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dependent tree trait effects on soill
carbon concentrations
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What is the role-of\trees in soil carbon?

Leaves fall and
decomposition

Root exudation
and desiccation

Sun et al. 2020, Adamczyk et al. 2019



Specific Root Length (SRL)

Low SRL

Lower
exudation & exudation &

desiccation &\

Sun et al. 2020, Adamczyk et al. 2019



Fig. from Bonfante et Genre 2010

Ectomycorrhiza

Slower
metabolism

Faster
metabolism

Frey et al. 2019, Averill et al. 2014, 2016, Crowther et al. 2019



Hypotheses:

» Hypothesis 1: tree | |
productivity and root Tree productivity
functional trait identity and root traits
and dissimilarity drive

soil carbon A & N
concentrations %ﬁh% % ﬁ‘%

Control for historical
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effects
Topography




Soil carbon and-soil microbial communities

Microbial necromass Bruckeridge et al. 2020



Soil carbon and-soil microbial communities

Microbial biomass
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Lange et al. 2015; Miltner et al. 2012; Schmidt et al. 2011



Standing trees‘drive microbial communities
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Standing trees‘drive microbial communities
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Hypotheses:

» Hypothesis 1: tree
productivity and root Tree productivity
functional trait identity and and root traits
dissimilarity drive soll

carbon concentrations Wﬁw
i "

» Hypothesis 2: tree
productivity and root y
functional identity and H2 S
dissimilarity effects on soil dlicrepizl mediation
carbon concentrations are
expected to be mediated by T H1 '
soil microbial biomass i Tree effects on soil carbon,

| Control for historical

effects
Topography




Forest drive micro=environmental conditions: microclimate

Low diversity High diversity

Lower canopy closure

Higher temperature

Lower temperature




Forest drive micro=environmental conditions: understory plants

Low diversity High diversity

Lower canopy closure




Forest drive micro=environmental conditions: microclimate

Low diversity High diversity

Lower canopy closure

Lower water availability

= Higher water availability

Higher hydraulic
complementarity

Lower hydraulic
complementarity




High sensibility of the microbial community to environmental conditions

Delgado-Baquerizo et al. 2016, Bernhard et al. 2017



High sensibility of the microbial community to environmental conditions

Delgado-Baquerizo et al. 2017, Aciego Pietri and Brookes 2009



High sensibility of the microbial community to environmental conditions

Biotic conditions

Eisenhauer et al. 2011



Hypotheses:

» Hypothesis 1: tree productivity Tree productivity
and root functional trait identity and root traits
and dissimilarity drive soil
carbon concentrations

» Hypothesis 2: tree productivity = ~—
and root functional identity and , AN H3

dissimilarity effects on soil Environmental //wicro-environment
carbon concentrations are mediation
expected to be mediated by soil H2 .

. Microbial biomass

microbial biomass

Microbial mediation

» Hypothesis 3: tree community
effects on microbial biomass are
mediated by micro-
environmental conditions
(climate, soil quality, and biotic ComCRolitarRIStetical

. and topography 3
environment) Topography  FTects




Tree spatial distribution




Tree spatial distribution

e.g. Species-specific microbial association at tree level.




Tree spatial distribution

e.g. Species-specific microbial association at tree level.
Litter homogenization at neighborhood level




Hypotheses:

» Hypothesis 1: tree productivity and root
functional trait identity and dissimilarity
drive soil carbon concentrations

» Hypothesis 2: tree productivity and root
functional identity and dissimilarity
effects on soil carbon concentrations are
expected to be mediated by soll
microbial biomass

» Hypothesis 3: tree community effects
on microbial biomass are mediated by
micro-environmental conditions (climate,
soil quality, and biotic environment)

» Hypothesis 4: we expected tree effects
on soil microbial biomass to be scale-
dependent

Tree species pairs level

H4

TSP vs. Neighbors
effects

H2

Microbial mediation

H3

Environmental
mediation

- Microbial biomass_

Control for historical
and topography
effects

-

Topography

Neighborhood level

=Hho

&

Micro-environment



Sampling design

South-East China

Subtropical climate: warm, rainy
summers & cool, dry winters

BEF China plateform:

Tree diversity experiment (since
2009)

Species richness manipulated
from 1 to 16, planted in a random
scenario




Tree species pairs-design

Not sampled

Monoculture
[ 2 sp. mix
B 4 sp. mix
B 8 sp. mix
B 16/24 sp. mix
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Sampling design: BEF China

\_Trispecies pairs level Neighborhood leve

Neighborhood biomass

Canopy structure (ENL)

Litterfall biomass

Litterfall CN ratio

icro-environment

-

. Microbial biomass
3 \

Topography




Sampling design

CWM & FRic

Specific root length
Root diameter

Mycorrhizal
statues (AM vs.
EM)

Lﬁspecies pairs level

Topography

(fMicro-environment
A

_ Microbial biomass

)

Neighborhood leve

R

C

Neighborhood biomass
Canopy structure (ENL)
Litterfall biomass

Litterfall CN ratio
Specific root length

Root diameter

Mycorrhizal statues
(AM vs. EM)

SIdd ® ANMO



Sampling design

CWM & FRic
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Sampling design

CWM & FRic

\_Trispecies pairs level

Specific root length

Root diameter

Mycorrhizal
statues (AM vs.
EM)

Slope, curvature,
altitude

Topography
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Sampling design

CWM & FRic

Lﬁspecies pairs level

Specific root length

Root diameter

Mycorrhizal
statues (AM vs.
EM)

Microbial biomass
(PLFA)

Slope, curvature,
altitude

Topography

(fMicro-environment
A

- Microbial biomass

B

)

Neighborhood leve

R

Neighborhood biomass
Canopy structure (ENL)
Litterfall biomass

Litterfall CN ratio
Specific root length

Root diameter

Mycorrhizal statues
(AM vs. EM)

SIdd ® ANMO



Sampling design

Neighborhood biomass

Neighborhood leve

ﬁ' : Canopy structure (ENL)
g

Lﬁspecies pairs level

Specific root length

Root diameter Litterfall biomass

Mycorrhizal Litterfall CN ratio

statues (AM vs.
=Y)

CWM & FRic

Specific root length

Root diameter

Microbial biomass
(PLFA)

%E Mycorrhizal statues
Micro-environment (Al\/l VS. EM)

SIdd ® ANMO

Climate: Air temperature &
5 L Soil humidity
- Microbial biomass
h 8 Soil quality: Soil pH, [N]
and [P]

Slope, curvature,
altitude

Biotic environment: Plant
abundance, root biomass,
litter abundance and litter
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Drivers of soil carbon concentration

Control for historical

and topography 5
effects
Topography




Drivers of soil carbon concentration

Historical carbon concentration and plot
curvature increased soil concentration

\J
[C] 2018
(33%)

Curv. PR — ENL & a0

Slope — ENL: 0.2 %

[Cla010 — [Cla01s: 0.271***

[C] 2010

(12%)
Fit measures
Slope —+ [Clagyo: 0.200* CFI = 0.567
Curv. PL — [C]zg10: 0.385*** RMSEA = 0.184

SRMR = 0.073




Drivers of soil carbon concentration

Historical carbon concentration and plot
curvature increased soil concentration

W TSP root W

traits

Neighborhood productivity and TSP root

2 traits strongly affected soil carbon
¢ concentration

L

5@ [C] 2018

2] (33%)

[Clz010 — [Cla01s: 0.271**

[C1 2010
(12%)
Fit measures
Slope — [Clyg10: 0.200* CFl =0.567
Curv. PL — [C]y010: 0.385*** RMSEA = 0.184

SRMR =0.073




Drivers of soil carbon concentration

Historical carbon concentration and plot
curvature increased soil concentration

§

WY

Neighborhood productivity and TSP root
traits strongly affected soil carbon
concentration

-3 5] —3/

NATAY

Neighborhood productivity increased
with tree species richness

Slope — ENL: 0.239**
Curv. PR — ENL: 0.440™**

[Clz010 — [Clzote 0-2717**

[C] 2010
(12%)
Fit measures
Slope — [Clagqo: 0.200* CFl = 0.567
Curv. PL — [Clygq0: 0.385%** RMSEA =0.184

SRMR = 0.073




Microbial biomass mediation of tree effects on soil carbon concentrations

A N

H2

Microbial mediation

Microbial biomass

Control for historical

effects
Topography




Microbial biomass mediation of tree effects on soil carbon concentrations

_ Neighbors productivity
Sp. ich. —» nelgh. Blomass: 0,371 - ~increased with tree species
Sp. rich. —C litterfall: 408** % richness

TSP root traits




Microbial biomass mediation of tree effects on soil carbon concentrations

Sp. rich.— ENL: 0.272***
Sp. rich. — neigh. biomass: 0.371**
Sp. rich. —C litterfall: 408**

RD — Mic. bio: -0.167**
AM/EM — Mic.bio: -0.177**
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Neighbors productivity and
root functional traits identity
affected microbial biomass



Microbial biomass mediation of tree effects on soil carbon concentrations

Neighbors productivity
Sp. rich.— ENL: 0.272*** _ . . .
Sp. rich. — neigh. biomass: 0.371%* ; ~Increased with tree species
Sp. rich. —C litterfall: 408** 3‘ “ I‘iChneSS
- TSP root traits

Neighbors productivity and
root functional traits identity

RD — Mic. bio: -0.167**
AM/EM — Mic.bio: -0.177**

i 2 affected microbial biomass
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2 ; biomass but the feedback
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""" 1 [Claoto > [Claoys: 0.285™

Soil [C] 2010
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.................................... : Slope — [C]gmo: 0200*
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Environmental'mediation of tree effects on microbial biomass

“ 03

Environmental 7 micro-environment
mediation

H2

. Microbial biomass ,'
Microbial mediation |

Control for historical

and topography 5
effects
Topography




Environmental'mediation of tree effects on microbial biomass

P L

Sp. rich.— ENL: 0.272**
Sp. rich. — neigh. biomass: 0.371***
Sp. rich. —C litterfall: 408**

£

TSP root traits

.

BOX A
AM/EM— Mic. bio.: -0.211***
RD — Mic. bio.: -0.124*

Neighbors productivity,

coxs functional traits and TSP

remperaure - Mic.bio: 020 rQOt functional traits
strongly modified micro-

BOX C:

ENL — Temperature: -0.446*** H

ENL — Litter CN: -0.324"** enVIronmentaI
CN litterfall — Litter CN : 0.239** L
oniterson o conditions

BOX D:

SRL — RH: -0.218™

FDis AM/EM — Litter CN: 0.173*
AM/EM — Litter CN: 0.315**

BOX E:

TSP RD — RH: -0.218™*
TSP FRic RD — RH: 0.198"
TSP FRic AM/EM — RH: 0.173*
TSP AM/EM — Soil N: 0.246**



Environmental'mediation of tree effects on microbial biomass

Sp. rich.— ENL: 0.272**
Sp. rich. — neigh. biomass: 0.371**
Sp. rich. —C litterfall: 408**

ko

TSP root traits

BOX B

Microbial biomass
(61%)

Slope — ENL: 0.239**
Curv. PR — ENL: 0.440***

[Clz015— Mic. bio.:
0.623%**

[C] 2018
(33%)

1 [Clz010 — [Clag1s: 0.271%**

[C]12010 Fitcrplef\grges
{12%) RMSEA = 0.141
SRMR = 0.102

.................................... : Slope — [Clagqp: 0.200*
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RD — Mic. bio.: -0.124*
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BOX C:

ENL — Temperature: -0.446***
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CN litterfall — Litter CN : 0.239**
CN litterfall — Soil N: -.197*
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FDis AM/EM — Litter CN: 0.173*
AM/EM — Litter CN: 0.315**
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TSP RD — RH: -0.218™

TSP FRic RD — RH: 0.198*
TSP FRic AM/IEM — RH: 0.173*
TSP AM/EM — Soil N: 0.246**

Neighbors productivity,
functional traits and TSP
root functional traits
strongly modified micro-
environmental
conditions

Micro-environmental
conditions were the
main drivers of microbial
biomass




Environmental'mediation of tree effects on microbial biomass

Sp. rich.— ENL: 0.272**
Sp. rich. — neigh. biomass: 0.371***
Sp. rich. —C litterfall: 408**

Curv. PR — ENL: 0.440***

Slope — ENL: 0.239**
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+"%. Microbial biomass

[Cl:015— Mic. bio.:

Curv. PL — [Clyg40: 0.385™*

TSP root traits

D] —WIMNY

(61%)

[Clz010 — [Clag1s: 0.271%**

Fit measures
CFl =0.46
RMSEA = 0.141
SRMR = 0.102

BOX A
AM/EM— Mic. bio.: -0.211***
RD — Mic. bio.: -0.124*

BOX B

Temperature — Mic. bio.: -0.270**

Litter CN — Mic. bio.: 0.242"**

BOX C:

ENL — Temperature: -0.446***
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BOX E:
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TSP FRic RD — RH: 0.198*
TSP FRic AM/IEM — RH: 0.173*
TSP AM/EM — Soil N: 0.246**

Neighbors productivity,
functional traits and TSP
root functional traits
strongly modified micro-
environmental
conditions

Micro-environmental
conditions were the
main drivers of microbial
biomass

Tree effects directly
affected soil carbon
concentration while their
effects on microbial
biomass were mediated
by the environmental
conditions




Conclusion

» Tree diversity increased tree productivity: tree biomass, litterfall and canopy vertical stratification (ENL)
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Conclusion

» Tree diversity increased tree productivity: tree biomass, litterfall and canopy vertical stratification (ENL)

= Tree productivity increased both microbial biomass and soil carbon concentration

» Tree functional traits effect on soil carbon concentration and microbial biomass depended of the scale
considered

» The effects of tree functional traits and productivity on microbial biomass were mostly mediated by the
micro-environment

= Our analyses suggested a strong positive effect of soil carbon concentration on microbial biomass but failed to
detect feedback effects.




Discussion

» Confirmation of the close relationship between microbial biomass and soil carbon
concentration:
» more temporal studies and measurement of soil carbon structure to understand the mechanisms
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» Confirmation of the close relationship between microbial biomass and soil carbon
concentration:
» more temporal studies and measurement of soil carbon structure to understand the mechanisms

» High scale dependency suggests scale dependent processes. This could explain the contradictory
results previously found

= Our study highlights the need to consider the spatial dimension in ecology
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