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With the majority of 
Australia’s production 
areas having received 

good or above average summer 
rainfall, it is easy to think we are set 
up for a good winter production 
season. Yet Rob Ruwoldt, 2011 
Farmer of the Year and keynote 
speaker at the SPAA EXPO in 
February, reminded us all of the 
importance of capturing, storing and 
using all rainfall efficiently. 

To meet this aim, Rob has designed a 
system that uses accurate tractor and 
implement guidance for controlled 
traffic and precision seeding 
techniques that help improve water 
conservation and use. It is always 
stimulating to hear from a grower 
who is challenging his system and is 
not scared to be controversial.

SPAA EXPO
About 130 growers, agronomists, 
researchers and industry specialists 
attended the EXPO, which included 
the traditional PA Connections 
post event networking function, 
sponsored by CBH Grain. There was 
a good turnout of local growers as 
well as many from Yorke Peninsula 
and further afield.

Feedback for the event was 
positive with participants praising 
the diversity of the program and 
the opportunity to network with 
producers and industry specialists. 
Rob Ruwoldt’s presentation was 

especially popular with about 20 per 
cent of the audience reporting they 
plan to adopt controlled traffic. His 
presentation is reported in full in this 
issue of Precision Ag News.

Thanks as always to SPAA’s existing 
corporate sponsors; Landmark, 
Incitec Pivot, John Deere and New 
Holland for supporting the day. 
Additional support was provided 
by the GRDC, the SA Natural 
Resources Management (NRM), 
SA Grains Industry Trust and Eyre 
Peninsula NRM Board plus a number 
of businesses involved in the PA 
fraternity including Omnistar, 
Trimble, Case IH, MEA, Sentek.  
This support helps SPAA keep  
the entrance fee to these events  
to a minimum.

Landmark Cummins announced the 
launch of a new service to provide 
commercial gamma-radiometric as 
well as electromagnetic soil surveys. 
New Holland announced that from 
June 2012 its telematics service will 
be available in Australia. Also new 
from NH is a global alliance with SGS 
to provide support packages and 
training with new harvesters.

Recognition must also go to the 
SPAA committee members who 
attended the event and to Nicole 
and Bree for making the event run 
smoothly.

As always we value and listen to 
your feedback and use it in planning 
and organising future events.

Members and 
sponsorship
I am pleased to report that 68 new 
members have joined SPAA and 
renewal levels are excellent. Many 
new members report they have 
joined on the recommendation of 
a current member, so thanks to all 
members for their support and do 
encourage others to join. SPAA is 
the only independent organisation 
supporting the adoption of PA 
technologies in Australia.

Industry continues to value the 
opportunity to be involved with 
SPAA and New Holland has recently 
become a silver sponsor. 

It is also exciting to have our previous 
corporate supporters continue to 
work with SPAA to promote PA. I am 
pleased to report that Topcon has 
renewed its commitment as a bronze 
sponsor for another 12 months. 

As PAN goes to press SPAA can 
confirm AgLeader Technology and 
Case IH as new silver sponsors. 

New website
A fresh new look website was 
launched at the SPAA EXPO. The 
aim of the new design is to make 
information more easily located and 
to improve functionality. The content 
is also fully searchable and new 
information is being loaded all the 
time. I encourage you to take a look 
at www.spaa.com.au

SPAA news

Novel solutions 
and new services
Randall Wilksch Richard May (centre), agronomist with Landmark Cummins Ag Services, with Ian (left) and Chad Glover who 

have already had 1000 hectares mapped by Richard using EM and gamma-radiometerics sensors, the new 
service launch reported at the SPAA EXPO. Photo: Emma Leonard
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Office hours
Please be advised that Nicole Dimos 
(SPAA Executive Officer) has returned 
to work following maternity leave 
and continues working in a part-time 
capacity. 

Office hours: Monday, Thursday 
and Friday: 1/2 day, Tuesday and 
Wednesday: 9am to 5pm.

She is happy to be flexible with  
her hours, so do not hesitate to 
contact her on 0437 422 000 or 
nicole@spaa.com.au

Diary Dates
15th Precision Agriculture 
Symposium – 5th and 6th 
September in Mildura, plus 
Friday 7th Advanced training 
course (also in Mildura).

Tom Gardener (left) learns more about controlled traffic farming from local 
practitioner, John Modra. Photo: Emma Leonard

SPAA committee member, Sam Trengove and GRDC panel member, Richard 
Konzag at the SPAA EXPO. Was Sam asking about new project funding or 
perhaps Richard has some weed patches to manage?  Photo: Emma Leonard

Leading farmers, current chairman of the LEADA, David Giddings, with 
former chair Mark Modra came to hear about the latest research and 
developments at the SPAA EXPO.  Photo: Emma Leonard

Justin Harris (left) and Anthony Litster check out the latest technology on-line – 
judging by their smiles it must be pretty good. Photo: Emma Leonard

Rob Ruwoldt, 2011 Farmer of the Year and keynote speaker at the SPAA 
EXPO, shares a joke with Andrew Bremner and Andrew Abraham of 
John Deere. Photo: Emma Leonard

SPAA news



6 Precision Ag News

Land use planning for 
sustainable production 
systems - Greg Lyle, 
University of Adelaide
This research identified that the 
accuracy of predicting yield from 
satellite images converted to 
normalised difference vegetation 
index (NDVI) was variable. Despite 
this variation, the use of satellite 
images as surrogate yield maps is 
still considered to have potential for 
those who need to access historic 
data on spatial yield variation. 

The best relationship between 
satellite data and yield was found 
from images gathered in September.

More information –   
gregory.lyle@adelaide.edu.au

Industry panel session
What is ISOBUS? This was the first 
question posed to the panel.

In 2001, farm machinery 
manufacturers agreed to 
implement a common standard 
for communication interfaces on 
tractors, implements and farm 
management systems. The standard 
was called ISO 11783 and is 
commonly referred to as ISOBUS.

The goal of this common standard 
was to allow single point control of 
all implements. 

While many major tractor and 
equipment manufacturers implement 
ISOBUS, the presenters explained 
that does not guarantee all ISOBUS 
equipment will ‘talk’ to each other.

This is because new versions of  
the interfacing software have  

been produced so equipment with 
ISOBUS VT3 will not necessarily work 
with VT2.

Basically the standard continues to 
evolve, so buyer be aware.

Not all manufacturers support ISOBUS. 
Reasons given for this included that 
the standard is considered to stifle 
R&D and product development. 
Concerns were also expressed about 
some graphics limitations associated 
with the standard.

Changes in soil 
phosphorus (P) with 
different cropping 
seasons – Therese 
McBeath, CSIRO
Previous and current seasonal 
conditions influence fertiliser 
requirement. In soils with adequate 
P reserves following poor seasons, 
good yields can be produced with 
reduced P inputs but soil reserves  
will decrease.

As rainfall increases, the amount of 
fertiliser and soil P used by the crop 
also increases. At the same time, soil 
reserves are likely to decrease. 

More information – see page 13

Potential for site specific 
management of annual 
ryegrass - Sam Trengove, 
Trengove Consulting
In trials in SA, generally only 30 to 
40 per cent of the paddock had  
high weed levels. Accurately 
mapping the location of these weed 
patches is essential. Locations should 
be mapped as close to spraying as 

possible, at early crop growth  
stages (before 1st node for cereals), 
so that crop competition has  
not commenced. 

More information – 
samtrenny34@hotmail.com

Shared experiences with 
an innovative farmer - 
Rob Ruwoldt, Glenvale 
Farms, Kewell, Victoria
Maximising water infiltration, 
storage and plant extraction is 
central to his farming system. 
Technologies such as guidance 
and autosteer are tools that help 
implement his system. They are not 
the system.

When adopting controlled traffic, 
the starting point should be  
the harvester.

More information – see page 7

Tips for data 
management - Peter 
Treloar, Precision Ag 
Services
Controlled traffic farming is a 
great match with PA, especially 
when running on-farm trials as all 
implement widths are matched. 

If you have a yield monitor, switch it 
on and start collecting data. Always 
remember to regularly back-up data.

A combination of two free software 
packages is great for cleaning data – 
Field Operations Viewer and  
Yield Editor.

More information –  
pete.pas@internode.on.net

SPAA news

SPAA EXPO in brief
Members of the industry panel at the SPAA Expo in Port Lincoln – left to right Ben Kelly, John Deere; Mark Heyward Trimble, Liam Connolly, CaseIH; Daven Tomney, Topcon.
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PA in practice

Rob Ruwoldt’s agronomist, Andrew Newell, who is 1.8m tall, with Rob Ruwoldt’s canola sown at 2kg/ha on 30 
inch row spacing (left) and a neighbour’s sown at 4kg/ha 15 inch row spacing (right). Photo: Rob Ruwoldt 

FARM DETAIL
Property:   
3400 hectares

Location:  
Kewell, Wimmera, Victoria

Rainfall:  
400mm annually

Soil:  
Sandy loams to heavy black soils

Personnel:  
Robert and Wendy and Justin 
Ruwoldt

Enterprises:  
Continuous cropping – cereals, 
oilseeds, pulses

Yield:  
Average 4.5t/ha wheat

 

If you think Rob Ruwoldt’s  
farming system is a bit nuts, he 
will take it as a compliment. For 

the past 20 years, growers from 
across Australia have questioned 
his logic for adopting no-till, then 
controlled traffic, then wide row 
spacing and disc seeding and 
most recently precision planting of 
broadacre crops. 

PA tools make 
the system work. 

They are not  
the system.

Rob’s logic for adopting these 
practices is to create a broadacre, 
dryland, winter cropping system that 
harvests and stores as much water 
as possible, in order to provide an 
unlimited supply to growing crop. 

His results suggest he is reaching  
this goal, with wheat crops achieving 
45.5kg/ha water use efficiency in a 
drought year. This is over double  
the water use efficiency benchmark 
for this region. At the other end  
of the rainfall spectrum, Rob 
was able to direct head canola at 
deliverable moisture, despite the soil 
being saturated following 200mm  
at harvest. 

Adhering to his philosophy of 
challenging his system to establish 
a sustainable and profitable farming 
business helped Rob win the 
title of 2011 Farmer of the Year, 
sponsored by the Kondinin Group in 
collaboration with ABC Rural.

“I have to be questioning my system 
and looking for new and better 

solutions all the time. No one else  
is going to do that for me,” said  
Rob Ruwoldt.

“I have worked out that improving 
crop water availability is where I gain 
the best bang for my buck and I 
focus on that.”

Rob freely admits that Mother 
Nature is good at beating out 
arrogance and lack of knowledge 
and he aims to work with, not 
against nature.

The system
Since 1983, Glenvale Farms have 
expanded from 320 hectares  to 
3400 hectares, all of which are 
located in the Victorian Wimmera. 
Soil types range from sandy loams 
to heavy black soils. All soils have 
good depth. Over the years of 
reduced cultivation and controlled 
traffic, soils continue to improve in 
structure, water penetration and 
extraction by the plant, which turns 
into yield.

“The longer we go down the  
CTF road, the better soils seem  
to become. I think we are starting  
to see  water flushing the system 
and taking with it  some of the 
subsoil restraints.”

Precise  
placement  
pay 
dividends
Emma Leonard
Technology supported by 
accurate guidance is helping 
to minimise soil compaction 
and crop competition 
to ensure more water is 
converted into grain.
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The main drivers behind Rob 
Ruwoldt’s system are seeding on 
the inter-row using a disc seeder, 
full stubble retention and controlled 
traffic. These techniques help 
ensure minimal soil disturbance and 
compaction, which help improve 
water infiltration and retention 
as well as stimulating soil biology. 
Traffic as well as cultivation result in 
more weed germination, a process 
Rob’s system aims to minimise. With 
reduced weed competition, crops 
can be grown on wider row spaces 
to maximise production and water 
use and minimise crop competition.

Indeed, for Rob precision farming is 
more about the precise placement 
of seed across the paddock and 
in the seed row, rather than the 
development of management zones. 

“Accurate RTK guidance and 
autosteer are at the heart of 
successful precision seed placement 
and controlled traffic but they are 
just tools to make the system work.
They are not the system.”

Controlled traffic
Rob started no-till after the 1982 
drought saw some of his farm blown 
away. Controlled traffic, which 
requires implement widths to be 
matched and all wheels to run on 
the same permanent, unsown tracks, 
was introduced in 2003. Controlling 
traffic prevents soil in the root zone 

from being compacted by machinery 
and removes the energy requirement 
to till compacted soil. The benefit of 
adopting controlled traffic in terms 
of improving soil structure occurs 
over time.

“Since the introduction of controlled 
traffic, we have noticed that our 
yield maps are showing less yield 
variation, suggesting that improved 
moisture availability has removed a 
key yield limitation.”

The Ruwoldts run a controlled traffic 
system based on a 9m seeding bar, 
shrouded sprayer and harvester 
comb, and 27m self-propelled 
boomspray. All machines have  
three metre wheel centres and 
single tyres or tracks, no dual 
wheels (Figure 1). Even guide 
wheels are now set to run on the 
same permanent wheel tracks to 
avoid any compaction in the crop 
beds. Guidance is used on both the 
tractors and towed implements.

“I am often asked where to start 
with controlled traffic and from my 
experience harvest is a key time for 
soil compaction. Converting the 
harvester to permanent wheel tracks 
is essential. It is also important to 
match transport and storage systems 
to avoid compaction at harvest. 
Chaser bins must be kept on the 
permanent tracks.”

Rob also implements a system 
of track management because 
without maintenance, permanent 
wheel tracks can turn into deep 
ruts. A specially designed wheel 
track renovator the width of each 
track is used for restoration and 
maintenance.

Even spread of residues is also an 
extremely important part of the 
harvest management. This helps 
minimise blockages at seeding and 
improves the distribution of nutrients. 
Uneven residue spreading can be a 
cause of in-paddock variability.

Rotations
Rotation and crop row spacing go 
hand-in-hand for the Ruwoldts. 
The continuous winter cropping 
rotation includes wheat, barley and 
lentils sown on 38cm (15 inch) row 
spacing and canola, faba beans and 
chickpeas sown on 64cm (30 inch) 
row spacing. All crops are sown on 
the inter-row except canola that 
is sown dry on the row in order 
to source the nitrogen fixed by 
the previous faba bean crop. No 
additional nitrogen fertiliser is used 
on canola.

Lentils use the cereal stubble as a 
trellis lifting them off the ground  
and promoting growth. The use 
of wide row spacing has seen crop 
yields increase, in some cases by  
as much as 50 per cent. Rob puts 
this down to improved root growth 
and reduced crop competition.  
The bigger root systems find and 
extract more water and nutrients 

PA in practice

Figure 1. Confining only some implements to the same wheel track is 
not enough. The impact of soil compaction from different implements 
versus a full controlled traffic system (control). 

Precision seed placement along and in the row is the next frontier for Rob Ruwoldt in his aim to minimise  
inter-crop competition and improve yield. Photo: Rob Ruwoldt
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while less competition from weeds 
and other crops enables each plant 
to perform better.

The Ruwoldts are lucky to have a 
wide range of rotational crops suited 
to their system and they use these to 
their advantage to minimise disease, 
maximise nutrient return to the soil 
and to enable herbicide groups to 
be rotated. For example, no Group 
A chemicals are used on a cereal but 
saved for grass weed control in pulse 
crops, while trifluralin is only used 
before cereals.

Precision seeding
All crops are now sown with a 
single disc opener to minimise soil 
disturbance. Rob has been working 
hard to ensure seed is placed evenly 
both at depth and along the row. 
To achieve this, he has designed 
a new precision seeder suited to 
large acreages.This is currently 

being commercialised. With greater 
precision, seed rates are being 
reduced. For example, canola seed 
rates have been slashed to 2kg/ha 
on 30 inch rows.

He believes accurate seed placement 
is the next level of precision required 
to advance his cropping system.  
By improving seed placement along 
the row crop competition will be 
further reduced.

Rob knows he cannot control the 
volume or timing of rainfall on his 
farm but he can employ practices 
that maximise water infiltration 
storage and conversion into grain. 
By applying this spectrum of 
technologies to precisely control crop 
production, Rob feels he has pretty 
much drought proofed his farm.

Details: Rob Ruwoldt, 0428 348 205, 
glenvalefarms@bigpond.com

Unbeatable 
Global 
Coverage

OmniSTAR’s reliable, accurate services 
benefit machine guidance and 
precision farming, providing:

•  Repeatable Positioning
•  Worldwide Coverage
•  Real-time Positioning On The Move

OmniSTAR is the market leader in 
providing real-time satellite delivered 
positioning solutions.

www.omnistar.com.au | 1800 062 221

PA in practiceConverting the harvester to permanent wheel tracks 
is essential. It is also important to match transport 

and storage systems to avoid compaction at harvest. 
Chaser bins must be kept on the permanent tracks.  

Photo: Rob Ruwoldt
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FARM DETAIL
Property:   
3000 hectares 

Location:  
Wudinna, Upper Eyre Peninsula, 
South Australia

Rainfall:  
300 to 325mm annually

Soil:  
White sand dunes, undulating 
through red sands to swales of 
grey calcareous sand, with rocks

Personnel:  
Chris and Leanne Lymn and 
parents Allen and Merrill Lymn

Enterprises:  
Medic pasture, wheat, oats and 
barley for feed, 1000 Merino 
ewes plus lambs – wool and meat

Yield:  
Average wheat yield 1 to 1.2t/ha

Cropping in low rainfall country 
is a high risk strategy that can 
pay dividends. Since Chris and 

Leanne Lymn took over ‘Lookout’ 
property, they have had three 
years of drought followed by three 
exceptional years.

“Yields from the same part of the 
paddock can vary dramatically 

between seasons. Where we 
harvested 4t/ha in 2011, we only 
produced about 0.2t/ha in 2008,” 
explained Chris.

Running a mixed farming system 
is central to the Lymns’ approach 
to minimising risk. In addition, 
managing each paddock based on 
the previous and current season,  
as well as by management zones  
and ensuring machinery investments 
are justified, are also key 
management strategies.

Each year only 50 per cent of the 
farm is sown with the remainder left 
to regenerating medic pastures. The 
pasture phase provides nitrogen, a 
disease break and an opportunity to 
kill grass weeds. That is in addition 
to providing fodder for the 1000 
Merino ewes and Merino x white 
Suffolk lambs that are finished on 
stored grain.

“Mixed farming really spreads our 
risk, provides three income streams, 
balances the annual workload 
and controls our investment in 
depreciating machinery assets.

“Machinery investments have to 
show a return in a short payback 
period. There are plenty of items 
I would like to buy but first we 
have agreed that I need to prove 
to the family board that these are a 
worthwhile investment.”

Three investments the family have 
endorsed have been guidance and 
autosteer, variable rate controllers 
and a new boomspray. These are 
helping Chris Lymn to keep their 
system simple, timely, flexible  
and profitable.

Guidance and 
autosteer
Two EZ-Guide® systems (FM750 
and EZ-Guide500) each with an 
autonomous signal, providing +/-
30cm pass to pass accuracy, were 
purchased for seeding and spraying. 
Last year a steering kit was added 
and the steering kit and guidance 
were successfully moved from the 
seeding tractor to the harvester (New 
Holland TR98).

“To keep the seeder and harvester 
on-track we use the nudge function, 
which is easy. Spraying is a faster 
operation and the guidance keeps 
up without the need to nudge into 
position at the start of the run.” 

Paddock sizes tend to be on the 
smaller size to aid in livestock 
management which also helps with 
the pass to pass accuracy.

Chris, like so many growers adopting 
guidance and autosteer, has found 
that his inputs have decreased 
due to reduced overlap. It has also 
allowed him to use auto-section 
control on the boomspray. For 

PA in practice

KISS approach to VR
Varying seed and fertiliser rate by soil type is helping 
Chris Lymn produce better crops on each of his three 

main soil types. Photo: Emma Leonard

Emma Leonard
Grower knowledge and distinct visual differences in soil 
type can be sufficient information to establish variable 
rate input zones. 
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spraying Chris has calculated a 10 
per cent reduction in herbicide use.

The addition of guidance has 
enabled accurate night spraying, 
which is especially important for 
summer weed control. In this region 
lack of in-crop rainfall is often the 
main limiting factor, so maximising 
stored water and minimising loss 
through summer weeds is crucial.

“My aim is to minimise water 
loss from summer weeds while 
maintaining surface cover. 
Herbicides, sheep and even a late 
tillage for summer weeds are all  
used to meet this aim.”

keep the system 
simple, timely, 

flexible and 
profitable

Another benefit of guidance is 
that Chris knows the full width 
of the comb is always being rept. 
This allows him to concentrate on 
keeping the comb away from the 
rocks in the swale areas and increase 
harvesting speed and efficiency.

The move to varying input rates 
was really taken six years ago when 
the Lymns decided to convert from 
granular to liquid fertiliser at seeding 
at a time when granular fertiliser had 
increased in price dramatically. Chris 
persuaded his family that a more 
expensive rate controller capable of 
varying inputs of both fertiliser and 
seed was a good investment.

At seeding, an AgLeader Insight 
rate controller with multi-product 
enabled is used to vary the delivery 
of seed and fluid fertiliser. The 15m 
seeding bar is fitted with Atom jet 
points that deliver the fluid fertiliser 
as a continuous stream in a band at 
the bottom of the furrow separated 
from the seed row by about 2cm left 
or right.

“We dilute phosphoric acid with  
zinc (Zn) and manganese (Mn) 
sulphates with water and apply  
this at between 120l/ha and  
60l/ha, depending on production 
zone (Table 1). Seeding nitrogen 
generally comes from the medic 
pasture and the soil, especially if a 
tillage pass  is used to control woody 
weeds before seeding. 

“In 2011, we produced up to  
4t/ha of wheat (H2 grade) from 
the high production zone with no 
nitrogen inputs.

“Last year showed us what is 
possible with enough stored 
moisture, rainfall and nutrition.”

Seed is delivered from an aircart, 
which is an old Allfarm belt driven 
machine that has been modified for 
variable rate. Instead of the seed 
rate being controlled by a chain 
connected to a ground driven wheel, 
the belt is now driven by a variable 
speed hydraulic motor. The system is 
easy to calibrate and has provided a 
very cost effective solution. 

The phosphoric acid, diluted 
trace elements and any in-furrow 
fungicides are delivered to the seeder 
bar from the 4300L tank mounted 
on a trailer following the airseeder 
bar. The varying rates per hectare 
are delivered using a Liquid Systems 
‘a-iMk2’ pump and control module 
according to a prescription map.   

Chris took a very simple approach 
to establishing the input zones. 
The dune/swale topography results 
in three yield zones being easily 
identified by a combination of 
grower knowledge and soil type.

The tops of the dunes are white 
sand and have a higher capacity to 
produce as these can have three 
times the available water of the 
flats. However, the tops of the dune 
do not necessarily produce yields 
matched to available water if they 
lack nutrition or if crop establishment 
is poor. The flats are calcareous 
grey sands and low yielding, while 

the slopes are red sands, which are 
medium-high production. 

In addition to being able to delineate 
the three zones by topography and 
soil colour, there was a marked 
difference in stubble in a drought 
year. Chris simply drove around the 
paddock boundary and then used 
these three identifiers plus his own 
knowledge to locate the zones. The 
coordinates of the boundaries and 
zones were logged on a hand held 
Garmin GPS.

Maps were generated using SMS 
basic software, a system which 
Chris is extremely enthusiastic about 
because of the range of features and 
the fact it ‘talks’ to a wide range of 
controllers and signals.

The input zones were also 
marked on geo-referenced aerial 
photographs, some of which were 
downloaded from Google™. These 
maps are used in PAM, which is used 
to log paddock records.

The variable rate fertiliser policy 
Chris applies aims to reverse the 
excess or deficit of nutrients that 
have been caused in different parts 
of the paddock due to many years 
of blanket applications. However, 
rates will also vary depending on the 
previous and current season. The aim 
was never to reduce fertiliser inputs 

PA in practice

Table 1. Seed, fertiliser and in-furrow fungicide rates for the three input zones. These may be modified to 
meet seasonal conditions.

 Yield Plant Available Seeding fluid mix Seed
 zone Water (PAW) Litres P kg/ha Zn (kg/ha) Mn (kg/ha) Flutriafol (ml/ha) (kg/ha)

 High 140mm 120 9 1.5 1.5 600 80

 Medium 80-110mm 80 6 1 1 400 50

 Low 40mm 60 4.5 0.75 0.75 300 30

Atom jet points deliver the fluid fertiliser as a 
continuous stream at the bottom of the furrow about 
2cm away from the seed row. Photo: Emma Leonard
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but redistribute the ‘fertiliser dollar’ 
to zones more likely to make a better 
return and reduce risk.

The prescription rate maps can 
even change as the year progresses 
according to the yield potential 
based on stored soil water and the 
break of the season.

“A run of poor seasons results in 
nutrients building in the soil pools, 
while a good season means more 
nitrogen is set by the medic pasture. 
We use soil and tissue testing, as 
well as our own knowledge, to help 
match input levels year by year.” 

His policy for varying seed rates 
relates to the water holding capacity 
of the soil (Table 1). By reducing  
seed and fertiliser rates as water 
holding capacity declines, he aims  
to reduce screenings and maintain 
yield by maintaining water for the 
primary tillers.

While Chris could set up his sprayer 
for variable rate application, he has 
not done this but might consider it in 
the future. While foliar fungicides are 
so cheap, he does not see any value 
in using variable rate application.

Prior to 2011 harvest, the Lymns 
ran two headers. These were sold 
and a second hand harvester with 
a wider front but no yield monitor 
was purchased. Without yield data 
it is hard to prove the results from 
zone management but the Lymns 
are seeing improvements in whole 
paddock gross margins. 

While Chris would like to have 
the capability to monitor and map 
yield to help quantify results, he 
does not think it will be his next 
purchase. Because of irregular 
shaped paddocks he would like 
to make the fluid fertiliser system 
into auto-section, to further help 

reduce overlap. The fluid is delivered 
via three Liquid Systems ‘Stacker’ 
manifolds; one to each section of  
the seeder bar, so making this 
change should not be too 
complicated or costly.

The Lymns are always trying to 
improve the timeliness of operations 
and to identify and manage the 
weakest link in their system. 
Technology is helping them to 
achieve their goals.

Details: Chris Lymn, 0427 802 154, 
lookout@activ8.net.au

PA in practice

Seed is delivered from an old Allfarm belt driven 
aircart that has been modified for variable rate. 
Photo: Emma Leonard



Vary phosphorus by 
zone and season

Decide whether the policy 
is to maintain, deplete 

or build soil phosphorus 
before adopting a 
replacement rate.  

Photo: Emma Leonard

Emma Leonard
In recent years, many grain growers have adopted a replacement rate  
policy for phosphorus based on last year’s yield maps. At the SPAA Expo  
in February, Therese McBeath, CSIRO Ecosystems Sciences encouraged  
growers not to abandon soil testing and to consider seasonal fertiliser 
efficiency when determining phosphorus rates.

Innovation
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Seeding is the single point in 
the growing season when 
phosphorus (P) is applied for 

grain crop production, yet the crop 
requires phosphorus throughout  
the growing season. This phosphorus 
comes from the available and  
more slowly available soil 
phosphorus pools. 

New research supported by the 
Grains Research and Development 
Corporation (GRDC) and SA Grains 
Industry Trust has established that 
fertiliser recovery is influenced 
by several factors, other than soil 
phosphorus status. These factors 
include seasonal variation and the 
impact of residual fertiliser.

Season
•	 In	wet	seasons	more	fertiliser	

phosphorus is used at the time of 
application, leaving less in stock 
for future crops.

•	 Phosphorus	removal	will	increase	
in high production years and 
fertility will need to be monitored 
to ensure critical values for 
deficiency are not reached.

Phosphorus availability in the 
soil is influenced by soil type.  
This availability is controlled by 
components such as calcium 
(carbonate containing soils), iron 
(ironstone soils) and aluminium. Soils 
with high levels of these components 
have a high phosphorus buffering 
index (PBI). Soils with higher PBI 
retain more fertiliser when it is 
added to soil and will have a lower 
fertiliser efficiency. In addition, this 
research has also shown that in-
season rainfall influences phosphorus 
fertiliser efficiency.

Crop uptake of phosphorus from 
fertiliser inputs was measured using 
radioisotopes of phosphorus. This 
work was carried out at seven sites 
across southern Australia in 2010. 

By measuring the amount of 
radioactive, freshly applied fertiliser 
phosphorus in the crop plant, it  
was established that the fertiliser  
use efficiency ranged between  
3 and 30 per cent in the year 

of application. At phosphorus 
application rates of 10 to 20 kgP/ha 
this efficiency equates to the plant 
taking up 0.3 to 6 kgP/ha in the 
year of application. The remaining 
(unused) fertiliser phosphorus will 
have a residual value to crops grown 
in subsequent seasons, depending 
on climate and soil conditions. 

As seasonal rainfall increased, so 
did phosphorus use efficiency. This 
increase was found to be unrelated 
to the available soil phosphorus 
content (measured by soil tests) at 
the start of the trial (Figure 1).

When sufficient phosphorus was 
present in the subsoil, the use of this 
subsoil phosphorus increased with 
the addition of phosphorus fertiliser 
to topsoil. This finding suggests that 
the fertiliser stimulated root growth 
into the subsoil. 

The banding of phosphorus fertiliser 
is an important strategy in both wet 
and dry seasons. 

Figure 1. Differences in fertiliser 
use efficiency in wet  
(Decile 7-8) and dry  

(Decile 2-3) years (produced 
using irrigation and rainout 

shelters). The dry treatment in 
the sand/over clay at Karoonda 

did not remain dry. High 
efficiency was not necessarily in 

the most phosphorus deficient 
soil (Wanbi, Langhorne Creek and 

Wharminda were deficient).
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In dry seasons 
the fertiliser is 
co-located with 
moisture arising 
from small rainfall 
events, while in wet 
seasons the fertiliser 
band stimulates 
early root growth to 
enable the crop to 
better exploit fertility 
in other parts of the 
soil profile. 

Residual 
fertiliser
•	 Soil	testing	is	

especially important to establish 
availability of residual fertiliser 

•	 The	new	DGT-P	soil	test	is	
now undergoing a commercial 
trial with the Australian Perry 
Agricultural Laboratory (APAL). 

In general, trials suggest that 
fertiliser phosphorus becomes 
less available to plants over time 
due to interaction with other soil 
components. However, this has  
been difficult to assess in recent  
trials as the soils were already 
sufficient in phosphorus. 

Phosphorus 
use efficiency 
increased with 

additional 
rainfall

In trials run in a low rainfall 
environment, no yield or quality 
benefit was recorded from seeding 
phosphorus applications to soils that 
contained more than the critical level 
of phosphorus.

Following three above average 
growing seasons the Colwell 
phosphorus measurements were 
declining (Figure 2).

Replacement 
phosphorus strategy
•	 Decide	whether	the	policy	is	to	

maintain, deplete or build soil 
phosphorus before adopting a 
replacement rate

•	 Soil	test	each	zone	regularly

Of the total phosphorus in a plant, 
the fertiliser efficiency trials of 2010 
found that between 55 to 95 per 

cent was derived from residual soil 
pools, emphasising the importance 
of the soil fertility for supplying crop 
phosphorus. The use of low or zero 
rates of phosphorus can result in the 
reduction of fertility.
Therefore, when implementing a 
phosphorus fertiliser strategy it is 
important for growers to decide 
whether their objective is to 
maintain, run-down or build residual 
phosphorus levels.
Replacement phosphorus rates are 
generally calculated based on an 
estimate of three to four kilograms 
of phosphorus being exported from 
the paddock in every tonne of grain 
produced. Soil tests should be a 
regular part of a replacement rate 
strategy to determine if soil levels 
are changing and whether available 
reserves are near critical levels. 

Based on 46 field trials in Southern 
Australia (PBI range 10-200), the 
DGT-P soil test value was used to 
predict the rate of phosphorus 
required to achieve 90 per cent 
of maximum yield. An economic 
evaluation of the outcome of 
responding to this prediction 
identified that when a soil was 
phosphorus deficient a financial 
benefit from phosphorus inputs was 
obtained through extra yield in 43 
per cent of cases. When the soil has 
sufficient phosphorus and there was 
no yield penalty from not applying 
starter phosphorus the financial 
benefit was due to a cost saving in 
40 per cent of cases (Figure 3).

Details: Dr Therese McBeath, 
CSIRO Ecosystems Sciences,  
08 8303 8455,  
therese.mcbeath@csiro.au
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Figure 2. (Left) Colwell P values measured at sowing in 2010 and (right) measured at 
sowing in 2011 in response to phosphorus fertiliser added in 2009 and 2010 (e.g. 5+0 is 
5kg added 2009 and 0 kg added 2010). The dashed line represents the critical Colwell P 
value for this trial corrected using the PBI measurement.

Figure 3. The potential returns using the DGT-P soil test under both 
deficient and sufficient conditions (dashed vertical line represents the 
critical value). Data used is from a replicated phosphorus response 
field trial database generated 2006-2010. Parameters used –  
Wheat @ $200/t, DAP/MAP @ $750/t, DGT-P @ $22/test.
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It is astounding that GPS satellites 
moving at almost 4km/second, 
broadcasting coded radio signals 

at the speed of light containing 
their time and position, can 
provide positioning to centimetres 
instantaneously to users 20,000km 
away on the surface of the Earth.

Actually, that is not quite true. 
The original design of GPS by the 
US Department of Defence (DoD) 
provides real-time positioning to 
about five metres. It is called point 
positioning and  can be found in 
all sorts of applications these days 
such as car navigation systems and 
mapping applications on smart 
phones. To achieve centimetre 
accuracy in real-time, we need to 
apply a few tricks. 

Differential positioning (DGPS) 
combines data from two or more 
GPS receivers and can eliminate 
the largest errors in GPS, namely 
the clock errors at the satellites and 
receivers. GPS is a timing system. 
It uses the time for a signal to 
propagate from the satellite to the 
receiver, multiplied by the speed of 
light to attain a distance. Knowing 
the position of the satellites, we can 
then compute our position. But if 
our time is in error by just one nano 
second (1 x 10-9 second) then we 
introduce an error of 30cm.

A solar flare generated during a  
solar cycle could cause such errors  
to be introduced.

GPS time is a stable atomic time 
system controlled by the US DoD 

and provides the satellites with a 
stable time standard which is in 
turn broadcast to users. Differential 
positioning therefore handles any 
differences between satellite and 
receiver time and the stable, atomic 
GPS time standard. DGPS can 
achieve sub-metre precision.

To achieve centimetre level precision, 
GPS users exploit the carrier signal 
which transports the codes. Using 
complex mathematics, the receiver 
software can count the number 
of waves between a satellite 
and receiver and, knowing the 
wavelength of the cycle, compute 
the distance to a far higher precision 
than by using only the codes. This 
process is called ‘initialisation’. 

That is all fine, but the signals 
still must travel through Earth’s 

Innovation

Good news for GPS
Source:  http://solarscience.msfc.nasa.gov/predict.shtml

Craig Roberts
Solar cycle 24 has been downgraded to the smallest sunspot cycle in over 80 years.
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atmosphere to users on the ground 
and on their journey, the signals are 
delayed. The Earth’s atmosphere can 
be broadly divided into two layers, 
the troposphere and ionosphere.

The tropospheric layer extends about 
50km above the Earth’s surface, 
although most delay occurs closer 
to the ground. Mostly differential 
users avoid this delay by keeping the 
distance between their two receivers 
to under about 15km. 

The ionospheric layer extends 
from about 50 to 1000km above 
the Earth’s surface. It is a layer of 
charged electrons that react to 
radiation and geomagnetic activity 
from the Sun. The effect on GPS 
positioning from the ionosphere 
is larger than for the troposphere. 
It is important that these delay 
effects are properly accounted for in 
order for both a quick and correct 
initialisation of the GPS signal.

Solar cycle 24 may 
just pass us by 

unnoticed
The geo-magnetic nature of the 
Earth renders the equator and the 
poles more sensitive to ionospheric 
activity. Luckily, most of rural 
Australia is located in mid-latitude 
regions, thereby reducing deleterious 
effects due to ionospheric 
disturbance. The time of day also has 
an effect. Generally most activity is 
experienced from around 12 noon 
until 2pm, with the lowest activity 
during the night until sunrise.

However, during a solar cycle the 
ionospheric activity can have a wider 
reaching effect.

There is also a solar cycle effect 
which repeats approximately every 
11.6 years and it is this phenomenon 
which has attracted some media in 
recent months. A fluctuating number 
of spots on the surface of the Sun 
have been observed since the 1700s. 
Scientists are still unclear why they 
occur however, an increased number 
of sunspots affects GPS positioning 
in two ways.

A solar flare (or coronal mass 
ejection) is a sudden impulse 

event that can affect differential 
positioning for a short period. 
Medium Scale Travelling Ionospheric 
Disturbances (MSTIDs) are a 
prolonged systematic effect which is 
very difficult to model accurately and 
inhibits the use of longer distances 
between GPS receivers. Both of 
these disturbances can retard 
initialisation and even cause outages 
for short periods of time.

So how do we handle 
the ionosphere? 
For short distances (10 to 15km) 
between receivers (machine to the 
nearest base station), it is perfectly 
valid to ignore the ionospheric 
effects. A signal coming from 
20,000km away will essentially pass 
through the same layer when the 
two receivers are close. However, 
during a solar maximum this distance 
may be reduced due to heightened 
ionospheric activity. 

Using the two carrier frequencies  
(L1 & L2) broadcast by GPS, the 
effects of the ionosphere can be 
measured and cancelled. This is not 
possible with single frequency GPS, 
which can only rely on inaccurate 
models. Continuously Operating 
Reference Station (CORS) networks 
provide dual frequency data primarily 
for this reason.

At present we are heading toward 
a solar maximum sometime in 

2012/2013 
however, 
predictions appear to indicate that 
solar cycle 24 will be less intense 
than previous peaks.

NASA Marshall Space Flight Center 
scientists are predicting that the 
peak in the current sunspot cycle  
will now occur earlier than previously 
forecast (May-June 2013). They  
are now predicting the peak in 
February 2013.

The current prediction for Sunspot 
Cycle 24 gives a smoothed sunspot 
number maximum of about 96 in 
February of 2013. We are currently 
about three years into Cycle 24. 
Increased activity in the last few 
months has raised the predicted 
maximum and moved it earlier in 
2013. The current predicted size still 
makes this the smallest sunspot cycle 
in over 80 years.  http://solarscience.
msfc.nasa.gov/predict.shtml

This news, coupled with the mid-
latitude location of rural Australia, 
improved electronics in GPS devices, 
revised software and better antenna 
design, should prevent significant 
outages for precision GPS users. 
Solar cycle 24 may just pass us by 
unnoticed.

Details: Dr Craig Roberts, 
University of New South Wales, 
02 9385 4464  
c.roberts@unsw.edu.au

Innovation
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Grain protein content is a key 
parameter used to separate 
barley or wheat into different 

market segregations. For example, 
malting barley has to be between 9 
and 12 per cent protein while first 
grade durum wheat must have more 
than 13 per cent protein. Falling 
outside these protein parameters can 
result in substantial price reductions, 
depending on markets.
While growers and agronomists aim 
to match fertiliser inputs, especially 
nitrogen, to meet the protein 
requirements for the high value 
segregations, in-paddock variation 
can result in significant differences in 
protein content.
As reported in Issue 7.1 of 
Precision Ag News, Rob Bramley 
and colleagues at CSIRO initiated 
a project to assess the feasibility 
of selectively harvesting grain of 
different protein content in order to 
maximise the return from a paddock.
“We appreciate that malting barley 
can be downgraded to feed because 
of small seeds, stained or discoloured 
grains as well as protein. However, 
the degree to which these problems 
arise can all vary at a paddock 
scale,” says Dr Bramley.
Previous research by Dr Bramley 
has shown the advantage of 
selectively harvesting wine grapes. 
By segregating grapes from within a 
vineyard and from across vineyards 
by end product quality requirements, 
improvements in return could be 
large – 9 per cent or more for 
grapegrowers, and as much as  
58 per cent for winemakers in one 
commercial example. 
“Similar economic benefits have 
been estimated for the on-farm 

segregation of barley by protein 
percentage but the degree of benefit 
depends on the price differential 
on offer and the degree of protein 
variation in the paddock.”
Working with three South Australian 
growers experienced with the 
use of precision agriculture, the 
project team aimed to establish the 
feasibility and potential financial 
value of selectively harvesting 
malting barley.

I am confident 
that selective 
harvesting can 

offer potential in 
some situations

Immediately prior to the 2009 
harvest, approximately 70 grain 
samples were collected from the trial 
paddocks on Yorke Peninsula and 
the lower-north, across the full range 
of soil and yield variation in the 
paddock. The mean protein content 
was 10.7 per cent and the range of 
variation in protein percentage was 
8.8 to 14.4 per cent in the lower-
north. Similar figures were recorded 
for the paddock on Yorke Peninsula 
(range 10.6 per cent, variation 8.1 to 
13.5 per cent). 
Protein maps showed this variation 
to be spatially structured rather 
than random. These initial results 
therefore confirmed the potential 
opportunity for selective harvesting.
Spatial datasets were used to 
assess if relationships with grain 
protein could be established. These 
datasets included yield, elevation 

and electromagnetic and gamma-
radiometric soil maps, as well as 
in-crop biomass presented as a 
normalised difference vegetation 
index (NDVI). If such relationships 
exist then selective harvesting zones 
could be delineated. 
An ‘AccuHarvest on-combine grain 
analyser’ (Zeltex Inc. Hagerstown, 
Maryland, USA) was fitted to two 
harvesters for assessment of protein 
on-the-go during harvest. Both 
growers were aiming at production 
of malt barley. A ‘Cropscan on 
harvester analyser’ (NIR Technology 
Systems, Condell Park, NSW) was 
already in use on the third machine. 
Both systems use near infrared (NIR) 
transmission as the basis of protein 
sensing. 
Here we only report the results from 
the AccuHarvest equipment. 

Yield and protein 
relationships
In 2010, yield data for cereal  
crops, collected over seven years 
(Figure 1) for a 94 hectare paddock 
on Randall Wilksch’s farm at 
Yeelanna, Eyre Peninsula was 
compared to protein data.
Low yield was consistently 
recorded in the low-lying parts of 
the landscape (Figure 1). Work to 
calibrate the EM38 survey is on-
going but these poorer yielding  
areas appear to have higher salt 
and clay contents, as well as higher 
subsoil boron.
In 2010, the paddock was sown to 
malting barley (FlagshipA). Protein 
sensing suggested that the patterns 
of variation for grain protein did not 
bear a strong resemblance to those 

Harvest  
to market  
requirements
Emma Leonard
Selectively harvesting grain based on quality spatial 
data is proving to be challenging.   Photo: Emma Lenoard

Innovation
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in the yield map (Figures 2a and b), 
nor to the historic yield or soil data. 
However, the highest protein was 
recorded in the areas of consistently 
low yield.
Unlike the previous several years,  
in 2010 all the grain delivered to  
the silo from the paddock, which 
was harvested as a single unit, 
achieved malting grade. High  
protein grain was automatically 
blended in the harvesting and 
transportation processes.
Consequently, selective harvesting 
would not have provided a  
financial benefit for this paddock  
in this season. 
On Mark Branson’s 35 hectare 
paddock at Giles Corner in 
the lower-north, two stable 
management zones were identified 
based on yield data, EM38 and an 
in-crop biomass reading. While there 
was variation in protein percentage 
across the paddock range of 6.99 
to 13.20 per cent, with a mean of 
9.50 per cent (Figure 3d), the mean 

protein contents for the zones 
were not significantly different. 
The relationship between yield and 
protein in the same year was also 
inconsistent (Figures 3c and d). 
Despite this, a combination of yield 
and EM38 data to produce two 
zones (Figure 3a and b) suggested 
this could have been an adequate 
basis for selective harvesting. 
Analysis of these and grain sample 
data is continuing and will be used 
to assess if this zoning would have 
been appropriate for establishing 
protein harvest zones.
The paddock studied at Yeelanna  
in 2010 was opportunistically  
re-mapped in 2011 when it was 
sown to wheat (AxeA). 
“We assumed that the physiology of 
yield-soil-protein interactions would 
be the same for wheat and barley. 
However, with the possible exception 
of the area of high protein along the 
central eastern side of the paddock, 
strong similarities between the 2010 
and 2011 protein maps were not 

recorded (Figure 
2), even though 
yield maps were similar to those  
of previous years.
“While I am confident that  
selective harvesting can offer 
potential in some paddocks or 
seasons, there are more questions to 
be answered before any guidelines 
can be established.”

Management zones 
must be robust
The paddock studied at Yeelanna 
in 2011 was zoned using the same 
approach as in 2010. However, 
in this paddock zones were less 
distinct, with some years showing no 
significant yield difference between 
zones and in others high and low 
zones being reversed. In addition 
the 2011 yield map differed from 
previous years and its patterns did 
not relate to those identified from 
previous yield maps. 
Using such zones for selective 
harvesting, indeed for any 
management decisions is unlikely 
to be sound. Successful zone 
management can only be based on 
zones that can be robustly defined 
and which show consistent patterns 
from year to year. 

Protein sensing 
problems
The trials to date have proved that 
monitoring grain protein presents 
many challenges, especially with the 
equipment that is currently available. 
Irrespective of the parameter being 
measured, the more frequently 
data is collected the more reliable 
the result when the sensor data is 
interpolated into a map. 

Innovation

Figure 1. The elevation range for the study paddock at Yeelana was 
18m. The scale indicates the average yield for the two management 
classes for five seasons in seven years. Those with different letters are 
significantly different.

a b c d

‘04 ’05 ’07 ’08 ’10
2.5b 2.7b 1.4b 2.4b 3.5b
3.3a 3.0a 1.6a 2.4a 5.3a

Figure 2 a-d. Yield and protein maps for a 94 hectare paddock near Yeelanna, Eyre Peninsula sown to 
malting barley, 2010 and wheat, 2011.
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a b c d

Figure 3 a-d. Spatial data gathered for a 35 hectare paddock in the lower-north, South 
Australia. The relationship between yield and grain protein is inconsistent but a 
combination of yield and EM38 data to produce two zones suggested this could have 
been an adequate basis for selective harvesting for protein.



When working properly, the 
AccuHarvest sensor should log 
approximately every seven seconds. 
However, in this study, some data 
was logged at much larger intervals, 
apparently due to instrument 
instability. In contrast, a yield 
monitor typically logs data every one 
to two seconds.

“Given the tasks that the protein 
monitor has to execute, it could 
be argued that its performance is 
impressive. However, the less dense 
dataset in comparison to yield leads 
to much higher map confidence 
intervals (CI). This makes it more 
difficult to identify significantly 
different protein values in a protein 
map, or between zones.”

For example, in Figure 2b, the 95 per 
cent confidence interval for protein 
is 0.9 per cent. This means that the 
average zone protein content needs 
to differ by more than 0.9 per cent 
for the difference to be considered 
significant. This is a high figure, 
considering that the acceptable 
range of protein for malting barley is 
in a three per cent bracket (9 to 12 
per cent). For the protein mapped 
in Figure 3d, the CI is even higher 

at 1.4 per cent, or nearly half of the 
malting barley segregation range.

Instrument calibration was a major 
problem experienced with the 
sensors used in this work. It took 
an experienced CSIRO technician a 
whole week of careful work in the 
laboratory before the research team 
was confident that the sensors were 
appropriately calibrated for  
in-paddock use.

A new calibration is required for 
each crop type, which could mean 
more time that a grower cannot 
afford to spend on this task, 
especially at harvest.

The sensor chamber needs to 
be kept light-proof but the seals 
around the sensor chamber door 
wore rapidly and needed replacing 
regularly. When the sensor 
output gave readings that were 
not considered believable by the 
harvester operator, the sensors were 
often switched off.

“While it was understandable that 
operators felt the need to switch off 
the sensor,  this was a shame, as the 
opportunity to examine the patterns 
of variation was lost. Arguably, 

patterns are more 
important than 
actual values.”

The general view of the grower 
collaborators was that the sensor 
in the AccuHarvest is unable to 
withstand the rigours of Australian 
harvest conditions.

Without marked improvements  
in on-the-go protein sensors, or 
radical changes to the protein 
standards, the application of 
selective harvesting based on  
protein percentage alone is going  
to be limited.

The research team is continuing to 
analyse the data, including from the 
‘Cropscan on harvester analyser’. 
They are also looking at the potential 
to use spatial data to minimise 
quality variation through targeted 
in-season management. 

Articles in Precision Ag News 
Volumes 6.1 and 7.1 also report 
on grain protein monitoring  
and selective harvesting in grain 
and grapes.

Details: Dr Rob Bramley,  
CSIRO Ecosystem Sciences,  
08 8303 8594, 
rob.bramley@csiro.au
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Research trials have confirmed 
that a large proportion of yield 
variation relates to differences 

in soil properties, especially those 
linked to the storage and release 
of plant water. Moisture sensors 
have been providing a point source 
measurement of soil moisture but 
this does not indicate changes in 
availability across the landscape.

At the SPAA Conference in 
September 2011, Dr John 
Hornbuckle, CSIRO, indicated 
that it is now possible to spatially 
predict soil water availability across 
large areas and in rain-fed not just 
irrigated situations. Precision Ag 
News contacted Dr Hornbuckle to 
learn more.

Is it now possible  
to map available  
soil water?
Currently soil water availability to 
rooting depth cannot be measured 
directly through satellite images, but 
we can use these images with water 
inputs (irrigation or rainfall data) to 
create a water balance and track 
variable soil moisture deficit across 
a paddock. Soil moisture probes 
provide a way to calibrate against 
known data, but are not essential in 
this process.

The CSIRO research team has 
applied this approach using a 

system called ‘IrriSAT’ to support 
irrigation scheduling and track 
real-time crop water use on a daily 
basis at a 30m resolution. This 
technology determines actual plant 
evapotranspiration, which is an 
indication of how much water the 
plant has extracted out of the soil 
in a day. By combining the water 
removal with water input data 
we can track soil moisture deficit 
spatially across an area, in real-time 
throughout a crop’s growing cycle.

What data is  
required to map  
soil water deficit?
From the Bureau of Meteorology we 
source reference evapotranspiration 
data. Information on crop stress 
is gathered from satellite imagery. 
By combining these two sources 
of information we can infer water 
availability.

For IrriSAT we have been using 
satellite imagery from both 
MODIS and Landsat. The red, near 
infrared and thermal bands are 
used to determine crop stress. This 
combination of evapotranspiration 
and satellite data has been used 
successfully to track soil water deficit 
for scheduling irrigation. 

A similar approach could be used 
in rain-fed systems. The main 
difference is there is likely to be more 

crop stress in the rain-fed system, 
hence the value of the thermal 
band which now gathered from the 
satellite data to provide an indication 
of crop stress.

What further 
research is required 
to establish a 
commercial  
tool/service? 
We need to run further trials to 
fine-tune the technology to end-
users’ needs and to specific crops 
in dryland situations. An applied 
research trial in which we could 
work with a group of growers to 
fine-tune the relationships with crop 
stress is all that is required. Plus the 
packaging of the information into a 
decision support tool. 

Currently we are working with 
stressed crops in irrigated wine grape 
production and have also looked at 
some dryland cotton crops.

Not having to deal with irrigation 
actually makes the process easier. 
Measuring irrigation applications 
spatially across fields in surface 
systems is difficult to do accurately 
and affects the water balance 
calculations and hence calculated soil 
moisture deficits. In rain-fed systems 
this issue is removed. 

Development and demonstration

Spatial prediction 
of soil water
Emma Leonard
Dryland croppers  could soon take advantage of technology developed for 
irrigators, to understand variation in soil water availability across a paddock. Photo: Emma Lenoard



What else can  
IrriSAT offer?
One element of the IrriSAT system 
which growers have really been 
interested in is the benchmarking of 
crop yield and seasonal water use. 

During 2011, IrriSAT was applied 
across 30,000ha of cotton in the 
Gwydir Valley of NSW over a  
range of row configurations and 
irrigation systems. One of the 
interesting findings was the  
ability to benchmark the effects of 
these configurations on crop yield 
(Figure 1). 

Many growers were also surprised 
by how much variation they had 
between fields and also the effects 
of management on crop water 
use and associated yields. Many 
could relate these effects back to 
management practices including 
tillage and laser levelling. 

Details: Dr John Hornbuckle, 
CSIRO Land and Water,   
0429 862 920, 
john.hornbuckle@csiro.au
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Figure 1. The relationship established using IrriSAT between cotton 
yield and seasonal water use between different row configurations.
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Variation in crop performance 
across a paddock can be 
due to a wide range of 

agronomic and management factors. 
In Australia, factors that influence 
the availability of soil moisture to a 
plant, are often the most significant 
influence on yield variation. Soil 
physical and chemical factors are 
highly influential on available soil 
water.
Soil surveying with sensors can 
provide a more in depth picture 
of the spatial variation of soil 
properties. To date most spatial 
soil surveys have been done using 
electromagnetic induction (EMI), 
which in many instances has  
shown strong relationships with  
yield variation. 
In some areas gamma-radiometric 
(GR) technology is now commercially 
available, and this technology has 
shown capability to discern different 
soil properties to the EMI technology 
in certain circumstances.
Growers and agronomists have 
used a combination of EMI and 
GR information to manage specific 
issues, including targeting gypsum to 
address sodicity or deciding where to 
delve or spread clay.
If done correctly these surveys 
generally only need to be carried  
out once. So which technology 
should you choose or is the answer 
to use both?
Assessing the applications for 
both soil sensing technologies on 

South Australian soils for managing 
variability is one of the components 
of a three year project that Precision 
Cropping Technologies is running 
with funding from the SA Grains 
Industry Trust (SAGIT). 

How is the  
data collected?
EMI: Generally, the EMI instrument 
is mounted on a sled or suspended 
above the ground and towed behind 
a 4WD or ATV at an approximate 
speed of 15 to 20km/hr. The 
survey area is covered in parallel 
transects, the spacing of which 

varies according to the agricultural 
enterprise and intended application 
of the survey. As such the EMI 
instrument does not need to come 
into contact with the soil or cover 
the whole paddock area.

GR: The GR data is generally 
collected simultaneously with the 
EMI data on a multi-sensor platform. 
Again, this instrument does not need 
to be in contact with the ground.

What is measured?
EMI: When switched on, electric 
power runs through induction 
coils and creates an energy field 

Development and demonstration

Soil surveys with  
sensors

Michael Wells
Identifying variation in soil properties across a paddock helps target where  
to soil sample and allows direct comparison with yield maps. The end point  
is information to support better agronomic decisions. 

Figure 1. The three major elements surveyed with gamma-radiometrics 
are potassium, thorium and uranium.  These can be combined as a total 
count or assessed individually.

Radiometrics Total Count

Radiometrics Uranium  Radiometrics Thorium

15.21 20.42 25.64 30.85 36.06 41.28
  ppm

0.61 0.94 1.27 1.60 1.93 2.26 2.59 2.92
  %

2.01 2.86 3.71 4.56 5.41 6.26 7.11 7.97
  ppm

352.27 548.72 745.17 941.62 1138.08
  Special

   Radiometrics Potassium

Photo: Emma Lenoard



in the space all around the sensor. 
When in contact with the ground, 
the transmitter coil emits an 
electromagnetic signal that passes 
down through the soil profile. This 
generates a second magnetic field  
in the soil that is detected by a 
receiver on the EMI instrument. The 
strength of the second magnetic 
field varies with the degree of 
conductivity of the soil and is 
referred to as the apparent electrical 
conductivity (ECa).
The EMI instrument in responding 
to the conductivity of the soil 
is most strongly influenced by 
changes in clay content, soil water 
content and soil salinity. The 
electrical conductivity of the profile 
is never governed by a single soil 
property rather by a combination, in 
constantly varying proportions.
Results are averaged for readings 
taken down the soil profile. A 
dualEMI survey provides data from  
0 to 60cm and 0 to 90cm depths.
GR: Soil profiles contain natural 
radioactive isotopes that in turn 
provide gamma ray emissions from 
the soil. These gamma ray emissions 
are detected by the GR instrument. 
As the instrument is moved over 
the survey area, it detects changes 

in these gamma ray 
emissions in about the 
top 40cm of the soil profile. GR 
provides information about soil 
forming parental geology of the 
soil, changes in clay and levels of 
gravel. The main elements measured 
for use in agriculture are potassium 
(K), thorium (Th) and uranium (U) 
and gamma-radiometric total count 
(Figure 1). 

Both instruments measure apparent 
differences, identifying that one 
area differs from another. They do 
not directly provide information 
on what is exactly changing in the 
soil. Ground-truthing, by taking soil 
cores to the survey depth in parts 
of the paddock where variability is 
highlighted, is required to establish 
the nature of the change. 

Elevation data is generally gathered 
at the same time by using RTK 
GPS signal,  combined with the 
information from the respective 
instruments and logged into an on 
board computer.

What do the readings 
tell me? 
Both technologies provide a range 
of readings that help identify where 

variation in soil properties is located. 
When mapped the data indicates 
where soil samples should be taken 
for ground-truthing and interpreting 
the readings.

As the measurements are only for 
apparent difference, it is not reliable 
to use readings from other farms or 
districts to interpret your own sensor 
soil map. Ground-truthing  
is essential.

The technologies 
working together
Compared to the use of EMI, the 
application of GR technology for 
agriculture is relatively new, however 
there are already some identified 
situations where they complement 
each other. These include:

•	 where	soil	conductivity	levels	
are very low, GR distinguishes 
between deep sand and  
gravel profiles;

•	 in	soil	profiles	that	consist	of	 
clay with areas of gravel, the EMI 
will tend to distinguish between 
these better;

SPEEDY 250

Nifty
Thrifty

It’s 

It’s 

It’s 

Contact your local rural dealer
www.kenso.com.au

The Easy Choice
Fast acting contact herbicide
Rainfast within minutes
No residual or plantback 
Resistance management tool
Broad spectrum
Excellent compatibility

Millions of dead weeds can’t be wrong
TRIED. TESTED. PROVEN.

Development and demonstration



26 Precision Ag News

•	 GR	can	help	separate	clay	profiles	
from those that are saline, as both 
result in high conductivity for the 
EMI instrument; and

•	 on	the	northern	sand-plain	areas	
of WA, the GR total count has 
been useful in identifying soil 
profiles with better water  
holding capacity.

Early indications from 
on-going research indicate 
additional opportunities 
for the use of EMI and GR 
could exist. 

An example 
from the  
SAGIT trial
The paddock illustrated 
in Figure 1 is at Wanilla, 
Lower Eyre Peninsula. A 
range of soil types were 
known to be located 
across the farm but the 
specific location of these 
was not always obvious, 
nor were the reasons for 
yield variation.

DualEMI, GR and yield data were 
collected for this paddock (Figure 
2). When soil survey data was 
compared to the yield map, a strong 
relationship between the thorium 
data and yield was identified. Low 
thorium correlated with low yield. 

The GR thorium layer was divided 
into four zones (Figure 3) and four 
years of yield maps were assessed 
for yield by GR thorium zone (Table 
1). The relationship between thorium 
level and yield held across seasons 
and crop types.

Initial investigative soil coring 
revealed that in zone 1 the low 
thorium/yield zone consisted of  
sand over heavy sodic clay soil. This 
was coupled with low landscape 
position and was relatively flat. Poor 
drainage was identified as a major 
limiting factor.

In zone 4, the highest thorium/yield 
zone, the profile was light sandy/
gravel loam, with a deeper profile 
and greater slope, which all resulted 
in better drainage.

In this case the GR data provides the 
grower with a reliable map of soil 
constraints that link to production. 
This can be used for future soil and 
crop management operations.

Details: Michael Wells,  
Precision Cropping Technologies, 
michael@pct-ag.com

Development and demonstration

Figure 2a-c. DualEM (left), thorium (centre), yield 2006 (right) for the same paddock at Wanilla, Lower Eyre 
Peninsula. A strong relationship between thorium and yield can be seen.

Dual EM Shallow Radiometrics Thorium Canola Yield Year 2006

3.10 8.74 14.37 20.00 25.63 31.27 36.90 42.53 48.16 
Special

15.21 18.47 21.73 24.98 28.24 31.50 34.76 38.02 41.28 
  ppm

0.00 0.10 0.19 0.29 0.38 0.48 0.57 0.66 0.76 0.85 0.95 1.04 
  tonne/ha

a b c

Table 1. Yield summary by thorium zone shows a consistent  
relationship across seasons and crop types.

 Zone Area Barley 2005 Canola 2006 Canola 2009 Wheat 2010

 1 19.9 1.84 0.25 0.62 2.49

 2 27.3 2.27 0.40 1.16 3.50

 3 28.6 2.63 0.64 1.57 4.12

 4 16.6 2.89 0.80 1.96 4.27

Figure 3. Low (zone 1) and high (zone 4) 
thorium zones created from the gamma-
radiometrics data and compared to yield  
in Table 1.
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directions to save time.

Ag Decision Support helps you respond to changing conditions and manage risk with 
easily accessed, timely information about your operation. 

With John Deere FarmSight™, you can transform your operational data into actionable, 
information-based insights to improve productivity — and your bottom line.
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