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Abstract:  Objective This study aimed to understand the erosion mechanism of typical grassland in the Loess Plateau by
analyzing the mechanical mechanism of soil detachment. =~ Method The representative grassland with tap roots and fibrous roots
was selected as the research object in this study. Undisturbed soil samples were collected and subjected to flow scouring, and the
relative soil detachment capacity (RSD) was calculated. The soil shear strength and root tensile force were determined, and the

root cohesion was estimated based on Wu's model.  Result The RSD of grassland with fibrous roots was 77.27% significantly
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lower than that of grassland with tap roots, while the soil cohesion (C,) was 14.84% higher than that of grassland with tap roots.
The expression effect of C; on RSD in the grassland with tap roots was better than that of root length density, and this effect was
not obvious in the grassland with fibrous roots. The correlation between the RSD and soil shear strength under normal stress of
200 Kpa (7200) Was better than the shear strength under other normal stresses. In the root-soil composite, the effect of C; on soil
detachment was stronger than that of 7,49. Additionally, the soil detachment capacity of the root-soil composite in the grassland
with tap roots, could be effectively predicted by the mechanical parameters, but the prediction of soil detachment capacity in the
grassland with fibrous roots need to be further explored. = Conclusion Thus, this study presents an effective way to analyze the

soil detachment mechanism by mechanical properties of root-soil composites. The results could provide a reference for the study

of the erosion reduction mechanism of roots in the Loess Plateau.

Key words: Loess Plateau; Grassland; Soil detachment; Root cohesion; Wu's model
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Table 2 Root and soil properties of different sampling sites
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Table 3 Correlations between relative soil detachment capacity and root cohesion and root length density under different sampling sites

Spearman HH 3¢ 2 %1 Spearman correlation coefficient

R ZZSH Root parameters VkE EEXN b
B8 M.sativa
A. cristatum B. ischaemum A. gmelinii
HFF6% 71 Root cohesion ~0.62% ~0.86%* -0.51 —0.79%*
A% FE Root length density —0.80%* —0.86%* -0.44 -0.48

. FRAEAE 0.01 /K LB EAMIC, *RAELE 0.05 /K L B Note: [10) indicates a significant correlation at a level of 0.01,

[1 indicates a significant correlation at a level of 0.05.
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Fig. 5 Variation of relative soil detachment capacity with root cohesion and root length density
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Table 4 Correlation coefficient of relative soil detachment capacity with shear strength under different stresses

FHEZ B Correlation coefficient

R Ho Hig R . _
PUBY5RE Shear stress T IEFEE )
Root type Plant species
100 200 300 400 Soil cohesion
R R VKA. cristatum -0.31 -0.08 0.50 0.08 0.27
Fibrous root F 2L B. ischaemum 0.03 -0.23 0.10 0.15 -0.13
HRFR BATHEE A, gmelinii -0.43 -0.58 0.44 ~-0.26 -0.18
Tap root H1E M.sativa 0.15 0.43 0.38 0.35 0.17
0251 _— 025
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Fig. 6 Relationship between relative soil detachment capacity and shear strength
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Table 5 Effect analysis of mechanical parameters on relative soil detachment capacity (%)

o UK EESS BT »
J12: 281 Mechanical parameter E 8 M.sativa
A. cristatum B. ischaemum A. gmelinii
R Z %2 71 Root cohesion 66.41 24.40 28.17 59.91
PUBISRE Shear stress ( 200KPa ) 27.48 6.84 9.88 45.67
MR FE R 1< PUBT5E F Root cohesionxShear stress ( 200KPa ) 5.36 5.98 9.34 5.01

BARAAXS Ty B ) SR EE GBI 200 KPa 09 -IEHUBTSREE P 1 E S8, XX £
EHABGRIG KRR, HAXSES IR s ae D Bbrr s, LB mNECRA T B 5
FIEG AR MO AT X £ 44 B R ) HEAT BB, RS EEMELL FF (NSE=0.84 ). UiHIMIRTE Baets 55258,
WiEEOR (K 6). NI, AUFFEIETIRAFES . B A AN Y 5 SURAE LR A R8T 5
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ERAEARGT I AREE R LB A B2~ S RO AR AR B0 BT 8 R A R AR X
R AL, AR A E A R R A B 73 15 HE 7 1A TINA JEE O T 2B AR A vk R R
] 2 BRAR 22 26 5 1 1 200 KPa i - SEBTBY 9 B SR REREHb,

*6 AEFEMEMNTIESBENUEAR

Table 6 Fitting equations of relative soil detachment capacity of different sampling sites

FEZE K] Sampling sites A2 Y Fitting equations  n NSE P44 2 Fitting equations n  NSE

y ke B 8 o—5.44
MR R VKL RSD =3.06x10°S 6 0.44 RSD:1.24X10715670_58Crz_2008_86 6 086

Fibrous root A. cristatum

SESCY:} RSD =1332x10° 54?7 6 077 6 084
RSD =3.00x1072¢™0-21C17, 095
ischaemum
VIR Taproot kT RSD =7.89x10°S7575 6 042 3 isscr. 08l 6 099
RSD =1.42x10%¢™1 530 -0
A. gmelinii
e b 8 o—5.67
EEG RSD=7.91x10°S 6 074 RSD = 8 4410760160t 356 6 089
M sativa

{E: RSD HARX L3 8E 1, S MIENE J1 200 KPa TAR LB SR BPISIRE (KPa), 100 JIENLJ] 200 KPa T (Y41 5Y 5 B
(KPa), C;HMARFIRTS (KPa), n WHAR, 1) RIEE IR RSD 55 S ( Crtrae) MBLE AR, 2) RHEEF1R RSD
5 C A 1200 IS EUIHL A /A . Note: RSD is the relative soil detachment capacity, S is the total shear strength ( KPa) of the root-soil
composites under a normal stress of 200KPa, 72 is the shear strength( KPa )under a normal stress of 200 KPa, C;is the root cohesion( KPa ),

n is the sample number. 1) The first table lists are the fitting equations of RSD with the single parameter of S ( Ci+7200 ), 2 ) while the second
table lists are fitting equations of RSD with both parameters of Cr and 1200.

HeAh, T ERMR AR (C). 200KPa JFUMR 2 I ELAR 22 50 M
EHE T W3 858 B (‘5200 ), BEEKFKIR (w),
A3 MR T3 TR 26 B 0 AR 2R 4y SDC =P e 7,0
BHeS) (SDC) i A=k (=X (10) Fk (11)), NSE=0.90, n=24 (12)

BN ST AR FAE b = 398 05 B 68 01 0 T
(NSE=0.65) 8 FEi# &M (NSE=0.86), #—% 3 1 B

UL TR 52 AR )1 2 S H0 N AR R B AR RE M

TSy B e AT AR bR, (HJR X T AR R A HL Y ABFFET, AT, A &R R B
BT — PRI R ABTFLES 4 DRI 41 B B 1140 IR AR T 98.06%F1 94.19%, 1_'3
B, AT RIBHE TR AR LB Gyssels SE9VEEIIR 2 4 45 AE ) 0 I

ge 1w~ (=8 (12)), NSE A[ik%] 0.90, REWE 90%H 451 —%, (A Wang %"“fm/nm{}ﬁﬁo Hao

W R BAER o I RO AR LR M43 8 1R
AR A T 65.7% 41.6%, MK E S 1K 0~20 cmeem”

1 0~15 cm-em ™, MASHFZE H AR 22 1 EAR R 3
B MR K3 B 43 91 R 0~40 ecmeem F1 0~20 cm-cm
PR MM A 2 B (A 50 v 184> BI R /145 Wang
R SRS IR, UM R BB R 4
H A B ae LT EAR R A4 .
SDC = ¢ 2137 001Cr, | 111,532 I FR LT 35 AR R A R L 5 1 AR
NSE=0.86, n=12 (11) Fr PO R B AR R PR, AT A AR

-21.09 0. 4. —0.24
SDC =¢e 09e OO()CrZ_ZOO 57(0 0

NSE=0.65, n=12 (10)
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R AR AR R B SR 0 T EAR AR o B Se gk
RPN I AUR R 1 B BR T BA BRI ARLF L,
HAPIBTRGR A S T R REEE R . SRR
RIMEAFR Z X558 B AR AL ROV T BAR R o
HEAh, MRFE AT AR IS AL T, S Ay
BUTE &, RIS AL 4 2 RE AU R ARSEK
wZ, HoWa s, SERAF L
HEAHLTT O s T EAR R AR, AR s, At
MRARFHL (PKECRIFSER ) 200 KPa R A4 558
FERCEHMR AR (B8 ) s, AR REGSRIFER I
e B R G HAR 2 S MR BT 5 B e T AR AR,
5% AP AR 2 (PKE) ReEdb ey
SRESHE T HRAR (BATE) RS5SHIT. Bm
PSR BRI ZIAR R ML A e B RE R T EIR &
FEdL . (HAR T2 S IRPUT s SRAMR, EH
T LT, AT, BARETERAFR T
FUKE, B AP HUTAIERL S B ACSY, FE0N
PESEMN A 1A 2R, AT ok A B
AR b A AT B iR R AN e 0 3 B RE T

IR R R IR T B S H A M AR AR X 3
AES), (HOREET KRR AR L E S-S50
AT, BEHON AR 2R M A T AE ) o
TAMRE M, X5 Wu [ AR 4 2 PR
K, A RUE s BT U)X Y BT A AR 2R 5 B U I A
5, BRI, S ER A B BTN e
FIRAR L, R, BRI . PR RAR
[ B 5 B e KT , IR BRI S 2R, X —
BT A ER R AL AR B4, AL S AR 5
R IR ARG RAE Ty B AR R, )
RO NE S, ZBAEmE ML, Wi
Wu FOREELAG 5 AR 2 6 5% ) 0 A BE o8 A R AL AR
FON] ST BT 5 B B M AL, PR ATUAR ZR AR FR
BRI LB B FRIRTIRCRA R . 45 TAR
IO 23— 25 R % BE MG X AN [R) A4 B AR A 76 57 Y1 7
APE I B REAT AR IR B Jy 2B, AR SR R A £
WIS, WS I EROCR, T L
Ir B 1A R

4 %5 B

ABFTERAE T 8 vy SR R ZBTAR 2R F it (DK
MHEFR) MERR L CERFTE ST ) FORR

T EAEFES, FEX AT S N s, TR
+E ARSI FSHRN T AR LR, E
LB : (1) IR AR EE | ARAH
BhEmTHMWAT, A0SR TERR
B, (2) AR R AL, AR R EE ) AR A 5 B %
X B RE IR A R B E 2R, HEH
RAMEH, RRFR N FBERME FREEE .
ARy B AE 15 200 KPa 1FJE 1 F i - 584050
58 BE BYAH SCHEOL T IE A 5 4 100, 300, 400 KPa T
ProysR e, HMLT HEREE 1. (3) RARFERIH
200 KPa 1FEJEJ3 T Y - 5840 59 58 B2 R 8 F0 40 b X BT
R Z A b 38 53 B 8 T R AT O, HUE X AR R A
WA AR . FT Lk S8 T R E
FHF200A 22 R B AR 28 0 Ml = 48 0 5 B8 0 1 T 2
3, TS AT
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