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Content 
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• N-budgets in Danish forest reserves

• Its relation to C-storage

• Critique of Luyssaert et al. 2008

• From nitrogen cycling perspective

• From other perspectives



Saturation of C-sequestration → fading ecosystem N retention
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No C-acc. (ΔC ≈ 0) 
No N-acc. (ΔN ≈ 0)



Suserup Forest – no C-stock change 1992-2002-2012
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Nitrate leaching from forest reserves in DK
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Leaching rate 
Suserup: ≈ 40 kg N/ha/yr
Hald Ege: 0-10 kg N/ha/yr

Garbu, 2020; Gundersen et al., 2009; Wang, 2023

Nearby
managed
forest



Soil water NO3 survey in unmanaged vs manged forest

Nine 5-m plots in both forest types with four soil samples (75-90 
cm depth) bulked per plot. T-test p<0.02
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Garbu, 2020
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Is there enough nitrogen (N) to support the C-sequestration?
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Luyssaert’s database, average ± SE by category

NEP (Mg C ha-1 yr-1) All ages >100 yrs >200 yrs

n NEP n NEP n NEP

All forests 142 2.4 ± 0.2 37 2.2 ± 0.4 12 1.6 ± 0.6

Managed 81 3.1 ± 0.2 18 3.4 ± 0.5 2 3.4 ± 1.8

Unmanaged 26 1.5 ± 0.4 19 1.1 ± 1.7 10 1.3 ± 0.6

Recently disturbed 25 1.6 ± 0.7 0 - 0 -
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Luyssaert said:
2.4 ± 0.8    

Mg C/ha/yr



Bias – biometric vs eddy covariance C flux estimates
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Bias:
1.0 - 1.7

Mg C/ha/yr



Overall evaluation – C-sequestration could as well be zero
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Conclusions

• N-leaching in old-growth forest signal C-saturation

• Old-growth (forest reserves) in DK support the Odum hypothesis

• Disregard the data and conclusion in Luyssaert et al. 2008.

• Forest C-balances based on eddy-covarians technology needs to be 
revisited based on better data handling algorithms 
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