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Executive Summary  

After completing my Nuffield Scholarship, it is apparent that the focus in Precision 

Agriculture has to remain on profit, first and foremost. The aim being in using the instruments 

of Precision Technology to assist in providing a more profitable solution rather than focusing 

on supplying a site specific answer. The ongoing development of new technologies will 

continue to improve the accuracy of these solutions. 

This report includes visits to numerous regions of the world that have highly varying 

environments, both soil and climatic, allowing a large variety of production types and levels 

of associated management. This supplied a wide variety of solutions to effective use of 

precision agriculture with an emphasis on technology that can be readily adopted into 

Australian agriculture.   

The diverse range of farming systems in Australia and their associated climatic conditions, 

require detailed analysis to determine the most profitable response to each environment. The 

statement “If you don’t measure it, you can’t manage it “, will become even more relevant as 

precision technology supplies us with better management tools. The greater the database of 

information recorded will improve the quality and stability of analysis. 

A major limitation in the adoption of precision technologies is the numerous sources of 

components to create a complete system. The combination of information, technology and 

management have so far created a fragmented precision farming system requiring a highly 

technical and time consuming effort to gain the true benefits. This report looks at the use of a 

common platform to combine the various components of a precision farming system with the 

ability to move data seamlessly between machine, analysis and farm management software.  

A common response of successful farmers worldwide is that the focus must remain on 

applying technology that provides a greater return than the ensuing investment. Whilst this 

report supplies a variety of solutions, it does not replace the underlying factor that initial 

farming practices must be excellent before considering the investment. By applying decision 

support systems to current management may provide greater financial gains than intensive 

zone management. Therefore focusing on overall solutions first will provide a more profitable 

response relative to the cost of implementation.   

On my return to Australia, it became apparent as I commenced applying the knowledge that I 

have gained, that the lack of technical support currently available in this area is limiting 

farmer adoption. This will only increase as precision agriculture becomes mainstream and 

provides profitable solutions that can be charged for accordingly.  

As we are constantly under the pressure of spiralling costs and diminishing returns, we have 

to continue to develop and apply these technologies to remain at the forefront of world 

production. 
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Aims and Objectives 

o Research technologies worldwide that are currently being applied to improve 

profitability and assess if they can be adopted into Australian Agriculture. 

o Assess the potential developing technologies and see where their application may be 

relevant in the future. 

o Look at systems that move data seamlessly and easily to improve management of the 

increased levels of information that precision agriculture creates. 

o Assess the available Decision Support Systems and their ability to assist and adapt to 

Australian conditions. 

o Explore issues facing agriculture worldwide that may be relevant in the type of 

technology needed in the future to sustain current farming systems. 
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Introduction 

 

 “Profit is King, Yield is not” 

Precision Agriculture has over the last ten years offered the potential to revolutionise 

agriculture but few of these technologies have been adopted successfully. The cost of inputs 

during this period has risen at an alarming rate and the value of commodities has remained 

stagnant. With the development of the new, highly productive agricultural regions of the 

world, which have the ability to produce low cost commodities and with the improvements in 

the logistics of produce movement worldwide, the pressure on prices will continue into the 

foreseeable future. 

This will require the continued development of highly efficient farming systems with the 

ability to maximise production of high quality produce and still remain profitable.  

My personal interest in this area has grown as we continue to aim to increase the profitability 

of our own farming operation in an environment of tightening margins. The associated 

frustrations in the adoption of this technology have increased my interest in finding adaptable 

solutions that are cost effective, easy to operate, and increase, not restrict, the efficiency of 

current farming systems  

With the continued search for new technologies through organisations such as Nuffield and 

GRDC, and the innovative nature of Australian farmers to adopt these successfully, I am 

confident that this can be achieved. 
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Residue Management 

As yields and subsequent residue levels continue to rise with improved farming techniques, 

the importance of residue management will continue to increase. This is an area rarely 

mentioned in Precision Agriculture. The combination of wider harvest equipment and 

controlled traffic places a higher emphasis on straw/chaff management. The most practical 

and cost effective way to handle crop residue is with harvest equipment and this will dictate 

whether crop residue is an asset or of detriment in a cropping system.  

To put this into perspective, if a 5 tonne/ha crop of Barley is harvested with a 42 foot (13.9m) 

header front and an average straw/chaff spread of 15 feet (4.5m) is achieved, then the 

concentration increases to 14-15 tonne /ha in the spread area equivalent of stubble. This will 

cause numerous crop issues in the subsequent season and if in a controlled traffic system then 

nutrient return through straw/chaff will have an increasingly uneven distribution. This 

coupled with uneven fertiliser application could emphasize this problem even further. 

 

Figure 1.  Nutrient distribution in a Tramline System 

 

If complete straw/chaff removal through baling is practised then adequate return of applied 

artificial nutrients is critical to sustain the cropping system. 

A 100% spread of both straw and chaff over the width of equipment is ideal but it is deemed 

acceptable if an 80% straw and 50% chaff spread is achieved. 
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Factors influencing Residue management 

 

1. Crop Type 

Crops such as wheat, barley and peas produce a high ratio of straw to chaff. This is in 

comparison to Canola which produces high levels of chaff with little straw. In rotational 

cropping systems it is equally important to spread both chaff and straw. This creates issues for 

manufacturers achieving efficient spreading equipment with a range of crop types.  

 

2. Width of Cut (unless removing straw and chaff) 

As the size of harvest equipment increases to match larger capacity or controlled traffic 

systems, so does the importance of the residue management system. As width increases, the 

intensity of residue in the traffic zone increases if poorly managed.  

Detrimental Effects of Crop Residue 

• Trash flow or hair pinning  

• Slow emergence due to cold soils under heavy lumps 

• The chaff row can tie up nutrients 

• The chaff row has volunteer grain and weed seeds can cause problems in the following 

year through late germination and disease carryover 

• Certain types of crop residue can have an allelopathic effect on germination and 

growth of crop seedlings. 

• Attractive environment for insects under residue. 

 

Benefits of well spread residue 

• Soil moisture conservation through improved infiltration and lower transpiration 

• Reduced soil erosion 

• Improved organic matter levels in certain environments 
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3. Stubble Height 

A rule of thumb is that stubble height should be lower than the row spacing to prevent 

plugging of equipment. With the use of sub 2cm tractor guidance and bar guidance systems 

such as Smart Hitch by Straw Track, Saskatchewan, Canada, the stubble can be cut higher and 

the benefits of sowing inter row  with taller stubble can be achieved. 

At the Agriculture Canada Research Centre in Swift Current, Saskatchewan, research has 

shown that in dry environments such as the Prairies, an increase in harvest height has resulted 

in improved soil moisture levels and improved micro climate, thus increasing yield. The 

stubble was harvested at the same height to remove the effects of snow melt then cut to the 

appropriate heights for the trial. The effects of shaded soil, lower wind speeds and warmer 

canopy temperatures (though this did not increase transpiration as soil temperature was cooler 

due to good residue cover), have resulted in an increase in Water Use Efficiency. 

Figure 2.  Effects of stubble height on Yield and Water Use Efficiency 

Stubble   Water Use  Yield         Water Use Efficiency 

Height       (mm)   (kg/ha)   (kg/ha/mm) 

Extra Tall (45cm+) 215 1551 8.5 

Tall (30cm) 215 1486 8.0 

Short (15cm) 215 1423 7.5 

Cultivated 215 1329 7.1 

 

Stubble          Spring Wheat          Canola   Chickpeas 

Height    (bu./ac)  (bu./ac)  (bu./ac) 

Extra Tall (45cm+) 30.79 20.78 20.87 

Tall (30cm) 30.20 19.97 19.47 

Short (15cm) 28.63 17.96 19.92 

Cultivated 28.37 15.57 17.98 

Source: Agriculture Canada, Swift Current Research Centre. 

 

The benefits in dry environments of sowing inter row not only show an economic response 

but will also increase the throughput of harvest equipment with reduced associated costs. 

Other benefits can be increased efficiency of starter fertiliser as it is not as accessible to the 

root mass from the previous year’s crop to assist in microbial breakdown. 
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4. Method of distribution 

The increase in weed resistance has seen the development of collection equipment from chaff 

collection systems through to complete baling. There are a range of positives and negatives in 

removal as described below. These have to be balanced depending on issues that are relevant 

to your individual location and status of your operation. 

 

Nutrient Value 

Although the economic value of residue can only be estimated over a period of years 

depending on crop type (cereal straw only release 10-15 % in the first year in comparison to 

30-35% with Peas), there is significant nutrient value which can be estimated. An over supply 

of cereal residue can have a negative effect in the following season as N is tied up in 

microbial breakdown, this is in contrast to Peas with a higher N content in the residue 

providing short and long term benefits. 

Figure 3.  

Nutrient removal  

 

 

 

 

 

 

 

 

 

 

This estimated value of nutrients has to be weighed up against straw value through baling and 

artificial fertilizer cost, resistance issues and seeding benefits. Machines such as the McLeod 

Harvester recently developed in Canada, which removes grain and chaff while returning straw 

to the field not only reduces resistance but the millings from separation provide a nutritious 

source for feedlotting. 

Approximate nutrient removal by selected crops 

Source:  adapted from Plant Nutrients Removed by Crops, Western Canada Fertilizer Association. 1992 

3.33 19.3 4.36 21.7 1.2 1 Winter wheat 

5.01 18.2 7.1 46.9 1.5 1 Sunflower 

       

4.07 38.9 5.45 34.4 2 1 Oat 

5.0 34.6 5.81 51.7 1.7 1 Lentil 

       

4.83 33.2 6.1 51.7 1 1 Field pea 

       

12.37 

4.81 

Phosphorus 

(kg P) 

10.29 

3.12 

Sulphur 

(kg S) 

36.4 60.1 2 1 Canola 

20.8 27.1 1    1 Barley 

kg of nutrient removed (by grain + straw) per ton of grain 

Potassium 

(kg K) 
Nitrogen 

(kg N) 
Straw/ 
Grain 

Ratio 

Grain       
(t) 
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Data Management 

The greater the solutions that technology provides to improve Precision Agriculture, the 

greater the increases of the associated data levels and its management. The ability to access, 

manage and manipulate the data easily and seamlessly, will assist in the adoption of PA. An 

issue facing adopters of new technology is the ability to combine it into current management 

systems. The focus and interests of technology companies is to remain on the leading edge of 

development, generally the associated data systems is only a secondary priority.  

Creating a common platform between all components of precision equipment and software 

will allow farmers to reduce the required time to gain the full benefits of available   

information.  
 

Technology assisting in Data Management 

Pocket PC or PDA (Personal Digital Assistant) – These hand held computers which use the 

Windows CE operating system, have the potential to form a common platform for data 

management. These units are extremely expandable and can include wireless and bluetooth, 

enabling contact to the internet through mobile phone (Imate have recently released a CDMA 

powered Pocket PC with high speed internet access) or the ability to read data to and from 

other wireless equipment. They can be GPS activated to enable data to be geo referenced and 

provide numerous mapping capabilities, including VRT maps. Guidance software is available 

on these units with the creation of coverage maps with rate coloured legends exportable into 

farm recording or analysis software 

Figure 4.  Data Management System 
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Potential PA Solutions using a Pocket PC 

 

Current guidance systems have their own recording software. This data generally is not 

transferable into farm recording software. The handling of data from agronomist to sprayer to 

farm software requires three sets of physical data transfer to end recording of operation. The 

inability to quickly handle these types of data transitions with the risk of error introduction 

made this an area of importance of my tour, which would definitely improve our own 

operation. With the development of software to run in the Windows CE operating system 

within the Pocket PC platform, these are the potential uses and benefits that I feel could be 

created. 

On entry to a field with a GPS assisted pocket PC, the paddock information of the current 

season from variety to expenditure could be displayed as GPS georeferences all information 

to that field’s boundaries. On agronomy recommendation, these could be inputted to provide 

amounts required and costs of application. If chemical data or cost is not available then a 

central database could be accessed through mobile phone internet or photographs could be 

taken for further assessment.  

After the proposed spray is entered into a planned operation, it could be given to the operator 

with the planned spraying regime and required amounts. The pocket PC can piggy back the 

spray guidance system through a cradle for a GPS signal to create a coverage map and 

calculate required amounts to ensure correct amounts of chemical are calculated to prevent 

wastage. If the operator enters the wrong field then the system could provide a warning 

preventing the problem of incorrect field spraying. On completion of the job, the associated 

data is shifted from plan to actual. The pocket PC can then be taken home and the data 

entered through wireless into the farm software package or with a wireless antenna on the 

machinery shed, data can be shifted directly from sprayer to office computer. 

During harvest this could store information to transfer to data analysis software as well as 

farm software. The ability to access the internet could provide daily grain prices, radar images 

or load information through the creation of a website with this relevant information. 

Prescription maps can be exported into the pocket PC and directly connect to the VRT 

controller. 

A potential advantage is in QA systems, as the Pocket PC is available with a barcode scanner. 

Drums of chemical could be scanned into storage creating a record of inventory with batch 

numbers and chemical type. As chemical is entering the sprayer it could be scanned 

associating the batch number to that load and if the chemical does not match the paddock plan 
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a warning could prevent incorrect chemical mixes entering the tank. This would then readjust 

the inventory. 

There are numerous potential applications but the underlying aim is to create a system that 

can seamlessly move data without double handling between systems and labour units, and 

automatically locates a position to the current operation. It should have a drop down type 

menu so it can be accessed by numerous other software programs which would also lead to 

easy learning of the Pocket PC system. The aim is to be able attach to and move data 

seamlessly between numerous pieces of equipment and software but remain simple in its own 

operation. 
 

Potential of Wireless 

Both wireless 802.11 and Bluetooth are wireless networking standards that provide 

connectivity via radio waves. Bluetooth is a low power, short range (10 metres) with 

moderately fast transmissions. It provides a cheap, wireless, point to point “Personal Area 

Network” that recognizes other Bluetooth enabled equipment. This is in comparison to 

wireless which works up to 100m at broadband speeds. Wireless “land area network” or 

WLAN provide the ability to have numerous wireless receivers in the network but requires 

greater effort to create this connection. New technologies being developed such as WiMAX 

will allow wireless broadband up to 50 km. 
 

Ag Solutions using Wireless. 

An interesting visit during my tour was to Mitchell Farms, IOWA. Progressive farmers Clay   

Mitchell and his Father, Wade, have created their own on farm network. The farm computer 

network evolved from the realization that they could use their RTK(Real Time Kinematic) 

guidance system radios to simultaneously transmit data for a computer network. To create a 

network that gave their farm complete coverage required the use of a 2.4-gigahertz Navcom 

Safari Network. This gives a 15 mile line of sight signal which required the construction of a 

150 foot tower and a repeater on their grain complex. Seamless roaming will automatically 

locate a connection. This system provides a mobile, licence free, wireless broadband data 

network.  

This created the ability of internet access in their farm machinery. Not only can they 

download grain prices, weather etc but it has enabled them to control their grain drying & 

handling complex through a Programmable Logic Controller (PLC). The laptop mounted in 

their harvester contacts the PLC which has numerous sensors attached. From the readings 
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they can control the complex through the internet, saving a full time labour unit. This system 

can also give on-the-go management of machinery movements from the office. 

A unique monitoring system seen at Raven Industries, South Dakota, was the Fluent NH3 

Monitor. This unique 2 piece wireless system removes the need for cabling on equipment. 

This system provides monitoring of up to 3 items and although designed for anhydrous 

ammonia, could easily be adapted to other liquids and uses. The focus on this system was the 

ability to quickly fit the components and the removal of wiring looms which can cause 

connection issues between equipment. 

 

Figure 5.  Raven Industries Fluent NH3 Wireless Monitor 

 

 

 

Dr. Stuart Pocknee, NESPAL, University of Georgia, a highly knowledgeable advocate of 

wireless, sees the potential for complete removal of wiring from tractor to implement. On 

connection of equipment and a power supply, which will provide motor control, allows 

wireless to make the connection to the cab monitor. This will also allow for multi use 

monitors to control numerous equipment types with quick connection. Radio Frequency 

Identification (RFID) could be used for implement recognition which could enable required 

screen and controls. 

There are other inexpensive methods of remote control and status monitoring but have lower 

levels of Data flow such as that provided by GME Electrophone. Their reliable telemetry 

system operates in the 450-520 MHz UHF band and can control and monitor up to 99 

outstations per base station. This can achieve a signal range of 100km and repeaters can be 

used if this not achievable through line of sight. 
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Machinery Management Systems 

The development of systems such as “JDLink” will enable fleet management from a central 

office location. The JDLink control unit connects into the tractors electronic management 

system and GPS signal. Data is relayed through wireless communication (cellular) to a central 

database maintained by John Deere. The information is accessed through a website available 

24 hours per day. 

This supplies full tractor operation data plus service scheduling which will provide machine 

location and status, provide vital warnings, and enable efficient servicing including refuelling. 

It will enable the analysis of machine utilisation including idle periods to increase efficiency 

of operations and tractor productivity. A history of operation will prevent machinery abuse 

and will be available on sale of equipment to the potential buyer.  

The development of these types of systems will become increasingly important as operations 

and machinery fleets increase. A concern amongst growers in the United States is the control 

of data by John Deere. The issue being whether it influences warranty claims or sale price in 

the future, but I was assured by the company that the data remains the property of the owner. 
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Data Analysis 

“The Power of Information” 

A powerful resource is farmer knowledge. A common answer on visiting farmers and the 

associated ritual farm tour is the response, “That part of the paddock or that paddock over 

there always yields well, wet or dry, pity it wasn’t all like that”. The interesting question is 

“Why?”  

This is where Data Analysis becomes a powerful tool. While this tool is extremely useful in 

assisting the decisions leading to increasing profitability, the effectiveness is influenced by a 

number of factors. 
  

1. Cost - Information costs money. Whether this is purchasing satellite data, soil 

sampling etc or buying equipment and software to record or analyse data, there is an 

associated cost that must be less than the potential gains. 

2. Access to service providers to analyse this information. The technical aspect of most 

analysis software requires adequately trained operators to extract the maximum 

benefits available.  

3. The ability to turn this analysed data into the most effective gain requires well 

qualified people to recommend the appropriate fix. 

4. The amount of information layers available and the specific nature of each layer. 

5. The longer the period of collection of data, the higher the correlation between stable 

features in each layer. 

 

Where to Start? 

Yield mapping provides a picture of how the crop responded to the conditions to which it was 

exposed. These range from inputs applied, seed type, soil properties, climatic conditions, 

pressures of weeds, diseases and pests. The advantage of yield mapping with the allowance 

for accuracy is that it is a quantifiable data set that actually occurred. This also allows the 

ability to do numerous trials and quantify the results.  

As Yield mapping is done during the traditional operation of harvest, it is a low cost data 

layer. With 3D coordinates in current GPS receivers, the layer of topography can be recorded 

also during this operation. The accuracy of this layer is relative to the accuracy of the GPS 
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receiver. The ability to combine different harvest data into a single layer is possible with most 

software packages. 

Satellite images are available or can be downloaded from numerous sources and the level of 

information, frequency of pictures and the pixel size are relative to the cost of the images. In 

certain farming environments, this cost may not be justified. 

With the use of an on farm weather recording station, climate information can be accurately 

applied to analysis. 

The Soil Data Layer, due to the cost limitations in Australia (generally implemented overseas 

as grid data), should be completed after initial analysis. Effective initial data may be available 

through pH and EM mapping 

The input cost layer can be applied from farm software packages. 

Figure 6.  Profitable gains through analysis software 

                                                                                                            

 

                                                       

 

There are numerous outputs achievable and the longer the analysis period, the stronger the 

correlations between certain characteristics.  
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Output achievable from data analysis: 

⇒  Comparison Analysis to compare different types of data such as yield and 

moisture by soil type 

⇒ Multi Year Averaging and Normalisation 

⇒ Detailed Profit/Loss mapping 

⇒ Ability to write equations to compare attributes 

 

After analysis, the aim is to create management zones to be able to manipulate through 

varying input application or land usage. This requires the input of farmer knowledge to 

remove any errors that occurred, for example spray drift. If on finding a permanent restriction 

in a zone then making reductions or a change in management can be appropriate. The 

question is which field do you manipulate first? Once the management zones are defined, soil 

testing sites can be assigned (with the assistance of farmer knowledge) to these zones to find 

if the restrictions are permanent or manageable. Paddocks that should be addressed first are 

those that are the most variable and least profitable. The aim is then to apply the most 

profitable gain to that paddock that can be achieved relative to cost. An important point made 

in England was to make sure that an increase in productivity is greater than the investment 

needed to achieve it. An issue facing the use of this software is the technical expertise 

required to maximize the solutions. This was evident in the companies I visited, whose staff 

were well trained in the use of these packages which required ongoing support to keep up 

with continuing changes in solutions. This will be an issue in Australia where the adoption of 

this technology is low. 
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Soils 

Soil properties will limit the maximum potential yield relative to rainfall. There are numerous 

intricate issues that affect soil response and its limitations to crop growth. Certain factors are 

permanent limitations and others can be influenced through management. 

Permanent      Manageable 

Soil Depth      pH 

Soil Texture (except through Claying)   Nutrient Status 

Slope       Organic Matter 

Rainfall      Drainage 

Aspect       Compaction 

 

The ability to create an overall map of these soil characteristics through current and new 

techniques will enable more economical responses to yield gains. The aim through analysis 

and testing is to be able to associate areas that are manageable and those that are permanently 

restricted. This is important in planning for site specific management. The greater the length 

of analysis and number and intensity of soil information layers, the greater the ability to adopt 

a management plan accordingly. Finding the most profitable gain can be either through 

reducing or shifting inputs according to permanent soil restrictions or manipulating 

manageable soil conditions.  

 

pH 

Soil pH has a major influence on nutrient availability. Plants vary in their ability to extract 

nutrients from the soil and for this reason certain crops perform better in acid or alkaline 

conditions.  

Soil pH affects 

• The chemical reaction between nutrients and plant roots 

• The availability of nutrients  

• Herbicide effectiveness 

• Microbial Activity 
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Figure 7.  Effect of pH on Nutrient Availability 

 

Subsoil pH can cause unseen issues. This can be caused by leaching of alkaline salts through 

the profile creating high pH subsoils or in acidic subsoils create Aluminium Toxicity  

providing a hostile environment for roots which in turn reduces moisture availability in the 

latter part of the season. An understanding of soil ph at both the surface and at depth is 

important .  

Surface sampling (0-100cm) with equipment such as the “Veris pH manager” gives the ability 

to map pH variability on-the-go affordably. On visiting Veris Technologies in Kansas, USA, 

the simplicity and solid construction would suit Australian conditions. The pH manager 

measures up to 20 to 25 times more than a 1 ha grid completing a full sample every 12 

seconds. 

 

Figure 8.  Veris pH manager 
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Research has shown that variable rate lime applications can be profitable against blanket 

applications. This is not only on total application amounts but as pH effects get exponentially 

worse, the ability to increase application rates in the extremely low pH areas and reduce lime  

on the moderately pH areas will increase the response to the effects of lime. The accuracy of 

data is up to 95% of laboratory testing, but as shown in the maps below that higher data points 

provide a more accurate overall picture than grid laboratory samples with a spin off in lower 

collection costs and time. This was aptly stated by Eric Lund, Veris Technologies, “Dumb 

Dense data can be better than smart specific data”.  

Figure 9.  Field mapping of pH  

                 Veris pH manager               vs                  pH grid sampling 

                                                                  

The Australian Centre for Precision Agriculture (ACPA) is currently developing a highly 

accurate on the go pH system which uses a wavy disc for collection and a high tech analysis 

unit which is capable of reading buffer pH for calculating lime application rates. It will be 

interesting to see the evaluation after field testing in differing soil types, the reliability of 

equipment and the commercial cost of the unit. 

  

Soil Sampling 

In the majority of the countries visited, samples are taken on a grid (generally 1 to 4 acre) 

basis. Computer software will draw a grid pattern soil sampling overlay into farm mapping 

software which can be loaded into a GPS activated PDA for sample location with ID.  These 

samples are generally NPKS and are low cost with quick turn around times. There are 

automatic soil samplers such as those used by Calmar Soil Services in Indiana which can 

reduce sample times. The high speed air probe can complete a sample in 5 seconds with 550 

lbs down force and has ability to hold 20 samples. Depending on the yield production and 

intensity of management, most soil service providers aimed at total farm sampling rotation of 

3-7 years with GPS check samples if a problem is not rectified or noticed off yield or biomass 

maps. 
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This is a different scenario in Australia with high sample analysis cost and generally larger 

field areas prevent grid sampling to this degree. Part of this increase can be associated to full 

soil analysis generally being required. Personally I feel that due to the larger size of 

Australian Grain farms and the lower margin type crops that are grown, the use of on-the-go 

low cost soil mapping techniques that are maybe not 100% accurate but provide a consistent 

field trend map will provide beneficial solutions to increasing profitability. This in 

combination with quick collection soil sampling in pre determined sites selected using 

appropriate analysis software and faster turn around times of subsequent information will 

provide more useable information to look for the lowest cost, highest benefit solution. The 

continuing development of new techniques will assist us in the future but it is the ability to 

achieve the highest beneficial gain from the latest proven technologies that is important. 

 

New Technologies that may be beneficial to Australian Agriculture 

Plant Root Simulators (PRS) is based on the principle of ion exchange between the soil and a 

measured area of synthetic resin membrane. The absorption of cations & anions into the resin 

membrane simulates the action of the root membrane over a set period of time.   It is more 

about building a crop nutrition plan on nutrient supply rates than about testing the soil. In 

combination with the crop forecasting model it can provide a plan of maximum yield 

potential. 

Backcasting allows the modification of the response curves to suit local conditions, the model 

has to be within 10% of actual uptake or clients will not use the method. The advantage is that 

as conditions in the soil change then the model can respond to localized changes, most 

response curves were drawn years ago in a research environment. A big advantage of the 

probes is the low cost of soil testing as the probes are reusable. An issue is response to soil 

moisture conditions, so collection will still require a soil sample being taken and processed 

(sampling in Australia is generally done in the summer period prior to cropping) 

Figure 10.  PRS Probes and Nutrient Forecaster 
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The use of satellite imagery to create a surface map can provide a quick picture of soil texture 

and issues of topography, organic matter, drainage, salt etc.DigitalGlobe, a leading provider 

of high resolution satellite imagery, produce a map called the “Agrowatch Soil Zone Index”. 

DigitalGlobe calibrates satellite images of your land and then applies algorithms that isolate 

soil components from vegetation. The advantage of DigitalGlobe being able to take imagery 

throughout the growing season will show the effect that soil patterns have on vegetative 

growth. As images are collected regularly, cover a large area and are relatively cheap, this 

could be a useful effective tool in assisting in selecting optimal soil sampling locations and 

land management decisions. 

Figure 11.  DigitalGlobe Soil imagery 

 

 

 

 

 

 

 

Soil EC mapping 

“Soil EC is a measurement that correlates to soil properties affecting crop productivity, 

including soil texture, cation exchange capacity (CEC), drainage conditions, organic matter 

(O.M) level, salinity and subsoil characteristics.”  

Soil EC or soil electrical conductivity is affected by moisture content, salt content, soil 

texture, depth and cation exchange capacity. It is the ability to associate which factor is 

affecting the conductivity to whether EC mapping is an effective tool. If there is a direct 

correlation to yield maps, and through further soil testing, correlations to these factors can be 

made then this is a cheap, highly effective management tool. 

There are two techniques used to measure soil EC, electromagnetic induction (EM) and 

contact electrode.  

 

Figure 12.  Coulter electrode EM system 
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Both have advantages, but in general the contact electrode type requires no ongoing 

calibration and is simply towed through the soil. These are ineffective in dry conditions and 

rocky type soils. This was the case experienced by Technifarm in South Africa where 

extremely rocky topsoils produced poor readings. 

If a unit such as the Veris Mobile Sensor Platform which has coulter-electrodes plus the pH 

manager could be towed by seeding equipment where adequate soil moisture levels are 

present, then EC and pH maps can be created during current farming operations. 

 

Drainage. 

With the ability of Satellite receivers to provide X, Y and Z coordinates, topography maps can 

be created from passes of GPS operated equipment. If this equipment includes RTK accuracy 

then these maps can be accurate to the order of 2cm. In correlation with Biomass and yield 

maps, areas that are showing yield reductions to the effects of waterlogging or salt may be 

drained if there is potential to do so. Current drainage software can overlay water flow 

patterns and drainage lines over topography in relation to the coordinates recorded. After   

manipulation of drainage lines to fit into current farming systems, the use of the same GPS 

equipment can mark these planned drainage lines and they can be cut accordingly. The results 

of this technology have so far been impressive in our own farming operation. 

Figure 13.  “Coorong” Drainage Map using RTK and Biomass Imagery 
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GPS Guidance and Signal 

The development of GPS has not only given us Site Specific Management but also large 

efficiency gains through guidance. There are different levels of accuracy and this is reflected 

in the cost accordingly. Australia, from what I observed, is leading the world in guidance and 

auto steer adoption. 

The cost of this technology is now becoming more justifiable as new systems evolve and the 

purchase price is reducing. An advantage in North America is access to Wide Area 

Augmentation Signal (WAAS) which provides a Differential GPS Signal (DGPS) with no 

subscription fee. As numerous systems are developed in the United States, their cost of GPS 

activated equipment from handheld to autosteer is considerably cheaper than that available in 

Australia.  

The level of accuracy that can now be achieved is 2cm with pass to pass repeatability through 

the use of Real Time Kinetic (RTK) systems. The question that needs to be addressed when 

implementing a guidance system is whether the extra cost of accuracy can be justified. This 

being the necessity to drive at 2cm accuracy in broadacre agriculture if equipment is moving 

up to 30cm. With the development of systems such as Omnistar HP, sub 10cm accuracy and 

pass to pass repeatability is achievable without the need for a base station and comes with a 

lower purchase price. 

Where sub 2cm is required, the development of RTK Extend by John Deere will allow RTK 

accuracy to be maintained if line of sight is lost. This is helpful in undulating or larger areas 

where dropouts can occur. It may enable a larger area to be accessed without moving the base 

station. An excellent feature that John Deere has developed is the ability to transfer the 

receiver quickly between machines with quick-attach mounting. 

An area of hot discussion at the World Precision Ag Conference was implement guidance. 

The development of systems for drawn or three point linkage implement guidance, may assist 

in the benefits of RTK being realised.  

Clay Mitchell, Mitchell Farms, IOWA, who operates with RTK accuracy, has converted their 

planter to a three point linkage implement to reduce side movement, with the aim to plant 

directly over the pre applied nitrogen. This is proving successful with noticeable yield 

increase in conjunction with the benefits of controlled traffic. 
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The ability to sow inter row (see soils) with large drawbar equipment provides a challenge, 

with issues such as slope, crabbing and movement to the path of least resistance being major 

obstacles. The use of stabiliser discs in three point linkage implement guidance systems such 

as the “tracker“system designed by Orthman Industries could be adapted to drawbar 

equipment.  

A cost effective simple system for sowing inter row is the Smart-Hitch System developed by 

Strawtrack, Canada. The system achieves 90-95% accuracy of inter row sowing by having 2 

discs running parallel in between the furrows on sensors. If the discs move toward either 

furrow, becoming uneven in height, then the sensors touch moving the pivoting drawbar to 

shift the discs to back to the middle. It requires seeding equipment that creates furrow 

definition and has operated on widths up to 60 feet. 

 

Figure 14.  Strawtrack Inter Row Guidance System 

         

The majority of implement guidance systems require furrow recognition to operate. This is 

not always achievable in broadacre farming in Australia. The use of two GPS antennas with 

one mounted on the tractor and one on the implement could be used to create an AB line that 

with steering components aims to maintain a mirror of the repeatable parallel lines drawn for 

the field of operation. After discussing this with a leading manufacture, it is a possibility for a 

single unit processor for the 2 sets of satellite data to control the implement, with the cost of 

only one subscription. 

The issue that this type of PA will face will be,”Are the benefits of inter row sowing greater 

than the cost and complexity of any implement guided sowing?” 
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Auto Boom Control. 

This technology is currently available on spraying equipment in Australia. By controlling the 

individual boom sections off the application map, overspray is reduced and the operator can 

concentrate on boom operation. The next level of this technology is RTK Nozzle control. 

This has been implemented on Mitchell Farms ,IOWA, who tramline farm in undulating 

country with grassed waterways running through their fields. This has provided spraying 

efficiency gains of 30 % and chemical savings of 20 %. It was achieved using a KEE Zynx 

controller to interface with Capstan Nozzles. The Capstan Nozzles which can turn off and on 

at the nozzle body are wired collectively in sets of 4. These sets of 4 nozzles across the width 

of the boom are loomed to the Zynx controller, which switches the sets on or off according to 

the application map. By using the Capstan nozzle bodies as the on/off switches, the response 

is instantaneous and enables smaller section control.  

 

Figure 15. Capstan Nozzle Body 
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Yield Mapping 

 

Gaining an accurate assessment of field variation and distribution  is an important start to 

assessing profitability. It is the ability of yield monitors in conjunction with a GPS signal to 

map these variations. 

There are a number of components that create a yield monitoring system. It is the combination 

and the ability to process this information that determines the accuracy of data outputted. 

 

Figure 16. Yield Mapping System 

 

 

Source : University of Missouri-Columbia 

 

The term “precision yield mapping“ has to be carefully justified. There are numerous factors 

that create errors as yield is recorded in a continuous flow situation. 

1. Calibration of sensors 

2. Variation of groundspeed 

3. Header Lag Time 

4. Positioning Error 

5. Slope 

6. Bunching 
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It is important to remember that data collected is only as precise as the width of the comb and 

the time between data logging points. The recorded yield is interpolated between data points 

to provide scientifically sound estimation of yield between the data points. This provides a 

continuous yield map that with cleaning for data errors provides an overall representation of 

yield variability in a field. 

Consistency of the yield monitoring system over the complete field area in relation to crop 

variables and conditions after correct calibration is more important than the expectation of 

perfect yield data. This will create a map of consistent yield patterns that can be corrected by 

comparison to actual tons delivered off that field. 

 

Setting up a yield monitoring system. 

 

In major harvest equipment manufacturers’ literature, a priority is “the benefits of yield 

mapping in precision agriculture”. This is not as highly adopted in Australia due to the focus 

on guidance and tramlining at the current moment. The back up support for yield mapping 

and associated analysis will only grow as the demand for these services increases. 

On returning to Australia and trying to implement a yield mapping system that integrates 

different brands of machinery plus contracting equipment for our own farming scenario, I 

realized why adoption in this area has been slow and frustrating. Having to find an alternative 

source for signal due to the prohibitive cost of manufacturers GPS equipment meant taking 

the DGPS signal from our spraying guidance system and fitting it into the harvester. This 

required the purchase of a new antenna (to enable quick movement between both machines) 

and the construction of our own lead to run the CANBUS hi-lo signal from the receiver to the 

data logger (9 Pin Standard to 4 Pin Deutsch Plug). An Impressive feature of the John Deere 

Starfire system is the ability to move the receiver and antenna quickly between machines. All 

wiring is fitted internally during production. The issue of this system is that this signal is not 

usable in other manufacturers harvest equipment due to different output voltage (Different 

output for Canbus Hi and Lo).  

Reliability of yield monitor data was an issue with periods of data drop out and dust in 

components causing inaccurate readings (consistency is important).  

Merging of yield data from our own equipment and contractors requires software that can 

read different file formats and can integrate into a geo referenced map. 
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After speaking with numerous farmers during my travels and on return to Australia, their 

opinions to increase the uptake of these systems require: 

1. Dealer support in supplying affordable monitoring and GPS components and supply of 

adaptable leads and brackets. Farmer’s focus is preparation for harvest, so fitting these 

systems is preferably quick with either dealer fitting or ready to fit systems with easy 

instructions.  

2. The processing of data to be handled by a consultant or a PA business. A stumbling block 

for previous years is what to do with the maps? If trends or analysis can be shown to assist in 

farm profitability then adoption will increase.   

 3.  The system must be reliable and must not slow harvest operation at all costs. The                       

farmer must be able to “trust” that it is not only working but the data is considered accurate. 

As harvest is the priority and generally performed under pressure, any fault in equipment will 

see the system shut off for that working period which makes the incomplete current field data 

deemed useless. 

 4.  The benefits of contractors being able to supply a map for verifying hectares harvested 

plus the spin off of being preferred due to the ability to supply yield data. 

 

 

Protein Analysis 

The use of a Near Infrared Spectrophotometer fitted into a combine harvester (developed in 

Australia) to record and map protein and moisture accurately is now a reality. This type of 

technology is currently used by the large grain handlers in Australia such as CBH. The 

collecting device holds the sample while the NIR light passes through the grains and is 

transmitted back to the spectrometer. These give an accurate reading of both moisture and 

protein on-the-go and can be mapped and stored in Data Logging equipment.  

The benefits of this type of moisture recording are easily quantifiable through being able to 

harvest confidently to the maximum levels for acceptance for delivery or sale. It may be used 

to select areas of low moisture to continue harvesting. 

The topic of harvesting to protein is a little more complex. Protein Maps are a picture of 

where the different levels of protein were situated. Though this can assist in harvesting areas 

according to protein it is still a guess. The development of split grain tanks according to 

protein creates logistical problems in grain handling plus higher mechanized systems which 

generally require maintenance. 
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In discussion with Brett Whelan, Australian Centre for Precision Agriculture, Sydney, it 

maybe more practical to separate for protein at the Silo complex where all harvested grain can 

be divided after the harvest operation is complete. 

A concern I have with separation of grain according to protein is an average protein may pay 

higher than the bonus of high protein in one grade minus the deductions of the lower protein 

portion. This would have to be evaluated for each field but makes the process of segregating 

according to protein for profit more complex.  

The reliability of the equipment due to the high technical nature will have to be evaluated 

with time. Protein Mapping can assist in nitrogen removal and the level of plant available 

water. This is an exciting technology that will find further adoption in precision Ag systems in 

the future. 
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Variable Rate Technology 

 

Variable Rate Technology (VRT) has been heavily publicized in Precision Agriculture yet 

successful adoption has been slow. To implement a VRT system with high tech controllers, 

GPS and VRT ready equipment is already a possibility. The issue of these systems is varying 

the required product, at the required rate in the required location. 

After creating management zones to define the variables that influence the field, it has to be 

determined which variables should be treated in separate operations and which can be 

attached to an already present operation such as spraying or seeding. 

Omnia Fertilisers in South Africa, who provide grid soil sampling plus data analysis for their 

clients, use VRT controlled liquid fertilizer equipment with the ability to apply up to three 

liquid fertilizers in one operation. On applying the three most responsive fertilizers using a 

variable rate controller, seeding remains a simple operation of seed and initial liquid starter. 

The opinion being that VRT should be done before the major operation of seeding which 

reduces the handling of numerous products and keeps the simplicity of seeding equipment. 

In contrast, VRT seeding and spraying equipment with the use of injection equipment can 

provide a single pass solution. 

 

 

Monitors 

 

The new generation monitors provide numerous capabilities that can operate concurrently. 

This enables multi control of numerous products in combination with guidance. They operate 

on CANBUS technology which provides compatibility to a range of controllers and sensors 

enabling expandability and multi monitor use.  

A system such as Insight from Ag Leader provides real time yield and moisture mapping 

during harvest, then can be removed and placed into seeding equipment to provide multi 

control of seeding equipment. The use of one monitor and with the data analysis software 

makes for a complete precision Ag control system that is expandable to other equipment 
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Figure 17. CANBUS Technology 

 

 

 

Liquids 

Liquids provide an excellent medium to carry numerous products which enables simultaneous 

VRT. Companies such as Raven and Midtech provide direct injection systems that can be 

VRT controlled(up to 7 products) from the above monitoring systems using peristaltic pumps 

and a mixing chamber. A simple accurate, fixed  rate direct injection is the Dosatron System. 

This non electric proportional liquid dispenser is volumetric so a range of trace elements and 

fungicides can be injected without the concerns of density.  

 

Liquid Fertilisers 

Liquid fertilizers are available as polyphosphates or suspensions. Polyphosphates are more 

expensive and have excellent flow characteristics. Suspensions need constant agitation during 

application and if not properly formulated can have issues with crystallization.  

Apart from the ability to carry other products, liquid fertilizers create a continuous band near 

or below the seed. This gives excellent availability to each seed of all required nutrients. This 

is especially relevant where phosphorus tie up is an issue with trial data showing greater 

availability of P using liquid fertilisers. Interesting data was the response to liquid K in high 

Potassium soils when seedlings were placed under stress. In a normal year there was no 

response to applied K but in stressed seedling conditions the gains were significant. 
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Figure 18.  Starter Potassium response in Corn 

 

 

   Source:  CD - New Holland  “Helping Plants Thrive” 

 

In developing a suitable system for Australian conditions that would provide the opportunity 

to be able to apply VRT, I feel the use of liquid and granular products in combination would 

not only give variability but remain cost effective. The trace element and fungicide 

components can be injected as required for the environment to which it is implemented. 

After looking at available systems and fertilizer products throughout my travels, this is a 

combination that I feel would be adaptable into Australian farming systems.  

 

Figure 19.  Combination VRT system using liquid and granular fertiliser 
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The NPK source would be ammonium polyphosphate of neutral pH with the K source having 

a low salt index. Trace elements that flow and mix well in the chelate form, would be 

injected. 

With the use of liquid flow dividers such as the system developed by John Blue, VRT can be 

achieved simply and accurately over a large rate range of liquid product on seeding 

equipment. 

 

 

Solutions using VRT 

An important part of my tour was finding examples of profitable VRT implementation. These 

ranged from seeding equipment to spreading and spraying equipment. 

Greg Setter, Russell, Manitoba, farms high organic black soils in a reliable, productive area. 

One of his major concerns is salinity. To combat salinity Greg doubles his seeding rate and 

reduces the application of nitrogen in these areas. The theory being that due to the osmotic 

effect in the root zone, plant growth is limited. By doubling the seeding rate, this increases the 

density of restricted crop plants in these areas maintaining water use. Nitrogen in the root 

zone accentuates the effects of osmosis in saline soils, and through reduced N application 

there are associated cost savings. Greg has been applying this method for numerous years and 

the response is impressive in comparison to neighbouring properties. With the technology 

available today using EM mapping, these areas could be defined more specifically with the 

ability to see potential saline areas. 

Greg Daws, North Dakota uses the Greenseeker system to variably apply nitrogen. The rich  

black soils also suffer from salinity and waterlogging. This created issues in applying nitrogen 

variably with the response algorithms created by Greenseeker. With the help of his son David, 

who is involved in the development of Greenseeker algorithms, they created a parabolic curve 

that applied little nitrogen in the wet, saline areas increasing to the maximum economic 

response to N application, then reducing the application in the high biomass regions that are at 

risk of lodging or providing a non economic response . The results from the current season 

show a definite economic response to VRT application of Nitrogen.(see table) 

Kenneth Hood , Perthshire Farms, Mississippi, who also owns InTime Inc. who provide aerial 

imagery, uses a Midtech 4 tank injection system. After viewing aerial imagery, Plant Growth 

Regulator and Growth promotents are applied variably with the aim of evening the crop to 

maximize boll production. If an area of high insect pressure or heavy weed infestation is 
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observed in the imagery, the area is field scouted and the required herbicides and insecticides 

added to the 4 tank system. The application maps are entered into the Midtech controller and 

multiple spraying can be achieved in one pass. The reduction of input and machinery costs, 

and increased production has added to the success of their cotton operation. 

In the Western Cape Region of South Africa, the soils are highly variable. An interesting 

solution was the addition of a small seeds box to airseeder equipment. Some of the soils in 

this region have productive flats with ridges of unproductive sand. In areas where deep sand 

and low yields are consistently achieved, the airseeder monitor switches to the small seeds 

box to sow Lucerne. Nitrogen is not applied and the phosphorus is decreased. During spraying 

the chemical is shut off over the Lucerne areas. 

 These areas are intermittently cropped after longer Lucerne rotation cycles. 

Figure 20.  Western Cape region of South Africa 

  

 

Another successful solution in the Swellendam region of South Africa was a shift in fertilizer 

in relation to aspect. The yield difference had been recorded by the farmer which was 

analysed through SST software. This showed a correlation of the South facing slopes had 

higher yields and resulted in a shift in fertilizer accordingly. 

Figure 21.  Effects of sun aspect on input management 
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Remote Sensing 

Remote sensing has been a focus in the development of Variable Rate Farming. While it has 

shown huge potential, the ability to isolate select variables for optimum plant growth 

manipulation has been somewhat difficult. After looking at a range of sensors from on-the-go 

to satellite imagery, the benefits of these developing technologies in certain areas and crops 

are being realized.  

 

GreenSeeker – Real time, on-the-go sensor based nitrogen management system. It is an 

integrated sensor and spray device. 

Figure 22. GreenSeeker system 

 

 

The sensor scans the crop using  LED lights giving the ability to work at night or day. The 

optical sensor captures the light reflectance of plants and then processes it into a Normalised 

Difference Vegetation Index(NDVI). It calculates NDVI by using red and NIR light. Red light 

is absorbed by plant chlorophyll as an energy source during photosynthesis. Healthy plants 

absorb more red light and reflect larger amounts of NIR. 

NDVI = (NIR reflected – red reflected)/(NIR reflected + red reflected) 

This creates a value between 0 & 1(Higher values associated with greater vegetation) 

The GreenSeeker takes the reading, and associates it with one of seven predetermined rates of 

Nitrogen computed through a predetermined algorithm generated for each specific area. A 

successful user of this technology is respected farmer, Greg Daws, Michigan, North Dakota. 

With areas of salinity it required a response curve to be drawn to apply little nitrogen in these 

saline areas, higher applications where required and then reducing levels where nitrogen was 

adequate. This was achieved through development of a parabolic application curve. Results 

from this year’s wheat crop show substantial gains through the use of Greenseeker.(see 

appendix i.).  



Phil Longmire              Increasing Profitability through Precision Agriculture                Sponsored by: GRDC 
 

38 

To keep the cost of equipment down, Greg uses 5 sensors across 80 feet which sends a signal 

to a Raven controller. This in return adjusts  the flow rate on the boom. As this requires time 

from sensor to adjustment, speed is restricted and he is currently looking at placing a boom 

across the front of the tractor to allow for faster application adjustment. The complete system 

of a sensor at every jet, though expensive is instantaneous in application and increases the site 

specific application to 4.5 square foot area. This is effective in the reduction of lodging. 

The benefit of the Greenseeker system is a predicted reduction in nitrogen usage and that after 

the initial outlay, the automatic NDVI variable rate application is low cost. A restriction if the 

complete system is implemented is that if other limitations of plant potential are present the 

system cannot override the application rate, thus the application is totally reliant on the sensor 

and associated algorithm.  

 

An excellent potential is the ability to map NDVI during any pass of the paddock such as 

spraying . The low cost single sensor system(1-6 sensors) utilizes a PDA for data collection 

with attached GPS signal to record in shape file format, fitting into mapping  and variable rate 

software.  

Figure 23. GreenSeeker RT100 Mapping System 

 

   

Weedseeker- a Geenseeker spin-off, uses the optical system to identify plant chlorophyll 

which in turn activates the spray jet. This allows the system to spray only weeds and leave 

bare ground, being effective wherever weeds are intermittent. In these scenarios savings up to 

80 % are being achieved. It is being used successfully in Australia ( a unit owned by Nuffield 

Scholar David Brownhill).  
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Yara N-Sensor 

Figure 24. Yara N-Sensor 

 

The N Sensor, developed in Germany is a multispectral scanner that senses over an area of 

50m2 with a sensor upwards measuring light intensity( reducing usage to effective sunlight 

hours ).The N Sensor determines Nitrogen by measuring crop reflectance in a range( ) 

between visible and Infra-red light, and relating  chlorophyll to biomass. This related to an 

average application rate and varies according to this rate. An advantage is that areas can be 

written to over ride the application if a greater known restriction is present but requires the 

connection of GPS. Concerns of users in England were the sample area on Accuracy of 

Application and effects on accuracy of Sun Angle early and late in the day. SOYL Precision 

Farming, Newbury, England  uses the N Sensor as a mapping system for Nitrogen application 

planning. 

 

Figure 25. Yara Sensing and Mapping 

 

An issue of both on-the-go sensing systems is that a total nitrogen budget cannot be 

accurately calculated prior to a nitrogen application. The farms and trial data that was 

observed during my tour was in high yielding cropping regions with adequate levels of soil 

nutrients and organic matter, i.e. these areas being highly responsive to applied nitrogen. The 

response and timing of sensed N application would have to be trialled across numerous 

regions of Australia to see if profitable responses can be generated.   
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Satellite and Airborne Imagery. 

The objective of satellite and airborne remote sensing in precision farming is to provide 

farmers with detailed crop condition information that can assist in input management. The 

ability to combine hyperspectral, multispectral, panchromatic and radar images with advanced 

algorithmic software gives the ability to read nitrogen needs, crop stress before visual 

observation, weeds and insect pressure. 

Satellite Imagery – The advantage of satellites is that images are being taken continuously 

over a large area giving access to information throughout the growing season without the need 

for information collection devices.  The downside is the images’ cost and this cost increases 

with intensity of image and frequency of required imagery. Another downside is the effect of 

cloud cover. This limits the ability to capture an image and in environments that have a 

limited window of application, the benefits  of VRT may be negated.  

A successful system with increasing adoption is FARMSTAR. The system delivers a 

sequence of field maps at key growth stages after information on crop agronomy and weather 

are supplied. Infoterra, who process FARMSTAR in England had airborne back up if 

cloud(fairly common in England) was preventing imagery during key growth stages. The 

adaptation to England required the development of a UK wheat package and this would be 

relevant to each region of adoption. The largest gains are through Plant growth Regulators to 

reduce lodging Risk and Nitrogen application.  

The inability to receive imagery on request due to cloud cover, time lag on image processing 

or waiting for a satellite pass was the  driving force behind the development of InTime Inc. by 

Kenneth Hood, a large cotton grower on the Mississippi Delta. Due to the high management 

and input structure of cotton, the reduction of inputs and maximizing of cotton yield could be 

realized by the use of aerial imagery to map large areas quickly  and still apply accurate 

applications as required . InTime Inc. takes digital aerial pictures from 12000 feet that are 

processed into scout maps. These are made available through their website and with the aid of 

a PDA with GPS to assist crop scouting, the chemical treatment decisions are entered into 

InTime’s website and automatically converted into a chemical “prescription map” that is 

delivered in seconds to your farm via the internet. This is then downloaded into a data card to 

control VRT equipment. The use of the internet for data transfer is an excellent way in 

achieving quick turnaround of information between Intime and the large geographic 

distribution of their clients. An advantage of the use of planes for mapping is these in turn can  

apply the recommended VRT applications.   
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UAV- Unmanned Aerial Vehicle.  

The inability of CALMAR Mapping Services, Indiana, USA to access satellite or aerial 

imagery quickly was the catalyst for the development of the “Crop Condor” between 

CALMAR and Purdue University. Cloud cover was not only limiting satellite imagery but 

placing high demand on planes during periods of clear skies when images were of their 

greatest value. After seeing the UAV in flight at the Purdue University “Top Farmers 

Workshop”, Indiana, it is impressive to say the least. Arriving in the back of a station wagon, 

it was quickly constructed and ready for flight. The Condor with a 10 foot wingspan was hand 

launched and has the ability to fly for an hour per charge (electric  powered). With a pre 

programmed flight path , the GPS autopilot system will fly at 1000 feet commanding the 

cameras to take the images at the appropriate GPS coordinates. The imaging system 

comprises two 5 megapixel digital cameras, one delivering colour images and one fitted with 

a filter to capture infrared images. These are triggered simultaneously with each image 

capturing around 38 acres and each pixel representing about a 6 inch square in a field. These 

provide almost instantaneous images (colour and NVDI) of a field with low collection cost. 

The $US 20000 system is cost effective but would need to be interpreted properly to gain full 

effective use of the imagery. 

 

Figure 26. UAV launch and camera system 

 

With continuing development, remote sensing will assist in more solutions for optimal yield.  

In regions with numerous plant growth restrictions, remote sensing in conjunction with 

ground testing equipment  may provide the ability  to map deficiencies for future seasons as 

generally once a deficiency is seen , yield loss in non recoverable.  

Satellite pasture mapping for the estimation of Nitrogen in the pasture phase with field 

scouting may assist crop planning for the following season and variable application of 

nitrogen in response to this estimation.  
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Decision Support Systems 

Decision Support Systems for Climate. 

An important overlying point made by Mr Gerald Bange of the World outlook Board, USDA 

in Washington DC was that forecasting systems should be used with caution in estimating 

crop inputs. Limiting potential returns can cause higher financial losses than savings through 

the reduction of crop inputs as forecasts are purely that, only forecasts. The benefits of 

forecasting can be used successfully for late nitrogen applications and crop choices if models 

show a high probability of a certain condition. 

New forecasting systems such as Ensemble forecasting being used by the Meteorological 

Services of Canada, show promise in certain regions of Australia. This is achieved by 

combining 12 model runs and assigning them to above, normal and below categories. When 

these deterministic forecasts are combined with a probabilistic forecast then increased 

confidence can be achieved of specific forecast conditions. For example a deterministic 

forecast of 80% above normal, 15% normal and 5 % below normal gives odds that show a 

high probability of this occurrence; this might lend itself to a late application of nitrogen. 

Reliability of forecasting improves in areas with well organized weather systems and 

generally coastal influences.  

 

Figure 27. Australian forecast accuracy using Canadian Forecast Model 

 

Source: Bureau of Meteorlogy 

Soil Moisture Models such as the Leaky Bucket Model developed by Huug Van Den Dool of 

the Climate Prediction Centre, NOAA, Maryland, USA may be used in prediction of national 

soil moisture levels which combined with climate forecasting may lead to improved crop 

forecasting. 

On a more intense level, localized soil moisture forecasting systems such as that being 

developed by Purdue University(and numerous other universities and private companies), 



Phil Longmire              Increasing Profitability through Precision Agriculture                Sponsored by: GRDC 
 

43 

may be helpful in on farm decision making. This system calculates the precipitation from 

WSR-88D (NEXRAD) radar maps and summarises them over time for each location. With 

rainfall verification points (GIS located rain gauges), calibrated moisture maps may be drawn 

across an area from computer software which may lead to a shift of nitrogen to these 

applicable areas or potential to sow areas that receive thundery rain with acceptable soil 

moisture levels. This also may be useful in Pastoral areas in conjunction with satellite 

imagery to see areas of pasture growth with estimated build up in reserves of moisture  

These models have issues with topography and run off but with continuing research and 

improved soil moisture testing systems these models are being improved. Spectrum 

technologies have developed a soil moisture probe with logging & GPS capabilities that with 

calibration and returning to these points can give readings comparatively. Another Spin off is 

assistance with insurance claims such as hail and cleaning yield data. 

 

Forecasting in Australia 

Models have traditionally been statistical /empirical but with the development of improved 

Dynamical/Coupled Oceanic Atmospheric models, forecasting is becoming more “real time” 

with greater accuracy. Depending on location different models have better correlations. 

Rainfall deciles are a useful predictive tool by showing the probability of receiving “x” 

amount of rainfall in a given period in relation to historical data.  

 It is confusing to find the optimum modelling software for each location and hopefully a 

merging of these tools and easier accessibility through combined links will see an increase in 

the accuracy and the use of these decision support tools. 

 

Computer Decision Support Systems  

The main advantage of any Computer DSS is the ability to analyse a large amount of Data 

and provide specific solutions. 

 

DESSAC – Silsoe Research Institute 

An interesting development in the UK is the DESSAC system(Decision Support System for 

Arable Crops). This has been developed as an expandable computer software package with 

numerous Decision Support Systems. 
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A central database contains information on weather, crop varieties, agrochemicals and is 

updateable through the internet or on farm data. Each decision support program will access a 

central database to provide information for the best analysis of each scenario. 

The Wheat Disease Management Decision Support Program 

The model takes into account weather, inoculum level, varietal resistance and crop growth 

stage and calculates the best timing of application and most cost effective method of 

protection. It enables a yearly plan to be developed and then modified as the season 

progresses. In trials in Europe with correct timing and correct fungicide application type and 

rate, reductions up to 40% were achieved 

Other modules include: 

• Weed Management Support System (WMSS) 

• Diseases of Oilseed Rape 

• SUNDIAL – soil nitrogen 

• Spring Barley Production 

• Barley Yellow Dwarf Virus 

 

Zed X – Pennsylvania USA 

Zed X provides a daily priority service to its clients. It has meteorological, insect, weed 

disease components and numerous self checking systems. The computer system runs all 

models in parallel, constantly ranking the highest priority to achieve optimum crop condition. 

An example of the model’s success during my visit was a large irrigation grower who was 

informed on his priority checklist to reduce watering in the next 12 hours. He consequently  

phoned that there must be an error in the software and after all system checks proved correct 

he phoned back 7 hours later  to inform that it was raining, thus saving a full watering over 15 

irrigation circles. 

The model is extremely technical to provide such a large range of crop management solutions 

and this could be to its own detriment in the adoption to all crops and areas worldwide. The 

ability to trust this type of modelling will depend on the individual grower and how much data 

can be inputted for each specific location. 
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The continual development of software based Decision Support Systems will not only 

increase the profitability of farming operations but will also help in environmental protection 

through correct and effective solutions. 

 

Combination on farm software/ measurement tools 

On visiting Spectrum technologies in Illinois, USA and Lindsay Manufacturing, Lindsay 

Nebraska, USA, there are numerous on farm measurement tools that can assist in effective 

decision making. This in conjunction with the appropriate software can make for easy on farm 

monitoring of growing conditions. 

Weather Stations provide, in conjunction with software and accessories such as moisture 

probes and leaf wetness indicators, an array of information. 

1. Early Pest/Disease forecasting 

2. Efficient irrigation management 

3. Microclimate  and field information 

 

Weather Station with Wireless Connection 

The recorded data is then inputted into your home PC through wireless connection and reports 

are quickly generated for numerous weather conditions. These are then used to generate 

Integrated Disease & Pest Management solutions. 

With Mini Weather Stations placed strategically across an operation an overall management 

plan can be adopted accordingly. These stations can relay information to a home PC through 

low cost data loggers or with constant flow information systems such as wireless 

communication or for larger distances, cellular CDMA connection systems. A PDA unit can 

also be used as a data collection system. 

With a greater understanding of yearly wind and atmospheric patterns and its consequent 

effect on disease movement, could lead to improved decisions in regards to crop rotation 

planning on an individual and district basis 

On farm frost warning systems in combination with previous yield data sets from frost 

affected years may lead to appropriate action being taken using GPS guided equipment to 

pinpoint damaged areas quickly and respond accordingly through hay production or reduction 

of further expenditure. 
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Soil Compaction 

Soil Compaction is a major cause of yield loss through reduced infiltration and reduced root 

growth. Measurement of soil Compaction can be achieved through low cost systems such as 

Mechanical Penetrometers or more expensive GPS located digital penetrometers. A mobile 

hand operated unit like the Spectrum Technology Field Scout can be used for testing regions 

on selection of GPS coordinates. Readings are taken on 1 inch depth increments and are 

logged as PSI or kPa readings in relation to depth of probe. With a built in data logger and RS 

232 port it enables georeferenced soil compaction measurements for correlation with yield 

maps. 

Concord Environmental Equipment in Fargo, North Dakota has developed a GPS mobile 

Compaction Detector. The system was designed to provide a grid overlay of paddock 

compaction. The affordable unit will fit onto most vehicles including ATV’s. It has the ability 

to map 100 probes an hour which equates to approximately 80 acres per hour depending on 

grid size. They are currently looking at methods of working on a larger grid and increasing the 

intensity of samples where compaction increases. The data is transferred into “shape files” 

that can be read by most GIS software. This can be overlayed over other data sets such as 

topography and yield maps. They are currently developing systems in conjunction with 

equipment manufacturers that will automatically control hydraulic ram depth on sub soiling 

equipment to follow the mapped compaction layer and reduce fuel consumption. The 

compaction Detector takes readings every inch up to 18 inches. These are then mapped into 

ranges to what requirements are needed for the application. 

Figure 28. Compaction Layers in 3 ranges 
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Veris Technology in Kansas has designed a penetrometer and soil EC probe into one unit. It 

has the ability to take readings down to 3 feet (91 cm) at a rate of 50 probes per hour i.e. 50 

acres in 1 acre grids. The EC-penetrometer can pinpoint areas where soil depth or soil density 

changes may be limiting yield.  

Once compaction is defined then appropriate measures can be taken. It is generally accepted 

that deep compaction is non cost recoverable and the use of deep tap rooted plants such as 

Lucerne are a cost effective option. On the shallow compacted soils the use of subsoilers can 

be used effectively. With mapping and an understanding of sub soil conditions, better cost 

effective solutions can be used in the removal of compaction layers. 

The best cure for compaction is to avoid it. Tramline farming systems can reduce compaction 

in the future but do not alleviate soils that already have long term compaction problems. This 

is where mapping of compaction can assist in the decision process to remove these issues. An 

area of testing that is difficult to find out data on is the effect of compaction of stock in 

farming systems in Australia. Testing for compaction of separate passes of equipment through 

a year cycle may lead to cheaper entry into controlled traffic systems with priority machinery 

being adapted first.  

 

Nutriology 

Omnia Fertilisers, South Africa have developed a process called Nutriology aimed at 

optimising the soil environment and managing plant growth. There are two areas of focus in 

nutriology  

1. Terralogy – optimising the soil environment, root development and nutrient uptake. 

2. Foliology- optimising vegetative growth and grain/fruit development. 

After laying down the foundations through soil testing methods for successful root 

development, the focus is then on optimising vegetative growth and finally on grain or fruit 

development.  

The ability to manage foliology requires the use of a process called OmniSap.  Samples can 

be taken during any period of crop growth as analysis is not as sensitive to plant growth stage 

for leaf collection, thus allowing for early collection in the growing season. The ability to take 

any material that is actively growing enables whole plant tops to be used for analysis early in   

crop growth. This gives the ability with the quick turnaround of samples to react to a 

deficiency before it has already limited potential. The samples are frozen and on thawing, the 

sample is pressed and the sap is removed providing an inorganic solution for testing. 
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The test results which include both macro and micro soil elements, are presented as a 

percentage of plant requirements to reach full potential (these algorithms are designed by 

Omnia). The aim is a balance of all elements for optimum growth. An imbalance could limit 

the uptake of another critical element in combination with leaf analysis provides a history of 

plant growth which can provide solutions to maximize yield. 

 

Figure 29. Permanent limitation through growth stages of crop production 

 

 

As the above graph shows, any limitation throughout the growing season is permanently 

limiting. If limitation occurs in the fruit quality, then restricted grain production occurs 

relevant to the plant structure. If the 4 kernels that occur at the bottom of a wheat head abort, 

this results in 250-500 kg/Ha reduction in grain yield in 6 tonne/Ha . 

 

Figure 30. Corn crop with the deficiencies being rectified using Sap Analysis. 
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Conclusion  

Precision Technology provides us with an ever increasing range of tools to assist in increasing 

profitability.  It is the ability to analyse each operation and the environment in which it 

operates that the level and consequent investment in these tools will provide the largest 

financial gain.  A common issue experienced is searching for technical solutions without 

looking at the big picture first. 

The numerous, highly technical and fragmented components available to complete a precision 

farming system, will require the development of support infrastructure in Australia. This will 

need to cover the spectrum from equipment to data management and provide solutions that 

can be successfully applied. Time is already at a premium so these systems must be adopted 

with little expense to current management and operational efficiency. 

On the contrary, farming operations will have to justify this expenditure through the financial 

rewards that this infrastructure must supply. 

The greater the database of information built on an operation, the greater the opportunity to 

benefit in the future from developing technology. The development of a common platform of 

data management will become increasingly important to handle the flow of information 

between equipment and software packages. The use of mainstream technology that is not 

selective to agriculture will provide rapidly developing systems that have excellent backup 

support with competitive costs of equipment. 

The application of precision farming becomes more difficult as the solutions increase. It is 

important to remember the operator in developing these systems. This is especially relevant as 

farming operations expand and numerous operators will be required. Complicated equipment 

which is not only costly, can cause reliability issues as well as room for large application 

errors. Individual applications may be more effective as complete solutions may require 

numerous products to be carried. Liquid fertilisers do hold the potential for increased 

combinations of application.  

I am confident that the benefits of precision farming can continue to increase the profitability 

of our already highly efficient farming sector and assist us in remaining competitive into the 

future. 
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Appendix i.  

2004 GreenSeeker Spring Wheat Trials 

  on-the-go variable-rate-technology   

  Acres 

Preplant 

N Topdress N Total N Yield 

Net 

Revenue/acre 

Field 1             

GreenSeeker 74.15 62 37.8 99.8 81.01 $298.01  

Conventional 76.25 62 45 107 78.15 $285.27  

              

Difference   0 7.2 7.2 2.86 $12.74  

 

Field 2             

GreenSeeker 27.5 58 64.5 122.5 66.26 $235.01  

Conventional 45.4 58 45 103 58.26 $209.68  

              

Difference   0 19.5 19.5 8 $25.33  

 

Field 3             

GreenSeeker 78 68 54 122 61.3 $218.90  

Conventional 67 68 42 110 54.7 $196.94  

  

Difference   0 12 12 6.6 $21.96  

       

Net Revenue=topdress n-gross revenue  

Average Savings of 

$20.01  

Fertilizer 

$0.26/lb    1000 Acres of Wheat = $20,010.00 Return 

Price per bushel $3.80      

Created by David Daws      

 


