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Soil respiration
= Soil CO2 efflux 

Atmosphere 

Heterotrophic respiration

SOM

CO2

Introduction: Soil respiration

14-Mar-24

Autotrophic respiration



Pfynwald: Long-term pattern of soil CO2 efflux 



Soil respiration rates 

Rel. source contribution of 
soil respiration
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Soil respiration under drought

Microbial activity

Root respiration

13C and 14C signatures of CO2

DroughtMoist
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14

14N

Naturally: 
Cosmic radiation 

Artificially: 
Nuclear bomb testing  

+

Radiocarbon production and distribution

Introduction: Radiocarbon

Graven et al. 2020

14 Age 
Turnover times

Sources

Half-life: 
~ 5700 years

Luisa Minich
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Soil respiration 

Autotrophic respiration

Atmosphere 
ΔΔ14C = 0 ‰

Heterotrophic respirationΔΔ14C = 0 ‰
ΔΔ14C = +40 ‰

SOM

ΔΔ14C = +20 ‰

Soil and root incubations

Source contribution: 

CO2

Introduction: Source contribution of soil respiration

14-Mar-24

values from Schuur et al. 2016



Soil respiration rates 

Rel. source contribution of 
soil respiration
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Hypotheses: Soil respiration under drought

Microbial activity

Root respiration

14CO2 age of soil respiration older younger

e.g. Borken et al. 2006
DroughtMoist



Differences: Short vs. long-term drought ?
• 14C age of soil-respired CO2
• Source contribution:           vs.

Seasonal variation in control and drought condition ?
• 14C age of soil-respired CO2
• Source contribution 
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Motivation: Investigation of drought-related changes on 
the C cycle of forest ecosystems: short-term vs. long-term 
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Throughfall exclusion 
treatment (since 2023)

Irrigation (+700 mm)
treatment (since 2003)

Hölstein
MAT: 9.0 °C, MAP: 1009 mm

Veg: European beech, Norway spruce
Soil: Calcareous loamy sand 

Pfynwald
MAT: 9.2 °C, MAP: 518 mm

Veg: Scots pine 

Soil: Shallow Pararendzina 

3/14/24

Study sites 



Hölstein
control 

Hölstein
throughfall exclusion 

Pfynwald
irrigation

Pfynwald
control 

Approach 

CO2

CO2

SOM

CO2CO2



- 63% - 73%
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Soil respiration rates



global atmospheric 14CO2
in 2023

older younger

ΔΔ14C = - 3 ‰
younger

older

ΔΔ14C = + 16 ‰
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14CO2 of total soil respiration



Short-term drought: Source contribution

Hölstein control

Soil respiration

88 %12 %

OL: 42 %
mineral soil 
(0-5cm): 47 %

Hölstein throughfall exclusion

Soil respiration

72 %28 %

OL: 1 %
mineral soil 
(0-5cm): 71 %

25
mg CO2-C m-2 h-1

186
mg CO2-C m-2 h-1

20
mg CO2-C m-2 h-1

52
mg CO2-C m-2 h-1



Long-term drought: Source contribution

Pfynwald irrigation

Soil respiration

57 %42 %

OL: 46 %
mineral soil 
(0-7cm): 11 %

Pfynwald control

Soil respiration

91 %9 %

OL: 22 %
mineral soil 
(0-7cm): 69 %

112
mg CO2-C m-2 h-1

152
mg CO2-C m-2 h-1

7
mg CO2-C m-2 h-1

70
mg CO2-C m-2 h-1



Soil respiration rates 

14CO2 age of 
soil respiration 

Source contribution of 
soil respiration

older
younger

Long-term drought effects Short-term drought effects 

olderyounger
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Short-term vs. long-term drought effects



Brunner et al. 2019:

Fine root biomass 
~80% higher in 
irrigation treatment

Long-term irrigation effects
Fine root biomass

Guidi et al. 2022: 

Reduced C transfer from organic 
layers to mineral soil in dry 
control treatment

Redistribution of C stocks

Contribution of autotrophic 
respiration decreased in drought 

Older SOC in dry control, because 
of reduced input of new C

Joseph et al. 2023
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Drought effects CO2 also in non water limiting conditions



Sampling 
campaign

Atmospheric background 
CO2 sampling 

Soil-respired CO2 sampling 

Continuous high temporal 
resolution CO2 flux measurements 

CO2 sampling within the canopy 

Root incubationsCO2 flux measurements
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Chamber 1

Out In

Chamber 2

Gas 
sample

H2O trap

CO2 scrubber

H2O trap

CO2 scrubber

Soil-respired 14CO2 sampling 
approach

Modified from Ciriaco McMackin



- 63% - 73%

Soil environment
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Soil respiration rates



Short-term drought: Source contribution

Hölstein control

Soil respiration

88 %12 %

OL: 42 %
mineral soil 
(0-5cm): 47 %

Hölstein throughfall exclusion

Soil respiration212 mg CO2-C m-2 h-1 73 mg CO2-C m-2 h-1

25
mg CO2-C m-2 h-1

186
mg CO2-C m-2 h-1

72 %28 %

OL: 1 %
mineral soil 
(0-5cm): 71 %

20
mg CO2-C m-2 h-1

52
mg CO2-C m-2 h-1



Long-term drought: Source contribution

Pfynwald irrigation

Soil respiration

42 %58 %

OL: 46 %
mineral soil 
(0-7cm): 11 %

Pfynwald control

Soil respiration267 mg CO2-C m-2 h-1 77 mg CO2-C m-2 h-1

155
mg CO2-C m-2 h-1

112
mg CO2-C m-2 h-1

91 %9 %

OL: 22 %
mineral soil 
(0-7cm): 69 %

7
mg CO2-C m-2 h-1

70
mg CO2-C m-2 h-1



Brunner et al. 2019

Long-term irrigation effects
Fine root biomass

Guidi et al. 2022
Redistribution of C stocks

Contribution of autotrophic 
respiration increased with irrigation Older SOC in dry control, because 

of reduced input of new C



• Irrigation treatment vs. drought treatment? 
• Single time point measurements, lack of replicates
• Differences very little  almost in area of measurement error 
• Different soil types, other factors, that would affect the different 

signatures? E.g. carbonate soil, carbonate in sediment that is in 
irrigation water, etc. 

Limitations / Concerns


