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“Everything you see exists together in 
a delicate balance. As king, you 
need to understand that balance 
and respect all the creatures, from 
the crawling ant to the leaping 
antelope.”
- Mufasa

Image: https://ohmy.disney.com/
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 The processes that produce 
plant-available nitrogen are 
biologically mediated

 We must find solutions to minimize 
losses

Image: https://www.studyacs.com/
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 Urea-based nitrogen fertilizer 
products are susceptible to 
ammonia volatilization 

 (NH2)2CO + H2O    
urease

NH3 + H2NCOOH 
→ 2NH3(gas) + CO2(gas)

 NH3 + H20 → NH4
+ + OH-

 Ammonia volatilization leads to 
agricultural losses

Image: https://homeguides.sfgate.com/
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Problem

 Urease inhibitors can limit urea hydrolysis for between 7 to 14 days, after 
which rain, irrigation, or soil mixing would be needed to reduce ammonia 
volatilization

 But what happens when there is no rain?

 Are there other alternatives?

 NH3 + H20 → NH4
+ + OH-

 Perhaps something with a high CEC and/or causes a reduction in pH could 
reduce ammonia volatilization?
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 Humates have been shown to 
have very high CEC and AEC

 They can be extracted from any 
material containing well-
decomposed organic matter - soil, 
coal, composts, etc

 We tested the hypothesis that 
amending Urea Ammonium 
Nitrate (UAN) with a humate could 
reduce ammonia volatilization
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Methodology
- Land near LeRoy, Sk

- Clay loam soil, pH 8

- Wheat seeded at 135 lbs/ac

- Nitrogen side banded 1.5” deep

- UAN at 90 lbs N/acre

- Treatments replicated thrice:

Untreated UAN

UAN + NBPT (N-(n-butyl) 
thiophosphoric triamide;1.6 litres per 
tonne of UAN)

UAN + humate (600 ml of humate per 
76 litres of UAN)

- Other fertilizers: Urea 65 lbs/ac, MAP 
73 lbs/ac, KCl 40 lbs/ac
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Dosimeter tubes (#3D, Gastec Corporation, 
Japan) measure ammonia exposure

The dositube contains purple packing material 
(sulphuric acid) that turns yellow when it reacts 
with ammonia (becoming ammonium sulphate) 

The scale shows the concentration of NH3 over 
time(ppm hr-1)
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Tubes are suspended on a stake at a 
height of 0.15 m above the soil surface

10



Covered up with a semi-open static 
chamber immediately after N application

- a round pail with a height of about 
26.5 cm and an inner diameter of 19 
cm

- Eight 1.27-cm-diameter (1/2 inch) 
holes were drilled into the top of the 
pail, and eight 1.27-cm-diameter holes 
were drilled 4 cm from the bottom of 
the pail 
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(Estimated Total Loss (kg N ha−1) = 
(0.217Dw) − (0.034D) + 0.71)

Where D = Dosimeter reading

W = wind speed

(w, m s−1) measured at a height of 0.3 
m and averaged over the coinciding 
time period
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Results and discussion

 Ammonia volatilization was slow for the 
first 2 weeks (nothing was picked up in 
the dositubes)

 Land received no rain
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 Any story worth telling is worth 
telling twice
- Rafiki

Image: disney.fandom.com
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Laboratory experiment

 1 kg of soil (pH 7.03)

 Same rate of humate as in the 
field (600 ml of humate per 76 
litres of UAN)

 Applied 1 ml of UAN (or UAN + 
humate); 3 reps

 Moistened to about 60% of field 
capacity
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 Containers were fit with dositubes
and covered

 Monitored for 5 hours
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What is the mechanism?17

Reduction of pH?
Increase in CEC?
Change in microbial composition?



pH and CEC of experimental soils
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Conclusions and recommendations

 Ammonia volatilization can put 
crops behind early in the season

 Amending urea-based fertilizers 
with humic substances may 
provide some benefit

 Mechanisms need to be further 
studied

 Effect on nitrate leaching needs 
to be evaluated
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Image: disney.fandom.com

“You got to put your behind 
in your past” - Pumbaa



Thank you!
Contact details: 

Ikenna Mbakwe, PhD, PAg
ike@synergy.ag
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