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Abstract In order to accurately grasp the soil fertility in Three Gorges Reservoir Region after changing mountain slope into terrace field, we

take Wushan County for example, and use the spatio-temporal substitution method to analyze the soil nutrient status and trend about the terrace

field changed from mountain slope under different length of implementation. The results show that the soil fertility is generally low in the study

area, and according to the soil nutrient grading standards in the second national land survey, the average content of total nitrogen, available po-

tassium, organic matter and available phosphorus reaches Standard III, Standard III, Standard IV and Standard V, respectively, and the spa-

tial heterogeneity of soil nutrients is small. Compared to the sloping land, the terrace field changed from mountain slope has increasing soil nu-

trients on the whole with the length of farming. The mean of various indicators about soil nutrients in the terrace field changed from mountain

slope for 2 years is lower than in the sloping land, and there is the biggest difference in soil fertility, while the mean of various indicators about

soil nutrients in the terrace field changed from mountain slope for 14 years shows a linear upward trend, and the difference in soil fertility de-

creases.
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1 Introduction

China is one of the countries with the most serious soil erosion in
the world, and the moderate and severe erosion area in Three Gor-
ges Reservoir Region accounts for 64.55% of total soil erosion ar-

a4 in th § . .1
ea 1n the reservoir region .

Therefore, there is an urgent need
for comprehensive management of soil erosion in Three Gorges
Reservoir Region. More than 90% of severe soil erosion in Three
Gorges Reservoir Region occurs in the sloping land, and changing
mountain slope into terrace field is an important measure to control
the soil erosion of sloping land"’. Tmplementing the project of
changing mountain slope into terrace field, and enhancing the lev-
el terrace construction on the sloping land, is of great importance
to achieving effective control over soil erosion in Three Gorges
Reservoir Region, and thus contributing to the healthy develop-

ment of local agriculture” ™.

At present, the domestic scholars’
studies about the project of changing mountain slope into terrace
field are mainly focused on design and classification of changing
mountain slope into terrace field, water environmental effects,
benefits of soil and water conservation and other aspects” ™', but
it lacks studies on the soil fertility of terrace field changed from
sloping land. The assessment on soil fertility of the terrace field
changed from mountain slope in Three Gorges Reservoir Region is
also relatively rare, and the representative research is conducted

9-11

by us"” "), Wushan County is a county located in Chongging mu-
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nicipality. It occupies roughly 2957 km®. The deep valleys are in-
tertwined with low mountains, with undulating terrain and steep
slope. The region is dominated by yellow soil, limestone soil and
mountain yellow brown soil. It features a humid subtropical mon-
soon climate, and rain and heat are in the same season. The aver-
age annual rainfall is 1049.3 mm. Since the 1970s, the project of
changing mountain slope into terrace field has been constantly im-
plemented in the region, Therefore, with the terrace field changed
from mountain slope in Wushan County as the object of study, we
use the spatio-temporal substitution method to analyze the soil nu-
trient status and trend about the terrace field changed from moun-
tain slope under different length of implementation, in order to
provide a theoretical reference for the effective fertilization in the
soil after the implementation of the project and continuous advance

of the project in Three Gorges Reservoir Region in the future.

2 Materials and methods

2.1 Soil sampling
(12]

Using the spatio-temporal substitution
method" **, the soil samples were collected in August 2012.
Five representative sampling points are selected from the terrace
field changed from mountain slope in Wushan County ( Longs-
han Village in Wuxia Town; Longdong Village in Quchi Town-
ship; Longjing Village in Longjing Township; Shuiku Village in
Guandu Town; Qixing Village in Longjing Township ). Five
sampling points near the control sloping land (oa) with different
length of implementation of changing mountain slope into terrace
field are selected, namely 2a, 9a, 14a, 20a and 32a, respec-
tively (2010, 2003, 1998, 1992 and 1970, respectively) ,
and the 0 =20 c¢m topsoil is mainly selected. To avoid the ferti-
lization period and differences between the plots, the soil with

similar fertilization and land use patterns is sampled. The sam-
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pling points are summarized in Table 1. The sampling is con-
ducted from the top down sequentially. 1 —2 kinds of crop are
selected from each level of terrace field, and " S" method is
used for sampling. After thoroughly mixing 3 repeated samples,
0.5 kg of sample is taken and placed in the corresponding No.

sample bag. At the same time, GPS locator is used to determine
the latitude and longitude of sampling points, and many parame-
ters are recorded such as slope position, elevation, degree of
vegetation cover, soil type and slope. A total of 190 samples are

collected.

Table 1 The soil sampling points under different length of implementation of changing mountain slope into terrace field

Length of implementation/a Number of soil samples Location Altitude/m Topographic feature Crop Soil type

0 19 109°46'E, 31°09'N 853—930 Low hills Soy Yellow soil
2 35 109°49'E, 30°59'N 903—970 Low hills Potato Yellow soil
9 47 109°47'E, 30°59'N 958—989 Low hills Corn Yellow soil
14 36 109°46'E,, 31°06'N 864—956 Low hills Corn Yellow soil
20 29 109°49'E, 30°59'N 922—1032 Low hills Sweet potato  Yellow soil
32 49 109°47'E, 31°03'N 769—870 Low hills Corn Yellow soil

Note: Oa is the control nearby sloping land.

2.2 Analysis of soil samples The content of 8 soil nutrients
[ total phosphorus, total potassium, organic matter, total nitrogen,
ammonium nitrogen (NH,-N) , nitrate nitrogen (NO,-N) , availa-
ble phosphorus and available potassium ]is measured. Total nitro-
gen uses Kjeldahl method; total potassium uses sodium hydroxide
melting flame photometry; ammonium nitrogen uses potassium
chloride leaching flow injection method; nitrate nitrogen uses po-
tassium chloride leaching ultraviolet colorimetry; organic matter u-
ses potassium dichromate method; available phosphorus uses hy-
drochloric acid—sulfuric acid leaching method; total phosphorus
uses NaOH alkali fusion—Mo-Sb colorimetry; available potassium
uses neutral NH,OAc extraction—atomic absorption spectropho-
tometry'"*’. At the same time, SPSS software is used to calculate
the minimum value, maximum value, mean, standard deviation
and coefficient of variation about the soil nutrient indicators to de-

scribe the overall quality of soil nutrients in the study area.

3 Results and analysis

3.1 Overall quality of soil nutrients As can be seen from Ta-
ble 2, the average content of total nitrogen and available potassium
is 0. 12% and 140.73 mg/kg, respectively, reaching Standard III of
soil nutrient grading in the second national land survey; the average
content of organic matter is 1.61% , reaching Standard IV; the av-
erage content of available phosphorus is 3. 52 mg/kg, reaching
Standard V. It shows that the overall soil fertility is low in the study
area. In addition, the coefficient of variation of nitrate nitrogen is 1.
37 (strong variability) , and the coefficient of variation of other indi-
cators is 0.1 to 1 (moderate variability) , indicating that the spatial
heterogeneity of soil nutrients is small in the study area.

3.2 Soil nutrient trends with the change in length of imple-
mentation of changing mountain slope into terrace field
3.2.1

with the increase in the length of implementation of changing

Organic matter content. As can be seen from Fig. 1,

mountain slope into terrace field, the average content of soil or-
ganic matter shows an overall upward trend, but the growth is
slow. The relational analysis is conducted on the different length

of reclamation and the average content of soil organic matter, and

the correlation coefficient r =0. 52, indicating that the different
length of reclamation is significantly correlated with the average
content of soil organic matter. For the soil reclaimed for 2 years,
the average content of organic matter is 1.43% , and the average
content of soil organic matter in the corresponding sloping land is
1.56% . The soil organic matter content in the terrace field
changed from mountain slope for 2 years (implemented in 2010)
is lower than in the control sloping land; the soil organic matter
content in the terrace field changed from mountain slope for 14
years (implemented in 1998 ) (1.78% ) is higher than in the
terrace field changed from mountain slope for 9 years (1.58% )

and 20 years (1.59% ).

Table 2 Soil nutrient indicators

Indicators Mean Standard deviation Coefficient of variation
Organic matter // % 1.61 0.53 0.35
Total N// % 0.12 0.07 0.26
NO;-N // mg/kg 15.46 20.54 1.37
NH,-N // mg/kg 40.16 13.65 0.38
Available P // mg/kg 3.52 2.98 0.85
Available K //mg/kg  140.73 64.34 0.49
Total P// % 0.08 0.09 0.32
Total K// % 3.08 0.67 0.18

807 . 1.78
75t

.70

Average content [ %
T A
N
[}

0 5 10 15 20 25 30 35 40
Length of implementation Il a
Fig. 1 The trends of average soil organic matter content with the
change in the length of implementation of changing moun-
tain slope into terrace field
3.2.2 Nitrogen content. Fig. 2 shows that with the increase in

the length of implementation of changing mountain slope into terrace
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field, soil total nitrogen content presents an overall upward trend,
but the growth is slow; the average content of nitrate nitrogen and
ammonium nitrogen shares similar trend with that of total nitrogen
with the change in the length of reclamation. Compared to the slop-
ing land, the average content of soil total nitrogen, nitrate nitrogen
and ammonium nitrogen decreases in the terrace field changed from
mountain slope for 2 years, and the average content of total nitrogen
and ammonium nitrogen declines slightly, while the average content
of nitrate nitrogen declines by 5.2 mg/kg. Compared with the soil in
the terrace field changed from mountain slope for 2 years, the aver-
age content of soil total nitrogen, nitrate nitrogen and ammonium ni-

trogen shows a linear upward trend in the terrace field changed from

= ——Total N [ ¥ 2 7225 2
= 0.12 F . NO;N [ 4 ED E”
= —o— NO~N = =
g 8 = 20 -
2oy —== 4 3 g
© = =
2 (48 twe1s 8
g 0.10F . ° T
= 40 0] B0
8 ) s
2 0L o S T
g 0 ] 39 2 =
g \ Lo T T
= 0.08 F A = T55 =]
1 1 1 1 1 1 1 1 37

=5 0 5 0 15 20 25 30 35 40

Length of implementation [l a

Average content of available K [l mg/kg

mountain slope for 14 years (0. 12%, 23. 24 mg/kg and
43.1 mg/kg, respectively) , and the average content of soil total ni-
trogen , nitrate nitrogen and ammonium nitrogen is higher than in the
terrace field changed from mountain slope for 20 years (0. 11%,
15.87 mg/kg and 39. 01 mg/kg, respectively). It indicates that
there is a sharp increase in the average content of soil total nitrogen,
nitrate nitrogen and ammonium nitrogen in the terrace field changed
from mountain slope for 14 years. It reflects that the project of chan-
ging mountain slope into terrace field will help prevent the loss of
soil nitrogen, and with the increase in the length of implementation,

continuous fertilization is conducive to the accumulation of soil ni-

trogen.
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Fig. 2 The trends of average soil available nitrogen, potassium, phosphorus content with the change in the length of implementation of changing

mountain slope into terrace field
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Fig. 3 The trends of coefficient of variation of soil nutrient indica-
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tors with the change in the length of implementation of

changing mountain slope into terrace field
3.2.3 Phosphorus and potassium content. As can be seen from
Fig. 2, with the increase in the length of implementation of chan-
ging mountain slope into terrace field, the soil available phosphor-
us content shows an overall upward trend, but the growth is slow.
The average content of available potassium and total potassium
shares a similar trend with that of available phosphorus with the
change in the length of implementation of changing mountain slope
into terrace field. The average content of soil available phosphor-
us, available potassium and total potassium in the terrace field
changed from mountain slope for 2 years, is 0. 27 mg/kg, 0.22
mg/kg and 0. 01% lower than in the sloping land, respectively;
the average content of soil available phosphorus, available potassi-
um and total potassium in the terrace field changed from mountain
slope for 14 years is 1. 93 mg/kg, 78.59 mg/kg and 0.41% high-

er than in the terrace field changed from mountain slope for 9

years, respectively, and 1.4 mg/kg, 72. 96 mg/kg and 0. 21%
higher than in the terrace field changed from mountain slope for 20
years, respectively.

3.3 Coefficient of variation of soil nutrients under different
length of implementation of changing mountain slope into ter-
race field As can be seen from Fig. 3, the coefficient of varia-
tion of soil nutrient indicators in the terrace field changed from
mountain slope for 2 years (implemented in 2010) is greater than
in the sloping land and the terrace field changed from mountain
slope for different years except 2, indicating that the spatial heter-
ogeneity of the soil nutrient indicators is highest for the terrace
field changed from mountain slope for 2 years, and the content is
not stable, while the spatial distribution of the soil nutrient indica-
tors is stable for the sloping land and the terrace field changed

from mountain slope for different years except 2.

4 Conclusions

This paper takes Wushan County for example, and uses the spatio-
temporal substitution method to analyze the soil nutrient status and
trend about the terrace field changed from mountain slope under
different length of implementation. The results show that the soil
fertility is generally low in the study area, and according to the
soil nutrient grading standards in the second national land survey,
the average content of total nitrogen, available potassium, organic
matter and available phosphorus reaches Standard III, Standard
I, Standard IV and Standard V, respectively, and the spatial

heterogeneity of soil nutrients is small. Compared to the sloping
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land, the terrace field changed from mountain slope has increasing
soil nutrients on the whole with the length of farming. With the in-
crease in the length of implementation of changing mountain slope
into terrace field, the soil erosion intensity is reduced in the origi-
nal sloping land, and meanwhile, successive years of farming and
organic and inorganic fertilizer input has effectively promoted the
accumulation of nutrients. The mean of various indicators about
soil nutrients in the terrace field changed from mountain slope for
2 years is lower than in the sloping land, and there is the biggest
difference in soil fertility, while the mean of various indicators a-
bout soil nutrients in the terrace field changed from mountain slope
for 14 years shows a linear upward trend, and the difference in soil

fertility decreases.
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wing, this technology can realize mulch-free maize planting in
Shanxi early mature area, to avoid accumulation of residual
mulch films in soil, leading to white pollution of soil and ecologi-

cal environment.
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