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Introduction 
Soil organic matter (SOM) is crucial to a soil’s 
fertility, its resistance to degradation (Krull et al., 
2004), and its function as a storage for carbon 
and nitrogen. The aim of this study was to 
examine the impacts of forest clearing in north-
eastern China on the humus form, pH, and 
contents of total nitrogen (Nt), organic carbon 
(Corg), water-soluble organic carbon (WSOC), 
and mineral nitrogen (Nmin) 
 
Materials and methods 
Experimental areas 
The study was conducted in two different areas 
in Heilongjiang Province, belonging to the 
Experimental Forestry Centers of Liangshui 
(128°50’N, 47°10’E; mean annual precipitation 
(P) 676 mm and temperature (T) - 0.3°C) and 
Mao’ershan (127°40’N, 45°25’E; P: 700 mm and 
T: 2.5°C), respectively. In Liangshui, studied 
forests were mixed whereas in Mao’ershan 
forests were completely broadleaved. The soils 
were classified as decalcified Eutric Cambisols 
or Haplic Luvisols (silty loam). 
 
Experimental design 
Using a chronosequence approach, we selected 
virgin forests and forests that had been cut once 
or twice (Fig. 1). After clear-cut, all sites had 
been recovering naturally. In Liangshui, all sites 
had a slope inclination near to zero, in 
Mao’ershan, SW slopes were chosen (inclination 
11.7 ± 4.0°, n = 9). 
 
Soil sampling and analysis 
Forest floor and mineral soil material was 
collected using a humus pot (metal cylinder) and 
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a Puerkhauer soil auger, respectively. For WSOC 
and Nmin, mineral soil samples were extracted 
with 1 M KCl solution and filtered prior to 
analysis. 
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Figure 1. Experimental design. For each treatment three 
replicate sites were chosen within a distance of at most a 
few kilometers. 
 

Results and discussion 
The humus form changed to biologically more 
active forms in the first 30 years after clearing 
(Fig. 2). Concurrently, the Corg (Fig. 3) and Nt 
(not shown) stocks of the mineral soil as well as 
C/N ratios of forest floors (Table I) decreased 
while WSOC contents temporarily increased (not 
shown). This was presumably a result of 
enhanced decomposition and an increased 
nutrient availability and supports the well-known 
relationship between C/N ratio and humus form 
(Beyer, 1996; Fischer et al., 2002). A few 
decades later, the trend apparently reversed, 
presumably as a consequence of rapid plant 
growth, which inhibited biological activity by 
means of nutrient removal (cp. Nilsson et al., 
1982; Ponge, 2003). After 50–70 years, natural 
forest recovery had restored or even led to an 
increase in SOM stocks (Fig. 3). 
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Figure 2. Relative occurrence of different humus forms 
based on the nine humus forms (= 100%) determined for 
each treatment. 
 
Changes in total Corg and Nt stocks could mainly 
be attributed to changes in Ah horizon 
thicknesses (Fig. 3), indicating a shift in biomass 
allocation strategy. Total stocks were governed 
by mineral soil stocks which can be explained by 
the alternating climatic conditions, favoring 



 

biological activity in the summer but restricting 
decomposition during the rest of the year. 
Repeated clearing appeared to cause a quicker 
decline in SOM stocks as the comparison 
between Liangshui and Mao’ershan suggests. 
 
Table I. C/N ratios of forest floor C and N stocks. 

–––––––––––– Liangshui ––––––––––– –––––––––– Mao'ershan –––––––––
treatment n C/N treatment n C/N 

LV 9 25.8 ± 2.9   a** M70 9 25.5 ± 1.5   a* 
L30 9 20.5 ± 1.7   b** M70/30 9 23.0 ± 1.9   b* 
L50 9 22.4 ± 2.7   ab M70/50 9 23.7 ± 1.6   ab 
L70 9 22.9 ± 2.7   ab    

 
 

Different letters within columns indicate significant differences at a level 
of 0.05 (*) and 0.01 (**), respectively. 
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Figure 3. Total Corg stocks [t ha- 1] separated for Ah 
horizons and forest floors. Different letters within the bars 
indicate significant differences (P < 0.05) between the 
treatments of one area, the average Ah horizon thickness is 
given on top of each bar. 
 
Under the present conditions, the ecosystems’ 
function as a source for C and N during the first 
decades after clearing can apparently be 
compensated for by the establishment of a 
secondary forest already 50 years after the clear-
cut event. Considering that C/N ratios were 
comparably low in both forest floors (Table I) 
and mineral soil (C/N: 11–13, not shown), that 
nitrate accounted for more than half of the total 
Nmin pool (Fig. 4), and that during summer 
increased decomposition rates are accompanied 
by concentrated precipitation, nitrate leaching is 
very likely to occur. 
 

Conclusions 
A temporary humus form shift towards 
biologically more active forms 30 years after 
clear-cut, accompanied by a decrease in total C 
and N stocks can be assumed. As early as 50 
years after clear-cut, SOM stocks have recovered 
to the original level. The observed small 
contributions of forest floor C and N stocks, 
which in contrast are very high, are likely to be a 

result of the climatic conditions, favoring 
bioturbation in summer but restricting 
decomposition in winter. 
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Figure 4. Average (n = 3) Nmin contents in the three depth 
intervals and profile sums (? Nmin). Standard deviations 
(error bars) refer to total Nmin  (NO3

- -N + NH4
+-N) 

contents. In both areas, no significant differences were 
found between treatments. 
 
The risk for nitrate leaching can be considered 
high in view of the low C/N ratios, the high 
proportion of nitrate of Nmin as well as the fact 
that high amounts of precipitation meet high 
temperatures during the summer months. 
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