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14th Symposium on Precision Agriculture in Australasia 
 
 
Welcome! 
 
  
While we can celebrate that the weather conditions have recently improved for 
agricultural production across the majority of industries in Australia, the reality remains 
that external influences on all these industries are likely to increase in importance. Over 
the next 20-30 years it is quite probable that: 
 

o Population increases by at least 50%; 
o Oil supply tightens; 
o Climate change impacts evident in crop losses in some areas; 
o Carbon pricing gets an international agreement; 
o Environmental regulations get tougher;  
o Restrictions on energy use and synthetic fertilizers are introduced; and 
o Prices for inputs stay high.  

 
And as the impact of these issues increases, the pressure to target investment towards 
new technologies and techniques that increase agricultural production while addressing 
environmental concerns will build within the population. 
 
Precision Agriculture obviously offers suitable channels for such investments, and it is 
now reaching a position of development in a number of industries where it can offer help 
in both the techniques and technologies. But development needs to continue, and the 
community and ideas gathered here is evidence that progress continues to be made 
across a broad range of industries here in Australia. 
 
You will hear about practical application in a broadacre, horticulture and viticulture; 
sensor and analysis development; education, training and adoption; commercial 
developments in products and service; and some vision for the future. 
 
The opportunity to discuss equipment and services with the leading companies in PA in 
Australia, and meet members of the SPAA Precision Agriculture Association will also be 
available. 
 
The input of all participants today will contribute to the further development of PA as a 
defining philosophy for the future of agriculture. We encourage you to get involved in the 
discussions and hope you share, and gain, inspiration during the Symposium. 
 
The ACPA and SPAA teams 
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Presentation Program 
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macadamia orchards. 
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 Andrew Whitlock and Tim Neale (precisionagriculture.com.au). 
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3.05pm Afternoon Tea  Chair: David Lamb  
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3.50pm  Adoption of variable-rate technology in the Aust. grains industry: status, issues & prospects.  

Roger Mandel  (Curtin) Michael Robertson, Rick Llewellyn, Roger Lawes, Rob Bramley, Lara Swift, Nigel Metz and 
Chris O’Callaghan (CSIRO). 

4.10pm An automated system for rapid in-field soil nutrient testing. 
 Craig Lobsey (ACPA), Raphael Viscarra Rossel (CSIRO) and Alex McBratney (ACPA). 
4.30pm  SPAA Precision Agriculture Association: Grower group project. 
 Leighton Wilksch and Sam Trengove (SPAA).  
4.50pm Report on the 10th ICPA (Denver) and the International PA Association initiative. 
 David Lamb (UNE PARG).  
 
5.00pm SPAA Annual General Meeting.  
6.30pm Drinks and Dinner : The New Albury Hotel 
 
FRIDAY 3rd SEPTEMBER 2010 Chair: John Heap     
9.00am  Wireless sensor network for water and nitrogen management. 

Rakhesh Devadas (RMIT), Simon Jones (RMIT), Glenn Fitzgerald (DPI), Ian McCauley (DPI), Brett Matthews (DPI), 
Eileen Perry (DPI), Michelle Watt (DPI), Jelle Ferwerda (Uni of Twente) and Abbas Kouzani (Deakin). 

9.20am Identifying the main scales at which crop yield and soil attributes are related within a field.    
 Pierre Roudier and Brett Whelan (ACPA).  
9.40am  Integrating temporal variation into the management of spatial variability: options for the
 implementation of Precision Viticulture in Marlborough, New Zealand .  
 Rob Bramley (CSIRO), Mike Trought (NZIPFR), and John-Paul Praat (P.A. Handford & Assoc.).  
10.00am  Onion precision agronomy – making them bigger, less pungent and store longer .  
 Trevor Twigden (National Onion Labs Australia).  
 
10.20am Morning tea  Chair: Brett Whelan 
10.55am TOPCON industry news. 
11.05am  Developing capacity via paddock learning - for growers and groups. 
 Simon Craig (BCG).   
11.25 am GRDC PA education and training modules.    
 Brett Whelan (ACPA). 
11.35 am Future trends in PA.    
 James Hassall (Nuffield Scholar). 
12.00 pm  Close and Lunch 
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Assessment of sugarcane yield monitoring technology for 
Precision Agriculture. 

Troy Jensen1, Bauke Fokkema1&2, Craig Baillie1 and Rob Bramley3  
1 National Centre for Engineering in Agriculture, USQ, Toowoomba, QLD. 
2 Wageningen University, The Netherlands. 
3 CSIRO Sustainable Ecosystems, Adelaide, SA. 
 
contact: troy.jensen@usq.edu.au 
 
Abstract 
Access to accurate yield maps is a key element limiting the adoption of precision 
agriculture within the Australian Sugar Industry and is therefore limiting access to the 
associated benefits which may include reduced production costs, increased 
production, increased profitability and improved environmental sustainability.   
Within the Australian Sugar industry a number of attempts have been made to 
monitor yield variation across a block. These have ranged from the early yield 
monitoring systems based on discrete mass measurement, to the current focus of 
predicting yield via surrogate measurements based on chopper pressure, feed train 
roller displacement and elevator power. This presentation describes an independent 
evaluation of commercially available mass flow sensors conducted to assess current 
performance of yield monitoring options while identifying opportunities for developing 
improved cane yield monitoring systems.   
The three yield monitoring systems that were commercially available in 2008 were 
fitted to a BSES CH2500 Cameco harvester and trials were conducted during the 
2008 and 2009 seasons in the Ingham district of North Queensland. Each yield 
monitoring system was assessed simultaneously to eliminate the influence of 
machine setup and site characteristics that would be encountered through 
independently assessing each unit.  
In addition to yield monitoring, sugarcane yield was also measured using a weigh bin 
in order to determine the absolute accuracy and resolution of the respective yield 
monitoring systems. Weigh bin and mill weight data was used to assess the yield 
monitors at a range of scales including; 50 m of row, full rows, multiple rows (i.e. plot 
of 9 rows) and the entire field. These assessments were made with the harvester 
operating at both high and low pour rates.  
Key results from this work include (a) significant variation (disagreement) between 
yield monitors; (b) the requirement for accurate GPS for machine speed recording 
and positioning; and (c) recommendations for data logging intervals. 
Due to some of the limitations encountered during the previous years, a differing 
approach was taken in 2010. The harvester (an Austoft 7000) was fitted out with 
numerous sensors to evaluate the yield monitoring concepts (elevator and chopper 
pressure, weigh pad and roller opening) rather than commercial devices. Data is 
being collected during the 2010 season, and this presentation will discuss the 
findings from 2008-2009 as well as the ongoing investigations.     
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Dynasty or dinosaur? Are passive sensors passé? 

Eileen Perry  
Victorian Department of Primary Industries, Horsham, VIC. 
 
contact: eileen.perry@dpi.vic.gov.au 
 
Abstract 
Passive optical sensors use sunlight for illumination, and measure reflected or 
emitted energy from the target (e.g., crop canopy). Examples include multi-spectral 
reflectance or thermal infrared imagery. Active optical crop sensors, with built-in light 
sources, have all but replaced passive optical sensors for ground-based 
measurements in precision agriculture. The major advantage is that unlike passive 
optical sensors, they can be operated under almost any sky conditions, even at night. 
Given the popularity of the active optical crop sensors for precision agriculture, it is 
worth asking if there is still a role for passive optical sensors.   
 
Passive optical sensors on board satellite and airborne platforms may provide data 
for paddock-scale management that complements ground-based active optical 
sensors. The imaging sensors have the advantages of synoptic views (e.g., 
paddocks, whole farms, or whole regions) that can be collected instantaneously, in 
contrast with the mapping time required for the active optical sensors. The legacy of 
satellite remote sensing developed since the 1970’s is now used operationally to 
provide crop information and forecasts globally by organizations such as the US 
Department of Agriculture Foreign Agriculture Service 
(www.pecad.fas.usda.gov/remote.cfm). Crop information is derived partially through 
monitoring NDVI from red and near infrared bands, and maps of NDVI deviations 
from normal are updated fortnightly (www.pecad.fas.usda.gov/cropexplorer/).  
 
More recently, commercial satellite imagers RapidEye (Brandenburg an der Havel, 
Germany) and DigitalGlobe WorldView-2 (Longmont CO, USA) have been launched 
that include a chlorophyll red-edge band, which supports vegetation indices more 
responsive than NDVI to canopy nutrient stress. The new satellite imagery offers 
relatively high spatial resolution (5m or better) and daily overpasses, but is still 
affected by clouds, fixed overpass time, and provides no thermal infrared band. For 
research and some commercial applications, light aircraft has been used to acquire 
multi-spectral, hyper-spectral, and thermal infrared imagery over paddocks, but this 
can be expensive and logistically complicated. The evolution and miniaturization of 
sensors, guidance, and position components have allowed the recent development of 
Unmanned Aerial Vehicles (UAVs) as an alternative acquisition platform, resulting in 
major advantages in deployment time and cost. One other potential role for passive 
optical sensors is their use in wireless sensor webs, providing high temporal 
resolution data, and high spatial resolution across local scales. 
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Precision pastures: opportunities and challenges for spatial 
information to improve productivity and animal welfare in extensive 
livestock systems. 

David W. Lamb1,2, Donalee Taylor1, Mark Trotter1,2, Graham Donald1 and Derek 
Schneider1,2 

1Precision Agriculture Research Group, University of New England, Armidale.  
2CRC Spatial Information Carlton, Victoria. 
 
contact: dlamb@une.edu.au 
 
Abstract 
The use of spatial information in extensive livestock systems is not new. However the 
use of GPS tracking technology on livestock, coupled with existing or new remote 
and proximal plant/soil sensing technologies is redefining opportunities and 
challenges for using spatial information to improve productivity and animal welfare in 
livestock systems. Interest amongst researchers, technology developers and end-
users is growing, as evidenced by recent forums given over to spatially-enabled 
livestock management (SELM), including the 1st ANZ SELM Symposium (Australia) 
and the SELM Session at the 10th International Conference on PA (USA), both held 
in July this year.  
 
Based on the outcomes of both of these forums, this presentation will canvas some 
of these opportunities and challenges as they relate to understanding the complex 
interactions between animals and  their grazing environment, including pastures or 
crops, and discuss avenues for using such data as part of livestock management.  
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Why do grapevine yield and quality vary in time and space? 

Andrew Hall 
National Wine & Grape Industry Centre, Charles Sturt University, Wagga Wagga. 
 
contact: ahall@csu.edu.au 
 
Abstract 
The economic performance of vineyards can be assessed with respect to winegrape 
harvests meeting pre-specified yield and quality targets every season. Viticulturists 
are presented with challenges in reaching production targets due to spatial variation 
of within-vineyard block performance, which is generally caused by variability in 
environmental characteristics (e.g. soil composition, topography and soil water flux), 
especially with respect to making accurate forecasts of productivity. The underlying 
environmental characteristics, unless altered by management processes, change 
little over time; yet spatial patterns of vineyard performance can change over time. 
The factors that cause change in spatial variability of vineyard performance over time 
are due to the specific responses of vineyard areas that have different environmental 
conditions (currently or historically) to vineyard-wide stimuli, such as anomalous 
weather events. For example, vineyard wide influences, especially those occurring at 
key reproductive stages, may affect the relatively smaller vines of an individual block 
differently to the relatively larger vines. 
 
Temporal variability in productivity may be compounded or modulated by grapevine 
carbohydrate storage and utilisation. Excess carbohydrates are stored when surplus 
to reproductive and developmental (growth) requirements, and stored carbohydrates 
are utilised when reproductive and developmental requirements are not otherwise 
being met. To further complicate the system, each reproductive cycle spans two 
growing seasons, with the initial stage of inflorescence primordia formation occurring 
around budbreak of the preceding season, resulting in a long period over which a 
particular reproductive cycle may be disrupted. Weather variability effecting spatial 
changes in reproductive processes may be modulated or exacerbated by storage 
and utilisation of carbohydrate reserves that may have been exhausted or built up in 
growing seasons even before primordia initialisation. Vineyard temporal variability is 
therefore multifaceted, and, when interacting with spatial variability, leads to highly 
complex environments about which predictions are difficult to make. 
 
Some results from a three year study observing two hot-climate Shiraz vineyards 
using precision agriculture techniques and from accompanying analyses of weather 
anomaly effects on regional yield data across Australia are now available. The results 
have led to some working hypotheses regarding mechanisms that drive within-
vineyard block spatiotemporal variability in winegrape yield and quality. A particular 
focus of the study are the changing relationships of winegrape yield and quality 
indicators with grapevine canopy growth and size at various phenological stages 
assessed through optical remote sensing. The changing relationship strengths 
suggest a more complex relationship between grapevine canopy and fruit 
composition and yield than has been previously reported. An understanding of the 
effects of weather anomaly induced changes to reproductive processes and 
carbohydrate dynamics on grapevine performance subject to specific environmental 
conditions in different locations appears to be the key to making accurate winegrape 
productivity forecasts. 
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Remote sensing applications for the Australian cotton industry. 

Andrew Robson and Christopher Abbott 
 

Department of Employment, Economic Development and Innovation. J. Bjelke-
Peterson Research Station Kingaroy, Qld.  

 
contact: chris.abbott@deedi.qld.gov.au 
 
Abstract 
Remotely sensed imagery has been shown to accurately depict the spatial variability 
of crop vigour and yield across many agricultural crops, and with constantly 
improving spatial and spectral resolution and affordability of current commercially 
available satellites this technology is increasingly offering itself as an effective 
management tool to growers. Recent research funded by the CRC Cotton 
catchments over the Darling Downs growing region has identified cotton to be no 
exception with a number of applications derived from processed SPOT imagery 
investigated. These included identifying in-season variability and quantifying it in 
terms of commonly used agronomic assessments; prediction of total yield and yield 
variability as well as identifying the optimal image capture time for yield prediction. A 
combination of SPOT4 and SPOT5 imagery was captured on five occasions during 
two growing seasons (2008/2009 and 2009/2010). Over the two seasons, eleven 
cotton crops were selected for intensive sampling on two occasions, the initial early 
season sample to identify spatial variability in plant density, plant height and width, 
total bolls, open bolls, nodes above white flower; with the second sampling event 
close to commercial harvest used for determining yield variability and differences in 
soil nutrition, via soil sampling at two depths 0-15cm and 15-30cm. Sample locations 
were selected to represent a range of Mid-Infrared (1.58-1.75µm wavelengths) Plant 
Cell Density (PCD) index (MidIR/red) values, as both the commonly used 
Normalised Difference Vegetation Index (NDVI) and Near Infrared (0.78-0.89µm) 
PCD exhibited saturation from highly vigorous irrigated crops.. A correlation of R2 = 
0.66 was achieved between the MidIRPCD index and measured cotton yield across 
all blocks sampled within both growing seasons; which included multiple varieties, 
both irrigated and dryland blocks as well as different row-spacing. Using the 
predictive algorithm derived from the MidIR-PCD and yield correlation, yield 
forecasts were made of neighbouring irrigated and dryland crops producing 
predictive accuracies of up 100% to harvested yield. Strategic soil sampling 
identified potential constraints within several blocks including examples of high levels 
of chloride (salinity), Exchangeable Sodium potential (ESP), and suspected water 
holding capacity. Three images captured across the 2009/2010 summer growing 
season identified a progressive increase in the correlation between MidIRPCD and 
yield as the image capture time neared that of commercial harvest with an image 
captured on the 12th December 2009 producing an R2 of 0.07; 10th January 2010 R2 
of 0.52 and  19th March 2010, R2 of 0.62. These results indicate that even the highly 
affordable mid- resolution SPOT imagery can be used for a number of applications 
within the Australian cotton industry. 
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Introduction 
Remote Sensing techniques have been successfully used in agricultural systems to 
assess the extent and severity of salinity (Wiegand et al 1994), define management 
zones (Boydell and Bratney 2002), and predict harvest yield in various crops 
including; Peanuts (Robson 2007), Sugar cane (Almeida et al (2006) and Grains 
(Yang et al 2006).For yield prediction, previous studies have commonly correlated 
yield against spectral indices derived by ratioing the spectral reflectance of crops at 
different wavelengths. Vegetation indices primarily ratio reflectance in the near-infra 
wavelengths with reflectance of wavelengths in the visible spectrum (i.e. red, green 
blue). The most commonly encountered index is the Normalised Difference 
Vegetation Index (NDVI), calculated using Near-Infrared and Red wavelengths. 
Near-infrared radiation is scattered by the physical structure of the leaf, resulting in 
high levels of reflectance and transmittance, while radiation in the red portion of the 
spectrum is strongly absorbed by pigments involved in photosynthesis (Jensen 
2005). With increasing ‘vigour’, vegetation reflects greater levels of infra-red 
radiation, and decreasing levels of red radiation. NDVI emphasises the difference in 
the spectral response between these wavelengths and can be used an indicator for 
plant age or stress.  
 
SPOT imagery (10m spatial resolution) has been investigated within other 
agricultural systems, in place of other commercially available sensors due to its 
affordability over large regions and it offers a Mid-Infrared (MIR) band (Yang et al 
2009). The MIR portion of the spectrum responds to various characteristics of 
vegetation targets, including water content (Jensen 2005), and the inclusion of an 
MIR band on the SPOT sensor allows different interactions to be explored, however 
the lack of a Blue band can limit the application of some indices.   
 
The objectives of this study were to a) investigate the use of SPOT imagery for 
identifying the spatial variability within growing cotton crops and to explain that 
variability in terms of a limiting factor such as soil health 2) to predict total yield and 
yield variability within cotton crops, 3) to identify the optimum image capture time to 
predict yield from SPOT imagery.  
 
Methodology 
Imagery 
Four SPOT5 images, each encompassing 3600km2 were captured over the 
intensive cotton cropping Darling Downs region during the 2008/09 and 2009/10 
growing regions on the 29 December 2008, 10 December 2009, 10 January 2010 
and 19 March 2010; a single SPOT4 image was also captured on the 23rd February 
2009. SPOT 5 and SPOT 4 images have a spatial resolution of 10m and 20m 
resolution respectively, both contain four spectral bands (wavelengths), including; 
Green (0.5-0.59µm), Red (0.61-0.68µm), Near-Infrared (0.78-0.89µm) and Mid-
Infrared (1.58-1.75µm) with 8-bit radiometric resolution. All images were converted to 
irradiance values (W-m-2-sr-1-nm-1) using gains and offsets supplied the metadata for 
each respective image using equations defined SPOT Image (2008) and then using 
ENVI 4.7 (ITT Visual Information Solutions) were converted to ‘Top of atmosphere’ 
reflectance values (%) (Landsat Science Data Users Handbook, NASA 2009).  
Additionally, all SPOT5 images were atmospherically corrected and converted from 
digital numbers to represent ‘at canopy’ reflectance, ensuring anomalies such as 
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those associated with sun elevation, sensor ‘look’ angle and the Earth-Sun distance 
were removed (Song et al 2001). Atmospheric corrections were performed using the 
Improved Dark-Object Subtraction technique outlined by Chavez (1988). 
 
Field Sampling  
Each paddock of interest was sub setted from each respective SPOT scene, 
converted into a  Normalised Difference Vegetation Index (NDVI) and then classified 
into five vigour classes (highest-lowest vigour) using the natural break method. 
Three replicates in each high, medium and low vigour classes were targeted for 
strategic within crop sampling. Due to the 5 metre accuracy of the non- differential 
GPS, sampling points were selected from homogenous class regions that were no 
less than 25 pixels. Field samples collected towards the middle of growing season 
were undertaken to replicate actual agronomic checks and as such variety, row 
spacing, water management (dryland or irrigated), plant date, plant height, plant 
width, plants per square metre, number of white flowers above white flowers (NAWF) 
were all recorded. This enabled spatial variability within these agronomic measures 
to be assessed. A second sampling event towards harvest was also undertaken to 
identify yield variability calculated by: 

Cotton yield (bales /ha) = Plants/ m * boll count* boll factor 
(where boll factor represents value denoted by Cotton Seed Distributors (2010). Soil 
cores were also extracted at each sample point at depths of 0-15cm and 15-30cm, 
with a comprehensive soil nutrition test undertaken on each individual sample.   
 
Data Analysis and yield prediction 
All sampled yield measurements (11 crops over 2 growing seasons) were compiled 
and then correlated against a number of commonly used vegetation indices (Table 1) 
to see which produced the highest correlation coefficient. Once identified the linear 
equation produced from this correlation was used to predict the total yield of a 
number of non-sampled crops by substituting the average index value for the entire 
crop into the equation, therefore providing an average yield. This value when 
multiplied by the area of the crop produced the total yield. Yield variability maps were 
also produced by applying the equation on an individual pixel basis. The accuracy of 
the predictions was validated against the actual total harvest of the crop as 
measured by delivery gin weight. 
 

Normalised Difference Vegetation Index 
(NDVI) 

RNIR – RRed / RNIR + RRed 

GreenNDVI RNIR - RGreen / RNIR + RGreen 
MidIRNDVI RMIR – RRed / RMIR – RRed 
Plant Cell Density (PCD) RNIR / RRed 
MidIRPCD RMIR / RRed 
NDVIPCD NDVI / RRed 
MidIRNDVIPCD MidIRNDVI / RRed 
Transformed chlorophyll  
absorption reflectance index (TCARI) 

-3*( RRed – RGreen) – 0.2*( 
RRed – RGreen) *( RRed / RNIR + 
Red)) 

Table 1: Vegetation indices assessed for their correlation to cotton yield. Where: 
Green = wavelengths 0.5-0.59µm; Red = wavelengths 0.61 – 0.68µm; NIR = “Near Infrared” 
wavelengths 0.78 – 0.89µm; MIR = “Mid-Infrared” wavelengths 1.58 – 1.75µm. 
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Results and Discussion 
Figure 1 displays the relationships between yield (bales per hectare) and two 
spectral indices; the Normalised Difference Vegetation Index and the Mid-Infrared 
Plant Cell Density Index over the two growing seasons. MidIRPCD showed a 
stronger linear association with yield (R2 = 0.66) than the NDVI (R2 = 0.53). This is 
largely driven by the saturation of the near-infra band over plants with higher 
biomass in the NDVI equation. As seen in figure 1, there are two distinct ‘columns’ of 
data points around NDVI values 0.64 and 0.7; these appear as a result of saturation 
in the NIR band.  Saturation of the NIR band occurs as its sensitivity at higher 
chlorophyll content or Leaf Area Index plateaus, resulting in no increase in recorded 
values as chlorophyll or Leaf Area Index increase (Gitelson et al 2002). In this study 
the NIR band recorded its highest possible radiometric digital value (DN=255) in the 
23rd Feb 2009 and 19th Mar 2010 images, which produced the same ‘saturated’ 
effect. Understandably, all other indices using the NIR band were also detrimentally 
influenced by the saturation effect, creating the same distinct ‘columns’ in the data. 
Reflectance was lower in the MIR band as previously identified by Yang et al (2009) 
and therefore displayed an improved linear relationship. 
 

 
Figure 1: NDVI and MidIR-PCD vs Cotton Yield (bales/hectare) for the 2008/2009 and 2009/2010 
growing seasons. NDVI and MidIR-PCD are calculated from the final image captured in each 
season. 
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Scatter plots of the 2010 image time-series showed that the saturation effect 
increased towards the end of the season. All indices from the early season image 
produced poor correlations against final yield (R2<0.1; table 2). Using the mid season 
image (10 January 2010), the correlations between all indices and final yield 
markedly improved (0.36<R2>0.62). Saturation effects become apparent in the final 
image of the season (19th march 2010). Those indices which include the MIR band 
(figure 2), showed improved correlation with final yield, however those employing the 
NIR band, and therefore influenced by saturation, showed no further correlation 
improvement (table 2).  
 

Coefficient of Determination (R2) Vegetation Index 
12-Dec-09 10-Jan-10 19-Mar-10 

NDVI 0.07 0.54 0.55 
MidIR-NDVI 0.08 0.47 0.57 
PCD 0.05 0.62 0.63 
MidIR-PCD 0.07 0.52 0.62 
GNDVI 0.08 0.57 0.52 
NDVI-PCD 0.04 0.36 0.50 
MidIR-NDVI-PCD 0.08 0.43 0.51 
TCARI 0.07 0.43 0.44 

Table 2: Coefficient of Determination (R2) for vegetation indices matched to final yield for each 
of the images captured in the 2009/2010 growing season. 
 
Plant et al (2001) also found that images captured later in the season had the 
greatest correlation to final yield. The study identified that digitised infra-red aerial 
photographs of irrigated cotton taken any time after the final water stress event had 
become established would produce very similar correlations. Using a portable 
spectrometer, Zhao et al (2007) also concluded that early season measurements do 
not correlate well with final yield, but those collected at the early stage of flowering 
were suitable. Both of these studies correlate yield with NDVI and neither reported 
issues with NIR saturation, however both were using different sensors. 
 
Of the tested indices, the PCD and the MidIRPCD displayed the highest R2 values 
(0.63 and 0.62 respectively) from the image captured on 19th March 2010. Although 
similar R2 values were produced the MidIRPCD was chosen as a more appropriate 
index than the PCD as it did not experience saturation (Figure 1), an effect that will 
decrease the accuracy of yield prediction within high yielding blocks, due to the 
creation of an ‘upper limit’. 
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MidIRPCD Vs Yield (12 Dec 2009)
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Figure 2: MidIR-PCD derived from images across three dates in the 2009/2010 growing season 
correlated to yield. As the season progresses R2 values improve. 
 
Using the algorithm developed from the correlation of yield and MidIRPCD (Figure 
1), predictions of yield in additional paddocks, along with yield maps were made 
(Figure 4 and Table 3). Overall, predictions ranged from 65% to 193% (93% over 
prediction) of the recorded yield, however, concentrating on only irrigated blocks the 
prediction accuracy ranged from 80% to 120% of the recorded yield. 
 

   
 
Figure 4: Creation of image derived yield map a) Original false colour image (NIR, Red, and 
Green), b) MidIR-PCD image c) Classified yield map created using the linear equation 
produced from the yield and MidIR-PCD correlation. 
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Growing   
Actual 
Average  

Actual 
total  

Pred. 
Average

Pred. 
Total  

Prediction 
Accuracy 

Environment Cultivar 
Yield 
b/ha 

Yield 
Bales 

Yield 
b/ha 

Yield 
Bales (%) 

Dryland Sicot 71BRF 7.1 201 4.6 130 65 
Dryland Sicot 71BRF 7.0 147 5.4 113 77 
Irrigated 71BRF 3.7 74 2.9 59 80 
Dryland Sicot80RRF 5.5 197 4.6 163 83 
Irrigated 71BRF 9.7 671 8.8 607 90 
Irrigated Sicot 70BL 10.2 316 10.0 290 92 
Dryland Sicot 71BRF 5.2 135 5.3 127 94 
Irrigated 71BRF 3.9 279 3.7 264 94 
Dryland Sicot 71BRF 9.0 309 8.6 295 96 
Irrigated Sicot 70BL 3.1 88 3.1 86 98 
Dryland Sicot 71BRF 5.0 120 5.0 120 100 
Dryland Sicot 71BRF 6.4 236 6.9 255 108 
Dryland Sicot 71BRF 5.6 75 6.5 88 117 
Irrigated 71BRF 4.3 306 5.1 365 119 
Irrigated Sicot 70BL 9.2 282 11.0 339 120 
Dryland 71BRF 4.6 220 7.0 334 152 
Dryland Sicot 71BRF 2.3 82 3.8 132 162 
Dryland Siokra V-18 BRF 2.9 108 4.8 182 169 
Dryland Siokra V-18 BRF 2.3 103 4.4 199 193 

Table 3: Yield predictions, actual yield and prediction accuracy of 20 cotton blocks 
neighbouring those initially sampled for analysis. 
 
Strategic soil sampling guided by classified images identified potential limiting soil 
constraints within a number of cotton crops including Exchangeable Sodium 
Percentage (ESP) at 15-30cm in poor vigour areas (Figure 4) where sodium was ten 
times the level of potassium which reduced the availability of potassium. Nitrogen 
levels were much higher in the poorer areas: 6mg/kg in high vigour areas and 
20.67mg/kg in low vigour areas, indicating poor uptake by the crop. An additional site 
displayed a salinity issue, with Chloride at 15-30cm in low vigour areas (249.7 
mg/kg), which was twice the concentration within the higher vigour areas 
(97.3mg/kg). 
 
Conclusions 
SPOT imagery has been shown to accurately identify within season cotton crop 
variability in the Darling Downs growing region of Queensland. Although saturation of 
the NIR band limited the accuracy of traditional vegetation indices such as NDVI and 
PCD, the MIR SPOT band provided an additional spectral band that enabled strong 
correlations with yield to be achieved. This correlation allowed the accurate 
prediction of non-sampled crops to be predicted, however to ensure the robustness 
of the yield prediction algorithm additional data points encompassing differing 
varieties, location and environmental conditions would be required. Imagery captured 
closer to commercial harvest was also identified to produce a stronger correlation 
with cotton yield. Strategic soil sampling guided by classified imagery provided an 
understanding of underlining issues that may be driving the observed variability, 
therefore allowing for future remedial action to increase overall production to be 
implemented.   
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UAV technology with Precision Agriculture to improve productivity 
and sustainability of macadamia orchards. 

Leasie Felderhof 
Skyview Solutions Pty Ltd 
 
contact: leasie@skyviewsolutions.com.au 
 
Abstract 
This project aimed to use aerial imaging of a macadamia orchard to create a nutrition 
map that could be used in farm management software and integrated with a variable-
rate fertiliser spreader. The long term aims are to reduce fertiliser input costs and 
minimise nutrient runoff. The project also facilitated the design and development of a 
robust unmanned aerial vehicle (UAV) airframe suitable for use in Australian 
horticultural crops. 
 
Colour and near-infra-red (NIR) images of a 100 ha macadamia orchard were 
obtained using a small UAV. The images were aligned using software written for the 
project and stitched to form mosaics using commercial image processing software. 
The colour and NIR mosaics were combined to create normalised difference 
vegetation index (NDVI) images. The NIR mosaic was also used to create canopy 
chlorophyll concentration index (CCCI) images: an index using two NIR wavelengths. 
The vegetation indices were ground-truthed using a spectral radiometer to measure 
reflectance of visible and NIR light and calculate NDVI and CCCI for 300 trees in 
three health classes (good, average and poor). In addition leaf analysis was carried 
out to measure foliar nitrogen levels. 
 
The NDVI and CCCI images were geo-referenced and ortho-rectified so that a point 
on the image may be accurately related to a point within the orchard. Correlation 
between vegetation indices derived from imaging and indices calculated from 
radiometer readings was close, showing that indices derived from aerial images 
reflect the health of the macadamia trees with acceptable accuracy. CCCI and foliar 
N levels correlated more closely than NDVI and foliar N, suggesting that CCCI may 
be the more appropriate vegetation index to use for macadamia crops.  
 
NDVI and CCCI images were rendered as multi-class nutrition maps that could be 
loaded into PAM Ultracrop farm management software for conversion to variable-rate 
controller files. The aerial imaging used in this project was obtained using an off-the-
shelf UAV designed mainly for use in broad-acre cropping in North America, which 
proved inappropriate and inefficient for prolonged use in Australian conditions. A new 
UAV was designed and constructed using composite materials. This airframe is 
robust and aerodynamically efficient, promising increased duration and reduced 
maintenance and repair time in the field. 
 
A preliminary benefit/cost analysis suggested that the use of nutrition maps derived 
from aerial images can lower production inputs and increase profits for macadamia 
growers. The Australian horticultural industry is among the first in the world to begin 
using UAV technology. Federal aviation safety regulations, which are focused on 
safe UAV operation alongside other air traffic, provide a suitable environment to 
investigate this technology and expand its use to benefit growers. 
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Fixing low pH soils and solving drainage problems with PA: 
case studies from NSW and Victoria 

Andrew Whitlock and Tim Neale  
PrecisionAgriculture.com.au 
 
contact: andrew@precisionagriculture.com.au 
 
Introduction 
Poor drainage and low pH soils are not new problems to Australian agriculture, but 
Precision Agriculture (PA) tools are changing the way we deal with these issues. As 
a commercial business, we have been developing simple PA tools that can improve 
farm profitability and reduce soil and crop variability, which farmers can adopt straight 
away. This presentation briefly describes tools we have used to identify the problem 
of soil acidity and poor drainage, and show the practical solutions to remediate these 
issues. 
 
Soil acidity 
We have many clients who experience the significant crop losses from soil acidity, 
especially in the Southern parts of Australia. In some cases, low pH also occurs 
simultaneously with high exchangeable Aluminium, and other associated soil 
physical characteristics. 
 
Our approach has been to use either targeted or grid soil sampling to identify 
problem areas. In the 2009 season in NSW, we used high resolution satellite imagery 
to identify areas suspected to be low in pH and high in exchangeable Aluminum. 
Figure 1 shows farmers examining high resolution satellite imagery maps of their 
whole farms. 
 

 
Figure 1. Farmers identifying soil constraints in satellite images 
 
 
We compared targeted and grid sampling methods. Figure 2 shows the classified 
high resolution satellite image and GPS locations and the correlation between 
biomass and exchangeable Aluminium levels.  Figure 3 shows the resultant variable-
rate lime map. Zones were drawn based on the satellite imagery, as we believe this 
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is a good interim step to get started with variable-rate liming. In a large proportion of 
this paddock, lime will not be required as the pH is suitable for crop growth. 
 
 

                     
Figure 2. Classified image and sample locations  Figure 3. Resultant variable rate lime map 
 
 
You can see that a targeted approach to pH sampling would have been adequate in 
this instance, allowing for a considerable reduction in the number of samples 
required. 
 
Figure 4 below shows the graphical relationship between NDVI value and 
exchangeable Aluminium percentage for this field. Figure 5 shows the relationship 
between exchangeable Aluminium values and pH values in this example. 
 

   
Figure 4: NDVI value and Aluminium %         Figure 5: relationship between Aluminium and pH 
 
Once the polygon has been derived, the map is then loaded into the variable-rate 
controller, and rates change automatically. Figure 6 shows the hardware for rate 
controlling and also the spreader.  
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Figure 6. The VRT map is then loaded into the spreader controller 
 
 
Water logging and drainage problems 
There is an exponential sales growth in Australia for auto steer systems. This has 
provided a range of benefits to farmers including reduced input costs, reduced soil 
compaction, night operations, and easier driving allowing operators to focus on the 
implement rather than driving straight. 
 
What most farmers don’t realise is that they can value add to their purchase by using 
their guidance system to create farm topography maps. An example of a topography 
map is shown below in Figure 7. 
 

  
Figure 7. Example of topography map showing contour lines, run lines, and elevation (over 
image - right) 
 
 
When you are auto-steering, the machine is often collecting high accuracy elevation 
data as well. Using our specialised software, we can create topography maps, 
conduct a drainage analysis, and even produce cut/fill maps for contractors to fix up 
any wet spots in the field. Figure 8 shows a paddock from Victoria that has particular 
drainage problems. The elevation data has enabled us to indentify the areas prone to 
ponding, and position drains more effectively. 
 



 
Figure 8. 3-D view of paddock elevation (left) and ponding depth analysis (right) 
 
 
Data can be collected from all major brands including Trimble, Auto-farm, Topcon, 
Leica, and John Deere; anything that is high accuracy dual frequency RTK (with a 
base station).  
 
We have found that the advances in software have enabled us to reduce the soil 
shifted by up to 90% compared to traditional levelling techniques. In some fields 
traditional laser levelling has shifted over 1,000m3 of soil per hectare; whereas using 
RTK GPS and new software, we have reduced that to around 100m3 of soil per 
hectare. Considering earth moving costs over $1/ha, this represents a significant 
saving, not to mention the impact on productivity of the soil. 
 
The software can also direct us where is the most efficient place to situate drains to 
ensure any excess water drains away from the field.  
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An automated system for rapid in-field soil nutrient testing 

Craig LobseyA, Raphael Viscarra RosselB and Alex McBratneyA 
AAustralian Centre for Precision Agriculture, University of Sydney, Sydney, Australia.  
BCSIRO Land & Water, Canberra, Australia. 
 
contact : craig.lobsey@sydney.edu.au 
 
Abstract 
This paper outlines the laboratory experimentation and development of a multi-ion 
measuring system (MIMS) for proximal sensing of soil nitrate, potassium and sodium 
using Ion Selective Electrodes (ISEs). We present work conducted for characterising 
ion exchange reactions using multiple ISEs and a universal extracting solution. The 
use of ion exchange kinetics and prediction models for rapid estimation of soil 
extractable nutrient concentration was evaluated. Using these techniques the 
prototype laboratory and field portable MIMS was developed to provide rapid in-field 
soil nutrient analysis in less than 30 seconds. The system automates the 
measurement process including ISE calibration, temperature compensation, and soil 
analysis with nutrient estimation. Finally we describe the hardware and the 
performance of the MIMS under laboratory and field conditions. 
 
Introduction 
The implementation of Precision Agriculture (PA) is important for optimising crop 
production and economic return to farmers, and reducing the environmental impact of 
farming operations. More precise and accurate resource application (e.g. fertiliser, 
lime, etc) both spatially and temporally may reduce their over or under application, 
thereby ensuring optimum productivity for any given unit of land. This management 
philosophy requires the collection of high resolution soil chemical and physical 
information, which can not be met by conventional sampling and laboratory analysis. 
For this reason the development of Proximal Soil Sensors (PSS) is important. These 
sensors should be rapid, inexpensive, robust and capable of repeatable 
measurements. A number of proximal soil sensors have been developed and are 
commercially available such as electromagnetic induction (EMI) instruments, 
electrical conductivity systems (contact electrodes) and pH sensors. Currently, there 
are no commercially available proximal soil sensors that measure soil nutrient 
concentration directly.  
 
Our sensor is novel in that it aims to bridge the gap between conventional sampling 
and analysis and current proximal soil sensors by providing direct chemical 
measurements of soil nutrients at intermediate resolutions. We developed the system 
with the view that it should be versatile enough to be used as: 
 

o A field portable sensor for site-specific nutrient analysis, soil core analysis, or 
screening of critical nutrient concentrations; and 

o The analytical unit for an automated on-the-go sampling system for high 
resolution mapping of soil nitrate, sodium and potassium. 
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The first will provide rapid, low cost analysis of nutrient concentrations through the 
soil profile, for example, allowing a larger number of soil cores to be analysed in the 
field and minimising the need for returning samples to the laboratory. The second will 
provide information on the spatial variability of soil nutrient concentrations within 
approximately the top 20 cm of the soil profile. 
 
Ion Selective Electrodes for soil nutrient sensing 
Ion Selective Electrodes (ISEs) are capable of providing direct measurements in 
unfiltered soil extract or slurries, making them attractive options for proximal soil 
sensing. They are small, economical and require little supporting hardware. Proximal 
sensing of soil pH using ISEs has been demonstrated and is commercially available 
(Veris pH manager – Veris Technologies). Initial techniques employing ISE 
technology such as Direct Soil Sampling (DSM) for measurement of K+, Na+ and 
NO3

- on naturally moist soil samples have experienced limited success. They have 
however demonstrated the applicability of ISEs for proximal soil nutrient sensing. 
These initial techniques are rather rudimentary and consequently inconsistencies in 
the measurements are their major drawback and accountable for their limited 
success. 
 
Previous work has also inherently been limited to soluble or plant available ion 
concentrations. Information on both soluble and exchangeable components is 
important in management decisions due to the buffering nature of the soil, for 
example in the measurement of lime requirement (LR) and fertilizer application. 
However, this requires a lengthy soil extract procedure which creates the rate limiting 
component of the measurement process.  
 
Ion Exchange Kinetics – Observation and steady state prediction 
To overcome the rate limiting ion exchange processes it is proposed that the 
observation of the ion exchange kinetics on addition of soil to the extracting solution 
will yield sufficient information to predict the steady state or equilibrium concentration.  
 
A series of half-cell ISEs selective for nitrate, sodium and potassium using a shared 
lithium acetate double junction reference electrode were used in a batch processing 
system for the real-time monitoring of initial ion exchange kinetics. To improve 
extraction rates and sensor performance an extracting solution of 0.1M Magnesium 
Sulphate was chosen. Choices were limited by ISE interferences and selectivity. 
 
Due to ISE calibration requirements, the ion exchange kinetics (Figure 1) and 
equilibrium concentrations were obtained using two subsamples and separate batch 
processes. It was found that the kinetics could be successfully modelled empirically 
and the extracted nutrient concentration (40 minute extraction) could be adequately 
predicted using the initial 15 seconds of the exchange reaction. There were no 
significant improvements by extending the initial measurement to 30 seconds (Table 
1). 
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Figure 1. Nitrate, sodium and potassium ion exchange kinetics for 25 seconds after soil 
addition (selected samples for clarity). 
 
 
 

Soil nutrient Concentration 
Range (mg/kg) 

Prediction R2 
(15s) 

Prediction 
MRE(%) 

(15s) 

Prediction R2 
(30s) 

Prediction 
MRE(%) 

(30s) 
Nitrate 8.86-80.18 0.85 37.1 0.92 21.5 
Sodium 1.62-121.99 0.98 17.4 0.99 16 

Potassium 7.41-316.80 0.99 8.7 0.99 9.0 
Table 1. Soil nutrient estimation R2 and Mean Relative Error (%) – 15s and 30s analysis times 
extrapolating the exchange equilibrium following a 40 minute extraction (n=30). 
 
 
Multi-Ion Measurement System (MIMS)  
A Multi-Ion Measurement System was developed to implement the ion exchange 
equilibrium technique in a field portable device. The system is capable of analysing a 
nominal 5g sieved sample (< 2 mm). The MIMS is a mechatronic system that 
contains all necessary hardware, electronics and software to provide fully 
autonomous sample analysis including reagent injection, agitation, kinetics 
monitoring and soil nutrient predictions (Figure 2 and Figure 3). ISE calibration is also 
performed automatically and includes ‘quality’ control of the ISEs. 
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Figure 2. The Multi-Ion Measurement System (MIMS) 
 

 
 
Figure 3. MIMS system overview. 
 
We are currently field testing the MIMS (Figure 4) with an integrated GPS for 
automatic referencing of sample locations. The hardware for the automation of soil 
collection, sieving and volumetric sampling for integration of the MIMS into an on-the-
go nutrient sensor is currently being developed.  
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(a) 
 

(b) 

 
(c) 

 
(d) 

Figure 4. Field operation of the MIMS (a) and nutrient variability maps for (b) potassium, (c) 
sodium and (d) nitrate. 
 
 
Conclusion 
The MIMS system was developed to automate the analytical components of soil 
nutrient testing with the goal of providing: (i) a field portable system for simple and 
rapid estimation of soil nutrient concentrations through the soil profile and (ii) to 
characterize the spatial variability of nutrient concentrations in surface soil. In both 
these roles this sensor will provide an improved understanding of soil nutrient 
variability both spatially and temporally. It will provide sensing capabilities for more 
effective continuous and site specific nutrient management.  
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SPAA Precision Agriculture Association: Grower group project 

Leighton Wilksch and Sam Trengove 
SPAA Precision Agriculture Association 
 
contact: leighton.wilksch@landmark.com.au 
 
Abstract 
The GRDC funded SPAA grower groups project has had a substantial move forward 
in the past year with the number of attendees increasing with the expansion into Sthn 
NSW and Victoria.  The aim of the project is to increase the adoption of Precision Ag, 
primarily in the form of Site Specific Crop Management (SSCM) and runs over 3 
years to mid 2012.   
 
The basic concept is to hold 3 meetings a year which are collaborated with an 
established Farming System Group (FSG).  These have included: 

• A pre-harvest meeting involving machinery dealers to train growers how to get 
the best out of their harvesters,  

• A pre-seeding meeting, again involving various machinery dealers to assist 
growers in utilising their yield data and any other layers of information that will 
help them with their SSCM plans for the year, and  

• An in-season, in paddock crop walk to discuss local Precision Ag trials and 
demonstrations and practical technologies such as crop scanners. 

 
As part of the project there are at least 2 focus paddocks where extensive data 
collection and processing has assisted farmers with their SSCM plans, which will be 
economically evaluated at the end of season to present a robust case of the benefits 
of utilising the technology that resides in many tractor cabins. SPAA also ran an 
intensive PA training forum in Adelaide in June and invited a number of members 
from each collaborating FSG. At the forum, an extensive group of PA experts from 
across the nation gave attendees an insight into the economics of PA, issues with 
adoption, instruction on gathering layers of data, instruction on processing data as 
well as a number of panel sessions with suppliers of hardware and software in the 
PA industry.  This was followed by an in-field session looking at some practical 
applications of PA technology on the Yorke Peninsula and Mid North, SA. 
 
At the recent in-season crop walks this month, growers with experience in SSCM 
explained how they have gotten to where they are now and what benefits they see 
with managing variability across their properties. These crop walks have been 
successful in getting those growers who have an interest in Precision Ag, but not 
necessarily have all the gear or know-how to jump into it, to learn from locals and 
industry consultants about the best steps to undertake to implement PA on their farm. 
 
Another indication of how successful the SPAA grower group concept has been in 
the broadacre market is the initiation of the model into the viticulture industry. SPAA 
has been successful in getting funding to set up a pilot group in the Coonawarra wine 
region of SA. SPAA committee member, Hans Loder, will be pivotal in moving the 
group forward. 
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For further information on the GRDC/SPAA grower groups in SA, Vic and Sthn NSW, 
please contact Sam Trengove 0428 262 057, Leighton Wilksch, 0408 428 714 or 
Nicole Dimos, 0437 422 000. 
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Wireless sensor network for water and nitrogen management. 
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Abstract 
Water and Nitrogen (N) are critical inputs for crop production. Remote sensing data 
collected from multiple spatial scales, including ground-based, aerial, and satellite, can 
be used for the formulation of an efficient and cost effective algorithm for the detection 
of N and water stress. Effective calibration of such techniques requires the continuous 
acquisition of ground based spectral data over the canopy enabling field measurements 
to coincide exactly with aerial and satellite observations.  
 
To test this idea, a wireless in-situ sensor network was developed to acquire spectral 
data in seven narrow wavebands (470, 550, 670, 700, 720, 750 and 790 nm) critical for 
monitoring crop growth and N status. The wireless sensor network (WSN) was 
established based on different spatial sampling strategies and each of the spectral 
measurements were recorded at specified temporal intervals (up to 30 seconds). The 
data were relayed through a multi-hop wireless network to a base computer at the field 
site. These data were then accessed by the remote sensing centre computing system 
through broad band internet.  
 
This presentation describes the first phase of the experiment with the details of sensor 
development and instrumentation set up. Comparison of the data from the WSN and an 
industry standard ground based hyperspectral radiometer indicated that there were no 
significant differences in the spectral measurements for all the wavebands except for 
790nm. Combining sensor and wireless technologies enables a robust means of aerial 
and satellite data calibration through acquisition of high temporal frequency data 
combined with simultaneous spatial distribution. 
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Identifying the main scales at which crop yield and soil attributes are 
related within a field 

Pierre Roudier and Brett Whelan 
Australian Centre for Precision Agriculture, University of Sydney 
 
contact: brett.whelan@sydney.edu.au 
 
Introduction 
More growers are now gathering spatial data layers (e.g. crop properties, soil ECa, 
gamma radiometrics, elevation) using vehicle-mounted sensors and GPS for use in a 
variety of management decisions. Previous PA work has highlighted that many of the 
spatial data layers show variability at different spatial scales across the landscape. 
These differences are a combination of two properties: 
 

o the scale of within-field variability: the actual way each attribute varies within 
fields; and  

 
o the scale of measurement resolution: different measurement resolutions occur 

because of differences in the swath width and speed during measurement 
operations and the fact that the actual area sampled for individual measurements 
varies with each sensor.  

 
If management goals are to determine which of the gathered layers are useful for 
understanding and explaining the variability in production, and then using them (either 
singularly or in combination) to calculate and direct changes in management, then the 
effect of theses scale properties needs to be considered. It is already obvious that data 
gathered at low measurement resolution (wide swaths) may relate well to other data 
layers in basic analyses, but the amount of variation being compared may well be very 
low. 
 
Ideally we need to be sure information has been gathered at a scale that captures the 
majority of the variability in each layer, which inturn requires that we understand at 
which scale the majority of the variability is occurring.   
 
The specific results of obtaining such information would be:  
 

o determining the maximum scale for measurement surveys (may well be site-
specific); 

 
o individual data layers could be ‘cleaned’ of noise to expose patterns of variability 

that are significant for management use; and 
 

o more robust relationships between the layers could be determined for use in 
agronomic decision making. 
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Determining the scales of variability in PA data layers 
A number of techniques have been applied in an attempt to identify if scale of variability 
is an issue and then quantify the important scales: 
 

o local correlations: way to see how distance affects correlation between two 
variables which simply identifies if scale effects relationships; 

o wavelet methods: based on a multi-scale decomposition of a signal or map. 
o Empirical Mode Decomposition: The EMD is an adaptive decomposition 

technique with which any complicated signal or map can be decomposed into a 
definite number of high-frequency and low frequency components by means of a 
process called “sifting” 

 
An example 
A data set of attributes gathered at a relatively constant measurement resolution from a 
field in Gilgandra NSW is used to demonstrate the results of the different techniques. 
 
Local correlations 
 
Figure 1 shows the local correlation between wheat yield and grain protein content. The 
area over which the individual correlations are made increases from Figure 1a to Figure 
1d.  The pattern of variability can be seen to change and loose detail, but it is the loss of 
differentiation between positive and negative correlations that is more important to 
management. This simple analysis highlights the existence of scale dependent 
relationship between these two properties in this field. 

 

 
 
 

 
Figure 1. Changes in correlation of wheat yield and protein as the area of measurement increases.  
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Wavelet decomposition analysis 
The idea of wavelet analysis is to break a signal down in to a series of component 
frequencies. Figure 2 shows the decomposition of a raw signal into 4 components, from 
high frequency (noise) to lower frequency (trends). This can be adapted to use across 
or along transects of data within a field.  
 

 
Figure 2. Representation of the wavelet decomposition analysis. Raw data (top) is broken into 4 
component signals of decreasing frequency. 
 
 
In Figure 3 this technique has been applied to the yield and protein data across the 
direction of measurement in the field and each component layer compared by 
correlation. Analysing in this direction relates to the decision about swath width of 
measurement surveys. 
 
The highest correlation is obtained at the 640m scale in both attributes but at this 
measurement scale only 20% of the total variability in the grain protein data and 25% of 
the total variability in the yield data is captured. If a benchmark of capturing 75% of total 
variability in the data layers is set, then the largest decomposition scale that achieves 
this target is 40 metres in both attributes. The analysis for a number of other data layers 
is included in Table 1. The differences in component distance follows an intuitive trend. 
The EM31 and elevation layers, which represent layers with generally smoother 
changes, can be measured out to greater swath widths than the shallower soil and 
protein components.  
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Figure 3. Correlation comparison of the wavelet decomposition components of wheat yield and  
grain protein. The strongest correlation (-0.55) is obtained at the 640m scale, but only 20% of the 
grain protein variability and 25% of the wheat yield variability is explained at this scale. 
 
 
 

Property Distance 
where 
75% 

variability 
maintained 

Correlation 
with wheat 

where 
75% 

variability 
maintained 

Highest 
correlation 

Distance 
at which 
highest 

correlation 
is attained 

Percent 
variability 
included 

at 
maximum 
correlation 

      
EM38v 40 0.24 0.44 1280 50 
Gamma K 
on-ground 

 
20 

 
0.18 

 
0.5 

 
640 

 
5 

EM31 160 -0.21 -0.26 320 75 
Elevation 80 -0.53 -0.63 640 75 
Grain 
protein 

 
40 

 
-0.52 

 
-0.55 

 
640 

 
20 

 
Table 1. Wavelet decomposition of different layers showing the distance at which 75% of 
variability is maintained along with the correlation with wheat yield at 75% variability. Maximum 
correlation, the associated component distance and the included variability is also shown. 
 
 
Empirical Mode Decomposition (EMD) 
The EMD is an improvement on the wavelet analysis because it can be implemented 
more easily in two dimensions an also handles nonlinear data. This mean it works well 
over PA field data and is not restricted to working in multiples of actual measurement 
distances like the wavelet analysis. 
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It also separates the data into increasingly lower frequency components called Intrinsic 
Mode Functions (IMF) and the underlying trend (known as a residue here) which can be 
mapped, the variogram estimated to provide a distance scale. The IMF and residue can 
be added back together in steps to provide a reconstruction of the data that includes 
increasing amounts of variability. Figure 4 shows the wheat yield data and its 
component IMF and residue. 
 
(a) (b) (c) 

 
(d) (e) (f) 

 
 (g) 

 
Figure 4. EMD of wheat yield layer showing 5 component IMF and the residue or trend remaining. 
The frequency of the data decreases from (b) to (g) and the maps obviously get smoother. 
 
 
The variograms for each component layer are shown in Figure 5. The amount of 
variability included in each can be seen by the height of each model, with the high 
frequency IMF encompassing the least amount of variation. 
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Figure 5. Variograms of the initial wheat yield and the 5 component IMF and residue. Note the 
different amount of variability encompassed in each component. 
 
The stepwise reconstruction of the components builds in increasing amounts of 
variability as can be seen in the variograms in Figure 6a. Including 75% of the original 
variability produces the map in Figure 6b. It is the initial data minus the 2 highest 
frequency IMF. As can be seen, this essentially removes the ‘noise’ from the map.  
 

 
Figure 6. Variograms of the reconstructed wheat yield (a) and the data with the inclusion of 75% of 
the initial variability. 
 
Summary 
These analysis techniques have shown promise in confirming the scale related issues in 
PA data layers. They offer methods for improving our understanding of the interaction 
between data layers and therefore improving the robustness of management decisions. 
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Integrating temporal variation into the management of spatial 
variability: options for the implementation of Precision Viticulture in 
Marlborough, New Zealand. 

Rob Bramley1, Mike Trought2, and John-Paul Praat3 
1CSIRO Ecosystem Sciences, PMB 2, Glen Osmond, SA 5064, Australia; 
2New Zealand Institute for Plant and Food Research Ltd, Marlborough Wine Research 
Centre, PO Box 845, Blenheim, New Zealand; 
3P.A. Handford and Associates, 104 Turere Lane, Te Awamutu, New Zealand.  
 

contact: rob.bramley@csiro.au 
  

Introduction 
Vineyards are variable the world over. However, to date, no spatial analysis of vineyard 
variability has been conducted in New Zealand. We were interested to quantify vineyard 
variability in a 5.9 ha Marlborough vineyard planted to Sauvignon Blanc which had been 
the study site for a number of projects conducted by staff and students at the 
Marlborough Wine Research Centre (MWRC) over the last ten years. Our objective in 
the present work was to try to combine a spatial analysis of vineyard variability with 
information about phenology and fruit maturation. We are unaware of any previous 
attempt to integrate vineyard variation in both space and time. 
 
 
Spatial variation 
Our analysis used a combination of remote and proximal sensing of vine vigour, direct 
measurement of trunk circumference, yield mapping and high resolution (EM38) soil 
survey. 
 
Variation in vine vigour was associated with variation in the land (soil, topography) 
underlying the vineyard (Figure 1). EM38 soil survey appeared to be useful for 
describing vineyard soil variation, but because the soils which predominate over the 
alluvial Wairau Plains in Marlborough are shallow and stony, very low values of 
apparent electrical conductivity (ECa) over a narrow range were observed. However, 
ECa was closely correlated with trunk circumference, an index of vine vigour. In contrast 
to Australian studies, neither ECa, remote or proximally sensed vine vigour (PCD – the 
so called plant cell density index) nor trunk circumference were good predictors of 
grapevine yield which, also in contrast to earlier Australian work, varied by little more 
than 2-fold. It is hypothesised that this is a reflection of differences in vine training 
systems (hand cane pruning in Marlborough versus mechanical pruning in Australia) 
and the greater degree of selection of buds when vines are hand pruned. However, 
maps derived from the various indices of vine vigour all showed very similar spatial 
structure (Figure 2). This suggests that a focus on tools which facilitate enumeration of 
variation in vine vigour may offer the greatest value to Marlborough practitioners 
interested in adopting Precision Viticulture approaches to grapegrowing and 
winemaking. 
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Figure 1. Variation in elevation (all maps), apparent electrical soil conductivity (ECa; bottom map) 
and vine trunk circumference (middle map) in a 5.9 ha Marlborough Sauvignon Blanc vineyard. Also 
shown in the top map are the results of clustering the ECa and trunk circumference map layers (3 
cluster solution) using k-means. Numbers in the legend to the top map are cluster means; those 
followed by different letters are significantly different (p<0.05). Note that the orientation of north in 
this figure is approximate only. The range in elevation (lowest to highest point) is 1.6 m. 

 
Figure 2. Variation in a range of indices of vine vigour. Note that in all maps, the legend categories 
represent 20th percentiles, hence the small difference in the trunk circumference maps shown here 
and in Figure 1. In all cases, red is ‘low’ and blue, ‘high’. ‘Canopy size’ was calculated by multiplying 
the 2007 remotely sensed image with the image obtained from proximal sensing. 
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Figure 3. Prediction of soluble solids (°brix) from proximally sensed vine vigour (Crop Circle 
value). This example pertains to ‘Day 63’ which in an average year corresponds to April 4. Note 
that the vine vigour measurement only has to be made once. 
 
 
Temporal variation 
Previous work done at the MWRC had indicated that trunk circumference could be used 
to predict indices of fruit maturity. Given the similarity in maps of vine vigour (Figure 2), 
the high spatial resolution of data collected using the Crop Circle™ proximal sensor 
(bottom centre map in Figure 2), and the relative ease with which such data can be 
acquired, we decided to use this sensor as a predictor of indices of fruit maturity. Figure 
3 shows an example with respect to brix; similar relationships were derived for juice pH 
and titratable acidity (TA) for each of the 70 days after 1 February. 
 
 
Integrating vineyard variation in space and time 
During a workshop involving between 50 and 60 Marlborough winemakers, conducted 
by MWRC as part of another activity, participants were asked to nominate their optimal 
values at harvest (i.e. ideal ripeness) for soluble solids, juice pH and TA in Sauvignon 
Blanc. They were also asked to indicate the relative weighting that they attached to 
these parameters as a harvest-timing decision aid. From the information collected, we 
were able to calculate a ‘juice score’ which integrates these indices of fruit 
maturity/quality. Using this process, and relationships like that shown in Figure 3, we 
were able to predict the change in juice score through time using the proximally sensed 
vigour map (bottom centre map in Figure 2). This in turn allowed us to produce maps 
such those shown in Figures 4 and 5. 
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Figure 3. Prediction of soluble solids (°brix) from proximally sensed vine vigour (Crop Circle 
value). This example pertains to ‘Day 63’ which in an average year corresponds to April 4. Note 
that the vine vigour measurement only has to be made once. 

 
 

Temporal variation 

Previous work done at the MWRC had indicated that trunk circumference could be used 
to predict indices of fruit maturity. Given the similarity in maps of vine vigour (Figure 2), 
the high spatial resolution of data collected using the Crop Circle™ proximal sensor 
(bottom centre map in Figure 2), and the relative ease with which such data can be 
acquired, we decided to use this sensor as a predictor of indices of fruit maturity. Figure 
3 shows an example with respect to brix; similar relationships were derived for juice pH 
and titratable acidity (TA) for each of the 70 days after 1 February. 
 
 

Integrating vineyard variation in space and time 

During a workshop involving between 50 and 60 Marlborough winemakers, conducted 
by MWRC as part of another activity, participants were asked to nominate their optimal 
values at harvest (i.e. ideal ripeness) for soluble solids, juice pH and TA in Sauvignon 
Blanc. They were also asked to indicate the relative weighting that they attached to 
these parameters as a harvest-timing decision aid. From the information collected, we 
were able to calculate a ‘juice score’ which integrates these indices of fruit 
maturity/quality. Using this process, and relationships like that shown in Figure 3, we 
were able to predict the change in juice score through time using the proximally sensed 
vigour map (bottom centre map in Figure 2). This in turn allowed us to produce maps 
such those shown in Figures 4 and 5. 
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Figure 4. Spatial variation in the development of fruit quality / maturity over time in a 5.9 ha 
Sauvignon Blanc vineyard. 
 
 

 
 

Figure 5. Maximum juice score (left) attained in a 5.9 ha block of Sauvignon Blanc, and (right) the 
date on which a score of 4.4 is attained. 
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Figure 4 shows the development of the juice score through time, whilst Figure 5 
shows how such information might be used in a commercial situation. From Figure 4, 
it is clear that there is marked spatial variation in the development of fruit maturity 
over time; the area to the north east of the block develops earlier and more quickly 
than the rest of the block, whilst there are areas in the south west and along the 
western boundary which do not achieve as high a juice score as elsewhere. Hitherto, 
mapping of spatial variation in attributes of vineyard performance (yield, vigour, 
indices of fruit quality), has promoted ‘selective harvesting’; that is, the split picking of 
vineyards and consignment of fruit to different product streams.  
 
Such strategies, based purely on spatial variation, have been shown to be highly 
profitable in a number of examples from Australia. However, Figure 4 and especially 
Figure 5 offer a significant advance on this, since they indicate (a) which areas of the 
block produce fruit of lesser quality and which could therefore be selectively 
harvested and assigned to a product stream at a lower price point; and (b) when the 
better producing remainder of the block should be harvested in order to optimise its 
quality. Figure 4 also illustrates that having reached a maximum, the juice score then 
declines, thus emphasising the importance of getting the timing of harvest right, in 
addition to its location. So far as we are aware, Figures 4 and 5 represent the first 
time that integration of spatial and temporal variation has been attempted. 
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store longer. 
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Background 
National Onion Labs Australia Pty Ltd (NOLA) has been assisting Australian onion 
growers since 2007 with agronomic recommendations aimed at enhancing crop 
yields, lowering incidences of disease, improving pack-out rates and producing 
longer shelf-life. In addition, NOLA has also tackled a unique quality trait – onion 
flavour – using its knowledge and experience of this crop’s agronomic requirements, 
with the help of some precision agronomy tools.   
 
In recent years, the Australian Onion Industry has invested in the development of a 
National Mild Onion Industry; also called ‘sweet’ onions overseas. This has been 
driven largely by the rapidly growing popularity of these onions because of their lower 
pyruvic acid content (closely associated with onion pungency) and less tearing effect 
on the eyes (due to a reduction in the lachrymatory factor that is also correlated with 
pungency). This sees these onions typically consumed raw or only lightly cooked. 
Not surprisingly, Onions Australia recognised the marketing opportunities this new 
category could offer to the consumer, especially given the fact that most Australian-
grown onions are classified as strong and pungent on the current pungency scale. As 
a result, Onions Australia has continued to offer great interest and support 
throughout the life of this project.   
 
Earlier consumer studies (HAL Project VN04016) identified the pungency levels that 
Australian consumers can distinguish – and this enabled the Australian Onion 
Industry to set realistic and measurable in-field pungency levels that growers could 
aim for. These identifiable and measurable levels are now being considered by a 
major retailer in the development of a new product specification for Mild Onions. 
Please note, due to the complex nature of the chemical pyruvic acid and the 
physiology of the multi-layered onion bulb, grading lines in pack-houses have not 
been able to be used to reliably segregate mild onions, making in-field testing the 
only reliable grading method to date.   
 
Mild onion production and certification using PA techniques 
With collaborative funding from Horticulture Australia Ltd (HAL), NOLA has been 
examining the feasibility of growing mild onions in different climatic regions across 
Australia (which has included SA and QLD to date). This is driven by the fact that the 
mild flavour trait is not linked wholly to an onion variety’s genetics, but more to the 
environmental influences upon those genetics.  
 
Evidence to date suggests that a mild onion must be: 
 

o exposed to less agronomic and environmental stresses than our traditional 
pungent brown-skinned onions can tolerate; 
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o sold fresh (within 6-8 weeks of harvest, as opposed to a stored onion) which 
also reduces the chances of high pungency levels accumulating during 
storage; and  

o chemically assessed for its pungency content to ensure true mildness has 
been achieved.  

 
Given a mild onion typically has a more delicate outer skin and is sold exclusively as 
a fresh market item, the postharvest and supply chain handling issues also cannot be 
underestimated when considering growing and selling a low pungency onion in 
Australia.  
 
Over the past 3 years, NOLA has successfully managed to combine their significant 
background of onion agronomy with precision agronomy techniques that create 
customised GPS field maps with GPS generated sample ID locations from which 
onion samples are collected for pungency and % Brix readings, as well as sizing and 
average weights. This enables NOLA to present growers (usually within 7-10 days of 
samples being analysed) with their own GPS-generated field maps overlaid with 
these measurements onto their own field maps. NOLA also has the capacity to add 
to these GPS-generated maps actual soil nutrient readings (collected from early and 
late season soil sampling) that are further able to advise growers about their crop’s 
overall quality based on actual nutrient uptake according to in-field and across field 
comparisons, actual ‘at-harvest’ pungency content and estimated crop yield. For the 
first time, onion growers have the capacity to learn what it is their onions actually 
need in their fields in order to potentially generate a milder onion flavour and/or 
higher yields.  
 
The method and outcome is so specific and accurate it has been successfully 
Certified. NOLA issued the first ever Australian Mild Onion Certification to QLD onion 
growers, Moon Rocks, in 2009. This Certificate comes with its own GPS-generated 
field map that shows the average pungency for that specific field, along with 
tabulated pungency results of each onion sample tested from NATA accredited 
Wagga Wagga Agricultural Institute laboratories. This certificate provides marketers 
with greater confidence in their mild onion purchase, thus enabling them to pass on 
that confidence to their consumers.  
 
NOLA’s research has successfully demonstrated that by employing a combination of 
a) precision agronomy tools (e.g. GPS mapping and GPS generated sample sites), 
b) scientifically validated sampling density methods to test in-field onion pungency 
levels, c) NATA accredited labs that analyse the pungency content of these onions 
and d) hands on agronomic observations and recommendations; it is extremely 
feasible to consistently generate a highly distinguishable, quality-verified new fresh 
product in this competitive market. It is the careful management and timing of these 
activities that has enabled NOLA and Australian Onion growers to deliver a field-
traceable, flavour quality-assessed product that has received Australia’s only flavour 
certified fresh horticultural product on the market.  
 
Mild onion certification, offered through NOLA, is also an important mechanism by 
which the industry has the potential to control the flavour quality of Australian-grown 
mild onions sold at retail, and ensure the quality is not degraded by having untested 
onions being represented as ‘mild’. The same field certification methodology is 
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applied in the US, and ensures consumers have a 95% confidence of enjoying a true 
mild onion experience when purchasing a ‘certified mild onion’.    
 
These results have generated a significant increase in NOLA’s new certification 
contracts with mainly new SA based growers keen to enter this new market category 
of certified mild onions. This is helping to drive a number of recent discussions with 
growers/marketers and retailers to examine what needs to be implemented to 
successfully establish a mild onion category in Australia.     
 
Future work 
Future R&D should focus on the development of Australian specific mild onion 
varieties, data mining and modelling of Australian grower’s soil profiles to identify 
more specific regional trends associated with flavour development, yield and storage 
quality, as well as consumer taste studies to determine the best marketing approach 
for this new onion category.  
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Developing capacity via paddock learning – for growers and 
groups. 

Simon Craig 
Birchip Cropping Group (BCG) 
 
contact: simon@bcg.org.au 
 
Abstract 
The adoption of PA technology is not new to those farming in the Wimmera Mallee 
however the use of PA information for input decisions is rare. Yield data collected 
from headers is rarely converted by farmers without the support of technicians or 
service providers. A major limitation can be compatibility of software with the 
machine technology, different machines and time spent ground truthing to make 
informed agronomic decisions.  
 
Identifying zones within paddocks can be relatively simple, which is especially 
obvious in a dune-swale situation. It is a complex decision to minimise inputs such as 
nitrogen and phosphorus on unproductive zones without previous experience, and 
requires a degree of confidence in the science and technology. Strips across zones 
within paddocks can provide individuals with the experience and confidence to lower 
rates in particular zones. BCG has encouraged farmers to reduce inputs where 
possible, delaying inputs such as nitrogen until later in the growing season when 
seasonal forecasts and yield potentials are more reliable. Paddock strips are a very 
effective tool for creating confidence to push the boundaries with little risk to 
production. Developments in canopy management and new soil test technologies 
such as the P test (Diffusive Gradient Thin films) have been evaluated for their 
predictive power in relation to production and profitability as part of this learning.     
 
The latest challenge for Wimmera Mallee farmers is to capitalise on potentially good 
seasons with good soil moisture and growing season rainfall. To achieve this, 
farmers are building on past knowledge and experience – matching crop requirement 
to what is in the soil! 
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PA education and training modules for the grains industry. 

Brett Whelan and James Taylor 
Australian Centre for Precision Agriculture, University of Sydney. 
 
contact: brett.whelan@sydney.edu.au 
!
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These modules have been developed for the GRDC in response to an identified need 
for information on Precision Agriculture (PA) tools and techniques to be made more 
widely available to graingrowers and others in the grains industry. The development 
process has been mindful of the great variety of existing PA knowledge levels and 
information requirements within such a diverse industry. "#!$%&'!()*+!$he modules were 
designed to be interacted with at multiple levels to suit the skills and needs of 
different target audiences (growers new to PA, advanced growers, advisors, dealers, 
technology manufactures etc.).  
  
The modules 
 

 
Figure 1. Eight modules developed for PA education and training. 
 
The education and training modules have been compiled to provide information on 
the major topics considered relevant to adopting PA in the Australian grains industry. 
They are intended to be 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:  
!
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o Basic information!,!an overview of the important topics in the subject;!
o Advanced information - a more comprehensive treatment of the subject including 

expanded detail on the important topics;!
o FAQ!,!common questions, exercises and handy tips; and!
o 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 freely extracted 
and used in other presentation formats.   
The modules include some information previously published in the GRDC PA Manual 
(2006) and also some third party material is included in the Supplementary and 
archive sections. Republication of this material has been agreed to by the authors. 
The material will be available in full resolution on an explorable, autorun compact 
disc, or in compressed form (~150 Mb) from the ACPA website. More delivery 
options will be canvassed as the material is used in training programs. 
!
! ! ! -./!

 
(b)      (c) 

  
Figure 2. Interface for the compact disk: (a) main, (b) module list, (c) individual module. 



54  14th Annual Symposium on Precision Agriculture in Australasia

!! -./!

 
 (b) 

 
 (c) 

  
Figure 3. An example of the contents and hierarchy of detail in the modules. 
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Future trends in Precision Agriculture 

James Hassall  
‘Kiewa’ and Nuffield Scholar 
 
contact: james.hassall@bigpond.com 
 
Introduction 
The concept of Precision Agriculture (PA) has emerged over the past 15 years with 
the introduction of new electronic equipment which has allowed farmers to increase 
the efficiency of their operations and develop new farming practices. However, the 
investment in PA equipment represents a significant financial outlay and as with all 
‘high-tech’ equipment it can become superseded relatively quickly and therefore does 
not tend to hold its capital value. When deciding what equipment to purchase farmers 
need to understand the capabilities of currently available equipment as well as the 
likely evolution of the technology in order to ‘future proof’ their investment. This 
presentation looks at a number of technologies that are being used on a commercial 
basis in agriculture today and the research that is being conducted by universities 
into the technology of tomorrow along with some recommendations based on my 
observations. They include:  
 
Satellite navigation and steering systems  
Most PA equipment is based around the Global Navigation Satellite System (GNSS). 
The United States and Russia are planning updates to their systems, while the 
European Union and China are planning to launch their own systems. This will 
significantly improve the accuracy and robustness of satellite navigation but will 
require new receivers to be purchased, however, the timeframe of the upgrade is 
around 10 years so may not influence purchasing decisions in the short term.  
Standardisation of PA equipment and data  
 
There is a major push from farmers and equipment manufacturers for standardisation 
between different PA equipment and the associated data. This has led to the 
development of the ISOBUS 11783 standard which outlines both the hardware 
requirements in terms of plugs and wiring as well as the communication protocols so 
that equipment from different manufacturers can interact. Manufacturers are well 
down the path of meeting the standard with a lot of commercially available equipment 
already compliant. It is recommended that farmers should now look to purchase only 
ISOBUS compatible equipment to ensure maximum functionality into the future. 
 
Better Boomsprays  
Electronic monitors and controllers have long been utilised with boomsprays, from 
simple running totals to today’s automatic boom section controllers. Research is 
being conducted into further advancing application control across the boom, driven 
by increasing boom widths and wider travel speeds. A lot of this work is centred on 
controlling the application rate and spray pattern of individual nozzles. Another line of 
research is based around further advancing the concept of weed identification and 
automatic spot spraying. Systems are being developed that can identify and even 
differentiate plant species. This research is also closely tied to 'Micro Spray' research 
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whereby several different systems are being developed to target and control weeds 
on a finer scale or individual basis. Given that an increasing proportion of Australia’s 
cropping system is converting to minimum and no-till with the associated heavy 
reliance on bigger boomsprays, Australia should consider actively contributing to this 
major research effort. 
  
Automation of agricultural equipment  
Advances in digital technology and sensor systems over the past decade have 
resulted in a great deal of research and development of more intelligent agricultural 
vehicles capable of automating tasks with minimal operator input. The ultimate aim is 
to remove the human operator all together and have tasks completed autonomously. 
While most of the hardware and control systems are already a reality, issues of 
machine interaction with an essentially unpredictable environment still need to be 
addressed. It is generally accepted that autonomous operations will need to be 
conducted by a number of small machines which interact to complete a task rather 
that one large machine. This not only improves the safety aspects but also offers 
greater flexibility in terms of scalability. Australia should also be a part of this 
research effort as there are many operations in our farming systems which could 
greatly benefit from this technology.  
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