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PROJECT DESCRIPTION 1
 

 
 
The On-Farm Experimentation (OFE) project aims to improve grain growers’ engagement with 
data by demonstrating the potential value of data analytics generated from trials conducted 
in growers’ own paddocks. This project has generated value through better decisions based 
on data, taking into account factors that growers consider important. Three focused areas of 
activity: capacity building, method development using data analytics (demonstration of 
application) and high-throughput analysis capability (platform development) were used to 
achieve the desired industry value. 
  
A key output of the OFE project is the development of new, structured and statistically 
rigorous data analytics methods for farmer-implemented, paddock-scale trials. These new 
methods must accurately account for spatial variability across paddocks. Historically, 
agricultural trials have been performed on small plots and have applied principles of 
experimental design, such as randomisation and replication, to minimise environmental 
effects. In these small plot designs, data are also normally distributed (i.e. the variance within 
each plot is the same). Under such circumstances, Analysis of Variance (ANOVA) can be 
utilised as an analytical approach to understand treatment effects.  
 
In the case of large-scale trials however, such as those examined in the OFE project, spatial 
variability relating to the influence of environmental factors such as soil type, water-holding 
capacity, rainfall distribution or weeds, can be high. These environmental effects will impact 
yield in ways which cannot be identified or understood prior to the trial. The scale of these 
trials and inherent within-trial variability mean that the data collected are not necessarily 
normally distributed because the distribution of environmental factors with influence on yield 
can be different across different treatment strips. As such, ANOVA is not an appropriate 
analytical approach. 
 
Unlike ANOVA, Geographically Weighted Regression (GWR) accounts for spatial variability by 
separating any environmental effects on yield from treatment effects. GWR also assumes that 
response to treatment will vary across a trial, allowing growers and agronomists to 
understand how yield response is spatially variable and then apply this knowledge in a 
tailored management approach, rather than broad scale homogenous approaches across 
paddocks. 
 
1This project description has been used in previous reports and is reproduced here for consistency.  
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Agriculture and the Mid-Career Fellow in Big Data as well as with CSBP Fertilisers Research 
Agronomy. 
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EXECUTIVE SUMMARY 
 

 
The data driven grain profitability through on-farm experimentation project was a three-year 
partnership between the Food Agility CRC, Curtin University, Western Australian Government 
through the Department of Jobs, Tourism, Science and Innovation (DJTSI) and the Department 
of Primary Industries and Regional Development (DPIRD) as well as NGIS Australia. 
 
The project was developed to specially address a gap in industry capability in managing the 
risks associated with adoption of low utility of research outputs. In the context of research 
outputs, utility is a measure of the ease of uptake by next- and/or end-users. Research 
outputs with low utility are derived from experiments that are inherently limited relative to 
the needs of the next- and/or end-user. An example of a low-utility research output may be 
one that is derived from a highly controlled environment (for example a laboratory or 
glasshouse) or from field environments where the within site variation is removed through 
the experiment’s design and analysis or where the number of sites and number of years is 
limited. The concept of utility also applies to new technology, management options, genetics 
and financial instruments. 
 
Within the grains industry (and other areas of food production) ongoing innovation is critical 
to optimise production, profitability and sustainability. Research plays a key role in the 
ongoing process of innovation – but grain producers (and their allied support industries, such 
as agronomists) are often faced with high risks associated with adoption of new methods and 
technologies. To manage this risk, many producers undertake on-farm trials in order to 
provide a proof of concept step prior to adoption. The on-farm trials increase the utility of a 
research output, new technology or management option by demonstrating value to the 
farmer within his or her business environment.  
 
Generally, on-farm trials are assessed in a qualitative or semi-quantitative manner. The 
uptake of on-farm digital technology – particularly yield monitoring, prescription inputs and 
input monitoring and the use of within season remote and proximal sensing of crop 
performance has allowed a new era of measurement of on-farm trials and collectively enable 
precise quantification of crop performance across a wide variety of treatment types. 
Importantly, these forms of sensing all generate high resolution spatial data capable of not 
just resolving treatment effects but also the impact of site variability and importantly the 
interaction between the treatments and the site variability. It is this interaction that has the 
greatest utility to farmers – however, the data requires specialist analysis to generate 
actionable outcomes.  
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At the commencement of this project, there was a high level of alignment between the needs 
of industry for improved methods of analysis for on-farm trials and the needs of the research 
community who were awakening to the reality that small scale trials have both strengths and 
weaknesses and that larger scale trials provide an opportunity to explore a new realm of 
experimental questions and/or opportunities to improve the evidence-base from near to 
market or extension focussed experimentation.  
 
The project has explored the role of on-farm experiments, the importance of the interactions 
between the farmer, agronomist and researcher to develop robust experimental questions 
and value generated by sustaining these interactions throughout cycles of co-design, 
implementation and reporting. By using real world experiments, the experimental approach 
has been redefined and optimised leading to two main outcomes: 
 

• Firstly, through partnership with NGIS industry, the grains industry will have the 
capability to undertake trials with minimum input from specialist researchers through 
adoption of a deployable precommercial software package designed to deliver end-
to-end capability for on-farm experimentation, including automation of analysing and 
visualising the outputs of trials 

• Secondly, through partnership with researchers and industry participants the project 
has contributed to a strong and confirmed interest in using on-farm experimentation 
in conjunction with robust statistical analysis as a driver for reducing the risks 
associated with on-farm innovation.  

 
Both outcomes will continue to generate value for industry into the foreseeable future. The 
NGIS software will progress to consideration for release as a standalone product or be 
embedded within other software capabilities. The research community has already generated 
more advanced forms of spatial data analytics through exploration of Bayesian, advanced 
modelling and machine learning approaches. Concurrently, on-farm trials have become 
embedded in a substantial number of industry focussed research activities and the approach 
is being explored to examine new research questions.  
 
The uptake of data driven decision making will continue to shape innovation in farming over 
decades as farmers seek to optimise returns in the face of declining terms of trade, climate 
change and land-use transition. Continued investment that targets the utility gap between 
adoptable research outcomes and industry uptake will facilitate more rapid innovation – 
including provision for low risk identification of rapid fail decisions and the development of a 
solid economic argument for adoption of beneficial management options. The capability 
delivered though this project could be extended further within the grains industry with 
investment targeting the use of the software by grower groups, industry facing researchers, 
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agronomists and farmers. Likewise, the technology has application to all other areas of 
agricultural production and further investment with a focus on the deployment of the 
software may be warranted.  
 
This report demonstrates the research capability building that has occurred through this 
collaborative project, using a real-world example as a case-study. Development of the 
Geographically Weighted Regression (GWR) analysis in this project has focussed on fertiliser 
trials as they are simple, commonly run trials that are likely to generate a large, spatially 
variable response. Further research is required to consider analysis of trials where the yield 
response to a treatment is not linear. GWR is only the beginning of the analysis of spatially 
variable responses. New research horizons in analysis of trials include Bayesian Modelling and 
Machine Learning, for example, and provide future opportunities to build on the OFE platform 
capability. 
 
Future research opportunities, building on the capability developed in this project, have been 
recommended for improvement of on-farm trial analysis. Some on-farm trials analysed in 
project included soil amelioration and other agrochemical trials, further research is required 
to apply the GWR analysis to these scenarios. GWR analysis can be deployed to experiments 
in other spatially distributed in broadacre farming, including but not limited to genetic 
stability of traits, pastures, carbon plantings etc. There are also potential applications in 
horticulture and controlled environment agriculture as well as land rehabilitation. 
 
Inclusion of financial data into a spatially relevant context demonstrates the value proposition 
identified by the project and the opportunity to consider risk. Managing risk across the farm 
within a season, as well as through time, creates the opportunity to investigate new research 
horizons. As described in the case study, the ability to extrapolate findings from strips that 
cross farm management zones to the whole paddock and farm de-risks changing 
management practices (e.g. fertiliser regime). Further investment in research to manage risk 
and return on investment has the potential to support farm sustainability and profitability 
into the future. 
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INDUSTRY IMPACT METRICS 
 

 
This project was designed to develop and deploy new methods of data analytics for large-
scale farmer implemented trials (On-Farm Experiments) that account for spatial variability 
across paddocks. The project has generated value by contributing to the improvement of 
farmers’ decisions by improving the accessibility and utility of their own data from trials 
conducted on their own farm. It has been achieved via three focussed areas of activity: 
research capacity building, method development using data analytics (demonstration of 
application) and high-throughput analysis capability (platform development).  
 
This project is the first project developed as part of the WA Node of Food Agility Cooperative 
Research Centre. The WA State Government co-investment in the WA Node aims to: 

• contribute to a major economic priority of the State Government, digital 
agriculture,  

• leverage Commonwealth funding to support research and development that is key 
to Western Australian needs,  

• support research excellence and capability in local universities; and 
• work with local partners in the CRC to increase their collective influence and 

attract activity to Western Australia. 
The following impact metrics relate to delivery against these aims. 
 

  Demonstration of engagement by 
Industry, RDE provider and Grower 
Group 

Farmer and industry participation in the 
OFE process. 
26 farmers, 7 Grower Group and 2 Small 
to Medium Enterprises 
 

Improved industry skills to 
translate science to industry 
application 

End User Reports, field days, extension events 
53 trials analysed and reported, 7 extension 
events, 3 field days 
 

Publication of research 
outcomes 

Scientific and Industry publications 
2 Journal Papers published, 1 under development, 
2 Industry publications 



"Using the tools created as a
result of the project, growers

can now make fertiliser
management decisions from

what they're finding from
their own paddocks and their
own machinery, empowering

them to run their own on-farm
trials to boost productivity

and profitability"

LUKE DAWSON
SENIOR AGRONOMIST
CSBP

 

14
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IMPACT STATEMENTS 
 

 

INDUSTRY PARTNER  
Luke Dawson, CSBP Fertiliser, Senior Agronomist 
CSBP Fertilisers has an extensive history of researching crop nutrition through its field trials 
program, which constitutes forty to fifty trials per year. Conventional plot trials are invaluable 
for both internal research and showcasing new technical developments to growers but they 
have limitations. Plot trial sites are selected to try and ensure there is minimum variation 
across the trial site as well as being responsive to one or two nutritional variables. It can then 
be difficult for growers to transfer these learnings to their own cropping programs. The 
development of GWR analysis through the OFE project has lifted these constraints and 
expanded the possibilities of field testing. 
 
By accounting for spatial variability, GWR has made whole paddock trials possible, which has 
enabled CSBP Fertilisers to have closer working relationships with the growers. Each trial is 
tailored to the grower’s specific aims and nutritional requirements and the scientific rigour 
around the results provides them with the confidence to act on those outcomes. In the short 
period of the OFE project, the trial participants have been able to undergo improvements 
with their management practices and that has resulted in more efficient fertiliser usage.  
 
Working with Curtin University and the Research Team during this period has been invaluable. 
By bringing together growers and researchers with our agronomy team, there has been a 
greater understanding by all of the OFE process. This has brought about a desire and 
commitment to make the process a success. It has also enabled the extension of the 
theoretical concepts of OFE into a versatile and practical process that can be used by 
researchers, agronomists and growers alike. 
 

INDUSTRY PARTNER  
Tanya Kilminster, Grower Group Alliance, Program Broker 
 
Grower groups and their members have been hosting on-farm trials for decades. The value of 
small plot trials has always been significant, however in more recent times growers have 
pushed for paddock scale interrogation so that the research questions can be answered at a 
scale that is relevant to the grower. The OFE project has now been able to address in-paddock 
spatial variability, which has been seen to be a barrier to large scale trials. The outcomes of 
this analysis and technology development has resulted in greater insight into paddock 
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management zones that has supported targeted production systems, driving whole-farm 
productivity and profitability. 
 
Also key to this project was the ability to successfully bring together the grower, grower 
group, researcher and service provider. Together, they have been able to understand the 
problem, design the research questions and translate the research findings into data-driven 
decision making, giving more confidence to those gut-instinct and observational learnings and 
subsequent decisions that growers inherently make. This shared learning has been highly 
valuable across the project team and improved the adoptability of the methodology and 
technology. 
 
The Grower Group Alliance continues to support projects that create a culture of data sharing 
and the opportunities to drive accelerated adoption of digital agriculture to improve the value 
of agricultural production. Grower Group Alliance fully supports the recommendations from 
this OFE research, particularly to explore managing risk and return on investment, particularly 
at the paddock and farm level in a water limited environment. 
 

TECHNOLOGY PARTNER 
Nathan Eaton, NGIS, Managing Director 
  
NGIS is privileged to have been involved in the OFE project. We feel that both the scientific 
and technical deliverables of the project are absolutely industry leading and we are very 
excited to be able to take the OFE platform to market. We would like to thank Curtin 
University and the CRC for Food Agility for their guidance and direction for this project 
including the support of NGIS to take a cloud-first and data-driven approach to the OFE 
platform. With the availability of more and more satellite imagery and farm data it is crucial 
that projects such as OFE are used to distil information down into the insights and answers 
that matter to farmers and to provide these insights in a way that it easy to communicate and 
understand. The OFE platform is a super targeted application designed for the end to end 
farm trial process. From trial design to trial reporting the platform has a clear focus and value 
proposition for farmers and will enable trials to scale into the future leveraging data and 
technology 
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RESEARCH PARTNER 
Bindi Isbister, Research Scientist, Department of Primary Industries and Regional 
Development 
 
Large scale trials using farmer equipment are an integral part of DPRID’s work, taking the best 
results from intensive small plot trials and applying them at a farmer scale to assess both their 
profitability and practicality. The development of GWR method of analysis provides a way to 
account for the underlying spatial variability that is common in WA paddocks and is a 
limitation to analysis of large scale trials. The analysis of spatial data is a very specialist skill 
that few researchers in the Department or the agriculture industry have. Development of the 
OFE process and platform for large scale trials to be analysed in a statistically valid way by a 
broader range of research scientists allows us to have confidence in our recommendations, 
translating science into industry applications. The OFE process and platform also provides our 
research collaborators, such as agronomists and growers, to take research outcomes and test 
them in their own backyard.  
 
It would be beneficial to test the GWR on our soil amelioration trials both to analyse the 
treatment effects accounting for the spatial variability. Furthermore, being able to run 
simulations to predict what amelioration treatment might be the most profitable (or 
appropriate) across the range of soil types or management zones in the paddock will be very 
beneficial. 
 
The current economic market for very high input costs and increasing public demand for 
accountability in relation to greenhouse gas emissions and efficient use of inputs (e.g. 
fertilizer and herbicides) has increased the demand for their targeted application based on 
spatial variation (predominantly soil type). Research methods that can be used to account for 
the variability are becoming increasingly valuable. 
 
The collaborative of approach this project, between researchers, software developers, 
consultants/agronomists and farmers, has led to an outcome that is very relevant to the 
agricultural industry and DPIRD’s goal of improving profitability of the agriculture sector. 
Being able to use the tool to predict how different treatments could affect yield and gross 
margin across the paddock is exciting. A potential hurdle for using the tool could be importing 
the yield data and application data from the machine to the tool. There is an opportunity for 
consultation with the machinery companies about standardizing the format of data and 
opportunities for seamless transfer of data from the machine to the platform that could be 
considered in the future. 
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RESEARCH PARTNER 
Mark Gibberd, Centre Director, Centre for Crop and Disease Management Curtin University 
 
The Australian grains industry has a strong track record of engagement with new innovation. 
However, the uptake of new innovations in farming practice carry inherent risk – largely borne 
by the farmer in his/her business. One such risk arises from the extension of research results 
from small-scaled experiments - where the aim is to minimise the impact of spatial variability 
on treatment effects – to the ‘real’ production environment which is characterised by high 
levels of spatial variability. Farmers (along with grower groups and field focussed researchers) 
combat this risk by undertaking large scale experiments, but to date there has been limited 
capacity to provide robust statistical analysis. 
 
This project has partnered with producers, members of allied industries, grower groups and 
researchers to generate a new capability for on-farm trials. The pre-commercial product 
under development by NGIS will have a high level of utility and researchers are already 
moving forward with improved methods of analysis and optimisation of experimental design 
which may inform future software releases. This area will continue to develop with future 
investments – and so it should – this is just one area whereby agricultural production will 
benefited from engagement with advances in data analytics. 
 
Curtin has a proud history of teaching and research in Agribusiness, it has been a pleasure to 
be involved in this project with a fantastic group of highly talented researchers and industry 
members.  
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END-USER PROFILE 
 

 
Mick and Kate Caughey, Merredin WA 
Cropping ~5,000 ha 
Wheat, barley and lupins in a continuous 
cropping system 
OFE trials 2018, 2019 and 2020 season 
 
 
 
 

Mick Caughey has been involved in the project since 2018, in partnership with CSBP Fertiliser. 
Mick has always has been experimenting on his paddocks, since well before variable rate 
technology (VRT) became available. He uses the MyJohnDeere® app to view yield data and 
creates VRT maps by hand using satellite data. His problem is that even with all of these 
experiments, “Measurement at the end never happens”. Mick says that although he sets up 
experiments, he often determines their effectiveness ‘by eye’ or how it looks using images 
(e.g. Normalized Difference Vegetation Index). Mick would really like to be able to analyse 
the results and use this information to make decisions across his whole farm.  
 
The main aim of the trial conducted on Mick’s farm was to understand the optimum 
phosphorus (P) rate for each of the four different soil types (management zones) in the 
paddock. He designed and implemented an 86 ha strip trial to examine the influence of 
different rates of phosphorous and nitrogen on cereal yields.  
 
Spatial analysis to measure the response of the fertiliser application on yield across the trial 
area was conducted by the research team, using application of treatment data and yield data 
obtained from his machinery. The size of trial meant that multiple yield zones were captured. 
The spatial analysis revealed previously unidentified yield potential across some of the 
historically lower-performing soil types present within the trial area. 
 
The benefits of conducting such large-scale trials were obvious after his first season of 
involvement in the project. “Lots of farmers do trials but they never get the data analysed at 
the other end, so it’s very important to have [Curtin University], to put [those results] back 
into our team so we can understand [the trial outcomes].” Mr Caughey said. 
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Mr Caughey had been employing Variable Rate Technologies (VRT) for some years prior to 
the project but the results of the 2018 season analysis influenced his approach to, and 
effective use of, VRT. “I learnt that I need inputs in some areas that I didn’t think I needed 
them.” Mr Caughey said, “these lower performing soil types are normally unproductive and 
can hurt us a lot in the dry season so we didn’t put many inputs on them are far as fertiliser, 
no phosphorous in the last few years prior to the trial.” 
 
“However, in the first year of the project we found that even as low as four units of P was 
getting a really good yield and financial response.” These findings motivated Mr Caughey to 
adjust his management practice in the following season. “The next year I changed my whole 
program on those soil types to lift the P rate and it has made a difference.” 
 
After his third consecutive year of involvement in the project, Mr Caughey has consolidated 
the information obtained from the trials. The three seasons were all very different, offering 
and good understanding of how each of the soil types respond to different seasons as well as 
treatments. “It’s really good to do [on-farm] trials, but to actually measure them and get some 
real outputs so you can make proper financial decisions, is very important” he said. 
 
Luke Dawson, Senior Agronomist from CSBP Fertiliser, used the analytics to determine the 
Return on Investment (RoI) for fertiliser spend. Mr Dawson was able to determine the RoI 
(AUD$ per ha) for each treatment, soil type and season as well as considering the most 
suitable option based on risk. 
 
Mr Caughey said that the key to success in the trials has been the continued communication 
between the project partners and the engagement from CSBP Fertiliser and Curtin University. 
All parties have influenced and guided Mr Caughey with on-farm decisions to improve end of 
season results. Combining the results of the spatial analytics with Mr Caughey’s knowledge 
of the paddock history and soil types expanded the interpretation of the trial results. Mick is 
looking forward to the development of the NGIS platform and the ability to analyse his trials 
in the future.  
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OBJECTIVES 
 

 
The key objectives of this research project are to: 
 

1. Build research capacity and translation of this knowledge to industry 
2. Develop a statistically rigorous method for analysing large-scale, on-farm experiments 

and (demonstration of application) and  
3. Development of high-throughput analysis capability (platform development) to a pre-

commercial state. 
 

METHODOLOGY 
 

 
Development of the methodology demonstrates how the project has delivered against the 
project objectives. By drawing on the principles of On-Farm Experimentation and adopting a 
co-innovation approach, researchers were able to analyse and visualise trial data in a way 
that is relevant and applicable for the farmers and agronomists and can be used to change 
their management practice (e.g. change fertiliser application rates). The analytical method 
described in the following text provides a statistically-rigorous analysis for paddock-scale 
trials. This approach has been well-defined for fertiliser trials and has the potential for 
application in paddock-scale trials such as soil amelioration and agro-chemical trials.  
 

RESEARCH CAPACITY BUILDING AND KNOWLEDGE TRANSLATION 
 
Principles of OFE 
The principles of On-Farm Experimentation were initially developed by Prof Simon Cook, 
Myrtille Lacoste and Danielle Gale as part of the project and in an international context 
(Lacoste et al. 2022). The process that the project has used for on-farm experiments draws 
on these principles and greatly benefited from the co-innovation approach, working closely 
with farmers, agronomists or intermediary (e.g. research agronomist, grower group staff 
member) and researchers (analysts). Figure 1 describes the three main phases; planning 
(grower-driven experimentation), implementation and reporting, review (management 
change) adapted from Lacoste et al. (2022).  
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Figure 1 On-Farm Experimentation project’s co-innovation process, adapted from Lacoste et al. (2022) 

OFE Project Process for analysis of paddock-scale trials 
The planning phase relies on simple, grower-driven questions that are achievable and a full 
paddock history is collected. The grower, agronomists/intermediary and researchers ideally 
work together to design an experiment that will facilitate the desired outcome and be 
statistically rigorous. A spatial trial design including the layout of treatments and replicates is 
exported as a shapefile that is uploaded into the machinery for the implementation phase. 
 
Once the trial has been implemented, the application data can be accessed. As with many 
farm trials, occasionally the trial is not implemented correctly so the application data 
becomes important when verifying (or altering) the experimental design prior to analysing 
the results. A mid-season report is conducted using an assessment of the treatments effects 
on Normalized Difference Vegetation Index (NDVI). An analysis of the NDVI data (sourced 
from Planet or Sentinel) by treatment is conducted using Geographically Weighted Regression 
(GWR - see following section) and is visualised as a response map (e.g. NDVI per kg fertiliser 
applied) and an intercept map (i.e. estimated NDVI if no fertiliser was applied). The intercept 
is indicative of the spatial variability of the trial area. In some instances mid-season 
measurements of NDVI can be used as an estimate of yield potential, however these results 
must be assessed with care as the final yield result will depend on a wide variety of factors 
including weather conditions during grain filling and weed burden. Importantly, the mid-
season report provides the opportunity to check in with the grower to maintain their interest 
in the trial and to talk through the patterns that are visible in the paddock (i.e. areas of 
low/high biomass response to the treatment). 
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Once the trial has been harvested, yield data can be exported and processed to be visualised 
in map form. This includes cleaning and interpolating yield data and conducting GWR analysis 
to produce a treatment response map (for example, kg yield per kg fertiliser treatment) and 
intercept map (predicted yield assuming no treatment was applied to the paddock). A harvest 
report is developed to include GWR analysis of both the mid-season (NDVI) and yield data. 
Yield prediction maps for each of the treatments are also developed to indicate the potential 
response of a treatment across the whole trial area.  
 
The final stage, review (management change) involves discussion and interpretation of these 
maps developed for the harvest report. This is most effective where the grower, 
agronomist/intermediary and researcher discuss the intercept, response and yield prediction 
maps together. When each party describes their interpretation of the maps, a much more 
nuanced understanding of the results is achieved. Furthermore, this approach has led to step-
changes in the statistical method development. 
 
Evidence of successful translation of research outputs to industry practice is highlighted in 
the impact statement provided by CSBP Fertiliser on page 3. 
 

A STATISTICAL ANALYSIS METHOD FOR PADDOCK-SCALE TRIALS 
Small-plot, field-based trials are designed to maximise the likelihood of determining 
treatment main effects and interactions by minimising spatial/environmental variation. 
Requiring specialist equipment, small plot trials are usually initiated by an external party and 
they are comparatively expensive. Often the management of the trials differs substantially 
from the surrounding crop management (for example, different sowing dates, fertiliser and 
fungicide regimen). However, the data arising from small plot trials are usually normally 
distributed and therefore ANOVA is a suitable analytical approach to understand treatment 
effects. The results, however, are often difficult to translate to paddock scale due to soil and 
landscape spatial variability (Piepho et al., 2011).  
 
Paddock-scale, strip trials are usually focused on answering farmer-driven questions, use farm 
equipment, are cost-effective and are used to extrapolate the results of small plot to farm 
scale applications. They are deemed more relevant as they encompass spatial and 
environmental variability, including soil types, which can impact how crop performance 
responds to treatments. Simple comparisons of means for parameters from strips fails to 
generate useful data and ANOVA is not an appropriate analytical approach for paddock scale 
trials as it does not account for the spatial variability. 
 
This project has developed an approach for robust analysis of paddock-scale strip trials using 
Geographically Weighted Regression (GWR) models previously developed by Fotheringham 
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et al. (2005). The GWR method used in this project has been peer reviewed (Evans et al., 
2020).  
 
GWR allows us to understand how crop response varies in a spatially variable environment. 
It estimates local linear regressions using a moving window approach to assess the 
relationship of a dependent variable (e.g. yield or NDVI) in relation to an explanatory variable 
(e.g. rate of N applied). The results of these regressions can be visualized using raster maps 
of the intercept and the response. The intercept map is indicative of the spatial variability in 
the paddock, as it represents the dependent variable without any treatment applied. On the 
other hand, the response map represents how much the dependent variable (e.g. kg yield) 
changes in response to the amount of input/treatment (e.g. kg of nitrogen fertiliser) is 
applied.  
 
The maps generated by GWR help to determine whether the variation in yield across the 
paddock is influenced by the treatment or by spatial variability (e.g. soil type, topography, 
weed burden). GWR allows parameters such as yield to be predicted (accounting for spatial 
variability) across the paddock for each treatment. Furthermore, the gross margin (return on 
investment of treatment) can be estimated for each treatment allowing an economic 
rationale for the development of management changes that scale up the result from a strip 
of the trial to the whole paddock. This is further enhanced in paddocks/farms where zones 
(farm management units) are used as agronomists can support translation of the results from 
this paddock to the similar management units across the farm. The yield prediction capability 
also allows the agronomist and farmer to assess a risky treatment (e.g. high nitrogen in a low 
rainfall zone) in a small area of the farm before investing in a broader-scale management 
change.  
 
During the project, key steps were identified for the analysis of the each of the trials. These 
include: 

• Data collection: 
o Trial design (as a shape file or KMZ file provided by the farmer / agronomist) 
o Application of treatment map (as a shape file, cmv or KMZ file provided by the 

farmer / agronomist) 
o Normalised Difference Vegetation Index (NDVI) data downloaded from remote 

sensors such as the Sentinel Data Products  
o Grain yield data collected by the machinery and extracted from specified 

software (provided as a csv or shape file by the farmer / agronomist) 
o Information of paddock history (important for trial interpretation) 

• Data processing (cleaning yield data) 
• Creation of output maps: 
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o Treatment polygon 
o NDVI map 
o Yield map (as interpolated raster: a continuous surface from the point yield 

data, using a 10 m resolution) 
• Spatial analysis using Geographically Weighted Regression. The GWR considers the 

following parameters: 
o Dependent variable (for example, NDVI or yield) 
o Explanatory variable (input applied e.g. Nitrogen kg/ha) 
o Bandwidth: kernel bandwidth based on number of treatments and strip width 

(Rakshit et al. 2020).  
o Results of GWR (intercept and response) are converted into raster maps (10 m 

resolution). The intercept map (assumes nil treatment is applied) and response 
map (represent the NDVI per kg of fertiliser applied).  

• Predicted yield for each treatment assuming it was applied across the whole paddock 
(accounts for spatial variation and uses the intercept and response values estimated 
by the GWR) 

o Predicted yield = Intercept + fertiliser rate used in the trial x response  
• Gross margin analysis using the predicted yield (so spatial variation is accounted for): 

o GM (AUD/ha) = yield (t/ha) x grain price (AUD/t) – (fertiliser cost (AUD/kg) x 
fertiliser rate kg/ha) – establishment costs (AUD/ha) 

 
The method has been refined using fertiliser trials where we expect to see a treatment effect. 
We have analysed over 50 trials as part of the 3-year project. NGIS Australia, our commercial 
partner, are finalizing a web-based portal to semi-automate the trial design, visualisation and 
analysis. 
 

DEVELOPMENT OF GWR SHINY TOOL FOR LIVE DATA VISUALISATION 
The shiny tool was built to facilitate the co-innovation mode of the project. This is a data 
visualisation tool that allows real-time exploration and visualisation of the yield data and GWR 
results. We used this tool to communicate the results of the analysis and gain feedback from 
growers and advisors on how best to visualise the data, gain insight about which elements 
were most important and interpretation of results. The shiny app is divided in four 
independent sections that include: trial layout and interpolated yield (Figure 2), GWR analysis 
and results (Figure 3), yield predictions scenario analysis (Figure 4) and gross margin analysis 
(Figure 5). The GWR section allows to explore the data using the mouse to click any point of 
the map and obtain a local regression plot for the specific location (Figure 6).  
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Figure 2. OFE project R Shiny tool visualisation of interpolated yield and trial layout for a fertiliser trial in Western Australia. 

 

 
Figure 3. OFE project R Shiny tool visualisation of the intercept (i.e. the yield assuming no treatment was applied to the trial 
plot area, which is indicative of spatial variation within the plot), response (kg yield produced per kg of (N) fertiliser applied) 
and the associated p values. 
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Figure 4. OFE project R Shiny tool visualisation of the intercept (i.e. the yield assuming no treatment was applied to the trial 
plot area, which is indicative of spatial variation within the plot), response (kg yield produced per kg of (N) fertiliser applied), 
the associated p values and the local regression. 

 

 
Figure 5. OFE project R Shiny tool visualisation for scenario analysis capability, including the ability to predict yield by selecting 
the fertiliser rate. 
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Figure 6. OFE project R Shiny tool visualisation of gross margin analysis, including the ability to adjust the price, cost and 
applied fertiliser rate. 

DEVELOPMENT OF AN OFE PLATFORM 
 
Translation of the research outputs into a semi-autonomous, high-throughput, globally-
scalable system for trial analysis was a key deliverable of the project. This was a collaborative 
effort among the project partners to enable NGIS Australia embed the code, GWR 
automation, trial analysis and the principles learned through the OFE process into a web-
based portal. 
 
NGIS Australia NGIS are GIS Consultants, with 28 years of experience with spatial analysis at 
their core. Their major contribution to the OFE project is through visualisation, cloud 
engineering, geospatial automation and software engineering; they specialise in services for 
agribusiness and have a track record in development of products including Decipher. NGIS 
has experience with a cloud-based earth observation platform (Google Earth Engine), which 
is well suited to Geographically Weighted Regression analysis. NGIS’s contribution to the OFE 
project was to develop a pre-commercial minimum viable product (MVP) version for the 
project as it develops for (initially) limited release to value chain customers, with iterative 
developments based on user experience.  
 
The NGIS web visualisation platform was built in three phases of work: platform design, test 
platform with limited functionality, and pre-commercial minimum viable platform product. 
During each phase of the platform development. 
 
The web visualisation for the platform design included the following elements: 

• Product Landing Page 
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• Authentication: single generic Administrator Account access with all data 
• Home dashboard: options for selecting trials either by Trial (all farms filtered by trial 

type) or farm (all trials filtered by farm) 
• Trial list: provide a list of treatments and allow user to select one or more treatments 

for analysis 
• Farm list: provide a list of farms and allow user to select a farm 
• Treatment Map Visualisation: allow user to show the details of a trial (i.e. % of fertiliser 

applied) 
• Treatment Map Querying: allow user to query treatment map to provide additional 

details 
• Yield Map Visualisations: allow user to show output yield for treatment zone 
• Treatment vs Yield Response Analytics: provide graphical representation of yield 

output based on treatment 
• NDVI Visualisation: allow user to show NDVI based on Sentinel Satellite Imagery 

including the ability to clip to farm/paddock boundaries 
 
The test platform with limited functionality (delivered Feb 2020) included: 
 

• Treatment vs NDVI Response analytics: provide graphical representation of NDVI 
output based on treatment 

• NDVI Historical Trending: allow user to provide historical trend of NDVI values for 
point, paddock or farm 

• Analysis Indicator – Rainfall: provide additional rainfall data as an additional 
information source 

• High Res Imagery and NDVIO: provide high resolution commercial imagery outputs 
(including NDVI) over trial area 

 
The pre-commercial minimum viable platform product (delivered Dec 2021) included: 
 
Production ready System Architecture: 

• Data Model: design, development and implementation of a scalable data model that 
will support deployment of the platform to organisations 

• Enterprise database: design, development and implementation of enterprise data 
model to provide data service, configuration and authentication capabilities for the 
platform 

• Data Ingestion Automation: design, development and implementation of an 
automated data ingestion workflow to support the supply of data layers (i.e. farm 
boundaries) and scientific outputs into the OFE Data model and Enterprise Database 
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• GWR Automation: design, development and implementation of an automated 
workflow for the generation of key Greater weighted regression scientific outputs 

• Platform MVP Test Release: release of test candidate of platform minimum viable 
product for user acceptance testing 

• Platform MVP Test Remediation: remediation of test candidate of platform minimum 
viable product incorporating results from user acceptance testing 

• Platform MVP Release: final platform minimum viable product release following 
remediation 

• Authentication and User Management: implementation of User Management 
capability 

 
Advanced Analysis Functions 

• Farm Management Unit Analysis: ability for the user to classify and refine response 
statistics by using farm management units (management zones) to provide additional 
response insights 

• Trial Design: provide the capability to design trial boundaries including the ability to 
update trial boundaries based on actual positioning 

• Reporting: provide the capability to export platform outputs (maps, statistics, graphs) 
into a consolidated report for sharing with farmers and agronomists 

• User Driven Productive Area analysis: ability for the user to manually define a 
productive area for the trial to exclude non responsive areas from the overall trial 
comparison statistics to better highlight the difference between applications 

• Layer Driven productive area analysis: ability for the user to predefined regions from 
a layer (i.e. soil types) for the trial to examine response statistics based on layer 
regions 

 
The platform development was run in a series of sprints with input and feedback from 
participants within the project team. 
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RESULTS 
 

 
The project has analysed over 50 trials from across the grain growing region of Western 
Australia. Rather than provide a detailed account of all of the trials conducted, a case study 
site will be used to demonstrate the development of the research development (i.e. 
ontogeny) and the learnings from our co-innovation approach. 
 

CASE STUDY SITE: Neenwest 
 
Location: Nokaning, Western Australia 
Paddock Size: 86 ha 
Crop rotations: Barley (2018), Wheat (2019), Wheat (2020)  
Management zones: 80, 60, 45a, 45b 
 
Low rainfall zone  
Mean 10-year in-season rainfall 266 mm 
 

 
 

Figure 7. A) Management zone map and B) aerial map captured from Google Earth on 16 November 2021 of Neenwest trial 
site (86 ha), Nokaning WA. 
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Trial description and aims: 
The farmer (Mick) wanted to know how much phosphorus and/or nitrogen (as urea) is 
required for each of the four management units to get the best return on investment from 
these inputs. Inputs were tested in the same paddock over three seasons and three 
consecutive crops.  
 
The changes in analysis over the three seasons studied demonstrates how the research 
developed over the course of the project and the power of the co-design process in data 
visualisation and interpretation of results. 
 

2018 - SEASON 1 
The figures (8-11) and tables (1-2) in the following section were generated as part of the 
project outputs: CRC Harvest Report OFE_7/1 (Evans et al. 2019).  
 
Inputs were applied as urea (9.2% nitrogen w/w) at rates of 0, 20 kg/ha and AgFlow (12.9% 
Nitrogen, 17.7% Potassium and 6.0% Sulfur w/w) at rates of 0, 30, 60, 100 kg/ha for barley. 
The spatial layout of treatments applied for this trial are described in Figure 8. 
 

 
 
Figure 8. Trial design for barley response to fertiliser (2018- season 1) at Neenwest, Nokaning WA, showing rates of A) Urea 
(0, 20 kg/ha) and B) AgFlow (0, 30, 60 and 100 kg/ha) applied in an 86 ha paddock. 

A B 
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In order to demonstrate the low level of utility achieved with data analysis techniques that 
do not incorporated spatial analytics (which are commonly deployed by similar experiments 
outside of this project) the yield response to each treatment was initially described using 
boxplots and density plots (Figure 9) and an ANOVA was conducted (Figure 10). No significant 
differences were observed between treatments, which is likely because the spatial variability 
was not accounted for. 
 

 
Figure 9. A) Boxplots and B) Density plots of barley yield (t/ha) for each rate of AgFlow (0, 30, 60, 100 kg/ha) for a paddock 
scale fertiliser trial (2018- season 1)) at Neenwest, Nokaning WA 

 
Figure 10. Barley yield for each rate of AgFlow applied (0, 30, 60 and 100 kg/ha) in an 86 ha paddock scale fertiliser trial 
(2018- season 1) at Neenwest, Nokaning WA. 
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Spatial analysis (GWR) was then conducted on the data from 2018 – season 1. The yield map 
(Figure 11a) shows a yield distribution that is similar to the zonal management map with 
higher yield to the north-west corner of the paddock and lowest yield in the southern parts 
of the paddock.  
 
The intercept map (Figure 11b), as generated from GWR analysis, estimates barley yield (t/ha) 
assuming no fertiliser was applied to the paddock. This map has areas of high yield (3-5 t/ha) 
in the north-west corner of the paddock, consistent with zone 80 and zone 60 (see 
management zone map Figure 7a), moderate yield (1-3 t/ha) in the central area, consistent 
with zone 45a, and low yield (0-1 t/ha) in the south-east corner of the paddock, consistent 
with zone 45b.  
 
The response map (Figure 11c), as generated from GWR analysis, estimates barley yield 
response (kg) to fertiliser (kg). This map shows an area that is highly responsive (> 18 kg yield 
/kg AgFlow) along the eastern side of the paddock, a central area of low response (0-6 kg yield 
/kg AgFlow) and a moderate response (6-18 kg yield /kg AgFlow) from the north-west corner 
of the paddock, consistent with management zone 80.  
 
The gross margin map (Figure 11d) shows the return on barley grain and phosphorus fertiliser 
(AUD$ per ha) that is consistent with both the yield and zonal management map. Gross 
margin was calculated using $300 per t barley price, $490 per t urea cost, $635 per t AgFlow 
cost and $350 per ha crop establishment costs. 
 

 
Figure 11. A) Barley yield (t/ha), B) Intercept map (estimated barley yield t/ha assuming no P application), C) Estimated barley 
yield responses (kg) to fertiliser (kg), D) Gross margin (AUD$/ha) for return on investment of fertiliser application in an 86 ha 
paddock scale fertiliser trial (2018- season 1) at Neenwest, Nokaning WA.  

NB. Gross margin was calculated using $300 per t barley price, $490 per t urea cost, $635 per t AgFlow cost and $350 per ha 
crop establishment costs. 
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The Agronomists conducted an economic analysis on the barley yield (t/ha) for each of the 
treatments and management zones within the paddock (Table 1) to determine the gross 
margin for each management zone (Table 1). The following table highlights the treatment 
with the highest yield (blue) and the highest gross margin (yellow) for each of the 
management zones compared with the current management practice for each zone (grey).  
 
Table 1. Mean barley yield (t/ha) and gross margin for (2018 – Season 1) AgFlow treatments (0, 30, 60 and 100 kg/ha) with 

or without Urea (20 kg/ha) for the four management zones within the paddock (80, 60, 45a, 45b). Farmer fertiliser 
regime (highlighted in grey), the highest yield (t/ha) per treatment highlighted in blue and the highest gross margin 
(AUD$/ha) highlighted in yellow. (Courtesy Luke Dawson CSBP Fertilisers). 

Treatment Zone 80 Zone 60 Zone 45a Zone 45b 
AgFlow 
kg/ha 

Urea 
kg/ha Yield t/ha GM $/ha Yield t/ha GM $/ha Yield t/ha GM $/ha Yield t/ha GM $/ha 

0 0 3.6 1,075 3.0 910 1.8 543 2.0 595 

30 0 3.3 986 3.6 1,089 2.3 700 2.5 740 

60 0 3.6 1,083 3.2 960 2.4 729 2.4 706 

100 0 4.0 1,212 3.7 1,101 2.5 750 2.5 755 

0 20 3.7 1,113 3.8 1,137 2.7 801 2.0 604 

30 20 3.3 982 3.9 1,167 2.7 810 1.8 549 

60 20 3.5 1,061 3.4 1,010 2.8 852 1.8 535 

100 20 4.1 1,240 3.7 1,124 2.6 775 2.4 711 

 
The analysis enabled us to determine whether the farmer’s current strategy of applying 
nutrients in some areas and not applying nutrients, particularly P, to other areas such as Zone 
45a and 45b made the best economic sense. The analysis found that if the grower had 
adopted the fertiliser treatments with the highest yield for each zone, as per the trial results 
(Table 1), they could have achieved a gross margin of $977 per ha across the entire paddock, 
compared with $436 per ha they actually made using the current fertiliser management 
program (Table 2).  
 
Table 2.- Economic comparison of returns (2018 – Season 1) for actual farmer fertiliser management strategy (management 

zones 80 and 60 = 60 kg/ha AgFlow + 20 kg/ha Urea and management zones 45a and 45b received no fertiliser) and 
application of treatments that had the highest yield based on trial analysis (i.e. zone 80 = 100 kg/ha AgFlow + 20 
kg/ha Urea; zone 60 = 30 kg/ha AgFlow + 20 kg/ha Urea, 45a = 60 kg/ha AgFlow + 20 kg/ha Urea and 45b = 100 
kg/ha AgFlow + 0 kg/ha Urea). (Courtesy Luke Dawson CSBP Fertilisers). Gross margin in AUD$/ha 

2018 Total paddock 
returns 

Gross 
Margin 

$/ha 

% of potential 
returns 

Actual Fertiliser Strategy $74,607 $436 44.66% 
Potential Returns from application of highest yielding 
treatment combination 

$167,070 $977 
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2019 – SEASON 2 
The figures (12-17) and tables (3-5) in the following section were generated as part of the 
project outputs: CRC Harvest Report OFE_7/1 (Evans et al. 2020).  
 
Treatments were applied as urea (9.2% nitrogen w/w) at rates of 0, 20, 100 kg/ha and 
DoublePhos (12.9% Nitrogen, 17.7% Potassium and 6.0% Sulfur w/w) at rates of 0, 20, 30, 60, 
100 kg/ha for Sceptre wheat. The spatial layout of treatments applied for this trial are 
described in Figure 12. 
  

 
 
Figure 12. Trial design for Sceptre wheat fertiliser trial (2019 – Season 2) at Neenwest, Nokaning WA, showing rates of A) 
DoublePhos (0, 20, 30, 60 and 100 kg/ha) and B) Urea (0, 20 and 100 kg/ha) applied in an 86 ha paddock scale fertiliser trial. 

 
In the NDVI map, generated from satellite data obtained mid-season (Figure 13), the 
management zones (Figure 7) are clearly visible. The map describes low NDVI (red) in the 
southern and south-eastern areas of the paddock, consistent with management zone 45b, 
moderate NDVI (yellow to green) in the northern and north-western end of the paddock, 
consistent with management zones 80 and 60, and areas of high NDVI (blue) in the middle of 
the paddock, consistent with management zone 45a. There are also strips of high NDVI 
running from the northern to southern end of the paddock, within the treatment with 100 
kg/ha urea with DoublePhos. 
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Figure 13. A) RGB imagery of Normalised Difference Vegetation Index (NDVI) and B) layout of trial plots over aerial 
photograph of an 86 ha paddock scale fertiliser trial (2019 – Season 2) at Neenwest, Nokaning WA. 

Spatial analysis (GWR) was conducted on the 2018 – season 2 yield data. The yield map (Figure 
14) clearly shows the trial area from the surrounding crop and areas of low yield (red-orange) 
at the southern end of the trial, consistent with management zone 45b, moderate (yellow) to 
high (green) yield scattered across the remainder of the paddock. 
 

 
Figure 14. Harvest yield map for Scepter Wheat in an 86 ha paddock scale fertiliser trial (2019 – Season 2) at Neenwest 
Nokaning WA.  

A B 
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The intercept map (Figure 15), is generated from the GWR analysis, estimates wheat yield 
(t/ha) assuming no fertiliser was applied to the paddock. This map has areas of high yield (1.6-
1.7 t/ha) in the middle of the paddock running from the north-eastern corner to the middle 
of the south-western edge of the paddock, moderate yield (1.3-1.5 t/ha) in the north-western 
corner and south-eastern corner of the paddock and low yield (1-1.2 t/ha) in the southern-
west corner of the paddock.  
 

 
Figure 15. Intercept map (i.e. the estimated barley yield (t/ha) assuming no fertiliser was applied) as generated from 
Geographically Weighted Regression analysis of an 86 ha paddock scale fertiliser trial (2019 – Season 2) at Neenwest 
Nokaning WA.  
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The response maps, as generated from GWR analysis, include estimates of wheat yield 
response (kg) to phosphorus (Figure 16a) or urea (Figure 16b) fertiliser (kg) applied. This map 
shows an area with a higher response to phosphorus fertiliser (green) in the central area and 
toward the north-western corner of the paddock (Figure 16a) to other parts of the paddock. 
There is an area with a negative response (red) to phosphorus in the south-western corner of 
the paddock (Figure 16a).  
 
The response map also shows a high response (30 to 40 kg yield per kg urea) in the central 
area of the western plot (red), a moderate response to urea (10 kg yield per kg urea) in the 
western plot (yellow) and a negative response (-10 to -20 kg yield per kg urea) in the northern 
and southern ends of the western plot in red (Figure 16b). 
 

 
 
Figure 16. Estimated wheat yield responses (kg) to A) kg of phosphorus and B) kg nitrogen fertiliser applied in an 86 ha 
paddock scale fertiliser trial (2019 – Season 2) at Neenwest Nokaning WA.  
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Gross margin (Figure 17) for the return on investment of fertiliser for wheat grain yield (AUD$ 
per ha) was calculated using $300 pert wheat price, $564 per t urea cost, $635 per t 
DoublePhos cost and $250 per ha crop establishment costs. The gross margin map is similar 
to the raw yield map, with areas of low yield (red-orange) at the southern end of the trial, 
consistent with management zone 45b (Figure 7), moderate (yellow) to high (green) yield 
scattered across the remainder of the paddock. 
 

 
Figure 17. Gross margin analysis (AUD$/ha) for return on investment of fertiliser application on wheat grain in an 86 ha 
paddock scale fertiliser trial (2019 – Season 2) at Neenwest, Nokaning WA.  

NB. Gross margin was calculated using $300 per t barley price, $490 per t urea cost, $635per t AgFlow cost and $350 per ha 
crop establishment costs. 
 
A summary of the GWR analysis in terms of mean wheat yield (t/ha) and wheat yield response 
(kg) to fertiliser (kg) for each of the treatment strips and management zones (80, 60, 45a and 
45b) is in Table 3. This table also incorporates the gross margin (AUD$ per ha) in terms of the 
dollar return ($) on fertiliser investment in wheat yield.  
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Table 3. Mean yield of Sceptre wheat (t/ha), yield response (kg) to kg of fertiliser and gross margin (AUD$ per ha) for return 
on investment of fertiliser on wheat yield (2019- season 2, Neenwest). 

  
 
For management zone 45a (see Figure 7a), the highest yield (1.65 t/ha) was achieved in the 
60 kg/ha DoublePhos and 20 kg/ha Urea treatment (Table 3; zone 45a). Moderate yields were 
achieved in the nil/nil treatment (1.45 t/ha), 30 kg/ha DoublePhos and 20 kg/ha Urea (1.44 
t/ha), 0 kg/ha DoublePhos and 20 kg/ha Urea (1.4 t/ha) and 100 kg/ha DoublePhos and 0 
kg/ha Urea (1.44 t/ha). The highest yield responses (kg) to kg of fertiliser applied were in the 
60 kg/ha DoublePhos and 0 kg/ha Urea (phosphorus – 4.52 kg/kg; nitrogen 30.80 kg/kg) and 
30 kg/ha DoublePhos and 0 kg/ha Urea (phosphorus – 5.62 kg/kg; nitrogen 34.09 kg/kg) 
treatment (Table 3; zone 45a). Gross margin (AUD$ per ha) in terms of return ($) on fertiliser 
investment in grain yield (t), was highest in the nil/nil treatment ($179.26) and similar in the 
60 kg/ha DoublePhos and 20 kg/ha Urea ($178.66) and 0 kg/ha DoublePhos and 20 kg/ha 
Urea ($168.50) treatment.  
 
For management zone 45b, the highest yield (1.51 t/ha) was achieved in the 30 kg/ha 
DoublePhos and 0 kg/ha Urea treatment and similar (1.50 t/ha) in the 60 kg/ha DoublePhos 
and 0 kg/ha Urea treatment (Table 3; zone 45b). Moderate yields were achieved in the nil/nil 
treatment (1.30 t/ha) and the 100 kg/ha DoublePhos and 0 kg/ha Urea (1.33 t/ha). The only 
positive yield responses (kg) to kg of fertiliser applied were in the 0 kg/ha DoublePhos and 20 
kg/ha Urea (phosphorus – 2.43 kg/kg; nitrogen 1.49 kg/kg) and 100 kg/ha DoublePhos and 0 
kg/ha Urea (phosphorus – 0.74 kg/kg; nitrogen was negative 3.94 kg/kg) treatment (Table 3; 
zone 45b). Gross margin (AUD$ per ha) in terms of return ($) on fertiliser investment in grain 
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yield (t), was highest in the 30 kg/ha DoublePhos and 0 kg/ha Urea treatment ($183.94) and 
moderate in the 60 kg/ha DoublePhos and 20 kg/ha Urea ($158.48) and nil/nil treatment 
($135.95). 
 
For management zone 60, the highest yield (1.88 t/ha) was achieved in the 60 kg/ha 
DoublePhos and 0 kg/ha Urea treatment (Table 3; zone 60). The wheat yield was similar across 
all treatments in management zone 60, ranging from 1.62 t/ha to 1.88 t/ha. The yield 
response (kg) to kg of DoublePhos applied were also similar for all treatments, ranging from 
1.23 kg/kg to 3.07 kg/kg. A negative wheat yield response to urea was recorded for the 60 
kg/ha DoublePhos and 0 kg/ha Urea (nitrogen negative 2.15 kg/kg) and 30 kg/ha DoublePhos 
and 0 kg/ha Urea (nitrogen negative 11.68 kg/kg) treatment (Table 3; zone 60). Gross margin 
(AUD$ per ha) in terms of return ($) on fertiliser investment in grain yield (t) ranged from 
$175.21/ha for the 0 kg/ha DoublePhos and 20 kg/ha Urea to $295.81/ha for the nil/nil 
treatment.  
 
For management zone 80, the highest yield (2.06 t/ha) was achieved in the 100 kg/ha 
DoublePhos and 0 kg/ha Urea treatment and 1.98 t/ha for the 60 kg/ha DoublePhos and 0 
kg/ha Urea (Table 3; zone 80). Moderate wheat yield was recorded in the 20 kg/ha 
DoublePhos and 100 kg/ha Urea treatment (1.88 t/ha) and 30 kg/ha DoublePhos and 20 kg/ha 
Urea treatment (1.77 t/ha). The yield response (kg) to kg of DoublePhos applied was highest 
in the 0 kg/ha DoublePhos and 20 kg/ha Urea (phosphorus 5.50 kg/kg) and 30 kg/ha 
DoublePhos and 0 kg/ha Urea (phosphorus 5.16 kg/kg), moderate for 100 kg/ha DoublePhos 
and 0 kg/ha Urea (phosphorus 4.61 kg/kg) treatment and 60 kg/ha DoublePhos and 0 kg/ha 
Urea (phosphorus 4.25 kg/kg) treatment (Table 3; zone 80). The yield response (kg) to kg of 
DoublePhos applied was negative for the treatments without urea, except the nil/nil 
treatment and ranged from 3.05 to 3.41 kg yield per kg of nitrogen (Table 3; zone 80). The 
highest gross margin (AUD$ per ha) in terms of return ($) on fertiliser investment in grain 
yield (t) was $304.10 for the 60 kg/ha DoublePhos and 0 kg/ha Urea treatment and $301.59 
for the 100 kg/ha DoublePhos and 0 kg/ha Urea treatment (Table 3; zone 80). All treatments 
in the management zone 80 has gross margins (AUD$ per ha) over $200 per ha, with the 
exception of the nil/nil treatment ($185.90) and 0 kg/ha DoublePhos and 20 kg/ha Urea 
treatment ($116.18).  
 
The Agronomists conducted an economic analysis on the wheat yield (t/ha) for each of the 
treatments and management zones within the paddock to determine the gross margin for 
each management zone (Table 4). By using the results from the 2018 trial and assessing the 
results against his risk profile for the area the grower decided to adopt a new fertiliser 
management strategy in 2019 and decided to apply some P fertiliser in zones 45a and 45b. At 
the end of the 2019 season another economic analysis was done Table 4 below. 
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Table 4. Mean wheat yield (t/ha) and gross margin for AgFlow treatments (0, 20, 30, 60 and 100 kg/ha) with or without Urea 
(20 kg/ha) for the four management zones within the paddock (80, 60, 45a, 45b). Farmer fertiliser regime (highlighted 
in grey), the highest yield (t/ha) per treatment highlighted in blue and the highest gross margin (AUD$/ha) highlighted 
in yellow, for 2019 – season 2, Neenwest. (Courtesy Luke Dawson CSBP Fertilisers) 

Treatment Zone 80 Zone 60 Zone 45a Zone 45b 

Doublephos Urea 
Yield 
t/ha 

GM 
$/ha 

Yield 
t/ha 

GM 
$/ha 

Yield 
t/ha 

GM 
$/ha 

Yield 
t/ha 

GM 
$/ha 

0 0 1.5 86 1.8 196 1.5 79 1.3 36 

30 0 1.6 103 1.8 166 1.1 -32 1.5 84 

60 0 2.0 204 1.9 175 1.2 -44 1.5 58 

100 0 2.1 202 1.8 113 1.5 16 1.3 -20 

0 20 1.4 16 1.6 75 1.5 68 1.1 -46 

30 20 1.8 166 1.8 163 1.4 48 1.0 -98 

60 20 1.7 98 2.1 215 1.6 79 0.9 -131 

20 100 1.9 144 1.9 140 1.4 -4 1.0 -121 

 
The economic analysis of the 2019 season data demonstrates that even though the grower 
decided not to adopt the ideal (highest yielding) fertiliser strategy from the 2018 trial, the 
change in management (i.e. increasing the rates of P fertiliser in those areas that had formerly 
received none) resulted in a positive increase in gross margin.  
 
Table 5 below illustrates the scenarios comparing what he actually achieved per hectare 
compared to the ideal potential of following the trials results or the potential returns if he 
had made no changes in management. This highlights that even though the grower did not 
achieve the maximum potential gross margin (AUD$ per ha), the changes in fertiliser strategy 
(i.e. addition of 30 kg/ha P to management zones 45a and 45b) resulted in a much better 
economic outcome than if no changes were made (i.e. more than double). 
 
Table 5. Economic comparison of returns (Season 2 - 2019) for actual farmer fertiliser management strategy (management 

zones 80 and 60 = 60 kg/ha AgFlow + 20 kg/ha Urea and management zones 45a and 45b = 30 kg/ha AgFlow), 
application of treatments that had the highest yield based on trial analysis (i.e. zone 80 = 100 kg/ha AgFlow; zone 60 
and 45a = 60 kg/ha AgFlow + 20 kg/ha Urea and 45b = 30 kg/ha AgFlow) and using the original fertiliser strategy 
(Management zones 80 and 60 = 60 kg/ha AgFlow + 20 kg/ha Urea and management zones 45a and 45b received no 
fertiliser) for 2019 – Season 2 at Neenwest (Courtesy Luke Dawson CSBP Fertilisers). Gross margin in AUD$/ha 

2019 Total returns for the paddock Gross Margin 
$/ha 

% of potential returns 

Actual Returns $14,466 $85 62.3% 
Potential Returns $23,222 $136 

 

What if he continued as per 2018 $7,062 $41 30.4% 
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2020 – SEASON 3 
The figures (18-27) and tables (Tables 6-10) in the following section were generated as part 
of the project outputs: CRC Harvest Report OFE_7/1 (Recalde-Salas & Gale, 2020).  
 
Treatments were applied as urea (9.2% nitrogen w/w) at rates of 0, 20, 100 kg/ha and AgFlow 
(12.9% Nitrogen, 17.7% Potassium and 6.0% Sulfur w/w) at rates of 0, 20, 30, 60, 100 kg/ha 
for Sceptre wheat.  
 
This trial investigated the response of Wheat (Scepter) to different Phosphorus (P) rates 
applied as AgFlow and nitrogen (N) applied as urea. The trial layout involved two sections 
with four strips each, the applied AgFlow rates ranged between 0 and 100 kg / ha and the 
rates of urea were 0 and 20 kg / ha. The aim of the trial was to determine the response of 
wheat yield to the different AgFlow and urea treatments across a spatially variable 
environment and to determine the optimum Phosphorus (Doublephos) and urea rates across 
three zones over several years in the eastern wheat belt. The treatments applied in this trial 
are described in Figure 18. 
 

 

 

 
Figure 18. Trial design for Sceptre wheat fertiliser trial (2020 –season 3) at Neenwest, Nokaning WA, showing rates of A) 
AgFlow (0, 30, 60 and 100 kg/ha) and B) Urea (0 and 20 kg/ha) applied in an 86 ha paddock. 
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Mid-season NDVI was calculated from data obtained from the Sentinel satellite on 21 August 
2020 (Figure 19). NDVI was highest (green) towards the southern end of the paddock, 
consistent with management zone 45a (see Figure 7), and towards the northwest corner of 
the paddock. Areas of low NDVI (red) are visible along the western edge of the paddock and 
the southern end of the paddock, consistent with the management zone 45b. 
 

 
Figure 19. Normalised Difference Vegetation Index (NDVI) map overlaid with the trial plots from an 86 ha paddock scale 
fertiliser trial (2020 –season 3) at Neenwest, Nokaning WA. 

 
  



ON FARM EXPERIMENTATION | Final Report 

 

46 

 

Spatial analysis (GWR) was conducted on the 2020 – season 3, mid-season NDVI data. The 
intercept map, as generated from GWR analysis, (Figure 20) estimates NDVI assuming no 
fertiliser was applied to the paddock. This map has areas of high NDVI (green) in the south-
western corner of the paddock (management zone 45b, see Figure 7) and in the middle of the 
paddock, consistent with management zone 45a. Areas of low NDVI (red) in the northern end 
of the paddock and the south-eastern end of the trial (Figure 20).  
 

 
 
Figure 20. Intercept map (i.e. the estimated NDVI assuming no fertiliser was applied as generated from Geographically 
Weighted Regression analysis of an 86 ha paddock scale fertiliser trial (2020 –season 3) at Neenwest, Nokaning WA. 

 
The response maps, as generated from GWR analysis, include estimates of NDVI response (kg) 
to phosphorus (Figure 21a) or urea (Figure 21b) fertiliser (kg) applied. Spatial patterns in the 
response to fertiliser were evident - Areas of high NDVI response to AgFlow fertiliser applied 
(green) are evident in both the south-eastern and north-western corners of the paddock, 
moderate response (yellow) in the middle of the paddock and low NDVI response (red) in the 
north-eastern end of the paddock (Figure 21a). Likewise, areas of high NDVI response to urea 
fertiliser applied (green) in the north-eastern end of the paddock moderate response (yellow) 
in the middle of the paddock and low NDVI response to kg of fertiliser applied (red) south-
eastern corner of the paddock, in the (Figure 21b). 
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Figure 21. A) Estimated NDVI responses (kg) to kg of AgFlow fertiliser or B) Urea fertiliser application in an 86 ha paddock 
scale fertiliser trial (2020 –season 3) at Neenwest, Nokaning, WA.  

 
The yield map (Figure 22), shows large areas of low yield (red) and small pockets of high yield 
(green) towards the south-eastern end, in the middle and towards the northern end of the 
paddock. The management zones have been overlaid on the trial plot (see Figure 7). 
 

 
Figure 22. Harvested yield (kg/ha) for wheat in an 86 ha paddock scale fertiliser trial (2020 –season 3) at Neenwest, Nokaning 
WA. 
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The intercept map (Figure 23), as generated from GWR analysis, shows estimates of wheat 
yield (t/ha) assuming no fertiliser treatments were applied to the paddock. This map has areas 
of high yield (green: 2-2.5 t/ha) in the southern-west corner of the paddock and on the north-
eastern edge of the western plot. There is low yield (red-orange: 0-1 t/ha) in the middle of 
the paddock and areas to the north-west corner and the middle of the western plot. The 
remainder of the paddock has moderate yield (yellow: 1.0-1.5 t/ha).  
 

 
Figure 23. Intercept map (i.e. the estimated wheat yield (t/ha) assuming no fertiliser treatments were applied) as generated 
from Geographically Weighted Regression analysis of an 86 ha paddock scale fertiliser trial (2020 –season 3) at Neenwest, 
Nokaning WA. 
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The response maps, as generated from GWR analysis, include estimates of wheat yield 
response (kg) to phosphorus (Figure 24a) or urea (Figure 24b) fertiliser (kg) applied. Areas of 
high yield response (green) to phosphorus (kg) are visible in the mid-sections of both plots, 
towards the northern end of the eastern plot and at the southern end of the western plot 
(Figure 24a). There are areas of low response (red) to nitrogen towards the northern end of 
the western plot and between the southern and mid-section of the western plot.  
 
The yield response (kg) to nitrogen applied (kg) has a similar spatial pattern to that of the 
phosphorus with sections that have the opposite response to phosphorus (Figure 24b). For 
example, at the southern end of the western plot there is an area of low yield response to 
nitrogen (red) that has a high yield response (green) to phosphorus and is a similar shape. 
Similarly, the area with low yield response (red) to phosphorus, towards the northern end of 
the western plot, also has a high yield response (green) to nitrogen. 
 
 

  
 
Figure 24. Estimated wheat yield response (kg) to A) AgFlow fertiliser (kg) and B) Urea fertiliser (kg) application in an 86 ha 
paddock scale fertiliser trial (2020 –season 3) at Neenwest, Nokaning WA. 

 
  

A B 



ON FARM EXPERIMENTATION | Final Report 

 

50 

 

A map of the gross margin across the trial plots, using interpolated yield, is in Figure 25 with 
the four management zones (80, 60, 45a and 45b from north to south – see Figure 7). In this 
season, large areas, shown in red, had a negative gross margin ($0 to -$200 per ha) with a few 
areas of high (green) gross margin ($600-800 per ha) in management zone 80, 60 and 45b in 
the western plot and a small strip to the north-western end of the eastern plot. These area of 
high gross margin were generally surrounded by areas of moderate gross margin ($400-600 
per ha). 
 

 
Figure 25. Gross margin (AUD/ha) of wheat yield (interpolated on to a 10 x 10 m grid) in an 86 ha paddock scale fertiliser trial 
plot (2020 –season 3) at Neenwest, Nokaning WA. 

  



ON FARM EXPERIMENTATION | Final Report 

 

51 

 

Predictions of wheat yield were simulated across the entire trial site, based on the spatial 
analysis from GWR, for each of the AgFlow treatments without Urea (Figure 26). The 
predicted yield has a similar pattern for each of the treatments i.e. an area of high yield 
(green) in the southern end of the western plot, low yield (red) in the central, inner edge of 
both plots and moving into the central area of the eastern plot as well as a moderate (light 
green) to high (green) yield in the central area of the western plot. The predicted yield 
increases with increasing quantities of AgFlow applied, indicative of a spatially sensitive 
treatment effect. 
 
 

  
 

 

 

 
 

Figure 26. Predicted wheat yield maps for each treatment combination of AgFlow without urea applied to the fertiliser trial 
at Neenwest in Nokaning, WA (2020 –season 3). The maps present predicted yield (kg/ha) as if each combination of AgFlow 
rates and urea rate of 0 kg/ha were applied to the entire trial site (where map a = AgFlow 0 kg/ha and urea 0 kg/ha; b = 
AgFlow 30 kg/ha and urea 0 kg/ha; c = AgFlow 60 kg/ha and urea 0 kg/ha; d = AgFlow 100 kg/ha and urea 0 kg/ha). 

C D 
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Predictions of yield were simulated across the entire trial site, based on the spatial analysis 
from GWR, for each of the AgFlow treatments with Urea (Figure 27). The predicted yield has 
a similar pattern for each of the treatments i.e. areas of high (green) predicted yield in the 
northern half of both plots, which increases with increasing quantities of AgFlow applied (with 
20 kg/ha urea) in the eastern plot and decreases in the western plot. In the southern half of 
the eastern plot, the predicted yield decreases with increasing quantities of AgFlow (with 20 
kg/ha Urea) is also applied.  
 

  
 

 

 

 
Figure 27. Predicted wheat yield maps for each rate combination of AgFlow and urea applied to a fertiliser trial at Neenwest 
in Nokanning, WA (2020 - season 3). The maps present predicted yield (kg/ha) as if each treatment of AgFlow with urea (20 
kg/ha) were applied to the entire trial (where map a = AgFlow 0 kg/ha and urea 20 kg/ha; b = AgFlow 30 kg/ha and urea 20 
kg/ha; c = AgFlow 60 kg/ha and urea 20 kg/ha; d = AgFlow 100 kg/ha and urea 20 kg/ha). 
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ON FARM EXPERIMENTATION | Final Report 

 

53 

 

Predictions of yield were simulated across the entire trial site, based on the spatial analysis 
from GWR, for each of the treatments (Table 6) and management zones (Table 6). The highest 
yield (1.61 t/ha) was predicted in when the GWR response for the 100 kg/ha AgFlow + 20 
kg/ha Urea was applied to the entire trial plot (Table 6) and decreased with decreasing 
fertiliser application. The mean gross margins were similar for the treatments with Urea 
added, ranging from $188.2 per ha to $192.17 per ha and likewise for the treatments without 
Urea, ranging from $123.32 per ha to $127.28 per ha in the nil/nil treatment. The range in 
gross margin was greater in the treatments that did not have Urea than those that contained 
it. 
 
Table 6. Predicted wheat yield and gross margin (Season 3 - 2020) for each combination of AgFlow and urea rates applied to 

the Neenwest (B3) trial site and also for the implemented trial. Gross margin was estimated using the predicted yield 
obtained through the GWR analysis. For each AgFlow and urea rate, values were estimated assuming the rates under 
consideration was applied to the entire trial site (2020 –season 3) at Neenwest, Nokaning. Gross margin in AUD$/ha 

AgFlow rate 
(kg/ha) 

Urea rate 
(kg/ha) 

Predicted yield 
(Mean) (kg/ha) 

Predicted GM 
(Mean) ($/ha) 

Predicted GM (Min) 
($/ha) 

Predicted GM (Max) 
($/ha) 

0 0 1,179.0 127.28 -418.11 579.13 
30 0 1,237.5 126.09 -290.07 496.89 
60 0 1,296.1 124.90 -387.508 588.513 

100 0 1,374.1 123.32 -657.76 713.41 
0 20 1,416.5 192.17 -63.84 652.22 

30 20 1,475.1 190.98 -56.53 578.85 
60 20 1,533.6 189.8 -115.2 742.5 

100 20 1,611.7 188.2 -194.4 967.4 
Total for trial per  

treatment applied 
 1,331.1 133.76 -50.44 437.94 
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Predictions of yield were simulated across the entire trial site, based on the spatial analysis 
from GWR, for each of the treatments and management zones (Table 7). 
 
Table 7. Predicted wheat yield and gross margin (Season 3 - 2020) for each combination of AgFlow and urea rates applied to 

the Neenwest (B3) trial site and also for the implemented trial per management zone. Gross margin was estimated 
using the predicted yield obtained through the GWR analysis. For each AgFlow and urea rate, values were estimated 
assuming the rates under consideration was applied to the entire trial site (2020 –season 3) at Neenwest, Nokaning. 
Gross margin in AUD$/ha 

AgFlow rate 
(kg/ha) 

Urea rate 
(kg/ha) 

Management 
zone 

Predicted yield 
(Mean) 
(kg/ha) 

Predicted GM 
(mean) 
($/ha) 

Predicted GM 
(min) 
($/ha) 

Predicted yield 
(Max) 

(kg/ha) 
0 0 80 1,195 133 -15.7 579 

 60 1,459 217 -233.0 478 
 45a 996 68.7 -418 527 
 45b 864 28.6 -403 358 

30 0 80 1,186 110 -174 489 
60 1,526 218 -115 487 

45a 1,119 88.3 -290 443 
45b 981 44 -278 415 

60 0 80 1,177 86.8 -358 400 
60 1,592 220 -40.7 551 

45a 1,243 108 -237 359 
45b 1,098 61.6 -153 472 

100 0 80 1,165 56.4 -605 311 
60 1,682 222 -103 638 

45a 1,407 134 -398 447 
45b 1,254 84.9 -257 547 

0 20 80 1,477 212 32.9 602 
60 1,099 90.4 -26.7 366 

45a 1,558 237 -8.79 521 
45b 1,340 168 -35.5 446 

30 20 80 1,468 189 39.2- 419 
60 1,165 91.9 -52.2 297 

45a 1,681 257 42.1 497 
45b 1,456 185 -28.9 573 

60 20 80 1,459 166 41.6 448 
60 1,232 93.4 -108 328 

45a 1,804 276 37.7 598 
45b 1,573 202 -75.6 730 

100 20 80 1,447 136 -36.6 522 
60 1,322 95.4 -184 491 

45a 1,969 302 27.5 735 
45b 1,729 226 -146 948 

Total for trial  
per treatments applied 

80 1,392 150 -20.0 327 
60 1,361 145 14.7 438 

 45a 1,388 155 -49.9 353 
 45b 1,159 79.2 -50.4 292 

 
  



ON FARM EXPERIMENTATION | Final Report 

 

55 

 

Economic analysis on the wheat yield (t/ha) was conducted by Luke Dawson, CSBP Fertilisers, 
for each of the treatments and management zones within the paddock to determine the 
highest gross margin for each fertiliser regime (Table 8). The farmer-nominated fertiliser 
regime (grey shading) is shown as well as highest yield (Table 8 – blue shading) and the highest 
gross margin (Table 8 – yellow shading) for each management zone. In management zone 80, 
the highest yield and gross margin was in the 0 kg/ha AgFlow + 20 kg/ha Urea treatment. In 
management zone 60, the highest yield and gross margin was in the 100 kg/ha AgFlow + 20 
kg/ha Urea treatment. For management zone 45a, the 30 kg/ha AgFlow + 0 kg/ha Urea 
treatment had the highest yield while gross margin was highest in the 100 kg/ha AgFlow + 20 
kg/ha Urea treatment. Conversely, for zone 45b, 100 kg/ha AgFlow + 0 kg/ha Urea treatment 
had the highest yield and the 30 kg/ha AgFlow + 0 kg/ha Urea treatment had the highest gross 
margin. 
 
Table 8. Mean wheat yield (t/ha) and gross margin for AgFlow treatments (0, 20, 30, 60 and 100 kg/ha) with or without Urea 

(20 kg/ha) for the four management zones within the paddock (80, 60, 45a, 45b). Farmer fertiliser regime (highlighted 
in grey), the highest yield (t/ha) per treatment highlighted in blue and the highest gross margin (AUD$/ha) highlighted 
in yellow. (Courtesy Luke Dawson CSBP Fertiliser) 

Rate Zone 80 Zone 60 Zone 45a Zone 45b 

AgFlow Urea Yield t/ha GM $/ha Yield t/ha GM $/ha Yield t/ha GM $/ha Yield t/ha GM $/ha 

0 0 1.2 360 0.996 298.8 0.864 259.2 1.46 438 

30 0 1.19 337.08 1.12 316.08 0.981 274.38 1.53 439.08 

60 0 1.18 314.16 1.24 332.16 1.1 290.16 1.59 437.16 

100 0 1.16 281.6 1.41 356.6 1.25 308.6 1.68 437.6 

0 20 1.48 432.88 1.56 456.88 1.34 390.88 1.1 318.88 

30 20 1.47 409.96 1.68 472.96 1.46 406.96 1.17 319.96 

60 20 1.46 387.04 1.8 489.04 1.57 420.04 1.23 318.04 

100 20 1.45 357.48 1.97 513.48 1.73 441.48 1.32 318.48 

 
Potential return on investment for fertiliser spend on the wheat crop in the 2020 season trial 
(Table 9) was conducted by Luke Dawson, CSBP Fertilisers. In this season, the updated 
fertiliser regime (i.e. increasing management zone 45a and 45b to 30 kg/ha AgFlow) was 
similar to the original strategy and less than the potential return of adopting the highest 
yielding treatments for each zone. A positive economic benefit was achieved following the 
ideal fertiliser regime or in the growers’ case adopting a slightly less risky regime for the area 
over and above doing nothing. 
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Table 9. Economic comparison of returns for actual farmer fertiliser management strategy (Management zones 80 and 60 = 
60 kg/ha AgFlow + 20 kg/ha Urea and management zones 45a and 45b = 30 kg/ha AgFlow), application of treatments 
that had the highest yield based on trial analysis (i.e. zone 80 = 100 kg/ha AgFlow; zone 60 and 45a = 60 kg/ha AgFlow 
+ 20 kg/ha Urea and 45b = 30 kg/ha AgFlow) and using the original fertiliser strategy (Management zones 80 and 60 
= 60 kg/ha AgFlow + 20 kg/ha Urea and management zones 45a and 45b received no fertiliser) for wheat (Courtesy 
Luke Dawson CSBP Fertiliser) 

2020 Total $/ha  % of potential returns 
Actual Returns $67,395 $392 86.4% 
Potential Returns $78,016 $454 

 

What if he continued as per 2018 $66,297 $385 84.9% 

 
Table 10 highlights the value of using OFE to determine the profit drivers in a paddock across 
a number of diverse seasons to determine in this case the best fertiliser management 
strategy. The Agronomist can use this information to advise the grower, who can then use 
this information from this paddock to determine which fertiliser regime to adopt. In this case 
the grower was more risk averse, due to the location of his farm, so decided to adopt a more 
conservative approach which still returned him up to 80% of the total potential returns over 
the 3 years of the trial. By continuing on as usual he was still profitable but was only achieving 
returns of 72% of total potential returns, however the risk was higher with this strategy as 
can be seen in the 2019 season results where only 30% of total returns were achieved. 
 
Table 10. Total actual returns in 2019 + 2020 following adoption of new management (Management zones 80 and 60 = 60 

kg/ha AgFlow + 20 kg/ha Urea and management zones 45a and 45b = 30 kg/ha AgFlow), as a result of the OFE 
trials and process compared to potential returns of following the ideal vs doing nothing. (Courtesy Luke Dawson 
CSBP Fertiliser) 

2019 + 2020 Total $/ha  % of potential returns 
Actual Returns $81,861 $475.9 80.8% 
Potential Returns $101,238 $588.6 

 

What if 2018 fertiliser regime was used? $73,359 $426.5 72.4% 
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OFE PLATFORM 
 
The OFE platform has been built to deliver end-to-end capability for On-Farm 
Experimentation, including automation of the key GWR data derivatives that form the 
foundation of analysing the outputs of trials. The development of the platform has been 
based on a user centric design informed by key project stakeholders such as CSBP Fertilisers 
throughout the project. The OFE platform has been architected using a multi-tenanted 
approach that will facilitate on-boarding of multiple clients to the platform with a segregation 
of data and content providing not only global imagery and analytics but also the ability to 
seamlessly service numerous clients using the same architecture and infrastructure. The 
resulting OFE platform will enable subsequent go to market activities through the production 
ready platform including the ability to target customers in other geographies. It is expected 
that the platform will be delivered through a direct engagement model with organisations 
(private, public and research). The platform has also been architected to enable future 
enhancements including the ability to incorporate additional satellite imagery as well as 
different layers for analysing farm unit productivity. 
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CONCLUSIONS AND 
RECOMMENDATIONS 

 
 
Delivery of the three objectives of the project has drawn heavily on the trusted relationships 
developed between the researchers, agronomists and farmers. The research capacity that has 
been developed through the project is described in the following research ontogeny section. 
Our co-innovation approach has reduced the utility gap between research outputs and 
practice change by ensuring that the analysis is relevant and in a format that supports data-
driven decision making. Finally, the pre-commercial OFE platform that can automate GWR 
analysis for paddock-scale trials allows further extension and translation of the research 
outputs of the On-Farm Experimentation project to industry.  
 

RESEARCH ONTOGENY 
Using the case study for this report provides the opportunity to showcase the ontogeny of 
our research capability (Figure 28). A process for engagement with growers and their advisors 
was defined early and has continued throughout the life of the project.  
 
 

 
 
Figure 28 Development of research ontogeny of the On-Farm Experimentation project. 
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In the first season (2018) we commenced our data analysis using a deliberately flawed 
approach – ANOVA. The intent of doing was to contextualise the following discussions by 
showing that ANOVA was not suitable. However, when GWR analysis was applied to the same 
yield data, patterns of spatial variability became visible (Figure 11b and 10c). The feedback 
from the agronomist and grower on the results also led to the inclusion of gross margin 
analysis (Figure 11d).  
 
The second season of analysis (2019 season) offered the opportunity to deploy the OFE Shiny 
Tool as a communication tool to visualise the data in real-time. As a result of this discussion, 
the colour palette was changed and the same one is used for all types of analysis. The 
feedback from farmers and their agronomists led to significant changes in the way the trial 
reports were written. The inclusion of summary table for gross margin of management zones 
(e.g. Table 4) in addition to the summary table for treatments (e.g. Table 3) provided further 
evidence to change the management practice (i.e. fertiliser strategy). 
 
The need to have a detailed understanding of the paddock history was also highlighted in the 
feedback sessions. Knowledge of the crop rotation, inputs applied at seeding, harvester 
calibrations, weed burden, soil amelioration and any other details relevant to the trial are 
useful. This background information in conjunction with the aims of the trial are extremely 
useful in trial design and interpretation of results. Also, issues with trial implementation often 
occur and it is important to ensure that the details of how the input (i.e. fertiliser) was applied 
is included in the analysis, including any applied at seeding. 
 
Furthermore, the research team honed the yield predication capability by the 2020 season. 
This is the ability predicting what the yield may have been if one of treatments was applied 
across the entire paddock based on the GWR analysis. When overlaid with the management 
zones in the paddock, this prediction has the potential to support farmers and agronomists 
translate the results from one strip to the whole paddock, management zone or farm (if 
prescription or soil maps exist).  
 
Trial design and layout is very important when designing paddock-scale trials. While there are 
existing recommendations for layout of paddock-scale experiments, there are additional 
considerations for incorporating GWR analysis. For example, making sure the strip width is 
not too small or too wide, inclusion of a nil strip in fertiliser trials and keeping the design 
simple helps to interpret results. We anticipate publishing these findings in a journal article 
in early 2022. 
 
Finally, working with NGIS to develop the pre-commercial farm trials analytics platform began 
early in the project and worked through three phases of development. The final phase is the 
translation of the R code into Python for use in Earth Engine and cloud computing capabilities. 
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Co-innovation of this process in a user centric design with agronomists, researchers and the 
developers has resulted in a semi-automated trial analysis platform. 
 

RECOMMENDATIONS 
This report demonstrates the research capability building that has occurred through this 
collaborative project by using a real-world fertiliser trial case-study. Development of the 
Geographically Weighted Regression (GWR) analysis in this project has focussed on fertiliser 
trials as they are simple, commonly run trials that are likely to generate a large, spatially 
variable response. The following includes recommendations for future research: 
 

• Development of GWR for yield responses beyond linear (i.e. application of quadratic 
functions) 

• Development and application of new research horizons in analysis of on-farm trials 
(e.g. Bayesian Modelling, Machine Learning) for incorporation into OFE platform 

• Further development of GWR for on-farm trial analysis for other applications with 
spatially distributed responses including agrochemical trials, soil amelioration, genetic 
stability of traits, pastures, carbon plantings etc. as well as applications in horticulture 
and controlled environment agriculture. 

• Further research in managing risk and return on investment, extrapolating findings 
from trial strips that cross farm management zones to the whole paddock and farm, 
as well as how these trials de-risk changing management practices (e.g. fertiliser 
regime), particularly in a water limited environment. 
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NEXT STEPS 
 

 
Next steps for the on-farm experiments will be focussed in two areas. The first is finalising a 
journal paper modelling optimal trial design for on-farm experiments for publication in early 
2022. The second is recruitment of clients for the NGIS OFE platform. 
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