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Introduction

Å Forest ecosystems are the largest carbon sink in the terrestrial 
biosphere

Å The quantification of CO2 exchange of forest systems is therefore 
important to determine the contribution of forests to the global CO2
balance

Å However it has been demonstrated in some forests (tropical 
rainforests), that soil born trace gas fluxes of nitrous oxide (N2O) 
and methane (CH4) can have a high contribution to their overall 
greenhouse gas (GHG) sink or source strength

ï Soil N2O emissions can partly offset the CO2 sink strength of some 
forests due to the 320 times higher global warming potential (GWP) of 
N2O compared to CO2 based on its radiative forcing in the atmosphere

ï Soil CH4 fluxes (GWP 25) can contribute to the overall GHG sink 
strength of forest systems as CH4 is generally taken up by well drained 
forest soils



Processes behind soil GHG fluxes

Å Soil methane flux is the result of two contrary processes:

ïMethane oxidation by methanotrophic bacteria under aerobic 
conditions

ïMethane production by methanogenic bacteria under anaerobic 
conditions

Å Soil N2O emission is mediated by two different processes:

ïNitrification (NH4 to NO3) under aerobic conditions

ïDe-nitrification (NO3 to N2) under anaerobic conditions

Å Soil CO2 emissions:

ïHeterotrophic and autotrophic respiration



Global and Australian research in soil GHG 

exchange up to 2007

after Dutaur and Verchot 2007, Global Biogeochem



Eucalyptus regnans F. Muell

Å Wet temperate forest

Å Confined to the cool mountain ranges with 
cool temperate climate

Å Grows in high rainfall areas (around 1200 
mm precipitation y-1)

Å Old growth E. regnans stands are 
characterised by a tall, open overstorey 
with a  thick temperate rainforest 
understorey shading the soil 

=> increased soil moisture and nutrient status



Objectives

A. Assessment of forest soil greenhouse gas (GHG) 
exchange at an existing CO2 eddy covariance 
tower to determine total forest GHG gas balance 
for Eucalyptus regnans forests

B. Comparison of soil GHG exchange between 
three Eucalyptus regnans stands (30, 90 and 
300+ years old) to determine if time since last fire 
affects soil GHG exchange



Study Area

Old growth (around 

300+ years old)
Mature (90 years 

old)

Young (30 years 

old)

Wallaby Creek, King Lake NP



Å Automated chamber measuring system (10 chambers); to investigate 
temporal variation of soil GHG fluxes next to a CO2 eddy covariance 
tower monitoring net ecosystem CO2 exchange (2 week period in 
2006) ïObjective A

Å Manual chamber incubations; to investigate seasonal variation of soil 
GHG fluxes within forest stands and spatial variation between
different aged forest stands (2x10 chambers along two 50 m transects 
per forest stand)  - Objective A + B

Å Project started in 2006 and seasonal measurements were taken in 
2008

Measuring approach
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ÅEstablished methods were used to determine:
ïsoil bulk density

ïsoil gravimetric, volumetric water content

ïsoil temperature

ïsoil pH and EC

ïparticle size analyses

ïsoil inorganic N status 

ïsoil total N, C, litter quantity

ïlitter quality (N, C)

ÅLaboratory soil incubations to determine:
ïRelationship between soil moisture and N2O flux

ïGross nitrification (15N pool dilution experiments)

Additional  measurements / Incubations



Temporal and seasonal variability of soil GHG  fluxes in 

relation to net ecosystem exchange (NEE) at the old 

growth forest stand

Results A



Temporal variability of soil GHG  fluxes in relation 

to NEE

Å The temporal variation in soil born GHG was very low during the 

measuring campaign

Å Soil N2O fluxes (mean = 6.9 g N2O-N m-2h-1) and CH4  fluxes 

(mean = -77 g CH4-C m-2h-1) were around two orders of 

magnitude lower than soil respiration (mean = 71.3 mg CO2-C 

m-2h-1) when compared on CO2 equivalent basis

Å Soil respiration was around 40% of night time NEE (ecosystem 

respiration)



Wallaby Creek soil moisture (Site O)
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Soil GHG fluxes vs. NEE - Seasonal
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Conclusion A

Å The investigated old growth Eucalyptus regnans stand acted as 

a net GHG sink at all measuring dates

Å Soil/atmosphere GHG exchange in this Eucalyptus regnans

forests is dominated by soil respiration

Å Soil N2O and CH4 fluxes in this forest system are two orders of 

magnitude smaller than soil respiration

Å Seasonal variation of N2O emissions and CH4 uptake was low 

and high N2O flux events (as reported in tropical rainforests of 

north Australia) couldn't be observed



Results B

Differences between stands with different 

burning history (time since last stand 

replacing fire)



Differences between stands

Eucalyptus regnans stand

young mature old growth
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Forest soil C:N and nitrification
Å Soil C/N ratio has been shown to 

determine the rate of nitrification and 

mineralization in eucalypt forest 

soils

Å Soil C/N > 20 leads to minimal 

nitrification and minimal N2O 

production

Å This effect may indirectly determine 

N2O production

After Attiwill & May 2001, Mar.Freshwater Res.

C/N ratio can determine nitrification and 

mineralisation processes



Stand development

after Ashton, 2000, Aust. J. Bot.



Differences between age classes

  stand age 

  Y (30 years)  M (90 years)  O (300+ years) 

GHG fluxes       

CO2 [mg CO2-C m
-2

 h
-1

]  84.5 (4.7)A  106.1 (4.8)B  104.5 (3.6)B 

CH4 [ug CH4-C m
-2

 h
-1

]  -54.5 (4.5)A  -92.9 (4.0)B  -85.9 (3.7)B 

N2O [ug N2O-N m
-2

 h
-1

]  1.2 (1.5)A  0.48 (0.5)A  5.4 (0.7)B 

       

Soil parameter       

pH  5.1 (0.1)A  5.5 (0.0)B  5.1 (0.0)A 

C:N ratio  25.9 (0.6)A  23.0 (0.4)B  20.2 (0.6)C 

Bulk density [g cm-3]  0.6 (0.0)A  0.8 (0.0)B  0.6 (0.0)A 

       

Soil moisture [% g g-1]  33.6 (0.0)A  41 (0.1)B  61.8 (0.1)C 

Soil NH4+ [mg kg-1]  7.7 (0.8)A  5.8 (0.4)A  15.2 (2.2)B 

Soil NO3- [mg kg-1]  0.5 (0.1)A  0.1 (0.0)A  9.3 (1.1)B 

       

 



Australian forests and the CH4 and N2O balanceFire history (regeneration age) influences soil atmosphere GHG

exchange in Eucalyptus regnans forests:

- Surface soil C/N ratio declines with forest stand age due to increased input 

of nitrogen rich litter from developing understory shrub and tree species

Å High soil C/N ratio in young and mature forest stands limits nitrification and 

mineralization processes  =>  results in low soil inorganic N content and 

consequently low soil N2O fluxes

Å High N2O fluxes are only likely in old growth stands with high inorganic N pools 

at times of high soil moisture levels (favoring de-nitrification)

- Soil CH4 uptake rates increase with stand age ïthis might be attributed to 

changes in soil surface C/N ratio (nutrient availability) and soil moisture 

content (optimum range)

Conclusion B



Comparison with other forest systems
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Australian forests and the CH4 and N2O balance

The GHG balance of this wet temperate forest system  

(in the long term) is mainly influenced by changes in 

photosynthesis and respiration processes whilst non-

CO2 GHG exchange plays only a minor role

General outcome



© Copyright The University of Melbourne 2008 


