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South African farmers are privileged to have access to  ammonium nitrate based 
products such as LAN (Limestone Ammonium Nitrate = 28% N) or ANO (Ammonium 
Nitrate Solution = 21% N) as well as urea (46% N) while in many other parts of the 
world farmers only have access to urea as  a nitrogen (N) source.  Various inter-
national research publications have shown that ammonium nitrate based products 
are more effective than urea resulting in higher yields and therefore normally better 
economic returns in comparison with urea. 

The most important reasons why ammonium nitrate is agronomically more effective 
than urea:

 1. Less volatile  
 2. Less toxic 
 3. Less leachable 
 4. More readily available for plant uptake 
 5. Closer to the ideal nitrate/ammonium ratio for most crops.

Urease inhibitors added to urea should reduce volatilisation and toxicity, but at the 
same time leaching will be augmented and plant uptake impaired. Nitrogen will  
systematically only be released in the ammonium form rather than in the ideal 
nitrate/ammonium ratio. The objective of this article is to give perspective to the 
difference in efficacy between urea + urease inhibitors and ammonium nitrate based 
products. Economic comparisons are limited to conditions which resulted in positive 
yield differences between these N-sources.

1. Volatilisation:

The main objective in the development of urease inhibitors such as NBPT  
(“N-(n-butyl) thiophosphoric triamide”, also commercially known as Agrotain),  
which impair the hydrolysis of urea was to reduce volatilisation of urea. Although 
NBPT significantly reduces ammonia volatilisation of surface applied urea the 
volatilisation of LAN/ammonium nitrate is still much less than urea + NBPT. Urea 
volatilisation as high as 55% (Du Preez & Burger, 1986) and 66% (Fenn & Miy-
amoto, 1981) have been reported however 45% is considered to be a more realistic 
figure under favourable field conditions for volatilization (Fantanetto, 1995). NBPT 
can reduce volatilisation from urea on average by as much as 70% (Chambers &  
Dampney, 2009), but then volatilisation from LAN/ammonium nitrate will in comparison 
 still be less. According to Fantanetto, (1995) volatilisation of LAN under favourable 
conditions for volatilisation will be about 2% and according to Chambers & Dampney, 
(2009) volatilisation of ammonium nitrate about 3%.  
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Favourable conditions for ammonia volatilisation from surface applied urea which 
should result in yield increase when NBPT is added, provided that volatilisation is 
the single most important problem with urea applications:

 1. High temperature 
 2. Abundance of plant residues often associated with no-till and minimum tillage 
 3. High rates of application 
 4. High soil pH 
 5. Moist soil surface 

2. Toxicity

Urea toxicities can be expected when urea is band placed as a constituent of plant 
mixtures in close proximity of developing seedlings or applied as a side dressing 
either knifed in or washed into the soil. The use of NBPT for the main purpose 
of reducing toxicity effect does not make sense because it will simply reduce the 
availability of N for uptake and increase urea leaching.

3. Leaching

While NBPT prevents urea from being hydrolysed it is 100% leachable. Leaching 
losses may then result in yield losses. The addition of NBPT to urea should there-
fore be avoided when the potential for leaching is greater than the potential for 
volatilisation. 

4.Rate of uptake

Urea cannot be utilized as such but must be converted to ammonium and subse-
quently to nitrate. NBPT delays this conversion process called hydrolysis. When 
urea + NBPT is applied at a stage when additional N is urgently required it may 
result in yield losses due to delayed availability for uptake in comparison with urea 
or LAN/ammonium nitrate .

5. The ideal nitrate/ ammonium ratio

Urea + NBPT will slowly release N in the ammonium form over time. This will result 
in ammonium rather than nitrate uptake if crop demand meets ammonium supply 
at that stage. Furthermore, the conversion of ammonium to nitrate (nitrification) will 
be delayed under cold and wet conditions. Most crops in fact prefer a nitrate-N to 
ammonium-N ratio of 75:25 and not just ammonium-N. 
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Yield decrease

Hendrickson (1992) reported that the addition of NBPT to urea resulted in yield  
decreases in 34% of 78 field trials over a 5 year period in 17 states of the USA. 
Yield losses varied from 0.2 ton/ha tot 2.07 ton/ha. Probable causes for these yield 
losses are more leaching, delayed availability for uptake during peak N-demand 
and the supply of ammonium-N rather than nitrate-N. 

No yield response 

Volatilization losses of urea will not occur when urea is soil incorporated or washed 
into the soil. The addition of NBPT to urea under such conditions will then serve no 
purpose. Provided that leaching and availability of N is not a problem under such 
conditions no NBPT-effect on yield is expected.

The urea rate of application may be sufficient to address N-deficits in the soil 
despite the occurrence of volatilization losses. Under such conditions it cannot be 
expected that the addition of NBPT to urea will have any beneficial effect on yield. 
The application of LAN at the same N-rate will then also have no yield effect over 
urea. Urea + NBPT at a certain N-rate may also adequately address N-deficits in 
the soil, despite superior efficacy of LAN/ Ammonium Nitrate. Under such conditions 
no yield difference between urea + NBPT and LAN/ammonium nitrate at the same 
N-rate is expected. 

Yield increase   

Significant N-deficits in the soil and favourable conditions for volatilisation should 
result in yield differences between urea, urea + NBPT and LAN/ Ammonium Nitrate. 
Such yield differences reported by different researchers are shown in Figure 1. The 
percentage and absolute yield differences are summarised in Table 1. 

The average yield increases (%) as indicated in Table 1 were applied to different yield 
targets and indicated in Figure 2. LAN always resulted in the highest yields (kg/ha) 
followed by urea + NBPT and then urea.  Since these yield differences were based on 
fixed % yield differences (Table 1) yield difference between treatments increased with 
higher yield targets (Figure 2).  
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Economic comparison associated with yield increase 

The selling price (R/kg N) of urea is normally cheaper than urea + NBPT, followed 
by LAN which is normally the most expensive of the three. A Urea price of R4630/
ton (R10.06/kg N) was taken as standard and then different price scenario’s for 
urea + NBPT and LAN relative to that (Table 2). The premium (R/kg N) which 
normally applies to the addition of NBPT to urea varies between 20 and 30% while 
the premium of LAN/ammonium nitrate varies between 10% and 50%. The net 
returns above urea  were calculated for urea + NBPT and LAN by using the price 
scenario’s in Table 2, the expected yield advantage and average N-application in 
Figure 2 at a maize price of R2 400/ton (Figure 3).
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Figure 1. Effect of urea, urea + urease inhibitor (NBPT) and ammonium nitrate on maize 
  yield under favourable conditions for volatilisation as reported by different 
  researchers. 



5

Tabel 1.  Effect of urea + urease inhibitor (NBPT) and ammonium nitrate on maize yield  
  increases over urea, under favourable conditions for volatilisation as reported by  
  different researchers. 

YIELD INCREASE

Reference Urea + NBPT 
(%)

Ammonium Nitrate 
(%)

Urea + NBPT 
(ton/ha)

Ammonium Nitrate 
(ton/ha)

Bundy 1992 6.2 10.2 0.504 0.819

Gordon 2008 6.1 10.9 0.655 1.165

Schwab & Murdock 2010 9.3 25.3 0.882 2.394

Average 7.2 15.4 0.680 1.459
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Figure 2. Average maize yield increase above urea for urea + urease inhibitor (NBPT) and  
  ammonium nitrate under favourable conditions for volatilization as reported by different 
  researchers (Table 1) and applicable to different yield targets. Average N-recommendations 
  at these yield targets over different soil texture classes are also indicated. 
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Table 2.  Price-scenario’s for different N-sources used to calculate return increases above urea  
  (Figure 3).

Figure 3. Increases in return above urea for LAN and urea + NBPT at a maize price of R2 400/ton  
  and different N-price scenarios (Table 2). The expected yield increase above urea was  
  7.2% for urea + NBPT and 15.4% for LAN under favourable conditions for volatilisation 
  (Bundy, 1992; Gordon, 2008, Schwab & Murdock, 2010)

N-Source Premium over urea (%) Price (R/kg N) Price (R/ton)

Urea   0 10.06 4630
Urea + NBPT 20 12.07 5553
Urea + NBPT 30 13.08 6016

LAN 10 11.07 3098
LAN 20 12.07 3380
LAN 30 13.08 3662
LAN 40 14.08 3944
LAN 50 15.09 4225
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The net return for LAN was considerably higher compared to the return for urea + 
NBPT and urea alone for all price scenarios. The addition of NBPT to urea was  
certainly economically justifiable at premiums between 20 and 30% (Figure 3).   
A Yield difference of 492 kg/ha between LAN and urea + NBPT at a yield target of 
6 ton maize/ha results in a profit above N costs difference of between R807 and 
R1306/ha  for LAN-N premiums of between 50% and 10% respectively in comparison 
with urea + NBPT at a N-premium of 20%. Even if the yield advantage of LAN over 
urea + NBPT is half of that which was averaged in this research it will be significantly 
more profitable to use LAN even at a LAN-premium above urea of as much as 50%. 

Conclusions and recommendations 

 • Under favourable conditions for volatilisation it can be expected that surface 
  applications of LAN/ ammonium nitrate will result in the highest yields and 
  returns followed by urea +NBPT and then urea. 

 • The addition of NBPT to urea is only agronomically and economically  
  justifiable when the objective is to reduce ammonia volatilisation of surface 
  applications.  

 • The addition of NBPT to urea when leaching is a greater problem than  
  volatilisation may result in yield loss and should therefore be avoided. LAN/ 
  ammonium nitrate would be much more suitable under such conditions since 
  it is much less leachable compared to urea + NBPT.

 • Under conditions where N-deficits should be addressed quickly the use of 
  urea + NBPT should be avoided. LAN/ ammonium nitrate will in contrast to 
  urea + NBPT, immediately be available for uptake.  

 • Differences in efficacy between urea, urea + NBPT and LAN/ ammonium 
  nitrate depend upon inorganic N-deficits in the soil and N-rates at which it is 
  compared. When no or small yield and economic differences between two 
  or more of these N-sources are observed care should be taken not to jump  
  to the wrong conclusion that these N-sources are equally or similarly effective. 



REFERENCES: 

BUNDY, L.G.. 1992. Urease inhibitors: NBPT use with surface-applied urea and 28% N  
solution. New Horizons in Soil Science. No. 2. Dept. Soil Science, Univ. of Wisconsin-Madison.

CHAMBERS, B. & DAMPNEY, P,  2009. Nitrogen efficiency and ammonia emissions from 
urea-based and ammonium nitrate fertilisers. International Fertiliser Society Conference, 
Cambridge, 10th December 2009. IFA, ISBN 978-0-85310-294-6 (ISSN 1466-1314)

DU PREEZ C C & DU T BURGER, R. 1986. A proposed mechanism for the volatilization of 
ammonia from fertilized neutral to alkaline soils. S. Afr. J. Plant Soil, 1986, 3(1), 31-34.

FENN L. B. & MIYAMOTO S., 1981. Ammonia loss and associated reactions of urea in  
calcareous soils. Soil Sci. Soc. Am J. 45:537-540.

FANTANETTO H. 1995., Ciencia del Suelo, INTA, Argentina.

GORDON, B. 2008. Nitrogen management for no-tillage corn and grain sorghum production. 
2008 Great Plains Soil Fert. Conf., Proc., Vol 12:67-70.

HENDRICKSON, L. L., 1992. Corn response to urease inhibitor NBPT: Five-year summary.  
J. Prod. Agric. 5:131-137.

SCHWAB & MURDOCK, 2010.Enhanced-efficiency Nitrogen fertilizers for corn and wheat 
production.  International IFA Conference on Enhanced-Efficiency Fertilizers 23-24 March 
2010, Miami, FL, USA.

NOTE: 
Consult a qualified agronomist for locality specific applications. The results referred to in this 
article were obtained under specific conditions and are therefore not generally applicable under 
all conditions. 
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