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JohnDeere.com.au

I can fi x your 
combine from 
100 kms away.

Remote, but still in control.

You might know that you can manage your machines from almost anywhere. 
But you might not know that I might be able to get you up and running 
before I ever leave the shop.

If your tractor is generating a trouble  code, we can use our systems to fi gure 
it out before we come out. If you need parts, we know which ones to bring. 

With John Deere FarmSight,™ real-time information is as close as your tablet 
or smartphone, putting you in control, from almost any location.

With telematically enhanced equipment, and customised services, working 
together for your operation, no one else can turn data into information like 
John Deere.

This is just one of the many services our dealership can offer you. To learn 
more, stop in and ask us how we can help you.
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PRECISION IRRIGATION 
– AUTOMATION TO 
ADAPTIVE CONTROL 
TO FULLY AUTONOMOUS 
SYSTEMS
TAKE HOME MESSAGE
1. Automated surface and sprinkler systems 
are commercially available.

2. Control systems that allow these automated systems to adapt 
to the conditions prevailing during each irrigation have been devel-
oped and are undergoing commercial trials.

3. Decision making software that allows these systems to become 
fully autonomous are the subject of the next phase of research.

 
 

INTRODUCTION
The traditional irrigation application methods (surface, sprinkler and drip) are now 
dated technologies and are at the limit of their irrigation performance under current 
management practices. Future gains in performance will only be achieved through 
the use of advanced technologies and management, in particular the use of adap-
tive control and simulation, thus converting them to precision irrigation systems. 
The goal is for these adaptive control systems to automatically and continuously 
re-adjust the irrigation application system to account for any variability (temporal 
or spatial) in crop water requirements or water intake across the field and thus to maintain 
a desired performance.

This paper describes research underway at USQ and directed at modernizing the ap-
plication methods. It is focussed on the broadacre surface (furrow and bay) irrigation 
systems and the mobile centre-pivot and lateral-move sprinkler machines. It will take 
us through the journey currently underway from the current manually controlled irriga-
tion through the stages of automation and adaptive control to the future fully autono-
mous systems.

PROFESSOR 
ROD SMITH
Professor of Irrigation 
Engineering 
National Centre for Engineering 
in Agriculture 
University of Southern 
Queensland 
Toowoomba, Q, 4350 
P: 07 4631 2510 
M: 0438 158 710 
E: smithrod@usq.edu.au
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PRECISION IRRIGATION
Precision irrigation systems are conceived as those that can:

1. determine the timing, magnitude and spatial pattern of applications for the next 
irrigation to give the best chance of meeting the farmer’s seasonal objective 
(i.e. maximisation of yield, water use efficiency or profitability);

2. be controlled to apply exactly (or as close as possible to) what is required;

3. through simulation or direct measurement know the magnitude and pattern 
of the actual irrigation applications and the soil and crop responses to those 
applications; and

4. utilise those responses to best plan the next irrigation.
In other words, a precision application system:

• knows what to do;

• knows how to do it;

• knows what it has done; and

• learns from what it has done.
Precision irrigation implies a system that can adapt to the prevailing conditions. 
Also implied is the idea that the system will be managed to achieve a specific tar-
get which, for example, may be maximum water use efficiency, maximum yield or 
maximum profitability. This requires access to detailed data regarding the crop, soil, 
weather, environment and other production inputs, the interaction of these variables 
and the agronomic responses to these inputs at the relevant spatial scale.

Crop simulation models provide an important step towards the identification of optimal 
strategies. These models are an essential part of the real-time decision systems re-
quired for precision irrigation by incorporation into controllers on irrigation application 
systems. Models able to simulate the behaviour and performance of the application 
system are another necessary feature of the precision irrigation ‘toolkit’. 

The fully autonomous system is a precision irrigation system where the grower 
is removed entirely from the decision making, system management and control. 
An example of such a system is shown in Figure 1 for the case of surface irrigation. 
It consists of three main interactive components, viz: an automation system, an adap-
tive control system for optimization of individual irrigation events, and decision soft-
ware for management of irrigations over the whole season.
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Figure 1  Surface irrigation as an autonomous precision irrigation method

CENTRE-PIVOT AND LATERAL-MOVE MACHINES
Centre-pivot and lateral move machines (CPLM) are examples of automated sprinkler 
systems. When designed correctly these machines have the ability to apply adequate 
amounts of water to satisfy crop requirements efficiently and uniformly. However per-
formance evaluations show that about 2/3 of the machines sold in this country do 
not deliver the required performance. Common issues are: (i) inadequate capacity, 
(ii) poor uniformity, and (iii) excessive energy consumption. With these machines 
the decisions of when to irrigate, how much to apply (the speed of the machine) 
and how to accommodate any variability in the crop and soil across the field are made 
by the operator. Unfortunately these decisions are not always optimal and when cou-
pled with the poor performance of the machines

The first step toward converting CPLMs into precision systems was the development 
of systems for variable rate application. Examples of commercial systems for control 
of variable applications from centre-pivot machines are the Farmscan 7000VRI system 
developed in Australia and a similar system developed in New Zealand by Precision 
Irrigation (http://www.precisionirrigation.co.nz). The New Zealand system was released 
into the market in 2008, and incorporates individual sprinkler control using wireless 
nodes and GPS technology. These systems are typically “dumb” systems that apply 
water to the field according to predetermined maps.

The next step is to recognize that not all plants may require the same amount of water. 
The VARIwise software developed at NCEA enables CPLMs to deliver spatially variable 
or site specific applications in a real-time response to plant requirements (Figure 2). 



PRECISION AGRICULTURE EXPO QUIRINDI 9

VARIwise accommodates sub-field scale variations in all input parameters using 
a 1m2 cell size, and permits application of differing control strategies within the field, 
as well as differing irrigation (and fertigation) amounts down to this scale. The pre-
liminary trials of this system have demonstrated the potential benefits of site specific 
irrigation of cotton and have shown how an adaptive self-optimising irrigation strategy 
can result in improved water use efficiency. Integration with the commercially available 
control systems such as those above is the next step in its development.

Beyond this, VARIwise has the potential to be a ‘holistic’ irrigation management tool, 
i.e. the seasonal management decision making software that will drive the autono-
mous irrigation system. It will:

• be applicable to all irrigation application methods;

• optimise the water management to give maximum yield or WUE 
(replacing the traditional standalone irrigation scheduling);

• optimise and control the application system; and

• be applicable irrespective of whether or not the system can apply 
spatially varied applications or is automated.

SURFACE 
IRRIGATION 
(FURROW AND 
BAY) SYSTEMS
The journey toward au-
tonomous surface irri-
gation systems starts 
further back than for 
sprinkler systems. 
Most surface irrigation 
is manually controlled 
and requires constant 
supervision to deliver 
even moderately ac-
ceptable performance. 
Work by USQ in fur-
row irrigation (cotton) 
in NSW and Qld and in 
bay irrigation (pastures 
and fodder) in Victoria 
has shown that fast-

er irrigation (higher flow rates and shorter durations) can lead to significant improve-
ments in performance with application efficiencies in the order of 85 – 95% possible. 
However this poses two very significant issues: (i) selection of the correct duration 
to deliver optimum performance, and (ii) management of that duration.

Figure 2  Example of the output from VARIwise for a self-optimising irrigation schedule with 
variable-rate irrigation machine
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Management of shorter irrigation durations is best achieved by automation. 
This is best illustrated with the example of bay irrigated pastures in northern Victoria. 
Modernisation of the supply system in the GMID has provided many growers with 
the ability to apply flow rates of about twice their previous capability, e.g. from 
8 ML/d up to from 16 to 20 ML/d. This reduces irrigation durations in some instances 
to under 2 hours. If the grower is only 5 or 10 minutes late in shutting down a bay 
the consequences in terms of over irrigation and tailwater runoff are very significant. 

The FarmConnect® system developed in Victoria by Rubicon Water (http://rubicon.
com) is an example of a commercially available automation system for bay irrigation 
(Figs 3 & 4). It combines short-range radio telemetry, solar power, mobile telecom-
munications, and cloud software on the internet with a range of metering and control 
to automate and remotely control bay irrigation. Recent irrigation evaluations 
undertaken on 10 farms with automated bay irrigation have shown that suggest that 
the combination of high flow rates, precise control and accurate selection of irriga-
tion durations, the automation is able to deliver exceptional performance (applica-
tion efficiencies > 95%). When coupled with the use of soil moisture probes, allowing 
the farmer to irrigate at a consistent level of soil moisture depletion, a reliability and 
consistency of performance results.

Figure 3 Rubicon bay gates

Figure 4  Layout of an automated bay irrigated farm
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The second issue raised above is the correct selection of irrigation duration. 
Changes in flow rate, moisture content, soil bulk density and crop density between 
irrigations can cause changes in the behavior of irrigations, changes that can only 
be accommodated by real-time control. Real-time control in this context implies 
that measurements taken during an irrigation event are processed and used for the 
optimization and management of that same irrigation event. Recent work at USQ has 
established the basis for the practical real-time control of surface irrigation, involving:

• continuous measurement of the inflow,

• measurement of the advance down the furrows at a single point 
about midway through each irrigation,

• real-time estimation of the soil moisture deficit and the current soil infiltration 
parameters from that observation of the irrigation advance, and

• real-time simulation and optimisation of the irrigation for selection of the time 
to cut-off that will give maximum performance for that irrigation.

Preliminary trials of this system have shown that the irrigation cut-off times predict-
ed were shorter than those used by the farmer in irrigating the remainder of the field. 
This translated to reduced runoff, reduced deep percolation, and higher application ef-
ficiencies as a direct result of the real-time optimisation. Integration of this optimisation 
with the Rubicon FarmConnect automation system is the subject of a current project 
funded by the Cotton Research and Development Corporation.

The final step toward a fully autonomous surface irrigation system is the addition of 
a surface irrigation version of the overarching seasonal decision making system VARI-
wise. This the main plank of the NCEA irrigation research program for the remainder 
of the current decade.

CONCLUSIONS
The journey toward fully autonomous surface and sprinkler irrigation systems is under-
way. Automated systems are commercially available now. Adaptive control systems to 
optimize the irrigation performance of individual irrigations are in commercial prototype 
stage and the simulation software necessary for full autonomy has been mapped out.
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TRIALS 
& TRIBULATIONS
Farming some the toughest soils in W.A. if not Australia, we have had 
to change our farming methods to make every dollar spent count. 
With soil types ranging from red clay/loams to deep white sands 
and everything inbetween all the same paddock variable inputs are 
the next step in fine tuning the bottom line. By using all available 
technology including EM38, radiometric surveying, elevation map-
ping and digging holes in the ground we are on the way to improving 
our bottom line.

We are farming in a reasonably reliable rainfall area of 400mm 
on the home farm and 500mm on our western block, so rainfall isn’t 
usually our biggest yield constraint. Our biggest constraint is non 
wetting soils and the damage late frosts can do in the later parts 
of the growing season.

Succession planning is also a big drain on our bottom line, its hard 
to use PA in some of these situations.

My talk will focus on what is restricting our yields and how we are 
using PA to reduce and rectify those issues.

TREVOR 
SYME 
P: 0896 275 205 

M: 0407 999 536

E: waddipark@esat.net.au

Twitter - @WaddiPark



Case IH Australia

FULLY INTEGRATED 
OPEN-ARCHITECTURE TECHNOLOGY 
THAT ISN’T AFRAID TO GET ITS HANDS DIRTY
AFS delivers an integrated, less complex precision farming solution, built right into our equipment 
using a single display across machines. Built on open architecture, AFS can interface with your 
existing equipment, no matter what colour it is. And our specialists in the field and at our dealerships 
are there to help you maximise your operation’s potential and keep you rolling 24/7/365.

To learn more, see your Case IH dealer or visit www.caseih.com
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BEN 
BOUGHTON
W: agmapsonline.com

E: ben@agmapsonline.com

Twitter: @BenBoughton1

UNMANNED AERIAL 
SYSTEMS IN AGRICULTURE: 
REAL WORLD APPLICATIONS 
AND CURRENT CHALLENGES
Ben Boughton, 2014 Nuffield Scholar (UAVs), 
agmapsonline.com

APPLICATIONS
1. Scouting
Probably the most talked about, and easiest to apply is the ability 
to aid in scouting paddocks. Think about the perspective you get 
when you fly over farm land. This is even better. The process is some-
thing like fly over paddock with UAS using a NIR & visual capable 
sensor, stitch images together to form a georeferenced mosaic, 
and then calculate Normailsed Difference Vegetation Index (NDVI) 
or Difference Vegetation Index (DVI). The re-
sulting map would show the variabili-

ty of crop health over the entire paddock and allow you to concentrate 
on areas of poor health. In addition, human driven variation is obvious such as planter 
problems, compaction, chemical application etc.

To make this process even easier there are a couple of iPad and Android tablet appli-
cations (e.g. PDF Maps) that allow you to import the map and use your GPS position 
to locate areas on the map you are looking for. You are then able to add notes and pho-
tos by putting down place marks on the maps. 

2. Site specific weed control
In a similar process to Scouting, with a high spatial resolution sensor, the resulting 
map could be used to identify where large individual weeds are located in a paddock. 
This could work in a fallow or in crop situation. In our farming environment we face 
glyphosate resistant weeds that require high chemical coverage to kill (e.g. feathertop). 
Again an app like PDF Maps could be used to find single weeds in a paddock to me-
chanically or chemically eradicate.

3. Variable rate applications
Variable rate spreaders, sprayers and air seeders have been around for a while now but 
the uptake use has been less than many expected. A rapidly developed georeferenced 
NDVI or DVI map from a UAS in combination with in paddock examination of what 
is causing variability puts you in a good position to generate a suitable VR fertiliser 
application map. 
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4. Insurance/Drift/Environmental regulations
I spent time at a few UAS conferences while traveling through the US & Canada 
and there seemed to be a consistent presence from insurance companies. I can under-
stand why, especially in North America where insurance is such a major part of farming. 
If an adjustor from an insurance company is able to rapidly access a map that correlates 
closely with what they see on the ground then they are able to adjust the area much 
more accurately than a ground assessment alone, which is better for everyone involved.

Accurately mapping areas of drift damage and ability to map areas of environmental 
concern has similar benefits.

5. 3D/DEM/DSM
Employing structure from motion technology, digital surface models can be gener-
ated from overlapping still images collected with a UAS. Trimble discuss the survey-
ing potential of this technology at length in a white paper available on their website 
(http://uas.trimble.com/sites/default/files/downloads/trimble_business_center_pho-
togrammetry_module_white_paper_-_english_final-corrected.pdf). In summary, with 
ground control points, survey grade information can be rapidly generated in their pho-
togrammetry software with data collected from a UAS. Agisoft Photoscan and Pix4D 
offer similar functions.

6. Plant stand
Corn being a pillar crop in the mid-west USA, many are talking about the ability for UAS 
data to determine site specific plant stands in row crops. The application being to make 
the decision to replant or not and evaluate planter performance.

Future applications to get excited about

Above are applications for UAS data than you can reliably apply right now for a reason-
able amount of money. Some future applications include:

• Thermal

• Lidar

• 7+ band multispectral

• Hyperspectral

CHALLENGES IN AGRICULTURE FOR UAS
1. Repeatability
If you were to go out and map a paddock at 11am and then again at 2pm, the result-
ing pixel values would be different. Even using the Normalised Difference Vegetation 
Index (NDVI) which by definition gives a normalised value, the data will be different. 
This is probably because the atmosphere and clouds do not seem to block/transmit/
reflect wavelengths in parallel amounts. We see this effect in satellite imagery where the 
image is affected by cloud shadow. The table below is pixel value of Red and NIR from 
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two points in the same barley paddock that has minimal variability.

NO SHADOW SHADOW

Red 37 32

NIR 128 51

NDV 0.55152 0.22892

Despite crop growth activity and biomass being very similar, these areas produce 
significantly different NDVI value due to the cloud shadow.

This can be applied to UAS imagery. The atmosphere, clouds and sun angle is con-
stantly changing throughout the day affecting reflectance of all wavelengths differently. 
Therefore for data to be compared like to like it needs to be calibrated.

2. Calibration
If data is going to be used for more than just scouting then some sort of calibration will 
need to take place. Calibration of NDVI could potentially be achieved using an active 
ground device such as a GreenSeeker. There is also new payloads that are true multi-
spectral and have upward looking sensor to measure irradiance which could be used 
to calibrate data for true reflectance. Other forms of calibration/ground truthing include 
biomass cutting and weighing, tissue testing, the list goes on.

3. Algorithms & Indices
When it comes to remote sensing and vegetation, NDVI is the most famous index 
used, and for good reason, but it is not without its concerns. If you look on Wikipedia, 
the authors cover some of the issues with NDVI:

“Users of NDVI have tended to estimate a large number of vegetation properties 
from the value of this index. Typical examples include the Leaf Area Index, biomass, 
chlorophyll concentration in leaves, plant productivity, fractional vegetation 
cover, accumulated rainfall, etc. Such relations are often derived by correlating 
space-derived NDVI values with ground-measured values of these variables. 
This approach raises further issues related to the spatial scale associated with 
the measurements, as satellite sensors always measure radiation quantities for 
areas substantially larger than those sampled by field instruments. Furthermore, 
it is of course illogical to claim that all these relations hold at once, because that 
would imply that all of these environmental properties would be directly and 
unequivocally related between themselves.”

Thankfully we are not pigeon-holed to NDVI. Agribotix claim they get better results us-
ing the Difference Vegetation Index (DVI). Another example is Soil Adjusted Vegetation 
Index (SAVI).
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4. Position
Without ground control points, the positional accuracy of data will be mediocre at best. 
Expect XY accuracy of a few meters and even worse on the Z axis. GPS will record 
the position each frame is captured (+/- delay error), but the pitch, yaw and roll of 
the UAS which affects how the image is framed on the ground, is determined by 
an inertial measurement unit (IMU). The quality of the IMU will have a bearing on 
the positional accuracy if the processing software takes these variables into 
consideration. Expect to have to lay out minimum of 4 ground control points for high 
accuracy data.

5. Reliable data collection
As a consequence of the process involved in collecting data with a UAS there are sev-
eral factors that contribute to the ability to reliably collect data. The process usually 
involves the UAS following a set lawnmower style track, conducting swaths up and 
back as it moves across the area of interest. As the vehicle is flying, it is capturing 
an image every few seconds depending on its speed. A forward and side overlap 
greater than 50% is required. Although processing software can handle images with 
some angle to the ground, extreme pitch and roll will affect the overall product.

In the data collection process if the UAS is hit by a gust of wind, it may put 2 or 3 imag-
es off target, while the autopilot makes adjustment. This can lead to a hole in the data 
set. This is not uncommon. Some UAS manufacturers allow you the rapidly transfer 
the raw data off the vehicle to a laptop in the paddock to check data coverage 
and quality in field (e.g. Precision Hawk).

So remember when someone claims their machine can fly in high winds, it is probably 
true, but the quality of the data being collected may not be of much use.

6. Data processing
Reliably collecting the data is just the first step in the process. Once all these imag-
es have been collect they need to be stitched together. It is amazing that stitching 
300+ 12MP images together which are all taken at slightly different angles to 
the ground is even possible. Even more so that 3D surface models can be constructed 
from these 2D images. Given the complexity of this task it takes large amounts of com-
puter power and time (think several hours for 100ha). For this reason there are several 
cloud based platforms which can offer this service (e.g. DroneMapper and Precision 
Mapper). Processing on your own desktop computer versus online services have their 
pros and cons. A downside to the cloud services is the internet bandwidth required 
to first transfer the raw data to the server and then retrieve it once it has been processed. 
A downside to the desktop solution is the upfront cost of hardware and software and 
the required skill set may not be available in house.

7. Storage & sharing
Once the data is processed it needs to be stored somewhere and somehow 
distributed. Often one scene can be more than a gigabyte. If the processed data is not down 
sampled it can require a powerful machine just to view it. This is where online solutions 
come into play. Again the same issues exist as above around bandwidth requirements. 
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At some point if the data is going to be used for more than just looking at it will most 
likely need to be transferred onto a local machine. If for some reason the data is 
to be printed, it needs to be formatted as such which takes time and software.

8. System integration
Integrating data generated from UAS into existing precision agriculture soft-
ware should be possible but not likely in its highest available spatial resolution. 
Software such as Farmworks and SST were not designed for such intense data sets 
which are able to be generated from UAS sensors. Resampling data to 0.5m resolution 
may be required.

9. Safety and legal
In Australia we have the Civil Aviation Safety Authority (CASA). They require anyone 
who wants to fly UAS (they call them remotely piloted aircraft or RPA) commercially 
to have an Operators Certificate and Controllers Certificate. This, among other things 
requires a theory component equivalent to a private pilots license, comprehen-
sive manuals written, and a stringent approvals process to ensure your vehicle is fit 
for service and your piloting skills are sufficient. CASA is at the moment reviewing 
this process and should hopefully have a revision out by the end of the year. This pro-
cess seems strict, but it important to keep the UAS industry safe and professional.
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SPATIAL AGRONOMY 
AND MANAGEMENT: 
AN INTEGRATED APPROACH
Data for Spatial Agronomic or Management decisions can be of vary-
ing quality. But does that matter for either analysis or application?

Spatial data when processed correctly is normally the result of some 
cleaning and correction processes and interpolation (often referred 
to as smoothing).

For this reason data which is deemed ‘potentially not real’ needs to 
be assessed and removed before it creates larger problems during 
the interpolation process. For example it could create a non-existent 
depression in a depression layer or a suspect salt area in an EM 
survey.

Spatial agronomy and management does rely on quality data and it also relies on data 
types that represent that what is being measured. For example remote sensing is 
a qualitative measurement of plant health and volume (biomass) and is not a quantita-
tive measurement such as yield.

An EM soil survey, landscape maps, remote sensing and yield maps could all look 
very similar but have all being created by measuring something different in the farming 
system.

So this presentation will focus on the value of data and what levels of accuracy 
and quality are required for owners, agronomists and managers to be comfortable with 
when making decisions based on spatial information

ANDREW 
SMART 
Precision Cropping 
Technologies  
60 Maitland Street, 
Narrabri, NSW Australia. 
T 02 6792 2638 
M 0428 922638 
E andrew@pctag.com 
W http://pct-ag.com



ProductionWise is Australia’s only fully integrated online farm management system providing growers, farm 
managers and advisers the ability to map, record, monitor and manage farm activities in a seamless, secure 
environment. 

The ProductionWise system exists as two components fully integrated with each other. The free component 
provides users access to the advanced mapping, paddock and storage diaries enabling full farm recording and 
reporting functionality. In other similar farm management systems, this basic functionality requires a fee often 
providing only restricted functionality. GrainGrowers believes that providing farmers and their respective advisers 
the ability to record and manage their farm data in a free system helps promote efficiency, sustainability and 
profitability in modern farming enterprises. 

The second subscription based component of ProductionWise provides a range of unique decision support tools that 
integrate the paddock diary information. This provides highly relevant paddock and farm outputs used to assist in 
making informed management decisions. 

Some of these integrated management tools include: 

 Seasonal Climate: Provides relevant indicative rainfall, temperature, evapotranspiration and soil moisture 
status for any farm setup in ProductionWise. This information is automatically available to the 
grower/adviser as critical baseline data for most management decisions. 

 Crop TrackerTM: Provides paddock specific satellite biomass monitoring throughout the season to assess the 
crop development. Users can view crop response to farm activities such as spraying, fertiliser applications or 
various moisture stresses. Crop Tracker™ integrates the paddock diary information (for selected crops and 
varieties) enabling the Agricultural Production Systems Simulator (APSIM) to provide a range of predicted 
yields based on management practices, fertiliser applications and climatic parameters observed to date 

 Rainfall Outlook: A moderate to long term rainfall forecast model provides a range of predictions over the 
selected farm. Forecasts are provided at 1,2,3,6 and 9 months into the future to support with program 
planning and implementation. 

Advisers can communicate seamlessly with their growers using ProductionWise with limited restrictions.  Advisers 
are required to link their account to one or many farmers through a reciprocal permissions process enabling the 
Adviser read/write permission of the grower’s diary.  This seamless link provides a single platform that both grower 
and adviser can manage to make the same important decisions from. 

Unlike other online farm management systems, ProductionWise does not bombard you with advertising material and 
merchandise spam. All information entered in ProductionWise is maintained in a secure cloud environment and will 
not be sold or passed to third parties. 

REGISTER NOW TO GET YOUR FREE 3 MONTH SUBSCRIPTION TRIAL 
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BESIDES AUTO-STEER 
WHAT PA TECHNOLOGIES 
ARE GIVING BEST BANG 
FOR BUCK?
The benefits of high accuracy RTK GPS/GNSS are obvious and have 
been realized now by around 75% of farmers in Australia. So, what’s 
next? This paper begins the discussion of other PA technologies 
that are providing good returns for growers. These include:

1. waterlogging remediation

2. soil ameriloration (lime, gypsum, manures) 

3. problem diagnostics with satellite imagery and yield mapping
Spatial variability, even in our best soils of Australia (and internation-
ally) and under the best management techniques, is extremely high. 
It is common to see grain yield three to five times higher in some 
parts of fields than other parts, and some-
times tenfold (Figure below). This yield map 
is from a farm with Controlled Traffic Farm-
ing (CTF) and has been in no-till for over 
10 years, and you can clearly see the con-
siderable yield variation.

Satellite imagery, topographical mapping, 
soil mapping, and yield mapping are used 
to determine the impact of these lower 
production areas, and also give clues to 
the causes of these impacts due to the pat-
tern of the effect.

Causes of yield variation often fall into 
one (or more) of five main categories:

1. soil type differences;

2. water drainage problems/soil erosion; 

3. nutrient availability/soil acidification; 

4. pests/diseases; and/or 

5. man-made factors such as machinery faults, soil compaction, 
and poor irrigation uniformity.
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Many of these can be remediated or managed cost effectively, and often the results 
can be attained relatively quickly. This is the opportunity where PA technology can help 
to increase production and reduce costs. The three case studies below show real life 
examples how PA can increase production and profitability.

CASE STUDY 1: WATERLOGGING 
REMEDIATION
The farm was mapped with high accuracy GPS 
(Global Positioning Systems) and the data overlaid 
onto satellite imagery biomass maps during the peak 
crop growth period. In some fields, waterlogging 
covered 36% of the field in wet seasons. After re-
viewing all the data, a drainage plan was implement-
ed using run direction changes and addition of some 
sub-surface drains. As a result of the drainage 
work and increase in gross margin was calculated to be $94,480 in 2010 to 2011 
(-$52,000 loss to +$42,480 gain) from a $4,000 investment. The photo shows water 
draining freely from paddocks reducing waterlogging losses.

CASE STUDY 2: ADDING ORGANIC AMENDMENTS 
TO ACIDIC SANDY SOILS
This farm had been using lime for acidic/high Aluminum soils for many years, 
with limited success; and had essentially concluded that the poorer soils were never 
going to grow high yielding crops. A trial of chicken manure was trialed and the re-
sults were starling. The figure (left) shows the trial strips with the manure strip closest. 
The areas in the bottom part of the field area the poorer soils. From the table below 
(taken directly from the yield monitor), you can see that the manures allowed the poor 
soils to match the yield of the good soils. Variable rate manure is now being targeted 

across all the poorer soil areas.

SOIL MANURE NO MANURE

Good 2.88t/ha 2.54t/ha

Poor 2.89t/ha 2.29t/ha
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CASE STUDY 3: POOR FERTILIZER SPREADING
It wasn’t until the farmer obtained some high resolution satellite (left) that he real-

ized he had a significant striping problem 
in the crop (seen here by the red and yel-
low stripes in between where the spreader 
ran (black lines). After investigation it was 
determined that it was caused by poor 
fertilizer spreading. Hand cuts were taken 
of yield, which showed a 30% reduction 
(from 6t/ha down to 4t/ha) in yield where 
spreading was poorest, which affect-
ed about 1/3 of the field costing around 
$200/ha. Spreader calibration has since 
corrected the issue.

CASE STUDY 4: REDUCING LIME RATES WITH VARIABLE 
RATE LIMING
Using a Veris pH detector imported from the USA, readings of soil acidity were tak-
en every 1ha over this 960ha farm. As you can see only a small proportion (33%) 
of the farm needed liming, with many areas only needing light rates. In this example 
lime savings were 65% of what would typically be used, reducing the cost to the grower 
by $35,000. Typically savings are in the order of 35-70%. 
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PRECISION AGRICULTURE 
AND CONTROLLED TRAFFIC 
FARMING ON BRANSON 
FARMS – MANAGEMENT, 
CHALLENGES AND 
ECONOMICS
The 1200ha Branson farms is located between Stockport and Giles 
Corner in the lower north of South Australia. Annual rainfall in 475mm 
which predominantly falls in the winter months; growing season 
rainfall (GSR) is 350mm which falls from April to October. As such, 
the farm is in the high rainfall zone for cropping in South Australia. 

The Bransons have been early adopters of new technology through-
out the generations. Mark is a 5th generation farmer on this family 
property. The Branson farm has been an early adopter of superphos-
phate, the ley farming system, rotations including grain legumes, 

using nitrogen based fertilisers, No-Till, Precision Agriculture (PA) and Controlled Traf-
fic (CT). The journey into PA started in 1997 with the purchase of a yield monitor but 
PA was not widely adopted until 2006 after Mark completed a Nuffield Scholarship 
on PA and Conservation Agriculture. After the purchase of new sowing equipment 
in 2002 No-Till was widely adopted even though it was introduced on some crops 
20 years earlier. With the purchase of a RTK (2cm) autosteer system in 2004 CT was 
introduced and mostly the same CT lines are used today. The PA on the Branson 
Farms includes a full Variable Rate (VR) program for Phosphorus and Nitrogen fer-
tilisers, Seeding Rate and some Chemical applications. The Branson Farm is now 
one of the leading farms in Australia in the adoption of new cropping technologies 
into the farming system.

The CT system involves a 1 in 4 system with the Seeding equipment sowing at 9.8m 
and the Spraying and Spreading equipment at 39.2m, all now on 3m wheel cen-
tres. The PA equipment involves RTK autosteer on the main tractor and SP sprayer. 
The seeding box has electric drives for 3 way VR at seeding time and the SP sprayer 
has CropSpec sensors for crop biomass mapping and on-the-go VR nitrogen applica-
tions. The 3 point linkage spreader goes on the main tractor and is VR, Variable Width 
and auto-cutoff capable. 

Challenges in CT are Wheel Track Management with the purchase of a Wheel Track 
Renovator needed 3 years ago and now annual renovation is needed in some pad-
docks. Also the movement from 2.2m wheel centres to 3m wheel centres has been 
needed with the purchase of new equipment. With newer and better consoles being 
purchased, the AB lines have had to be redone because of the lack of compatibility 
between console brands. Challenges in PA have been more around which parts of PA 
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are going to make me more money and keeping the KISS principle. It can get very com-
plicated if you want it to, but it doesn’t have to. This is up the individual to work out. 

After 10 years into CT and 8 years into full PA, the system has bedded in and economic 
patterns have emerged. The economics at the moment are set out below.

Savings/Year  Yield Gains/Ha   $7.87/Ha

   Input Overlap Savings  $7.24/Ha

   PA Savings Phosphorus  $16/Ha

   Nitrogen    $33.78/Ha

   Gypsum/Lime   $4.36/Ha

   Total Savings    $69.45/Ha

Expenses/Year  Machinery Purchases $11.11/Ha

    RTK GPS Signal  $0.17/Ha

    Data Management  $1/Ha

    Total Expenses  $12.28/Ha

Estimated Annual Benefit from CT and PA  $57.17/Ha



Topcon’s new  X14 Console proves that mini can be mighty, delivering 
powerful technical performance, convenience, and ease-of-use at an 
economical price. Start smart, then customize with features that grow 
with you. Learn more about the X14 and your nearest Topcon dealer at 
www.topconpa.com/X14.

POWER-PACKED
            PERFORMANCE.                                      

PINT-SIZED PRICE.

Call toll free:  1800  1 TOPCON
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SMART FARMING 
FOR THE GRAZING 
INDUTRIES: DEVELOPING 
THE NEXT GENERATION 
OF TECHNOLOGIES
INTRODUCTION/BACKGROUND:
The grazing industries have traditionally been slower to adopt 
technologies compared to the cropping and horticultural sec-
tors. However, there is an increasing interest amongst graziers 
in increasing the efficiency of grazing systems and applying techno-
logical innovations to achieve this. There are numerous technologies 
currently being developed and evaluated for the grazing industries. 
Some innovations are being adapted from the plant industries 
whilst others, particularly the animal sensors, require specialist de-
velopment. This paper reports on some of the technologies being 
developed for the grazing sector by the University of New England’s 
Precision Agriculture Research Group.

PRESENTATION CONTENT/ RESULTS
Pasture biomass sensing
While tools to accurately measure pasture bio-
mass exist (e.g. C-DAX or sonar pasture me-
ter) within the grazing sector, they are expen-
sive (i.e. greater than $5000 in cost) and / or 
struggle to delineate the green fraction (most 
important for predicting animal performance 
on pasture). The challenge has been to devel-
op a technology which is low cost and capa-
ble of being deployed from a vehicle to pro-
vide real-time estimates of available biomass. 
Newer technologies such as Active Optical 
Sensors (AOS) have been developed for use 
in the cropping industry. These handheld devic-
es direct a beam of light onto the canopy and 
an on-board detector records the returning ra-
diation and calculates the optical reflectance of 
the target canopy in those specific wavelengths 
(Figure 1). They are now relatively low cost 
(around $600 per unit), can be deployed from 
a vehicle and have the potential to be 

ZAC 
ECONOMOU 
Junior Research Fellow – UNE

M: 0437843478

P: 02 6773 3492

E: zeconom2@une.edu.au

Figure 1 Active Optical Sensors emit light onto a cano-
py and measure the reflectance in specific wavelengths, 
these can be correlated to pasture biomass
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integrated with GPS to provide spatial measures of biomass. However, challenges remain 
in making this technology commercially available. This includes the need to develop 
a calibration and data management package that can be easily used by producers. 
UNE PARG is currently involved in a project that will address that need. The project will 
work across numerous regions to evaluate, calibrate and validate AOS for measuring 
pasture biomass as well as developing a mobile device application to manage the data.

Livestock tracking 
Researchers have been using Global Naviga-
tion Satellite System (GNSS) collars to monitor 
the behaviour and landscape utilisation of live-
stock for over a decade. In recent years there 
has been a growing interest from producers 
in the potential of Autonomous Spatial Livestock 
Monitoring (ASLM) systems to enable improved 
animal management. However, GPS collars 
are largely considered an impractical solution 
for commercial grazing systems and the cur-
rent costs associated with using these devices 
is thought to be prohibitive by most producers. 

UNE is involved in developing several ani-
mal monitoring systems. One of these is the 
Taggle® system which provides an ear-tag 
form factor on-animal device at a much lower 
cost than currently available ASLM technol-
ogies (Figure 2). Unlike GNSS devices which 
receive radio signals from orbiting satellites 
the Taggle® ear-tag emits a radio signal which 
is recorded by a number of stationary receivers. 

In a similar way to GNSS the time of flight of the signal is used to triangulate the posi-
tion of the ear-tag.

In 2011 the University of New England Precision Agriculture Research Group and 
Taggle Pty Ltd established a research collaboration to investigate the potential for 
this system to provide useful information for graziers. There is an enormous poten-
tial for the autonomous livestock monitoring systems in the grazing industry however 
technological solutions need to be further developed to provide robust in-field sensing 
capabilities.

Spatial variability in soil nutrients
Fertiliser use efficiency has been identified as a key issue for Australian grazing sys-
tems. UNE PARG is currently examining the spatial variability in soil nutrient concen-
tration across grazed pasture fields. Case study surveys of fields on the northern ta-
blelands of NSW reported significant range in several key nutrients. Application of 
critical P values to surveyed fields enabled an estimation of the value of site specif-
ic fertiliser management. For one field (figure 3) fertiliser inputs could potentially be 

Figure 2 A cow fitted with a Taggle Systems ear tag al-
lowing real time tracking of its location and behaviour
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isolated to 50% if phosphorus additions were targeted at potentially responsive areas. 
The opportunity for increased fertiliser use efficiency through site specific manage-
ment (SSM) warrants further investigation. Research is required into both the value 
of SSM and the techniques that might enable the development of this strategy. 

Virtual fencing
Virtual fencing (VF) involves the use 
of technologies to restrict and direct 
the movement of animals without 
a physical barrier. This technology 
has numerous potential benefits 
with one particular application, 
the management of grazing and 
camping behaviours of interest 
to Australia livestock producers. 
A challenge to livestock farmers is 
the problem of animals overgrazing 
particular areas of a field and camp-
ing (resting) in particular areas which 
leads to high nutrient loads and 
potential environmental problems. 
VF would allow producers to reg-
ulate the use of overgrazed and 
camp areas.

UNE PARG is currently investigating the development of VF technology for manag-
ing the spatial behaviour of merino sheep. In a preliminary trial Merino ewes were 
fitted with electronic containment devices adapted from the domestic animal industry. 
These sheep showed a strong learning ability with no animal breaching the VF despite 
several attempting to and receiving both audible warnings and electrical stimulation. 
No short-term detrimental effects were noticed, with sheep returning to graze within 
10-20sec following electrical stimulation. Despite the positive results obtained in terms 
of animal response, this experiment also found numerous problems associated with 
the collar form factor. The collar is not a suitable form factor for the long term deploy-
ment of VF in merino sheep with the contact of the electrical probes and interaction 
of the fleece proving insurmountable problems if considering commercial deployments. 
Virtual fencing does have potential for the management of the grazing and camping 
behaviour of merino sheep however new form factors (potentially ear tags) need to be 
developed before this technology has practical application in this industry.

CONCLUSIONS:
There are clear opportunities to increase the efficiency of grazing production systems 
however a substantial effort will be required to develop the technologies, information 
processing systems and management strategies to realize these efficiencies.

Figure 3 Spatial variability in phosphorus (P) (Colwell) in a pasture pad-
dock. The critical P value for this region is 30mg/kg suggesting that only 
around half this field requires fertiliser
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NOTES
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DISCLAIMER

The information in this publication is presented in goof faith and is 
intended as a guide only.  Netiehr SPAA not its editors or contributors 
to this publication represent that the contents are accurate of 
complete.  Readers who may act on information within this 
information do so at their own risk.
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