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Physicochemical Characteristics of Rhizosphere and Non-rhizosphere Soils Under

Different Vegetation Types in Purple Soil Hilly Region of Central Hu’nan Province
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(College o f Resources and Environment , Hu’ nan Agricultural University , Changsha, Hu’nan 410128, China)

Abstract; [ Objective | To explore the physicochemical characteristics of rhizosphere and non-rhizosphere soils
under different typical types of vegetation in purple soil hilly region of central Hunan Province, and to provide
theoretical basis for ecological restoration. [ Methods] The physical and chemical properties of rhizosphere
and non-rhizosphere soils from grass(G), grass-shrub(GS), shrub(S) and arbor-shrub(AS) were obtained
by sampling and experimental analysis to reveal the coupling relationships with regard to the indexes of physical
and chemical properties of between rhizosphere and non-rhizosphere soils. [ Results] The contents of fine
sand (0. 25~0. 05 mm) in G and S rhizosphere soils were 76. 97 % and 63. 84 % lower that of AS (p<C0.05).
Whereas, the silt contents were 38. 48% and 37. 66% higher. The content of 0. 25~0. 05 mm microaggregate
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in the AS rhizosphere soil was higher than those of others and the 0. 02~0. 002 mm microaggregate content
of S rhizosphere soil was the highest. The organic matter contents of GS and S in non-rhizosphere soil, were
148.05% and 121. 92% (p<C0. 05) lower than the corresponding ones in rhizosphere soil. Organic matter
contents in S and GS rhizosphere soils were 84. 28% and 92. 08% (»<C0. 05) higher that of AS. The total
nitrogen content in GS rhizosphere soil was 83. 33% higher than that in non-rhizosphere soil. The available
nitrogen in GS rhizosphere soil was 200. 83 % higher (»p<C0. 05) than that of AS. Either in rhizosphere soil or
in non-rhizosphere soil, phosphorous contents had no significant differences among all types of vegetation.
For the same type of vegetation, soil total phosphorous content in rhizosphere soil was lower than that in
non-rhizosphere. Soil available phosphorous content in AS was the lowest. In comparison with the ones of G
and GS, the available potassium content in AS rhizosphere soil was 125.15% and 137. 71 % lower(p<<0. 05).
There were closed relationships among the three groups of soil physicochemical indices, referring to the
group of soil organic matter and total nutrient content, the group of 2~1 mm, 1~0.5 mm, 0. 25~0. 05 mm
particles and the group of 2~1 mm,1~0.5 mm aggregates. [ Conclusion] The coupled relations among soil

nutrient, soil particle and soil aggregates should be applied to improve soil physicochemical properties and

accelerate the ecosystem restoration in hilly region of central Hunan Province.

Keywords: vegetation; rhizosphere; soil
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N;=—0.601z, —0. 6462, +0. 20225 +0. 0332, +0. 38125 +0. 00325 —0. 0082,

Tk A B A N,=0.3112, —0. 9002, —0. 110=; +0. 2062, +0. 00525 —0. 00925 —0. 018z,

5 595 7 20 V,=—0.792y, —0.324y,+0. 078y, +0. 212y, +0. 129y; +0. 100y; —0. 025y,

V,=—0.768y, —0.304y, +0.335y; —0. 254y, —0. 075y; +0. 087y; —0. 017 y;
V;=—0.581y,—0.720y, —0.012y; —0. 140y, +0. 309y; —0. 007 y; — 0. 007 y;
V,=0.382y, —0.835y,+0.032y;+0. 000y, —0. 202y; +0. 078y +0. 017 y;

Hoexr WAV x2 2 TN; 25 R TP a0 8 TK; 25 9 AN 26 S APs 27 iy AKy y1 PRI B 2~1 mm; y, PRI 1~0.5 mm; ys
Sy R 4L 0. 5~0. 25 mm; yq K FCRIALK 0. 25~0. 05 mm; ys AWK A 0. 05~0.02 mm; ys AR AL 0. 02~0. 002 mm; y; A f¥kE 41 AL
<0. 002 mm; 2 A RM 2~1 mm; = FMBI TR 1~0.5 mm; 25 HHHE R 0. 5~0. 25 mm; 2, HMHE R 0. 25~0. 05 mm; =5 KHHAIER
A 0.05~0.02 mm; =z FHEEIK 0.02~0. 002 mm; =7 JgiH BK<0. 002 mm., FE.
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I3 R 5 ORI A5 1.2,3,4 X LAl
FHSE R B4 51K 1,000, 1. 000, 1. 000,0. 986, 41 56 £
B H iR s 1.2, 3 35 1k 24 8 3% K
S IBCHIT 3 kT L Y AR i o 43 B PR 2 M BT 22 TR] Y A

MR 3 2 BRI AR R BT LR I R R
PRIy TK AL TN (8 28 i 5z e o FIURL A R 1 0. 25
~0. 05 mm R AR BORL 1Y) 2067 B ey - Dl A 9T IXAR PR+
3 TK F1 TN 5 0. 25~0. 05 mm Hi4% ki (94 B 52
i) g A, H A AR B 4% TK, TN ¥ 5 0. 25~0. 05 mm
LR o e A RN

Feor T 5 A R F 105 1,2,3 X B A
KRB MR 1.0,1.0,1. 0 HHEFI 5 FEKFE .5
1 20 B R AR i BB e T Ao AR Br 3% TN Al
1~0.5 mm fff B RAR & & fAH G, L3 AN FiIl 1~
0.5 mm A RR G HIEA G, 55 2 4 R A7 i R4
FERB TR X AR -5 TP fil TK 5§ 1~0.5
mm B RAR S B R, AP SRS 1~0.5
mm ff B B R & & A G, 5 3 4l AR i R A
FERZ M TARPR 4 TP 5 1~0. 5 mm M HA RBIK S &

MK, LAV T ES 1~0.5 mm A REK S
HIEAH,

Tl A B R B 5 ok 4 PR 58 1,2, 3 X i Al
A R BB B T M 3 K, ¥ 1,000, 58 1 41,
O 2 AN B R E R T ARPR 1 2~1 mm
ATRIR S 5 2~1 mm PO & & 2 EAHC 5 3
2 SR AR i R T AR BR £ 4 2~1 mm fi A
BIKEREYS 2~1,1~0.5 mm PO 2H B2 EAH X, -
5 1~0.5 mm A RKEGHE 2~1,1~0.5 mm
W ZH RN ARG,
2.7.2 FFARFF IR E RIS B LR A R A0
Ak U R B X AEAR bR 5 E R
febr oy —a RS 1 4748 i, BURLAL AL Cy — v )
AT RAK (2o — =) S SR BLES 2,3 A8 o, FH L AH
SO BT AT W b 5% (0 B g X L R A g 28 A S AR B
18 TRy JIURL AL R LA B Bl 1A R A Al T T = [
MISCFR (3% 6), FF oy A AR M L (€ 7). | 4 A
FRAFEAH A J7 22 DTk 40 L B T 71, 202,85, 00 %6 I
84. 30 %0 » HEAS fig S e Hh 44 B 43 1 A% A 2. F U T
HENL T 3 A AR R Z ] 4 %o iR AR A A

®o6 MPLERBRXANEHAXNERRIFEIZRS FHNAR MARENHEEHAXSN
W r g MRV RE RRE(A DL df P R TR/ %
1 1..000 1.13 0. 000 49.000 0. 000 8.90
2 1..000 3.89 216.539 36. 000 0. 000 39.40
Fr 51 5 FORLAL I _
3 1.000 1.99 96.019 25.000 0. 000 55.00
4 0. 986 2.06 22.192 16. 000 0.137 71. 20
1 1..000 2.37 0. 000 49.000 0. 000 18. 60
N 2 1. 000 3.36 263.395 36. 000 0. 000 45.00
Fr o 5 AR AR -
3 1..000 2.70 137. 242 25.000 0. 000 66. 20
4 0.988 2.39 20. 066 16. 000 0.217 85. 00
1 1. 000 3.83 0. 000 49. 000 0. 000 30. 10
) N 2 1. 000 4.01 220. 964 36. 000 0. 000 61. 60
o AT 2R A 5 0 2 _
3 1. 000 2.32 94. 811 25.000 0. 000 79. 80
4 0.946 0.57 14. 430 16. 000 0.567 84. 30

AR B 4 3 55 4 D 7 5 JURL A B 15 1,2,3
Xof BT A OC 2R B0 3R B T M B 3E KL ¥R 10000,
O 1 2H H 2 MR i R A E S R T AR PR 4
TK & &5 0.25~0. 05 mm POk 2 FHH 56,56 3
IR BB R e T AEMR PR £33 TN &85
0.25~0. 05 mm kL2 A 5 IE ARG,

IR T S5 BRI T 5 1,2, 3 %) HL AU A
KRBT IR 1.0,1.0,1.0 HIIL B B AF 4
1 2 LR i BB e T ST IXAEAR PR 3 AN
A 1~0.5 mm A SRR S RIEAAC, 5 2 4 A

WA FLE M TR - TK 5 1~0. 5 mm f§
PR S oe, 55 3 2H i 780 A8 i 28 0 3 2 e
THRBFF+E TP 5 1~0.5 mm i HAREKSEMAEL,

T AT SRR 55 0k 2 B IR 55 1,2, 3 % ML TR AH G R
B R BIM BEK L 1. 0558 1 41,56 2 ¢ il AR
HRAN T E R WARPR 38 2~1 mm A RAKSES 2
~1 mm PR BT TEAH DG 25 3 41 B AL AR i R A
PR PR+ 2~1 mm A REK S ES 2~1,1~
0.5 mm FURLZH A2 IEAR G, 123 1~0.5 mm {1l
Ko ®ES 2~1,1~0.5 mm BOKLZH B 5 EA G .
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U,=—0.3052;,—0.205x, —0. 17223 +0. 5972, —0. 09925 — 0. 55026 —0. 4092,
U,=—0.189x, +0.442x, —0. 00225 +0. 6682, +0. 218x; +0. 52023 — 0. 0712,
U,;=—0.187x, +0.826x, —0. 40525 +0. 1422, +0. 04425 —0. 311as +0x;

K5 U,=—0.5152,+0.7992, —0. 11125 —0. 101z, +0. 26725 —0. 00925 +0. 0482,

ik 20 V,=0.187y, +0. 248y, +0. 084y, —0. 840y, +0. 093 y; +0. 383y; —0. 189y,
V,=0.298y, +0.447y, —0. 196y, —0. 678y, +0. 424 y; +0. 063 y; —0. 174y,
Vy=0. 374y, —0. 200y, —0. 314y, —0. 836, 0. 090y; 0. 0775 +0. 091,
V,=0. 906y, —0. 332y, —0. 019y, +0. 181y, 0. 096 y; +0. 159y; +0. 038,
U, =—0.187x,+0.507x, +0.278x; —0. 0222, —0. 77125 +0. 06825 +0. 177 x;
U,=—0.457x, +0. 2462, +0. 49125 +0. 6182, +0. 32425 —0. 04424 +0. 0382,
U,=—0.530x; —0.508x, +0. 60325 +0. 0452, —0. 28125 +0. 04724 —0. 1172,

P s U,=—0.1052, —0. 6222, +0. 70723 +0. 3042, +0. 0032; +0. 03225 +0. 0932,

e A B A N, =0.118z, —0. 7382, +0. 2792, —0. 2032, +0. 48325 +0. 2862, —0. 090z,
N, =—0.1182, —0. 960z, +0.0172; —0. 0932, +0. 23525 +0. 0252, +0. 0122,
N;=0.039%, —0. 6092, —0. 4552; —0. 4102, +0. 2522, —0. 4342; —0. 0082,
N,=—0.1312, +0. 3452, —0. 81625 —0. 1782, +0. 3592, —0. 17425 —0. 090z,
N, =—0.6372,4+0. 2162, +0. 25525 +0. 0352, +0. 5925 —0. 4162, +0. 533z2;
N, =—0.7552, —0. 0752, +0. 46723 —0. 2442, +0. 1142, —0. 26125 +0. 2542,
N;=—0.600%, —0. 6462, +0. 20225 +0. 0352, +0.4172; —0. 0102, +0. 079z;

Ttk 1A B A N,;=0.3112, —0. 9002, —0. 11023 +0. 2172, +0. 00525 +0. 0322, +0. 179z,

5 W5k 20 A V,=—0.792y, —0. 325y, +0.078y; +0. 224y, +0. 142y; —0. 358y, +0. 251y,

V,=—0. 768y, —0. 304y, 0. 335y; —0. 269y, —0. 0835 —0. 312y, +0. 172,
V,=—0.581y, —0. 721y, —0. 012y, —0. 148y, +0. 339y; +0. 026,35 +0. 074y,

V,=0.383y; —0.835y, 0. 031y; +0. 000y, —0. 221 y; —0. 279y —0. 1697

3 Wik

(1) 7 [) A 4 25 R AR B 5 = AR B - 9 5007 4 1
- B RIURL 2 R e - 3 K o3 R FR G5 1 43 A AT A KR
M REER Y R " M R XA
[Fi) A e 2 784 ] 79 JE AR PR A 498 B[] A 4 24 A8 ) AR B
HARRPR N, SR RS R E R AR E,R
[Fi) A 24 700 [i) AR o - 498 SR 20 ok 5k 4t 120 r (0. 25 ~
0. 05 mm) FHIEYRL (0. 02~0. 002 mm) 4, H i 4 4% +
R ] 22 S MR W Horp A b R 1 5 3R B Dy FA
FIEA 437 1 3 (p<<0. 05) Ik T I # 63. 840 Al
76. 97 % LA FE BEMR BRXT 0. 25~0. 05 mm -+ 3 ik:
LA E AR R s ok R & e Bk 7 4y 0 S AR T
FNFIFIFE A Y 38. 48 %0 F1 37. 66 % , 2 B AR XF Hofth
PSR, TR v A S B b & B AIR . X PR
S K R 7 R ARG VR WK £ AR AR R B A AL
AL, I T R M Z AR R R T B S IR
PRAE T - HERURE 1 T 1

(2) N[ 4 S AR B 5 B AR B - 38 0 P 3R 1
- 91 P R A 1 4 RS L 5 ) R KRR 43 O
TES B R AR bR 7 B R 11
JE1 b R B RAF BRI T fe. AR5 R, A

MEMAERK EERREREFEZR, SET ARME
B ARUMR PR 5 AR AR B - R G A R AR i 22 5. B
I8 X TCIE AR Prif S JE MR bR 13, Bk 0. 25~0. 05 mm
0. 02~0.002 mm ff AT 3R A& 5 2 A , HoAtho 42 1 A
BERGSRESHW AL E . AR PE R R S AER
Fr 48 0. 25~0. 05 mm i A1 5 1A 1 % Bk 7 v v T
HAAEHE 0. 02~0. 002 mm fif A1 R 5 &= KN
TR R F A AR B . 3 100 B 78 W rp 2R 0 B B DX
PR 3 TR T S AR T VI o T - 38k P R A 1) Bl 3 1
FADE T BRI B3 3 2 R T T R R AT T b A A R
Prien T 2% 1A BLTOR UR il A A SO 2 (] A
BLUBE 25 VR 3G 38, FLVE A 5 7 T 45 22 B F B 3 b T
MR R HAR R oA ek AR & 351 K £ 4
e R SR )Z MR AE 5 1Y 28 3 R A BE ) 3 0
it 38 2% A4 AR X b TR OB kAT L R S A S 3
B .

(3) ASTw) A B 25 BUAR B 5 AR B £ 188 4 ML BT M
Feoy. AP o R — A
e R e B SR IR S R JF s el LR
YRR A PR S X TR AR PR £ 5 AL
0 (p<C0. 05) Ik F ¥ A R 75 0 1 ¢ 84. 28 %6 Al
92. 08 %0 1% X Ir i 32 B2 20 Ty 2 W A B ART 45 Sk &
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BF P e B X AT HE AR T 2 S HR R L b AR ol ™
FEHGEAR AV & 88 E & T, B, 5
T HEE TR, MYEE KSR PRI SRS R
oK AR S T AR B o AR B B X 1) 3 43R AR R AR B 1
P TAEY R AR ROR B L B A X ) — A 2 TR AR
B 55 AR AR R A 38 (R) A AL BT & 4t 3 R B0 AR PR > R AR
PRy a4, o s i 5V ARAER PR LA P & 0
F(p<<0. 05) I F AR bx £ 4 148. 05 %0 F1 121. 92% , i,
BH 55 €0 Fr g DX S [) A 268 280 AR Bk + 384 #L S 2L A
B AEMETT S [E]A  AS [ A 4 286 20 ) AR B o £ 56 AL
BiE AR ST REHY R, of
TR PR A B IR 8b5 3 8 TAEAR PR 3,
DL 2 R A7 R A o WY I R AR B A B A R
I (p<<0. 05) & FAEMR bR 1158268, 66 %0, & & &
it 3 (p<<0. 05) & TAE MR PR+ 4 83. 3300, i W] %
8, i XA [R) A 28 AR B X 2 0 — &
EAE R, v REVE AR B i) 4 198 4 0 KW A B
= AERMERIIE . B 5 LR b H A — 30 AR PR £
TN AN B EEH S, T 58 5 R br 58P 4E K
PR EY) R R B AR E R A .
rh SR (0 Fr g XS [R) AR o 25 A0 - 9 Al i 25 ORI
B, 5k S BT g5 R AL R R A R XA
[F) A 2IS AR AR B %o + B A W B 2 i AN KL BESE X
7B R B O E A At R B AR B A A S = K
TFAEAR PR -3, 3 o] B2 th T - 5 h B ) 82 3h e 1 AR
A1 o FH A 0 ) TR A s AR s - AT AR o T ik
T HE AR B T A A & B AR AR bR - S L A
RO FE AR PR B — R B LA X T GBS R
HRZR 43 W ) A s Tl 1 Tl AR P B 2 0 10 35 20 L T AR 4
PR 2% 3 SO AR PR B A 0k R 0 . W R O TR
PR+ e S i 22 ORI 5 IO [R) A B
HAUML R - R0 8 B 5 s T AR MR By 4 g, Horp BT
VAR PR A 1 Ak B it 3 (p<70. 05) fm TR bR £
B 191. 64 %0, 1hd BA 0 AR o S 5 4 A I B 1 R AR
FH S HR PR A 18 0 B o DA R AR, 4 0l B 3 (p<<
0. 05) % T~ ¥ Fl B0 + 4% 125, 15% F 137. 71 %, $ B
A [F] A R I X 3R 205 0 114 e R A TR B AN [

(4) AS[RIAE B S RUAR PR 5 JE AR B A 8 50R B 1A
RUERFZHMHEXR, WP EALEXAS
IR AR ™ EE L T A R B AR IR &R L K AR R TAE s
TR UK B 7 52 48 00 o g IX 2B 25 R 46 10 7 3 T DK
. MRS R AG TE W) A S AR R 2, T
Ky R sgerh RARA HLBR IR A2 f 4 3 b A SR A Y

TE 18 o A 4 ek )22 5 6 8 i W) e A R0 /b 5 R R
Hi 2 A2 W A ol 5 g R AE . T R HE R A AL
JBT B 14 LA K AT SR R B i i A8 Ak SO A B R 2 7 A
HEM N, 500 B XA 6] R 25 7R B A AR
Br 357 3 L UKL 2 B S B AT SR K 1) AR OC 1k 3R AR
), AR BR 3 55 00 5 WUk 4 ] 6 PO 440 L &A1
550.25~0. 05 mm R & 5 A G £ SR 51K
HI KB FER I 2R M2 5 1~0.5 mm %
VAT 2R A 5 8 3 ) 5 A AH G B R R R SR L
5 1~0.5 mm f3f B 50 & B0 AH G 1+ 8 5 A R Ak
FVBORLZH B ] 2 9K + 3% 2~1 F1 1~0. 5 mm ff A4
RiEEESHE 2~1,1~0. 5 mm Ok 41 5% 2 1E A
Ko ARMIBR -5 % o 5 UKL 4 B (] 3% B0 4 AR 4
B RS 5 0.25~0. 05 mm UKL 4 B2 IE | B AH
K 1 HEFE A5 T 1A SR A ) 2 LA B A R 1~0. 5
mm ff A R AR & B IEAR OG0 R TK A TP 5 1~
0. 5 mm i AT A 5 o 70RH G 5 - 18 ff 1T 3R A4 R B A
BB AR SCHE SR bR 8 — 3, B RIRHIES
AR PR A 5 (R (4 55 43 ORL 2 B RN B AT SR 1A 9 A G
PE R BUARBR SAEAR bR R h i a5 2/ S
0.25~0.05 mm + R FRHXCEREY . HE2AS 0.25
~0. 05 mm R0 % 5 7E MR B 5 AR AR PR+ 5 oy i 3R
R BRI IE B AH OC OC 2 5 5t T B R 4 5 T AT R AR Y ¢
FRUL RIS IEMRIR L2 H M2l S 1~0.5
mm o TSR AR B 3 ) 5 AR OC L T AN AR B, A
HRPR R AP A TN 4355 1~0.5 mm
Tl AT SR AR 5 B 52 OE L BAORH OG5 28 8 B B KR B 5 AR AR
o A 8 (] ol AT SR 3 R A G ME N R 22 = 8
I L 2500, Fr i DXORR PR 48 v Y 4 B R A L A L R
AMEIEAVF.2~1,1~0.5,0.25~0. 05 mm ks
S 2~1 F 1~0. 5 mm B I RAIK G 8RB
ELAH B R 5 1 JE AR R - 3809 B A WL A, OC R %)
HIFE R SR bR 4 — B0, UL R T 0 A BH 46
Pl X etk T AR WK B2 5 AR A PR B i,
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1~0. 5 mm BIRAKAIE AL, DLSE B XY 4 38 5 4t 7
U SRR .

[ & % x % ]

(1] #7484 A dili oo, 5. 4 BH 58 f0 + e B i i A e R
[V 2 B B A 4 1Ak R AE 43 A (00, 4kl 30 AR B 5T
2012,33(6):757-761.

[2] Majdi H, Persson H. Effects of ammonium sulphate ap-
plication on the chemistry of bulk soil, rhizosphere,

fine-roots and fine-root distribution in a Picea abies(L..)



122

K R 3 4

537 &

(3]

(4]

[6]

7]

L8]

[9]

(10]

[11]

Karst stand[J]. Plant And Soil, 1995,168-169(1):151-160.
RARBL, W — T Wb s A R SR E R L
#2,1992,29(3) :239-250.

BRI R 2 L 5L 56 e X R AR 5 A AR K
S LR KRR ] Rl TR 2% 4z, 2014,30(21)
111-119.

Riley D, Barber S A. Bocarbonate accumulation and pH
changes at the soybean root soil interface[ J]. Soil Sci-
ence Society of America Journal, 1969,33:905-908.
B R AT AR AR T R XA R R AR bR
FEAR PR LA RS RARIELT ] A8 44R,2009,29(1D)
59-66.

i+ B 3R AT IM]. 3 M. b at. i B R iR
*t,2005.

b I RL 2 BE R At R R S T, ) B A (M. b e
B2 R AL, 1978,

JABE . B R Bk R AR DR MR X A2 bR I+
VR PR AE 9 52w [T 0. o Al B 225 2007, 40 (9)
1973-1979.

KRR X A B R AR K B . Bt R O[]
HE 1 28 T AR B - SR 11 2Rk B UKL 43 T8 R AE [T ). v
Ak B2 ,2011,44(3) :507-515.

HEPR BT R RN A5 b Ty e A b A B
FRHE 5 RIS CRLT] MY RS =M.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

2013,37(3) :197-208.
TR, 2 XU L AL 7 L 25 K IR RE AR L HEAE T KOVE f
FEARLI]. K PR FEA,2000,14(2) : 60-65.
HRVKVK 2% sl 2R L S B R IR B R R o R P
FERL 53 T RRAE B B0 ik P d A8 [T, 7 28 B T K 2222 4,
2009,25(4) :377-382.

JEHE L XM 0 B Ak B B XK )KL AF B
TR RL B AR AE [T R b 4. 2008, 16 (4) : 396-
402.

XU 4 A AR AS [ R VR AR B B AR 1Y+ 85 T 4R AE
(7], 1 24 . 2001,19(6) :565-569.

I L 505 90, SRR A L 25 0 0 T 3R S bk R
P S/ R o O I R 7 = 2 e o 1
2007,22(5) :1-6.

A T E ik Sr AR ARORAR B - MR sT kR LT ] B
R 22006 (1) :30-33.

TEHAE 0 TT RS S TR R TR A AR B 5 R R
R 3855 55 AR W) RIS M AR AR L) . A AR 3R R 2008,
17(1) :339-343.

T ACH AWM A 2. LR R 2 R X D b -
RE 7 5% wi L A 5T D], 7 AR 25 2% 4, 2002, 13(7)
802-806.

BEAV I, AR T AR L 2. RO B XA AR B
e A RAE [T ). A A 2] 2010,30(2) : 0341-0349.

(1]

(2]

[3]

[4]

(6]

7]

(8]

(E#% 113 )

[ & % xx & |
Skempton A W. Long-term stability of clay slopes[]J].
Geotechnique, 1964,14(2):157-168.
FE Gt o B0 2 o A TR Al - A R R R AR B O
BRI L) ] A A 5 TR S, 2004, 23 (17)
2887-2892.
TR SCOME AT A A8 B 75 W (5 B 5 R A DR B X S 3
Wl ey R ik e[ 1. 45 717, 2007, 28(S1) :616-618.
Bishop A W, Green G E, Garga V K, et al. A new ring
shear apparatus and its application to the measurement
of residual strength[J]. Geotechnique, 1971, 21 (4);
273-328.
Townsend F C, Gilbert P A. Tests to measure residual
strengths of some clay shales[J]. Geotechnique. 1973,
23(2):267-271.
FEHETS. BT 1 B A AR A B BE LT ], 5 i M T, 1995
(2):70-74.
AR SR 2R A O LR 3 AR A AR AR R
FEAR S T[T ], T 27 4l 1998, 6 (3) : 223-229.
NG, BB, 28 L A SR IR B SO0 R ] 45 8 b B 8y

[9]

[10]

[11]

(12]

[13]

[14]

[15]

(16]

SRR PE R B SE LT, 55 + 1%, 2009,30(7) :2000-2004.
SRE  SRAM. I AR AR S B R )], S
TR ,2007,24(8) : 13-15.

JEI AR Al B R S RO A B ek LT ) K SCHb B L
FEHb T . 1998(6) :30-32.

A R AR AR S 5 AR HE i T ) S R BR
BRI B sE )] &+ 1% ,2009, (11) :3256-3260.

BEB PN AR L AR - TR BT A0 T R K HL g A
FEHIRLI . %5 71,2009, 30(3) :628-634.

S TR SO L A . B R L 9T 5T 5 AE 1Y 26 5T X 08 B Y
[17. %+ J1%.,2011.32(7) : 2045-2050.

B R, S35 WOG IR, A5, SR IR 89 {00 1 2 +Hi 8y
SHRE R PR R A gE (0], R oK 4% 2 4k, 2013, 35
(10):92-95.

T, AT, AL A ORRIBR 85 7 SR I AR AR R
BER A 5E) ], A 1 14,2012,33(10) :2967-2972.
Bishop A W. Progressive failure with special reference
to the mechanism eausing it[ C] // Proceedings of the
Geotechnieal Conference on the Shear Strength of Nat-
ural Soils and Pocks. Oslo: Norwegian Geothchnical

Institute, 1967.:142-150.



