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Abstract Based on data collected (through local observa-
tions) for several consecutive years, comparative analyses
of Chinese fir plantations in Huitong, Hunan, were made.
Results show that, before harvesting, carbon storage in
forest soils in these 22-year-old plantations (0–60 cm)
amounted to 160.38 t/hm2; 1 year after a 100% clear-
cutting, loss of carbon storage in the soil (0–60 cm) of
cutover areas was 35.00%; 2 years later, the rate was
44.65%; and, after 3 years, the rate was 43.93% compared
with a control area of a standing forest. Three years after
50% thinning and 100% clear-cutting, the loss of carbon
storage in the soil (0–60 cm) of cutover areas was 16.14
and 45.15%, respectively. There existed an evident
difference in carbon storage in the soil (0–60 cm) of
cutover areas in four kinds of management regimes, which
followed the order: closed Chinese fir forests (108.20 t/
hm2) > fallow lands after farming (92.68 t/hm2) > com-
mercial forests (85.80 t/hm2) > naturally regenerated
forestlands after harvesting. Carbon storage in unburnt
soil (0–45 cm) reached 73.36 t/hm2, which was 15.20 t/hm2

higher than that in the soil of burnt areas. A total of 20.7%
of carbon storage in the soil (0–45 cm) of burnt areas was
lost 40 days after burning. Carbon storage in surface soil
(0–15 cm) was higher than in the lower soil layer, which
amounted to 30.04% (0–60 cm) and 53.52% (0–30 cm) of
total carbon storage in the soil.

Keywords Chinese fir plantation, management regimes,
cutover areas, soil carbon storage

1 Introduction

The buildup of greenhouse effects in the atmosphere results
in climate warming on a global scale—one of the most
serious environmental problems demanding prompt action.
The International Geosphere–Biosphere Program, which
was implemented in the 1980s, has brought each country
face to face with the problem and with the realization that
much more attention must be given to changes in the global
environment. Studies of climate change have forced the
academic community to pay attention to carbon balance,
carbon storage, and carbon distribution in terrestrial eco-
systems [1]. Global carbon storage in the soil is a huge
carbon pool (1.394×1012 t), which is about two to three
times the carbon concentration in vegetation and twice that
in the atmosphere [1,2]. It is estimated that the annual
amount of carbon released globally from the soil is about
68×109 t, so that even slight changes in carbon in the soil
can cause observable changes in CO2 concentrations in the
atmosphere [3]. Globally, carbon storage in forest soils
amounts to 73% of that in the total soil [4]. It mainly
originates from forest litter (the decomposition of litter and
humus) and is a major source or sink for CO2 in the
atmosphere. Hence, the storage, distribution, and conver-
sion of carbon in forest soils are increasingly becoming the
focus of global research into organic carbon. It also strikes
at the core of studies in global climate change [1]. At
present, there still are many gaps in our knowledge about
the dynamics and the factors that influence carbon pool in
the soil, especially the mechanism as to how organic
carbon in forest soils is affected by forest depletion, forest
fires, and changes in management regimes after deforesta-
tion [5,6]. Especially since the 1960s, forest resources have
been excessively exploited and depleted. Increasingly,
forests are being transformed into agricultural lands as a
result of great population pressures. Changes in soil
management regimes over time are the major factors that
cause CO2 concentration in the atmosphere to rise
persistently. The amount of carbon released by farmlands
has accounted for 18% – 60% of the total [5,6]. Therefore, a
correct evaluation of the carbon process in forest soils is a

Translated from the Journal of Central South Forestry University,
2004, 24(1) (in Chinese)

Fang Xi (*), Tian Dalun, Xiang Wenhua
Research Section of Ecology,
Central South Forestry University,
Changsha 410004, China
E-mail: fangxizhang@sina.com



key component of the present studies of global climate
change and how carbon cycle is affected by forest
management and changes in management regimes after
forest depletion [7]. In recent years, many relevant
investigations have been carried out in China [7–14].

Based on the data collected from observations in various
locations, we show, by comparative analysis, the effects of
human management activities on soil carbon storage in
Chinese fir plantation ecosystems. This could provide the
basis for further studies and a correct evaluation of the
effects of changing land-use patterns on soil carbon storage.

2 Site description

The experiment site was established in the Huitong Forest
Ecology Research Station (26°55′N, 109°45′E), southwest
of Hunan Province—one of the major national field
stations for scientific observations and experiments and
one of the key ecological stations of the State Forestry
Administration. Its physiognomy is characterized by low
hills, with an elevation of 300–500 m asl. The area belongs
to a typical subtropical monsoon climate zone with a mean
annual air temperature of 16.8°C, a mean annual relative
humidity of 80%, and a total annual rainfall of 1,100–
1,400 mm. The stratum is an old forest soil, a typically
mountainous yellow soil derived from metamorphic slate
and shale rocks. These all benefit from the growth of
Chinese fir. There are eight small, parallel experimental
watersheds with similar topographies and habitat environ-
ments. The area of each small watershed is about 2 hm2,
and their mutual distance is < 100 m. Experimental stands
of Chinese fir plantations were established in 1966; in late
1987, an artificial disturbance experiment was carried out
in 22-year-old Chinese fir plantations. In the spring of
1988, these watersheds were reforested with the same
species, and local studies on the second generation of
young Chinese fir plantations were launched.

3 Methods of collection and determination for sample
analysis

In late 1987, the 22-year-old Chinese fir plantations in five
watersheds were clear-cut, of which four watersheds were
subjected to slash burning and soil preparation. The stands
were cultivated and afforested by second-generation Chi-
nese fir in spring 1988. In two watersheds, intermediate
cutting of 50% intensity was carried out, and one watershed
was reserved as control plot. From 1988 to 1990, renewed
Chinese fir plantations were fostered by full reclamation in
clear-cut watersheds in May and August of every year,
while intermediate-cut watersheds were not treated.

Depending on landform features and hypsography, sam-
ples were collected for analysis at the foot of the hills (at an
elevation of 330 m) and at slopes (at an elevation of 350 m)
in different watersheds. Collection and analysis of samples
were carried out in May of each year.

In spring 1996, in a plantation harvested for many years,
two similar-sized (10 m2) forest areas were selected. One
was treated by the operational process of simulated slash
burning, consisting of consecutive treatments of cutting,
sunning, and burning; the other was covered with wood,
twigs, shrubs, and weeds that were chopped and left to
decompose. After slash burning, data collection, determi-
nation, and analysis were carried once every 10 days, and
the average from five observations was regarded as the
final result after 40 days.

For easy comparison, the soil samples of each site were
taken at depths of 0–15, 15–30, 30–45, and 45–60 cm,
randomly sampled for three to four times, and mixed.
Mixed samples are analyzed and determined as the final
results of every watershed. Meanwhile, soil volume weights
were determined, from which the soil weight of every soil
layer per unit area was calculated.

The organic carbon content in soil samples was
determined by a potassium dichromate–hydration heating
method [15].

4 Results and analysis

4.1 Comparison of soil carbon storage in forestlands
before and after timber cutting

Organic carbon in forest soils largely originates from
decomposed forest plants, animals and litter transformed
by microorganisms, and chemical leaching. Timber cutting
is the usual activity pattern for the management of forest
resources. After timber harvesting, especially clear-cutting,
the canopy disappears and a change in the equilibrium and
environmental conditions of the forest results in acceler-
ation of oxidation and decomposition of organic matter in
the soil. For example, the change precipitates an increase in
temperature and a decrease in humidity, and limits the
quantity and quality of microorganism activities in forest
soils, which directly affect carbon content. At the same
time, the process of harvesting and transporting timber
destroys the humus layer in the cutover area, which, in turn,
uncovers and loosens the topsoil. Organic matter will wash
away during the next rainfall. Soil carbon storage in
Chinese fir plantations obviously changes after timber
harvesting, as shown in Fig. 1. Before deforestation, carbon
storage in the forest soil (0–60 cm) amounted to 160.38 t/
hm2 in the 22-year-old Chinese fir plantations in Huitong
County; 1 year after harvesting, carbon storage in the soil
of the cutover area (0–60 cm) decreased to 104.25 t/hm2;
after 2 years, it decreased to 88.08 t/hm2; but, after 3 years,
it showed a small increase to 89.93 t/hm2. Since the natural
restoration of the cutover land consisted simply of shrubs
and herbs, which protect surface soil, carbon storage in the
soil 3 years after deforestation was slightly higher than
those in the two previous years.

It has been reported that, after deforestation, soil carbon
storage in tropical forests decreases by 35%, in temperate
forests by 50%, and in arctic forests by 15% [7]. After
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clear-cutting of virgin tropical mountain rain forests
(removing all timber and preserving only the litter layer),
organic carbon storage in the soil of denuded lands (0–
100 cm, mountain yellow soil) decreased from 104.70 to
98.14 t/hm2 (determined 4 years after clear-cutting) and the
rate of loss was 6.27%. After a second clear-cutting, the
organic carbon storage in the soil dropped to 95.48 t/hm2

(determined 4 years after clear-cutting) [16]. In the central
production unit of the Chinese fir plantations in Huitong
1 year after deforestation, the rate of carbon storage loss in
the soil (0–60 cm) of the cutover land amounted to 35.0%;
after 2 years, it amounted to 44.7%; and, after 3 years, it
amounted to 43.9%. This demonstrates that timber harvest-
ing results in a large loss of organic carbon from forest
soils.

4.2 Contrast of soil carbon storage with different
cutting intensities

Soil carbon storage in Chinese fir plantations decreases
with increasing cutting intensity, as shown in Fig. 2.

Soil carbon storage in the control area amounted to
162.32 t/hm2. After a 50% thinning and a 100% clear-
cutting after 3 years, soil carbon storage decreased to
136.18 and 89.93 t/hm2, with rates of loss of 16.14 and
45.15%, respectively. Different cutting intensities ob-
viously lead to a decrease in carbon storage in the soil;
especially after a 100% clear-cutting, the soil surface of the
forest area becomes exposed, the scouring effect of rainfall
becomes serious, the temperature in the soil increases, and

the range of temperature changes accelerates. All these
factors can accelerate the release and runoff of organic
carbon in the soil.

Wu et al. [16] compared soil carbon storage of 50% and
30% thinning with a control plantation after 5 months; in
this tropical rain forest, soil carbon storage decreased by
5.3% and 4.5% per hectare, respectively.

4.3 Contrast of soil carbon storage with different
management regimes for cutover lands

We determined and analyzed the organic carbon content
and storage in harvested areas in different management
regimes in the Chinese fir plantations. The results in
Table 1 indicate that soil carbon contents show clear
variations with different management regimes for defor-
ested areas; weighted average carbon content in deforested
areas in four kinds of management regimes shows the
following ranking order: closed Chinese fir plantations
(14.81 g/kg) > fallow lands after farming (11.84 g/kg) >
naturally regenerated forestlands (11.71 g/kg) > commer-
cial forests (11.30 g/kg). In the process of site preparation,
the remains of living matter were buried in the soil and big
holes were dug for planting; there were large quantities of
rotting stumps and tree roots, so that the carbon content in
the soils (0–15 cm) of commercial forests was higher than
that in closed plantations and reached 22.25 g/kg. In

Fig. 1 Soil carbon storage before and after cutting

Fig. 2 Soil carbon storage with different cutting intensities in
Chinese fir plantations

Table 1 Soil carbon storage in cutover areas in different manage-
ment regimes

Item Soil depth/
cm

Soil
volume
weight/
(g·cm−3)

Organic
carbon
conten/
(g·kg−1)

Carbon
storage/
(t·hm−2)

Closed Chinese
fir forests

0–15 1.20 20.60 37.08
15–30 1.13 17.14 28.98
30–45 1.23 12.42 22.88
45–60 1.31 9.79 19.26
Total 108.2

Naturally
regenerated
forestlands
(second needle–
broadleaf mixed
forestlands)

0–15 0.98 25.99 38.21
15–30 1.05 12.55 19.77
30–45 1.23 7.27 13.41
45–60 1.31 4.53 8.90
Total 80.29

Commercial forests 0–15 1.12 22.25 37.38
15–30 1.18 14.99 26.53
30–45 1.37 6.38 13.11
45–60 1.39 4.21 8.78
Total 85.80

Fallow lands after
farming

0–15 1.30 16.55 32.27
15–30 1.27 13.92 26.52
30–45 1.34 7.77 15.62
45–60 1.31 9.30 18.27
Total 92.68
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different soil layers below 15 cm, the carbon content was
lower than that in closed fir plantations. Farming activity
reacts with carbon in surface soil (0–15 cm) of the cutover
lands; the carbon content in fallow lands after farming was
16.55 g/kg, obviously lower than those in other regimes.

Table 1 also shows that the order of carbon storage in the
said four kinds of management regimes for the harvested
areas is as follows: closed Chinese fir forest areas (108.20 t/
hm2) > fallow lands after farming (92.68 t/hm2) >
commercial forests (85.80 t/hm2) > natural regeneration
on deforested lands (80.29 t/hm2). Although carbon storage
in soil (0–60 cm) in fallow lands after farming is higher
than those in commercial forests and naturally regenerated
deforested lands, carbon storage in soil (0–15 cm) in fallow
lands after farming is obviously lower than those in other
management regimes. Because of human intervention in
activities such as soil preparation, carbon storage in
commercial forests is higher than that in naturally regen-
erated cutover areas. If these areas are renewed by planting,
even a simple artificial forest will be beneficial for the
preservation of carbon in these soils. But when people take
advantage of the situation, collecting herbs and burning
slash in the process of planting and site preparation, these
activities will lead to lower carbon content and carbon
storage in surface soil than those in naturally regenerated
areas and commercial forests. Therefore, residual matter in
the soil after planting and site preparation will be beneficial
for carbon preservation and will prevent carbon collapse in
the soil.

4.4 Effect on carbon storage in different treatment
regimes before replanting

Slash burning on mountain slopes in cutover forests is a
method that is generally adopted to deal with large amounts
of slash. The effect of slash burning on carbon storage in
forest soils varies widely in different conditions, but largely
depends on the frequency and intensity of burning [7]. In a
comparative experiment, results presented in Table 2 show
that soil carbon storage is 58.16 t/hm2 in burnt areas, while
it is 73.36 t/hm2 in areas where slash has not been burnt.

This is 15.20 t/hm2 more than that in the burnt area [i.e.,
soil organic carbon storage in deforested lands (0–45 cm)
loses 20.7% of its capacity per hectare after burning]. The
amount of loss from the surface soil (0–15 cm) is rather
obvious and may reach 11.91 t/hm2, which accounts for
78.36% of the total loss.

It has been reported that the carbon content in the first
60 cm of soil of radiate pine forests, planted on burnt slash
sites in Australia, is still 40%–50% lower than that of un-
burnt deforested lands after 24 years [2]. The experimental
results of slash-and-burn cultivation show that the effect of
this kind of cultivation on soil carbon could reach a depth
of 60 cm, and the amount of CO2 released from soil is
about 37.9% higher than that from semideciduous tropical
monsoon forests in Jianfengling, Hainan Island, China
[17]. After the forest area is burnt, the soil carbon content
and carbon storage capacity of soil decrease. It may be due
to either of the following reasons: (1) after forest areas are
burnt, the remains of animals, plants, and organic matter in
the soil are easily decomposed by high temperatures, and
carbon in the soil is released to the atmosphere by means of
CO2; or (2) after burning, soil ecosystems expand rapidly
and destroy the soil; the surface of forest areas becomes
comparatively bare and loose; Chinese fir plantations in the
subtropics occur frequently in mountainous areas with an
abundant and concentrated rainfall; and, on hillsides of 20–
40°, large amounts of organic carbon are washed away with
ensuing soil erosion. Hence, if traditional production
methods could be replaced by a cultivation of “no plowing,
no burning” during the course of site preparation and
planting, it might increase the soil carbon content and soil
productivity and might effectively reduce the loss of soil
carbon from forest areas.

4.5 Vertical distribution of soil carbon storage
in Chinese fir plantations

The remains of forest animals, plants, and litter are the
main sources of soil organic carbon. Some factors, such as
climate and creatures, are responsible for the composition
of forest soils in layers and cause significant variations in
soil organic carbon content and storage with soil depth.
Carbon storage in surface soil (0–15 cm) was higher than
that in other soil layers and accounted for 30.04% of the
total carbon storage in the soil (0–75 cm); 53.52% of the

Table 2 Soil carbon storage in cutover areas with different
treatment regimes

Item Soil
depth/
cm

Soil
volume
weight/
(g·cm−3)

Organic carbon
content/
(g·kg−1)

Carbon
storage/
(t·hm−2)

Deforested and
burnt areas

0–15 1.08 13.603 22.04
15–30 1.13 10.251 17.38
30–45 1.20 9.642 17.36
Total 56.78

Unburnt
deforested areas

0–15 1.16 19.859 34.56
15–30 1.21 11.382 20.66
30–45 1.23 9.832 18.14
Total 73.36

Table 3 Vertical allocation of soil carbon storage in Chinese fir
forests

Soil depth/
cm

Carbon storage/
(g·kg−1)

Organic carbon content/
(g·kg−1)

Carbon
storage/%

0–15 20.60 37.08 30.04
15–30 17.14 28.98 23.48
30–45 12.42 22.88 18.53
45–60 9.79 19.26 15.60
60–75 8.21 15.25 12.35
Total 123.45 100.00
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total soil carbon of forest areas was distributed and
persisted in surface soil up to 30 cm. We conclude that
soil organic carbon is mainly distributed in surface soil and
that human activities of different management regimes
essentially affected only the first 30 cm of surface soil
(Table 3). Different management regimes would have a
great influence on soil carbon and often will determine the
function of carbon in forest soil as a “source” or “sink.”

5 Conclusions

1. Before harvesting, carbon storage in forest soils (0–
60 cm) amounted to 160.38 t/hm2 in the 22-year-old
Chinese fir plantations in Huitong Research Station.
One year after a 100% clear-cutting, the loss of carbon
storage in the soil (0–60 cm) of deforested areas
amounted to 35.00%; after 2 years, it amounted to
44.65%; and, after 3 years, it amounted to 44.93%. It is
obvious that timber harvesting has resulted in a great
loss of carbon in forest soils, and the loss of soil carbon
storage would increase even more with a stronger
intensity of harvesting. Compared with the control
forest, 3 years after a 50% thinning and a 100% clear-
cutting, the rates of the loss of carbon storage in the soil
(0–60 cm) of deforested areas were 16.14% and 45.15%.

2. Different management regimes for cutover areas could
give rise to differences in soil carbon storage. After
harvesting, carbon storage in the soil of Chinese fir
stands (which were, over time, renewed by planting)
was more affected than that of the other three
treatments. But because of the use of fire and cutting
weeds as part of site preparation and planting, the
effect on carbon storage in surface soil (0–15 cm) was
clearly less than the carbon storage in the soil of
commercial forests and that of cutover areas that
renewed naturally.

3. Carbon storage in the soil (0–45 cm) of burnt areas lost
20.7% of its capacity before afforestation; the loss in
surface soil (0–15 cm) was more severe and amounted
to 11.9 t/hm2. This loss accounted for 78.36% of the
total loss. Hence, if traditional production methods
could be replaced by the cultivation methods of “no
plow, on fire” during site preparation and planting, it
might increase soil carbon content, storage capacity,
and soil productivity, and might effectively reduce the
loss of carbon from forest soils.

4. The amount of carbon in surface soil (0–30 cm)
accounted for 53.5% of the total carbon distribution in
forest soils. Human activities in the form of different
management regimes essentially had an effect on top
surface soil to a depth of 30 cm. Thus, different
management regimes greatly influence soil carbon and
often determine the function of forest soil as a carbon
“source” or “sink.”
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