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Fig. 2 Growth characteristics of Iris lactea

1.3 DEBARRENFRHERAR

FERE X B A TAR 2R 98 2 11 [R]85 T 4
PAT R P2 AR R R ML, RN
Ih AR 2 T K e I, AR 2 30 E Hh B AL B H
MR 8 ~ 10 em H A ZZ 45495 1) B AR TEA 747 f it
B ST LA 0.1 mm g B D AR A2 D
(mm) K] 53 S AS [ KR 4% G i) 0 A5 AR 7 A 3K 56
P SRR BT R GG i, 7 S0k AR e R e VR
Prfise B2 il [R) R UE A T 1 R B B2 e )
FREBARIEE A 20 mm (& HL IR BRI EUIR S [F)
i Al 380 3 G AR B A A3 55 T 4R /T 32 AR
) sikgead e, EJe B 20 mm/min Y 3 5 5]
AT, M F b T e B AR BoR sz b1
H, H 2 ZR BRI 1k, i T R AR B
ACHE S BAAR BT R B B, T B AT A5 BAARAR AR
e BEAR AR MR AT PR IR AT, SEHC B B AE HE
rhIR A B A 2 A PRI (BRI TR 20 mm) |, 4R
JETE 2 PRGN 3 AR R 7 B Al iR R
DU AR AR, LA 3 W - (B A A 1% 20 mm
KARBEARAR , i J i PR MR AR G AR U a4 A 1
2T AR (R B 45 SRR IR 30X A Bl ®
PARRPTRL T, AR5 TR A LA B AR BT R

SR | BRI PR A A AR A BAARGURL ) 2 R R B o
FARRBTRE ) 2 AR IR R HI R Y B A ZR A A PR
23wl il ) RWT—6010 LA il f 7 58 55
PL(ERE 10 KN KEE 1 N,i22%2 £0.5% ),
PETIFSE P AR R AR
r= 4Fmix : (1)
7D
T i B FRAE (R A N
AL,
= (2)
K FL RN BB, N D KRR U F Mk
FLAAR B A HMRAR , mm ; T R AR PRI R T,
MPa; AL, 375 B AL T4 BRARZS B i AR 1S
i, mm; e, RN PR BRIE =, %

1.4 SERRRELHEITFN

T X S AR R A0 2 LR A —E
OB IBRA (AR 2 ~60 mm Y RRKLF 1 5
AN 15% ~23% ) , B Gy R BUFCIR E 3T
ARG LR o DRI, £ W] 6 5 e AR R o A
RAAE YRR L, 2 5 i i 0 = A R 4
BT L AR 2 S [l R B b AT B 55 J3E 84
SIRAMONE o B = e A R AR AR AR A

&



%3

L5 T AR AR [ 3P BB e 5 101

SR, T URE A B K RN B IBG IX b 3R DA
T 0 ~50 em FREE F RS K AN I, 251
Hh17.68% ,1.86 g/cm3O

U 4 R A S IR A B+ TR IR R
Y AT, EE R SE A 939, 1 mm x 80 mm,
Il AR B T, o B AR A B Y AR
PETOREUS 3 2 mm G, -0 45 08— &K
F AT s [FIBPRE AR R A 5 ~7 em AR
Bras o b i iR i 25 i o 2 A dr iy
TN R 50 4 &84, B 58, 78 =5y
YRR I RE T N A 174 FR& 0 14 SR 5 s
TH 174 T AR BLIR A AR o TR 5
MR R AR SRR 3 A 1 O, B AR BB LA RS B
A Fm AL 3 A7 X BEHLE A BRI, £
1/4 Jo7 o 19 H i AR B 4 A5, X iz )2 i — 1+
BAEWIEIT & 52, B2 2 6 W08 B =6 N
(2.0 +0.3) em, i L8 M Jo A FH AN RGEEA T 105 BE AR
1Eo FESERUEE — 2R B, e BEAH R 1 O vk
AT R - L2 SRR, RS )R
M RE R A, R DB F — )2 AR,
JH TR E AP AR BL R R, LA I
T2 AR E A, R AR B R S L U
RN

HR A5 15 1 AR 2R SEBR 43 A R AE , = i e 4 3
% B 0. 0.002, 0.006, 0.010, 0.014 Fn
0.018 g/cm’6 AR AR, AFL IR G 0EFT 3 Ik
HE R A B 45 R HEK =5l 55 U135, 3K
Bk H] 4 Gk g Iy 2, LR 675 AR R IR AN
IES AR SRR 2,4 G R 4 1l 15 ok 10,20 .30
140 kPa, — % & 45 ik 56 8 ) By AR 3 R Ny
0.9 mm/min , BRI HAE Ty 2 B A B+ Tk
AT BT I ASR ] SLB—1 FU R AR
il 2 =S (R8T 20 kN, S KH 1.0 MPa)

2 RS

2.1 EKIME

SPAN R A A B, By i 2 A AE R X N
R BRIy 18 B A M SR B TT . ST b AR
BT R AR BT N AR T S T R) | TE 55
b S A LR B v XA [R] 37 A 4 B B

B R E o TEANTRI B A KRR E AT, DR

BEVEAL SR FEIE A P R R — S KRS

(i) T 0% Y ) T A7 B AR ML B R s e KSR AE

B IS UL S ELAT B A i BRI R T

XA J& T 1Ay Pt A s e85 (N 1a fioR ),

0 X HB T3 B 24 5° ~ 15°, 3 n] NW, J& T[]

SR L ZIRE X IR AR E A Y S A, o

AN AR, EARY VA S A, X B &

Tt A A, A (AN 1b BTOR ) o 1%

G X FE LR AAEY) R 3, S R LR

AL RIS X 4 i 2 A S b, - BB 2

Kl 3 Frs.

100,
90+
80k
701
60/
o
40L
30/
20!

104

0 1
100 10

—REX A
—KEX B

INFHARAR LS’ /%

1 Ol.l 0.101
AHKiE /mm
3 IR X AR e £k

Fig. 3 Soil gradation curve of test area
2.2 AERKEHE

TR X e A R R A A SR a3 1 SR 2
Fiis. BER 1AL, I X A FalEe X B i b
Ay Mk (78.73 £ 11.31) em F1 (68.00 +
7.76) em, iRET X A B bR e 0 = TR IX B
(P <0.05, ANOVA ) , 4 &b i 55 IX 5 i bk 1 7 34
B4 (75.22 £11.40) em, REEIX A FHA L X B
L i e W 0 OAE R % ORE 4r )k (104.83 +
20.79) cm ,(108. 69 +29.20) cm (1. 66 £0.61)
Fi/m®  (1.37 £0.46) #/m” ( #§ Zb ik 56 X 7 56
R FIARL AR 25 B2 SF- 3405 R (106. 09 £ 25.62) em FlI
(1.51 £ 0.55)#/m>) . 7 & Z MK FEH 0.05
Af 30 XA ARG X B i e i FAE PR 2% B 35
A EPE2 R (P >0.05, ANOVA) . B4
T, AR XN BT AR K B S i A K
FRIEARRIM MR R 22 70k . il XCH A A
TR LA, Hy i el i W A K o A el K



102 LB 5Y

5530 &

D PR V3 T AR R T B, 8 0% S 1) % M K v
XTI b A P 20 o AR S R AR A b TR

B RIS, AR T AR AR REAAE YY), Al
FHVASE/ N T AR 3 8 80 8 St 3 1T A RICR:

R S AERRESITAER

Table 1 Statistical results of growth characteristics of Iris lactea
Gitfatn I A HEX B F-HMH
B/ em 78.73 +11. 31 68.00 +7.76 75.22 +11.40
MR/ cm 104. 83 +20. 79 108. 69 +29. 20 106. 09 +25. 62
RS R/ (Bf/m?) 1.66 +0. 61 1.37 £0. 46 1.51 +£0.55

P 2 AT X P T AR HEBRAR 2R 0 R
JEA[3A 50 em LATF, EEAMETE 0 ~30 em TG
FEL N, KR 29 40 ~50 cm, 760 ~30 em P, Dhii AR
R PR AR B KRR L AR 1 L L 43 1)
H 0 ~ 50 em VR JE T PR PR B 46 B B A
83.39% .81.75% ,83.07% 1 87.34% , j& H: AR %

1) F LA UREE o FfE DR BERY3E I, S AR AR
PR AR L AR 1T R LG ) 5 2 pR R R 1
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0.938; RLD =5.077¢ *** R* =0.915; RVR =
2.933¢ %" R* = 0.935; RAR = 0.803e """,
R =0.924,
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Table 2  Statistical results of growth characteristics of roots of Iris lactea

4 itighn 0~10 cm 10 ~20 cm 20 ~30 c¢m 30 ~40 cm 40 ~50 cm
A RD/(g-(:m’3) 0.018 0. 003 0.014 +0. 002 0.010 £0. 004 0. 006 +0. 001 0.002 £0. 000 2
MR 2

o 3.365 £0. 632 2.798 £0.423 2.156 0. 819 1.292 +0. 295 0.565 =0. 046
RLD/(cm+cm ™
FRAKRFILL RVR/ % 1.913 +0. 337 1.548 +0.205 1.087 £0. 426 0. 652 +0. 094 0.275 +0. 022
WE L RAR/ % 0. 455 0. 099 0.335 0. 049 0.223 0. 103 0.113 £0.034 0. 034 +£0.003
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Table 3  Single root tensile mechanical property indexes of Iris lactea

HRAE 53]/ mm Pihi /N Piiias/ MPa SRR/ % FEA R
0.20 <D<0.30 3.57 +1.05e 60.55 +12. 62a 36.28 +13.92¢ 18
0.30 <D<0.40 5.64 +1.63d 51.41 £11.58b 50.91 +15.78b 64
0.40 <D<0.50 7.51 £1.95¢ 44.91 £9.67c 55.81 +15.40ab 105
0.50 <D<0. 60 10. 18 2. 08b 42.43 £8.69c 56.54 £17.13a 99
0.60 <D <0.70 12.51 2. 58a 41.27 £8.22¢ 65.45 +22.91a 11

T R PRSI NG FRERRTEAR FARAR G AT, S ey SR BRI R AR =22 ] | AR AT o J3E 0 ek 48 s =2 i) R B
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Fig. 4 The box plot of single tensile force of Iris lactea
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Fig. 6 Results of remolded triaxial compression test
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Table 4 Comparative analysis results of the shear strength of the rooted soil of Iris lactea and the soil without roots

Nz AR S/KPa  EAINERE KPa R EBUNIRE/KPa  HUNSRIER K% %
10 1. 86 16. 51 14. 08 17.20
20 3.72 16.29 14.37 13.38
30 5.58 16. 00 14. 65 9.17
40 7.44 15.72 14.94 5.22
50 9.30 15.51 15.22 1.92

R SR R B N AR RS X R LT 0 ~50 em PR 4 1% 5
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Effects of Roots of Iris Lactea Pall. Var. Chinensis ( Fisch. ) Koidz. on Soil
Reinforcement and Slope Protection

SHI Chuan',LI Xiang', YU Dong-mei** ,MA Zheng',JI Hai-long',
WANG Peng' ,LIU Ya-bin'* ,HU Xia-song'* ,ZHU Hai-li' , LI Guo-rong'
(1. Department of Geological Engineering ,(Qinghai University , Xining ,810016 , China
2. Qinghai Institute of Salt Lakes ,Chinese Academy of Science ,Key Laboratory of Comprehensive and
Highly Efficient Utilization of Salt Lake Resources,Xining ,810008 , China ;3. Qinghai Provincial
Key Laboratory of Geology and Environment of Salt Lakes ,Xining ,810008 , China )

Abstract; In order to select ideal plant for slope protection in Northeast Qinghai Tibet Plateau,and promoting
both practicality and ornamental development of slope protection by vegetation. In this study, the ornamental
ground cover plant Iris lactea Pall. var. chinensis( Fisch. ) Koidz. was selected as the research object. The plant
characteristics , root distribution characteristics, single root tensile properties and the effects of roots on soil rein-
forcement of Iris lactea were evaluated quantitatively via field survey,the single root tensile test and the remold-
ed triaxial compression test. The average plant height,crown width and plant density of Iris lactea are 5.22 +
11.40 ¢m,106. 09 £25. 62 c¢m and 1. 51 +0. 55 plants/m’ , respectively. The root distribution depth of stand-
ard plant of Iris lactea can reach 50 em below the ground , mainly in the depth range of 0 ~30 ¢m,and the root
width is about 40 ~50 ¢m. The root diameter of Iris lactea ranged from 0. 20 mm to 0. 70 mm. The average val-
ues of single root tensile force,single root tensile strength and single root limit extensile rate of Iris lactea are
7.94 £2.91 N,46.30 +11. 06 MPa and 54. 17% +17. 08% ,respectively. In addition,when the root diameter
is 0. 20 to 0. 70 mm , the single root tensile forces of Iris lactea increase with the root diameter increasing , with
a power relationship between single root tensile forces and root diameters. Meanwhile, the single root tensile
strengths of Iris lactea increase with the root diameter decreasing,and a power relationship exists between sin-
gle root tensile strengths and root diameters ;moreover, the single root limit extensile rate of Iris lactea increases
with the increasing of the root diameter, but there is no significant functional relationship between them. The
roots of Iris lactea can enhance both of the cohesion and the internal friction angle of soil. The roots of Iris lact-
ea can significantly enhance the soil cohesion and internal friction angle in the depth range of O ~30 c¢cm(The
growth rate of the cohesion is 9.48% ~17.40% )and 0 ~ 10 cm( The growth rate of the internal friction angle
is 7. 62% ) respectively,and the enhancement effect on the soil cohesion is more significant. The results of this
study have theoretical research value and practical guiding significance for the selection of the ornamental
ground cover plant Iris lactea for the ecological protection of soil erosion,shallow landslides and other geolog-
ical disaster phenomena in the study area.

Key words: Iris lactea Pall. var. chinensis ( Fisch. ) Koidz. ; Growth characteristics ; Single root tensile proper-

ties ; Rooted soil ;Soil reinforcement and slope protection



