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Introduction

The inefficient use of nitrogen fertilizers can lead to large N losses which, apart from economic loss, can lead to undesirable ecological problems
such as nitrate leaching or hazardous gas emissions such as nitrous oxide (N,O). Previous studies in the Basque Country of Spain (Estavillo et al.,
1994 and 1996) determined that the greatest losses were in spring and autumn following fertilisation events. In order to reduce gaseous emissions
to the atmosphere, nitrification inhibitors, such as dicyandiamide (DCD) or 3,4-dimethylpyrazole phosphate (DMPP), and the inhibitor of the urease
activity N-(n-butyl) thiophosphoric triamide (NBPT) have been developed.

Materials and Methods

All the experiments were carried out in a cut grassland in the Basque Country (northern Spain).in which a randomized complete block design with four
replicates was established. Each experimental plot covered an area of 12 m2 (4 x 3 m). The meteorological conditions of the location'during the different
assays are described in Table 1.

Three different fertilizers were applied (Table 2). Two nitrification inhibitors, DCD and DMPP, and one urease activity inhibitor were added to the different
fertilizers. DCD and DMPP were applied at a rate of 25 kg ha* and 1 kg ha™! respectively. NBPT was applied at a rate of 0.076 mL per liter of slurry. In the
case of the urea NBPT was applied at a rate of 0.2%.

Static chambers were used to measure daily N,O emission after fertilizer application (Menéndez et al., 2006). Cumulative gas emissions during the sampling
period were estimated using the average flux in two successive determinations, multiplying it by the length of the period between the measurements, and

adding that amount to the previous cumulative total. Percentages of reduction by inhibitors were subjected to statistical analysis (ANOVA, p<0.05).
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Ureas Table 1. Climatic characteristic during the different trials (WFPS: soil

water content expressed as percentage of water filled pore space).
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Cumulative losses can reach up to 16% of the applied N, depending on the type of fertiliser and weather conditions. The highest losses took place in
experiment 4 (Table 2) when the conditions both for nitrification and denitrification were in their optimum.

Furthermore, when WEPS was over 70%, denitrification was the main observed process, being probably losses in form of ‘N, instead of N,O that
would explain the lower percentage of losses in other experiments compared to experiment 4.

Table 2. Nitrogen application rates, length of experiment, cumulative N,O emissions and efficiency of different nitrification inhibitors
and urease activity inhibitors in the five experiments.

Experiment  Treatmentf Rate ha! Date Length % of applied % ofapplied % Reduction
(days) N without N with with inhibitor
inhibitor inhibitor
1 M (DCD) 80 kg N Autumn 1998 20 I55) 0.90 41.9
S (DCD) 85 kg NH,-N Autumn 1998 20 1.45 0.58 60. 2\l
’ M (DMPP) 125 kg N Autumn 2001 60 6.02 2.54 57.8
S (DMPP) 125 kg NH,*-N Autumn 2001 60 235 0.91 612 J' §
3 S (DMPP) 135 kg NH,-N Autumn 2002 | ] 8.52 2.67 68.7
4 M (DMPP) 97 kg N ha'! Spring 2003 59 4.58 4.17 8.9
S (DMPP) 97 kg NH,*-N Spring 2003 X 1556 11.32 29.1
U (NBPT) 70 kg N Spring 2005 29 3.46 3.17 8.4
¥ S (DMPP) 70 kg NH,"-N Spring 2005 29 3.26 3.00 8.0
S (NBPT) 70 kg NH,~-N Spring 2005 29, 3.26 2.83 13.2
+ M, ammonium nitrate sulphate; DCD, dicyandiamide; S, slurry; DMPP, 3,4-dimethylpyrazole phosphate; U, Urea; NBPT, N-(n-butyl) thiophosphoric
triamide.

Inhibitor's efficiency was different in each experiment (Table 2). In autumn, DCD reduces losses up to a 42% and a 60% in mineral and slurry
fertilizers respectively, while DMPP reduces up to 58% and 69% respectively. In the experiments carried out during spring (experiments 4 and 5),
the efficiency of DMPP was lower, being of 9% and 30% when it was applied to both mineral and slurry fertilizers.

With respect to NBPT, low inhibition efficiency was observed (less than 13%). If we compare it with DMPP, NBPT was more efficient than DMPP
when it was applied to slurry. DMPP efficiency between autumn and spring varies, thus suggesting that environmental conditions constrain inhibition
effectiveness. (Table 1). The conditions found in experiment 5, high rainfalls and warm temperature, could lead to a faster degradation or leaching
of both inhibitors.

Conclusions
Maximum losses depend on the treatments as well as the weather conditions and soil water content. These conditions can affect to soil
mineralization rate, nitrification rate or denitrification rate. The efficiency of inhibitors is also affected by temperature. DMPP can reach efficiencies
up to 42% and 69% when it is applied to mineral and slurry, respectively. Meanwhile NBPT should be tested under different conditions in order to
observe its maximum efficiency
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