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Fig. 1 In situ test device for soil erosion characteristics
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Fig.2 Test process of soil erosion
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Table 1 Test groups and soil physical properties
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Fig.3 Soil particle size distribution
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Table 2 In situ test results of critical shear stress and erodibility coefficient

A AR AR o' Du/ KkHerm THIEm Wian oY AR
0~<1.5mm 1.5~ <3.0 mm 3.0~ <4.5 mm 4.5 ~10 mm (N/m*)  (em®/(N -s))

0 0 0 0 0 0.0007  0.1195  0.0082  0.033 8 0.070 5

4.94 7.21 34.82 0.10 1,50 0.0110  0.1090  0.0067  0.0465 0.039 6

! 15.22 14.30 18.67 0.18 1.54  0.0115  0.1095  0.0059  0.047 8 0.029 1
17.67 21.70 23.37 0.18 2.00  0.0116  0.1090  0.0053  0.0490 0.023 1

0 0 0 0 0 0.0005  0.1160  0.0080  0.0352 0.065 3
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9.48 2.91 3.49 0.09 0.5 0.0068 0.0940  0.0077  0.0386 0.058 2

0 0 0 0 0 0.0088  0.1095  0.0069  0.0369 0.042 7

0 0 41.64 67.20 2.90  0.0095  0.0930  0.0059  0.0548 0.029 1

" 2.35 9.49 48.58 58.94 3.80  0.0092  0.0900  0.0053  0.0568 0.023 1
0 8.18 45.46 78.92 422 0.0104  0.0930  0.0046  0.060 3 0.017 6

0 0 0 0 0 0.0064  0.1045  0.0084  0.0293 0.076 1

1.32 3.21 4.41 0.02 0.28 0.00902  0.1080  0.0074  0.0396 0.051 8

I\ 0.85 2.23 31.00 0.03 1.09  0.0092  0.1010  0.0059  0.0450 0.029 1
2.12 6.10 14.95 0.03 0.74 0.0094  0.1040  0.0062  0.0437 0.032 6

0.85 1.00 12.81 0.02 0.47  0.0091  0.1060  0.0070  0.0407 0.044 4
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Fig.5 Roots distribution of four typical vegetation species
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Fig. 6 Relationship between root volume density and critical

shear stress under different vegetation species
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Fig.7 Effect of the roots of different vegetation species on critical shear stress
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Fig. 8 Relationship between erodibility coefficient and root volume density under different vegetation species
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Fig.9 Decreased effect of the roots on erodibility coefficient under different vegetation species
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Fig. 10 Quantitative relationship between erodibility coefficient and critical shear stress
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() K353 R 22. 8% F11 33. 0% , AR HARR & ACRIE N 19. 0% , AHXTEAL, 3 BLRM 2 11k X
J& TIEME AR, FrUEAS G el MRS LT, ASCGRE HARH TR G =D BT RME KSR
BUNHIEFARRRTE AR, BT LB A5 %) ] 22 500 K
3.2 HEHRRAEMTHRRBSENININEEXER

F IS AR RVER T SR ] R BRI S YIR  25 R A0t (| 10), ATRLE W, 5 MR AR K
FUAAHIR], A AR R i Pl 2R 5 Rl R sh DI ) B Rk, HIEAR R RREBER, WEERELR
wmr .

k, =2.0x107 ¢>* (14)
A,k HAEGAR R SZ0 R A AR R 5L, em®/ (N - s)

Wynn'"' 5t 3¢ E 4E 7 JE W PG a8 25 AAE G 25 W R E AT T 142 A%, M8k, =3.1 x10 ;%7 7]
UL, A SCRIG S50 5 B S5 A — 2, BRI AR R 52 M A - A o ) 3R 550 Bit o de sl U7 ) 34 K e o
WAEA, AR R ) RECHE B A T2 5, X T 5 LR B A A, B5RAESE . MEARK
INERRRHIEA K,

Wynn""* 306 HARERL & BAE 50% LU L, 7B HIEHEEE 15 em I, ABEALE 0.5 ~2.0 mm JEHEIE Dy,
$}0.5% ~ <1.5%, 2.0 ~5.0 mm LAY Dy N 1.5% ~ <2.0% , 5.0 ~10.0 mm LR D,y =2.0% , AL
WMABEBEFEO~1.5 mm JEFEIA Dy, =0.01% ~1.23% (¥EHN0.27% ), 1.5 ~3.0 mm JE[FEH Dy, =0.03% ~
1.34% (¥{E ] 0.30% ), 3.0 ~4.5 mm LRI D, =0.11% ~1.55% (¥I{H M 0.75% ), 4.5 ~10.0 mm L
) Dyy =0.01% ~2.51% (34{EHR 0.45% ) . Bk b, ASCGREARARE BERAETTE3.0 ~4.5 mm HARMEH,
HAHARTEE ) Dy YT Wynn" "3R8 + RMRRELE BE BT LAAR 2060 i) 22 5000 i NIRRT 055, it
S PRI SV 1 2 0F T A SC o) R B0 S0 45 28 e Wynn 'R KA R 2 —

Z RIS AR BRI, EAR R IR AL A A, 20 (14) A 25 0 FHALBR T 4 F ke bl AR A R 2%
JEVEH Dy <4.22% A IR N —29 KGR AR R HAM S EAJEE, USRS 5 AR A 58
WA AIR, WIRGETHEE R A HER M

4 4 B

ASCBAH IR T KRBT B, W BT L Ur A . TR AR AT T B nil i, 79
BT SRR ZR S S U A i) R R, EREE T .

(1) 385 4 MBI RGER S DI ) BB A5 R, KR R A AAE Al LU LGSR ShUIN T, AHRAR AR
PR BER N SN LR R, U AR SER, 3/, X ERG MR R 22 57 B EXTE 3l U] i
I SESR AL A G,

(2) BTN SRR AFR S B A A SR R BOC R IR, B R AR s JEE 1 SR 2 sl D) 7 g 4 5
ORIy A9 SE R > 5347 > 2000 > 20345, FFPECEER s 1R sh bl ) SRR B2 9 1 00 R,

(3) 107 o A Rl 2 5 AR A B o B8 08 T AR S 0 RO AR DD, LS AR AR s 2 A A X ool 28 40
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W/ IR U B SER] > 847 > 2000 > 73

(4) HRAEIRIZERAE R T, PR RN whl R EBEE S I A2, 5 2 ORI AL
—2, BVA . JORIBOR R T A i) 28 K Bt s DI 738 R S8 e e OB e 1k, R LAY il 22 %0
PHARR 2 T HA A XGHRER, KBk T S5il5 H AP B A Se8h, e SIRA TR HAAK/DNERIEA
Ky PRI AR B TR BURT R AR R - AR ZR R M T ekl 38055 sh DI Z Il e R
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Field experiment on the influence of vegetation roots on riverbank erosion
characteristics in the Tarim River*
ZONG Quanli', ZHANG Yuyang', TANG Ruize’, TANG Hua’, LIU Huali’, LI Lin*

(1. College of Resources and Environment, Qingdao Agricultural University, Qingdao 266109, China; 2. College of
Water Conservancy and Architectural Engineering, Shihezi University, Shihezi 832000, China; 3. Xinjiang Tarim
River Basin Management Bureaw, Kuerle 841000, China; 4. College of Water Conservancy and
Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract; To investigate the quantitative influence of vegetation roots on the erosion characteristics of the river bank
under field conditions, an erosion test device was designed, and 18 groups of in-situ tests of critical shear stress and
erodibility coefficient were carried out. Four typical locations in the upper reaches of the Tarim River and four typical
vegetation roots were selected, including Populus euphratica (PE), Phragmites australis (PA), Tamarix ramosissima
(TR), and Alhagi sparsifolia ( AS). According to the experimental results, the critical shear stress of the soil
basically increases as a power function with the increase in root content. Among the four studied vegetation roots, the
TR roots exhibited the largest critical shear stress at the same root content, followed by PE and AS, while the PA
roots exhibited the smallest value. The increased effects of the critical shear stress with unit root content increase for
the four vegetation species were analysed. The order was AS > PE >TR > PA. The quantitative relationship between
the critical shear stress and root volume density was established. The existence of roots can reduce the soil erodibility
coefficient. It decreases with the increase in root content. With the increase in unit root content, the order of the
decreased effects of the erodibility coefficient for the four vegetation species was AS > PE >TR >PA. Based on in-situ
test results, the power function relationships between the soil erodibility coefficient and critical shear stress were
obtained with and without root influence, and compared to existing experimental results. The experimental results in
this study are consistent with the existing studies, except that the corresponding coefficients and exponents are
different. This study can provide a reference for riverbank protection by vegetation roots and calculation of the bank
erosion process in the Tarim River.

Key words; erosion characteristics; critical shear stress; erodibility coefficient; vegetation roots; field experiment;

Tarim River
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