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Background

Long-term warming trends involve at least 
two overlapping aspects: 
•	 the steady, relatively small increase in 

average temperature 
•	 shifts in the frequency, intensity and 

duration of heatwaves. 
In Australia during the period between 

1910 and 2000, average temperature 
increased 0.76oC and minimum temperature 
increased 0.96oC or approximately 0.01oC 
per year. Accumulated over time, these small 
increments of background temperature have 
significant effects on crop phenology. Petri 
and Sadras (2008) estimate that the maturity of 
Chardonnay, Shiraz and Cabernet Sauvignon 
in Australia advances at an approximate 
rate of seven days per 1oC increase in mean 
temperature. The effect of extreme heat, 

on the other hand, depends on the timing, 
intensity and duration of the event. The 
variety and overall health and water status 
of the vine also influence its response to 
extreme heat (Soar et al. 2009).

The aim of our current project, ‘A window 
into hotter and drier futures’, is to look at vine 
and wine responses to the steady, moderate 
increase in background temperature during 
the next four decades. As a part of this 
project, we established a factorial experiment 
combining two temperature treatments (control 
temperature and elevated temperature) and 
four winegrape varieties (Cabernet Franc, 
Shiraz, Semillon and Chardonnay). Figure 
1 shows the open-top chambers used to 
elevate day-time temperature in the field. The 
heatwave of early January 2010, over-imposed 
to our treatments, allows for a glimpse into the 

interaction between background temperature 
and extreme events. The lack of ‘control’ 
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Figure 1. Open-top chamber used for passive elevation of day-time temperature in vineyards. For 
details of the construction and performance of this system, see Sadras and Soar (2009).

Figure 2. Dynamics of ambient temperature 
measured at 15-minute intervals in control (blue) 
and heated (red) plots at Nuriootpa. Temperature 
was measured at canopy level.
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crops not exposed to the heatwave means that 
results need to be interpreted with caution.

The January 2010 heatwave

Figure 2 compares the ambient 
temperature in control and treated plots 
during the heatwave. Between January 4 and 
12, maximum ambient temperature measured 
in control plots was between mid 30oC and 
low 40oC. The heating treatment increased 
maximum ambient temperature by 2-4oC in 
relation to the controls.

Fruit damage in response 
to the interaction between 
background temperature and 
heatwave

Heat-damaged fruit has direct consequences 
for yield and berry composition, and therefore 
wine attributes. Fruit damage was minor in 
the control vines of all four varieties, and 
increased in the heated vines, particularly in 
Shiraz (Figure 3). It is therefore important 
to ask whether the increase in damage 
associated with experimental elevation of 
temperature simulating future climates is a 
direct consequence of the additional heat, or 
an indirect effect mediated by phenological 
changes.

We found that vines exposed to higher 
temperature were slightly more advanced in 
their development, and that damage was more 
severe in more advanced vines (Figure 4). 
The relationship between fruit damage and 
developmental stage was strongly non-linear: 
there was little damage in vines at stage 35 

or less, which marks veraison in the E-L 
scale, and a sharp increase in fruit damage 
in vines beyond stage 35. Our preliminary 
conclusion is that the increase in background 
temperature ‘pushed’ the vines towards a 
more sensitive stage, hence increasing fruit 
damage attributable to extreme heat.
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Figure 3. Fruit damage after the January 2010 heatwave at Nuriootpa. The damage was assessed on 
the basis of the total number of grapes shrivelled compared with the total number of grapes in the 
assessment area. Values are averages of three replicates and error bars are standard errors.



24 The Australian & New Zealand Grapegrower & Winemaker 	 www.winebiz.com.au	 May 2010 – Issue 556

grapegrowing

Acknowledgements

We thank Treva Hebberman for excellent 
technical support in the vineyard, and the 
following organisations and programs for 
financial support:
•	 �Grape and Wine Research and Development 

Corporation
•	 �Department of Agriculture, Fisheries and 

Forestry
•	 �River Murray Improvement Program
•	 �South Australian Natural Resources 

Management Program. 

References
Petrie P.R. and Sadras V.O. (2008) Advancement of 
grapevine maturity in Australia between 1993 and 
2006: Putative causes, magnitude of trends and 
viticultural consequences. Australian Journal of Grape 
and Wine Research 14, 33-45.

Sadras V.O. and Soar C.J. (2009) Shiraz vines maintain 
yield in response to a 2-4°C increase in maximum 
temperature at key phenostages. European Journal 
of Agronomy 31, 250-258.

Soar C.J.; Collins M.J. and Sadras V.O. (2009) 
Irrigated Shiraz vines up-regulate gas exchange and 
maintain berry growth under short spells of high 
maximum temperature in the field. Functional Plant 
Biology 36, 801-814.

References
Petrie P.R. and Sadras V.O. (2008) Advancement of 
grapevine maturity in Australia between 1993 and 

2006: Putative causes, magnitude of trends and 
viticultural consequences. Australian Journal of Grape 
and Wine Research 14, 33-45.

Sadras V.O. and Soar C.J. (2009) Shiraz vines maintain 
yield in response to a 2-4°C increase in maximum 
temperature at key phenostages. European Journal 

of Agronomy 31, 250-258.

Soar C.J.; Collins M.J. and Sadras V.O. (2009) 
Irrigated Shiraz vines up-regulate gas exchange and 
maintain berry growth under short spells of high 
maximum temperature in the field. Functional Plant 
Biology 36, 801-814.

Figure 4. Relationship between fruit damage and vine developmental stage. Data are pooled across 
varieties and treatments.


