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Table 1 Measured value of each indicator of soil in summer drought
Ei=2 7 W ok HYHE v YiA
Indicator Hippophae Caragana Artemisia Salix Sabina
HR-1 5 &K% A Il Root-soil composite cohesion/ % 33.12 28. 37 25.09 45. 39 40. 16
HR-1 5 &N EEBEM T2 Root-soil composite equivalent friction angle/ % —0.57 —7.16 2.01 —9.16 0. 74
23R K I3 Accumulation roots length/mm 4 320 17 457 4517 9 336 24 710
PLIRPEFH4F M 14 Root-soil interface sheer strength/kPa 20.12 48. 31 48. 88 45. 61 45. 67
RIHREEM Is Accumulation surface area/mm? 20 438 43 257 77 385 41 930 59 976
HR-1 5 1 BE 48 & %1 Is Root-soil interface friction coefficient/ % 0.47 3.13 4.57 1.96 0.78
A& 17 Elastic modulus/ MPa 0.58 1. 29 0.21 0.8 0. 55
A 4F1E Is Constitutive properties/ MPa 1. 46 2.35 0. 88 1.63 1.09
HEARPPIIREE Iy Taproots tensile strength/ MPa 13.07 49. 86 6. 17 23.21 21. 40
MR 43 2 AbHL P58 BE Tio Lateral roots branch tensile strength/ MPa 8.79 33.21 7.69 15. 78 12. 36
2 BEESH F RS T 2 TURR AR 43 51 H 48. 73%6.,26. 87 %01 15. 594,

St 2 TR 91, 1996>>85%, RBIET 3 4~ F s £
FEAE T 2RI ER . B, BT 3 >3
BAHE RN 5 YR A B LM EFHE,
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R SAS 9. 0 Bk xs B2 + 3T 5 R AR &
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Table 2 Result of principal component analysis
J%4r Component 4%1E1H Eigenvalue ik # Proportion/ % 23} FTEk#® Cumulative proportion/ %
1 4. 8728 48.73 48.73
2 2.6872 26. 87 75. 60
3 1. 5592 15.59 91. 19
4 0. 8811 8.81 100. 00
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Table 3 Indicator influence coefficient of three principal components

B % B A% Influence coefficient

Component I Iz I3 L Is Is I7 Is Iy Tio

F1 0.073 —0. 375 0. 201 0. 101 —0.190 —0. 027 0. 451 0.433 0. 439 0. 429
Fe —0. 313 0. 062 0.110 0. 529 0.525 0.538 —0. 027 —0. 049 0. 103 0. 169
F3 0. 562 0. 022 0. 609 0. 302 0.232 —0. 327 —0. 060 —0. 227 0. 019 —0.077
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Table 4 Roots reinforce soil hierarchical structure model and the weight of each indicator
BinZ )= & ity & FRE AE HEWNE
Target layer Rule layer Weight Index layer Weight Scheme layer Weight  Combination weight
ﬁ%jj 0. 833 0. 0433
Booyg B Cohesion/ %
-1 A RGBT R 0.333
= Shear strength/kPa A BE £
Root-soil composite 0. 1559 . . 0. 167 0. 0087
K Equivalent friction angle/ %
shear properties
RIHRK 0. 667 0.1039
Accumulation roots length/ mm
. AR 0. 250 0. 0672
Root-soil interface sheer strength/kPa
AR~ 5T P LA N
Root-soil surface 0. 2687 A M;l‘l’*ﬁi’fﬁ*ﬂ - 0. 500 0. 1344
ﬂ%@j: friction properties ccumulation surtace area/ mmy
Roots reinforce soil
ﬁm& g’f‘ﬁ ) 0. 250 0.0672
Interface friction coefficient/ %
PR
RRTR A 0. 0812
RERITLHE Elastic modulus/ MPa
Represented roots 0. 333 .
. . 1E
deformation properties/ MPa . 0. 0812
ARSI F e Constitutive properties/ MPa
Roots tensile 0. 4873
mechanical properties FURGLALR 0. 333 0.1624
Taproots tensile strength/ MPa
' \
DR SA SR B 0. 333 0. 1624

Lateral roots branch tensile strength/ MPa
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Table 5 Composite index of each indicator in summer drought

Ei=2 7 ok HYHE v YiA
Indicator Hippophae Caragana Artemisia Salix Sabina
-+ AR S Root-soil composite cohesion/ %6 —0. 008 —0.035 —0.054 0. 064 0.033
HR-1+ &R EEBE A Root-soil composite equivalent friction angle/ % —0. 008 0. 009 —0.012 0. 007
EiHR K Accumulation roots length/mm —0.102 0.071 —0. 099 —0.036 0.166
Pk FEFH4%ME Root-soil interface sheer strength/kPa —0.133 0.041 0. 044 0. 024 0. 024
B R FEH Accumulation surface area/mm? —0. 198 —0.038 0. 203 —0. 047 0. 080
AR~ 5 1H BE 8 R %L Root-soil interface friction coefficient/ % —0.076 0.042 0. 106 —0.010 —0. 062
FMERUR Elastic modulus/ MPa —0. 024 0. 138 —0. 109 0. 026 —0. 031
A HEAE Constitutive properties/ MPa —0. 004 0.139 —0.096 0. 024 —0. 063
HRHLPIIRE Taproots tensile strength/ MPa —0. 106 0. 296 —0. 181 0. 005 —0.015
AR LA P38 B Lateral roots branch tensile strength/ MPa —0.119 0. 309 —0.138 0. 004 —0. 056
AR A [H 1155 Benefit index of roots reinforce soil —0. 764 0. 954 —0. 315 0. 041 0. 084
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Analysis of the Mechanical Factors of Soil Reinforcement by Roots and
Evaluation of the Differences Between 5 Kinds of Plants

LIU Fu-quan' ,LIU Jing' ,LIU Peng-fei' , HU Ning' ,ZHANG G¢? ,ZHAQO Ying-ming’
(1. College of Ecology and Environmental Science,Inner Mongolia Agricultural University, Huhhot,Inner Mongolia 0100193 2. Desert Forestry
Experimental Center,Chinese Academy of Forestry,Bayannur,Inner Mongolia 015200)

Abstract; Taking 3~4 year-old of Caragana microphylla Lam. ,Salix psammophila C. wang et Ch. Y. Yang. , Sabina
vulgaris Ant. ,Artemisia sphaerocephala Krasch. and Hippophae rhamnides Linn. that were common used in soil and
water conservation in the arid and semi-arid regions of Inner Mongolia as materials,the test was to explore the dominant
mechanical factors of roots and the differences of soil reinforcement by roots between plants,and ten indicators of the
mechanical properties of roots were analyzed by the principal component analysis (PCA) with the software of SAS 9. 0.
The results showed that the dominant factors of summer drought were in the sequence of the tensile mechanical
property, the root-soil surface friction property,and the root-soil composite shear property. On this basis,five plants were
evaluated by the method of analytic hierarchy process (AHP). In order to reduce the error caused by subjective factors,
the variance contribution rate of PCA of the three mechanical properties were used as evaluation weight of AHP. The
index of soil-reinforcement by roots were Caragana microphylla Lam. (0. 954) > Sabina vulgaris Ant. (0. 084)>Salix
psammophila C. wang et Ch. Y. Yang. (0. 041) > Artemisia sphaerocephala Krasch. (—0. 315)> Hippophae rhamnides
Linn. (—0. 764).

Keywords: soil - reinforcement by roots; principal component analysis; dominant mechanical factors; analytic hierarchy

process;tensile mechanical property
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