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broadcast/incorporated application) on EEF
efficacy [management]

II. Identify soil characteristics that impact EEF
reactions [soil]

III. Investigate the influence of climatic factors (rainfall,
temperature) on EEF performance [climate]

Preliminary controlled environment laboratory 
incubation investigating a suite of EEF 
technologies in a range soils

Diffusion studies with enzyme inhibitors and 
controlled-release fertilizers (CRFs) in soils of 
contrasting physicochemical properties 

Field experiment to investigate the influence of 
rainfall and climatic variation on EEF efficacy

Research Approach

Results

Fig. 1 Three-dimensional distribution of NH4-N (mg kg-1 soil) over time
from the fertosphere of banded urea and EEFs in a Vertosol profile

Fig. 2 Three-dimensional distribution of NO3-N (mg kg-1 soil) over time
from the fertosphere of banded urea and EEFs in a Vertosol profile

Urea bands create chemical conditions (highly alkaline, raised salinity, aqueous NH3 toxicities) 
which are inhibitory to nitrification for extended periods. Consequently, banded
nitrification inhibitors (NIs) are not always more effective than standard urea.

Banded nitrification inhibitors are most effective in soils where the inhibitor is retained close
to the fertosphere (i.e., low permeability soils; high clay, cation exchange capacity, organic
matter, etc.). This contrasts to broadcast and/or mixed application where NIs tend to be
more effective in lighter-textured soils.

The efficacy of urease inhibitors (UIs) is not affected by fertilizer application method
(management), although mitigation of volatilization N losses is likely to be greater for surface
(cf. sub-surface) applications.

Controlled-release fertilizers are best suited for delivering a low basal supply of N, with
banding further extending N release (cf. mixed application). However, benign chemical
conditions in the fertosphere mean released N is rapidly nitrified, increasing the risk of NO3-N 
losses over the product ‘life-time’ unless released N is rapidly assimilated into plants.
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Introduction & Objectives

Poor fertilizer nitrogen (N) use efficiency (NUE) has 
significant consequences for on-farm economics,
natural ecosystems and global food security. Enhanced
efficiency fertilizers (EEFs) are proposed as a key tool for
improving NUE, but the interaction of management, soil
and climatic factors on EEF efficacy is not well
understood. This study aimed to:

I. Determine the impact of fertilizer banding (cf.




