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Abstract

In the last years, a lot of experiments and investigations has been carried out on
ammonia emissions from animal buildings, slurry stores and after slurry application.
There is only few information available on the fate of the gaseous nitrogen after
emission.

Measurements of nitrogen deposition rates in three regions of North West
Germany, which differ in livestock density (high, middle, low), are being carried out
since two years.

Résumé

Au cours des dernières années, de nombreux essais et investigations ont été
conduits pour mesurer les émissions d’ammoniac issues des bâtiments d’élevage,
des fosses de stockage et lors de l’épandage. Il y a pourtant très peu d’informations
sur le devenir de ces composés azotés gazeux après leur émission.

Les mesures de dépôts d’azote dans trois régions du nord ouest de l’Allemagne
différentes par leur densité d’élevage (élevée, moyenne, faible) ont été effectuées
depuis deux ans.

1. Introduction
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In the last decade, a lot of experiments and investigations have been carried out on
ammonia emissions from animal buildings, slurry stores and after slurry application.
There is only few information available on the fate of gaseous nitrogen after
emission. A research project, financed by the EU and the government of Lower
Saxony, should therefore answer the following questions :

 How does the ammonia N content in the air differ between areas of different
livestock density?

 How much nitrogen is deposited in dependance on
• weather conditions
• cropping conditions (forest, edge of forest, open land)
• livestock density

 What is the effect of the nitrogen deposition on forests with regard to
• the growing conditions of forests
• the botanical composition
• nitrate leaching of soils

Measurements on nitrogen deposition rates have been running since two years in
three regions of North West Germany, which differ in livestock density (high,
middle, low).

2. Material and methods

Three regions with different levels of livestock density were investigated :
high (> 3 LU ha-1), middle (1.5 - 2.5 LU ha-1) and low livestock density (1.5 LU ha-1).
To make the results of the investigations comparable, it was necessary to find sites
similar in soil type and other ecological growth conditions. Pine forests (about 60
years old) were chosen, all located on podsolic sandy soils. In those forests and on
neighbouring open land we installed a measurement equipment as shown in figure
1. The following measurements have been carried out :

 ammonia N contents in the air above the forest canopy
 biomonitoring of air pollution by exposing pots with

• grass
• clones of norway spruce
• lichens

 N deposition (wet and dry) on open land and throughfall between trees
 nitrate and ammonia N contents in forest soils
 N output of forest soils
 growing conditions of pine trees (nutrient status of needles)
 floristical composition of the forests.
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Figure 1
Schematic view of the measuring station

1,2 : NHx and metorological measurements
3 : sampler for wet-only and bulk deposition
4 : sampler for rain throughfall
5 : biomonitoring with grass, norway spruce and lichens
6 : measurements of soil water contents and fluxes

3. Results

3.1. Ammonia/ammonium (NHx) N contents in the air

The average ammonia N contents in the air (figure 2) were in close correlation to
the livestock densities of the regions. In the region with a livestock density > 3 LU
ha-1, the average NHx concentration in the air was 7.1 µg m-3 NHx. Apparently lower
was the concentration in the region with a livestock density between 1.5 and 2.5 LU
ha-1 (4.4 µg m-3 NHx) and lowest in the region with a livestock density below 1.5 LU
ha-1 (2.4 µg m-3 NHx).
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Figure 2
Average NHx concentration in the air, measured above the forest canopy between

October 1996 and November 1997

Figure 3 shows the 2-week-averages of the NHx concentrations in the years 1996
and 1997. In both years and especially in the regions with a higher livestock
density, there is a clear maximum in the NHx concentrations in the beginning of the
year (10th until 20th week), that means during the main period of slurry application.
In the following weeks the concentrations decreased, but increased again in the
late summer months, also caused by slurry application. The lowest concentrations
could be determimed in the winter months, that means in the time without manuring
activities.

These results show again very clearly that slurry application is the main source of
ammonia emissions (and that the main task must be to decrease these emissions
by proper application).
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Figure 3
NHx concentrations in the air, measured above the forest canopy,

two week averages.

3.2. Nitrogen deposition

Figure 4 shows the wet nitrogen deposition rates in the forest 1996 and 1997. The
results can be summarized as follows :

 In the first two years of our measurements, we found nitrogen deposition rates to
differ a lot in all three regions. In 1996, the deposition rates were 20 - 50% lower
than in the year 1997.

 These different deposition rates do not correspond with the ammonia N
concentrations in the air, which were in average at the same level in both years.

 An explanation for the different N deposition rates can be given considering the
weather conditions. 1996 was characterized by low precipitation rates in the months
from February until April, the period with the highest ammonia N contents in the air,
i.e. the input into soils and plants was very low. In 1997, average precipitation rates
occured in late winter and spring. This resulted in higher deposition rates.

 In 1997, the N deposition rates in the region with a livestock density of 1.5 - 2.5
LU ha-1 were higher than in the region with a livestock density > 3.5 LU ha-1,
although the ammonia N contents measured in the air were r.a. 35% higher in the
region with the highest livestock density. Also in the previous year, the differences
in the N deposition rates between these two regions were relatively small. These
results show that additional factors may determine the deposition rates, e.g. co-
deposition of ammonia with sulphate and chloride in the precipitation (SO2
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concentrations in the air). Further measurements should provide an answer to this
problem.

 In total, the N deposition rates were lower as we expected compared to other
results in the literature. This counts especially for the region with a high livestock
density. One reason could be that the N deposition was measured in the middle of
the forests. First measurements show that the N deposition rates can be 30 - 80%
higher at the edge of forests.
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Figure 4
N deposition (throughfall) in pine forests in regions with different livestock density

On open land, the N deposition rates were much lower than in forests (figure 5).
Dependig on livestock density and on weather conditions, measured deposition
rates between 10 and 15 kg ha-1 a-1 were measured.
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Figure 5
N deposition (bulk) in open land regions with different livestock density

3.3. N contents in soil water
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In the forest soils, water samples were taken from 70 cm depth in the late autumn
and winter months. The average N contents in the soil water at the three sites are
shown in figure 6. Compared to N contents in the soil water of arable soils, the N
contents under these forest soils were relatively low. But they also showed a close
relation to the livestock density of the three regions.
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Figure 6
N contents in soil water from pine stands in regions with different livestock density

4. Conclusion

4.1. With increasing livestock density the NHx contents in the air increased. The
highest concentrations could be found in the months of February until April and
August until October, that means during the period of slurry spreading.

4.2. Also the nitrogen deposition rates increased with increasing livestock density.
In the open land, between 10 and 15 kg ha-1 a1 N were deposited, inside of pine
forests between 9 and 28 kg ha-1 a1 N and at the edge of these forests between 30
and 80% more.

4.3. The nitrogen deposition rates were strongly influenced by weather conditions.
In the first year with dry weather conditions in February until April - that means in
the time with the highest NHx concentrations in the air - the deposition rates were
found to be between 25 and 50% lower than in the second year with wet weather
conditions from February until April.

4.4. In the region with a low livestock density, the nitrate N content in soil water
under forests was below 1 mg l-1 N, in the region with the high livestock density
between 5 and 6 mg l-1 N.


