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Mechanical factors influencing soil-reinforcement by roots and identifying

appropriate plant species for erosion control

LIU Fuquan', LIU Jing"*, YAO Xijun', ZHANG Yongliang', YUAN Shujuan’
1 College of Ecology and Environmental Science, Inner Mongolia Agricultural University, Huhhot 010019, China
2 Inner Mongolia Autonomous Region of Irrigation and Drainage Development Center, Huhhot 010019, China

Abstract; Influenced by the physiological and genetic characteristics of plants, the mechanical properties of roots differ
significantly, with the result that species vary in their ability to resist soil erosion. The selection of species to reinforce soil
and prevent erosion is the key to improving not only soil and water conservation, but also vegetation and ecological
restoration. Research to identify suitable plant species is still in its early stages, and studies addressing many issues are
urgently needed. Caragana microphylla Lam, Salix psammophila C.wang & Ch.Y.Yang, Sabina vulgaris Ant, Artemisia
sphaerocephala Krasch, and Hippophae rhamnides Linn are common plants used in soil and water conservation projects in the
arid and semi-arid regions of Inner Mongolia. Rainfall is concentrated in summer with short-duration and high-intensity. The
mechanical properties of roots differ significantly with growth period and soil moisture conditions. In order to study the
mechanical factors influencing soil-reinforcement by roots and identify suitable anti-erosion plant species for this area, root
tensile strength, root-soil surface friction, and root-soil composite shear strength of five plant species were studied. During

the spring drought period and summer wet period, ten indicators of efficacy in erosion prevention ( root-soil composite
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cohesion, root-soil composite equivalent friction angle, root-soil interface sheer strength, cumulative surface area, interface
friction coefficient, representative root elasticity modulus, representative root constitutive properties, taproot tensile
strength, lateral branch root tensile strength, length of cumulative root length) of the five species at the age of 3—4
(mainly 4) years were measured. The data were then analyzed using principal component analysis ( PCA) with SAS9.0
software. The PCA results indicate that tensile mechanical strength had the greatest influence on soil reinforcement, followed
by root-soil surface friction, and then root-soil composite shear strength. Based on these mechanical factors, the performance
of the five species was evaluated. In order to maintain the integrity of the data and reduce uncertainty caused by subjective
expert assessments, the variance contribution to the PCA of each of the three mechanical characteristics was used as to
weight an analytic hierarchy process ( AHP). The results showed the soil-reinforcement indices in the drought period were
ranked Caragana microphylla 1am (0.763) > Salix psammophila C. wang et Ch. Y. Yang (0.384) > Artemisia
sphaerocephala Krasch (=0.141) > Sabina vulgaris Ant (=0.186) > Hippophae rhamnides Linn (—0.821) , while in the
wet period they were ranked Caragana microphylla Lam (0.876) > Sabina vulgaris Ant (0.218) > Salix psammophila C.
wang et Ch.Y.Yang (0.065) > Artemisia sphaerocephala Krasch (—0.404) > Hippophae rhamnides Linn ( =0.755). The
results suggest that species with better root tensile strength should be chosen reinforce soil and prevent erosion. Of the five
species,, Caragana microphylla Lam is the preferred soil-reinforcement and anti—erosion plant in arid and semi-arid regions

due to its high root tensile strength.

Key Words: Soil-reinforcement by roots; Mechanical property; Dominant mechanical factor; Principal component

analysis; Assessment; Analytic hierarchy process
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Table 1 Soil mechanical composition

3TN

BB L 0.01— 0.005—
0.001 Hygroscopic 2—0.05 0.05—0.01 0.001
Mechanical composition < m yaroseopie mm m 0.005 mm 0.001 mm < m
water
H 47 L Percentage/ % 7.59 3.69 46.81 38.80 4.20 2.60 7.59
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Table 2 Hierarchical structure model of soil-reinforcement by roots

. X FUE Weight B FUE Weight Z.E%ﬂi .
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Target layer Rule layer %% @&  Scheme layer Weight Index layer ER HE £ FES

Spring  Summer Spring  Summer  Spring Summer
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FEEEBERE CS 0250 0.0696 0.0756
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F54 B3 FitE Co AHPEEE DI3 0.500 0500 0.0820 0.0758

EARCRRE C7 0 0333 03—1.0mm D14 0333 0.539  0.0269 0.0817

1.0—2.0 mm D15 0.333 0297  0.0487 0.0450

2.0—3.0mm D16 0333 0.164 0.0884 0.0249

AR Sk 4t 0.333  03—1.0mm D17 0333 0539  0.0269 0.0817

RSB C8 1.0—2.0 mm D18 0.333 0297  0.0487 0.0450

2.0—3.0mm D19 0333  0.164 0.0884 0.0249

FEWFFE X DY, SR B ARAZ A2 1 3 MRS HERRAE AR 2R FAR R B3RS 0.1 mm HEAT40 40, I i & A2 0
HRZR BT | DA = R - B (B A 45 3 B g 2 e P AR b IO MR A28 Y TR 18 AR A R A A Bl s iR -+ 2
B ARBTT IR EGR 2] - T HOR DU A5 4 i 2 L Bl BB AN, 35 IR AR 4 4 Q2 AR AR A28 1 11 PR 1 A ) LA A A
F(1.25 mm) MR-+ 2 AR, AR ST 4 SR, BRI 4 2R (12.5 kPa, 25 kPa,
50 kPa, 100 kPa) , B2k 3 44T, HFRETFETEE R EHESKEN 4.34% (5 5 50K + &
K B 3T (ALK KT | 0.02 mm/min) 545 ; B 2= 250 4R 3T ( 3 FLIBUK R | 0.8 mm/
min) $545, BIEEHIKERN 23.6% (WA M FI S KEK) |
2.3.2 MR- A EE R A

PARRFT RIS BEAS AL R kA W 2l sl P AR R M AR gl SE AR R dE 2 R B S T THBRAS R AR )
MR R 2 T ARUAS [) T R ()15 25, e B BRI S 4 sy 4% 1 -5 b 1oy AR 3 T AR %) B A, BT 4% 8 L AR ok S
AN ) AR 42 ) B R 3 T RRUT 32 BB 488 7 0 /N HR - A v B 482 o 5 MR- o f v MU AR 2 3 T AELRE 7 P 2
IR, PRI, 2 A 4 8 B | SR AR S T B B A AR - 1 5L T L BY R4 R A X T 3 - A3 K R i iE
Y AR - AT EE SRR PR A HE 7

R - 5 T R B AR 6 P PR A R BHIRSR 5 8 5T PR A i, AR R B BRI B AR 6 em (K
B 8 em Y PVC A48k A4 KB R 9 em ) EL BRI E RS T BN 1 em WIRFLT,RH YG(B)026H-
250 JILIHIER FIHLORSEE M 0.01, i SR 0—2500 N) #EA7HiIR , B MRAR 3 W A ; B 5T BEEIR I (10X 2§

http ; //www.ecologica.cn



19 1 NfEar AR ARARE L 3Ty R S 22 5 PO 5

KNS SR- 2 S RPTR AR, HR T, 351 & F &R AR, TEiR AR AEIRA LKL
[RIA S MR 7 16 5 32 5007 [0 AT AR 5 43 B i 32 SR, RO A SR - 4 im0 BE 4 R 8K
HR R TEFR A I 5t 7 7 55 MR R K B RO ], AR
2.3.3 WRARBLHIIFRE

TE A2 AR KRN B 252 R RE B AR TRsR BE MAR 43 S Ak Hohrsm B AR SRR S TE A A R PR AR
RYUPLI R Te bR . AR R PThr i B s AR 22 76 B A A AR B A2 Ry i RIS (AR R 7 AR R A
PLEARAIE B, IS AA e 3 22 B s AR, 24 AR % AR A RS shit , AR 43 S AT 22 32 2 1 VE T, IR
VEPR L BAR RN 73S A WA AR R AR I WAR R BT hism B, AP Re ik b S A i RN AR A RRAE A B, 3
PER R (HR R BRI 7 5 5P I 7 00 HOAED) A AR R & AR ST AR ME 5 R B s AR P RRAE (AR R RS 7 5 4% B
I 78 ) AR ) J AR R AR RHTIE 22 1Y g

RIS ELR TR AR 43 32 Ab o il F A SR AR st 88 1300 AR R BT PRI A48 R FH 8L )
HL,7E 500 mm/min FYNZRHBE T FIAR R W (Fe e O AbWT 4R Bl ek , N EAR 3 IRER , T
MARBTHL RS o A Ko AR Y 1 SR e B e ALY e B b AR GO 43 5 FH B o = e i =X
e BLIeHF , T GO [ il I8 e e 5L ) B DA O g — I R At ) 52 7 5 S8R ek a0 ok FH B B ki, BV A
10 mm/min (3 BEXFARFARIEFT 15—18 W B Hifl , 6 o — e Ik AP R 5 AR FFE,
2.4 R AYEE

PRSI AEAR RPHOE &I, th AR BRI AR FE e it B vp |, iR 2R R Mo th TSR AR BT
5 JE 3 R T 5 R 2R 7 e 11 Ak i M ol e ot W 4 R IR O, i 1 T E 45 ARG ot — 2 b S AT . ()
Bl Xt 4 4 AR A AR RART Y B R B, BLAR/NT 3.0 mm AUAR R L HEAR R BB 314 7 78,
40%—96.84% 2 8], T DL, X AR/ T 3.0 mm AR R A 722 R A T 5T BRAS S AR AR 2R B8 1A 1Y) ] 1 fig
JEH, BR/NT 0.3 mm PR T 22tk 22 B/ NS i AR TR s L AR W e . o TR UEI IR 45 SR ME o | A
WRZE AR SCEFE LIRS 0.3—3.0 mm IR R WX 4, E R R HNZ AR REF 1) 2R R Rt
MRS SRR EE B AREE | BT S b b i B RN AR 73 S A0 - 3B hi s BEAE A A e s . (HAR R BThism iz |
MRF AR R K AR R 2 5 02 R T IR R 00 ) 22 ek 5 8O R e A A R AR R 7 25 5
AR SCHG BRI G AR SR (PUBTSR | U B35 R ORI Rt ) LISMIT A $8 45440 4 0.3—1.0 mm (1.0—
2.0 mm 2.0—3.0 mm =2,

3 ER59MH

31 WRRARB LN ETSFERER

& Bh SAS9.0 Bt FEZE T R 5 H R WA TR R B L0 10 MR T 205 08T, £ 46 b5
) S LR A L3 3

T4 WEEWIHIR A ERS SRR R MR 4 BB EELIET RS E R WM RS
Y2 — T2 38 AR AR A i A RARAAGREE | BRSPS B AR 23 S AP hr o B 4 TAE AR B, )2
AR R (TP T2 e 5 58 Z F oy, SRR b AR R B R | R AR R T AR AR - S T PEE 482 3 5 1Y) 5% ) 3R K e
K, FEBA AR - ST A BE PR 5 2 T R A28 = F A B BT R KRR - 5 A R R 4Lk,
7% T R D AR - 0 525 AR SR T R P EE A8 A7 A i, 380 S WA - - 52 B AR B ek

MR F R T R AR R WA, 2 AR E AR R 0 5 = AR SRR R R
SRR OB AR - - B EE B R, B J5 AR -+ R AR PUBY RedE
3.2 HAMEYIAR R 425 BTN

P AR 2R 118 [ A AL T 260, MR 2R T A B 178 Jn e A FH RT3 oA TROREL AR s 361 FH AN e A AR 8 5 7
TAEEER RS R E EEER . (HAERWAME N AR E EERE IR R ER/NT

http ; //www.ecologica.cn



//www.ecologica.cn

http

Bl
A
LW S €A N T A T M — S 1 M S Y G h R S B Y B
S€T0- S81°0— €51°0- 860°0— 681°0— 180°0- ¥0°0 20070 16570 969°0 0S°L1 |
LO1°0 L60°0 ¥T10- LEO0- 8050 L67°0 1€5°0 9rE0 9€T°0 9000~ §T0€E u 1M [1os towwng
€€7°0 8¥7°0 o Yor°0 ILI'0-  80TO0- L60°0 €170 9020 9L1°0 9%t 14 W BT
LST°0- 7200 €500~ 671°0- €EE0-  €6T0 8T°0 €90 091°0 6670 L'yl €l
S01°0 Tro TL00- 10— vES0 S¥S°0 L9%°0 9€0°0 $91°0 81€0~ LT u wysnoxp [ros Sutidg
1E7°0 vEr0 LEF'O 91%°0 150°0 28070~ 9120 LIT0 88€°0- L60°0 1767 1d WTHLEY
80 LD eld [ 9¢] Y0 1%0] (%8} <d 1a 9 /OT1RI jusuoduwiod
uonnqLIuoy) [edoutrg ported
J101BDIPUT DB JO JUIIDIJJ0D ouanfjuy ﬁ%@n“ﬁ%&ﬂ%& %K@M‘W\ﬂ_ @Nﬂmﬁm,m @mm\ﬁm
sporrdd om) ur sjuduoduwod [edpurid 3IY) Jo I0JLIIPUI YOBI JO JUIDGJI0D NUINJU]  dqe],
* RO CWE L S b2
gl
#
H SRS O] ol B 4 57 UE B I Y B
9¢°Cl 8L°G1 69°L 1zee 6L'8 9T'11 ¥9°61 61°6 6£°9¢ 809 8D
or'1e 1T°ee L1°9 9861 LOE] 96°CC I1°LT £9°¢l 0L 9% 0¢'8 LI
60°1 €9°1 838°0 gee Il 6S°1 ¥6'C LO'1 60°¢ LT'1 cld
SS°0 08°0 1T°0 6C'1 86°0 SS°0 08°0 1T°0 6C'1 86°0 1a
1691~ 8 1v— LTLI- STTe- YL Ly— 8L°0 961 LSV ere LY°0 S¢)
9L66S (13184 S8ELL LSTEY 8¢10C 9L66S 0c61¥ G8ELL LSTEY 8¢€0C ¥0
L9°SY 19°¢¥ 8887 1€°8% [N L9°SY 19°6¥ 8381 1€°8% croc (3¢}
0ILYT 9¢£€6 (4194 LSYLI 0zey 01L¥T 9¢€6 (494 LSYLT (01494 (4]
S0 9I's 89°C- SL0- 06'7- ¥L0 91'6- 10'C 9l'L- LS0- <a
081 0S°1¢ oLyl €91 S9°91 91°ov 6¢°St 60°ST LE'8T cree 1d
sunFna pydownunsd ppydasotanyds pAydosonu saprouwnYy.L sunFma pydownunsd nypydaso.Lonyds nyfydosonu saprouwnYy.L
DUIGDS x1ng DISTUDLLY DUDFDIDY) anydoddapy DUIGDG x1g DISIUDILY DUDIDIDY) anydoddipy
QR it HaAH w4 R Wt i HaH w W I A
1M 108 dowung e i it 7 wysnotp [ros Suuds Fp |
o JoM Jowrwuns pue Jysnoap Surids Japun sisd[eue juduoduwod [edourid 3y ur pasn ejep paInsed]y ¢ dqel
HESHWOEWEl HEMESESELHTE=E €%



19 1 NfEar AR ARARE L 3Ty R S 22 5 PO 7

1.0 mm AYAR R 7EHE = A /K T 2E 00 T sk K A A7 ML AT 1 SR A1 20 o 1T 3R 1 e 245
I, Hhoi - e B IR ARE T IR R RE A A i S B D AR T, AR K S A el
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