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Abstract

Nitrification of applied nitrogen fertilisers leads to losses of nitrogen (N) as nitrate (NO5") or as the
greenhouse gas nitrous oxide (N,O). Nitrification inhibitors can be used to suppress the ammonia oxidizing
bacteria involved in nitrification and hence reduce these losses. The ability of nitrification inhibitors to
reduce nitrification is dependent upon both climatic and soil conditions, and different inhibitors respond
differently. The ability of two nitrification inhibitors, 3,4-dimethylpyrazole phosphate (DMPP) (1.84 kg/t
urea) and dicyandiamide (DCD) (10 kg/t urea) to reduce nitrification from applied fertiliser (100 kg N/ha) in
a pasture soil, in small scale (150 g) incubation studies under a range of temperatures (5, 15 and 25°C) was
studied. Both products were applied as commercially prepared granular urea products. The comparable
ability of the 2 inhibitors to reduce nitrification, as measured by NO;™ formation, were similar across all
treatments, with neither effective in the topsoil and both causing reduced NO;™ formation in the subsoil. N,O
emissions were reduced by both inhibitors. DMPP was applied at a lower concentration than DCD and
performed almost, and equally as well in many cases.
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Introduction

Nitrification of applied nitrogen fertilisers leads to losses of nitrogen (N) as nitrate (NOs") or as the
greenhouse gas nitrous oxide (N,O). These losses mean that plant use efficiency of nitrogen fertilisers is low.
Reducing nitrification losses can be achieved with the use of nitrification inhibitors that suppress the activity
of the autotrophic ammonia oxidizing bacteria (AOB). Nitrogen is then retained in the ammonium (NH,")
form for longer making is available to plants and reducing the risk of leaching losses. Many nitrification
inhibitors with differing modes of action have been tested in cropping systems and have shown variable
reductions in nitrification, N,O emissions and influence on crop yields (Chen ef al. 2008; Hatch et al. 2005;
Li et al. 2008; McCarty 1999; Yu et al. 2007). The variability in the response of nitrification to the inhibitor
is related partly to climatic conditions, such as moisture and temperature, and partly to the conditions within
the soil including the nitrification potential of the soil and fertilizer history (Barth 2006; Kelliher et al. 2008).
3,4-dimethylpyrazole phosphate (DMPP) is one inhibitor that has been reported to work as effectively as
DCD at lower concentrations (Zerulla et al. 2001). DMPP is a newer inhibitor and has not been tested in
Australian dryland agriculture and knowledge of its viability for high temperature situations is unknown,
with studies covering temperatures to a maximum of 30°C (Irigoyena et al. 2003). DCD has been extensively
used overseas but is considered to be less effective than DMPP (Chaves et al. 2006; Weiske ef al. 2001).
This paper reports on laboratory studies investigating the effect of temperature on the inhibition of
nitrification by DMPP and DCD from urea applications to pasture soils, in small-scale incubation
experiments.

Methods

Soils

Soils were collected from a dairy farm in northern Victoria (S36°25°27”, E145°42°26”) from the top (0-5cm)
and subsoil (5-15 cm), air dried and sieved to <2 mm. Table 1 provides details of the soils used.

Incubation trials

Soil (150 g) in small vials (15cm x 35 cm?) was pre-wetted 2 days prior to commencement of the experiment.
Granular urea was applied at a rate of 100 kg N/ha (175 ug N/g soil). DMPP was applied as the commercial
product Urea with ENTEC™ (1.84 kg DMPP active ingredient/t urea (0.71 ng DMPP/g soil) and DCD was
applied as a granular urea product containing 10 kg DCD active ingredient/t urea (3.8 ug DCD/g soil). A
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control treatment (no fertiliser) was included to measure background N transformations. Samples were
incubated at 5, 15 and 25°C and at 60 % water filled pore space (WFPS). Experiments ran for 70 days with
sample aeration and water replenishment at regular intervals. Nitrous oxide (N,O) samples were collected in
triplicate and analysed using a Hewlett Packard 6890 GC with 2 Porapak Q columns and a carbosorb column
with an ECD detector.

Table 1. Selected source and soil properties.

Dookie —topsoil Dookie-subsoil
Source site Northern Victoria Northern Victoria
Agricultural activity ~ pasture pasture
colour Very dark grey Brown
Texture
%clay 21 33
Yosilt 28 30
%sand 50 37
pH 54 5.5
Org C (%) 10.0 24
Total N (%) 1.0 0.2
NH," (mg/kg) 35 11
NO; (mg/kg) 53 33
Nitrifying potential 18 4
(mg/kg/day)
Results

Nitrification rates in the control treatments were similar to those observed in the fertilizer treatments under
all temperatures in the topsoil, and less in the subsoil (Figure 1). This was due to the high nitrification
potential of this soil (Table 1). Addition on the nitrification inhibitors DCD and DMPP had no impact on the
formation of NOj' in the topsoil but did reduce the level of NO;™ formed in the subsoil, where the nitrification
potential of the soil was lower. DCD appeared to perform slightly better than DMPP where inhibition was
achieved (subsoil) especially under cooler temperatures.
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Figure 1. Nitrate (NO3’) formation for the control, urea, urea +DMPP and urea+DCD treatments over 70 days,
at temperatures of 5, 15 and 25°C.
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Cumulative nitrous oxide (N,O) emissions measured in the urea treatments was greater than in the inhibitor
(DCD and DMPP) treatments and in the control under all conditions (Figure 2). DCD and DMPP were both
able to reduce the N,O emissions over 70 days. The reduction in N,O emissions after 70 days with DCD was
81 (5°C), 64 (15°C) and 37% (25°C) in the topsoil, and was 88 (5°C), 86 (15°C) and 44% (25°C) in the
subsoil. The reduction in N,O emissions after 70 days with DMPP was 65 (5°C), 61 (15°C) and 14% (25°C)
in the topsoil, and was 76 (5°C), 74 (15°C) and 31% (25°C) in the subsoil. DCD appeared to perform better
than DMPP most noticeably at 5°C. However DCD was applied at a greater application rate (10 kg/t urea)
than DMPP (1.84 kg/t urea).
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Figure 2. Cumulative nitrous oxide (N,O) emissions for the control, urea, urea +DMPP and urea+DCD
treatments over 70 days, at temperatures of 5, 15 and 25°C.

Conclusion

Nitrification rates in the topsoil of the pasture soil were very high and addition of fertiliser made no
difference to the level of NO;™ produced. Under these conditions neither DMPP nor DCD were able to reduce
nitrification rates. In the subsoil both inhibitors were able to reduce the nitrification rate and rate of NOs”
formation relative to urea. Emissions of N,O were greatest with fertiliser addition and both DMPP and DCD
were able to reduce the emissions. Temperature affected how much reduction in N,O emissions was
observed for both inhibitors.
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