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Rainfall reduces NH3 and CH4 emissions
Emissions of ammonia, nitrous oxide and methane following slurry manure spreading
The amount of NH3, N20 and CH4

emissions during the spreading of
slurry manure is especially influen-
ced by prevailing weather which is
why the effect of different levels of
rainfall on emissions has been in-
vestigated. Ammonia and methane
emissions were reduced in line with
increasing rainfall. Under the same
conditions, emissions of nitrous
oxide emissions increased. In that
the percentage of Nr. loss in the
form of ammonia emissions is sub-
stantially higher than the nitrous
oxide emissions, slurry should be
spread before rainfall for more effi-
cient Nr. exploitation.
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Intensive livestock enterprises in agricul-
ture are one of the main causes of ammo-

nia (NH3), nitrous oxide (N2O) and methane
(CH4) emissions. NH3 has a polluting effect
in the environment whereas N2O and CH4

are gases directly relevant to the climate [1].
Several influencing factors were investiga-
ted relating to the emissions of NH3, N2O
and CH4 after the spreading of slurry manu-
re on grassland such as the technique of
manure application, prior handling of the
manure and prevailing weather conditions
[2,3]. In the investigation described here the
aim was to test how differing amounts of
rainfall immediately after the spreading of
slurry affected the emissions of NH3, N2O
and CH4.

Implementation of the investigations

Investigation of the NH3 emissions was car-
ried out in August 1998 at Hohenheim whilst
the N2O and CH4 emissions were recorded in
the Allgäu. For this, three wind tunnels and
eight measuring-chamber systems were used
in parallel [2,3]. The influence of rainfall of
0, 7 and 14 mm was investigated. In the case
of the NH4 emissions, the three rainfall va-
riations were investigated at the same time
[2]. For the variant with zero rainfall, the re-
sults regarding N2O emissions were brought-
in from results of an investigation carried out
in June 1997. The CH4 emissions related to
the results from several investigations. In 
table 1 the slurry composition and the 
amount spread, as well as the climatic condi-
tions during the investigations, are given.
Used was the kind of diluted cattle slurry ty-
pical for the Allgäu and this was evenly
spread over a broad area by a watering can
with spray plate attachment . Immediately
afterwards, rainfall was simulated by water
applied with a watering can with rose attach-
ment. The investigation with NH3 lasted two
days. The N2O investigations lasted 10 or 14
days and the CH4 emissions were investiga-
ted over nine hours.

Emissions of ammonia, nitrous oxide 
and methane

With the NH3-N emissions as well as the
CH4 emissions the highest emission rates
were recorded immediately after the slurry
spreading (figs. 1 and 3). With zero rainfall,
the highest cumulative NH3-N and CH4

emissions were determined (table 2). Com-
pared with these results, the NH3-N emissi-
ons were reduced by 45% by 7 mm rainfall
and by 67% by 14 mm of rain [2]. With CH4

the emissions were reduced by 29% and 59%
respectively by the same amounts of rain. In
that the CH4 emissions had in part declined
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Fig. 1: Influence of rainfall on NH3-N emission
rates
Fig. 2: Influence of rainfall on N2O-N-emission
rates
Fig. 3: Influence of rainfall on CH4-emission rates
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below the background emission after only
three hours, the calculation of the cumulative
emissions were shortened accordingly.
Through the rainfall the slurry was diluted
and washed from the plants so that infiltrati-
on into the ground was substantially impro-
ved. Additionally, the concentration of NH3

and CH4 in the slurry was reduced as was the
partial pressure, through which less NH3 and
CH4 was released from the slurry. In the lite-
rature the NH3-N emissions were mostly in-
vestigated with a rainfall of 10 mm. In asso-
ciation with other factors such as, for exam-
ple, soil moisture or DM content, the
determined emission reductions were scatte-
red in an area from 48 to 89% [4,5,6] and are
comparable with own results in [2]. With re-
gard to the CH4 emissions, there have been
no applicable investigations so far.

Only through intensive or long periods of
rainfall is a substantial reduction of emissi-
ons possible. In that the majority of the NH3-
N and CH4 emissions occur in the first hours
after spreading, the emission-reducing effect
is all the higher the shorter the time-span bet-
ween spreading and rainfall [2, 3, 7, 8].

In contract to this, the N2O-N emissions
were heightened to an extreme extent in cor-
relation with increasing rainfall. Rainfall of
7 mm caused an increase in emissions of just
under 270%. Here too, the highest emission
rates were recorded shortly after spreading
(fig. 2).The N2O was produced to a greatest
extent through the denitrification of nitrate
(NO3) in the soil whereby the denitrification
rate increases in-line with the moisture con-
tent of the soil [9]. If easily-soluble organic
substances are also washed out of the slurry
by the added water, the denitrifying bacteria
have thus an additional source of energy. The
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highest N2O emissions finally then occur
when at the same time as the denitrification,
nitrification as a source of NO3 also takes
place [10]. This especially occurs where
slurry application includes a high addition of
NH4- N.

Evaluation of total emissions

In order to assess the emission-reducing ef-
fect of an influencing factor with regard to
all the gases emitted, the greenhouse poten-
tial of the different gases were converted to
CO2 equivalents. N2O has 270 times, and
CH4 11 times, the greenhouse effect compa-
red with CO2 [1] . A calculation of the speci-
fic greenhouse potential for NH3 is, howe-
ver, difficult in that this has only an indirect
climate influence. According to [11] it’s pos-
sible to calculate a simplified conversion
factor of 110 for NH3, although this is not re-
cognised overall. In figure 4 the cumulative
absolute NH3, N2O and CH4 emissions are
presented. According to the above-mentio-
ned problem, only the N2O and CH4 emissi-
ons were converted into CO2 equivalents. If
the factor 110 is used for NH3, then the 
highest total emissions could be expected in
dry weather. In this case, an effective reduc-
tion of emissions could be achieved by app-
lying slurry just before rainfall. If the NH3

factor lay by 80 [12], then there would be
hardly any difference to be recorded between
the total emissions from the rainfall variants
investigated here.

Conclusion

The evaluation of an emission-reducing ef-
fect of any influencing factor depends to a
great extent on the conversion factors ap-
plied for each gas. As long as there are no ge-
nerally applicable factors in existence, the
farmer cannot be given concrete advice re-
garding the reduction of emissions of envi-
ronment and climate relevant gases. Howe-
ver, an efficient Nr. exploitation can already
be achieved through spreading slurry before
rainfall in that the percentage NH3-N loss is
substantially higher than the N2O-N loss. If,
at the same time, attention is paid to keeping
the Nr. application to a level not more than
that required by the growing plants, this 
means that the N2O emissions, too, can be
decreased [13].
Fig. 4: Cumulative NH3-,
N2O- and CH4-emissions,
N2O and CH4 calculated

as CO2-equivalents
Slurry DM pH CNH4-N m“FM m“NH4-N
[%] [g/kg] [kg/m2] [mg/m2]

NH3 0, 7, 14 mm 5,8 7,6 1,37 2,9 3973
N2O, CH4 0 mm 5,9 7,0 1,24 3,0 3720
N2O, CH4 7, 14 mm 5,2 7,2 1,15 3,0 3435

Climate δL ϕL δBO UBO R
[°C] [%] [°C] [%] [W/m2]

NH3
* 0, 7, 14 mm 18-36 20-100 20-35 13-20 0-300

N2O, CH4 0mm 15-26 50-92 17-20 31-33 0-283
N2O, CH4 7, 14 mm 16-34 31-100 18-26 15-22 0-766

*vL in Windtunnel =1 m/s

Table 1. Slurry analysis and weather during trials
Table 2: Summary of experiment results

Emissions cum. abs. emissions cum. rel. emissions Changes
[mg/m2] [% NH4-N] [%]

Gas NH3-N N2O-N CH4 NH3-N N2O-N NH3-N N2O-N CH4
Time 2 d 10-14 d 3-9 h 2d 10-14 d 2d 10-14 d 3-9 h
0 mm 941 22 298 24 0,6 - - -
7 mm 518 81 213 13 2,4 -45 +268 -29

14 mm 311 142 123 8 4,1 -67 +546 -59
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