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Growth reaction patterns of Norway spruce and 
European beech under drought stress. 

Initial situation before the rewatering in 2019



Trees on the 12 KROOF plots and trees outside of the
plots used for the following analyses.

spruces red beeches green

Questions:
1 growth reactions of N. spruce versus E. beech
2 growth reactions in intra- versus inter-specific environment
3 Relationship between growth trends and drought stress events





All trees in Kranzberg except those on the 6 plots with
water retention from 2014-2018



Relative basal area growth all trees in Kranzberg except
those on the 6 plots with water retention from 2014-2018



Relative basal area growth all trees in Kranzberg except
those on the 6 plots with water retention from 2014-2018

• growth reduction of Norway spruce in dry years 50-60 % 

• growth reduction of European beech only half,  i. e.  25-30 %

• stress reduction in inter-specific neighborhood for N. sp.



Annual basal area growth of the trees on the 12 plots:
N. spruce vs. E. beech and control vs. treatment



Relative basal area growth under water retention 2014-
2018 (reference 2011-2013)



Relative basal area growth under water retention 2014-
2018 (reference 2011-2013)

• in first 1-2 years experimental drought stress causes similar growth as 
natural drought in 2003, 2015

• reduction of drought stress in inter-specific neighborhood for N. sp.
• N. sp. benefits significantly, E. beech loses slightly
• N. sp. stabilizes at low level, E. beech recovers



Total stand volume production since 1860 on 577 long-term 
experiments across Europe compared with yield tables



Stand growth at high level, interruped by drought years

mean site index: I.-III.
mean annual T: 8-10 °C
mean precip: 503-1,200 mm yr-1

mean Martonne: 26-63 mm °C-1
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Stand growth at high level, interruped by drought years
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Stand growth at high level, interruped by drought years



Growth trends, stress events and deviations from the yield
tables. Schematic consolidated overview

Pretzsch et al. submitted

mean ratio to yield tables: 1.48 ± 0.07
mean increase: 0.026 ± 0.002
mean ratio to trend in dry years: 0.72 ± 0.01
mean ratio to yield table in dry years: 1.07 ± 0.05



Growth trends, stress events and deviations from the yield
tables. Schematic consolidated overview
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mean ratio to yield tables: 1.48 ± 0.07
mean increase: 0.026 ± 0.002
mean ratio to trend in dry years: 0.72 ± 0.01
mean ratio to yield table in dry years: 1.07 ± 0.05

• increasing growth trend compared with yield tables on most sites

• compared with current trend mean losses of 30 % in dry years

• under drought growth above past level but below present new level



0.458552018572011totalcontrol
0.838292018312011beechcontrol
0.008262018262011sprucecontrol

4.078382018532011totaltreatment
1.468242018272011beechtreatment
7.458142018262011sprucetreatment

1.502131520184331998totalall non treat.
2.002110220181561998beechall non treat.
1.242121320182771998spruceall non treat.
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Mortality rate of N. spruce increased from 1.2 % to 
7.45 % per year
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Quantification of intra- and interspecific neighbourhood


