N 
plot 50 NH, emission simulations wcrc run. 
Statist ical analysis o f  tlie 50 cumulative seasonill 
NH, emissions for thc 550 N and 250 N plots 
gnve cv's of 5% and 137'0, respectively. Thcsc 
results indicated that the concentration nicasure- 
nicnts wcrc an apprcciablc source of error in the 
dctermination of NH, emission, particularly at 
low emission rates. 

2511 N 90 10.1 11.535 5.3 
?XI N I75 14.2 (1.90') 0.4 

Another possiblc sourcc of error i s  associated 
witti diurn:il v;iriiitions in wind speed and NH 
conccntration profile (Fig. 2). These possible 
errors wcrc cxmiincd by comparing the c ; ~ ] ~ ~ .  
latcd NFI., emission based on meiins per day and 
mc;m per quartcr day. This comparison was 
made for 19 days in 198H (Table 4). The mean 
total emission calculated on il quartcr-day basis 
was slightly highcr than that bascd on one meitn 
per day. The statistically significant ( p  <O.o],  
Student t-test) mean difference was equivalent to 
about 10% of the mean per 24 hrs. This suggests, 
that the m c i m  given in Table I are underesti- 
mates of  the actual emission. However thc 
summed experimental crror increases by doing 
quarter day mcasurements, because of a fourfold 
increase in  thc number of samplings and concen- 
tration mcasurcments. Furthermore, the relative 
error of the NH, measurements tend to increasc 
as thc NH, concentration decreases by a factor 
4. Given thcsc arguments and that the estimated 
cumulativc NH, emission based on a mean per 
day was only 10% lower than tlie summed daily 
total of means per quarter day and the additional 
costs associated with extra measurements, wc 
consider that daily nicasurcincnts arc acceptable. 

I 

Effecrs of N ferrilizatioii 
NH, losses from grazed plots are thc sum of the 
NH, losscs from applied fcrtilizcr, dung and 
urine and from decaying grass after topping [20]. 
NH, losses from the applied C A N  fertilizer arc 
likeiy to bc ncgligible [16]. Litt lc hcrbagc rc- 
maincd after grazing and topping. therefore only 
a small proportion of total hcrbagc production 
decaycd in  the field. Furthermore, the environ- 
mental conditions during the growing season of 
rclatively dry air and intermittent rainfall, wcrc 
not conducivc to NH, loss from decaying her- 
bage 120. N Vertrcgt. pers comin]. Therefore. i t  
is likely that the incasurcd NH, losses in our 
expcrimcnts rcsultcd mainly from cxcrcta. 

Gencr;illy. the volatilization potcntial of urinc 
is consitlcr;ihly grciitcr than t l i i i t  o f  faeces due 10 
the very I;ihile nature of  urca which in well 
fertilized tcmpcratc grassland constitutes 75% or 
more [4. 6.  81 o f  thc tot:il N content o f  urinc. 
The much Ihighcr potentiiil for Nli, loss from 
urinc comparcd to dung has IVXII confirmed in 
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l irhle 4.  NH,-N emission (kg ha-') hased on four measurement periods per 24 h and on one period. for 19 days in 1988 on the 
5511 N plot 

I h t C  pcr measuring period' A + B + C + D  24 h (A + I3 + C +  0 )  
period -24 11 

A B C D 
?ll-l15 0 0.61 0.13 0.10 (I.X4 11.63 0.21 

0.21 0.21 0.02 0.65 .- 0.68 -- -0.113 21-05 0.13 
32-05 i 1 . l l  0.22 0.12 11.02 0.47 . (1.55 .- -0.IIK 
23-(15 0.(14 0.16 O.Oh 0.02 0.28 (1.18 0 . l i I  
24-05 0.OY 0.51 0.11 0.14 0.75- 0.67- l l . I lX 
K-07 0.49 0.67 0.71 0.69 2.56. 2.47- ll.[lY 
'1-07 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 . I Y  
I 1-07 0.40 0.77 0.17 0.27 I .h l  "- 1.52-' 0 . I l Y  

27-07 0 0 0. 15 0.41 0.56 0.81 -0.25 

111-(17 0.07 0.04 0.02 0.11 0.24 0.12 0.12 
6419 11 0.77 0.41 0.34 1.52 1.32 (1.2(1 
7-09 0.22 0.03 0.10 0.33 0.68 (1.56 0.12 

9-09 0.02 0.03 0.04 0.07 0.16 0.14- 0.02 
IO-09 0 0.05 0 0.03 0.08 0.10- -0.02 

lotill 18.29 16.46 I .83 
rnCil" O . O Y ~ *  

12-07 0.42 0.23 0.15 0.31 1.11- I04 .- 0.07 

3X-I17 0.69 0.80 0.63 1.78 3.90- 3.86- -0.04 
20-07 0.30 0.26 0.04 0.06 0.76 0.4Y 0.27 

K-09 0.49 0.21 0.06 0.06 0.82 0.33 11.49 

SC (1.03458 

' A-7.30-IZ.MIh B;. 12.00-16.30h C =  16.30-21.00 h D=21.00-7.30 h 
* IXffcrs significantly from 0 ( p  <0.01, Studcnt t-test). 

cnclosure experiments I l l ,  12,141. In our  experi- 
ments it was calculated that, on the 550 N sward, 
ahout 78% of the excreted N was contained in 
urine and 22% in faeces. This estimatcd parti- 
tioning is in agreement with experimental data 
from well-fertilized pasture [ 171, wherc approxi- 
mately 70% of the excreted N was present in 
11 r i  11 c . 

It has sometimes been assumed that'approxi- 
inatcly 40% of the N in urine and 5% of the N in 
facces from grazing cattlc volatilizes as NH, 121. 
I hcse percentages suggest that approximately 
30% of the excreted N volatilized as NH,-N on 
wcll fcrtilizcd grassland. Our  data indicate much 
lower NH, losses of approximately 8% of the 
1i)tiil a m o u t i f  of excreted N .  Other rccent field 
experiments i n  NW Europe indicated similar 
small losses. in the UK, NH, losses of 25 kg N 
I h C ' ,  corresponding to 9.0% of the excreted N, 
were detcrmincd on a 420N sward [9]. Under 
subtropical conditions NH, losses may hc much 
Iiirgcr due 10 higher tcmpcraturcs. On  it 374N 

I. 

grazed pasture in Queensland, Australia, 14.4 to 
28.4% of the urinary N volatilized as NU, 171. 

There was an effect of fertilizer application 
rate on  the total NH, volatilization loss. The loss 
from thc 550 N plot was almost five times higher 
that from the 250N plot. Part of this difference 
can be attributed to thc difference in the total 
amount of excreta returned to the sward due to a 
lower intensity of gr;izing. Expressed ;IS a pcr- 
centage of the estim;ited excreted N. the total 
NU, volatilization loss from the 550 N plot was 
2.5 times largcr. The difference in emission rates 
from hcavily and modcrarely fertilized swards 
was less pronounced in :I U K  study 191. In that 
study NH, losses from rotationally grazed 420 N 
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 U K  study and our study regarding 
the effcct of N fcrtilizcr application rate may 
possibly bc attributed to differences ill  soil type. 
like tlic higher clay cimtenf of thc soil used i n  
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this study. Diffcrcnces in climatic conditions 
bctwccn thc UK and the Ncthcrlands are likcly 
to  be small. 

An incrcase in N concentration in urinc will 
incrciisc the potcntial for NH, volatilization. 
This was confirmed in an cxpcrimcnt with ycar- 
ling stccrs [XI.  Higher N application ratcs gavc 
highcr N concentrations in urinc and a propor- 
tional increase in  NH, losses. In  our cxperimcnt, 
higher N concentrations werc cxpcctcd in thc 
urine on the 550N plot than on thc 250N plot, 
but the limited results in Table 2 show only 
minor differences, despite the largc diffcrences 
in NH, cmission for the grazing periods begin- 
ning at  the Yth of June and the 5th of Septembcr 
in 1988 (Table I ) .  

Effects of soil and environmental cotidilions 
Numerous soil and environmcntal conditions 
affect NH, emission [SI. For instance, tempera- 
ture generally has a positive effect on volatiliza- 
tion [SI. However in our experiment, tempcra- 
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 
examplc, rain just before and during grazing in 
the 4th and 5th grazing period (Fig. 1 )  coincided 
with high emission rates. I n  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 
pcriod. I t  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 soil compared to wet soil, and 
reduce the potential for NH, volatilization. 

Effects of grasshid rnunagemenr 
Sonic of the largc differenccs in  NH, losses 
betwccn grazing pcriods (Tablc 1) may be duc to 
diffcrcnccs in grassland managcmcnt. NH, losses 
from thc 550 N plot were relatively large in the 
2nd, 3rd and 5th grazing period of 1987 and in 
the 3rd. 4th and 7111 pcriod of 1988. In all thcse 
periods thc sward W;IS topped aftcr grazing. Thc 
resultant increasc i n  tlic surface area of dung 

3, ' 

patchcs (combined with decaying herbage top- 
pings (191) may contributc to the higher ", 
losscs mcasured from topped swards. 

Anothcr importstit managcmcnt decision fac. 
tor is hcrbage yicld. I t  was difficult to acliieve 
the targct yicld of ;!bout 1700 kg DM ha- '  at the 
start of grazing, i n  this experiment i t  ranged 
from 1500 to 3000 kg ha- ' .  The inverse relation- 
ship bctwcen hcrbagc yield and herbagc N 
content inlluenccs thc N intakc of cattle and 
consequcntly the N content of excreta and its 
potential for volatilization. Jarvis e f  a/. [9] ob. 
scrvcd a positive relationship bctween herbage 
N conccntration and emission percentage. 
However no clear relationships could be estab- 
lished bctween hcrbagc yield, N concentration of 
herbage, N intakc of herbage and NH, emission 
for  the various grazing periods in our expcri- 
mcnt, probably bccause of the confounding 
inRucncc of weather conditions. 

In conclusion in this experiment, the level of N 
fertilization had an effcct on NH, losses. A 
numbcr of environmcntal soil and managemcnt 
factors may also havc an effect, consequently tlic 
nature of the relationship betwccn 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 hc 
an cffcctive tool in minimizing NH, losscs from 
grazed swards. Further studies over time, on 
different soil types and with different manage- 
ment regimes arc rcquired to dcvclop a C I C X  
understanding of thc relationship between N 
fcrtilizcr rates and NH, volatilization from 
grazed swards. 

Acknowledgements 

Thanks are due to DSM Mcststoffen, Nederlsn- 
dsc Stiksrof Maatschappij, Kcmira and thc 
Ministry for Housing, Regional Dcveloprncnt 
and thc Environmcnt for financial support. 
Thanks are due t o  J .  vim Till and H.M. Spruyt. 
for assistance i n  licld data collection and in data 
proccssing. A prcliniinary version of this pal)Cr 
was presented at  tlic International Symposiunl 
Fertilization and tlic Environmcnt. 27-30 AU- 

gust l98Y Lcuven. Iklgium. 



. .  

0 i 
265 

Develripmentr in P l m t  and soil Science. Vblume 311. pp 
103-1 17. Martinus Nijhoff. The Hague 

ammonia from ~ ~ i t l e  urine applied to gra 
Biuchcm 22: 1137-1 I42 

1 1 .  L,,ckycr DR ;md Whitchc;,d DC ( I Y Y ~ )  Vukttiliraii(m of 

12. M;icl>iarmid BN ;tnd Walhin IIR (1Y72) Thc C i l l l l C  1lUng 

tlic soil. and ;mmonia I<>. from the palch. J Im 
Grarrl Soc 27: 43-47 

13. Mihr;m G A  (1972) Simul;dm: st i t l iS l iCal  foundation5 
and methodology. Academic Prcrr. Ncw York 

14. Sherlock RR and Goh KM (19x4) Dyiiamicr of mnwn?*  
volatilimtion i w m  simulated urine p:tcchen and irquunus 
urci, xpp~icd t o  p;isture. 1 1:icld expcrimcnts. k r t  lies 5: 
1x1-lY5 

15. Smit EM (1979) A n  ultra-micro method for the detcrmi- 
nittion of totid nitrogen in hiologic;ll fluids h s c d  on 
Kjcldahl digestion and cnzymatic estimation of B m ~  

monia. Cin Chim Acta 94: 129-135 
16. Velthof GL.  Oencma 0. Postmus J and Prins WH (1990) 

I,, , s ; m  field m c ; ~ ~ u r e m e n t ~  of ammonia voliltilimtion 
from urea and calcium ammonium nitrate applied to 

grassland. Proceedings of the X l l l t h  General Mccting of 
the European Grassland Federation. Banska Byrtrica. 
Volume I I .  pp 51-56 

17. vnn Vuurcn AM and Meijs I A C  (1987) Effects Of 
herbage composition ;and supplemcnt feeding on the 
excretion of nitrogen in dung and urine by grazing dairy 
cows. In: van der Meer HG. Unwin Rl. van Dijk TA 
and Ennik GC (&). Animal Manure on Grassland and 
Fodder Crops. Fertilizer or Waste'! Developmenls in  
Plent and Soil Scicnce. Volume 30. pp 17-25. Martinus 
Nijhoff. The Hague 

'18. .Wciilherhurn M W  (1967) Phenol-hypochlorite rCaCfiOil 
for thc detcrmination of ammoni;!. Anal Chcm 39: 471- 
974 

19. Whilehead DC. Lackyer DR and Kaisrrick N (1988) The 
volatilization of ammonia from perennial ryegrass during 
dccomposition. drying and induced senescence. Ann Bot 
6 I : 567-57 I 

20. Whitehead DC and Lockycr DR (1989) Decomposing 
grass herbage as a sourcc of  ammoniil in the atmosphere. 

21. Zicreis H ;md Arnold I: (1986) Giiscous ammonia and 
itmmonium sillts in Ihc free troposphere. Nature 321: 
503-505 

patch: 2. Effccl " f a  dung p; on thc clicmicill slatus of 

A I ~ ~ S  E W ~ ~ W X  23: 1 ~ 6 7 - I W  




