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Forest growth and yield research in Munich
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Courses of the MAI in m3 ha' year? on long-term experimental
plots in Europe since 1860
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Growth reconstruction via stem analyses
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Increment cores for analyses of growth and wood density

Mean Wood Density
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Pretzsch et al. (2018)
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Silver fir in pure and mixed-species stands —
growth trends, mixing effects
and silvicultural potential
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1 Growth trends of silver fir
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Stand growth accelerated, persistent into higher stand ages
and often exceeding yield tables

Fir — Periodic Annual Increment Fir - Total Volume Production
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Over-proportional upwards trend of silver fir well into higher
ages in European mountain forests
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Tree growth in mountain forests in Europe — silver fir strongly
iIncreasing with calendar and age
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Recovery of silver fir after 1980ies in the low mountain ranges
In Europe
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Recovery of silver fir after 1980ies in the low mountain ranges
In Europe

Diameter increment (mm a™1)

Summary 1:
» stand growth often exceeds the yield table

* free growth non-sigmoidal, persisting until high ages
* recovery from sulphur damages since the 1980ies
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Silver fir in pure and mixed-species stands —
growth trends, mixing effects
and silvicultural potential
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2 Behaviour in mixed-species stands
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Mean overyielding in mixtures of silver fir and Norway spruce
of 16 (x6) %
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Meta-analysis on overyielding of mixed stands of Norway
spruce, European beech, silver fir in Europe (long-term exp.)
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spruce-fir-beech
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Pretzsch et al. (2017)
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Growth stability of the n=105 CLIMO study 1 spruce-fir-beech
stands
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Periodic annual volume growth
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Hilmers et al. (in press)
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Explanations for positive mixing effects in mixed Norway
spruce - silver fir stands

hydraulic nutrients complementary
redistribution upward transport light ecology

Mg, Caaaaaa

e.g. Prieto et al. (2012) e.g. Rothe and Binkley (2001) e.g. Forrester et al. 2007a,b
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Explanations for positive mixing effects in mixed Norway
spruce - silver fir stands

hydraulic nutrients complementary
redistribution upward transport light ecology

Summary 2:
 overyielding by 10-20 % in mixed species stands

* higher stability of growth in mixture, risk distribution
» complementary light ecology and rooting depth

Mg, Caaaaaa

e.g. Prieto et al. (2012) e.g. Rothe and Binkley (2001) e.g. Forrester et al. 2007a,b
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Silver fir in pure and mixed-species stands —
growth trends, mixing effects
and silvicultural potential
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3 Role of silver fir in conversion of mono-specific to mixed stands — perspectives
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The objective: From even-aged mono-cultures to uneven-aged
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Shade tolerance, advanced planting, under-planting
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Scenario analyses and guidelines for transformation of
mountain monocultures to close-to-nature stands
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Scenario analyses and guidelines for transformation of
mountain monocultures to close-to-nature stands
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Perspectives - climate envelope of silver fir compared with
other conifers and broad-leaved trees
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Perspectives - climate envelope of silver fir compared with
other conifers and broad-leaved trees

mean temperature (°C) 15 mean temperature (°C)

Summary 3:
* high shade tolerance and stability of silver fir useful

 underplanting in groups or clusters
* high productivity even under climate change

0 0 -
Picea abies
Pinus sylvestris
-5 . . . | -5 . . ;
0 500 1,000 1,500 2,000 0 500 1,000 1,500 2,000
annual precipitation (mm yr-1) annual precipitation (mm yr-1)

Hans Pretzsch | Prospects for fir management in a changeable environment, Abies IUFRO unit | Krakow, 28.-30. May 2019 26



‘tUm de/ Index




rq Waldwachstumskunde

/) Systemanalyse Tu-"

References

\§

Forrester, D. I, Bauhus, J., Cowie, A. L., Mitchell, P. A., Brockwell, J. (2007): Productivity of Three Young Mixed-Species Plantations Containing
N2-Fixing Acacia and Non-N2-Fixing Eucalyptus and Pinus trees in Southeastern Australia. Forest Science, 53, 426-434.

Forrester, D. I., Schortemeyer, M., Stock, W. D., Bauhus, J., Khanna, P. K., Cowie, A. L. (2007): Assessing nitrogen fixation in a mixed- and single-
species plantation of Eucalyptus globulus and Acacia mearnsii. Tree Physiology, 27, 1319-1328.

Hilmers, T. et al. (in press): The productivity of mixed mountain forests comprised of Fagus sylvatica, Picea abies, and Abies alba across Europe.
Forestry.

Hilmers, T. et al. (2019b): Scenario analyses of the transition to close-to-nature mountain forest management from the perspective of climate change.
Manuscript in preparation.

Jensen, A. M. (1983): Growth of Silver Fir (Abies alba Mill.) compared with the growth of Norway Spruce (Picea abies (L) Karst.) in pure and mixed
stands on sandy soils in the Western parts of Denmark. Reports from department of Forestry, Royal Veterinary and Agricultural University 14: 1-498.

Pretzsch, H. (2017): Ertragskundliches zur Fichte in Rein- und Mischbestanden. Vortrag anlallich des 11. Bayerischen Waldbesitzertages, Die Fichte -
Zukunft des Brotbaumes, Freising-Weihenstephan, 12. September 2017.

Pretzsch, H. (2018): Growth and Structure in Mixed-Species Stands Compared with Monocultures: Review and Perspectives. In: Springer International
Publishing AG, part of Springer Nature 2018 A. Bravo-Oviedo et al. (eds.), Dynamics, Silviculture and Management of Mixed Forests, Managing Forest
Ecosystems, pp. 131-183.

Pretzsch, H., Biber, P., Schiitze, G., Kemmerer, J., Uhl, E. (2018): Wood density reduced while wood volume growth accelerated in Central European
forests since 1870. Forest Ecology and Management 429: 589-616.

Pretzsch, H., Bielak, K., Bruchwald, A., Dieler, J., Dudzinska, M., Ehrhart, H.P., Jensen, A.M., Johannsen, V.K., Kohnle, U., Nagel, J.,
Spellmann, H., Zasada, M., Zingg, A. (2013): Mischung und Produktivitat von Waldbestanden. Ergebnisse langfristiger ertragskundlicher Versuche.
Allgemeine Forst- und Jagdzeitung,184(7/8): 177-196.

Prieto, I., Armas, C., Pugnaire, F.l. (2012): Hydraulic lift promotes selective root foraging in nutrient_rich soil patches. Functional Plant Biology 39: 804-
812.

Rothe, A,, Binkley, D. (2001): Nutritional interactions in mixed species forests: a synthesis. Canadian Journal of Forest Research 31(11): 1855-1870.

Hans Pretzsch | Prospects for fir management in a changeable environment, Abies IUFRO unit | Krakow, 28.-30. May 2019 28



