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Abstract	  
The Australian Garnaut report states that the Australian wine industry is susceptible to 
climate change. To address the impacts of climate change and maintain the leading 
position of the Australian industry it requires the development of better vineyard 
management, and well beyond its existing mid twentieth century technology. To do 
this we need to be able to monitor vines intensively using modern technologies in 
order to understand their behaviour under climate change impacts of higher CO2 and 
heat, then use this information to devise appropriate adaptation strategies considering 
that climate change affects grapevine biology at several levels. To adapt to climate 
change we need a complete picture of how the vine is responding to climate variables 
and soil conditions at any particular time. This is relevant to the predicted more 
frequent high temperature events and reduced supply of water. Traditional monitoring 
of crop function involves measurements at discrete times in the crop cycle. 
Furthermore it is rare to be able to obtain all the information required at these discrete 
sampling intervals.  It is highly likely that we currently miss many important 
responses in the viticultural crop cycle because of measurement limitations, especially 
those in response to random climatic events. Continuous monitoring will provide 
insight into events that are otherwise missed.  There is now the opportunity with 
current image analysis systems, wireless technologies and integration of continuous 
measurement systems, to discover new processes in vine function, which may well 
have broader impact in other crop systems. This will be achieved through the 
development and deployment of an Advanced Integrated Vineyard Monitoring and 
Logging System (AIVMLS). Further development will occur through addition of 
more sensors in collaboration with industry partners. The AIVMLS provides an 
integration of technologies monitoring the major components of the soil-vine-
atmosphere continuum, including real-time measurements of growth, plant health, 
water use and berry quality. It is designed so that technological components can be 
added as further research investment is achieved and as a test bed for developing 
technologies from our commercial partners.  
 
Introduction 
 
Winegrape industry in Australia 
In Australia, the viticultural industry is of great importance. In South Australia the 
production of winegrapes accounts for over 747,592 tonnes, which corresponds to the 
44% of total Australian production. The value of wine exported from SA was $1.57B 
representing 63% of the Australian total. However, this industry has received great 
pressure due to early effects of climate change and will be under greater pressure in a 
future climate change scenario. The Garnaut report indicated that the South Australian 
wine industry is particularly susceptible to climate change, predicting a 44% 



reduction in land suitable for growing winegrapes by 2050 (Anderson et al., 2008; 
Garnaut, 2008). To address the impacts of climate change and to maintain the leading 
position of the Australian wine industry it is required to develop better vineyard 
management across the sector, and well beyond its existing mid twentieth century 
technology. 
 
The complexity of future climate change scenarios 
Improved vineyard management will require research on the adaptation of existing 
technology to create novel methodologies to assess the impact of climate change at 
several levels of the grapevine biology and phenology. The improved system will 
further require an integration of these assessment tools at the soil-plant-atmosphere 
levels to assess potential interactions of different factors studied. This is based on the 
knowledge that climate change will have impacts at several of the grapevine biology 
and physiology (Webb et al. 2010). This system may provide amelioration or 
adaptation techniques using more accurate and adequate monitoring techniques that 
can also be implemented in a rapid and cost effective manner for the viticultural 
industry. This is particularly relevant to the predicted more frequent high temperature 
events (CSIRO, 2007; Hayman et al., 2009) and likely reduced supply of irrigation 
water (Murray–Darling-Basin-Authority, 2010). 
 
Integration of technology to address complexity  
Due to the complexity of future viticultural scenarios it is critical to develop the next 
generation of integrated technologies and vineyard systems to maintain the 
international competitiveness of the wine industry and to develop adaptation solutions 
in response to future climate change scenarios. This will be achieved through the 
development and deployment of an Advanced Integrated Vineyard Monitoring 
and Logging System (AIVMLS, Fig. 1) within the new vineyard. The AIVMLS 
differs from current systems in terms of its integration of technologies monitoring the 
major components of the soil-vine-atmosphere continuum. The AIVMLS integrated 
package will provide data currently not available. The AIVMLS is monitored through 
web based systems for on-line real-time measurements of growth, plant health, water 
use and berry quality assessment; enabling the data to be available “on call” to all 
collaborators to be used. It is designed so that technological components can be added 
as further research investment is achieved. 
The AIVMLS and the Vineyard of the Future (VoF) will provide critical new 
information to a range of new and ongoing R&D projects. At a recent Grape and 
Wine Research and Development Corporation (GWRDC) sponsored Climate Change 
and the Grape and Wine Sector workshop, industry practitioners and R&D providers 
identified key areas requiring research. These included: 1) Re- examination of row 
direction, and row spacing for reducing sun damage to grapes and improving water 
use efficiency; 2) Water spray techniques and sun screens to protect against high 
temperature events; 3) New varieties that may be more drought and heat tolerant. In 
addition, ongoing Wine Innovation Cluster (WIC) projects funded by the Australian 
Research Council (ARC) (LP0989138: The impact of vineyard exposure to smoke on 
vine physiology and the composition of grapes and wine. Wilkinson, Tyerman, De 
Bei, Fuentes, Cozzolino, Rose), and GWRDC project (UA 08/03: Integrating the 
carbon and water economies of grapevine for optimal management in challenging 
environments. Tyerman, Sadras, McCarthy, Loveys, Edwards, Cozzolino, De Bei, 
Fuentes with Yalumba) that will benefit from the establishment of the vineyard and 
the AIVMLS.  



Materials and methods 
 
1. Establish the 1 ha Vineyard of the Future on the Waite Campus;  
2. Establish the core AIVMLS;  
3. Begin new projects on advanced monitoring for adaptation to climate change.  
 
The design of the 1 ha vineyard will incorporate different trials under subsurface and 
surface irrigation systems to implement regulated deficit irrigation, partial root zone 
drying, full irrigation, and vine misting for heat control, required for different 
treatments. The high definition cameras are arranged at the corners and middle of the 
whole trial site using telescopic platforms, which allows image analysis of the 
canopies in four compass directions (Fig. 1). Stereoscopic high definition cameras 
positioned in strategic places in the vineyard (Fig. 1) will also allow monitoring of the 
vine floor for the purpose of imaging of water use by inter-row crops, and soil 
evaporation by using infrared thermography cameras from the same locations 
(Fuentes et al. 2012). Sufficient space is allowed for future shade systems and rain-out 
shelters.  
 
Establishment of the core AIVMLS 
Complete initial soil survey using EM-38 will be conducted pre-establishing the 
AIVMLS. The AIVMLS will ultimately include monitoring equipment to accurately 
measure components of the soil-vine-atmosphere continuum, and will allow accurate 
monitoring of soil conditions, root growth, vine growth and health and rate of water 
loss, with respect to atmospheric conditions in a spatio-temporal context. Spatio-
temporal data will be used for modeling and simulation to extrapolate results to 
different environments and management scenarios. The establishment of the 
AIVLMS will be staged so that within three years we will have the core system 
operating. The completed AIVMLS will integrate: 
 
In-Soil monitoring: Soil water and salinity is measured across the site using a range 
of radio linked logging probes (volumetric soil water, soil water tension; salinity and 
temperature) at selected depths relevant to rooting density. Mini-rhizotron tubes will 
be installed to allow measurement of root growth and architecture, and testing of 
equipment (e.g. NIRS) that will measure root water and nutrient transport. This 
combined level of sub-soil monitoring is unprecedented. 
 
In-Vine monitoring: Sap-flow sensors and a newly developed patch-clamp turgor 
sensor (Rüger et al., 2010) are to be installed to continuously monitor the rate of water 
transport through and water stress of the vines. Further development of in-vine 
sensors of plant water stress will be developed in collaboration with industry partners 
(MEA Pty Ltd), including acoustic sensors for hydraulic failure. 
 
Remote sensing: Airborne remote sensing with a resolution of 20 cm/pixel will be 
used to obtain critical light reflectance values to characterize vine physiology and 
growth. Video cameras will be installed enabling 3-D imaging analyses of canopy and 
fruit growth. The project will also investigate the use of Light Detection and Ranging 
(LiDAR) instrumentation for 3-D canopy analyses. An important component of 
canopy development is the development of leaf surface area relative to land surface 
area (Leaf Area Index). Newly developed algorithms and automated methodologies 
using digital imaging and videos obtained from robotic vehicles and airborne drones 



(cuadri and octo-copters) will be implemented to determine leaf area index (LAI) and 
other architectural parameters (Fuentes et al., 2008).  
Multispectral imaging technologies (described below) for sensing of vine water status 
(conductance and water potential) will require comparison with the more direct In 
Vine sensors. These technologies can also be used to assess vine carbohydrate status, 
and potentially basic nutritional status (eg nitrogen and phosphorus). 
 
Atmospherics: Meteorological (MET) stations will be set-up on the site and also on a 
reference site to test evapotranspiration (ET) models. These will be integrated with 
the soil moisture monitoring. Current collaboration with Chilean colleagues will result 
in the incorporation of satellite based remote sensing at high resolution (World View 
2) to estimate actual evapotranspiration for different treatments (ETa). The University 
of Talca (Chile) will replicate the AIVLMS in the 2012-13 season in the Central 
Valley of the VII Region (Maule) (Ortega-Farias, Poblete-Echeverria, Acevedo-
Opazo). In Australia, further development of the AIVLMS will occur through co-
investment from Australian Research Council Linkage Infrastructure, Equipment and 
Facilities (LIEF) grants, and from Grape and Wine Research and Development 
Corporation funding for specific projects. 
 
In the second stage of the project we will establish the base components of the 
AIVLMS: 1) Establish the communications system and computer server that will 
relay the vineyard data to a Web portal; 2) Establish the weather stations; 3) Install 
the elevated tower and camera equipment for the multispectral imaging project 
(described below); 4) Establish soil moisture monitoring; 5) Establish in-vine 
monitoring equipment (turgor sensors and sapflow sensors); 6) Establish mini-
rhizotrons for root observation and imaging. 
 
The third stage of the project will commence advanced monitoring for 
adaptation to climate change. 
 
Multispectral imaging: A current GWRDC (WIC) project in association with 
Yalumba, has developed a new technique for rapid monitoring of vine water status. 
This involves Near Infrared Reflectance Spectroscopy (NIRS) to determine the water 
absorption peaks in the spectrum from grapevine leaves (De Bei et al., 2010). This is 
calibrated against a more traditional but time consuming and destructive measure of 
vine water status. The outcome is an instrument that can be pointed at vine leaves, and 
with the press of a button, the water status of the vine is determined. The technology 
combined the NIRS expertise at the University of Adelaide (De Bei, Fuentes) with the 
plant physiological expertise in UA (Tyerman). In addition, the UA (Fuentes, De Bei) 
are leading the development of (far) infrared imaging for the detection of vine leaf 
conductance to water vapour, a very sensitive indicator of vine water status (Jones et 
al., 2009). We will combine this expertise for the first time to give an unprecedented 
monitoring system of vine water status using multispectral imaging technologies, 
allowing more precise application of irrigation so that water can be applied when it 
counts the most, and to manipulate canopy development for better grape quality 
outcomes. Valuable information will be obtained from the vineyard establishment 
phase where young vines are established to begin yielding in the 2nd year. With the 
contrasting varieties and row orientations The VoF will enable this project to be fully 
developed. 
 



Testing drought and heat tolerant varieties: Winegrape varieties will be selected 
combining emerging drought/heat tolerant varieties that industry are pursuing (e.g. 
Vermentino, Fiano) as well as those varieties that currently dominate the industry and 
have contrasting ripening dates in order to monitor impacts of warming (e.g. 
Semillon, Chardonnay, Shiraz, Cabernet Sauvignon, Grenache). These also have the 
advantage of contrasting physiological responses to water stress (Schultz, 2003; 
Vandeleur et al., 2009) and canopy temperature (Rogiers et al., 2009). With 2600 
vines it is possible to have multiple varieties properly replicated in addition to some 
replication of irrigation systems. Fine-grained control of irrigation in small replicated 
blocks provide for the required experimental design and range of experiments to be 
undertaken. 
 
Nocturnal transpiration: Currently members of the team have an international 
collaboration on nocturnal transpiration in grapevines (Fuentes, De Bei). This 
transpiration is ineffective in terms of carbon fixation and reduces the water use 
efficiency of the vineyard, some varieties (e.g. Semillon) can have up to 40% of 
daytime transpiration at night (Rogiers et al., 2009). This project will be developed 
using the multispectral imaging technologies and sap flow sensors to compare and 
contrast the varieties listed above under different irrigation treatments. 
 
Robotic yield estimation and berry quality: In response to industry needs for more 
accurate yield prediction and berry quality assessment the use of robotic systems and 
for imaging as these technologies develop will be explored. Yield variation in space 
and time is a major issue in the industry (Dunn et al., 2005) making scheduling of 
intake difficult especially with compression of vintages resulting from warming. More 
accurate yield prediction and timing of optimal ripening date is critical for adaptation 
to climate change in the wine industry. Flowering and fruit set are principal 
determinants of grapevine yield and these are variety and temperature dependent. 
There is a lack of knowledge of the reproductive performance of most varieties under 
Australian conditions (Dry et al., 2010). Other international research groups and 
industry will have access to the Research VoF on a collaborative basis with the WIC. 
Collaborative work in these areas has already started with The University of La Rioja 
in Spain (Dr Javier Tardaguila and Dr Maria Paz Diago) and The University of Talca 
in Chile (Prof. Samuel Ortega Farias and Dr Carlos Poblete Echeverria). Both 
institutions will replicate the Vineyard of The Future in their respective trial sites in 
2013. This will create already three nodes of the experiment in Australia, Spain and 
Chile. 
 
Conclusions: 
The VoF initiative will establish a world class and first research capability (team and 
technologies) and experimental facility on  the Waite Campus to better understand the 
physiological, nutritional, root development, water use efficiency factors, canopy 
cover, grape chemistry and their interaction on production of winegrapes, a critical 
crop for South Australia. This project will also enable informed decisions for 
adaptation to climate change based on the science of viticultural responses of 
established and emerging grapevine varieties to 21st century climate scenarios. 
Furthermore, this project will develop the State’s expertise in viticulture research that 
will have broader applications for other horticultural industries to enhance the 
position of SA as the lead State for grape and wine research in Australia and 
internationally, particularly in the application of next generation multi-spectral 



imaging technologies. Finally, results from the VoF will deliver to industry better 
irrigation monitoring that will improve crop water use efficiency without 
compromising quality; provide much needed information on comparison of new 
varieties with established varieties; and improve yield monitoring from its present 10-
15% error (based on an industry survey) to better than 5% error; improvement of 
drought and heat tolerance. It will also provide validation of the relative efficiencies 
of different irrigation technologies and systems to assist/inform the debate on water 
allocation between competing sectors.  
 

 
Figure 1:  
Advanced Integrated Vineyard Monitoring and Logging System (AIVMLS). 
IR=Infrared radiation; Vis=Visible radiation; NIR=Near Infrared radiation; 
NDVI=Normalized Difference Vegetation Index HD-IP=High Definition Internet 
Protocol cameras; PRD=Partial Root-zone Drying; ET=Evapotranspiration; 
AME=Automatic Meteorological Station; DGPS=Differential geographical 
Positioning System; IP/GSM=Internet Protocol/Global System for Mobile; EM- 
38=electromagnetic induction ground conductivity meter. 
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