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Soil Erosion and Its Influence Factors on a Slope in the Wind-Water

Erosion Crisscross Region on the Loess Plateau
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Abstract; The alternating effect of wind and water erosion intensified soil loss in the wind-water erosion criss-
cross region, and formed a complicated erosion environment on the Loess Plateau. This study selected a hill
going from northwest to east in the Liudaogou watershed of Shenmu County as the site to collect soil samples
used for measuring "*"Cs and grain size. The distribution of soil grain size, erosion rate and the influence
factors were studied. The results showed that grain-size and soil erosion had significant variations ( p<Z0. 05)
on two slopes with obvious undulation. The change of soil erosion was affected by conditions of underlying
surface including slope position, gradient, vegetation, soils and land use type besides erosion forces (wind
and rainfall). The results of principal component analysis showed that there were two components including
all underlying surface factors. They explained that the variations of soil erosion ranged from 69. 6% to
82.1%. The linear regression between soil erosion rate and these four factors (slope position, gradient,
vegetation, soil and land use types) implied the importance of erosion forces besides underlying surface condi-
tions. Unfortunately, spatial distribution of soil erosion on a single slope is unlikely to represent the general

erosion pattern in this region, the " Cs tracing technique and grain-size analysis were far away from quantita-
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tively dividing the contribution of wind erosion and water erosion in the total erosion on the slope scale.

Further study with better methods and techniques is necessary.

Keywords: soil erosion; slope variation; '*Cs tracing; wind-water erosion crisscross region; grain-size distribution

[1-2]
o
. b
’
b
o b
3.5]
b
[6-8]
’
b o
’ b
b
o
20 60
197 Cs, 2 Ph, " Be, ?* Ra
[11-12] 137 (~
, 187 Cgl1r12] 187 g
b
’
[11-14]
o
b7 Cs :
[10-12]
o
b
b
o b
Y b
[16-17]
o b
b N
b b
b b
[19-22]
o b
b
o
( )
b
o
, 137 Cg
b b

1.1
) 14 km, 6. 89
km?, 4,21 km,
s 408. 5 mm, s
819. 1 mm, 106. 8 mm, 6—9
80. 9%, . .
) ) 3.6 m/s,
13.5 d, 44 d, 11.5d,
22 d,
1.2
(NW)
(E) , NW E (
) ) )
YT Cs ¢ 1D."Cs
0—30 cm;
(0—5 cm,5—10 ecm  10—15 cm),
33 , 19 NW .14
E . ,
( ) . ( )
(ORTEC , ) 661.6 keV
YT Cs . Mastersizer 2 000( ,
) o 2015 1
R Folk-Word ,
Udden-Wentworth , >80 N
4~8d 2~4D A~20 —1~1®
,<—1® o
1.3
2000 s s



~ ’

(0~15 cm) (

E=10"'Bh

h | n—
X:Xo(liﬁ)\l 1963

3.1,

(@Y
(2)

:E [t/(km® « a)]; B

(g/cm®) 5 h
137 CS
(Bq/m*); H
20 cm; N
2009

Cs

30 cm (11,
1 290 Bg/m?®,

s 137CS

137CS

N—n
T

1
XN :XH (7)

;XN N 137 Cs

no ¥Cs

,30.2

'S

P ER R/ ©

&}

(Bq/m*); T

(ecm/a); X
(Bq/m*

(em),
(2014 ),

) ; XO 137

137 CS

2014

1 150 Bq/m?*,

(3

(Bg/m*); X,

137 CS

—_

(2~4D)
(20.3%) (28.4%) .
(5.1%) . .
4®) ( )
. (2~3®) .
3.

NW .
17. 7% ;
NW

0.05,
NW E
,E

(39.

8%,
(6.1%)
(3~

(p<

12.6%.

. NW (4. 09) E (2.99);
E , “ 7
NW ( 2,6,12,14) ,
NW 1.8®., E
(2.3, 23
, (4.5®),
s E NW

450
BE®/m

300

1 ~
2.4
=]
~
-
i
0.8
0 150 300 450 600 750 900
FEB/m
(
16.6%), ( 114.8%).,
2.2
137CS , y
LNW
[ 7 281.5 t/(km® * a) ], E [
18 484.5 t/(km?  a) ], NW
, o (
1~4) ( 5—7)
. ( 8i10> .



4 25
C D, N (p<<
; ( 11—14) 0.0D, E
( 15,16), ( 17— NW (4, E ,
19 o E »E ) ,
. E ( 20— ,E
2D s ( 22—3D ) , ,

[27 115.9 t/(km® « a)]

300 450
BEE/m
45 r :
T
®
N
2
H
3
10
510 .
o i LT
& 340 32
g 33
W )
§170 X\/\f 21 2728 31
/ 7
= 115’ ‘9 j\g“{;f 3450
5 0 18 120 ‘%’ 26
\ ) . .+ 22]23 ) |
150 300 450 600 750 900
BB/ m
4 Cs
2.3
2.3.1 N N
( lasb H,NW
C 1d ), ( 1le
)o ’ b

[18 484.5 t/(km”® « a) |>

21

14

b/ %

)

N

o0

(=3

[~

(=3
1

21000

14000 [

7000 [

TIEBMEEE/(t e km® + 2"

[12 671.1 t/(km® » a) ]>

b

150 450 600 750 900
BEB/m
[9435.5 t/(km’ * a) ],
( 1 C )9 ~
’ 9E
NW L7 Cs
. NW
E
NW E .



1 5
1 S
a b ¢ d e
AW AW s NW .
NW E W NW
) 11.0 6.0 6.6 5.8 5.5 8.2 8.5 5.5 6.0 6.8
(tekm™?ea ') 7846.5 12855.4 9082.1 12636. 3 15831.1 14151, 2 10350.9 15831, 1 12855.4 11580. 9
8§~10, o~T
1,4 2,3 17~19 20,21 1~4 17~19 2,3 5~17
15,16 11~14
( ) 82.1%C 2, ,
, IBMSPSS 19 o > \ N
(m); (R*=0.63), E
F N
— N - N - N (R*=0.60), NW ,
o N s (%)o
, NW E 2 (R*=0.53),
94 o b ’
N )2 , .
69. 6%, NW s R N N
’ N
, 2 (0. 53<CR*<0. 64),
80. GV ° E ) ) ’
,2 ( Do
2
/% /% /% /%
1 1.544 38.6 38.6 1.544 38.6 38.6
2 1.238 31.0 69. 6 1.238 31.0 69. 6
3 0. 816 20. 4 90.0
4 0.402 10.1 100. 0
1 2.163 54.1 54.1 2.163 54.1 54.1
W 2 1. 061 26.5 80. 6 1. 061 26.5 80. 6
3 0.708 17.7 98.3
4 0.068 1.7 100. 0
1 2.154 53.8 53.8 2.154 53.8 53.8
E 2 1.131 28.3 82.1 1.131 28.3 82.1
3 0. 660 16.5 98. 6
4 0.055 1.4 100. 0
1
2.3.2 ; , » E
’ ’ E o
( )
32.7%. ( ) 12.1%., o NW
’ ’
° NW D) ] (
;E ’ ); ’
9NW ’ E ° 91“ CS N N



[31-32]

( 2,6,12,14), ,
3

, p
<0.05), ,E » NW

E . >3.00
,<3.0®
. NW
JE o NwW
. . E
o 4 ,

[1]

(2]

(3]

69.6%~82.1%,
( )

s 17 Cs

Field J P, Breshears D D, Whicker J J. Toward a more
holistic perspective of soil erosion; Why aeolian research
needs to explicitly consider fluvial processes and interac—
tions[ J]. Aeolian Research, 2009,1.9-17.

Bullard J E, Livingstone 1. Interactions between aeolian
and fluvial systems in dryland environments[J]. Area,
2002,34(1) . 8-16.

[Jl.
,1993,18.1-15.
[M].
,1993.

[6]

L7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

(1.
.1993,18(2) :67-74.

’ ’ ’

[Jl. , 2013, 30
(3):477-484,
[J7. ,
2000,16(2) :50-56.
[Jl. ,2010,29(1) :65-72.

Menzel R G. Transport of strontium-90 in runoff[J].
Science, 1960,131:499-500.
Du ] Z, Zhang ], Baskaran M. Applications of short
lived radionuclides(’Be, *'*Pb, *°Po, " Cs and *** Th)
to trace the sources, transport pathways and deposition
of particles/sediments in rivers, estuaries and coasts
[C]// Handbook of Environmental Isotope Geochemis-
try. Springer Berlin Heidelberg. 2012.:305-329.
Petrovi ¢ J, Dragovié¢ S, Dragovie R, et al. Using
1T Cs measurements to estimate soil erosion rates in the
Peinja and South Morava River Basins, southeastern
Serbia [ J]. Journal of Environmental Radioactivity,
2016,158/159.:71-80.
Krmar M, Veloji¢ M, Hansman J, et al. Wind erosion
on Deliblato (the largest European continental sandy
terrain) studied using ?'* Pbex and ' Cs measurements
[J]. Journal of Radioanalytical and Nuclear Chemis-
try, 2015,303(3):2511-2515.

1) ’ 1) 137CS
[Jl. .
2015,29(3) :52-55.
¥ s 1.
,2010.46(6) :724-728.
(G
(M. ,1976.

Palchan D, Stein M, Almogi-Labin A, et al. Dust transport
and synoptic conditions over the Sahara-Arabia desert during
the MIS 6/5 and 2/1 transitions from grain-size, chemical
and isotopic properties of Red Sea cores[J]. Planetary Sci-
ence Letters, 2013,382(6):125-139.
Pye K. Aeolian Dust and Dust Deposits[ M]. Elsevier:
Academic Press, 1987.

[l »1990,13(2) :9-18.
Zhang X D, Ji Y, Yang Z S, et al. End member inversion
of surface sediment grain size in the South Yellow Sea and
its implications for dynamic sedimentary environments[ ] ].
Science China Earth Sciences, 2016,59(2) :258-267.

( 22 )



22

(9]

(10]

[11]

(12]

[13]

[14]

[15]

020200 2020202000000

(
[20]

[21]

[22]

(23]

[24]

[25]

zone of the three gorges reservoir, china[ J]. Science of
the Total Environment, 2014,479/480.258-266.
Ye Chen, Cheng Xiaoli, Zhang Quanfa. Recovery ap-
proach affects soil quality in the water level fluctuation
zone of the Three Gorges Reservoir, China:implications
for revegetation[ J . Environmental Sciences and Pollu-
tion Research.2014,21(3):2018-2031.
0l ,2011,26(7) :1236-1244.
(1.
,2009,29(3) : 1-4.
Yuan Xinzhong, Zhang Yuewei, Liu Hong, et al. The
littoral zone in the three gorges reservoir, china:Chal-
lenges and opportunities [ ] ]. Environmental Science
and Pollution Research, 2013,20(10):7092-7102.
s s s 4
(1], .2015,
29(4):188-194.
Adhikari A R, Gautam M R. Yu Zhongbo. et al. Esti-
mation of root cohesion for desert shrub species in the
lower colorado riparian ecosystem and its potential for
streambank stabilization [ J]. Ecological Engineering,
2013,51:33-44.
Zhou Zhengchao, Shangguan Zhouping. Soil anti-scouribili-
ty enhanced by plant roots[J]. Journal of Integrative
Plant Biology, 2005,47(6) :676-682.

6 )
Liu X X, Jef V, An Z S, et al. Grain size of Lake
Qinghai sediments: Implications for riverine input and
Holocene monsoon variability [ ] ]. Palaecogeography,
Palaeoclimatology, Palaeoecology, 2016,449.41-51.
. ,2016,40
(1) .112-122.
[Jl. ,2016,36
(8):1269-1276.
; . [Jl.
,2000,15(6) :649-653.
Folk R L., Ward W C. Brazos River bar, a study in the
significance of grain-size parameters[]]. Journal of
Sedimentary Petrology, 1957,27(1) :3-26.
Wentworth C K. A scale of grade and class terms for
clastic sediments[ J]. Journal of Geology, 1922, 30;
377-392.

[16]

[17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

b ’ b . I:J]'
21993,7(3) :11-18.

(. ,1999,6(2):98-104.

LIl .
2009,23(5) :156-161.

[Jl. ,2012,30(9) :22-26.

(7. ,2015,22
(2):151-157.

Burylo M, Hudek C, Rey F. Soil reinforcement by the
roots of six dominant species on eroded mountainous
manly slopes (Southern Alps, France) [J]. Catena,
2011,84(1/2):70-78.

De Baets S, Poesen J, Reubens B, et al. Root tensile
strength and root distribution of typical Mediterranean
plant species and their contribution to soil shear
strength[J]. Plant and Soil, 2008,305(1/2) :207-226.
Wu T H. Root reinforcement of soil:review of analyti-
cal models, test results, and applications to design[]J].
Canadian Geotechnical Journal, 2013,50(3) :259-274.

’ ’ ’

(1.

,2013,29(10) :144-152.

NOVOVAVAVOVAVAVAV

Zhang X B, Higgitt D L, Walling D E. A preliminary
assessment of the potential for using Caesium—137 to
estimate rates of soil erosion in the Loess Plateau of
China[J]. Hydrological Sciences Journal, 1990, 35
(3):243-252.

"Be
7 Cs [D]. ,2012.
, s s Cs-137
[J1. ,2015,70(9) :1477-1490.
[D].
,1997.
[J]. ,1997,3(2) ; 32-40.
[J1. ,2009,29(6) :1035-1042.

,1998,25(5) . 77-79.



