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Effects of herbaceous plant roots on the stability of shallow layer on karst slopes
NING Weihao, YAN Zhehao, CHEN Yun", WEI Yan

Key Laboratory of Soil and Water Conservation and Ecological Restoration of Chongqing, College of Resources and Environment, Southwest University,

Chonggqing 400715, China

Abstract: Plant roots play an important role in preventing and controlling slope instability. This study was conducted on a
typical karst slope in Youyang Tujia and Miao Autonomous County, Chongging to determine the effects of herbaceous roots
on the stability of shallow layer on slopes. Ophiopogon bodinieri H. and Dolichos lablab L. were planted on the up-, mid-,
and down-slopes, and bare soils corresponding to these slope positions were selected as the control (CK). Composite soil
samples were collected and tested for soil properties. Root-soil composites were sampled and subjected to the direct shear
tests, and then roots in these composites were picked and measured for root mass, root length, root surface area, and root
volume. Slope stability factors of safety were calculated using the infinite slope stability analysis model. The key root traits
affecting slope stability were determined by the structural equation model. The results showed that; (1) Ophiopogon
bodinieri H. and Dolichos lablab 1. improved the stability of shallow layer on slopes and the former with a fibrous root system
performed better than the latter with a tap root system. Compared with CK, the slope safety factors of Ophiopogon bodinieri
H. and Dolichos lablab L. increased by 149.97% to 179.96% and 52.27% to 75.53%, respectively. The maximum
increment of the slope safety factors occurred at the downslope for Ophiopogon bodinieri H. and the upslope for Dolichos
lablab 1.. (2) The roots of Ophiopogon bodinieri H. and Dolichos lablab L. increased the soil cohesion but did not
significantly affect the soil internal friction angle ( P>0.05). The soil cohesion of Ophiopogon bodinieri H. and Dolichos
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lablab L. was 1.97 to 5.11 times higher than that of CK. The root mass density of Ophiopogon bodinieri H. was 2.78 to 5.99
times higher than that of Dolichos lablab 1. (3) The correlation between soil cohesion and slope safety factor was the
strongest (r=0.95, P<0.01) , and their relationship could be described by the positive logarithmic function (R*=0.91, P<
0.01). The structural equation model showed that root mass density was the key root trait affecting the stability of shallow
layer on karst slopes, with a standardized path coefficient of 0.85 (P<0.01). The optimal slope stabilization effect of
herbaceous plants with a tap root system occurs on the upslope and that of herbaceous plants with a fibrous root system
occurs on the downslope. Additionally, herbaceous plants with high root mass density are beneficial for slope stability. Our

study can provide a theoretical basis for the scientific application of herbaceous plants on controlling karst slope instability.

Key Words: root-soil composite; soil cohesion; root mass density; infinite slope model; structural equation model

W R . DX 8 TS R TS S B AT il R K 1R EE AR BoK £ E L —
B ARF I, IRBK R TR IR BB, SRR AR AW il N A3 ) 1 45
2, R BB SR S R G E ME ALY Z R BN 3 PR & S D HAE B IR - SR R R i
WA E M IO ME FH B ) 12 AT 0 AR R T R T A 3V ) 28 56 S A R 9 3 R i A
PR R M A 2 DL ERETAR R R AR R BRI A U R R
JE AR TRZ R BRI K e . YIRS Tt B A AR AR R R A A A8 s S s, Tz T T e B
PR BRI E AAR FR IR T A R X P o R SR AT VR T B RN K 9 3 FR AR A
W,

H AT, E NS T 52 A AR ZR 1 B R AT TR oY . — S oy R MRGeE i FE AR
BH R SR WTT A RS E M 5 R 00 0 19 2 4 R BB 5 AR A T B P 388 0 A0 5 Bt A G i) 48
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Table 1 Soil physic and chemical properties

>0.25 mm K Ry i
) . K kR LAZiEUN Size distribution/ % AL
il i . . Soil organic
Treatment g " Bulk density/ Soil water ~ >0.25 mm water- " " . tor/
reatments Slope position (g/cmB) content/% stable Wbk Bk ki matter,
i i Sand Silt Clay (g/kg)
aggregates/ %
CK 7 1.39+£0.02Aa  24.26+0.64Ab  82.77+2.46Ba  21.54+2.23Ab  66.60+2.55Aa 11.86+4.78Ab 11.75£1.77Aa
i 1.28+0.12Aa  26.93+1.23Aab 82.49+2.92Aa 31.80+3.51Aa 57.02+0.25Bb  11.18+3.76Ab 11.45+1.34Aa
T 1.11£0.06Bb  30.56+3.79Aa  80.37+1.93Aa 12.88+2.38Bb  52.22+4.33Ab 34.90+1.95Aa 11.35+1.20Aa
B i 1.33£0.05Aa  23.67+1.00Aa  85.65+1.97ABa 20.56+1.98Aa 65.94+7.61Aa 13.50+5.63Aa 9.95+0.64Aa
Ophiopogon bodinieri H. g 1.14+0.08Ab  32.22+7.15Aa  82.86+4.07Aa 15.80+5.37Ba  71.62+5.23Aa  12.58+0.14Aa 8.85+0.78Aa
T 1.22+0.08ABab 26.23+3.10Aa  82.00+1.16Aa 17.44+2.09Ba  65.48+7.47Aa 17.08+5.37Ba 7.55+1.48Ba
P ok 1.22+0.17Aa  28.84+5.73Aa  89.37+3.47Aa  9.64£10.35Aa 76.70+5.06Aa 13.66+5.29Aa 9.80+0.28Aa
Dolichos lablab 1.. P 1.26£0.09Aa  23.20+2.62Aa  85.59+5.08Aab 20.62+1.44ABa 71.88+0.91Aab 7.50+0.54Aa 8.65+0.49Aa
T 1.27£0.01Aa  26.68+5.84Aa  81.34+2.32Ab 23.46+0.08Aa 60.32+6.84Ab 16.22+6.76Ba 9.60+0.28ABa

Bl ¥ EebrifE2: . BPRORIAE R 2—0.05 mm, BPRDKLAE A 0.05—0.002 mm , FHRIRIAE 4<0.002 mm ; 3 AR [E] /NG kR 6] — b BUR [ 3 0 22 [7] 25 57 b 3%
(P<0.05) , ARG FRERR Rl — AR R B i) 25 53 5 3 (P<0.05)
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CK 1% 5.11 3.37 1 4.34 £ i A B4R 512 CK 19 2.98 2.24 F11 1.97 155, EIANAY R HEH CK b3 2 6] 2%
S0 TR AP R IR 2 M 25 R R AR RGBT > > B,
B RS EERKT L, MR BB G CK AR HE T 3 4 Ok R 8 L3430l #2155 T 78.67% . 38.62% Fl
109.97% .,
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WE 3 FioR, BRI T SR R 4 E b & 5k X S A A FEmg Skl X O 5 — 80 IR BB A%
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Fig.2 Soil internal friction angle and cohesion of three treatments in different slope positions
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Table 2 Correlation analysis between slope stability factor of safety and soil physicochemical and mechanical properties

- o FRE 5025 mm KEMERIRIK .. . . AL ; B AT
it HE S(jl wir >0m2r;1 mm water- BH L Bk Soil or ;ic RS Intemz friction
Index Bulk density : Sand Silt Clay & Cohesion

’ content stable aggregates matter angle
F, -0.37 0.22 -0.51" 0.08 -0.78** 0.61" 0.55 0.95"* 0.37

F 384 350, slope stability factor of safety; #  HISEHETE 0.05 ZKF T3+« AT 0.01 KT T %

e 3 PR, 344 RECS R B R 2 1 R RIAR o i 2 B A 0 3 T A G, 5 FUAR KAl 0 2 Al
K (P<0.01) , Horr 5 4R Jo 2% B AH M de ik, FHOC R BN 0.85,

R3 DEEERPESEFEMRFERBXSHT

Table 3 Correlation analysis between slope stability factor of safety and herbaceous root traits

. A 3 B MR 1f AR AT HEJFUi # E HAR K R LI
e o .
Ind Root length Root surface Root volume Root mass Specific root Root tissue
ndex
¢ density area density rate density length density
F, 0.61"" 0.71** 0.42 0.85"" -0.72"" 0.38

BRI RS P B S0 A 0 RE TS BORIIE (R 22 34 07 R AE AR Y PP 254y BRAS B R DL 5 PR B, 3R AL AR
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B R B e 135 1 i ST R DX A TR A7 P A 35 T 1 57 A2 3 o7 () A RS i A, AR b B2 [ PR AR RO
BWA R BEE2ER X5 Wang 55 NPV AR BRI 25 5 IR] 33X — J5 T T A58 i 76 95 Ry
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(1) W B R RN 2 344 i T W T Re I SR B R e P, R e b 3 % 300 0 22 4 R BUR X IR 1.52—2.80
5, H AP0 2R U o ) R R B T R R AP EL S, B SR L R A B A R OB A 40 S R S AN
b, AR e A R BORRS T IR B T 179.96% F1 75.53% .,

(2) BB AL I G 0 SR v T R R T PR B AL A R SR T R B Y 1.97—5.11 £, TRy
PR TR B R TR T R R T T 2.78—5.99 5 . T [RISEA [a] , 9 A A b SR AR B R B MR T
LU R L R R R BN N R T R,

(3) T HER T AR o 2 B S 5 M 3 VR 2 R PR DB A, & & RS R HERG R T IE ARG,
HEXEREOER (R =0.91,P<0.01) , 45477 FA5E Y o (AR 5 12 2 8 Xk 30 35 28 4 800 B4 ) 18 38, b
HEALBE AR R K 0.85(P<0.01) W8 M DX 71 33 36 J2 B 47 BT 0 395 457 398 BROAN [ AR 32 10 1) R AR 40, HLAR Joit
R R A A R T AR
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