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ABSTRACT 
 

Coarse woody debris (CWD) is an integral component of forest ecosystems and it serve as a 
long-term storage of carbon and nutrients. We have investigated changes in carbon, nutrients 
and organic matter of differently decomposed CWD samples from forest-tundra, northern, 
middle and southern taiga of Central Siberia in order to assess the role of CWD in carbon 
and nutrient cycling in these forest ecosystems. Samples included live wood, boles at I, II 
and III stages of decomposition and fragments of decomposed wood from forest litter that 
were collected in larch, spruce, pine and fir forests. 

As result of our study it was found that initially living wood of trees at northern ecosystems 
contains larger amount of N, P, Ca and K. Carbon concentration in live wood does not differ 
at north and at south but its net content is larger for CWD at northern ecosystems due to the 
higher volume density of live wood at the north. Concentration of mobile organic matter 
depends on decomposition class of CWD (r=0.72). CWD from southern ecosystems 
accumulate larger amount of humification products than that one from northern forests.  

At northern latitudes CWD released larger amount of carbon and nutrients during 
decomposition, while southern ecosystems are characterized by nutrient immobilization and 
less carbon losses from CWD. 

We conclude that CWD in northern and southern ecosystems play a different role in 
biogeochemical cycles. Logs of pine, spruce and fir in southern ecosystems are less 
chemically altered at the same decomposition stages than CWD of larch and spruce in 
northern forests, and immobilize significant amounts of nutrients. In contrast, CWD in 
northern ecosystems appears to be an important source of carbon and nutrient release to the 
soil and soil solutes. 
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INTRODUCTION 
Coarse woody debris (CWD) is an 

important structural and functional compo-
nent of forest ecosystems1. It affects soil 
development, reduces erosion, stores carbon, 
nutrients and water, acts as germination sites 
for the forest vegetation, and serves as a 
major habitat for saproxylics. There is, 
however, less knowledge about the role of 
CWD in terrestrial nutrient and carbon 
cycles2. 

Decaying logs store on the one hand is a 
large stock of carbon and nutrients, but on 
the other hand they release these components 
into the soil and atmosphere during 
decomposition 3. According to Ganjegunte et 
al. (2004)4 the slow release of nutrients from 
decaying CWD might help to conserve 
nutrients against loss due to leaching and 
contribute to a slow-flowing nutrient source 
for growing trees. 

There are about 73% of boreal forests in 
the world situated in Russia, mostly in 
Siberia5,6. Mature and overripe forests make 
up about 80% of total area and about 60% of 
carbon stock in Siberia7,6. These ecosystems 
contain large amounts of coarse woody 
debris (CWD). According to Vedrova et al. 
(2002)8 stock of coarse woody debris there is 
almost equal to the litter stock. It further can 
be as large as 3 to 100% of live biomass in 
forest ecosystems9,10.  

The objective of this study was to 
investigate changes in carbon, nutrients, 
mobile and immobile organic matter in CWD 
during decomposition at different climatic 
conditions of Central Siberia in order to 
assess the role of CWD in carbon and 
nutrient cycling in these forest ecosystems 
and to realize climate effect on decompo-
sition patterns of CWD. 

MATERIAL AND METHODS 
Site description 

The subject of this study is tree boles and 
logs at different stages of decomposition and 
fragments of wood from forest litter 
collected in forest ecosystems of different 
age and stand structure at the experimental 
sites of the Yenisey longitudinal transect 
established by the IGBP program11 (Fig.1). 

The Yenisey longitudinal transect 
stretches over 1200 km from 70° northern 
latitude to 57° northern latitude and covers all 
natural zones of Central Siberia: forest-
tundra, northern, middle and southern taiga11.  

We collected a series of differently 
decomposed CWD samples including fresh 
wood, snags, logs at I, II and III stages of 
decomposition and fragments of decomposed 
wood from forest litter layers. Samples of 
CWD were collected in forests of forest-
tundra zone, in northern taiga, middle taiga 
and southern taiga. Climatic data for these 
zones are presented in Table 1. 

Methods 

CWD were sampled at the sample plots 
located at different climatic zones on 
Yenisey longitudinal transect. There were 3 
sample plots in forest-tundra zone (larch 
(Larix spp.) with spruce (Picea spp.) and 
spruce with larch stands), 4 sample plots in 
northern taiga (lichen larch forests and 
green-moss larch forests of 110 and 350 
years old), 6 sample plots with green-moss 
and lichen pine (Pinus sylvestris) forests of 
different age in middle taiga, and 6 sample 
plots with spruce, fir (Abies spp.) and birch 
(Betula spp.) stands in southern taiga. 
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CWD was divided into the three decay 
classes based on visual and physical 
properties. Main basis for division was wood 
density, and presence of bark and branches 
1-st decomposition class – wood have not 
lost its solidity, stems have bark and 
branches, 2-nd class – wood have partly lost 
solidity, bark easily flakes from wood, but 
bark and branches are presented on stems,  
 

3-rd class – wood have almost fully lost its 
initial solidity, bark and large branches are 
only partly presented on the stems12,13. 
Besides of these decomposition classes, 
woody fragments from forest litter of studied 
ecosystems were taken into analysis. These 
wood residues present a final stage of CWD 
transformation – fragmentation1. 

 

Fig. 1 : Geographical position of the Yenisey longitudinal transect. 
 
 

Table 1 : Climate characteristics of studied regions 

Region Latitude МАТ, 0C МАР, 
mm ΣT>5, 0C ΣT>10, 

0C 
RB, 
kcal 

DWP, 
days 

Khantaika 
(forest-tundra) 

690 n.l. -8,7 463 1109 858 22 60 

Nizhniaya 
Tunguska (northern 
taiga) 

660 n.l. -6,4 449,5 1175 930 26 130 

Zotino 
(middle taiga) 600 n.l. -4,5 450 1372 1100 28 185 

Bolshaya Murta 
(southern taiga) 590 n.l. -3,1 537 1760 1500 35 190 
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MAT – mean annual temperature; MAP 
– mean annual precipitation; ΣT>5 – sum of 
temperatures above 50C, ΣT>10 - sum of 
temperatures above 100C; RB – radiation 
balance; DWP – duration of frost free period. 

Volume density of CWD was conducted 
by submergence method14 (n=5-20). 
Chemical analyses were made in average 
CWD sample for each decay class at each 
sample plot.  

Concentration of carbon and nitrogen 
was conducted with VarioMax CNS 
elementar analyzer. Mobile organic matter in 
decomposing plant residues was measured as 
carbon concentration in water and alkaline 
extracts under the consecutive 24 hours 
treatment of samples by deionized water 
(CH2O) and 0.1M NaOH (CNaOH) without 
initial decalcification. Abundance of mobile 
humic acids (Cha) was determined by 
precipitation in acid environment. Carbon 
concentration of mobile fulvic acids (Cfa) is a 
difference between CNaOH and Cha in this 
extract. Organic C in extracts was measured 
by a dichromate oxidation procedure 
involving warming to 1500C for 20 min15. 
Concentration of nutrients in CWD was 
determined by near-infrared reflectance 
spectroscopy technique with PSCO/ICI IBM-
PC 4250 analytical system16.  

RESULTS AND DISCUSSION 
Concentration of C and nutrients  

Initially living wood for northern 
ecosystems contain larger amount of N, P, 
Ca and K. Carbon concentration in live wood 
does not differ at north and at south but its 
net content is larger for CWD at northern 
ecosystems due to the higher volume density 
of live wood at the north.  

Total carbon concentration in 
decomposed coarse woody debris makes up 
from 46 to 51%, and it does not change 
considerably from live wood to the 3-rd 
decomposition class. Decreasing of carbon 
concentration is observed at the stage of 
wood fragmentation. This decreasing makes 
up 5-6% in southern taiga and forest tundra 
and 1-2% in northern and middle taiga. 

Coarse woody debris from middle and 
southern taiga show increasing of total 
carbon concentration during decomposition 
from 1-st to 3-rd decomposition class, and 
this increasing makes up 8-10% of initial 
carbon concentration in live wood. 

If take into account decreasing of volume 
density during decomposition of CWD, then 
significant decreasing of carbon content is 
traced during decomposition (Fig.2). Totally, 
cubic centimeter of decomposed wood loses 
from 25–64% of its initial C with 
decomposition from 1-st to 3-rd stage. Initial 
carbon content in live wood gradually 
decreases from north to south and it is 
connected, at first, with differences in wood 
density. During decomposition the most 
significant loss of carbon is observed for 
CWD from northern ecosystems (64% of 
total initial carbon content), it gradually 
decreases to middle taiga (40%) and then to 
southern taiga (25% of initial carbon 
content). 

Total nitrogen concentration makes up 
from 0.10 – 0.45 g*kg-1 in the live wood to 
4.85 – 8.85 g*kg-1 in the woody fragments 
from forest litter. Concentration of N 
increases with decomposition from one stage 
to the following. This increasing is observed 
for CWD from all natural zones 
independently from decomposed tree species.  
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It is known that nitrogen limits wood-
decomposing microorganisms at the first 
decomposition stages17. Therefore microbes 
immobilize N during the wood 
decomposition process while C is released 
through respiration1. As a consequence the 
C-to-N ratio declines. This ratio proposed by 
some authors as an indicator of the 
decomposition stage within a given wood-
type18.  

In Central Siberia live wood and CWD at 

the first decomposition stages contain very 
low nitrogen concentration and as 
consequence the C-to-N ratio is very high 
and in many cases exceeds 1000. Total N 
concentration in live wood of coniferous 
species and birch makes up 0.25 – 0.70 g*kg-

1 and 1.25 g*kg-1, respectively and is in the 
similar range that was found in studies by 
Preston et al (1998)19 for Douglas fir, 
hemlock and red cedar (from 0.10 to 4.0 
g*kg-1, depending upon species and decay 
stage). 

 
Fig. 2 : Changes in nutrients concentration during decomposition of CWD at different climatic zones: I 

– the first decomposition stage; II – the second decomposition stage; III – the third decomposition 
stage; IV – the fourth decomposition stage. 
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Increasing of nitrogen concentration 
during decomposition of CWD at Central 
Siberia is a result of active microbial 
immobilization of this element because net 
content of N as well increases during 
decreasing of wood weight (Fig. 3). This 
immobilization makes up 0.141-0.450 
mgN*cm-3 at different climatic zones. 
Nitrogen immobilization during decompo-
sition of CWD was calculated as increment 
of net nitrogen content from first 
decomposition stage to the third. 

Calcium concentration ranges from 2.34 
– 3.82 g*kg-1 in live wood to 8.82 – 11.31 
g*kg-1 in woody fragments. The highest 
concentration of Ca on the all decomposition 
stages was observed in CWD from northern 
ecosystems. Concentration of Ca gradually 
increases during decomposition. This 
increment makes up 2.5 – 4.5 times from live 
wood to the final stage – wood 
fragmentation.  

Potassium makes up 0.3- 7.7 g*kg-1 and 
its changes during decomposition does not 
exhibit any certain tendency. 

In contrast to this magnesium 
concentration gradually increase from live 
wood to woody fragments from forest floor. 
Its total concentration ranges from 0.86 – 
0.95 g*kg-1 in live wood to 3.23 – 4.20 g*kg-

1 in wood at the late decomposition stages. 
Thus, increasing makes up 3.5 – 4.5 times.  

Phosphorus concentration ranges from 
0.15 – 0.58 g*kg-1 in live wood to 0.30 – 
6.99 g*kg-1 at the late decomposition stage. 
Concentration of P firstly decreases after tree 
death and then grows up from 1-st to 4-th 
decomposition stage. Pine logs have the 
lowest P concentration in comparison with 
other species. In pine CWD it does not 

exceed 0.3 g*kg-1 even on the late 
decomposition stages. 

Pine logs at different stages of 
decomposition differ from other species with 
lowest concentration of Ca, K and P as well 
(Fig. 2) 

Increasing of N, Ca and Mg 
concentration during decomposition is in 
accordance with results of other studies of 
CWD decomposition at other climatic 
conditions and continents19,4,20,21,22. 

Krankina et al. (1999)23 have measured 
the concentration of 12 nutrients in decaying 
logs of Scots pine, Norway spruce and birch 
in northwest Russia. They found that nearly 
all nutrients showed an increase in 
concentration as logs passed through decay 
classes III, IV and V. The exception was K 
and B. Although concentration of many of 
the elements increased, there was no net 
accumulation of nutrients over the course of 
decay, except for Al and Na. In our study it 
was found different patterns for net nutrients 
content changes at different natural zones 
(Fig.3).  

 CWD at forest-tundra forests lose all 
nutrients during decomposition; 

 CWD at northern taiga lose only K, 
Mg and P, but significantly 
accumulate Ca; 

 CWD at middle taiga differs with 
accumulation of Ca, K and Mg and 
retaining of P in their biomass during 
decomposition; 

 and decomposed logs at southern 
taiga lose only K during 
decomposition, but it is possible that 
this loss is only a result of 
fluctuation of K concentration during 
decomposition, because it is one of 
the most mobile nutrients.  
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The similar patterns of nutrients 
dynamics have been reported earlier by 
different authors: Sollins et al. (1987)21 
documented net gains in N, P and Mg per 
unit volume of Douglas-fir logs; Busse 
(1994)22 studied decomposition of lodgepole 
pine wood and noted net losses in Ca, Mg 
and K, but P remained constant. 

Initially live wood of forest-forming 
species at the north is richer with nutrient 
content and concentration (with exception of  

N) than wood of more southern trees. During 
decomposition these differences decreases as 
consequence of nutrient release from CWD 
in northern ecosystems and nutrient 
immobilization in CWD of middle and 
southern taiga (Fig. 3). It can be at first 
connected with different demands of the 
main decomposer species working at these 
climatic conditions and/or on wood of 
different tree species decomposing at these 
zones.      

 
Fig. 3 : Patterns of net carbon and nutrients changes during CWD decomposition : FT- forest-tundra; 

NT- northern taiga; MT – middle taiga; ST – southern taiga.
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The role of Ca and Mn in decomposition 
has largely been overlooked in ecological 
literature. There have been more reports in 
the plant pathology and wood chemistry 
literature identifying specific roles of Ca in 
the degradation of phenolic substructures of 
the lignin component of wood24,25,26. But it is 
not any information about role of Mg in 
wood decomposition, although net gain in 
Mg content was noted by many researchers21.  

In our study it was found that 
concentration of Mg on 64% depends on 
decomposition stage. Linear multiply 
regression showed that this concentration 
depend as well on MAP and negatively on 
temperature regime (r2=0.66, F(3;65)=41.75). 

Composition of organic substances  

Mobile and immobile organic matter  

Organic matter of plant residues consists 
of two main fractions: mobile organic 
substances that are able to go out from plant 
tissues to the liquids; and immobile organic 
matter that include substances, which are not 
soluble in water or alkaline solution. Mobile 
organic substances were extracted by water 
(CH2O) and 0.1M NaOH (CNaOH).  

Total amount of carbon extracted by 
water and alkaline solution (0.1M NaOH) are 
usually used for estimating of mobile 
(soluble) organic compounds27-29. Substances 
precipitated from alkaline extract by acids 
can be considered as young humic acids [30]. 
These substances include large amount of 
phenol hydroxyls and enriched with 
hydrogen, have more simple structure in 
comparison with humic substances from soil 
and contain large amount of nitrogen27. 

As it was shown in studies by Olk et al. 
(1995)31 and Kerek et al. (2003)32 mobile 
humic acids extracted by alkaline solution 

without decalcification present an early stage 
of SOM evolution. It is less aromatic and had 
fewer carboxyl groups than humic acids 
connected with solid phase of soil and as 
consequence it is likely to be more active in 
nutrient cycling31. Campbell et al. (1967)33 
have found that mobile humic acids extracted 
by alkaline solution had much younger mean 
residence times than humic acids connected 
with Ca as determined by 14C-dating31. 

Concentration of water-soluble organic 
substances in CWD ranges from 2.6 to 
46.7g*kg-1. It makes up from 0.4 to 10.9% of 
total organic carbon in these plant residues. 
Alkaline –soluble fraction of organic matter 
ranges from 7.1 – 19.2 g*kg-1 in live wood to 
102.1 – 150.8 g*kg-1 in CWD at the third 
decomposition stage. It makes up 1.5 – 4.3% 
of total carbon content in live wood, 3.1 – 
13.4% at the first decomposition stage, 8.7 – 
23.9% at the second stage, 7.7 – 29.3% at the 
third decomposition stage and 18.5 – 25.9% 
of total carbon in woody fragments from 
forest litter. 

Fulvic acids prevail in composition of 
alkaline-soluble products of CWD 
decomposition. They make up from 53.2 to 
70.1% of carbon in NaOH extract. 
Concentration of mobile humic acids 
increases from 5.3 – 35.2 g*kg-1 in CWD at 
the 1-st decomposition stage to 42.4 – 57.9 
g*kg-1 at the late stages of decomposition. It 
makes up from 2 – 3 to 9 – 14% of total 
carbon content. 

Mobile organic matter makes up from 4 
to 34% of total organic carbon in CWD at 
different stage of decomposition. Abundance 
of immobile organic compounds 
(CLOM=Ctotal – CMOM) decrease during 
decomposition from 97 – 87% of total 
organic carbon at the 1-st stage to 76 – 68% 
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on the last stage of decomposition. Totally it 
makes up from 400 – 450 to 270 – 375 
gC*kg-1. 

Concentration of mobile organic 
substances (measured as C concentration in 
water and alkaline extracts) depends on 
decomposition class of CWD (r=0.72). This 
concentration increases with decomposition 
class and can reach to 30-33% of total 
organic carbon at the late decomposition 
stages.  

Concentration of mobile organic 
substances in CWD is as well positively 

correlated with decomposition stage and 
radiation balance, and negatively depends on 
mean annual precipitation (MAP) (r2=0.64, 
F(3;53)=30.75). Probably, negative depen-
dence of CMOM from MAP is connected with 
influence of precipitation on degree of 
mobile organic compounds leaching from 
CWD. Radiation balance reflects 95% of 
differences in MAT and 98% of sum of 
temperatures during periods with 
temperature above 5 and 10ºC. Thus, 
concentration of mobile organic matter is 
dependent on temperature and moisture 
regimes for studied regions. 

 

Fig.4 : Net content of water-soluble (CH2O) and alkaline-soluble (CNaOH) products at different stages 
of CWD decomposition: FT- forest-tundra; NT- northern taiga, MT – middle taiga, ST – southern taiga. 
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in conditions of northern ecosystems (Fig.4). 

Concentration of humification products 
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negatively correlated with MAP (r2=0.70, 
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These logs differ from other with lowest 
concentration of Ca, K, P and partly of Mg. 
The similar results were obtained in other 
studies35 where was found that forest litter 
under the spruce stands had a low nutrients 
concentration and produced more humified 
organic matter with higher content of humic 
acids. 

CONCLUSION 
Patterns of CWD decomposition for 

northern and for southern ecosystems differs 
substantially.  

Decomposition of CWD at northern 
latitudes differs with greater loss of carbon 
and nutrients release during decomposition 
from 1-st to 3-rd class of decomposition 
while more southern ecosystems is 
characterized by nutrient immobilization (Ca, 
Mg) from surrounding areas or conservation 
(P,K) of nutrients in CWD. 

Stage of decomposition explains 74% of 
changes with CNaOH concentration in 
decomposed CWD, 81% of fulvic acids 
concentration and 64% of Mg concentration 
in CWD. The most important climatic factors 
for chemical composition of CWD are mean 
annual temperature (MAT) and duration of 
warm period (DWP). They influence on 
changes in nutrient content providing 
conditions for activity of certain microbial 
community.  

Temperature appears to be the most 
important climatic variable for logs perhaps 
because the volume of the logs makes them 
able to buffer changes in moisture36.  

The extent to which CWD influences the 
biogeochemistry of its surroundings is 
controlled by many factors including its 
original chemical and structural composition 

and, in no small part, the nature of the 
chemical alteration imparted to it during 
microbial degradation. 

Thus, CWD in northern and southern 
ecosystems play different role in 
biogeochemical cycles. If logs of pine, 
spruce and fir in southern ecosystems 
accumulate significant amount of nutrients 
and humification products in their biomass 
during decomposition and create relatively 
nutrient-rich microsites, which provide 
specific terrestrial habitats, CWD of larch 
and spruce in northern ecosystems probably 
is a source of nutrient release to the soil and 
groundwater. The main reason for such 
differences is peculiarity of decomposition 
process in these zones that are connected 
with specificity of microbial complexes 
decaying wood in these conditions. 
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