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Executive Summary 
 

- Hydrolysis-induced pH increase in soil is the main volatilization driver, but urease inhibitors stabilize soil conditions 
- Up to 86% mitigation of urea volatilization occurs with urease inhibitors (esp. NBPT) as shown in field research 
- More effective and consistent mitigation is achievable via urease inhibitor technology than management techniques 
- Urease inhibitors are well suited to the fertilizer needs of seasonal, nitrogen-demanding crops  
- Urea treated with inhibitors can reach agronomic parity with non-volatile standards like ammonium nitrate  
- Urease inhibitors are a marginal investment producing high returns when retained nitrogen is used to boost yields  
- Treating urea with inhibitors is simple and done locally to enable efficient logistics and scalability of improved urea 
- EC 2003/2003 regulation should be the defining document of acceptable technologies to ensure user protection 
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Introduction 
 
In support of updating Annex 9 of the Gothenburg Protocol, an overview is submitted on recent research on the 
effectiveness of urease inhibitors to mitigate ammonia volatilization from manufactured urea fertilizers.  Ammonia 
volatilization following urea application to the soil is a problem at many levels. The scale of nitrogen loss is very 
large considering global urea fertilizer use is approximately 130 million mt per year.  The environmental damage has 
been estimated at thousands of US dollars per mt of emitted ammonia (Shialis 2007), ammonia is a source of indirect 
N2O emissions and a nucleating agent for particulate matter formation.  The fertilizer lost via volatilization is a waste 
of fuel and natural gas feedstock consumed during urea manufacturing. Of great importance is the concomitant loss in 
crop production creating financial harm to the farmer and limiting yields while food production struggles to stay 
ahead of population growth. 
 
The problem can be solved with fertilizer technology that prevents ammonia volatilization.  The most effective and 
consistent solution is urease inhibitor technology such as the urease inhibitor NBPT (N-(n-Butyl) Thiophosphoric 
Triamide) which is available globally as a formulated, easy-to-apply product under the tradename Agrotain. 
 
This overview highlights developments in mitigating volatilization from urea with specific focus on the effectiveness 
and feasibility of urease inhibitors as a mitigation technology. This document is not intended to be an exhaustive 
review of the literature on urease inhibitors as many previous reviews are available (Watson 2009, Watson 2000, 
Trenkel 1997). Also, urease inhibitor use for mitigating ammonia volatilization from manures and excrement 
(example: Zaman 2009) is excluded from this document. 
 
Visualizing soil processes that cause volatilization 
 
The dynamics of urea hydrolysis has been revealed with a new, non-invasive quantification and visualization tool 
called the “N-sight technique” (Blossfeld 2009).  Planar optodes are placed into the soil profile and approximately 1 
cm away from the urea granule and scanned every 15 minutes. Each 2D data matrix is visualized with colors to 
represent pH values and compiled into a time-lapsed sequence of pH changes in the ‘microsite’ below the granule. 
 
Static images of soil pH dynamics from the N-Sight system as influenced by a single granule of either urea or urea + 
NBPT is shown in Figure 1.  In both treatments, the urea granules dissolve and diffuse into the soil at equivalent rates 
as Agrotain provides no “barrier properties” to water or urea diffusion.  Urea hydrolysis rate is reduced by NBPT 
thereby slowing the buildup of NH4 concentration in the soil (source for NH3 formation) and the limiting the increase 
in microsite pH. 
 

 
Figure 1. Time lapse images of spatial pH measurement in below the soil surface as influenced by a single granule of either 
urea (top row) or urea treated with the urease inhibitor NBPT (tradename Agrotain).  Urea hydrolysis rapidly and extensively 
induced pH changes in the soil ‘microsite’ below the granule (each images represents approximately 30mm2).  Treatment of 
urea with NBPT slowed hydrolysis to moderate pH changes in the soil microsite. 

Figure 2 displays the images of Figure 1 but stretched along the axes of time (0 to 5.5 days on x axis) and microsite 
pH (7.5 to 9.5 on y axis).  Within two days, microsite pH with urea treatment was at or above the pKa of ammonium 
(pKa = 9.24) greatly favoring NH3 gas formation and loss. Mircosite conditons remain unstable for several days until 
urea hydrolysis is complete and the soil buffering capacity begins returning the soil to the initial pH. 
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The equilibrium of NH4: NH3 at peak pH values of the two treatments was calculated from overall pH value of the 
microsite and the pKa of ammonium (pie charts in Figure 2).  Also an approximation is made about the size of the 
total ammoniacal pool as represented by the area of the pie chart.  Therefore, the risk of volatilization – illustrated by 
the area in red in Figure 2 – is a combination of available NH4 and pH in the microsite.  Both of these variables are 
controlled with NBPT during the early, short critical period resulting in dramatic reductions in volatilization losses. 

 
Figure 2. Illustrative volatilization risk comparison of urea and urea treated with NBPT utilizing the images from Figure 1. 
The pie charts represent the calculated equilibrium of NH4:NH3 in the microsite during 5.5 days of measurements.  The area 
of the pie charts represent the size of ammoniacal “pool” liberated from urea (e.g. the source for NH3) with the calculated 
percentage of NH3 at the peak pH (e.g. the driver of NH3 loss). The area in red represent the relative risk of NH3 loss which 
is determined by the amount of ammoniacal nitrogen and the pH in the microsite. 

 
The time course of pH increase with normal urea mimics the peak emission of NH3 that typically occurs 3-4 days after 
urea application indicating that microsite pH increase is the main driver of NH3 loss.  The more ‘static’ chemical and 
physical properties of soil may have a secondary influence on volatilization losses. 
 
Uncertainty in the magnitude of ammonia emission, certainty in the performance of urease inhibitors 
 
Field results from a multi-site, multi-year study by the UK Department of Environment, Food and Rural Affairs 
(Chadwick 2005) examined volatilization losses and effectiveness of NBPT across a background of varied 
environmental and soil factors at 16 locations. 

Urea volatilization losses across environmental conditions
100 kg N/ha to 16 tillage and grassland sites, data: UK Defra project NT26
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Urea + NBPT volatilization losses across environmental conditions
100 kg N/ha to 16 tillage and grassland sites, data: UK Defra project NT26
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Figure 3a. Volatilization losses as influenced by the 
environmental factors of precipitation and soil temperatures. 
Higher precipitation may reduce volatilization but losses were 
still 10% or more.  Temperature at this range had no effect as 
the coldest soil produce substantial losses. 

Figure 3b.  Volatilization losses with NBPT-treated urea 
(compare to no NBPT in Figure 3a).  NBPT was highly effective 
in reducing volatilization losses across all environmental 
conditions. 

 
Figure 3a indicates substantial (> 15mm) precipitation after application could reduce NH3 loss.  Higher precipitation 
is expected to “wash and dilute” urea in to the soil to either reduce intense pH changes and/or trap the NH3 in the soil 
matrix. However, even with 20mm of rain, the losses with urea remained at approximately 10% of applied nitrogen. 
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Temperature within the range studied did not strongly influence volatilization losses (Figure 3a) as some of the 
highest losses occurred at the lowest temperatures.  Low temperature is not expected a priori to reduce volatilization 
considering urea hydrolysis is a simple chemical reaction without the temperature sensitivity typical of microbially-
mediated reactions like nitrification. For example, Engel (2009) has confirmed NH3 losses from field application of 
40% within 14 days from soils near 0 C using the micro-meteorological technique. NBPT mitigation of nitrogen loss 
from frozen soils (followed by freeze-thaw cycles) was evidenced by a 19% increase in yield versus normal urea and 
agronomic parity between NBPT-treated urea and calcium ammonium nitrate, the non-volatile standard (Schraml 
2007). Therefore, while low temperatures do not mitigate volatilization,  NBPT performs well in all conditions. 
 
The influence of soil properties on volatilization are shown in (Figure 4a). There is not an obvious influence of CEC 
or bulk pH on volatilization losses. Treating urea with NBPT substantially lowers volatilization loss and is consistent 
across all test conditions (Figure 4b). 

Urea volatilization losses across soil properties
100 kg N/ha to 16 tillage and grassland sites, data: UK Defra project NT26
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Urea + NBPT volatilization losses across soil properties
100 kg N/ha to 16 tillage and grassland sites, data: UK Defra project NT26
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Figure 4a. Volatilization losses as influenced by the soil 
properties CEC and bulk pH.  Neither property appeared to 
influence volatilization losses. 

Figure 4b. Volatilization losses with NBPT-treated urea 
(compared to no NBPT in Figure 4a.  NBPT was highly effective 
across all environmental conditions. 

 
The volatilization loss averages and ranges from different nitrogen options are shown in Figure 5. Normal urea 
produced 26% N loss averaged over the 16 sites and at least 10% loss at all sites with a peak of 58% at one site.  Urea 
treated with NBPT lost 7% N and the “non-volatile” ammonium nitrate standard lost 4% of the applied N. 
  
The effectiveness of the urease inhibitor can be measured in two ways (Table 1). The first is absolute reduction or 
“Reductionabs” which is the reduction in volatilization using zero loss as the denominator (e.g. a soil with no added 
N).  The second measure is achievable reduction or “Reductionach” which is the reduction in volatilization using the 
NH3 loss from of a “non-volatile” standard like ammonium nitrate as the denominator. Reductionach may be the more 
realistic measure of urease inhibitor effectiveness because urease inhibitors would not/should not be expected to 
mitigate NH3 losses below the level of the non-volatile standard. 

Volatilization losses by nitrogen type
100 kg N/ha to 16 tillage and grassland sites, data: UK Defra pro ject NT26
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Table 1. Efficacy of NBPT to reduce volatilization. Average 
of 16 site from UK Defra NT26 project.  Reductionabs uses 
zero as the baseline (e.g. simulating  while Reductionach 
uses the non-volatile standard as a baseline.  NBPT has 
highly effective in reducing ammonia volatilization. 
 

Volatilization mitigation from NBPT
% Reduction(abs) 73%
% Reduction(ach) 86%

 

Figure 5. Comparison of average and spread of volatilization losses 
with urea, NBPT-treated urea and the non-volatile standard ammonium 
nitrate.  Urea losses were always above 10% with and average of 
26%.  NBPT-treated urea average was 7% and much closer to the 4% 
volatilization loss with ammonium nitrate. 

 

 
NBPT treatment of urea resulted in a volatilization Reductionach of 86% and Reductionabs of 73%.  These results are 
in-line with the previous laboratory research of Watson in Europe who recorded a Reductionabs of 68% across 16 
widely varied soil types (Watson 1994a) and field studies with Reductionabs of 83% (Watson 1994b).  Grant in Canada 
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also noted Reductionabs of 94% in spring and Reductionabs 86% in summer field trials (Grant 1996). However earlier 
research did not include a non-volatile standard, so Reductionach cannot be calculated. 
 
To summarize field volatilization results, research indicates the magnitude of nitrogen loss is uncertain. For example, 
precipitation after application reduces volatilization but some losses still occur.  Temperature, soil CEC and bulk soil 
pH do not appear to have an obvious influence on volatilization. However, NBPT was highly effective across 
environmental, chemical and physical conditions demonstrating the utility of the technology.  Field research 
demonstrates NBPT is 80% (or more) effective in mitigating volatilization. An effective mitigation technology is 
needed, not because the magnitude of volatilization is certain, but precisely because it is not. 
 
Mitigation with fertilizer technology or management techniques? Which is the most effective and consistent? 
 
There are two approaches to mitigating volatilization loss; through the use of fertilizer technology or management 
techniques. Technologies are added in the urea manufacturing/distribution chain by the provider of the fertilizer. 
Management techniques are typically use practices implemented by the end-user. Determining the best approach for 
mitigation reveals two intertwined questions. The first: “Is the urea provider or end-user responsible for mitigating 
volatilization?’. The second: ‘How effective are the different approaches to mitigation?’. Recent research has 
addressed the second question. 
 
Technologies and techniques were compared is their effectiveness to mitigate volatilization while maintaining 
nitrogen availability for crop production. The management techniques were urea broadcast, urea broadcast and 
incorporated or urea banded and incorporated.  The management practices were compared to broadcasted urea either 
treated with Agrotain or coated with a polymer shell as a diffusion barrier. The management techniques were 
compared to broadcasted urea with the technologies NBPT or polymer coating as a diffusion barrier. 
 

 

 

 
Figure 6a. Volatilization losses from either nitrogen management 
techniques or technologies from Rochette (2009).  Soil 
incorporation or band incorporation (typical mitigation techniques) 
actually increased NH3 losses relative to broadcast surface 
applications of urea.  NBPT-treatment and polymer-coating of urea 
(mitigation technology) reduced volatilization losses. 

Figure 6b. NH4 content in soils with either nitrogen management 
techniques or technologies from Rochette (2009).  Broadcast 
incorporated had very high NH4 contents but also lost the 
greatest NH3 (Figure 6a).  Polymer-coated urea apparently did 
not release the urea producing very low and perhaps risking crop 
nutrition.  NBPT prodived moderate levels of NH4 and the lowest 
NH3 losses (Figure 6a). 

 
Soil incorporation techniques increased volatilization losses (Figure 6a) due to increased moisture below the surface 
to initiate hydrolysis.  Band incorporated resulted in 27% N loss during the 25 days after application despite being 
incorporated 5cm deep in a soil with bulk pH of 5.4. Treatment of urea with NBPT substantially reduced the 
volatilization as did polymer-coated urea. 
 
The other crucial measure of mitigation effectiveness is the availability of nitrogen to support crop production.  
Polymer-coated technology apparently did not release sufficient amounts of urea causing very low soil nitrogen 
content (Figure 6b) and probable negative consequences for early-season crop growth. Normal urea – regardless of 
incorporation technique – lost N through volatilization which reduced soil nitrogen supply with likely negative 
consequences for late-season crop nutrition and productivity. NBPT treatment appears to be most suitable amongst the 
alternatives to minimize volatilization (Figure 6a) and maintain soil nitrogen availability (Figure 6b). 
 
An important practical issue is the feasibility of mitigation approaches on farm operations.  In the UK for example, 
97% of straight nitrogen fertilizer products (e.g. like urea) are applied as a top-dress (Watson 2009) with operation 
speeds of tens of hectares per hour.  By definition, top-dressing excludes tillage operations, but if tillage was used to 
incorporate urea, the efficiency of the operation would fall dramatically and cost would rise.  In grasslands, tillage is 
also excluded. For efficient and profitable farming operations, a technical improvement of the fertilizer to prevent 
urea volatilization would seem better suited than a management technique such as tillage that – if possible – consumes 
valuable time and energy and in some cases may be ineffective. 
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Urea burial in the soil can be integrated as a seed dressing during planting operations, which offers another 
productivity opportunity for urease inhibitors beyond preventing volatilization losses. A standard practice in some 
production systems is placing Agrotain-treated urea in the same furrow as wheat seeds even with nitrogen rates 50% 
to 100% higher than seed dressings with normal urea. NBPT minimizes the pH change (as shown in Figure 1) and 
subsequent ammonia build-up in the seed furrow and thereby preventing the risk of injury to the germinating crop 
(Bremner 1988).  This also hints how a technique (urea burial integrated into the planting operation) - that can reduce 
volatilization loss but could increase risk of crop injury - can be combined with technology (urease inhibitor) - that 
reduces volatilization and seedling injury risk -  to achieve potentially higher levels of mitigation and production. 
 
Urease inhibitors also relive the farmer or applicator of the stress and risk of timing urea application immediately 
before (e.g. within 1 day for avoid peak volatilization rates) rain events, which are typically unpredictable. The risks 
with timing techniques are three-fold.  Either the rain does not materialize or inadequate rains trigger rather than 
prevent volatilization or the rain forces the farmer out of the field and the nitrogen application is delayed.  Urea 
treated with urease inhibitors allow the fertilizer operation to be conveniently executed within the multitude of farm 
operations without the risk and worry of significant volatilization loss. 
 
To summarize the comparison of techniques or technologies, it would appear technology has an important role in 
mitigating volatilization loss.  Urea management techniques such as incorporation (if possible) can have a benefit, but 
as recent research indicates, the management technique approach is not always reliable and can be time-, energy-, and 
management-intensive. Alternatively, some technologies are not universally suited to annual cropping systems.  The 
barrier coating (e.g. polymer-coated) technology can “lock” the urea from release, which does mitigate volatilization 
but may also limit crop productivity. Urease inhibitor technology can be highly effective (80% or more with NBPT) 
in preventing volatilization but not restricting nitrogen availability for fast-growing, nitrogen-voracious crops like 
cereals and grasses. NBPT inhibitor technology consistently provides stability to urea fertilizer over a wide range of 
soil and environmental conditions. 
 
Preventing volatilization can raise the agronomic performance of urea to parity with ammonium nitrate 
 
Yield is the primary measure of agronomic performance and of greatest interest to the end-user.  The performance 
standard in european upland-crop systems is ammonium nitrate and the “performance gap” between normal urea and 
ammonium nitrate is largely explained by the volatilization problem with urea.  Recent results demonstrate urease 
inhibitors can raise urea performance to parity with ammonium nitrate. 
 
Maize production in subtropical conditions of Brazil (Cantarella, 2009), showed significant yields gains by 
minimizing volatilization losses with either use of Agrotain-treated urea or ammonium nitrate.  Agrotain-treated urea 
raised the agronomic performance to parity with ammonium nitrate, the non-volatile standard. 
 

Table 2. No-till maize grain yield comparison by nitrogen type in Brazil.  
 Maize yield 
Nitrogen source --- kg ha-1  --- 
Urea 7054 a 
Urea+Agrotain 7405 b 
Ammonium nitrate 7526 b 

Fertilizers were side-dressed surface-applied at growth stage V6. 
Data are averages from seven nitrogen-responsive sites. 
Means followed by the same letter do not differ (Tukey, p≤ 0.05) 

 
Achieving performance level of ammonium nitrate with Agrotain-treated urea is not limited to regions like Brazil as 
UK trials have indicated similar results.  Field trials in winter cereals were conducted by the UK research organization 
ADAS in 7 locations throughout the UK.  Nitrogen rates were based on the official government recommendation (rec) 
and either lowered by 50 kg N/ha (rec -50kg) or increased by 50 kg N/ha (rec +50kg) to produce a nitrogen response 
curve.  Compared to urea, the inclusion of the urease inhibitor increased the nitrogen retained in the soil allowing 
more nitrogen off-take (Figure 7a) to produce more grain (Figure 7b) and protein (Figure 7c).  In all cases, normal 
urea performance was lower than ammonium nitrate or Agrotain-treated urea. The dataset is currently receiving a full 
statistical analysis.  
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Figure 7a. Nitrogen off-take (kg N ha-1) in 
winter cereals.  Ammonium nitrate and 
Agrotain-treated urea were similar but 
normal urea had lower off take likely due 
to volatilization losses and therefore 
unavailable for crop use. 

Figure 7b. Grain yield in winter cereals 
with different nitrogen sources.  
Ammonium nitrate and Agrotain-treated 
urea tended to be similar but urea yield 
were lower corresponding to the reduced 
off-take / availability. 

Figure 7c. Grain quality (expressed as 
%N in grain which indicates protein levels) 
in winter cereals with different nitrogen 
sources.  Ammonium nitrate and Agrotain-
treated urea were similar.  Treatments 
with normal urea appeared lower. 

 
To summarize the agronomic performance of urease inhibitors, yield trials indicate urease inhibitors raise the 
performance of urea to parity with the common non-volatile standard ammonium nitrate. Although yield is only one 
measure of the effectiveness of volatilization mitigation, it is an important criterion for farmers to evaluate the value 
of a urea + inhibitor combination. 
 
Determining the value of mitigating volatilization 
 
Calculating the return on investment from a urease inhibitor requires a multi-factor equation, similar to calculating the 
returns from nitrogen fertilizer itself.  Factors such as rate of urea applied, the response of the crop to nitrogen, the 
unit value of the harvested component (e.g. kg maize vs kg wheat vs kg rice), the selling price of the crop and the cost 
of the Agrotain-treated urea will determine the net revenue from the technology. In general, the greatest benefit to the 
farmer will be to increase and stabilize crop yields through robust urea performance rather than reducing nitrogen 
rates and potentially “undershoot” optimum yield or yield stability. There are many input costs beyond urea to 
produce a profitable crop.  By increasing yield, the end-user is able to adequately cover all input costs instead of 
focusing on reducing only the cost of nitrogen, which – although relatively small cost – is a key determinate of yield, 
revenue and profitability. 
 
The potential for yield gains from NBPT-treated urea are summarized in Table 3 where results from years of maize 
and wheat trials provide a generalized assessment of urease inhibitor technology to increase crop productivity. 
 

Table 3.  Net yield gains in maize and wheat yield increases from Agrotain treatment of urea. 

Maize response Wheat response
Urea Urea

+ AGROTAIN + AGROTAIN
N-responsive sites 408 64

Average nitrogen rate kg N/ha 133 81
Technoology increase vs normal urea/UAN kg/ha 842 242  

Source: Agrotain International Product Information Guidebook and trial database. 

 
Figure 8 shows the relationship between grain value and crop response which are the biggest drivers of net revenue.  
Nitrogen price changes have a small impact on net revenue as nitrogen is only one relatively small component of 
overall input costs. Likewise, Agrotain is a fraction of the nitrogen input costs, so the price of Agrotain barely impacts 
crop input costs. 
 
Figure 8 illustrates the gains in net revenue as a function of grain values and crop responses from Agrotain use.  The 
illustration uses the urea rate from Table 3 of 133 kg N/ha, Agrotain cost of 53.00 USD/mt urea and illustrates three 
different yield increases of 200, 500 and 1000 kg/ha due to Agrotain treatment of urea.  In the case of maize, yield of 
10 mt/ha are common meaning the three different crop responses to Agrotain technology represent 2%, 5% and 10% 
yield gains.  
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Economics of AGROTAIN-treated urea with grains
(assumptions: 133 kg N/ha from urea, 7.05 USD/ha cost for Agrotain)
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Figure 8. Gains in net revenue under three crop responses from the use of 
Agrotain.  As the grain value and crop response increase, the net returns grow.  
Even very small increases in yield such as an additional 200 kg/ha compensates 
for the investment in urease inhibitor technology and provide a net increase in 
revenue. 

 
To calculate a ‘snapshot’ perspective amongst constantly moving commodity prices, the net revenue from Agrotain 
use was calculated based on the variables in Table 3 and a maize market price of 167 USD/mt (Chicago Board of 
Trade, 01 Jan 2010).  The net return was 134 USD/ha from the use of AGROTAIN (represented by a red dot) 
compared to a net cost of 7.05 USD/ha which provides a “return on investment” of 19 to 1. Even modest yield gains 
of 2% (in the maize example) provides a multiple return on investment from the technology for the farmer. The 
positive economics of technology highlight that the cost of improved urea is relatively small but the improved 
effectiveness of nitrogen increases yield and potential multiples of return on investment. 
 
To summarize the value of mitigating volatilization, the end-user will gain the most by utilizing technology increase 
crop production when possible. Yield is the obvious performance measure of any nitrogen fertilizer. Urease inhibitors 
can raise the yield potential from urea while also providing additional value with fertilizer application flexibility, seed 
safety, and performance consistency. The return on investment for Agrotain technology can be highly positive as 
improvements in urea effectiveness Can substantially increase profitability. While using urease inhibitor technology 
to reduce urea rates is also possible, the potential value gain is small as the nitrogen input cost is already relatively 
small leaving little opportunity to make worthwhile rate reductions that do not jeopardize yield potential. Reducing 
nitrogen rates through the use of urease inhibitors as a profit maximization strategy is effective only when nitrogen 
rate recommendations are exceeded in an attempt to compensate for volatilization loss. 
 
Achieving mitigation goals starts with locally-adoptable technology that can be scaled up to demand 
 
The large-scale mitigation of volatilization is achievable and practical if the solution can be easily implemented into 
the existing distribution structure of the farming community.  Urease inhibitor technology offers several advantages to 
achieve high adoption rates in a short period of time. 
 
Agrotain is the most widely used urease inhibitor providing improved nitrogen effectiveness on millions of hectares of 
crops globally. The simplicity of implementing is one factor that spurs the adoption in the market. Treating the surface 
of urea granules with Agrotain is performed by a distributor to ensure an adequate level of quality control and 
logistical efficiency.  The treating process can be seamlessly integrated into the fertilizer handling equipment so no 
extra handling time or effort is needed. As the market for the improved urea increases, the treatment can be scaled up 
by adding Agrotain further “up” in the distribution chain – back to the local urea manufacturing plant if feasible. The 
availability of ‘distributed’ technology (e.g. urease inhibitor) introduced near the point of fertilizer use is logistically 
and economically advantageous considering other ‘centralized’ technologies (e.g. barrier coatings) can only be added 
at a extremely limited global manufacturing sites. 
 
Management techniques are also ‘distributed’ but face the difficulty of improper implementation or only temporary 
adoption by end-users.  Often management techniques require a change in agricultural practice which means a change 
in human behavior.  Changing behavior is notoriously difficult in agriculture especially when the results are not 
immediately tangible as is the case with volatilization. If the management technique is adopted, there can be many 
variants producing different levels of mitigation. Another challenge is a possible time and capacity constraints to 
change the behaviors of large populations within reasonable time and cost limitations. 
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In contrast, inhibitor technology provides high efficacy, consistent performance and can be adopted directly into the 
existing practice of the end-user. The urease inhibitor are especially well suited to obtain assured levels of 
volatilization reduction and ensuring consistent implementation over a large scale. By simply choosing the improved 
fertilizer, the end-user receives a simple, predictable and positive experience which helps reinforce wider adoption of 
the mitigation solution.  Inhibitor technology serves practical needs to increase the productivity of individual farmers 
while also achieving collective environmental goals of minimizing ammonia emissions into the environment. 
 
Importance of defining acceptable technologies to ensure confidence in the mitigation effort 
 
The segment of the fertilizer industry focusing on fertilizer technologies is a poorly regulated area – especially when 
compared to the highly defined laws for basic fertilizers. The lack of regulation on fertilizer technology creates – 
unfortunately - chances for unscrupulous products and business practices.  
 
In the case of the product Agrotain and the active ingredient NBPT, a complete registration dossier spanning hundreds 
of pages with detailed studies on ecological, human and crop safety as well as agronomic performance is submitted to 
regulatory authorities.  Official registration has been granted in the United States, Canada, Brazil, European Union, 
South Africa, Australia, New Zealand and many more countries. However, the acceptance of researched and proven 
technologies like Agrotain/NBPT does not prevent the marketing of unproved and unregistered products making 
similar or identical claims.  The introduction of opportunistic products harms the reputation of the fertilizer 
technology category and creates mistrust among farmers even for proven technologies. Until unified regulations are in 
place for fertilizer technology, it is important to specify acceptable technologies or classes of technologies that are 
proven to meet mitigation criteria and are registered according to local fertilizer legislation. 
 
As a guide to acceptable mitigation technology, it is recommended that Annex 9 refer to the European Commission  
fertilizer regulations EC 2003/2003 (European Commission 2008) for an approved list of acceptable urease inhibitors.  
The EC regulation has already completed the independent evaluation and approval of existing (and forthcoming) 
technologies and their proper use. Further, the EC regulation geographically overlaps with many country members of 
the UNECE convention to further simplify the identification of accepted mitigation technologies.  
 



 10

References 
 
Blossfeld S, Wade B, Watson C, Laughlin R, Krause C. 2009. 'N-sight' technique: a visual and quantitative analysis of 
urea hydrolysis and ammonia loss from soil. UC Davis: The Proceedings of the International Plant Nutrition 
Colloquium XVI. Retrieved from: http://escholarship.org/uc/item/6jq4j315 
 
Cantarella, H., Bolonhezi, D., Gallo, P.B., Martins, A.L.M., and R. (2009):  Marcelino. Ammonia volatilization and 
yield of maize with urea treated with urease inhibitor.  16th Nitrogen Workshop, Turin, Italy 
 
Chadwick D, Misselbrook T, Gilhespy S, Williams J, Bhogal A, Sagoo L, Nicholson F, Webb SA, Chambers B. 2005. 
Ammonia emissions from nitrogen fertilizer applications to grassland and tillage land. In: WP1B Ammonia emissions 
and crop N use efficiency. Component report for Defra Project NT2605 (CSA 6579). 71 p.  
 
Engel, R. 2009. Personal communication. Associate Professor, Land Resources and Environmental Sciences, Montana 
State University. 
 
European Commission. 2008. Official Journal of the European Commission. http://eur-
lex.europa.eu/JOHtml.do?uri=OJ:L:2008:299:SOM:EN:HTML 
 
Grant CA, Jia S, Brown KR, Bailey LD. 1996. Volatile losses of NH3 from surface-applied urea and urea ammonium 
nitrate with and without the urease inhibitors NBPT or ammonium thiosulphate. Canadian Journal of Soil Science, 
76:417-419 
 
Rochette P, MacDonald JD, Angers DA, Chantigny MH, Gasser M-O, Bertrand N. 2009. Banding of Urea Increased 
Ammonia Volatilization in a Dry Acidic Soil. J. Environ. Qual. 38:1383–1390. 
 
Schraml M. 2007. Urease inhibitors for abatement of ammonia losses following the application of granulated urea to 
frozen surfaces.  Technischen Universität München. p 3. 
 
Shialis T, Reis S, Searl A. 2007. Ammonia damage costs. Final report. Entec UK Ltd. 26pp. 
 
Trenkel ME. 1997. Improving fertilizer use efficiency. Controlled-release and stabilized fertilizers in agriculture. 
International Fertilizer Industry Association, Paris. 
 
Watson CJ. 2000. Modification of nitrogen fertilizers using inhibitors: Opportunities and potentials for improving 
nitrogen use efficiency. International Fertiliser Society proceedings number 658. pp. 39. 
 
Watson CJ. 2009. Urease activity and inhibition – principles and practice. International Fertiliser Society proceedings 
number 454. pp. 40. 
 
Watson CJ, Miller H, Poland P, Kilpatrick DJ, Allen MDB, Garrett MK, Christianson CB. 1994a. Soil properties and 
the ability of the urease inhibitor N-(n-Butyl) thiophosphoric triamide (nBTPT) to reduce ammonia volatilization from 
surface-applied urea. Soil Biology & Biochemistry 26: 1165–1171.  
 
Watson CJ, Poland P, Miller H, Allen MBD, Garrett MK, Christianson CB. 1994b. Agronomic assessment and N-15 
recovery of urea amended with the urease inhibitor nBTPT (N-(n-Butyl) thiophosphoric triamide) for temperate 
grassland. Plant and Soil 161: 167–177.  
 
Zaman M, Blennerhasset JD. 2009. Effects of the different rates of urease and nitrification inhibitors on gaseous 
emissions of ammonia and nitrous oxide, nitrate leaching and pasture production from urine patches in an intensive 
grazed pasture system. Agriculturem Ecosystems and Environment 136:236-246. 
 


