102 FOCUS ENVIRONMENT ENGINEERING

Reinhardt-Hanisch, Annett; Grimm, Hartmut and Hartung, Eberhard

Basic studies on the effects
of novel urease inhibitors
In livestock husbandry

Ammonia emissions from agriculture in Germany derive mostly from livestock husbandry.
Therefore the aim of this research project is to test the effectivity of different novel urease
inhibitors in order to reduce ammonia emissions from animal facilities and to compare them to
the commercially available urease inhibitor N-(n-butyl)thiophosphoric triamide (NBTPT). A stan-
dardised laboratory measuring system was used to detect the inhibitor with the best reduction
potential and to study the dose-effect relationships of the inhibitors under laboratory condi-
tions. In general, some novel urease inhibitors showed a reduction of ammonia release and of
the conversion of urea-N to NH3-N and NH,4-N, but the level of the reduction was different and
influenced by substrate temperature and concentration of the inhibitor. By the use of the novel
urease inhibitor D was obtained an explicit higher reduction of the ammonia release and of the
conversion of urea-N to NH3-N and NH,4-N as by the use of the well-known NBTPT inhibitor. So
for instance, after the use of novel urease inhibitor D (concentration: 0,1 % of Total Kjeldahl Ni-
trogen, substrate temperature: 15 °C) the emission reduction potential is estimated to be rat-
her promising. A remarkable lower portion of only 15 % of the urea-N was transferred to NH3-N
and NH4-N compared to NBTPT with 76 %. The novel urease inhibitor D was also effective in
substrates of different dairy barns, in different layer thicknesses of slurry and in pig slurry.
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from livestock farming by the use of novel urease inhibitors.
In order to simulate the experiments under the conditions of
a cowshed a wind-tunnel and water-bath measuring system
[3] was used. Preconditions for the experiments were derived
from studies in a water-bath measuring system. Major objec-
tives of these studies were the selection of the best urease in-
hibitor, the quantification of factors influencing the efficacy of
the selected urease inhibitors, information about the fate of the
injected urea nitrogen, as well as indications for long-term ef-
fects of the selected urease inhibitors on the formation of bio-
gas and the effect of urease inhibitors in pig manure.

Materials and Methods
The water-bath measuring system [9, 10] consisted of 28 con-
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cal processing and analysis of the data

Percentage conversion of applied urea nitrogen after application of urease inhibitors at different was made with the program system
inhibitor concentrations (cattle slurry, substrate temperature 15°C) SPSS 12.0.
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tainers filled with 2 I of cattle or pig manure, respectively. The
system worked according to the basic principle of a dynamic
chamber. The use of the water-bath measuring system resulted
in a precise and constant temperature of the substrates. All
tests were carried out at 5, 15 and 25°C, respectively. Each ex-
periment was done with randomised repetitions of the different
treatment variants. Ammonia concentrations (non-dispersive
infrared spectroscopy) and the substrate temperatures in the
respective container were measured every 45 min. The compo-
sition, mass, and pH of the slurry were recorded at the begin-
ning and the end of each experimental period.

A standard experiment took a total of one week. After a
single initial application of urease inhibitor solution (UIL) on
day 0 (=Monday), the addition of 100 ml urea solution (HSL;
concentration: 20 g/1) followed every 24 h (Monday to Friday).
A total of five different urease inhibitors were investigated (va-
riants C, D, E, F, G). The inhibitors D, E, F and G were actually
developed by the project partners SKW Stickstoffwerke Pieste-
ritz GmbH [6]. NBTPT (AGROTAIN®), a drug already introduced
as an urease inhibitor in plant production was used as a refe-
rence (variant C). For the null-variant (variant A) no inhibitor
and no urea was used, only water was added in same amounts.
A non-inhibited variant B was included by adding water instead
of inhibitor solution and adding urea solution like in the other
treatments.

The concentration of the respective urease inhibitor solu-
tions was calculated according to the Total Kjeldahl Nitrogen
(TKN) in the slurry and the specified percentage (% of TKN). All
data were collected with the software DASYLab, imported into
an Excel spreadsheet and checked for plausibility. The statisti-
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higher dosage with 0.1% of TKN had to be applied, whereas
at lower substrate temperatures (5 and 15°C) lower inhibitor
concentrations (only 0.01% of TKN) were necessary for the
same effect. Furthermore, for the urease inhibitor D also a si-
gnificant dose-effect relationship was proven: with increasing
concentration of the inhibitor, the urea hydrolysis and hence
the ammonia release decreased.
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Treatment related ammonia release after application of urea solution
on slurry of different sources (target value of urease inhibitor con-
centration: 0.1% of Total Kjeldahl Nitrogen; substrate temperature
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The relations between the quantity and frequency of urea-
se inhibitor applications and resulting reduction effects were
also analysed. Under laboratory conditions 8 mg of the urea-
se inhibitor D had the same reduction effect independent of
the type of application (1x8, 2x4, and 4x2 mg respectively on
consecutive days).

For the studies of the effect of urease inhibitor D on cattle
slurry (liquid manure) from different sources slurry was
used from three different farms. The urease inhibitor D sho-
wed a significant reduction effect regardless of the origin of
the slurry. Both the treatment-dependent release of ammonia
as well as the conversion of the urea-N to ammonia-N and
ammonium-N decreased, although the ammonia release from
the untreated slurry (variant B in Fig. 1) differed according
to its origin.

The studies of the effect of urease inhibitor D at different
layer thickness of the slurry showed that the use of the inhi-
bitor could significantly inhibit the urea hydrolysis and hence
the release of ammonia, at a thickness of 4 mm as well as at
a thickness of 90 mm. But differences between the B and D
variants were observed (Fig. 2). For example, after using the
urease inhibitor D with a layer thickness of 4 mm on average
46% of urea were hydrolyzed to ammonia-N and ammonium-
nitrogen. At a larger layer thickness with 90 mm this amount
was only 4% on average.

For calculating the nitrogen balance, the theoretically re-
maining level of Total Kjeldahl Nitrogen (TKN) was calculated
at the end of a trial based on the experimental data and was
then compared to the laboratory analysis of TKN. Both TKN

values were almost identical. The differences were generally
within the analytical error. So the occurrence of other nitro-
gen losses during the trials — such as by the release of nitrous
oxide — can be excluded.

In further preliminary studies related to the urease inhibi-
tor D, there were no adverse effects of the urease inhibitor D
on biogas formation. According to the use of urease inhibitor
D in pig manure, similar relationships could be identified like
in cattle slurry.

Conclusion and outlook

With the novel developed urease inhibitor D, the urea hydrolysis
could significantly be reduced under laboratory conditions. Be-
cause of the temperature-dependency and the dose-response
relationship of the inhibitor D, the application of appropriate
concentrations is necessary; particularly at higher substrate
temperatures (> 20 °C) a higher inhibitor concentration is re-
quired for a good reduction effect. Under laboratory conditions
the reduction effect of the inhibitor was - when applied at
same total amounts - independent of the temporal distributi-
on of individual smaller portions. Nevertheless it might be use-
ful in practical farms to apply smaller amounts of the inhibitor
more frequently, by that overcoming negative effects of animal
movements and of the contamination of the treated area with
fresh faeces. Observations in a practical farm [3] confirm these
conclusions.

In future investigations the entire process chain up to the
spreading of slurry in the field must be considered to find opti-
mal technical solutions for the application of the inhibitor in the
stable. Indeed, if the urea-N can be kept in the slurry during the
entire process chain by inhibiting hydrolysis, environmentally
harmful ammonia emissions can be reduced and furthermore a
higher fertilizing value of manure will be available.
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