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Study of root-soil system anti-scourability on steep slopes in the Three Gorges

Reservoir Area
CHEN Yun, HE Binghui®, LIAN Caixia, LIU Zhipeng, PENG Shilei

College of Resources and Environment/Key Laboratory of Eco-environments in Three Gorges Reservoir Region ( Ministry of Education) , Southwest University ,
Chongqing 400715, China

Abstract; Grass roots can improve the soil’s anti-scourability. The aim of this study was to determine the effects of the roots
of different grasses on anti-scourability on steep slopes of purple soil in the Three Gorges Reservoir Area. Medicago sativa ,
Paspalum natatu, Cynodon dactylon, and Vetiveria zizanioides plants were planted 4 years prior to the experiment, and bare
control plots were selected for soil sampling. The soil anti-scourability, root parameters (root dry weight, root length, root
surface area, and root volume) , soil shear strength (soil internal friction angle and cohesion) , and soil chemical-physical
characters (bulk density and organic matter) were measured using an improved flume scouring experiment, a root analysis
system ( WinRHIZO (Pro.2004c) ), a direct shear test experiment, the ring method, and potassium dichromate external
heating method, respectively. The results show that four species of grass roots could significantly enhance soil anti-
scourability. Vetiveria zizanioides roots had the greatest effect on soil anti-scourability, as soils planted with this species
exhibited anti-scourability values 2.75—3.58 times that of the control; while Medicago sativa roots had the weakest effect on
soil anti-scourability, as soils planted with this species exhibited anti-scourability values 1.96—2.60 times that of the
control. In the scouring experiments lasting 0—10 min, the soil anti-scourability of each plot increased over time, and these
dynamic change processes can be fitted well (R’ = 0.9284-0.9691) using two polynomial ( the control and Cynodon
dactylon plots) and logarithmic equations (the Vetiveria zizanioides, Paspalum natatu, and Medicago sativa plots). Root
length density and root surface area density were the main factors affecting soil anti-scourability, and both were significantly
correlated with anti-scourability (P < 0.05) , especially the root surface area density. Root length density and root surface

area density of Vetiveria zizanioides roots were the highest among the different species. A dividing line was set at 2.00 mm,
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and when 0.00 mm < d < 2.00 mm, all Vetiveria zizanioides root parameters were higher than those of Medicago sativa.
When d > 2.00 mm, all Medicago sativa root parameters were higher than those of Vetiveria zizanioides. Roots whose
diameters were 0.50 mm < d < 1.50 mm increased soil anti-scourability, especially roots (1.00 mm < d < 1.50 mm)
whose parameters were significantly positively correlated with anti-scourability (P < 0.01). Four species of grass reduced
the soil bulk density, increased the soil organic matter content, and enhanced the soil’s anti-shear strength. The minimum
soil bulk density and the maximum organic matter content were 1.42 g/cm’ and 13.41 g/kg, respectively, in Medicago
sativa plots. The soil bulk density of grass plots was significantly lower than that of the control plots. The organic matter
contents of the Medicago sativa, Cynodon dactylon, and Vetiveria zizanioides plots were significantly higher than those of the
control plots, but there was no significant difference between the organic matter contents of the Paspalum natatu and control
plots. The maximum soil internal friction (¢) and cohesion (c¢) values were 28.82° and 82.60 kPa, respectively, in the
Vetiveria zizanioides plots. Soil internal friction and cohesion of each grass plot were significantly higher than those of the
control plots. Soil cohesion (¢) was another main factor enhancing soil anti-scourability, and was significantly positively
correlated with anti-scourability. Roots (0.00 mm < d < 0.50 mm and 1.00 mm < d < 2.00 mm) were found to enhance

soil cohesion, especially roots 1.00 mm < d < 2.00 mm.

Key Words: purple soil; grass roots; anti-scourability; soil shear strength; soil cohesion
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Fig.1 Dynamic changes of AS in experimental plots
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Table 1 The overall parameters of roots in soil samples for scouring experiments

MR R 2

Root volume density/
(1072em’/em?)

AR I AR B
Root surface area density/
(1072em?/em?®)

A B
Root length density/
(102em/cem?)

. T

FR . .

N Root weight density/

Grass 5
(mg/cm”)

LT E 1 Medicago sativa 164.16+19.46a 195.58+20.27h 93.65+9.02b 10.07+1.77a
T B Paspalum natatu 75.92+9.45¢ 500.39+67.91a 118.13+23.81ab 7.76+0.28h
1 F M Cynodon dactylon 41.94+7.15d 708.73+96.85a 103.12+23.82ab 4.05+0.14¢
B Vetiveria zizanioides 128.35+12.70h 738.22+92.19a 137.22+10.07a 4.5320.09¢

BRI E I LARIERR 2E (n=9) s RSV BHEARA A F)/INE TR RN RS [AIA7 A .35 22 5% ( Duncan %, P<0.05)

TR 2 FRGAR R AGHR 1 B AT 0T LA H . 1) B A B AR [RI AR S ) AR K 3 1 AR 6 i A 8 18 FAR AR R
JE 1 S 3 B — B AR AR HEE , 0 0.00 mm<d <0.50 mm i, RLD, , \RSAD, 5, Fl RVD, ,, 351 (9 HE
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YR R RS [ B S SR E 15 :2) d=2.00 mm & — 548 2% 0.00 mm<d <2.00 mm B}, FAREL
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2.50 mm<d <4.50 mm I}, 54015 1925 WUR R A 05 34 8500 T HE 3 MR X 3 M2 8] 78 JC W 2 1
25t

Pearson &0 (K 4) M . 1) RLD 5 AS, AS, AS,, . IEAIE;2) RSAD 574 I ZI 4 AS 3 1EAH
%:33)1.00 mm<d<1.50 mm I}, RLD, ., [RSAD, ., Il RVD, ., 5 A5 if Z i) AS % .38 1IEAH % ;4)0.50 mm<d <
1.00 mm ,2.50 mm<d <3.00 mm F13.00 mm<d<3.50 mm B, RLD, 4,3 00,350 7 RVD, 003003503 AS, \AS, AS, AS,,
W IE (1) M156;5)0.50 mm<d <1.00 mm B ,RSAD, ,, 5 AS, \AS, \AS, AS,, & 1EME,
2.3 A[FEAX R

33 P FARIX A A T N TR RN AR K Z [ B g A R, B L, HREAE
FIHEIT A < W BE/INDK S 00 AR DX > 1 B X > A ARRE DX > 5640 I 7 X, 50 2 0 JR S840 1 T DX - 40 25 T a5
ik 11.25% , T8 A AR IX A 98 fe /NIR R 6.25% . IR T 85 DX A -3 LIS 55 00 BN DTG it 5 1 22 7L
HARFAR D) H A P R 2 W35 T X RN, e S AR B X 3 AL & i die s 13.68 g/kg,
R TIH B REAR DX 0 R X5 A AR X2 [ DU G o 3 v 2 5

F3 WE/AK 10—20 cm T E BN RING IR E iR

Table 3 The soil bulk density, organic matter content, internal friction angle, and cohesion in 10—20 cm soil layer

uNES T/ (g/em’) AL/ (g/ke") WEEEA o/ (°) HiZK ) e/kPa
Plots Bulk density Organic matter Internal friction angle Cohesion

X B8 Control 1.60+£0.01a 9.32+0.10¢ 9.71+0.47d 14.41+1.83¢
LI HTE Medicago sativa 1.42+0.02b 13.68+0.21a 17.29+0.73¢ 22.57+0.69b
B Paspalum natatu 1.49+0.03b 9.61+0.04¢ 17.86+0.68¢ 29.66+13.01b
T ZF AR Cynodon dactylon 1.50+0.04b 12.75+0.13b 23.43+0.56b 35.88+2.03b
TR EL Vetiveria zizanioides 1.44+0.06b 12.66+0.15b 28.82+1.74a 82.60+5.94a

R PEE N A RUERR 22 (n=3) 5 M FVEHEAR A A F/NS TR R IR I/ X Z B 7R .35 22 57 ( Duncan £, P<0.05) ; H BRI, [Fl—
AN ARLLRRE 2 (B 1 BE 22 AN KT 0.03g/em’®, FKHEZHAKT 2%

2.4 AR X BB RE

R 3 T EARIX 10—20 em LR L HEPREEBEAT @ 3571035 0 T BN, HER O < AR > M0 SR AR > 11
HE/RACE RS IR FRE X o M B/NMAR 1.23—2.97 £, FREEIZ L2 HHRER T ¢ =ik 82.
60 kPa , 7535 R T H BN M A RIX ) ¢ B m TR HE A ERX SAEEEXZRIE EE2ES A
BRI AR X ¢ S0 I/NXRY T 22 S (BAE B LR T X/ Pearson AHOCMT (K 4) 3%
WIS IS 200 AS 5 @ TCWEA H5 ¢ 03 sl W3 EARSC o RAHE R AN 0.715,

£4 AS SEETFHREN

Table 4 Correlation analysis between AS and root/soil parameters

%}L(I:HE& AS RLD,, RLD;s RLD;, RLD;5 RLD RSAD,, RSAD,5 RSAD RVD,, RVD,5 RVD;, RVDs;
Anti-scourability

AS, 0.599* 0.651" 0.712** -0.708** -0.662* 0.557 0.659" 0.726"* 0.679" 0.642* 0.717** -0.685" -0.698*
A4S, 0.700* 0.556  0.719** -0.521 -0.480 0.446 0.565 0.734** 0.676" 0.557 0.736*" -0.498 -0.521
AS; 0.683* 0.560 0.705° -0.545 -0.510 0.448 0.569 0.717"* 0.654* 0.561 0.718** -0.534  -0.532
AS, 0.706 " 0.661 " 0.741"" -0.656" -0.644" 0.604" 0.663" 0.760"* 0.703" 0.641" 0.757"" -0.625" -0.681"
AS; 0.715*" 0.658" 0.741"" -0.642" -0.640" 0.597" 0.659" 0.758"* 0.695" 0.638" 0.756"* -0.618" —0.665"
ASy 0.712*" 0.664" 0.745"* -0.648" -0.635" 0.595" 0.665" 0.761"" 0.699" 0.646" 0.759"* -0.626" -0.662"

AS HUHFEEL anti-scourability ;4S,(t=1,2,3,4,7,10min) ;¢ B ZI (4 1 40 w8 450 RLD . AR 25 root length density ; RSAD ; A 3 1 FH 2% Ji
root surface area density; RVD : AT root volume density ; RLD,/RSAD,/ RVD (x=1.00,1.50,3.00,3.50) 2 %3/% 0.50 mm<d <1.00 mm1.00
mm<d<1.50 mm,2.50 mm<d<3.00 mm,3.00 mm<d<3.50 mm 2 AR5 B /AR R TAAR B B/ R TR L 5 + P<0.05, ** P<0.01
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3 e

3.1 RRIEAAE G IARBES T Hoh Mk Re RS2 mm

2R 0 S8 0 R0 246 [ 235 /T, BEL Ik T 002 4380, A R 48 0 R S b op e ) AR PR
16 B AR AR AR R B E R T R R LR PbE, LHEFRE XS HEE A MY
R MPFFTLEE—F P AT 8 T RARMR I AR R AR bR BRAR bR AR A8 AR, HEAR ]
AHIR AR DR R AR bR 04 2 1k 2 5 B — Bl AR B AR DL HE T | TS [B) SR TR AR ) o Ve 22 R A AN LA I
A,

rop LR AL E R B RWD 3 R THEEA R RX 10—20 em +)2 0 HHOK S 250 i
TR EMMRICRE Ty, R RV AR A LT B i K, A, RVD IR 3 K THBERA 5 TH
A AR 0.50% , 3 3 WH: A A rpa] i o] (9 38 07 8 2 /0 T e FAY . {HHLAE 25 DU e i Z0 Y AS 4]
INFHE R B S AT ERE 5 T HE BRI RWD Al RVD 3/ T 18 1 15 10 7 AR 8 B0 76 4% 1 %1
PIBT I P RESA B b, P UL ARSEER T RWD Al RVD AR MR —+ & G R BT b G 1) =22 F, Pearson #HC
ST IR TE BEA G, BRI RLD M1 RSAD 3B i K, A AT e =3 5 07 (543 BF 21 AS B3
AHOG , SAEEAE (X PR R A8 AR 22 , NPT vp Pk REJE v 9 = RO A AR A L P AR R 4845 IR J& v, RLD
ST R R AE P ) SRR N E SERE 7 s RSAD W BE 7843 S5 AR — - 22 [] 1) 22 fil 175 400, LB R SR AR — 1
FERMTE AR HR S8 . XN —J7 TR T oS0 B 16 A KO8 MR R KGR, H AS JiEUN, 25 1]
1, RLD Il RSAD JEREma B T4 6 AR — 1+ 2 A Punb e 2 W7, X S e A R g —8 . &
RF SR A AL A RWD BA W 008, BAGR T 56815, al P PERE 20 B 200 T 2 AR, /] WL RWD
IRXF S A AR BT PR RE 7™ AR A R SRR B R -, A AR R A AR R A bR i ) T o vk ) R A
WERTFET, JoE THESERBEA L THE 3 FhRARfhiprE,

A BT GEARTE 42 i R IEHUR D Oy T B AR H AR, B AR AR rh i el T, 5
WUk SE AR S | R 4% ] B - URE Y RE i, L A2 B/ 0T I B R G A s R AR Xk D98 A A T
B B2 BB R AR B ELAR AR 2 0 < 1 mm BPZIUAR, DAk — 48 G AR R R I A SR, RS
A 128) Yp e+ IR OK ML IR IR ST R I 0.00 mm<d <0.50 mm 7248 AR K2 59 0 - 384wk 184 3 2k vy 1) 32
B R ARG 5 0 52 A AP P i 2 AR R ANZ 1.00 mm<d < 1.50 mm , IZRH N IR R85 5
A DU ZE I 20 BB rh e BOS IR & TEA G . HIR AR AR AR K 0.50 mm<d <1.00 mm, IR K AR RI5hr 5
AS, AS, AS, AS, FIEASE . TR R S5 E e AR KR + 8 A R P05 M RE AR 75 iR B, 2= g )
SRS O R IR T ¢ DTBRER R YIRS R TR, T2 2.00 mm<d <5.00 mm MR, 129 2.50 mm<
d<3.00 mm F13.00 mm<d <3.50 mm J@&HARTEE A58 bk 2 ASFRH RLD F1 RVD 435115 AS, (AS, (AS, .
AS BETAG . XM — I TR T A 548 5 16 iR R Ak A sh e g 22, IR 0.50 mm<d <1.50 mm
BRI RBIEIMER/NE R B E/NTHE 3 FREA MR 2.50 mm<d <3.50 mm RH AR RIGIRE W%
RFPHE 3 FEA, Mg L, KRR (d<0.50 mm) F 5+ R0 EE Ml KRG 25 1547 (R TR 2 B A
% FERSR A K L A s J0VE R R AR5 5 B = o 1 R #5AS LR A ) T A 5 RAR B B R i B S
Ok R SE RE 155 AR S 5 00 IR AR E [+ B VR, H— B ip o 8 R B R A FL B
TR T 4wl 1.00 mm<d <1.50 mm BRI RIEE T LR RIAR RO 5, NE—E/RE -
SR T EATR B AL, B LSS5 - 3 s M RE Y DTk oK . R T AR SR AR RAR G A, HAUA I sE s
FUOGTE TR R AR A /AR 3 BE RS2, T DA DG &AR AR Z8 0T - 3BT o 1 1) 52 0l 38 5 25— 2D RN &2
R MRS UE LB AR
3.2 HEEERRRNTE G IARBEY T B b RE RS R

FAR X A 4925 T 0 ARSI S5 AR R B UIAH DG, TR AR 28470 30 SR 25 400 J65 ik A5 AT RE 1 n - S FLBRURE |, a2
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WA AR T A6 B A X b (A /5 H RWD RVD I A B )06 R, A oM BT - s
RWD $ 225 G0 (FSE RBOH-0.737) . VR B 851X 500 B/ X A+ A HLR A4 6 3 b 0 (LB
R KA HLIR S A R TR RN e 0T B 1 A ) 2 A R SO HUR BB , 407
R s — 5 T T A SRR T S 32, Ik ) RBERR 258 J BEL 53 F R F L8 T ) B UL P, 5 —
D7 TR 25 MR T A HLIGR A, 7 T AR R 4 86 B 0 KO A 4, I T 45 A L
Fearhit, HICAMT T, A ML A5 2.00 mm<d <2.50 mm 72200 A B HSbRIIHE 2 E A G LR
ASURAE T | B DX B - 75 TR S0 1 S up B B 2620 RIS AS 5 7 7 0T 5 A
S BRIE A RS Tl — Bk R s 1]

FFAT B IX 1020 em H 205N BEREA o 349 525 25 FXIR/N X, 1T UL 50 AS B AR R A A A A —
1 AR RS, MIEAHTR @ 15 RLD M 535 TE A5G (HISE R B0 0.740) , AR5 0.00 mm<d <0.50
mm P2 AT MR A RR M 5 TEAT RS BT 120 @ 15 RLD, 50 RSAD, o B i 3 IE AT
CHISG R B0H 0.778) . 35 PV 26 I 240 4 AR 15 1 TURE 1 1 i 7 45, 1 T 5 ) 405 - R 2 ) i i 4
J1. MR R M SRR AR R R R 406 R BB A RLRE Y — TR T
W AR TR, S — TR T R HLRE R (AR 15 - I e 2 — 2, T 0 5 4 e £ B
B I BRI 10—20 em LIRIORER ) ¢ ¥ 5 5k TR/ , TR 2 4 R T4 5 1 kS
HAT HIEAHTT ¢ 5 RLD RSAD RLD, 505 00 RSAD, 505,00 A RVDq 50200 i 55 MR 35 TE AR, T AR B A i 2
HR RS AR R R R, PRI FCR B/ N MUK SR ) B R FIL T /N X A, AW R AR R LA 4
BOFLIR P, L 2E ML T VR BRI I 0 , — )y T AR 0 D B 20 PV 5 S — e
I TR, 53—y AR 2 S PRI LR A TR 1 MR B — AR 3 T A 1
SCHCR TR MR ST, ASEAHT o 15T I 2000 AS % ol b 2 TE AT 6 , S0 SO0 5 A PR M i g 2 2
BT 2 70 B B K AT AR TR ) ¢ R L M0 b i P | R3S e T
ST 2 - BRI 6 - MR 0 KB 2K 7 ¢ (RO R X BRI K R, - HETURL A 30 B2 I ]
F 3 I R, + BERQE m v RE s,

4 it

1) BESE(30°) T S4B HAE A B0 M AR AR R R 45 4 FhAC A YR R 68 10 35 1 ol 2 60+ 3R - e
ERE, AR FAR— & AR BTh  RE R, T S8 A6 B 18 & A AR 0BT b I BE W 55 55 5 BT A 106 /N DX 1) 3
PropdE 5L AS SR BE AR ik 2 BT R AP ELG, R® = 0.9284—0.9691

2) P A A E T AL E 2% B RWD AR RS B RVD SRk, & AR RE A AR 25 B RLD FIAR 2% iR
RSAD fz K ; RLD Fl RSAD S&52 M BEdE T 4568 +AR— -8 S ARPTrp MERE ) T2+, RWD 2R ZE I +50.50
mm<d <1.50 mm LA RAF T HIESTPPERERY IS 3R JEHIE 1.00 mm<d <1.50 mm 24, 1] 2.50 mm<d
<3.50 mm FRZIWHLZR WA T4 5 3T b

3)iX 4 FPE A YA FI RS A, S 5 A L R o - S h Y M AR s AR A AR
PUBY IR EEFR bR ( HIEN RS @ AR T o) B R THE/NX e B BES T % 6 HAR—1+ 8 Gy
BEM FEL AT, 1 0.00 mm<d <0.50 mm F1 1.00 mm<d <2.00 mm 50 ¢ 1) FBAR RZAH, U HERY 1.00
mm<d<2.00 mm A F T ¢ BHEE .
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