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PA Education and Training Modules for the Grains Industry

These education and training modules have been designed to provide information on the major topics considered relevant to adopting Precision Agriculture (PA) in the Australian grains industry. They are a resource for individual education, for use in developing training workshops or combining with established training materials. Each module focuses on a particular PA subject area and is delivered in up to four sections: 

· basic information - an overview of the important topics in the subject;

· advanced information - a more comprehensive treatment of the subject including expanded detail on the important topics;

· FAQ - common questions, exercises and handy tips; and

· supplementary information and archive - reference material to provide further detail or background knowledge if required.

Individuals can delve to the level of detail they require from each module. Training coordinators can choose the combination of subjects, specific topics and appropriate level of information in each to suit the knowledge of the trainees and the specific goal of a training program. The material in the Basic, Advanced and FAQ sections is provided in ‘open access’ form.  The text, figures and tables can be extracted and used in other presentation formats.  

The modules include some information previously published in the GRDC PA Manual (2006) and also some authorised third party material is included in the supplementary and archive sections. Original references are included for these where necessary and should be used if the material is reproduced or displayed. 

The general reference for the modules is:
PA Education and Training Modules for the Grains Industry.
Produced by Brett Whelan and James Taylor

Australian Centre for Precision Agriculture, University of Sydney

for the Grains Research and Development Corporation

(2010).

DISCLAIMER

This publication has been prepared in good faith on the basis of information available at the date of publication without any independent verification. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture do not guarantee or warrant the accuracy, reliability, completeness of currency of the information in this publication nor its usefulness in achieving any purpose.

Readers are responsible for assessing the relevance and accuracy of the content of this publication. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture will not be liable for any loss, damage, cost or expense incurred or arising by reason of any person using or relying on the information in this publication.

Products may be identified by proprietary or trade names to help readers identify particular types of products but this is not, and is not intended to be, an endorsement or recommendation of any product or manufacturer referred to. Other products may perform as well or better than those specifically referred to.
How are Australian graingrowers applying Precision Agriculture (PA) to improve farm management and increase profits?
Six early PA adopters discuss how they have established the use of PA technology and techniques as an integral part of farm management.

Mark Branson (Stockport, SA)
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Mark Branson is passionate about the possibilities of PA technology and since 1997 has been evolving his PA system that now includes variable rate seeding and fertiliser application and autosteer.

Mark, Nola  Deane and Jennifer Branson farm 1200 hectares near Stockport, South Australia. Approximately 80 per cent of the land is cropped each year to canola, bread wheat, faba beans, peas, durum wheat and malting barley. The remainder is sown to pasture for the self-replacing merino and prime lamb flocks. Average growing season rainfall is 350mm and the average wheat yield is 4t/ha. But with soils ranging from red brown earths to heavy cracking clays, undulating topography and variation in rainfall across the farm Mark tries to avoid talking about averages.  
Mark’s aim is to manage variation to optimise the production from an area and if the average yield is considered then he feels it makes it harder to focus on the potential output. For example, his high yielding zones produce 8 t/ha wheat, double the farm average. His interest in trying to manage variation started in the 1980’s when he was at agricultural college, however it was not until he bought his first yield monitor in 1997 that he started on the path to managing variability.
Since 2006 the whole farm has been sown using variable rates of seed and fertiliser.  

PA equipment
In his CASE harvester, Mark runs a CASE AFS Pro 600 yield monitor and uses a Trimble RTK GNSS to provide accurate steering and elevation data..The Trimble base station and receiver provide two centimetre horizontal accuracy and six centimetre vertical accuracy. The receiver is easily transferred between the header and the tractor.
Mark runs Topcon/Trimble autosteer systems on his John Deere tractor and Nitro SP Sprayer and Case/Trimble autosteer on his Case 7120 header. A Topcon X20 runs his variable-rate controller in the air seeder and sprayer.  Mark chose this equipment as he felt it was the best on the market for his needs and has an excellent local back-up.
Yield map data is cleaned and then processed using the CASE AFS software. This software also is used for the production of the variable-rate maps for phosphorus replacement, seeding rate, nitrogen and chemical applications. The variable-rate maps are then imported into TOPCON’s Maplink program in the X20 where the inputs are varied on-the-go. The management zone data analysis is either done by a consultant or as part of a research program.
Mark runs Fairport’s PAM software for general mapping and paddock record keeping.
The total investment in PA technology has been about $112K with the yield monitor coming as standard equipment on the harvester.
Mark is part of a new CSIRO selective harvesting Barley project where a Zeltex Protein Sensor has been fitted to his header to collect on-the-go protein data for protein mapping.
Variable-rate application
In 2002, as part of GRDC’s SIP 09 project Brett Whelan created high, medium and low yield zones across two paddocks on the farm. These were produced by combining information from aerial photographs, yield maps, elevation and an EM38 survey; the latter provided soil and elevation data.  Trials have been run across many parts of the farm and this information was used to work out why there were differences between the zones.  Mark is pleased to report that these zones have remained relatively stable over the years.
Mark has zoned many more paddocks for use in his Precision Agriculture program. For a number of years Mark has been experimenting with variable rates of phosphorus at seeding. For example, for a wheat crop the base rate would be 120kg/ha DAP. Rates are then increased or decreased by up to a third of this paddock recommendation across each zone. For the first two years no difference was seen, but by the third year reserves had been mined and differences started to show. Mark plans to continue this work to establish how extreme the variation in phosphorus rates can be.
Phosphorus rates are now based on crop nutrient removal calculated from yield maps instead of on soil tests and projected yields. This has resulted in a 20 per cent cost saving in phosphorus inputs.
In-crop, variable-rate nitrogen applications are also being assessed. Mark has experimented with biomass imagery produced as infrared photographs and trials with the in-crop reflectance sensors have also been carried out on the farm.
In the reflectance trials, a three per cent yield improvement was recorded where nitrogen applied at stem elongation was varied based on crop greenness, compared to using a fixed nitrogen rate. Mark has recently purchased a set of TOPCON’s CropSpec in-crop reflectance sensors and will be using them for this purpose, in conjunction with management zones, to optimise nitrogen inputs.

Mark uses variable-rate seeding, to provide greater crop/weed competition to target known patches of ryegrass. He uses the previous year’s biomass imagery, ideally taken early in the crop’s life where ryegrass patches can dominate the increase in biomass, combined with yield maps to determine where the problem patches are located. After these patches are confirmed by ground-truthing and a scan of the crop at first knockdown prior to the crop being sown, he targets higher seed rates at areas where a high biomass coincides with a low yield. 
Autosteer and CTF
Initially Mark matched his equipment widths for controlled traffic farming (CTF). Now the seeding bar and gypsum spreader all have a working width of 10m, the spray boom is 40m, and all wheels are on 2.2m centres. Wheel spacing was determined by the fixed chassis design of his trailed boom spray.  
Mark has been pleased with the transition to CTF but found that in his undulating country crop damage from wheel tracks was still wheel one metre of crop in every 40m. This was particularly detrimental to yield when applying nitrogen and fungicides later in the season.
The addition of two centimetre accuracy autosteer to the system cut the crop damage by half, with only 50cm trafficked per 40m. The combination of reduced crop loss and savings on inputs due to improved accuracy of placement has resulted in the investment in the autosteer being paid-off in just two and half years. Recently Mark has began sowing in between the previous years cereal stubble which has dramatically improved stubble flow and has led to improved establishment of crops when sowing into cereal and canola stubbles.

Mark has found the added bonuses from autosteer include: less compaction, less operator fatigue and the ability to concentrate on the operation rather than driving straight especially on the SP sprayer and header. 

Much of the sowing tractor work is done by Mark’s father and workman and they have both found the system easy to learn and operate.
Disadvantages or limitations
Mark is passionate about PA and the potential these technologies have for managing his cropping program. However, Mark has found that adopting PA technology does require some new skills in terms of computer use. While these can be minimal for the operator, they can be considerable for the person analysing, manipulating and storing data. In future he believes more third parties are likely to offer this service.
Working out the economics of PA is challenging but savings in the order of $37/ha were found in an economic study done in 2006 and will have increased significantly in 2010 with the changing economics of faming. The time and effort spent into researching what piece of PA is going to be applicable to his farm is a downside but the benefits are rewarding. Most farmers would see this as an adoption barrier, but hopefully over time, when the technology is proven, adoption rates will increase. However he considers that by looking at the drivers of yield variation in more detail he has become a better agronomist.
Words of wisdom for beginners
· know what you want to achieve before buying equipment and think to the future to ensure that what you buy has the flexibility to execute additional tasks. For example, protein monitoring is just around the corner;
· take the time to set-up paddocks correctly for controlled traffic farming. Once set-up, changes need to be avoided, as cultivating compacted tracks is hard work;  

· good back-up is essential and should definitely be part of any buying decision;
· only upgrade if it is offering something you need. Unless the upgrade is free; and
· think about what piece of PA will work on your farm and trial it in small areas before purchasing and adopting the technology.
Ian Carter (Spring Ridge, NSW)
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Ian Carter knows that PA has evolved rapidly over the years and that PA equipment is increasingly becoming just another part of the machinery budget with many items coming as standard. However, before investing in non- standard items he needs to be sure there will be a benefit. Based on this premiss he is using RTK autosteer, precision spraying and yield mapping which is then used to generate application maps for variable-rate fertiliser application both at planting and in-crop. Aerial imagery is also used to help with in-crop variable-rate fertiliser application.
Cropping 2500 hectares near Quirindi, New South Wales, Ian farms with three permanent workmen and also uses contractors at harvest. The rainfall is summer dominant and officially averages 650mm per annum, but is highly variable. The moisture storage capacity of the deep black soils in a zero-till system is two millimetres water per centimetre of soil depth which allows him to manage the erratic rainfall and produce winter crop yields averaging close to 5 t/ha and sorghum yields in the 5.5 to 7.5 t/ha range. Winter crops include wheat, barley, chickpeas and canola and summer crops are sorghum and sunflowers.

Autosteer
Ian’s system has evolved from controlled traffic (CTF) in the early 1990’s to high accuracy RTK autosteer. The CTF layout was set-up using elevation data from a grid survey conducted using a two centimetre vertical accuracy GPS. All his equipment is on three metre wheel centres and wheel tracks are not cultivated or sown. PA equipment has gradually been upgraded to increase accuracy. In 1998 he purchased a yield monitor and GPS unit for guidance and yield mapping, and a light bar was used for spray guidance. In 2000 guidance with sub-meter accuracy was purchased and in 2003 the John Deere autosteer system with 10cm accuracy was installed. This was upgraded to two centimetre RTK in 2008. Ian believes if he was starting today he would go straight for two centimetre RTK autosteer to gain all the benefits.
On Ian’s farm he runs all John Deere equipment. Due to problems moving the displays and control units between the harvester, self-propelled spray rig and the tractor that pulls the Excel double disc planter, three units have been purchased. According to Ian, having the same system in each machine is very useful for all members of the team as it makes learning how to control operations much simpler.
More education on the use of PA equipment is one area that Ian would like to see the industry develop. He feels most farmers using PA today have learnt through their own experience and then trained their employees. Having an experienced local dealer is invaluable.
Precision spraying
The GPS antenna on the self-propelled sprayer is not only vital for autosteer but also for precision spraying. Many of Ian’s paddocks are irregular shapes and even with controlled traffic overlap on edges and headlands could not always be avoided, especially when using the 27m boomspray. The boom is in five sections and Ian has installed auto-section control which switches off any boom section that is covering an area already sprayed and will not switch on outside the current paddock.

Since adopting no-till in the 1980s all operations have been run up and back.  The addition of the spray controller means there is no need to switch off the boom when turning, as it automatically registers that the headlands have already been sprayed. This allows the operator to concentrate on turning, eliminating misses and overlaps. Autosteer has also helped increase the accuracy of night spraying.

Yield maps
Ian has collected a large amount of yield data over time and uses an outside data processing service to combine these to generate zoned maps depicting the areas that have consistent high, average or low yields. These maps are then used to make fertiliser application maps that can be loaded into the airseeder or boomspray controller for variable-rate application. Ian estimates that he has saved up to $25,000 per year in fertiliser costs but more importantly has supplied the right amount of nutrients in each zone to maximise the yield potential for that zone which then increases the overall production.

Ian uses yield maps to assess trials and differences in management. For example, in an area of the paddock burnt by a neighbours fire we recorded a yield reduction of 2t/ha, most likely due to the loss of moisture by evaporation without the stubble cover. Without a yield map Ian says he would not have been able to quantify the impact of stubble removal.
Ian still believes one of the biggest changes that is required for wider adoption of PA is in the area of service and compatibility between equipment. He would like to see software that offers pre-operating check wizards and that is much more intuitive to use. He would also like to see the creation of PA schools to provide users with an opportunity to learn how to strategically maximise the value of PA rather than learn by mistakes or trial and error.
David Forrester (Mullewa, WA)
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Having observed considerable variability across their paddocks David and Christina Forrester adopted yield mapping and then variable rate nutrition.  They have seen some incredible differences in productivity and profitability from applying PA to their nutrient program.

In the 1990’s the Forrester’s started experimenting with the use of potassium and increased fertiliser rates to try and improve yields on their poorer performing lighter soils. Some positive results were recorded for the potassium but little benefit was gained from the additional fertiliser. It was then they turned to yield mapping as a means of defining their poor and high performing areas.
The Forrester’s farm 3400 hectares at Mullewa in the Western Australian grain belt, with approximately 2600 hectares cropped each year. The mix of yellow sand plain and white sand over gravel or clay soils are under a six year wheat/lupin rotation, with the occasional crop of canola or barley. This is followed by a three year pasture phase of Cadiz clover. Their average growing season rainfall is 336mm and average wheat yields are about 3t/ha.
One year of yield mapping was enough to convince the Forresters that they should manage to the yield potential of an area and not try to lift the yield of poorer performing areas. The initial zones were based on one year of yield maps. Usually several years of yield maps and other data are recommended for the production of management zones but the Forresters were eager to adopted PA and have found their zones remain relatively stable from year to year.
Zones are now reassessed every few years and David uses a combination of experience, yield mapping, site-specific soil samples and biomass imagery to establish the zones. For the Forresters, the management zones are generally associated with changes in soil type. High performing zones tend to be on the yellow sand, the low zones on the white gutless sands and the medium performing zones where the two soil types interface.  

PA equipment
The Forresters started with and continue to use two Rinex Farmtrax systems that give them 10cm accuracy. The correction signal is from Omnistar and over the eleven years of use the units have performed well with only small problems with compatibility and signal dropouts.
One Rinex system is in either the John Deere 9320 or 8320 tractor.  It is either connected to a Farmscan 22C1 controller to regulate fertiliser output from the Simplicity air-seeder box, or it controls the Marshall spreader when top dressing fertiliser. The other unit is mounted in the Case IH SPX sprayer for light-bar guidance and controlling the autoboom.

This equipment was selected because it was the best on the market at the time of purchase and is suited to guidance, yield monitoring and site-specific soil sampling. 
Recently Dave has added a GreenStar GS2 system to provide autosteering for the sowing, spreading and harvesting operations. The GS2 also now takes care of yield monitoring. Eventually he aims to equip the sprayer with autosteer.

The Rinex software is used on a computer to draw up the zone maps and record paddock data. To save time David uses a commercial company to produce the yield maps.
Set-up costs 
In 1998 the cost of setting-up for yield mapping with one Rinex system was $28,000. The second Rinex was purchased for $24,000 as part of an AFFA funded project. A Farmscan controller and wiring loom cost about $5000. David also pays an annual subscription to Omnistar for the DGPS signal. This is a farm licence and covers the two units for under $3000 GST inclusive each year. The GS2 has been an additional cost in recent years. 

The investment in variable-rate and navigation systems is producing benefits  across all the 2600 hectares cropped.
Variable-rate application 
All fertiliser applications (except lime or dolomite) are applied using variable rates based on the management zones. The Forrester’s total fertiliser use has not really changed using PA, what has changed is the efficiency of use and the gross margin for strategic application. Where an average rate of fertiliser was spread across the whole paddock, a large proportion of fertiliser was being wasted in the poorer performing areas. With variable-rate application (VRA) the high performing areas receive the most fertiliser.  
Originally rates were varied by about 20kg/ha between zones. Now the Forresters vary rates by up to 100kg/ha depending on the zones in a paddock and the crop. Table 1 contains the current fertiliser rates by zone for a paddock in a specific year. While the rates may change every year based on a nutrient budget but the relative difference between rates for low, medium and high zones will be similar.
	Zone potential
	Low 
	Medium
	High



	DAP Zn
	69kg/ha
	90kg/ha
	120kg/ha

	Potash 
	60kg/ha

	80kg/ha
	100kg/ha

	Urea
	50kg/ha
	90kg/ha
	120kg/ha


Table 1: An example of fertiliser rates varying by product and yield potential of a management zone.
Since 1992 the Western Australian Department of Agriculture (DAWA), in conjunction with the Forresters, has been running trials to establish the cost benefit of variable-rate nutrient management. A simple large-scale trial design using 12m test strips of different fertiliser rates across the production zones has been applied in several paddocks.
In 2002 the trial plots were harvested using a small plot harvester and David’s harvester and the results were analysed by John Blake from DAWA. The small plot results showed that matching inputs to productivity potential zones (e.g. applying low inputs to the low production zone) was more profitable than applying a medium rate across all zones (Table 2). Analysis from the broad-scale strips using David’s harvester (one kilometre long test strips across the three productivity zones) confirmed the small plot results. In Table 2 it can be seen that as yield potential increases, then the yield, protein and financial benefit from increased fertiliser inputs also rises.
	 
	Low potential

	Medium potential

	High potential


	Input
	Yield (t/ha)
	Protein (%)
	GM

($ /ha)
	Yield (t/ha)
	Protein (%)
	GM

($/ha)
	Yield (t/ha)
	Protein (%)
	GM

($/ha)

	Low = 33N/11P       
	1.54 
	9.3
	$105
	2.1 
	8.3
	$248
	2.45 
	9.2
	$254

	Med = 56N/17P               
	1.68 
	9.6
	$38
	3.56 
	11.1
	$303
	3.62 
	9.8
	$320

	High = 75N/23P
	1.67 
	12.7
	-$26
	3.69 
	11.3
	$238
	4.26 
	12.2
	$398


Table 2: Changes in gross margin due to adjusting nutrient inputs on wheat in three yield potential zones.  
	Treatment
	Low potential zone

($net/zone)
	Medium potential zone

($ net/zone)
	High potential zone

($ net/zone)
	Total net 
return

($)

	One rate
	1,109
	13,345
	26,108
	40,563

	Variable-rate
	3,516
	13,592
	32,509
	49,617

	Net improvement ($)
	2,405
	247
	6,401
	9,054


Table 3 Whole paddock net return of variable rate zone management compared to one rate application for Dam paddock. Total paddock area 160ha.  Average yield 3.1 t/ha, grain price $178/t. 

Analysis of the broad-scale strips harvested by the Forrester’s harvester in 2002 showed a net improvement of $9,054 in the profit return for the test paddock (Table 3). This approximate $55/ha improvement is representative of what was being achieved in other paddocks on the farm in the same year. The improvement was gained by better allocation of inputs and increased quantity and quality of grain (higher protein and less screenings). However, results do vary from paddock to paddock and farm to farm, and of course are influenced by the differential between fertiliser cost and grain price.

Disadvantages or limitations
David does not think there have been any disadvantages to adopting PA and variable-rate nutrition. The biggest issue the Forresters encountered was coming to terms with how much the fertiliser rate can be varied. They felt that the first year was wasted because rates were only varied by 10kg and no differences were observed physically or financially.  
The Forresters have one workman who knows and understands the system but he relies on David if changes need to be made or alarms start ringing. Initially David would drive the first lap of every paddock to make sure the system was working. He advises performing thorough pre-seeding tests to make sure the system is working properly and ensuring that all operators are familiar with its operation, every year.
In the future the Forresters are considering upgrading their equipment because their current system has some compatibility issues with other systems (other controllers and machines). 

Words of wisdom for beginners

· what always works on my farm does not always work 20km away so farmers should do their your own trials;

· start with a couple of paddocks at a time;

· do not be scared of the technology – David says he was computer illiterate when they started but anyone can learn to use computers and there is back up available; and
· when buying new machinery make sure it can do everything you want it to do as they are not always compatible with other equipment (controllers, monitors, tractors etc.).
Adam Inchbold (Yarawonga, VIC)
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Investigating the potential for variable-rate management has helped Victorian grower Adam Inchbold improve his understanding of the soil factors that are influencing his productivity.

Adam Inchbold farms 2250 hectares with his parents at Yarrawonga in Victoria. Each year approximately 55 per cent of the farm is cropped under a rotation of wheat/canola/wheat/triticale or barley. The remainder is in under pasture for four years and supports his self-replacing breeding and finishing beef herds.  Rainfall is winter dominant with average growing season rainfall of 280 to 300mm, and an average wheat yield of about 3.8t/ha. Adam’s objective is to optimise production from every hectare.
This objective has been hampered by the considerable variation in performance across a paddock. In 2003, four trial paddocks were established and an EM38 survey plus background data was used to delineate potential management zones. The EM38 survey cost approximately $5/ha. This was followed in 2003, 2004 and 2005 by surveying the rest of the farm, and extensive in-zone ground truthing of topsoil chemistry, deep nitrogen, crop performance, yield mapping and soil moisture monitoring using Gopher capacitance meters.
This work identified that topsoil remained similar across much of the area surveyed. However, the properties of the sub-soil changed significantly with position in the landscape. The tops of the hills and through the mid slopes are both dominated by duplex soils (often clay loam over a sodic clay or stony subsoil) while the points of lowest elevation tend to be heavier clay. These differences provide a key to identifying when and where the crop runs out of available soil water in drier seasons, and areas of superior yield potential and drainage in wetter seasons.
This work was done by the Riverine Plains Farming Systems Group in collaboration with Brett Whelan at the Australian Centre for Precision Agriculture at the University of Sydney.

PA equipment
Adam Inchbold has been yield monitoring since 2000. In 2004 he purchased an autosteer system (Autofarm/GPS Ag) with an on-farm base station to achieve two centimetre accuracy. The system required an investment of about $50,000 but Adam believed it was the best at the time and would provide substantial cost benefits over its lifetime, not just from reduced inputs but also from improved yields generated by the accurate placement of inputs. The autosteer system is moved between the spraying/spreading tractor and the harvester. The autosteer is also used to gather quality elevation data. In 2004 a protein monitor was also fitted to the harvester.
In 2006 a Bredl linkage spreader was purchased. The spreader was fitted with a hydraulic motor under direct command from an AgLeader Insight to enable the variable-rate application (VRA) of nitrogen.

In 2007 a Simplicity air cart with zero max gearboxes was adapted with a linear actuator under direct command from an AgLeader Insight to enable the VRA of phosphorus. A Trimble 4100 provided a GPS signal for yield monitoring and variable control of the air-seeder. 

In 2009 the original autofarm was traded in for an A5 Autofarm and a FarmPro, and the original single frequency base station was exchanged for a dual frequency base. The A5 is now used in the seeding tractor to enable inter-row sowing.  It is also used in the harvester.

The Farmpro is used in the spraying/spreading tractor. It has been fitted with a Switchpro and is used to steer the tractor, control the spray rate and the automatic boom section control.

Adam uses SMS Advanced for the PA side of the business. The program is a user friendly one, and yet has the capacity to handle relatively advanced analysis of spatial information including clustering of multiple spatial layers to make zones. Being a generic program, information can be imported from and exported to many different brands of hardware.
In a previous harvester, a Garmin hand held GPS costing around $400, was used to make yield maps. This unit is now used as a hand held tool for logging and locating points of interest around the farm.
Variable-rate application
Deep soil nitrogen tests within management classes are used to provide an indication of underlying nitrogen fertility differences between zones. Adam is trialling the use of in-season crop reflectance sensors to bring seasonal information on the performance and nitrogen requirements of his cereal crops into his nitrogen application calculations. Initially it is likely the technology will be attached to the boom spray to scan crops during spraying operations. NDVI maps will then be used to identify areas of high and low biomass and information on how various areas of paddocks are developing through a season.
Across the rest of the farm Adam applies gypsum and lime based on pH management zones. For example areas with pH5 or lower will receive 2.5t/ha of lime whilst areas with pH5.5 or more receive 1.25 t/ha or no lime depending on the point in the rotation. This is generating a substantial cost saving without any detrimental impact on grain yield or quality. Alternatively, it has the advantage of being able to address more pH issues in a given year with a limited quantity of lime. Phosphorus prescriptions are based on calculating nutrient removal in zones made from previous yield maps.
Disadvantages or limitations
Adam believes that variable-rate application does not always produce financial advantages and it takes considerable time to establish all the background information. However, it has helped him gain a much better understanding of the soil factors that may be influencing his production across the farm. He feels tools such as Yield Prophet® will play a part in developing robust yield potentials by management zone.
On Adam’s property the yield potential of zones does flip-flop a little. More research is required to help growers understand what is driving these changes and how variable-rate prescriptions might need to be adjusted between good and poor seasons depending on the yield potential of the various zones.

According to Adam there are many potential sources of data from which to choose. Choosing the most useful mix of data, and ensuring the most appropriate data for a given input allocation is applied, remains challenging. Adam has found that PA technology is not perfect. He has been challenged by hardware failure, dodging trees when on autosteer and the occasional software glitch. Also the appropriateness of different spatial data and different approaches to VRA varies with different seasons and different paddocks, meaning there are few set rules.
Words of wisdom for beginners
· do not spend too much money on things you may  want to change later;

· streamline your system so you need the least number of hardware items to do a range of different operations;

· keep hardware generic;

· critically evaluate the positives and negatives of the many different technologies that are available. Are they really useful for your system?

· start by simply breaking a paddock into a couple of smaller management zones and apply existing decision-making techniques to each zones rather than the paddock as a whole. Then move on from there;

· don’t expect miracles from technology.  Use it for what it does well;

· take small steps; and

· getting started is important.
Mike Smith (Gurley, NSW)
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For the past 15 years Michael and Bev Smith have developed their PA system. It now includes variable-rate fertiliser and chemical applications, yield and protein monitoring, and autosteer. They are continually looking at new applications for PA technology to help improve the profitable management of their farm.  

In 1996 the Smith’s, who farm near Moree, New South Wales, purchased a new harvester and thought it would be good to have a yield monitor included so they could start yield mapping. They bought an AgLeader 2000 yield monitor, hired a GPS unit and by the end of harvest produced yield maps that showed considerable variation across their 1255 hectares of winter cereals.  
The Smiths soils are black basalt soils over sandstone but the depth to the sandstone layer varies across the farm. They suspected the yield variation was driven by differences in soil depth and consequently water availability to the crop. Initially Michael set-up the GPS and yield monitor on a quad bike and using a metal push probe measured moist soil depth to produce a detailed map across a paddock. If he was starting today Michael says he would use EMI mapping to gather the soil data and this would provide him with elevation data at the same time. Michael reports that aerial and satellite biomass imagery does not appear to have the consistency of relationship with final yield in the northern grains region as much can happen between taking an image just prior to flowering and final grain fill.  
Over several years soil depth across the whole farm was mapped and yield data gathered for the winter cereals and chickpea crops and the summer sorghum and sunflower crops. Generally a good relationship was seen between yield and soil depth, although Michael reports that in wet years anomalies were found in the chickpea paddocks, due to some water logging and disease.
Variable-rate and paddock zones
By 1998 the Smiths decided they wanted to manage to the variation they had identified. They purchased a variable-rate controller for the air-seeder, a Raven 700 two-channel controller, and up-graded the yield monitor to an AgLeader PF3000 capable of variable-rate control. They now have a John Deere GS 2 Display which is used in the 9660STS header, 8220 tractor, and 4730 sprayer.  The GS2 acts as yield monitor, spray, autosteer, swath, and variable-rate controller. Two rate controllers on the tractor provide variable-rate for the airseeder and row crop planter.
Management zones were initially drawn manually, based on the yield maps and Michael and Bev found these to be stable over different seasons. They were also pleased to find that for their farm the zones were pretty accurate when compared to zones produced using analytical software by the University of Sydney. The management zones are used to produce target application maps for inputs to be variably applied in each field. The target maps are placed on a data card for the GS2 to control the inputs according to the tractor location in the field.

The change to variable-rate nitrogen has resulted in roughly the same amount of fertiliser being applied across the farm but in a more targeted manner. In some paddocks savings of $14/ha have been recorded by more targeted use of urea and a further $6/ha for starter application. For wheat, three management zones are used across the farm based on an average zone yield of 2.8t/ha (low), 3.5t/ha (medium) and 4.6t/ha (high). Urea is pre-drilled at 55kg/ha (low) 69 kg/ha (medium) and 83kg/ha (high). MAP or DAP are also applied at similar ratios at seeding.
In a good season Michael tested variable-rate seeding with the sorghum. His aim was to vary seeding rates to achieve increased germination in the deeper soils and better utilise the stored water; he was pleased with the results.
Software
Michael does feel that farmers who want to adopt variable-rate do need to have some interest in computers. Setting-up the variable-rate parameters has meant more time in the office and the Smiths use several software packages (Vesper and Jmp) to manipulate their PA data and generate management zones.  Farmworks is used for tracking farm operations, costs etc, and generating application maps.
Autosteer and controlled traffic
Having been driven to distraction with a light bar the Smiths decided to invest in a John Deere Greenstar AutoTrac autosteer system in 2003. They had already converted to controlled traffic (CTF) on nine metre machinery widths, and a nine metre grid aligned to the CT runs is used for mapping which makes setting up and analysing trials simpler. With the autosteer system they are able to optimise the advantages of CTF, such as reduced overlap, less driver fatigue and the ability to concentrate on operating the machine rather than driving on the tracks in a straight line.
The combination of variable-rate application CTF and autosteer have allowed Michael to experiment with variable-rate spraying for helicoverpa insects in chickpeas. Sampling highlighted that in the deeper soils insect numbers were above spray thresholds, whilst in poorer areas they were below. The tramlines allowed easy access to the areas of high population where a control spray was applied. This worked well for the first hatching although a more uniform distribution was found in second hatching requiring the whole paddock to be sprayed.

Words of wisdom for beginners
· determine what is causing variation in paddocks, and try and assess if it is stable from year to year, before launching into variable-rate;
· establish specific PA goals before investing in equipment and make sure what is purchased can meet these objectives; and
· not all PA technologies are currently equally applicable to all regions. 
Rob Taylor (Macalister, QLD)
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Darling Downs cropper Rob Taylor has been a practitioner of controlled traffic farming since the mid 1990’s. However, the production of a whole farm yield map in 2003 convinced him that he needed to change completely the farm layout in order to maximise the flow of water through his 2200 hectares of cropping land.

Farming near Macalister, Queensland, Rob Taylor has established that variability across the farm is driven by topography and its impact on the overland water flow. Soils are all black vertisols, with the majority being Bongeen clay and the reminder the slightly lighter and more fertile Waco soils. Annual rainfall is 680mm of which 70 per cent should fall in the summer but as with many areas in this region, summer falls have ranged between less than 100mm to 300mm. Good water flows across the property, from isolated storms, has helped to sustain the sorghum yield at about the annual average of 5t/ha. Other summer crops include corn and mungbeans, while between 10 to 20 per cent of the farm is sown to winter crops of wheat, barley or chickpeas, the proportion of which is totally dependent on how much stored soil water is available. 

Rob Taylor adopted no-till in the early 1990’s. This was shortly followed by laying out the farm for controlled traffic (CTF), with permanent unsown tracks and all equipment modified to three metre wheel centres. Farm layout was based on previous property history with tracks measured out using marker arms. Stuart Cannon, Rural Property Design, introduced the concept of topographical maps using survey grade GPS, and while this was carried out, use of the data was put on hold. 
These changes revolutionised the farming operation. No-till incorporating CTF greatly reduced compaction and with good stubble cover improved water infiltration resulting in greater volumes of stored soil water. The ability to store more water has resulted in greater production. CTF has enabled management efficiencies, reduced overlaps, improved operational timing and cropping frequency, and it has improved natural resource management.

Yield and topographic mapping
In 1998 a yield monitor and GPS unit were purchased and yield maps were produced for the first time.  

Rob says the yield maps showed there was variation but he was unsure what to do about it. He also felt he needed several years of data before any decisions were made.
However, in 2003 consultant Tim Neale produced the first whole-farm yield map and Rob was struck by the relationship between topography and yield. When the mapped topographic information was combined with the yield data Rob was quickly convinced that the whole farm layout need to be changed.

He said the whole-farm map showed reduced yield in areas affected by water logging as well as yield increase where water was allowed to flow unhindered. Changing the layout offered him the ability to distribute heavy rainfall in one part of the farm by overland flow to another part, in essence as irrigation water.
Stuart Cannon was commissioned to redesign the farm layout using the new topographical data. Rob had already successfully experimented with running tracks up and down the slope against the convention of working across the contour. With appropriate headland design such a layout had proved to be better at controlling water flow and caused less soil erosion. Consequently tracks running up the slope were incorporated in the new layout.

Rob uses 18m grassed headlands as turning areas, roadways, and areas that spread water, slowing down its flow before it enters or as it leaves the tracks. The management of water as it enters and leaves paddocks is of the highest priority in order to prevent soil erosion.  

In addition to maximising water flow Rob wanted to maximise efficiency by minimising the number of odd shaped paddocks. The new layout resulted in only two triangular paddocks, compared to the previous layout that had many non-rectangular paddocks that were inefficient to work and in which overlap was difficult to eliminate.

Autosteer
It took a couple of years to complete the change in paddock layout, especially where old tracks were moved from running east west, to north south, so needed to be levelled. However, the main delay was that Rob held off applying the new layout until two centimetre accuracy autosteer guidance was purchased. The John Deere Starfire system was purchased with a new JD 8420 tractor in 2005.

He believes if marker arms are all that can be afforded for the creation of CTF tracks they can do the job, but with 10 years experience Rob has found that without autosteer, tracks can appear straight at first before gradually becoming more and more crooked as any small wiggle becomes exaggerated overtime.

With two centimetre accuracy achieved from the shared based station, Rob finds the new tracks are considerably straighter. Currently the autosteer is only on the tractor but Rob reports that the harvester stayed on the new tracks so well he hardly had to steer. Guess rows are accurately spaced and the chaser bin is always the correct distance from the harvester for unloading. Benefits from improved accuracy, reduced fatigue and better water flow are all having a positive impact on the bottom line.

Investment in PA
Investment in PA technology has been about $80,000 for hardware, including the AgLeader 3000 yield monitor and GPS antennae for the Starfire system. Tim Neal collates, analyses and maps all Rob’s data.  

Rob believes farm layout is crucial in many areas and should be high on the list when considering the reasons for investing in the use of PA technology, including purchasing hardware or employing contractors. He says if he was starting today and the budget allowed he would go straight to autosteer.

Rob has now finished 4 years on the changed layout (old management history is still showing up in some places) and will now be combining seasons of yield maps to find if there are any consistently high or low yielding areas. Based on those findings, and comparison with topography maps, he will aim to soil test and define any oportunities for variable-rate management.
Andrew Weidemann ( Rupanyup, VIC)
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As a family the Weidemanns have always aimed to keep up to date with the latest information and technology to help make their farm more profitable.  Farming in the Victorian Wimmera region, Andrew and Rodney Weidemann started yield mapping in 1996. PA technology still plays a key part in all their farming enterprises, throughout the year.

With a Microtrak yield monitor fitted to the John Deere 9500 harvester and agronomic support from Pivot fertiliser company, Andrew and Rodney Weidemann first ventured into yield mapping in 1996. Their objective was to use the maps to identify locations to soil sample and build a database of soil characteristics across their farm. However, they ended up with many more questions than answers. 
Today yield maps, EM38 soil surveys, satellite imagery and on-the go sensors are used to evaluate yield data and soil types and to make decisions on nitrogen applications in the crop. The combination of technologies gives them a quicker understanding of the differences between soil types and the soils’ capacity to hold nutrients and moisture to better target fertilisers to crop need. However, it was the addition of autosteer that has revolutionised their cropping program.
PA equipment
The Weidemanns run two StarFire 2 guidance systems (10cm accuracy). This system is based on a subscription that costs $1250 a year for each of the two units. They are happy with the 10cm accuracy this system gives as in their self-mulching grey clays machinery does not normally trail accurately. Reliability/repeatability from year to year is of more importance to the Weidemanns than two centimetre accuracy. However, if a community base-station where available they would consider subscribing to this, especially as they are interested in adopting inter-row seeding.
Andrew notes that most of the farm is on returned soldier settlement acreages, which were set up on very square blocks. He says this provided an excellent guide when planning for PA as he could set up on either zero degrees or 90 degrees depending on the paddock direction, instead of using the normal A-B line required as a base-line for PA operations in each paddock. One of the Starfire 2 systems is located on the John Deere 9760 STS harvester for yield monitoring and autosteer. The other is on one of their three John Deere tractors including the 8410T, and is used for autosteer and variable-rate control of the air-seeder or for guidance when spraying or spreading fertiliser.  
A TOPCON Zynx rate controller is used to vary fertiliser output on the Simplicity seeder. Data is managed on the PAM Farmstar software, Pocket PAM and John Deere Office. The total set-up cost for the whole system was between $60,000 to 70,000.

Autosteer
The Weidemanns work up-and-back, and aim to match machine working widths and wheel basis to produce a full controlled traffic system. Currently the seeding bar is 11m, the boom spray 33m but the harvester comb is only nine metres.  Matching machinery will bring the benefits of reduced compaction and crop damage by wheeling, while autosteer immediately reduced overlap and allowed wide row crop spacing to be adopted.
A minimum five per cent saving in seed, fertiliser and fuel costs is estimated since the introduction of autosteer, which is a substantial annual saving across 2000 hectares of crops. In cereals similar savings in herbicides and fungicide usage have been recorded but the savings in pulse crops have been even greater. Autosteer has allowed chickpea and broadbean crops to be sown as paired rows, on one meter row spacing. The autosteer helps ensure the row spacing is maintained accurately across the paddock, and allows a shielded sprayer to be used with non-selective herbicides for in-crop weed control. Detailed cost savings have not been calculated for herbicides but for fungicides chemical use has been slashed by 50 per cent.
Yield benefits are also recorded and the Weidemann’s believe this is due to better water use efficiency and improved weed control, especially of resistant ryegrass. For example, in 2004 the district average for both crops was 1t/ha, whilst the Weidemanns produced 1.4t/ha of chickpeas and 1.75t/ha of beans.

Management zones and variable-rate nutrition
Andrew used a combination of information from yield maps and EM38 soil maps to produce management zones with their PAM Farmstar software. In one paddock, an EM38 survey identified significant differences in soil characteristics across the paddock. Soil testing within these different areas identified a correlation between available phosphorus in the areas defined by the EM38 survey. For example, phosphorus levels ranged from 54 parts per million (ppm) (luxury amounts) to 17ppm (deficit). The Weidemann’s have experimented with varying phosphorus inputs at seeding within these management zones. Rates now vary from 25kg/ha up to 100kg/ha depending on the type of fertiliser used. 
However, zoning for nitrogen may take longer to achieve as zones have been found to flip-flop between high and low yield depending on the season. This may be due to the impact of a good crop removing more soil moisture in the previous season, but more research is required to determine if this is the case.

Satellite imagery is being evaluated as a means of determining in-crop nitrogen application zones, as are in-crop reflectance sensors that are able to vary nitrogen rates based on crop greenness.
Disadvantages and limitations
Record keeping is a big issue with many aspects of PA. The Weidemanns found themselves on a steep learning curve when it came to computerised record keeping. A particular frustration is that much of the available yield monitoring software is not compatible with farm recording programs. They are happy with the John Deere software but want to achieve more with it and hope their local support can help them.
Another problem has been the difficulty in finding expert advice for support and service. When buying PA technology they believe growers should ensure they know what hardware and software support is available and whether it is local or remotely based. The Weidemanns subscribe to a John Deere, 24 hour hotline that is based in the USA and costs $US400 per year. While this has nor been ideal, it has been sufficient until now. They hope that the larger agricultural machinery manufacturers will start to offer a better level of support and service with regards to their software and application.
Analysing yield data and producing yield maps is time consuming and the Weidemanns have found that the savings in time and fatigue from driving are often substituted with hours working on the computer!

Words of wisdom for beginners

· do not become hung up about accuracy, 10cm is currently fine for most of our autosteer situations. For yield mapping and variable-rate the Weidemanns feel that one metre accuracy is sufficient;
· watch out for expensive, high level software that requireslots of learning.  Also check that old yield data can be read by newer software. For example, the Weidemann’s pre-2000 maps were on a Microtrac yield monitor held as .dat files and only expensive programs such as Farmstar can access the information;
· ensure that any equipment and software purchased comes with high quality, preferably locally based back-up; and
· think about computer record keeping at the start. Develop a logical system that allows easy retrieval.  
Useful Websites

These sites provide more information on the economics of Precision Agriculture.

Purdue University Site-Specific Management Centre
– www.agriculture.purdue.edu/ssmc 
This Centre publishes the ‘Precison Farming Profitability’ book which can be ordered from the site. The Faculty has staff with a world renowned reputation in PA economics.

PrecisionAg.Org –  www.precisionag.org/html/ch14.html
This PA course site was developed by California Polytechnic State University, California State University, Fresno and the University of California, Davis. While it was released in 2003, it has a general module on PA economics that simply describes the basic analysis techniques.
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