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Response of root—soil friction characteristics of three common grasses to soil water
content in purple soil bunds
GAN Feng-ling'*, WEI Jie"*, LI Sha-sha’

1. School of Geography and Tourism Science, Chongqging Normal University, Chongqing 401331, China; 2. Chongqging Key

Laboratory of Surface Process and Environment Remote Sensing in the Three Gorges Reservoir Area, Chongqing 401331, China

Abstract: This study aimed to elucidate the reinforcement effect of grass roots on purple soil bunds. Three grasses
commonly found growing on purple soil bunds (Echinochloa crusgalli, Digitaria sanguinalis and Eleusine indica)
were studied. Soil is a material that cannot withstand tension but can withstand pressure, while the root system
within the soil can withstand tension to some extent. When external force is applied, the contact interface between
the root system causes roots and soil to dislocate each other and generate frictional resistance and aspects of this root-
soil interaction were measured for roots artificially packed into specially constructed test apparatuses. Root systems
were harvested from the field and manually packed into the test apparatuses. Parameters measured included:

resistance to shear force under vertical load (5 pressures ranging from 25 to 150 kPa) , maximum force (N) to pull
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packed roots out of the test apparatuses, and tensile strength (MPa) of the roots in the test conditions. Tests were
conducted under five soil water contents (5%, 10%, 15%, 20% and 25% ) and the root-soil friction characteristics
of the three grasses were examined by direct-shear force tests and ‘pull-out’ (extraction) force tests. In addition, the
mechanisms of interaction between grass roots and soil during the friction test process were analyzed. It was found
that: 1) There was a significant difference between the three grasses in extraction friction force (P<Z0.01). The
maximum pulling force of E. indica was on average 1. 18 times greater than that of D. sanguinalis which in turn was
1. 14 times higher than that of E. crusgalli. Similarly, the tensile strength of E. indica was on average 1. 30 times
higher than that of D. sanguinalis which in turn was 1. 10 times higher than that of E. crusgalli. 2) The root-soil
friction characteristics of the three tested grasses showed significant differences across the five different soil water
contents tested (P<Z0.05). At a soil water content of 15% —20%, the cohesion of the tested grass root-soil
interface was relatively lower than at the other soil water contents, while the friction coefficient tended to be a
maximised. In addition, the maximum extraction force and tensile strength of root-soil interface occurred at a soil
water content of 15%. 3) The constitutive relationship between the shear strength at the root-soil interface and
vertical load can be described by a hyperbolic model that satisfies the Mohr-Coulomb criterion. The shear strength of
the root-soil interface reached a maximum at a soil water content of 20% —25%. 4) Under the same vertical load and
soill water content, the shear strength of the goosegrass root-soil interface was significantly higher than that of D.
sanguinalis and E. crusgalli (P<<0.05). It can thus be concluded that among the three tested grasses herbs, E. indica
had the most significant effect on enhancing soil shear strength, followed by D. sanguinalis and E. crusgalli. These
results provide scientific data to assist with selection of grass species for soil-fixation to protect purple soil bunds.

Key words: purple soil bunds; root-soil interface; herb roots; root-soil friction; soil water content
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Fig. 1 Herbs root structure
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Table 1 Soil chemical and physical properties of undisturbed soil bunds

A B KR FhAL Clay (%) ki Sile (%) bk Sand (%) pH EER NG
Soil mass moisture content ( %) <0.002 mm 0.002~0. 05 mm ~0.05~2 mm Organic matter (%)
5.37+0.11 10.77+0.03 69.4740.12 19.76+£0. 14 6.14+0.02 1.4940.11

1.3 TR LHBHE
TR ¥ R B PCRFE SR 8, £ R R I 2 mm B 05 KT B KR (5,140, 48) % IR A %
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Fig. 2 Relationship between shear strength and vertical load for 3 kinds of herbs
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Table 2 Root-soil interface friction characteristics of 3 typical herbs in soil bunds

A RR HE— A B FE FEHE R B R RPTIR) PUIR R S
Soil water content Root—soil interface Cohesive force (kPa)  Friction coefficient ~ Maximum pulling force (N)  Pull strength (MPa)

5% hfE D. sanguinalis 1.00+0. 27b 0.87=£0. 08a 1.0340. 26b 138.76443. 39¢
M E. crusgalli 11.71£0. 20a 0.7640.09b 1.3640. 35b 165.35+41.69b

5 E. indica 0.33%+0. 04c 1.1340.11a 3.2340.95a 244.82475.45a

10% )% D. sanguinalis 23.11+0.45a 0.88+0. 28a 1.33=0.19b 200. 66+ 36. 90b
ME E. crusgalli 19.3140. 37b 0.51+0.17b 1.53=+0. 36b 224.18+41.23a

LR E. indica 1.83+0. 03¢ 1.23+0.41a 2.2040.69a 220.82+53.79a

15% B D. sanguinalis 0.51+0.01b 0.8940. 15a 2.1040. 35b 302.03+23.47b
ME E. crusgalli 1.8340. 32a 0.9640. 13a 1.86+0. 32b 326.76+48. 68a

i E. indica 1.6540. 28a 1.07+0. 21a 2.95+1.13a 382.12+13.98a

20% hJE D. sanguinalis 10.12+1. 8% 0.58+0. 14b 2.73+0.97a 319.91+37.62a
M E. crusgalli 17.80+3. 21a 0.6140. 16b 2.3740. 26b 303.44+23.81a

45 E. indica 1.1240. 20¢ 1.09+0. 21a 2.4040.21b 332.25+39. 21a

25% )% D. sanguinalis 15.10+2.95a 0.5940. 06a 2.3140.75a 317.36+24.21a
PR E. crusgalli 16.65+1.75a 0.3840. 04b 1.47+0.09b 217.65+10.05b

LR E. indica 1.16+1.23b 0.62+0.08a 1.40+0. 13b 228.06-+15. 60b

TE : [ F /NG SRR R R TE A 8] 1 e 5 KR A AF T 3 R0 REA R AR — 4 LI A7 A 835 25 5+ (P<<0. 05) .

Note: Different lowercase letters of the same column indicate the significant difference among the three herbs (P<20. 05).

2.2.2 PIIREEBHARME PR HEESKE N 5% ~15% B, 4 RO — ST 0 S 2 d R AR T 43 R T R R
B — - ST 2. 06 F1 1. 79 6% (3 2) , B 24+ 38 & KRBT, 4= i BAR — 4 S de RPTIk ek, A7E +
B8 K %R 20%6~25% W, T AR — -+ SHTE 9 B KUK ) B3 T AR A R B B (P<<0. 05) |, T A Al B R R
MR — = S W I KBk ) e 25 5 (P=>0.05) o W]+ B &K RS m i, D B AR — 4 5 i (9 B 4 1 B g«

M B K FEN 506 36 B 20%0 B, 2R A R — A B AR B ) T R B e 2 (P
0.05), 43 B3N T 76.43% .10.05% .26. 52 % F1 3. 86 % ; 1Ml 24 4 H& & /K Rk 25% W, MR — 4= 5L 11 b $4 56k i 2 B0
R FE> AR, RUTE SR R m e, AR — R U AL T A . A 3R AR — A
T AE 5 A RIS KRBT WPk R BRI Ry - A4 A 70 [ (281.61£71.73) MPa] > I B[ (255. 74£81.82)
MPa]># %[ (247.48466.32) MPa], H 5 JHAB AR — + FLHHTHAGR B0 B % 22 55 (P>>0.05) . B UL A A1, 4F
A AR — - R A0 - S R R e M R B AR P R A AT T R R
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2.3 A REE AR — L@ E LA AR AT 0 R

2.3.1  LHESUREXN E Y EEMLAFER R WS CN 3R A A W AR — e AT R R O B AR B R
Ik R (M5 K ARG [ R 500 ~2500) 3G TN S Sl s 86 R B9 AR A R o Jl e R PR USRS AR — BT B
BN EH LG KR ZFT S R Z WA REOC R (K 3) o R — L R MR R 5 5 K R 2 6] i P e A8
SEAE R AT, A ROR — R SRR R ) 5 RS KR Z A A BE REC(RY) N 0. 629, i T MM E . R4
5 B AR — e ST A B SR 05 R S R R e R FE BOR (P<20. 05) 6
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Table 3 Relationships between root—soil interface friction characteristics of 3 kinds of herbs and soil water content

M — 4w #i8& J1 Cohesive force JE 82 2% Friction coefficient

Root—soil interface 1] 9 5% %X Regression function R’ [5] 9 pFi %% Regression function R*
L D. sanguinalis y=—0.00582°+0. 4789x+4. 3820 0.064 y=—0.00092°40. 00952+0. 8672 0.774
M E. crusgalli y=0. 04562"—1.1991x+18. 9100 0.125 y=—0.00212°40. 04912+0. 4748 0.417
i E. indica y=—0.00942"+0. 30002 —0. 7110 0.629 y=—0.00282°40. 05942 +0. 8930 0.901
A — e KP4k 51 Maximum pulling force YLk ) Pull strength
Root—soil interface 5] 5 5% %4 Regression function R* [5] )9 p% %% Regression function R’
SR D. sanguinalis y=0.3782"%" 0.893 y=—0.6068x"+27. 73402+6. 6117 0. 968
MU E. crusgalli y=0. 1892*—0. 0062+0. 423 0.598  y=—1.0387*+31.72802-+83.5000  0.491
R E. indica y=0.0372°—0. 004x+2. 854 0. 640 y=—1.20902°+40. 9380x— 26. 2970 0. 876

Bl & 1 HE K AR BG 0, 3 i R AAR ) AR — B T PEE A5 R R S e G S v R AR b R A HLAR Al AR —

T B EE A R B TS R R (3R 2) o AR R AH OGB4 SR T A R AR — b LI A EE A RS K
RIC A OCOC R RN A 7 R AR — b T B RS S KR AT Tk 2 0 R B A L HL R R
MK (R*=0.774,P<C0.05) o £5 L ATHL, 4 4 88 CR BRI, FAKR — 4 541 A B2 48 R 502 R/ .
2.3.2 - HES KRN F P EE BH R Y 52 A3 SRR 58 X PN 3 A M AR A A AR — = BT AR B B R
(B KUk 71 BT L ) 5 58 E ACR AT A 4087 (2 3) o BB — £ 71 i KUk 715 £ 88 5 KR ] %
PRI 3G (RP=0. 893) H &t 18 3 1EAH G (P<C0. 05) , e KPUIK Ty B & 1 3 5 /K 32 00 15 KM 48 K 5 B AR — +-
G e KRBTk 15 3 K R H ik 2500 R B A (RP=0. 598) HL 52 1E AH 3¢ 5 4 i R AR — + F4 I KAt
W15 IS AR Rk 200 RS (RP=0. 640) H 2 IEAHG

AR B 3PP R AR AR — A PTIRR S RS AR A IR IR R (R 3) BRI
Bifi 5 0 9 5 K AR Y 1G5 SR R Bl By e e, Hovh B R AR A RO — - BT BT R T TR RIS KR
15%~20% B 58 KAE . BLAh, B R — - S bodkom B2 5 3 5K e 5 2 1E A0 56 (P<<0. 05) .

Zi b, BRI IR b 3 b B AR — A B R EE B R S A KR MR R A A BT i 2 A AR T R
Fe 20 A1 BB 3 A0 AR — - B TR 5 R AT 2 B Bt 2 S K A B 2 e B K IR/ 4 AR AR A
2.4 FELRRIAR—EIRERENEREZFTHEHS

3P FEA AR — - FTE B BT Ak T B S R AR A R AL (8] 3) o FEAR R Ak w0 T, B R B R A A R
R — - REHIR J758 38 0~3. 3N .0~2. 6 NI 0~1. 4 N, AR — + R EH K 7 B LK, H KR LR 20
SRS G MR B . B AR R E— 2Bk AR — b ST AR T Bl S RS B B R R s AR B B B
Uk IR B e KAH , Hoh S BR R A4 i AR — - B Y e K PUAR J1  1.82.1. 66 F 1. 46 N 3FPELA
PR — 1 5T IA B e R BTHR J) 5 I A s N R T2 AE — 28 1 30 60 78 X ] P ORI v 15 B RS R A 7
B — A e RPN AEAR R SR R 2. 86~18. 01 mm 4. 79~46. 98 mm il 1. 88~28. 64 mm [X.
B P9 ORFETE 2 o AR — - LT E — 2 W B L IX R P DR FF SR R BTk 1 5 B S/ I TR e, H B AR EE R
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Fig. 3 Relationship between pulling resistance and displacement for 3 kinds of herbs
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