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Disclaimer:
The information presented in this publication is provided in good faith and is intended 
as a guide only. Neither SPAA, PAL nor its editors or contributors to this publication 
represent that the contents are accurate or complete. Readers who may act on any 
information within this publication do so at their own risk.
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Welcome! 
 
This is the 20th Symposium on Precision Agriculture in Australasia, a fantastic milestone 
that celebrates all the producers, researchers, advisors and companies that have been 
keen to devise, develop, test and share innovations along the PA pathway. The occasion, 
and the success of the series that it represents, also testifies to the importance of PA in the 
evolution of farming practices and the desire of attendees to discuss and absorb the 
progress in practical PA each year. Cheers to all that have been involved and what a 
wonderful collaboration between SPAA and PAL to bring this annual event to you! 
 
At such a momentous point in the development of PA, it is timely to revisit the practical 
goals of PA. The target has always been to increase the number of correct decisions per 
farm/ paddock/ within-paddock area/ plant/ herd/ animal/ season/ machine/ marketing 
transaction made in the businesses of crop and animal management. It has always been a 
logical step in the evolution of agricultural management systems toward increased 
efficiency of input use relative to production quantity, minimised waste and improved 
product quality, traceability and marketability. 
  
And over the intervening 20 years we have seen a long line of Australian innovators and 
pioneers in PA tackle this demanding goal of improving agricultural management at various 
scales. Today Australia remains at the forefront of the development of PA tools, and 
practical applications, due to our agricultural ingenuity & diverse farming conditions.  
 
The PA ‘system’ that has been devised in Australia based on the mapping of soil and 
landscape attributes using EMI, gammradiometrics and DEM, mapping plant production 
and determining causal relationships with soil/landscape/weather, identifying where 
management intervention is economically warranted and devising production plans (input 
allocation) and farm operational logistics (machinery, crop and animal rotations) to optimise 
farm profitability, is spreading globally. However, continued developments in PA behind the 
farm gate remain of vital importance to the future of sustainable agriculture. 
 
Along with these farm-based PA developments, the next 20 years will see digital agri-food 
and fibre systems develop by establishing new connections across market components and 
building communication networks that are system-wide and system-sensitive, enabled by 
greater data gathering and utilisation.  

 
Quality products and associated production history knowledge should create increased 
market value, but we need to ensure that the producer is acknowledged as the source of 
this enabled product and treated accordingly by the system. 
 
So let’s celebrate the past 20 years through this Symposium and leap into the next 20 
years of practical, sustainable improvements to agriculture production. Enjoy. 
 
Brett Whelan for The PA Lab and SPAA teams 
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MAKE EVERY GRAIN COUNT

DO SOMETHING TODAY
THAT YOUR FUTURE SELF
WILL THANK YOU FOR

The Case IH 3000H Grain Analyser is an add-on technology that allows you to accurately analyse 
protein, oil and moisture content of grain in real-time, whilst harvesting in the paddock. Be ready for 
everything that the season brings with the 3000H Grain Analyser.

Enjoy 0% interest* on AFS precision farming technology! Simply spend $20,000 + GST on the 
3000H Grain Analyser. But hurry this offer is available for a limited time only! Contact your local 
Case IH dealer for details. 

To watch Broden Holland from Koolpari Enterprises testimonial go to:
https://www.facebook.com/CaseIHAus/videos/1715036508524997/

* Terms and conditions apply. Finance provided by CNH Industrial Capital Australia Pty Limited (AFSL 286664) to approved business applicants. 
 0% interest rate subject to deposit and term requirements. Speak with your local Case IH dealer for full details.

caseih.com.au
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Presentation program 
 
MONDAY 14thAUGUST 2017  
 
11.50am Arrival, Registration & Lunch 

 
12.45pm Welcome       
12.50pm Soil property sensing with VisNIR and XRF. Edward Jones (USYD PALab) 
1.10pm From pretty pictures to analytic insight - new approach to applied PA. 
 Anastasia Volkova (Flurosat)  
1.30pm  Using autonomous systems to guide vegetable decision making on-farm.  
 Zhe Xu (ACFR) 
1.50pm Using proximally sensed soil and NDVI data as covariates to inform VR nitrogen 

decisions on heavily modified soils.  Frank D’Emden (Precision Agronomics)  
2.10pm Practical application of PA in sugarcane production. 
 Mark Vass 
2.30pm Industry news  – John Deere 
 
2.40pm Afternoon Tea   

 
3.20pm Industry news  – Case IH 
3.30pm The art of making Ag education engaging and useful in the modern era: emerging 

technologies in PA. Kim Bryceson (UQ) 
3.50pm Precision beef production. 
 Luciano Gonzalez (USYD) 
4.10pm Monitoring and managing onion crops. Dan Bloomer (Page Bloomer Associates)   
4.30pm  The cost of PA should not be the barrier for adoption: farm business management 

goes digital. Stefan Schmitt and Mike Krause  
4.50pm Data intensive agriculture: recent trends and developments.  
 Ian Yule (NZCPA) 
5.30pm Close 

 
5.30pm PA Connections @ Refectory 

 
7.00pm Symposium Dinner @ Grandstand 
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Presentation program 
 
TUESDAY 15th AUGUST 2017 
 
8.45am Welcome 
8.50am Industry news  – Graingrowers 
9.00am Telecommunications for PA- evolution or revolution? 
 David Lamb (UNE PARG) 
9.20am Improving detection methods for robotic weed control in pastoral lands. 
 Alex Olsen (JCU) 
9.40am  Practically applying PA in vegetable cropping.  
 Celia van Sprang (QDAF) Michael Nichols (Tas)  
10.05am  Applying the PA thought process at regional scale to promote improved fertiliser 

management in the sugar industry. Rob Bramley (CSIRO) 
10.25am A big data approach to predicting grain crop yield.  
 Patrick Filippi (USYD PALab) 
10.45am Industry news  – GRDC 
 
10.55am Morning tea 

 
11.30am Industry news  – MLA 
11.40am Practical application of PA in livestock production. (Brad Wooldridge) 
12.00pm From individual plants to whole of industry: a review of current remote sensing 

agricultural research and applications developed by UNE.    
 Andrew Robson (UNE PARG) 
12.20pm Data law, governance, survey of drivers and reference architecture for Precision to 

Decision Agriculture (P2D). Rohan Rainbow (Rainbow Consultants), Jay Sanderson 

(USC), Airong Zhang (CSIRO), Andrew Skinner (D2DCRC)  
12.50pm     Towards autonomous adaptive precision irrigation of broad-acre fields 
 Joseph Foley (NCEA)  
1.10pm  European perspective on PA developments and application 
 James Taylor (NU - UK)  

 
1.35pm  Close and Lunch 
 
2.30pm ACFR Tour 
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Soil property sensing with VisNIR and XRF 

Edward Jones 
Precision Agriculture Lab, Sydney Institute of Agriculture, The University of Sydney, 
NSW 

Contact: edward.jones@sydney.edu.au 

Summary 
Objective and quantitative soil information is crucial for the success of Precision 
Agriculture. New techniques are required so that soil information can be ascertained 
cost-effectively and in a timely manner to support sampling at finer spatial and temporal 
resolutions. This research investigated the conjoint use of visible near-infrared diffuse 
reflectance spectroscopy (VisNIR) and portable X-ray fluorescence spectroscopy (XRF) 
for the in situ investigation of soil properties. The two sensors operate on very different 
principles with VisNIR providing information on soil colour and molecular 
characterisation, while XRF provides estimations of the elemental composition of a 
sample for elements with an atomic number ≥ 12.  
 
Fifteen soil pits across the state of New South Wales were selected for their diverse 
representation of soil properties. Soils were scanned with the VisNIR and XRF sensors 
at 2.5 cm intervals to a depth of 1 m. We explored novel techniques to convert these 
sensor readings into estimations of a range of agronomically relevant properties 
including: soil texture, available water holding capacity, mineral composition, calcium 
carbonate content, cation exchange capacity, pH, bulk density and organic carbon 
content. Although the estimations are not as accurate as traditional laboratory 
techniques, the total time required to scan a sample and estimate the properties in the 
field is less than two minutes and operating costs are minimal. 
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From pretty pictures to analytic insight: a new approach to applied 
PA 

Anastasia Volkova 
Flurosat 

Contact: anastasia@flurosat.com 

 
Remote sensing has been a primary source of spatial information on farms for the past 
two decades. The recent adoption of drone technology has further enhanced the 
availability of remote sensing and diminished the risk of not receiving the imagery when 
required due to cloud coverage or the lack of control over prioritisation in satellite 
tasking systems. The combination of remote sensing imagery and information coming 
from local IoT sensors on the farm, such as water gauges and weather stations, 
constitutes a comprehensive data set that can inform farmers’ decisions. 
 
The challenge of directly basing management decisions on the imagery coming from 
satellites and drones, however, remains. Partly this can be explained by the inability to 
infer the definite cause of the crop performance drop relying solely on basic remote 
sensing indices (NDVI, NDWI etc). More so, the adoption of the new technologies is 
impeded by the lack of a holistic approach to data collection, as well as the absence of 
appropriate tools for data analysis allowing farmers to accurately quantify the financial 
returns on investment into precision agriculture. 

Enhancing availability and broadening the scope 
The integration of satellite and drone remote sensing imagery allows for greater control 
over the time resolution of the imagery, which in turn allows the grower to monitor 
trends in crop development over a season. The acquisition of the aerial imagery can be 
timed to coincide with satellite imagery capture, or alternatively with the crop growth 
stages which are indicative of future crop performance.  
 
Moreover, the ability to fuse data from different sources encourages farm managers to 
leverage the flexibility of aerial platforms, which can carry thermal or hyperspectral 
cameras in addition to multispectral cameras, mirroring those on the satellites. The 
additional value from thermal imagery, captured in conjunction with the multispectral, 
lies in its power to differentiate between nutrient and water stress in crops (Tilling et al., 
2007). The hyperspectral sensors differ from multispectral sensors in spectral resolution 
(see Fig.1), which allows for finer differentiation between the reflectance in 
neighbouring spectra. By detecting the canopy reflectance in narrow bands, it is 
possible to evaluate the processes taking place on finer spectral scale, e.g. 
fluorescence (Zarco-Tejada et al., 2002) or emergence of a disease (Bauriegel and 
Herppich, 2014), further refining the estimate of crop health and, ultimately, pinpointing 
the cause of the compromised crop performance.  

2017 Precision Agriculture Symposium8



 

20th Symposium on Precision Agriculture in Australasia  

 
Figure 1. Visual explanation of the difference between multispectral sensors (that detect 
reflectance across a broad band of wavelengths) and hyperspectral imaging that captures very 
narrow bands of wavelengths.   

It is important to stress that no one type of information, i.e. multispectral, hyperspectral 
or thermal, is sufficient for comprehensive analysis of the crop performance. Instead, 
the data sources should be regarded as complimentary and the data management plan 
should, if possible, include the acquisition of imagery in all available ranges. 

Choosing smarter indices 
Modern approaches to analysis of remote sensing data range from the development of 
spectral indices best correlated with particular biophysical parameters of the crop, to 
more holistic approaches combining multiple indices or using whole spectrum analysis 
to estimate several cross-correlated parameters of the crop growth model 
simultaneously. One of the approaches that best aligns with the requirements of applied 
precision agriculture is the estimation of crop canopy nitrogen content using a 
combination of spectral indices (Zarco-Tejada et al., 2002). The approach yields 
actionable data layers that can be directly confirmed in the field using the results of 
tissue testing, before being used for fertiliser budgeting. A spectral-based index directly 
correlated with a biophysical crop health parameter has the added benefit of being 
more in line with agricultural practice. In the first stages of crop growth, its nitrogen 
levels according to the index should climb. Once the crop has matured, nitrogen levels 
flatten out, before exhibiting a final drop off corresponding to crop senescence. Unlike 
NDVI (the index associated with biomass or crop vigour) that saturates in later growth 
stages, the index associated with nitrogen levels closely follows the crop nitrogen status 
across the growing season until the crop senesces. 

From data to insights 
The relative differences on the map of crop canopy nitrogen index calculated from the 
multispectral imagery can be turned into absolute values using tissue test results for 
further use in the planning of the nitrogen budget and tracking the plant nutrient cycle. 
The step from relative index values to absolute values expressed in grams of nitrogen 
per m2 links the imagery with the fertiliser recommendation – the most frequent use 
case of the spatial imagery. Furthermore, quantifying the nitrogen cycle with sufficient 
degree of certainty, R2=0.97 (Bauriegel and Herppich, 2014), can help to identify 
correlations between yield data during the post-season analysis and variable rate 
strategy, which can inform decisions the following season. From a grower’s perspective, 
this tool allows evaluation of return on additional units of nitrogen applied to different 
parts of the field, further revealing the inherent soil limitations present on the farm. 
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Modern advances in machine learning and accelerated computing allow the data 
processing system to run customised crop growth and yield prediction models on a per-
paddock basis. Such a degree of spatial granularity enables the integration of individual 
soil maps, which form the basis for customised cultivar-specific nutrient use models. 
Remote sensing imagery serves as a feedback loop for the models to correct the 
projected estimates of crop yield and gain improved understanding of the factors 
contributing to the crop development. 

FluroViewer – towards an holistic approach to precision agriculture 
A research group working on FluroSat project has developed a set of tools that are 
leveraging state-of-the-art sensing and remote sensing data analysis approaches. The 
FluroViewer is an online platform which encompasses the data analytics tools 
described earlier, including integrated stream of satellite and aerial data available for a 
farm, a number of information layers calculated using spectral-based indices related to 
main agronomic parameters, such as NDVI, NDWI, NDRE and CCCI, the tools for 
calibration of the remote sensing data using the tissue test results, the data 
visualisation tools showing the trend of crop canopy nitrogen content, comparison tools 
to analyse the change in remote sensing images with time and the tools to create 
management zones. 
 
FluroSat online portal, FluroViewer, provides access to crop health and nutrient maps 
derived from satellite and airborne imagery, as well as analytics tools. The online suite 
of tools enables its users to analyse available satellite and airborne imagery collected 
over a farm, inspect individual snapshots to evaluate variability in the field, estimate 
improvements due to variable rate fertiliser application, and assess the performance of 
the trials, as well as the profitability of the financial decision. 
 
 

 
Figure 2. View of a nitrogen map over Moree region with colours reflecting crop growth stages. 
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Figure 3. Analytics screen over a nitrogen status map image layer. On this screen, in-season as 
well as post-season charts of agricultural indices can be viewed. The pin tool allows to pick up to 
5 locations on the field to sample all available satellite and aerial imagery and view results in a 
chart format. 

In winter 2017, FluroSat has kicked off the trials of its data collection and analysis 
systems in partnership with the University of Sydney I.A. Watson Grains Research 
Centre and CSIRO Australian Plant Phenomics Facility. The trials include a variety of 
cultivars monitored at the research facilities, as well as on a number of commercial 
farms. Extensive data capture policy includes acquisition of hyperspectral aerial and 
multispectral satellite imagery, paired with in-field tissue sampling. 

References 
Bauriegel, E. and Herppich, W.B., 2014. Hyperspectral and chlorophyll fluorescence imaging for early 

detection of plant diseases, with special reference to Fusarium spec. infections on wheat. 
Agriculture, 4(1), pp.32-57. 

Tilling, A.K., O’Leary, G.J., Ferwerda, J.G., Jones, S.D., Fitzgerald, G.J., Rodriguez, D. and Belford, R., 
2007. Remote sensing of nitrogen and water stress in wheat. Field Crops Research, 104(1), pp.77-
85. 

Zarco-Tejada, P.J., Miller, J.R., Mohammed, G.H., Noland, T.L. and Sampson, P.H., 2002. Vegetation 
stress detection through chlorophyll+ estimation and fluorescence effects on hyperspectral 
imagery. Journal of environmental quality, 31(5), pp.1433-1441. 
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Using autonomous systems to guide vegetable decision making on-
farm 

Zhe Xu and Asher Bender 
Australian Centre for Field Robotics, The University of Sydney, NSW. 

Contact: zhe.xu@sydney.edu.au  

Summary 

The Australian Centre for Field Robotics has a range of projects in applying robotics 
and intelligent systems to agriculture, ranging from vegetables and tree crops to animal 
welfare. In this talk, we will present work on using autonomous systems to guide 
vegetable decision making on-farm, a set of projects funded by Horticulture Innovation 
Australia through the vegetable R&D levy and co-funded by the Australian Government. 
The aim of the project is to further develop the adoption of technologies that reduce 
production cost and increase on farm productivity in the vegetable industry, in particular 
brassicas, lettuce and other leafy vegetables. 

This talk will describe the work in three areas:  

Crop and soil sensing: explores the use of novel sensing and perception techniques 
to infer properties of relevance to phenotyping and/or vegetable production, including 
assessment of these technologies in controlled environments and the pathways for 
scaling these technologies to "in-the-field" usage. Specific examples of work so far 
include the use of hyper-spectral sensing to assess irrigation and nitrate fertilisation and 
the use of RGB/RGBD data to detect weeds and model plant growth. 

Decision support: builds on the work in crop and soil sensing to develop decision 
support tools such as crop variability maps and other aids to inform crop management 
decisions. 
Crop interaction: develops techniques for "closing the loop" and enacting decisions; 
specific crop interaction mechanisms that have been developed so far include a 
precision spot sprayer and a mechanical weeding tool capable of green-on-green 
weeding. 
 
We will also describe the robotic platforms used in this project, including Ladybird, a 
phenotyping robot and the Robot for Intelligent Perception and Precision Application 
(RIPPA), which is being trialled on-farm in various growing regions around Australia. 
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Figure 1. RIPPA at work on a commercial vegetable farm. 
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Using proximally sensed soil and NDVI data as covariates to inform 
VR nitrogen decisions 

Frank D’Emden1 and Simon Wallwork2 
1 Precision Agronomics Australia, Perth WA 
2 Julcintra Farms, Corrigin WA 

Contact: frank.demden@precisionag.com.au 

Summary 
An electromagnetic and gamma radiometric geophysics-based soil survey was 
undertaken on a dryland, broadacre cropping farm at Corrigin, WA in 2015. Soil zones 
were mapped using a combination of soil coring and analysis combined with farmer 
knowledge. Greenseeker™ data from a ‘nitrogen rich’ strip of two-month old canola was 
compared to that from the adjacent crop to which only starter nitrogen (N) had been 
applied in April 2017. Both forms of N were applied at or within a week of sowing.  
 
Comparisons of NDVI response to ‘luxuriant’ N levels between soil zones revealed 
significant differences between gravelly, sandy and loamy soil types across the 150ha 
paddock. Nitrogen application levels were varied according to the NDVI response using 
a wheat response curve, resulting in savings of $15/ha when compared with a best-
practise flat-rate scenario. 
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Practical application of PA in sugarcane production  

Mark Vass 
Home Hill, QLD 

Contact: mark.vass@vkmgroup.com.au 

Summary 
Mark Vass, is married with a baby on the way. He grew up on a cane farm in Home Hill, 
which his father has owned since 1970. He is a 4th generation farmer. His father has 
been a cane farmer his whole life and has now retired. Mark is relatively new at farming 
as he did a trade as a boilermaker after school and then worked a number of different 
roles in Event Management, Sales Consultant, Project Management and in 
Construction. 
 
He returned home in 2014 to start a new career as a farmer. Mark always loved his 
childhood growing up on the farm and had always planned on returning home when 
ready so he could offer his children the same experience. He currently leases his 
parent’s 111 Ha farm as well as another small farm next door, making around 126 Ha in 
total, growing approximately 14,000 tonne of cane. Mark has been accredited with 
Smartcane BMP and has been very quick to adopt best practices within the farming 
enterprise. He purchased his first GPS in the first year and it has really improved a lot of 
the operations practices. He currently uses a program called Irrigweb, which is an 
irrigation scheduling tool. It has improved irrigation practices tremendously. 
 
Mark has been trialling 18 month fallows and continues to grow mung beans in all the 
other fallow blocks as well as the 18 month fallow. He is currently growing sunflowers, 
which is a new crop for the enterprise. Soy beans and pumpkins have also been grown 
in previous years. Mark completed a Regenerative Agriculture course last year and has 
mixed a few of his own bio-fertiliser brews. He is constantly doing all sorts of trials on 
the farm, which currently include a variety trial as well as a banded mill mud trial.  
 
Mark aims to start working on composting next year when time allows. He sits on two 
sugar industry boards and looks forward to a long future in the agricultural sector. 
 
 

Acknowledgements 
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The art of making Ag education engaging and useful in the modern 
era : emerging technologies in PA. 

Kim Bryceson 
School of Agriculture and Food Science, The University of Queensland, Gatton, QLD. 

Contact: k.bryceson@uq.edu.au 

Summary 
The project builds on technological developments in real time biophysical data 
gathering that are currently happening at The University of Queensland (UQ)’s regional 
campus (UQGatton ~1000ha of prime agricultural land ~85km SW of Brisbane in SE 
Queensland), via the Internet of Things (IoT) UQ Smart Campus Project, and the UQ 
Darbalara Beef Handling Training Centre Project. The aim of the project has been to 
develop precision data collection technologies and apply them in both research and 
teaching and learning contexts for researchers and students to better understand 
spatial variability in the managed landscape, with the view to developing more efficient 
and sustainable management practices.  
 
The IoT system commenced development at UQGatton in December 2014 through the 
newly established Agricultural Remote Sensing Laboratory (ARSL) at UQGatton, and 
was aimed at developing a system for measuring biophysical variables in real time 
around the whole UQGatton Campus: IoT being defined here as: “the inter-networking 
of physical devices, vehicles (also referred to as "connected devices" and "smart 
devices"), buildings, and other items embedded with electronics, software, sensors, 
actuators, and network connectivity which enable these objects to collect and exchange 
data)”. The IoT project complimented already ongoing active learning initiatives within 
the ARSL around the role of electronics in agriculture through the design and build of 
small drones and associated sensors for biomass monitoring and animal management 
tasks undertaken by students. 
 
In 2017, the current IoT system encompasses everywhere on UQGatton that is covered 
by Wi-Fi (e.g. Cattle backgrounding paddocks and Feedlot, Horticultural fields, Equine 
Foaling unit and collocated equine paddocks, Wildlife enclosure, Piggery, Dairy and the 
“Built Environment” (particularly for radiance, dust, noise etc)). A second multisensory 
mesh network has been implemented on the UQ owned 180ha Darbalara Farm 10 km 
from UQGatton, as part of the $1.7m UQ Darbalara Beef Handling & Training Facility. 
This project has been integrated into the Smart Campus IoT network and was about 
establishing Darbalara Farm as a “Living Laboratory” for Pasture & Animal Welfare 
Management education and research with real time microclimate data for modelling 
purposes available through the mesh network.  
 
The presentation will discuss the development of an active learning approach in the use 
of all of the above technologies to produce innovative, problem based learning (PBL) 
teaching and assessment modules. A number of examples using the IoT data collected 
for the development of these PBL modules (for e.g. ~ real time biomass monitoring and 
stocking rate capacity measurement, waste water management, a real time fishtank 
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visualisation for chemistry teaching and for teaching future high school teachers of 
STEM subjects), will be shown.  
 
An innovative addition to the project will also be briefly discussed - that of the 
development with industry partners Telstra/Readify, of a 3D holographic model of the 
UQGatton Waste Water Management system PBL for use with Microsoft’s Augmented 
Reality technology, the Hololens (https://www.microsoft.com/en-au/hololens), to provide 
an immersive PBL module for teaching this subject matter in a way that can be 
replicated for other managed landscape scenarios. 
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Monitoring and managing onion crops 

Dan Bloomer1, Justin Pishief2, Chris Folkers3 and Bruce Searle4 
1 LandWISE Inc., 2 Centre for Land and Water, 3ASL Software, 4Plant and Food 
Research 

Contact: dan@pagebloomer.co.nz 
 
The Onions NZ Sustainable Farming Fund project “Enhancing the profitability and value 
of New Zealand onions” seeks to identify variation and causes within crops of onions. 
We are developing tools and procedures to assess crop variability at field scale to 
provide information for improved decision making. Several commonly used reflectance 
sensors were used to assess canopy size and “greenness”. All the sensors used were 
able to capture data to create spatial difference maps, and through comparison of 
successive measurement can show temporal variations.  

Comparison of CoverMap, Satellite, GreenSeeker and MicaSense maps 
The architecture of the onion plant, a fine vertically oriented plant, made early 
measurement difficult. NDVI maps created at early stages are strongly influenced by 
base soil reflectance masking some crop variation. Smartphone image analysis 
applications ELA Free, Canopeo and ASL CoverMap were also used to determine 
canopy ground cover. These field measurements were compared against detailed plot 
assessments made by Plant and Food Research in a parallel monitoring exercise. 
Figure 1 shows one section of the onion field mapped from data captured by the four 
main sensors. 

 
Figure 1. One section of the onion field mapped from data captured by the four main sensors; 
GreenSeeker, World View 2 Satellite, UAV MicaSense and iPhone CoverMap application. 
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A grid imposed on the images helps align the eye to compare positions like with like. 
The GreenSeeker and CoverMap sensors are ground carried on a tractor. The maps 
are generated from data points logged with GPS by interpolating (calculating probable 
point values between) these known points. The interpolation process used means maps 
are influenced by the relative position of these points, which have quite different 
distributions in the two sets of data (see Figure 2). 
 

 
Figure 2. Comparison of logged point density (black dots) and resulting interpolated map. 

The Field Scout software logged fewer points, so the map is smoothed and generalised. 
The logged points are further apart along the bed than the actual distance between 
beds, so the map features are more “blended across” the beds. The CoverMap 
software logs more frequent data points so a more details map is created. Because the 
points are closer in the bed, the interpolation has a stronger in-bed effect.  
 
The satellite map (captured four days earlier) is created from complete cover images 
with each pixel about 0.5 x 0.5 m in ground size. There are at least two full pixels 
across the bed at any location, plus some pixels that are part bed and part wheel track. 
There is no interpolation needed as the data already forms a full image. The MicaSense 
map (captured two weeks earlier) still shows similar patterns. It is also created from 
complete cover images with each pixel about 20 mm x 20 mm in ground size. The high 
resolution means individual plants and even individual leaves may be identified. One 
possible use could be early disease identification. 

Relationship between canopy cover, leaf area index and final yield 
The ground cover assessed by processed phone images correlated very strongly with 
laboratory fresh mass and leaf area index measurements (Figure 3). There is little 
difference between the results of ground cover assessed by the three smartphone apps 
if correctly calibrated. 
 
Our 2016-17 work built on these relationships. We have developed a decision support 
concept of Management Action Zones (MAZ).  Zones are defined on the basis of 
canopy limitations caused by population and/or plant growth and how management may 
respond (Figure 4). 
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Figure 3. Relationship between canopy cover % assessed by smartphone application and 
laboratory leaf area index (LAI) measurements. 

 

 
Figure 4. Management Action Zones (MAZ) are based on Population, Yield and possible 
management responses. 

 
In essence the MAZ process involves:  

1. Selecting paddock zones 
2. Setting sample plots 
3. Counting plants 
4. Taking photos  
5. Converting images to percentage Canopy Cover 
6. Loading into website that does maths and produces reports 
7. Determining a suitable management response, whether tactical or strategic. 

 
Three main areas at the LandWISE MicroFarm were identified based on number of 
preceding onion crops (zero or two) and cover crop history (oats, mustard or pasture) 
(Figure 5a). In addition we deliberately applied heavy irrigation to part of each area to 
simulate rainfall at emergence (Figure 5b). This gave six different MAZ. 
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(a)  (b) 

  
Figure 5. (a) Paddock zones accounted for different paddock histories; mustard, oat or pasture 
winter cover crops; (b) additional differences were created by deliberately applying excess 
irrigation to selected area to simulate heavy rainfall after planting. 

Because onions are extremely variable, we established 15 bed-width plots in each MAZ 
and monitored them through the season. Population was counted and photographs 
taken at 3 leaf, 5 leaf and bulbing. These were processed using the Canopeo 
application to determine the percentage of green pixels, which we used as a measure 
of crop canopy cover. Actual yield was determined at harvest for each plot. We 
developed an online calculator, www.SmartFarm.co.nz which uses algorithms to 
analyse the data, compare current against expected canopy size, report predicted 
yields and define Management Action Zone categories (Figure 6). The SmartFarm 
calculator also reports data and calculated results at each growth stage on a zone and 
individual plot basis (Figure 7). 
 

 
Figure 6. Management Action Zones (MAZ) determined for the 2016-17 onion crop at the 
MicroFarm. 

The whole crop was surveyed at bulbing using an iPhone 6+ with ASL CoverMap 
software mounted on a tractor and connected to high accuracy GPS. This application 
recorded GPS position and percentage greenness being shown in each frame 
captured.  The data were converted using ArcGIS into an interpolated map of the whole 
field (Figure 8). 
 
This suggested alternative zoning patterns based on actual rather than anticipated 
areas of difference. We believe a whole paddock map created at 3 leaf is feasible and 
will provide useful information in time for in-season management responses. Actual 
yield data obtained from each plot at harvest was related to the ASL CoverMap made at 
bulbing and a function found. This enabled creation of a whole paddock yield map 
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(Figure 9). The total predicted paddock yield matched the tonnes sent to the 
packhouse. 

 
Figure 7. Screenshot from www.SmartFarm.nz showing average yield estimates at progressive 
growth stages and comparison of plot yield estimates at bulbing of 15 plots in each of 6 
monitored zones. 

 
 

 
Figure 8. Canopy cover map of MicroFarm onion crop generated from ASL CoverMap data 
captured at bulbing. 

With the yield map as a base, we analysed the impact and apparent cost of poor 
irrigation and poor drainage (Figure 10). This supported decisions to extend our irrigator 
and undertake land shaping to improve drainage. We have also noted an apparent 
relationship between canopy cover at bulbing and top down at lifting. We believe that 
may provide information about crop quality and storage potential. This will be further 
explored. 
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Figure 9. Whole paddock yield map generated from canopy cover measured by ASL CoverMap at 
bulbing and identified relationship with final yield measured at harvest. 

 

 
Figure 1 Map of estimated onion crop yield gap derived from canopy and yield differences and 
compared to an OptiSurface field drainage ponding map; sample plot areas shown as red 
rectangles.  
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The cost of PA should not be the barrier for adoption: farm business 
management goes digital 

Stefan Schmitt1 and Mike Krause2 
1Ag Consulting Company, SA. 
2P2PAgri, Croydon, SA. 

Contact: stefan@agconsulting.com.au 

The challenge and opportunity of changing technology 
Technology is changing the world in many areas and one big frontier is agriculture, as 
the world faces the challenge of feeding a significant increase in population. Digital 
technology is transforming the world’s agricultural industry in many ways, from farm 
machinery to drones, satellites and livestock scanners. This presents the challenge of 
determining what is important and what increases farm business efficiency and 
profitability. Can all this data help drive the productivity increase required, and in a 
sustainable and viable way? 
 
Farming in Australia has always been a risky business, and high land values and 
climate unreliability further contribute to this risk. Adopting new technologies to improve 
productivity may have risks associated with early adoption, but there are also significant 
risks in not adopting technology that may end up being a game-changer! The challenge 
is to adopt those that are most useful. But how do you make these judgements before 
committing your valuable resources? 
 
There has been plenty of research and surveys, including those by SPAA that highlight 
that the cost of PA tools and technologies hinders adoption. This presentation highlights 
the importance of understanding your  business position and how can farmers navigate 
these challenges, and use the best business models to drive profitability and returns in 
Australian farming businesses and indeed put themselves in a situation to adopt PA 
sooner rather than later.  

Showcasing the P2PAgri’s solution   
The new P2PAgri new cloud-based software is helping farmers to address these 
challenges. It analyses a farm’s physical data with the financial, and models the 
potential outcomes of farm business decisions. The P2PAgri software helps measure all 
important farm financial indicators and uses this knowledge to model critical ‘what-if 
‘questions about the business both now and up to 5 years ahead. The financial 
implications of adopting technologies like yield mapping and variable rate seeding can 
be assessed before they are adopted. Other questions such as land purchase, 
machinery purchase and changing enterprise mix can also be modelled. 
 
The P2PAgri software is designed for those farmers who want improved, more precise 
outcomes in their business management, to support their decision-making, and help 
achieve their business and personal goals.  
Features of P2PAgri include: 

o Three levels for specific areas of your farm business management: 
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ESSENTIALS – to measure how your business has been doing 
SEASON – to plan and track where your business is now 
FUTURE – to plan for where you want your business to be in 5 years’ time 

o Stores historic financial and production data to build your own business trends 
and benchmarks 

o Calculates financial indicators that help manage business Liquidity, Efficiency 
and Wealth 

o Powerful and unique Scenario Analysis to assess those future ‘what-if’ 
questions 

o Cloud-based software that allows farmers to work more effectively with their 
advisers 

o Fully supported and easy to use with integrated video and text help throughout 
the software 

The real benefits   
Benefits to farmers and advisers who have been using the previous generation desktop 
software ‘Plan to Profit’ (P2P) include: 

Guiding significant decision-making 
The powerful Scenario Analysis has been used to successfully compare potential 
business strategies before committing valuable resources to answer critical questions 
such as:  

o What is the expected impact of adopting new technologies on the business’s 
efficiency and profitability? 

o Does the business have capacity to expand? Is leasing / share farming a better 
option than purchasing more land? 

o What’s the financial impact of changing our enterprise mix? 
o Can the farm business afford to bring the next generation into the business?  

etc 

Getting a better deal from the bank 
The exciting opportunity with this new P2PAgri technology is that you can now not only 
analyse potential financial improvements, but also monitor these results over coming 
seasons and validate strategic business decisions. P2PAgri has allowed these 
challenging analyses to be more easily undertaken by farmers or their advisers. 

Stefan’s story: Farming in the Yorke Peninsula and wanting to increase PA usage 
on the family farm 
Stephan is actively involved in the Schmitt family farming business at Pt Broughton. 
After graduating in Agricultural Science from Adelaide University, he became both a 
farmer and agronomic adviser in Ag Consulting Co. He has been keenly interested in 
what precision agriculture technology can bring to the family farming business as well 
as his clients. As part of this, Stephan has been actively researching; 

o the efficiencies that inter-row sowing,  
o satellite imagery,  
o yield mapping,  
o nitrogen rich strips and  
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o partitioning resources such as seed and fertiliser based on management zones 
can bring to our business.  

From this the family business has recently invested in upgrading machinery to allow 
them to better manage inputs across the farm.  

Making our decisions! 
It was important to assess the impact of the recent adoption of some significant 
precision agricultural technology. In recent years, the farming business has upgraded 
the harvester to reliably collect yield maps, purchased a new seed box controlled by a 
Topcon X30 controller that can achieve variable-rate seeding, added RTK guidance 
allowing inter-row sowing, and upgraded to a spreader that can apply variable-rate 
fertiliser.  
 
These are significant investments and Stephan used P2PAgri to assess the economic 
impact of these technologies on the farming business, comparing the added costs with 
the added income. The assessment not only measures the impact on the farm’s profit 
and efficiency, but also if the added debt can be easily repaid and what impact it will 
have on wealth generation: all-important measures to assess when these big purchases 
are made in technologies. 
 
The benefits should come with improved yields and better management of the input 
costs, which can now be better managed. These results will be provided at today’s 
conference. 

Acknowledgements 
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Data intensive agriculture: recent trends and developments.  

Ian Yule  
New Zealand Centre for Precision Agriculture, Massey University, Palmerston North, 
NZ. 

Contact: I.J.Yule@massey.ac.nz 
 
The nature of precision agriculture is changing and we are considering a much more 
diverse biological economy than we were twenty years ago when this Symposium was 
initiated. The focus was mainly on broad acre cropping and reflected the origins of PA 
in the US and its application to Australian conditions. Many attending this Symposium 
have made significant contributions to progress, in the areas of yield and soil mapping, 
use of crop sensors, spreading equipment, precision irrigation, advanced 
mechanisation as well as crop and soil science to allow us to understand and use the 
information these technologies can provide. There have also been significant research 
efforts in viticulture and sugar cane for example which have had a very region flavour. 
The efforts of SPAA also need to be recognised as a driving force for ensuring the 
application and adoption of PA technologies, they have been a key component to the 
success of PA in Australia.  
 
Most of what we did twenty years ago was concerned with more efficient production, 
increasing yield and optimising inputs. We understood the rationale of the proposition 
but putting it into action has been more difficult because of the incredibly complex and 
highly variable nature of the biological systems we work with. As well as seeing 
advanced mechanisation we have also witnessed changing agriculture practices in 
terms of use and optimisation of inputs through variable rate application, as well as the 
development of new skills in ICT. There is still a lot of work that needs to be done at 
farm level to continue to improve profitability and physical performance.  
 
Recent trends have been to intensify the level of data collected, the physical resolution 
of data is often intensifying, the temporal collection of data is also intensifying as is the 
spectral intensity. The number of methods and platforms for data collection is 
increasing and the need for integration and interoperability of data is becoming more 
acute.  Producers are still just as time poor as they were 20 years ago and the need for 
efficient data handing to produce useful information is clear. There is also increased 
need for integrating data across physical scales, demonstrated by the use of global 
remote sensed data down to sub field scale, and the need to aggregate fine scale data 
up to catchment or regional level.  
 
A further point worth making is that we are all in the situation of making decisions from 
a limited understanding or a particular perspective. We work with biological systems 
that are incredibly complex and impossible to fully understand. Our recent experience 
(at Massey) has been that these new sensing technologies have produced new 
information that challenge preconceived ideas and understandings and I presume that 
will continue. Optical sensing can allow us to describe our environment in incredible 
detail and these same techniques can be used to provide inexpensive, non-destructive 
quality assurance of our outputs, again providing a high level of precision.  
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It is interesting to think about the Gartner hype cycle, we are often attracted by a shiny 
new technology but if that technology producers more information that challenges our 
ideas it needs to be more thoroughly investigated, this takes time and real effort. All too 
often we find research funding will assist in bringing in a new technology, but after that 
initial stage it is extremely difficult to create the longer term project to fully investigate 
application, utility, economic and environmental impact. Maybe this does not happen in 
Australia but in New Zealand I feel there is an over-emphasis on technological 
innovation and commercialisation supported over the short term without the 
underpinning science being investigated and the activity supported to enable a proper 
business assessment to be made.  As a result some promising, but complex 
technologies may become victims to the trough of disillusionment within the Gartner 
cycle.  
 
Robotics and automation look as if they are now ready to make an impact, with a 
realistic opportunity to produce better more consistent crops at lower cost, with lower 
chemical and fertiliser use.  Bulk fertiliser and chemical spray application are areas 
which require further attention and more needs to be done to reduce overall use and 
improve the targeting and consistency of application.  
 
Precision livestock management (PLSM) has also become a feature in recent years 
with the realisation that individuals within a mob can be given individual treatment as 
well as performing health and productive function checks. PLSM has broader synergies 
with other 21st century concerns such as animal welfare, sustainability, sufficiency and 
environment. Understanding the utilisation of the grazed environment is important, as is 
the possibility to influence impact through exerting greater control through such 
methods as virtual fencing.  
Further trends that have happened in the twenty years of this Symposium are the 
recognition of achieving additional value through food product development and the 
value chain. Environmental regulation has also come into greater prominence as has 
animal welfare and biosecurity. In terms of agricultural exporting countries such as 
Australia and New Zealand there are four groups that need to interact more effectively 
than they have done in the past. They are:  
 
Farmers, agronomists and farm services: To maximise productivity and minimise 
environmental impact. Operating at the plant, zone, paddock and farm scale.  
 
Food manufacturers: To add value, ensure food security and provenance. Strong 
product brands. Operating at a similar scale to farmers and agronomists with individual 
products. 
  
Environmental agencies: Regulate farming and land based activities to ensure 
sustainability and environmental quality. Operating at a farm, catchment and regional 
scale.  
 
Policy makers and regulators: Biosecurity, animal welfare, national branding. 
Operating at farm, catchment, national and global scales.  
 
I would like to suggest that these could all be accommodated under a concept called 
Digital Agriculture. A feature will be the mutual dependence on digital data required to 
make appropriately informed decisions. The data is required to achieve connectivity 
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between these groups. What happens at the farm scale is of direct concern to the 
farmers, agronomists, and the food manufacturers, but it is also of interest to the 
environmental agencies and regulators if they are to be effective and accurate in their 
respective roles.   
 
While I am trying to present this as a rational argument, I am acutely aware that PA 
appeared to be similarly rational twenty years ago, therefore we should not 
underestimate the new challenges that the next twenty years might present us with. In 
fact many of the things we have struggled with most in terms of data production, 
accuracy, provenance, integration and interoperability across scales are likely to be 
even more important in the immediate future. There appears to be lots of work ahead. 
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Telecommunications for PA- evolution or revolution? 

David Lamb 
Precision Agriculture Research Group, University of New England, Armidale, NSW.  

Contact: dlamb@une.edu.au 
 
 
In 2016 the Commonwealth Department on Agriculture and Water Resources initiated a 
Rural R&D for Profit Research Project entitled "Accelerating Precision Agriculture to 
Decision Agriculture". One of the aims the project was to deliver “recommendations for 
data communications to improve decision making- or decision agriculture”; effectively to 
undertake a ‘telecommunications review’. During the period of August 2016 – June 
2017, a series of seven workshops, numerous phone interviews and site visitations 
around Australia sought to understand the current status of on-farm 
telecommunications at the farm level in support of a big data future for agriculture. This 
review sought a ‘producer-eye’ view, seeking to understand the dimensions of key 
enabling telecommunications utilized by producers, factors constraining the uptake or 
adoption of available enabling technologies, as well as investigating the future 
telecommunications needs and opportunities. Information was solicited from not only 
producers, but also providers of technologies and data services to producers, as well as 
those developing those technologies and services. 
 
The timing of this review could not have been better. It was like being handed a 
surfboard during a cylcone!! In the last couple of years the notion of 
telecommunications as a ‘critical infrastructure’ for rural and regional Australia, and in 
particular in agriculture has, at last well and truly taken root. Action is required!  
Momentum has grown such that during the past 2 years a number of national inquiries 
concerning telecommunications have been initiated, and in some cases completed. So 
for farmers, are we in a stage of evolution- or is this the beginning of a revolution? 
 
Over this same time period there has been a significant increase in the development of 
end-to-end telecommunications technologies and services offered to producers. These 
so-called ‘second-tier’ telecommunications providers offer their own transmission 
backhaul capability and in some cases associated cloud based services. Second tier 
providers will help extend the value and potential of existing NBN and mobile 
telecommunication networks. The role of telecommunications in supporting a big data 
future in agriculture is not necessarily technology constrained; if a farm has access to 
the mobile network somewhere on the farm, or NBN into the farm house then there is 
technology available to beam it to where it is needed. The real constraint is likely to be 
around service and price. Entirely new, innovative, methods of extending connectivity 
over remote regions are in the R&D pipeline; some even surfacing for the first time 
during the period of this review. Others have been around for some time and 
overlooked; it is time to visit or revisit them. 
 
The on-farm telecommunications market is rapidly evolving but, like with all things in 
PA, education is one of the biggest challenges faced by those looking for solutions and 
those offering solutions. Industry needs well-curated case studies and 
education/educators must target not only consumers of telecommunications services 
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but also technology developers and service providers seeking to put something in the 
market place.  
 
This presentation will cover some of the key issues, challenges and opportunities that 
emerged from this review. 
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Improving detection methods for robotic weed control in pastoral 
lands 

Alex Olsen 
College of Science and Engineering, James Cook University, Townsville, QLD. 

Contact: alex.olsen@jcu.edu.au 

Abstract 
Environmental weeds invade pastoral lands, smothering pastures, inhibiting mustering 
and poisoning livestock. In a 2012 survey conducted by Landcare Australia, weed and 
pest control was ranked as the most significant land management problem by nearly 
half of Australia’s primary producers. 
 
Weed species recognition remains a major obstacle to the development and industry 
acceptance of robotic weed control technology. All weed control robots need to find 
weeds in order to kill them. The focus of my research is to enhance the effectiveness of 
weed spraying robots by developing new image recognition algorithms and 
technologies to improve their ability to detect weeds under realistic rangeland 
conditions. Detecting weeds using machine vision is simple in the highly controlled 
environment of intensive cropping where the land is flat, the vegetation is 
homogeneous, and the light conditions may be controlled with external lighting/shading 
or time-of-use. However, for rangeland and rough pastures, the problem is far more 
difficult. Many different species of weeds and native plants may be present in the same 
scene, all at varying distances from the camera, all experiencing different levels of 
lighting/shading, with some weeds being occluded. 
 
Our team’s experience in these difficult environments has indicated that using 
conventional image analysis techniques that combine colour, shape, texture and depth 
are not sufficient and new systems are required. The goal of my research is to develop 
fully tested recognition systems employing wide and deep convolution neural networks 
to classify multiple weed species with image and spectral information. So far, a spot 
spraying test platform has been developed to validate our recognition algorithms to 
differentiate lantana from grass and native plants. The prototype has an array of eight 
cameras and sprayers, in addition to the developed computerised image recognition 
system. The prototype achieved a high accuracy of detection and spraying, up to 80% 
for recently emergent lantana. 
 
Recent funding from the Commonwealth has allowed us to improve upon our testing 
platform and create the first public image dataset of some important Australian weed 
species. The dataset will consist of 10,000+ images of 10 nationally significant weed 
species, including; lantana, prickly acacia, snake weed, chinee apple, rubber vine, 
parthenium and siam weed. 
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Practically applying PA in vegetable cropping (1)  

Celia van Sprang2, Ian Layden1 and Julie O’Halloran2  
1 Department of Agriculture and Fisheries, Maroochy Research Facility, Nambour, QLD.  
2 Department of Agriculture and Fisheries, Gatton Research Facility, Gatton, QLD. 

Contact: celia.vansprang@daf.qld.gov.au  

Summary 
The Australian vegetable industry is dynamic and characterised by intensive short 
season production and high inputs (especially labour) to produce high value crops. 
Uniformity of production is desirable to optimise yield, quality and efficiency of inputs 
and labour units in machinery- and hand-harvested crops. While there is a suite of 
commercial precision agriculture (PA) technologies available to the agricultural sector, 
adoption in vegetable production systems has been very limited. This can be attributed 
to numerous factors including: a lack of awareness of available technologies, the need 
for support to adapt and optimise technologies for vegetable production and a market 
failure in the availability of PA service providers and technical support in many 
vegetable growing regions.  
 
The project ‘Adoption of precision agriculture technology in vegetable production’ seeks 
to facilitate technical support and application of PA technologies, providing vegetable 
growers opportunities to manage spatial crop variability and work towards improving 
areas of inefficiency in their businesses. The project has a nation-wide focus, covering 
several crops (carrots, sweetpotato, corn and brassicas). A variety of PA tools, such as 
remote and proximal sensing will be used to provide a baseline for ground truthing in-
field spatial and temporal variability. A key component of this work is to develop 
adoption pathways based on addressing growers’ production requirements and goals, 
establishing if and why in-field variability exists and understanding the extent of any 
economic benefit to managing spatial variability.  
 
Management strategies of spatial variability is likely to be different between farms. An 
example from Gin Gin, WA and Kalbar, QLD shows that, although each farm can 
receive the same suite of crop sensing imagery and ground truthing methods, the 
management strategies will be determined by each farms production priorities, for 
example: irrigation efficiency and soil characteristics. While yield is the ultimate 
measure of spatial variability, there are currently very few options for yield mapping and 
monitoring of vegetables at harvest. This project will be assessing the potential for 
retrofitted load-cell based yield monitors on carrot harvesters and the potential for yield 
prediction from remotely sensed crop biomass imagery.  
 
The project will also be working towards encouraging vegetable growers to create a 
‘community of practice’ in their area, forming networks of technical and social support in 
the implementation and use of PA technology in intensive vegetable production.  
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Practically applying PA in vegetable cropping (2) 

Michael Nichols 
“Redbanks”, TAS 

Contact: mdnichols54@gmail.com 

Summary 
Michael runs a mixed cropping livestock farm on the Northwest Coast of Tasmania. The 
property is called Redbanks and is 385ha, of which 160 ha is cropped. A variety of 
different crops are grown including wheat, canola, mustard, potatoes, onions, peas, 
buckwheat, pyrethrum and poppies. We also have 80 cattle grazing the grassland, a 
contracting business and an oil press that presses our canola seed. 
 
Michael has been using PA over the last 3 years, starting with 2 Trimble FM750 
screens with one of the screens unlocked to RTK and the other to rangepoint which has 
the VR also unlocked. The operation uses a Claas combine with yield mapping, plus 
NDVI images taken from a plane. I have also had some EM maps and soil ph gridding 
done. 
 
My aim is to even up my crops by reducing the variability either by VR fertiliser 
spreading or VR seeding. 
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Applying the PA thought process at regional scale to promote 
improved fertilizer management in the sugar industry 

Rob Bramley1,3, Lawrence Di Bella2, Jackie Ouzman1, David Gobbett1, Michael 
Sefton2 and Rod Nielson2 
1 CSIRO, Waite Campus, Glen Osmond, SA  
2 Herbert Cane Productivity Services Ltd, Ingham, QLD 

Contact: rob.bramley@csiro.au 
 
 
The key input criteria used in deriving N fertilizer management recommendations for 
sugarcane using the SIX EASY STEPS (6ES) system (Schroeder et al., 2005, 2010; 
Schroeder, 2009) are the yield potential (YP) of sugarcane and the N mineralization 
potential of the soil; the latter is estimated as a function of the soil organic matter 
content in the top 20 cm. Whilst 6ES allows the estimate of yield potential to be made at 
whatever scale is deemed appropriate (block, farm, region, etc), the fact is that 6ES is 
generally implemented using a district yield potential (DYP). However, the gradual 
adoption of Precision Agriculture (PA) technologies, such as remote sensing and yield 
monitors, along with mill records of yield at the block and farm scale, suggests that yield 
varies markedly within regions. This raises questions as to the merits of using DYP as 
an input to 6ES. It also suggests that an alternative, more location-specific approach, 
might deliver benefits in terms of improved N use efficiency (NUE). Increasing NUE in 
the sugar industry is an important step in protecting the economic and ecological 
benefits provided by the Great Barrier Reef. Importantly, an increase in NUE also offers 
opportunities for growers to improve profitability, providing an incentive for practice 
change (Bell 2015 and references therein). 
 
Using data made available by Wilmar Sugar, this work used spatial analysis of yield 
variation in the Herbert River district over 7 seasons using mill records. The results of 
this analysis suggest that there is marked spatial variability in sugarcane yield in the 
Herbert River district, and that the patterns of this variation are stable across seasons 
and crop class (Figures 1 and 2). They therefore provide a basis for moving away from 
the use of DYP as an input to 6ES and, for those Herbert growers who have not yet 
adopted PA for the fine-tuning of fertiliser management at the within-block or -farm 
scales, a basis for a more location-specific application of 6ES. It is suggested that a 
map of the maximum yield of first ratoon achieved over the study period (Figure 2c) 
provides an appropriate basis for estimating block yield potential (BYP). This is 
consistent with the present approach in which DYP is estimated from the highest 
average annual district yield based on mill statistics (Schroeder, 2009). 
 
Combining BYP with discounts to the N applied due to mineralisation potential, derived 
from either a regional scale 1:5,000 soil survey (not shown) or contemporary soil testing 
(Figure 3), enables location-specific implementation of 6ES (Figure 4). Comparison of 
maps showing recommended N rates in the Herbert region when 6ES is used with 
either DYP or BYP and soil C data obtained from the soil survey conducted in the late 
1980s and early-mid 1990 suggests that, on average, savings in N use of approximately 
26 kg N/ha, equivalent to $23/ha saved in input costs of production, might be readily 
achieved. 
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Figure 1. Variation in the yield of sugarcane in the Herbert River district in 2009 for plant and first 
to fourth ratoon (Rat1-Rat 4) crops. Also shown (bottom right) is a map summarising the variation 
across each of these crop classes. Note that the same legend applies to all maps and that the 
units of Yieldnorm are standard deviations; in 2009, the standard deviation in yield of first ratoon, 
for example, was 26.0 t/ha. 

 

 
Figure 2. Variation in the estimated yield of first ratoon sugarcane in the Herbert River district in 
terms of (a) mean yield (2009-2015), (b) k-means clustering of season specific maps, and (c) 
maximum yield achieved over this 7 year period. 

 
(a) 
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(b) 

 
Figure 3. (a) Locations of soil samples collected for soil testing by HCPSL (2009-2015), and (b) the 
discount (%) to ‘base’ fertilizer rates due to soil N mineralisation potential derived from soil C 
analyses undertaken in 2014-2016. 
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Figure 4. Suggested rate of N application when a block yield potential (Figure 2c) is used as input 
to SIX EASY STEPS and discounted for N mineralization potential using soil C testing (Figure 3). 

 
When the same analysis is done with soil testing as the source of the N mineralisation 
discount (Figure 3) – which enables the analysis to be extended to the entire current 
Herbert cane growing area – the projected savings in use are 21 kg N/ha on average, 
equivalent to $19/ha saved in N input costs (Figure 5). This equates to a total annual 
reduction in applied N in the Herbert district of 1,632 t, saving Herbert canegrowers 
$1.5M p.a. Note that in estimating these savings, no changes were made to the 
rationale which underpins 6ES or the calculations it uses to generate recommendations; 
rather, all that was done was to apply these in a location-specific way. 
 
We also sought to undertake similar analyses to those detailed above at the within-farm 
and within-block scales, using data that adopters of precision agriculture (PA) can be 
expected to have ready access to through yield monitoring and mapping. However, 
whilst the benefits of this approach are intuitive, we conclude that there is insufficient 
reliable yield monitor data available at present to enable such an approach to be 
robustly implemented. This situation is expected to change as yield monitors become 
more readily commercially available. 
 
An important feature of this work is that, for the analysis of DYP and BYP, we relied on 
data that is routinely collected every year at all mills. Thus, a similar analysis could be 
readily conducted in other sugarcane growing regions. Similar studies could also be 
conducted for other crops that are delivered to central delivery points (e.g. grain silos). 
We also suggest that examination of spatial variation in the factors which underpin 6ES, 
other than yield potential and N mineralization potential, may also be valuable. 
 
In this study, we used soil carbon (C) data obtained from soil survey and soil testing to 
assess the soil N mineralisation potential. In most cane growing regions, soil survey 
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data is only available at much lower resolutions than in the Herbert district. However, 
the coordination of soil testing at regional scale is clearly feasible, as demonstrated by 
HCPSL-led activities in the Herbert (Figure 3). In addition to such an approach, and 
examination of yield variation, examination of spatial variability in crop N uptake, crop N 
requirement and N loss through run-off, leaching and volatilization would also assist in 
promoting improvements to NUE. 
 

 
Figure 5. Potential savings in applied N when application rates are determined using SIX EASY 
STEPS and block yield potential, as opposed to an assumed district yield potential of 120 t/ha, in 
both cases with discounting for soil N mineralization potential using soil C testing (Figure 3). 

 
Finally, we re-state here the most important message to emerge from this work: the 
notion of a district yield potential (DYP) is an inappropriate basis for the delivery of 
fertilizer advice, since potential yield is markedly spatially variable at the within-district 
scale, with the patterns of yield variation being remarkably stable from year to year. 
Accordingly, location-specific estimates of yield potential (YP), such as the block yield 
potential (BYP) should be used in preference to DYP, a practice which could lead to 
significant savings in average N input costs. Given the findings of Webster et al. (2016) 
which suggest that inherently low yielding areas are those most likely to ‘leak’ N, the 
use of BYP as an input to 6ES should also lead to a reduced risk of N loss offsite. 
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A big data approach to predicting grain yield 

Patrick Filippi, Edward Jones, Thomas Bishop, Niranjan Acharige, Sanjeewani 
Dewage, Liana Johnson, Sabastine Ugbaje, Thomas Jephcott, Stacey Paterson 
and Brett Whelan 
Sydney Institute of Agriculture, The University of Sydney, NSW 

Contact: patrick.filippi@sydney.edu.au 

Abstract 
Many broadacre farmers have a time series of crop yield monitor data for their 
paddocks which are often augmented with additional spatial data such as gamma 
radiometrics surveys or ECa (apparent soil electrical conductivity) from an electro-
magnetic induction survey (EMI). In addition there are now readily available national 
and global datasets which can be used to represent the crop-growing environment. 
Rather than analysing one paddock at a time, there is an opportunity to explore the 
value of combining data over multiple paddocks and years into one dataset. Using 
these datasets in conjunction with machine learning approaches allows predictive 
models of crop yield to be built. In this study we explored this approach with a particular 
emphasis on the forecasting ability of the models based on pre- and mid-season 
information from predictor variables. Several large farms in Western Australia were 
used as a case study. Yield from wheat, barley and canola crops from 3 different 
seasons that covered ~15,000 hectares in each year were used. The yield data was 
processed to a 10 m grid, and for each observation we built an associated space-time 
cube of predictors. This consisted of grower collected data such as EM and gamma 
radiometrics surveys, and nationally available data such as MODIS NDVI, and rainfall. 
Random Forest models were used to predict crop yield of wheat, barley and canola 
using the space-time cube. Three models were created based on pre-sowing, mid-
season and late-season conditions to explore the changes in the predictive ability of the 
model as more within-season information became available. These time points also 
coincide with points in the season when a management decision is made, such as the 
application of fertiliser. The models were evaluated using cross-validation based on 
paddocks and years and this was assessed at the paddock-scale spatial resolution. The 
models performed better as the season progressed, largely because more information 
about within-season data became available (e.g. rainfall). Cross-validated results 
showed the models predicted yield very accurately, with an RMSE of 0.36 to 0.42 t/ha, 
and an LCCC of 0.89 to 0.92 at the paddock resolution. The more years of yield data 
that were available for a paddock, the better the predictions were. The generic nature of 
this method makes it possible to apply to other agricultural systems where yield monitor 
data is available. A data-driven approach to predicting crop yield as an alternative to 
using mechanistic models has several advantages. Future work should explore 
integration of more data sources into the models and focus on using the models to 
inform management decisions such as fertiliser applications.    

Background 
Agricultural and environmental data is becoming increasingly available at finer spatial 
and temporal resolutions and at declining costs. While this data is abundant and 
potentially very useful, it is often in different formats and located in a variety of 
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repositories, which makes it difficult to utilise. Every crop can essentially be considered 
as an experiment, where the yield is a function of the interaction between a suite of 
variables that vary in space and time. Many growers have a time series of crop yield 
monitor data for their paddocks which are generally augmented with additional data 
such as EM and gamma radiometrics surveys. In addition there are now freely and 
readily available national and global datasets which can be used to represent the crop-
growing environment. Rather than analysing one paddock at a time, there is an 
opportunity to explore the value of combining this data over multiple paddocks and 
years into one dataset. Machine learning techniques are well-equipped to deal with 
large datasets with many variables, and they provide the opportunity to create 
predictive models of crop yield using this multitude of data. In this study we used 
grower-collected and nationally available data in combination with Random Forest 
models (Breiman 2001) to create predictive yield models of wheat, barley and canola at 
3 vital time points in the growing season. This study particularly focused on the 
forecasting ability of the models based on pre- and mid-season information from 
predictors.  

Methods 

Datasets 
An assortment of spatial and temporal grower-collected and nationally-available 
environmental and agricultural data was collated into a space-time cube (STC). The 
data consisted of yield monitor data, soil information, geo-physical data, and remotely 
sensed information, of varying spatial and temporal resolutions (Table 1). This study 
focused on a case study of several large farms in Western Australia. Yield from wheat, 
barley and canola crops from 3 different seasons that covered ~15,000 hectares in 
each year were used. In addition to this, the study area had been surveyed with EMI 
and gamma radiometric instruments to 10 m resolution. A STC can essentially be 
described as a large dataset where each row in the dataset possesses; spatial 
coordinates (easting + northing), time (year), yield, and a large string of associated 
covariates that relate to yield (predictor variables). Each row represents a spatial entity 
for a particular time point. Some spatial locations in the dataset possessed several 
years of yield data, while others only had one. Despite the varying spatial resolutions of 
the variables, they were all snapped to a common 10 m grid without changing their 
native spatial resolution (Table 1). 
 
Table 1. Data sources used in the space-time cube to create predictive yield models. 

Data type Model input Resolution Source of data 

Yield 
 

Yield monitor data 10 m Grower 
Silo weighed- field averaged yields Field/paddock Grower 

Soil 
 

Soil maps - clay  10 m Grower & Project 
Soil maps - sand 10 m Grower & Project 

Geo-physical data EM surveys  10 m Grower 
Gamma surveys 10 m Grower 

Remote sensed data MODIS NDVI 250 m (8 days) National 
Climate data 
 

Received rainfall 5000 m (daily) National 
Forecasted rainfall 5000 m (daily) National 

 
Yield monitor data at 10 m resolution was corrected and standardised using measured 
paddock average silo weight, as it is known that different yield monitors can vary in their 
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calibrations. Maps of soil sand and clay content at 10 m resolution were created using 
soil test results collected by growers. These sand and clay maps were creating using 
Random Forest models with spatial coordinates, EM and radiometric surveys used as 
covariates. Within-season MODIS - NDVI measurements were included in the model 
and collected in the middle of July and September. Total rainfall received for each year 
for Jan 1st–Mar 31st, Apr1st–June 30th, Jul 1st–Aug 31st was also used as predictor 
variables. In addition, the forecast rainfall was used, which is the probability of 
exceeding the median rainfall for the ensuing three months. The dates for NDVI and 
aggregation of the rainfall were chosen to coincide with different important points in the 
winter crop season, e.g. sowing (April), mid-season N-fertiliser top-dressing allocation 
(July), and anthesis (September).   

Modelling 
Random Forests (a machine learning approach) were used in conjunction with this STC 
to create predictive models of crop yield. Rather than creating individual models for 
wheat, barley and canola, one model was created and crop type was included as a 
predictor variable. Three models were created based on pre-sowing, mid-season and 
late-season conditions to explore the changes in the predictive ability of the model as 
more within-season information became available. These time points also coincide with 
points in the season when a management decision is made, such as the application of 
fertiliser. The models were built at a 10 m resolution, and then predicted at 100 m. This 
was then aggregated up to the paddock-scale, and the prediction quality was then 
assessed at the paddock-scale spatial resolution. The model was evaluated using 
cross-validation based on paddocks and years. The paddock-year-out cross validation 
involved creating a model without one seasons worth of yield data for a particular 
paddock and then using that model to predict the yield for that paddock for the missing 
year. The paddock-out cross validation was similar, but involved leaving all prior yield 
out for that particular paddock to create the model, and then predicting on that paddock 
for a missing year.  

Results 
The models performed better as the season progressed, with the September model 
possessing the lowest root mean squared error (RMSE), and the highest Lin’s 
concordance correlation coefficient (LCCC). At the paddock-resolution the models had 
a RMSE of ~0.36-0.42 t/ha for the paddock-year-out cross validation (Table 2; Fig. 1). 
The paddock-year-out cross validation always provided much better results compared 
to the paddock-out approach, which suggests the importance of prior yield information 
in model predictions (Table 2). This is supported by Fig. 2, which shows that as more 
seasons of prior data were available for an individual paddock, the predictions improved 
dramatically.  
  
Table 2. Cross-validated results of crop yield predictions at the paddock resolution. 

Time point April (sowing) July (top-dressing) September (anthesis) 
 RMSE (t/ha) LCCC RMSE (t/ha) LCCC RMSE (t/ha) LCCC 
Paddock-out CV 0.64 0.19 0.63 0.20 0.62 0.27 
Paddock-year-out CV 0.42 0.89 0.39 0.91 0.36 0.92 
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Figure 1. Plot of observed and predicted yield for July model for all paddocks using paddock-
year-out cross validation approach.  

 
(a)  (b) (c) 

 

 
 
Figure 2. Cross validated results for paddocks that contained a) zero, b) one, c) two years of prior 
yield data.  

Within-season predictor variables proved to be very important covariates in the models. 
As an example, the most important predictors in the July model were; received rainfall, 
forecast rainfall, and within-season NDVI (Fig. 3). The soil and geo-physical data were 
less important predictors, however, many of these variables were highly correlated with 
each other, which may mask their combined significance. It could be assumed the 
importance of these types of predictors would increase if some were removed. 

Discussion 
Overall, the predictive crop yield models presented in this study performed well during 
cross-validation and had high predictive power (RMSE = 0.36 to 0.42 t/ha, and LCCC = 
0.89 to 0.92). It was shown that prior yield data for predicting in a paddock resulted in 
much better models (Fig. 2). 
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Figure 3. Predictor variable importance graph from July model. 

This is logical, as the model would have a better understanding of expected yield, and 
this suggests that a larger time-series of yield data for paddocks would greatly improve 
the prediction accuracy. Yield monitoring at harvest in the grains industry has been 
present in Australia agriculture for about two decades, and there is a great opportunity 
to maximally benefit from this available information to predict crop yields by using big-
data approaches. The size of the dataset and how this affects predictions needs to be 
further explored. This needs to be done in terms of an expansion of temporal data 
(more seasons of yield), and an expansion of spatial data (more paddocks/farms). In 
this study we have successfully predicted yield for a collection of large farms, but this 
does not provide insight into whether or not this would work at a smaller spatial scale – 
e.g. for a single farm. The possibility of data sharing among growers is an option; 
however, this presents some challenges and limitations. It may be ideal to have one 
model for a region, or it may be better for individual farms to have a specific model, and 
this ideal area that the model covers should be further evaluated. Regardless, the 
results in this study show that a greater time-series of paddock yield would be 
extremely beneficial in improving yield predictions.   
 
Within-season predictor variables proved to be very valuable in the models. The models 
improved in quality as the season progressed, and this is likely due to an increased 
amount of within-season predictor variables being used in these models. Integrating 
more of these within-season data sources into the model should be considered. This 
may include remotely sensed data from UAVs (Unmanned Aerial Vehicles), soil 
moisture products, degree days and Landsat data at 30 m resolution. Further work 
should consider the quality of the models under data-poor (only national datasets 
available) and data-rich scenarios (grower collected data available). This could identify 
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the value proposition for growers when deciding on the type of data collect, as well as 
the best spatial and temporal resolution.  
 
Currently, most approaches to predicting crop yield are through the use of 
mechanistic/simulation models, such as APSIM (Agricultural Production Systems 
sIMulator) (Keating et al. 2003). The disadvantages of mechanistic models are that they 
generally require numerous inputs and there are many assumptions made. The 
advantage of our empirical approach is that real, on-farm data is used to drive 
predictions, allowing fewer assumptions to be made. Predictive models of the upcoming 
season’s crop yield are extremely useful, particularly when the predictions are at fine 
spatial resolutions and a high accuracy. There are opportunities to use this information 
to identify yield gaps, decide on futures contracts and market speculation, and to inform 
decisions on precision agricultural management practices. In particular, the 
incorporation of management inputs with these models is a promising avenue for future 
research, for example fertiliser application, gypsum/lime application or seeding rates.  

Conclusion 
In this study, we have presented a data-driven approach to predicting wheat, barley, 
and canola crop yield as an alternative to approaches that use mechanistic models. The 
approach presented was a success and its generic nature makes it possible to apply it 
to many other agricultural systems where yield monitor data is available. Future work 
should explore integration of more data sources, particularly within-season 
measurements (UAV, soil moisture products etc.) into the model. In addition, focus 
should be placed on using the predictive model to inform management decisions such 
as fertiliser applications.  
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Practical application of PA in livestock production.  

Brad Wooldridge 
Kalgan, WA 

Contact: btwool@esat.net.au 

Summary 
Brad and Tracy Wooldridge farm 500ha at Arthur River and 200 ha at Kalgan in 
Western Australia, stocked with a 2500 head composite sheep flock and cropping 
barley, lupins, canola and oats. 
 
15 years ago the farming system was introduced to the concept of measuring pasture 
biomass and growth by satellite imagery and moved from traditional set stocked to a 
Dairy style rotational grazing. Farming by numbers was now a possibility. Landgate’s 
PfS+  is used to benchmark how pastures have performed over the last 10 years and 
then compared to their productive potential given the season, with the difference being 
the management variable. This focus has moved the water-use efficiency of pastures 
from 15kg/mm of growing season rainfall to 28kg/mm. 
 
Quantifying seasonal variation that ranges from 6t/Ha total dry matter (TDM) to 12t/ha 
TDM and selection of analogue years has allowed pasture performance predictions and 
varying stocking rate to match the seasons predicted potential. A change to composite 
ewes and an analysis of total system feed requirements led to using this technology 
outside the farm gate to find a feed supply to compliment the farming system in poor 
performing years through the purchase of another property based on results from this 
technology. 
 
If big Brother has been benchmarking, you may as well ask his opinion. Over the past 
three years we have been a part of MLA and University of New England’s innovative 
project that calibrated the handheld Greenseeker to Biomass through the use of a 
phone app to allow real-time measurement of pasture biomass. 
 
This journey has been made possible with guidance from Dept of Ag, CSIRO, 
Landgate, MLA and UNE 
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From individual plants to whole of industry: a review of current 
remote sensing agricultural research and applications developed by 
the agricultural remote sensing team, University of New England 

Andrew Robson, Moshiur Rahman, Jasmine Muir and Luz Angelica Suarez 
Cadavid 
Precision Agriculture Research Group, University of New England, Armidale, NSW. 

Contact: arobson7@une.edu.au 

Summary 
With increasing awareness of global food shortages and a downturn in mining exports, 
Australian agriculture is currently receiving unprecedented industry support and funding 
for the development and adoption of new technologies aimed at optimising production. 
The University of New England Agricultural Remote Sensing Team (ARST) is working 
with multiple agricultural and horticultural industries to develop relevant and practical 
remote sensing applications that support improved decision making from the farm level 
to whole of industry.  
 
Recent advances in online image storage and processing platforms by companies such 
as Amazon and Google, are enabling unprecedented access to imagery from satellites 
such as Landsat and Sentinel 2. Additionally, the recent launch of micro satellite 
constellations by start- up companies such as Planet, is now offering high spatial 
resolution, multispectral imagery at a frequency of every 1-3 days – allowing 
unprecedented monitoring of crops. ARST is accessing and evaluating these rapidly 
evolving sources of imagery as well developing pre- and post-processing scripting 
methodologies that aid in the automated derivation and distribution of imagery products 
in formats adoptable by all levels of industry.  
 
This presentation will provide an overview of current UNE ARST research in Tree Crops 
(Avocados, Mangoes, Macadamia), Sugar Cane, Carrots and Rice. Specific 
applications include the mapping of yield, quality, maturity, disease and nutrition at 
spatial levels that range from individual plants, to research plots, within-crop, whole of 
farm and whole of industry. These applications provide an essential tool for optimising 
on farm production, biosecurity response and post disaster monitoring and as such will 
help ensure the growth of the Australian agricultural sector into the future. 
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SAGIT has invested $3 million in new projects in 2017-18 supporting research 
crucial to the advancement of the SA grain industry with funds coming from 
the 30c a tonne contribution on all grain delivered by SA grain growers.

• CARASA: Cereal Aphid 
Risk Assessment for South 
Australia – SARDI

• Common vetch as a break 
crop for marginal cropping 
systems - SARDI

• Copper management for the 
future – George Pedler Ag

• Developing new capability 
for research on Rhizoctonia – 
SARDI

• Development of dual purpose 
awnless wheat varieties 
for frost management – 
LongReach Plant Breeders

• Development of wheat 
population using speed 
breeding for salinity tolerance 
– University of Adelaide

• Efficiency of fertilizer N 
products on calcareous and 
sandy soil types – Agronomy 
Solutions

• Enhanced N-use efficiency 
in durum through improved 
genetics – University of 
Adelaide

• Enhancing diagnostics and 
extension for Khapra Beetle to 
secure trade – SARDI

In 2017-18, SAGIT is supporting 25 new projects including:

• Farm scale AquaTill 
demonstration and field day – 
SANTFA

• Field testing of sodicity and 
salinity-tolerant oat varieties - 
SARDI

• Further development of crown 
rot resistance in durums – 
SARDI

• Improving monitoring and 
management of Etiella in 
lentils – SARDI

• Increasing the knowledge 
and understanding of 
micronutrient deficiency in the 
Upper North – Upper North 
Farming Systems

• MacKillop Farm Management 
Group Annual Trial Results 
Book – MacKillop Farm 
Management Group

• Publication of the 2018 Farm 
Gross Margin Guide for SA – 
Rural Solutions SA

• Regional internship in applied 
grains research – Hart Field-
site Group

• SA Crop Variety Sowing Guide 
– SARDI

• SANTFA Conference 2018 – 
SANTFA

• Seed to Store video 
clip competition – 
AgCommunicators

• Spading header rows for 
grass control, improved yields 
& soil protection – Insight 
Extension for Agriculture

• Swathing for barley grass 
weed seed collection and 
applying drone technology – 
SARDI

• Towards molecular selection 
for heat stress tolerance in 
field pea – SARDI

• Uniform seed distribution 
along the row to increase 
yields and reduce seed costs 
– Ag Consulting Co

• Use of drones to non-
destructively assess wheat 
varieties – University of 
Adelaide
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Data law, governance, survey of drivers and reference architecture for 
Precision to Decision Agriculture (P2D)  

Jay Sanderson1, Leanne Wiseman2 Airong Zhang3, Isaac Baker3, Emma Jakku3 
Rick Llewellyn4, Andrew Skinner5 and Rohan Rainbow6 
1USC Law School, USC Australia; ACIPA  
2Griffith Law School, Griffith University; ACIPA  
3Land and Water, CSIRO, Dutton Park, QLD  
4CSIRO Agriculture Flagship, Glen Osmond, SA  
5Data to Decisions CRC 
6Accelerating Precision Agriculture 2 Decision Agriculture, Consultant to CRDC 

Contact: r.rainbow@cropprotectionaustralia.com  

Abstract 
The Advancing Precision Agriculture to Decision Agriculture (P2D) project is supported 
by funding from the Australian Government Department of Agriculture and Water 
Resources as part of its Rural R&D for Profit programme. The P2D project involves all 
15 Rural Research and Development Corporations, and is focused on three main aims; 
Facilitating the development of digital technology in Australian agriculture; Fostering the 
establishment of appropriate legal frameworks, data systems and access to critical 
datasets and; identifying the data communications systems required to deliver the 
benefits of digital agriculture to the Australia farm and agribusiness sectors. 
 
The use of digital technology and agricultural data have the potential to transform 
agriculture and agribusiness. Agricultural data can aid analysis, provide early warnings 
and enable accurate predictions. Currently, however, the regulatory frameworks around 
data collection, sharing and use are ad hoc and piecemeal. In this paper, Sanderson 
and Wiseman outline key findings of the P2D project around data laws particularly to do 
with ownership, privacy and trust. They also recommend key features for data 
governance needed to support and encourage the use of digital technology and data in 
the future. 
 
A survey of a thousand cross-industry producers from broadacre cropping industries 
was conducted to identify the barriers and drivers of producers’ appreciation for 
precision agriculture, to better understand the underlying value proposition for these 
technologies. A number of key factors were examined including years in the industry, 
farm size, technical support, perceived return on investment in digital technologies and 
equipment, production goals, knowledge of telecommunications, and the number of 
data types currently collecting. The results suggested that producers, who regarded 
maximising production as important, reported higher levels of appreciation for precision 
agriculture. Both higher levels of knowledge of telecommunications and currently 
collecting more types of data were associated with enhanced appreciation. The results 
highlight the importance of understanding the roles of the key factors in motivating 
appreciation towards precision agriculture. 
 
An overview of the current cross-industry state of Big Data in agriculture is presented, 
based on and illustrated with observations of the current state of data use taken from 
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eight regional producer workshops, value chain organisation interviews and survey, all 
conducted as part of the P2D project. A summary of the findings and potential future 
need is presented including an overview of a reference architecture for Australian 
agricultural industries. 

Introduction 
Key big data issues for producers have been discussed widely over the last two years.  
Issues include; Who will hold the data produced and how will access to that data be 
controlled?; The need to have commonality and portability of data sets; and 
demonstrated business cases and value propositions for cross industry collaboration 
and the application of big data in agriculture.  Led by the Cotton Research and 
Development Corporation, this project is jointly funded by the Department of Agriculture 
and Water Resources Rural R&D For Profit Programme and 15 Rural Development 
Corporations (RDCs), contributing more than $3.5 million over 18 months. Through the 
combined research activities of three universities UNE, USC and Griffith University, 
CSIRO Data 61, the Australian Farm Institute and the Data to Decisions CRC, the 
project is examining rules, systems and communication requirements, talking to farmers 
across all Australian agricultural industries, as well as evaluating international best 
practice.  
 
P2D planned project outcomes include: 

o To increase the profitability of Australian farm businesses by providing 
business strategies to realise the economic potential of digital agriculture. 

o To foster the development of the rules, systems and communications 
requirements needed to ensure that farm, industry and environmental data is 
accessible, scalable, and portable while protecting the rights of the data 
owners. 

o Through the involvement of all 15 rural RDC’s to develop a whole of agriculture 
approach to the adoption of digital agriculture technologies and systems. 

The following summarises findings of some of the research components of the P2D 
project. Further information can be found at www.farminstitute.org.au/P2Dproject. 

A survey of needs and drivers for the present and future  
The aim of the project was to benchmark Australian producers’ needs, perceived risks 
and benefits, and expectations associated with digital agriculture and big data context. 
Such understanding will inform strategies aimed at 1) better utilising agricultural data to 
enhance productivity and profitability, and 2) better capitalising on the opportunities 
created by digital agriculture and big data. 
 
In consultation with P2D project members and participating RDCs, CSIRO designed the 
survey questionnaire and conducted a survey of 1000 producers across 17 agricultural 
industries during the period of 7 March to 18 April 2017.  The sampling specifications 
for each industry was defined in consultation with relevant participating RDCs. 
The study investigated producers’ needs, perceived risks and benefits, and 
expectations from three aspects: telecommunication infrastructure, the status of current 
data collection, and data sharing and concerns in the big data context.  
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Key findings 

Telecommunication infrastructure 
o The vast majority of respondents (94%) had an internet connection for their 

business, dominated by mobile phone networks (55%) and landline (30%), with 
NBN associated technologies still at an early stage in application, including 
NBN fixed wireless (16%), NBN interim satellite service (15%), NBN sky 
muster (12%), and NBN fibre/fibre-to-node (1%). There were variations in how 
internet was connected across industries. 

o Satisfaction with home office internet connectivity was evenly divided, with 
30% of respondents being satisfied or extremely satisfied, meanwhile another 
30% being not satisfied or not satisfied at all. There were variations across 
industries, with respondents from wine grapes, sugarcane, and dairy reporting 
higher levels of satisfaction, and those from cotton, poultry, beef/grain mixed, 
pork, and grain only reporting the lower levels of satisfaction.    

o Mobile coverage across entire farm was commonly poor, with only 34% of 
respondents having most or full coverage, and 43% having no coverage at all 
or little coverage. There were variations across industries, with sugarcane, 
dairy, wine grapes, and aquaculture reporting comparatively better coverage.  

o There was limited adoption of on-farm telecommunication infrastructure, with 
only 25% of respondents having radio links to devices (e.g., connecting 
weather station to farm office), or mobile data linked devices (e.g., weather 
station being directly linked to the mobile network), or both.  Among those 
users, 72% found it moderately-to-extremely challenging to keep on-farm 
telecommunication systems working. 

o Nearly half (49%) of the respondents did not have any on-farm 
telecommunication infrastructure and had no plan to install in the next 5 years.  

o There were great variations in the adoption rates across the industries. 
Comparatively, respondents from cotton (60%), aquaculture (45%), and 
vegetables (43%) had higher adoption rates, while those from beef/sheep 
mixed (17%) and sheep wool (18%) had the lowest rates. 

o Knowledge of on-farm telecommunication options was limited across all 
industries, with 61% of respondents stating that they knew nothing at all or 
very little. Respondents from cotton and aquaculture appeared to be 
comparatively knowledgeable.  

o More than half (53%) of respondents reported that they relied on themselves 
only (including family members and employees) to sort out their 
telecommunication needs.  

The status of current data collection 
o In cropping industries, 87% of respondents collected at least one type of data. 

The most collected data was financial data (72%), followed by yield mapping 
data (51%) and soil mapping data (41%), while weed pressure mapping data 
(11%) had the lowest rates of collection. In general, respondents valued the 
data quite positively in helping them making farm management decisions. 

o There were variations in the types of data collected across the cropping 
industries. Respondents from cotton industry appeared to be the most active 
collectors. There were also variations across states and farm sizes. 

o In livestock industries, 91% of respondents collected at least one type of data. 
The most collected data was financial data (79%), followed by veterinary 
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medicine record (63%), animal breeding data (57%), and individual animal or 
herd production data (56%). In general, all types of data were regarded as 
quite useful in informing farm management decisions. 

o There were variations in the types of data collected across livestock industries. 
Respondents from dairy and pork industries reported the highest data 
collection rates. There were variations in data collection rates across states 
and farm sizes. 

o The overall data evaluation by data collectors was very positive in relation to 
the data helping farm management decisions, efficiency of running farm, and 
risk management, but comparatively less so for farm business profit.  

o Overall, the more types of data collected by respondents, the more positive 
they were in valuing the overall contribution the data made. And respondents 
who did not collect any data regarded the data much less useful in all aspects. 

o The majority of respondents (74%) knew nothing at all or very little about the 
terms and conditions for their data collection agreement with service providers. 
Nearly half of respondents would not be comfortable if service providers had 
direct access to the data, with only 24% of respondents would be comfortable 
or extremely comfortable. 

o The trust in service providers maintaining privacy and not sharing data with 
third parties was very low. More than half respondents (56%) did not trust 
service providers would maintain the privacy of their data, and 62% did not 
trust service providers not to share their data with third parties.  

o The majority respondent (67%) would not be comfortable if service providers 
make profit out of their data without sharing with them. 

Attitude towards data sharing and concerns in the big data context 
o There was no consensus in relation to who would benefit the most from 

aggregated farm data. Thirty four percent of respondents regarded farmers 
and another 34% regarded agribusinesses as the main beneficiaries, 21% 
indicated government, while 11% were not sure. 

o There was great variations across industries on who would benefit the most 
from aggregated data. For example, more respondents from aquaculture 
(57%), cotton (47%), and rice (47%) believed that farmers would benefit the 
most; more respondents from grain mixed (48%), beef/sheep (43%), beef/grain 
mixed (41%), sheep meat only (41%), and pork (40%) believed agribusiness 
would benefit the most; and more respondents from beef only (29%) and 
sheep wool (28%) believed the government would benefit the most.  

o Regarding sharing various data with different actors (other farmers, agricultural 
industry-based organisations, technology and service providers, research 
institutions, and Australian Bureau of Statistics(ABS)), respondents were more 
willing to share their data with other farmers and research institutions, and 
least willing to share with technology and service providers.  

o In general, the majority of respondents were comfortable in sharing data.  
Comparatively, respondents were more willing to share weather station and 
soil test data than farm input and production data. 

o Beliefs of who would benefit the most from aggregated farm data affect attitude 
towards data sharing. Comparatively, respondents who thought farmers would 
benefit the most were more willing to share data with all actors.  

o Positive evaluation of data was also associated with greater willingness to 
share data with all actors, especially with research institutions and ABS. 
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o Despite a general willingness to share data, farmers need reassurance to 
address concerns about how the aggregated data will be governed and used. 
The majority of respondents reported great concerns over aggregated data in 
relation to privacy, financial advantage taken by other businesses, and the 
potential for it to be used to influence the markets such as produce prices and 
land value. 

Implications 
The findings of the present survey have explored producers’ needs, attitudes, and 
concerns in relation to the current status of telecommunication infrastructure for, 
adoption of, and perceived value of digital agriculture technologies, as well as the future 
application of aggregated agricultural data. This broad and in-depth benchmark has 
great implications for key stakeholders including governments, RDCs, and research 
institutions to develop targeted strategies and policies, which will enable producers 
better utilise agricultural data for productivity and profitability and capitalise on the 
opportunities created by digital agriculture and big data. The following are the key 
implications: 

o The potential utilisation of agricultural data technologies remains limited by the 
fact that only a minority of farms have reliable mobile data coverage over their 
farm area and the NBN is still in the roll-out phase. This will constrain potential 
utilisation of agricultural data at least in the short term. 

o Given the generally low level of awareness and the very early stage of 
development and adoption, a concerted effort among all stakeholders to help 
identify the potential value proposition of on-farm telecommunication 
infrastructures and agricultural data applications could be influential. The 
experiences of cotton producers who are on relatively more advanced adoption 
paths may be worth further investigation for other industries to learn from. 
Further investigation to identify the underlying barriers is also needed.  

o As most current users report it challenging to keep on-farm telecommunication 
systems working, potential adopters are less likely to gain positive learnings 
from existing adopters. Targeted support and improvements for current users, 
where potential industry benefits are identified as being high, may be 
warranted. 

o Given that producers heavily relied on on-farm skills to sort out their 
telecommunication needs, a platform using plain language to provide technical 
information, training, and support will be very beneficial for producers.  

o The terms and conditions for data collection agreement with service providers 
need to be provided in plain English. In addition, data privacy and ownership 
needs to be clearly defined and communicated to producers, and agreed by 
producers. 

o The development of aggregated farm data should be centred on the benefits 
and needs of producers, with other stakeholders (especially farmer 
organisations and research institutions) playing key roles to enable the 
development. Such structural establishment will encourage producers to share 
their data and, in turn, help realise the potential value of big data.     

o Improved governance frameworks for aggregated farm data should be 
established to address producers’ concerns and build their trust. Such 
frameworks should aim to build producers’ trust in the systems through 
addressing transparency, privacy, data ownership, and control. 
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Future research survey options 
With the rapid advancement of digital agriculture technologies and application of big 
data, it is imperative to have up-to-date information about Australian producers’ needs 
and issues so that valuable opportunities for intervention can be identified early. A 
general survey across the industries in three years is recommended. More targeted 
studies focusing on particular aspects for particular industries on a more regular basis 
will help to inform strategies at the industry level.    

The legal dimensions of digital agriculture in Australia: An examination of the 
current and future state of data rules dealing with ownership, access, privacy and 
trust 
Currently, the legal and regulatory frameworks around digital technologies and data are 
piecemeal and ad hoc. The aim of this part of the Accelerating Precision Agriculture to 
Decision Agriculture (P2D) Project is to outline the current state of data rules dealing 
with data ownership, access and use in Australian agriculture. After outlining the current 
state, we make recommendations for an effective and efficient data-governance 
framework for Australian agriculture. Importantly, though, this research does not provide 
an exhaustive or descriptive overview of all laws and regulations related to the 
management and use of Australian agricultural data. Instead, it provides targeted 
consideration of the current legal and regulatory issues that were revealed as important 
to Australian producers, particularly as identified by P2D research, agri-business 
forums, producer workshops and producer surveys. During the P2D Project, Australian 
producers frequently asked questions about data, including: ‘Who owns data?’, ‘Is my 
data safe and private?’ and ‘Should I trust service providers with my data?’ 
 
The key concerns around digital technologies and data identified by the P2D Project 
relate to ownership, trust and privacy of data. Specifically: 

o data ownership, control and access: which raises issues of the potential 
barriers posed by Intellectual Property (IP) regimes such as copyright, the 
current contractual practices that regulate data ownership, control and use of 
agri-data and, importantly, the Productivity Commission’s 2017 review into data 
availability and access; 

o data privacy, safety and security: which raises issues of privacy, confidentiality 
and contract; and 

o data trust, transparency and certification: which raises issues of rural industry 
guidelines (e.g. US Farm Bureau, NZ Dairy) and contract (open and 
transparent). 

In this part of the paper, we provide a summary of our key findings on the above key 
concerns on the current state of agricultural data governance.  

Key findings on data ownership, control and access 
o Open access to publicly funded research and its underlying data, including 

agricultural research, is now a well-entrenched mandate of governments 
around the world, as well as public and private agricultural funders. The 
Australian agricultural industry must keep abreast of international 
developments in this field. 

o Many producers will own copyright in the datasets that they create, while many 
third parties will own copyright in the aggregated datasets. While Australian 
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copyright law provides ownership rights to both producers and third parties in 
different situations, in practice, with digital agriculture, rather than copyright law 
it is the contracts that are entered into between producers and third parties, 
such as advisers and agri-businesses, that will govern the ownership of their 
data. 

Producers and their advisers, and agri-businesses, should note that mere payment for 
data services does not result in a transfer of data ownership. There needs to be a 
contract that deals specifically with data ownership. 

o A number of agricultural-technology providers encrypt their digital farming 
software. This restricts the ability of producers to access software that would 
provide them with diagnostic and repair information about their farm 
machinery. In turn, this prohibits producers from attempting to repair or modify 
their machinery. 

o Producers are generally unaware of the terms of the data licence agreements 
into which they are entering. The general lack of discussion of the terms of the 
data licences at both a broad industry level and at individual points of sale of 
agricultural technologies contributes to a lack of trust about the management of 
agricultural data. 

Agri-businesses that rely upon standard-form data licences should recognise that they 
have a responsibility to ensure their contractual terms are legible, transparent and fair, 
and that they are readily available to all contracting parties. 
 

o It is imperative that the terms of use that govern the aggregation, ownership, 
storage and dissemination of producers’ agricultural data be made more 
transparent to producers prior to their entry into commercial relationships with 
third-party advisers and technology service providers. This is particularly the 
case where standard-form licences are used. 

o To support producers’ continued willingness to supply their agronomic data to 
agri-businesses, producers need to see and be assured of the benefits they 
are receiving in the form of improved goods and services or knowledge. 

o The Productivity Commission’s final Data Availability and Use report (2017) 
will, if implemented, have a fundamental impact on how agricultural data is 
managed in Australia. Open dialogue is needed between data contributors, 
data aggregators and industry stakeholders about the future management 
practices for data in the agricultural sector.  

Key findings on data privacy, safety and security 
o Australian producers are concerned about third parties gaining unauthorised 

access to their data. Their priority is to ensure that their data is kept private, 
safe and secure. 

o The absence of clear and consistent privacy principles, policies and 
frameworks within Australian rural industries has the potential to expose 
Australian producers to threats to their privacy, and to the security and safety 
of their agricultural data. This, in turn, limits the potential benefits that can be 
derived from digital agriculture and data. 

o Not all data is treated equally, and under the Privacy Act 1988 a distinction is 
made between personal and non-personal information. 

2017 Precision Agriculture Symposium64



 

20th Symposium on Precision Agriculture in Australasia  

o The current privacy policies used by businesses and Rural Development 
Corporations in digital agriculture tend to deal with personal information only. 
As agricultural data is generally not personal information, it consequently does 
not have the same protection under the Privacy Act 1988. It is therefore 
vulnerable to unauthorised use unless protection is afforded to producers by 
contract between the parties. 

Key findings on trust, transparency and certification 
o Many Australian producers lack trust in service and technology providers who 

collect and share their data. 
o Unlike other countries, such as New Zealand (e.g. NZ Farm Data Code of 

Practice) and the United States (e.g. the American Farm Bureau’s Privacy and 
Security Principles for Farm Data), in Australia there are no governing 
principles that clarify and build trust in producers around the collection and 
sharing of agricultural data. 

o A genuine two-way relationship between agri-businesses and Australian 
producers is needed to facilitate their continued willingness to supply their 
agricultural data. To achieve this, third parties and agri-businesses should 
ensure that their terms governing data are more transparent and available, and 
that this is communicated to producers. 

o As shown in the United States (with the Ag Data Transparency Evaluator), the 
process by which third parties’ data licences are independently evaluated 
instils confidence and trust in producers. It also provides an incentive for 
agricultural technology providers to review and improve their contractual terms 
in light of the agreed best practice in data principles. 

o A trade or certification mark can be used to develop and communicate certain 
standards around data practices. While data accreditation or certification 
schemes can involve a registered trade or certification mark, registering a 
standard trade mark provides more flexibility and is less onerous than a 
certification mark. 

o An absence of appropriate and dynamic data standards and licensing 
arrangements contributes to the lack of trust producers have towards data 
contracts and agri-businesses. 

Considerations for a big data future in Australia 
One thing is clear. Action around agricultural digital technology and data is urgently 
needed. Specifically, there needs to be a concerted and consistent approach to the 
governance of Australian Agricultural digital technology and data. To this end, the P2D 
Project is in the process of finalising recommendations to ensure that the legal and 
regulatory framework for Australian agriculture is digital and data ready.  The 
recommendations focus on the need for a rural collaborative working group; and 
agricultural data governance strategies, policies and guidelines. In addition, education 
and capacity building is needed for producers, agri-businesses, rural industries and 
their stakeholders to increase knowledge and understanding of best practice in data 
management. 

A big data reference architecture (BDRA) for Australian agricultural industries 
Agriculture is on the brink of an upgrade. An increasing number of producers are 
becoming skilled at deploying precision agriculture technologies and the amount of data 
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generated on farm is increasing exponentially. Farm machinery, sensors and digital 
technologies are now generating large volumes of data about the status of soil, water, 
crops, animals and pasture. This growth in data, currently stored on and off farm on 
laptops, in spreadsheets, with consultants, in machinery and in supply chain data 
centres means that agriculture is well placed to benefit from what is commonly 
described as Big  
Data, or more precisely Big Data Analytics. 
 
Big Data analytics promises significant productivity and profit benefits for Australian 
producers and the emerging “AgTech” industry is pushing producers to do more with 
the data they generate on farm. Unfortunately, this has resulted in many competing 
products and conflicting messages to producers leading to confusion and paralysis, and 
this is exacerbated by the noise in the market place as vendors compete to gain market 
share of their products and producers worry about making an expensive mistake. 
Through Precision to Decision project research, it has been observed that there is a 
clear digital skills and capability gap within the Research Development Corporations 
(RDCs) and in the early stages of the industry value chains. RDCs and producer 
consultants have, to date, failed to develop the key skills in Data Science and 
Technology that are required for the digitisation of their industries and to take full 
advantage of Big Data. Additionally, this skills gap has resulted in a visible vacuum of 
digital leadership across the Australian agricultural industries. Historically, producers 
and value chain organisations have leant heavily on their industry bodies and 
consultants for advice and direction on key industry topics. For digital, the usual 
sources of advice are currently coming up short. 
 
The result is that producer businesses lack the key digital skills and capabilities 
required to benefit from Big Data. Worse, based on the findings from eight producer 
workshops, a cross industry survey of 1000 producers and individual producer 
interviews it is clear that they also don’t know where to start or where to invest to take 
advantage of the benefits of Big Data and other profit building Digital technologies. The 
RDCs, industry bodies and value chain participants are not communicating a common 
“north star” value proposition for Big Data to their producers. RDCs must quickly 
address this lack of digital leadership within their industries as machinery, sensor and 
technology providers – both existing and new to agriculture – are moving the sector 
towards digitisation regardless of RDC policy. In the absence of cohesive industry 
digital strategies, RDCs risk being locked out of future market decisions and unable to 
influence the digital enablement of their industry as the commercial market consolidates 
and industry leaders emerge.  
 
There is an opportunity for RDCs to accelerate the creation of industry digital strategies 
by collaborating on the core components of digital enablement. Particularly through co-
investing in and sharing knowledge on common platforms, capability, change process 
and language. Without a cross industry whole-of-Agriculture digital strategy it will be 
difficult for RDCs to clearly communicate the benefits of digital enablement. This is 
currently seen in the number of levy payers missing out on co-investment opportunities 
that span industries, particularly those with mixed production systems.  
 
Competitors in international markets may also leapfrog Australian Agricultural industries 
as they execute established digital strategies. While not affecting the Australian 
domestic market, this has particular implications for Australian Agricultural export 
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activities. Finally, inevitable, ad-hoc digital and Big Data projects both current and future 
will be delivered into value chains by the RDCs. As these products and services 
become established it will become harder for the participating RDCs to collaborate on 
common platforms to optimise value for their industries and levy payers. 
 
The BDRA provides a framework to assist RDC projects with needs in Big Data 
collection, storage and analysis. To achieve this, the BDRA guides solution 
architectures by assisting with requirements definitions and identifying appropriate 
strategies and design patterns for Agricultural Big Data challenges. It is important to 
note that a Reference Architecture for Big Data provides just one of the elements that is 
required to successfully transform Australian Agriculture into a data driven industry. 
Other elements such as Strategy, Culture, Governance and importantly the change 
management of each of these have been found to be equally important. 
 
The reference architecture can facilitate collaboration between RDCs by creating a 
common language and approach when addressing Big Data challenges. Research 
undertaken for the project, has surfaced a number of potential initiatives that can be 
adopted by the agricultural sector in Australia. These initiatives facilitate collaboration 
between the RDCs to define digital strategy and increase the velocity of adoption of 
agriculture decision support tools based on Big Data. Recommendations arising from 
this research are currently being developed for consideration by industry. 

Next steps for the P2D project 
The P2D project over the coming months will deliver through project partner the 
Australian Farm Institute the following outcomes: 

o Identify cases where the use of digital agricultural applications and use of data 
is likely to have high-impact profitability and productivity benefits 

o Involve a detailed analysis of the current and future economic benefits of digital 
agriculture in Australia, examining the projected use and benefits to farm 
business decision making, risk management and profitability 

o Evaluate the options, merits and risks of business models to take advantage of 
digital technologies in the Australian agricultural sector 

 
A draft executive summary on the P2D project findings including key recommendations 
will be made available to industry stakeholders in late September 2017.  Following 
stakeholder consultation, a report and recommendations will be finalised in late 
December 2017 and tabled to stakeholders in early 2018. 
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Towards autonomous adaptive precision irrigation of broad-acre 
fields 

Joseph Foley, Alison McCarthy and Malcolm Gillies  
National Centre for Engineering in Agriculture, University of Southern Queensland, 
Toowoomba, QLD. 

Contact: joseph.foley@usq.edu.au  

Summary 
Spatial variation in annual crop performance in modern irrigated agricultural is 
dominated by the impact of water.  The broader precision agriculture sector has 
regularly reported this, but has applied limited capacity toward solutions to mitigate 
against this spatial variability in final yield, and inferred profitability. 
Precision irrigation developments in broad-acre agricultural fields have always been 
thwarted by a lack of spatial information regarding the major components of any root 
zone water balance.  These components, which vary both spatially and temporally 
through any annual cropping cycle, include crop evapotranspiration, irrigation and 
rainfall depths retained in the root zone, and antecedent soil moisture, inherent to the 
specific field.   
 
The common practice employed in modern Australian agriculture is to capture some 
measure of the field spatial variability, and employ on-going point measure of the 
resulting soil water content at a position chosen to be representative of that field, so as 
to manage separate irrigations consecutively across a series of fields.  This sparse use 
of sensors continues to be justified by the more than 77% of respondents to Australian 
Bureau of Statistics surveys stating that they use no objective measure of soil water 
content in irrigated fields.  Reasons regularly cited by growers include expense of 
sensors, confusion regarding type, configuration, and optimal positioning of sensors, 
and an inability to choose appropriate data to support decisions from an overwhelming 
quantity of data from many sensors.  
  
Research activity funded jointly by the Commonwealth Rural R&D for Profit’s Smarter 
Irrigation Program, the Cotton Research and Development Corporation and the 
University of Southern Queensland at the National Centre for Engineering in 
Agriculture, is developing an autonomous broad-acre irrigation system to alleviate the 
tedious, hot, and repetitive process of large scale broad-acre irrigation management 
from water source to field.  While good irrigation managers regularly achieve good 
irrigation outcomes, there are a number of managers, who are too busy, too tired, or 
have a range of other higher priority engagements to manage and control precision 
irrigation in each and every field on large broad-acre farms. 
 
This research activity seeks to build upon the twenty years of prior research activity at 
NCEA in measurement, modelling and provision of optimal irrigation management 
advice to growers through such services as Irrimate, in a combination with the more 
recent VARIwise irrigation control methodologies, to optimally irrigate broad-acre fields 
in an autonomous manner using existing commercial remote control of large scale 
furrow irrigation and centre pivots systems.  This system is being deployed on 
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commercial scale sugarcane, cotton and dairy pasture fields, and has already alleviated 
the lack of broad-acre irrigation labour supply, provided operational support to growers 
remotely managing irrigated fields, and continues to press against technical barriers to 
increase the sensor density across fields to solve the impact of spatial variability of 
water inputs to crops. 
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European perspective on PA developments and application 

James Taylor 
School of Agriculture, Food and Rural Development, Newcastle University, UK. 

Contact: james.taylor6@newcastle.ac.uk 

Summary 
Last month the 11th European Conference on Precision Agriculture was held in 
Edinburgh, Scotland. This marked the 20th anniversary of the first conference, held in 
Warwick, England in 1997. Since then the ECPA has been to Denmark, France, 
Germany, Sweden, Greece, The Netherlands, Czech Republic, Spain, Israel and back 
to the UK. Over 450 delegates attended the 2017 conference and associated events, 
including a large antipodean contingent. In fact all 11 ECPA events have been well 
attended by researchers and industry from Australia and NZ. 
 
The increased interest in the 2017 conference in part reflects the increased support for 
agri-technology and precision agriculture across Europe. Food security is a growing 
concern for all governments and PA and agri-tech have been identified within European 
and National governmental policies as key areas for investment to assist with 
maintaining food security. For example, the UK government has directly invested over 
£170M in UK-centric agri-tech programs since 2014 as well as promoting agri-tech 
projects through their overseas development assistance program. Likewise, Digital 
Agriculture has received considerable internal funding from the French Government. 
Pan European funding has also expressly targeted agri-tech programs.  In this short 
presentation, I will compare how the ECPA conference has evolved over the past 20 
years (and where it hasn’t) and discuss the changing attitude and opportunities for 
precision agriculture and agricultural engineering research and translation in Europe.
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The Association was formed in 2002 in response to the lack of support & technology 
transfer in PA. Now with over 350 members, it’s possible for us to support the agriculture 

industry with relevant, up-to-date and accurate information on precision agriculture.

SPAA aims to assist farmers and the agricultural industry to realise the benefits of PA 
adoption in terms of productive, economic and environmental gains to the farm business.
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Inc

@SPAA_Inc     @SPAA.Inc   #PASymposium17
Visit www.spaa.com.au for the full program

20TH PRECISION AGRICULTURE 
SYMPOSIUM IN AUSTRALASIA

14-15TH AUGUST 2017
@ THE REFECTORY, UNI OF SYDNEY, NSW

FROM 12 noon

Join us and celebrate our 20th milestone event aimed at all farmers, advisers 
and researchers using precision agriculture.

LEARN – SHARE - CONNECT 
& BE INSPIRED

Held over two days, the program is designed to engage you
and get the most out of your farm business.

Topics include;
Remote and proximal sensing,           NDVI,                  precision irrigation, 

telecommunications,               digital ag,                  data law
          robots,             UAVs,                     NIR 

Hear the latest developments from leading Australian researchers and 
advisors from across Australia using and studying PA technology, showing 
how PA can be used to improve the management of across many
agricultural industries.
Hear examples from growers of how PA technologies improve their
management in a number of crops including grain, livestock, sugar, and
horticulture and MORE!

The Number 1 Precision 
Agriculture event in Australia

International Guest & ISPA 
President elect

Professor Ian Yule from NZ 

Bringing research to practice 
Hear experiences from our 

#learnfromafarmer sessions 

FREE “PA Connections” 
networking mixer

PA Trade exhibits and
Industry News showcasing the 

latest in PA technologies

A must attend event for the 
innovative

Mon 14th August: starting 12 noon til 
Tues 13th conclude at 2.30pm

PA Connections Mon 14th Aug:
5.30pm til 7pm

Dinner Mon 14th Aug: 7pm til 10pm 

Tues 15th Aug:3pm til 5pm             
At the Aust Centre Field Robotics 

Wed 14th Sept: All day tours (future 
dairy and precision horticulture)

Register your RSVP with SPAA by 
the 9th August 2017

Send your form to Nicole
via email info@spaa.com.au

or fax 1300 422 279




