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Aims of the study:

→ estimate the variation in the most dynamic soil carbon input and output fluxes (above- and belowground 

litter production and soil respiration)

→ determine the impact of C fluxes on the SOC pool 

→ quantify the NEP of the stands. 

• We hypothesized that:

1) the accumulation of C in soil is dominated by tree fine root litter, whose production depends negatively on 

site productivity

2) the annual soil respiration is dependent on the forest site type and higher in spruce dominated stands.

CAR-ES focuses on four environmental services: carbon (C) sequestration, functional biodiversity, 

water quality and soil quality.



Study sites

• 4 Scots pine and 4 Norway spruce stands (ICP Forests, ICP Integrated Monitoring long-term 

forest monitoring network)

• Growing on mineral soils

• Age 48 to 132 years

• Not managed
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Materials and methods 

All measurements were conducted in 2013-2015.

• Soil C input fluxes:

Aboveground litter: production of needles and other miscellaneous fractions (litter traps), understory vegetation 

(max biomass – minbiomass)

Belowground litter: tree and understory fine root production (ingrowth nets)

• Soil C output fluxes:

Soil respiration: total and heterotrophic (Rh) soil respiration (EGM-4, SRC-1 chamber, PP-systems; trenching)

• Woody biomass increment (for NEP) calculated from yield tables based on tree height, stand age, site type and 

stand productivity.

• Site productivity index (B) based on height of the dominating tree species and species-specific coefficients

• Environmental parameters:

Air and soil temperature, precipitation, soil moisture, bulk density,

SOC pool O+40cm mineral layer (BioSoil project, 2008), soil C-N, fine root C-N

• Statistical analyses: general linear model (GLM) for determining C flux impact on the SOC pool



Fine root production of trees was the most varying soil C input flux (CV=0.72), needle litter was the least 

varying flux (CV=0.21).

Understorey comprised up to 28% of total fine root production of the stand.

Site name

Aboveground, g m-2 yr-1 Belowground, g m-2 yr-1 TOTAL

Needle litter 

Other litter 

(twigs, cones 

etc.)

NPPunderstory

sum

AG 
FRPtree FRPunderstory

sum

BG 
AG + BG

Pine stands

Vaccinium vitis-idaea 219 (± 31) 168 (± 19) 128 515 152 59 (± 14) 211 726

Myrtillus 190 (± 15) 176 (± 6) 127 493 299 68 (± 17) 367 860

Fragaria 261 (± 15) 262 (± 37) 90 613 213 51 (± 4) 264 877

Cladonia 202 (± 9) 135 (± 11) 131 467 318 33 (± 12) 351 818

Spruce stands

Oxalis 292 (± 4) 227 (± 27) 39 557 357 16 (± 6) 373 930

Polytrichum 340 (± 39) 170 (± 18) < 1 510 1034 6 (± 3) 1040 1550

Myrtillus 260 (± 115) 203 (± 52) 35 498 313 40 (± 14) 352 850

Calamagrostis alvar 208 (± 3) 147 (± 17) 27 381 556 41 (± 9) 597 978



Results: soil respiration

• The mean annual Rs was 5.7± 0.3 Mg C ha-1 yr-1 in the Scots pine and 6.5 ± 0.3 Mg C ha-1 yr-1 in the Norway 

spruce stands.

• Rs did not differ significantly between the different tree species dominated stands or between the years 2013, 

2014 and 2015 (p>0.05) in any of the stands.

• Rh/Rs on average 74%.

• A significant relationship was found between the autotrophic soil

respiration (Ra=Rs-Rh) and fine root production per tree.



Results: C fluxes and SOC pool

• GLM analysis performed with the total soil C input (sum of tree and understory AG and BG litter) and output 

(Rh) flux showed that only the soil C input flux had a significant effect on the SOC stocks (F=16.0, p=0.03), 

while Rh, the stand age and tree species were statistically non-significant (p>0.05).

• Tree-derived carbon fluxes resulted in a significant impact on the SOC stocks (tree needle and other 

fractions F=57.2, p=0.02; FRPt F=33.3, p=0.03), while understory above- and belowground litter production did 

not significantly affect SOC stocks (p>0.05).

• The fine root turnover rate of the trees showed a significant 

positive correlation with the forest SOC pool.



Results: NEP

• NEP ranged from -1.8 (source) to 4.2 (sink) Mg C ha-1 yr-1 and 

demonstrated a strong negative correlation with stand age.

• The total fine root production (FRPt + FRPu) was the largest C 

sink in the stands, accounting for an average of 42 ± 5% of the 

total annual NPP among the study sites, followed by needle 

production (an average of 26 ± 3% of the total stand NPP).



Results: site productivity

• No significant relationship was found between the FRP and site productivity index (B). 

• The proportion of FRPtree/NPPstand increased in sites with lower productivity (pine stands R2=0.91, p=0.048; in 

spruce stands similar trend, p<0.05), indicating that the share of belowground production increases in less 

productive stands.

y = -9,0357x + 12,204

R² = 0,9316

0,0

1,0

2,0

3,0

4,0

5,0

6,0

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

S
it

e 
p

ro
d

u
ct

iv
it

y
 i

n
d

ex

Turnover rate of fine roots

Scots pine

Norway spruce

• The site productivity index (B) revealed a significant 

negative relationship with N in the tree fine roots (R2=0.58, 

p=0.03) and additionally, a positive correlation with the C:N 

ratio in the tree fine roots (R2=0.54, p=0.04).

• The turnover rate of the tree fine roots showed a significant 

relationship with site productivity (spruce stands R2=0.93, 

p=0.035), demonstrating that the turnover of FR is faster in 

more productive sites → the higher FR turnover contributes 

to a larger forest SOC pool through greater C input from 

continually renewing the fine roots.



Conclusions

• FRP demonstrated the largest variability of the estimated soil input fluxes, while the annual needle 

litter production was the most stable soil C input flux.

• Soil respiration did not differ among the stands dominated by Norway spruce and Scots pine: Rs was 

driven by a combination of site type and climatic factors rather than by tree species or stand 

productivity alone.

• The forest SOC pool is most sensitive to changes in the tree-derived above- and belowground litter. 

This should be taken into consideration when upscaling SOC pool dynamics from regional to global 

level.



Thank you!

This study was funded by:

• CAR-ES under the Nordic Council of Ministers

• Center of Excellence (EcolChange) through the European Regional Development Fund

• University of Tartu through the Ministry of Education and Research of the Republic of Estonia 

Projects IUT2‐16 & ESF grant 7452

kaie.kriiska@ut.ee


