
The relationship between berry water content and TSS over cohorts of berries during 

development can give an early indication of shrivel onset. 

There was no effect of rootstock over three seasons, other than an effect of shading in more vigorous 

canopies. Keeping Shiraz berries cool by just a few degrees during heat waves is likely to have a large 

positive effect on berry cell vitality and reduce berry shrivel.

Heatwaves damage grape berry cells as a result of high temperatures and toxic levels of ethanol.

The exponential increase in respiration with temperature results in a tipping point situation whereby just a few 

degrees increase at high temperatures will result in very large effects on the development of anoxia and 

accumulation of ethanol. This tipping point leads to a catastrophic effect on berry physiology.

Towards a predictive model of onset of berry cell death and shrivel based on berry physiology and 
heatwaves 
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INTRODUCTION

Shiraz and Cabernet Sauvignon berries are prone to shrivel late in ripening impacting on yield and wine 

quality. Berry shrivel rarely occurs on Grenache. Shrivel correlates with cell death in the mesocarp, which 

likely results from anoxia and ethanol accumulation in the berry mesocarp.  Cell death will cause berry 

shrivel due to the breakdown of cell membranes.  

Comparing three seasons of detailed berry physiology on Shiraz on different rootstocks we have obtained 
information that can be used towards constructing a predictive model for cell death and shrivel based on 
fundamental berry physiology. 
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Fig 1. Living tissue (% of  tissue in a cross section) of Shiraz berries 
during two growing seasons from different sampling dates (mean ±

SD, n = 100). Red lines indicate heat waves (Tmax >  40 oC ). Living 
tissue decreased after heatwaves, especially at later stages. 

Fig 2. Water content 
per berry vs TSS of 
Shiraz berries during 
development for three 
seasons. (a) different 
lines are different 
sampling dates; (b) data 
from (a) was condensed 
by how many 
heatwaves were 
encountered. Each point 
is average data from 24 
berries. The water 
content decreased with 
TSS before veraison and 
increased with TSS 
during early 
development. The 
relationship became 
negative in later stages. 
This change in slope 
indicates onset of 
shrivel. Berry water loss 
began after heatwaves 
were experienced near 
20 o Brix. 

Fig 4. [Ethanol] change with TSS in 
single Shiraz berries just after one 
heatwave at about 89 days after 
flowering. Dark point is binning data 
from single berry data (blue point), 
means ± (SEM).  [Ethanol] is positively 
correlated with TSS. 

Fig 5. Respiration rate of Shiraz and 
Grenache berries (mean ± SEM, n = 
6), each replicate includes about 
100g of berries. There is no 
difference between Shiraz and 
Grenache. The respiration rate 
approximately doubles for a 10 oC
increase in temperature.

Fig 3. Temperature (grey) 
and [Ethanol]/TSS  in 
Shiraz and Grenache 
berries during berry 
development (mean ±
SEM, n = 5). Each 
replicate includes about 
24 berries. Ethanol 
concentration is closely 
related to temperature, 
especially during heat 
waves. Ethanol in Shiraz is 
much higher than that in 
Grenache during heat 
waves.

Shiraz shrivel late in ripening


