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# Systemanalyse
Structural and functional characteristics of tree species
inplastic - plastic shallow — deep rooting  light demanding - shade tolerant

seasonal - evergreen slow - fast growing  drought tolerant- N-fixing - non N-fixing
intolerant

stand age...th tz t3 B

Ammer (2018), Pretzsch et al. (2017), Ellenberg and Leuschner (2010), Larcher (2003)
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Contribution of functional ecology to forest
management

Hans Pretzsch
Chair for Forest Growth and Yield Science
Technical University of Munich
1  Functional characteristics considered by forest management
2  Functional characteristics and mixing effects

3  From understanding to silvicultural design and guidelines

Next steps

Functional Ecology conference 2018, 10-13.12.2018, Nancy, France
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Rooting depth: Selection of species with wind stabllity

= = wind stability: oak > beech > pine > spruce

1.00
mixed
0.75 - E. beech
| pure
N 0.50 - mixed
N. spruce
| pure
0.25 4
0.00 T .
0 50 100 150

stand age (years)

Brandl et al. (2018)
Griess and Knoke (2011) TI.ITI
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Morphological plasticity: consequences for spacing

m. plasticity: beech > oak > pine > spruce

high plasticity

low plasticity

mean tree height (m)

initial density: s. oak (20,000 ha) >
E. be. > S. pi > N. sp > D-fir (1,000 ha1)
crop trees: s. oak (60 hal) vs.

N. sp. (400 ha?) UM
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Shade tolerance, advanced planting, under-planting

shade tolerance: E.beech > fir > N. spruce > oak > pine

standing stock (m3 ha1)

transformation into
selection forest

\
o/

initial stancjh /ﬁ\wj / ’_%\,%_‘ /,.Ha\.\_‘ Vs

subsequent
stand

50 100 150
stand age (years)

Pretzsch et al. (2018)
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planting etc. are based on s-f characteristics
N mono-specific stands

engraved In forest practitioners' experience
=< +focus 0

Summary 1:
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Experimental setup for scrutiny of mixing effects
Zwiesel 111/3,4,5 Bavarian Forest

\§

relative productivity = p, ,/(p;xmy +p, xm,)



7

\§

Waldwachstumskunde
/) Systemanalyse

Meta-analysis on overyielding of mixed stands
of Norway spruce/European beech and s oak
and E. beech on long-term experiments

spruce-beech oak-beech

experimental plot relative difference [95% Cl] experimental plot relative difference [95% CI]
Ehingen 51 r—-—'—t _ 0.87[0.71,1.06] Concise i | 0.73[0.60,0.89]
Wiedemann —= mean =1.19 ossioes. 106] Waldbrunn 106 s Mmean = 1.24 osajosi.0s87]
Mitterteich 101 L 0.98[0.93,1.02] Gryfino 35 _— 0.86[0.78,0.94]
yyestarnor 141047 H 0.99[0.91,1.07] Dhronecken —— 0.95[0.81,1.11]
el R = e bt Gryfino 33 e 0.96[0.86, 1.07]

i : . ?[ by ] Ebrach 132 —— 0.97[0.75,1.25]
5“’""5271 " g 1 ?1 [ g-gi 1;‘;’ ] Waldbrunn 105 i 1.00[0.91 . 1.11]
Daun 1207 4 R Main-Tauber 86 - 104[0.99.1.10]
Zwiesel 134 114 [ 0.95 1-36] Jossgrund 151 -t 1.12[1.02,1.22]
Knobben 44 1/2 —_— 114[1.05. 1.24] E'br?':_;:’é::g e 133 [ ?.gg . 1-33 ]
NP 602 ——t 1.15[1.03,1.28] achsll = 24[1.07,143]
Daun 1206 b 1.18[1.03,1.35] Schivechiem . T— 1.27[0.95,1.69]
Zwiesel 135 : Wl 119[113,125] HOCh_StIﬂ 618 E = 130[119‘ 142]
Geislingen 76 — 1.25[1.00,1.56 Balmis f . 1.42[1.32,1.52]
Morbach 1501 (M 1.30[0.98,1.72] H_()chstlﬂ 617 - 1.48[1.35,1.63]
Freising 813 — 1.59[1.30,1.95] Eichbuehl i = 1.80[1.30,249]
Nordhalben 811 —— 1.70[1.50,1.94] Rothenbuch 801 : —— 2.24[1.88,267]
Murten 20 ey 200[1.68,2.38] Kelheim 804 ; — 2.43[1.96,3.01]
Schongau 814 —_— 2.02[151,272] Rohrbrunn 314 : — 253[190,3.37]
RE Model i 1.19[1.08,1.31] RE Model | —— 124[1.06,1.45]

| i T ]
061 1.00 165 272

mixed stand / pure stand

Pretzsch, Forrester and Bauhus (2017)
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Mixing effects on productivity of forests in Central
Europe and worldwide

Productivity (m3 ha-1 yr-1)

overyielding ordered by light demand: 12
S.pi. E.la. s.oak N.sp. D-fir Ebe. 101
S.pi. 1 8
E. la. 1 e
6 L
s.oak 108 1 W sy
N.sp. 1.21 1.21 | a : P 4 "
. ' -~
D-fir 1.13 1 2 =
E.be. 130 12§ 120 1.21 111 1 0 - <
0O 10 20 30 40 50 60 70 80 90 100
Tree species richness (%)
Pretzsch (2016) Ertragstafel-Korrekturfaktoren Liang, J. et al. (2016) Positive Biodiversity-
fur Umwelt- und Mischunsgeffekte, AFZ Der Wald, Productivity Relationship Predominant in Global
14/2016: 47-50 Forests, Science, 354 (6309), aaf8957
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Stand density (SDI) of mixed-species stands
versus monocultures on long-term experiments Iin
Central Europe

Relative stand density Rspi = SDImixed / SDImono

Rsp1 =1.08 1.09 1.29 1.04 1.05 1.36 0.88 1.21 1.12

—_—
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Pretzsch, H., Biber, P. (2016) Tree species mixing can increase maximum stand density.
Canadian Journal of Forest Research, DOI: 10.1139/cjfr-2015-0413



f.fr Waldwachstumskunde
y Systemanalyse

Overyielding and growth stability of the n=105 CLIMO
study # 1 spruce-fir-beech stands

g periodic annual volume growth (m2 ha-1 yr-1)

15 -
N. spruce

10-51_}%0'1\

5] s.fir

0 -

1980 1990 2000 2010

year
periodic annual volume growth (m23 ha-1 yr-1)
16 -
12
total
8 -
4

1980 1990 2000 2010 m
year
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Beneficial combinations of s-f characteristics
above ground

Morphological complementarity Temporal asynchronity

bugu

complementary light ecology

\§

Ammer Ch (2018) Diversity and forest productivity in a changing climate, New Phytologist
Pretzsch, H, Forrster, D, Bauhus, J (2017) Mixed-species Forests, Springer, Berlin, 653 p TI.ITI
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Beneficial combinations of s-f characteristics
below ground

hydraulic nutrients atmospheric
redistribution upward transport N, fixation

<N

Mg, Caxaaaa

e.g. Prieto et al. 2012 e.g. Rothe, Binkley (2001) e..g. Forrester et al. 2007, 2007

TUT



Summary 2.

 Mixed stands can increase and stabilize productivity

e this results from beneficial combinations of structural and
functional characteristics

« understanding the species interactions Is required to design
resource efficient mixtures
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Problematic mixtures: N. spruce and E. beech

Oderhaus/Harz and E. beech s. oak/Steigerwald
o g2 _ mean height (m)
] S = 0 European beech
35 4 sessile oak
N. sp. pure
. g - 30 -
= 25
. _ % N.sp.+E.be.
% M. sp. mixed = o 20
=, =
2 °7 E 15 -
= =
£ e _
Ebemxed| & g } i 10 4
g - M 5 -
- 0 : : ;
/ S 7 0 50 100 150 200
E be. mixed stand age (years)
) _| T | T | T I I I I I I
G0 a0 100 120 140 160 60 80 100 120 140 160
stand age (yr) stand age (yr)
Lipke v. B. and Spellmann, H (1997), Pretzsch (2018)

Pretzsch and Zenner (2017) TI.ITI
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Models for the design of mixed stands: SILVA as
example of a spatially explicit individual tree model

starting values module reflecting site/

\§

data stand
m.issjng structure
? generator
no
<€
Y - Scenario analysis Scenario
B 3D-competition module | Vi
| thinning module |
[ allocation module |
[ mortality module |
= regeneration module |
7 growth and yield output
t=0...n
ecology output
>
t=0...n
Y socio-economy output
>
t=0..n

Pretzsch, Biber, Dursky (2002)
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Consideration of mixing effects in models

* Species- and site-specific
growth velocity

starting values module reflecting site/

stand age..t1

stand

* crown shape
structure

dara tz 3 odn
missing
> generator * stem shape
« wood density
Y ! « wood quality

»  3D-competition module | -
thinni dul .
:I ailézzlt?c?nrr:o;uTe : ' pOtentIaI grOWth
: . « growth under competition
[ mortality module | | — -
_|l regeneration module | A”’j‘i‘q , ’ gl’OWth under faC|I|tat|0n
* growth under drought
v growth and yield output
t=0..n » shade tolerance
ecology output
> : .
t=0n * packing density
\ socio-economy output . mortality
t=0..n * yield level

Pretzsch, Biber, Dursky (2002)
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Integration of mixing regulation algorithms in models,
e. g. for spatial or temporal separation

contiguous area per species mean height (m)

large : .
9 AAAAA 00000 DEEER Intersection of height curves

AAAAA 00000 EDEEEE _| species 2, At=0
AAAAA 00000 DEHEED =

AAAAA 00000 DEEEE I species 2, At=10
AAAAA Q0000 EEEEE A7 - .
eo0aa separate stands L7 _o~—|species 1

00 OAA L~ -~ 7| species 2, At = 20
Q0 0AA 7 A
DEEEE Fd s
oEE@a cluster 2

AA@ED
AA@OD / /
AAOOD A
AAGOD A
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AODAQ P S

ADDA® IOW s Vs s

ADDA® / /

DeA@A P
AGDA® p

eDamm .
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small

Pretzsch H, Forrester D, Bauhus J (2017) Mixed-species forests. Ecology and Management,
Springer, Berlin, 653 p
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Integration of mixing regulation algorithms in models,
e. g. for initiating the regeneration
depending on the density of the overstorey

stand basal area (m2 ha-1) & 20m .
Mﬁ B 0gg 0 1R00AR0ARA o A KYAGUOES ©
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Pretzsch H, Forrester D, Bauhus J (2017) Mixed-species forests. Ecology and Management,
Springer, Berlin, 653 p
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Scenario analyses and guidelines for transformation of
mountain monocultures to close-to-nature stands

BaySF (2018)

I E.beech | silver fir

upper level

mean

lower level

B N. spruce
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Scenario analyses and guidelines for transformation of
mouﬂgﬂtain monocultures to close-to-nature stands

tment

standing stock (m? ha)
2,000

MW
1,500 :
1,000
5001 : \ﬁll‘“”"'
combined shelter-femel cut . .
0- cable crane lines and slit cut
50 100 150
stand growth (m3 ha-' yr)
30
strip-wise
20 clear cut
*
101 [ _ gap cut *
combined shelter-femel cut
0

| ERRSSe A 50 100 150
BaySF (2018) stand age (years) 'I'I.I'I'I
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Scenario analyses and guidelines for transformation of
mountam monocultures to close-to-nature stands

standing stock (m?3 ha')

2,000 —
: 51-& .-r ¥ .-(,.‘ T
s o
Ao “‘(‘L"" ;;J"‘ 1.500 untreated .~
2] oo
2 L

Summary 3:
i 2k o models should reflect the effects of mixing on structure,
growth, mortality etc.

eeeeeeeeeeeeeeee

-+ + they should comprise algorithms for silvicultural regulation
 * silvicultural guidelines and prognoses bring the mixed stand
>t idea onto the ground

cable crane lines and slit cut
101 gap cut

comblned shelter-femel cut

50 100 150
stand age (years) TI-ITI
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Long-term experiments for data acquisition, model
parameterization, teaching and training

N. spruce / E. beech Douglas-fir / E. beech Silver fir / E. beech Sessile oak / E. beech ‘ 2
l"—lll"—il]l"—l I[ml]l

N. spruc e/ E. beech D uglas-fir / E. beech SI r fir/ E. beech Sﬁsrl oak / E. beech

J :

N. spruce / E. beech Douglas-fir / E. beech Silver fir / E. beech Sessile oak / E. beech
I L I L

N. spruce / E. beech Sessile cak [ E.

Douglas-fir / E. beech Silver fir / E. beech

Norway spruce, pure mixed European beech, pure

Stand density
max

e _____________________________________________________|
— e
—

low
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Further development of simulation models for transfer
from understanding to design and prognoses

starting values

>

site conditions

module reflecting site/
growth relationships

data
missing
?

stand
structure
generator

yes

<
J 3D-competition module
|I thinning module |
) allocation module
mortality module
regeneration module
v growth and yield ourput)
t=0..n
ecology output
=0
Y socio-economy output

t=0..n

* Integration of mixing
effects on growth,
structure, mortality

 Extension of the
algorithms for
silvicultural regulation

im é;i;!a **i*i*

TUT
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Development of simple guidelines for the silvicultural
regulation of mixed-species stands

In(V) N

window |

for
species 1 maximum window |
IR stand density for
~ for species 1]
species 2 L maximum
- for stand density
species 2 |

-« = g Ja |

species 2 1 In(N)
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Than«kS’?or prevmdang data o _
partner mstrtuﬂﬁns in Sweden; Denmark
England; Poland, France, Germany

Austria, Switzerland,lialy, Spain, and others

http:llwaldwachstumthw.tum.'d'e/index.php?id:presentations




