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Swnmary 
The ammonia-N emissions from artificially prepared urine 

patches on grassland on a sandy soil were measured with a windtunnel 
method. Artificial urine with a N-content of 6-12 g.1-l was applied 
at a rate of 5 l.m-2. At a urine application rate of 600 kg N.ha-1 
the ammonia-N emission varied between 6 % and 19 % (mean 13 %) of 
the urine-N. 
It was argued that the emission rate is proportional to the urine-N 
concentration. The ammonia emission rate is 10 % at an average 
urine-N concentration of 9 g.1-l. The results of the emission 
measurements were confirmed by N-budget analyses of the urine patch 
system. 

The total ammonia emissions from grazed pastures at various 
levels of N-supply were calculated using known data on grass 
production, intake and digestion. The calculated ammonia-N emissions 
varied from 16 kg N.ha- 1 at a N supply of 100 kg.ha-1 to 38 kg.ha-1 
at a N-supply of 500 kg.ha- 1 . Th,e calculated ammonia emissions were 
similar to the results of measurements in grazed fields with the 
micrometeorological mass balance method. At low levels of N-supply 
the mass balance data were disproportionall·, low, probably as a 
result of lower urine-N concentration during grazing and an 
underestimation of the emission by the mass balance method due to a 
relatively high background interference. 

1. INTRODUCTION 
Several years ago it was recognized that the ammonia emissions from 

animal excretion contribute significantly to the eutrophication and 
acidification of the natural environment. 
About 60 % of the ammonia emission in the Netherlands is attributed to 
cattle and 60 % of the N-excretion of cattle occurs during the grazing 
period. For this reason the ammonia emission during grazing was studied in 
some detail. Two approaches were used in The Netherlands. In the CABO 
experiments use was made of a windtunnel placed over artificial urine 
patches on 1 m2 plots of grassland (1). The NMI measured ammonia 
volatilization from grazed pastures with a micrometeorological mass 
balance method (2). When properly applied both methods give equal results 
(3). 

The ventilation rate in the tunnel has to be sufficiently high to 
ascertain climatic conditions in the tunnel similar to ambient conditions. 
The accuracy of the two methods will be discussed and the total ammonia 
emission from grazed pastures will be calculated. 
The work was part of the Dutch Priority Program on Acidification. 

2. EXPERIMENTS 
Windtunnel experiments were carried out in 1986 and 1987 on grassland 

on a sandy soil at the experimental farm Droevendaal at Wageningen. Air 
was filtered ammonia-free by forcing it through an airconditioning filter 
impregnated with orthophosphoric acid. The ammonia-free air was ventilated 
over the plots prepared with artificial urine according the Doak (4). The 



urine application rate was 600 kg N.ha- 1 , 5 liter per m2 of urine with a 
concentration of 12 g N.1- 1 . The ventilation rate was 1200 m3 per hour, or 
1.5 meter per second through a tunnel of 2 meter length, 0.55 meter width 
and 0.60 meter height. The air was continuously sampled after passage 
through the tunnel. The ammonia emission was calculated by multiplying the 
quantity of ammonia absorbed from the sampled air with the ratio of the 
measured volume of the ventilation air and the measured volume of the 
sampled air. 

3. RESULTS AND DISCUSSION 
Typical course lines for the ammonia emission and the pH of the soil 

surface are presented in Figure 1. The pH of the soil increases from 6 to 
9 within a day after urine application. The pH decreases slowly to the 
initial value in a period of about 20 days. The ammonia volatilization 
rate declines rapidly during the first days after urine application. 
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Fig. 1. Ammonia volatilization, kg N.ha- 1h-l and soil surface pH following 
a urine-N application of 600 kg.ha-1. 

The total ammonia-N emissions over periods of 10 days are represented in 
figure 2 for 17 experiments on sandy soil with a urine-N application rate 
of approximately 600 kg per ha. The total N emission varied between 23 and 
98 kg N.ha- 1 . No definite relations between temperature, global radiation, 
soil moisture content or pH of the soil surface and the ammonia emission 
could be established. 

Obviously the ammonia volatilization depends on more factors than the 
factors mentioned. Part of the emission is governed by physical and 
chemical reactions in the upper soil layer. Part of the urine adheres to 
the leaf and litter layer and will volatilize following different 
kinetics. As the total emission is relatively small, a substantial 
fraction will volatilize from the leaf and litter layer. 
The volatilization from the top soil layer depends on the ammonium 
concentration in this layer. It is to be expected that the ammonium 
transport in the upper soil layers is influenced by the soil moisture 
content and the water supply to the soil. However, as stated before, no 
clear relation between soil moisture content and volatilization level was 
found. 



The average emission during the first 10 days after urine application 
amounts to 10 % of the urine-N applied. The daily emission decreased to 
zero a month after that application. Consequently the total ammonia 
emission in a period of a month is 13 % of the urine-N. 
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Fig. 2. Arnrnonia-N emission in% of N applied for successive identical 
experiments on sandy soil. 

This value for the ammonia emission however, seems to be an 
overestimation of the true value of the emission under field conditions 
according to the following reasons. During the experiment it was 
recognized that the average N-concentration in the urine fluctuates around 
9 g per liter. In the experiments artifical urine with a N-concentration 
of 12 g per liter was used. It is assumed that at least the relatively 
high ammonia emission during the first days after urine application is 
proportional to the urine-N concentration as this emission originates 
mainly from the urine adhering to the leaf and litter layer (6). Therefore 
the average ammonia emission of urine with a N-concentration of 9 g per 
liter can be estimated at 11 % of the urine-N application. 
As mentioned before, the effect of soil temperature and soil moisture 
content on the ammonia emission could not be established from the 



experiments. However, on the average the temperature under the tunnel was 
about 1 °C higher than outside it. The soil moisture content decreased 
gradually during the experimental period. As a consequence the measured 
ammonia emission in the tunnel system is at least theoretically somewhat 
higher than under field conditions. This effect is only temporary, as the 
volatilization is restricted by the ammonium transport to the topsoil 
layer. The correction for the slightly deviating temperature and soil 
moisture content on the ammonia volatilization rate has been estimated at 
10 % (5). 
The totalized corrections reduce the estimated average ammonia emission to 
10 % of the urine-Nat an urine-N concentration of 9 g.1-l. 

The ammonia emission from grazed pastures was measured directly with 
the micrometeorological mass balance method on plots that were fertilized 
with 550 kg N.ha- 1year-l (2). The plots were grazed during one and a half 
day with a stocking density of 60 to 120 cows per hectare. The mean 
ammonia emission was determined to be 8 % of the estimated excreted N. The 
true ammonia emission may be underestimated by the mass balance method. 
The first reason for this statement is that the limits of the measuring 
system are not exactly defined. Some of the volatilized ammonia may escape 
beyond the assumed limits of the ammonia profile. 
Secondly the background concentration measured at the windward side of the 
field or at a high position on the central mast may be overestimated i.e. 
because of back diffusion. Consequently the calculated net emission has a 
relatively low value. 
Thirdly with the mass balance method the net emission is measured. This 
net emission is the difference between the ammonia emission and the 
ammonia deposition from the atmosphere. As the windtunnels are ventilated 
with ammoniafree air this third factor is absent in the windtunnel method. 
In the Netherlands the atmospheric deposition can be estimated on 0,5 kg 
per hectare in a 10-day period. It can roughly be estimated that with the 
factors mentioned the ammonia emission as measured by the mass balance 
method has to be corrected from 8 % to 10 % of the excreted N. 
It must be borne in mind that the variation in ammonia emission is 
considerable. However, both methods agree on the fact that 90 % (85-95 %) 
of the urine-N does not volatilize from urine patches. 
To validate the data on ammonia emission we studied the conversion of the 
urine-Nin urine patches in more detail. 

4. N-BUDGET OF URINE PATCHES 
Before the start of the experiments and ten days after urine 

application, soil samples were taken to a sufficient depth and analysed 
for the ammonium and nitrate content (6). At the same time the grass was 
sampled and analyzed. In many experiments the N-uptake by the grass was 
negligible, on the average 10 kg N.ha- 1 in a 10-day period, partly because 
of growth inhibition due to the urine application. For all experiments on 
sandy soils in which 600 kg N.ha-1 was applied the relevant N-fractions at 
the 10th day after urine application are plotted in Figure 3. For each 
experiment the remaining part of the urine-ammonium (urea)-N is plotted on 
the abscissus against the amounts of volatilized ammonia-N, nitrate-N and 
N not accounted for (Nnaf) on the ordinate. The calculated regression 
lines for NH 3 , NH3+No3 - and NH3+No3 - + Nnaf against the soil ammonium-N 
are drawn in figure 3. In a number of experiments the budget loss, Nnaf• 
was relatively high. Theoretically, the budget loss could be attributed to 
inaccurate sampling methods. In some experiments a nitrification inhibitor 
was applied in order to prevent a rapid decrease in pH. In these 
experiments the final ammonium content of the soil was high, the 



nitrification and the N-budget loss were both very low. So it was 
concluded that the sampling procedure was correct. 

Fig. 3. 
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N-budget of a urine patch, 10 days after application of 600 kg 
urine-N ha- 1 . x-axis: NH4+-N in soil. y-axis: NH3-N volatilized 
(o), NH3-N + No3--N in soil(+), NH3 -N + N03-N + N not accounted 
for (•). 

In experiments with a low final ammonia content in the soil, the 
nitrate content is high, the ammonia volatilization is relatively low and 
the amount of N not accounted for is high. The ammonia volatilization is 
high under conditions of low nitrification and high pH, but the increase 
in ammonia emission is not proportional to the soil ammonium content. 
Summarizing the ammonia volatilization is not only restricted by the 
nitrification but also by interactions between ammonium and the soil 
complex. The N-budget loss is coupled with the nitrification. Obviously a 
large fraction of the urine-N gets lost during nitrification by a chemo
denitrification process. 

5. CALCULATION OF THE AMMONIA EMISSION FROM GRAZED PASTURES AT DIFFERENT 
RATES OF FERTILIZATION 

The yield and nitrogen content of grass in relation to the N 
fertilization is calculated from a large number of measurements on sandy 
soils in the Netherlands (7). 



The grass intake of dairy cows is assumed to be 14.5 kg dry matter per 
day. The calculated dry matter and N intakes are plotted in quadrant I of 
Figure 4. The milk production is 20 kg per day with a nitrogen content of 
0.53 % (8). The urine and faeces excretions are calculated using the 
digestion coefficients published in (9) and the milk production. The 
calculated values for the urine and faeces excretions are plotted in 
quadrant II. The ammonia volatilization emission is fixed at 10 % of the 
N-excretion. The calculated emissions are plotted in quadrant III and IV. 
By reducing the fertilization from 400 to 200 kg N per ha.year the ammonia 
emission decreases from 33 to 21 kg per hectare per year. The stocking 
density decreases at the same time from 3.9 to 3.1 dairy cows per hectare. 
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Fig. 4. Effect of N supply on the dry matter (o) and N (e) intake during 
grazing, on the N-excretion in urine (e) and urine+ faeces (o) 
and the resulting ammonia-N volatilization assuming 10 % 
volatilization from excreted Nin relation to N-excretion (e) and 
N-supply (o). 

For swards receiving 400 kg N.ha-1 the calculated ammonia emissions are 
similar to the results of field measurements with the micrometeorological 
mass balance method (10). With lower N-supplies the ammonia volatilization 
as measured with the mass balance method decreases from 10 % to 
approximately 5 % of the N returned to the sward. This discrepancy between 
the results of the mas.s balance and the windtunnel methods can be partly 
explained by the estimated 30 % lower urine-N concentrations during 
grazing in low-N swards, as the relative ammonia emission is proportional 



to the urine-N concentration (9). In addition the true emission seems to 
be underestimated by the mass balance method due to a relatively large 
background correction. For a reliable prediction of the ammonia emission 
more data on the urine-N concentration during grazing at different levels 
of N supply have to be collected. 
It can be concluded that the average ammonia-N emission from grazed 
pastures is limited to a maximum of 10 % of the N returned to the field. 
In other words at least 90 % of the excreted N is not lost as ammonia. 
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