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Abstract: 
In this article, some optical and thermal applications in grapevine research are reviewed and methods 
to quantify the light and temperature regime around a grape bunch are discussed. This includes 
temperature measurement techniques (thermocouples and thermal imaging) as well as methods to 
quantify light quantity (hemispherical photography) as well as light quality (spectroradiometric 
applications) around a grape bunch. Available methods for real-time quantification of grapevine 
canopy size and density for application in variable rate technology sprayers are discussed, and a novel 
and simple approach of using opto-electronic sensors for quantification of grapevine canopy thickness 
and density is presented. Some scientific as well as practical applications of these individual 
techniques are discussed, along with their potential integration to improve knowledge of the grape 
bunch and canopy interaction with the environment. 
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1. INTRODUCTION 

The wine industry plays an important role in South-
Africa, growing in 2008 to an annual contribution to the 
economy of R26.2-billion or 2.2% of the gross domestic 
product (GDP) [1]. Wine and grapevine-related research 
contributes significantly to this thriving industry. Wine 
research is closely related to the monitoring of the 
grapevine and its environment. Novel techniques for 
quantifying and understanding the environment around a 
grape bunch are needed in research, especially due to the 
variable nature of a vineyard and its product [2, 3]. When 
considering sensor applications in grapevine research, an 
important consideration is the spatial and temporal scale 
at which these measurements are conducted, in and 
around the vineyard. On a macro-scale we can consider 
the interpolation of land surface temperature data from 
satellites using geographical information systems [4, 5]. 
This approach is also dependent on a sensor network for 
calibration purposes and can include satellite/aerial 
remote sensing techniques. On a meso-scale (on-farm or 
between-vineyard scale) we mostly deal with remote 
sensing technology (which can also be performed on 
proximal or canopy scale) as well as weather stations that 
are used to make meteorological observations. On a 
micro scale, measurements are made within or around the 
grapevine canopy, within or around a bunch or even 
within or around a single berry or leaf (also referred to as 
nano-scale measurements). If an analogy is to be made 
between a plant and sensors, it could be reasoned that a 
plant is an array of sensors able to react to light quantity 

and quality on a spatial and temporal basis, leading to 
physiological reactions affecting its growth, reproductive 
functionality and commercial quality. A complicating 
factor when using sensors in grapevine research is that we 
are dealing with effects of light quality and quantity on 
leaves and fruit in a spatially complex and temporally 
changing environment. The ideal sensor arrangement 
would be able to quantify, for instance in an imaging 
spectrometer arrangement, light quantity and quality over 
time in various positions within the canopy. 
Unfortunately, such an arrangement would be extremely 
expensive, especially if replication is required. For the 
moment at least, we can rely on sensors and modelling to 
get close to this goal, but certainly electronics and sensor 
technology could help in studying these interactions in a 
more efficient way, be it in terms of lower cost or higher 
resolution of the data generated. Another issue in using 
sensors in grapevine research is that sometimes care is 
not taken to understand the calibration conditions and 
measuring limits of the instruments. This is especially 
true when conducting light measurements, where the 
calibration of for instance pyranometers is done in high 
light environments comparable to the conditions that the 
sensor would encounter under clear skies. Measurements 
are then done inside canopies under low light conditions 
with different wavelength distribution and it is accepted 
that the calibration is still valid. While we are looking for 
improved solutions, this paper aims to expose the 
electronic engineering world to some of the applications 
and challenges of grapevine (and certainly also other 
fruit) research related to light and temperature 
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University of Kwa-Zulu Natal in South Africa, with the 
aims of increasing water use efficiency in vineyards, 
promoting sustainable optimal resource utilization, 
reducing input costs (i.e. fertilizers) and protecting the 
environment [14]. The system provides an online 
interface where grape producers can access information 
such as leaf area index, crop coefficients, aspect, actual 
evapotranspiration, evapotranspiration deficit and 
biomass water use efficiency on maps utilising a Google 
Earth™ image as background. 
An example of sensor applications for sustainable 
agriculture/viticulture on the meso-scale is the use of 
variable rate spraying. To this end, the method of 
assessing canopy dimensions/density real-time is of 
interest. Several options are available, including multi-
band type sensors, photographic techniques, ultrasonic or 
infrared distance sensors, laser gap fraction analysis or 
LIDAR. Even though the gap fraction analysis system 
looks promising to use as a low-cost alternative, canopy 
profiling through the use of LIDAR would probably still 
offer the best way to combine canopy profiling and gap 
fraction analysis into one sensor. It has already shown 
promise for use in spray technology [15]. Preliminary 
results from some of these studies demonstrate reduction 
in spray drift, reduction in cost of application (savings on 
chemicals, but also less refill cycles) and therefore also 
reduced impact on the environment [16].  

5. CONCLUSIONS AND FUTURE WORK 
In combination, the technologies that are described in this 
paper can be powerful drivers to model berry 
temperature, as already proposed [17]. Furthermore, ways 
to profile and describe a grapevine canopy and therefore 
the bunch environment better and with more sampling 
points (such as when using LIDAR) can help us to better 
understand and quantify the variability that is often 
measured in grape temperature or light interception, and 
perform better measurements to compliment research on 
the microclimate level.  
It is also necessary to find ways to describe the grapevine 
canopy light and temperature environment better, in order 
to add value to regional/macro scale analyses such as 
those performed when satellite data are interpolated. This 
could improve current available decision making tools by 
incorporating meso- and micro-scale variability in 
temperature/light into existing models and to set up new 
models for the future. 

6. REFERENCES 

[1] Anonymous, "South-African wine industry 
'driving jobs, GDP'", www.southafrica.info,
2010. 

[2] A. Strever, "A study of within-vineyard 
variability with conventional and remote sensing 
technology.", MSc(Agric)Viticulture Thesis, 
Stellenbosch University, 2003. 

[3] J. J. Hunter, E. Archer, and C. G. Volschenk, 
"Vineyard management for environment 
valorisation", in Eighth International Terroir 

Zoning Congress, Soave, (Verona), Italy, 2010, 
pp. 7-3 to 7-15. 

[4] R. Zorer, L. Delucchi, M. Neteler, and G. 
Nicolili, "Development of a GRASS-GIS 
application for the characterization of vineyards 
in the Province of Trento (Poster)", in VIII 
International Terroir Congress Soave, (Verona), 
Italy, 2010. 

[5] R. Zorer, D. Rocchini, L. Delucchi, F. Zottele, F. 
Meggio, and M. Neteler, "Use of multi-annual 
MODIS land surface temperature data for the 
characterisation of the heat requirements for 
grapevine varieties", in Multitemp 2011, 2011. 

[6] O. M. Grant, Å. u. Tronina, H. G. Jones, and M. 
M. Chaves, "Exploring thermal imaging 
variables for the detection of stress responses in 
grapevine under different irrigation regimes", 
Journal of Experimental Botany, vol. 58, pp. 
815-825, 03/01 2007. 

[7] M. Stoll, H. R. Schultz, and B. Berkelmann-
Loehnertz, "Exploring the sensitivity of thermal 
imaging for Plasmopara viticola pathogen 
detection in grapevines under different water 
status", Functional Plant Biology, vol. 35, pp. 
281-288, 2008. 

[8] R. Zorer, T. Cobelli, T. Tomasi, L. Zulini, and 
M. Bertamini, "Effect of temperature and light 
availability on ripening of Vitis vinifera L. cv. 
Chardonnay.", in XIV International GESCO 
Viticulture Congress, Geisenheim, Germany, 
2005, pp. 319-325. 

[9] G. W. Frazer, C. D. Canham, and K. P. 
Lertzman, "Gap Light Analyzer (GLA), Version 
2.0: Imaging software to extract canopy 
structure and gap light transmission indices from 
true-colour fisheye photographs, user manual 
and program documentation". : Simon Fraser 
University, Burnaby, British Columbia & the 
Institute of Ecosystem Studies, Millbrook, New 
York, 1999. 

[10] R. E. Smart, S. M. Smith, and R. V. Winchester, 
"Light Quality and Quantity Effects on Fruit 
Ripening for Cabernet Sauvignon", American 
Journal of Enology and Viticulture, vol. 39, pp. 
250-258, 1988. 

[11] H. Smith and G. C. Whitelam, "Phytochrome, a 
family of photoreceptors with multiple 
physiological roles", Plant, Cell & Environment, 
vol. 13, pp. 695-707, 1990. 

[12] R. Smart and M. Robinson, "Sunlight into wine: 
A handbook for winegrape canopy 
management". Adelaide: Winetitles, 1991. 

[13] H. Bjurström and J. Svensson, "Assessment of 
grapevine vigour using image processing", 
Master's thesis, Linköping University, 2002. 

[14] C. Postimus, "The intelligent pixel - helping the 
farmer: water use efficiency", SABI magazine, 
vol. 3, pp. 10-11, 2011. 

[15] J. Llorens, E. Gil, J. Llop, and A. Escolà, 
"Ultrasonic and LIDAR Sensors for Electronic 



Vol.103(1) March 2012SOUTH AFRICAN INSTITUTE OF ELECTRICAL ENGINEERS60

Canopy Characterization in Vineyards: 
Advances to Improve Pesticide Application 
Methods", Sensors, vol. 11, pp. 2177-2194, 
2011. 

[16] J. Llorens, E. Gil, J. Llop, and A. Escolà, 
"Variable rate dosing in precision viticulture: 
Use of electronic devices to improve application 
efficiency", Crop Protection, vol. 29, pp. 239-
248, 2010. 

[17] G. Cola, O. Failla, and L. Mariani, 
"BerryTone—A simulation model for the daily 
course of grape berry temperature", Agricultural 
and Forest Meteorology, vol. 149, pp. 1215-
1228, 2009. 


