
Impact of forest stand management on temporal dynamics of soil carbon and nitrogen

1. Introduction
The quantity and quality of soil organic matter (SOM) 
strongly influence the biomass production capacity of fo-
rest ecosystems. The present study was conducted in view 
of increased biomass harvesting for energetic utilization 
in our study area and focuses on:
i) assessing the influence of forest management systems 
on soil C- and N stores and mineralization potential
ii) subsequently testing whether silvicultural systems can 
be used to manage N retention and release.

2. Materials and Methods
Our study was conducted at two differently managed Quer-
cus petraea dominated forests in Lower Austria: High fo-
rest (HF) on eutric cambisol and coppice with standards 
(CS) on chernozems. The region receives around 500mm 
precipitation per year at a mean annual temperature of  
9,2°C. High forest stands are located within 38km from the 
EGU GA 2011 conference venue, northeast of Vienna. We 
used the chronosequence approach to test the influence 
of stand age on C and N pools.  SOC was determined by 
dry combustion and SON by Kjeldahl method (both from 
fine soil <2mm and O horizon). Additionally, carbon pools 
of fine roots (Ø<2mm), decay and aboveground biomass 
were determined within the framework of a larger research 
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Figure 2: Soil and litter nitrogen pools for high forest (HF) and coppice 
with standards (CS). N stores were regressed against stand age for both sil-
vicultural systems individually. Error bars depict the standard error of the 
mean (+/- 1 SE). A&B marks corresponding photos (see Figure 5).

Figure 1: Total carbon pools for high forest (HF) and coppice with stan-
dards (CS), separated into aboveground (aboveground biomass [ABIOM], 
litter [LIT]) and belowground (soil organic carbon [SOC], fine roots <2mm 
[FR], coarse roots >2mm [CR], fresh or partial decomposed residues [RES]) 
compartments for each plot in the two chronosequence sets. Aboveground 
biomass and soil organic C stores were regressed against stand age for HF 
and CS individually.

project. Aboveground and coarse root C pools were esti-
mated using specific allometric functions, assuming 50% 
C content in biomass compartments (w/w).

3. Results
SOC pools ranged from 53 to 69Mg.ha-1 on eutric cam-
bisol, representing 43% of total site C stores and from 72 
to 104Mg.ha-1 on haplic chernozem, representing 42% re-
spectively. Total N stores in the mineral soil compartment 
ranged from 3.6 to 4.5Mg.ha-1 and from 6.5 to 9.4Mg.ha-1 
for the two soil types. No significant correlation with 
stand age was observed for belowground C and N pools 

4. Conclusions
Soil and O-layer carbon stores are relatively low in cont-
rast to the mean C pools of Austria‘s forests (~120 Mg.ha-1 ). 
Nitrogen pools are lower in HF but in range of the mean 
(~8 Mg.ha-1) in CS. Wide C/N ratios in O-layer indicate 
rapid decomposition of litter and accumulation of C rich 
compounds, where latter plays a greater role in mature 
HF stands. Retention and release could be regulated by 
silvicultural systems (Table 1). Being aware of underlying 
processes is crucial when shifting management goals.
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in both study areas (Figs. 1 and 2). However, aboveground 
C pools showed a significant increase as the stand turns 
older and accumulates (woody)biomass (Fig.1). The HF 

system shows a gradual decrease of C/N ratio with in-
creasing stand age in topsoil horizons in contrast to the 
CS system where C/N ratios tend to increase again in the 
oldest stand. Additionally, the C/N ratio is predominant-
ly correlated with C (R = +0.70, p<0,01) in contrast to N 
(R =+0.17, p<0.01). Conversely, C/N ratio in CS system is 
predominantly correlated with N (R = -0.33, p<0.01) in 
contrast to C (R = +0.20, p<0.01).
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Figure 3: C/N ratios over a complete stand development (HF) for O-hori-
zon (litter and humus), and mineral soil strata 0<5<20<50 cm soil depth. 
Note the tendency of gradual decrease in topsoil horizons in contrast to 
subsoil and organic horizon.
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Figure 4: C/N ratios over a complete stand development (CS) for O-hori-
zon (litter and humus), and mineral soil strata 0<5<20<50 cm soil depth. 

♦ high forest (HF) coppice (CS)
1 Biomass accumulation, incorpo-

ration of N into woody biomass, 
herbaceous ground vegetation

Same as HF, but reduced magnitu-
de due to standards (shade, sour-
ce of woody debris), C inputs from 
harvesting (residuals)

2 Reduced incorporation, stable 
growing, canopy closes in begin-
ning and begins to open at the 
end of this phase (Fig.5)

Rapid growth - N uptake from mi-
neral soil but accumulating woody 
debris (O-layer) due to canopy clo-
sure

3 O-layer: more woody debris, 
herbaceous vegetation
Soil: less N uptake, increasing 
heterotroph respiration due to 
favorable conditions for micro-
organisms (canopy opens), no 
leaching

O-layer: deadwood/debris accumu-
lation
Topsoil: effects from Litter (O-hori-
zon)
Subsoil: Carbonate influence

Table 1: Summary of main processes influencing C and N fluxes and sub-
sequently C/N ratios in 3 growth phases (♦). HF: 1=0-30y, 2=30-60y, 3=60-
100y. CS: 1=0-15y, 2=15-30y, 3=30-50y.

Figure 5: Some snapshots of our chronosequence. Left: Quercus petraea 
dominated high forest (50 years). Canopy opens up, allowing some her-
baceous vegetation. Right: Quercus petraea-Carpinus betulus coppice with 
standards (31 years). Canopy closure nearly 100%, almost no ground vege-
tation.
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