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Abstract: [ Objective | The tensile strength tests were carried out of the main roots and lateral roots of four
shrub species in the loess area of Northeast Qinghai-Tibet Plateau, and the relationship between mechanical
properties of main roots and lateral roots was discussed, which provided a reference for investigating the
mechanical mechanism of plant roots in stabilizing soils and slopes. [ Methods] The drainage area of Changlinggou in
Xining Basin was selected as the studying area, and the tensile force, tensile strength, Young’s modulus
were measured by laboratory single root tensile test of four three-year-old shrub species(Caragana korshinskii ,
Lycium chinense, Nitraria tangutorum and Sarcozygium xanthoxylon). Then the relationship between
root diameter, tensile force, tensile strength and Young’s modulus of main roots and lateral roots of four

species was further analyzed. [Results] The tensile forces of main roots of C. korshinskii, L. chinense,
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N. tangutorum and S. xanthoxylon were 28. 45, 13.21, 11. 01 and 7. 35 times of lateral roots, the tensile
strengths of main roots were 0. 67, 1.17, 0. 68 and 1. 22 times of lateral roots, and the Young’s moduluses
of main roots were 2. 00, 2.39, 2. 82 and 2. 48 times of lateral roots, respectively. [ Conclusion] The tensile
forces of main roots were significantly higher than lateral roots for four shrub species. The tensile strengths
of main roots of C. korshinskii and N. tangutorum were lower than lateral roots, while the tensile strengths
of main roots of L. chinense and S. xanthoxylon were higher than lateral roots. The Young’s moduluses of
main roots were significantly higher than lateral roots for four species, it showed that the main roots were
not easy to deform in comparison with the lateral roots, and the contribution of main roots to the stability of
the shallow slope is significantly higher than lateral roots.

Keywords: Qinghai-Tibet Plateau; shrub plant; main root; lateral root; tensile strength; Young’s modulus

[ N A0 R B F 5 45 SR 3 B L 47 3 ) 2 R0 A
58 1 )25 MR 2 0 A VP 2 R AR 1 A FH R0 A AR i)
5 EY AW AR R BUBL S 25 5P AT AR R OF M AR
FFIEERLN ) B S 2R R AR AN
XPAE TN S P R X, A K 4 a B R
(Caragana korshinskii), V> i CHippophae rham-
noides) M E T (Medicago sativa) R R UEITER
PLAR S 35 3 B 4 S AR AR FR T 47 g Bl AR AR 1 1
T O FAAR A PR e o R B AR AR A 1S 0 T U/
H 2 % 2 Jh) 5 R A DG 56 F . R B i A A X
AR T IPE 4 A 10 X B EE B (Lolium perenne) \F
W E (Vetiveria zizanioides) Fl T = K ( Paspalum
notatum )3 P EAM R AT ARG ) 2L 45 2R
F WA KA FR BT 0 8 ¢ R R BN A 3 75 (116, 226
MPa) > B3 % (50. 839 MPa) >FFAHRH (49. 650 MPa),
JEdE A =R A PRI B L TR A R AR
BV 51 ST 5 B 5100 56 5
KR 5 a W (Hedysarum scoparium) F1¥H M
(Salizx cheilophila) i F A7 AL P, 5 114
P AV MR 2R AR B KChr T (U b o B A A LA i 3
H5RBEZHE R LR, Capilleri XA K F
T ROR) P P B b X Y Y 55 (Asparagus of ficina-
UHRARIEAT T E N AR BRI R, 25 R R Ky
SREER 2.5~8.0 MPa, Jf 45 th H W] A 5082 m i AR
SEME . Abdi B XA KB R G S i XY
BRI 8 BA (Car pinus betulus) HE F P17 BAR Fi /i
By, 45 BRI HARFE N 0. 3~4. 5 mm BF L, FL 47 38 5 K
11.72~62. 20 MPa, H 2 F 2 [ R B R, H
DL B AHSCHIF ST G5 R T AL AT SCAE AR JR U BL ) 2 R
05 T A 9T 32 R0 H E AR B b Iy R R o B
C A 5T T 22 0 R IR AR ) 35 AR O i B B A Y
A5 0 TV D T A SCAE 0 AR e b g 27 e vk e e
TGRSy 2R X L A DT T YA T i T R
WA .

T e Jirt ] EL il A R B 1 b 37 B A v ]
BRI A S G 59 X, A S B P @ i 5 AR &0

FE2x T K e L X v AR RO T 22 A BROR R S TR AT 4 ¢
S I AR RN 5 S AR Ok L B T R AR AL
M DXl 3 A 5 5 S IR K 0 E AR A AN W
RAGETE N2 TR Sh e — € R 20T X i
GEIRE H AR & BRIT KR 45 AR Rt 120 e 55 HL
PTG RE 19 5 B ER T 7K 32 35 AR U 9 s g L R
1R KRI85 | b VA L A7 3L 0 39 38 25
W JBTR L BRI B A AR AR A R R
o A A PR 1 8 A0 A R 2 b 28 B R A 2 R
JEAT SR T R WA H— E T AR BT BT A T TR
b DAL H T e 75 3 e D A G At IX A S R B Y PR B
AEBERHLE L FET LU ESEPRE O AT 5]
T FUR AL 8 X 4 A KN 3 a KO S
AR TR BT T BRI 0 4 FPEAR 32
RRANUAR BT 7 2454 56 2 L DU TR AW SE R AR
EQEIR b Pk IR E e

1 WX HESL

A TR 5 A IR 0 XA T e I AR A Y P
T A AR U Y AR, LM P AR AR O AR 22 101°42", Jb 4f
36°36 HEHR N 2 315~2 570 m'" . IR X H eyl
o 30%. J& T AR A BT 3 B 1w [ e BT A A Ry
T ZIX R I T B ORGP . 2R R
M 5.6 C,4EXREKE K 386. 2 mm, 78 K it H
1762.8 mm""™ K EZAE P AL 6~9 A, &
SAEREK AL 7020 ~80 % 2247 . H £ UL 2 TN A1 Bf Wi B
2 B ELA g R SR R RORIT R A e AR
DI S B LA 5P i 2RO R R AR B
TAEY) A KT8 (Stipa bungeana) F8 A6 5T 3¢ (Stipa
brevi flora) .5 48 (Pedicularis resupinata) . ¥ 5%
¥ (Achnatherum splendens) . §i ¥ ( Leymus secali-
nus) MIPE AR W 35 (Ajania fruticulosa) %, % B 7y 4
AL BB H S5 L (Caragana opulens)
MR BN L (Caragana jubata) FEN  FEHEH H
A T b A RV A E A



CHER]

JEI PR R A - 55 s TR AR AL 4 Fh A AR AT AR BT g S R LA 3

2 MRS

2.1 RKIEw R

HR 5B 5 X FE V8 2 T 52 A0 25 A A TR 5 i 16
ST A ER G L T MOAD L R R R 4 R R A )
PR 6 % 5 L AR KR AE A K Rk
BAF .

(D P43 L0 SR B L JE BEARAE Y . AR
R K AT B i T 5 68 ) A b vk, nT RN AT
A A 1) 2 O R E R AR A R S AL T b IX K A= AR
FRRG U 1 MR S i 4 .

(2) e MRS S oih B M AT s HE R A A MR A OB
KM S 1k, ELAT TR 52 T 9 i 2R R S 4
BAET RSB XA E R A K

(3) PRIy BE ALY | ) v R A, AR R R
Ik PR RE D B0 M B L T R AR 2 R B
DRI V0 AR W] L By 36 KT A 3 L o0 R AR A
AP A S Pl vh i 2 J R

(1) BT NFEEER B TR AR Y . HE A
HARAE R K 3k AR 42 K ik, KB 32 MR 2K
FEE s AT PO LT 50 R A TR A B 2
ORI L7/ E S
2.2 REHIE
2.2.1 RKBEE AT XA 4 FEREDR
ZPR 0 R H HY-0580 %I B F J7 G A4 B2 530 4L
(B D, iz FE R REREM TR
G52 WAy H F B TRyl TERS T
(14 1 RS o A g 1 it i 0 3 e v R T A2 B 1 e
LA i RS R AR R E R Gl 5K
8 HLAH VT FE A T S e s AT B sh b s |
A A 0 AH R A B AR SR BT R ) A A (R B 2 1
ARG Sy AR R R O R 2k

b EERHRR

a J7 RERERHR IR L
Bl BRAFEBEIHIGEMBIRAINE

2.2.2 RHIiE

(1) BFAMR G D50 32 R AR i RE . 7Rl X
R ANRE I oA R DR AR 2R 5 B L R B 97 4
PR AFL R A B 2 AR AN O S Y [l S 6 2

(2) WHUMR—EZ AR, BR- L2461k
TR SR PV 7K e 1 v, O e BOCH AR I HL 26 1 2 4
AR R AE AR &

(3) MUAR BT U, ¥ 52 & A RE B 3 0 Hh A AR

FMAR B JI85F I g H AR Bt MR 4z .
2.2.3 HARFAPRBF R ATOILK P4 FEEAR
FARMR K K 130 ~ 980 mm, il #R AR Ky 54 ~ 280
mm, GO EARRLAFREE B E S 100 mum, il 4R 437 Aif B
FHBCE N 50 mm. 7% N T R SR LAl g L R
P bR R R B AR BE B3 R AT AR 3 A [ &
7 I HARAR I BOH S 2 (B D i AR B A AR AR, 2
— 20 BRI 25 S R AR AR M A S ISR LA
VEBE 193 B AL AnyTest Professional H7, i B A4
3 3ok X 3K 50 R A 3R AT S B A B BRT 2 d G B R
H—ZEXRINL.

TE AR BTALR i A oh O A ROk S AR R AE Sk A
kAW E G R U AE BT P B e Sk T s R
JE R 5 8 R 0 2 P 00 B ) 5 1 R M R AR AR 5 e L
I F R A e BRORT L IR R A AR R b R
R b A0 a0 2 A A RO A R A IR R AR
Uiig A W 2R WA T A B8 » 18 2R AT hr Al il

DX 4 Fh R A B BOAR B hr e A
Rt
_4F

nD’
K P— AR PSR B (MPa) ; F— B K
PP (ND 3 D—#R4%E (mm) . D 4445 D, 1 D, . D,
S ERRAREE D, MR AR .

DX 4 KRR R B GBS S
Rt

P

@y

 4FL,
E, xD* AL (2

A E— KR (MPa); F— AR & KILHi
SN D— BB (mm); Li— R REK (mm) ;
AL— R AR K MK E (mm),

3 iR 50br

3.1 4MEARERMMUBRANARESREZEXR
AR TR L A ARG L R T AT L AN

HFERBEARES NN 1. 26~4.93,1. 62~6.07,2. 1~

6.41,2.16~5. 23 mm, H o ] 32 47 $ 4 42 35k




4 7k - B F e AR

%39 &

TH A 3 A B 43500 Ry 95 b7 M A R AR B Y
JUI 1.12,1015, 1. 38 £ 54 R R AR50 J1
KA /NR R N 7 2% 5 X8 L (248, 95 N) = it 7 fi A
(236.55 N)=>#i F (226. 08 N) > [ (190. 10 N, #¥

FEXG L FMPUHL I 5 b A RS AN E 25 R R AR X
AN S AR R ) 22 T AR RO B3 Bl
SRAR Y LT X SR PR I 43 i B b T MOAC L8 R R
flk 12.40,22. 87,58. 85 N(% 1),

F1l RERIFHEREROEANF RESRED ZEUEHE

L/ BN F¥RAE Dy /mm ¥R Fi/N [l 3 5 AR H R?
S ER A L 3.024+1.10 248.95+79. 39 F,=103.02D-% R*=0.866 5
b My AL 3.63+1.16 236.55449. 85 F,=109. 21D R*=0. 844 4
=] 4,1841.28 190.10£71. 81 F,=33.92D}* R*=0.845 0
#H 3.7540.91 226.08446. 33 F,=78.35D) " R*=0.903 8

T %R T T RB AT B HHL I BRI (o) TARMEZE (O IS 8, K AR Y EREAL () =20, @k 4 MG I

BFEMIAKF-. p<<0.01. Dy I ERMEZ, TR,

A T R BRI g B AR AR T B B DR AR Ak
e B PURL Iy 5 AR AR 2 ) 5 5 pR B IE A DG OC &
(B 2) 25 R 5 22 B G 4500 W A K T i VL 1 350 X
W AR (Loropetalum chinensis) . B £ ¥t % (Rhodo-
dendron latoucheae) F1 T #s 8 8 (Dalbergia mille-
ttii)3 FPHEA, LhJe Yang 550 528 K i) b 4 ok 38 )
Mg W) 3 ME (Betula platyphylla) . 5% 15 #k (Quercus
mongolica) JHFN (Pinus tabulae formis) F& M #5 (Lar-
ix gmelinii) 4 T AR R BTHL ) 5 AR Z 18] & 5 1 WF
FEHER—E

WEAh  Fy 2 BRXG L T AR A | 1R A O AR
i KRBT L I3 43 5 A 402. 56, 342, 54,345, 67, 320. 83
N %t I8 R A% 43 0 A 4. 93,6. 07,6.10,5. 03 mm, T
Wl 1 7E FEARARARAH ] 254 R Ay A58 )L EAR TR S
BERTHAL 3 FhEA .

1 X 4 FEARMINAR BT hn (8 2 5 R AR Z 18]

UG T FE (20 Al 0, 55 T 00 KR AR A% RSP 35 Bt B A
Xof Gk T AL 3 AP HEA, AR - 4 hr T 43 5 o
TR L AT S5 HE XS LY 1. 72,1, 78, 3. 204% ;4
FRHEARMARYLR N SRR R WREBUEM LR X
TG SRR Z R RTIN — B,

4501 o. gL
5

3501
&
R
ﬁ 250
b
g 150+

50 :
1 2 3 4 5 6 7

FEAR R F/mm
B2 RBEX4MEREIRAENEREZZEHXE

®2 KBERI4IMERAMRANAF, RESRED, zBBEHE

HH ) 45 Bk KR AE D, /em SRS F. /N [ )5 77 H K FE EL R?
¥y 4579 )L 0.434+0.22 8.75+6.33 F,=27.87Dy% R2=0.952 1
SR L 0.9440.52 17. 91414, 44 F,=16.85D} ™ R*=0.989 9
Hof 1.10+0. 50 17.2648. 57 F,=15.77D} " R?*=0.855 8
W T 1.4440.51 30.76416.73 F,=15.11D}™ R?=0.964 3

H:D: AIRRE. TH.

HI DX A4 R AR MIAR S RE ) {5 AR AR 22 1) 56 & it
2 (ULIET 3) AT A 4 Foft JE A DN AR B0 437y B AR A 18 i 52
38 3 M DR 72 A ML o G 3 094 5 3 B B A 2 0
22 PE R IAEAT AR E Y L L b T A RS RN 8 3 AR
DNARBTHL F7 328 15 W J3E L2 A T 394 R 118 22 AR RLAEE T 7 )
ONARATHL 328 38 52 U R SR B o A 38 2 A i 5 L ax 15 ]
FURMARSTIL 1 52 AR M 2 AN A 3 FREA

TE LT ZEULWT Y 2 . (K 4 Fh AR AR R PHL ) A
B AR B BT P B i B i R AR R
2 PG MR BER B 5 R R AR AR B e S b

o B b 7 B R AR DL X 2 AR B R AT
TE A 4 B HEA B AR B 0 A AR R R R B
T2 H 273 20 20 FEARBURL 7 A RS I 7 2% B G
JU g M A | ) R A A A G O 8o i
A7,39.32,36 UK IZGE IR M AR R HTHL T AR AL
i3 56 04 A 28R /D 5 R R L R 4 R XS L R T M
FE 1SRRI £ MR R A5 2 20 ZH A7 RChE A B0 I
v E A2 A B R KA S Ol 22.27,25,29 YR AR
ST AT LAAS H AR 8 B 0 A AR 3 R T R
A RO



JEI PR R A - 55 s TR AR AL 4 Fh A AR AT AR BT g S R LA 5

80 .o dpgiEEIL
—O0—F T
-4 -Ail o
, 60p TOTHI Py
4\? 9’6
2 %o
P 40 - o"&°
= N
— > ’,f"A
= 20 ‘ A=A
0 . : . . )
0.5 1.0 1.5 2.0 2:5

4R #R /2/mm
3 KRR 4FMEAMBRRENERZZEANXE

3.2 AFEARETRMMBRANBERAESREZE

K&

HY X P 4 b R MR B hr o S 5 R AR 2 )
P05 J7 B (3 3) ] 1L A7 A5 A XS L 32 AR P Sy 40 4 ik B
3 R T H A 3 FhE AR, BI 43 00 S v T M AL L B E R
FIAAY 1,50, 1. 94,2, 89 4%, [A] I 3% 1 — 7€ 72 2 M J2
IR iDL DINE R IE A i NI E N K AR (AT
FHTHAL 3 A 4 MEEAR EARBLPLRE SMRAEZ
[F) £ % R KR BRH G OC &R HOHOH DG 48 B0 8 0. 94 LU
SIS 30/ SEF B iPAD WA ER i nbll [ (o7 NER = B=75 1
X B TJT A6 K (Myripnois dioica ) . 57 15 16 (Weigela

florida) %5 5 FhHE AL YIAR FR PURL R 5 RS Z 0] ¢

WA R R — B

®3 AER4IMEAIRANBERESREZABEGHE

HE ) 45 Bk FEHMR4E Dy /em S B RLSR B Py /MPa [ 5 75 HH 15 5t R?
Fr 4579 L 3.024+1.10 43.54425.57 P, =150.18D; % R?=0.965 1
o My AR 3.63+1.16 27.744+15. 60 P,=161.80D; % R?=0.965 3
Bl 4.184+1.28 15.06+6. 00 P,=66.54Dy " R*=0.945 7
% F 3.7540.91 22.46+7.86 P, =116.22D; "% R*=0.954 2

1 DX 4 AR ARG 98 B 5 AR AR Z 18] ¢ & il
2 (8 ORTELAE 4 FPPER EARRAAR R 2600 T A7 2%
G L FARGTAL 98 HE A BOR, P A AL M £,
A 80N s B AR AR AR B 0, 4 Fh AR AR BTHL
iR JEE 196 Dl I 2 2 B Y o 9 U/ N 114 2 A L R B
B EMRMRAE/NT 3 mm I FURL5E B REARAE 3G i 52 B
SRR B E AL Y ARAR R T 3 mm B B0
W AR A2 o L 238 Dl 0 52 8 il ) o 5 S TP RS

2% 4 TR0 Ay SR H G L MIAR T o B 2 R T
oAt 3 FhHEA . RIVAT 2 50 05 JL AU AR ~F- 1 478 437 55 B2 73531
Bob A AL, R RN W CE 41, 31, 420 79, 46, 71
MPa, [F] IR} 75 5z e Y 2% B3 X LA AR Xof DX 1A 340 33 4 44
A A2 51 VE FARG 38 T A 3 Bl s 53 A 4 Bl

AR T 4z o B -5 MR A =22 18] B AT 1 35 1) ek BT AR
KRR X G H FARPCRLR B FIARAR Z A5G R —2L.

120 N e L. YN
° —o— R
100f 2 - - R
g . 0B
= gol
il
i;ﬁ 60}
£ 40
20
0 :
1 3 3 4 5 6 7

ERBF/mm
B4 ABRXI4MEATIRAABESRIBZEANELE

F4 RERI4IMEAMRANBERESREZEABEGHTE

HH ) 45 Bk SFEHHREE D, /em SEHBLRLR E P,/ MPa [l 5 75 X H R
Fr &5 L 0.43+0.22 65.10425. 83 P,=29.29D; %™ R*=0.866 8
o A A 0.9440.52 23.7945. 20 P,=21.66D;%% R?=0.812 6
= 1.10+0. 50 22.31411.61 P,=20.17D; "™ R*=0.8629
# £ 1.444+0.51 18.39+3. 24 P,=20.17D, ** R*=0.828 0

HT DX 4 Rl 98 A 0 AR T 437 5 B2 5 AR AR 22 1) 5C &
il £ (I 5) m] A0 5 36 O AR AR A2 AR X B v T M A
FIE IO Z K7 25 50 XS LA AR AR A2 AR 0 82/ 5 e A
Wt AR A B0 B0 ) R ARG A AR BT
5ik J52 356 D 38 28 B M Wk 3 2 S kL B S AR AR A /N T
0.9 mm B, [ RIUAR BT H7 58 B 2 35 Ok T v 7 M AL

BT MY AR AR 42 KT 0.9 mm B, 3000 AR Pz
SIR 2 U /N T v A A R R BV O AR AR A 1
1R 5 J52 338 Dl 2 A e M A R W
3.3 AMERERMNRHRKRERESREZE
XFR
HIZE 5 Rl T, 4 Bl E R AR A A o A oh L



6 oK R 4 5 30 %
B A (AL K MR K N - T R (5. 66 140, et
mm) >FF 4548 JL (4. 56 mm) > 4 H (2. 88 mm) > 150k * SOk
i (2. 74 mn) o ph AR 4 BB R AR R B E 100l -go —-o-HE
DBIF BT 118 g R AR K 4 1 K 5. 66 %6 . 4. 56 %, 2. 88 % Fll % sl o
2745 AN TH AL 3 FHEAL T MR ERER & g 0
HH ARG A 35 10 AR 5 I AL B R AR R XS L iﬁ )

PICHRE 2 A R B3 T S e )

SRR RV AR A R R S R 2R R X8 L 0 . . . . .

F R R AR A 1. 10,2, 13,2, 53 /%, X B B F 0.5 1.0 1.5 2.0 25
AR AR 2/ mm

FIAY 2558 JL EARNI BB R BT B MR ) 3% T

Hoflh 2 T A BS RRRX4MEAMRALBESREZEANHXER

x5 HERIMEAEIRGREEREEREZZEBEHTE

FH R By K S Hy 4 G b T
i K | =) . . b 2
Hi ¥ 4 Bk D, /em AL, /mm E. /MPa 19 77 #2 ML R
Fr 24 L 3.0241.10 4.5641.56 1 057.214711. 31 E, =3 423.55D7 % R?=0.742 2
o AR 3.63+1.16 5.66+2.01 460. 874138. 74 E, =1 099. 76D, ** R?=0.620 1
=R 4.1841. 28 2.8840.84 546. 07+284. 96 E,=2 613.24D7 " R?=0.692 3
B E 3.7540.91 2.744+1.58 1 163.61+739. 27 E, =9 473.18D7 " R?=0.580 4

TE: QIR PP ARAE P AL8 T 394 [T 25k TP M (o) E AR HE2E () 1B ¥ o A A ) EARBEA B G =205 @ ARSI M
AR 100mm; QiR A 4 DG T R F K p<<0. 01,

M4 FPE R FAR A OB 5 AR Z 18] ¢ & M 6
(I 6) RIH, H: 32 AR A7 DA i o o AR A2 3 = B0 ot
ANEAS AL R B 2 )2 R AR G OC R L X
SEI 5 H AR AE XA R 2 FPER DA R 4
Z=031 55 Bl M (Robinia pseudoacacia) FIU I (Platy-
cladus orientalis) 2 M AR R4 [ & 5 A2 Z [A]
KRB FE R —3,

6 J XN 4 MREARMIAR A OA & e H SRz
(B 005 5 AR o R 8 6 RN, 95 2 0 AR o BT B 7 e et
E/NT A 3 R BRI SR B8 XG L L Hh 7 M A R
AR AR & 43 9 4 %5 0 1. 74,1, 76 F1L. 764% 5 [R1 B,
Fre 25 A G L L T R AT L R R AR AR 4 2 53 50
12.82%,13.00%,12. 98% ,7. 38 % . ik Pi. B 4 F o A
AR A 232 08 28 KT AR Rt 4 i AR AR

FEPEB AR 3 . e Ah A 4% i X LA AR A7 FR A A
X R 5 U A AR T A AR X A X S
FMRA FRAE AR R/ R R B A — B A A R

3000 o B TS L
2 —o— TR
o 2500 0 o -4 =GR
E len o o O E:
wm 20T e oo
% 1500} ‘ \’\
= 3
§ 1000
i 500 |
0 L
1 2 3 4 5 6 7

FAR R/ mm
o6 RBRXIMERAEIRGRKRESREZENXE

6 RRRAMEANRGREBRESREZANAHE

TR F £ ff K

- 34 4 ER A

I R} | 1 L N K 2
FE W 24 FR D, /em AL, /mm E.,/MPa EYEpiy:: MXHEE R
FrAE 8 L 0.4340.22 6.41+1.37 529. 484237, 57 E,,=220.39D; "% R*=0.7957
i AR 0.9440. 52 6.5041. 14 192.59=70. 33 E,=162.17D; %" R*=0.793 6
= 1.104+0. 50 6.49+1.83 193.32£128. 21 E,,=168. 67D, "% R*=0.794 0
HFE 1.44+0.51 3.6940. 62 259. 74483. 82 E.,=299. 39D, %" R*=0.7585

TE: QIR PR P 3 O08 - 3945 [T £ 5 HIF M (o) E AR HE2E () 1S ¥ Horh B A A 4 AR BEA B G =205 @ MIAR HiL i

W AREE R 50 mm; @K 4 G I B H M KF p<<0. 01,



CHER]

JEI PR R A - 55 s TR AR AL 4 Fh A AR AT AR BT g S R LA 7

Hi 4 o O R MU AR A7 G R B 5 MR A 2 1) O A& il
2P 7 Al R AR A FRRR R 55 AR AR 2 ) 22 R e R BT
MR AR, BIF MR EC 0. 79. B & & T £
A7 PO i 5 MR AR 22 1) o 0RO 4 % (0. 66) 41X 3t
BIMAR b IR i SRR Z B R B R B & T
EMW

1200 o

A8 )L
TR

¥
=5

=

1000 —h-
—_Q =

BB

<
QO
800f *®
&
600F o

400 |

4 4% (<% B/MPa

200

0

O.IS 1.I0 l.IS 2.I0 2i5
4R R 42/mm
B7 REX4IMEAMRGEEESREZEANER

3.4 AFERERMMRRE A S RAREMN

BREEERMES T

1 DX 4 ol A 2 AR R AR AR A2 PR T
56 B A RO 5C AR (BR DD T 4 B R MR AR
PURE 7 Az PR 2 f0l 28 DR T R T 7 437 56 J32 ) 3%
B — BB AR R L BT 4% B X8 L AN B R EAR BT L
SR /N T AR G T R AC AN R E FE AR BB R T
DR 3 4 b ol AR AR AN AR AR AR BT HE 3 PO AR ol R 2/
RN AT 2B X L L 7 M AT L R L X B 4
MREARPLRL S SR BA — BB, 1Ak, 4
Foft E A AR AN AR BT L5 BE L AR R 0. 67~1. 22, ]
AR A AR BT L 58 B 22 8] 22 7 1k AR X 20N 5 4 T
A T AR AN AR A FCAR i LA 2. 00~2. 82, ] EAR
WIJEE 35 T AR L AH X T AR B ke A= B 78 0 i 3
R E P TR N S T AR

F7 HBEX4MERERMURRE.
A EREMGREEXR

(YA A R Ay 8
B & tﬁg LE{% ttfgfzflj/]m tt%iif/;» ttg(?i%ﬁ
FrocHs)L 6.96 28. 45 0.67 2.00
CESR I 3.87 13.21 1.17 2.39
H R 3.79 11.01 0.68 2.82
% T 2.60 7.35 1.22 2.48

TE %R H Dy Frs Py A E AR ARARAR TR ) BT o 2 R
A 5 D2 o Fo o Py F1 E o AURMIARAAR (HUHL Ty BT 50 15 A (A
A

4w

(1) BB X 4 F A b, b 25 50 28 L 32 4R A0 0 AR

PUHLOR B R T A 3 FhE R Ui WAy 2 Ep g LR
TRARL R [T 45 FH R0 00 AR A ) 22 5V R 3% 0 2 1 A 3
FhHEA

(2) A FEA EMRPUPL 7 8 K F AR, BPFr 5%
BEGL P MIAD R AR BURL 4 B ok
Ay 28.45,13. 21,11, 01,7. 35 4%, Hyihi 1 SR
Z I 2 FERECC R

(3) F7 2 Hp S LA ) 5 AR BT P 58 B /N T O AR
7T H 7 R AT 0 5 T T2 AR L A R R AR, B S
AL RIAT L AN T AR B R o H A 4
B 0.67,1.17,0.68,1.22;

(4) 4 PP R 3 A FOAR B 35 R F AR, Ry 2%
BEGL L R MIAD L RN AR R BN
AR 2. 00,2. 39,2, 82,2, 48 £, Ui B H: = AR NI B b
T AR AT T AR 5 & A AR, Xt i 3 v 2 R
SE T DTk IR T AR

[ & % x @ |

[1] Gary D H, Andrew T L. Biotechnical slope protection and
erosion controll M|. New York: Van Nostrand Reinhold
Company, 1982,

(2] AHLd . 25, JRw K, 4. A 4 B 4 4 A0 04 iF 5
PR K e [ ], TR b ot %2 4z, 2014, 22/(6) : 1135~
1146.

[3] Simon A, Collison A J C. Quantifying the mechanical
and hydrologic effects of riparian vegetation on stream-
bank stability[J]. Earth Surface Processes and Land-
forms, 2002,27(5) :527-546.

(4] AR TR0 A S 5. MR — L 5 & W 3 &
RO B A5 RV 58 AR 5 #E e LT ], o B K AR 45, 2011
(7):51-54,69.

(6] EJBi. B RAR 15 6 W00 3 B RS 5 Rk B i
WREMMEWID]. K1Y KV T K4¥,2017.

[6] Danjon F, Fourcaud T, Bert D. Root architecture and wind-
firmness of mature Pinus pinaster [ J]. New Phytologist,
2005,168(2) :387-400.

[7] Coppin N J, Richards I G. Use of Vegetation in Civil
Engineering[ M]. London: Butterworths, 1990.

(8] HAHBL.SKE . ¥ 8 40, 55, AW AR R B hr 07 = M Re oF
SEIETRLT]. WL AR MROR 22240, 2016, 33(4) 1 703-711.

(9] Xk, 2= e, AR 4 M, A5, P8 77 4 st o+ X AU R
FEY SRR PR ) R g [T, Rl TR %4 4R . 2018, 34
(15):157-166.

[10] ZezE™ .48 HAR. S KHE. S NN P Iua s f s -
TR R HH 7 2= R 0 X thF R L. K - O 4
2015,35(2) :52-57,63.

L11] RRFAAGHE . B4 8 5. 0 I X B A Y &



8 K A PR A 4 5 39 &
Pobr s L], E K LR FERAE, 2017,15(4) . 2004,14(3):128-130.
35-41. (23] bk, 75 96 8 D mg LU A AR 48 e R S R B RULT
(12] MR IS, At 55, B KU V0 8 R A6 B DD AR 3R 4= B 47 42, 2014(12) :34-37.
W 2R ] A0l T2 254, 2014, 30(23) : 192-198. [24] R, XVGOM, B BE. 7 522 T 5 XORr 5% 5 09 JL#E A bk
[13] Capilleri P P, Motta E, Raciti E. Experimental study AERARAELT ] K £ AR FFIE A2, 2016,36 (1) :332-336.
on native plant root tensile strength for slope stabiliza- [25] 4R2F5F. 9k TR, & A 7, 558 A Y {8 BR £ 18 2 F L&
tion[JJ. Procedia Engineering, 2016,158(4):116-121. OT 2 A 0 LT b [ B A A 9 % R 2014, 33 (3D
[14] Abdi E, Majnounian B, Rahimi H, et al. Distribution 62-69.
and tensile strength of Hornbeam (Carpinus betulus) (267 T 7°. E 00 98 U K oF & a5 [T, B v Aol &L $2, 2000
roots growing on slopes of Caspian Forests, Iran[]]. (1):17-18.
Journal of Forestry Research, 2009,20(2):105-110. [27] kIR, KERKXTH ER KR AN mD]. 54K
[15] % HMe,RE, R, % “LERKEYR—LEHK 7 TSR K4, 2014,
BIPCHAR TR R RN o[, K R AR5, (28] Sk=fs. B, DEZR, & 3 FlllA: 47 00 B AR P Sy 2%
2014,21(5):260-271. LT ol B 2%, 2013,49(7) . 183-187.
[16]  FINXUER L AR IR, B SR 5%, 7 9 o DR AR 25 b R 3R 85 R 4 [29] Boldrin D, Leung A K, Bengough A G. Effects of root
H85ET]. B EPEE R .2015,14(8) :92-96. dehydration on biomechanical properties of woody roots
[17] wopfE. J& 4 0T 00, 4 TS GIS 1Y 75 5 e of Ulex europaeus[J]. Plant and Soil, 2018,431(1/2) .
AU ) T AR A A PR B R AT LT ] v B R IR R 347-369.
2017,37(8):3096-3106. [30] Z=%UN8 . 545 . B0 80, S5 o 2B 8 ¢ i i bk b 32
(18] PME. V47 7 b st T FROK A H AL 5 B IR PP M D], v BEEARR R =R ML) V0 db Ak 2 B 4= 4, 2010, 25
22 PG4k K 24,2015, (5):33-36.
[19] #I5,.XNE&. HFE R T2 & d L A AT [31] Yang Yuanjun, Chen Lihua, Li Ning. Effect of root
T 2 XHF5E,2012,29(2) . 284-288. moisture content and diameter on root tensile properties
(200  SRUFWG . 51 K35, B/INTF 55, 75 W0 % - X P AR [JJ. PLoS ONE, 2016,11(3):1-17.
HMORANFHERRI] Aa %5 TER%M, [32] HiS. YR R PR R E 0 AR 5O 25 4 18 FH HL
2008,27(S2) :3445-3452. [D]. Jb5T: b mtklk 2% . 2013,
[21] #ARES. LAVG 7 i K0 /N G AT B8 Bk - [33]  Jedehll, R M, Wb . MORAR & SR 19 A= 1 ) 2 4%

[22]

FRFELT . 75 1K) ,2002(2) :33-35.
ZENEy AT T AR S B R R RN [T, e,

LT AR B A MR R 2 2 4l AR B2 L 2012,41(2)
140-144.



JEI PR R A - 55 s TR AR AL 4 Fh A AR AT AR BT g S R LA




