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Adopting variable fertiliser
rates in grain production

as part of best practice for environmental stewardship

Introduction
Nitrogen is a key input for crop growth and grain production. Efficient use of nitrogen (N) fertilisers on
farm through variable rate fertiliser applications has a direct financial and environmental benefit for
farmers. It is a targeted approach that leads to reduced nitrous oxide (N2O) emissions and nitrate
runoff into waterways. There is growing evidence that significant amounts of applied N fertiliser (and
potentially mineralised soil N) remains unaccounted for under certain cropping systems and
conditions. Unfortunately, some of this N leaches through the soil profile or is washed into waterways
at significant cost to both growers and the environment.
Visually, farmers have always been able to identify comparatively high and low yielding areas on their
farms. However, to manage that variation requires an understanding of the driving factors behind this
variability. To do this requires a range of data layers and a means of spatially representing it. The
data may take several forms including but not limited to yield, topography, soils chemistry, satellite
imagery (NDVI) or electromagnetic induction (EM38).
Fertilisers have historically been applied at an even (or, ‘blanket’) rate across a paddock irrespective
of the variation observed by the producer. This is in part a result of limitations of technology, but also
the knowledge required to identify key soil constraints (pH, water holding capacity, nutrient
availability), and action their amelioration.
By implementing variable rate applications for fertiliser, farmers can match inputs to optimise the
economic returns based on a zone-by-zone management structure, rather than paddock-by-paddock.
Instead of applying a blanket rate application across an entire paddock, the input is adjusted to match
the varying in-field conditions.
This ‘best practice’ can substantially reduce input costs and waste, lift yields, increase financial
returns and optimise the soil health of the paddock, and hence the environment.
Local trials have been using precision technology to demonstrate the value of utilising soil fertility
mapping and variable rate applications to improve productivity and reduce fertiliser impacts on the
environment. . Additional N sampling during the growing season has enabled these farmers to
maximise productivity per unit applied and reduce free nitrogen that may otherwise be lost via surface
flow or leaching into waterways that flow into Ramsar wetlands or local groundwater aquifer systems.
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About the project
Farmers across the Port Phillip and Western Port catchment show leadership in their pursuit of ‘best
practice’. As new generation grain producers, the Balliang Food and Fibre group have set out to
ensure that continuous improvement is how they stay ahead of the game. Using emerging new
technology enables this advancement of best practice in environmental stewardship and productivity.
The Little River catchment supports approximately 20,000 hectares of broad acre cropping that is
regularly fertilised with nitrogen-based fertiliser to optimise production.
This project enabled accurate calculation of nitrogen (N) rates to match crop needs, minimising the
potential for over-fertilisation and reduce the impact of excess nutrients leaving the farms as runoff
into major waterways and into Port Phillip Bay.
Success was measured through soil testing with minimal free nitrogen in the soil following harvest; an
indicator of the reduced risk of nitrous oxide emissions and nitrate leaching contributing to waterway
health.
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Methodology
Methodology











4

Identify eight focus paddocks from farms across the Balliang region
Collect soil/landscape zones for each paddock using EM38 and GPS mapping
technology.
Develop a set of soil sampling zones (three/paddock) to understand soil nutrient
levels across each focus paddock.
Monitor soil moisture levels throughout the season to support fertiliser decisions.
Collect, analyse and interpret soil samples from GPS-referenced, in-tact soil cores
0-10cm complete nutrient analysis and soil condition indicators
10-60cm nitrogen, sulphur and soil condition indicators
Test nitrogen fertiliser recommendations for each paddock based upon a nitrogen
calculator which matches fertiliser rates with yield potential.
Implement recommended fertiliser strategy and test with strip trials.
Post-harvest, assess each paddock for residual nitrogen.

Results
Developing management zones for nitrogen
The first step in adopting variable rate is to establish what constraint is to be addressed as this will
start to dictate useful datasets. For a nitrogen focus, this project used a mixture of historical yield
data, NDVI satellite imagery and EM38 soil mapping to assign production zones across the 8 selected
trial paddocks.
The project found there to be strong correlations between plant growth and performance (from the
yield and NDVI imagery) and the EM38 maps, indicating that there are strong soil characteristics that
are influencing production zones.
Once the paddock and the zones were quantified, the next step was to understand the soil quality of
each zone. This was achieved through the process of strategic sampling. (see below).

Left: deep EM38 (0-1.5m) with overlayed elevation.
Right: subsequent management zones with strategic sampling locations.
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Measuring the variation in nitrogen between management
zones
Strategic soil sampling within each management zone was conducted to a depth of 60cm either presowing or soon after sowing. This provided a measure of the N available to the crop, including any
applied fertiliser if sampling was completed post-seeding. By dividing the soil profile up into several
increments, the distribution of N through the profile can be seen, which can also assist in informing
fertiliser management decisions.

Movement of N through the soil
profile
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EM38 map showing the management zones and soil
nitrogen (mg/kg) measured in increments down to
60cm for each management zone.

In the above example, we can see that most of the N is placed in the top 0-10cm segment across all
the management zones. This means that while the crop is in early development, with roots in this
segment of the soil profile, there is N available.
However, once the root systems develop deeper into the profile there is less N available for mid-late
season development. It is not uncommon for the N to be concentrated at different depths within the
profile, as the nitrogen distribution is affected by leaching down through the profile with water as well
as the crop nitrogen use. Hence the importance of monitoring soil moisture and rainfall through the
cropping season.
Depending on where the nitrogen is concentrated, there will be some movement of N down the profile
due to leaching. There is also potential for run-off from the topsoil into the waterways.
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Calculating nitrogen requirements
In the first year of testing, it was found that very little, if any, urea was required to be applied to the soil
for the participants to achieve a 3t/ha wheat crop. This indicated that N was not a limiting factor when
it came to yield.
Additionally, by zoning and sampling each paddock, we were able to establish that there is potential
to achieve yields at 4-5t/ha across some zones – assuming no other limiting factors such as plant
available water (See below).

The nitrogen calculator above was used to determine top dress requirement in L/ha of UAN in HT
Creek Zone Low Zone, as defined by EM38 data, to achieve 3t/ha wheat yield. The model takes into
account the mineralisation of the soil. The top dress requirement of -156l/ha, as shown in the calculator
example, demonstrates just how much excess N is available based on the selected output.
When the soil test results were modelled on our nitrogen calculator, findings show there is ample
available N in the soil to service a targeted 3t/ha wheat crop, negating the need for topdressing. NB:
SOA was applied pre-sowing and before soil testing, therefore accounted for in soil test results.
This calculator was critical in demonstrating N as not limiting to achieve high yields of 3t/ha or more.
Utilising this information, it was determined that current N application practices are not accounting for
residual N, and that these strategies are costing the system efficiency and to some degree,
profitability.
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Nitrogen variation across the years
2016 Urea Requirement (kg/ha) for Target Yield across Management Zones
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Above: urea requirement to achieve 3-5t/ha wheat yields for each zone for the initial focus paddocks in 2016.
Names for each zone is based off production levels or soil type.

Modelled off a 190mm growing season rainfall, the 2016 proposed urea rates demonstrated that all
paddocks contained zones that had minimal or no N requirement. In 2016, this showed that there is an
advantage for producers to further investigate the utilisation of paddock management by zone, rather
than the traditional approach of a blanket rate across the entire paddock.
Through 2017 and 2018, 8 new producers and paddocks were selected to be tested, zoned and
monitored for N use.
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Left: EM38 data collected in March, 2018.
Above: same data analysed and divided into three
management zones and a strategic sampling plan.

By the 2018 growing season, the project was able to propose the below urea requirement for
top-dressing in spring.
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Based off the seasonal conditions for 2018, the project was able to assure all zones across the 8
paddocks, except for 1 zone, had adequate N to achieve a 3t/ha wheat crop. This equates to 23
hectares of the 500Ha assessed, having a N requirement – albeit a very small N requirement
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Since the commencement of this phase of the
project in 2017, the results have continued to
provide the participants with N management
tools for pre and mid-season N applications.
As seen with the long term sampling from
2012, we can see the influence of seasonal
conditions and the amount of available N in
the 0-10cm segment of soil.
The process of creating zones and mapping N
the corresponding N levels, allowed for more
targeted fertiliser applications at seeding, but
more importantly, as a tool for mid-season
topdressing requirements.
As shown above this meant that nitrogen
applications could be matched to the targeted
crop yields. Across the trial paddocks this
meant that there was a significant reduction in
nitrogen applied to the paddocks.
However, the actual yields observed within a
paddock are not just defined by the nitrogen in
the soil, but is a function of the season
(available water, frost, heat, etc.) as well as
other soil constraints (physical and chemical
properties). For 2018, below average growing
season rainfall the the main contributing
factor to reduced yields.

10

Above: variable rate 2018 mid-season UAN (40% N)
application based off soil management zones, which
includes test strips. The average rate applied was
60L/ha UAN, with a max rate of 90L/Ha and minumum
rate of 30L/Ha applied.

To further optimise the nitrogen use efficiency in the paddocks and improve productivity, grid soil
mapping was conducted on several paddocks with a focus on soil pH and Colwell P and the potential
for variable rate lime applications to ameliorate soil acidity.

Variable rate lime applications
Variable fertiliser rate ‘best practice’ can also be used for lime applications. The map below shows
precision technology as a tool to map a paddock and its lime requirements based on pH soil analysis.

Above: example of pH mapping
Right: example of Colwell P mapping
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Example of variable rate lime application
By using the variable rate lime application, only 48t of
lime was applied to this paddock to achieve 5.2pH. If
the standard approach of a 2t/ha blanket rate had been
applied, the producer would have spread 185t across
the paddock.
By mapping and quantifying the data, it meant that
39% of the paddock had a nil lime requirement.
Overall, by utilising Variable Rate Technology (VRT),
the average rate across the paddock 517kg/ha.
This process has resulted in an economic benefit of
about $8500 (including sampling costs) to the
producer, without considering agronomic benefits of
improved yield potential.

2019 winter crop season
The indication is, that coming into the 2019 season,
there would be a significant amount of N available
for intial crop development, especially when
compared to 2016. This in indicative of the below
average rainfall through the 2018 growing season,
and the above average rainfall seen in the 2016
season.
There is a strong correlation between the 2018
yield and EM38-based management zones with
coefficient of correlation of 0.89.
However, there is significantly less correlation
between applied UAN and yield response with
R2=0.42. The N Calculator had established that
little to nil N was required to achieve a 3t/ha yield,
and so to end the season with an average yield of
1.4t/ha across the paddock, this indicated that N
was not a limiting factor to yield.
Despite the poor correlation between yield and
applied N, an additional aspect to consider is the
timing of application and the subsequent plant
utilisation of N.
Above: 2018 Barley Yield data for Woolstone
which was treated to an in-crop variable rate
UAN (Liquid Nitrogen Product) application.
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Considering the poor seasonal conditions, it is possible that there was too much plant available N
particularly in the ‘High’ Zone, resulting in greater biomass growth.
This then increases the plant available water requirement at grain fill, and with the lack of rainfall, the
yield was penalised. This can be seen through the ‘High’ Zone, where there is a negative relationship
between yield and the 60 and 90L/Ha applied UAN rates. This highlights the challenge of N
management: Weather, Plant Nutrition, Timing, Rates.
The post-harvest Deep N sampling showed the Low productivity zone had the most Nitrogen with
114kg/ha, and 78kg/ha total N in the medium and high zones. Based off the poor correlation between
yield and applied N, it is assumed that for 2018, seasonal conditions had a greater influence on
overall yield outcomes.
This correlates with the plants in the medium and high zones utilising the available N for biomass, and
then ‘running out’ of resources when it comes time for grain fill.
This can be seen in the graph below, with the drop in average yield as the rate of UAN increases in
the High Zone. In the medium zone, we can see that as the rate of UAN increases, there is a lift in
yield, however the variability of yield is also significantly higher.
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While the calculator showed value as a management tool in addressing in-crop N applications, the
main limitation of this project is only accessing one year of data, and for the seasonal conditions to be
quite influential. There is certainly scope to continue to assess the validity of N management and
affect positive management practice change on farms in the Port Philip and Western Port Catchment.
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Checklist for nutrient
management best practice
This checklist follows ‘best practices’ from Melbourne Water’s Rural Land Program and specifically
relate to managing soils and nutrients in ways that reduce runoff and leaching into waterways
emissions into the atmosphere. Water quality improvements can be observed in on-farm dams as a
reduction in sediment loads and algal blooms. Water quality in waterways requires long term
monitoring but these practices contribute to reduced nutrient and sediment loads which over time will
improve the health of the waterway.

NUTRIENT MANAGEMENT BEST PRACTICE

SOIL MANAGEMENT BEST PRACTICE

Each year, I prepare a nutrient budget for each management
area on my property that includes:

Carry out soil tests:

•

Total nutrient inputs (fertiliser, trace elements)



•

Total nutrient outputs (crops, hay, wool, meat, milk,
manure)



•

Net nutrients (total outputs less total inputs)

The amount of fertiliser (nutrients and trace elements)

•

The application rate required for each management
area on my property




I rely on the results:
•

Of soil tests

•

Visual assessments

•

Leaf or tissue analysis to determine whether nutrient
levels are adequate for plant growth





I avoid applying fertiliser:
•

To waterlogged soils

•

Within 20m of water sensitive areas

•

Within 30m of water sensitive areas where the slope is >
3

•

Over drainage lines

•

To problem areas

•

To areas with less than 100% pasture cover

•

On days of high wind









I schedule fertiliser applications to:
•

Avoid irrigation or rain events (2 days for nitrogen and 4
days for phosphorus)

•

Take place when plant nutrient uptake will be greatest,
as indicated by:
- Soil moisture levels
- Soil temperature and
- Plant growth cycles

At least every two years (or according to industry
practice)



•

On samples taken from 30 cores collected from
representative transects, taken at them same time of
year



•

Using accredited laboratories and sampling techniques

•

Using the same laboratory to provide interpretation and
advice



Each year, I use a nutrient budget to calculate:
•

•




Take action to address problems or imbalances identified by
soil tests, including:
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•

Acidity/alkalinity (pH)

•

Salinity



•

Nutrient deficiencies



I take steps to improve soil biological activity on my property,
including:



•

Incorporating organic matter into the soil

•

Minimum tillage



•

Rotational grazing/cropping



•

Optimal fertiliser use ie: variable fertiliser rates

•

Using chemicals in a way that will not inhibit soil
biological activity




WATER QUALITY BEST PRACTICE
I protect waterways and farm water supply from nutrient and
sediment runoff by:
•

Maintaining groundcover at 100% near waterways and
water supply



•

Regularly conducting water quality tests on farm water
supply (dams, tanks and troughs)



•

Taking action to address problems or imbalances
identified by water tests



•

Having vegetative buffers to prevent sediment from
entering waterways and farm water supply which
includes a mix of grasses, shrubs and trees



Looking for water bugs in my waterway and farm water
supply, which are a good indication of the health of the
waterway ecosystem



•

For a full checklist and information on Melbourne
Water’s Rural Land Program go to
melbournewater.com.au/community-andeducation/apply-funding/rural-land-program




Acknowledgements
The Port Phillip & Westernport Catchment Management Authority gratefully acknowledges Meera
Cameron from Precision Agriculture and Chris Sharkey (grain producer) for their content and input
into this document.

15

Port Phillip & Westernport Catchment Management Authority
Level 1, Landmark Corporate Centre
454-472 Nepean Highway
Frankston, Victoria, 3199
Phone: 03 8781 7900
Email: enquiries@ppwcma.vic.gov.au

ppwcma.vic.gov.au

The PPWCMA works on the lands, waters and seas of the Bunurong, Wadawurrung and Wurundjeri peoples and
acknowledges them as Traditional Owners.
It recognises and respects the diversity of their cultures and the deep connections they have with Country. It values
partnerships with communities and organisations to improve the health of Indigenous people and Country.
The PPWCMA Board and staff pay their respect to Elders, past and present, and acknowledge and recognise the primacy of
Traditional Owners’ obligations, rights and responsibilities to use and care for their traditional lands, waters and seas.

16

