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Soil gas flux patterns, differences between and within eCO2 & aCO2

Arrays.

Disseminating gas fluxes and their relative sources; collar type & 
δ13C analysis.

• Atmospheric exchanges of CO2 , CH4 and N2O of temperate forest
soils are an important aspect of the net global warming potential
and climate mitigation function of forests.

• However, it’s unclear how these fluxes will respond to rising
atmospheric CO2 concentrations (eCO2) in temperate forests.
Increased carbon sequestration under eCO2 and storage in biomass
and soils can influence the activities of soil microbes responsible
for greenhouse-gas (GHG) process dynamics and hence net
emissions.

• Initial trends from 2017 - 2020 indicated that eCO2 arrays had a
higher efflux of CO2 relative to aCO2 arrays by +20%. However,
during 2021 and 2022, eCO2 arrays have seen a decline in the efflux
of CO2 by -27.5% relative to aCO2

• Sink potential of CH4 and efflux of N2O are also significantly lower
under eCO2 arrays, by -72% and -109% respectively.

1. Determine inter and intra seasonal patterns in soil gas fluxes
under eCO2 and aCO2

2. Partition the relative contribution of autotrophic and
heterotrophic fluxes to net emissions.

3. Couple with wider available microclimatic and biotic data-streams
to assess the key regulatory processes driving flux patterns.

• CO2 flux rates are determined through long-term LI-8100A
continuous gas analyzer system.

• CH4 & N2O are measured through a coupled Picarro G2508 trace gas
analyzer.
• δ13C of CO2 efflux rates measured with loaned Picarro G2201-i

(Aug – Nov 2023).
• Automated LI-8200-104 chambers are fitted to 9 collars in each Array,

of which there are 3 collar depths.
• 1 – Shallow collar = Net Emissions.
• 2 – Medium collar = Net Emissions (minus lateral diffusion).
• 3 – Deep collar = Pseudo-root exclusion collars.

• Two parallel systems exist, placed within paired eCO2 and aCO2 arrays
and rotated fortnightly.
• A1 -> A3
• A4 -> A2
• A6 -> A5
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• Flux of CO2 is significantly lower under eCO2 ~-40% (p<.001)*
• ~ 1.2 µmol m-2 s-1 lower efflux.
• Stochastic episodes of high efflux in Spring and Autumn.

• Uptake of CH4 is significantly lower under eCO2 ~ -72% (p<.001)*
• ~ 0.0021 µmol m-2 s-1 lower uptake rate.
• Even under significantly drier soil conditions under eCO2.

• Efflux of N2O is significantly lower under eCO2 ~109% (p<.001)*
• ~ -0.0000567 µmol m-2 s-1 lower efflux.
• Difference driven by A4, low emissions and episodes of uptake

possibly driven by significantly lower soil moisture across all soil
depths relative to A2 (-14.3% VWC).

• Higher mean differences (Δ%) between pseudo-root exclusion (3)
and zero-exclusion chambers (2) within the eCO2 arrays suggests a
potential decline in the heterotrophic or an increase in the
autotrophic contribution to CO2 effluxes.
• Coupled with significantly lower δ13C keeling plot R2 values

from CO2 efflux rates, this further suggests a potential shift in
source contributions.

• Potential increased reliance on N-obtaining ectomycorrhizal
fungi under ECO2 driving an enhanced Gadgil effect; effective
competitive exclusion of other microbial groups.

• CH4 & N2O shows no significant difference between shallow (1)
and pseudo-root exclusion chambers (3) under eCO2.
• Uptake of CH4 and efflux of N2O are significantly lower under

eCO2, across all Chamber types.

Results

0.05 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 14.8 9.4

3 16.2 9.4

4 16.6 9.6

2 18.2 9.7

6 12.5 9.5

5 17.7 9.0

Mean

-1.41 -0.03

-1.63 -0.02

Mean (∆)

-5.13 0.51

0.1 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 9.5 10.2

3 13.7 9.3

4 11.5 9.4

2 18.5 9.2

6 8.6 9.7

5 11.5 9.1

Mean Mean (∆)

-4.19 0.91

-6.98 0.21

-2.95 0.59

0.2 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 6.6 10.5

3 17.4 10.3

4 6.7 9.7

2 20.9 9.7

6 20.9 10.0

5 9.2 9.8

Mean Mean (∆)

-10.86 0.24

-14.13 0.09

11.72 0.16

0.4 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 4.0 9.5

3 10.2 9.5

4 5.2 9.3

2 18.8 9.3

6 4.2 9.7

5 6.7 9.4

Mean Mean (∆)

-6.23 -0.09

-13.62 -0.05

-2.51 0.26

0.5 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 27.2 10.4

3 20.6 10.1

4 12.9 9.7

2 25.7 9.6

6 19.6 9.9

5 13.7 9.8

Mean Mean (∆)

5.83 0.12

6.63 0.21

-12.81 0.04

0.6 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 12.5 9.8

3 22.0 9.4

4 3.6 9.3

2 30.7 9.5

6 4.5 9.7

5 2.5 9.3

-9.53 0.33

-27.06 -0.25

Mean Mean (∆)

2.05 0.38

1 m

Array VWC (%) T (oC) VWC (%) T (oC)

1 18.4 10.3

3 20.4 10.1

4 27.2 9.7

2 31.2 9.5

6 27.4 9.7

5 21.2 9.8

Mean Mean (∆)

6.13 -0.14

-1.99 0.20

-4.00 0.19

0.05 m

Array VWC (%) T (oC)

1 -0.39 0.34

3 -0.43 0.29

4 -0.38 0.29

2 -0.60 0.70

6 -0.56 0.58

5 -0.24 0.37

Correlation
0.05 m

Array VWC (%) T (oC)

1 0.50 -0.39 

3 0.31 0.02

4 0.73 -0.41 

2 0.67 -0.79 

6 0.86 -0.69 

5 0.25 -0.23 

Correlation
0.05 m

Array VWC (%) T (oC)

1 0.23 -0.17 

3 -0.03 0.06

4 0.11 -0.04 

2 0.71 -0.00 

6 -0.06 -0.07 

5 -0.02 0.14

Correlation

0.1 m

Array VWC (%) T (oC)

1 -0.50 0.40

3 -0.44 0.37

4 -0.39 0.31

2 -0.74 0.77

6 -0.69 0.63

5 -0.41 0.39

Correlation

0.2 m

Array VWC (%) T (oC)

1 -0.44 0.35

3 -0.47 0.21

4 -0.43 0.45

2 -0.75 0.80

6 -0.72 0.64

5 -0.36 0.29

Correlation

0.4 m

Array VWC (%) T (oC)

1 -0.49 0.46

3 -0.45 0.44

4 -0.47 0.32

2 -0.70 0.79

6 -0.81 0.63

5 -0.18 0.36

Correlation

0.5 m

Array VWC (%) T (oC)

1 -0.43 0.40

3 -0.34 0.29

4 -0.58 0.47

2 -0.68 0.82

6 -0.67 0.71

5 -0.31 0.24

Correlation

0.6 m

Array VWC (%) T (oC)

1 -0.33 0.47

3 -0.40 0.47

4 -0.42 0.33

2 -0.64 0.79

6 0.92 0.63

5 0.04 0.33

Correlation

1 m

Array VWC (%) T (oC)

1 -0.44 0.44

3 -0.44 0.34

4 -0.18 0.49

2 -0.48 0.84

6 -0.94 0.74

5 -0.24 0.20

Correlation

0.1 m

Array VWC (%) T (oC)

1 0.51 -0.48 

3 0.30 -0.11 

4 0.68 -0.55 

2 0.75 -0.86 

6 NA -0.73 

5 0.31 -0.24 

Correlation

0.2 m

Array VWC (%) T (oC)

1 0.57 -0.51 

3 0.34 0.06

4 0.71 -0.77 

2 0.83 0.22

6 0.91 -0.72 

5 0.28 -0.08 

Correlation

0.4 m

Array VWC (%) T (oC)

1 0.52 -0.52 

3 0.29 -0.22 

4 0.83 -0.66 

2 0.84 -0.88 

6 NA -0.71 

5 0.16 -0.22 

Correlation

0.5 m

Array VWC (%) T (oC)

1 0.50 -0.48 

3 0.20 -0.09 

4 0.87 -0.88 

2 0.77 -0.91 

6 0.87 -0.86 

5 -0.11 -0.02 

Correlation

0.6 m

Array VWC (%) T (oC)

1 0.48 -0.53 

3 0.21 -0.27 

4 0.81 -0.68 

2 0.85 -0.88 

6 NA -0.68 

5 0.02 -0.21 

Correlation

1 m

Array VWC (%) T (oC)

1 0.49 -0.51 

3 0.27 -0.17 

4 0.45 -0.93 

2 0.88 -0.91 

6 0.84 -0.81 

5 0.32 0.03

Correlation

0.1 m

Array VWC (%) T (oC)

1 0.21 -0.17 

3 0.03 0.07

4 0.58 -0.08 

2 0.57 0.05

6 NA -0.06 

5 -0.06 0.10

Correlation

0.2 m

Array VWC (%) T (oC)

1 0.13 -0.11 

3 0.02 0.07

4 0.51 0.07

2 0.22 -0.05 

6 NA -0.04 

5 -0.06 0.02

Correlation

0.4 m

Array VWC (%) T (oC)

1 0.18 -0.17 

3 0.02 0.07

4 -0.11 -0.15 

2 0.15 0.00

6 NA -0.00 

5 -0.02 0.07

Correlation

0.5 m

Array VWC (%) T (oC)

1 -0.11 0.07

3 -0.36 0.27

4 0.00 0.08

2 -0.10 0.74

6 -0.28 0.02

5 0.14 -0.03 

Correlation

0.6 m

Array VWC (%) T (oC)

1 0.26 -0.17 

3 0.02 0.05

4 -0.40 -0.20 

2 0.21 -0.02 

6 NA 0.01

5 -0.02 0.05

Correlation

1 m

Array VWC (%) T (oC)

1 0.19 0.07

3 0.02 -0.55 

4 -0.43 0.03

2 -0.13 0.75

6 NA -0.01 

5 -0.14 -0.07 

Correlation

F-CO2

Array Lin Flux Flux ∆ Flux ∆ (%)

1 2.17

3 2.48

4 2.12

2 4.10

6 2.93

5 5.04

-0.31 -13

-1.98 -63

-2.11 -52

Mean (∆)

F-CH4

Array Lin Flux Flux ∆ Flux ∆ (%)

1 -0.00247

3 -0.00294

4 -0.00168

2 -0.00328

6 -0.00130

5 -0.00593

Mean (∆)

0.00047 -17

0.00160 -64

0.00464 -128

F-N2O

Array Lin Flux Flux ∆ Flux ∆ (%)

1 0.000055

3 0.000095

4 -0.000820

2 0.000653

6 0.000007

5 0.000201

-0.00004 -53

-0.00147 -1764

-0.00019 -186

Mean (∆)

• VWC is significantly different between eCO2 and aCO2 (p<.001)*
• Highly variable across soil profile, equivalent mean difference ~-

4.69%.
• A1 -> A3 = eCO2 -4.4%
• A4 -> A2 = eCO2 -14.3%
• A6 -> A5 = eCO2 +4.6%

• Temperature shows more homogeneity across both Arrays and depth.
• A1 -> A3 = eCO2 +0.17oC

• A4 -> A2 = eCO2 +0.03oC

• A6 -> A5 = eCO2 +0.27oC

Strong significantly negative correlation with VWC (eCO2 = -.44, aCO2 = -
.44) and a strong significantly positive correlation with temperature
(eCO2 = .48, aCO2 = .48) across all depths and Arrays.
Strong significantly positive correlation with VWC (eCO2 = .67, aCO2 =
.42) and a strong significantly negative correlation with temperature
(eCO2 = -.64, aCO2 = -.32) across all depths and Arrays.
Varied response across both Arrays and depth, showing weak significant
correlations with VWC (eCO2 = .06, aCO2 = .06), but converse responses
to temperature (eCO2 = -.05, aCO2 = .09).

F-CO2

Chamber Lin Flux Flux ∆ Flux ∆ (%)

3 (Deep) 1.92 -1.09 -44

2 (Medium) 3.02

1 (Shallow) 1.65 -1.37 -58

Mean (∆)

F-CO2

Chamber Lin Flux Flux ∆ Flux ∆ (%)

3 (Deep) 3.74 -1.03 -24

2 (Medium) 4.77

1 (Shallow) 3.80 -0.97 -22

Mean (∆)

F-CH4

Chamber Lin Flux Flux ∆ Flux ∆ (%)

3 (Deep) -0.0011 -0.0006 -42

2 (Medium) -0.0017

1 (Shallow) -0.0010 -0.0007 -51

Mean (∆)

F-CH4

Chamber Lin Flux Flux ∆ Flux ∆ (%)

3 (Deep) -0.0036 0.0010 -24

2 (Medium) -0.0046

1 (Shallow) -0.0033 0.0013 -32

Mean (∆)

F-N2O

Chamber Lin Flux Flux ∆ Flux ∆ (%)

3 (Deep) -0.00052 0.0004 -146

2 (Medium) -0.00008

1 (Shallow) -0.00019 0.0001 -81

Mean (∆)

F-N2O

Chamber Lin Flux Flux ∆ Flux ∆ (%)

3 (Deep) 0.00041 0.00005 -11

2 (Medium) 0.00046

1 (Shallow) 0.00009 0.00037 -134

Mean (∆)

G2508 on loan G2201-i on loan

G2201-i on loan

Conclusions

1. Efflux of CO2, N2O and the uptake of CH4 have declined under eCO2

during 2022 – 2023 by 40%, 109% and 72% respectively.
2. Lower VWC across a soil profile up to 1m was detected in eCO2 arrays,

which should stimulate microbially mediated gas flux process dynamics
and increase the efflux of CO2, N2O and the uptake of CH4.

3. Higher relative mean differences (Δ%) between pseudo-root exclusion
and zero-exclusion chambers coupled with δ13C keeling plot R2 values
suggests reduced heterotrophic or enhanced autotrophic contribution
to the efflux of CO2 under eCO2.

Figure 1 – Hourly flux rate (µmol m-2 s-1 ) of CO2 (a), CH4 (b) and N2O (c) with corresponding mean values  of each gas flux for each array (d, e, f).

a)

b)

c)

d)

e)

f)

Table 1 – Hourly flux rate 
(µmol m-2 s-1 ) of CO2 (a), CH4

(b) and N2O (c) for each array 
with calculated mean 
differences between paired 
arrays. 

a)

b)

c)

Figure 2 – Hourly flux rate (µmol m-2 s-1 ) of CO2 (a), CH4 (b) and N2O (c) against volumetric water content (%) and temperature (oC) across 7 soil depths for all Arrays. Corresponding tables contain correlations (Sig 0.01, Sig 0.05, Not Sig). 

a) b) c)

Figure  3 – CO2 flux rates (a, g) and mean collar values (b, h) with corresponding δ13C values derived from linear flux rates 
(c, d, i, j), with keeling plot derived R2 values for each observation (e, k) alongside mean R2 values for each collar type (d, l).  

a) b)

c) d)

e) f)

g) h)

i) j)

k) l)

Figure  4 – Mean gas flux rates for CO2 (a), CH4 (b) and N2O (c) with corresponding 
tables for mean values and Δ% between shallow, deep and medium collar types. 
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Discussion
Soil moisture and temperature; key regulatory drivers of gas fluxes.


