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2.00 0.05 mm 19.0%
0.05 0.02 mm 65.2%
0.02 mm 15.8% 1.15 1.3
135g/cm’® pH 84 8.6 3.5
4.8 g/kg 5cm
1 12h
Table 1 Description of sampling plots 8h
2 mx0.1 m X
Stage Year/a Aspect Slope/(°) Altitude/m Grass type 15° 20 mx5 m
0 N 19 1205 Panicum miliaceum
0 NWase 20 1276 A 4.0 L/min 4.03 L/min
Stpa bungeana 0.97 m/s 15 min
22 NW30° 24 1238 Artem[s[ameli{’tii 3 min 1 min 1
web.ex.stec-Stipa
bungeana 2 min 1 9
. Artemisiamelinii
34 NE4S 21 1277 web. ejciticl—gt;a
bungeana
105
43 S 27 1232 Bothriochloa
ischaemun(L.)Keng g
1.2 |
lg AS anti-scourability
L/g AS
1
as =1 1
w
f L/min ¢ min
w g
[16] \V4
35a 80 g
RD root density
kg/m’ 2
M,
[17-18] RD = 2
V
MD kg V
50 cm™ m3
2 60cm (191
20 cm*x10 cmx10 cm X X 7J-1
0 15em 0.8 mm/min
15 30cm 30 50cm 100 200 300 400 kPa 4
2 1.784 1.703 1.799 1.793
2 4 C 0 [20]
cm’/min

(21] 30 min
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Note: Different letters indicate significant difference among stages in the same soil layer. , , , and denote land abandonment for 0, 10, 22, 34and 43

years, respectively, the same as below.

1
Fig.1 Soil bulk density and soil aggregation content during different abandonment stages
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2
Table 2  Soil shear strength during different abandonment stages
Surface layer Middle layer Lower layer
0 15cm 15 30cm 30 50cm
Abandonment stage CIkP ©) CIkP ) CIkP )
Soil moisture/% 2 ¢ Soil moisture/% a ¢ Soil Moisture/% a ¢

11 2 24.4 11.7 1 259 14.1 7 30.7

14.1 7.8 28.9 14.2 1 30.1 16 4.5 32
16.19 3.5 34.7 14.91 43 30.3 18 7.8 28.3
16.8 6 28.6 14.6 9.5 32.1 16.6 55 29.8
15.1 6 28.6 17.4 15 34 18.1 55 29.8

Variable coefficient C. V1% 15.6 45.4 12.6 13.9 98.1 9.9 9.9 21.8 4.5

C o
Note: C and ¢ are soil cohesion and angle of internal friction.
2b
[22]
26 15
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Fig.2 Soil disintegration rate and root density during different abandonment stages
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Fig.3 Soil anti-scouribility during different abandonment stages
2.4 ¢
(12] [24,29-30]
3
Table 3 Soil organic matter content during different abandonment stages
X Soil organic matter content/(g-kg")
Soil layer/cm

377034 ¢ 531+0.24d 6.69+0.40c 8.03+0.58b 11.38+1.57a

Surface layer 0 15
.19+0.41 51+0.1 .06+0.32 51+0.34 49 £0.

Middle layer 15 30 3.19+041¢c 3.51+0.10¢ 5.06+032b 7.51+034a 7.49+033a

229+0.13 ¢ 2.22+0.06 ¢ 290+0.12b 495+0.14a 427+0.68a

Lower layer 30 50

Note: Different letters indicate significant difference among stages in the same soil layer.

4
Table 4 Relationship between soil physical properties, root density and soil scouribility at three soil layers during different
abandonment stages

Soil layer/cm Regression equation

0 15 ¥=0.606-0.035X1+2.936X,+0.116X5+0.116X, R’=0.912 n=20 P 0.05
15 30 7=0.639+0.219X,-0.094X5+0.308Xs R’=0.868 7=20 P 0.05
30 50 7=0.151+0.257X,+0.019X:+0.259X, R*=0.720 n=20 P 0.05
Y X X% X X X Lig gofem’ % kPa cm’/min kg/m’

R n P

Note: ¥, X; Xb, X3, X5 and X; denote soil anti-scouribility (L/g), bulk density (g/em’), aggregation (%), cohesion (kPa), disintegration rate (cm’/min) and root

density (kg/m’). R%, n and P are coefficient of determination, sample number and significance.

3

0 15cm C
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30 50cm
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Soil anti-scouribility and its related physical properties on abandoned
land in the Hilly Loess Plateau

Li Qiang®, Liu Guobin'? , Xu Mingxiang®, Zhang Zheng*, Sun Hui®
(1. State Key Laboratory of Soil Erosion and Dry Land Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese
Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 2. College of Resource and Environment, Northwest A&F
University, Yangling 712100, China; 3. Ansai Field Experiment Station of the Chinese Academy of Sciences, Ansai 717400, China)

Abstract: The abandoned land plays an important role in degraded ecosystem restoration. Large areas of
abandoned land and the relatively little disturbance by human activity made it the optimal mode in the process of
the project to “convert the farmland into forestland.” Our objective was to determine the impact of abandoned
land and their different stages on soil anti—scouribility (AS) and related soil physical properties. In this paper, five
natural lands with various abandoned stages (0-43 a) were selected to study the soil AS by using a spatio—temporal
substitution method in the Hilly Loess Plateau. Rectangular, undisturbed soil samples (length=20 cm,
width=10 cm, and height=10 cm) were taken in the field and were conducted with a hydrological flume
(length=2 m, width=0.10 m). The flume contained an opening at its lower base, equaling the size of a metal
sampling box, so that the soil surface of the sample was at the same level of the flume surface. The space between
the sample box and the flume edges was sealed with a painter’s mastic to prevent edge effects. The slope of the
flume bottom could be varied and clear tap water flow was applied at an adjusted rate of 4.03 L/min discharge on
a washing flume slope of 15° for 15 minutes. During the 15 minutes of each experiment, samples of runoff and
detached soil was collected every one minute in the first three minutes and two minutes in the following time
using 10 L buckets for determination of sediment concentration. Before being tested, the aboveground biomass
was cut level with the soil surface. In this way, only the effects of roots were accounted for. The physical
properties mainly included soil bulk density (g/cm’), soil water—stable aggregate content (%), soil shear strength
(cohesion C and angle of internal friction ¢), and soil disintegration rate (cm3/min). Root biomass was determined
by the harvest method and dried in the oven. The results indicated that as the years of the abandoned land
increased, compared with control (stage ), soil bulk density in the surface layer (0-15 cm) and middle layer
(>15-30 cm) were significantly reduced, while little change occurred in the lower soil layer (>30-50 cm). The soil
water—stable aggregate content and shear strength, including C and ¢ were also significantly increased in the three
studied soil layers. Soil disintegration rate was reduced in all soil layers, especially for the middle and lower soil
layers, about 4.2 and 1.8 times the rate of those in the surface soil layer. Soil AS in the surface layer increased
rapidly before stage , and kept stable in the following abandoned stages, while the soil AS in the middle and
lower soil layers increased steadily, in approximately 76.9% and 30.7% increments as compared with those of the
control. Linear regression equations between the soil AS and the soil physical properties studied in the present
paper were well fitted in the three soil layers and the soil water—stable aggregate content and dry root biomass
were the determining factors in the reinforcement of soil AS in the abandoned land of the Hilly Loess Plateau.

Key words: soils, physical properties, erosion, abandoned land, root, soil anti-scouribility, hilly Loess Plateau



