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Abstract Guifeng, Yiyang County, belongs to a seriously
degraded red soil region. In 1991, Pinus elliottii and
Lespedaza spp. were the species selected for the establish-
ment of a mixed forest in the area. The results of an
investigation of the soil system in a 12-year-old forest
indicated the following: (1) Organic matter and total
nitrogen of the forest soil to a depth of 40 cm were 88.0 and
36.0% higher, respectively, than those of a control plot;
total phosphorus and available phosphorus were 40.9 and
22.3% higher than those of the control; available potassium
contents were 8.13% lower than those of the control. (2)
Soil aeration and the soil air regime improved. (3) Protein-
ase, catalase, and urease in the forest soil to a depth of
40 cm were usually higher than those in the control plot and
decreased with soil depth.

Keywords erosion, red soil, reforestation, ecological
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1 Introduction

Red soil swells up in the rainy seasons, and its moisture
evaporates and constricts in the dry season. Therefore, it is
very easy to develop a perpendicular fissure and erosion
profile with the change of the seasons. Forest ecological
fragility is decided by southern weather characteristics and
human intervention, and as a consequence, the southern red
soil area has become one of the most seriously eroded

districts of inland China [1]. In this region, which includes
Jiangxi Province, low vegetation cover, poor soils, super-
ficial soil layers, inadequate soil structure, and easily
eroded soils are common [2–4]. Therefore, restoration and
rehabilitation of vegetation are the key to improve
ecological conditions of the area. Accordingly, the severely
degraded red soils in Guifeng were chosen to investigate
the effects of a 1991 reforestation and to establish silvi-
cultural techniques and good methods to restore these
seriously degraded red soils.

2 Description of experimental area

The experimental zone, located in Guifeng, Yiyang
County, south of the central part of the Xingjiang River,
is located in the east of Jiangxi Province (28°30′N, 117°15′
E). The elevation is between 36 and 55 m. The soil, devel-
oped in the Quaternary era, is a red soil with a pH of 4.2.
The particulate parent rock is opened. There is no grass,
and the area looks like a “red desert.” In 1991, Pinus
elliottii was chosen for the dominant tree layer, Lespedaza
spp. and Quercus fabri for the shrub layer, and Paspalum
notatum and Lolium multiflorum as herbal plants. Silvi-
cultural experiments on difficult sites, using container-
grown seedlings and APT rooting powder, were conducted.

3 Investigations of contents and methods

In 2002, two 20 m× 30 m sample plots were established in
the 7.3-hm2 test site. Tree height, breast height diameter,
clear stem height, and crown width were measured for
every tree in the sample plot. One control plot was chosen.
At each sample plot, five points were established by a
diagonal line method; litter was removed, a soil profile was
dug, and soil samples were collected from four layers at
depths of 0–10 cm (layer I), 11–20 cm (layer II), 21–30 cm
(layer III), and 31–40 cm (layer IV). Soil property indices
about chemical and physical characteristics and enzyme
activities and physics were assayed.
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4 Results and analyses

4.1 Forest soil nutrients

Surface runoff and soil erosion caused the loss of topsoil
and its enriched nutrients, resulting to insufficient nutrients
in the soil and a decrease in fertility. Soil degradation is a
widespread problem in the red soil region. It was suggested
that artificial plantations would play an important role in
soil nutrient restoration of the eroded and degraded eco-
system [1]. Table 1 and Fig. 1 show the soil nutrient con-
ditions of the mixed forest of P. elliottii and Lespedaza spp.
The results indicate the following:

1. Forest soils of the mixed forest of P. elliottii and
Lespedaza spp. had 88.0% more organic matter and
36.0% more nitrogen than the control plot. Down to a
soil depth of 30 cm, the loss of these compounds from
the soil was faster in the control plot than in the
experimental plots of the mixed forest. The variation at
a depth of 30–40 cm is smaller than that of other layers.
However, it was higher than the surface soil of the
control plot. These results suggest that Lespedaza spp.
is a good plant at restoring fertility and productivity in
severely eroded lands since it has a strong nitrogen
fixation capacity that can improve soil organic matter.

2. Total phosphorus content in the soil of the mixed forest
of P. elliottii and Lespedaza spp. was 40.9% higher
than that of the control plot. It declined slowly to the
lower soil layers. Available phosphorus was 22.3%
higher than that of the control and it likewise declined
at lower soil layers except for the 30–40 cm soil layer.

3. The total potassium in the soil of the mixed forest was
only 0.9% higher than that of the control. Available
potassium was 8.13% lower than in the soil of the
control plot. This potassium content available in the
soil decreased in just 10 years. The eroded red soil was
lacking in potassium for it was depleted by the growth
of wood.

4. Acidification of the soil plays a major role in soil
erosion and degradation. The improvement in soil
acidification is an important goal in the restoration of
degraded ecosystems. From our investigation, we
conclude that, over a period of only 10 years, the
state of serious acidity of the soil improved slightly; the
pH increased to 4.9%.

4.2 Physical properties of forest soils

As shown in Table 2 and Fig. 2, the volume weight of soil
of the mixed forest of P. elliottii and Lespedaza spp.
decreased by an average of 13.2% to a soil depth of 40 cm
over the 10-year interval. The hardness of the degraded red
soil was ameliorated considerably. Total porosity and
noncapillary porosity of the forest soil increased signifi-
cantly and were 42.3 and 818.8% higher than those of the
control. They also contributed significantly to the amelio-
ration of soil aeration and soil permeability. The capillary
moisture capacity and saturated water content of the forest
soil increased by 37.5 and 54.9%, respectively, compared
with that of the control. Improved moisture capacity
appears to be advantageous to the soil for water retention
and provides beneficial conditions for plant growth [5].
Thus, it could promote the restoration of vegetation on
depleted land.

The control surface soil had good permeability only to a
depth of 10 cm, while the soil of the mixed forest had good
permeability to a depth of 40 cm. The permeability
coefficient increased by an average of 145.4%.

4.3 The forest soil enzyme activities

It was reported that enzymes took part in all complete
biochemical processes including litter decomposition pro-
cess, the decomposition and synthesis of humus and all
organic compounds, soil nutrient fixation, and release

Table 1 Comparison of the state of nutrients in forest soils

Sample Soil layer Organic matter /
(g·kg−1)

Total N /
(g·kg−1)

Available N /
(mg·kg−1)

Total P /
(g·kg−1)

Available P /
(mg·kg−1)

Total K /
(g·kg−1)

Available K /
(mg·kg−1)

pH (H2O)

Control I 3.40 0.25 26.88 0.23 1.23 9.7 24.35 4.55
II 3.10 0.23 27.42 0.21 1.11 9.9 18.62 4.50
III 2.50 0.23 24.38 0.22 1.23 10.3 15.06 4.40
IV 2.30 0.23 27.32 0.22 2.33 10.6 10.31 4.48
Average 2.80 0.25 26.50 0.22 1.48 10.1 17.09 4.48

Mixed
forest

I 7.45 0.38 39.00 0.32 2.08 10.4 16.83 4.55
II 5.15 0.34 30.00 0.31 1.53 9.9 13.74 4.69
III 4.05 0.30 26.73 0.31 1.78 10.2 14.23 4.79
IV 4.40 0.33 28.04 0.31 1.84 10.3 17.95 4.78
Average 5.26 0.34 30.94 0.31 1.81 10.2 15.69 4.70

Increase relative
to control plot

Average (%) 88.0 36.0 16.8 40.9 22.3 0.9 −8.2 4.9
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process. Enzyme activity is a stable and intelligent index
for soil organisms, reflecting, to some extent, the dynamic
state of soil nutrient [6]. The following observations can be
extracted from Fig. 2:

1. Activities of proteinase and catalase in the soil of the
mixed forests to a depth of 10 cm were generally higher
than those in the soil of the control plot and decreased
with increasing soil depth. Proteinase took part in the

transformation of amino acids, proteins, and other
organic compounds that exist in the soil and influence
the pace of the nitrogen cycle in soil. Catalase is an
important oxidoreductase, which participates in the
transportation of material and energy. It plays a part in
the decomposition of hydrogen peroxide, which is
harmful to soil vegetation, and indicates partly the
intensity of soil biochemical processes. This result
suggests that the transportation ability of soil proteinic

Table 2 Comparison of physical properties of forest soils

Sample Soil
layer

Moisture
content/%

Volume
weight /
(g·cm−3)

Capillary
moisture
capacity/%

Saturated water
content/%

Capillary
porosity/%

Noncapillary
porosity/%

Total
porosity/
%

Permeability
coefficient

CK I 10.35 1.37 28.97 28.97 39.74 0 28.97 4.219
II 10.86 1.58 19.71 20.34 31.15 1 32.15 0.109
III 11.27 1.6 20.97 21.16 33.47 0.3 33.77 0.016
IV 13.66 1.49 23.62 24.16 35.14 0.8 35.94 0.188
Average 11.54 1.51 23.32 23.66 34.88 0.53 32.71 1.133

Mixed forest I 10.57 1.23 31.6 39.64 38.36 9.37 47.73 3.549
II 10.86 1.29 32.21 36.87 41.12 5.98 47.2 2.783
III 11.27 1.32 31.77 34.09 41.63 3.06 44.65 3.277
IV 13.66 1.41 32.68 35.94 45.51 1.07 46.60 1.513
Average 11.59 1.31 32.07 36.64 41.68 4.87 46.55 2.781

Increase rela-
tive to CK

Average
(%)

0.4 −13.2 37.5 54.9 19.5 818.8 42.3 145.4

CK means control plot.

Fig. 1 Change of soil
nutrients with depth in
forest soils
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nitrogen of mixed forests after 10 years had improved
sufficiently for a better functioning of the decomposi-
tion of hazardous materials and to increase soil fertility.

2. The activities of sucrase and acid phosphatase of the
forest soil to a depth of 30 cm were generally higher

than those of the control plot. An obvious trend shows
these activities decreasing with soil depths. The soil
sucrase activity is an important hydrolysis enzyme that
indicates soil bioactivation; its production aids plant
and microbe nutrition and participates directly in the

Fig. 3 Change of enzymic
activities with depth in forest
soils

Fig. 2 Change of physical
properties of forest soils with
depth
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soil carbon cycle. Many studies used soil sucrase
activity to indicate the degree of soil fertility. Acid
phosphatase is a type of catabolase enzyme of soil
organophosphorus compounds. Over the 10-year peri-
od, the forest soil, especially at a depth of up to 30 cm,
mellowed. This effectively improved soil-available
phosphorus.

3. Urease is a specific hydrolysis enzyme and participates
directly in the soil nitrogen cycle. Its activity may in-
dicate the state of nitrogen. In Fig. 3, it appears that the
urease activity of the forest soil at a depth of 20–40 cm
was higher than that of the control plot; the urease
activity of the forest surface soil was lower than that of
the control. This result needs further investigation.

5 Conclusions

Ecological functions in the soils of mixed forests in a
severely eroded red soil region have improved consider-
ably after 10 years. Our detailed conclusions are as follows:

1. Organic matter and total nitrogen content of forest soils
of the mixed forest of P. elliottii and Lespedaza spp.
were higher than those of the control plot at the same
soil depths. Organic matter, total nitrogen, and avail-
able nitrogen were 88.0, 36.0, and 16.8% higher,
respectively, as compared with the control plot. Total
phosphorus and available phosphorus were 40.9 and
22.3% higher, respectively, as compared with the
control. The pH was 4.9% higher as compared with the
control. However, available potassium was 8.2% lower
as compared with the control.

2. The indices of physical characteristic of the forest soil
improved significantly to a depth of 40 cm. These
include soil aeration, soil permeability, and moisture
capacity conditions.

3. The activities of proteinase and catalase in the soil of
mixed forests to a depth of 10 cm were generally higher
than those in the soil of the control plot and decreased
with increasing soil depth. It indicated that the trans-
portation ability of the soil proteinic nitrogen of the
mixed forest after 10 years had improved sufficiently,
resulting to its better functioning in the decomposition
of hazardous material.
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