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Situation analysis 
 
Reports from the Australian Bureau of Statistics (ABS) on recent fertiliser use in Australia (2014-15) 
indicates that nitrogen based fertilisers (excluding slow release) accounts for 66% of all fertilisers 
applied in the country and Western Australia is the largest user (295,000 tonnes of ammonium 
phosphates and 299,000 T of urea). The ABS reports that the Southwest region of WA used over 
150,000 T of fertiliser for the reported period. 
 
According to DPIRD reports (DPIRD 2013 Report card on sustainable natural resource use in agriculture 
and 2012 Nutrient footprint of beef production enterprises) there is evidence that nutrient leaching, 
subsoil acidity, compaction and declining soil carbon are of significant concern in the beef production 
industries in Western Australia. Inadequate fertiliser application can result in higher than necessary 
costs, interferes with N fixation by legumes and pasture species balance (grasses/legumes), increases 
risk of nutrient runoff into waterways and increases risk of soil acidification. Producers cannot afford 
to ignore these issues, as both government policy and consumer preferences will drive management 
changes.  
 
Regulations for the use of N fertiliser have been implemented in most developed countries but are 
currently not in place in Australia (Cameron 2012).   This observed increase is likely driven by financial 
squeeze and challenging seasons in the last few years. There is evidence that N fertiliser use by 
southern WA beef and dairy producers is increasing (Western Beef Inc. field day survey, anecdotal 
evidence from local agriculture service providers and Dairy Farm Monitor project 2017-18) and 
application in Autumn is becoming more common. While there is continuous extension engagement 
for efficient N usage and best practice within the dairy industry, the same cannot be said about the 
beef industry. 
 
The enrichment of waterways with N can lead to the growth of undesirable plant life such as blue 
green algae, known to be toxic to both human and animals.  Concerns over the possible link between 
high N in potable water and other human health risks lead the European Community to limit the 
concentration of nitrate in potable water to 50 mg/L. Australian health authorities follow suit and 
adopted similar guidelines (Burkitt 2014), with guideline for quality surface runoff water varying from 
<0.1 to 1 mg/L  for total N (Bennett 2012). The Swan coastal plain water quality criteria for total 
nitrogen is 1.0 mg/L. The figure below (fig.1) the then current, projected and maximum acceptable 
winter median nitrogen concentration of Vasse-Wonnerup waterways, the values were based on 
measurements carried out between 1996-2006 and was published on the 2010 Water Quality 
Improvement Plan for the Vasse-Wonnerup and Geographe Bay. The values were all above the set 
water quality criteria levels for the region. This report identified that implementation of remedial 
nutrient management actions was required to address current nutrient loads and made a series of 
recommendations.  
 

 
Figure.1: Current, projected and acceptable modelled nitrogen concentration at the 



drainage point of Vasse-Wonnerup reporting catchments as per 2010 report. (Source: Vasse-
Wonnerup Wetlands and Geographe Bay water quality improvement plan 2010) 
 
Although some progress has been achieved since the 2010 report, in improving nutritional loads for 
the Vasse-Wonnerup catchment, the figure below (fig.2) from a recent snapshot survey shows that 
further effort to reduce nutritional load is required (anon, 2019).  
 

 
Figure 2: Seasonal mean Total Nitrogen (TN) and Total Phosphorus (TP) over the snapshot year 

expressed as ‘low’ (below ANZECC guidelines for wetlands), ‘moderate/high’ and ‘very high’. 
(Source: A Year on the Vasse-Wonnerup Wetland. An Ecological Snapshot, 2019). 

 
 
The Vasse-Wonnerup wetlands comprises the Lower Vasse, Lower Sabina, Abba and Ludlow 
catchments. The landscape is characterised by the southern end of the Swan coastal plain which is 
bounded by the Whicher ranges to the south and Geographe bay to the North. The elevated Whicher 
ranges make up approximately 35% of the Vasse-Wonnerup catchment and are primarily covered by 
native vegetation, with small pockets of pine plantations and cleared agricultural land. The coastal 
Abba Plain between the ranges and Geographe bay comprises the remaining 65% of the catchment 
and has been largely cleared for agriculture. Extensive beef and dairy grazing occupy most of the area 
along the coastal plain, and it is these enterprises that are estimated to contribute between 75% and 
90% of the nitrogen load entering the Vasse-Wonnerup wetlands via the various sub catchments. 
(DWER, RGW waterways sub catchment reports) 
The Abba Plain landscape of the Vasse-Wonnerup catchment, as described by Tille and Lantzke (1990), 
is approximately 17,000ha of level to gently undulating patchwork of predominantly productive 
Busselton and Abba loamy sands over clay, interspersed with smaller less productive areas of Abba 
Very Wet Saline Flats and Abba Deep Sand Dunes. 
 
 

Nitrogen fate and efficiency in grazing systems 
 
Figure 3 below depicts a schematic representation of the various transformation and transport 
processes that take place in the soil/plant N cycle in pasture systems. 



 
Figure  3: The soil/plant N cycle (Source: Cameron 1992) 

 
In the soil N is found in four major forms: 

• Organic matter, such as plant material, fungi and humus 

• Soil organisms and microorganisms 

• Ammonium ions (NH4+) held by clay minerals and organic matter and  

• Mineral-N forms in soil solution, including NH4+, nitrate (NO3−) and low concentrations 

of nitrite (NO2−) 
 
Mineral N is the most prone to losses in agricultural systems which occur through: (a) ammonia 
volatilisation; (b) leaching of nitrate (i.e. removal in drainage water) and (c) denitrification (i.e. 
transformations into gaseous forms) (Cameron 2013). Nitrogen losses and efficiency in these systems 
is a complex issue and influenced by the interaction of numerous factors such as: soil type, soil pH, 
soil microorganisms’ population, fertiliser/manure application, soil cation exchange capacity, season, 
climate, pasture mixture etc. (Oenema 2005, Follet 2008, Cameron 2013 and Burkitt 2014). 
 
Recent studies on both beef (Bennett 2012) and dairy grazing systems (Greener Pastures 2011) in the 
Vasse region indicated that although some waterway N contamination is related to runoff the most 
significant contribution resulted from leaching. Losses from ammonia volatilisation also are associated 
to deleterious environmental effects, they are harder and more complex to quantify and were not 
comprehensively investigated in these studies. Many of the practices implemented to decrease N 
losses from runoff and leaching however, improve general N efficiency and can also reduce losses 
through volatilisation. 
 
The dairy study was more comprehensive and demonstrated that the level of losses was related to N 
fertiliser application rates and developed a series of recommendations to increase N utilisation 



efficiency. Basically, in agreement with several other studies, it has recommended that the form, rate, 
time and method of application, in addition to using lime to increase pH in some soils, are crucial in 
maximising plant uptake and minimise losses (Eckard, Chen 2008, Cameron 2013 and Burkitt 2014). 
Note that the recommendations focus on factors that can be controlled by the farmer rather than 
other factors that also affect losses but are beyond their control, such as rainfall, soil type, and soil 
temperature. 
 
Given the high draining characteristics of most of the soils in the Vasse-Wonnerup Catchments and 
the Mediterranean Climate (wet and cold winters and dry and hot summers) effect on pasture growth 
pathways, the form, rate and timing of N fertiliser application are particularly important for the 
region’s livestock operations.  
 
Water is a driver of N loss, with rainfall and evapotranspiration affecting soil-water balance. Excess 
water causes nitrate to move below the root-zone. Ideally, the amount of N applied should match 
plant requirements. Excess N combined with lack of synchronicity with the plant growth in association 
with heavy rain events increase leaching and runoff losses (Burkitt 2014). Furthermore, even if grass 
is actively growing, excess N can result in higher than desired N and protein content in the pasture, 
which causes nutritional imbalance and production loss in grazing ruminants and consequently 
increase N load in soils with higher N levels being excreted, as ruminants are not efficient in absorbing 
N ( Eckard, Oenema 2005, Follet 2008).  
 
Higher risk of N losses via leaching occur when plant uptake of nitrate is low (due to plant growth 
stage and or weather cold and wet conditions). Therefore, when leaching losses from N fertiliser 
applied in Autumn or Spring were compared, losses were higher in Autumn. Accumulation of nitrate 
can also occur in surface soil as a result of dry summers when plant uptake is low, this residual nitrate 
can be leached over the following winter (Cameron 2013). Applying N fertiliser to bare soil (prior to 
plant emergency) also is linked to losses via both volatilisation and leaching (Dairy Soil and Fertiliser 
Manual, 2005).  
Applying less N more often has been recommended and shown to improve production, and both 
financial and environmental outcomes (Greener Pastures 2011), however practicalities such as time 
availability, access to equipment and paddock accessibility at certain times of the year can be limiting 
factors to these recommendations. Enhanced efficiency fertilisers that are treated to delay rate of 
release or contain nitrification inhibitors have been developed to address these challenges (Chen 
2008, Follet 2008, Cameron 2013 and Suter 2014). The rate of N application recommended is between 
25-50 kg N/ha at any one time for intensively grazing pastures (Dairy Soil and Fertiliser Manual, 2005). 
As seen on Figure 4 below, these range correspond to optimum production levels for ryegrass (Eckard).  
 
This project has the objective of testing currently used, as well as recommended best practice N 
fertiliser application for pasture production (dry land) properties in the Wonnerup Vasse Catchment. 
It will estimate annual N efficiency and monitor possible losses at the expected highest risk period and 
pathways.  Rates and timing (relative to rainfall and grass production cycle) of urea application will be 
used to demonstrate principles. In addition, some enhanced efficiency fertilisers will also be tested. It 
also aims to use the trial and outcomes to engage local producers in activities to enhance their 
understanding of dynamics of N fertiliser application, so building their skills and confidence to make 
more financially and environmentally responsible decisions.  
 



 
 

Figure 4: The pasture response to N fertiliser, both as the percentage of the maximum growth rate 
that can be achieved, and as the daily growth rate change for a single grazing rotation for a well 

fertilised perennial ryegrass pasture in late winter (Source: Eckard) 
 

Hypotheses 
 

1. Application of N fertiliser after significant rain 1 in late autumn will result in significantly higher 
apparent N use efficiency and lower mineral N concentration in spot leaching samples than 
same rate applied before rain. 

2. Split fertiliser application will result in significantly higher apparent N use efficiency and lower 
mineral N concentration in spot leaching samples than same rate in single application (both 
applied after rain). 

3. Enhanced Efficiency Fertilisers applied in either late autumn or spring will result in significantly 
higher apparent N use efficiency and lower mineral N concentration in spot leaching samples 
than same rate of standard urea applied at the same point in time (all applied after rain*). 

4. Nil application of N will result in significantly lower mineral N concentration in spot leaching 
samples than all other treatments.  

Material and methods 
 
This project will study the nitrogen use efficiency at three application times over the growing season 
that are relevant to graziers in the Vasse-Wonnerup Catchment; a)late autumn after the break of 
season organic nitrogen flush, b)winter when soil temperature and pasture growth rates are low and 
feed is in short supply during (July and August), and c)spring when pastures are locked up for fodder 
conservation. Rates and timing of nitrogen application in relation to rainfall will define what 
management tactics growers can adopt to minimise nitrogen losses. 
 
Direct measurements of production parameters (pasture dry matter and nutritional quality), N uptake 
will be used to calculate apparent N use efficiency and N leaching risk. Small plots (~10-15m2 per plot) 

 
1 This will depend on season but will aim to only apply fertiliser after pasture is established and/or actively 
growing to maximise uptake. Application will aim to follow rain late in autumn/early winter and coincide with 
the low soil temperature period during July and August. In spring fertiliser will be applied at “lock-up” but 
timed to ensure pasture growth potential is maximised. 



under simulated grazing will be used to test the principles and the site and outputs used to engage 
the catchment livestock producers in order to enhance their understanding and skills of efficient N 
utilisation. Economic analysis for N efficiency will also be carried out. 
 
 

Site selection, establishment and general approach 
 
A field trial will be established on the Abba flats of the Vasse-Wonnerup catchment (see Figure below 
to show the Vasse-Wonnerup catchment. Abba grey brown duplex or Busselton gradational loamy 
sand (Tille and Lantzke, 1990) site will be selected as representing the major productive soils of this 
region. 
Site selection should favour uniformity and nitrogen responsiveness based on paddock history and 
will be sown to a mid-season tetraploid annual ryegrass at a seeding rate of 35kg/ha (higher than 
commercial rates to maximise sward uniformity) on which fertiliser treatments will be applied 
according to the treatment schedule. Insect pests and weeds will be controlled in a timely manner 
according to industry standard practices. The site will be fenced to exclude livestock. Grazing will be 
simulated with dry matter cuts with all pasture removed at each cut at residue height 4-6 cm. 
 
Basal nutrients including phosphorus, potassium, sulphur and trace elements should be applied 
according to best practice. Rates and timings should ensure none of these nutrients are limiting 
production throughout the growing season. 
 
In order to minimise the factors affecting N loss, this project will concentrate in the interactions 
between ryegrass N fertiliser application only and assess apparent N use efficiency. Strategic spot 
sampling will take place following selected significant rain events to assess treatment effectiveness in 
decreasing mineral N leaching.  Leaching is thought to be the main mode for N losses resulting from 
grazing and with immediate risk for waterways. For this purpose, simulated grazing (dry matter cuts) 
in small plots will be used and other factors that contribute for N deposition in soil such as grazing 
animals and legume pastures will be excluded to limit variations. It is also important to note that as 
season variation has major effects on N processes and efficiency, and as this study will be conducted 
only over one season. The outcomes while relevant to the managing N losses in the Vasse-Wonnerup 
catchment will not necessarily be applicable to all seasonal conditions. 



 
 

Figure 5: Map of Vasse-Wonnerup Catchment area 
 

Grazing management and nitrogen fertiliser rates 
The simulation grazing will apply the 2 ½ -3 leaf best practice principle for grazing ryegrass as 
recommended from the Greener Pasture project with an approximate 30 - 35 day cutting cycle and 4-
6 cm residue. The Greener Pasture Project which was performed in the region and demonstrated that 
appropriate grazing management has a crucial effect on N efficiency. The study also showed that when 



N was applied at rates ≤0.5 kg N/ha/day grazed N losses did not differ from nil N application, whilst 
application above this rate resulted in increased N losses which were proportional to the increase in 
N rate. It also showed that in general, applications above 1kg N/ha/day grazed were not cost effective. 
As mentioned previously split application of N fertiliser is also recommended. 
 

Treatments 
Treatment Nitrogen 

rate 
(kg/ha) 

Fertiliser product Timing of application * Number of replicates 

1 Nil   3 

2 30 + 30 Urea Early July + early Aug 3 

3 60 Urea Early July before rain 3 

4 60 Urea Early July after rain 3 

5 60 30% urea + 70% PCU Early July after rain 3 

6 60 Urea + NI Early July after rain 3 

7 60 Urea Early September after 
rain 

3 

8 60 Urea + NI Early September after 
rain 

3 

 Timing – fertiliser treatments should be applied 3 days either side of a pasture cut, and timed 
with rainfall events according to treatment timing. Early July application should occur within 
a 10-day period either side of the 1st of July to ensure July and August treatments occur during 
the coldest soil temperature period for this region. Figure 6 shows soil temperatures at Vasse 
Research Station. 

 

• PCU - Polymer Coated Urea with 60 to 80-day release profile. 

• NI - nitrification inhibitor containing 3,4-Dimethyl pyrazole phosphate (DMPP) as the primary 
active ingredient. Substitute products that inhibit the microbial conversion of ammonium to 
nitrate may be used based on the availability of trial quantities of DMPP products. 

 
The same annual rate of N will be applied in all treatments except for treatment 1 (Control) where no 
N will be applied and to which all treatments will be compared. Treatment 3 and 4 will be used to 
demonstrate the effect of rain on leaching regarding time of application in relation to a significant 
rainfall event (high intensity and quantity raising soil moisture level beyond saturation and resulting 
in excess water draining below root zone). All other treatments will be applied after rain as per best 
practice to potentiate N efficiency (Eckard). Treatment 2 will use split application as advocated by 
Greener Pasture project and commonly adopted by many local dairy farmers and being adopted by 
beef farmers to increase feed availability in the cool wet months. Treatment 7 will reflect a common 
beef N application practice known as a “lockup” application.  Treatments 5, 6 and 8 will test Enhanced 
Efficiency Fertiliser that are supposed to prolong N availability to plants either by inhibiting 
nitrification or using coated urea which results in its slow release (Chen 2008). All treatments will be 
replicated (3 replicates). 



 
Figure 6. Soil Temperature Vasse Research Station 2017 to 2019 (DPIRD Vasse weather station 

online). 
 

Measurements 

Soil tests 
Base line soil data will be collected across the site at three depths 0-10cm, 10-20cm and 20-30cm. pH, 
PBI, organic carbon, all macro and micro nutrients, exchangeable cations and extractable aluminium 
will be measured at each depth. These results will provide a basis for basal fertiliser applications during 
the growing season. 
 

Pasture 
Biomass production will be measured using regular dry matter cuts (described below) of each replicate 
and will be used to assess dry matter production. Bulked (per treatment) feed quality analysis will be 
taken (ME, Protein % and NDF) and N content will also be measured to estimate potential animal 
production parameters. These measurements will be used to estimate cost effectiveness of the 
various treatments. 
 

Rainfall 
An onsite weather station will be in place to log rainfall amount and intensity through the growing 
season. 
 

Apparent nitrogen use efficiency  
Five or six pasture dry matter (DM) cuts from each 10-15m2 plot to simulate grazing will be taken at 
approximately 30-35day intervals from seeding that correspond with a seasonally dependent 2.5 to 3 
ryegrass leaf emergence. Timing and number of seeding and pasture cuts may vary according to 
seasonal conditions. All harvested pasture material will be removed from plots at each cut. Apparent 
Nitrogen Use Efficiency (ANUE) will be calculated from the following formula (Suter 2015): 
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ANUE = (N uptake in treatment (kg N/ha) – N uptake in the control (kg N/ha))/(N applied (kg N/ha)) x 
100. Where N uptake = pasture DM (kg/ha) x N content (%) of DM. 
 

Soil leachate nitrogen 
Apparent nitrogen use efficiency will identify which treatments incurred greatest nitrogen losses but 
does not identify where nitrogen is lost (leached, atmosphere or runoff). To measure the relative 
amount of leachable nitrogen moving down the soil profile between treatments, soil leachate will be 
collected at three to four strategic timings - two to four weeks after treatment applications. Soil water 
collection will be via ceramic suction cups inserted into the soil at an angle that intersects the 
appropriate depth for collection, while minimising disturbance of the soil column above the collection 
point. The timing and depth of collection will be estimated based on rainfall, and an onsite reference 
plot where a dye will be applied to monitor movement of wetting fronts and help determine when 
any excess nitrogen may reach a critical “break through” point below the root zone. Total nitrogen, 
nitrate nitrogen and ammonium nitrogen will be measured. This will provide some insight on the effect 
of the various treatments on N transformation and transport processes. 
 

Economic analysis 
Total DM production and nutritional quality at key times for the pasture produced and will be 
evaluated against costs for each treatment. This will be used to provided guideline on cost 
effectiveness of N fertiliser application.  
 
 

Timeline summary of establishment, treatments and measurement 
Approximate 
date 

Approx 
weeks 
after 
seeding 

Operation Treatment 
Application 

Plant Tissue 
test 

Leachate 
nitrogen 
measurement 

Feed 
Quality 
Test 

1 April -4 Select site 
& Soil test 

- - - - 

1 May 0 Seed trial 
site 

Apply Basal 
PKS + traces 

- - - 

1 June 4 1st DM cut - - - - 

1 July 8 2nd DM cut Apply 
treatments 
2,3,4,5,6 + 
Basal K&S 

- - - 

 ~11 Collect 
leachate 

- - Total N, N03, 
NH4 

- 

1 Aug 12 3rd DM cut Apply 
treatment 2 

Total N  - ME, 
Protein, 
NDF 

 ~15 Collect 
leachate 

- - Total N, N03, 
NH4 

- 

1 Sept 16 4th DM cut Apply 
Treatments 
7, 8 + basal 
K&S 

Comprehensive 
plant tissue 
test 

- - 



 ~19 Collect 
Leachate 

- - Total N, N03, 
NH4 

- 

1 Oct 20 5th DM cut - Total N  ME, 
Protein, 
NDF 

 ~23 Collect 
Leachate 

- - Total N, N03, 
NH4 

- 

1 Nov 24 6th DM cut - Total N - ME, 
Protein, 
NDF 

 
NB: Seeding date, number of cuts and collections will be dictated by seasonal conditions. 
Statistical analysis:  ANOVA with P≥5% 
 

Extension activities 
Field walk Spring 2020 to showcase to producers the various treatments and present preliminary 
findings. 
Final Workshop – Autumn 2021 to present project outcomes. 
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