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Gains due to extended GS
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• How well can trees recover from a damaging frost?

• Does leaf-out timing influence growth/recovery performance?

Canopy regreening, N-content, growth increment, NSC

© Yann Vitasse

RESEARCH QUESTIONS
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FREEZING TREATMENTS



FREEZING TREATMENTS

Freezing curve for Prunus avium
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FREEZING DAMAGES

Prunus avium control LT100 freezing damage



RECOVERY AT AMBIENT CONDITIONS

WSL, Research facility near Zurich



Mortality (%)

MORTALITY & CANOPY RECOVERY

Frost treatment

species control LT100

Prunus 0 8
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Quercus 0 2
Fagus 0 8
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Wooly beech aphid

Black cherry aphid
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Common responses

➢ Presumably higher Amax of 
emerging leaves after frost

➢ Full NSC recovery at the 
expense of growth 

Quercus robur

Prunus avium

Carpinus betulus

Fagus sylvatica

CONCLUSION

High mortality

deployment of 
reserve buds 

ability to resprout

from the stem base 

delayed senescence 
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CONCLUSION

• Delayed leaf-out diminishes recovery after a damaging frost event

Gains due to extended GS Penalty of frost damage

climate warming

2 Scenarios:

Winter Summer

Considerable losses in all 
species, partly with mortality

Some benefits with moderately 
advancing budburst  
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BIOMASS AFTER 2 GROWING SEASONS



(a) Shoot tissue
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(b) Root tissue

0
10
20
30
40
50

0
10
20
30
40
50

NA NA

0
10
20
30
40
50

0
10
20
30
40
50

pr
es

ea
so

n

bu
db

ur
st

Ju
ne

en
ds

ea
so

n

NSC OVER THE SEASON 2019

Frost treatment substantially reduced starch 
levels in June, when control levels were already 
high



(a) Control

0

0.2

0.4

0.6

0.8

1

R
e
m

a
in

in
g
 L

e
a
v
e
s
 (

%
)

Prunus avium

0

0.2

0.4

0.6

0.8

1
Carpinus betulus

Advanced

Natural

Delayed

0

0.2

0.4

0.6

0.8

1
Quercus robur

0

0.2

0.4

0.6

0.8

1
Fagus sylvatica

S
ep O

ct
N
ov

(b) LT100

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

S
ep O

ct
N
ov

Advanced leaf-out -> delayed senescence

Delayed leaf-out -> delayed senescence

AUTUMN SENESCENCE

Delayed leaf-out -> advanced senescence
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