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Abstract 

Emission of nitrous oxide (N2O) from fertilisers applied to soils comes from the process of nitrification, 

carried out by ammonia oxidizing bacteria (AOB) such as Nitrosomonas, and subsequent denitrification. 

Nitrous oxide emissions from agricultural soils are estimated at around 3% of the total greenhouse gas 

budget for Australia (Department of Climate Change 2009). A nitrification inhibitor, such as 3,4-

dimethylpyrazole phosphate (DMPP) suppresses the activity of the AOB and thereby reduces nitrification 

and associated losses. This paper reports on a study of the impact of DMPP on N2O emissions from four 

soils fertilised with urea (100-160 kg N/ha) over a range of temperatures (5-35
o
C) in small scale (40-150g 

soil) incubation studies. DMPP was highly effective at reducing N2O emissions in one soil (Pin Gin, Qld 

Australia) by more than 93% at 25 and 35
o
C and temperature had no impact on the reductions. DMPP was 

less effective in reducing N2O emissions from the other soils examined (19-89% reductions) and temperature 

influenced the reductions. The ability of DMPP to reduce emissions was related to the pH, organic C and 

mineral N status of the soils examined. The results show that DMPP has the potential to be used as a tool for 

mitigation of N2O emissions from Australian agricultural systems.  
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Introduction 

Losses of applied fertiliser nitrogen (N) as leachable nitrate (NO3
-
) and as emissions of nitrogenous gases 

(N2, N2O, NOx) can occur from both nitrification and subsequent denitrification. There is increasing concern 

about the contribution of greenhouse gas (GHG) emissions to climate change, from industry, transport and 

agriculture. Nitrous oxide (N2O) from agricultural soils accounts for 3% of the Australia’s total GHG 

emissions.  

 

One method of reducing N losses from nitrification is to reduce the rate of nitrification by inhibiting 

autotrophic ammonia oxidizing bacteria (AOB), increasing plant uptake of ammonium (NH4
+
), and this can 

be achieved using nitrification inhibitors. Various nitrification inhibitors have been tested in cropping 

systems and have shown variable reductions in N2O emissions (Chen et al. 2008; Hatch et al. 2005; Li et al. 

2008; McCarty 1999; Yu et al. 2007). This is partly because nitrification inhibitors are affected by soil 

properties and climatic variables such as temperature and moisture (Barth 2006; Kelliher et al. 2008). 3,4-

dimethylpyrazole phosphate (DMPP) is one inhibitor which can be used at lower concentrations than other 

inhibitors with similar results (Zerulla et al. 2001).  

 

DMPP 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
o
C (Irigoyena et 

al. 2003).  

 

This paper reports on laboratory studies investigating the effect of temperature and DMPP application rate on 

N2O emissions from urea applications to Australian soils, in small-scale incubation experiments.  

 

Methods 

Soils 

Soils were collected from a number of locations, air dried and sieved to <2 mm. Table 1 provides details of 

the soils used. 
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Table 1. Selected source and soil properties 

 Pin Gin  Mackay Dookie –topsoil Dookie-subsoil 

Source site Far northern 

Queensland 

Queensland Northern Victoria Northern Victoria 

Agricultural activity sugarcane sugarcane pasture pasture 

colour Dark reddish 

brown 

Black  Very dark grey Brown  

Texture 

%clay 

%silt 

%sand 

 

39 

10 

51 

 

15 

12 

72 

 

21 

28 

50 

 

33 

30 

37 

pH 4.5 4.0 5.4 5.5 

Org C (%) 3.9 1.5 10.0 2.4 

Total N (%) 0.2 0.1 1.0 0.2 

Nitrifying potential 

(mg/kg/day) 

1.8 1.2 18  4  

 

Incubation trials 

Soil (40-200g) was pre-wetted 2 days prior to commencement of the experiment. Granular urea was applied 

at a rate of 100 (pasture soils) and 160 (sugarcane soils) kg N/ha (175 and 1325 ug N/g soil). DMPP was 

applied as the commercial product Urea with ENTEC™ (1.84 kg DMPP active ingredient/t urea (0.7 Mg 

DMPP/g soil (pasture) 5.3 Mg DMPP/g soil (sugarcane)). Urea (1325 Mg N/g soil) was also applied as a 

solution with DMPP (2.8 Mg/g soil) to the sugarcane growing soils for temperature comparison. A control 

treatment (no fertiliser) was included to measure background N transformations. Samples were incubated at 

5, 15, 25 and 35
o
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 (N2O) 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. Emissions on a per hectare basis were calculated from the area of the vials (35 cm
2
). 

 

Results 

Nitrous oxide emissions from the control treatments were generally lower than fertilised soils (<2.6 kg N2O 

/ha) with the exception of the Dookie topsoil (Table 2).  Nitrous oxide emissions from the unamended urea 

were greatest from the Dookie topsoil at 25
o
C (Table 2) (55 kg N2O/ha), followed by the Mackay (11.8 kg 

N2O/ha), Dookie subsoil (10.5 kg N2O/ha) and Pin Gin (8.0 N2O/ha) soils. The high level of emission from 

the Dookie topsoil reflects the high emissions from the control treatment for this soil. Emissions of N2O from 

all treatments increased with temperature in the Dookie soils to 25
o
C but were reduced in the Pin Gin and 

Mackay soils when the temperature was increased from 25 to 35
o
C.  

 

Table 2. Cumulative N2O emissions after 70 days 
N2O   (kg/ha) Soil Temperature 

(
o
C) 

DMPP rate 

(µg/g soil) 
Control Urea 

Urea + 

DMPP 

% 

reduction 

with DMPP 

Pin Gin 25 2.81 0.0 8.0 0.1 94 

 25 11.5 0.0 5.8 0.3 93 

 35 2.81 0.0 5.3 0.3 99 

Mackay 25 2.81 0.9 12.1 4.4 64 

 25 11.5 0.9 11.8 1.3 89 

 35 2.81 1.2 7.9 6.3 19 

Dookie - topsoil 5 1.6 0.6 1.6 0.6 65 

 15 1.6 1.7 4.9 1.9 61 

 25 1.6 44 55 35 37 

Dookie - subsoil 5 1.6 1.7 3.6 0.8 76 

 15 1.6 1.3 7.4 1.9 74 

 25 1.6 2.5 10.5 7.2 31 
 

The reduction in N2O emissions due to application of DMPP was greatest in the Pin Gin soil (>93%) 

regardless of application rate or temperature (Table 2). In the Mackay soil the rate of DMPP applied did 

influence the inhibition achieved, with greater inhibition with higher rates of DMPP (5.3 Mg/g soil) (89%). 

In all the other soils increased temperature decreased the degree of reduction in N2O emissions as a result of 

using DMPP, as observed in other studies (Irigoyena et al. 2003). At 25
o
C DMPP reduced N2O emissions in 

the order Pin Gin > Mackay > Dookie topsoil > Dookie subsoil.   
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Linear regression, excluding the data for the Dookie topsoil, showed that the level of N2O emissions 

measured with DMPP influenced the percentage reduction in N2O emissions as a result of using DMPP 

(R
2
=0.80). However there was no relationship between the level of N2O emissions measured for urea and the 

percentage reduction in emissions due to DMPP, and no relationship between emissions from urea treatments 

and emissions from DMPP treatments.  

 

Soil pH appeared to influence the level of reduction in N2O emissions with less emission in the highly acidic 

Mackay soil compared to the Pin Gin soil. Soil texture may also influence inhibition with less inhibition in 

the sandier soil from Queensland (Mackay) than in the clayey soil (Pin Gin). The level of organic C and 

mineral N also influenced the level of emissions and the reduction achieved, with a high level of organic 

matter, such as found in the Dookie topsoil, leading to high emissions of N2O and a lower ability for the 

DMPP to reduce these emissions. Where a greater number of AOB exist, greater levels of DMPP may 

achieve similar levels of inhibition as seen in less organic soils such as the Pin Gin. The composition of the 

biological community in the soil is likely to influence the level of reduction achieved also both in terms of 

numbers of heterotrophic and autotrophic organisms and also in the composition of the autotrophic 

populations.  
 

Conclusion 

Reductions in N2O emissions with addition of DMPP to urea from four different soils at 60% WFPS and at 

temperatures of 5 to 35
o
C ranged from 19 to 99%. DMPP was very effective in reducing N2O emissions 

compared to urea, by more than 93% in a sugarcane growing soil from far northern Queensland (Pin Gin) 

under all conditions. DMPP was able to reduce N2O emissions in another sugarcane growing soil but to a 

lesser extent (19 to 89%) and in pasture soils from Victoria (31-76%), and the level of reduction in these 

instances was decreased with increasing temperature.  

 

Soil pH, texture and organic C content are considered to be the factors influencing the level of N2O 

emissions seen and the degree of reduction shown with the addition of DMPP.  
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