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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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FE S A kPa Internal %45 71 Soil
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Sampling sites friction cohesion/kPa
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angle/°
AR & VKR 16.42 8.61 30.53 48.89 80.13  104.33 2.81 14.18 21.06
Fibrous [EES-A 26.60 12.19 26.24 46.87 69.17 93.74 2.80 12.70 46.23
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Fig. 4 Soil detachment capacity under 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 R Z4L Root parameters VK EES BRATES BT
A. cristatum B. ischaemum A. gmelinii M.sativa
R ZF % J1 Root cohesion -0.62* —0.86%* -0.51 —0.79%*
A% FE Root length density —0.80%* —0.86%* -0.44 -0.48

e HRAEAE 0.01 ZKF ARG, *RAEAE 0.05 /KF [ W EHC . Note: ** indicates a significant correlation at a level of 0.01,

* 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 by 5 Hig R . _
PUBY5RE Shear stress T IEFEE )
Root type Plant species
100 200 300 400 Soil cohesion
AR R VKEL A. 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 BATEE 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 VKR S BRAT RS B
J12: 281 Mechanical parameter
A. cristatum B. ischaemum A. gmelinii M.sativa
H R %2R JJ Root cohesion 66.41 24.40 28.17 59.91
BUBY#EE Shear stress ( 200kPa ) 27.48 6.84 9.88 45.67
MR R F1<PUBT5E E Root cohesionxShear stress ( 200kPa ) 5.36 5.98 9.34 5.01

FARAXS Ty Bt I SR L AR BHTITR 200 kPa A TSR BTSRBEPIAS J1 2 250, KA
ERABIFMBA R, HRZSETKE R BRI, & BB A T R T
FRERE AR XS 3 B e Sy b AT WM A, ASEEMELL  (NSE=0.84 ), UiIH MR IRTE Baets ST,
R ZR (FR6). B, AHARETRAFERI. TFE AN R Oy AR HSE A S ey R, {H
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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
R Z VKL RSD =3.06x108 5754 6 044 6 0.86
RSD =1.24x10713¢-058Cr, 886
Fibrous root A. cristatum
EES RSD =13.32x10°5+%7 6 0.77 6 0.84
N * RSD =3.00x 103 021Cr 7, 095
B. ischaemum
% Tap roo & RSD=7.89x10°S™" : ’
HRRT t BRATE 8 g=575 6 042 s s os1 6 099
RSD =1.42x10"e™" > 7,507
A. gmelinii
B RSD =7.91x108 57567 6 0.74 6 089
) RSD =8 44x103¢™016C 7, =386
M.sativa

1 :RSD AN - 1e5r B8 1, S MIER 14 200 kPa AR + 52 A (4 B840 85 58 BE( kPa ), 7290 IR J7 200 kPa T (470 55 55 B kPa ),

CHMARFRS (kPa), n HHEATT, 1) RIEH

—315 RSD F5H—ZH0 S ( Citraee) MG AR,

2) FMEH 3N RSD 5 C, Ml 1200

WS E 47330 Note : RSD s the relative soil detachment capacity, S is the total shear strength( kPa )of the root-soil composites under

anormal stress of 200 kPa, 1, 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+1200 ), 2) while the second table lists are

fitting equations of RSD with both parameters of C; and 7¢o.

A, BT ERMRARERT) (C). 200 kPa
WEE S TR sT R ( 200 )s EEIKIRIIE (),
3N AE T TR AR B LA R M 1 4y
EReS) (SDC) myfm =t (X (10) F1xl (11)),
S S SR AR 28 B b A 3940 15 1 T B 0
(NSE=0.65) 55 T HAR ##fHh (NSE=0.86 ), iff —&
UL TR 52 AR )1 2 S H0 N AR R B AR RE M
T BRI B AR bR, EEXS TR R A MY
AT i — PG . RIS ARER S 4 DRI
Bs, ME T RS A T P2 S ARE b Y 3y

fig 1w A (=X (12)), NSE flis#] 0.90, fgf
TG T 2R
RS R B

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

NSE=0.65, n=12 (10)
HAR AR
SDC — 6721'37670'01&@001'110)5‘32
NSE=0.86, n=12 (11)

JNURR 2R PR 2% e

~0.09Cr 077 , 4.02
SDC =¢*¥e Tyo0 @

NSE=0.90, n=24 (12)

ARFFGE T, AT TR, AR 2R AR R R
T B RE 13 FEAR T 98.06%F1 94.19%, X E 'ﬁ
Gyssels ZE2U5 3 H 2 X540 2 BE 1 00 500

90% MY 4518 —5, A% Wang ¢§”Lﬂ1bﬂﬁfﬁo Hao
SR U 5 3 A Z00RR 22 R AR 28 058 00 2 66 T 4 I R A1
T 65.7%F 41.6%, REKHEH5H 0~20 cm-em™
1 0~15 cm-em ™, MASHFZE H AR 22 1 EAR R 3
B MR 25 BE 43 501 0~40 cmeem ™ F10~20 cmrem ™
BRI AR % B AW 5T b 3383 B9 e )38 Wang
FUMRAG o TR, Z00AR 22 M 5 K A AR 2 28 B
Ao B e LT EAR R A ML

AT, R FR B AR b4 = 1) 40 AR
Fr PO R A B AR R PR, AR AT A
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52 W PRI AUR R (VKD ) B+ TR
ESHETERR (S ME5ietin. et
B B (AR ZR A b A A B RE I T AR R A
Mo ARAR 52 ARG SR B AL SR RAHDE, Bk
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52 A P BB A A 3 B RE T

HARAR 2R B 1 BEAS At b A AT 145 05
e )y, (AR T KR YPRAR + 2 51K 2= S50
AT RIS, A B EAR AR R b T AR )
THMAREH ., X5 Wu R fH 5 A7
5, AR AUE R B U] X ) T A AR AR 5 85 1) 1 2R A
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BRI RE A RO R LI MARES, B
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53 B 2R
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5 BE BYAH SO T IE A 54 100, 300, 400 kPa T
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