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Generalized model of energy flow through a food web  

(Heal & MacLean, 1975 - developed during the IBP) 
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Measurements: 

  

- mass balance 

C 

soil CO2 efflux  

C EC measurements 

- fluxes 



NPP: Difficult/impossible to measure? 
 

 

 

- Has anybody ever really accurately measured net primary productivity? 

 

- Mass balance approaches - a small change in a large number 

 

- Fluxes – assumptions and errors in measurement 

 

 

 

 

 

 



EGU 2009 

•  N-fertilisation vs control 
•  Deep soil collars vs surface collars 
•  Atmospheric 13CO2 label in excess of 17000 ‰  

 
13CO2 pulse labelling with Peter Högberg at Vindeln 



EGU 2009 
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Stem CO2 efflux –  
To calculate NPP, we need to know if is this autotrophic  

respiration or simply transported soil CO2? 

NPP problems: Example 1 



Objectives and Method 

• Gaseous CO2 label pumped into the soil 
to strongly label soil airspace 

• Chamber for capturing stem CO2 efflux 

 

 

 

 

capture 
efflux 



• Measure abundances of 12CO2 and 13CO2 

 

• Measure [CO2] and δ13C 

 



No evidence for soil CO2 in stem efflux 

• Clear return of pulse label from soil 
over 2.5 days after labelling 

 

• No difference between control and 
treated stems, no δ13C spike visible, 
no significant treatment effect 

 

• No evidence for uptake of 13CO2 
tracer across the roots 
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Photo courtesy of Paula Flynn, Iowa State University Extension  

NPP problems: Example 2  

Is mycorrhizal C flux part of NPP or detrivore system? 



Forests: component fluxes 
40 m mesh 1 m mesh Surface collar 



0.5

1.0

1.5

2.0

2.5

3.0

31/10/2005

12:00

01/11/2005

12:00

02/11/2005

12:00

03/11/2005

12:00

04/11/2005

12:00

S
o

il
 f

lu
x

 (
µ

m
o

l/
 m

2
/ 
s

)
Roots, mycorrhizas & soil

Mycorrhizas & soil

Soil only flux

Coniferous system: forest soil CO2 output 

Annual flux: 

Roots           15% 

Mycorrhizas 25% 

 Soil               60%  
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Mycorrhizal  1.13    3.04   0.680
Soil Only       0.79    4.19   0.881
Difference    0.35    1.14   0.001
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Soil temperature 5 cm (°C) 



SOM 

C C C C C C O2 C 

C 

C C C C 

Measurements: 

  

- mass balance 

C 

soil CO2 efflux  

C EC measurements 

- fluxes 





NEE: Comparison of C mass balance and flux methods  

Absolute fluxes derived from chamber measurements have frequently been questioned : 

 

- chamber pressure, humidity and temperature artifacts  

- a need for dynamic mixing of air in the chambers during measurements 

- debate about which regressions to use for flux calculations 

 

Objective 

Test the hypothesis that chambers give the same results as mass balance approaches 

 

Method  

Established 12 replicated grass mesocosms for which all carbon inputs (e.g. seeds)  

and outputs (e.g. in drainage water) were measured and accounted over a 4 month period.  

This is normally not possible to assess because of measuring small changes in large C pools. 

 



NEE: Comparison of C mass balance and flux methods  



CO2 flux under dark    and transparent      chambers? 

S = sowing 

G = germination 

L = first leaf stage 



Allowing for chamber PAR interception 

a) Comparison of PAR outside and inside the transparent chambers 

 

 

 

b) Essential to create a PAR/NEE curve to correct for chamber 

 

 

 



Impact of temperature on respiration 

□ 

a) Opaque chamber dark respiration fluxes  

Germination stage 

Seedlings 

Full sward stage 

Soil-only stage 

b) Opaque chamber; day vs night 

 

- plant respiration during the day is reduced 



The bottom line 



NEE: Comparison of C mass balance and chamber methods  

CONCLUSIONS 

 

1. Flux chambers provide a very useful tool in partitioning and investigating C fluxes in intact 

ecosystems. 

 

2. Automated NEE flux chambers provide accurate C balances in these systems. 

 

3. A combination of transparent and opaque chambers can produce reliable ecosystem 

 NEE and respiration data useful for modelling, e.g. day vs night plant respiration. 

 

4. It is imperative to correct for chamber impacts on PAR. 

 

5. In these short-vegetation, short-closure chambers, corrections for other micro-climate 

aspects were not necessary 

 

5. There was no significant differences in C balances in systems with or without chambers. 
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