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SUMMARY 

The Action C4 aimed to assess the contribution of forest management practices to soil organic 

carbon (SOC) balance. This deliverable reports the main results and discusses the implications 

for soil carbon (C) balance of specific management practices. Specifically, in C4.1 we analyse 

the contribution on soil C stocks of forest debris remaining in the forest after thinning, and in 

C4.2. C sequestration in agroforestry systems. 

There is much uncertainty of the forest carbon (C) sink-source dynamics, and particularly how 

this balance is affected by forest management activities. In this context, the assessment of the 

effect leaving the forest debris in the forest is key to understand management effects. In the action 

C4.1 we estimated the soil C stocks and the amount of debris (i.e., leaves, fine and coarse 

branches, and logs) left in the stand after forest management and simulated their decomposition 

over time in forest stands of 6 landscape units (LUs) of NE Iberian Peninsula. Soil C stocks were 

quantified in paired managed and non-managed forest stands in each LUs. It included the forest 

floor (i.e., soil organic horizons) and mineral topsoil. After this initial C quantification, the 

dynamics of C stocks will be monitored in the post-LIFE. The amount of forest debris remaining 

in the stand after thinning was estimated in a total of 12 stands distributed in the 6 LUs. Leaf and 

woody debris were estimated as the difference of several tree and shrub fractions between pre- 

and post-management forest inventories. The dasometric information gathered in the inventories 

was transformed to C stocks in leaves, fine and coarse branches, and trunks by applying available 

allometric equations. Decomposition rates of woody debris of a conifer (Pinus nigra Arnold) and 

a broadleaved (Quercus faginea Lam.) species of different sizes were quantified in a field 

experimental set-up. A placement of a C-poor soil below the incubated woody debris will allow 



 
 

Communication Plan                                                                            

4 
 

in the long term to estimate the amount of debris C incorporated into the soil. As forest thinning 

and clearing leaves green leaves on the forest floor, differences in decomposition rates between 

brown and green leaf litter of three species (P. nigra, Q. faginea and Fagus sylvatica L.) were 

assessed by incubating leaf litter in pots under controlled conditions indoors. For woody each 

debris, we analysed the biochemical characteristics of each fraction per species to improve their 

decomposition rates in the post-LIFE. Decomposition rates of both woody debris and leaf litter 

were then applied to the litter and woody debris left in the forest after management in the 12 

stands to predict the remaining forest debris C along the time.  

Organic C stocks in the organic layers of LUs ranged from ca. 6 Mg C ha-1 to 36 Mg C ha-1, and 

in the first 25 of mineral soil, between ca. 21 Mg C ha-1 and 63 Mg C ha-1. C left in the stands as 

litter and forest debris was estimated in about 7 and 16 Mg C ha1 (in conifer and evergreen forests 

stands, respectively). Based in our simulations, the C remaining in the forest floor 15 years after 

management, represents about 17% and 50% of the initial C debris, depending on the fraction and 

the conifer or evergreen functional group of dominant trees in the stand. Thus, in the 12 stands 

distributed in the 6 LUs, we estimated that the forest floor increased 15 y after thinning in about 

3 Mg C ha-1 and 7 Mg C ha-1 in conifer and evergreen stands respectively. 

Agroforestry systems are considered a viable C sequestration option in agricultural soils. Within 

the Action C4.2 we reviewed from the literature the contribution of agroforestry systems to C 

sequestration of agricultural soils and the role that mycorrhizas play in this process. In 

agroforestry systems trees increase the C inputs to the soil and change its placement to deeper 

soil. Furthermore, the low biochemical quality of the debris increases the residence t ime of 

organic matter inputs, allowing an increase of C stocks. C accumulation rates is variable and 

depends on the species involved, tree density, climate, soil characteristics, and management. 

According to the literature, in a Mediterranean context, the additional (compared with agricultural 

systems without trees) soil C sequestration could be on average around 0.25 Mg C ha-1 y-1 in the 

top 30 cm (0.35 Mg C ha-1 y-1 at 0.8-1.0 m depth), while aboveground C accumulation rate could 

be between 0.8 and 1.8 Mg C ha-1 y-1. Mycorrhizas increase the C inputs into the soil by promoting 

the tree growth and through the high turnover of the extra-radical hyphae. They also reduce the C 

outputs by slowing the decomposition and increasing the soil aggregation. Trees associated to 

ectomycorrhizal fungi may be more appropriate than those with arbuscular mycorrhizal fungi 

when the aim is to maximise the C storage, as ectomycorrhizas reduce the decomposability of the 

roots. 
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1. Aim 

To promote multifunctional forest management through the design of a local market of climate 

credits, LIFE CLIMARK implemented different demonstrative forestry treatments on 

representative forest typologies across representative forest Landscape Units (LUs) in the north-

eastern Iberian Peninsula (Catalonia, Spain). The Action C4 aimed to assess the contribution of 

forest management practices on soil organic carbon (SOC) balance.  

This deliverable reports the main results and discusses the implications for soil carbon (C) balance 

of specific management practices. Specifically, in C4.1 we analyse the contribution on soil C 

stocks of forest debris remaining in the forest after thinning, and in C4.2. explore C sequestration 

in agroforestry systems and the role that mycorrhizas play. 

 

2. Contribution on soil C stocks of forest debris remaining in the forest 

after thinning (C4.1)   

Forest management affects the soil C sink-source dynamics. Tree thinning and understory 

clearing produce leaf litter and fine and coarse woody debris. This debris plays an important role 

in forest ecosystem services, especially in terms of C sequestration and soil functioning. Leaving 

coarse woody debris (CWD) also has other benefits such as providing habitat and food for many 

organisms. Therefore, one of the key aspects to assess the effect of forest management practices 

on soil C storage is the contribution of forest debris to the SOC. Leaving litter and woody debris 

in the forest floor is one of the practices that contributes to the system’s C sequestration (e.g., 

Nave et al, 2010; Wiebe et al., 2014). Leaf litter decomposition and the factors that regulate its 

decay rates in temperate and boreal forests have largely been studied. However, there is a clear 

lack of information regarding the decay rate of forest woody debris and the C flux from 

decomposing debris into the soil (Magnússon et al, 2016). CWD is structurally and chemically 

different from leaf litter and its fate in soils differs from the leaf litter (Cotrufo et al., 2013). The 

low biochemical quality of woody debris results in slow decomposition rates and long residence 

times compared to leaf litter. As wood decomposes, an important fraction of its C may be respired 

and lost as CO2, while some amount may be incorporated into the soil. The decomposition rates 

and the C fluxes into the soil depend on the debris size, its biochemical quality (i.e., species), and 

the environmental conditions of each specific site. Understanding the differences between debris 

types (leaf, fine and coarse woody debris) is, therefore, important for modelling the effects of 

forest management on C sequestration. In the case of leaf litter, Rubino et al (2010) estimated that 

most (67%) of poplar (Populus nigra) litter C lost during decomposition had been incorporated 
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into the soil after 11 months, while only about 30% of lost C had been lost as CO2, but these 

figures may be different for woody debris and may vary among species and environmental 

conditions.  

The main objective of this section was to estimate the contribution to soil C stocks of 

forest debris left in the stand after thinning in 6 LUs. We first quantified SOC in the forest floor 

and mineral soil and then estimated the amount of debris left in the forest floor due to forest 

thinning and clearing. To account for the contribution of short-term decomposition forest debris 

we estimated the rates of decomposition of leaf litter and different fractions of woody debris under 

controlled conditions (in the laboratory and in a fenced forest stand) and, applying these rates, we 

estimated the amount of forest debris remaining in the forest floor of each LUs after 15 years. 

This estimation will be imporved in the post-LIF using decomposition models which are currently 

being developed within the framework of the H2020 HoliSoils project.  

 

2.1. Soil C stocks 

Field sampling and laboratory analysis 

We estimated soil C stocks in managed and unmanaged (control) plots of each LU (Table 

1). Sampling was performed before forest management to define the initial conditions of each 

plot. Sampling followed the protocols defined in the LIFE CLIMARK deliverable 4 (Garcia-

Pausas et al. 2018). Briefly, we sampled 16 points systematically distributed in a 15 x 15 m plot. 

At each point, we collected the organic horizons (L, F+H layers) by using a round frame of 24.5 

cm diameter (area: 471.4 cm2) and sampled the mineral soil using a prismatic soil auger (5 x 5 x 

30 cm) within the frame. Mineral soil was divided into 0 – 5 cm, 5 – 15 cm, > 15 cm depths. Total 

depth depended upon the presence of large stones. In each plot we characterized a soil profile and 

collected samples at different depths to estimate the OC content. F+H samples were then separated 

in the lab into two fractions (F: > 4 mm; H: < 4 mm) and weighed.  Subsamples of H and mineral 

layers were air-dried, sieved (2 mm mesh), grounded and analysed for OC by dichromate 

oxidation (Mebius, 1960). A subset of three L and F organic samples per site were analysed using 

an elemental analyser (Termo Fischer Scientific). The median of C stocks per plot of organic 

layers was calculated considering the sampled area, the C concentration, and the weight of the 

different organic layers (L, F, and H). For mineral soil, median C stocks were calculated using 

the bulk density and the organic C concentration. 
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Organic and mineral soil C stocks 

Organic C in the organic layers of LUs ranged from 5.8 Mg ha-1to 35.8 Mg ha-1 (mean ± 

standard error: 21.6 ± 2.9, n = 13), and in the first 25 of mineral soil, between 20.5 Mg ha-1 and 

62.6 Mg ha-1 (mean ± standard error 42.8 ± 4.4, n = 13) (Table 1). The H layer accounted for the 

59% of the C content in the three organic layers and the SOC in the first 5 cm of soil mineral 

represented about 34% of the stocks in the first 25 cm.  

Table 1. Organic carbon stocks (median ± standard error) in the organic horizons and the top mineral soil of the 

managed and unmanaged (control) stands of each landscape unit (LU) before forest management treatments were 

implemented.  

Landscape Unit Stand Tree 

species 

Plot Organic 

layer  

(Mg C ha-1) 

Mineral soil 

0-25 cm 

(Mg C ha-1) 

Total* 

(Mg C ha-1) 

Aspres Agullana Q. ilex, Q. 

suber 

Managed 5.8±1.3 24.6±1.5 34.9±2.1 

 Control 6.3±0.9 24.5±1.6 31.5±2.2 

Montmell Aiguaviva P. 

halepensis 

Managed 14.4±2.4 26.3±0.4 49.3±6.2 

 Control 15.4±2.4 20.5±0.2 37.3±2.6 

Serres d’Ancosa Llacuna P. nigra Managed 19.5±3.3 51.6±3.3 71.6±3.1 

  Control 25.5±2.5 36.5±2.6 58.0±3.8 

Vall Rialb Confòs P. nigra Managed 33.5±3.6 43.2±2.1 77.9±4.1 

  Control 35.8±3.3 42.8±1.8 78.1±4.1 

 Cerdanyès P. sylvestris Managed 29.5±2.2 57.4±5.5 84.7±6.2 

  Control n.a. n.a n.a 

Capçaleres del Llobr.  Vallcebre P. sylvestris Managed 22.4±2.2 23.2±1.4 44.8±2.7 

  Control 25.2±2.5 55.7±2.9 79.2±3.6 

Replans de 

Berguedà 

Cercs P. sylvestris Managed 11.9±3.2 62.6±4.0 74.5±3.8 

  Control 35.4±3.5 61.4±2.7 93.8±4.5 

*Total = Organic layers plus mineral soil 0-25 cm 

 

2.2. Leaf and woody debris resulting from forest treatments 

We estimated the amount of forest debris remaining in the stand after thinning in a total 

of 12 stands distributed in 6 LUs (Table 2). Two stands of Aspres LU were mixed evergreen 

Quercus ilex and Q. suber forests, while the rest of the stands were dominated by different species 

of Pinus. Management was performed in the C2 action. The biomass per fractions existing in the 

stands before and after management (Appendix.Table A.1) was estimated using allometric 

equations described by Montero et al. (2005) on data recorded in forest inventories.  
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Except in the “Vallcebre feixes” stand, no logs were left in the stand.  The amount of 

leaves and branches left in the forest floor after ovestory thinning ranged from 5.6 Mg ha-1 to 48.4 

Mg ha-1 in conifer stands and from 23.2 Mg ha-1 to 27.7 Mg ha-1 in evergreen stands (median 16.8 

Mg ha-1 and 25.5 Mg ha-1 respectively). Even assuming that the understory was totally cleared, 

the amount of debris resulting from understory was clearly lower than that of the overstory, and 

was mostly composed of leaves and small branches. Woody debris are mostly composed by small 

diameter branches (more than 80%, debris with diameter < 7 cm) in Pinus stands, while thicker 

branches are dominant in evergreen tree debris (more than 70% with diameter > 7 cm) (Figure 1). 

This suggests that woody debris in evergreen oak stands will persist on the floor for longer time. 

 

Table 2. Total overstory and understory and trunk biomass before management, biomass of logs extracted and debris per 

typologies left into the stand per each landscape unit.  Data in Mg ha -1. Total, trunk and debris fractions biomass were estimated 

applying allometric equations (Montero et al. 2005) to dasometric information recorded in forest inventories before and after 

management. Woody understory biomass (Understory) was estimated applying specific allometries to shrub volume estimated by 

cover and mean height per dominant understory species (De Caceres et al. 2018). 

Landscape 

unit 

Stand Tree 

species 

Stand 

id. 

Total 

Mg ha-1 

Trunk biomass 

Mg ha-1 

Overstory debris 

Mg ha-1 

 Underst. 

Mg ha-1  
 

Before Before Extracted  Trunk Leaves Branches (per 

dia. class in cm) 

 Before 

  
  

   
 

  
<2 2-7 >7   

Aspres Agullana Q.s/Q.i C2.1.1a 164.6 61.50 17.1  0.0 0.7 1.2 5.0 20.8  9.9 
 

CanBudo Q.s/Q.i C2.1.2a 124.2 52.47 17.7  0.0 0.8 1.5 5.7 15.3  11.7 

Montmell Aiguaviva P.h.  C2.2.1a 55.3 28.41 6.2  0.0 0.0 3.8 1.3 0.5  2.0 

Serra 

Ancosa 

Can Vich P.h.  C2.3.2a 135.5 68.56 16.6  0.0 0.0 9.8 3.6 1.9  0.1 

La Llacuna P.h.  C2.3.1a 124.3 63.06 26.7  0.0 0.0 14.0 5.4 3.2  1.9 

La Llacuna P.n. C2.3.1a 138.2 91.97 35.3  0.0 0.1 12.2 4.8 1.1  0.6 

Vall de 

Rialb 

Confos P.n. C2.6.1a 209.2 139.16 18.7  0.0 0.1 7.0 2.1 0.2  0.6 

Sardanyes P.n./Ps. C2.6.2a 191.4 150.77 54.4  0.0 5.3 7.0 7.5 0.9  0.8 

Repl Berg. Cercs P.s. C2.5.3a 171.4 122.37 56.1  0.0 9.2 12.6 9.9 0.3  3.2 

Capçal. 

Llobregat 

Vallcebre f. P.s.  214.6 162.97 0.0  87.9 14.2 18.8 15.6 0.1  1.5 

Vallcebre1 P.s. C2.5.1a 93.9 67.53 22.5  0.0 4.7 6.2 4.5 0.1  4.1 

Vallcebre2 P.s. C2.5.2a 123.5 88.55 21.8  0.0 4.6 6.1 4.3 0.1  0.7 

Q.s. Quercus suber, Qi. Q. ilex, Ph, Pinus halepensis, Pn. P. nigra, Ps, P. sylvestris   
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Figure 1. Amount of forest debris left in the stand after management per debris type in conifer and evergreen forests.  

BH. Leaf biomass, BR. branches biomass of 2, 2-7 and 7 cm of diameter; Underst. woody biomass in the understory. 

Evergreen stands are in the Aspres LU (n=2), and conifer in the rest of LUs (n= 10).  

 

2.3. Short- term green and brown leaf litter decomposition 

Leaf litter decomposition and the factors affecting decomposition rates has been widely 

studied in several forest ecosystems across the world. Most of the studies use senescing brown 

litter, as naturally fallen leaves are. However, forest thinning leaves green litter on the forest floor, 

which have different biochemical quality and nutrient content compared to brown litter (Berg and 

Ekbohm, 1991; Berg et al, 2003; Sariyildiz and Anderson, 2005). These different structural and 

nutrient contents between brown and green litter may influence the rates at which litter 

decomposes and the litter-derived C flux into the soil and the atmosphere. 

Here we compared the decomposition rates of brown and green litter of three species (P. 

nigra, Q. faginea and F. sylvatica) incubated indoors in pots. Leaf litter was placed over 

vermiculite substrate in plastic pots, which in turn were placed in large trays with an organic layer 

surrounding the pots (Appendix 2). The organic layer material had been collected from a forest 

floor dominated by the same species. Incubation started on May 2019. Remaining litter and C in 

vermiculite substrate were sampled in August 2021. The trays were regularly watered with tap 

water using little sprinklers. Although the incubation conditions are not comparable with the 

natural conditions in the forest floor, the use of pots with C-depleted vermiculite could allow to 

know whether the different litter types influence the C flux to the soil. 

Decomposition rates were calculated assuming an exponential model of litter mass loss 

(Olson, 1963): XT = X0 e-kT, where XT and X0 are the litter mass remaining at the times T and 0 

(initial) respectively and k is the decomposition rates (y-1). Table 3 shows the obtained 

decomposition rates of brown and green litter together with some examples of k values for pine 

and oak litter found in the literature. Mean decomposition rates of P. sylvestris, P. halepensis and 
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Q. ilex leaf litter were used for the simulation of the remaining debris along time (Table 7, Figure 

3).  

Table 3. Leaf litter decomposition ratios (k from Olson, 1963) for different species and leaf type taken from the literature and 

estimated indoors in the LIFE CLIMARK action 4.   

Reference* Species Type k Olson Locality Mean rainfall Mean temperature 

   y-1  mm ºC 

1 Pinus sylvestris Brown 0.3006 Jädraås, SE   

Green 0.4246 Jädraås, SE   

1 Pinus sylvestris Brown 0.4344 Monte Taburno, IT   

Green 0.4808 Monte Taburno, IT   

2 Pinus halepensis Brown 0.107 Maials, ES 521.6 15.7 

2 Pinus halepensis Brown 0.177 Desert, ES 476.6 16.2 

2 Pinus halepensis Brown 0.250 Montesquiu, ES 886.3 13.0 

2 Quercus ilex Brown 0.163 Maials, ES 521.6 15.7 

2 Quercus ilex Brown 0.191 Desert, ES 476.6 16.2 

3 Pinus radiata Brown 0.328 Sta Coloma F., ES 750 15.6 

Green 0.362 Sta Coloma F., ES 750 15.6 

4 Pinus nigra Brown 0.217±0.01 Indoors - - 

Green 0.370±0.05 Indoors - - 

4 Quercus faginea Brown 0.365±0.05 Indoors - - 

Green 0.432±0.03 Indoors - - 

4 Fagus sylvatica Brown 0.181±0.01 Indoors - - 

Green 0.370±0.04 Indoors - - 

* Literature references: 1. Berg et al. 2003; 2. Garcia-Pausas et. al. 2004; 3. Cortina & Vallejo, 1994, k values estimated from 

Fig. 2; 4. LIFE-Climark 

 

Climate and litter quality are the main drivers of litter decomposition rates. Green leaves 

decomposed faster than brown litter, which is consistent with some previous studies (Berg et al, 

2003), and indicates that higher biochemical quality of green litter promotes its decomposition. 

However, Cortina and Vallejo did not find significant differences in the case of P. radiata needles. 

Possibly, short term decomposition rates are higher in green than in brown needles due to their 

higher biochemical quality. But this effect may disappear at later stages of decomposition, when 

most of the labile components has already been decomposed, as Berg et al (1982) showed in 

decomposing P. sylvestris needles. 
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2.3. Short-term woody debris decomposition 

Decomposition of woody debris was assessed by field incubation in three fenced plots in 

a P. nigra forest stand located in Montpol (Solsonès, 42.082ºN, 1.427ºE, 720 m a.s.l.), at the 

southern face of eastern Pre-Pyrenees (Appendix 2). The mean annual temperature and 

precipitation of the site is 12.1ºC and 643 mm (Meteorological station of Lladurs, 1999-2021, at 

about 600-700 m from the plots, 785 m a.s.l.). Three plots of about 50 m 2 were fenced to avoid 

eventual disturbances by people or animals. Woody debris of different species and diameters were 

placed in each plot, over a 5-cm-depth layer of C-poor soil. In addition to recent cut logs, 4-year-

old logs and partially burnt coarse woody debris were included. Woody debris incubation started 

on the 22nd August 2019. The remaining debris and soil under them were sampled in 12th April 

2022. We incubated CWD of two diameters (logs and branches) of two species: P. nigra ssp 

salzmannii and Q. faginea.  Logs were between 45 and 80 cm long and 10-15 cm thick and were 

placed on the forest floor. Branches had similar lengths but were about 2-3 cm thick and were 

placed on the forest floor in groups of 5 branches. We also incubated fine woody debris (FWD, 

branches 0.3-0.6 cm thick) of P. nigra and Q. faginea in litterbags made of fiberglass mesh (2 

mm mesh). 

Table 4. Species and debris types included in the decomposition activity. Age states for the number of 

decomposing years before including them in this activity 

Species Diameter (cm) Burnt Age (y) Replicates Initial date 

Pinus nigra 

10 – 15 

No 
0 9 22/08/2019 

4 9 04/10/2019 

Yes 
0 5 04/10/2019 

4 9 04/10/2019 

2 – 3 No 0 9 22/08/2019 

0.3-0.6 No 0 9 04/09/2019 

Quercus 

faginea 

10 – 15 
No 0 9 22/08/2019 

Yes 0 8 04/10/2019 

2 – 3 No 0 9 22/08/2019 

~0.6 No 0 9 04/09/2019 

None - - - 5 - 

 

 
Our results show that FWD (0.3-0.6 cm diameter) decomposed faster than large logs and 

branches, but the k values of these latter two types did not differ significantly. In general, oak 

woody debris decomposed slightly faster (p= 0.050), but looking specifically for each size, we do 
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not see significant differences between species in the decomposition rates of logs and branches, 

but only the oak FWD decomposed faster than pine FWD. Table 5 shows the obtained k values, 

together with some decomposition rates found in the literature. For CWD, Mattson and 

collaborators (1987) gave an average rate of 0.083 y-1 for different species in southern North 

Carolina (USA); while the rates given by Herrmann and colleagues (2015) for southern Germany 

are quite lower (Table 5). These latter authors estimate different rates depending on the species 

and do not find that climate is a factor that contribute to explain the variability within the species. 

Obtained decomposition rates (k values) for the woody debris of P. nigra and Q. faginea 

(Table 5) were then used for the simulation of remaining woody debris along time in the different 

landscape units (Table 7, Figure 3) 

Table 5. CWD decomposition rates (k from Olson, 1963) for different species and wood diameters taken from 

the literature  

Reference* Species Diameter k Olson Locality Mean 

rainfall 

Mean 

temperature 

  cm y-1  mm ºC 

1 Several species -- 0.083 N. Carolina, US 1820 12.6 

2 Fagus silvatica <20 0.078 S. Germany 657-1700 8.5-11.0 

  20-40 0.055    

2 Pinus sylvatica <20 0.050 S. Germany 657-1700 8.5-11.0 

  20-40 0.030    

2 Picea abies <20 0.034 S. Germany 657-1700 8.5-11.0 

  20-40 0.036    

3 Pinus nigra ~0.6 cm 0.082 This activity. 

Solsonès 

643 12.1 

  2-3 cm 0.041   

  10-15 cm 0.068   

3 Quercus faginea ~0.6 cm 0.119 This activity. 

Solsonès 

643 12.1 

  2-3 cm 0.091   

  10-15 cm 0.054    

* Literature references: 1. Mattson et al. 1987; 2. Herrmann et. al. 2015; 3 Action4, Life Climark 

 

 

2.4. Biochemical quality of woody debris 

Decay rates of CWD are mainly controlled by the environmental parameters, substrate 

quality, and decomposer community (Russell et al, 2015). Woody debris is a low-quality litter 

compared with leaves, resulting in low decomposition rates. Decomposition models allow 

estimating the long-term remaining mass and therefore the persistence of CWD carbon in the 

forest system. In most models, the effect of species on wood decomposition is represented by 
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their initial quality, based on the chemical composition and recalcitrance. For instance, the 

Century model (Parton, 1996) predicts the decomposability based on the lignin content of the 

substrate. Here we analysed the initial chemical characteristics of the incubated CWD to model 

in the post-LIFE the long-term decomposition of CWD of different sizes and species (P. nigra 

and Q. faginea).  

From each wood fraction we performed a chemical characterisation of the incubated 

debris (logs and branches) that will allow to track the biochemical changes along the 

decomposition process. A sample of each fractions was analysed for organic C and N content by 

the dichromate oxidation method, following the Mebius (1960) method. Then, a biochemical 

fractionation was carried out by performing sequential extractions with water and sulphuric acid, 

obtaining 4 fractions: hydrosoluble, hydrolysate I (hemicelluloses), hydrolysate II (celluloses), 

and lignin (Klason). The carbohydrate and phenol content of the hydrosoluble fraction and the 

hydrolysates I and II was then determined.  

 

 
Figure 2.  Carbon to N and Lignin to N ratios of branches and logs in Pinus and Quercus. In Pinus, recently cutted 

(red), and 4-y old logs (blue) 

 
P. nigra woody debris had higher C/N than Q. faginea debris (Figure 2), due to their 

lower N content. Also, lignin content of logs and branches was higher in P. nigra than in Q. 

faginea, as well as the lignin-to-N ratio (Figure 2). While carbohydrate content in logs and 

branches did not differ significantly between both species, phenol content was much higher in the 

logs and branches of Q. faginea than in P. nigra (Table 6). Charred P. nigra logs had lower N 
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content than non-charred logs, resulting in higher C/N ratios. In contrast, charred Q. faginea logs 

did not differ from the uncharred ones. Charring did not have any significant effect on lignin 

content (Table 6).  

Table 6. Initial content of carbohydrates, phenols and lignin in the incubated oak and pine logs and 

branches 

Species Diameter Charred Total 

carbohydrates 

Total phenols Klason lignin 

 cm  ppm ppm % 

Q. faginea 2-3 No 2661.6±102.4 184.8±9.3 18.4±1.0 

 10-15 No 2555.3±194.2 218.9±10.9 19.6±0.5 

 10-15 Yes 2647.0±53.1 153.1±22.0 22.2±1.6 

P. nigra 2-3 No 2457.8±92.1 84.7±13.9 28.2±0.6 

 10-15 No 2270.9±51.8 70.2±9.5 27.7±0.6 

 10-15 Yes 2354.2±104.7 46.1±2.0 28.4±1.8 

 

 

2.5. Simulation of organic C derived from leaf and woody debris remaining in the forest 

floor  

We estimated the remaining C content in leaves, FWD and CWD short-term after forest 

thinning by applying over time the different decomposition rates (k, Olson, 1963) obtained in this 

action C4 (section 2.2 and 2.3), and from the literature (Table 7, Figure 3). The resulting 

decomposition curves can be visualized in the Appendix 3, figure 1. 

Table 7. Decomposition rates (Olson k, y-1 and standard error in brackets) used to estimate leaf and woody 

debris remaining in the forest floor with time since treatments. See sections 2.2 and 2.3 for details. 

 Species1 Leaves  Species1 Woody debris2 

     
FWD 

 
CWD, 2-7 cm CWD >7 cm 

Conifer Ps 0.3675 
      

0.050 
 

 
Ph 0.142 

 
Pn 0.082 (0.009) 0.041 (0.022) 0.068 (0.010) 

Evergreen Qi 0.177 
 

Qp 0.119 (0.003) 0.091 (0.013) 0.054 (0.020) 

1 Ps. Pinus sylvestris, Pn. P. nigra, P.h. P. halepensis, Qi. Quercus ilex, Qp. Q. pubescens 
2 FWD, fine woody debris diameter < 2 cm; CWD,2-7 cm and >7cm, coarse debris with diameter between 2 

and 7 cm, and > 7cm, respectively 

 

  Figure 3 showed the C remaining over time depending on the debris type and size and 

for conifer or evergreen Quercus stands in the LUs.  A large part of the leaf C is lost short-term 

after thinning, while woody debris remains in the forest floor in the long-term (Figure 3).  
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Figure 3. Simulated C remaining after thinning in the forest floor with time for leaves and woody debris typology for 

conifer or evergreen LU stands.  Remaining debris were simulated applying K-Olson parameters indicated in table 

7, for woody debris with diameter lower than 2 cm (FWD <2cm), between 2-7 cm (CWD, 2-7 cm) and higher than 7 

cm (CWD >7 cm). Note the different scales of remaining C debris between Conifer and Evergreen plots.  

 
Our simulations suggested that ca. 40% of the woody debris left in the forest floor will 

remain after 15 years (3.0 Mg C ha-1 and 6.6 Mg C ha-1, including overstory and understory, in 

conifer and evergreen stands respectively: Table 8). 

 Part of the C lost was emitted into the atmosphere in the form of CO2, while another part 

has been incorporated into the soil in particulate form or dissolved in rainwater. Mattson and 

colleagues estimate that approximately 2/3 of the lost C has been emitted into the atmosphere. 

Our C remaining estimations did not take into account the specific quality of debris, such us the 

ratios C/N or Lignin/N (see section 2.4), and the climate of LU stands. In the post -LIFE we will 

account for these variables in the simulation by using specific models such as Century (Parton, 

1996) and Yasso (Liski et al, 2005). 
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Table 8. Estimated debris (Mg C ha-1) in the forest floor of conifer and evergreen stands just 

after thinning and after 15 y. See table 2 for details of after thinning estimates. Remaining were 

estimated applying the decomposition k-Olson parameter for each debris indicated in Table 7.  

Forest type Debris type 
 

After thinning1 
 

15y remaining1 
 

Remaining 
  

Mg C ha-1 
 

Mg C ha-1 
 

% 

Conifer (n = 10 stands) 

 Leaves 
 

1.3 ±2.3  0.1 ±0.0  1.1 

 FWD (<2cm) 
 

3.8 ±2.1  1.1 ±0.6  29.2 

 CWD (2-7 cm) 
 

2.1 ±1.9  1.1 ±1.0  54.1 

 CWD (>7cm) 
 

0.3 ±0.4  0.1 ±0.1  47.2 

 Total Overstory  7.0 ±3.9  2.7 ±1.6  39.1 

 Total Understory  0.5 ±0.5  0.2 ±0.3  44.5 

Evergreen (n = 2 stands) 

 Leaves 
 

0.4 ±0.0  0.1 ±0.0 
 

7.0 

 FWD (<2cm) 
 

0.6 ±0.1  0.1 ±0.0 
 

16.8 

 CWD (2-7 cm) 
 

2.4 ±0.2  0.6 ±0.1 
 

25.5 

 CWD (>7cm) 
 

8.2 ±1.8  3.7 ±0.8 
 

44.5 

 Total Overstory  11.3 ±1.5  4.4 ±0.7  38.9 

 Total Understory  4.9 ±0.6  2.2 ±0.3  44.5 
 
1 median ± standard error (n=2 stands for Evergreen, n=10 for Conifer) 
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3. Carbon sequestration in agroforestry systems. Do plant-mycorrhizal 

associations promote carbon storage? (C4.2) 

 3.1. Carbon sequestration in agroforestry systems  

The large extension of agricultural lands makes their carbon (C) dynamics highly relevant 

for accounting for the regional C stocks and balances. Croplands generally act as a major source 

of greenhouse gases (Freibauer et al, 2004), having lost an important  fraction of their original soil 

organic matter. As a result, their soil C content is generally low compared to natural or semi-

natural ecosystems (e.g. Álvaro-Fuentes et al, 2011). However, because of their C depletion, 

agricultural soils could have now the potential to act as C sinks if adequate management practices 

were implemented (Singh et al, 2018). Among the proposed practices that could contribute to C 

sequestration, the implementation of agroforestry systems appears as a useful practice (Aertsens 

et al, 2013) that entails several environmental benefits.  

Agroforestry refers to the practice of growing woody perennials (i.e. trees or shrubs) and 

annual crops on the same land unit (Nair, 2011). This is an old practice, but only in the last decades 

has been acknowledged as a viable C sequestration option in agricultural soils. Besides C 

sequestration, agroforestry also provides several benefits in comparison to conventional 

monospecific crops, such as improved soil fertility, improved water retention and quality, control 

of soil erosion, and enhanced biodiversity (Jose, 2009). 

The increase of C storage in agroforestry systems is achieved by the enhanced organic 

matter inputs at both above- and below-ground, by strengthening soil organic matter physical 

stabilisation, and by reducing the rate of biomass decomposition. Trees have extensive root 

systems that are critical sources of soil organic C. This, together with the aboveground litter fall 

allows the accumulation of more C under the tree rows compared to the inter-row soils (Bambrick 

et al, 2010; Lorenz and Lal, 2014). The effect of trees is clear, as the observed effects are gradually 

reduced with distance from the tree row (Pardon et al, 2017). But trees not only cause an increase 

of the C inputs into the soil, but also a shift in their placement. Compared to annual crops, trees 

tend to accumulate organic matter in deeper horizons, which may have higher organic matter 

stabilisation potential than topsoil. For instance, Howlett et al (2011) showed that silvopastoral 

systems with Pinus radiata stored more C in macroaggregates in the subsoil than in adjacent 

treeless pastures. This effect on deep soil can be improved by choosing deep-rooting tree species. 

Also, Cardinael et al (2015) showed in Mediterranean alley cropping agroforestry stands, that 

competition with annual crops can induce the trees to deeper rooting in comparison to tree 

monocultures, contributing to the deep soil C storage.  
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Organic matter derived from the planted woody plants also differs from that of the annual 

plants in their biochemical quality. The chemical composition of tree litter is generally considered 

more resistant to decay due to its higher content of lignin, tannins, and other secondary products. 

This may cause a shift in the quality of particulate organic matter when woody vegetation is 

introduced in croplands, as occurs in other grassland-to-woodland transitions (Filley et al, 2008). 

This may contribute to increasing the residence time of organic matter inputs into the soil,  

allowing higher C accumulation, at least in the particulate organic matter pool. And the organic 

matter quality may be behind the large relative contribution of the particulate coarse organic 

fraction to the C accumulation reported by Cardianel et al. (2015b) in agroforestry systems of 

France. 

But, for long-term soil organic matter preservation, eventual changes in the 

physicochemical stabilisation would be essential. Organic matter occlusion into aggregates is 

known that confers long-term physical protection against microbial degradation (Balesdent et al, 

1998; Six et al, 2002). And the organic matter inputs generally promote soil aggregation. In 

tropical agroforestry systems, Gama-Rodrigues et al (2010) considered that the organic matter 

occlusion was a major mechanism for C preservation. In NW Iberian Peninsula, Howlett et al 

(2011) showed that silvopastoral systems with Pinus radiata promoted the C storage in 

macroaggregates in the subsoil, which were considered a consequence of increased C inputs from 

afforestation together with the cessation of tillage. It is known that plowing disrupts soil 

aggregates, exposing large amounts of protected organic matter to microbial degradation and, 

therefore causing the loss of soil C (Singh et al, 2020). So, reduced tillage in agroforestry systems 

also promotes the physical protection of the organic matter and therefore its long-term 

preservation.  

Although the magnitude may largely depend on the agroforestry system, tree density, 

species involved, climate conditions, soil type and characteristics, and management, estimations 

of C sequestration potential of agroforestry systems are always positive in comparison to the 

traditional monocultures. In a global meta-analysis Feliciano et al (2018) reported that 

silvopastoral systems were the agroforestry systems that on average have higher soil C 

sequestration rates (4.38 Mg C ha-1 yr-1), while the highest aboveground C sequestration occurred 

in improved fallows (11.29 Mg C ha-1 yr-1). But in general, agroforestry systems in tropical and 

subtropical areas show higher C accumulation rates than under temperate and arid or semiarid 

climates (Lorenz and Lal, 2014; Feliciano et al, 2018; Singh et al, 2018), and the C accumulation 

rates increase with the age of the stand (Cardinael et al, 2017).  
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Reported rates of soil C accumulation in agroforestry systems of temperate areas range 

between 0.1 and 6.4 Mg C ha-1 yr-1 (Singh et al, 2018). For instance, Cardinael et al (2017) 

estimated mean C accumulation rates in the soil (0 – 30 cm) of 0.24 Mg C ha-1 yr-1 (range: 0.09 – 

0.46 Mg C ha-1 yr-1) in six agroforestry systems in France, and Cardinael et al (2015) estimated 

rate of 0.25 Mg C ha-1 yr-1 in the top 30 cm soil (0.35 Mg C ha-1 yr-1 in 0-100 cm) in Mediterranean 

alley cropping agroforestry systems. Similar values were reported by Oelbermann et al (2006) in 

a poplar alley cropping system in southern Canada, with a soil C accumulation rate of 0.30 Mg C 

ha-1 yr-1. In North American agroforestry systems, Udawatta and Jose (2012) estimated that the 

potential C sequestration rates (biomass plus soil) were 6.1 Mg C ha-1 yr-1 for silvopastures, 3.4 

Mg C ha-1 yr-1 for alley cropping systems and 2.6 MgC ha-1 yr-1 for riparian buffers. And 

Wotherspoon et al (2014) estimated in southern Ontario (Canada) net C sequestration potentials 

(soil plus biomass) between 0.84 and 2.12 Mg C ha-1 yr-1 in tree-based intercropping systems with 

different tree species and soybean. These values contrasted with the estimated net rates of -1.15 

Mg C ha-1 yr-1 for soybean monocrops. Also, in a meta-analysis of soil C sequestration (0 – 60 

cm depth) of Chinese agroforestry systems, Hübner et al (2021) estimated rates of 2.16, 1.61, and 

0.33 Mg C ha-1 yr-1 for shelterbelts, agrosilvicultural and silvicultural systems respectively.  

Biomass C accumulation rates are also very variable, depending on the tree density, age, 

management, species involved, and climate and soil conditions. Based on literature data, Kay et 

al (2019) indicated that biomass C accumulation rates in European agroforestry systems ranged 

between 0.09 and 7.29 Mg C ha-1 yr-1, with the lowest values related to systems with low tree 

density, and the highest corresponding to high tree density systems with fast -growing species, 

growing in good soil conditions. For instance, in agroforestry systems of France, Cardinael et al 

(2017) showed an average C accumulation rate in biomass of 0.65 Mg C ha-1 yr-1 (range: range 

0.004 – 1.85 Mg C ha-1 yr-1), and Wotherspoon et al (2014) estimated accumulation rates in 

Canadian intercropping systems that ranged between 0.52 and 1.06 Mg C ha-1 yr-1, depending on 

the tree species. 

  

3. 2. Contribution of mycorrhizas to carbon sequestration 

To test the effect of the symbiotic association between plants and fungi (mycorrhizas) on 

C sequestration under realistic field conditions is a difficult task. In practice, to test the net effect 

of mycorrhizas, non-mycorrhizal controls are required. These controls are difficult to obtain 

without severe perturbations of soil microflora and fauna; therefore, it is very difficult to evaluate 

the effect of mycorrhizas on plant production and fitness under field conditions (Jones and Smith, 

2004) and, consequently, on the eventual C sequestration improvement. 
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However, it is known that mycorrhizal associations can contribute to soil C storage in 

different ways (Figure 1). Mycorrhizas are known to cause an increase in plant C translocation to 

roots (Reid et al, 1983). From the roots, plants transfer photosynthates to the intra-radical hyphae 

and subsequently to the extra-radical hyphae, which are finally released into the soil matrix. The 

amount of C transferred from the host plant to the fungi can be considerable. In controlled 

conditions, it was estimated that more than 20% of the net primary production can be allocated to 

ectomycorrhizas (Hobbie, 2006). At the landscape scale, although there is much uncertainty in 

the estimations, ectomycorrhizal mycelia production in forests can be several hundred kilograms 

per hectare and year (Ekblad et al, 2013). The net production in agroforestry systems will depend, 

among other factors, on the tree density. But as the turnover rate of extra-radical hyphae can be 

of few days (Staddon et al, 2003), mycorrhizas could be an important pathway of C inputs into 

the soil. For instance, in poplar plantations of central Italy, it has been estimated that the 

mycorrhizal mycelium was the predominant pathway (62%) by which organic C entered to the 

soil organic matter pool, exceeding the leaf litter and root C inputs (Godbold et al, 2006). But, as 

mentioned above, the lack of non-mycorrhizal controls does not allow us to test the net effect of 

mycorrhizas on the C inputs into the soil.  

 

Figure 1. Main mechanisms by which mycorrhizal association can promote carbon accumulation above- and 

below-ground. Modified from Zhu and Miller (2003). 

 

  Mycorrhizal plants translocate C to the roots and the fungal hyphae. To compensate for this C 

loss, and thanks to the improved nutrition provided by the mycorrhizal fungi, plants increase their 

photosynthetic rate (Doskey et al, 1990; Rousseau and Reid, 1990) and fitness. This higher 
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productivity not only increases the C stocks in the biomass but also the C inputs into the soil 

through the leaf and root litter production. However, this positive effect on plant productivity, 

which usually is taken for granted, is far from being universal, with cases of positive, null, or even 

negative effects of mycorrhizas on plant growth (Corrêa et al, 2012). For instance, it has been 

shown in boreal forests that, under some conditions, nitrogen retention by mycorrhizal fungi can 

aggravate the N limitation for tree growth (Näsholm et al, 2013).  

But, what about the effect of mycorrhizas on the C outputs? Some observations indicate 

that litter decomposition is reduced when mycorrhizal roots are present (Gadgil and Gadgil, 

1975), the so-called Gadgil effect. Although there is little empirical evidence due to 

methodological limitations (Frey, 2019), it has been suggested that efficient nutrient or water 

uptake by ectomycorrhizal fungi may reduce the availability of nutrients for other microorganisms 

or increase water limitation for decomposition (Ekbad et al, 2013). On the other hand, 

ectomycorrhizal hyphae could increase the microbial decomposition of recalcitrant organic 

compounds by priming the co-metabolism of these substrates by saprophytic microorganisms 

through the release of labile substrates to the hyphosphere and mycorhizosphere (Gorka et al, 

2019) and the interaction with other microorganisms that are efficient in priming of soil organic 

matter mineralisation (Paterson et al, 2016). 

Also, it has been suggested the mycorrhizas can alter the decomposability of roots through 

changes in their biochemical quality (Langley and Hungate, 2003). Mycorrhizal tissues have a 

higher concentration of N than roots, which apparently could hasten their decomposition. 

However, this N is bound to compounds like chitin, which is recalcitrant to decomposition, 

making N-rich mycorrhizal roots less decomposable than non-colonised roots with lower N 

concentration (Langley and Hungate, 2003). Indeed, in a study with Pinus edulis,, Langley et al 

(2006) showed that non-colonised roots decomposed three times faster than those with 

ectomycorrhizal fungi, suggesting that they could contribute to the C accumulation in soils. 

However, plants associated with arbuscular mycorrhizal fungi tend to produce leaf (Cornelissen 

et al, 2001) and root (Langley et al, 2006) litter of higher quality and decomposability in 

comparison to ectomycorrhizal species. So, if the aim is to maximise the soil C accumulation in 

an agroforestry system, choosing ectomycorrhizal plant species may be more appropriate than 

those associated with arbuscular mycorrhizal fungi. 

Mycorrhizas can promote soil aggregation. This confers physical protection to organic 

matter against microbial degradation and also reduces the risk of C loss by erosion. The 

mechanisms by which aggregation is promoted by mycorrhizas include biophysical mechanisms 

(entanglement and physical pressures on soil particles by hyphae), biochemical mechanisms 
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(mucilage secretion that acts as a soil binding agent), and biological mechanisms (indirect effect 

by modifying soil microbial communities in the rhizosphere) (Lehman et al, 2017). In the case of 

arbuscular mycorrhizal fungi, although the aggregation capacity may vary between fungal species 

(Piotrowski et al, 2004), Wilson et al (2009) showed a close correlation between hyphal 

abundance and soil aggregation. And Leifheit et al (2014) showed in a meta-analysis a global 

positive effect of arbuscular mycorrhizas on soil aggregation. Less studied is the influence of 

ectomycorrhizas on soil aggregation and structure. However, some studies indicate an increase in 

aggregate stability when trees are inoculated with ectomycorrhizas (Caravaca et al, 2002; Graf 

and Frei, 2013). And Zheng et al (2014) showed that several ectomycorrhizal fungal species 

associated with Pinus sylvestris seedlings increased both water-stable aggregates by 6-12% and/or 

the mean diameter of the aggregates, depending on the fungal species.  

Root architecture is also greatly modified by ectomycorrhizal fungi, which can alter root 

decomposability (Langley and Hungate, 2003). Roots colonised by ectomycorrhizal fungi lack 

fine root hairs and have a short, rounded shape. This, together with the protection with the hyphal 

sheath substantially reduces the surface area exposed to herbivores and pathogens, and also could 

even protect dead roots against decomposition. By contrast, architectural changes caused 

arbuscular mycorrhizal fungi are subtle and do not seem that this could have a significant 

influence on root decomposability (Langley and Hungate, 2003). 

In summary, although the comparison between inoculated and non-inoculated plants 

under field conditions is difficult, the known effects of mycorrhizas on plants and soil indicate 

that they alter the C cycling, generally promoting the accumulation of C in soil and biomass. 

Mycorrhizas increase the C inputs by promoting tree growth and through the turnover of extra-

radical hyphae. Also reduce the C output by slowing down the root decomposition and the 

promotion of the soil aggregation, but this could partly be offset by the promotion of priming of 

soil organic matter mineralisation. Apparently, trees associated to ectomycorrhizal fungi are more 

appropriate when the aim is to maximise the C storage, as reduce the decomposability of roots.  
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Conclusions 
 

The analysed landscape units contain on average 21.6 ± 2.9 Mg C ha-1 in the organic 

horizons and 42.8 ± 4.4 in the top 25 cm of the mineral soil, with variations depending on climate, 

forest type and soil characteristics. As a consequence of forest thinning, between 5.6 and 48.4 Mg 

ha-1 (median: 16.8 and 25.5 Mg ha-1 for Pinus and evergreen Quercus stands respectively) of 

forest debris were left in the forest floor. This debris was mostly in form of leaves and fine 

branches in Pinus forests, or thick branches in evergreen Quercus forests, suggesting that in 

Quercus forests woody debris will remain in the forest floor for longer time. Green leaves 

decompose faster than brown leaf litter, at least during the first stages of decomposition. Woody 

debris decomposed slower than leaf litter, with higher decomposition rates in FWD than in CWD. 

Although P. nigra CWD had higher lignin and higher C/N ratios than Q. faginea CWD, both 

decompose at similar rates during the first stages of decomposition. Long term monitoring of 

CWD will be necessary to see the effect of their different biochemical quality on their 

decomposition rates and the C fluxes to the soil. By contrast, FWD of Q. faginea decomposed 

faster than that of P. nigra. A simulation using the decomposition rates obtained in this Action 

and in the literature suggested that about 40% (3.0 and 6.6 Mg C ha-1 in conifer and evergreen 

oak stands respectively) of woody debris left in the forest floor will remain 15 years after thinning, 

while most of the leaf C will be lost during the first years. 

Agroforestry systems are effective in increasing organic C content in agricultural soils. 

Although it is very variable, in Mediterranean agroforestry systems, literature reports soil C 

accumulation rates can be around 0.35 Mg C ha-1 y-1 (0 – 100 cm) more than in agricultural 

systems, while aboveground biomass C accumulation are between 0.8 and 1.8 Mg C ha-1 y-1. The 

presence of trees increases the C inputs and allocates more C in deep soil. The low biochemical 

quality of tree debris slows down its decomposition and increase the persistence of the tree C 

inputs in the soil. Mycorrhizas promote the tree growth and therefore the C inputs into the soil. 

The effect of mycorrhizas on soil aggregation improve the C stabilisation in soil, reducing the C 

loss. Ectomycorrhizas reduce the decomposability of the roots, so trees species associated to 

ectomycorrhizal fungi may be more effective in increasing soil C storage than those associated to 

arbuscular mycorrhizas. 
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Appendix 

Appendix 1. Leaf and woody debris resulting from forest treatments 

 

Appendix 1. Table A.1. Biomass (Mg/ha) per fractions estimated using allometric equations1 on dasometric information obtained in 
before and after the treatments. 

UP  Trunk  Leaves  

Branches 
(2-7 cm) 

Branches 
(<2cm) 

Branches (>7 
cm) 

Total 
ABG  

  Before After Before After Before After Before After Before After Before After 

Aspres Agullana 61.5 44.3 2.5 1.8 17.2 12.3 4.3 3.0 81.6 60.8 165.0 120.7 

Aspres CanBudo 52.5 34.8 2.3 1.6 16.5 10.8 4.4 3.0 50.8 35.5 125.4 85.1 

Montmell Aiguaviva 28.4 22.2 0.2 0.2 6.8 5.5 16.9 13.2 3.1 2.7 53.0 41.8 

Ancosa LaLlacCanVich 68.6 51.9 0.0 0.0 15.5 12.0 39.5 29.7 11.9 10.0 131.4 100.1 

 LaLlacunaPh 63.1 36.3 0.1 0.1 14.4 9.1 34.5 20.4 12.3 9.1 119.4 70.9 

 LaLlacunaPn 92.0 56.6 0.1 0.0 12.5 7.7 30.8 18.6 2.9 1.9 139.5 85.9 

Rialb Confos 139.2 120.5 0.4 0.5 20.5 18.4 43.2 36.2 6.4 6.2 212.4 184.4 

 Sardanyes 150.8 96.4 13.4 8.1 20.1 12.6 17.8 10.8 2.7 1.8 205.0 129.7 
Replans 

Berguedà Cercs 122.4 66.2 17.6 8.3 22.0 12.1 25.6 13.1 1.4 1.1 188.0 100.4 

Capçaleres Vallcebre_feixes 163.0 75.0 18.3 4.1 23.5 7.9 24.3 5.5 3.8 4.0 228.6 89.6 

 Vallcebre1 67.5 45.0 10.7 6.0 11.7 7.3 14.1 7.9 0.5 0.4 105.0 67.4 

 Vallcebre2 88.5 66.8 11.2 6.5 15.5 11.2 18.1 12.0 1.4 1.3 138.7 102.3 
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Appendix 2.  Woody debris decomposition experiment 

 

 

Appendix 2. Figure 1. Demonstration set-up of the C contribution from decomposing wood of different 

qualities to soil C stocks 

 

 

 

Appendix 2. Figure 2. Demonstration set-up of the C contribution from decomposing wood of different 
qualities to soil C stocks. 
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Appendix 3.  Decomposition k-Olson parameters for different debris types and tree 

species  

 

 

 

Appendix 3. Figure 1. Simulation of remaining debris over years after treatment per 
different debris types and species resulting from applying the Olson decomposition k 
values shown in the Table 7. 

 

 

 

 

 


